


THE NATIONAl. BUREAU OF STANDARDS 

Functions and Activities 

The functions of the National Bureau of Standards are set forth in the Act of Congress, March 3, 1901, as 
amended by Congress in Public Law 619, 195'0. These in,dude the development and maintenance of the na
tional stllndards o:f measurement and t!te provision of means and methodsfor,making measurements consi�tent 

' with these standards; the determin�tion ofphysical constarttsand properties of materials; the development of 
methods and instruments .for testing materials, devices, and structures;advis()I'y services to government agen� 
cies on scientific and technical problems; invention and development of devices to serve speCial needs ofthe 
Government; and the development of standard. practices, codes,"artd specifications. The work•includes basic 
and applied research, development, engineering, instrument�tion, testing, evalua�ion, calibration �ervices, 
and various consultation and information services. Rese.arch projects are .. also. perforiJied for other government 
agencies wheti the work relates to .itnd ·supplements t}te basic program of the Bureau or when .the Bureau's 
unique compete rice is required. The scope of activities is suggested by the listing of divisions and sect�ons 
on the inside of the back eover. 

. 

Publications 

The res�lts of the Bureau'sresearchare publish.edeither in the Bureau' sown series of pubHcations or 
in the journals of professi0miLand scientific societies .. The'Bmeau itselrpublishes three p,erlodicals ayail
able from the Government Printing Office.: . The .. Journal· of Research, ·published in four separate sections, 
presents complete scientific and technic<J.l papers; the Technical News Bulletin presents summary and pre

:liminitry ·reports on wilrk in progress; and Basic Radio l;'topagation PrediCtions provides data for detetmining 
the best frequencies to use for radio corrirriunications throughout t he .\.vorld. There are also five series of non
periodical puolicadons: Monographs, Applied Mathematics Series, Handbooks, Miscellaneous Publications, 
and Technical Notes. 

A complete listing of the ;Bureau's publications can be found in Nationru Bureau of Standards Circular 
460, Publications of the National Bureau of Standards, 1901 to June 1947 ($1;25), and the Supplement to,Na
tional Bureau of .Standards Circular 460, July 1947 to June)957 ($1.50), and Miscellaneous Publication;240, 
July 1957 to June 1960 (Includes Titles of Papers Published in Outside J6urnals 1950;to 1959) ($2.25); avail
ablt) from the Superintendent ofDocuments, Government Printing O(fice, Washington 25, D.' C. 
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OFFICE OF THE DIRECTOR 

The Director of the Boulder Lab oratori es i s  also acti ng 
di rector of the Central Radi o Propagati on Lab oratory. In thi s capaci ty, 
he heads a techni cal divisi on staffed b y  outstandi ng i ndi vi duals w ho 
perform b asi c research i n  areas of thei r i ndi vi dual competence and 
provi de consulti ng ser vices to all of the Boulder Laboratories. Under 
hi s personal directi ons are: 

CRPL Offi ce of Liai son and Program Development, responsib le 
for maintai ni ng an effecti ve relati onshi p between CRPL and the vari ous 
nati onal and i nternational soci eties and commi ttees whose acti vi ti es 
i nfluence the CRPL programs and for advi si ng the Di rector on 
program emphasis i n  relation to these i nfluences. Thi s Offi ce also 
di rects the activi ti es of the IGY World Data Center A for Air glow and 
Ionosphere, and the Airglow and Ionosphere Data Servi ce. 

CRPL Math-Analysi s Group and Computati on F aci li ty, respon
sible for research and consultation to the Boulder Lab oratori es i n  
mathemati cal analysi s and computati on procedures. The secti on 
conducts studi es i n  pure and appli ed mathematics i n  support of the 
research programs, provi des consultati on and advi ce on large-scale 
computer and numerical analysi s procedures, and has overall 
responsibi li ty for operati on of a large -scale computer and data 
processi ng facili ty. 

Consultant i n  Mathemati cal Physi cs, w ho conducts basi c 
research and provi des consultation servi ces for the Boulder Lab ora
tori es i n  mathematical physics and thei r  appli cati ons to cryogenics, 
thermodynami cs, and ionospheric physi cs. Thi s Office also provi des 
directi on for the Lab or atori es' edu'cati onal and formal trai ni ng 
programs; i ts chi ef serves as permanent chairman of the Educati on 
Commi ttee, and as dir ector of the Graduate School conducted for the 
b enefit of the professional staff. 

Consultant i n  Stati stics, w ho provi des consultati on services 
and performs basic re search i n  desi gn and analysi s of experi ments, 
mathemati cal stati stics, and related mathemati cal fi elds. 
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Consultants in Astrophysics, whose b asic research and con
sultation services are concerned with diagnostic methodology to infer 
the state of a gaseous atmosphere from stellar spectroscopic studies, 
with particular regard to ways of describ ing a gas where cyclic 
processes in the energy b alance occur; the interrelations b etween the 
phenomena of non-·eq uilib rium thermodynamics, and the field of 
aerodynamic motions which may exist in the atmosphere. Liaison is 
also provided, under the cross-divisional program of NBS in Astra
and Plasma-Physics, b etween work in lab oratory astrophysics and 
statistical physics within NBS and several astrophysical ob servatories 
outside NBS. 

Consultant in Radio Wave Propagation, who conducts b asic 
research and provides consultation service in the field of theoretical 
radio wave propagation: electromagnetic theory, antenna theory, and 
low freq uency, very low freq uency, and extremely low freq uency. The 
chief of this activity served as editor of Section D, Radio Propagation, 
of the Journal of Research of the National Bureau of Standards until 
July 1961. 

Consultant in physics of the atmosphere, whose b asic research 
and consultative service is concerned with the properties of the middle 
and upper atmosphere, as determined by spectroscopic techniq ues. 
Since July 1961 ,  the chief of this group has taken over the post of 
Editor of Section D, Radio Propagation, of the Journal of Research of 
the National Bureau of Standards. 

DASA Assistance 

7 9411 and 85404 

Under these projects, the CRPL collectively serves in a b road 
advisory capacity to the Defense Atomic Support Agency in connection 
with its program concerned with electromagnetic propagation. This 
includes participation in various panel meetings, consulting with the 
DASA headq uarters staff and incidental analyses in areas of DASA 
interest where CRPL has suitab le experience. This work is appropri
ate to the mission of CRPL as the centralizing lab oratory for its f ield. 
It lends assistance with prob lems of considerable scientific importance 
to other government agencies. 
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During the past year, t w o  sen ior CRPL staff memb ers attended 
four meetings of tech nical panels of DASA and parti c ipat ed in numerous 
smaller c onferenc es. An ad hoc meet ing of t he panel on the low er 
ionosphere was held under CRPL auspic es, and numerous specif ic 
ionosphe ric st udies were c arried out. A n umb er of visits were made 
t o  labo ratories c onc ern ed w it h  DASA-sponsored w ork. Cont ribution s  
w ere made b y  man y senior members o f  t he CRPL staff with direct 
c ontact maint ained b y  t he tw o princ ipals, A. H .  Shapley and W. F. Utlaut . 

Offic e of CRPL Liaison and Program Development 

7 9115 

This offic e serves in a staff c apac ity to t he Directo r  in main
t aining an effective relation ship between t he Central Radio Propagation 
Laboratory (CRPL) and the various nationa l  and internationa l organ
iz at ions and agen c ies whose activities influenc e t hose of CRPL, and in 
matters of emphasis and b alanc e of t he CRPL program itself. The 
offic e is in charge of the IGY World Data Cent er, serves as a foc al 
point for many sc ientific visitors to CRPL, and for c ertain other 
activit ies w hic h c one ern all four of the CRPL t ec hnic al divisi on s  as a 
w hole. 

Durin g t he yea r ending Jun e  3 0 ,  1 9 61 ,  the chief of t he offic e 
partic ipat ed in severa l  int ernation a l  meetings and symposia, inc luding 
t he XII General Assembly of t he Int ernat ion al Union of Geodesy and 
Geophysic s (IUGG) , th e VIII General Assemb ly of the Intern ational 
Sc ientific Rad i o  Union (URSI) , the Fourth meeting of the Spec ial Com
mittee on Antarct ic Researc h (SCAR) , t he Third meeting of the Inter
n ational Committee on Geophysic s (CIG) , and t he Fourth meeting and 
symposium of the Committee on Spac e Researc h  (CO SPAR) . In 
association w ith some of these meetings were meet ings of spe c ializ ed 
c ommitt ees, not ab ly the URSI World-Wide Ionospheric Soundings 
Committee (Chairman) and t he ICSU Internat ional World Day Servic e 
(Spokesman ) . All of these activities are organ iz ed under t he 
Internat ional Counci l  of Sc ientific Unions (ICSU) and in man y instan c es 
t he status w as t hat o f  represent ative of t he U. S. Nat ional Ac ademy of 
Sc ien c es. In addit ion to the meetings themselves, muc h of the work of 
t he spec ializ ed c ommittees has been, as in t he past ,  c arried on by 
active correspondence. 
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Contact has b een mai ntained with wor k and plans of i nter est to 
CRPL at a national level thro1,.1.gh memb er ship on the Space Science 
Boar d, Committee on Polar Resear cb, and the U. S. National Committee 

'for IGY , all under the auspi ces of the National Academy of Sci ences. 
A new acti vity under taken during the year was the chair manship of the 
Panel on Inter national Exchange of Geophysi cal Data of the .ll�cademy' s 
Geophysical Resear ch Boar d; thi s Panel is developi ng poli cies and 
r ecommendati ons for the matur ati on of the concept of Data Center s in 
geophysi cs established for the IGY . Acti viti es continued wi th commi t
tees of the var i ou s  Academy or ganizations concer ned with planetary 
atmospher es, antar cti c  sci ence, and par ticularly i nter national cooper a
tion i n  sci enti fic pr ogr ams. 

Ties have b een conti nued or developed wit h  appropr iat e  commi t
tees in Nati onal Science F oundation, Air F or ce, Depar tment of Defense, 
NASA, and other public and pr ivate or gani zations whose ar eas of 
i nter est overlap those of CRPL. These ai d in suggesti ng the availabili ty 
of CRPL's broad exper i ence and attitudes to cope with thei r pr ob lems . 

A ser i es of visits w as made to scientific lab or atori es thr ough
out South Ameri ca whi ch cooper ate in ionospheri c  r esear ch with CRPL, 
or other U. S. or ganizations, in or der to achi eve mor e dir ect contacts 
and indirectly assi st the further ance of cooper ation. This tri p  
culmi nated in an inter national symposium on space r esear ch i n  Buenos 
Air es. 

The office has attempted to assi st in cer tain aspects of coor din
ati on among the CRPL technical divisions, si nce this is a pr ob lem w hich 
b ecomes mor e  i mpor tant as the si ze and di versi ty of the CRPL acti vi ty 
i ncr eases. To a cer tain extent the pr ob lem extends b ey ond CRPL, 
i ncludi ng sever al other or ganizatio ns in the Boulder ar ea wi th a degr ee 
of common i nter est. As an example, an attemp t i s  made to keep tr ack 
of the gr owing numb er of sci enti fi c vi si tor s to the Boulder co:m:m unity 
and to help ar range in some cases for confer ences of vi si ti ng gr oup s. 

In the are a  of CRPL pr ogr am planning, the office has con
tributed to b oth for mal and i nfor mal pr ogr am r eview s and long-r ange 
plans. In an or gani zation of thi s size, i t  i s  inevitable that ther e b e  
some accidental dupli cation of pr ogram details and some unintenti onal 
gaps in the total CRPL pr ogr am. 

In additi on to the li ai son and program acti vities, ther e has b een 
some oppor tunity to under take scientific investigati ons. These have 
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lar gely con cer ned study of some individual ionospher ic distur ban ces 
of part icular int er est, the undistur bed polar ionospher e, and t he 
study of the dist inct ive types of Es, all lar gely based on t he wor ld-wide 
ionospher ic soundings dat a. 

The Office of CRPL Liaison and Pr ogr a m  Development 
compri ses A. H .  Shapley, Chief, and Mr s. R. Schult z e, wit h ,  however ,  
indir ect assistance from st aff member s  t hroughout CRPL. 

IGY World Dat a  Center A Air glow and Ionospher e  

79412 

The objectives of t his pr oject are to maint ain files of data in 
ionospher ic physics and airglow taken under t he IGY and IGC pr ogr ams; 
to copy and r epr oduce the dat a in accor dance wit h IGY agr eements; to 
exchange copies of data with ot her Wor ld Data Center s; t o  pr epare cat
alogues an d indexes of receiv ed data; to make available copies of data 
and r ecor ds t o  scientists, or ganiz at ions, and oth er s r eq uir ing their 
use; to assist scient ists in obt aining ionospher e and air glow data not 
in the Data Center files; and to maint ain the Data Cent er as a place 
wher e r esear ch scientist s and gr aduat e  student s can come for per iods 
of st udy and r esear ch using mat erial in t he Data Center files. 

The vast wor ld -wide effor t  of t he IGY and t he smaller , but still 
lar ge, effort of the IGC, would lar gel y  be lost wit hout effective ar r ange
ments for the collection, filing, cataloguing, and exchang e of the data, 
wit h effect ive ar r angements for scienti st s  to obtain copies of the dat a, 
or t o  visit and use t he Data Center files for st udy and r esear ch. These 
data and r ecor ds will provide mat er ial and opportun it ie s  for impor tant 
r esear ch for man y years t o  come. The availability of th e  extensive 
NBS collect ion of pr e -IGY dat a  adds immensel y  to t he usefulness of t he 
Data Center . The IGY World Dat a Cent er progr am, making IGY and 
IGC data available to the entir e  world scientific communit y, has pr oved 
so useful in cur r ent resear ch that the int er nat ion al dat a exchan ge and 
filing pr ogr am will continue indefin itel y  for curr ent and fut ur e obser ving 
pr ogr ams. It has already been anticipated t hat t he Wor ld Dat a Cent er s 
will participat e in the collecti on of data from t he comin g  Y ear of the 
Quiet Sun. 

Dur ing t he past year , the Dat a  Center has cont inued to r eceive 
data at a high r at e. A gr eat deal of t he n ew data is post-IGC, Ever y 
effort is being made to complet e t he collect ion and cataloguing of missin g 
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IGY data . Of the total expe cted data for the IGY, 5 .  2%  of the Hour ly 
Value s ,  2 .  9% of the Monthly Median s ,  9% of the Ionogram Film, and 
ll% of the £-plot s hav e not been received . For the IGC - 5 9 ,  1 6% of the 
Hourly Value s ,  1 1 . 4% of the Monthly Medians ,  2 3% of the Iono gram 
Films, and 14% of the £-plot s  are still outstanding . Although there  wa s 
s ome decrea s e  in pro g ram s  after the IG Y ,  the volume of incoming 
data con tinue s at a high comparable level . 

The Data C ente r r eceived 8 9  visitor s during the pa st year . 
Of the s e ,  2 5  o ccupied space in the gue st office s of the Data C enter .  
The  length of stay per vis itor ranged  from one day to one year . Ther e 
was a marked inc reas e  in order s for data from s cienti sts out si de of  
the National Bur e au of Standar d s  dur ing the past yea r .  A lar ge part 
of the incr ea s ed us e wa s made by s cie ntific industry .  A numbe r  of 
r eque st s were for very large order s of data . Some included c omplete 
s ets  of IGY publ ication s .  In total, there wer e 1 04 r eque st s for data 
from individuals ,  universitie s ,  Government agencie s ,  a nd industrial 
conc erns .  

During the year ,  the Data Center has b ecome more  a ctive in 
the colle ction and cataloguing of r e search papers  in the field of 
Airglow and Iono spher e, particularly tho se which ar e imp ortant data 
sour ce s  and tho s e  deriving from the IGY /IGC Programs .  In conne c
tion with its function as  a perma nent arcbive, the Data C enter  ha s 
accept ed historical data and similar mat erials from Dr s .  Lloyd 
B e rkner and Harlan Stets on . The Data C enter prepared  and dis tributed 
thre e  catalogues of the various data on file . 

In the coming year ,  the Data C ent er wi ll begin the systematic 
c olle ction and cataloguing of r eprint s  and reports  in the fields  of 
Airglow and Iono spher e . It has long been anticipated that the 
c ollection and exchange of such r eprints and report s would incr ease 
the usefulne s s  of the data now bei ng exchanged.  It i s  expe cte d  that 
the data will continue to  flow into the Worl d  Data Center  A at an 
increased rate . In addition, it i s  expe c ted that the demand for data 
will inc r ea se significantly a s  mor e  s cienti sts become awa r e  of the  
wealth of s cientific data available  a t  the World Data Center .  

Per sonnel cont ributing to the proje ct were  S .  M . O st r ow 
(Proj e ct Leader) ,  G.  A . Lira ,  L .  S .  Wil son, P.  A. Pardi ,  and 
F .  M ,  Stryker . 
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Data C ente r  Reimbu r s abl e 

7 9 62 7  

T h e  obj ective of this pro ject i s  t o  make available to s cienti sts 
and r e sear ch groups copie s of ionosphe r e  and air gl ow data and r ecords ; 
the cos t  of repr odu ction to  be r eimbur sed  t o  NBS .  

I n  o rde r that maximum bene fit may b e  r ealized from the 
Int ernati onal Geophysical Year , Intern ational Geophysi cal Cooper ation, 
195 9 ,  and suc ceeding obs e rving prog r am s ,  the r e sulting s cientific 
data and r ecords must be available  to all the s cientific c ommunity . 
Part of the r e sponsibili ty of the IGY World Data C enter A for Airglow 
and Iono spher e  is to provide  copie s of data and r ecords ,  on r eque st ,  
a t  appro ximately the cost of duplication .  

During the year, 1 04  o rders for data were fill e d  for a total 
charge  of $5 , 1 60 .  This was a significant inc r eas e in number o f  
orde r s  over the p ast  one-year per iod . The or ders r ang ed from a 
s ingle booklet to a va s t  o r der amounting to $8 3 0 ,. in photo s tats and 
ionogram film, for an eastern air c raft c om p:tny. T his  wa s the 
larges t  single o rde r  ever filled by the Data C enter . 

Future plans include making and s en ding copie s of data and 
r ecor d s ,  a s  order e d, making cha rge s acco rd ing to s chedule .  

Pe r sonnel contributing to the proj ect were S .  M. O strow (Pr o 
j ect Leader ) ,  G .  A . Lira, L . S . Wil s on ,  P .  A .  Par di , and F . M.  
Stryker .  
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Mathematic s Analysis  Group and C omputation Facility 

79103  

1ne obj e ctive 01 thlS proj e ct is  to per form r e s ear ch and ana�ysis  
in mathematic s  and computation procedur e s  in  support of the Boulder 
Laboratories  program .  

Major  a ctivity, since July 19 60 , has been centered  o n  installation 
and utilization of a new, large - s cale binary computer . An operating 
system of exe cutive-utility program s  ha s been  pr epar ed.  Thi s system 
include s input -output r outine s b uffered dir ectly with main frame pro
c e s sing , diagnostic dump,  and trace  r outine s .  Als o  included ar e 
peripheral pro c e s sing r outine s ,  allowing card to magnetic  tape and 
magnetic tape to printer  or punch operations to run simultaneously 
with independent main frame computation s . Similar peripher al 
pr oce s sing routine s were pr epared to work with the algebraic c ompiler 
and its run program s . 

A library of mathematical subroutine s has been e stablished and 
i s  being enlarged . Mor e than thre e  dozen computer pr ogram de s crip
tions and write -ups have been prepar ed and di stributed by thi s group . 
Staffing the facility has been e s s entially completed during the la st  few 
months . A considerable amount of c onsultation, advice  on pr ogramming 
problem s ,  debugging ,  and mathematical analy s e s  have been provided 
to the s cientific s taff . An advanced c our se  in Nume rical Analys i s  wa s 
taught through the academic year . 

This  project ,  through its contributions in mathematic s  and 
c omputation procedur e s ,  provide s a basi s for mor e  effe ctive the or etical 
analy s e s  and c omputation in radio and cryogeni c s  proj e ct s . Profe s 
sional preparation of c omputer pr ocedur e s  increa s e s  the volume and 
complexity of computations performed by the laboratory proj e ct s . 

Future activity will include:  Improvement and expansion of 
mathematical and utility procedur e s  for the pr e sent c omputer ; 
pr eparation of suitable  utility procedur e s  for the peripheral equipment 
system s cheduled to arrive in November 1961 ;  increa sed  a ctivity in 
mathematical studie s ;  planning and pr eparation for transfer of the 
Mathematic s  Group and C omputation Facility to Wing 5 in the s pring 
or  summer of 19 62 . 
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Research and Services in Mathematical Statistics 

7 9950  

Research and consulting services in mathematical statistics 
are provided in the Director 1 s Office for the Boulder Laboratories as 
a whole. During this year, a greater proportion of time was devoted 
to research than in p revious years, but consultations included a 
productive application to atomic standards. 

In contrast to previous years, no formal cou rses were taught. 
Instead, the supervision of work on an individual doctorate (mostly 
out of hours) was concluded. George E .  Bardwell, Assistant Professor 
of Statistics at the University of Denver, received his Ph. D. with his 
dissertation, "Certain discrete distributions." 

A major area of research is the sampling properties of stationary 
time series. In the case of independent observations from a statistical 
population, the sampling properties of the mean, the median, the 
empirical distribution function, the percentiles, and the regression 
estimates are well known. However, in data observed over time there 
is usually some correlation among observations. A general investigation 
was carried out to obtain sampling properties of the statistics calculated 
from such correlated observations. The results of the study are 
embodied in papers published and to be published in the NBS Journal of 
Research, Section B, and the Annals of Mathematical Statistics. 

A p roject was undertaken to p redict a whole curve of future 
sunspot numbers with a prescribed confidence. In recent years, a 
"best" estimate of such a curve has been obtained using the McNich
Lincoln method and, under certain assumptions, an interval prediction 
for a single time. I f  such intervals are calculated for several times, 
and the points are connected to obtain a prediction band for s orne finite 
period in the immediate future, it can then be said that the confidence 
that the future curve would fall in the band will be less than the confi
dence for a single time. How much less, however, cannot be said. 
An approximation may be obtainable as a multivariate normal integral, 
but these integrals are difficult to evaluate for more than 2 or 3 
dimensions. Some approximations were obtained, and it is hoped to 
extend them to higher dimensions. This work led to organizing a 
session on multivariate normal probabilities at the annual meeting 
of the Institute of Mathematical Statistics in Seattle, June 14- 17 ,  1961, 
as considerable work on them in general has been done in recent years. 
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Anothe r undertaking of gene ral s tatisti cal interest  i s  the 

determination of the efficiency of the very useful dis tribution-free 
confidence inte rval s for the median of a random s ample . When the s e  
are used o n  p opulations which are in fact normal (Gaus sian), it is  
well known that their a s ymptotic efficiency is  2 /Tr. The pre s ent work 
determines the efficiency for small s amples  (2 obs e rvations and up ) 
and i s  almost  completed .  Othe r purely s tatistical p ape r s ,  now sub 
mitted for publication, include a numerical s tudy of an app roximation 
te chnique for the evaluation of the moments of the sample median and 
a p roblem on games as s o ciated with renewal p roces s e s . 

Probably the most fruitful consultation resulted from a r eques t  
by the Radio Standards Labo ratory for the application of analysi s  of 
variance to the inte rlaborato ry comparis on of atomi c s tandard frequen
cie s transmitted by radio to  a common re ceive r .  Results are contained 
in a report to the April 1961 meeting of the Consultative Committee for 
the Definition of the Se cond of the Inte rnational C ongres s  of  Weights and 
Measures ,  

Other  consultations cons ide red e rror rate s for communi cation 
links in tandem and de rivations of various p robability dis tributions . 

A s ubstantial increas e in the number of pape r s  refe reed was 
noted . E . .  L .  Crow continued hi s a s s o ciate editor ship of Section B 
(Mathematics and Mathematical Phys ics ) of the Journal of Re search . 
During the 2 years  of existence of Se ction B ,  ther e  have been 5 5  pap e r s ,  
totaling 5 5 7 page s .  Of the s e ,  9 pap e r s ,  totaling 100  page s , have been 
from the B oulde r Laboratorie s .  

An enlarged and updated s tudy of promotion r ate s o f  p rofe s sional 
per s onnel neared completion . 

In the coming year, it i s  p r op osed  to evaluate the p robability 
dens ity functions of the complete clas s of " stable " dis tributions , a 
cla s s  of s ome intere st in p robability theory and phys ics . It i s  also 
p ropo s ed to make a thorough study of random pro ces s e s  and s tatistical 
inference for them, in accordance with the progr am submitted and 
app r oved unde r the Government Employee s  Training Act of 1 958  for the 
training and r e s e ar ch of E .  L .  Crow at Univer sity C ollege ,  London 
(mainly) ,  Univer s ity of Pari s ,  and Univers ity of Sto ckholm from August  
1961 to  Septembe r 1 962 , 

Pe r sonnel cons ist  of mathematical stati sticians , D r .  E .  L.  Crow 
and Dr.  M .  M .  Siddiqui; mathematician, Mrs . Nancy F $ C arter (WAE , 

I 
about 1 man-month total ) ;  and s e cretary, Mrs . Charlotte S. Landay 
(part - time ) .  
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Theo retical A s trophysics  

7910 5  and 7 9401 

The gene ral objective of the p rogram in theo retical astrophysics 
is the development:  (a )  of the diagno s tic methodology to infer the 
s tate of a gaseou s  atmosphe re from spectro s c opi c s tudie s ;  and (b )  of 
an unde r standing of the infe rred phys ical phenomena occurring in such 
an atmo sphere . Parti cular  inte re st  lies in: ( 1 )  the methods of de 
s cribing a gas wher e  c yclic p roces s e s  in the energy balance occur,  
so that the re exi st  s ignificant departures  from confi gurations of 
Lo cal The rmodynami c Equilibrium (LTE ) ;  (2 ) investigations of the 
inter relation between  such non- LTE configurations of the gas e ous  

'atmos pher e  and the field of  aerodynamic motions which may exi st in 
the atmosphe re ;  ( 3 )  dis cus sion of the various r adiative and me chanical 
transp o rt phenomena a rising in conne ction with ( l )  and (2 ) .  

The theoretical astrophys ics  group at B oulde r als o  aims at pro 
viding a liais on (unde r the umbrella of  the NBS Labo ratorie s  cro s s 
divis ional p rogram in Astrophysical and Plasmal re s earch)  b etween the 
work in laborato ry a s t rophys ics  and in s tatis ti cal physics  carried out 
at the NBS Laboratorie s ,  and s eve ral astrophysical obs e rvatories  out 
s ide NBS .  B e cause o f  the great de tail p o s s ible in s olar s tudi e s ,  parti 
cular emphas i s  lie s on  collaborative s olar  p r ograms with the Sacramento 
Peak Obs e rvatory and the High Altitude Obs e rvatory .  A s trong 
collaborative program on theo retical studie s exis t s  with groups at 
the Institut d 'As trophysique - Obs e rvatoire de Meud on; and on atomic 
paramete r s  of as trophysical inte re s t  applied to s tellar  atmosphe re s 
with a group at Unive r sity C olle ge , London.  

The following specific  p rogram s  have be .en in progre s s  during 
the last  ye ar :  

( i )  J .  T .  Jeffe rie s left CSIRO, Australia, to  j oin the astro
physics  group at  B oulder  permanently, and continue the s e rie s  of  
inves tigations "Sour ce -function in a non- LTE Atmosphe re"  initiated 
by him and Thoma s . 

(ii )  The monograph: "Phys ics  of the Solar Chromo sphere," by 
R .  G .  Athay of the High Altitude Obs e rvatory and Thomas ,  has been 
publi shed by Inte r s cience Pre s s .  The monograph e s sentially summar 
izes  the non- LTE methodolo gy developed to date ,  and applies it to the 
analys i s  of the s tructu re of the low e r  s olar chromosphe re , 

( iii ) F .  Q. Orrall and J .  B .  Z i rke r of the Sac ramento Pe ak 
Obs e rvatory have each spent 4 months at B L-NBS on collaborative 
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inve s tigations , Orrall and Jefferie s  have continued a s e rie s  of papers  
on  the physical s tructure o f  s olar prominence s ;  Z irke r  and Thomas 
initiated inve s tigations on an atmo spheric s hell of  finite opacity, such 
an atmosphere being the kind producing the s olar ro cket spectra . 
Jeffe rie s ,  Orrall, and Zirke r pre s ented summaries of the temp erature 
measurement in stellar atmo spher e s  at the NBS - sponsored  p rogram 
on T emperature Measurements in Science and Industry.  

(iv) During the summer of  1961 ,  a collaborative program with 
W .  A .  Rense  of the Colorado Univers ity Physics  Department on the 
analys i s  of hi s s olar rocket spectra has been renewed, unde r the 
direction of Charlotte W ,  Pe cke r of the Institut d 'As trophysique in 
Pari s .  Als o, Dr .  Pe eker p re s ented one of the three summary papers  
on  application o f  atomi c eros  s - s ections at the Second Inte rnational 
Con£ e rence on Atomic Colli s ion Problems held in B oulder ;  her  subj e ct 
was Atomic Cro s s - s ections and the New Spe ctros copy .  

(v )  Thomas spent Februrary - March in  Par i s ,  working with 
D r .  Peeke r on the inte rpretation of  s olar coronal and rocket spe ctra, 
and gave a s e rie s of le ctures  on ' ' Non- equilibrium The rmodynamics in 
the Pre s ence of a Radiation Field. r. r  

(vi ) A summary, b y  J - C .  Pe eke r o f  the Meudon Obs e rvatory 
and Thomas ,  on the analysis  of spe ctra p roduced in an atmosphe re 
having velo city fields, was p r e sented at the Fourth Sympo s ium on Cos 
mical Gas  Dynamic s at Varenna, Italy. Thomas was s ecretary of the 
Sympo s ium and edited the Proceeding s ,  which will be  published late 
in 1961 . 

(vii ) Jeffe rie s  and Thomas have been appointed Profe s s o r s 
Adjoint i n  the Department o f  Astrogeophysics  o f  C olorado Unive r sity, 
and T homas was Vi siting Profe s so r  at the Univer sity of Pari s .  

During the coming year ,  work will continue o n  the abov e line s . 
We  hope to gain more ins ight into the kind of emi s sion from finite 
emitting shell s obs e rved variously in s olar prominence s ,  fla re s , and 
the undisturbed corona, and coronal condens ations .  Also ,  we hope to 
go more s ystematically into the effe cts of velo city fi elds on  spectral 
line -profile formation . Finally, we would like to relate the a stro
phys ical inves tigations of  non-equilibrium thermodynamic s  to tho s e  
more usually s tudied in phys ics  where  the effe ct o f  the radiation field 
has not been s o  important . 

Pe r sonnel: John T .  Jefferie s , Charlotte W .  Pe eke r (Pa rt
time ) ,  Richard N .  Thomas ,  a s s i sted by Anne Taylor - To ggenbe rge r,  
and Nancy H .  Potte r .  
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Electromagnetic Theory * 

7 9111 - 7 9402 

a) Anisotropic Media - A plasma, consis ting of a neutral 
mixture of ele ctrons , ions , and mole cule s ,  in the pre s ence of a constant 
magneti c field H0, p o s s e s s e s  a diele ctri c cons tant which i s  in the form 
of a tenso r .  A medium such a s  this ,  i s  ani s otropic in its ele ctrical 
prop e rtie s .  The ionosphe re is a good example . Exact so lutions of 
boundary value p roblems  involving such media have been obtained for 
two- dimensional configurations . Explicit re sults we re given for the 
refle ction coefficient s  of s tratified plasma in planar and cylindrical 
geometry.  

It has been shown that a thin plasma sheet will support a trapped 
surface wave . The p re sence of the c ons tant and uniform magnetic  field 
modifie s the pha s e  velocity and polarization of the s urface wave . The 
e s sential feature s have been illustrated by numerical re sults for s elected 
value s of the ele ctr on density, colli sion frequency, and gyro- frequency. 
The effe ct of loc ating the plasma s heet  near and parallel to  a conducting 
plane has al s o  been  conside red .  In this s ituation other  mode s of a wave 
guide type are pos s ible in addition to the surface wave . 

The excitation of the thin plasma by dipole source s  has also be en 
treated in s ome detail . Under  the p revious as sumption that the thi cknes s  
of the s lab i s  very  small, expre s s ions for the resultant fields have been 
obtained,  A s  a re sul t  of the ani sotropy of the sheet ,  it was indi cated that 
the fields are  elliptically polarized in general . On carrying out a s addle 
point evaluation of the integrals in the fo rmal s olution, it was shown that 
the far fields may be split into " radiation" and " surface wave " components . 

b )  Wave s on Interface s  - The excitation and propagation of surface 
wave s on a spherical inductive boundary has been conside r ed .  The s ource 
was taken to be  a ve rtical e lectric dip ole . The circumfe rential attenua
tion rates  of the various mode s were  dis cus s e d  where  it was indicated 
that the dominant mode was ve ry s imilar to  the trapped surface wave for 
a plane inductive boundary.  The r e sults appear to  c onfli ct with thos e  of 
H .  E .  M .  Barlow, but are  in agreement with s ome numerical data of 
R. S .  Elliott for the cir cumfe rential attenuation rate of the dominant mode . 
T he s e  re sults are  of a fundamental impo rtance to the furthe r  development 
of surface  wave antennas . 

* 
Jame s R .  Wait ( Proj e ct Leade r ) , Alyce M .  Gonda. Work spons ored, 
in part, by Air Force  Cambridge Re s ea r ch Laborato rie s .  



1 4  
A related problem conce rns the re s onance characteri s ti c s  o f  a 

corrugated cylinde r excited by a magnetic dipole . Radiation from an 
axial magneti c current element in the presence of  the corrugate d 
cylinde r was conside red .  It was indicated that the p ower radiated in a 
given mode depends on the s urface reactance,  the cir cumference of 
the cylinde r and elevation angle . For ce rtain values of the parameter s ,  
particular mode s may be strongly excited, corre spending to a r e sonance 
condition of the circumferential (or spiral)  surface wave s .  

Some furthe r attention has als o been given to the theo ry of 
ground wave s on a spheri cal earth when the surface is inhomoge neous . 
The p roblem formulated conce rns the mutual impedance b etween two 
vertical dipole antennas ,  A and B ,  located nea r  the surface of a spher 
ical smooth earth .  The path between A and B i s  made up of a numbe r  of 
homogeneous s egments whe r e  the surface impedance is constant . Various 
formulas were developed for two - and thre e - s e ction paths which are 
suitable for computation ,  C e rtain limiting cas e s  we re treated in a more 
expli cit fas hion to facilitate a phys ical interpretation of the results . Thi s  
s tudy i s  continuing in c ollabo ration with J. R .  · .:[ohle r o f  the Radio Sys tems 
Divi s ion . 

A related problem i s  when an antenna i s  mounted over an in
homogeneous ground plane . The g round plane may be  characterized by  
a variable surface  impedance such as in  the cas e  o f  a radial -wir e  s creen .  
The problem was  formulated in  terms of  the mutual impedance between 
two ve rtical dipoles ,  one which i s  rai s ed ,  and the othe r ,  located on the 
ground plane . The ground s creen was taken to be in the c ombined form 
of a circular dis c  and a concentric s e ctor .  An approximate s olution of  
the p roblem was  obtained . Re sult s we re comp ar ed with p revious in
ve stigations of clos ely related  work .  It i s  planned to  extend this work in 
the near future  and ,  in parti cular,  to compare the re sults with exp e ri 
mental data recently obtained by A .  C . Wil s on .  

c )  Propagation in Conducting Media - A gene ral analys i s  for the 
ele ctromagnetic re spons e of conducting media due to pul se  excitation 
was carried out . The treatment was bas ed on the Laplace trans form 
theory .  First ,  a survey of the field was made and the limitations and 
s cope of the p revious work were p ointed out . The the o ry of p ropagation 
of a plane wave puls e in a conducting and homoge neous medium of 
infinite extent was then reviewe d .  The form of thes e  re sults enabl e s  one 
to evaluate the r elative importance of the conductivity and the diele ctric 
cons tant . It was indicated, for sufficiently large times  in the transient 
respons e ,  that displacement cur rents may be s afely ne gle cted fo r s ea 
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wate r and for mo s t  geological media . Under this as sumption, the wave
form .of the ele ctric fie ld in  a conducting medium is illustrated for the 
case  whe re the s ource  i s  an ele ctr ic  dipole energized by a step - function 
cur rent . Result s we re al s o  presented for exponential and bell- s haped 
s ource functions . It was found that the pul se  s hape of the fie ld c om 
ponents i s  p rofoundly modified a s  the y  p r opagate through the medium . 
It was sugges ted that this prope rty may be utilized in measuring di s 
tance s in the earth 1 s  crus t .  The more diffi cult p roblem of p r op agation 
in non- infinite conducting media was als o cons ide red . To ac count for 
the pre s ence of the inte rface in a conducting half- space (i . e ., homogeneous 
flat ground ) ,  a r athe r involved analytical exp re s s ion for the t rans ient fields 
was required .  C ertain special cas e s ,  such as  a horizontal ele ctric dipole 
at the interface ,  wer e  illustrated by numerical re sults . The trans ient 
excitation of a wire l oop lying on the surface of a homogeneous ground 
was als o c ons ide red . Finally, transient coupling between pairs of 
parallel insulated wire s grounded at thei r end points was treated as an 
extension of the e arlier re sults . 

Long Wave Propagation Theory* 

7 9ll2 - 7 94 71  

a )  VLF M od e s - A s implified treatment of propagation in the 
earth - ionosphere wave guide has been developed a s  an adjunct to more 
s ophisticated metho ds .  It was shown that, if the fie ld intensity (i . e . , 
field amplitude s quared) i s  ave raged ove r the width of the waveguide , a 
very s imple formula fo r the ave raged intensity i s  obtained .  Thi s re sult 
was used to dis cus s some of the broad fe ature s of  VLF p r opagation in a 
relatively concis e fashion .  

Influence o f  e arth curvature and the te r re strial magnetic field 
on VLF p r opagation has als o  been s tudied . Taking note of the fact that 
the important mode s for long - distance p ropagation are nea r  grazing, 
suitable approximate forms of the wave functions we re introduced at 
the outs et, rathe r than at the end, of the analysis . It was thus 
pos s ible to account for the influence of earth curvature in a r elatively 
concis e  manner .  The influence of the earth 1 s magnetic field was als o  
treated i n  a conci s e  manner .  Finally, numerical re sults for the attenu
ation and the pha s e  velocity of  the dominant mode s were p repared .  

* 
J .  R .  Wait (Proj e ct Leade r ) ,  Kenneth Spie s .  Work spons ored by 
Advanced Res ea r ch Proje cts  Agency. 
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Initially, the ionosphere  was as sumed to be a sharply bounded and homo
gene ous ionized medium . It was indi cated that earth curvature inc rea s e s  
the attenuation rate b y  a s  much a s  a factor  o f  2 a s  compared with the 
corresponding attenuation fo r a flat earth . The influence of the earth ' s 
magnetic field was als o shown to be  important . In fact, east -to -we st  
prop agation paths suffe r much greate r attenuation than we st- to- east  
paths . The s e  theoreti cal re sults appear to agree well with the exp e ri 
mental data of W .  L .  T aylor .  

Long distance p r opagation of VLF r adio wave s i s  characterized by 
only a few low - o rde r waveguide mode s .  This result s from the exce s s ive 
attenuation of the highe r order mode s . In navigational sys tems this is a 
de sirable characteristic s ince the pha s e  velocity approache s a c onstant 
at ve ry great range s when only one mode is p r edominant . Unfortunately, 
the s e cond -orde r mode still exe rts its influence for range s a s  g reat a s  
4000  km ., The pos s ibility that this s e cond- order  mode could b e  dis 
criminat�d against  at the transmitting antenna is  being investigated from 
an analytical viewpoint . At the s ame time ,  it is hoped that this  might 
shed s ome light on the behavior of antenna arrays at VLF.  

b )  ELF Mode s - The mode theory of  p ropagation of ele ctro 
magnetic waves at extremely low frequencies  (ELF) ( 1 .  0 to  3 000  cycle s 
pe r s e cond )  has been treated in s ome detail . Starting with the r ep r e 
sentation o f  the field a s  a sum o f  mode s ,  approximate formulas we re 
de rived for the attenuation and phas e  constants . Ce rtain alte rnate 
rep r e s entations of the individual modes  we re als o developed.  T he s e  were  
us ed as  a bas i s  for de s cribing the physical behavior  o f  the field a t  large 
dis tance s  from the s ource ,  particularly near the antipode of the s ource . 
At the s horter di stance s ,  whe re the range i s  c omparable with the wave
length, the sphe rical - earth mode s erie s was  t ransfo rmed to a s e rie s  
involving cylindrical wave functions . This latter form was u sed to  
evaluate the near field behavior o f  the various field components . 

The effe ct of the earth ' s  magneti c field was als o  evaluated,  
using a quas i -longitudinal approximation . In gene ral,  it i s  indicated 
that if  the gyro- frequency is  le s s  than the effe ctive value of the 
colli s ion frequency, the p r e s ence of the earth ' s magnetic field may 
be ne gle cted for ELF. When this  condition i s  not met the attenuation 
may be inc reased s omewhat . The influence of an inhomogeneous 
ionosphere was also br iefly considered and, finally, the p ropagation 
of ELF pul s e s  was treated.  It  i s  sugges ted that certain ob s e rved 
characte ri s tics  of ELF waveforms may be attributed to the inclination 
of the curr ent channel in the lightning di s charge . 
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Some inte re s ting feature s in the propagation of radio waves  
occur  in  the E LF range when the distance from the s ource to  the ob 
s e rve r i s  c omparable with the wavele ngth . Unde r such a condition, it 
i s  not permis s ible to a ssume that the wavefronts  are plane ; c ons equently, 
the ratio of the ele ctri c and magnetic field components orthogonal to the 
dire ction of prop agation are no longe r equal to 3 77  ohms . This question 
has been c ons ide red,  in s ome detail, from an analytical viewpoint.  

The prop agation of the s low-tail portion of  atmo spherics  was 
al s o  conside red from the waveguide -mode viewpoint . Thi s  s ource ,  
which i s  a lightning di s charge ,  was repre sented by a ve rtical dipole .  
The transient re spons e of the distant ele ctric field was  then computed 
for various forms of the s ource current waveform . The r e sults are 
then employed to reinte rpret the expe rimental data of F . .  Hepburn.  A s  
s�ggested by the p r e s e nt theo ry, it was found that the obs e rved s epara 
tion, ts , between the o s cillatory head of the atmo spheric and the maxi 
mum of the slow -tail amplitude varie s with di s tance ,  p ' to the s ource , 
according to a law of the form; 

= A + Bp 

The constant, A,  i s  re lated to the pul s e  width of the s ource ,  and the 
cons tant, B ,  depend s  o n  iono spheric  paramete r s . Values  of effe ctive 
ionosphe ri c conductivitie s deduced from the theory  were c ons istent 
with earlie r re sults fo r the V LF band . The influence of nonvertical 
cur rents  in the di s cha r ge channel has al s o  been c ons ide red .  

c )  LF Sky Waves - A diffraction theory  for LF sky-wave 
prop agation has recently  been developed . The concept that radio wave s 
propagate from transmitte r  to re ceive r via dis crete ionosphe ric re 
fle ctions (i . e ., hop s ) ha s been put on a s ound theoretical basis . The 
earth and the ionosphe re were  rep res ented by two ( smooth } c oncentric 
sphe rical surface s . The (lo cal} reflecting characteristics  of the s e  
boundarie s we re a s sum ed t o  be  known . It was shown that the m ' th hop 
sky-wave may be gene rally r ep r e s ented by a c omplex inte gral . The 
geometrical - opti cal representations for the field we re retrieved as a 
spe cial cas e .  For  low -orde r - frequencie s ,  it was shown that the s e  
optical- type formulae, which are  often u s ed, have s eve re limitations . 
G ene rally, they are not valid near the caustic p oints . Technique s for 
evaluating the complex inte gral for the s ky-waves near and beyond the 
caus tics  were then tre ated in s ome detail . In s ome cas e s , a clear  
physical interpretation of  the re sults has  been found . The  re sults have 
been applied  to s tudy the quantitative behavio r  of the fir st hop sky-wa.ve 
nea r  its geometrical horizon� The re sults should be useful for sky
wave field computations at low frequenci e s  and in the interpretation of 
measured field - s treng th data . 

The inves tigations mentioned above (under a, b ,  and c )  are  being 
carried out in clo s e  collaboration with A .  G .  Jean, Chief of the VLF 
Re search Se ction in CRPL. 
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Offic e  o£ the C ommunic ations 

Li ai son Offic er 

7 9405 

The C ommunic ati ons Li aison Offic er and his deputy r epr esent 
the Depar tm ent of C ommer c e  on the Inter depart ment Radio Advisory 
C ommitt ee (IRAC) ,  its F r equency Assign ment Subc ommittee {F AS) , 
and its Subc ommittee on F r equency All oc ati ons ( SF A) . IRAC for mu
l at es and r ec ommends policies, plans1 and acti ons to the Direct or of 
the Offic e of Civil and Defense Mobiliz ation in c onnection with the 
management an d  usage of r adi o fr equenci es by Gov ern ment agen c i es; 
supervises the applic ation an d executi on of such polici es, plans 1 and 
action s  per t aining to r adio fr equency usage as h av e  b een appr ov ed by 
the Dir ector ; and, pur suant to ex:ecutiv e or der authoriz es, sub ject 
to the Dir ect or 1 s  appr oval , interim or t empor ar y oper ation by 
Gov ern m ent agencies on any fr equency11 pending the issuanc e of a new 
executiv e or der assi gning fr equenc ies to Govern ment r adi o st ations. 

The activity of the C ommunic ations Liai son Offic er is of 
particular i mportanc e b ec ause of the Department of C ommer c e' s  
st atut ory r esponsibility in the fi eld and the numb er of agencies making 
u se of the r adio spectrurn& Pr oper .,  ac cur ate, and detailed technic al 
justific ati on is r equir ed in or der to insur e that r adio fr equency 
r equir ement s of the Depar tment ar e satisfied., 

The IRAC 11 in c onc er t  with the F C C ,  i s  al so c on c er ned in 
dev eloping U. S. position s  and pr oviding U. S. delegates for int er national 
c onfer enc es on radio matter s6 Of parti cular int er est ar e nati onal and 
inter n ational alloc ation of r adio fr equenci esa op er ating pr oc edu r es and 
t echnical st andar ds f or the same, an d for mul ation of gov er ning rules an d  
r egul ations. In this c on nection, the Liaison Offic er or deputy r epresent 
6 differ ent agenci es or or ganizati ons on 9 national , int er nation al ,  and 
gov er n ment /in du stry c ommitt ees. 

Activiti es i n  r adio fr equency managem en t  included the str eam
lining of the Li st of F r eq uency Assi g n ment s  to Gov er n ment Radio 
Stations, th e amen dment of the IRAC T able of F r equency Allocations 
Above 25 Me I s  as needed, and the dr afting of a T ab le of Fr equency 
Alloc ation s  b el ow 25 Me I s. The Gov ern ment h as had no such t ab l e  
b elow 25  Me I s. When adopted, it wi ll b ecome a v aluab le guide 
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in fr equency management . C on siderable pr ogr e s s  was made in 
clearing the band 1 3 6 -1 3 7  M e  I s  of non - s pace  operation s . The band 
1 32 -1 35 Me I s  for air traffic c ontr ol communications wa s implemented 
without major interfe r ence .  In company with the FC C ,  an interfer ence 
prote ction procedur e wa s evolved for the Harvard Univer sity radio 
a str onomy obs ervatory at Ft . Davis ,  Texa s . In addition, a notice wa s 
pr epared for all Federal agencies  concer ne d  with radio a stronomy 
obs ervations documenting the steps which have to be taken nationally 
in their inte r e st . 

The nec e s sary documentation and planning wa s completed 
by IRAC for the international meeting of the Panel of Experts at 
Geneva, Septemb er 1 9 61 ,  which will be concerned with allocation of 
fr equencie s for s pa c e  tel e c ommunications . W eather Bureau requir e 
m ents for meteorological us e s  wer e included in the U .  S .  propo sal . 
Work i s  continuing on  the U . S .  po sition for the ICAO 4th NAT -RAN 
M eeting , September 1 9 61 ,  Pari s ;  and the ICAO 7th COM Divi sion 
M eeting , in Montreal ,  February 1 962 . 

During FY 62 , the matter of effecting radio fr equency a s sign 
ments and chang e s  of  a s signment s  to the radio stations of the Federal 
Government will c ontinue to be  a basic ta sk . Special meeting s will 
look toward formulating location proposals for the radio a str onomy 
gr oup . Increa sing emphasis  will b e  given to preparing for the 
September meeting of  the Panel of Experts  in Geneva . Progr e s s  1 s  
expected o n  the long -range planning program upon r e ceipt of the 
NBS report on wave propagation s tudi e s . 

P e r s onnel participating in thi s project  were : A .  Barnabei 
(Proj ect Leader ) ,  Ellery E ste s ,  Mis s Anna Meye r ,  and Mr s .  Norma 
Stotlemyer .  
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CRYOG E N IC EN G I N EERI N G  LA BORATORY 

T he Bure au ' s Cryogenic E ngineering ac tivitie s ,  c entralized at 
the Boulder Laboratorie s ,  are de signed to provide information neede d  
for practical applications at low temperatur e s ,  and t o  a s s is t  Govern
ment and industry with problems  in this rapidly growing spe cialized 
field. 

To c arry out the s e  activitie s ,  the laboratory c onduct s  r e search 
on the physical prope rtie s of material s ,  propertie s of fluids , c ryogenic 
proce s s e s ,  and cryo genic e quipment. In addition, it maintains a 
national Cryogenic D ata Center in which information of importance in 
Cryogenic E ngineering i s  c olle cted and organized  for use  by other 
Government agencie s and the public .  E qually important are the advi 
sory s ervic e s  furnished to both industry and other Gove rnment 
agencie s to help e stabli s h  the field of Cryogenic Enginee ring. The 
demand for such help was gre atly increased  a s  !3- r e sult  of mis sile and 
space programs  which r ely  on cryogenic liqufds as propellants .  Al s o  
the technique s o f  cryogenic engineering have application t o  fundamental 
physical re s earch.  Thi s  is illus trated by the work of CEL on the liquid 
hydrogen bubble chambe r s  and refrigerator s reported in previous year s .  

Another application of cryogenic enginee ring now under develop
ment i s  the use  of coole d electr omagnets to provide the intense  magnetic 
fields  which c onfine the pla sma for experiments on controlled  thermo
nuclear fus ion ( Pr oj e ct Sherwood) . It appear s that the total power 
required  to maintain a given magnetic field will be le s s  if  part of the 
power is used  to c oo l  the c oils of the e lec tromagnet to a very low 
temperature . Very r ecently this work ha s been further s timulated by 
the dis c over y  at the B ell  T elephone Laboratorie s of a superconductor 
that remains superconducting in intense  magnetic fie lds .  CEL has a 
major pro gr am on c o ole d magne t s ,  both normal and superconducting.  
The work compris e s  magnet de sign, magnet material s  and efficient cooling 
proc e s s e s .  

The laboratory has  recently undertaken a new task in support 
of basic physical re s e ar ch . This i s  the de sign of a neutron moderator to 
be ins talled  in experimental reactor s .  The mode rator will probably 
c ons i s t  of a mas s  of "heavy ice 1 1 , s olid DzO,  maintained by continuous 
r efrigeration at a temperature of about zo o  K. T he objec tive is to 
provide an intense beam of slow neutrons . 
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W ork o n  the propertie s of materials has continue d a t  a high level. 
Perhaps the mo st  notable accomplishment has been the c omple tion of 
the measurements on the P-V -T relations for parahydro gen in the liquid 
and gas e ous state s at temperature s  up to 1 00 ° K  and pre s sur e s  to 3 50 
atm o sphe r e s .  Al s o  measu:rem_ents have been starte d on the specific 
heat of parahydrogen in the s ame re gion of temperature s  and pre s sure s .  
The se data are nee de d  by the de s igner s  of mis sile propellant s y stems 
u sing parahydro gen.  

Rus sell B.  Scott ,  Chief 
Cryogenic Engineering  Laboratory 

Consultative and Advi sory Service s  

8 1 1 0 1 

Thi s proj ect has been e stabli shed to support c onsultative 
and advi s ory s ervic e s  offered to  g overnment and indu stry, and 
not dir ectly related to exi sting projects  of the lab oratory. 

To properly di s seminate cryogenic engineering informa
tion to the s cientific community , it i s  de sirable to have a s eparate 
p r oj ect supported from the Bureau ' s basic appr opriation. The 
nee d  for thi s is evident when con sidering the steady stream of 
vi s itor s from b oth g overnment and industry who vi sit the Cryo 
genic Engineering Laboratory and reque st information. 

C onsultative and advi s ory s ervic e s  have been provided to 
vi s itor s from b oth g overnment and industry who are recognized 
to  have /a  definite requirement for cryogenic engineering infor 
mation. Several vi s itor s a week have been r eceive d  on a regular 
bas i s  throughout the year.  

Thi s  p roject will be  c ontinued and funded at a s lightly 
higher level during the next fi s c al year.  
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Cryogenic Data Center  

8 1 1 02 

Thi s p r oj ect ' s purpo s e  i s  t o  develop an organized  index of 
all publi shed literature ,  rep or t s  and patent s of inter e st in the cryo
genic engine ering field; to p r ovide NBS Staff , other  agencie s  and 
the cryogenic indu stry with a bibliography s ervice  in the field of 
cryogeni c s ;  to obtain cryogeni c  literatur e  ( reprints , r eport s ,  
mi c rofilm, photo c opie s ,  etc . ) needed b y  staff memb e r s  for divi s ion 
p r oj ects and to maintain a central file  of such literatur e when no 
longer  needed  on a p r oj ect ;  and to evaluate cryogenic data and 
compile data sheet s in areas  of p rimary intere st .  

The Cryogenic Engine er ing Laboratory i s  the g overnment ' s 
p rimary laboratory for cryogenic engineering r e s earch and develop 
ment. Many inquirie s ( in p e r s on,  by telephone and b y  letter )  are  
r eceived  reque sting information on variou s aspects  of  r e s earch and 
development in the low temperature fi eld. Much of thi s type of work 
i s  c onnected with national defens e  program s .  The Cryogenic Data 
Center  i s  expected to incre a s e  the effectivene s s  of the Laboratory 
by furni shing r eque sted information from centrally organi zed  
technical file s ,  thus minimizing time required  o f  s enior  staff 
memb e r s  in obtaining technical information and in answering 
r e que sts .  In addition , a much broader coverage  of the field 
can be  accompli shed through central operation , e specially a s  
mor e  o f  the literature i s  r eviewed and coded. 

Ther e  was a notable increase  in liter atur e  p rocurement 
for Divi sion p er s onne l  during the year.  Thi s type of s ervice  i s  
c ons idered  quite justifiable although the p rimary obj e ctive of the 
Data Center  i s  to develop a c ompr ehensive bibliogr aphy s e rvice .  
The  acqui sition of  ove r  two thou s and document s for  the s taff 
c ontributed consider ably to the p rimary li st of r efer enc e s .  

The conver sion o f  the storage and retrieval s ystem for 
refer ence s from the manual punch cards to a mechanized  system 
was undertaken. Not as  much p r ogr e s s  was made a s  expected 
becau s e  of a shortage of technic al coding help ; howeve r ,  category 
3 (Prop e rtie s  of Flui d s )  was r ecoded for machine r etrieval . The 
s e rvic e s  of a key punch and ope r ator  wer e  obtained near the end 
of the fi s cal year which should make it p o s sible s oon to check out 
the machine r etrieval system, using the Boulder Laboratorie s 
digital computer facility 
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Typing of the fir st 8 0 0 0  li s ting s for the ' ' Catalog of 
Reference s "  was completed about mid-year. Sub sequent r efer enc e s  
are being punched on cards for machine printing with the s ame for 
mat a s  s et up for the typed p ortion. The catalog will be  r eproduced 
a s  s o on a s  all the referenc e s  have been proof read,  checked, and 
corrections made . Only a nominal numbe r  of c opie s ( 5 0 0  or  l e s s }  
will be  made since the machine bibliography s ervice will incorporate 
a catalog tape  from which specific citations can be printe d  out as 
requir ed .  

Literature  s earching and c overag e  of  new literature s our c e s  
i s  by no means complete o r  adequate a s  yet .  Regular r eview of a 
few g ood s ource s was instituted , such a s  Chemic al Abstract s ,  
International Institute of Refrigeration Abstracts , ASTIA Ab stracts 
and Di s s ertation Abstracts .  A program for voluntary r eview of a 
numbe r  of current periodical s by  Divi sion s taff member s was al s o  
instituted,  r e sulting in an input of 5 0  to 1 00 new r eference s  per  
week. Thi s input will have to  b e  more than doubled  to p r ovide 
comprehensive coverage of the cryogenic enginee ring field of 
intere st .  

The task of di stributing CEL r eprints and r eports  was 
turned ove r  to the Data C enter  during the year . The mailing 
li st has b een up - dated and expanded s o  that a better  awarene s s  
of C EL liter ature  can be provided. The acqui sition of modern 
photocopying equipment has made it pos sible to  provide s ingle 
c opie s  of material after the original supply i s  exhau sted. About 
ten thous and page s a month of thi s type of material i s  being 
furni shed on a cost  r eimbur s ement basi s ,  (Proj ect 8 1 6 2 6  } .  

The evaluation of cryogenic data and compilation of data 
sheets  was supported mo stly with other agency funds and the 
accompli shments are de scribed under Projects  8 1 404 and 8 1 450 .  

Primary emphasi s will c ontinue to be  placed on  the c on
ver sion o f  the storage and r etrieval system to computer operation. 
Category 2 (Properties  of Solids ) ,  Category 6 ( Cryogenic  Proce s s e s }  
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and Category 8 ( Cryogenic Equipment ) will be the next in order for 
recoding . Two additional p r ofe s si onal staff member s ,  r ecently 
recruited,  are expected to help accelerate the recoding appreciably. 
Increased  activity in the literature p r ocurement and di stribution i s  
al s o  expe cted. Because  of the eve r increasing volume of literature 
and pr ofe s si onal interest  in the cryogenic engineering field, emphasi s 
will be  placed on additional mechanization of Data C enter  operations 
to increase  its p r oductivity and service .  

Per sonnel contributing to  the Cryogenic Data Center operatiqns 
during the fi s cal year are : R ob e rt G. Smith, Virginia Hinchman , 
J o Ann Kirby, Marjorie Tomhave , Eunice  Fairle s s ,  Nellie Kife r ,  
Billie Greene , Jan Elting ( summer ) ,  Victor Selby ( summe r ) ,  Arthur 
Bashfor d  (P/T ) ,  William Longfellow (WAE) ,  Richard Trembath (WAE ) ,  
R .  B .  Stewart, and V.  J .  J ohnson. 

C ompilation of Thermal Data 

8 1 4 04 

The obj ective of thi s project ,  sponsored by the Air Forc e ,  i s :  
( 1 ) to s ear ch the published literature  and reports for the rmophysical 
p r operti e s of fluid s  and s olid s  of inte rest  in cryogenic  engineering 
for de sign and development of cryogenic proce s se s  and e quipment ; 
( 2 }  to compile an extensive bibliography of referenc e s , cros s - indexed 
for convenient u s e ;  and (3 ) to evaluate and s elect data for compilation 
of data sheets to b e  p r e s ente d  in c ompendium form. 

C on siderable data are available for low temperature  work 
but are not c onveniently available or in g ood agreement . By making 
a thorough and systematic s ear ch for low temperature  data ,  s electing 
"be st  value s"  and compiling and arranging them in an organized 
c ompendium, the engineer and s cienti st have been g reatly aided in 
the de sign and development of cryogenic  equipment and proc e s s e s .  
Thi s p r oj ect should provide much needed information, at conside r 
able s aving o f  time and effort ,  to  p e r s ons  engaged in current 
defense  and space program s .  
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The sponsor ship of thi s project was tran sferred  to  NASA 

early in January, 1 9 6 1 .  At that time substantial progre s s  had 
been made on the data sheets for Phase II of the compendium for 
four additional properti e s  of cryogenic  fluids  and two additional 
propertie s of s olids at l ow temp eratur e s .  During thi s period the 
s cope of the data analysis  was incr eased ,  and the data sheets 
reflect thi s in an increased coverage of the literature , in more  
extensive c ompari s ons  o f  alternate sources  o f  data,  and in  the 
use  of many more data p oint s for the preparation of graphs and 
table s  of value s .  Thi s improvement was made p o s s ible b oth by 
an increase  in the full - time staff a s sociated with the p r oj ect as 
well as the availability of a larg e ,  high- speed c omputer .  The 
final page proofs of thi s s econd phase  of the compendium have 
recently been transmitted to the sponsor s for publication as a 
report on the work completed on thi s proj ect. 

Per sonnel contributing to  thi s proj ect are : R obert McCarty, 
Jame s Cunningham ( summer and WAE ) , Dr. F. E. E .  Germann ( P/T ) ,  
David Millhi s e r ,  R obert Smith , Genevieve Michela (P/ T ) ,  W .  W.  
Bulla,  L .  J .  Erick s ,  Richard Weekley, Don Harrison ,  Patricia 
Rice , V .  J.  Johnson and R. B. Stewart {Proj ect Leade r ) .  

Transfer o f  Li quefied Gas e s  

8 1 1 1 1  

The general obj ective s of this proj ect are to inve stigate 
basic phenomena encounte red in the transfer of liquefied gase s .  
At the beginning of the past year two -phase  fluid flow phenomena, 
with emphasi s on critical flows ,  were being studied ;  becaus e  of the 
lo s s  of the proj ect leade r ,  thi s work was suspended ,  and two 
inve stigations ,  initiated with other agency funds ,  were supported on 
thi s proj ect .  The se  studie s  are hydrogen p r e s surization and flow 
studie s initiated  by the AEC ,  and theoretical fro st formation studi e s  
initiated  b y  the Army Balli stic Mis sile Agency. Thi s rep ort  i s  
therefore divided into three  s ection s .  

Two -Pha s e  Flow Studie s 

The gene ral obj ective of thi s program i s  to  p rovide basic 
unde r standing and predict ive information in the fi eld of two - p hase ,  
single-component fluid flow . Data from the study should expand the 
gene ral knowledge of flow phenomena and provide de sign engineer s  
with working chart s and equations . 
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C ryogeni c  fluid flow applications are currently ve ry numerous 

and are inc reasing at a rapid rate . Some example s  are liq uefied 
gas p ropellants for mi s sile and space vehicle s ,  the u se of c ryogenic 
fluids  to  cool material s to favorably control their ele ctrical and 
magnetic p rope rtie s and to pre s e rve vegetable and animal ti s s ue .  
In c ryogenic  flow problems one must be conce rned with the vapor 
liq uid flow phenomena t o  a greater degree  than mo st fluid flow 
systems be caus e  c ryogenic fluids  are ve ry near o r  at their vapor 
pre s sure in most  applications o  

Earli er  studie s  in thi s proj ect have been conce rned with 
two -pha s e ,  single-c omponent flow in constant area pipe s with par 
ticular emphasi s  on pre s sure drop determination. 

Some inve stigations during the past two year s have been 
conce rned with unde r standing and developing a system for predi cting 
the point of choking o r  mas s  limiting two:-phase  flow . De signer s  of 
flow systems ,  flow measuring device s , - etc need information which 
will enable them to predict thi s point ac curately. 

Experimental inve stigations of choking flows  began about 
Decembe r of 1 9 5 9  and continued to August  of 1 9 6 0 .  Analytical and 
data reduction studi e s  have continued.  T he program was  s uspended 
in De cember of 1 9 6 0  when M .  R .  Hatch, proj e ct leader ,  t ransfe rred 
from the s e ction. About 400 runs were completed in the experimental 
choking studie s and the se data have been reduced to chart s which 
indicate the mas s  limiting flow conditions .  

R .  V .  Smith began in  June of 1 9 6 1 a s  p roj ect leade r on  the 
choking studi e s .  T he fi r st pha s e  of  the c ur rent study will be to 
develop an analytically predictive system from ba sic p rinciple s of 
fluid mechani c s ,  thermodynamic s  and heat transfer utilizing al so;  
of cour se ,  theo retical and expe rimental data reported in the litera
ture  and that p ro duced in  previous  studie s on thi s  proj e ct .  

T he se cond phase  of  the proj ect will be t o  refine and confirm 
the r e s ult s of the fi r st phase  study by experimental te st s .  

The p e r sonnel cont ributing to thi s proj ect during the past 
year we re  M. R .  Hatch ( former proj e ct leade r ) , R. B .  Jacobs ,  
F o  H o  Ammer ,  and E .  G.  F .  B rentari (WAE) . 

The current proje ct i s  being conducted by R .  V.  Smith (project 
leade r ) ,  R .  B .  Jacobs ,  and E .  G .  F .  Brentari (WAE ) .  
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Hydro gen Pre s surization and Flow . 

Initial obj ective of thi s s tudy was to a s s i st the Los  Alamo s 
Scientific  Laboratory in the s olution of  cryogenic problems a s sociated 
with the AEC 1  s nuclear -powe red rocket (Rove r )  program. The pre s suri 
zation and flow studie s de s c ribe d here  were  o riginally s upported by 
the AEC in conne ction with the forthcoming Rove r KIWI - B  tes ts  to be 
held in Nevada late in 1 9 6 1 .  Because  the pump development a s sociated 
with thi s program progre s sed  more rapidly than anticipated, the AEC 1  s 
inte r e st in pre s s urization and pre s s urized flow te rminated.  As 
e s sentially all of the equipment had been procured,  a s  all liquid re 
q uired for the expe riment s had been p rovided by the original contracto r,  
and a s  the re s ult s of  the inve stigation have wide applicability, a 
deci sion was  made to u s e  Bureau funds to provide the labor required 
for completion of  the proj ect . 

Re s ult s of  thi s  work are di rectly applicable to the development 
of nuclear - powered and chemically -powered rocket s using liq uid 
hydrogen, and to all applications whe re large q uantitie s  of liq uid 
hydrogen are handled  and transfe r red. Thi s  p roj ect directly affects 
the mi s sile and space technology competence of the United State s .  

Although the te st  facility and equipment have been  ready 
to u se  for more  than six months , expe riment s have been delayed due 
to the unavailability of a s uitable liq uid hydrogen storage container 
( original plans included the u se  of an AEC ve s sel) . A dewar i s  now 
available for thi s work. 

The project ' s specific  obje ctive s  for the coming year are :  
t o  determine the amount o f  pre s surization gas required  t o  attain 
various  pre s s ure level s ,  up to 6 00 p sia, with liq uid level and outflow 
rate of liq uid hydrogen as paramete r s ;  to conduct temperature 
surveys througho ut the fluid under both static and flow conditions ;  
to determine the effect of emptying sphe rical containe r s  on  density 
gradients ;  to obtain an insight into the heat transfe r  mechani sms  
occurring during pre s surization and o utflow; and to obtain perfo r 
mance information for Venturi tube s ope rating in the s upe rcriti cal 
pre s sure  region.  It  is  anticipated that thi s study will be completed 
by November 30, 1 9 6 1 .  

Per sonnel contributing to thi s project were ,  A. F. Schmidt 
(Proj ect Leader ) ,  M .  D. Atwood, J .  D.  Evan s ,  and J.  R .  Purcell . 
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Fro st Formation 

T he primary obje ctive of  thi s proj e ct is to  dete rmine the oreti 
cally the rate of  fro st formation on s urface s at liq uid oxygen tempe ra
ture .  

With the inc reasing u s e  o f  liquid oxygen i n  space vehicle s and 
industry, the nee d  to predict heat transfe r to, and frost formation on, 
uninsulated eq uipment and heat exchange r s  i s  very great .  The s e  
theoreti cal studie s are de signe d  t o  as si st i n  fulfilling thi s  nee d  by 
providing a sound basi s for the extrapolation of limited empi rical 
information to all atmo spheri c conditions likely to be encountered. 

A gene ral two - dimensional, non- steady mathematical model, 
de signe d  to predict the rate of  condensation of water from the 
atmo sphe re  onto a s urface at liq uid oxygen temperature , has been 
set  up . Thi s  model, which consi sts  of  5 diffe rential equations that 
de s c ribe the " conservation" laws and 1 7  additional equations,  has 
been reduced to four equations with four unknown functions . T he 
solution of the s e  e quations for the region between the atmo spheri c 
temperature and condensation temperature i sothe rms i s  now being 
sought by numerical analy si s on the C D- 1 6 0 4  computer .  

T hi s  work will be s upporte d by NASA unde r the contract for 
Liq uid Oxygen Studie s (proj e ct 8 1 1 0 - 1 2 - 8 1 4 1 1 )  next yea r .  It i s  
anticipated that the contract will include funds for frost studie s .  
The plan i s  t o  complete the s e  theoretical studies  next year . 

Pe r sonnel contributing to thi s project are M .  D .  B unch 
and R .  B. Jacob s .  

Heat T rans fe r  Studie s 

8 1 1 1 2 

The obj e ctive s of thi s proj e ct are ( 1 )  to  dete rmine the heat 
transfer from air at ambient conditions to s olid s urface s at a 
c ryogenic  tempe r ature ( 2 0  to 9 0  degree s  Kelvin) and ( 2 )  to ve rify 
the theoretical work being done on fro st formation. 

In e s sentially all c ryogenic  eq uipment,  heat transfe r o ccurs ;  
if  the behavior  o f  thi s equipment i s  to  be sati s factorily predicted, the 
heat t ransfe r it s e lf must be adeq uately predicted .  T hi s  proj e ct ,  
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therefore , undertake s problems which are nece s sary  to the 
sati sfactory s olution of p r oblems encountered by b oth g overnment 
and indu stry, problems which, in a great many instanc e s ,  are 
dir ectly connected with both the defense  and space technology 
efforts of the c ountry.  

During the past year an experimental apparatus has been 
de signed and partially built. The de sign c on si st s  of a wind tunnel 
in whi ch the s olid surface at a cryogenic  temperature  will be 
placed.  Air temperature ,  humidity and velocity will be c ontr olled 
in the tunnel. Temp erature of the s olid surface and rate of  liquid 
vap orized will be  measured for the heat tran sfer s tudie s .  Instru
mentation for the fro st studie s  have been completed. 

In the coming year construction of the wind tunnel and 
control s  will be completed. Te st runs with liquid nitrogen, 
liquid hydrogen and liquid oxygen will be started. 

Personnel contributing to the project  are R. J.  Richard s , 
D .  K .  Edmonds ,  Jr .  , and R .  B .  Jacob s .  

Cryopumping_ 

8 1 1 1 5  

The general obj ective of thi s proj ect i s  to  study problems 
encountered in cryopumping . The specific obj ective for the past  
year has  been to evaluate the characteri sti c s  of cryopump s as  an 
item of vacuum pumping equipment. 

Thi s project i s  of great imp ortance  bec au s e  cryopumping 
i s  the only technique that has been de s cribed which can p roduce the 
low pr e s sure s  encountered in interplanetary space and which can 
produce low pres sur e s  required for s ome basic  s cientific r e s earch.  
It  is therefore the technique which will p robably be  used to pro duce  
the pre s sure s  desired  in  environmental chamber s  to simulate con
ditions of outer space .  

During the past  year the equipment was modified and some 
components wer e  r ebuilt as  indicated by the initial c ryopumping 
run s .  In the earlie st runs , outgas sing and changing temperature 
g radients influenced the data , but a moderate baking improved 
the performance .  The re sults of preliminary runs provoked an 
analysi s of the " r e si dual gase s "  which revealed an unde sirable 
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level of non - c ondens able gase s .  Although the calibrated variable 
leak was adequate for the preliminary run s , it has proved unsati s 
factory in current experiments .  An appr oach, which will allow 
constant monitoring of the flow of inlet gas e s  and will provide a 
means  to obtain the de sired purity by a di stillation p r oc e s s ,  i s  
being perfected. 

The g ener al obj e ctive s of thi s task for the coming rep orting 
period are not alt ere d. We shall c ontinue our evaluation of cryo 
pump s a s  pump s ,  and evaluate a p o s sible s olution to reduce out
gas sing. 

Project p e r sonnel for the past  year have been Lewi s 0 .  
Mullen, R .  B .  Jacob s ,  and E .  G.  B rentari . 

NASA Instrumentation 

8 1 4 1 0  

The principal obje ctive s  of thi s p r oj ect , sponsored by 
NASA, are as follows : ( 1 )  to determine the status of cryogenic 
instrumentation in the areas of pre s sure ,  temperature ,  liquid lev el 
and flow measure ment ; { 2 )  to conduct inves tigations which will yield 
the low temperature behavioral patterns of exi sting instrumentation ; 
( 3 )  to imp r ove upon exi s ting instrumentation, and to engage in 
r e search and development nece s sary to the achievement of the 
sponsor ' s cryogeni c  instrumentation requir ement s .  

The imp ortance o f  thi s p r oj ect li e s  in the a s s i stance 
provided,  in the instrumentation areas  mentioned,  to  organizations 
engaged  in the development of advanced propul sion systems for 
use  in future space mi s si ons . 

During the Fi scal Year 1 96 0  an extensive survey was made 
to e stabli sh the state - of - the- art in the four areas previously men
tioned. Information was s ecure d  from two basic s ourc e s .  The 
fir st ,  and most helpful , came from a r eview of technical publications 
dating back to 1 95 5 ,  while the s econd c ame from letter s of inquiry 
sent to  variou s  industri e s  and laboratorie s known to be working in 
cryogeni c s .  A c ompilation o f  the information and data obtained has 
been made and is p r e sently b eing p r epared for di stribution. 

As p art of the te st  phase of the p r oj e ct an apparatus for te st 
ing c ommercial p re s sure transduce r s  was de signed and built and 
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i s  now in operation. The intent of thi s pha s e  i s  to e stabli sh  such 
characte ri stic s as repeatability, zero  shift and linearity in addition 
to temperature  cycling and hyster e si s  effec t s .  C ommercial units 
are being te sted and the re sults will be i s sued as a supplement to  
the survey. 

Two s eparate test  rig s are being worked on for determining 
the dynamic characte ri sti c s  of temperature  sensor s .  The fir st  
unit , employing a spring loaded plunger will move a s en sor fr om 
one control temperature  to another during a known time interval . 
Thi s unit has been built and i s  now under going checkout before 
being put into use .  The second test  unit utili ze s the principle of 
adiabatic comp r e s sion to produce a step change in temperature  
and i s  now in  the c onstructi on stage .  

A liquid level test  unit i s  being de signed and te s t s  are 
being conducted on a primary standard. 

In the area of development a p roj ect was started to 
inve stigate the feasibility of using a vibrational s ystem as a mean s  
of mea suring fluid densiti e s .  A prototype densitometer was built 
and preliminary  tes ts  indicate the den sitometer will provide simple 
and reliable mean s  of measuring single -phase ,  and p o s sibly two 
pha s e ,  fluid densiti e s  with a maximum error  o f  le s s  than l o/o. 

The obje ctive s of the proj ect have not been changed and 
plans  for Fi s cal Year 1 9 6 2  are to continue the exi sting program 
with the main emphas i s  on the exp erimental pha s e  of the prog r am 
rather than on the survey. It is planned that the above program 
will yield information that will permit an ac curate evaluation of the 
p r e s ent status and future needs in cryogenic instrumentation in the 
areas mentioned,  thereby as si sting in the formulation of l ong r ange 
cryogenic  r e sear ch p r oj ects .  

The staff contributing t o  thi s _ proj ect are J .  Macinko 
(Proj ect Leade r ) ,  P. Smel s e r ,  C .  E .  Miller ,  R .  C .  Muhlenhaupt , 
R .  B .  Jacob s .  
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Liquid Oxygen Studie s 

8 1 4 1 1 

The objective of thi s  proj ect i s  to study p r oblems 
encountered by the ABMA (now NASA - MSF C )  in the use of 
liquid oxygen in c onnection with mi s sile and space applications .  
The specific p r oblem under study i s  c oncerned with the bulk 
density of boiling liquid oxyg en, and with the determination of 
the liquid level and mas s  of the boiling fluid. 

R e sults of thi s work will be directly applicable to the 
mi s sile and space technology of the United State s .  

During the past  year work on thi s p r ojec t  has con si sted of 
analyzing data from te st runs u sing a 2 ft. diameter by 1 6  ft. tall 
cylindrical tank. Installation of a 3 ft. diameter  by 1 6  ft . tall 
tank and revi sion of instrumentation has o ccupied the balance of 
the year . Check runs  on the larger  tank,_  u sing liquid N , have 
been completed and liquid 0 2 runs will start in  the near luture .  

Preliminary work on a theoretical appr oach re sulted in 
acceptance of a p aper  to be  deliver ed at the 1 96 1  Cryogenic 
Engineering C onference .  

It i s  anticipated that te sts  at 1 atmo sphere p r e s sure will 
be completed and a p r ogram involving tank pre s sure s  up to 4 0  p sig 
will be undertaken during the coming year .  

The staff c ontributing t o  thi s p r oj ect  are R .  W .  Arnett 
(pr oj ect leader ) ,  W.  H. Probert ,  D .  R .  Millhi ser ,  F .  W. 
Windmoeller , R.  B .  Child s  ( WAE) .  

C avitation Studie s  

8 1 4 1 4  

The p rimary objective of thi s project  i s  t o  provide basic 
theory and data which will lead to a bette r and mor e  thorough under 
standing of cavitation inception and mechani sms of cavitation. Infor 
mation c ompile d  would p r ovide de sign criteria for prediction o f  incep 
tion of cavitation for any fluid.  Spe cific  data obtained will pertain 
only to  cryogenic fluid s .  

.,. 
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Thi s inve stigation of  the inception and mechani sms of 
cavitation i s  nec e s s ary in order to improve the 1 1  state of the art1 1 
in the de sign of equipment for handling liquids . Exi sting infor 
mation and knowledge  c oncerning cavitation are not adequate for 
the de signer  to accurately predict cavitation inception. The effect  
of  cavitation on variou s  e quipment de signed to handle liquid s  may 
be to ( l )  drastically r educ e  the efficiency of the equipment ,  ( 2 )  
reduce the equipment life expectancy, ( 3 )  induce error s in instru
mentation or any c ornbination of the three .  Much more informa
tion and basic  under standing i s  neede d  to avoid the occurrence of 
cavitation. Accompli shments of thi s  study would be utilized in 
various fields of interest :  mi s sile indu stry {liquid propellant pump s ,  
valve s ,  instrurnentation ) ,  hydroelectric plants (water turbine s ) ,  
indu strial proce s s  control plants (valve s ,  instrumentation, pump s ) , 
nuclear r eacto r s  (pump s ) ,  prop eller-driven ship s ,  underwater 
balli stic s ,  etc .  

A c omprehensive literature  survey has been c onducted to 
determine the pre s ent status of  basic cavitation r e search in b oth 
c onventional and c ryogenic fluids . Preliminary  experimental 
te s t s  have been c onducted to p r ove the fea sibility of a study plan. 
From the s e  preliminary tests  have evolved the de sign of an all - gla s s 
test  apparatus to  study the metastability characteri sti c s  of c ryogenic 
fluids . An analytical study intended to predi ct the fluid c onditions 
required for the inception of cavitation in variou s  c ryogeni c  fluids  
c ontained in the all -glas s  t e s t  apparatus i s  well underway. This 
te st apparatus i s  e s s entially a small bubble chamber  and hopefully 
will provide a 1 1  sup e r - heat limit curve 1 1  for each cryogenic fluid. 
Thi s limit curve will indicate the pre s sure and temp erature c onditions 
at which nucleation will occur in an ideal systein. All of the material s 
of c onstructi on for the test  apparatus have not yet been r eceived.  

The p r oj ect will attempt to obtain a better under standing of 
c avitation thr ough theoretical analysi s and exp erimentation in the 
coming year . The prop o s ed study plan i s  divided into two pha s e s  
of interes t  a s  outlined b elow. 

Phas e  A: Stati c - analys i s  {non-flow)  

l ,  The theor etical analysi s of  metastability will be com
pleted in  an effort to  predict the fluid conditions required  for for 
mation of a cavity. 

2 .  Experimental data to verify or  di spr ove theory of  l above .  
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Phas e  B :  Dynamic Analysi s (flow) 

1 .  A paper  study shall be conducted in an effort to predict 
the effect of fluid velocity, system geometry, system cleanline s s ,  
and fluid properti e s  on nucleation such that modifying factor s could 
be applied  to  static nucleation theory (Phase  A. 1 ) .  

2 .  Some r ather  simple experimental t e st s  are vi sualized,  
utilizing either a venturi or  smooth appr oach r e stricted diameter 
te st  section in a flow tunnel.  

Per s onnel contributing to  thi s p r oj ect are  J.  Hord {project  
leader )  and R .  B .  Jacob s .  

C ooldown of C ryogenic  T ransfer Line s 

8 14 1 5  

The obj e ctive s of thi s proj ect are t o  inve stigate theoreti 
cally and experimehtall y the phenomena occuring in cryogenic 
transfer line s during the period of cooling down from ambient to  
operating temperatur e .  The purpose  of  the theoretical phase  is  
to derive and s olve equations which predict the ope rating character 
i sti c s  such as  cooldown time , flow rate s ,  g a s  venting rate s ,  
temperature s ,  and p re s sure s  for insulated o r  uninsulated cryo
genic transfer line s of any geometry or construction material .  
The experiments p r op o s e  to  verify the the oretical calculations 
a s  well as  to  supply forced convection boiling and non-boiling 
heat transfe r coefficient s ,  two-phas e  pre s sure drop , etc. which 
are used  in the the or etical c alculation s .  A range of tran sfer line 
s ize s ,  driving p r e s sure s ,  and two different fluids will be cove red 
by the te st s .  

Cryogeni c  fluids are often transp orted from one p oint to  
another ( e .  g .  fro m  a supply tank to a rocket ' s fuel tanks )  by 
means of pip e s  c alled  transfer line s .  When the s e  low-boiling 
temperature fluid s  are  driven by pump s or p r e s surized gas into 
warm transfer line s high rate s  of heat tran sfer , boiling , and 
evolution of gas  o c cur .  Pre s sures  may surge  higher than the 
driving p re s sure  and the flow may even rever s e  momentarily. A 
means  of p redicting pre s sure s to which a tran sfer line will be 
subj ected,  the flow r ate s which may be  achieved, the rate s at 
whi ch gas  must be  vented ,  and the time requir ed for cooldown are 
e s sential to the p r op e r  de sign of equipment using cryogenic transfer 
line s .  The se  mean s have not been available ;  however ,  thi s proj ect 
is attempting to p r ovide them. 

·�· 
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During the past  year a numerical s olution to a system of 
twelve partial differential equations de s cribing the c ooldown p r oce s s  
has been devi s e d  and i s  being te sted and perfected by a hand c alcula
tion. Spe cial instrumentation for the experiments has been te sted in  
the laboratory. The test apparatu s has been de signed and c ons tructed ,  
and i s  now being a s sembled. 

During thi s year the LO 2 s ervicing c ontaine r  optimization 
p r oject was c ompleted. Modification and repair of a cracked nozzle  
on  a 5 0  gallon L02 ve s sel was c ompleted. The unit was te sted for 
thermal performanc e  and showed an imp r ovement ove r  producti on 
model unit s by app roximately four to one . After te sting the ve s s el 
was shipped to the sponsor for further evaluation. A WADD T e chnic al 
Report was prepared and submitted as  the final phas e  of thi s work. 

The numerical calculation will be p r ogrammed for an electr onic 
computer and s olutions to cover a range of the parameter s  will be  
s ought. The te sting of the expe rimental transfer line s will c over  a 
wide range of the parameter s  a s  permitted by the experimental 
apparatus .  The r e sults will b e  submitted t o  the spon s or in the form 
of a final rep ort  which will include graphs showing the r elationship s 
between the various parameter s  and c onclu sion s  concerning the 
surge s in flow and pre s sure ,  optimum line geometry for variou s  
applications , and the nature of the flow pas sing thr ough the transfer 
line at each stage of c ooldown. 

Per s onnel contributing to thi s p r ojec t  wer e :  W. G. Steward,  
T .  T .  Nagomoto ,  J .  H. Wil s on (WAE ) ,  R .  W. Arnett ,  W.  H. Prob e rt ,  
R.  B .  Childs (WAE ) ,  R.  B.  Jacob s .  

Lox Storage Tank R eview 

8 1 4 1 7 

The obj ect  of thi s p r oj ect was to  provide c onsultation for the 
Army Corp s of Enginee r s  in connection with LO tankage used  at 
ICBM c omplexe s in the Denver are a. 2 

Analys e s  and recommendation s  wer e  made regarding the rmal 
performance , de sign and vibration susceptibility of the tankage .  An 
informal report was prepared  and furni shed to the Army.  

Thi s p r oj e ct was c ompleted. 

Per sonnel contributing to thi s p r oj e ct were R. B. Jacob s ,  
A .  F .  Schmidt , E .  H. Brown , and R .  W .  Arnett. 
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Magnet Re search 

8 1 4 1 8  

This proj ect i s  concerned with advancing the technology of 
electromagnetic fi eld production by developing highly efficient 
cryogenic s olenoids . 

The c ompetitive nuclear age i s  demanding extremely efficient 
p roduction of intense  magnetic fields as  high- energy particle acceler 
ator s and the p r op o s ed thermonuclear reactor s are  criti cally dependent 
on large volume s of the s e  force fields .  Prior to the con sideration of 
low-temperature  s olenoids , the projected electrical p ower input 
neede d  to sustain the aligning field in a fusion reactor was in the 5 0  
to  2 0 0  megawatt r ange .  Thi s figure can be  reduced by a factor of 
ove r  1 00 0  by using cryogenic electromagnets .  

A high purity aluminum foil magnet has  been de signed that 
should pr oduce a 1 00 kilogau s s ,  steady- state field over a cylindrical 
v olume 3 inche s in diameter and 8 inche s long . Forced convection 
c ooling through r adial groove s with sub - c ooled LH

2 
will di s sipate the 

anticipated 4 kilowatts of j oule heating. The s olenoid will draw 1 3 5  
amps from a D .  C .  p ower supply c onsi sting of a variac ,  an i solation 
current transforme r ,  and two silicon rectifi e r s .  As sembly i s  almost  
c omplete and actual te sting of  the electromagnet will begin in July 1 96 1 .  

T e sting and evaluating the p r e s ent system, then using the 
r e sults to de sign larger  and stronger  cryogenic magnets are the 
g oal s of thi s p r oj e ct for the coming year.  Studie s  will be  made on 
p r opertie s of mate rial s and the behavior of instruments in intense  
magnetic fields a t  l ow temperature s .  

Per sonnel c ontributing to  thi s p r oj ect wer e  J .  R .  Purcell 
( Pr oj e ct Leade r ) ,  J .  D. Evans ,  E. G. Payne , M. D. Atwood, and 
R .  B. Jacobs .  
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Physical Equilibria 

8 1 1 24 

The main obje ctives  of thi s proj e ct are to provide Elata and to 
develop methods which will enable the cryogenic enginee r  to accurately 
determine the b e st de sign for the purification of gas e s  for liquefaction. 
The aim of r e s e ar ch in thi s area i s  to predict the p r op e rtie s of multi 
pha s e ,  multic omp onent , c ryogenic  systems given only the p r op e rtie s 
of the pur e  c onstituents .  

A major  p r oblem in the liquefaction o f  gas e s ,  in particular 
hydrogen or  helium, is to p r ovide adequate purification c ontinuously 
to eliminate plant shut - downs due to c ollection of frozen impuritie s  
in liquefier  heat exchanger s .  Impurity l evel s ,  ranging from hundreds 
of parts  per million to several percent in g a s e s  of various  s ourc e s ,  
must be  r educed to e s sentially zero sinc e amounts a s  low a s  one p art 
per  million can eventually lead to plant blockage .  R e s earch in 
physical equilibria i s  nece s sary to e stabli sh accurate de sign c riteria 
for impurity r emoval . 

Be side s p roviding s olutions to thi s exacting technical 
p r oblem, physical equilibria r e s earch nece s sarily yields information 
on the nature of forc e s  betwe en molecule s of different specie s .  Thi s 
information i s  vital to under standing mixture s  and s olution s .  

During fi s cal year 1 9 6 1 , the thorough literature  s earch of  
physical equilibria and related properti e s  of s ome cryogeni c  s y stems 
was pr ought up to date ,  and exi sting data were extracted from the 
literature for five binary systems c ontaining hydrogen. The data 
for each system are being c ompiled in such a manner to p rovide a 
virtual map for the r e s earcher and a convenient s ource  of available 
de sign information for the engineer . 

Theo retical s tudi e s  of physical equilibria wer e  carried out to  
develop a the rmodynamic c on si stency te st  to  determine the p robable 
validity of experimental phas e  equilibria data.  
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An experimental and theoretical p r ogram to study adsorption 
of impuritie s  at low temperature s  was c ontinued. The studie s ,  con
centrated primarily on the adsorption of methane on silic a  gel , un
c overed a significant anomaly in r e spect to  adsorptive capacity ver sus  
temperature  for  thi s p articular system. A refined experimental 
apparatus was developed  to s tudy thi s effect more preci s ely on 
silica  g el as well a s  other adsorbents .  

Other e ffort s  have been c oncentrated  on  the calculation of 
vapor  pre s sure s  of condensed  g as e s  below the normal boiling p oint 
from a minimum of information.  Calculations have been completed 
for nitrogen and are in progre s s  for methane and ethylene . Thi s work 
was  accompli shed at the Georgia  Institute of Technology under a 
c ontract from NBS. 

During fi s cal year 1 96 2  the compilation of data of the physical 
equilibria and r elated prop ertie s of the binary systems containing 
hydrogen will be  c ompleted in the firs t  half of the year.  

Theoretical studi e s  on physical equilibria will be  conducted 
within the framework of the s e c ond virial coefficient. Initially data 
for about ten cryogenic fluid s  will be examined in an effort to obtain 
characterizing parameter s which eventually can b e  extended to mixture s .  
Studie s  on multicomponent adsorption theory will al s o  b e  continued. 

Systems will be s elected for experimental phy sical equilibria 
inve stigations bas e d  on c ompilation s ,  theoretical studie s , and 
de sirability of data for technical designs .  B oth pur e component and 
impurity adsorption experiments will be extended to other ads orbent s .  

Per s onnel contributing to  thi s p r oj ect  wer e :  T .  M. Flynn 
( Project  Leader ,fir st half year ) ,  M.  J .  Hiza ,  ( Pr oj e ct Leade r ) ,  
A .  J .  Kidnay, D .  E .  Drayer and W .  T .  Ziegler (Ge orgia Institute 
of Technology) .  
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Refrigeration Proce s s e s  

8 1 1 25 

The development of method s  of p roviding r efrigeration and 
liquefied gas e s  in the cryogenic  temperature r ange i s  of conside r 
able imp ortance in p r e s ent day military, indu strial and r e se ar ch 
p r ograms .  Such fields as mi s sile s ,  fuel s ,  c ryogenic  magnets ,  
bubble chamber s ,  maser s and high speed c omputer elements ,  
require  r efrigeration methods of diver s e  quantity and quality. 

Calculation of refrigeration cycl e s  to p r ovide low temp e r a 
ture s  i s  c onside rably facilitated b y  using a high speed digital 
c omputer .  In addition basic programs c an be  developed  to handle 
wide limits of input parameter s making p o s sible quick design 
studie s consi stant with the changing c omponent " state of the art. 1 1  

The g ener al objective of the p r oj ect is to  analyze r efrigeration 
p r oce s se s  for cryogenic temperature s .  

During the past year work was centered on the c ompilation 
correlation and tabulation of the the rmo"dynamic p r op e rti e s  of 
nitr ogen gas .  

A modified  Benedict- Webb- Rubin equation o f  s tate was 
developed to expre s s  the P- V - T data and was used to generate 
the the rmodynamic p r operty data for nitrogen. The r e sults were  
tabulated on magnetic tape and used  a s  input data to  the digital 
c omput er during r efrigeration cycle c alculations .  

Several s imple r efrigeration cycle s . have been calculated 
and the p erformance  plotted in graphical form. 

Per s onnel contributing to the proj ect were D. B .  Mann 
(Project Leade r ) ,  and T .  R .  Strobridge .  
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Friction, Wear and Lubrication 

8 1 1 26 

The obj ective of thi s p r ogram was to c ontinue the study of 
supporting rotating equipment in cryogenic applic ations .  

R otating e quipment for u s e  at cryogeni c temperature s  require s  
bearings  that will operate reliably at the s e  temperature s in the abs ence 
of normal lubrication or  b earing s that are placed in warm region s  on 
extended shaft s .  The need for bearing s that will operate succe s sfully 
in cryogenic  environments i s  steadily increasing with the growing 
mi s sile p r ograms , food free zing industrie s ,  etc . becau s e  the ex
tended shaft de sign is not as  p ractical or efficient as equipment 
de signed with the b earing s located in the c old envir onment. Thi s 
p r ogram was initiated to dete rmine the requir ements nec e s sary for 
succe s sful operation of bearing s in low temperatur e  environments .  

The work on thi s p r ogram has been limited to the testing of ball 
b earing s operating in c ryogeni c  envir onments .  The testing was done 
on bearing s running in either gaseou s  hydrogen o r  submerged in 
liquid nitrogen. Ball s ep arator mate rial s wer e  evaluated  at speeds  
up to 9 2 0 0  rpm in liquid nitrogen and the mo st p romi sing material 
was then te sted in gaseou s  hydrogen. Through thi s s c r eening proce s s  
it was p o s sible to find s ome material s  for the ball s epar ator that 
would give bearing life in liquid nitrogen in exc e s s  of the rated 
minimum life . Bearing s with the s e  s eparator s  al s o  g ave s ati sfactory 
r e sults when te sted in gaseou s  hydrogen. 

Work on thi s p r ogram during the early part of the fi s cal 
year will be  c oncerned with ( 1 )  a parameter s tudy on bearing s operating 

in gaseou s  envir onments at c ryogenic temperature s  and ( 2 )  
te sting a few new s eparator material s  in liquid nitrog en.  At 
the c ompletion of the s e  two pha s e s  of the pr ogram additional 
work will be done on an a s  needed basi s .  

Per sonnel contributing to  the proj ect wer e  J .  A. B rennan, 
W .  A .  Wil son, R .  R adebaugh, and W.  H. German. 
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Cryogenic D e sign Principle s  

and Material s Utilization 

8 14 2 0  

The obj e ctive of the p r ogram i s  t o  p r ovide a s si stance to 
the Centaur and R over mi s sile p rograms in the broad area of 
cryogenic de sign principle s  and material s  utilization. 

Mi s sile development program s ,  both chemic al and nuclear , 
are now u sing and are planning more extensive use  of liquid hydrogen. 
The physical propertie s  of hydrogen are suffi ciently different from 
other fuel s  to p r e s ent many new p roblems to the indu stry. Although 
many of the s olutions are not unique to the field, the applic ations are 
often diffi cult. Other problems require  r e sear ch to aid in their 
s olution. It i s  hoped that the initiation of the p r e sent p r ogram will 
help p rovide suitable answer s  to many c omponent development 
problems and will improve c omponent reliability. 

Primary a s si stance efforts have been c oncerned with 
Proj ect C entaur . Numer ou s  c ontact s have been made with General 
Dynami c s  - A stronautic s  (GDA)  and variou s  c o - contractor s and sub 
c ontractor s a s s ociated with the main program. Emphasi s on the GDA 
p ortion of the p r ograrn has been focused on the development of cryo 
genic s eal s for the liquid hydrogen fuel line flange s ,  on the cryogenic 
te sting of ball bearing s operating in hydrogen gas  for the zero- gr avity 
c entrifugal vent device , on the de sign of observation windows for 
c ryogenic c ontainer s ,  and on insulation problems a s so ciated with the 
flight vehicle and p r opul sion test  vehi cle .  In addition , general 
as s i stance was given on other  matter s  of cryogeni c  imp o rtance such 
a s  p r opertie s of material s ,  instrumentation, liquid oxygen density, 
gas detection and the rmometry. 

It i s  anticipated that g.eneral a s si stance on Proj ect  C entaur 
will continue . To date , mino r  a s s i stance has been given to the R over  

program. Although s everal c ontacts  have been made with Los  
Alamos Scientific Laboratory p er s onnel ,  a cour s e  of  action has 
not yet been e stabli shed. It i s  hoped that c ontributions c an be  
made in  thi s area during the next rep orting period.  

Per s onnel contributing to the proj ect were : D .  B .  Chelton 
{Proj e ct Leade r ) ,  L .  E. Scott , B. W. Birmingham, J. A. B rennan, 
R .  H.  Krop s chot, R .  N. Herring and D .  H. Weitzel.  
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Argonne C old  Moderator 

8 1 4 2 1  

The obje ct of thi s project  i s  t o  provide engineering a s si s 
tance in the de sign of cryogenic  facilitie s for the production of cold 
neutrons .  

Low energy neutron s  are u seful for the inve stigation of the 
nature of matter .  Such neutrons are produced by the u s e  of a suitable 
moderator placed within a nucle ar reactor , i . e .  D 0 ice  maintained 
near 2 0 ° K. The thermalization of neutrons liberat� s energy within the 
moderator that may be  r emoved by a cryogenic r efrigeration system. 

Two r efrigeration proce s se s  are  being c onsidered  for thi s 
application. The fir st system i s  a conventional Joule - Thomp s on 
hydrogen r efrigerator couple d  with a helium loop for input s ervice ;  
the s e c ond system utili z e s  a turbo expander with gas  lubricated 
bearing s in a helium refrigerator cir cuit. Theoretical p erformance 
for b oth systems have been analyzed and flow she et s  drawn. The 
specifying of maj or components has been started. 

A heat tran sfer s tudy of the inside cryo stat has been p e r 
formed i n  order t o  help define the cryostat configuration. It was 
found that the thermal conductivity of D

2
0 ice near 2 0 ° K  was needed. 

Since no data was available in the literature , an exis ting apparatus 
was modified  to make s ome measurements .  Mea sur ements of the 
the rmal conductivity of H20 i ce  at liquid nitrogen temperature  have 
been made . 

Spe cifications will be  written and cost  e stimate s made for 
b oth r efrigeration proce s s e s .  Measurement s  of D

2
0 ice  the rmal 

conductivity will b e  c ompleted at liquid hydrogen temperature s .  

Per s onnel contributing to the proj ect a r e  J ohn W.  Dean and 
K. D .  Timmerhaus .  



4 6  
Edwards AFB Consulting 

8 1 422  

The obj ective s of thi s pr oje ct are  to pr ovide c on sultation 
and a s si s tance to EAFB on cryogenic  problems as required .  The 
p r oj ect emphas i s  i s  mainly dire cted toward liquid helium storage 
and handling.  

The transp ortation of helium in liquid form offer s  e conomic 
and strategic advantag e s  ove r  normal ambient temperatur e  com
p re s s ed gas  shipment. The exp erience of NBS in thi s fi eld has 
aided EAFB in the planning and purchase  of equipment for their 
helium p rogram. NBS al s o  a s s i st s  and augments the technical 
capability of the sponsor in c ertain areas of cryogeni c s  where  
NBS has  unique qualifications .  

During the past year , a large liquid helium s emi - trailer 
and a mechanical di s charge device have been purchased  by  the 
Air Force .  Some preliminary testing of the transport unit was 
accompli she d u sing a Navy liquefier .  Operation difficultie s of 
thi s small liquefier  prevented a full evaluation and the lack of a 
liquefier  of suitable size prevents further te sting and use  of the 
equipment. Temp orarily, thi s equipment will be placed in liquid 
hydrogen s e rvic e ,  until such time as a suitable liquefier  i s  available . 

NBS was al so  consulted on a p r oblem c oncerning the 
s ampling and impurity analys i s  of liquid oxygen in large storage 
tank s .  An EAFB contract to develop apparatus for obtaining a 
repre s entative sample was placed with a commer cial firm. The 
technic al a spe cts of thi s c ontract have been monitored by NBS. 

Per s onnel contributing to  the proj ect wer e :  L .  E.  Scott 
and D .  B .  Mann. 

Study of Helium Liquefaction 

8 14 24 

The p r oject obje ctive i s  to e stabli sh equipment and technique s 
for p roducing , storing and transporting large quantitie s of helium in 
liquid form. 
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The  shipment and handling o f  helium in liquid form, would 
allow a sub stantial s aving s in tran sp ortation and handling cos t  to 
large u s er s compared to ambient temperature c omp r e s se d  gas  trans 
p ort .  The r elative si ze  and p erformance  of the e quipment needed 
demands a higher degree  of optimization of e quipment and techniques  
than previously requir ed. The data and proven feasibility obtained 
through thi s effort i s  of great benefit to other industrie s who have 
requirements for large quantitie s of helium. 

Te chnic al a s si stance was p r ovided to the sponsor  on s everal 
items of equipment . A 3 5 ,  0 00  s c£/day liquefier  has been purchas e d  and 
installe d  by  BuWep s .  Conside rable difficulty has b e en exp e rienced by 
the c ontractor in overcoming difficultie s  a s sociated with the transfer  
of  liquid from the liquefier .  NBS has p r ovided a s si stance  in  s everal 
te st s .  The cau s e  has been determined  and i s  being corrected by the 
contractor .  In addition a large liquid helium s emi - trail er ,  a smaller  
air tran sportable dewar , and a high p r e s sure liquid helium pump and 
vaporizer  ar e p r e s ently being procured by BuWeps .  NBS i s  rep r e sent
ing BuWep s in technical matter s  with the r e spective contr actor s ,  and 
dir e cting the tes ting and evaluation of the fini shed product. 

The de s ign of a liquid helium tank car has been completed 
under NBS c ontract. The des ign has been approved by the American 
A s s ociation of R ailroads and a fr eight rate has b e en e stabli shed. 

Activity will be reduced  in Fi s cal Year 1 96 2 .  NBS- CEL 
will p r ovide technic al a s si s tanc e  to  continuing contracts and prepare 
a r eport  covering the total work on the p r oj e ct .  

Per s onnel contributing to the project wer e :  L .  E.  Scott , 
D .  B .  Mann, and B .  W. Birmingham. 

Liquid Hydrogen Bub ble Chamber 

8 1427  

The development of liquid hydrogen bubble chamber s i s  of 
c ontinued  imp ortance  in the study of fundamental p article physic s .  
The numbe r  o f  such bubble chamber s b eing planned,  de signed and 
c onstructed throughout the world i s  increasing rapidly. In recent 
month s ,  con siderable inter e st has b e en generated in the application 
of superconducting magnets to bubble chamber s  and to other a s s ociated 
high ene rgy physic s problem s .  

.. 
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The obj ective of the p r oj ect is to give general as s i s tanc e  
t o  the Uni,.rer sity- of California ,  Lawrenc e  Radiation Laboratory ... 
( LRL)  at Berkeley, California ,  in the s e  areas .  The proj e ct i s  a 
c ontinuation from the previous year . 

During the past  year a s s i stance was given in a number of 
mi scellaneous problem areas .  The s e  have mainly been in conjunction 
with the de sign of a 2 5 -inch chamber  that will incorporate a liquid 
expan sion system. 

The feasibility of adapting the 300 watt r efrige r ator (pr eviou sly 
de signed within the project )  for u s e  with the 2 5 - inch chamber  was 
c onsidered ,  The refrigeration requirements for the larger  chamber  
may be  as  much as  5 00  watts .  It was concluded that with minor 
modifications of the refrigerator system, the 67  p e rcent increase  in 
capacity i s  feasible .  

Since the new chamber  will be of  the liquid expansion typ e ,  
it i s  nece s sary t o  make better e stimate s of the adiabatic compre s sibility 
of liquid hydrogen. PVT data for para-hydrogen, now b eing measured  
at the laboratory by another projec t ,  were  used  in an  effort to  arrive 
at more reliable com.pre s sibility information. 

In addition to the above a s s i stance ,  a meeting was held in 
Berkeley to di s cu s s  the de sign and development of sup e r conducting 
magnet s for high energy physi c s  applications .  We are pre s ently 
making measurements of the superconducting characteri stic s of the 
Nb3

Sn wir e  in magnetic fields up to 1 8 5 ,  0 00  gau s s  at temperature s  
below 2 0 ° K. Particularly, the effects of me chanical s tr e s s  on the 
critical field and critical current transitions are being studied. 

Per s onnel contributing to the proj ect were : D. B .  Chelton 
{project l eade r ) ,  R .  H.  Krop schot {project leader ) ,  B .  W. Birmingham, 
J .  W. Dean and D .  B .  Mann. 
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Magnet R efrig eration 

8 1 428 

The obj e ct of thi s project  i s  to develop r efrigeration cycle s 
capable of p roducing r efrigeration in the 1 .  5 to  3 0 ° K  temperature 
rang e .  Thi s development work involve s a theoretical study of 
feasible cycle s  adaptable to such an application and c onside ration 

of the components nece s sary to p r ovide a reliable ,  maintenance free  
refrigeration unit .  A vital comp onent whi ch require s  additional 
development i s  the expansion devic e  required to produce the required 
r efrige ration. For all p ractical purp o s e s  a turbine expander would be 
the most feasible expansion device  to u s e .  C onsequently, a s econdary 
object  is to  develop a turbine exp ande r  that will operate continuously 
with no maintenance  required .  

B ecau s e  of recent developments in the areas  of electromagnet 
and s uperconductor applications , the need for an adequate and reliable 
s ourc e  of refrige ration is incr easing rapidly. The nature of the 
application requi r e s  that not only must the hazard of us ing liquid 
hydrogen a s  a pre - coolant be  eliminated,  but that a minimum of 
s upporting equipment be used to produc e the required  refrige ration . 

In the area  of turbine expande r de sign and operation, con 
siderable p r ogre s s  has been made i n  the development of a reliable 
expande r .  The high speeds involved in a turbine expande r can be  
obtained by using gas - lubricated bearing s to s upport the turbine shaft . 
A flat plate te st apparatus was p r ovided and exp eriments completed 
to provide data applicable to gas - lubricated bearing de sign . The s e  
experiment s  provided data on load - c arrying capacity and stiffne s s  
of b oth nitrogen and helium gas  films over  a wide range of conditions .  

An actual turbine exp ander was fabricated and te sted using 
helium gas  as the p roce s s  fluid. Thi s expander was operated for a 
number  of hour s up to speeds  of 1 8 0 ,  0 0 0  rpm. The expande r  it s elf 
and the gas  - lubricated bearing s p erformed as expected over  a wide 
range of c onditi on s .  Sufficient te sting was p erformed to ins ure  that 
the expander unit will run indefinitely with ve ry little attention or  
maintenance requir ed. 

The work on thermodynamic r efrigeration cycle calculation 
and analys i s  has centered on the compilation , corr elation , and 
tabulation of the p r op ertie s of helium, hydrogen, nitrogen and neon 
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gas . A digital comput er i s  being u sed to facilitate and speed  the 
cycle inve stigations and the thermodynamic data has  b e en li s ted  on 
magnetic tape for input to the machine .  

Propertie s o f  helium and nitrogen gas  have b e en c .-:> rrelated 
and calculated· using a modification of the B enedict- Webb- Rubin 
e quation of state developed  within the proj e ct .  Neon and hydrogen 
p r operti e s  were generated from exi sting publi shed data. 

With the completion of the property tabulations a systematic 
investigation of low temperature  refrigeration cycl e s  was begun. 

T e sting of the turbine expander proved  that the de sign appr oach 
i s  s ound and reliable .  Future  plans will include the application of the s e  
de sign principle s  t o  specific  refrige ration requirements .  The de sign 
of such a turbine expander is applicable to a wide r ange of operating 
conditions . 

A refrigeration cycle incorporating the turbine i s  to  be  
developed. Thi s cycle will p r ovide a signific ant refrigeration effect 
at z o o K ,  1 0 ° K,  4.  z o K  and 1 .  5 - 2 . o :K ,  and gr eat care will be exerci s e d  
to de sign a system of high reliability. 

The systematic inve stigation of refrigeration proce s se s  will 
continue and will be extended to more complex c omponent arrangements . 
Transport properti e s  of the refrigerants will al s o  be  c orrelated and 
tabulated to p r ovide data for the calculation of heat exchanger s .  

Per s onnel contributing t o  thi s proj e ct wer e :  D .  B .  Mann, 
W. A .  Wil s on (Project Leade r s ) ,  T. R. Strobridg e ,  H .  Sixsmith , 
J .  A.  B rennan, B .  W .  Birmingham. 
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Low Tempe ratur e Seals 

8 1 429  

The p roje ct has two related obj ective s .  The fir st  of the s e  i s  
the de sign and te sting of static and s liding s eal s for u s e  in all type s of 
cryogenic e quipment. The s econd obj ective i s  the determination and 
s tudy of mechanical propertie s of elastome r s  and plastic s ,  with 
emphas i s  on thos e  p r op e rtie s  which can be  related to the p e rformance 
of  the s e  material s as  s eal s or in other applications at cryogenic 
temperature s .  

Ther e  are numerous applications for s eal s which must 
operate at all temp e rature s  from normal to cryogenic in mi s sile s ,  
r ocket s ,  s atellite s ,  and high flying aircraft . Any vehicle which use s  
a cryogenic  fuel or  oxidizer  must al s o  depend upon an elaborate ground 
support system which include s cryogenic  pump s , valve s , transfe r line s , 
and storage dewar s .  Thi s equipment c ontains many demountable seal s , 
b oth static and moving , which must p erform at all temperatur e s  from 
ambient to cryogeni c .  In addition , there  are important applications 
wherever cryogeni c  equipment is used  in industrial and r e search 
activitie s .  

The me chanical behavior o f  plastic s and elastome r s , which 
are  derived from chain polymer s , i s  in its elf a subj ect of great 
intere st .  Many a sp e cts  of thi s behavior  have not been thoroughly 
inve stigated ;  thi s i s  particularly true under c onditions of high com
p r e s sive stre s s  and extreme low temperature .  Thus the measure 
ment of physical p r op e rtie s ,  which constitute s about SOo/o of the 
total effort of thi s p r oj e ct, will be  of fundamental inte res t. The 
comp ounding variable s  of the te st s ample s  are  b eing c ontrolled 
as carefully as p o s sibl e ;  it is hop e d  that meaningful correlations 
can be  e stabli shed b etween the s e  variable s and measurable properti e s  
at cryogenic temp e rature s .  

It has b e en clearly demonstrated that s eve ral readily 
available elastomer s  and plasti c s  can b e  used  to make simple flang e 
type static s eal s which are high vacuum tight at pre s sure s  to 1 00 0  
PSIG and temp e r ature s  from above room temperature t o  2 0 ° K. 
During the past  year it has been shown that simple flat flange s  can 
be sub stituted for the tongue and groove de sign previously thought 
nec e s s ary. Thi s development , together with the use  of 0 - ring s of 
smaller c r o s s  s ection , has re sulted in significant reduction in flange 
loading a s  well a s  machining co s t s .  The imp ortance o f  spring loads 
re sulting from stretching of bolts and flexing of flange s  has been 
recognized ,  and e quipment has been de signed to make critical s tudie s  
of thi s factor . 

,, 
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A constant load dilatometer has been constructed for the 
study of the rmal expansion, c reep , and relaxation of highly str e s sed  
elastome r s  at temperature s  from about 1 O oK  to room temperature .  
Thi s equiprr10nt hao been in use  for several months and i s  yielding 
valuable information. Under c onstruction ar e two additional apparatus 
for the prope rtie s study. One of the s e  will measure and record 
change of  length with temperature  for  an unstr e s s ed s ample from 
room temperature  to about l O o K. The othe r will u se  a preloaded 
s ample  and will measur e the variation of force  with temperature  at 
cons tant length. 

The third phas e  of the s eal s  program i s  concerned with s e al s  
around low and high- speed r otating shaft s whi ch operate at all tempera
ture s  fr om ambient to  c ryogenic .  A te ster for  the fi r st clas s o f  r otating 
s eal s has been constructed and i s  in use ;  a te ster for high speed r otating 
s eal s has been de signed but may not be c onstructed unle s s  the level of 
funding i s  increased. 

As indicated above the work on properti e s  of elastome r s  

will b e  expanded during FY 6 2  with the addition of two more te s t s . 

The work on functional static seal s  will be concerned with the 
e stabli shment of correlations betwe en propertie s and s ealability 
under c onditions of a s tandardized seal tes t ,  and with a criti cal 
study of spring loads  r e sulting from straining of flange parts during 

seal as s embly. Tes t s  with the s low speed rotating shaft te ster will 

c ontinue and detailed shop drawing s of the high spe ed r otating s e al 

te ster will be prepared. If additional funding i s  made available ,  
the high speed te st  unit will be fabricated and te s ts  begun. 

Per s onnel a s signed to  thi s  proj ec t  during FY6 1  have 
been D. H. Weitzel , R .  F .  Robbins ,  R .  N. Herring , and P. L .  
Barrick ( consultant ) .  Air Force Monitor of  the p r ogram is  R .  E .  
Headrick o f  Wright Patter s on Air Force  Base .  
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Low- Temperature Prop e rtie s  

8 1 1 3 1 

Thi s i s  a c ontinuing proj ect in which various physical 
propertie s useful in low tempe rature applications are measured.  
Data on physical p r op e rti e s  of material s of con struction and proce s s  
material s  are e s sential to the intelligent engine ering de sign of low 
temperatur e  devi c e s  and proce s s e s .  Data obtained by thi s proj e ct 
are being applied  to  industrial and military technology and to the 
technique s of basic  r e s earch. 

Multi - component non-metallic p owde r insulations have 
been tested, the comp onents of which were  s elected s o  as to p r ovide 
a continuum of low transmi s sion throughout the spectral regi on ,  8 - l O Of.L , 
wher e  the rmal radiation i s  important. Promi sing re sults were obtained.  
Though the effective the rmal conductiviti e s  were  not as  low as tho s e  
of the b e st mixtur e s  containing metal s ,  such non-metallic mixture s  
may be of value in insulating ve s sel s c ontaining reactive oxidants .  

The Fabry- Perot dilatometer  has been completed, and the 
exp e cted fringe patterns have been obtained.  Difficultie s  in main
taining the fringe p attern during thermal cycling have been encountered.  

The thermal conductiviti e s  of two irradiated graphite s have 
been measured  from 4 o  to  1 00 °K .  Order  of  magnitude decrea s e s  in 
conductivity due to lattice  damage were found. The re sults are relevant 
to the de sign of nuclear reactor s for mis sile propul sion using a cryogenic 
working fluid. 

The thermoelectric characteri s ti c s  of s ome common 
commercial the rmocouple s were  determined  down to 4 °K .  The 
stability and calibration of newly available commercial germanium 
r e si stance the rmomete r s  were s tudied  in the liquid hydrogen region 
using technique s of vapor pre s sure control and thermometry that 
are pre ci s e  to a few hundred-thous andths of a degree .  The german
ium thermomete r s  were  stable within a few millidegre e s  throughout 
extensive thermal cycling . Joule  heating effects  in carbon thermo
meter s  at radio fre quencie s  were investigated and were  found to 
pre s ent no unusual feature s .  Interp olation te chnique s for platinum 
re s i s tance  the rmometer s  were evaluated  using calibration data 
furni shed by Div. 3 .  A simple  interpolation technique was found to 
suffice  down to 2 0 ° K  for thermometers  of  the kind regularly calibrated 
by NBS.  



5 4  
Plans for Fi s cal Year 1 962 are to  continue exploration of 

mixed powde r insulations , to complete the measur ements of the rmal 
conductivity of r eactor graphite s ,  to support an extension of the 
r e se arch on magnetic core  material s  after termination of p r oj ect 
8 1 43 3 ,  and to calibr ate the germanium r e si stance  thermometer s  
in the liquid helium rang e .  

The principal contributor s t o  thi s p r oj ect were  V.  D .  Arp , 
W. J .  Bell , L.  P .  Caywood, D .  B .  Cline , R .  J .  Corruccini (Proj ect  
Leade r ) ,  J .  L. Har den , R .  H. Krop schot,  R .  L .  Powell , and J .  H .  
Wil s on. 

Hydrogen Properti e s  NASA 

8 1 43 0  

The obj e ctive of thi s project i s  to  rneasur e  the PVT r elation s ,  
specific  heat, thermal conductivity , di electric constant , vi s c osity, and 
s onic velocity of fluid hydrogen at low temperatur e s  and at p r e s sur e s  
up t o  3 00  atm. and to calculate derived the rmodynamic p r opertie s .  In 
order to achieve the highe st specific impuls e ,  chemical rockets must  
u s e  hydrogen as  a fuel , and nuclear rocket s  must use  i t  a s  a p r opul sion 
fluid. The above p r operti e s  data are now required  with higher accuracy 
and over  wider r ang e s  of temperature  and p r e s sure than hitherto avail 
able  in order to p ermit imp r oved de sign and prediction of hydrogen
handling equipment such as  refrigerator s ,  liquifi er s ,  pump s ,  turbine s ,  
and gag e s  for density and liquid level . 

Progre s s  and plans for the fi r st thr ee  of the tasks above 
are r ep orted under p r oj e ct 8 1 53 1  since the s e  tasks were initiate d  
under that proj ect and c ontinue t o  b e  partially supported b y  it. 
The remaining tasks above have been inactive due to inability to 
recruit competent p e r s onnel .  

Plans for Fi scal Year 1 962 are to  initiate experimental 
work on the vi s c osity, p r ovided a scienti st can be  recruited for 
thi s .  

Per sonnel contributing to thi s p r oj ect wer e  R .  J .  
Corruccini ( Proj ect Leade r ) ,  D .  E .  Diller ,  R .  D .  Goodwin , W. J .  
Hall , H.  M.  R oder , L.  A.  Weber , and B .  A.  Younglove . 
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Engineering Propertie s of 

Cryogenic Material s  

8 1 4 3 1  

The obj e ctive of thi s proj ect i s  t o  p r epare  a handbook of 
mechanical p r op er ti e s  data and c ertain physical p r operti e s  data 
on cryogenic material s .  The data are  to be taken from the lite ra
ture  where  p o s sible and are to be supplemented by experimental 
measur ements wher e  thi s i s  de sirable or nec e s s ary. The p r oj e ct 
i s  sponsored  by Air Force  Balli stic Mi s sile _Divi sion. The immediate 
goal i s  to p ermit the achievement of imp r oved  r eliability of valve s 
and other contr ol c omponents of mis sil e s  that u s e  cryogenic fluids .  
The imp ortanc e  o f  thi s will hardly need  str e s sing , s ince many mi s sile 
failure s have been attributed to  malfunction of such minor components .  
A s  a by-product,  the whole field of cryogenic  engineering will b e  
enriched b y  the data t o  be  made available .  

The Handbo ok now contains over 500 data sheet s .  T en sile , 
imp act , and shear modulus measurements  that were planned for the 
original li st  of metal s are  nearly complete . Thermal expansions have 
b e en measured for half of the material s .  The compilation of data from 
the literatur e has b e en completed for the year s ,  1 940 - 1 9 59 ,  inclusive .  

Plans for Fi scal Year 1 962  are  to c omplete the mea surements 
of modulus of elasti city and thermal expan sion, and to mea sure the 
tensile propertie s of cer tain plasti c s .  On about Jan. 1 ,  1 96 2, super 
vi s ion and support  will be  taken over  by  Wright- Patter s on AFB.  

Preliminary di s cus s ion s  with its repre s entative s  indicate that a 
le s s  varied  li st  of p r op e rtie s  will be measured  in the future ,  but 
that additional material s will be introduced  into the program. 

P e r s onnel contributing to thi s p r oj e ct included T. H. 
Durham, R. L. Gree s on ,  R .  P.  Mike s ell , G.  W. Pickering , 
R .  P .  Reed  (Proj e ct Leade r ) ,  and K .  A.  War r en. 
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Properti e s  of Air 

8 1 4 3 2  

The obj ective of thi s  project  was t o  dete rmine the the rmal 
conductivity of air at lo"vV temp erature s  and p r e s sure s .  It vva s  
sponsored b y  Arnold Engineering Development C enter .  The r e sults 
were  needed in orde r  to analyze and correlate test data obtained with 
wind tunnel s .  

See proj ect 8 1 5 3 1 for a rep ort of p r ogr e s s  with the apparatu s .  
Thi s proj ect has been terminated. 

W. J .  Hall and R. L. Powell (Pr oj ect Leader )  wer e  
contributor s .  

AR PA Properti e s  of Material s  

8 1 43 3  

Thi s project consists  of thr ee unr elated task s : ( 1 )  T o  
study the magnetic p r opertie s of s oft fe r romagnetic s  at low tempera
tur e s ;  ( 2 )  To  study phas e  transformations and the mechanical p r operti e s  
o f  certain austeniti c steel s  at low temperatur e s ;  ( 3 )  T o  study variou s  
factor s affecting the performance of cryog enic adhe sives  and t o  develop 
improved adhe sive s .  

( l ) The increasing use  of electric motor s ,  gene rator s ,  tran s 
forme r s ,  transduce r s ,  and electrical instruments operating at l ow 
temperature s has cr eated an urgent need for engineering data on fer r o 
magnetic material s at low temperature s .  Such data are practically 
non- exi stent .  { 2 )  Austenitic stainle s s  steels play an important r ole 
in cryogenic equipment because  of  their gener ally g ood ductility, work 
hardenability , and phas e  stability at low temperature s .  Thus it i s  
important to e stabli sh the conditions under which s ome deterioration 
of the s e  good characteris ti c s  can occur . Al s o  the mechanical 
p r opertie s  of s ome of the le s s -familiar alloys of thi s type should 
be investigated in the hope of finding steel s of superior  characte r 
i stic s  o r  of lower cos t. ( 3 )  Adhe sives  can be  used  to j oin structure s  
o r  to seal against leak s  in situations wher e  conventional metal 
j oining technique s are p rohibited. The re  i s  need for a system-
atic s tudy leading to optimi zation of adhe sive performance .  
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Accompli shments during the year are summarized as 

follows : ( 1 ) A c onside rable b ody of data has been accumulated on 
hysteres i s  lo s s ,  eddy - current lo s s ,  r e si stivity, and permeability 
of c omme rcial core  material s .  Domain p atterns have been ob served 
on p olycrystalline material s  at r oom temp e r atur e  using magneto 
optic r otation. ( 2 )  A simple nitrogen- shielded cryo stat has been 
built for tensile tes ting . The thermal performance  i s  excellent and 
p ermits long te sts  at 4 ° K. The tensile and notch- tensile data on 
stainl e s s  3 04 ,  3 04L,  and 3 1 0 have been extended to 4 o  using thi s 
c ryostat. The irrever sible p roduction of martensite in 3 04L by 
the rmal cycling and its effect on the mechanical p r op e rtie s  have 
been determined.  The tran sformation in 2 0 2 ,  3 04 ,  and 3 04L steels 
has been followed as a function of strain by  metallographic ,  magnetic , 
and X - r ay technique s .  The formation of a transitional HCP phas e  has 
been verified by X - ray diffraction. ( 3 )  Inactive .  

Plans for Fi scal Year  1 962  are  a s  follows : ( 1 ) The magnetic 
measur ements p rogram has been enlarged relative to the original 
plan s .  It will continue until funds expir e  and will then be supported 
by  R TS. ( 2 )  Complete except for writing r eports  and paper s .  ( 3 )  
B ecause  of admini strative limitations on staff, no work will b e  done 
on adhe sive s .  The funding of thi s task will have been used to extend 
tasks ( 1 ) and ( 2 )  in s cop e  and dur ation. 

P e r sonnel contributing to thi s p r oj ect were  J .  J. Gniewek 
(Proj ect Leader , Part 1 ), R. L. Gr ee:son, C. J. Guntner ,  and 
R .  P .  Reed  (Proj e ct Leade r ,  Part 2 ) .  

Magnet Material s 

8 1 438  

The obj ective of thi s proj ect i s  to  develop and inve stigate 
material s suitable for high- intensity r efrigerated s olenoids .  It i s  
supported by AEC .  High magnetic fields have imp ortant applications 
for particle deflection in nuclear fusion reacto r s (Proj ect 
Sherwood) ,  accelerator s ,  particle detecti on device s ,  magneto 
hydrodynamic p owe r c onve rter s ,  etc .  

Niobium- clad Nb3 Sn wir e  was  p roduced by Sec .  8 .  02 .  
The  quenching of sup e r conductivity in  thi s material as  a function 
of current and external field was measured to nearly 2 0 0  kgau s s  
i n  coop eration with the Unive r sity o f  C olorado , wher e  a pul se  
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magnet was available . While s ome detail s of the r e sult s are not 
yet clear and may ultimately be attributed to transient effects , it 
appear s that s olenoids can be made of thi s material that will p roduce  
fields of  over 1 00 kgau s s  and pos sibly as high a s  200  kgau s s .  An 
extensive r eview pap e r  on superconducting magnet s was completed. 

Plans for Fi s cal Year 1 9 6 2  ar e to perfect the pul s e  techni -
que for studying quenching of superconductivity at high fiel-ds , to mea sure 
other superconductor s  having high tran sition temp erature s ,  to fabr icate 
small pilot model s of s olenoids and study thei r  behavior , and to study 
c ritical field enhancement in thin films . 

Per s onnel who contributed to thi s p r oj ect were  V.  D .  Arp , 
D .  B .  Cline , R .  H. Krop schot (Proj ect Leade r ) ,  J .  H. Wil s on ,  and 
member s  of the Chemi cal Metallurgy Section, 8 .  0 2 .  

Prop e rti e s  o f  Hydrogen 

8 1 5 3 1  

The proj ect obj ectives  are t o  produce detailed data on the 
PVT relation s ,  specific heat, and the rmal conductivity of fluid 
hydrogen between 2 0 °  and 1 0 0 ° K  and at p r e s sur e s  as  high as  3 0 0  
atmospher e s .  The spon s or i s  the Air Force .  Ab solute accuraci e s  
required  are dictated b y  the computational p r ocedure s ,  b y  which the 
fir s t  two type s of data are  to be combined and c onverted into s o -
called thermodynamic networks ,  u seful for engineering de sign work. 
As it is generally integral s  of the fir st and second derivative s of the 
mechanical p r op e rtie s  or compre s s ibilitie s which enter into thermodynamic 
computations ,  the s e  p r opertie s  mus t be obtained experimentally with 
preci sion and ab s olute accuracy roughly one magnitude better  than 
requi red for direct u s e  as mechanical properti e s .  

The s e  p r operti e s  ar e required by enginee r s  for the de s ign 
of devices  such as mi s sile s  and mi s sile compohent s  which must employ 
cryogenic fluids at temp erature s  and p re s sure s  for which data 
are  insufficient , conflicting or totally lacking . Such lack of data 
ari s e s  from the unusual difficultie s  of conducting preci s e  measure 
ments s imultaneously at cryogenic temperature s  and at p r e s sur e s  
of hundreds of atmo spher e s .  
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The experimental PVT measurements have been completed. 
The r e sults have been smoothed and the s econd and third  virial 
coefficients have been calculated. 

The C calorimeter has been completed,  and some pre 
liminary mea sri'rement s have been made along the s aturation line.  
Excellent preci sion i s  indicated by thes e  r e sults .  

Careful and laboriou s  che cks  of the p r e ci sion and s elf
consi s tency of the the rmal conductivity apparatus have been carried 
out using nitrogen. The s e  have sugge sted certain minor improve 
ment s in the apparatus which have been made . 

Plans for Fi s cal Year 1 96 2  are to p repare  smooth s elf
c onsi stent tabl e s  of the the rmodynamic f1:1ncti on s  derivable from 
the PVT data and the rmal data from other s ourc e s ,  to  complete 
experimental measurement of specific  heat s and inc orporate the 
latte r  into the the rmodynamic data network, and to measure  the 
thermal conductivitie s .  ( See  proj ect 8 1 43 0  for r elated r e search) .  

C ontributors  to thi s p r oj ect were  D. E .  Diller ,  R .  D.  
Goodwin ( Pr oj ect  Leade r ) ,  W. J .  Hall , H.  M. R oder ,  L. A .  Web e r ,  
and B .  A .  Younglove .  

Liquefied  Gas e s  for 

R ocky Flat s 

8 1 44 3  

The obj ective o f  thi s proj ect  i s  to furni sh  liquid nitr ogen to  
Dow Chemical C ompany, Rocky Flats operation. The  liquid nitrogen 
furni shed was used in r e sear ch for the Atomic Energy C ommi s sion. 
Thi s r e search is vital to the interes t s  of the Unite d  State s .  8 1 , 2 9 1  
liter s  of liquid nitr ogen were furni shed during the fi s c al year.  This 
i s  nearly a 40o/o increase  ove r  the fi s c al year 1 96 0 .  

The p r oj ect  i s  expected to  continue a t  the s ame level of 
activity at least  for the fi r st p art  of the fi scal year .  D ow may install a 
liquid nitrogen storag e  facility and purchas e  liquid from a private s ource .  
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Liquefied Gas e s  for Fitz s immons 

Army Hospital 

8 1 444 

The objective i s  to furni sh liquid nitr ogen to Fit z simmons 
Army Hospital , Denver ,  Colorado . The liquid nitrogen was used  in 
c onnection with the re search activitie s  of the hospital . l ,  7 55 liter s 
of liquid nitrogen were furni shed during the p e riod Septemb e r 
December 1 96 0 .  

Thi s p r oj e ct has been terminated. 

Liquid and Gas e ous  Hydrogen 

for the Martin-Denver  Co .  

8 1 446 

The obje ctive is to furni sh liquid and gaseous hydrogen to 
the Martin Company as  needed until such time as  Martin i s  able to 
obtain the s e  p roducts from a p rivate s our ce .  

The liquid and gaseous  hydrogen furni shed was u s e d  in 
r e s earch and development work in c onnection with National Defens e  
and space p r ograms .  4 ,  2 0 0  liter s of liquid hydrogen and 2 4  cylinder s  
(4200  s cf)  of gaseou s  hydrogen were furni shed during the p e riod 
August -Decembe r  1 960 .  Dollar - wi s e , thi s i s  about 3 0o/o o f  the activity 
for the fi s cal year 1 96 0 .  

Thi s p r oj e ct has been terminated as  Martin i s  now b eing 
supplied by a commer cial company. 

Liquid Nitrogen for C olorado State College 

8 1 447 

The obj ective i s  to furni sh liquid nitrogen to Colorado State 
C ollege .  The liquid nitrogen was used for re s earch work done by the 
College .  l ,  1 20 liter s of  liquid nitrogen were furnished during the 
fi s cal year . Thi s i s  about double the amount furni shed during the 
fi s cal year 1 96 0 .  

It i s  expected that thi s p r oj ect will c ontinue at about the 
r ate of l 0 0  liter s  per  month. 
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Liquid Nitrogen for  Ball Brother s  

8 1 448 

The objective is to furni sh liquid nitr ogen to B all Brothe r s  
R e search Corporation. The liquid nitrogen was used  for r e s earch and 
developr:nent activitie s ,  s ome of which were  in connection with g overn
ment c ontract s .  5 ,  9 8 0  lite r s  of liquid nitrogen were  furni shed during 
the p e riod July 1 96 0  to  February 1 9 6 1 . Dollar - wi s e ,  thi s is twice 
the value of the p roducts furni shed during the fi s c al year 1 96 0 .  

Thi s p r oj e ct has been terminated. B all Brothe r s  is now 
b eing supplied  from a commer cial s our ce .  

Liquid Nitrogen for  C olorado State Univer sity 
-
-

8 1 449 

The obje ctive i s  to furni sh liquid nitrog en to Colorado 
State Univer sity as neede d. The liquid nitrog en was used  for 
r e se ar ch work in c onnection with the activitie s  of the Unive r sity. 
1 6 5 liter s  of liquid nitrogen wer e  furni shed during the p e riod March
June 1 96 1 . 

It i s  expected that thi s p r oj ect will c ontinue and that small 
amounts of liquid nitrogen will be furni shed. 

Low T emperatur e  Data Compilation 

8 1 4 5 0  

The obj ective o f  thi s p r oj ect ,  sponsored  b y  the National 
Aeronautic s  and Space Admini stration, i s :  ( 1 )  to search the publi shed 
literature and reports  for the rmophysical p r operti e s  of fluids  and 
s olid s  of interes t  in c ryogenic engineering for de sign and development 
of cryogenic proce s se s  and equipment ; { 2 )  to c ompile an extensive 
bibliogr aphy of reference s ,  cro s s -indexed for c onvenient u s e ;  and ( 3 )  
t o  evaluate and s elect data for compilation o f  data sheets t o  be  p r e s ented 
in comp endium form. 

Conside rable data are available for low temperatur e  work 
but are  not conveniently available or  in g ood agr eement. By making a 
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thorough and systematic s earch for low temperatur e  data,  s electing 
"be st value s "  and compiling and arr anging them in an organized 
compendium, the engineer  and s cienti s t  have been greatly aided in 
the de sign and development of cryogenic equipment and proce s s e s .  
Thi s proj ect should provide much needed information, at considerable 
s aving of time and effort, to  p e r s on s  engaged in cur rent defense  and 
space p r ograms .  

Thi s activity i s  a continuation o f  the work undertaken in 
Proj ect 8 1 404 , sponsored  by Wright Air Development Divi sion -
USAF , which was terminated early in January 1 96 1 .  Thi s former 
p r oject had re sulted in the production of two compendiums ,  Phas e  I 
and Phas e  II, on the p r operti e s  of material s at low temperature .  
Thi s proj e ct was then started early in  January 1 96 1 ,  at the time the 
former p r oj ect was terminated. Becau se of increased  emphas i s  in 
more thorough and detailed data evaluation as well as the p r eparation 
of more comp r ehen sive data sheet s ,  many of the tasks undertaken in 
Phas e  II of the compendium were only partially completed. The 
efforts in thi s p r oj ect have b een dir ected at c ontinuing the s e  tasks .  In 
addition ,  as a r e sult of thi s increased s c ope  of data analysi s ,  it has 
been p o s sible to  pur sue the development of  Temperatur e - Entropy 
charts for s ome of  the fluid s .  

Current plan s  for thi s p r oj ect are  t o  complete the tasks on 
Compre s sibility, C ompre s sibility Factor , and T emperature - Entropy 
charts  for the r emaining fluids .  In addition , work will b e  undertaken 
on additional data sheets on the equilibrium c oncentration of two-pha s e ,  
binary systems i n  which the liquid-vap or , s olid-vapor  and liquid- s olid 
systems will be con sidered. Additional tasks such as Prantl numb e r ,  
specific heat r ati o s ,  thermoelectric p r opertie s ,  physical transformation s ,  
etc. will b e  undertaken a s  rapidly a s  work as s ignment s can b e  made.  

Per s onnel contributing to thi s p r oj ect are :  R obert McCarty, 
Dr .  F.  E.  E.  Germann (P/T } ,  Genevieve Michela (P/T ) ,  Albert  
C o sman (Summer ) ,  Lynda Wallace { Summer ) ,  W. W.  Bulla, L .  J .  
Erick s ,  Richard Weekley, Don Harri son,  V.  J .  J ohn s on,  and R .  B .  
Stewart (Proj e ct Leade r ) . 
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Liquid Helium for the Sandia Corporation 

8 1 540 

The obj ective is  to furni sh liquid helium for the Sandia 
Corporation, Albuquerque , New Mexico .  The liquid helium was used  
in  r e se ar ch work for the Atomic Energy C ommi s si on .  1 76 .  5 liter s  of 
liquid helium wer e  furni shed under thi s project during July and 
August 1 96 0 . No liquid has been furni shed since .  

It i s  expected that thi s p r oj e ct will be  terminated .  

Liquid Nitrogen and Helium, and Gaseou s  

Hydrogen for C olorado Univer sity 

8 1 541  

The obje ctive i s  to  furni sh liquid nitrogen,  liquid helium 
and gas e ou s  hydrogen to the Univer s ity of Colorado . The p roducts 
furni shed were used  for r e search activiti e s  at the Unive r sity, many 
of which are on g overnment contracts having to do with National Defense .  
2 l , 1 1 3 liter s  of liquid nitrogen,  294 liter s  of liquid helium and 3 cylin
der s  { 5 2 5  s cf)  of gaseous  hydrogen were  furni shed during the year . 
Thi s i s  appr oximately the s ame level of activity as  in the fi scal year 
1 96 0 .  

It i s  expected that thi s p r oj ect will continue at about the 
s ame level of activity. 

Gas e ou s  Hydrogen for Beech Aircraft C orporation 

8 1 542 

The obj ective is to furni sh gas e ou s  hydrogen to Beech Aircraft 
C orporation. The gas  furni shed was used on r e s earch and development 
p r oj ects in c onnection with government contracts .  3 1  cylinder s  { 5425  
s cf)  o f  hydrogen gas  were  furni shed during December  1 96 0  and January 
1 96 1 .  

It i s  expected that thi s p roj ect will b e  terminated. Beech 
i s  now being supplied  by p rivate industry. 
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Liquid Helium for the University of California 

8 1 543 

The obj ective is to  furni sh liquid helium to the Univer sity 
of California a s  needed. No liquid was supplied during the year . 

It i s  not known whether thi s  p r oj e ct will be  terminated,  or  con 
tinued for another year with the liquid being supplie d  a s  o riginally planned.  

Liquid Helium for Mellon Institute 

8 1 544 

The obje ctive i s  to furni sh liquid helium to Mellon 
Institute . The liquid helium was used on r e s ear ch p r oj ects  in 
c onnection with government c ontracts . 2 1 5 liter s  of liquid 
helium were  furnished by air tran sp ortation during the year . 
Thi s  i s  app roximately 50o/o of the amount furni shed in fi s c al 
year 1 96 0 . 

It i s  expected that thi s p r oj ect will continue at about the 
s ame level .  

Liquid Helium for the Argonne 

National Laboratorie s 

8 1 547 

The obj ective is to furni sh liquid helium to the Argonne 
Laboratorie s .  The liquid helium was used  on r e s e ar ch p r oj e ct s  
in connection with government contr act s .  49 liter s  o f  liquid helium 
were furni shed by air transportation during the period April -June 
1 96 1 . 

It i s  expected that small amounts of liquid helium may be  
supplied to  Argonne during fi s cal year 1 96 2 . 
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Liquid Helium for Wyandotte 

Chemical Company 

8 1 548 

The obj e ctive i s  to furni sh liquid helium to the Wyandotte 
Chemical C ompany. The liquid helium was used  on r e search p r oj ects 
in c onne ction with g overnment contract s .  1 4 6  liter s  of liquid helium 
were furni shed by air transportation during the year .  

It is  expected that thi s p r oj ect will c ontinue at  about the 
s ame level of activity. 

Mi s cellaneous R eimbur s able 

Cryogenic Service s  

8 1 6 2 5  

The obj ective i s  t o  furni sh liquid and gaseou s  hydrogen,  
liquid and gaseou s  nitr ogen, and liquid helium to various non
g overnment u s e r s �:< on an' individual order basi s .  The variou s  
p r oducts  furni shed were u s e d  o n  r e s earch and development 
activitie s ,  s ome of which wer e  in connection with government 
contract s .  The p roducts s upplie d  were : 

Liquid Hydrogen 

Gas e ous Hydrogen 

Liquid Nitrogen 

Gas e ous  Nitrogen 

Liquid Helium 

8 2 5  liter s 

4 cylinder s  ( 800  s cf) 

7 0 0  liter s  

1 cylinder { 200  s cf )  

349 liter s  



66  

It i s  expected that thi s p r oj ect will c ontinue .  The level of 
activity i s  undetermined. 

Murray Hill , New Jer s ey; Hofman Laboratorie s ,  Inc. , Newark, New 
Jer s ey (Boulder delivery) ; Ramo- Wooldridge , Denver ,  Colorado 
(Boulder delivery ) ;  Stanford  Univers ity , Palo Alto ,  California ;  Univer sity 
of Chicago ,  Chicago,  Illinoi s ;  Unive r sity of Mi s souri ,  C olumbia,  
Mi s s ouri.  

Cryogenic Data Services  

8 1 6 26 

This reirnbur s eable p r oject was e stabli shed to furni sh 
technical liter ature ,  data and bibliographic s ervice  to NBS proj ects 
and other s  a s  reque sted. 

The greatly increased activity in the cryogenic enginee ring 
field has r e sulted in a demand for literature and data of such a 
speciali zed nature that librari e s  are unable to  handle it . The Cryogenic 
Data Cente r  was instituted to meet the s e  specialized demands .  

Thi s  project was set  up during thi s fi s cal year for c o st reim
burs ement of se rvice charge s in supplying c ryogenic  information and was 
only used the last few months of the year .  The activity has amounted to 
s lightly ove r  $2, 000 ,  principally for the reproduction of document s 
and the sale of  tabulated data on magnetic tape . 

A considerable increase  in the activitie s  of thi s project i s  
expected.  Plans for providing the cryogenic enginee ring industry with 
more information a s  to availability of cryogenic lite rature and data, 
and the introduction of a bibliographic s ervice will incur a much 
greater  demand for service ,  A total dollar volume of $25 ,  000  may 
easily develop. 
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Liquefaction of Gas e s 

8 1 6 45 

The obje ctive s of thi s proj e ct are :  ( 1 ) to produce or  procure 
liquid hydrogen and liquid nitrogen as requi red for the Boulde r Lab
oratorie s ;  (2 )  t o  produce liquid helium and pure hydrogen and nitr ogen 
ga s as needed, for use in NBS r e s earch and development project s ,  
and for use by othe r agencie s and qualified non-government activitie s ;  
and ( 3 )  to  provide facilitie s for the development and te sting of 
c ryogenic equipment and mate rial s ,  and for the evaluation of cryogenic 
proce s s e s .  

Liquefied  and pure gas e s  are  e s sential in conduction of many 
of  the re search and development proj e ct s  of  the C ryogenic Engineering 
divi sion and for a few projects in othe r divi sions of the Boulde r 
Laboratorie s o  In the production, handling and di stribution of 
cryogenic  fluids , it i s  important that experienced pe r s onnel and 
suitable facilitie s  be usedo  Thi s  can be st be a s sured unde r a centralized 
s e rvice re sponsibility. 

Approximately 20 ,  0 0 0  lit e r s  of liquid hydrogen we re produced 
during the yea r  and about 20,  000 liter s  were  receive d  from out side 
s ource s o  Likewi se ,  approximately 1 9 0 ,  0 0 0  liter s  of liquid nitrogen 
we re  produced and about 360 ,  000 lite r s  we re  purchased .  Now that 
both liquid hydrogen and liquid nit rogen are commer cially available 
at reasonable price s ,  they are being pur chased  rathe r than produced 
except when for othe r reasons than me r ely providing a liquid supply, 
it is fea sible to ope rate the liquefi er  facility. 

Liquid helium production amounted to about 3000  lite r s  
requi ring procur ement of 8 8 ,  000  s cf o f  helium ga s for thi s  purpo s e ,  
A n  additional 3 5 , 0 0 0  s cf o f  helium ga s was di stributed to laboratory 
proj e ct s .  Pure hydrogen and nitrogen gas  produced was 20 ,  000 scf  
and 44,  000 scf  re spectively. Some heavy wate r was ele ctrolyzed for 
the Univer sity of  California with a total of  1 0, 500  scf  of  deute rium 
gas  being produceda  ( See Proj e ct 8 1 42 7 . ) 
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T he following project s  li st the type and amount of c ryogenic 
fluids furni shed to non- NBS activitie s :  8 1 443, 8 1 444, 8 1 446 ,  8 1 447 � 8 1448 , 
8 1 449 , 8 1 5 40 ,  8 1 54 1 ,  8 1 542 ,  8 1 543 ,  8 1 544, 8 1 547 , 8 1 5 48 ,  and 8 1 6 2 5 .  

T he practice  o f  recove ring boil-off hydrogen g a s  i s  still being 
fol l owP.cl , OvP. r 7 '10, 000  s c f  wa s recove red during the yea r .  Accordingly, 
no hydrogen gas wa s purchased for liquefaction purpos e s .  About 
8 0 ,  0 0 0  s cf wa s procured, however,  for direct use on proj e ct 8 1 42 0 .  

T he liquefaction facilitie s we re use d  for development,  te sting 
and evaluation of cryogenic  equipment and proce s se s  for various CEL 
proj e ct s ,  One phase of proj ect 8 1 428 , Magnet Refrigeration, was  
completed using portions of  the hydrogen liquefier  flow system. Work 
i.s  still in progre s s  on a phase  of project 8 1 420 ,  De sign C riteria and 
Mate rial s Utilization, using space provided in the hydrogen liquefier  
plant area.  

It is  expected that requirement s  for liquefied  gas e s  within 
CEL will remain at the same level o r  inc rease  s lightly, while the 
requirements  for activitie s  out side CEL will dec rease  even more  
than in  FY 1 9 6 1 ,  All liquid hydrogen and liquid nitrogen requirement s  
will b e  met with liquids purchased from commercial sour c e s  with the 
exception of those requirement s  wher� it i s  not feasible to use 
commer cial products .  Until liquid helium become s commercially 
available at a reasonable price ,  it will still be liq uefied at CEL as  
required, 

T he plant facilitie s  will become more  available for the 
te sting and evaluation of c ryogenic equipment ,  materials and pro
ce s se s  as  mor e  liquefied gas e s  are procured comme rcially , 

Pe r sonnel contributing to the liquefaction of  gase s proj ects are :  
C .  G.  Goodne r (Project Engineer ) ,  Maurice Be rgh (Plant Superintendent ) ,  
Peter  Smelser ,  Frank Mouffe , William Ge rman, Arthur Bashford  (P/ T ) ,  
Dan Schock, Arthur Kidnay, Douglas C ovington (WAE ) ,  Willard Bell, 
Jame s Drape r ,  T homas Ander son ( summer ) ,  Lewis Mullen, Rus sell 
Pott s �  Signe Hartley (Secretary),  V. J. Johnson (Section Chief) and 
othe r s .  
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ION OS P H E RE RESEA R C H  A N D P ROPAGATION 

DIVISION 82 
Introduction 

Within the C entral Radio Propagation Laboratory, the Iono s phere 
Res earch and Propagation Divi sion acts a s  the primary agency for the 
conduct  and c oo rdination of basic r e s earch on the propagation of radio 
waves  as affected by the iono sphere and on  the special factor s which 
can give ris e to large  departures  from the normal behavior ; conducts  
basic  r es earch on the nature of the media through which the s e  radio  
waves  are transmitted and the inte raction o f  radio waves with the 
m edia ; prepares  predictions of radio wave propagation and warning s 
of  di sturbance s ;  acts a s  a central repo sitory for data , reports , and 
info rmation in the field of iono s phe ric radio wave propagation, and 
m aintains a s taff of experts on the characteri s tic s of the iono s pher e 
and on radio wave propagation in it for cons ultation when needed by 
other governm ent agencie s  and indus try. 

Toward the end of Fi s cal Year  19 61, the Sun- Earth Relationships 
Section ( 82 .  40 )  wa s s plit to form a new s ec tion, Vertical Soundings 
Re s earch Section ( 82 . 7 0) .  

Consulting and Advis ory Se rvic e s  

82 101 

The Iono s pher e  Res earch and Propagation Divi s ion provide s advice 
and information on technical problems r elating to ionospheric radio  
propagation and iono s phe ric phenomena and coope rate s with s c ientific and 
technical societi e s  in the di s s emination of technical information and in the 
formulation of s pe cifications , methods of testing , code s ,  and standards 
of practice . 

An important m echani sm for increa sing the Bur eau' s s e rvice to the 
n ation i s  the provi s ion of  advice and information on technical problem s with
in the competenc e of the Bureau' s s c ienti s ts and engine ers . The Bur eau 
therefore  recogni z e s  an important res pons ibility for cons ultation and col
laboration with other  governm ent agencie s ,  indus trial or ganizations , 
r e s earch institutions , profe s s ional and s cientific s ocietie s ,  and technical 
o rganizations . 
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The staff of  the Divi s ion continues to provide c ons ulting and 
advis ory s ervice s  to many government� univer sity, and private 
organizations concerned with iono s pheric radio  propagation and 
iono s pheric phenomena . Many of the s e  have  to do with particular 
aspects of problem s which, in general, are  c overed by the regular 
iono s pheric fr equency predictions s e rvic e s  and radio disturbance 
warning s ervi ceR . The iJivis ion is  very frequently called upon by 
institutions throughout the world for guidance and advice  as r egar d s  
vertical soundings o f  the ionos phere;  both on the equipm ental a s pects, 
and on the r eduction and interpr etation of ionogram s .  Other advi s o ry 
s ervice s  are  conc erned with the new areas of space s cience and 
technology, VLF communication, and ionos pheric electron density 
di stribution. Several agencies  and c ontractor s  conc erned with 
s atellite and space probe experiments cam e  for advice and a s s istanc e  
in the iono s pheric o r  wave propagation aspect s o f  their problem s .  

M embers  of the staff participated in c ertain international 
activities , particularly the International Scientific Radio Union ( URSI) 
whe r e  one m ember is  s erving on the True Heights  Working C ommittee; 
another i s  a consultant to the International World Day Servic e .  Thre e  
m ember s  o f  the Divis ion delivered invited paper s a t  the URSI 1'hirt eenth 

General A s s embly in London in September , 1961.  Two staff m embe r s  
have been very active in the URSI World-wide Soundings C ommittee , 
one s erving as  s ec r etary and the other as consultant, both greatly 
as s i s ting the Chairman, another CRPL staff member . Other inter 
national activitie s  involve the International As tronomical Union, the 
International Union of Geod e sy and Geophy sic s and the C omite Inter 
nationale Geophysique ( s ucc e s s or to the international IGY committee ) 
of  the International Council of Scientific Unions . 

Another aspect of international c ollaborative work in which the 
Divis ion ha s played a r ole i s  the International Radio C onsultative 
C ommittee (CCIR ) of the International Telecommunication Union (ITU) . 
In addition to pr eparatory work at the national level, both the International 
U. s. Chairman and Vice-Chairman of the C CIR Study Group VI 
(Ionos pheric Propagation) are  member s  of the Divis ion. One m ember i s  
the U.  s. repres entative of the International CCIR W orking Group on 
HF Field Intensity. Two m ember s of the s taff wer e  delegate s to the 
NATO Advis ory Group for Aeronautical Re search and Developm ent 
(AGARD) Symposium on Effect of Solar Disturbance s  on Radio C om 
munication,. held in Naples ,  Italy, May 1961 .  
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On the national s cene the Divi s ion has one m ember  s erving on 
the Scienc e  Advis ory Group of the Voice  of Ame rica .  He has 
par ticipated actively a s  a m ember of the Propagation Subcommittee  
and earlier as  Chairman of the Dwindling Spectrum Subcommittee .  
Other m ember s of the Divi s ion participated i n  wo rk of the Rocket  and 
Satellite Re s earch Panel, and the NASA Topside Sounder Working Group, 
and various other NASA advis ory groups . One m ember i s  s erving on 
.the Administrative C ommittee  of the IRE Profe s s ional Group on Antennas 
and Propagation. 

Revis ion of Circular 462  

82 102  

The objective of thi s proj ect  i s  to  provide an up- to -date 
manual on ionospheric radio propagation emphas izing the r elation of 
iono s pheric propagation character i s tics  to practical communication system s .  
NBS Circular 462, "Ionos pheric Radio Propagation1 1 i s  now over 1 2  
yea r s old. The practical applications of iono s pheric characteristics  given 
in the 1948 ver sion nee d  r evis ion in the light of new knowledge . The 
treatme nt needs expanding to include newer m ode s of propagation (i . e . , 
s catter and m eteoric ), and to show the r elationship of the propagation 
characteris tic s to  the des ign and functioning of m odulation. 

Preparation of the r evi sion was c ombined with preparation of a 
two- we ek c our s e  in iono s pheric radio propagation (part of the thr e e -
w e e k  c our s e  de s cribed under  Project 7 9 6 29) .  The c our s e c onsists 
of 42 lectur es  prepar ed  and pr e s ented by thirty individuals on the 
r egular s taff plus one W AE c onsultant and one expert from the 
C anadian Defenc e R e s earch Telecommunications Establishment .  A 
m onograph will be pr epare d  ba sed  on the lecture note s for the iono spheric 
propagation cours e .  

This work has been under  the direction of T .  N. Gautie r .  
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VOA Science Advis ory Group 

82402 

The obj ective s of the Group are to  advis e  the Director of the 
Voice of Ame rica on technical problems . 'T'he U. S .  Information 
Agency R pon R o r R  thi R wor k .  It i R in thP. na tionr� l int e r e s t  to R e e  tha t 
the Voic e of America, which is perhaps the b e st known source of 
information on U. S.  policy over seas ,  i s  kept abreast  of technological 
developm ents which might enhance its position in the highly c om petitive 
field of inte rnational broadcasting . 

The Scienc e Advisory Group held its s emi- annual meeting 
May 9 - ll, 1961  in Boulder at the invitation of Dr . F. W .  Brown. The 
second meeting of the Dwindling Spectrum Subcommittee  was held in 
Boulde r in July of 196 0 .  The CRPL repr e s entative als o  attended 
meetings of the SAG in Washington and of the Propagation Subcommittee 
in Los  Ang ele s and Stanford. I n  addition, the C RPL member participated 
in a fact- finding mis sion on equatorial propagation effects ,  vis iting the 
propo s ed VOA Relay Bas e  in Liberia and di s cus sing problem s with U. K. 
expert s at Department of Scientific and Industrial R e s earch (DSIR - Slough), 
C able and Wirele s s ,  the Po st Office , and particularly the BBC in London. 
The subcommitt�e will continue to hold me etings and to gather and review 
material on the current technological developments in the fields of  
engine ering and propagation of interes t  to  the VOA ; the s e  to be  reviewed 
by the full Group at its bi - annual m eeting s . A problem of major  
im portance is the optimum us e o f  frequencies  during the oncoming 
period of low s olar activity. 

Dr . E .  K. Smith i s  a CRPL m ember of the VOA Scienc e Advi s ory 
Group. 
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L F  AND V L F  RESEARCH SEC TION 

VLF Propagation 

82117 

The objective of  thi s work  is  to s tudy iono s pheric propagation 
at frequencies  from about 1 kc / s  to 100 kc / s .  Atm o s pheric s are 
utilized  as  a s ource of s ignal s in lieu of s uitable m an-made transmis 
sions . Particular emphasis  is placed on the band of frequencie s from 
3 kc / s  to 3 0 kc / s .  This study consists  of  determining propagati"'on 
attenuation, pha s e  velocity, an,d ionos pheric reflection coefficients  
a s  a function of frequency, distance ,  time of  day, season, magnetic 
activity, and direction of propagation. 

This work is  of basic s cientific importance .  Through com plex 
s pectral analysis  of the waveform s of atmospheric s recorded by a 
network of stations , c e rtain propagation phenomena are  r evealed; for 
exam ple ,  the r eflection height of the iono s phe re ,  the c omplex 
iono s pheric r eflection coefficients and propagation attenuation, and 
pha s e  velocity of the ground and s kywave m ode s of propagation. With � 
the s e  experim entally determined r e s ults , it i s  pos s ible to te st  
c ertain iono spheric m odel s ;  i . e . , to  e s timate value s of  electron dens ity 
and c ollis ional frequency as a function of height, and to dete rmine the effect 
of  other param ete r s  involved in VLF propagation, s uch as  the dir ection 
and m agnitude of the earth' s magnetic field, s olar flares , magnetic 
dis turbanc e s , and var iations of ground c onstants . 

Special equipment was constr ucted and placed into operation at 
Miami, Gaine sville ,  and C r o s s  C ity, Florida, to record the waveform s 
of atmospheric s . Thi s  equipment was de s igned to record the groundwave 
and fir s t  hop s kywave for purpo s e s  of determining the complex 
ionos pheric r eflection coefficients  at VLF. 

Equipment to improve the data recorded at other NBS field s ites  was 
placed in operation. With the s e  improved r ecording techniques ,  the 
broadband field from atmosphe ric s can be recorded over a bandwidth 
extending from a few hundred cycles  per s ec ond to above 1 00  kc / s  at 
free  s pace field s tr engths ranging from a few millivolts per m eter to 
abo ut 1 0 0  volts per m eter ori both the vertical and loop antenna channels . 
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Simultaneous obs ervations were made at the NBS recording 
s tations s tarting in March, 1961. Thes e  data ar e  in the proc e s s of  
b eing analyzed. Analy s e s  cons ist  of  tracing and scaling the broad 
waveform of atm o s pheric s, photographed from the o scillo s cope cathode 
ray tubes  by 35 mm c ontinuously m oving film cam e ras, and c omputing 
the amplitude and pha s e  s pectra and the energy density with the aid 
of an electronic com puter .  Other ncccs  sary analys i s  include s the 
meas ur ement of tim e of r ec eption and dir ection of arrival for each 
lightning dis charge .  

Analysis  of distant waveform data was  c ompleted relative to  
determining pha s e  velocity of propagation. A report ,  " Daytime phas e 
characteristic s in the VLF band deduc ed from atm o spheric wavefo rm s ,  11 

was pre s ented at the Fall URSI meeting in Boulde r ,  C olorado . 

Fir s t  hop s kywave analysis  was c ontinued to determine the c omplex 
ionos pheric r eflection c oefficients as a function of frequency and 
direction of propagation with re spect to the earth1 s magnetic field line s .  

Obs ervations were  made  utilizing the radiation from an "atmospheric s 
puls e generator"  {Newman- Lightning and Transients Labs )  in the 
Florida area.  Puls e s  from this generator were  r ecorded at the Miami 
s ite (approximately equal to 300  km ) all.d the B oulder Labs site  
(approximately equal to 3000 km). 

Recording s ite s were  operated by NBS per sonnel near Boulder ,  
C olorado, and on Maui ,  Hawaii, and under  c ontract by Univer sity o f  
Utah near Salt Lake City, Utah; New Mexic o  Institute o f  Mining and 
Technology near Socorr o, New Mexico ;  Univer s ity of Florida near 
Gainesville and C ro s s  City, Florida; and Univer s ity of Miami,  near 
Miami, Florida. 

In the continuing program ,  particular attention will be plac ed on 
determining variation of VLF propagation conditions r elative to the 
effects produc ed by path direction, s olar flares  and magnetic di s turbance s .  
Attenuation rates and pha s e  velociti e s  for the dominant waveguide m ode  
propagation concept, will be  c omputed as a function of  path conditions . 
Normal and abnormal c omponents  of the firs t  hop skywave will be  
recorded through the us e of improved recording technique s recently 
developed. Vertical electric field r eflection coefficient of the 
iono s pher e  (llRll) and . the c onversion  coefficient (llR.!_), i"._e . , from 
normal or parallel electric field to horizontal or perpendicular electric 
field ,will be computed from the s e  data. The practicability of 
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utilizing the "atmospherics  pul s e  generator"  technique for VLF 
propagation work will b e  s tudied. It is  planned to des ign and construct  
equipment which will c ontinuously m onitor particular paths , utilizing 
atm o s pherj..c s  to indicate gro s s change s  in propagation conditions produc ed 
by s olar flar e s  and magn.etic s torm s . 

Per s onnel c ontributing to this wor k  wer e :  W . L .  Taylor (project  
leade r ), H .  M.  Bur dick, L .  W . Eichacke r ,  and L .  A .  Polloc k. 

VLF Phas e  Stability 

82ll8 

The objective of this program is  to s tudy the propagation characteristic s 
of pha s e - s tabilized transmis sions in the VLF band of the radio spectrum .  
Thi s involve s  the collec tion of data on the variations in phas e and amplitude 
of VLF s ignals r ec eived at g r eat di s tanc e s,  and the interpretation of the 
data in term s of propagation s tabilities  and iono s pheric paramete r s . 

Thi s inve s tigation provides  inform ation r egarding the propagation 
medium ,  the state of  the lower ionospher e, and the preci sion with which a 
m eas urement of frequency and tim e can be  made at intercontinental 
range s .  

During the fis cal year 1961 ,  a new and improved (trans i s torized)  
equipm ent has been developed for r ecording the pha s e  and amplitude of 
a VLF transmis sian. This equipment i s  small and compact and has the 
capability of following a 1 8 0-degree  s hift in phas e with a tirre constant of 
1 s ec ond. Equipmerits of thi s type are  now in use  at B oulder ,  C olorado , 
r ecording the pha s e - s tabiliz ed transmis s ions of GBR (16 kc / s ) , NBA 
(18 kc / s ) , NLK ( 18 .  6 kc / s ) ,  and WWVL (2 0 kc / s ) ;  at Maui ,  Hawaii, 
r ecording NBA and WWVL; and at Barrow,  Alas ka (to be m oved to C ollege ,  
Alas ka ), recording NBA and GBR.  

Since Februa ry 196 0, continuous r ecords  of the pha s e  and amplitude 
of the 16 kc / s  transmis s ion GBR, radiated from Rugby, England, have 
been obtained at Boulder ,  C olorado ( 7400  km ) .  Thes e  records reveal the 
regular diurnal and s ea s onal var iations as well a s  anomalies . In addition, 
phas e  and amplitude recordings of NBA,  18  kc / s , radiated from Balboa,  
Panama,  have been m ade at Boulder ,  C olorado (43 0 0  km ) for approximately 
one year , and at Maui ,  Hawaii { 8 3 0 0  km), for about s ix months . 
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Sudden phas e  anomalie s (SPAs ) a s s ociated with s olar fla r e s , 
obs erved s imultaneously along differ ent propagation paths, are  being 
s tudied in detail . An unus ually large  SPA was produc ed on the recording 
of GBR made at Boulder  by the s olar c osmic ray flare of 4 May, 196 0 .  
Only ten s uch s olar flar e  co smic ray events hav ... e been obs erv ... e d  i n  the 
period from February 1942 to December 1 960 .  An account of thi s event 
i s  being prepared for publication. 

Anomalous phas e variations in the GBR s ignal received at B oulder 
have been obs erved, coincident with m eteor showe r activity . The obs e rva
tion of VLF pha s e  shifts is  apparently a sens itive indicator of  the gro s s 
ionizing effects of meteors  in contrast  to the fine s tructure of meteor  
ionization obs erved by VHF forward scatte r ,  radar ,  and optical obs erva
tions . A c om pr ehensive s tudy of the meteor  shower  effect  has begun, 
utilizing data obtained during 1 1 / 2  years  of obs ervation at Boulder of 
the GBR transmi s s ion. 

A preliminary study has revealed good correlation between 1 1 is olated 
magnetic bays " obs e rved in the local B oulder magnetometer r ecords , 
and variations in the phas e  of the GBR s ignal obs erved at Boulde r .  

Recording of the above-m entioned VLF transmis s ions will continue 
until the s eas onal variations have been e s tabli shed and the precis ion of 
frequency measurement is  known as a function of dis tanc e .  Thi s will 
nec e s s itate a com pr ehensive s tudy of ionos pheric dis turbanc e effects  
on a numbe r  of r eco rded frequencies  and paths , utilizing various 
equipment tim e constants . 

Per s onnel contr ibuting to this  work were :  C ., J .  Chilton (project  
leader ), R. F.  May, A .  H.  Diede ,  and A. C .  Murj,>hy. 

Sferic s & VLF 

82411 

The obj ective of  the work i s  to s tudy the characteristic s of the 
electromagnetic energy radiated from lightning di s charge s (atm o s pheric s ) 
and to study propagation characteris tic s at frequencie s  from about 1 kc / s  
to 100  kc / s . The primary end r e sult is  to furnish nec e s s ary information 
to the sponsor  s o  that VLF interfer enc e from atmospheric s can b e  deter
mined at great range s .  The Air Force  Technical Applications C enter 
is  the spons or . 
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This work is  important to tho s e  agencie s using the VLF region 
of the radio spectrum for c ommunications or for various other s pecialized 
purpo s es . It  is al s o  of  basic scientific im portance .  The characteris tics  
of lightning di scharge s ,  relative to  m eteorological and topographical 
factor s ,  can be dete rmined through the s tudy of the groundwave waveform s 
from atmospheric s .  The characteris tic s of VLF propagation relative 
to the direction and magnitude of the earth' s magnetic field, m agnetic 
dis turbance s ,  sunri s e  and s un s et c onditions , s olar flar e s ,  and variations 
of ground constants can be determined through the study of atmosphe ric 
waveform s at great di s tance s . 

An experim ent was des igned to dete rmine the characteristics  of 
the electrom agnetic radiation produc ed by lightning di s charges  
(atm o s pheric s )  occur ring at  and near s ea level elevations .  Special 
equipm ent was designed and constructed to m e et tlie requirem ents of the 
experim ent .  Thre e  r ec ording units ,  containing the equipment , were 
placed in operation at Miami,  Gaine sville ,  and C ro s s  City, Florida. 
Per s onnel to operate the s e  units ,  under c onuact at each location, we re  
instructed in  the basic  experimental r equirem ents and operational technique s .  

New equipment, using loop antennas for r ecording atmospheric 
wavefo rm s and their directions - of- arriva1 was des igned and cons tructed. 
With this  improved equipment for the loop antenna channels , the transfer 
characteristics , i . e . , amplitude and pha s e ,  of the ve rtical antenna 
( r e s ponding to the vertical electric field), and the two eros  sed  loop 
antennas ( r e sponding to the orthogonal horizontal magnetic fields ) ,are  
identical at  all recording s ites . The broadband field from atmospheric s 
can be  recorded over  a bandwidth extending fr om a few hundred cycles  
per s e c ond to above 100  kc / s  at  fr ee  s pace  field strengths of a few 
millivolts per m eter to ove r  1 00  volts per meter on all waveform channels . 

Simultaneous ob s e rvations were  made at the NBS recording s tations, 
s tarting in March, 1961 .  Thi s data is in the proce s s  of being analyzed . 
Analys e s  consis t  of tracing and scaling the broad waveform of atmospheric s 
photographed from the o sc illo s c ope cathode ray tubes  by 3 5 mm continuously 
m oving film cameras, and c om puting the amplitude and pha s e  spectra, and 
the ener gy dens ity with the aid of an electronic com puter . Othe r nec e s s ary 
analysis  include s the measur em ent of time of reception and direction 
of arrival for each lightning dis charge . 
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Analyses of the groundwave por tions of atmospheric wavefo rm s 
r ecorded in the Texa s - Oklahoma area from pas t  operations were  
c ompleted. A report, "Radiation field character i s tics  of lightning 
di scharges in the band 1 kc / s  to 1 0 0  kc / s," was completed and pre s ented 
at the Spring URSI rn e eting in Vlashington , Hay 1961 . 

Analyse s  of atmospheric s a s s ociated with whistler s  and other 
unusual phenom ena were  continued. Fir st hop s kywave analys i s  was 
continued for purposes  of determining the complex ionospheric 
r eflection c oefficients and delay tim e s . 

Recording s ites were  operated by NBS per s onnel near Boulder ,  
C olorado , and on Maui ,  Hawaii, and under c ontract by Univer s ity of 
Utah near Salt Lake C ity, Utah; New Mexico Institute of Mining and 
Technology near Socorro ,  New Mexico ;  Univer s ity of Flor ida near  
Gaine sville and C ro s s  C ity, Flor ida; and Unive r s ity o f  Miami ,  near 
Miami ,  Flor ida. 

Continuing wor k  will be  focused on determining the characteri s tic s 
of lightning di scharges  occurring at low elevations . Atm o s pheric 
waveform s data, r ecorded at Miami ,  Gaine sville ,  and C r o s s  C ity, 
Flor ida site s, from atmospheric s within about 5 0 0  krn of thes e  locations, 
will be analyzed to fully determine the variations in character i s tics  
as s ociated with m eteorological conditions . Analys e s  of  atm o s pheric s 
as s ociated with whis tler s  will continue , with emphasis  on s tudy of other 
large  ene rgy atmospheric s ,  par ticularly tho se  with initial negative half
cycle s, to dete rmine , if po s s ible , the meteorological conditions nece s sary 
for their  occurrenc e .  Becaus e o f  their larger  energy c ontent (about 
an orde r of magnitude above an "average"  atmospher ic ), thes e  two type s 
of atmospheric s propagate to very great dis tance s  and are  likely to produce 

a s evere  interference problem at great di � tances  from the s ourc e .  
Determination o f  attenuation rate s and phase  velocities  will continue 
for various paths and tim e s  not previously s tudied with particular attention 
to the effects of path orientation, s olar flares  and magnetic  s to rm s on 
propagation conditions . Analysis  of the fir st hop s kywave will be expanded 
to dete rmine the characteri stic s  of this portion of atmospheric waveform s  and 
to com pute the ionosphe ric reflection coefficients . 

The following per s onnel worked on this project: W .  L.  Taylor 
(project leader ), H. M .  B ur dick, L .  W .  Eichacker ,  and L .  A .  Pollock. 
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Sfe ric s Studies  

82412  

The details of thi s proj ect ar e s imilar to tho s e  outlined in 
Project  82411 except that the Advance Res earch Projects  Agency via 
Air For c e  Technical Applications C enter  is the s pons or . 

Per s onnel c ontributing to this work w er e :  W . L.  Taylor (proj ect 
leader ) ,  H.  M. Burdick, L .  W . Eichacker ,  and L. A. Pollock. 

Extremely Low Frequency Studie s  

82413 

The objective of thi s project i s  to dete rmine the propagation 
characte ri s tic s of the earth- iono spher e  waveguide in the zero- order 
m ode, including the propagation attenuation rates  and r elative phase  
velociti e s . This will be done through the s imultaneous reception of 
atmospheric s at differ ent locations . The work is  spons ored by the 
Advance  Re s earch Projects Agency. The r e s ult s of thi s work will 
enable te s ting of the validity of exis ting theorie s c onc erning the 
propagation of radio waves, and will permit evaluating the effective 
height s  and conductivity of the lower iono sphere .  

Thr e e  recording s tations are  being ins talled  in Flo rida, C olorado, 
and B riti sh  C olumbia . Vertical electric field fluctuations from 
atm o s pheric s will be  s imultaneously recorded at the s e  s tations during 
the summe r  of 1961 . The wavefo rm analysis  of the r ecorded signals 
i s  scheduled to begin in the fall o r  winter . Future r e s earch will include 
obs ervations of the polarization of the waves  at ELF. C ons truction of 
loop antennas ,  r equired in the polarization obs e rvations, ha s been initiated . 

Operation of a three- station network will comm enc e during the 
latter part of the 1961  summ e r ,  with po s s ible extens ions to provide data 
on propagation at greater di s tance s  and polarization measur ements . 

Pe r s onnel co ntributing to this work wer e :  W .  H.  C am pbell (proj ect 
leader ) ,  D. F. Wasmundt, M .  D. Littlefield, A. C .  Murphy, and A. G. Jean. 
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VLF Pha s e  Perturbations 

8 2415 

V.fo r k, spons ored by the .LLl,_dvance P"e s earch 
Proj ects  Agency, i s  to obtain inform ation on variations in the phas e  of 
V L l' s ignal s r efle cted from the ionospher e at s teep and at oblique 
incidenc e .  Variations in the pha s e ,  o r  the time of arrival of VLF signals ,  
are  a s sociated with change s in  the apparent height of the iono s phe re . 
Variations in the time of arrival of signals di s clo s e  the manner in which 
the reflection height of the lower iono sphe re  varie s with \S olar illumination 
and unus ual events, including s olar flares , bombardm ent of the i onosphe re 
by high- ene r gy electrons , auroral di sturbances ,  di sturbance s  in the 
geomagnetic field, the pas sage of meteor showe r s ,  et c etera .  An 
under standing of the natural phase  variations is nece s sary to fully 
exploit long- range c ommunications system s making use of  the carrier  
pha s e ,  such a s ,  radio aids to  navigation, s tandard frequency broadcasts , 
et cete ra . System s recording variations in the phas e  of  the received 
signal can provide information on the occur renc e of s olar flar e s  , and 
perhaps detect change s  in the lower iono s pher e  resulting from the 
detonation of nuclear device s  at high altitude s .  

Equipm ent was placed in operation at Maui , Hawaii, to r ecord  
the 2 0  kc / s  s ignal transmitted from WWVL, Boulder ,  and the 1 8  kc / s  
s ignal transmitted from NBA, Canal Zone . It i s  pos s ible to receive the 
14-watt signal transmitted from Boulder at c ertain hours of the day at 
Maui,and thi s  information promis e s  to be of value in steering the standard 
o sc illator s at Maui . The signal-to-noi s e  ratio doe s not permit detecting 
s olar flar e  effects . 

The NBA recordings at Maui ,  at a range of 10 ,  0 0 0  km , r �veal 
sudden pha s e  anomalie s ,  SPAs ,  a s s ociated with s olar fla r e s  of low 
importance ,  provided an appr eciable portion of the transm i s s ion i s  
illuminated b y  the sun .  

Obs e rvations were comm enc ed at a di s tance of  100  km of the skywave 
received after one ionospheric reflectiol) from the { 2 0  kc / s ) WWVL trans 
mis sion at Boulder .  The measurem ents are made us ing the "abnormal" 
loop technique to r eject  the grolmdwave com ponent and to re s pond to a 
c omponent of the magnetic field r eflected from the iono sphe r e .  In thi s 
experiment, the diurnal phase  shift is  ob s e rved to be about 7 2 0° (or  
about 1 0 0 !-Ls e c) which c ompare s  favorably with the r e sults of  similar 
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obs ervations made at the C avendi sh  Laboratory at 16 kc / s  s om e  year s 
ago . The latter obs ervations wer e  made of transmis s ions from GBR 
which ra�iates a powe r  of about 3 0  KW . The B oulde r obs ervations were 
made of transmis si ons fro m  WWVL which radiate s a power of  14 watts . 
The B oulder obs e rvations of the 14-watt signal wer e  made po s s ible through 
the use  of pha s e - c ohe rent detection. 

Studie s are being made of the types of phase  perturbations , as  s een 
at oblique and steep incidence, and their  relationship to other geophys ical 
events . 

Improved equipm ent is  planned for Maui to provide continuous 
r ecords  of phas e and am plitude of  the NBS s ignal, together with a s ec ond 
recorder of this type to receive GBR s ignals . Extension of steep
incidenc e ob servations are planned to provide information on the reflection 
c oefficient of the lower ionos phere  along paths of differ ent magnetic 
o rientation, and a s tudy of the 1 1blobine s s 1 1 of the lowe r iono s phere  through 
the use  of two s tations with variable s pacing.  

The following per sonnel worked on this projec t :  A .  G .  Jean 
(project leader ) , C .  J. Chilton, R.  F.  May, A.  H.  Diede,  and A.  C .  Murphy. 

Mic ropuls ations 

82417 

A magnetic field mic ropuls ation program was recently initiated 
for the purpos e  of determining the o rigin and physical extent of the 
unique c urrent sys tem s as s ociated with mic ropuls ations . An imm ediate 
objective is to te s t  for a pos sible corr elation between the arrival of 
primary electrons in the atm o s pher e  and the period of mic ropulsations .  
The Air For c e  Technical Applications C ente r  i s  sponsoring thi s program .  

The mic ropuls ation s tudy should help t o  clarify the role o f  rapid 
magnetic fluctuations in the behavio r  of the ionos pher e  and the outer 
atmo s phere .  This pas t  year ,  s ensitive field detecto r s  have been developed 
for amplitude and direction- of- arrival m easur em ents of micropuls ations 
in the broad period range of s everal hundred s econds to a fraction of a s econd. 
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( Thi s c o r r e sp onds to  a fr equency spectrum extending between frequencie s 
meas ured by the m agnetom eter and ELF equipment. ) The s e  magnetic 
pulsations occur at tim e s  when the earth is bombarded by high energy 
s olar - te r r e str ial electrons which c reate large di s turbance s  in the 
iono s phe r e "  }v1icropulsation meas urem ents are being made in ... A .. .las ka, 
during June and July, cooperatively with Dr . R .  R . B r own, of the 
Univ e r s ity of California, who is conducting obs ervations of x- radiation 

by balloons . The x- ray detecto r s  provide a dir ect  indication of the 
b rem s strahlung from the incoming electrons . 

Micropulsation ob s ervations will be  carried out at C ollege ,  
Alaska ,  and MacQuarie Is land, New Zealand, located r oughly at 
magnetic c onjugate point s ,  to as s i s t  in determining the role of the 
oute r atmosphere  in micropul sation behavior .  Measurements are  
planned at  high, middle , and equatorial latitude s to determine the pos ition 
and dim ens ions of the ionos pheric currents as s ociated with mic ropuls ations . 

Pe r s onnel contributing to this work were :  W .  H.  C ampbell (project  
leader ) , D .  F.  Wasmundt, M.  D.  Littlefield, and A. F.  Mos e r .  

Night-Sky C oruscations 

82418  

The objective o f  this proj ect  i s  to record the s ho rt- period 
fluctuations of the 5577  A and the 6 3 0 0  A atomic oxygen emis s ions in the 
illumination of the mid- latitude night s ky, and to dete rmine the degree  
of correlation, i f  any, exi's ting b etween the s e  fluctuations , the 
occurrence of magnetic field mic ropulsations , and s ho rt- period variations 
of cosmic radio nois e absorption. The Advanc ed R e s earch Proj ects 
Agency i s  sponso r  for thi s proj ect.  

Correlation of the above-nam ed effects has been obs e rved in the 
northe rn auro ral zone during auroral display s ,  and the luminos ity 
fluctuations have been as sociated with variations of electron dens ity and 
changes  in current system s  in the atmosphere at iono spheric heights . 
It is  of g reat intere s t  to extend obs ervations of such  effects  to lower  
latitude s, and po s s ibly to  relate them to  di sturbance s  in VLF radio 
transmi s s i ons . 
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A detecting unit (coruscatometer ) has been de s igned, for moun i:ing 
on an exi sting tracking radio tele s c ope ,  which ob s e rves  radio noise  
emis s ions from extra- te r r e s trial s ourc e s .  The corus catom eter has 
approximately the same field of view as  the radio tele s c ope , and thus 
will obs erve directly correlations between s cintillations in the radio 
noi se  signal s and tho s e  in the oxygen emi s s ions in the same di s c r ete 
r e gions of the night sky.  Arrangements have been made to coordinate the 
work with that of Dr .  Franklin Roach of NBS and that of Dr .  James Warwick 
of the Unive r s ity of C olorado, High Altitude Obs e rvatory.  

Actual r ec or ding of coruscations will begin as  s oon as  development 
and m ounting of the equipment on the radio tele scope ar e completed .  
The s e  data will be  analyzed for corr elations with simultaneously 
observed radio noi s e  s cintillations and occur rence of micropulsations 
ob s e rved at the Lafayette site . 

The following pers onnel worked on thi s proj ect :  W .  H. C ampbell 
(projec t  leader ). 

Photometer s ys tem ( co rus cat orne te r )  for me asureme nts of short 
pe riod fluctuations in auroral luminosity . 



8 6  

IONOSPHERE RESEARCH SEC TION 

Oblique Studies  

82121 

This project  was s et up to provide for the analy s i s  of data 
c ollected during the CRPL sweep- frequency pul s e  experim ent ,  and 
thus , to improve the pre s ent m ethods us ed in the com putation of HF 
propagation conditions, and als o  to extend the theory of oblique propaga
tion to include effects due to the earth1 s magnetic field .  M o s t  of the 
world1  s long distance communication i s  s till carried out via HF 
ionos pheric propagation. Thi s project  is aim ed at improving the m eans 
of applying iono s pheric data to radio communication problem s .  

During the pas t  year, the data have been s crutinized for the effects  
of solar and magnetic dis turbance s  on oblique propagation r ecords . A 
paper on thi s a spect  of the work was read at an AGARD C onfer ence held 
at Naple s ,  Italy, in May 1961.  

A s tudy i s  als o  proceeding of the r elation betwe en .ve rtical and 
oblique propagation in the pre s ence of the earth1 s magnetic field .  Ray
tracing program s have been written for a bi n a r y  c o m p u t e r , par tly 
s upported under this proj ect, and partly unde r 8242 3 .  A ray-tracing 
program for vertical propagation has proven particularly us eful in 
checking the accuracy of electron-density profiles  which are  us ed for 
oblique ray- tracing. It has als o  been  us ed extens ively for computations 
involved in the work on the topside s ounder .  

Future plans call for c ons olidation of this proj ect with 82123  a s  
i t  i s  felt that the main emphas i s , in the next few year s ,  will b e  o n  the 
experimental s ide . 

Project  per sonnel were :  K. Davie s (project leade r ), V .  Agy, 
A. K.  Saha, R.  Schieber ,  and K. Kildahl . 
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Africa Ionos phe re  Studie s 

82122 

The objective of  thi s proj ect i s  to s tudy high- fr equency propagation 
conditions near the magnetic equator and b etween the United States  and 
W e s t  Africa.  In particular ,  F- s catter and flutter fading are  to b e  
studied. This proj ect i s  part o f  a j oint NBS- USIA inve s tigation o f  radio 
propagation c onditions between the USA and Africa and within Africa . 
In frequency prediction wor k  it is  nec e s s ary to know the dominant m ode s 
of propagation which, near the magnetic equator ,  m ay be  F- scatte r  and 
s poradic -E .  It is de s irable to determine whether propagation c onditions 
over Africa are  s imilar to thos e  over  South America and in the Far Ea st, 
which have alr eady b e en s tudied. 

Fixed frequency pul s e  s tudie s were  carried out over a two-moni:h 
period, March and April 1961 ,  ove r the 8 00 0  km path betwe en Sterling, 
Virginia, and Acc ra ,  Ghana, which is an im portant circuit for c ommunications 
between the Unite d  States  and W e s t  Africa .  In addition, s ignals from 
WWV2 0 were  als o  r e c orde d. Ove r  a similar period c .  w. s ignals on 
frequencie s of 2 0  and 5 0  Mc/ s ,  from the NBS transmitter s at Wheelus 
Air Ba s e ,  Libya, were  r ec orded in Acc ra { 3 3 0 0  km pa th) . Thas e  data 
are  now in proce s s  of analysis . 

The experimental work was shut down at the end of April l961 .  
Howeve r ,  it is  planned to reopen the obs erving program for about a 
six-week period arom;.d September 1961 .  After this , the equipment will 
be r eturned to Boulder .  

The c ooperation of the 195 0th AACS Squadron, USAF, and the s taff 
of  the Department of  Phys ic s  of the Univers ity C ollege  of Ghana has 
been invaluable .  

The following per sonnel c ontributed t o  thi s proj ect :  K.  Davie s 
(project leader ), V .  Agy, D. B rooks , J .  DeGregorio, R .  M .  Fishe r ,  
K .  Kildahl, H .  Petrie,  K .  W ood, and G .  W eb e r .  
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Oblique Experiment 

82123 

The purpo s e  of thi s proj ect  i s  to c a r ry out oblique propagation 
s tudie s with a view to applying the data to the improvement of prediction 
rue thod s . The gaLhering of propagation data, us ing the sweep-fr equency 
pul s e  technique, i s  particularly valuable in the s olution of long -dis tance 
radio c ommunication problem s .  Up to the pre s ent tim e, the sweep
frequency technique has been us ed in the United States  over intermediate 
dis tance s, and its extension to longer dis tance s  is de s irable .  

A step frequency gear was  purcha s ed during the year which i s  
yompatible with s imilar equipment employed by  othe r agencies . Some 
preliminary obs ervations have been made at Boulder of signals from 
Re solute Bay and Ottawa, C anada, and fr om the SHAPE laboratory in 
The Hague . The s e  measur ements were interrupted to s end the equipment 
to Tripoli, Libya ,and Accra ,  Ghana, and s o , fo r mos t  of the year,  the 
work on this  project has been c ombined with Projects  82122 and 8212 5 .  

Afte r the c ompletion of the pre s ent program i n  Africa, the equipment 
will be r eturned to Boulder and the recordings of Resolute Bay, Ottawa 
and The Hague will recomm ence .  In future yea r s  thi s proj ect will be  
cons olidated with Proj ect 82121 .  

Proj ect per s onnel we r e :  K. Davie s (project  leader ) , D. B rooks , 
R.  M .  Fisher ,  K.  Kildahl, and G.  Weber . 

Sporadic - E  Studie s 

82125 

The aim of thi s proj ect is  to investigate the sporadic - E  mode of 
propagation at both vertical and oblique incidenc e with a view to under
standing the s poradic - E  ionization as a physical entity as  well as  its 
effect  on radio c ommunic ations .  Sporadic - E  propagation has been quite 
extens ively s tudied  with regard to its temporal and geographic variations; 
yet little is  known about the propagation m edium its elf, o r  how it is  
formed and then maintained for hours at  a tim e .  With the increased us e 
of the radio s pectrum and the diminution of the s pectrum due to decreasing 
sunspot activity, the r.elative im portance of s poradic - E  is increas ing . 
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A multiple - s tation experiment ,des igned to investigate the motion of 
spo radic - E  ioni zation in term s of its velocity and dir ec tion was the 
primary expe rimental work perfo rm ed during the pas t  fi s cal year . The 
s ignal intens ity of transmis s ions at 50 M e /  s from Long B ranch, Illinois , 
was recorded at Boulder ,  C olorado,  about 140 km east of Boulder ,  
and approximately the s am e  di s tanc e  s outh of B oulder .  The midpoints 
of  the s e  three  paths form ed a right triangle, having its vertex at the 
Shickley, Nebraska, ionosonde s ite, and legs  of 7 0  km each. Longer  legs  
wer e added to the triangle by recording 3 0 M e /  s transmis s ions from 
Long B ranch and Norman, Oklahoma, at the Shickley site . The equivalent 
vertical- incidenc e fr equency, according to the s ecant law, was nominally 
1 0  Mc / s  for all c ircuit s . The gro s s featur e s  of the s poradic - E  enhancements 
r ec orded over all paths wer e  examined for any dis plac ements in time , 
and thi s information was us ed to calculate the velocity and direction 
of the m otion. 

The analysis  of  the s poradic - E  data obtained during the IGY over  
the Long Branch to  B oulde r path has been c ompleted. It indicates that 
the corres pondence between the intens ity of the Es propagated s ignal 
and foEs  observed at the path midpoint is dependent on the type of Es and 
the beamwidth of the antennas us ed on the oblique circuit. 

W ork on the s poradic - E  monograph has continued throughout the year . 
Most  c ontributions have been rec eived and edited.  

Future plans include s tudy of the equator ial s poradic - E  belt 
by means of a network of vertical- inc idence sounde rs  located in Africa.  
Of particular inter e s t  i s  the geographic extent of thi s region in latitude 
which has not been fully re s olved. Analys i s  will be c ontinued of the 
s po radic - E  data contained in the vast  amount of ionospheric r ecords 
taken during recent year s . 

Pe rs onnel who c ontribu�ed to the proj ect  ar e :  J .  W .  Finney 
(proj ect leader ) , E .  K. Smith, and Hope Leighton. 
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CCIR Studies  

82127 

The purpo s e  of the project  is  to take up the s tudy of various subj ects 
of intere s t  to the C CIR . Study Group VI of CCIR (Iono spheric Propaga
tion) requires  info rmation on many topic s in the fi eld of intere s t  to the 
Ionos pher e  Res earch and Propagation Divi sion. An attempt is made to 
gather that information and to wo rk on spec ific item s which will s erve to 
s ati s fy thi s need. 

Early in the year, NBS Technical Note 2 - 2 ,  1 1Supplementary W orld 
Maps of F2 C ritical Frequencies  and Maximum Usable Frequency 
Factor s," by D. H. Zacharis en, wa s published which, with Technical 
Note 2 ,  provide s F2 - layer prediction charts for all twelve m onths 
of  the year.  

Mate ria] was s ubmitted for inclus ion in a U. S .  contribution to a 
CCIR r eport on oblique - incidenc e tests . 

Time was s pent in the further analys i s  of blackout data with the 
aim of preparing a 1 1 final 1 1  report  on the subject  for the purpos e  of 
a s s e s s ing the need and direction of future r elated work. It  is found that 
the r e  i s  little detailed agreement between propagation lo s s  over paths 
betwe en Bismarck, N. D . , and Alas ka, and the pr e sum ed occurrenc e of 
(vertical- incidenc e ) blackout at points along the path. 

The proj ect has given partial support  to c ontinuation of the s tudy 
of frequency variations of WWV transmis s ions obs erved at Boulde r .  
Inter e s ting variations at the times  of solar flares  and sudden c omm enc e 
ments have been s een which indicate that F- layer effects occur . 

An attempt will be  made to exploit the technique used in the WWV 
frequency variations s tudy for inves tigation of  the fading of  ionos ph erically 
propagated s ignals . The re sults of other s tudie s  - - primarily, tho s e  
dealing with the tropical ionosphere  - - will b e  applied to CCIR problem s . 
In particular, study of fr equency variations of various highly s table 
transmi s sions will be made at Acc ra, Ghana . 

Per s onnel who worked on thi s proj ect  were :  Vaughn Agy (project 
leader ) , Donald H .  Zacharis en, Gerald G . W eber ,  and Katherine Wood .  
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Ray T racing 

8242 3 

The objective of thi s  program i s  to utilize a high s peed c omputer  
for the determination of the paths of ene rgy flow through the ionos phe re  
in the pre s enc e of the earth1 s magnetic fi eld and of large s cale 
inhom ogeneitie s .  Data on the world wide di stribution of electron 
density have shown that large clouds  of high electron dens ity exi s t  in 
the equatorial regions which distort the ray paths . In such an ionos phere, 
the angle s of take- off and arrival may differ s ub s tantially, and s o  the s e  
angle s are  determined by the com pute r . The proj ect i s  s pons o r ed by 
the U.  S. Information Agency .  

A program of  r ay tracing for vertical propagation in the pre s ence 
of  the earth1 s magnetic field has proven to b e  of  cons iderable value to the 
work of other s e ct i ons . For instanc e, it has bee-n us ed  to check the 
accuracy of electron- dens ity profile s  and for s tudie s involving the 
" tops ide ' '  s ounde r .  

Ray paths for vertical propagation at B oulde r have been made at a 
number of frequencie s .  On frequencie s  just  below the gyrofr equency'  
the point of  r eflection of the extraordinary ray m ay be far to  the north 
wherea s ,  on frequencie s  well rem oved from the gyrofrequency, the 
r eflection point is  to  the south of the tran smitter . 

A program ha s been written for the comput er in which 

are  given the geographical coordinates of the transmitter and receive n 
together  with the electron- dens ity profil e s  at arbitrary points along the 
path. For an initial angle of elevation at the transmitter ,  rays are 
traced through i:he ionos pher e  in the pre s ence of the dipole magnetic 
field . The following quantitie s  are c omputed :  Real path, lateral deviation, 
tim e of flight of a pul s e ,  pha s e  path, and angle s of take - of£ and arrival . 

The encoding of the pro gram for the c om puter  will be completed, 
and c omputations for s pecific iono s pher e  pr ofile s  will be carried out .  

The project  per s onnel wer e :  K .  Davies (project leader ) , J .  W.  Finney, 
A .  K. Saha, C .  E .  Hoff, D. McKinni s ,  V .  Rios ,  and R.  Schieber . 
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Iono sphere  Studie s 

82424 

Th.is proj ect ,  s pons or ed by the Ue So Information .�_,__gency, i s  
c once rned with the s tudy o f  applied propagation problem s o f  particular 
inte r e s t  to the ope rations of the Voice of America. In order to fulfill 
it s mis sion, the Voice of America has a need for propagation info rmation 
which will allow for the efficient us e of the iono s phe re for c ommunication 
and broadcasting .  Tropical conditions are e s pec ially im portant and 
knowledge of the s e  c onditions during suns pot low will be us eful . 

A beginning wa s made on a c omparison  of F 2 and Es  MUF ' s, based 
on the D- s eries  predictions of thes e  param ete r s . Although it appear s 
that, during daylight hour s for paths in African equatorial regions 
{ fo r  sunspot low), s po radic - E  will provide the higher MUF; the work 
s hould be carried out in greater detail, us ing obs e rved values from 
1954 to 1958, rather than predicted values for thi s period . 

The project gave partial support to the Doppler frequency variations 
of WWV as r ec o rded at B oulder ( s e e  Proj ect 8212 7 ) .  

Further work o n  iono s pheric propagation conditions during suns pot 
low (e speCially in tropic s )  will be carried out .  Contributions t o  the 
general problem should be forthcoming from analysis  of data from the 
African Ionospher e  s tudy (Proj ect 82425 ) .  

Pers onnel who contr ibuted to thi s project  wer e :  Vaughn Agy 
(proj ect leader ), Kenneth Davie s ,  Donald H. Zacharis  en, Hope I. Leighton, 
and Ge rald G .  W eber . 

Africa Ionos pher e  Studie s 

82425 

This project, under U. S .  Information Agency s ponsorship, shared 
in the funding of the r e s earch reported in detail in Proj ect 82122 . 
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Blackout Studie s  

82426 

Thi s proj ect  was s et up by the U.  S .  Information Agency for the 
purpo s e  of exten ding o ur knowledge of blackout phenomena. In particular , 
analy s is of vertical- incidence  data was to be  car ried out to examine 
s tati s tical occur renc e s  of blac kout as well as the s equence of events 
during s pecific periods . 

The greate s t  s ingle problem c onfronting the us e r  of high frequency 
communications in the Arctic is  the effec t  of the frequent occurrenc e  of 
polar blackout. Rec ent ob s ervations have indicated that at least two 
"types 1 1  of high abs orption events mus t  be  cons ide red :  thos e  of 
r elatively long duration which occur in the polar r egions prirn arily, and 
the sho rter period, more  localized blackouts characteri s tic of the auroral 
zone .  It appear s that further clas sification may be po s s ible and should 
b e  m ade to get the m o s t  m eaning from the s tati s tical s tudie s .  The 
r elationships between  the various type s should be delineatedj in order fir st,  
to under stand the phenomena, and second,  to predict and circumvent their  
effects  on ionos pheric communications . 

Statistical s tudie s to date have turned up nothing new. General 
c onfirmation of the r e s ults of earlier wo rk has been obtainec4 and the 
c onclus ion has been reached that we cannot as yet define a variation in 
the s tati s tical occurr enc e of blackout with suns pot number . 

The film, "Polar B"lackouts  during the International Geophysical 
Year," finished and fir st  shown just  before  the beginning of Fis cal Year 
1961, has s inc e been shown at the IRE C onvention in New York (March 
1961).  C opie s  have b e en purcha s ed by the Univer s ity of Paris  (Franc e) ,  
Radio Res earch Station  {Slough, England) ,  the Defence Res earch Tele
communications E stabli shment {Ottawa, Canada) ,  the AVCO C orporation, 
the Naval R e s earch Laborato ry, the Laboratory of Applied Scienc e 
{ Univers ity of Chicago) ,  and the Rand C orporation .  

"Spiral Patterns in  Geophysics  1 1 by  V .  Agy wa s publi shed in 
J. Atmos . and Terrest . Phys . ]2 ,  136 ( 19 60) . 
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The report on wo rk to date will be completed, and a study m ade of 

the fea sibility of making a synoptic s tudy by the use of riomete r data . 
The film and a survey paper on blackout will be  pre sented at the 
Confe rence on the Earth Sto rm , Kyoto Univer s ity, in September . 
Further work on the definition of the exis tenc e and effect  of the "auroral  
ab s orption zone " i s  planned . 

Project  pers o1111el w e r e :  Vaughn Agy (project leader) ,  Kenneth Davies , 
Katherine Wood, and Ge rald G .  Weber . 

Ray Path Calculations 

8242 8 

This project ,  under Air Force Cambridge Res earch C enter  
spons orship, supports  r e s earch similar to that reported in  detail in 
Project 82423 but for different ray paths . 

:t 

Blackout patte rn ove r the northe rn hemi sphe re at 8: 3 0 a . m . , GM T ,  
Octuber  2 1 ,  1 9 57 ,  deduced from data supplied b y  4 8  s tations . The grey 
portion of  the polar p roj ection map indicates the demarcation b etween 
sunlight and darkne s s . 
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PREDIC TIONS SERVIC ES SEC TTON 

Data Analys i s  

8 2131  

Stati s tical analy s i s  of ionos pheric data is  nec e s s ary to prepar e the 
data for us e in other proj ect s , with emphas i s  on c urr ent analys i s  of 
data for immediate us e in predictions s tudie s .  An additional obj ective 
is the preparation of data for di s s emination to othe r Governm ent agencie s ,  
s cienti s t s , laborato ri e s , a s  well a s  official agencies  in other c ountries  
who c ollaborate in  the exchange of data . 

In order  to prepare predictions of the be s t  sky-wave operating 
frequencies  for communication paths all ove r  the wo rld, it is nec e s s ary 
to c ollect  and analyze  ionos pheric data from s tations having a world-wide 
geographical di s tr ibution. Sinc e it i s  im po s s ible to do this without 
c ooperation from s ci entis t s  and s cientific organizations in for eign 
countrie s ,  it i s  nec e s sary to have a s ys tem for the di s s emination of 
iono s pheri c data from the United State s and its po s s e s s ion s ,  in order 
i:hat NBS may r ece ive foreign data in exchange for United State s  data. 
The C entral Radio Propagation Laboratory is the de s ignated official 
U. S .  agency for the r eception , c oordination, and exchange of 
ionos phe ric data , and for liais on with c or r e s ponding agencies  in other 
c ountrie s .  Thus , data are  r ec eived ,  analyzed,  and the r e s ult s di s s eminated 
to other Governm ent agenc ie s ,  s cienti s ts and labo ratories  in thi s country, 
and abroad to tho s e o rganizations which c ollaborate with CRPL in the 
exchange of data w ith mutual benefit.  In addition to their r ole in predictions 
of maximum usable frequency, the s e  data are used  in r e s earch s tudie s  
carried o n  to further knowledge o f  the upper atm osphere  and o f  s olar 
ter r e s trial r elationships . A large  part  o f  the tas k  o f  di s s emination, both 
within and without the U. S ., is accomplis hed through the monthly publication 
of the CRPL- F Serie s ,  Part A, "Iono s pheric  Data, 1 1  and Part B, 
"Solar - Geophysical Data . 1 1  

The s tatis tical analys i s  o f  iono s pheri c data and thei r  publication , 
together with their  di s s emination,wer e c ontinued dur ing the pas t  yea r .  
Twelve m onthly i s s ue s  o f  the CRPL- F Seri e s ,  Pa rt A,  1 1Ionos pheric Data , 1 1  
were  pr epar ed, Nos .  191- 2 02 ,  July 196 0  through June 1961.  C o r r e sponding 
i s s ue s  of the CRPL- F Serie s ,  Part B ,  ' 'Solar - Geophy s ical Data, 1 1 we re  
published. The dis t ribution at the end of the year of thi s publication, which 
i s  in general available only on an exchange bas i s , was :  Part A - 420  c opie s ;  
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Part B - 5 0 5  c opie s per i s sue .  Provi s ion i s  made ,  through the IGY 
World Data C enter  A for Iono s pheric Phys ic s and Air glow, to make 
the type of data in the s e  publications available on a co s t - of- duplication 
bas i s  to thos e  not entitled to the F-Se rie s on an exchange bas i s . 

All expected data from ionos phe re s ounding s tations s pons o r ed by 
the United  State s  during International Geophys ical Cooperation Year - 1959  
have now been r ec eivedi the la s t, for Byrd  Ba s e ,  Nov. and Dec . 1 959 ,  
arriving in June 1961 . During the year, 152  s tation-months of data from 
this group of s tations wer e  proce s s ed by the com puting laboratory. 
Funds for this purpo s e  were s plit among four differ ent proj ects , the 
bulk of the m oney c oming from outside the Section. A backlog of 103  
s tation m onths of data, for which funds were not available for proc e s 
s ing , has been built up. Although direct  support  ceased from the National 
Science Foundation, most  of the m oney us ed cam e  from World Data 
C enter A for Airglow and Iono s pher e .  

During the year iono s pheric data were  rec eived from two new 
French s tations ,  Garchy and Pari s -Saclay . It is e stimated that the r e  
i s  s ufficient backlog o f  data on hand (both U .  S . - s pons ored and foreign) 
to permit publication of at lea s e 15 s upplemen�ary i s s ue s  of the CRPL- F 
Serie s ,  ' ' Iono s pheric Data . 1 1 

The following program s  will be continue.d in Fi s cal Year 196 2 :  
(l )  Analys i s  o f  ionos pheric  data and preparation o f  graphs for imm ediate 
us e in making bas ic radio propagation predi.::tions . ( 2 )  Publication of 
data in CRPL- F Seri e s ,  "Iono spheric Data . 1 1 ( 3 )  Analys i s  of iono s pheric 
data and pre pa:I:ation in form s suitable for use  b y  r e s earch groups . 
( 4)  Rec eption and di s s emination by teletype , telegram, and airmail of 
daily, we ekly, and monthly reports of provi s ional radio propagation data . 
( 5 )  Maintenance of iono s pheric data files . A s  far a s  available funqs will 
allow, current vertical incidenc e data will be proc e s s ed for as many a s  
pos s ible o f  the 24 U. S .  and U.  S .  - s pons ored  iono s phere  s ounding s tations 
expected to obtain data during FY 1962 . ( 6 )  As funds permit, additional 
supplem entary i s s ue s  of the CRPh F Serie s ,  "Iono s pheric Data, 1 1  will be 
prepared and publis hed, thus r educing the large backlog of material which  
has accumulated s inc e the International Geophy s ical Yea r .  

Pe r s onnel contr ibuting to work o n  thi s proj ect wer e :  L .  Gille s pie 
(project  leader ) ,  S . G.  Jone s ,  L .  William s ,  M .  E .  Chamberlin, 
M .  Whetstine , E . Renlund, E .  G .  Neill, L. L .  She rman, M. E .  O' Neill, 
and B .  Snyder .  
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Bas ic Radio Propagation 
Prediction Servic e s  

82132 

The obje ctive of thi s projec t  i s  the compilation,  on a monthly bas i s ,  
of pr edictions of maxim um usable fr equencies  for radio- sky-wave 
transmis s ion, so that the us er  of the pr edictions s e rvic e may calculate 
b e s t  s ky- wave oper ating fr equenci e s  over any path, at any tim e of day, 
for average c onditions for the month of prediction. An additional 
objec tive i s  the development of methods for improving the accuracy of 
the pr edictions , of s im plifying and inc reas ing their us efulnes s ;  and the 
applic ation of operational information, iono s pheric data and theory to the 
pr eparation of practical predictions . 

The s election of the be s t  sky-wave frequenc ie s  for communication 
purpo s e s  over a given transmis s ion path de pends upon the tim e of day, 
s ea s on of the year , pha s e  of the suns pot cycle,  length of  the path, and 
location of the path, a s  well a s  the c onditions prevailing in the iono s phere  
over the path. Thi s predictions wo rk i s  a di rect  c ontinuation of the effort 
made during the war to provide the Armed Servic e s  with the late st  
available radio propagation information in  us able form . Thes e  pr edictions 
are widely us ed in planning fr equency as s ignment s  and utilization in s hort 
wave radio c ommunication by many or ganizations , including the Armed 
Se rvic e s  and other U. S. Gove rnment agencie s ,  num e rous s cientific 
and c ommercial organizations, and for eign governments . A s  the 
pr edictions becom e  more  acc urate,  mor e and more  efficient us e can be 
made of the radio s pe ctrum ,  where  the needs of s ervic e s  exceed the 
available fr equencie s .  The predictions are important for efficient 
fr equency allocation, effic ient us e of allocated frequenc ie s , and in the 
preparation of s pecific ations for c omm unications equipment . 

During the pas t  year, pr ediction charts  were  pr epared as  us ual for 
the CRPL- D Ser ie s ,  1 1Bas ic  Radio Propagation Predictions . 1 1 Twelve 
m onthly i s s ue s  were  prepar ed,  No s .  191 - 202 ,  July 1 960  through June 1961 .  
Twenty- four i s s ue s  appeared of  the CRPL- Ja Serie s ,  nsemimonthly 

Frequency Revi s ion Fac to r s  for CRPL Basic  Radio Propagation Prediction 
Report s , 1 1 between July 196 0  and June 1961 ;  Nos . 3 6 9 - 392 . At the end of 
the year , 912 c opie s  of  the D Series  we r e  being furni s hed each month to the 
Departm ent of Defens e , while about 17 00  wer e  printed each month for 
c ivilian us e .  The distribution of the Ja Series ,  at the end of the year, was 
2 7 0  c opie s  per i s s ue .  
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Over  the pas t  ye ar s olar activity a s  m easured by s uns pot number, 
continued to decline . The provi s ional smoothed 12-month running 
average Zurich s uns pot numbe r  for July 196 0  was 108 ,  and the provis ional 
number c enter ed on Dec ember  1 ,  1 960  i s  83 .  There  was a s udden drop in 
sunspot number in the autumn of 196 0 .  The average of the eight monthly 
Zurich numbe r s  from Oct . 196 0 through May 1961  was 6 5 ,  Wl. e r ea s  the 
average for the eight previous months was 118 . Thi s unexpected r e R ult 
led to pr edictions that, for the year a s  a whole ,  have been s omewhat on the 
high s ide , e s pecially for the las t  quarter of fis cal 1961 .  

In an attempt to a s s e s s  the importanc e to predictions of  such s udden 
changes  in level, the Section Chief  develope d  equations relating c ritical 
frequency at Washington to s olar ac tivity . It i s  expected that the r e s ulting 
paper ,  entitled ' ' A  Quick Method for E stimating the Stage of the Mean 
Suns pot Cycle,  " will be publi s hed s hortly. 

Among the more  im portant and inte r e s ting of  the s pe cial analy s e s  
performed during the year are the following : C ontacts with various 
r epre s entative s  of  the Navy, or  holder s  of Navy c ontrac t s ,  at NRL, Bureau 
of Ships ,  C NO, Univer s ity of Chicago,  Unive r s ity of Michigan, involved 
dis cus s ion of s unspot cycle variations , us able frequenc ie s  at s uns pot 
minim um , time of next minimum ,  s poradic - E  variation s �  availability of 
data , antenna de s ign requir em ents for varying m ode s of pro pagation. 

Clo s e  telephone c ontact was maintained with RCA Tuc s on for 
s everal months . They were  given information conc erning propagation for 
November  1949, and were furni s hed c opie s  of predictions for November 1960  
.and March 196 1  s everal weeks in  advance of the r egular publication date . 
Various s ets of predicted s uns pot numbe r s, for January through M ay 1961 , 
were als o r eported by telephone . Information c onc erning the effect  of 
s poradic - E  over  North Atlantic paths , during the s ummer  of 19 6 0, was 
given to RCA C ommunications . An analys i s  of po s s ible reasons for lack 
of radio c ommunication between Cape Canaveral and Grand Bahama Is land 
on the morning of Monday, May l, 1961  (the week of CIDR Shephard ' s 
flight) wa s telephoned to RCA Palm Beach. 

l 

Help was given to a c ommunications engineer for the FAA in Honolulu 
with r egard to the us e of predictions of r egular E and sporadic E for 
Pacific  paths , and the po s s ible mode s of FZ - laye r propagation. 

High- frequency c ommunication problem s wer e  di s cus s ed with 
per s onnel of the U .  S .  Geological Survey, Denver ,  in c onnection with a 
s eismic s urvey of  c rus t  thickne s s  in the wes te rn United State s . Four 
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frequen-c ies  between 2 and 8 M c / s , for us e from 0- 3 0 0  mile s ,  to cover 
the entire  suns pot cycle,  we r e  sugge sted,  

Information and literature were supplied to a 
engine er  of the Dept .  of the Inte rior in Washington 
problem of avoiding F2 transmitted interfe r enc e to 
in the 3 0 - 42 Me / s band. 

c omm unications 
to help him with the 

land-mobile s ervic es  

A pape r by  W . B .  C hadwick, "Improvem ents  in  Radio Propagation 
Predic tion Service ,  1 1 appeared in the Septembe r 1 960  is sue of Electrical 
Engine ering . He prepared a chapter of a m onograph on spo radic - E, entitled 
1 1Variations in Frequency of Occurr enc e of Sporadic-E, 1949 - 1959 ,  I t  

to be publis hed  by Pergamon Pre s s .  He pre s ented a paper on the sam e  
general s ubject  at the AGU me eting in Was hington, April l96l.  

Thi s  project will c ontinue to : (l) Prepare c ontour charts for in
clusion in the CRPL- D Serie s ,  "Basic  Radio Propagation Predictions ,  n 

(m onthly) and analyze r e sults . ( 2 )  Prepare "Semimonthly Frequency 
Revi sion Factor s  for CRPL Basic Radio Propagation Predictions Repo rts; ' 
and analyze r e s ults . ( 3 )  Scale iono spheric records ( s pecial analyse s  a s  
needed) .  ( 4 )  Prepare  pr edictions for special problem s as  r equired. 
( 5 )  Study s tatis tical variations of iono spheric characteri s tic s . ( 6 )  Study 
_po s s ibility of applying machine m ethods to the preparation and application 
of the predictions . In thi s c onnection it is planned to c ompile parallel 
predictions (by hand and by machine ) with a view to us ing machine methods 
entirely, b eginning s om etime in FY 1962 . The pre s ent e s timate is that 
thi s will be  accomplished by January l, 1962 . ( 7 )  Study relationship 
between cr itical frequency and various indic e s  of s olar activity . 

Personnel c ontributing to wo rk on thi s proj e c t  wer e :  M .  PoKempner 
(pr oj ec t  leader ), S .  M .  O strow, E .  D .  Powell , F .  L .  Downe s ,  N. H. Farley, 
A.  Oldfather ,  G .  Waggone r ,  and J .  C .  Harman. 
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S UN- EAR TH RELATIONSHIPS SEC TION 

Solar Influenc e s  

82141 

The purpo s e  of this proj ect  is to gain fulle r  unders tanding of the 
sun and its influence on the earth by the s tudy of the emi s s ion and 
propagation of s olar wave and particle radiation. Prediction of periods 
of enhanc ed s olar emis sion form s the basis  for advanc ed warning of 
dis turbanc e of radio communications .  Inc r eased  emi s s ion at short 
wave- lengths at the time of s om e  s olar flares  is r e s ponsible for sudden 
s hort- wave fadeouts ; while low- energy s olar particle emis s ion caus e s  
geomagnetic and ionospheric s torm s that dis turb c ommunications for 
longe r pe riods . An unders tanding of s olar emis s ion of energetic 
particle s is of particular inte r e s t  in connection with direct  meas urem ent 
of the s e  particle s  by means of rockets or  balloons , and als o for the 
avoidanc e of s uch s olar radiation events by a manned space vehicle . 

A study of  iono s pheric effects of  solar flares  clarified some of 
the relations between short-wave fadeouts and flare s ,  and among 
various manife s tations of the sudden dis turbance in the iono s phe r e .  A 
report of thi s s tudy has been s ubmitted as  a letter to the editor of the 
Jourhal of Geophysical Res earch. 

Clo s e  coope ration with the warning s e rvic es  continue s ,  and i s  
exem plified by participation in weekly forecasts  of dis turbance ,  evaluation 
of for ecast  succ e s s ,  and suggestions for improved for ecasting m ethods . 

C ontracts with High Altitude Ob s e rvatory ,  funds for which are  
partially provided  from thi s project, support the routine obs ervation 
and repo rting from HA01 s Climax s tation of intensiti e s  of coron al emis sion 
line s and the occurrence of s olar flare s . The s e  contracts have al s o  
provided for the development o f  a 1 5 - inch coronagraph- s pectrograph, 
improvement of the main c oronagraph dome ,  r enovation of a smaller 
coronagraph, and improvem ent of a 7 5 -mm ,  fas t  tim e - resolution flare 
patrol ins trum ent . The s e  funds als o  partially support the work and 
travel of Dr . Chapman, and of Richard Hans en' s work in the IGY s olar 
data c ente r .  

A study o f  the r elation o f  various type s of s olar activity to s olar 
emis s ion of particles in the 10 to 1 0 0  Mev energy range showed which 
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type o f  s olar flar e  event is mos t  likely to be as sociated with particle 
emis s ion, and als o led to a m odel of the interplanetary field.  Charac 
teristic s of the propagation from sun to earth of the s e, and other s olar 
partic le s,  s how that the field must be c om paratively intense  and irregular 
at tim e s  of high s olar activity . Near  minimum of the s olar cycle ,  the 
inter planetary field may be identified with the galactic arm field, with 
intens ity les s than 1 0- 6  gaus s ,  and with its main c om ponent normal to 
the e cliptic plane .  Emis sion of low- energy s olar particles leads to 
c om pre s  sian of this weak, r egular field, and formation of r egions where  
the magnetic field strength i s  1 0- 5  o r  lQ- 4  gaus s .  Regions of  enhanc ed 
magnetic field s uch as the s e ,  moving outward from the sun, im part a small 
sys tematic velocity to the di stribution of co smic- ray particle s .  Thi s 
velocity, and the r e s ulting dec r eas e in dens ity in the vicinity of the 
sun, provide an explanation of the eleven-year variation, the Forbus h 
decreas e ,  and the diurnal variation which i s  in rough quantitative agree
m ent with obs erved m easur e s  o f  thes e  three  main effects of  the s olar 
m odulation of c o smic rays . Reports of this s tudy have been submitted 
to the Journal of Geophysical Res earch. 

W ork continue s on a program de s igned to combine and corr ect 
s olar flar e  r eports  from various ob s ervatories .  Grouping of reports 
of the s ame flare  has been s ucc e s s fully programm ed for the computer .  

C om pletion o f  the flar e  project  involves  dete rmination and elimination 
from flare  area and importance ,value s of systematic errors  dependent on 
s olar and ter r e strial longitude . Importance, or area, of the H- alpha flar e  
i s  the bas ic s olar index in the maj ority of s tudie s o f  s olar - terre strial 
r elations , and of rel ations between differ ent s olar event s .  Availability 
of the s e  values ,  fr eed  from sys tematic error s ,  will permit s tudie s  of 
the s ignificance of flar e  po s ition to ter r e s trial effect s ,  and of the dir ectivity 
of  as s ociated sho rt-wave,  radio and particle em is s ian. A general 
s tati s tical s tudy of s olar activity and geomagnetic di s turbance during IGY 
is planned,  and preliminary s tudie s have alr eady been c ompleted.  The 
problem of the r elation of r ecur rent geomagnetic di s turbanc e to s olar 
activity r emains uns olved, and s hould be attacked. More preci s e  
calculations s hould be  carried out o f  the effect  o f  s olar magnetic clouds 
on the flux of c osmic radiation. 

Per s onnel who contr ibuted to thi s proj ect  wer e :  C .  S . Warwick 
(proj ect  leader ) , M. B .  Haurwitz ,  and L.  W . Acton. 
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Ionogram Scaling Specialists  

82143 

This project provide s a group of ionos phe ric sounding s experts for 
specialized ionogram r eductions and analysi s ;  supervis e s  training of 
s la. l.i.un pers o11nel in the r eduction of ionogran-:t s ;  rnake s partial or 
c ompl ete r eductions of ionogram s when the data have not b e en reduc ed 
at the field s tations ; provides  en ns ultative s ervice to individuals and 
o rganizations inter ested in particular aspects of iono s pheric data ; 
and pe rform s r e s earch on ionos pheric problem s .  

A group within or  outs ide o f  the Bureau may not have per s onnel 
qualified to make sys tematic reductions of ionogram s ,  yet s uch information 
may be nec e s s ary to the c ompletion of other work performed by the group. 
The availability of such as s i stance  from com petent per s ons within the 
Bur eau will materially im prove the work of such groups . 

Per s onnel a s  signed to vertical sounding field s tations must  have a 
thorough unde r standing of the techniques of ionogram reduction.  Data 
obtained from such field stations are  us ed in the radio propagation 
s ervic es  predictions and in basic r e s earch, and it is e s s ential that 
the quality of the station data be high. 

Res earch studies  carried on within the project  lead directly to NBS 
r eports o r  published r e s earch note s . Ther efore , great care  must be 
taken to insure  the maximum accuracy and reliability of the r e s earch. 

During this pas t  fis cal year,  5 s caling reque s ts wer e  c ompleted. 
Since the s tart of the proj e ct in June 1958 ,  a total of 45  scaling r equests  
have been c ompleted. 

Seven m onths of ionogram s from Byrd Bas e  were  completely 
reduc ed ,  including the preparation of daily £- plot s .  

During the past  yea:r; 9 trainee s  were  given instruction in the 
reduction of ionogram s ;  of the s e ,  2 were  as s ociated with the training 
program at the iono sphere s chool at and near Fort  Monmouth, New Jer s ey,  
under the aus pice s  of the U. S .  Army Signal Radio Propagation Agency .  
S even per s ons were  per sonnel attached to NBS field s tations , with four 
of the s e  a s s igned to Antarctic vertical- incidenc e iono s pher e  s tations . 
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Seven per s ons visited the proj e ct during the year for consultations 
with the project  leader . 

Re s earch started on the s creening height of the F- region of the 
ionos phe r e  has progre s s ed s ati sfactorily . Results obtained thus far 
s ugges t  a definite s eas onal variation in the s c r eening height . Typical 
winter values are  about 2 9 0  krrl , and typical summ er value s, 3 5 0  krrl . In 
this r e s earch, much us e has been made of the true-height data produced 
under  Project  8214 5 .  

A paper ,  " A  Note o n  the Heights  o f  the Different IGY Types  of 
E s , " was c om pleted. Thi s paper will form part of the m onograph on 
s po radic -E, edited by Dr . E .  K. Smith and Dr. Sadami Mats ushita .  

Training o f  field s tation per s onnel in  the reduction o f  ionogram s will 
continue . The project  will c ontinue to be at the s e rvic e  of groups or  
individuals ins ide or. out side of NBS a s  the opportunity pre s ents  its elf. 
Work will continue on the study of the s c r eening height of the F region 
of  the ionos pher e .  Additional s tations will be included in the s tudy, and 
an attempt will be made to determine whe r e  the s ea s onal rever s al with 
hemisphere  occur s ,  a s  well a s  whether any dependence upon latitude or 
longitude is pr e s ent .  

Thi s work was c arried out b y  S . C .  Gladden (proj ect leade r ) .  

Ionos pheric Re s pons e s  

82144 

The purpo s e  of thi s project is to s tudy the phys ic s of the F region 
and the nighttim e E region,and the neutral atmospher e  in the s am e  
r egions . The s e  s tudi e s  have the im portanc e o f  any r e s earch directed  
towards under s tanding a phenom enon of nature . Moreover , thi s project 
s timulates the data gathering and proc e s s ing facilitie s  of CRPL by using 
their data. 

Studi e s  during the pas t  year c an be  divided into three  c ategorie s :  
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1 .  C ontributions t o  a New Model o f  the F Laye r .  Two eclips e s  
during 1952, a year o f  low s olar activity, have yie lded r ate s o f  photo 
ionization and r ecombination considerably smalle r than during high solar 
activity in 1958 ,  but still conside rably larger  than the rate s of  Ratcliffe , 
et al . 

The suc ce s s  of our analys e s  of equatorial eclips e s  without trans port  
o f  any kind has l ed  us to  apply the s ame "photochemic al" model to  the day
time equatorial F laye r' in the ab s enc e  of eclips e s ,  I t  was apparent during 
the previous fi scal year that s uc h  a model would have c onsiderable suc c e s s ,  
provided  the atmospheric temperature increased  in a c e rtain way during 
the day. However ,  the c om plexity of the model  has forced  us to program 
it for the electronic c ompute r . The r e s ults are  expec ted  to explain much 
of the behavio r  of the daytime equatorial F laye r ,  the daytime E layer at 
all latitude s ,  and to provide a basis  for c ompari s on with the nighttime 
equato rial F layer .  

The logical c ounte rpart in middle latitude s o f  thi s "photochemical 
model" at the equator i s  a photochemical model plus plasma diffusion, W e  
have s hown that, indeed, the daytime F layer in middle latitudes  i s  de s cribed 
by a s teady- state c ontinuity equation involving only photoionization, r e 
c ombination, and diffusion, The parallel suc c e s s  of the photochemical m odel 
at the equator, and the ' ' diffusion model" in middle latitudes, strengthens 
c redence in both models . C omparison of the diffusion m odel with F laye r 
data leads to determinations of the atmosphe ric s c ale height, and the 
variations of the numbe r  densitie s of atomic oxygen and m olecular nitrogen. 

The s e  ionospheric model  studie s are c omplemented by a study of the 
cour s e  of the ionizing radiation, unde rtaken by J. S. Deni s on for her 
maste r ' s the s i s  in the Physics  Department of the Unive r sity of C olorado , 
Thi s wo rk, which i s  not yet complete,  has lead to the following identification 
of the iono spheric laye r s  with s olar radiations : the Ly f3 ionize s  the El 0 
layer ,  the C III line at 977 A ionize s  the E2 layer ,  and the Ly c ontinuum 
ionizes  the Fl layer .  Further work will aid in unde r s tanding the formation 
of the ionized layer s, and in dete rmining precis ely the absorption e r o s  s ,  
s ections and model atmosphe r e s  which mus t  b e  us ed in the calculations . 

2 .  The Heat Balanc e of the The rmo spher e ,  Early re sults of thi s 
r e s earch have b e en publi shed by D. C .  Hunt and T .  E .  Van Zandt . They 
show that the structur e of the F re gion of the thermo s phe r e  can be 
accounted fo r by a heat flux from photoionization of about 1 e r g / cm2 s e c .  
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The analys i s  i s  being generalized to inve s tigate the effect  of varying 
the atmospheric c om po sitions , the s olar s pec trum, and the s olar z enith 
angle . 

3 . Low Frequency Ionogram Re s earch and Magnetic Station. 
Re s earch on the nighttime E layer has continued .  A paper was 
pre s ented at the s pring meeting of URSI,and a written pa-per i s  in 
preparation. It has b e en shown that the E layer decays s lowly during the 
night ,and that its dens ity is lower  during sunspot minimum . 

A magnetograph was installed at the B oulder Laboratorie s and 
began r egular ope ration during the third quarter of calendar 1 960 . 

All of the line s of r e s earch de s cribed in 1 .  and 2 .  will be 
c ontinued and amplified.  It i s  expected that the photochemical and 
diffusion model studi e s  probably will b e  c ompleted during 1962 .  It is  
obvious that many anomalies wi 11 s till r emain to be explained. This 
will involve the inve stigation of transport  pr(!ce s s e s .  Likewis �  the 
s tudy of the cour s e  of radiation and of the heat balance will be carried 
as  far as  po s s ible during the yea r .  Further progr e s s  will then depend 
on b ette r  data on atomic e ro s  s sec tions and m odel atmosphe re s .  Such 
data appears  to be  forthcoming s oon. 

The s e  s tudie s were  c arried out by : T. E. Van Zandt (pr oj ect 
leader ) ,  D. C .  Hunt, W. S.  Hough, R .  B.  Norton, R.  Murphy, 
G .  H. Stonehocke r ,  G .  Goe ,  J .  Deni s on, J . DeLin� and S .  A. W ingfield. 

Synoptic Studie s  

82 147 

The purpo s e  of this proj ect i s  to inve stigate thos e  featur e s  of 
iono spheric behavior that benefit from synoptic study, making us e of 
the very conside rable amount of iono spheric data available from the 
world- wide s ounding s network. 

The immediate obj ective s  of  this proj ect pertain to the improvem ent 
of our under s tanding of the physic s of the iono s pher e .  Unl e s s  ionos pheric 
behavior is well under s tood, we c annot hope to be able to us e it to full 
advantage for practical c ommunic ations purpo s e s .  For example, phenomena 
s uch as  s p0radic -E and spr ead-F have a very r eal and direct  effect  on the 
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propagation of radio wave s , e s pecially in the equatorial, auroral and 
polar r egions . 

During the past  fi scal year , thr ee r e s earch  studie s have been 
carried on under thi s project .  The r e s ults of thes e  s tudies  ar e s ummarized 
below: 

1. Width of the equatorial Es belt. Thi s analys is  involved the study 
of the occur r enc e of equatorial type sporadic-E ( E s - q) at s even clos ely
s pac ed sounding s tations in Pe ru and Bolivia. The r e s ults , s ubmitted 
for publication in the Sporadic-E Monograph, suggest  that Es - q tends  to 
occur in a belt --centered on the dip equator, having a width of about 
6 0 0- 7 0 0  km . Independent s tudies  of the equato rial curr ent sys tem 
(the electr o - j et), using geomagnetic datadndicate that the cur rent flows 
in a belt of about the sam e  width. 

2 .  Equatori�l s pr ead-F. The geographic al and tem poral variations 
in s pr ead -F occur r ence over four clo s ely- spac ed low latitude s tations in 
Peru wer e  s tudied . In addition to delineation of the noc turnal, s easonal, 
magnetic activity, and s olar cycle variations in spread-F occur r ence ,  an 
important drift phenomenon was dis covered.  The patche s of ionization 
irregulariti e s  r e spons ible for producing the s pread -F o r ,  alternatively, 
the mechanism produc ing the i rregularitie s ,  wa s found to have a s trong 
tendency for movement , toward the east ,  at velocitie s of the o rder  of 
1 5 0  m/ s .  B etween about 2 2 0 0  and 0600  local tim e ,  particularly during 
the June s ol s tice and Septembe r  equinox s ea s ons , thi s drift phenomenon 
was the dominant factor in the occurrenc e of spr ead-F at the stations 
s tudied.  The early r e s ults of thi s work wer e  publi shed in Nature 187 ,  
9 27 ( 19 60) ; a more complete paper is  now i n  the final st ages o f  preparat ion . 

3 . Solar flare  effects in the F r egion. By - and - lar ge ,  s olar flar e  
e f fects  are  r e stricted to the D and E region o f  the iono s pher e . On 
rare  occas ions pronounced effects  are ob se rved in the F region. Of 
the s ix large  flare s  s inc e 1949 that were  accompanied by s ea level inc r ea s e s ,  
four have al s o  shown F region effects . The F r egion effec t  during the 
two m o st r e c ent co smic ray flares  (November  12 and Novembe r  15 ,  1 9 60 )  
was found to  be equivalent t o  a lowering o f  the 6 Mc / s  ve rtical incidenc e 
r eflection height by about 15  km . The s elec tive natur e of the F region 
effects is al s o  b eing investigated . Preliminary r e s ults suggest  that 
the pr e- flar e height of the F laye r is the princ ipal factor in determining 
whether or not a significant effect will occur .  The initial finding s of this 
study were  published in Nature 190 ,  797  ( 1 961)3 
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Early i n  the next fi scal year, a m o r e  c on1plete paper on  the s olar 
flar e  effects  s tudy will be publi shed ,  On completion of thi s work, 
attention will be directed to the area of Univ e r s al Tim e correlations in F
region phenornena. An un:r. e s olved que s tion, for example,  involve s  the 
extent to which short- term variations in s olar output effect the s unlit 
F -region. Al s o ,  the pos s ibility of c o r r elated F-r egion effects  at 
magnetically conj ugate locations will be  inve s tigated.  

The s e  s tudie s wer e carried out by:  R .  W. Knecht ( pr oj ect leader ) ,  
R .  E .  McDuffie, and S .  Mats ushita . 

lono s ide Sounder 

8 2 444 

The obj ective of this  proj ect  is to inv e s tigate the tops ide of the 
iono s pher e  from above by m eans of r oc ket and satellite -borne radio 
puls e s ounde r s  { iono s onde s ) . The proj ec t  is s pons ored by the National 
Aeronautic s and Spac e Adm.ini stration , 

That portion of the iono s pher e above the level of maximum electron 
dens ity has been de s ignated the ntopsiden . B ecause it i s  inac c e s s ible 
to the us ual method of  ionos pheric s o unding ,  i t  has been ob s e rved only 
s po radically by rockets , satellite s ,  moon echoe s ,  and s catter radar . 
Enough i s  known abo ut the topside to s ay that it contains the great majority 
of electrons in the ionos phe re, and that H acts as a re s e rvoir of electrons ; 
the ionized gas diffus e s  up into it during the day and down out of it at 
night . As yet little i s  known about its detailed shape or variations . The 
top s id e  s ounder i s  intended to fill thi s gap in our knowledge by putting a 
s im plified iono s pheric s ounder  in a s atellite above the tops ide . 

The highlight of the year 1  s activit ie s  occur red at Wallops I sland, 
Virginia, on June 2 4 ,  1961 ,  when a two- fr equency ver s ion of the propo s ed 
s atellite sounde r was carried to an altitude of over 1 0 0 0  km in a rocket 
te s t  of  the sys tem . On the 6 Mc / s  s ounding fr equency, tops ide echoe s 
were  obtained for 13  of the 14 n1inute s that the s ounde r was above the 
maximum of the iono s pher e .  On the 4 Mc / s  frequency , at leas t  7 minute s 
of echo e s  were  obtained. The r e s ults clearly confirmed the feas ibility 
of obtaining sounding s frorn the tops ide with a relatively low powe r system 
( 3 to 5 watt s  of peak pul s e  powe r ) .  Preliminary analysis  of the data 
s ugge s t  an electron,- ion scale height between 4 0 0 �, 6 0 0  Ian of about 1 0 0  lcrn ; 
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indicating a temperature o f  only about 800°K, a s  surning an o+ atmo s pher e . 
Als o ,  ther e  wer e effects pr e s ent on the 4 M e /  s frequency that could be 
explained by ionization i rregularities  at about the 8 00 krn level .  A 
s e c ond r ocket firing to evaluate the operation of the sys tem during 
dis turbed nighttim e c onditions is s et for Augus t. 

Planning for the s atellite pha s e  of the program c ontinued during 
the las t year with final s election of the s ounding frequencie s  to be us ed 
and de signation of the ground telem etry s tations to be  employed. By 
mean s of a near-polar orbit, primary emphasi s  will be  plac ed on 
obtaining meridional c ro s s  s ections through the' iono s phere along the 
7 0° - 8 00W meridian� Telemetry stations will b e  s o  located as to 
as sure c ontinuous c overage from the southern tip of South America to 
the north geographic pole on at least  four satellite pas s e s  per day. 
Pre s ent schedule s call for the launching of the s atellite (S - 48 ) during 
the s econd or third quarter of calendar year 19 6 2 .  

The equipment design and fabrication a s pects  o f  the program a r e  
being handled by the Airborne Ins trum ents Laboratory under  a s eparate 
c ontract with the National Ae ronautic s and Spac e Administration. 

Final analysis  and publication of the r e s ults obtained from the rocket 
te s ts will take plac e in early FY 1962 .  As  the time fo r the satellite 
launching approache s ,  technical liai s on vi s its will be made to both 
the bottorn side s ounding s tations and the telem etry s tations in the 
primary obs e rving area.  Also ,  final satellite data acqui sition schedule s 
will be formulated and the nec e s s ary c ommand ins truc tions provided 
to the telemetry s tations . Technique s for reducing the s atellite tops ide 
sounding data to electron dens ity profiles  will be developed and te sted.  

Also ,  during the c orning fi scal year ,  plans for extens ions tq the pres ent 
satellite program will nec e s s arily have to become firm . In addition to 
investigating s till higher portions of the terre s tr ial iono s phere and 
protonos phere ,  the po s s ibility of using the tops ide soundings technique 
for studying the iono s pheres  of other planets  fr om great distance s  (about 
10 ,  0 00  krn),  i s  being c onside r ed .  

The per s onnel who worked on thi s project were : R .  W.  Knecht 
(projec t  leader ) , T .  E . Van Zandt , R .  G .  Green, J .  Watts , A.  H.  Shapley, 
J .  W. W right, G. Goe, and L. Banks . 
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FIELD ENGINEERING SEC TION 

Ionos pheric Field Station 
Technical Control and Developm ent 

82154 

The obj ectives  of this  project  ar e e s s entially unchanged from last  
year .  Thes e  objective s are  to  as s is t  and equip the vertical incidenc e 
sounding stations in order that they obtain the bes t  pos s ible data , to 
provide equipm ent m odifications and improvements to meet new data 
r equirements , and to operate the Boulder s ounding station. 

This proj ect  provide s the e s s ential liai s on between the data us er 
and field stations on matter s concerning the equipm ent ope ration and 
per formanc e .  Thi s project st ::.-ives  to s tandardize the operating proc edures  
of all the NBS-s pons o r ed and affiliated s tations which i s  quite nec e s s ary 
when c om par ing data from s tations located in many different parts of 
the world . 

An evaluation of  the pr e s ent NBS- type vertical incidence sounder s , 
types C - 2 ,  C - 3  and C -4 ,  was made to determine where  their performance 
falls short in data recording ability. Thi s evaluation involved primarily 
the Sun- Earth Relationships  Section, which is most  active in regular and 
s pecial application of the vertical incidenc;:e data. This evaluation took 
form in performance s pecifications prepared  for the po s s ible purcha s e  of 
a new ionos onde which has been named Model 5 Ionos pheric Recorder .  

With the Model  5 s pecifications as  a goal, considerable effort has 
been given the up- dating of  the Type C s ounde r s  to the s e  s tandard s .  One 
of the larger proj ect s ,  as a r e s ult of thi s ,  has been the extension of the low 
frequency end of the frequency sweep.  With s olar activity declining , 
more  of the im portant vertical incidence inform ation appear s  below the 
1 M e /  s lower limit of  the conventional iono sonde . A frequency of 0 .  2 5  Me / s 
was s elected a s  be ing a practical and us eful lo.wer limit. 

To determine if it wo uld be pos s ible to obtain adequate performanc e 
down to O .  2 5  Mc / s  with the Type C sounde r s , a C - 3  unit wa s s et up to 
transmit and r e c eive at the lowe s t  de s ired  frequency.  With minor circuit 
chang e s ,  the transmitter and rec eiver were made to pe rform from 0 .  2 5  
to 2 0  Mc / s ,  a s  well a s  at the original ! to 2 5  Mc / s  range .  An operational 
test  of the low frequency performance was c om pleted us ing the Sunset  LF 
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antenna . Even though the c haracteristic s of  this antenna were not well 
suited to the C - 3 , the s e  tests  provide sufficient enc ouragem ent to warrant 
furthe r work toward a c omplete low frequency m odification. S inc e the s e  
te s ts , nwst  o f  the major  electrical and mechanical. change s have be en 
completed and te sted to the point whe re  ther e  now exists  a field operational 
LF s ounder .  By the f all of 196 1, the equipment pha s e  of the low
frequency modificatiop should be ready for installation at s eve ral key 
locations . 

One of  the mor e difficult problem s in making soundings at one 
fourth the lowest  frequency pr eviously us ed i s  developing a practical 
antenna sys tem for field s tation ins tallation. It must  be of  r elatively low 
c o st ,  s im ple in construction and r equire a minim um of real e s tate .  The s e  
r e s trictions sever ely limit po s sible antenna c onfigurations, since the 
wave length at the lowe s t  frequency us ed i s  approximately thr e e - quarter s 
of a mile . Two type s of antennas ,  properly c ombined, s eem to s how 
promi s e  in meeting the requir em ents: an electrically switched horizontal 
dipole for le s s  than 2 Mc / s  (becaus e of the s implicity of the s truc tur e s ) , 
and a log - periodic configuration for above 2 Mc / s , due to it s exc eptional 
bandwidth. C omparative gain and pattern measur ements were obtained, 
us ing scaled m odels of the s e  types  of antennas ,  at the Division 85  antenna 
te s t  s ite on Green Mountain. The log-periodic te s ts were to s tudy the 
effect  of change s  in typical parameter s to increase  the low fr equency r e s pons e 
at a fixed tower height . With the horizontal dipole s ,  c omparative gain 
and bandwidth measurem ents were  made at heights much le s s  than 
1 / 4  wavelength above ground . Also ,  mutual coupling effects between antenna 
sys tem s were noted. Thes e  tests indicated that an antenna system of the s e  
type s would provide a gain of at least 2 db ove r  a 1 / 2  wave dipole in free 
space with a single lobe alway s vertically directed . It is  anticipated 
that this antenna performanc e will be adequate for good quality data through
out the frequency range of the s ounder . 

� The switching of proper length of the dipole antenna as the frequency 
varies  was suc c e s s fully accomplished by us ing s olenoid-actuated knife 
switches , e specially ins ulated to handle the high R-F voltages . 

Good progre s s  has been made in s olving the problem of transfo rming 
the impedance to match the dipole antenna to the transmitte r by us ing a 
transformer  of ferrox- cube core  material . The log - periodic antenna 
will probably be matched with a tapered transmis s ion line . 
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On two s e parate occas ions , a  C - 4  ins tallation at Eglin AFB was 
r eactivated and operated to obtain data to b e  us ed in c onjunction with 
rocket .probes . The s e  occurred in November for a one-week period, 
dur ing a Stanford Res earch Institute VLF experim ent, and again in 
February, for a duration of three weeks in c onnection with an Air Force  
C ambridge iono s pheric probe . During the latter pe riod, the C - 4  
was m odified for low fr equency sounding s ( . 2 5 - 2 0  Mc / s )  with good 
s uc c e s s , considering a poor perfo rmanc e antenna was us ed in the low 
fr equency region. 

Two field-worn C -3 s ounder s  were given a c om plete overhaul and 
up- dating . One of thes e  was shipped to the Manila Obs e rvatory in the 
Philippine s to r e plac e the C - 2  s ounde r there .  The other C - 3  will r emain 
temporarily at the B oulder Field Station. 

All modifications involving new a s s emblie s were c ons tructed, and 
all r egular field s tations were furni shed with ins tallation instructions . 
Nearly all sub - a s s embly repair work, and c ons truction of replacem ent 
c om ponents us ed in the Type C sounde rs  are done by thi s group,  as is  
m uch of the field s tation test  equipment r epair and calibration. 

Regular ope ration of a C - 3  or C - 4 sounde r  c ontinued at Boulde r 
on a program of 0 0 ,  01 , 1 5 ,  3 0 ,  45 ,  and 59  minutes pas t  the hour . 
Hourly tracing s are  m ade and turned in to the Soundings Review Group 
each m onth . 

Plans for Fis cal Year 1962  include the c ontinuation of the program 
involving field station as s is tanc e and c ontrol, and the completion of much 
of the up-dating on  the Type C equipment to m e et Model 5 performance 
s pec ifications . It i s  hoped that more  tim e will b ec om e  available , by the 
addition of pers onnel to thi s group, to investigate and develop s om e  of 
the basically new and more  efficient techniques for iono s pheric data 
recording . 

Pe r sonnel working on the project  were :  E .  J .  Violette ( project  
leader ), J .  J .  Pitts , R .  M. Schumaker,  Ro N. Lyons ( s ince January),  
D. M.  Marks ( since April ) .  
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Bar row Ionos pheric Station 

82155  

The objective of this proj ect was the ope ration of the Radio 
Propagation Field Station located at Bar row,  Alas ka .  Thi s  s tation' s 
prim e  mis sion was the operation of automatic liuno s pheric s ounding 
equipment ,and data r eduction, to obtain synoptic vertical incidenc e 
ionos pheric data over the frequency range of l - 2 5  Mc / s . Another 
important mis s ion was the technical a s s i s tanc e to other proj ect s 
and s pecial telegraphic data to the Nor th Pacific Radio Warning Servic e ,  
Anchorage, Alas ka.  

The ve rtical incidenc e data are us ed by CR PL' s Regular Predictions 
S e rvic e Section in the preparation of the CRPL- D and F Series  publications , 
which are us ed by Departm ent of Defense  e s tablishm ent s ,  othe r Gove rnm ent 
agencie s ,  as  well as c omme rcial communications c oncerns . The s e  data 
are  al s o  increas ingly being used by the Laboratory in s tudies  of the phys ic s 
of the upper atmos phere .  

The Barrow station, in  addition to executing the work m entioned,  i s  
r e s pons ible for carrying on  s pecial as s ignm ents  fo r other groups  in  the 
Laboratory due to the c ombination of geomagnetic location, competent 
per s onnel and faciliti e s .  It furni shed special iono s pheric data dir ec tly 
i:o the North Pacific Radio Warning Service ,  Anchorage,  Alaska .  Finally ,  
the Barrow station maintains clo s e  liai s on with the nearby Arctic 
Res earch Laboratory, thus benefiting both organizations in car rying out 
high latitude r e s earch.  

At the beginning of the repo rting period ,the NBS Barrow staff 
c om pleted the ope ration and calibration of four tran sn1itter s  fo r the 
Arctic Meteor Burs t  Propagation Project,  and shipped the gear to Lima, 
Peru for the us e of Dr . Bowles  1 group.  Technic al as si stanc e to the 
Auroral Iono spheric C ommunication proj ect was c ompleted. Spec ial 
iono spheric data continued to be furni shed the NPRWS; Anchorage .  
The precis ion of  vertical incidenc e sounding s data was improved in line 
with r e s earch requirements . The difficultie s  no rmally encountered 
with c omplex electronic gear were cleared up by s tation pers onnel, thus 
eliminating the need for exchange .  

Arrangements  were completed for the installation and operation of 
field intens ity recordings of transmis s ions originating in Greenland fo r 
the NPRWS,  previous ly cb ne at the Arctic Res earch Laboratory. Similar 
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arrangements  wer e  made for installing and operating electronic 
gear in connection with a propo s ed VOA project.  

The Engine e r - in- Charge furnished valuable communication between 
the Arctic R e s earch Laboratory,  Barrow; T- 3 Ice Island, the ship 
B UR TON ISLAND, and the Under Water Sound Lab oratory, New London, 
C onnecticut.  

A valuable coordination vis it was paid the station by a member of 
the NPRWS Anchorage staff. 

The ve ry old auxiliary buildings , housing the die s el power plant and 
the heavy equipment, will be replaced with an ins ulated 24 1  x 52 1  metal 
building.  Equipm ent and antennae will b e  installed in conjunction with 
field intens ity recordings for the NPRWS and the Voice of Am e rica. 

The following per s onnel worked on thi s proj ect: A .  0. C rawley, 
Enginee r - in- Charge and Proj ect Leader ;  A. Simmond s ;  G. Leavitt 
(who replac ed M r .  Simmonds ) ; M .  M .  C rawley; and H. G. Sellery. 

Maui Ionos pheric and WWVH Station 

82157 

Thi s  project  had as its  prime mis s ions the operation of Standard 
Frequency and Tim e Station WWVH ,and the operation and data r eduction 
of  iono s pheric soundings obtained from type C - 4  automatic equipm ent. 
Objective s  als o  included the engineering of new equipment at the s tation 
to improve the accuracy of WWVH transmis s ions . 

The data obtained from vertical incidenc e s oundings are incorporated 
into the CRPL - D  and F s e ri e s  publications which are us ed by Department 
of Defens e  es tablishm e nts , o ther gove rnment agencie s ,  and private 
c omm unication conc erns . Due to Maui 1 s location, a large area in the 
Pacific is  properly c overed.  Of equal importance i s  the s killed operation 
of  the very prec i s e  Standard Frequency and Time Station WWVH, which 
s erves the vast  r eache s of the Pacific area with around-the- clock tran s 
mis s ions on 5 , 1 0 ,  and 1 5  M e /  s .  In addition to the above ,  the competent 
Maui staff car ries  out VLF and other measur em ents for other Boulde r 
Laboratory project s .  
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In order to avoid duplicating a nec e s s arily rather  cumber s ome 
transmitting antenna system for rec eiving, a vacuum tube transmit
r eceive ( T-R) switch wa s developed. The final de sign actually 
surpas s ed expectations ,with an ins e rtion lo s s  of le s s  than 1 db at all 
frequencies  betwe en 0 .  2 5 and 2 0  1-v1c / s :1and producing no inc r ea s e  in 
the noi se  figure  of the receiver . Thi s switch will handle at leas t  
2 5  kilowatts of peak pul se  power . It has been completely field tested 
and a report entitled, 1 1A T-R Switch for C 2 / C 3 /C 4  Type Iono s pheric 
Recorders � '  by J.  J .  Pitts was written for field s tation di stribution. 

Approximately 2 0  ac res  of land, located about 12  miles  s outh- eas t  of 
Boulder ,  have been leas ed to te s t  the complete 0. 2 5 to 2 0  Me / s ver tical 
incidence s ounding system . Construction should be completed by mid
s ummer, and all performance te sts  made by early Fall. 

Other program s  com pleted or nearing c ompletion in up- dating 
Type -c sounder s  to the specifications of the Model 5 are  as follows : 

C - 2  and C - 3 .  Increa s ed transmitter peak puls e power ;  r eduction of 
distortion and s purious o sc illations in transmitter output s ignal ; c ry s tal
c ontrolled height marker s .  

C - 2 ,  C - 3  and C - 4. · Improved frequency marker accuracy;  pha s e  
locking o f  PRF and power line frequency ; s everal minor circuit and 
component change s  to improve both stability and reliability . 

During the months of July and August 1960, most of the m embe r s  
o n  thi s  proj ect w e r e  involved in the ionized cloud detection proj ect  at 
Eglin Air Force Base . This stimulated s om e  changes  and additions to 
the C - 4  s ounde r for us e during cloud detection te s ts and ionos :pheric 
rocket probes . The s e  consi sted of s om e  refinem ent to an echo amplitude 
meas uring system , a technique for mo re pr eci s e  range measur em ents  
(to within plus o r  minus 1 km ) ,  and some special ob s erving technique s . 
A T echnical Note c overing this work is  forthcoming . 

Activity has again increas ed towa;rds improving the quality of the 
data fr om the ve rtical incidence stations to m eet minimum standards now 
nec e s s ary to obtain accurate electron density data and, of c our s e , to 
produce more us eful data for various re s earch program s .  About one 
third of the 27  s tations now operating on a c omplete so undings  s chedule 
receive weekly dis cus s ions on equipment pe rformanc e and m ethods for 
improvement ,  a s  well as  ins tructions on equipment operating procedur e s . 
The remaining stations rec eive the same type of information monthly. 
Periodic technical as s i s tance is  als o  given s eve ral s tations in for eign 
c ountries  who operate sounder s  on a s emi-c oope rative basis . 
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This  pas t  year has been an e s pecially busy period for the small but ' j 
very capable Maui s taff. A s ampling of the s tation' s many activities  
follows . The phase  r ecording of  station WWVL, 20  kc / s ,  Suns et, 
C olorado, was transferr ed to the Kealia Pond s ite to r educe interfer ence  
from the s tation' s own transmis sions . Due to  the proximity and frequency 
of the U. S . N.  station, NPM, 1 9 . 8 kc / s , continuing difficulty was exper
ienced  in obtaining good pha s e  recording s .  

The pha s e  recording of NBA, 1 8 . 0 kc / s , was al so  trans ferred to 
the Pond site with worthwhile im provement. Sudden phase  anomalies  
due to s olar flares  wer e  recorded.  Equipment was de s igned and con
s tructed by the Maui s taff to automatically record the 1 0 0-c.p s time c ode 
transmitted by Station WWV, B eltsville , Maryland . The standby C - 2  
s ounde r was prepared for s hipm ent to India a s  part of the CRPL1 s 
loan program .  It ha s been a us eful back- up to the C - 4 .  

Hourly value s o f  foF2 , h' F2, and h 1  F for May and June 1 9 6 1  were 
forwarded to  Dr.  Walter  Steiger ,  Ha\Vaii Geophysical Institute,  Univers ity 
of  Hawaii . Thi s will be  continued in futur e  months . The Ins titute 
furnish:ed the Maui s tation .s olar flar e  patrol data for us e in c onjunction 
with the phas e recording program .  

The North Pacific Radio Warning Se rvice short -term forecasts , 
and the Geophysical Alerts  and Spec ial W orld Interval s have c ontinued 
to be br,oadcast  on WWVH from NPRWS via the FAA c ommunications 
circuits . The s taff rec eives  the data to be transmitted and s ee s  that 
the pro:per symbols ar e broadcast . 

Plans are  to continue the basic functions of transmitting highly 
preci s e St<mdard Frequency and Time Signals ,  WWVH, and to furthe r 
r efine the quality of ve rtical incidenc e s oundings of the uppe r atmosphere .  
Additionally, i t  is  planned to  further perfect  the reception o f  WWVL, 
2 0  kc / s , for "steering• purpo s e s , which, in fac t, pre s ents very 
difficult problem s due to NPM, 1 9 . 8 kc / s .  The automatic recording of 
tim e c oded s ignals from WWV w�ll be perfected,  it is planned. 

The other major  planning area concerns a new s tr ucture for the 
auxiliary equipment and the C - 4, and the erection of a s ea wall, and 
r elated n1 ea s ur e s ,  to c ontrol  the s e rious. e ros ion and drifting sand. 
C ooperation with and t echnical support of other sections , part icularly 
82 . 0 ,  wi l l  be cont inued . 
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Pe rs onnel who wor ked on the project  were : Sadami Katahara,  
Engine er - in- Charge  and Project  Leader ;  W. J. Christian, G .  Tam , 
R. S .  Yoshida , and H .  G .  S ellery. 

Puerto Rico  Iono spheric Station 

82158 

The project  obj ective was the operation of the CRPL field 
s tation located at Ramey Air Force  Bas e ,  Puerto Ric o .  The prim e  
mis s ion o f  thi s radio propagation field s tation has been the operation 
of automatic sweep fr equency ionos phe re s ounding gea r .  From thi s 
operation, synoptic vertical inc idenc e iono §J phere and derived true 
height data over  the fr equency range 1 - 2 5  Me / s are  obtained.  

The scaled vertical incidence data obtained through this project  
are  fed into the Regular Prediction S e rvice S ection as  part of  the world
wide data from which the CRPL- D and F Series  publications are derived.  
The s e  are utilized by governm ent and private agencie s .  The accurate 
iono spheric data consis tently furni shed by thi s station are  r egularly 
drawn upon by Laboratory projects  c oncerned with furthering our 
knowledge of the physic s of the uppe r atmosphe re .  As an  important 
link in the chain of 7 50 Wes t  longitude s tations , the s tation has and i s  
playing a s ignificant role in the incr easingly im portant true height 
program .  Finally, the station supports other program s ,  including field 
intens ity recordings fo r the Radio Warning S e rvic e . 

This CRPL field activity maintained it s output of precis e ver tical 
incidenc e data and large  quantities  of true height tracing s ,  which are  
finally fed into the c omput er as part o f  the 7 5 °  West true height 

program .  Field intensity data wer e  supplied to the CRPL s hort  wave 
fadeout data program . The s tation Enginee r - in- Charge paid a visit to 
the Univers ity C ollege  of the Wes t  Indie s ,  Kingston, Jamaica, for the 
purpo s e  of evaluating the s taff and facilities  before  making a loan of 
a C - 3 s ounde r .  An exc ellent report was written by the s tation chief.  

As a key and pioneer  s tation in the 7 5° W est  chain of stations ,  
further refinem ents in equipment, antennas·, etc . will b e  carried out 
at thi s s tation. 

Per s onnel who worked on the proj ect were :  T. R. Gilliland, 
Engineer - in- Charge  and Project Leader ,  J. W .  Pritting, and H. G. Sellery .  
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Technical As s i s tanc e to 
As sociated Laboratorie s 

82159  

The objectiv.e s of this  proj ect  are to  a s s i s t  the As s ociated Laboratory 
s tations on problem s enc ountered in iono spheric r ec o rder operation, to 
furni s h  labor and material fo r major  improvem ents and repair s  on the 
s ounder s , and to provide training to s tation pe r s onnel .  

Thi s project  provide s the As s ociated Laborato ry Stations with 
the s am e  information and m odifications as the other s ounding stations . 
Thi s provide s for uniform soundings data.  

All field s tation a s s is tanc e wo rk on thi s project  was accompli shed 
in the fi r s t  two quarter s s inc e the fimds wer e  depleted at that time . After 
this tim e ,  the continuation of this work was carried by Project  82154.  
Som e  of the funds we r e  used for electronic parts  in the overhaul and 
m odification of the C - 3 recorder  shipped to the Manila Obs e rvatory  in the 
Philippine s .  

Fathe r Frank Glover ,  now a r egular member of the s taff at the 
Manila Ob s e rvatory, r eceived a week of intensive training on the operation 
and m aintenance of a C - 3 s ounder . He was al s o  as s i s ted in the planning 
of their new ionos pheric station to be located near Manila . 

Programming will continue for the s tations a s  in the past, exc ept 
the re will be  inc r eased  activity at thos e  s tations rec eiving the low 
frequency modification. 

Pe r s onnel who worked on the proj ect wer e :  E. J .  Violette (project 
leader ) , J .  J .  Pitts ,  and R .  M. Schumaker . 

Antarctic Soundings 

· 82452  

, The objective s  of  thi s proj ect, s ponsored by the National Scienc e  
Foundation, a r e  t o  operate ,  maintain and supply two iono s phe re s tations , 
located at Byrd B a s e  and the South Pole in the Antarctic , and to supply 
three  other iono s phere  s tations, located at Ellsworth, Wilkes and Hallett . 
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These  latter s tations are operated by per s onnel from Argentina , Australia, 
and New Z ealand, re s pectively . 

Thi s project  i s  part of the U. S .  Antarctic Research Program .  The 
ionos pheric da La c ollected by eacl1 of tb.e s tations are transmitted to the 
IGY-W orld Data C enter A for Iono s phere  and Air glow at the National 
Bur eau of Standards  Boulder  Laboratorie s .  They are us ed for the 
pr eparation of maximum usable fr equency prediction charts and for basic 
ionos pheric physic s r e s earch.  

During thi s fi scal year , the pr oject followed the sam e  plan of operation 
as 1p_ previous year s . New pe r s onnel wer e  hir ed and trained during the 
fi r s t  quarter . They replac ed the pr evious year 1 s personnel during 
November . Resupply s hipm ents to the five s tations were  com pleted during 
January with a s hipm ent of late order items s ent via air mail . In 
September, the per s onnel in training and the project leade r attended the 
yearly Antarctic orientation m eeting held by USARP at Skyland, Virginia. 
Thi s week-long me eting enable s pe rs onnel destined for the var ious 
Antarctic s tations to meet one another ,  attend lecture s  about the 
Antarctic, and to be fitted with cold weather clothing . During October  
and Novembe r ,  the project leader made an inspection trip to  the Byrd and 
Amunds en- Scott Pole stations , thus obtaining fir st-hand knowledge of 
station operation problem s and difficultie s encountered during travel to 
and from the Antarctic . Recruitment of per sonnel for the c oming s ea s on 
was completed during June 1961  with the s election of three  m en .  

Ionos pheric data coverage at all the Antarctic s tations has been 
sati sfactory, with the pos s ible exc eption of Ellsworth.  Although it i s  
known that data are  being taken, none have been received from this 
s tation sinc e it wc. s turned ove r to Argentine operation at the end of  the 
IGY in Dec em ber 1958 . 

The Radio Noi s e  program ,ope rated as part  of thi s project  at Byrd 
Station, was sati sfactory throughout the year .  A much  needed new building 
for thi s operation will be c onstructed at the new Byrd Station during the 
coming Antarctic ''Summ e r • 11 The VLF monito ring program perform ed by 
NBS per sonnel for Stanford Univer s ity as an extracurricular activity, 
at both Byrd and the Pole s tations wa s s ucc e s sfully carried out . 

Due to the accumulation of snow above the . s tation buildings at Byrd 
Station, the buildings have been under increas ing pre s  sure . Shoring of the 
buildings and tunnels has not been very effective ;  the refore ,  an entir ely 
new ba s e  to replace the old one is being c ons tructed s om e  nine mil e s  east  
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of the old s ite . Work on thi s new station can only proceed during the 
Antarctic I t Summe r. I I  October through February. C onstruction was 
b egun la st November and will be completed by February 1963 .  However ,  
construction will be complete enough to  s tart moving in during 
December 1961 .  A new construction m ethod, s imilar to that us ed at 
C amp C entury on the Greenland Ice Cap, is being us ed. By thi s method, 
open trenche s of varying width ( 9  to 4 0  feet) and depth (up to 2 0  feet) 
are cut in the s now surface with Swi s s  snow mille r machines . Thes e  
machines cut a trench with a rectangular C ii.' O S s - s ection, throwing the 
removed snow up on the surface on either s ide of the tr ench. The s e  
trenches  a r e  then c overed over  with corrugated metal arches po sitioned 
s everal feet below the surfac e .  The s pace above the arche s is  filled 
with the previously removed snow, leaving a long m ound ove r each 
c overed  trench (which ha s now becom e  a tunnel) which will not catch 
drifting snow. Standard ins ulated buildings ar e then as s embled within 
the tunnel s .  Acc e s s  to the tunnels i s  by ramps at either end and by 
vertical shafts at intervals along the s ide s of the tunnels . When com 
pleted, the station will cons i s t  of  s everal o f  the s e  tunnels inters ecting 
at 9 0° . The total length of the s e  tunnel s will be approximately 3 500  feet .  
Sinc e ther e  will be no snow load on the building s ,and little accumulation 
above the tunnels due to drifting , the new station i s  expected to remain 
in good condition for at least  ten year s .  After many year s ,  it is  expected 
that the c r o s s - section of each tunnel will change from rectangular to 
elliptical due to the pre s sur e s  involved. 

The new Radio Noie e Recording Building will be  more  is olated 
from the s tation at the new s ite than at the old .  It will be  located two 
mile s north, and will have to be  r eached by walking on the snow surfac e . 
Thi s i solation i s  nec e s s ary to eliminate as much as  pos s ible the local 
radio interfe renc e  from the s tation its elf. 

The proj ect will continue through the next fi s cal year as a part 
of the U. S .  Antarctic Re s earch Program with a plan of operation 
s imilar to the pas t  year . 

The following personnel worked on the proj ect :  E .  E . Fe rgus on 
(Project  Leader) ,  H. G. Sellery,  D. Sands ,  0. C .  Mor s e ,  F. Iver s en, 
D. R.  Re ed, G. W . Angus , K. E. Marks , and J .  B .  Burnham . 
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Puerto Ric o Ionogram s 

82453  

The objective of  thi s project \vas  to  furni sh  the General Elec tric 
Company with ionos pheric recording tracings for use in true height 
data required by the company . The N(h) data were  required by Gene ral 
Electric in c onnection with work they were car rying out for the Department 
of Defens e .  

Data, a s  r equired, wer e deliver ed to the General Electric Company. 

T .  R.  Gilliland (Project Leader )  provided the r eque s ted data . 

C - 4  Modification AFCC DD 

82 551  

The objective of this project  was to  re novate a C - 4  iono s onde in 
order to provide the Air Force  Cambridge Res earch C enter with a C - 4  
iono s pheric r e s earch instrument for performing their mis s ion. Thi s 
project  was originated on a reques t  from Richard Miner of Air Force  
Cambridge for the purpo s e  of ins talling all current modifications in 
their C - 4  ionos onde and putting it into good ope rating condition. 

The equipment was fir s t  r e s tored to the original s tate by r emoving all 
non- standard modifications, and replacing all broken and worn parts . 
All appropriate modifications were then ins talled and te s ted for proper 
operation. The operating adjustments and calibrations were c ompleted ,and 
the equipm ent rec eived a two-week field tes t  at the Boulde r s ite .  

The pe r s onnel who worked on thi s project were :  E .  J .  Violette ,  
J .  J . Pitts , and R.  M .  Schumaker .  
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VER TICAL SOUNDINGS RESEARCH SEC TION 

Sounding s Review 

82172  

As  it s primary obj ective ,  this project  strives to  maintain high 
s cientific quality in the iono s pheric data produced by a number of 
vertical s ounding iono s pheric s tations located thr oughout the world · These 
s tations are a s sociated with, o r  in s om e  cas e s  ope rated by the National 
Bur eau of Standards . In addition, per s onne1 of thi s proj ect  c oordinate 
the ob s e rvational and data - scaling activitie s  of U. S ,  s oundings programs  
with thos e  o f  other countrie s ,  The data r e sulting from routine and special 
sounding s program s  are  reviewed in o rder ta (1 ) achieve the greate st 
pos sible consistency in method s  of ob s e rvation , data reduction and reporting; 
(2 ) dev elop and ins titute im proved data- r eduction practice s ; and, ( 3 )  note 
and cla s s ify new natural phenomena for r e s earch problem s in iono s phe ric 
physic s . 

Swe ep- frequency radio - echo s ounding i s  one of the most important 
m ethods  of ob s e rving the iono s pher e ,  and, in turn, of obtaining quantitative 
physical data c onc e rning the uppe r atm o s pher e . The ob s ervations are 
used dir ectly in communication predictions ; the derived phys ical data 
r.t r e  es s ential to the geophysical and s pace science  prog ram s  of thi s and 
many other countrie s . The quality - contr ol activity bear s the primary 
r e s pons ibility of a s s ur ing that the r eliability and accuracy of the data, 
re sulting from the U. S .  Vertical Sounding Program, meet �:>r exc e ed the 
r equirem ents that may be placed upon them by cur rent or anticipated 
applications . 

During fi s c al year 1961, the U .  S .  - as s ociated networ k  consi sted 
of twenty- s even s tations .  Of thi s numbe r ,  eight s tations ar e NBS - ope rated, 
eight ar e operated by the U. S. A rmy Signal C o rps , and eleven are  
operated by  a s sociated or cooperating laboratorie s .  During the year, 
twenty- one s tations were  operating on full s chedules , three s tations on 
patrol bas i s ,  and thr e e  stations on special projects . In addition, data 
from the Mexic o  City s tation have been s ubmitted for reviewing , and the 
s tations being e s tabli s hed in Formosa  and Is rael have r ec eived advis o ry 
a s s i s tanc e ,  
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Thr e e  hundr ed and for ty-two station -months of sounding s ,  after  
r eview and cl earance, wer e s ent to  World Data Cent e r  A ,  and shortly 
ther eafter became available to r e s ear ch worker s  on a wor ld -wide 
basi s .  The Review Grou p  als o s caled the s ounding data for the 
B oulder station, and a s si s ted  in the r educti on of s pe cial r e sear ch 
soundings .  Nine station engi neer s have been ins tru cted in s caling 
pr ocedure s , and a s sistanc e ha s been given to a number of vi siting 
s cienti sts  during the year . 

The Review Group opera t e s  a system of bi -monthly detai led 
critiques  of data r eduction and iono sonde operation, al so pro viding 
to the station weekly or monthly copi e s  of ionogram prints  which 
have been cir culated amo ng member s of th e r evi ew and equipment 
devel opment groups for com ment . T elegraphic repli e s  to station 
inquirie s have prove n  effective and effici ent in maintaining data 
quality . 

Field a s sistanc e vi sit s by members of the revi ew and equipment 
development groups  are a final means of maintaining the quality of 
sounding s data .  During the curr ent year ,  vi s it s  wer e mad e to 
s tations in South Ameri ca, B ogota , C olumbia; Huancayo , Peru; La Paz ,  
Bolivia ; Concepcion, Chile ;  and Natal , Brazil ; (A. H.  Shapl ey} , to 
stations in Gr eenland, Thule , Godhavn; (J . W .  Wright} ,  in the contin .. 
ental U .  S . , Ft . Monmouth, White  Sands , Grand Bahama I sland, 
Puerto Rico , ( J .  W .  Wright) ;  Austin,  T exa s ; Puerto Rico ,  

( G . H .  Stonehocker) . 

It i s  evid ent from the rapidly expanding s cie ntific ( e . g . , spa c e  
r e sear ch) and practical ( e . g . , military) applicat ions of iono s pher ic 
data ,  that a cor re spondingly rap id and effective mean s mus t  be  found 
to improve the reliability and accuracy of the s e  data . Relative ly more 
of the ba sic ionograms are needed for ele ctron density profile analys i s ,  
and thi s p lac e s  c ons ider ably more s tr ingent r equir e ment s  on th e s e  
observati ons . The review activity plans first o f  all to inte grate  it s 
effort s mor e clo s ely with those  of the ele ctron den s ity profile gr oup .  
C oordinat ed quality contr ol ove r  the 1 1 conventi onal " and ele ctron -density 
program s will accompany the dev elopment of coordinated, simplified, 
and impr ov ed scaling methods for both programs . The extens ion of the 
fr eque ncy rang e of many iono sonde s (to 0 . 25 Mc / s ) will nec e s si tate 
many change s in scaling metho ds . 
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At the inte rnational level,  the quality- c ontrol group provide s the 

focus of expe rienc e upon which U. S .  r ecommendations for im provements  

to inte rnational data procedure s  ar e m ade through the URSI W orld-wide 

Soundings C ommittee .  The group i s  pre s ently charged, by the way, with 

the tas k. of a s s embling a revi s e d  and im proved international "Atlas of 
Ionogram s  " .  

Per s onnel who have wo rked o n  thi s proj ect are :  J .  W .  Wright , 
(project leader ), V .  E .  Miller ,  L .  S .  Hayden, I . B rophy and A .  E.  Burns . 

True Height C alculations 
Iono s pheric Structure 

8217 5 

Thi s proj ect  provides electr on dens ity data for s pecific NBS 
upper  atm o s phere  phys ic s inve s tigations and s pons or s part  of the 
development of fac ilitie s for electron dens ity profile analys i s . 

A great am ount of the basic inv e s tigative work on the iono sphe re 
done at NBS is relying more and more on the avq.ilability of accurate  
electron dens ity profiles  c omputed from vertical soundings .  As  example s ,  
the re search conducted upon photochemical rate s ,  and the s tudie s of long 
di s tance propagation paths (via ray- tracing) at NBS,  utilize  the s e  data . 
Thi s proj ect a s s ur es that N(h) data produced for the r e s earch activitie s  
o f  NBS and other s cienti s t s  a r e  obtained b y  the mos t  reliable and ac curate 
m ethods available .  By undertaking or s ponsoring the development of 
new technique s fo r thi s analys i s ,  the project  helps to ke ep the available 
m ethods  abreas t o f  the needs im po sed  by local r e s earch project s .  

During the pas t  year  data, have been provided by thi s project  to 
the following NBS s cienti s t s  fo r the s tudies  indicated :  K. Davie s  - Oblique 
Propagation t R. S .  Lawrence- Satellite Faraday- rotation Studie s ; 
T.  E .  VanZandt -Solar Eclips e Analys e s ,  F - Region Analys i s  ; R .  W .  
Knecht - Topside Sounder De s ign Analys i s  ; S .  C .  Gladden -F Region 
Sc reening Height Study • 

Within the Electron Dens ity Profile Group its elf, s everal 
inve s tigations have been car ried out under  thi s project .  Inves tigation 
of  incohe rent s c atte r  from the ionos phere ove r the Trinidad, T .  W. I. 
s tation, ha s been a joint proj ect  with MIT and the G. E .  Company. A 
s tudy of  the southe rn polar region i s  under way. The correlation of 
c e rtain air glow emi s s ions with F-region paramete r s  i s  being s tudied . 

,, 
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The initial wo rk  done by this proj ect  in a s earch for a sati s factor y  
model fo r the " copside'·' of the F- region i s  being extended t o  deal with 
more  general conditions . The model is compar ed with the r e s ults o f  s ome 
25 roc ket and satellite obs ervations of thi s r egion . 

The s earch for sati s factory N(h) param eter s  with which to r eplac e 
older and le s s  basic ionogram parameters  i s  continuing , e s pecially in 
tho s e  param eter s linked with propagation prediction s ervic e s uch as  
M(3 0 0 0)F2 .  A pro gram to co nsider the proper extrapolation o f  the 
electron density profile near h maxim um ha s been done . 

Development work on the N(h) method its e lf i s  c ontinuing for 
im provem ent in accuracy of our com putations . 

Emphasis  will be given to thr ee  primary areas  of  im provement 1n 
the electron dens ity profile system : (1) The proj ect  is under taking the 
development of a new scaling sys tem for the us e of field s tations ,  
integrated with that for conventional iono s phe ric data.  I t  will permit 
any nec e s s ary increase  in frequency accuracy up to a limit impo s ed 
by bandwidth cons ide ration in the iono s oncle and the iono s pher e  its elf. 
Data from both magneto - ionic components will be recorded.  (2 )  Parallel 
wi ch the development of a new N(h) m ethod by a gue s t  wor ker ,  the 
project  i s  designing the new param ete r s  to be de rived under this system . 
New param eter s  defining the shape and position of  the F region peak a r e  
expec ted ; together with other  parameters  m o r e  directly usable in 
c ertain physical theories  of  the iono s phere . F o r  exam ple ,  the method will 
.provide accurate  values of dN/ dh and d2N/dh2 , of inter e st in diffusion 
theo ry . ( 3 )  The proj ect  will encourage and guide the modification of  
iono s onde s ,  par ticularly to extend their frequency range downwards to 
pe rmit obs e rvation of lower electron densitie s than at pr e s ent .  The 
e s tabli shm ent and s tudy of a North- South chain of s uch s tations is an 
objective of thi s projec t  shared with Project  8244 6 .  

Pe r s onnel working on thi s proj ect wer e :  J .  W .  W right (proj ect 
leader ) ,  G. H. Stonehocke r ,  L. W e s cott, S.  Opitz,  D. J . Brown, 
R. A .  Duncan, and S .  Mat s ushita . 
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A s sociated Laboratorie s - Support 

82176  

Thi s project ,  through s upply s upport ,  provides  for the operation 
of s ounding s tations at College ,  Alaska (Geophys ical Ins titute ) ;  Huancayo 
and Talara,  Peru (Ins tituto Geofi sico  ) ; Reykjavik, Ic eland ( Po s t  and 
Telegraph) ;  Nar s s e r s sauq and Godhavn, Greenland ( Danish URSI C ommittee ) ;  
and Baguio , Philippine s (Manila Ob s e rvato ry) .  NBS ha s continued to 
s upport  partially the s ounding stations e s tablished at the beginning of IGY 
at B ogota , C olombia (Ins tituto Geofi s ico  de Lo s Andes C olombia) ;  La Paz ,  
Bolivia (Co smic Ray Institute o f  Chacaltaya) ;  C onc epcion, Chile ( Univer sity 
of C oncepcion);  and Natal, B razil (Brazilian Navy) .  The principal 
activity is the ope ration of these  s tations by local per s onnel.  At NBS ,  
the s o undings work at thes e A s sociated Laboratorie s  i s  reviewed to 
ensure that the data produc ed me ets cur rently acc eptable s tandards . 

The U .  S .  - Vertical Soundings Program i s  indeed fortunate in 

thes e  arrangem ents with other ins titutions . Much valuable data from 
remote locations are  obtained thereby, which would not othe rwise  be  
available . 

The s tation operation at the A s sociated Laboratories  i s , in most  
r e s pects , s imilar to  that of our NBS iono spher e  s tations , and compares  
to  the standards s et inte rnationally . The NBS quality- control efforts 
unde r  the project  are identical with tho s e  used  for U.  S .  - operated 
s tations ; the s e  ar e di s c us s ed in Project  8217 2 .  

A s  a rule , the "a s s ociated laboratorie s "  a s si s ted unde r this 
project have a larger  r e search potential than i s  often exe rcis ed,  e specially 
in the application of ve rtical s oundings data to local or outstanding 
geophysical problem s . An inc rea sing effort will be made to encourage 
analysis  program s  at as sociated laborato rie s .  Electron dens ity profile 
data ,r eturned to thes e  laborato rie s  in exchange for their cooperation in 
providing the nec e s s a ry scaled input data , i s  an im portant example of 
the newly available raw-mate rial for s uch analy s e s . 

Pe r s onnel who worked on thi s project wer e :  J .  W .  W right 
(project  leader ) ,  G. H. Stonehocker ,  L .  S .  Hayden, V. Miller ,  I .  B rophy, 
A .  E .  Burns, and B .  A .  Benway of Section 8 0 . 40 .  
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Magnetic Ob servations 

82179 

Yor use  in its  num e rous scientific and enginee ring applications 
of iono spheric and s olar data in the Boulder area,  NBS requires  local 
ob s ervations of geomagnetic activity . Under thi s project ,  conventional 
magnetographs are operated to  pr oduce c ontinuous r ec ordings of 
horizontal and vertical intensity, and declination of  the earth' s magnetic 
field. The project  al s o  s tudie s its geomagnetic ob s ervations fo r 
c or relation with locally - ob s e rved iono sphere  c onditions . 

NBS accompli she s  many of its objectives  in both s cientific and 
enginee ring mis sions through the use  of obs e rvations in the Boulder 
area .  Thus, a numbe r of local r e s earch activiti e s  are conce rned with 
movem ents and variations of the ionosphere which ar e known to 
corr elate with variations in geomagneti sm.  The NBS Radio Warning 
Servic e s  are  example s of local activities  which als o  have ne ed for 
c ompr ehens ive loc al geophys ical ob s ervations . The Boulder ma gnetic 
obs e rvatory s e rves the s e  needs and, at the same tim e, perform s  im portant 
s tudie s  in the r elation of other obs ervations to geomagnetic data;  it 
als o  s eeks to play an active role in the im provement of m ethods of magnetic 
observation. 

Several site locations. on NBS property were  considered and 
magnetically surveyed, r e s ulting in the s election of the pres ent site, south 
of the radio building . A non-magnetic building was cons tructed on the 
s ite, and the instruments , on loan from the U. S.  C oa s t  and Geodetic 
Survey, were  placed in operation. Since January,  c opies  of the daily 
magneto gram s  have been provided several o ther proj ects  for use  in 
s tudie s of low frequency propagation, airglow, magnetic micropulsations ,  
and the dis turbanc e forecasting s ervic es . 

Plans and specifications for a rapid- run magnetograph to be 
e s tabli shed at NBS-BL will be  completed. Thi s ins tallation will 
provide g reater  time r e s olution of changes of the magnetic field not 
now available her e .  It i s  hoped thi s more complete ins tallation will b e  
i n  o peration at least  one year before the beginning o f  I .  Q .  S .  Y . The 
building will be expanded to two room s  to permit the ins tallation of the 
nec e s s ary additional ins trum entation. Studie s are  contem plated con
cerning the recording of magnetic variations di rectly onto magnetic tape 
for mor e complete analys e s  on analogue or digital com pute r s .  

Per s onnel who wo rked o n  the proj ect we r e :  W .  S .  Hough 
(pro ject  leader ) ,  J. R. DeLine, and R. G. Green. 
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Detection of Artj_ficial Ionization 

Using Iono s onde s  
82441 

The United State s Air Force  has for s om e  yea r s  pur s ued the 
study of the . chemistry and physic s of the high atmospher e  wi th 
artific ially introduc e d  chemical specie s at Eglin Air Force  B a s e ,  
Florida (Proj ect  " Firefly" ) .  NBS participates  under thi s proj ect by 
perfo rming vertical s oundings of the iono s phe re  near the launching point, 
and by coordinating similar ob s e rvations made by the U. s . . A rmy Signal 
C orps at s everal nearby locations . NBS analyz es  the se  data for a variety 
of r e s earch and com parative studie s ,  and acts in the de sign of c ertain 
of the experim ents . 

Ob se rvations of ionized clouds:, produced either in explo s ive bur s ts , 
or  in trail s ove r  cons ide rable height rang e s  (7 0 - 1 20  km) pr ovide useful 
info rmation on the photo - chemical proce s s e s  of the atmospher e ,  motions ,  
winds and wind s hear , and o n  the po s s ibilitie s  of gene rating ionized 
clouds for point- to - point communications . V ertical s ounding s data are 
an e s s ential m ethod of ob s e rvation, capable of providing valuable infor
mation on the quantity and behavior of the ionization produced.  Radio 

· ob s ervations are  capable of obs erving the ionized clouds long afte r any 
optical o r  vi sible effects have di sappeared. 

The NBS provided a completely equipped m obile van with iono sonde, 
te s t  equipment, and film and data proces sing equipment at Eglin Air Force  
Ba s e ,  Flo rida, during the expe rim ental program ,  August-September 196 0 .  
Per sonnel were  provided from 82 . 70  and 8 2 .  50  to  operate thi s equipment, 
advi s e  in operation of similar equipment by the U. S. Army Signal C orps , 
an d advi s e  in ce rtain res earch aspects  of the program with proj ect 
per s onnel of the Air Force  Cambridge Re s e arch C ente r .  

I 
The iono s onde data r e s ulting from Project Firefly (in both the 

1959  and 196 0  te st s e r ie s )  have b een analyzed at NBS, providing data on 
the electron dens ity variations of the clouds , their m ovement s ,  and their 
lifetim e s .  In addition to publication, the s e  r e s ults have been pre s ented 
at the Project " Fi refly" Sympos ia . 

A program of  increased NBS activity is  propo s ed for the next 
s e rie s of " Firefly" t e s t s ,  togethe r with m o r e  detailed analys i s  of 
pr e s ent and future data . Utilization of a s tandard radio technique for 
mea s uring ionos pheric winds is  sugge sted as  a s upplem ent to the 
obs e rvations of cloud drift m otions by ionos onde s .  

Pe r sonnel who worked on thi s  project  wer e :  J . W .  Wright 
(project  leader ) ,  G. H. Stonehocke r ,  L. W e s c ott, D. J .  B rown, 
S. Optiz ,  L. S. Hayden, I. Ford, and E .  J. Violette, J. J.  Pitt s ,  
R .  M .  Schumaker of  Section 82 . 5 0, and B .  A . B enway o f  Section 8 0. 40 .  
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Electr on Dens ity Di stribution for AFCRL 

8247 5  

Thi s  project wa s or iginally organized at the request o f  the 

Air Forc e Cambridge Re s earch Laboratorie s  to prepare and s tudy N(h) 
profile di stributions acro s s  the geomagnetic equator along the 7 50W 
rn P. ri rl i an .  Tn th e cur rent year ,  th e proj ect1 s objecti v e s  have hP.en 
b r o a d e n e d  to cover the ins tallation and operation of an iono s pher e  
s ounding station at the Air Fo rce rocket r e s earch range at Eglin Air 
Force  B a s e ,  Florida. Under thi s new requi rement ,  NBS will provide 
vertical soundings data , N(h) profile s ,  and consultative guidance in 
cooper ation with Air Fo rc e upper atnwsphere  r e s earch rocket program s .  

The concentration o f  ve rtical sounding s tations i n  the immediate 
vicinity of the geomagnetic e quator during the, IGY, and the favorable 
distribution of s tations along the 7 5°W meridian permit the pr eparation of 
detailed graphical repres entations of the equatorial iono spheric anomalie s .  
The s e  cros s  sections provide a basis  for a more  detailed explanation 
of  the unique structure of the equatorial iono s phere .  

A wide variety of uppe r atmospher e r e s earch rocket program s  
are  conducted by AFCRL and it s colleagues at Eglin Air Force Bas e .  
Thes e  include rocket measurements of electron dens ity, pos'itive ion dens ity , 
s olar radiation, and radio propagation experiments , and the s tudy of 
artificial electron clouds . For the s e  and other experiments conducted at 
Eglin Air Force  Bas e ,  an iono s onde capable of pr oducing ionogram s of the 
highe s t  scientific quality is e s s ential . The data resulting from the 
planned Eglin Air Fo rc e Bas e installation will be an es sential adjunct 
to the s e  experiments . 

The IGY electron dens ity profiles  for thi s proj ect have been 
c om pleted. The data have been checked and averaged, and are  now being 
us ed  to prepare vertical c ro s s -s ections along the 7 5°W m eridian for 
each m onth of the IGY. Seve ral months have been prepared for 
publication, and the others  will follow shortly. 

As an interim m easur e  for the r equirem ents of  the Eglin Air 
Force  Bas e  rocket experime nts , an NBS trailer with C - 4  iono s onde 
ha s been operated by NBS per s onnel .  A site survey and considerable 
initial planning have been initiated, following a visit to Eglin Air For c e  
Bas e  by the proj ect leader ,  i n  pre paration for a permanent ionosonde 
installation the r e .  An AFCRL C - 4  iono sonde i s  being placed on loan to 
NBS for m odernization and ins tallation in the new facilitie s .  
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The 7 5°W c ro s s- s ections will be s tudied to prepare a s easonal 

and diurnal s ummary of the equatorial iono s pheric anomalie s .  

The r e s pons ibilitie s  of NBS at the Eglin Air Fo rce Bas e rocket 
r e s earch range will broaden to include increas ed participation in the 
experiments c onducted the r e .  Following com pletion of the iono sonde 
installation, NBS will a s s is t  through r eal- tim e c ons ultation, covering 
iono spheric conditions during the rocket experiments , and through N(h) 
or other analy s e s  of ionograms  fo r com pari son with the rocket re sults . 

Per s onnel who worked on thi s project were :  G .  H .  Stonehocke r  
(project leader ) ,  L .  s .  Hayden, and J . W .  W right . 

Iono s pheric Electron Density Studie s 

8247 6 

The prov1s 1on of iono s phe ric e lectron density data to Government 
agencies  and their c ontracto r s  ,conce rned with many aspects of the U.  S .  
Space Program ,  i s  the primary objective o f  thi s proj ect .  Supporting 
obj ective s are  the development of accurate m ethods  for determining N(h) 
profile s ,  and the accumulat ion and interpr etation of a sufficient body of 
N(h) data to  permit generalizations r egarding the s tructure of the complete 
iono sphe r e  for spac e - r e s earch purpo s e s . 

N(h) data have an e s s ential practical importance in permitting 
cor rections for radio r e fraction e r ro r s  in the launching , guidance ,  o r  
tracking of  mis s il e s  and s pace vehicle s .  Such data are als o  o f  unique value 
in nearly all of the s tudie s undertaken on the phys ic s of the high atm o sphere .  
In  fact ,  the s e  data represent virtually the only source  of upper at m o s pher e 
data available on a wo rld-wide , continuous basis . 

During the year , electron dens ity pr ofile data have been provided 
to ten Gove rnment and private institutions for the following purpo s e s : 

Air Force  C ambridge 
Res earch C ente r 

Raytheon C ompany 

Spac e Technology Laboratory 

Rocket Probe s { Ft .  Churchill, 
White Sands , Eglin AFB )  

Mi s s ile Detection 

Rocket Flight Analysis  
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Applied Physic s Laboratory 
Johns Hopkins Unive r s ity 

Balli s tic Research Labs . 
(U.  s .  Army) 

Stanford Univers ity 

Marshall Spac e Flight Center 
(NASA) 

Goddard Spac e Flight C enter 
(NASA) 

Analysis  of Data for Proj ect  
Transit (Navigation Satellite ) 

Rocket Probes  

Satellite Iono s phere Studie s  

Mis sile Ballis tic s 

Electron Dens ity and Magnetic 
Fields from Rocket  Probes  

Pennsylvania State Univers ity Satellite Dopple r Measurements 

Lockheed Aircraft C ompany 

Univers ity of Illinoi s 

Rocket Electron Dens ity Probe 
Studie s  

Faraday Rotation Studie s  

A s till further inc reas e  in the economy of large- s cale N(h) r eduction 
has been accompli shed in the pa st  year thr ough the use of  the 
computer at NBS ,  Boulder . A more  efficient sc aling method at fi eld stations 
has greatly inc reased  the accuracy of the N(h) reductions . Employing the 
method of obtaining r epre sentative N(h) curves  from m edian virtual height 
curve s ,  the s tation at Boulder , C olor ado wa s added to the systematic 
N(h) (hourly) reduction program .  The curr ent program r ec eive s .  hourly 
virtual height data for N(h) analysis  from the following field s tations 
(the sys tematic computations are supported jointly wi th Project  8217 5 ) :  

Puerto Rico - since  Jan. 19 59  
Ft . Monmouth - since Feb . 1 959  
White Sands - since Mar .  1 959  
Okinawa - s ince June 1959  
Huanc ayo , Peru - s inc e Jan. 196 0 
Baguio ,  Phil . - s ince Feb . 196 0 

Grand Bahama Is . - sinc e  Feb .  1959  
St .  John s ,  Nfd. - since Mar .  1959  
Adak, Alas ka - since June 1959  
Thule ,  Gre enland - since June 1959  
Talara,  Pe ru - s ince Jan. 19 6 0  
Bogota, C olombia - since Jan. 1 960  

Publications of  NBS N(h) data de signed for application to space 
studie s include the hour ly electron dens ity profile s and derived param eter s , 
including monthly averages , for the NBS Pue rto Rico station in each 
i s s ue of the CRPL - F s e rie s ;  a s eries of NBS Technical fute s (40- 3 ,  40 -4 )  
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by J .  W .  W right , L .  R .  W e s c ott and D. J .  B rown which portray the mean 
quiet iono s phere  in s everal ways , using data from s tations between 
latitudes  of lS and 1 S0N along the 7 S0W me ridian. Activities  of thi s 
project  have been de s c ribed in NBS Repo rt 6 7 2 S ,  " The NBS Electron 
Density Profile Program 19S 9 - 19 6 0� 1  and 6726 ,  "Ve rtical C ros s Sections 
of  the Iono s pher e  Ac ro s s  the Geomagnetic Equatori ' by J .  W. W right . 

The primary activitie s of the com ing year will center around the 
development of a radically new and m or e  ac curate method for deriving 
N(h) profile s from vertical sounding p . Devi s ed by A .  Paul (B reisach, 
Germany) ,  the new m ethod will utilize the ordinary and extraordinary 
r eflections from the ionos pher e to obtain information regarding the 
ionization at low densiti e s  and heights , and within valley minima;  it 
will permit an improved ac curacy in the determination of the layer 
peaks , and an im proved ionogram scaling method, as  well as making 
us e of iono sonde ob s e rvati ons at low radio frequencies . 

A mor e detailed and extended survey of iono s phe ric variations 
along the 7 S0W meridian will be  inaugurated with the as s i s tanc e of 
stations in Greenland and South Am e rica.  

Pers onnel who wo rked on thi s pr oject  wer e :  J .  W. Wright 
{project leader ) ,  G. H. Stonehocker ,  L .  W e s cott ,  M .  Durham, F. Burmont, 
L. Fine , D. J. Brown, S. Opitz ,  G. Lira ,  G. A .  M. King , I. Ford ,  
and L .  S .  Hayden. 

Ionospheric s ound ing showing reflect ions obtained from an 
art ificially created e lectron c loud . The ionosonde is located about 70 
km away from c loud ground- zero a t  an altitude of 106 km .  
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Make Iono spheric Ob s ervations 
and True Height Profile s  

82447 

The project  was or ganized through the Applied Physic s Laboratory 
(John Hopkins Univer sity , Silver Spring , Maryland) ,  to provide vertical 
s oundings from which electron density profile data may be obtained at 
Austin, Texas, for the "trans it" navigation satellite program of  the 
U. S .  Navy. 

Elec tron density profile s  of the iono s phere ar e e s sential to the 
calibration and te s ting pha s e s  of the Navy' s "transit" navigation s atellite 
program .  Of the s everal transit tracking stations , only one , at Austin, 
Texas , i s  comparatively rem ote from an exis ting ionosphere  station. 
For thi s reason, NBS ha s e s tabli shed at Austin a temporary and portable 
ionos onde with which to obtain ionogram s during spec ial peri ods  of 
tracking. 

Pers onnel of the University of Texas operate the Cos  sor  portable 
iono s onde during the sho rt inte rvals the data are  needed. The personnel 
of NBS have acted as consultants to the operation of  the ionos onde since  its 
initial installation. The station has been r elocated and operated s everal 
times  thi s year . NBS als o obtains for APL the electron density profiles  
r equired by that agency hom the iono sphere ob servatories  near their other 
"trans it" tracking station • 

The funds allocated have been nearly expended,and thos e  r ema1n1ng 
are re served for the return of the equipment to NBS .  If a continuing 
program of obs e rvations become s des irable , it is hoped that more  
automatic and powerful equipment might be provided ,s o  that the ionogram s 
will be  suitable for the modern methods of analys i s  now available .  

Pers onnel who wor ked o n  thi s project  wer e :  J .  W .  Wright (project 
leader )  and G. H. Stonehocker .  
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NASA - Wallops Is land Ionosonde 
and Ins tallation Procurem ent 

82478 

Under the s pons or  ship of the National Aeronautics and Space 
Administration, the NBS is  unde rtaking the procur ement of a r e s earch 
iono s onde for use  at NASA' s r e s earch rocket range at Wallops Is land. 
NBS al s o  operates thi s ins tallation, and provides  c ons ultative guidanc e 
to range - us e r s  of the data and data reductiop, e s pecially to electron 
dens ity profile s .  

Wallops Is land i s  the loc ation of a lar ge number  of im portant 
expe r iments conducted by NASA and othe r s  in the fields of upper 
atm os pher e ,  s olar ,  geomagnetic , and s pace r e s earch by high altitude 
r ocket s .  The iono sonde i s  an e s s ential adj unct to a wide variety of 
s pecific experiments  within each of the s e  fields . NBS s e eks to provide 
NASA with iono s pheric soundi ng s ,  N(h) profil e s ,  othe r iono s phe ric data , 
and cons ultative guidance within its fields of competenc e; all of the highe st  
po s s ible reliability . 

In the original cone ept of thi s project, NBS would begin by 
procuring an iono s onde fo r Wallops Is land, only then being able to provide 
data and other s e rvic e s  under the project.  C onsidering the long delive ry 
tim e, and the s pecial r equirem ents fo r thi s ionosonde ," NBS ha s instead 
made available to NASA an NBS model C - 3  iono s onde for inte rim us e ,  and 
has thus , from the beginning, been able to s e rve NASA in all the above
noted capacitie s .  

NBS pe r s onnel have, on a numb er  o f  occasions , operated thi s iono sonde 
at the s pecific r eque s t  of NASA, and have supplied the appropriate 
scientific groups with the data requested. Rocket expe riments meas uring 
upper atm o s phere  electron and po sitive ion densiti e s ,  and rocket-borne 
ve r s ions of the planned "topside - sounder  satellite " are typical exam ple s .  

NBS pe r s onnel have vi s ited Wallops Is land for site - se lection and 
facilitie s - planning purpo s e s  on two occasion s .  Specifications for the new 
iono s onde ,  for the antenna ,and final site exis t  now in nearly final form . 
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It i s  expecte d  that final procurement action for the new ionos onde 
can be initiated within the next few months ,  and that the new instrument 
will be deliverable appr oximately 1 5  months thereafter ,  In the m ean
time ,  NBS will com plete it s antenna design s tudie s ,  and on the basis  of the 
resulting site r equi r em e nt s  s elect a final pe rmanent loc a tion fo r the 
iono sonde installation, Antenna ins tallation can then proceed immediately, 
with direct benefit to the pr es ent interim iono s onde , The inte rim i ono s onde 
will be  improved and m odernized in  s everal ways to  make i t  m ore s uited 
to its present mis sian. Thi s will include an extension (down to 0. 2 5  Me / s )  
of its frequency range together with circuits for improved height and fr equency 
marke r accuracie s . 

An NBS Technical N .ote i s  in pre paration for the guidance of  
agencies  anticipating a need for iono s pheric data from the ionosonde . 

Personnel who wo rked on thi s project  wer e :  J .  W .  Wright 
(project  leader) ,  L. R. Bauhs , R .  W . Knecht, T. E .  Van Zandt . 

The ionos onde , principal tool for measuring e lectron density and 
hei ght in vert ical s oundings of the ionosphere . 
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RADIO WARNING S ERVIC ES SEC TION 

Fo recast  Res earch 

82161  

Thi s proj ect initiate s r e s earch activitie s  on radio propagation 
foreca s ting technique s and s emantic s ,  It al s o  provide s supe rvi sion, 
c oo rdination and s e rvic e s  for the North Atlantic Radio Warning Service 
(NARWS ) at Fort Belvoir ,  Virginia, and the North Pacific Radio Warning 
S ervice  (NPRWS)  at A nchorage ,  Ala ska . In addition , the Boulder group 
i s s ue s  a s e rie s of gene ral for ecas t s  of geomagnetic ac tivity, and answer s  
many inquirie s on di s turbanc e fo recasting and on the availability of 
s olar - geophys ical data as received from gove rnm ent agencies  and from 
the public . 

High frequency radio c omm unications may at tim e s  be im pair ed 
by prevailing iono s phe ric conditions . The s e  variations in conditions are 
us ually a s s ociated with geo:rnagnetic s to rmine s s .  By prope r inte rpretation 
of the variation s in s olar electrom agnetic radiation, geomagnetic s torm s 
may be  predicted. Thus , di sturbanc e s  in the iono sphere  can be anticipated 
and, by s uitable change s  of s chedule s  or operating frequencie s ,  communications 
operator s  can us ually maintain usable circuit pe rfo rmance throughout 
all but the m o s t  s evere  pha s e s  of the dis turbance s .  

The demand for the radio quality forecast  s e rvic e s  by both 
gove rnm ent and public c ommunication o rganizations, as  well as  private 
citizens remains at many hundreds .  In addition to the routine s e rvic e s ,  
many have reque s ted s pecial forecas ts , and more  and m o r e  r e s earch groups ,  
e s pecially tho s e  c onc erned with s pace s c ienc e ,  are  reque sting various 
current s olar - geophys ical data s ummari e s .  

Thi s project  provide s the general s upe rvi s ion, coordination, and 
s e rvic e s  for the two field s ite s of the Radio Warning Service Section : 
North Atlantic Radio Warning Service  at F'ort B elvoir ,  Virginia, and North 

Pacific  Radio Warning Servic e  at Anchorage , Alas ka. Res earch on 
for ecas ting technique s continue s at Boulder with r e s ults transmitted to 
the fi e ld s ite s for application in practical forecasting . 

The C RPL- Jb and Jb1 forecasts of geomagnetic ac tivity continue 
to be  i s sued each Wedne s day at Boulder .  Special di s turbance warning s 
are  i s  s ue d  whenever  a s ignificant change in s olar activity has been obs e rved 
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which is  thought likely to produc e di s turbance for a period which had been 
e�: pected to be quiet in the regular weekly forecast .  In the hope s of  
making the s e  geomagnetic forecasts more  s pecific a plan was developed 
wher eby each for ecasting center {NARWS, NPRWS and Boulder )  would 
forecast  a range in which the Ak index for each day would fall. l'he s e  
forecasts  were  made at each for ecas t  confe renc e ,  Thus , the forecas t s  
we re  in advanc e  by l to  7 day s .  A s tati s tical analys i s  com pa ring the 
forecasts  with the actual A- indic e s  wa s not very encouraging , The 
plan wa s then m odified s lightly by expanding each Ak range , Preliminary 
analys i s  of the r e s ult s from the m odified p lan indicate s forecasts are  now 
more accurat e .  Although thi s i s  due primarily to the expanded Ak range , 
the forecaste r s  al s o  are  not as  conservative a s  they were earlie r ,  

A very great magnetic storm October 6 - 7 ,  196 0 was not anticipated 
by the CRPL Radio Warning Servic e s .  Pos t-analys i s  by CRPL did not 
indicate any likely explanation for a s torm of its magnitude . A s e rie s 
of letter s were  exchanged with the other fo rec-a st center s  throughout 
the world without reaching a sati s facto ry answe r .  They, too , had not 
fo recast  the s torm . The s olar event coverage was complete enough 
that the pos s ibility of having mis s ed an outs tanding s olar event b ecaus e 
of weathe r was unlikely , The pe riod i s  s till unde r s tudy, 

On the other hand the s e rie s of outs tanding geomagnetic s to rm s 
during November_ 196 0  were anticipated from the many events occurr ing in a 
large region on the s un November 9 - 2 0 , Special s tudie s of the data 
were made and pre s ented at a c onferenc e at the AF Cambridge Re s earch 
Center in February 1961 .  

A j oint confe r enc e of per sonnel from the High Altitude Ob s e rvatory,  
Sac ramento Peak Obs ervatory, Los  Alamo s  Scientific Laboratory, and 
National Bureau of Standards  wa s held at Lo s Alamo s .  Thi s wa s another 
in an annual s e rie s of conference s  de s igned to keep each other current 
on particular ob s e rving and r e s earch program s  s o  that future program s  
r emain coordinated.  

During the year ,  the di stribution li s t s  for the CRPL- Jb1  r eport 
s e rie s grew to such proportion (nearly 1 5 0 0  recipients ) ,  that the funds 
allocated for thi s s e rvic e were  ins ufficient to cover the co s t s  involved.  
A plan was therefore  developed to charge the rec ipients of the · Jb 1 r e
ports  to reimbur s e  the government partially for thi s s e rvic e  to the public . 



1 37 

Members  of this group participated in drafting a work agreement 
between the National Aeronautic s and Space  Adminis tration and the National 
Bureau- of Standards for the Project  Mercury Radio Warning Se rvice ( s e e  
Project  82464) .  Thi s s ervic e is  operated by the North Atlantic Radio 
Warning Service with most of the re s earch involved in preparing radio 
propagation forecasts  for middle and low latitude s bei ng done by the 
Boulder group. 

A small geophysical ob s e rvatory is maintaine d in the s ection at 
Boulde r with a horizontal c omponent vi sually recording magnetometer ,  a 
short-wave fadeout recorde r ,  a sudden phase  anomaly recorder, and the 
1 08  Me / s s olar radio emi s s ion recorder working side by s ide . NBS 
Boulder r e s earch worke r s  c an and do receive imm ediate advice  c once rning 
thes e  phenom ena. 

The s ection c hief travelled to Japan during the year to vi sit the 
fac ilitie s  of the Japane s e  radio warning s ervic e at Hirai s o, a s  well as  
other radio  r e s earch laboratories  and s olar ob s ervatorie s .  At Hiraiso , 
it was po s s ible to c om pare forecasting methods and technique s to benefit 
future C RPL o perational planning . 

The project  leader visited the Univer s ity of Hawaii in connection with 
the latter 1  s s olar flar e  patrol program .  While on this trip,it was po s s ible 
to r e s olve with the Federal Aviation Agency most  of the problem s encounte r ed 
in transmitting the s ho rt-term radio for ecasts  from NPRWS in Anchorage , 
to WWVH on the i sland of Maui, in time for the fir s t  s cheduled broadcast .  

The s taff i s  r e s pons ible for the coordinated planning, with the 
Univers ity of Washington at Seattle and the Department of the Navy at 
Adak for the operation of the beacon transmitters  at tho s e  locations for ' 
the NPRWS program o  Als o  for the NPRWS program ,  arrangements were  
c ompleted with USAF · NORLANTAACS Region for continued operation of HF 
transm i s s ions from Thule,  Greenland ,directed toward  Barrow ,  Alaska .  

The s ho rtwave radio fadeout program i s  directed  by the B oulder  
group. The data provided by thi s program are us ed for r e s earch on s olar 
flare  effects  on radio propagation. All Signal Corps  trainees , enroute 
to field s tations operated by the Signal C orps Radio Propagation Agency, 
pas s  through Boulder for indoctrination in t he sho rtwave fadeout program.  

The various information leaflets - - eleven of them , which describe 
the s e rvic e s  of  the Radio Warning Service s  sec tion, were  reviewed, rewritten 
wher e  nec e s  s ary, and reis s ued.  The one entitled,Sun- Earth Relationships 
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and Radio Propagation For ecasting, now r e - err1 phasizes  2 7 - day r ecurrenc e  
phenornena,as well a s  s olar event a s s ociated for ecasts, s ince the sunspot 
maximum pha s e  is now over in thi s cycle . 

A review of the degree of succe s s  that was acn1evea 1n declaring 
Spec ial World Intervals (SWI) during the IGY wa s made. In the mos t  
pe s s imistic cas e considered, a SWI was c onsidered a succ e s s  only if a 
magnetic dis turbance began in the day c overed by the SWI. To allow for 
per s i s tenc e in thi s cas e ,  it s eemed likely that only about 274  independent 
obs ervations were  po s s ible during the IGY. Using a 2 x 2 contingency 
table ,and the Chi - s quare  te st ,  the probability of obtaining by chance a 
distribution as g0od o r  better  than that of the table wa s about 5 x l Q- 7 . 
From thi s ,  it s eem s clear that the for ecasting technique s us ed  by the IGY 
World Warning Agency were  c ertainly valid, and the objectives  of the 
Special World Interval program s  were achieved. 

A study was made of the frequency of occurrence and the duration 
of radio di s turbanc e s  on the North Atlantic path, l95 3 - 196 0 .  The s ix-hour 
quality figure s  calculated for the path by. NARWS wer e  us ed in thi s work� 
on a monthly, s easonal and yearly bas i s . Re s ults of the study showed 
that more  di sturbance s  occur during e quinox with the month of March 
showing more  di s turbed pe riods than Septembe r .  At suns pot maximum , 
radio disturbance s  occur frequently, are  relatively s evere ,  but per s i s t  
for only a few hour s .  During the minimum years  of  the s olar cycle,  
radio di sturbance s  occur le s s  frequently , are moderate in s everity,  but 
the average duration i s  about five days . This work wa s pres ented at 
the May 1961  AGARD m eetings in Naple s ,  Italy . 

Development of technique s for s pecific path for ecasts  and 
s emantic s for transmitting the forecasts  to cornrr1unications agencie@ 
will c ontinue . The pos s ibility of utilizing electronic com pute r technique s 
for forecasts i s  unde r s tudy. 

In the corning year s ,approaching m inirnum s olar activity, emphas i s  
in forecasting will be plac ed on  the tendency for geomagnetic activity to  
r ecur at  27  - day intervals . Basic r e search leading to  development of new 
methods of forecasting at s olar minimum must be undertaken. The program s  
planned for the International Year of the �uiet Sun should help to evaluate 
the s e  r e s earche s . 

An effort  will be made to predict both the ons et and ending tim e s  
o f  dis turbanc e s  a s  far in advance as  pos s ible. An e s timate o f  the degree 
and s everity will be made for each predicted dis turbance .  Very preliminary 
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trial for ecasts along the s e  line s are available . 

A s  the s pace r e s earch program s  dictate , special s ervic e s  will 
be initiated to answe r  their s pecific needs . C ooperation with NBS groups 
working on di s turbanc e effects  on electron density profile s and ray
tracing technique s will be  expanded and applied to  s ho rt- term di sturbance 
for ecasts . 

Per sonnel as  s igned to thi s project  were :  M .  E.  Na s on (proj ect 
leader ) , J .  V.  Lincoln, 0.  E.  Youngdahl , R.  E.  Sodergr en, and G. Otto , 
with forecasting a s s i s tanc e by C .  S .  Warwick, and M .  B .  Haurwitz , 
as ' well a s  D.  E .  Trotter of  the High Altitude Obs e rvatory.  

North Atlantic Radio Warning Servic e 

82162  

Thi s projec t,in connection with Projects 82161  and 82163  ,form s 
the NBS - CRPL Radio Warning Service s . Under  thi s project, the radio 
di sturbance warning and for ecast  s e rvic e s  for the North Atlantic area 
are  continued .  Various radio propagation and geomagnetic for ecasts 
are prepared and di stributed by telephone, teletype ,and mail with two 
of the forecasts  being available ove r  NBS standard frequency s tation 
(WWV ) on a twice per hour schedul e .  U s e r s  of the s e  s e rvic e s  include 
the many governmental communication facilitie s ,  univers ities' and 
commercial c ompanies  engaged in radio physic s or  allied s cientific 
fields , and private c ommunications system s .  

Activitie s  as s ociated  with the primary function of the s e  s e rvice s  
include various o ther geophysical experiment s, s uch a s  regular vertical 
incidence ionospher e  s oundings ,  geomagnetic, and radio field s trength 
meas urements . Als o  as s oc iated with the s e  s e rvic e s  are  the preparation, 
dis tribution,and interchange of geophys ical data summarie s on a rapid 
s chedule . The r e s ulting r egular interchange of the s e  ob s e rvations with the 
other forecasting c enter s  throughout the world,as the W orld Warning 
Agency of the International W orld Day Service (IWDS) , permits a com
plete daily repr e s entation of  the various s olar- geophysical occur renc e s ;  
from thi s can b e  derived m o r e  r eliable forecasts . The North Atlantic 
Radio Warning Service ha s becom e  the principal di stributor of geophysical 
data in the Wa shington area, and undertakes to sati s fy all bonafide reque sts 

·;}; 
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for the various scientific data needed by many governmental and 
comm ercial sc ientific organizations .  

High frequency radio propagation is  dependent upon the prevailing 
state of the iono s phere .  A s  certain change s in the iono s pher e  occur ,  
communications us ing high frequencie s may b e  adver sely affected or , at 
times, become impo s s ible . The s e  changes  are us ually a s s ociated with 
geomagnetic storms . By proper interpretation of s olar, geophys ical ,and 
geomagnetic tendencie s ,  thes e  s torm s ,  together with their s everity 
and duration, can be accurately predicted well in advanc e .  C ommunications 
us ers  then m ay r educe the affects of the ionos phe ric di sturbance s  by prope r 
frequency and s cheduling change s . Of equal importance are  the s cientific 
us ers  who may want to accelerate c ertain ob s ervations, or measurements , 
during an iono s pheric and geomagnetic storm. The im portance of  the 
NARWS s e rvice s  i s  reflected by the continual demand for information 
from almost  every scientific agency c onc e rned with geophysical work ,  
as well as  the c ommunication agencies  c once rned with long di stance 
radio propagation. With the acc elerated work being done in the s pace 
s cienc e s ,  the need and use of  s olar and geophysical data has greatly 
inc r eased }Vith NARWS being in the U. S .  the principal s ource of the s e  
data o n  a rapid daily exchange bas i s . 

During the year, the regular project functions we r e  accompli shed 
as s cheduled. The NARWS is  manned on a 24-hour s chedule every day 
of the year .  The s ervice s  wer e  as follows : 1) NARWS - forecasting radio 
propagation c onditions for the North Atlantic path; 2) IWDS - continuation 
of the plan adopted for the IGY - IGC to c oo rdinate periods of intensified 
obs e rvation of s olar and geophysical phenomena; 3) Special Service s  and 
Projects - providing cur rent ionosphe ric , s olar, and geophys ical data 
to tho s e  having an immediate use  for the s e  data. 

The di stribution of NARWS forecasts  by mail, telephone and 
teletype i s  as follows :  

Advance Forecast :  CRPL- J Serie s ,  1 - 7  days ahead ( is sued 
every W edne sday) 106 r egular mail; 110 air mail ;  7 5 teletype ; 
12 telephone to local c ente r s .  

Special Di sturbance Warning and Supplementary Advance Forecast :  
CRPL- J Serie s ,  1 - 3 days ahead (i s s ued irregularly when change s 
in propagation conditions , not included in Advance Forecast, are 
expected) ;  di stribution same as  Advanc e Fo recast. 
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Medium Term Forecast :  24  hour s ahead (i s s ued daily at  16 00  
local time ) ;l O  telephone to  local c enter s ;  6 teletype . 

Short Wave Fade..., out Probability Foreca st:  24  hour s ahead 
(Is s ued daily ) ; l O  telephone to local c enters  (given with medium 
term forecast ) . 
Geomagnetic Forecast :  24 hours ahead (is  sued daily ) ; 2  tele
type to Antarctic cente rs . 

Short- term Forecast :  1- 7 hour s ahead (i s s ued 4 times  daily ) ; 
broadcast on WWV twice  hourly; 8 telephcne to local c ente r s ;  
3 teletype . 

A record of  the s e  forecasts  and their evaluation i s  publi shed monthly 
in the C RPL- F, Part B "Solar- Geophy s ical Data" reports . 

In addition to the above foreca sts , a daily summary of im portant 
current s olar and geophys ical events, collected from obs ervations in 
thi s country and abroad, is  prepared and di s tributed by teletype and mail; 
the se  include 3 2 telegraphic addres s e e s  and 5 mail addre s s e e s .  The 
distribution of IW DS Geophysical Alerts and Special W o rld Intervals is  
world-wide,and i s  accompli shed by broadcas t  on WWV on a twice per 
hour s chedule ,and by teletype (53  tele graphic addre s s e e s) throughout the 
extent of the A GIWAR N and the World Meteorological C ommunications 
Network. 

Forecasting technique s during the past few years  of high s rmspot 
activity have been bas ed primarily on s tati stical relationships between 
s olar event- type activity and geomagnetic stormine s s .  Now that we are 
in the period of s unspot decline , however ,  more  dependenc e i s  being 
placed on the tendency of geomagnetic activity to recur at 2 7 - day intervals . 
To thi s end, many of the stati s tical aid s ,  s uch as  daily recurrenc e numbers  
and 2 7 - day recur r ence charts o f  geomagnetic activity and radio propagation 
c onditions , which proved s o  e s s ential during the minimum phas e  of the 
last  s olar cycle ,  were  re - e stabli shed. The format used for the weekly 
C RPL- J reports wa s changed to incorpo rate a prediction of disturbed 
days up to 2 5  days ahead, taking into account 2 7 - day recurrence tendency, 
and the inclus ion of a chart showing the hi story of radio and geomagnetic 
stormine s s  in the pa st  five 2 7 - day recur r enc e cycle s .  Literature per 
taining t o  the various s e rvices  o f  NARWS was rewritten, and dis tributed 
to sub s c riber s . 
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Special activitie s  during the year included a finalized  report on the 
study of a leas t- s quare s  method of s ho rt-term forecasting. It was decided 
that, e specially in view of  the nature of current r equirem ents for NARW S /  

to replace our present technique s . All wor k  on equation forecasting, 
therefore ,  has been discontinued. 

Another special activity which might prove valuable to the for e 
casting s e rvice i s  the computation o f  daily storm indice s  through a m ethod 
developed by M r .  Hallock S .  Marsh  of AFCRC . NARWS ha s unde rtaken 
the task of c omputing the storm indice s ,  beginning January 1961 ,  using 
information concerning usable high frequency ranges for radio propagation 
over  North Atlantic paths, as derived from data provided by the German 
Pos t  Office .  Preliminary wo rk ha s begun on computing indice s  for the 
last  three  months of 196 0  to determine procedure s  to be followed in the 
futur e .  Indice s  have been determined for October 1960 ,  but the s e  re sults 
a;re not conclusive .  

In a long-range look toward the future, i t  i s  antic ipated that mutual 
benefits will re sult from a clo s e  cooperation between NARWS and the 
newly formed Defense  C ommunications Agency . Several briefing c on
ferenc e s  have been held between pers onnel of the se  two agencie s , both at 
NARWS and at DCA .  Of cour s e  it is expected that NARWS pr ediction 
s e rvic e s  will help DCA in m eeting its communication problems . It i s  
also hoped s ome o f  the circuit performance info rrra tion available t o  DC A 
from its  many circuits may be made available to NARWS .  Thi s would 
provide the warning s e rvice with much more data than is now available,  and 
should lead to a mor e  meaningful and valid mea s ure  of radio quality, and to 
more  extens ive r e s earch toward improving forecasting technique s .  

It i s  expected that the installation of sweep frequency rec eiving 
equipment, which should be deliver ed in the near future ,  will lead to a 
better means of determining current propagation c onditions - - it should 
at least  supplement pre s ent direction finder obs ervations . Of greater value , 
however ,  should be the information gained r elative to the variation of 
usable frequencie s ,  both diurnally and in a s sociation with other geophysical 
and solar phenomena . 

Since July 1 ,  1 960 ,  five majo r  geomagnetic di sturbanc es  have been 
recorded:  July 14-17 , Septembe r  4- 6 ,  October  5 - 1 0, November 12 - 17 and 
Novembe r  3 0- Dec ember 2 ,  196 0 .  Di s turbed radio propa gation conditions , 
as sociated with the October s torm and the two November s torm s ,we re 
predicted by forecas ts, is  sued one day in advance .  Short-term forecasts  
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s ucc e s s fully antic ipated the beginning of the other di sturbance s .  The 
two most important s to rms  began October  5 and November 12 . The 
latter wa s the mo s t  s evere di sturbanc e recorded in the hi s to ry of CRPL 
and was a s s ociated with solar activity a s  outstanding as any ob served in 
the current sunspot cycle . Re s earch at CRPL, as well as other forecast 
c ente r s  throughout the world, ha s not yet revealed the caus e of the October 
di sturbanc e .  

During the past  year ,  m o s t  member s  o f  the NARWS forecasting 
s taff participated in vi sits to other forecasting center s  to exchange 
information c onc e rning radio propagation prediction procedur e s .  
Di s cus s ions w e r e  held with forecasting groups at CRPL, Boulder ;  
Darmstadt, Germany ; Bagneaux, France; and Nederhor s tdenberg, 
Nethe rlands . The acc ent in the s e  di scus s ions wa s on changing methods 
of propagation forecas ting, as  the po st-maximum phase  of the s uns pot 
develops . Various m embers  of the NARWS staff als o  attended the 
technical s e s sions of the meetings of a numbe r of s cientific unions and 
o rganizations, including URSI, AGU, IRE ,  COSPAR, and A GARD, 
actively participating in the latter two .  Of note wa s the interes t  expres sed 
in the c oming International Year of the Quiet Sun,and how valuable this  
type of c onc entrated effort i s  expected to  be  in  the development of  more 
e ffective radio propagation forecasting s e rvic e for the c ritical s unspot 
m inimum year s .  

A new area o f  activity has r e s ulted from the c ontract with the 
National Aeronautic s and Space  Admini s tration to provide a radio 
propagation pr ediction s ervice for the Proj ec t  Mercury ground c ommunication 
network. (See  Project  82464) .  In recent months, enough radio c ircuit 
data has been m ade available to NARWS so that a number of stati s tical 
s tudi e s  c ould be initiated. The s e  s tudies  form the ground-work re s earch 
involved in the organization of a sys tematic  prediction plan for the 
parti cular radio paths within the Mercury c ommunication network. The 
NARWS forecasting s taff has inc reas ed from four to s ix m embe r s  to 
implement the Me rcury for ecas t  operation. The forecasts  s upplied to 
NASA in c onnection with thi s projec t  are currently of a gene ral nature .  
The predictions will b e  more  s pe cifically applicable to the Mercury 
c irc uits as more  c om plete and systematic c ircuit reports become available .  

During the pas t  year, NARWS ha s operated the World Warning 
Agency  (A GIW ARN) in accordanc e with their  obligations in the Inte rnational 
World Day .Service .  The IWDS plan for the i s s uance of Geophys ical Alerts 
and Special W orld Intervals was continued last  year, along the gene ral 
line s of the program initiated for the International Geophys ical C ooperation 
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1959 ,  but with s everal important change s , effected to keep pac e with 
the ever - growing inte r e s t  in s olar and geophysical r e s earch. , Geophy sical 
Alerts are  is  sued as notification that c ertain s olar o r  geophysical events 
have taken place . Special World Intervals {SWI) are  declared after 
ob s e rvation indi c a t e s tha t  a wagnetic storm is going to reach major 
proportions . Recently, however ,  the Special W o rld Interval plan ha s 
been s upplemented to allow is s uanc e before  the ons et of a rnaj or storm . 
Thi s i s  a r e - introduction of the plan in e ffec t during the IGY in 
recognition of the new inte re s t  expr e s s ed in the s tudy of pre - storm 
conditions . Special World Intervals, declared before  the ons et of a 
geomagnetic storm ,ar e differentiated frorn tho s e  i s  s ued after a m aj o r  
storm begins ,by prefixing the announcement with the word "predicted" . 
The distribution of Geophysic al Alerts  and Special World Interval s i s  
s till accompli shed by  the m ethods initiated during the IGY. 

In the period July 196 0  - May 196l,AGIWARN i s s ued 47 World-
wide Geophysical Ale rts , 3 2 of  which announced the b eginning of a 
geomagnetic di sturbanc e of a s pe cified level of activity. During the s e  
di sturbance s  ,12 days w e r e  de s ignated as  Special W orld Interval s .  SWI 
c overed the greater portion of the three most  s evere  di sturbance s  of the 
year .  Two Alerts announced the occurrence of unus ual c o smic ray 
inc rease  (November 13 and November 15 ,  1 960 ) . One additional Alert 
declared a Predicted Special W orld Interval. During this  sam e  interval, 
3 0 Advanc e Geophysical Alerts  were  di stributed to inter e sted we stern  
hemis phe r e  groups, and to  regional and a s s ociate warning c enter s  through
out the world. The Advanc e Alerts were  i s s ued within a few hour s . after  
the ob s e rvation of c ertain unusual s olar or geophysical phenomena, a s  
reported by western hemispher e  ob serving s tations . 

A GIWARN continue s, within its function a s  the World Warning Agency 
and the Regional Warning C enter for the We stern Hemi sphere, to 
participate in world-wide s olar and geophys ical data interchange program 
as  initiated for the IGY. Mes sage s include: daily interchange of s olar 
geophysical ob s ervations with the other Regional Warning C enter s ,  daily 
c urr ent data summaries di stributed to many W e stern Hemispher e agencie s , 
and c ollec tion of obs ervations fro m Western Hemi spher e  s tations . 
Several c ircular memoranda were  prepared for the IWDS.  " The Plan for 
Geophysical Alerts and Special World Interval s , l 961 - 6 2 1 1 was s ent to the 
National Warning C ontacts and Regional Warning C ente r s .  It has als o  
been s ubmitted for publication to s e e  that it gets wide di stribution to 
geophysicists  throughout the world. Other m emoranda have been 
c onc erned with priorities  for data interchange , updating station indicator s , 
and de sc ribing pre s ent ope rations in the Western Hemi spher e .  
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Other aspects  of AGIW ARN1 s operation include ,c ooperation with 
ma ny program s a s s ociated with the U. S .  s pace effort by fulfilling many 
s pecial reque sts  for predictions , measur em ents ,and interpretation of 
geomagnetic and iono spheric activity. 

With support  from NASA, A GIW ARN als o ha s coope rated in the 
inte rnational a s pects  of the earth- s atellite program through the sys tematic 
di s tribution of U. S .  satellite launching announcements and o rbital 
elem ents of all s atellite s ( s ee Proj ect  8246 2 ) . 

NARWS has c ooperated with NPRWS and the forecasting c enter 
at B oulder  throughout the year in an experim ent de signed to c ompare 
the fo recas ting philo sophie s of the differ ent c ente r s .  Periodic analys i s  
of the data , com pris ing advance pre dictions of geomagnetic activity in 
conjunction with probability factor s ,  should re s ult in more objective 
and systematic for ecas t  technique s ,and has already s ugge sted areas  
wherein c ertain practic e change c ould be  expected to r e sult in more  
effective predictions . 

Ionos pheric s oundings, and the us e of the s e  data in the Washington 
area, c ontinued to be one of the more  in'lportant functions of the field station 
throughout the year . In addition to furni shing ionos phe ric data to CRPL 
for part of its prediction s ervic e s ,  the s taff at NARWS i s  frequently 
asked to as s i s t  in s pecial s tudie s  and c ommunications problem s by 
making available its cur rent iono s phe ric data . For instance ,  complete 
copie s  of the daily W ashington ionos pheric value s were mailed to s ix 
governrr1 ent and private scientific us e r s  during the year, and the local 
iono s onde was operated s pecifically for 8 rocket launching s that took 
plac e  from NASA' s  Wallops Is land. In addition, NARWS furni shed 
per s onnel to install and operate the Wallops Island Iono s pher e  Station 
( s ee Project 82465 ) .  A total of s ix trips t o  Wallops Is land, Virginia,  
was made for thi s purpo s e  during the yea r .  A member of the NARWS 
staff als o  was on temporary duty at the Puerto Rico  Station for three  
weeks as vacation re lief for the Engineer - in- Charge of that station. 

Pending fu rthe r progr e s s  on a new permanent building for the 
NARWS ope ration, s eve ral change s  we re made in the s tati on ' s  plant 
facilitie s to  accommodate the s taff ' s  added re sponsibilitie s during the 
year  in the operation of the Mercury For e casting Proj e ct .  Included 
was the ins tallation of a s epa rate teletyp e  circuit between the. station 
and the Me rcury C ommunications Cente r at NASA . The addition of 
this  teletype  machine resulted in exce s s ively c ramp ed quarte rs . It 
als o  interfered with the operation of the s tation ' s magnetic variometer s ,  
making it ne ce s s ary t o  relocate the teletype room and the NARWS 
obs e rving facilitie s els ewhere in the building . 
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A side from making a more efficient operation, the s e  chang e s  
effe ctively i s olated the geomagneti c re cording head s ,  thus eliminating 
the freque nt recording of spurious signal s which, in the pa st ,  could 
have mi sled the duty forecaster  at a criti cal time . 

The North Atlantic Radio Warning Service will c ontinue its 
activities  in the many areas di scus s ed above .  Greater effort towards 
specific path for ecasts , and more  accurate forecasting of  beginning 
and ending times  of di sturbance s  will be made.  

The NARWS staff c onsi sts of :  E.  J.  Wiewara ( s tation Chief) , 
J.  M. W eldon (head W orld Warning Agency) , K.  D. B oggs (chief for e 
caster ) , J .  W .  Pritting (to June 1961 ) , W .  A.  Daniels ( from January 
1961) , J. M. Kennedy (from January 1961) , J. J. Sullivan, C .  G. Smith, 
J. Cio ,  C .  E .  Ake r s ,  J. A .  Spindle (from June 1961) , H. L. Hedrick, 
W .  E. Higgins (to October  196 0), C .  E. Enfield, P. Ruark, and L. A.  Jone s .  

North Pacific  Radio Warning Service 

82163 

This project in connection with Projects 82161 and 82162 , form s 
the NBS - C RPL Radio Warning Se rvic e s .  Under thi s project, located at 
Anchorage , Alaska the radio dis turbance warning and forecast  s ervice s  
for the North Pacific area are continued. The radio propagation condition 
foreca'st s  are based upon r eports of current s olar and geophysical 
phenomena. The forecasts  are di stributed by telephone , teletype, and 
mail with the short- te rm for ecasts  al s o  broadcast  ove r  NBS standard 
frequency s tation (WWVH) twice an hour . The use r s  include many 
governm ent communication facilitie s ,  c ommercial compani e s ,  univer sitie s 
engaged in radio physic s o r  allied  scientific fi elds, and s ome private 
citizens . 

Other geophysical experiments  are conducted at the s tation, s uch 
as  routine vertical incidence iono s phe re s oundings ,  geomagnetic, and 
field strength measurements . Advice is  given on specific radio propagation 
problem s .  Re search is  under way const ant ly to improve forecast ing 

technique s and to evaluate ob s e rved conditions . 
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Pr evailing c onditions in the iono s pher e  affect  the perfo rmance 
of high frequency radio propagation circuits . The s e  variations in the 
iono s phe re can adve r s ely affect communications , at times  making them 
impo s sible .  Thes e  change s a r e  normally a s s ociated with geomagnetic 
storm s .  By proper interpretation of s olar - te r r e strial relationships , 
such s torms  can be predicted in advance, both in de gree of severity and 
expected duration. By proper frequency and s cheduling change s , 
c ommunication us e r s  can minimize the effects  of such di sturbanc e s , 
maintaining usable circuit pe rformanc e throughout all but the mos t  
s evere  phas e s  of the di s turbance s .  Scientific us e r s  frequently acc elerate 
ce rtain ob s ervations or mea sur ements during ionos pheric and geomagnetic 
storm s, or have need for identification of di sturbance to interpret  their 
r e sults . 

During the year, the regular project  functions were  acc ompli shed 
as  scheduled by manning the station on a 15- hour bas is every day of the 
year.  The di stribution of NPRWS for ecasts  by mail, telephone, and 
teletype is as follows :  

Advanc e Forecast: CRPL- Jp s e rie s ,  1 - 7  days ahead ( is  sued 
every W edne sda�; 5 9  regular mail ;  1 52  air mail ; 47 teletype. 

Special Dis turbance Warning: C RPL- Jp s e ri e s ,  1- 3 days 
ahead (i s s ued irregularly when change s  in propagation conditions ,  
not included in Advance For ecast ,  are  expected) ; 46 re gular 
mail; 12 5 air mail ; 54 teletype ; 19  telephone to local cente r s .  

Supplem ental Forecasts : CRPL- Jp s erie s ,  1- 3 days ahead 
( revi s ion of Advanc e For ecast  following Special Disturbance 
Warning o r  unexpected disturbance )  ;5 9 r egular mail; 1 52  air 
mail , 54 teletype . 

Short- term Forecast :  1 - 13 hour s ahead (i s s ued 2 tim e s  daily) ;  
broadcast  on WWVH twice hourly ; 2 3 teletype ; 19 telephone to 
local c ente r s .  

Probability of  Short-wave Fadeouts : 24-hour s ahead ( once daily) ; 
2 3  teletype , 19  telephone to local us e r s .  

A r ecord  of the s e  for ecasts and their  evaluation i s  published 
monthly in the C RPL- F Part B 1 1Solar - Geophysical Data 1 1  reports . 
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The daily summary of im portant current s olar and geophysical 
events is  forwarded to the Geophysical Institute at College ,  Alaska .  

During the past  year, the major  di sturbanc e s  in the North Pacific 
area occur r ed July 1 5 - 17 ,  S e ptemb e r  3 - 6 , October 5 - 9 ,  November 13 - 16 ,  
and Decembe r  1- 2 ,  1 9 60 .  Though for only one of  the s e  storm s wa s 
fir s t- day of di sturbance for ecast  more than a day in advance ,  the 
severity and duration of the storm s were  corre ctly c overed by s pecial 
forecasts  in all but one cas e .  For all the s torm s, the s hort term fore
casts  were well handled. 

The fade rate mete r s,  with accompanying field strength recordings , 
we re put into full ope ration. Two of them monitor transmi s s ion from 
installations at the Univers ity of  Washington, Seattle , Washington (4894 
and 1 2 0 8 0  kc / s ), and two, transmis sions from the Navy transmitting site , 
Adak, Ala ska ( 5782  and 1 0217 kc / s ) .  The s e  frequency choic es  usually 
provide at least  one usable frequency throughout the 24-hour s ,  All o f  the 
transmitter s  are ope rated continuously with identifying "off tags 1 1 •  

The s e  recordings have proved immediately valuable for forecasting 
reductions of the s e  data are  being us ed in the preparation of the North 
Pacific radio propagation quality figure s  used to evaluate obs e rved 
conditions . Trial forecasts  of  LUHF-MUF for the hour s immediately 
ahead have been made for Anchorage to Seattle and Anchorage to Adak 
bas ed on thes e  recording s .  

Another new program commenc ed in the past  year .  That i s  
field s trength monitoring of  two transmis sions furni shed by the USAF from 
Thule, Greenland (9195 and 12 036  kc / s ) .  The s e  a r e  r ecorded at both 
Anchorage and Barrow , Ala s ka .  Thes e  paths ar e  of special intere st :  

the former involves the auroral zone ; the l at ter is l imited t o  

the polar cap zone . C ompari s ons on the two circuits are  being s tudied with 
intent to prepare  trial pr edictions for conditions on them . 

During the year, NPRWS rec eived from Kaden Electronic s C o .  Ltd. , 
Japan, the automatic vis ual- recording high frequency direction finde r for 
which procurement began a year ago. Difficultie s were  encountered in 
making final adjustm ents so that this equipment was placed in full- time 
ope ration only in June.  Preliminary as s e s sme nt o f  its performance indicate s 
that it will be us eful in the development of  a program for predicting 
LUHF-MUF for twelve hour s in advance over s elected radio path s .  It 
i s  hoped that eventually thi s equipment can be programmed to s ample a 
s election of path- frequency c ombinations per hour, in orde r  to provide an 
accurate, as well as continuous, repres entation of  path conditions at a 
variety of frequencie s .  
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The change in s olar cycle c onditions during the year to the 
declining pha s e  of the pr es ent cycle has led to m odifications in the 
advance forecasting m ethods . The 27 - day r ec urr enc e tendency is  
becom ing inc reasingly im portant . The A dvanc e For ecasts  now include 
a general forecast  for 2 5  days ahead,a s  well a s  a 27 - day chart of pas t  
ob s e rved conditions . The d e s c riptive literature c once rning the s e rvic e s  
was appropriately r evi sed  and di stributed.  

Through clo s e liai s on with the groups reporting their circuit 
perfo rmance to the NPRWS ,the reliability of the s e  outside reports has 
been improved. Sinc e ther e  are many reas ons why outside or ganizations 
cannot report  their obse rvations in form s ea sily interpreted as quality 
figur e s ,  NPRWS i s  turning more  and more  to i t s  own controlled ob
s e rvations in pr epa ration of radio propagation quality figure s  for the 
North Pacific area .  The liaison with c ommunication c enter s  in the area 
permits the operating per sonnel to unde r stand the significance of the 
NPRWS forecasts  and to s ugge st  other s e rvic e s  that would as s i s t  i t s  
operations . 

Many tim e s  during the year NPRWS rec eived vi sitor s  from 
various c ommunic ation agencies  and s cientific  groups , both military and 
c ivilian. The clo s e  liai s on with these  people i s  an im portant aspect of 
the NPRWS function, A s si s tance i s  given on many propagation problem s , 
in addition to tho s e  a s soc iated with the r egular foreca sting of dis turbanc e s . 

Station improvem ents have cons i s ted of  installation of cem ent side 
walks , and filling and grading of the roadway leading to the station. The 
ove rall appearance of the area wa s greatly im proved by the removal of 
the old building from the premis e s . A new j eep ,equipped with snow blade , 
permits  the s taff to keep the area open during the winter sea son. The 
quarters  have als o  been im proved with the addition of front sidewalks 
and safety railings .  Two s ets had a clo s ed- in entrance hall added. Other 
im provement s  were  limited to replacem ent of furni shings as needed. 

Through the efforts of the Signal C o rps Radio Propagation Agency, 
at Ft . Monmouth, New Jer s ey, more  modern teletype equipment was 
obtained to r epla c e  obsolete equipment . The system i s  now full duplex 

operat ion ,  thus making use o f  both the send and receive equipment 
s imult aneous ly . 

The C - 3  iono s onde which has been in us e c ontinuously for ten 
years  created s om e  problem s during the year . The r equirements on the 
s taff did not pe rmit thorough overhaul until as s i s tance could be given by a 
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vi s iting engineer  from Boulder  headquarte r s .  At the clo s e  o f  the year, 
the equipment was again giving good re sults . 

With the anticipated use  of the recently ins talled equipm ent , 
s pecific pa�th for ecas tS;; rather than general a r e a  ! o r e c a s t s , s ho uld be c om e  
po s s ible and more  reliable than the trial one s now made . The change s  
i n  solar - terres trial relationships, as  the cycle progres s e s  towards 
s uns pot minimum, will be followed in preparing for ecasts . An improved 
antenna field is  planned for the s everal recording s now being m ade .  The 
feasibility of  installing a riom eter in the s tation area w� ll be inves.tigated. 

Per sonnel engaged on thi s project were :  L. W. Honea ( s tation 
chief),  D. B. Bucknam {chief for ecaster) ,  R.  S .  Gray, W. 0. Wheeler ,  
F .  L.  Heffentrager, and M .  P. Pre scott . 

Solar Geophysical Data 

82164 

NBS re search groups , as  well as  s cientific worke r s  throughout the 
world, e s pecially thos e  involved in space s cience  program s ,  have need for 
s ummarie s of s olar and g eophys ical data that are  available on a reasonably 
rapid publication s chedule . The s e  dat2 summarie s  permit r elatively 
prompt evaluation of a wide variety of s olar ,  geophysical and radio . 
propagation expe rim ents . Definitive publication of s ome of the s e  data 
appear s  years, rathe r than months, after the NBS publication. Thi s 
project is  re s pons ible for thi s needed prompt data collection and pub
lication. Data are als o  c ollected and edited for final publication ih 
the Journal of Geophys ical Res earch. Selected data are als o  pre pared 
for publication under  the international aus pice s  of the International 
W orld Day Service  of ICSU. 

The needs of  the large number of  sc ientific and technical 
or ganizations that look to C RPL for centralization of the collection, 
c ompilation ,and di stribution of s olar and geophysical obs ervations on a 
prompt s chedule are  met in s everal ways . Fir st ,  brief telegraphic 
summarie s are di stributed within a few hours of ob se rvation by the CRPL 
Radio Warning Se rvice s  ( s e e  Projects 82162  and 82163 ) .  Second, data 
are  furni shed to the High Altitude Ob servatory, Boulder , C olorado, which 
prepare s  a preliminary r eport ,  mailed weekly, ba sed lar gely on the 
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telegraphic information. Third, ther e  is  the monthly inte rmediate 
public ation, the C RPL- F, Part B "Solar - Geophys ical Data" report, 
ba sed  lar gely on prompt, though at tim e s  unverified,written report s .  
Fourth and finally, final publications a r e  i s  sued m onthly, o r  as  directed, 
including definitely reduc ed ob s e rvations ,  synthe s e s . and interpretive 
di s cus s ions . Almost all of the data on which the s e  publications are  
based  are  fi r s t  us ed  in  the CRPL radio propagation disturbance for e 
cas ting activitie s  and a s s ociated re search. 

The m onthly C RPL- F Part B 1 1Solar- Geophys ical Data" report  is  
a unique data s ourc e  becaus e of its  c overage and timeline s s .  Usually within 
the fi r st to s econd month after ob s e rvation ,detailed basic data are  given 
from s ource s  throughout the world.  Practically all of the organizations 
and r e s earch worke r s  in the U. S.  active in thi s field, as  well as many 
c ooperating institutions abroad, not only reque s t  the s e  data but als o  a sk  
of the po s s ibility of inco rporating additional data. Thi s prompt r eport 
allows many type s of re s earch s tudie s to be c om pleted quickly. In turn , 
the r e s ult s can then influence the des ign of,o r  change s in,analytical 
program s ,  both at C RPL and els ewhere .  

At  B0ulde r  a vast  amount o f  s olar activity data i s  proc e s s ed on 
day-by- day records . CRPL- Boulder  r e s earch per s onnel us e the s e  for 
immediate interpretation and/ o r  planning of geophysical and radio 
propagation experiments . The s e  data are  al s o  us ed for the weekly for ecasts  
of geomagnetic ac tivity di s c us sed  under Project  82161 .  The availability of 
much of the s olar data depends on NBS s upport  to s olar obs ervatories  
( s ee Project  8 216 5 ) .  

CRPL edits the Geomagnetic  and Solar Data portion of  the Journal 
of Geophys ical Res earch. Thi s  re spons ibility was delegated to C RPL by 
the Ame rican Geophys ic al Union. Thi s monthly definitive publication 
pre s e nt s  data s om e  of which are  only available in this journal or othe r 
wi s e  only available after  c ons ide rable delay in International Scientific 
Union publication s .  

For the International World Day Servic e ( IW DS1 c ertain s elected 
data are  pr epared for public ation by various international organizations . 

The format of the C RPL- F,Part B monthly report, "Solar
Geophysical Data! '  has continued to  expand to  m e et the needs expres s ed 
above . Information on c o smic ray data and from more  s olar radio emis sion 
obs e rvatories  are  now included.  The c ontents of the s e  reports c over : 
( 1 )  daily s olar indice s, ( 2 )  s olar cente r s  of activity. ( 3 )  solar flare s , 
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( 4 )  iono sphe ric effec t s  of s olar flar e s, ( 5 )  s olar radio em i s  s ian, ( 6 )  geo
magnetic activity indic e s , ( ? )  radio propagation quality indi c e s , and 
( 8 )  alert  periods and s pec ial wor ld inter vals . A s  of June 196l, about 5 0 0  
c opie s  of thi s monthly report  a r e  di stributed unde r data exchange arrange
ments . The table s and cha rt s ,  available at c o s t  like other IGY data 
through the IGY W orld Data Center A for Tono s pher e  and Airglow at C RPL, 
now go to 5 0  addr e s s e s  under the title ' 'C om pilations of Solar- Geophysical 
Data. " To fac ilitate us e of the table s ,  the de s c riptive text was i s s ued a s  a 
s eparate booklet ,including an index to data included s ince the beginning of 
the IGY . The formats of table s conform ,  whenever  pos s ible , t o  inter

national recommendations . Punch card methods  permit the monthly handling 
of thi s large quantity of data . Technique s to prepare s till more  of the 
contents by such methods are  always  under s tudy . The radio propagation 
quality figur e s  are now machine lis ted. The iono s pheric effects  of s olar 
flare s  are als o being entered on cards with the intent to change publication 
fo rmat; including in addition to the short-wave fadeouts (SW F) ,  s udden 
enhanc ement of atmospheric s ( SEA), sudden c o smic noi s e  abs or ptions 
(SC NA)  ,al s o  the s udden pha s e  anomalie s  (SPA ), and s udden enhanc eme nt s  
of s ignal at low frequencie s ( SES)  in  one ma s te r  table . The 9 . 1 em 
spectroheliogram s obs erved by Stanford Unive r sity, C alif. , and the 5 0 0 -
1 000  Me / s spectrum obs e rvations b y  C onvair a t  Owens Valley, Calif. , have 
been added.  The c o smic ray data cons i s t  of daily indice s  from the neutron 
monitlor at C limax, C olorado ,and a cha-rt of pr e s s ur e -corrected hourly total s 
from the s tandard neutrons monito r at Deep Rive r ,  Ontario ,  Canada . The 
musical note ma gnetic activity diagram fo r thr ee- hour - range indice s ,  Kp, 
for 196 0, and the final Zurich daily s unspot numbe r s  for 196 0 we re  included 
in appropriate i s s ue s  • .  The flare data are available through clo s e  c oope ration 
with the IGY Worl d  Data C enter A for Solar Activity at the High Altitude 
Ob s e rvatory , 

The monthly editing of the s elected geomagnetic and s olar data for 
Journal of Geophysical Re s earch c ons i s t s  of a table of s elected data - -
Kp, C i ,  Cp , Ap,  KFr , R z ,  and Geomagnetic ally Selected Days . Quarte r ly 
principal magnetic s torm data , s udden c ommenc ements ,and s olar - flare 
effects are  publi s hed.  Annually, the Zurich final r elative s uns pot numb e r s  
and the musical no r:e diagram of three -hour - range indice s ,  Kp, a r e  included. 

The TGY Calendar Record wa s c ompleted and submitted for publication 
in the Annal s of the IGY , Per gamon Pre s s .  Thi s Calendar c ons i s t s  of 
rna tching oages  for each ten days of the IGY: on the left ,fundam ental 
indic e s  from s everal of the IGY di s cipline s ; and on the right,brief narrative 
remarks highlighting the out s tanding event s  or obs e rvations made each 
day , The Calendar is  intended as  a convenient reference for re s earch wo rker s ,  
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not a s  a ba sic data sour c e . A similar Calendar Record  for 19 59 data 
ha s b e en started .  All  of the nec e s sary mate rial ha s not  yet  been rec eived 
from members  of the International C ommittee  for Geophysic s which is  
s pons o ring its  pr eparation. 

The Geophysical Calendar for 1961 wa s prepared for the International 
W o rld Day Servic e .  Thi s li sts  Regular World Day s ,  day s of unusual 
m eteoric ac tivity, days of s olar eclips e ,  World Meteorological Interval s , 
Re gular Wo rld Inte rvals and International Rocket W eeks .  The s e  guide 
r e s earch program s  in s everal geophysical di s cipline s .  

The punch card  decks, li sting flare information from July 1957  onwards , 
have been made as c o r rect  as  po s s ible through inc orporation of r evis ions 
to o riginal data s ent by many ob s e rvatorie s .  The s e  cards are now 
available for high speed c omputation of a stati stical c ombination of 
multiple flare  r eports into a s ingle weighted r eport of the s olar event. A 
s om ewhat similar li s t  of  events has been proc e s sed  for publication by 
the IGY -world Data C ente r  A for Solar Activity . Thi s is the McMath-
Hulbe rt Ob s ervatory Working List  of Flar es  for 1959, by Helen W .  Dod s on 
and E .  Ruth Hedeman ,furnished through coope ration with McMath-
Hulbe rt Ob s e rvatory. 

Preparation of  6 - hourly sunspot numbe r s  throughout the Greenwich 
day for each day of  the IGY i s  near c ompletion. C omputations for July 1957  
through March 1958  are  fini shed.  A r e s earch note i s  anticipated, pr e senting 
the se  numbe r s  as indicative of gro s s  change s in s olar activity during a 
day. The Ame rican A s s ociation of Variable Star Ob s erver &  Solar Divi s ion, 
pr epar ed revi s ed coefficients and weighting factor s  for all the ir  s tandard 
ob s e rve r s . Similar c oefficients for other data available through IGY 
aus pic e s  we r e  pr epa r ed at NBS .  

The s tatus o f  the c ompletene s s  o f  the s olar radio emis s ion file s 
for the IGY to date in IGY W orld Data C enter  A for Solar Activity was 
made for Dr .  M .  A .  Elli son  for the International C ommittee  on Geophysic s .  
Appropriate followups are  in progr e s s  to determine r eas ons for any 
apparent gaps in the data files .  

The CRPL will c ontinue to proce s s  s olar geophysical data at 
about the s ame gene ral level a s  at pres ent. An inc reasing number o f  
r eque sts from U .  s .  sc ientific groups , e s pecially tho s e  c oncerned with 
space r e s earch,  is anticipated for the s e  rapid publication s e rvic e s .  New 
data will be added to the CRPL- F, Part B reports if po s s ible . Pre s ent plans 
include  data on sudden pha s e  anomalie s ,  on iono s pheric blackouts ,  
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and from riometer s .  

Per s onnel c ontributing to thi s project  included: J .  Virginia Lincoln 
(project leader ) ,  0. E 3  Youngdahl, G. Otto , R .  E. Sodergren, and 
M .  E .  Adam s .  

' A s s ociated Solar Ob s e rvatorie s 

8216 5 

Re s earch groups throughout the world need s olar and geophy s ical 
data collec ted and publi s hed on a fa s t  s chedule for prompt evaluation of 
their program s .  The s e  data are  bas ically tho s e  of a patrol rathe r than 
res earch nature .  Thus, many of the s olar obs ervatorie s ne ed out s ide 
support · to make the s e  ob s e rvations in addition to c onducting their  
r e s earch program s .  Under thi s proj ec t  the National Bureau of Standards  
make s both c ontractual and informal arrangements to  guarantee c ontinued 
rec eipt of the needed data . 

Many of the geophysical program s ,  e s pecially tho s e  in s pac e 
s cienc e ,depend upon 24- hour c overage of outs tanding s olar and geo 
physical events . To ins ur e  availability of the s e  data ,the CRPL ha s acted 
a s  a c entralizing agency.  Not only has CRPL collected and publi s he d  the s e  
data , but CRPL ha s al s o  maintained contracts with s everal ob s e rvatories  
to  guarante e that few, i f  any, gaps in  we s te rn hemispher e c overage occur .  
Thi s i s  logical s ince much of the data ar e als o  vital to the CRPL radio 
propagation di s turbance fo recasting s e rvic e s .  

The High Altitude Obs e rvatory provided daily report s  o f  the 
intens ity of the coronal emi s s ion line s ,  ob s ervations of s olar flare s ,  
occur r enc e of SC NA,  SEA and 18 Mc / s  s olar radio emis s ion bur s t s ,  and 
outs tanding event s  on the 8 - 41 Me/ s s olar radio spectrograph. HAO als o  
collec ted s imilar reports from the Sac ram ento Peak Ob s e rvatory with 
exception of tho s e  of the s olar radio s pectrograph. Frequent liai s on was 
pos s ible with both HAO and Sac ram ento Peak Obs e rvatory s taff. A 
joint c onferenc e on s cientific program s  i s  de s c ribed under Project 82161 .  

McMath- Hulbert Ob s ervatory reported both daily and by monthly 
summ arie s the ir obs e rvations of calcium plage s ,  s olar flare s ,  SW F, SC NA, 
and SEA. Liai son wa s m o s tly by c o r r e s pondenc e .  Mutual problem s were  
di s cus s ed by telephone and at  confe renc e s  v.here  NBS and lv1cMath-Hulbert  
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s taff were  i n  attendanc e .  

Small contracts  with the Ame rican A s soc iation o f  Variable Star 
Ob s e rv e r s  ,Solar Divis ion,provided the Am erican r elative suns pot numbe r s  
and s udden enhanc ement o f  atm o s pheric s r eports o f  thi s group on a 
monthly bas i s .  Under contractual ar rangem ents to ins ure  prompt re 
c eipt o f  the data , Y .  Ohman furni s hed the s olar flar e  ob s ervations 
made by Sweden at Anacapri,  Italy. 

A s  for many year s ,  informal arrangem ents c ontinued with many 
obs e rvator ie s  and laboratorie s .  The U.  S .  Naval Ob s ervatory s upplied 
daily s uns pot po s itions and ar ea s .  2 8 0 0  Mc / s  s olar radio emis s ion data 
wer e available  daily and monthly through the coope ration of A .  E .  C ovington 
of the National Res earch Council of Canada. W endel s tein Ob s e rvatory 
of Germany furni s hed daily s ummary r eports by airmail of  many form s 
of  s olar activity . Solar radio emi s s ion monthly reports  were r ec eived 
from the s pectrograph of the Harvard Radio A s t�onomy Station at Ft . 
Davi s ,  T exa s ,  from the s pectr ograph of C onvair at Owens Valley , Cali£. 1 

from the interfe rom ete r  at Nancy , France ,  and in the form of 9 . 1 em 
s pectroheliogram s by Stanford Unive r s ity, Cali£. The Re s earch Ins titute 
of Atm o s pheri c s ,  Toyokawa, Japan, furnished pr ompt reports  of sudden 
enhancements  of atm o s pheric s ,  as well as did Dr .  M .  A. Ellis on of 
Duns ink, Ireland. J . A. Sim p s on and G.  Lentz of  the Enrico  Fermi 
Ins titute of Nuclear Studie s ,  Unive r s ity of Chicago ,provided the c o smic 
ray neutron indice s  from C limax, C olo . , and H.  Carmichael and 
J .  Stelj e s ,  of Atomic Ener gy of Canada, Limited, gave similar information 
in chart form from Deep River ,  Ontario ,  Canada . Dr . J. Barte l s  and 
Dr .  J .  Veldkamp made the geomagnetic indi ce s  promptly available .  
D r .  B .  B eckmann_ of  the Fe rnmeldetechni s chen Zentralantes , Darm stadt, 
G. F. R . , furni s hed s pecial radio propagation indic e s . 

Much of the m onthly so lar  flare data w as obtained through the 
IGY World Data C ente r  A for Solar Activity at HAO .  However , clo s e  
c ontact was maintained with the ob s ervator ies  i n  the we s te rn hemisphe r e .  
On fie ld trips vi s it s  w e r e  po s s ible with Dr . Walter Steige r o f  the Univers ity 
of  Hawaii .  He and Gail E . Moreton of Loc kh eed, Lo s Angele s ,  Calif. , have 
c ooperated in the daily s olar data interchange program ,providing much 
ne eded data, as  well as in the monthly r eporting . Dr . Steiger al s o  
r eported SC NA ,  SEA ,and 1 8  M e /  s s olar radio emi s s ion bur sts . The 
Dominion Ob s e rvatory at Ottawa has again made monthly r eports  on 
flare obs ervations . The Geophysical Ins titute at Huancayo ,  Peru, ha s 
been e nc ouraged to inc r ea s e  thei r participation in the daily data inte rchange . 
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Manila Ob s e rvatory at Baguio ,  Philippine Islands ,wa s vi sited and the 
staff encouraged to participate in the fa st  interchange of solar and 
geophys ical data as a valuable addition in their longitude o f  the world. 

Thus s olar and geophysical data flowed into CRPL for us e in 
many ways . Fir s t the s e  data were us ed daily for the NBS- CRPL radio 
forecasting c ente r s  at Ft . Belvoir ,  Anchorage, and Boulder . Then they 
were proc e s s ed for monthly publication ( s ee Project 82164) .  Archive s  
o f  the data a r e  maintained for special re search us e and for answe ring 
specific inquirie s .  

Both formal and informal ar rangem ents with many s olar and 
geophysical ob s ervatories will continue in order to collect, dis s eminate , 
publi sh  and archive needed data . De spite the coverage indicated above , 
the r e  are still gaps in optimum c overage of s olar flare and solar radio 
emi s s ion ob s ervations .  Plans are under way for a maj or increase in this 

area of s e rvic e  s inc e CRPL is recognized as the logical centralizing 
agency for collection and proce s sing of tlie solar and geophys ical data 
ne eded by the many U. S .  s cientific groups c once rned with use of such 
information for evaluation of their experimental finding s .  W o rk of thi s 
type was supported for s everal years  by special IGY funds ,but now 
should be under  NBS financing to provide c entralization. Such funding 
would es tabli sh  a CRPL Solar Geophysical Activity Service  that would 
guarantee continuation of obs e rvation programs ne eded for both short
term forecasting of ionos pheric and c ommunication di sturbanc e s , as  well 
as r e s earch in co smic rays , iono spheric physic s ,  auroral phy sic s and othe r 
aspects of solar - terre strial relationshipq both at CRPL and at s eve ral 
score  other U. s. laboratories . For example ,  a s erious gap exis t s  on the 
east coast of the U .  S . for solar flar e  ob s ervations that are  available on 
a daily ba si s .  A flar e  patrol in that area wo uld have top priority in 
such a program . Ther e  i s  a group willing to operate such a patrol if 
ins truments c ould be made available . NBS would thus support such 
solar patrol program s  through contractual arrangem ents . 

Pe r sonnel ac tive on thi s project wer e :  J .  Virginia Lincoln (project  
leader ) ,and M .  E.  Nason. 
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NASA Satellite C ommunications 

82462  

CRPL was  s elected by the C omite Special de 1 1  Annee Geo -
phys ique Internationale (CSAGI) i n  1 9 54 t o  ope rate the IGY World 
Warning Agency  which now c ontinue s under the aus pic e s  of the Inter
national World Day Service ,  IWDS, o f  ICSU.  The North Atlantic Radio 
Warning Servic e at Ft . B elvoir ,  Va. , ( s e e  Project 8216 2 )  furni shes 
staff and fac ilitie s  for thi s s ervic e . Thi s s ervic e ha s entailed 
pa:ctic ipation in a network of  daily s olar and geophysic al data in-
terchange  with other c enter s  throughout the world . A s  the earth 
satellite program developed ,the World Warning Agency  (A GIWARN) was 
naturally utilized  for the international a s pects of  the program through 
the sys tematic distribution of  U .  S .  s atellite launching announcem ents , 
orbital elem ents, and ob s e rvations of  all satellites  to other regional 
ce n te r s  of the world. The World W arning Agency al s o  r elays to U. S .  
computing cente r s  ob s e rvations of  U .  S .  satellite s made by foreign 
governments . A SPACEW ARN netwo rk has been e s tabli shed by the 
CtDmmi�tee on Spac e Res earch (C OSPAR ) ,and A GIWARN ha s been de s ignated 
as a Satellite Regional Warning C enter for the W e s tern Hemisphere in 
.:hi s network. Thus, information of  U,. S.  satellite s , relea s ed by the 
National Academy of Scienc e  or through the National Aeronautic s  and 
Space  Administration,is made available to c ooperating nations through-
out the world. Thi s proj ect  has b e en spons o r ed by the National 
Aeronautic s and Spac e Administration. 

Use  of  a system such as SPACEWARN i s  nec e s sary to provide 
suc c e s s ful c oordination among the countries  involved in the earth
satellite program . The experienc e  o f  the World Warning Agency is 
valuable in many a s pects  in addition to the actual handling of the 
communication inte rchang e .  For example ,  advic e is given on m e s sage 
content and on the formulation of synoptic c ode s pr e s enting the data . 

During the past  year, AGIW ARN c ontinued its r e sponsibilitie s  as 
the Satellite Regional Warning C enter  for the W e stern Hemisphere in the 
SPA C EW ARN netwo rk of C OSPAR . In this role , through both celegraphic 
and mail di s tribution, AGIW ARN s e rved a s  an international c enter for 
U. S .  satellite launching announcements originating at the National 
Academy of Scienc e, and for orbital elem ents of U .  S. satellite s 
pr epared by U.  S .  c omputing c ente r s .  It als o  s e rved the W estern Hemi
spher e  by relaying ob s e rvations of  U. S .  and U ,  S.  S.  R.  satellites  from 
obs erver s  abroad to U .  S .  c omputing c ente r s .  
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B roadcas t s  o f  s atellite information are made in Europe and the 
Far Eas t .  Fir s t  s teps have been taken inve stigating the pos s ibility of 
extending similar broadcast  coverage of s atellite information to the 
We stern Hemisphe r e .  

A s  a n  exam ple of the me s sage handling involved ,  the r ecord for 
one recent month follows : 26  m e s s age s conc e rning obs e rvations from 
the USSR, Germany, and U. S .  A. wer e  forwarded to the computing 
center s  involving reports  on 1 5  satellite s ;  2 5  m e s s age s containing 
modified orbital elements  for 17 satellite s were di s tr ibuted ;  and one 
launching announcem ent wa s dis s eminated. Many m e s sage s are  
rec eived that are  not adaptable for systematic redi s tribution . In the 
month r eported above, approximately 3 5 0  mes s age s were  r ec eived wi th 
information on 43 of 51 bodie s of known regular Earth o rbit. 

The reque s t  by COSPAR to unify the codes  in us e for s atellite 
inform ation data inte rchange wa s unde r active study. Propo s ed change s 
are being c onsidered by the various U.  S .  groups conce rned, and upon 
c ollec tion of the replie q, a single s et of code s will be r ecommended to the 
COSPAR Working Group. 

Under guidance from NASA, the W orld Warning Agency at NARWS,  
Ft. Belvoir ,  Va.  ,will continue to  s e rve a s  a Satellite Regional Warning 
Cente r in the SPACEW ARN netwo rk of C OSPAR, offering s e rvic e s  s uch a s  
a r e  outlined above.  

Pe r sonnel who contributed to the project we r e :  J. M.  W eldon 
(proj ect  leader ) , J. V. Lincoln, J. W .  Cio ,  H. Hedric k and P. Ruark. 

Project Mercury Radio Warning Se rvice  

82464 

Systematic forecasts  of  s hort  tim e variations in the iono s phe re 
will be made s pecifically for the Project  Mercury ground communications 
network. Thi s wo rk is spons ored by the National Aeror.tautic s  and Space 
Admini stration, Prior to a launch, the comm unications offic e r  in charge 
of the netwo rk will be given s pecial for ecast s  and interpr etations of 
the forecas t s  as may be required. Advice regarding the more  likely 
periods for undi s turbed conditions will be rna de available to NASA 
officials charged with s etting dates  fo r launchings .  



1 5 9  

Short time variations i n  the iono sphere  often adve r s ely affect the 
reliability of high frequency radi o  c omm unications .  Dis ruption of 
c ommunications within the Project  Mercury netwo rk at the time of 
launching would inte rfe r e  with transmis sion of acqui s ition data from 
satellite tracking s tations to the maste r  c ontrol c ente r ,  Thi s c ould result 
in the satellite and pa s s enger  being los t  for a c ritical period of  tim e .  
Fortunately, shor t tim e ionospheric variations can be  pr edicted with a 
measure  of  confidenc e .  CRPL has been engaged i n  thi s type o f  work since 
1 942 and, utili zing its experienc e ,  can contribute to the s uc ce s s  of the 
Proj ect  Mercury program .  

Thi s proj ect becam e  active o n  September 1 7 ,  196 0 ,after a s tate 
ment of  work to be  done was agreed upon by ·NASA and NBS .  Upon 
acceptance of the work agre em ent , a chief forecaster and a deputy chie f 
foreca ster for the Proj ect  Mercury Radio Warning Service were appointed 
from the team of experienc ed forecasters  of radio propagation c onditions 
at the North Atlantic Radio Warning Servic e ( s e e  Project  82162 ) .  

A sweep- frequency rec eive r was ordered for us e in thi s proj ect .  
The rec eiver  will sweep from 3 to 3 0  m egacycle s in 3 0  s ec onds, and 
its output will be recorded on fac s imile paper.  By using a suitable 
antenna beamed down- range ,  thi s rec eive r and recorder will permit 
forecaster s  to ob s e rve the band of  fr equencies  in us e, and thus to asce rtain 
the mo s t  appropriate operating frequency for s om e  of the Proj ect  Mercury 
s tations . 

A plan for Proj ect Mercury s tations to follow in reporting ob
s e rved c onditions on their  various c ircuits to the Project  Mercury Radio 
Warning Servic e  wa s finalized,and W e s te rn Electric C ompany unde rtook 
its di stribution to the field stations . A s implex landline teletype c ir
c uit from the Projec t  Mercury c omm unications c ente r  at  Greenbelt, 
Maryland ,to the radio warning s e rvic e  at Fo rt Belvoi r ,  Virginia,wa s 
installed to fac ilitate rec eipt of  the c ircuit performance r eports . 

Several Pro j ect  Mercury c ircuit perfo rmance reports are received 
currently at the radio warning c ente r .  They a r e  b eing correlated with 
the preliminary quality figure s  for the North Atlantic area and solar and 
geomagnetic activity . 

Efforts  have been made to correlate the available c ircuit per 
formanc e reports with the North Atlantic radio quality figure s  and with 
flare  activity on the sun. B ecause of the small numbe r of reports that 
have been accumulated s ince thi s projec t  wa s begun ,  the r e s ults of the s e  
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efforts are ,  as  yet, inconclus ive .  Ther e  is  a sugge stion that pe rhaps , 
exc ept for s evere  dis turbanc e s ,  the night-to - day trans ition period i s  
the tim e most likely to be  di s turbed on  the middle and low latitude 
circuits involved.  

The proj ect leader vi s ited the adminis tration offic e s  and receiver  
s ites of  operating companie s  and agencies  operating Project  Mercury 
circuits in the Pacific area.  The s e  vi s its were in r e gard to the plan 
for each station in t he network to furni sh  circuit pe rfo rm anc e r eports  to 
the for ecasting center .  The proj ect leader was able to convince both 
adminis trator s  and operator s  that the reliability of the radio forecas ts 
for the Proj ect Mercury netwo rk depended greatly on the r egular r ec eipt 
of the reque sted circuit perfo rmance reports . The vi s its allowed the 
project  leader an opportunity to di s cus s with circuit operator s  their 
various m ethods us ed to c ompile the r eports . Thi s i s  very useful information 
when deciding weighting facto r s  to each s tation' s r eport s .  

The chief forecaste r , on a European tri9 was able t o  vi sit some of the 
European s olar ob servatori e s  and rna ke arrangem ents  for the pos s ibility 
of special repo rts from them . The need for such reports will depend 
upon the scheduled hour of launch. 

Card- punching of the homogeneous and compr ehensive s et of 
sudden ionos pheric dis turbanc e data was begun. Thi s is pr eparatory to 
updating the empirical formulae us ed to predict the likelihood of sho rtwave 
fadeouts . They will be used for othe r res earch projects  as well , 

A preliminary s tudy on the occurr ence of shor twave fadeouts wa s 
com pleted. This wo rk revealed  that the numbe r  of s evere  fadeouts occur
ring in January 1962  would be about one-half of  the number which occur r ed 
in January 1961 .  The total number of shortwave fadeouts per m onth 
expected in early 1962  i s  le s s  than ten. 

Efforts will continue to cor relate the Project Mercury circuit 
performance reports with s olar and geomagnetic activity , with ionos pheric 
data , and with reports of radio quality ob served on similar ci r cuits . To 
as s i st in thi s work, as  well as  the other work at the North Atlantic Radio 
Warning Service ,  som e thought has be en given to the advis ability of 
us ing an electronic com puter .  Sinc e the geomagnetic indic e s, and much 
ionosphe ric data, and most event- type solar activity data are  alr eady on 
punch card s ,  they are readily available for machine com putations . 
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Som e  tim e will be  spent in developing fo recast  formats which are 
us eful to the c omm unication offi cer  o f  the Proj ect Me rcury network. 
Semantic s o f  the forecasts must be carefully worked out to preclude any 
chance of  a misunde r s tanding or  misinte rpretation of forecast  on the part 
of  the c omm unication office r .  

The projec t  leader will visit the Proj ect  Mercury r ec eiving 
s tations in Europe and Africa in FY6 2 .  He will make per sonal c ontacts 
the re ,as  he did in the Pacific area in FY61 . This  c ontact s e rves  to make 
the radio warning s ervic e  function c lear  to the ope rator s  of Pro j ect 
Mercury c ircuits ,  to explain the c ircuit reporting plan to the operators , and 
to acquaint the project  leader with station procedures  and pe r s onalitie s . 
While making the s e  vi sits ,the proj ect  leader will call at various solar 
ob s e rvatorie s  to ma ke arrangem ent for rec eipt of unscheduled s olar 
obs e rvations . It i s  c onceivable that c ritical data c ould be made avail-
able by the s e  obs ervatories  to the Project  Mercury for ecaste r s  j us t  
prior t o  a launch. 

Plans are  underway for the ins tallation of a riometer  at the Proj ect  
Mercury radio warning s e rvic e  ( Fo rt B elvoir ,  Vir ginia), and po s s ibly 
at other locations ,  e .  g .  ,Anchorage o r  Puerto Rico . Thes e  would enable 
for e c as te r s  to fix quantitatively the amount of abs o rption. Riometer s ,  
al s o ,  a r e  a more  r eliable shortwave fadeout detector than are  field s trength 
r ecords  since they do not depend on radio transmitte r s  being on air .  

Personnel a s s igned to thi s project  include : M .  E .  Nas on (proj ect 
leader ), J .  M. W eldon, K. D. B ogg s ,  E. J .  Wiewara,  J .  W .  Pritting, 
J. M. Kennedy, and W .  H. Daniels plus as s i s tanc e by other m embe r s  
of  the NARWS staff. 

Operation of an Iono spher e  Sounding Station 
Near W allops Is land 

8246 5 

NBS was r eques ted  by the National Aeronautic s and Space Admin
i s tration to furni sh  iono sonde data from a s ite near Wallops Is land for 
c o r relation with data obtained from NASA rocket expe riments launched 
from that s ite . Thi s m eant the ins tallation of a s uitable ionos onde and its 
ope ration for specifically reque s ted  periods . 
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Ground bas ed ob s e rvations of iono s pheric parameters  are  often 
nec e s sary to provide check points for obs e rvations made by rocket 
experiments and for prope r  interpretation of the rocket re sults .  The 
iono sonde data should be from as near to the rocket location as po s s ible 

obs e rvations . Thus, it was nec e s sary to obtain and ins tall an iono s onde 
in the Wallops Is land area.  

Membe rs of the staff of  the No rth Atlantic Radio Warning Servi ce 
(NARWS ) at Ft . Belvoir ,  Vir ginia, with spe cial help from NBS - Boulde r 
group s ,  installed a C - 3 iono s onde at Wallop s I s land . The equipment 
had been returned to C RPL by the U .  S .  Army Signal Corp s . While 
the re , the s taff made recommendations for ne ces sary building im
provement s ,  and kept in touch with pers onnel at Wallop s I sland during 
the p roce s s  of completing the s e  changes .  Field s ite surveys for 
pos s ible relocation of the ionos onde we re made . The C - 3 ionos onde 
was ove rhauled, put into ope rational condition, and ope rated through 
out the year ,  upon reques t  b y  NASA re search group s , during eight 
rocket launchings .  Data were forwarded to the NBS Boulder  Labora
to rie s for analys is and transmi s sion to NASA . On-the - sp ot data 
evaluations we re al s o  made . 

The ionos onde will be periodically ins pected  to ins ure it r emains 
1n s tandby c ondition. More NARWS per sonnel will be  trained to provide 
the s e rvice s  needed at Wallops Island. The iono s onde will be operated 
as reque sted by NASA for rocket launchings and on the desired technic al 
program s .  

Per s onnel who c ontributed to thi s project  were : E .  J .  Wiewara,  
K.  D. Boggs ,  J . W .  Pritting ,and L . Bauhs . 
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C onsultative and Advis o ry Servic e s  
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The obj ective i s  to provide s hort term consultative and advis ory 
s er vi c e s  to other  government agencie s ,  indu stry , and national and 
international technical organization s .  

This proj ect  i s  an administratively convenient method of ac 
c ounting for nec e s s ary charge s  occurring when staff member s par 
ticipate in national and international s cientifi c committee meeting s 
and for the time spent di s cus sing g eneral and/or  specific technical 
problems  with other agencies  and industry . 

Memb e r s  of the s taff participated actively on c ommittees  for 
the Ins titute of Radio Engineer s �  C o;nsultative Committee International 
Radio, International Scientific Radio Union, Interdepartment Radio 
Advis ory Commi tt ee, and Joint Technical Advis ory C ommittee . 
As s istanc e has been given to the Federal C ommunications C ommi s sion 
on Analys i s  Industry Advis ory Committee  s tudying systems for proc e s s ing 
data from the New York City UHF televis ion experiment. 

The following i s  a partial li s t  of other government ag encie s  and 
industrial c ompani e s  that were a s s i sted or supplied specific  technical 
information at no charge ; sponsoring agencie s ar e not included in thi s 
list.  

Industry:  

Aer o  Geo Astr o  Corporation, Alexandria� Va. 
Lockheed Aircraft C o . , Metuchen, New Jers ey 
ICS {480L} ,  Par amu s 1  New Jer s ey 
Wes tinghous e Corporation, Baltimore,  Md.  
Ele ctronic  C ommunication, Inc . ,  St . Petersburg , Fla. 
Hughe s Aircraft C o . , Fullerton, C alif. 
Radio  C orporation of America, Camden, New Jer s ey and New Y ork, N. Y. 
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AVCO Corporation, Ci ncinnati$" Ohio and Wilmington, Delawar e 
Collins Radio Company, Burbank, California and Dallas ,  T exas 
Filtron Co. , Inc . , Flushing , New York 
C onvair ,  San Diego, California 
Sperry Gyro s c ope C o . , G r eat Neck, L. I. , New York 
Sylvania Electr oni c s  Systems,  Buffalo, New York 
Pickar d & Burns ,  Ne edham, Mas s . 
McDannel Aircr aft Co . , St. Loui s ,  Mi s s ouri 
Bay State Electr onic s Corporation, Boston, Mas s .  
G eneral Electric  Co . , Lynchburg,  Va. , and Syr acu se ,  N .  Y .  
HRB Singer ,  Inc . , State Colleg e, Pa. 
Space Electroni c s  Corporation, Glendale ,  Calif. 
Rand Corporation, Santa Monica, Calif . 
Pre cision Instrument C o . , Washington, D.  C .  
Collins Radio Co . , Dallas ,  Texas and Burbank, Calif . 
Pag e C ommunications Engineer s ,  Washington, D. C .  
ITT Communication Sy stems,  Inc. , Paramus , New Jer s ey 
A .  E. Cullum C onsulting Engineer s ,  Dallas ,  T exas 
Zenith Corporation, Chicago, Ill .  
G eneral Pr ecision Laboratory, Pleasantville ,  N .  Y .  
T exas Instruments , Dallas ,  T exas 
Space  Technology Laboratory, Los Ang ele s , Calif. 
Gener al Communication Co . , Boston, Mas s .  
National Scientific Foundation, Washington., D. C .  
Aer onutroni c s ,  Santa Ana, California 
American Machine and Foundry Co . , Chicago,. D.l . 
Budd Electroni c s ,  Inc . ,  Washington, D.  C . 
Burrough s Corporation, Paoli, Pa. 
Dumont Laboratories ., New Jer s ey 
J et Propulsion Laboratory, Pasadena, California 
Martin Company, Orlando., Flor ida and Littleton, C olorado 
Mitre C orporation, B os ton, Mas s . 
Motorola, Inc . , Phoenix, Arizona 
Cubic Corporation, San Diego ,  California 
Nortronics .,  Norwood, Mas s .  
Stanford  Res ear ch Institute, Menlo Park, California  
Hughe s Res ear ch Institute, Malibu, California 
Midwest  Res ear ch Institute, Kansas City, Mo . 
Institute of Defens e Analys es ,  Princ eton, New J er s ey 
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For eign Nations 

Institut fur Rundfunktechnik, G mb H, Hamburg ,  W est  G eTmany 
Department of Scientific and Industrial Res earch, Ditton Park, Slough, 

Buck s ,  England 
Atomic W eapon R e s earch Establishment3 United Kingdom 
Tohuku Univer s ity, Sendai,_ Japan 
International Frequ ency Registration B oard, G eneva, Switzerland 
Univer sity of Birmingham, Edgbaston, Birmingham, England 
G eophysikali s che s Institut der Univer sitat Hamburg,_ Radiometeorologis che  

Abteilung, Hambur g ,  West  G ermany 

Univer sities  

Univer sity of  T enne s s ee ,  Knoxville, T enne s s ee 
Univer sity of Maryland, C ollege Park, Maryland 
Univer sity of Michigan,_ Ann Arbor,  Michigan 
George  Washington Univers ity , Washington,. D .  C .  
Pennsylvania State Univ er sity, Univer sity Park, Pa . 
Duke Univer sity, Durham, North C ar olina 
Univer s ity of C alifornia, Berk eley and Los Ang ele s, California 

Oth er G overnment Agencies 

U S Naval Res earch Laboratory, Washington, ... D . C .  
F ed er al C ommunications C ommis sion, Washington, D .  C .  
GEEIA, Attn : AMMXM, Br ookley AFB, Alabama 
National Security Ag ency, Ft. G .  Meade"' Maryland 
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Analysis and Measurement s of the 
Performance of T roposphe ric 

Radio C ommunications Equipment 

8 3 1 03 

Modulation Studie s  
T r oposphe ric T e rminal Equipment 

8 34 02. 

The obje ctive s of the s e  p roj ect s  are to  determine the quality of 
performance of radio c ommunication equipment ve r sus  the carri er 
to -nois e ratios , when using radio frequency carrier s  with t r opos 
pheric t ype of fading characte ristic s .  C onsultation and advice  will 
be given on measurement s  to be made s o  as to take into  account b oth 
the carrie r -to -nois e ratio and als o the distributions of the carrier  
and the noi s e .  

The overall obj ective of the se  project s  w a s  t o  as sist  i n  the det e r 
mination of how t ropo spheric radio wave communication can b e  im
p r oved or perhaps optimized through a study of modulation and de 
modulation techniques ,  particular ly as applied t o  the equipment . 

The re i s  a very urgent need for improvement in radio wave com
munications as  regards t o  increasing the reliability, mes s age rate  
and the economy of ope rations . 

The oretical and experimental studie s  were carried out t o  det e r 
mine the fundamental relationships between me s s age t ransfer re lia
bility o r  quality of pe rformance and such fact o r s  as  signal-to - noi se  
ratios , spectrum bandwidth, available powe r ,  intermodulation dis 
tortion, frequency stability, radio carrier characte ristic s ,  diver s ity 
gain s ,  etc • 

The re sult s of this work we re used as a guide to  develop a s et of 
enginee ring standards suitable for the de sign of that portion of t r opos 
pheric systems covered by the above work. Thes e  standards specified 
the required charact e ri stics  of radio transmitting and receiving equip
ment to  be used with various  types  of modulation and als o  involved the 
effect of various combinations of transmi s si on path parameters . 

Fis cal Year 1 96 1 tasks will be  continued in FY 1 962. .  

Per sonnel c ontributing t o  thes e  p roj ect s  were :  E .  F .  Florman, 
J .  J .  T ary and B .  F . Que reau.  



Facility Maintenance  

83 1 5 1  

The obj ective of this p r ogram i s  t o  maintain and extend pr e s ent 
facilitie s  us ed in the investigation of tropospheric propagation, meteor
ological and radio noi s e  phenomena. 

The field s it e  facilitie s  of the divis ion are u s ed in many pr oj ect s  
investigating r adio p ropagation and r adio noi s e . 

In addition to r ent, utiliti e s, and normal operating cos t s ,  a new 
roof was put on the r adio noi s e  building at Gun B arrel Hill . 

It i s  propos ed to continue routine maintenance  for all field site s o  
The pr oj ect numbe r  for FY 1 962 has been chang ed to 8 3 0 0 -40 - 83 1 0 5 .  

Per s onnel contributing to thi s pr oject were  C .  V .  B eck, 
M.  T .  Decker ,  A. F .  Barghaus en, R.  W .  Wilb e r ,  R .  T .  Di sney and 
W .  L. Robins on. 

Study of Interfer enc e Patterns 

83403 

To s tudy the interfe r ence aspects of  spac e telecommunications 
sys tems including : (a)  a r eview of various  p ropos al s  which have been made 
for spectrum sharing of space and terr estrial s ervi c e s, (b) an application 
of the latest  available r adio propagation knowledge and techniques  to  the 
fr equency allocation pr oblem for space telecommunication system s ,  and 
(c)  the pr e s entation of s ample calculations to show the r esults for s elected 
examples . A technical r eport and a program of futur e s tudy and experiments 
deemed e s s ential for obtaining adequate answer s  to  the technical problems 
whi ch have b een pr e s ented by the Federal C ommunications Commis sion and 
the JTAC Ad Hoc Subcommitte e  60 . 2 will be prepared in cooperation with 
the Stanford Res earch Ins titute . 

The advent of man-made s atellit e s  has made pos s ible a tremendous 
expansion of radio fr equency s pe ctrum space technically us eable for world
wide r adi o c ommunications . All r adio fr equencie s  up to 40 ,  000  Me / s have 
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alr eady been allocated internationally for mainly earth-bound telecom 
munications purpo s e s  and one of the gr eatest  problems facing us  today i s  
that of providing r adio spectrum space for thi s  important new development. 
The obj ective s  of this  pr oject ar e to provide a s ound technical basis  to 
pro ceed with the s olution of this problem. 

Pr edictions of  the mutual interfer enc e between the gr ound terminals 
of s atellite c ommunications sys tems and exi s ting point -to-point s ervi c e s  
wer e pr epar ed. Thes e  appeared as  a chapter of the r eport of the JTAC to  
the FC C.  

C ontingent on  additional financing, mor e  extensive work along s ame 
line s as  in  1 9 6 1  will be  conducted . 

Radio Launch Control System C onsultative 

and Advis ory Service s  

83 404 

To provide superv1 s1on, coordination3' liai s on, consulting and 
advis o ry s ervice s  by s enior technical staff, in the development and c on 
fidence test  program for a Radio Launch C ommand Sy stem being developed 
by B oeing Airplane C ompany. 

The Radio Launch C ontrol Sy stem i s  to be  u sed in the Minuteman 
Program. Extremely high r eliability is r equir ed to pr event err oneous 
firing of the mis sile . Installation of a r adio system in lieu of a wir ed 
system in  the hardened s ite s will effect a very great s aving s .  

Member s of NBS staff attended s everal Steering C ommittee  
meeting s in  Seattle ,  Washington and Warr en s burg,  Mo.  Purpo s e  of the s e  
me etings was to  part;lcipate in the evaluation of the Minuteman Radio Launch 
Control System .  A p reliminary evaluation was prepared and pr e s ented on 
June 6, 1 96 1 . This preliminary r eport indicat e s  that the sys tem as now 
install ed will not me et e s tabli shed p erformance r equir ements .  Suc c e s sful 
operation of the sys tem may be  pos sible with the Sylvania system, provided 
that an increas e in antenna r adiation efficiency i s  achieved and s atisfactory 
noi s e  suppre s sing circuitry is employed. 
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T r opo  Link T e st s  

8 3 4 05 

The objectives of thi s proj e ct are the measurement of the per
formance of  a t roposphe ric r adio link between La Plata,  Md. and 
Ft . D et rich, Md . in t e rms  of me s s age - load , me s sage e rror  rate ,  
radio receive r output signal-to-noi s e  ratio,  and received radio
frequency car rie r - signal level.  Measurement s  will als o b e  made of 
the s tat istical charact e ri stic s of the received radio-frequency car
rie r  s ignal . 

The Signal C orps  i s  expe riencing difficultie s  in obtaining opti
mum efficiency from the t r opospheric radio link mentioned above . 
Pe rformance te sts  will be  c onducted on the system and the re sults 
will b e  c ompared with p revious ly e stimated optimum performance ,  
i n  order t o  determine pos s ib le modifications nece s s ary to obtain 
maximum efficiency . 

C omplete performance -t e st plans have been made , including 
the gathering of the nec e s s ary special t e st equipment . 

Performance te s t s  will b e gin July 5 .  Nece s sary modifications 
to the s y stem will be made and they will then be t e sted .  A final 
report will be p repared outlining the tes t  re sult s .  

Pe r sonnel c ontributing t o  this proj ect were :  E .  F .  Florman, 
J. J .  T a ry, B . F .  Que reau and P. I. Wells . 

U . S .  Air For c e  T r opospheric Performanc e Standards 

83 408 

The obj ective of this p r oj ect i s  to pr epar e for publication a handbook 
of T r opospheric Performance  Standards for the U . S. Air For ce .  

This publication will p r ovide the Air F or c e  with a c omprehensive 
s et of Tropo spheric Performanc e Standards which will be us ed by all 
Air Force  faciliti e s  us ing T r opospheric C ommunication sys tems . 

Data have been gathered  for pr eparation of material for the above 
publication. 
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G EEIA Handbook Publication 

83409  

The obj ective of this proj ect i s  to  complete the publi cation of  a 
handbook of tropo s pheric per�ormance s tandards for the Air For c e .  

This handbook will provide  the Air Force with a compr ehensive 
manual of performanc e s tandards for USAF Ground Communication Systems 
employing troposph eric propagation. 

The handbook was completed and published. 

Automatic Data Reduction Re s e arch 

8 3 1 1 1  

T he obj ective of this proj ect i s  t o  improve current methods of 
data handling and proce s sing by the development of automatic data  
reduction and c omputation systems . 

A theoretical and experimental r adio r e s e arch program, such 
as is being conducted by the Radio Propagation Engine e ring Divi sion, 
require s the taking and analyzing of a vast amount of radio propagation 
data . Whe re such large volume s of data must be proce s s ed,  there  i s  
a c onstant need f o r  bett er ,  more efficient methods of data reduction.  
It i s  the re sponsibility of  thi s proj e ct t'O be thoroughly acquainted  with 
the data recording and reduction problems of all the proj e ct s  in the 
divis ion and to provide the as si stance required to reduce the data t o  
the desired level .  T hi s  1 1as s i stance1 1  varie s from c onsultive s e rvic e  
t o  proj ects planning field recording programs to  the development of 
special c omputation systems de signed to  meet the reduction need of 
a particular proj ect . 

With the above obje ctive s in mind a variety  of data rec ording and 
reduction problems were c onsidered . T he maj ority of the s e  problems 
originated during c onsultation with other groups within the divi s ion 
and in general we re c once rned with the recording and reduction of a 
large volume of field data .  In most c as e s  r ecording requirement s  
were s atisfied by recommending the use  of multi- channel, FM mag
netic tape recorde r s  ope rating at sufficient speed to accommodate the 
bandwidth of the des ired data .  C onsideration was  als o given t o  keeping 
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the recorded data  c ompatible with the automatic reduction equipment 
available in the s ection,s Data  Reduction Facility . Advanced calibration 
and editing technique s were  developed and int roduced into seve ral field 
recording programs . Special low frequency active filt er s  were developed 
for us e in a multifilte r  spect ral analysis  s ystem, T echnical Note  No. 1 1 1 , 
1 1Data  Reduction Instrumentation for  Radio Propagation Re search", was 
c ompleted . 

. . · The proj e ct will c ontinue t o  keep abreast of the divisiont s  needs 
in the field of automatic dat a  reduction. Advice  will be  given to  groups 
planning new recording programs and where  indic ated development will 
be started on new reduction e quipment . W ork will c ontinue on the 
development of the spectrum analyze r  mentioned above . Modifications 
to Proj e ct s  8 3 1 1 3  and 8 3 1 1 4 will als o  be cons ide red in order  to s ati sfy 
the particular data reduction requirements of the various res earch 
proj e cts in the Radio Propagation Engine e ring Division. 

Pe r sonnel c ontributing to thi s work were :  W.  E .  Johns on, 
L. E .  Gatterer ,  and B . C .  Willmarth. 

Data Reduction Facility 

8 3 1 12 

The obj ective of this proj e ct i s  t o  provide suppo rt for the Data 
Reduction Facility.  This  suppo rt provides for the enginee ring main
tenance and modifications which can not be proper ly charged t o  indi
vidual proj ects us ing the facility . 

Included in the Dat a  Reduction Facility i s  a large array of data  
reducti on and analys i s  e quipment which must be  calibrated and 
maintained . As new e quipment s  are added t o  the facility it gene rally 
requires  varying de gre e s  of modification to the e quipment and to the 
existing s ystem. T he required modifications are gene rally accomp
lished during pe riods when the facility i s  not b eing fully utilized .  
Charge s for  this work are more appropriate ly cha rged t o  a s eparate  
proj e ct .  
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Thi s  proj e ct was s et up primarily for the support of the Data  

Reduction Facility which i s  maintained and ope rated· by the Data 
Reduction Instrumentation Section. Thi s  support was in the form of 
general maintenance of equipment , evaluation and improvement of 
data hand�ing t echnique s ,  and installation of new equipment for the 
Data Reduction Facility. During the year ,  furthe r improvement s  were 
made in  the p rewhitening and calibrating te chnique s . A reduction in 
the nois e level of the playback system at . 6 inche s per  s econd 
playback was achieved . 

Much of the equipment which is  located within the Data Reduction 
Facility is unique . This  p re sents a maintenance problem when there  
i s  insufficient s ervice information contained in  the instruction man
uals for the e quipment . A conside rable ·amount of time was devoted 
t o  me·asuring and recording the waveforms that exists throughout the 
equipment under normal ope ration. 

A signal analyz:e r  was added to the Data Reduction Facility .  This  
Analyze r  will perform four diffe rent type s of analysis  upon a s ignal 
as given below. 

{ 1 ) Cumulative amplitude distributfon 
(2 ) Fading r ate distribution 
{3 } F ade duration di stribution at s eve ral signal levels 
(4) Distribution of the percentage of time specific time 

durations are exceeded. 

In addition t o  the r outine enginee ring maintenance which will b e  
required ,  certain new equipment will be  added to  the Data Reduction 
Facility .  A Correlati on C omput e r  which i s  in the final stage s of 
de sign and development will be added in the very near future . A 
continued effort i s  made t o  impr ove the accuracy and efficiency of 
the Data Reduction Facility .  

Pe r s onnel contributing t o  this work were :  J . A .  Syke s ,  M .  S .  
Johns on and D .  R .  Stribling . 

Chart Reduction Aids  

8 3 1 1 3  

The obje ctives of this proj e ct are ( 1 ) t o  develop special 
devices  t o  as s ist  in the reduction of data recorded on strip chart 
recorde r s  and (2 ) t o  develop devices  t o  translate field data into a 
form suitable for c ompute r entry .  
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Although the majority  of the field data now being re corded in 
c onne ction with the divi s ion' s r e s e arch programs  are b eing recorded 
on magnetic tape ,  s ome of the data  are still recorded on E� A .  and 
Sanborn type chart recorde r s . In addition the divis ion has a need 
for aids of this type to  as sist  in the analys i s  of chart s now on file 
as well as for chart s received from othe r agencies .  Devices  now in 
us e have demonstrated s avings  of 1 0  to 1 ove r previous ly used methods . 

The most efficient media and format for r e c ording expe rimental 
data i s  many time s not the most efficient media and format for entry  
into a gene ral purpose  digital c omput e r .  Data trans lation i s  a ve ry 
important phase  of the data  r eduction proce s s  as it pe rmits editing 
out unwanted portions of the expe rimental data and als o puts the data 
in the most efficient form for c omputer  entry. 

The maj or portion of the effort during the past year was expended 
in developing a Punched T ape  Data T rans lation System. The s ystem 
include s the following maj or  component s :  tape reade r ,  r emovable 
patchb oard type code c onver sion matrices., elect rical input-output 
t ypewrit e r ,  and tape punch. The syst em is  capable of the following 
m ode s of operation: ( 1 )  dir e ct c opying of data tape s ,  (2 ) prepar
ation of data  o r  programming tape s from tabulated data ,  ( 3 ) tabu
lation in typew rit e r  output format the data punched on paper  tape ,  and 
(4 ) s imultaneous read,  p rint out , c ode conver sion, and preparation 
of a new tape .  

A special keyb oard and tape punch syst em was  als o  developed for 
the p reparation of tapes  for  the Bendix G- 1 5  C omput e r .  

Instruction manuals  and circuit diagrams will be  prepared for 
the t rans lation s ystem. Modifications will be made to certain exist 
ing chart reduction aid s . New device s will be de s igned as  required to  
meet the needs of the various expe rimental proj e ct s  within the divi sion. 

Pe r sonnel cont ributing to this work were :  W . E .  Johns on and 
R .  A .  Blumenhein. 
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Special Signal Analyze r s  

8 3 1 1 4  

The obje ctive of thi s proj ect i s  t o  develop special analysis  and 
contr ol circuitry to aid the gene ral program of the s e ction . T ypical 
of the e quipment developed are :  (a)  a special comput e r  t o  analyze 
time varying data  f.or  their amplitude characteristi c s ,  (b ) special c on
trol circuitry for analysi s  contr ol applications , and (c ) modific2.ti ons 
to an electronic digital voltmet e r  to meet special requir ement s . 

At pre s ent large quantities  of data  are being r e corded in an 
analog form on magnetic tape by othe r s ections of this divis ion. By 
recording on magnetic tape the data are stored in an elect rical form 
and are readily available for automatic analysis in the laboratory.  
With analyze r s  of  this type it  i s  pos sible to  play the data back from 
the magnetic tape at a speed exceeding that at which it was recorded 
and reduce directly from it the de sired signal characte ristic s . This  
relieve s the need for  much time c onsuming manual analysis and 
costly c omput e r  time . 

Development has been completed on a comprehens ive system 
which will c ompute four desired data amplitude charact eri stic s , i . e . ,  
the cumulative amplitude distribution, the 'fading rat e  distribution, 
the fade duration distribution for the various data  levels , and the 
distribution of the percent of time spe cific time durations are exce
eded. T he system i s  based on  a pulse  counting technique wh� re  the 
incoming data are s ampled 2 0 ,  0 0 0  times pe r s econd and each s ample 
i s  then c ompared against a refe rence . T he output of the comparator  
i s  in  the form of two puls e t rain s ,  one puls e t rain r epre s enting periods 
when the data exceeded the refe rence level and the s econd puls e  train 
r epres enting periods when the data  are in a fade (or are below the 
refe rence level ) .  The two pulse  t rains c ontain the nece s s ary informa
tion for obtaining the four data  charact e ri stic s  mentioned above . When 
the analysis about a reference level i s  c ompleted the accumulat ed data 
are printed out on a digital recorde r ,  and the instrument i s  r e s et and 
the refe rence i s  stepped to the next preset level .  T hus  the data being 
analyzed can be  automatically c ompared to up to ten preset r efer ence 
levels . Modular technique s we re  employed to  increas e the flexibility 
of the system s o  that it can be more readily adapted t o  othe r analysis  
problems as  they might ari s e .  Where  practicable the s ystem has been 
transistorized to reduce space and power  requirement s .  
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An automatic s ampling digital voltmete r  with readout onto  punch 
pape r t ape was modified for s pe cial data s ampling applications . The 
voltmete r  has a basic s ampling rate  of sixty s amples pe r s econd and 
punche s a s even bit binary c ode onto the paper  tape . For one appli 
cation it was  modified to  s ample once per s e c ond with the s ampling 
cont rolled from an exte rnal s ourc e .  For  a s e c ond application the 
voltmete r  was modified t o  s ample each of two data  s ources  once pe r 
s e c ond. T hrough the use  of static puls e logic the data s ource s  were 
s ampled one sixtieth of a s e c ond apart , thus appr oaching simultaneous 
s ampling. 

During the coming year  s ome work will be  done to inc reas e the 
vers atility and b roaden the s c ope of application of the amplitude 
analysis  s ystem des cribed above . S ome pe ripheral instrument s  will 
be added to improve the automatic and editing capabilitie s  of the system. 

The basic design has been c ompleted to directly measure the 
median level of time variant data .  The plans are to c onstruct a pilot 
model of such a s ystem. S ome time will be  devoted to  the de sign of 
special circuit s t o  support the gene ral program of the s e ction. 

Per sonnel contributing to this work we re : P.  I .  Well s , D. V .  
Glen, B .  C . Willmarth and R .  D .  Moodv .  

C o r re lation C omputer  

8 3 1 1 5  

The purp o s e  of this p r oj ect i s  t o  de s ign and develop a special
ized Automatic Correlation C omputer  for us e in studying t r opos 
pheric effect s on radio propagation in VHF , UHF, and SHF regions 
of the r adio spect rum. This  type of analysis  is of prime importance 
in carrying out the basic r e s earch re spon sibilitie s  of the Radio 
Propagation Enginee ring Divi s ion, National Bureau of Standards , 
Boulder  Laboratorie s .  
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In the res earch program conducted within the above divi s ion,  
vast quantitie s of data are c ollected in field s of b oth radio pr opaga
tion and as s ociated 1neteorology of the lowe r atrnosphere  or t ropos 
phere . It i s  the responsibility of the Data Reduction Instrumentation 
Section to provide economical,  rapid , and accurate instrumentation 
to reduce the s e  data to  us eful forms for both theo retical and practical 
analyse s .  It i s  t o  this responsibility that the c omput e r  unde r  develop 
ment i s  directed .  

A c ompletely analog s ystem has  been designed to  provide an auto
matic c orrelation analysis  of  data recorded on magnetic tape . A 
speed-up factor  as  high as 1 00 may be  employed in analyzing magnetic 
tape data .  The system is being developed to provide the analog so 
lution of the following parameters : auto and c r o s s  c or relation func 
tions , c ovariance functions , and normalized correlation c oefficient . 

The technique developed in computing the s e  value s operate s  
around a modified quarter  s quare multiplying system, In o rder t o  
facilitate the l 0 kc  bandwidth,  i t  was nec e s s ary t o  develop the 
multiplier  system within the s cope of the proj ect since the wide 
band system c ould not be procurred from industry. In the tech
nique , c omput ation is made of the variance of b oth the sum and the 
diffe rence of the two data input signals . The s e  c omputed analogs 
are further added and subtracted by standard computing te chnique s 
to  yie ld terms proportional t o  the correlation function or the co
variance functi on depending on the treatment of the mean values of 
the s ignals at the input to  the c omput e r .  T he sum of the variance s  
of the individufll signals are als o computed.  This quantity i s  used in 
a unique manner to  normalize  the c ova,riance t e rm, and thus  compute 
the c orrelation coefficient when des ired .  

A c omplete mock-up of the above system has been  constructed 
and suc c e s sfully demonstrated,  us ing for the most part available 
laborat ory instrument s and equipment . The final c omput e r  package 
is pres ently unde r development ,  in which s ome specialized and 
standard analog c omputer  c omponent s  are being employed . 

A dynamic delay time feature as outlined in the proj e ct sum
mary for Fis cal Year  1 96 1  i s  t o  be  used in  the system. T hi s  feature 
will e liminate the neces s ity for di s c rete computation and will provide 
instead a c ontinuous s olution for all parameters . A dual- capstan 
tape transport mechanism i s  being negotiated for ,  t o  provide this 
important feature . 
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T he c omput e r  as  de s c ribed above i s  pre s ently nearing c omple_ 
t i on, and the final instrument will become an integral part of the Data 
Reduction Facility of the Radio Propagation Enginee ring Divi si on 
during Fis c al Y ear 1 962 , It i s  planned t o  procure the spe cial trans 
port system as  ear ly as pos s ible during the yea r .  

Pe r s onnel c ontributing t o  this work we r e :  R .  W ,  Hubbard, 
J. V. Cateora and R .  D. Moody . 

RLCS Radio Noi s e  Data Reduction 

8 3 4 1 4  

T he obj ective of the p roj e ct i s  t o  obtain b y  machine methods , 
amplitude probability distributions and probability density functions 
of tape recorded radio noi s e  data taken in c onjunction with the Radio 
Launch C ontr ol System c onfidence  t e st s  and at various  stations in the 
NBS r adio noi s e  network .  

T he effects of exte rnal radio noi s e  in general and atmospheric 
radio noi s e  in particular will be  one of the large st fact o r s  in deter
mining the reliability of a radio launch c ontr ol system such as i s  
being planned f o r  u s e  i n  the Minut eman program. T he r efore , this 
program in the ove r - all c onfidenc e t e st s  will, t o  a large extent ,  
dete rmine the feas ibility of using a radi o launch c ontr ol s ystem in 
place of a wired system .  Since the c omplete installation must  be  a 
hardened s ystem, the savings in us ing a radio system w ould be  very 
large on each installation . 

Details of the machine methods of obtaining the amplitude prob 
ability distributions and p robability dens ity functions have been worked 
out . As s oon as s amples of the radio noi s e  recorded at the various 
field sites are available , the APD 1 s  and PDF�s  of the s ample s will 
be c ompleted .  

Data r eduction to  obtain the APDfs  and PDFf s  of  the noi s e  s ample s 
will c ontinue thr ough the end of the recording period (approximately 
April l 962 ) .  

Pe r s onnel c ontr ibuting t o  thi s work were :  W . E . Johns on and 
P. I .  Wells . 
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T r opo spher ic Measurement s  

8 3 1 5 2  

A basic unde r standing of the phy s ical characte ristic s of the 
lovvc r atmosphe re and the ir relation to radio p ropagation phenomena i s  
the princ iple objective of this tropospheric r e search p r ogram. 

The effic ient utilization of the radio spe ctrum for c ommunication 
sy stems may be c onside red fir st, in terms of the se rvice fields , which 
depend largely on the median and weaker field strengths obse rved for 
high percentage s of the time ; and s e cond, interfe rence field s ,  which 
oc cur for small pe rcentage s  of the time at ve ry high field strengths . 

T o  meet the above objective and provide a long te rm study of 
the variations in se rvice fields and inte rfe rence field s by c omparis on 
with mete orological obse rvations ·near the earth 1 s surface at each e·nd 
of the B oulde r -to-Haswell path, transmitting and rece iving e quipment 
operating at 100 ,  400, 100 0  and 10 ,  0 00  Me has been c onstructed and is  
be ing installed .  

A triplex feed system has been des igned and c onstructed t o  allow 
simultane ous transmis s ion and rec eption of 40 0 ,  1 000  and 10 ,  000  Me 
from a common 6 0  foot parabol ic antenna located at e ach end of the path , 

In addition, an extens ive long range measurement p r ogram was 
initiated to experimentally ve rify the predictions of e stimated inte rfe r 
ence expected t o  occur between ground te rminals of space c ommunication 
systems and s urface p oint -to -point sy stems . The p rinciple objective s 
of this study are to  dete rmine the minimum separation distance s  and 
antenna elevation angle s for the space c ommunication systems such that 
the inte rfering s ignal powe r appearing at the re ceive r  input te rminals 
is  e qual to  or le s s  than the receive r noise p owe r for a g iven percentage 
of time . 

The 60  foot diameter ,  e levation-azimuth antennas located at each 
end of the B oulde r -to -Haswell p r opagation path are used to  mea s ure the 
transmis s ion los s  for various elevation angle s at a fre quency of 409 . 9  
Me . From this experiment, c onducted ove r long p e riod s  of time, reliable 
e stimate s of the amount of transmi s s ion los s which may occur for small 
pe rcentage s of the time can be dete rmined when nar r ow beams of earth
satellite systems are directed well above the horizon .  Pre sent the orie s 
give conflicting re sults and on this basis it is  important that measur e 
ments be made which will p rovide the data nec e s sary for s electing an 
appr opriate p rediction formula and proving its validity . 
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Preliminary measureme nts  involving elevation angular beam 

s winging obtained ove r the B oulder -Ha s well te st  path at 40 9 . 9 Me in 
February, 1961, we re  used in a report s upplied to  the Joint Technical 
Advis ory C ommittee of the E .  I.  A. and I. R. E .  entitled "Mutual 
Inte rfe rence Betwee n  Surface and Satellite C ommunication Systems' ' by 
W . J .  Hartman and M.  T .  Decke r .  

Pers onnel contributing t o  this work wer e  M .  T .  Decke r (Se ction 
Chief) , A. F .  B ar ghausen (Proj ect Leader ) ,  S .  Murahata, F .  0 .  Guiraud, 
R .  W . Wilber,  R .  M .  Ray, C .  E .  Fuqua, J .  M.  Harman and L .  Kulhanek. 

9 1 0 0 Me Pr opagation Studie s  

83 1 5 3  

This p r oj e ct was e stablished a s  a c ontinuing p r ogram leading 
toward an examination of the phy s ical characte ristic s of the lowe r atmos 
phere  and the ir relation to r adio p r op agation phenomena , 

T o  acc omplish  this gene ral obj e c_tive, work is  now in p r ogre s s  
to c ompletely ins trument, for both mete or ological and radio measure 
ments ,  the B oulder -Haswell te st  p ath utilizing radio frequencie s of 400 ,  
10 00 and 9 1 0 0 Me . 

During the p a st year, work wa s c ompleted on a 2 -kw, 910 0 -Mc 
transmitter driven by a low noi se  reflex kly stron which, in turn, is 
phase  locked to a stable o scillator with a fre quency stability of 2 parts 
in 1010 p e r  day . Four nar row band ( 5 0  cycle ) ,  9100 -Mc receive r s  have 
been completed and are  available for the radio p ropagation studie s ove r 
this path. Work has been started on a trip lex feed system which will 
be us ed in the 6 0  -foot elevation -a:;;;imuth parabolic antennas available 
at each end of the p ath to allow s imultane ous transmis s ion and reception 
of 400 ,  1 000  and 9100  -Me s ignals .  

During Fiscal Year 196 2 ,  work will c ontinue on this pr ogram with 
the goal of beginning c ontinuous rec ordings by FY 196 3 .  

Per s onnel contributing t o  this work we re  A. F .  Barghausen, 
S .  Murahata (Proj e ct Leaders ) , R .  W . Wilbe r, F .  0 .  Guiraud, R .  M. Ray, 
and C .  J .  B owen .  
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Wideband Data Transmi s sion Link Measurements 

8 3454 

The obje ctive s of this p r oj e ct are to dete rmine the optimum 
frequenc·y, p O\."le r requirements 1  pe rformance e stimate s j  andj in 
particular, bandwidth limitations imp osed by the medium for  data trans 
mis sion circuits ove r line -of- s ight paths up to 5 0 0  mile s .  

During January, February, and March of 196 1, an experimental 
program was initiated , between C heyenne Mou::1.tain and Karval, C olorado, 
to  dete rmine the limitations imposed by the medium for wideband data 
transmi s s ions at 9 300  Me . The expe riment was c onducted using two 
trans mitte r s  and receive r s  with a frequency separation of 100 Me . The 
re ceived s ignal envelope s we re recorded on magnetic tape  and analyzed 
by 'obtaining the ser ial and c ro s s -c orrelation value s which in turn are 
used to e stimate the maximum usable bandwidth . Thus, this means of 
analysis  will include an e stimate of the effects of the atmosphe re on the 
received s ignals . The se atmosphe ric effects are p rimarily the refle c 
tions fr om elevated laye r s  and trapping of the s ignal in elevated duct s , 
both causing signal enhanceme nts a s  well as  defocusing with re sultant 
fade outs . 

C oncurrently with the above, a 1040 -Me carrie r was transmitted 
ove r  the same path to obse rve the radio fre quency effects  of p r olonged 
space wave fadeouts with re spect  to  time duration of fade,  depth of fade, 
fre quency of occurrence, and othe r s ignal amplitude characte ristic s .  

A report entitled 1 1Fading Characteristic s and Bandwidth 
C apability for Within-the -Horizon Pr opagation at 1 000  9-nd 9000  Me / s1 1, 
by A .  F .  Barghausen, A .  P .  Bars is ,  and R .  S .  Kirby i s  now in p r ogre s s .  
This inve stigation was pe rformed in c onjunction with Proj e ct 834 7 0 . 

Plans for Fiscal Y ear  196 2  are to  complete the analys i s  and i s sue 
the above rep ort on Project 834 70 . Additional support will not be avail 
able to c ontinue the exper imental inve stigation . 

Pe r s onnel c ontributing to this work were :  A .  F .  Barghausen 
( Pr oj ect Leader ) ,  J .  B .  Snider ,  F.  0 .  Guiraud, R .  M.  Ray, J .  M.  Harman, 
and C .  E. Fuqua . 
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A!.::gular Dive r s ity Me asurements  

83455  

This p r oj ect was e stablished to p r ovide consultative s e rvices 
to  the We stinghous e C orporation for field expe riments  in a feas ibility 
study of angular dive r s ity as  a technique of improving the reliability 
of troposphe ric s catter  c ommunications systems . 

During De cem.ber ,  1960 ,  a two -week measurement progra1n was 
c onducted ove r a beyond the line - of - s ight propagation path extending 
from Shaw Air F orce  Base  to Myrtle B each, S .  C . , a distance of 1 30  
kilomete r s .  

The e quipment used for the s e  experiment s  was the AN / TRC -66  
ope rating in the 440 0 -5 0 0 0  Me frequency range ,  which was undergoing 
c omplete field te s t s  before acceptance for ope rational use by the 
U .  S .  Air Force . 

C ontinuous r e c ords of the amplitude variations we re made on 
magnetic tape for various configurations of the dual horn feed systems 
in the 14 -foot parab olic antennas . Eac h  horn output was fed to a s eparate 
rece ive r and rec ord ed on magnetic tape for s imultane ous analys i s  by 
automatic data reduction technique s devel opea at B oulde r  Laboratorie s ,  
NBS .  

Various h orn c onfigurations and separations for both horizontal 
and vertical p olarizations we re used, a s  well as dual c onfigurations at 
both the tran smitter  and rece iver ter minals . Pre liminary antenna 
patterns were  obtained for each c onfiguration to dete rmine the amount 
of beam width s eparation obtained for the various phys ical s eparations . 

The magnetic tape record s will be analyzed under  another  p roject 
and a rep ort written in c onjunction with We stinghouse  p e r s onnel .  

Thi s  particular p r oj e ct i s  c ompleted . Additional support i s  not 
c omtemplated during  FY 196 2 .  

Per s onnel c ontr ibuting t o  this p r oj e ct we re A .  F .  Barghausen 
( Proj e ct Leader ) . 
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Remote Mic r owave Pr obing of the Atmosphe re 

83456 

Thi s project s eeks to  determine the po s s ible use  of mic r owav e 
frequencie s  for the dete rmination of temperatur e and / or water vapor 
c ontent of the atmos phe r e ,  dir ectly or indire ctly,  by active or 
pa s sive means , at s pace c oordinate s r emote from the location of the 
measuring apparatus . The final r e sult of thi s s tudy will be a proposal 
for the de sign of an experiment to meet thi s obj e ctive . 

A specific Army r e quireme nt exists  for remote s ounding of the 
atmospher e  to the extent that bas ic parameter s  of the atmosphe r e  such 
as temperature  and water vapor c ontent, etc . , should be dete rmined 
within an atmospher ic volume as big as p o s s ible without the need of 
p r obe s located in s itu or traver sing the region of the atmosphe re to be 
p r obed . 

Some work has been done in a lite rature search to  dete rmine the 
kind and amount of r e s e arch in thi s field which might s e rve as a bas i s  
f or  the de s ign proposal of a field experiment to meet the above obj e ctive . 

It i s  proposed to  c ontinue this literatur e  s earch, and the oretical 
studie s being c onducted under  Project 83489  and to s ubmit a d e s ign 
p r op osal of a field expe riment to the spons oring agency . 

Pe r s onnel c ontributing to  this work we r e  M.  T .  Decke r  (Proje ct 
Leade r) . 

Bandwidth C apability of Trop o sphe ric 

Scatte r C ommunications Circuits 

8345 7 

The primary objective of this  proj ect  i s  to  determine the 
limiting effective bandwidth of the atmo sphe r ic medium for multiple 
c ommunications channels on long distance t r op o spher ic forward s c atte r  
c ir cuit s . 
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During the latter part of Fis cal Y ear 196 1, an experimental pro
gram was initiated which will p r ovide bandwidth limitation information 
to s e rve as a bas i s  for p redicting the quality of s e rvice,  or me s s age 
e r ror  rate,  in tropospher ic tele communications c ircuits . The band width 
capability will be determined as  a function of such paramete r s  as  the 
antenna beamwidth and path length . 

T o  acc omplish the above obje ctive s ,  an experimental path has 
been e stablished between  a receiving te rminal at B oulder, C olorad o, 
and a transmitting te rminal near Altus,  Oklahoma, a distance of 800 
kilometer s . An inte rmediate rece iving s ite will be used at Haswell, 
C olorad o, 5 0 0  kilometer s from the Altus transmitting terminal . Thus,  
from s imultane ous rec ord s  at both distance s a measure of  the path 
length dependence ver sus bandwidth limitations will be obtained . 

The dete rmination of the bandwidth capability will be made by 
s imultane ous transmis s ions on two r -f carrie r s  spaced 0 .  5, 1� 2 ,  4, 
and 6 Me apart, and obtaining the c r os s  - c or relation coefficient s  for 
var ious sample lengths . The c or relation c oefficient of the two rece ived 
s ignals will be a function of the fre quency s eparation, .6f, and other  
pr opagation var iable s .  A high c or r elation c oefficient means that the 
signal c omponents at e ithe r end of the fre quency band are  e s sentially 
in unis on and little or no distortion exis t s . C onve r s ely, a low correlation 
c oefficient me ans distortion is p r e sent, and the fre quency s eparation 
must  be reduced to  maintain c ohe renc e over the band . 

The oretical s tudie s  have s-hown that distortion in the r e ceived 
carrie r  envelope  over a wide bandwidth may be r elated to multipath 
delays caused by atmosphe ric irr egular itie s w ithin the s catt er  volume . 
Since the s ize of the s c atter volume is  deter mined by the ante nna 
beamwidths at each e nd of the path, antenna size s ranging from 4 . 3 
mete r s  to 1 8 . 3 meter s  in d iamete r will be utilized on the te st  path to  
as c e rtain the beamwidth effect on  the useful bandwidth. 

The transmitting location near Altus ,  Oklahoma, has been 
e stablished and a 10  -kw transmitter, ope r ating at 410 Me, i s  now be ing 
c on structed . C avity loading and s tagger tuning of the final amplifier 
tube will be employed to  obtain the 6 -Me bandwidth r e quired for the 
te s t s . Two narr ow band, high gain rece iver s  will be used at e ach 
rec eiving location having s eparate c ry stal os c illator s and multiplier s  
for each pair of fre quencie s transmitted . 
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This i s  a c ontinuing p r og ram. Measureme nt s  will be obtained 
during the fir st part of Fis cal Y ear 1962 ,  and a detailed analysi s  and 
rep ort i s s ued . 

Pe r s onnel c ontributing to  this work wer e  A .  F.  Barghausen 
(Project Leader) ,  S .  Murahata, F .  0. Guiraud, J .  B .  Snider, 
R .  W .  Wilbe r, R .  M. Ray, C .  E .  Fuqua, J .  M.  Harman, L. S .  Kulhanek, 
W .  J. Hur st and R .  B .  Gearhart.  

Manufacture of Z -kw, 400 -Mc T ransmitte r 

83 814 

This project was e s tablished for the c onstruction of a 400 -Mc 
transmitter  with a powe r output of Z kw . It i s  intended to be used with 
anothe r 4 0 0 -Mc, Z-kw transmitte r of s imilar de sign for long te rm 
studie s of the medium bandwidth obtained ove r the B oulde r -to -Haswe ll 
te st path . 

Seve ral new feature s have been inc orporated in the de s ign of 
this s econd unit . The s e  are :  (1 )  the de s ign of a r oll -out car riage for 
eas ie r  installation and removal of the final amplifie r tube , (Z )  front 
panel cavity tuning by a s e r ie s  of gears and linkage s  to c ontrol the 
re s onant fre quency of the final tube, and ( 3 )  excite r rede s ign to allow 
easier  maintenance and adjustment . 

The transmitter  has been c ompleted . Final te s ting i s  now in 
progre s s . 

Pe r s onnel c ontributing to this work we re  R .  W .  Wilbe r 
(Project Lead e r) ,  J .  M .  Harman and C .  E .  Fuqua . 
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Radio Nois e Field Operations  

8 3 1 4 1  

The obj e ctives  are  t o  gath e r  and dis s eminate data pertaining to 
exte rnal radio noi s e  levels in r elati on to location, time of day, s ea son, 
and sunspot cycle .  

Radio noi s e  i s  the basic limitation to any radio com.munication 
system.  In general , interferenc e from unwanted s ignals and internal 
o r  1 1 s et 1 1  noise  can b e  controll ed by the design and construction of the 
equipment to be  us ed. Conver s ely, external radio nois e i s  not unde r  
the control o f  the design o r  op erating p e r s onnel . A knowledg e  o f  the 
external radio nois e both a s  to level and cha racter ,  is neces sary to 
determine the effici ency and r eliability of the communications system 
involved. 

The measurem ent of  external radio nois e involves the s tudy of 
radio no i s e  a ris ing from three  principal s ources  - man-made , atmo s 
pheric , and galactic . The p redominant type  of noi s e  will be determined 
by the frequency us ed, the existing p ropagation conditions , time of day, 
and location of the r e ceiving equiprnent. Sinc e radio noi s e  of varying 
characte r will not affect different types  of c ommunication s ys tems in 
the same manner ,  it i s  nec e s sary to have a knowledge of both the 
character and l ev�l of the external radio nois e for a complete evalua
tion of any given communication system. The importance of the radio 
nois e work has b een r.ecognized at the international level by C CIR and 
URSI .  Various ag encie s  under  the Department of Defence as  w ell a s  
c omn'lercial use r s  of radio communication system s  have us ed and shown 
g r eat interest in the p redictions of world-wide radio noi s e .  

The radio nois e prog ram is  a cooperative p roject  under  the 
g eneral dir ection of C RP L  but als o  involving the Signal C o rp s  Radio 
Propagation Agency, Bu:eeau of Ship s ,  Air For c e ,  National S cience  
Foundation, and agenci e s  of eight for eign govermnents . 

During FY 1 9 6 1 ,  data were  coll ected from s eventeen fixed
location field s it e s  thr oughout the world - one  new location, War r ensburg , 
Mis s ouri,  having b e en added to the netw o rk this year .  Measur ements of 
the r e c eived radio-noi s e  power were  r e co rded at all s tations .  The 
nec e s sa ry equipment for measuring the average voltage and average 
logarithm of the voltage envelope was installed at the Bill , Wyoming and 
Singapo r e  field s tations .  The total numbe r  of s tations r e co rding the 
three  moments i s  now tw elve . The data recorded at the s e  s tations w e r e  
published in Technical Note s ,  No s .  18 -4 ,  18 -5 , 18 - 6 ,  18 - 7 , and 18 -8 . 
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The central repair depot at Boulder operated through the year 
taking care  of  normal maintenance,  repair,  and supply activitie s  for 
all field s tations .  In addition to this routine work, updating of  the 
units a s  required by the results of the sus taining engineering work 
perfo nned was carried on throughout the year .  The p rogram of 
changing the recording frequencie s  of the older equipment to the new 
equipment frequencie s  continued. 

In conjunction with the work done by another divis ion, the 
mobile radio noi se  recorder was taken to the Cape Canaveral area.  
Measurements of  man-made nois e were rnade at  several p r e s elected 
sites to furnis h  data for the evaluation of the various site s a s  tran s 
mitting o r  receiving locations for the Atlantic Mis s ile  Range 
Communications Network. 

An inspection and consultation trip was made to thirteen of the 
s eventeen field s tations to insure proper  operation of the s tations . 

The s evente en s tations in the pres ent network will continue the 
routine recording p rog ram. New equipment for sweeping the spectrum 
from 4 0  c/ s through 550  kc/s will b e  ins talled at three locations s o  
that measurements of the frequency law o f  the nois e can b e  extended to 
this lower frequency. This s ame recording equipment, op erating on a 
time sharing program with the ARN - 2 ,  will p rovide spectrum 
o ccupancy of s tations  in this frequency range and by recording the 
r eceived power from the s tations on an ab s olute bas i s ,  will p rovide a 
means of determining the tran smis sion lo s s  over a large numbe r  of  
p ropagation path s .  If additional equipment for mobile  recordings i s  
available ,  s tudie s  of man-made radio nois e will b e  mad e at  s everal 
lo cation s .  A vehicle suitable for this work has  b een acquired,  but 
r ecording equipment compatible with the equipment at the field s tations 
is needed. 

Personnel a s s o ciated with this  proje ct were:  W .  Q. C richlow 
(Se ction Chief) , R. T .  Disney (Proj ect Leader ) ,  W. H .  Ahlbeck, 
M. A. Jenkins ,  A .  T. Kaufmanis ,  K. E. Marks , D. R. Reed, 
E .  H.  Rogers , W .  L. Robinson, F. Shute , T. C. Wils on. 
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Radio Noi. s e  Measurement Technique s 

8 3 142 

The obj ective s of  this  p roj ect are the development of ins trumenta
tion for making preci s e  measurements of radio noise  1 and the 
sub s equent r e s earch into the detailed characteri s tic s of radio noi s e  

b a s ed upon the s e  1nea surements . 

Some of the instruments developed by thi s  proj ect are  
incorporated into the p r ogram of  the F i eld Ope rations Project fo r us e 
in the world-wide r ecording network, The r e s earch into the detailed 
characte ri stic s of radio nois e i s  of importance in the determination of 
the equipm.ent and m ethods  to be us ed in the field recording p rogram. 
The re sults of  this r e s ear ch als o  p rovide information for the evalua 
tion of specific con<munication s ystems in the p re s ence of extraneous 
noi s e ,  allowing more efficient sys tems to be designed. 

Servic e  tes t s  and analysis  of the Ene rgy Spectrum R e co�cd e r  
continued.  The mixe r  and filte ring circuits w e r e  r ede signed in ord e r  
t o  allow ope ration o f  the equipment in the E LF rang e .  D e s ign work was 
s tarted on control circuitry fo r the r eco rder  to allow preprog1·aming of 
the frequency s tep s and change of the frequency inc rement and band
width us ed in various portions of the spectrum during a complete sweep.  
This circuitry will als o  p rovide pos itive frequency identification fo r 
each s tep . The local o s cillator d rive v1a s  r ede s igned and built, This 
d rive system had to meet  very s tringent r e quir ements  in o rder to b e  
us ed with the control system. For ins tanc e ,  the main tuning shaft had 
to b e  r otated by 0 .  03 6  + G .  0 0 6  degree s  for each small fr equency 
increment step,  yet  had to b e  capable of m.oving through 1 8 G O  deg r e e s  
p e r  minute on the fas te s t  drive in the s ame system. 

The des ign of a new antenna coupling unit and a s sociated 
pr eamplifi e r s  for the mobile  r eco rding unit was s tarted. This new unit 
will extend the frequency r ecording range of the pre s ent modified 
commercial equipment up to 50 Me/ s and down to 1 3  kc/s .  

Final d e s ign and packaging of the Ene rgy Spectrum Re corder will 
continue through the firs t  part of the year.  Upon completion of the 
c on struction of this unit, it will b e  placed in operation at one of th e  
field s ite s .  
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Equipment \Vill be  constructed to u s e  in conjunction with an F .  M. 

tape reco rder so that s ample s  of noi se  can be reco rd ed in bandwidths 
up to 2 kc/s and over the compl ete d ynamic range of  the noi s e . Thes e  
r ecording s will then b e  us ed for various forms of analys i s  such a s  
determining the amplitude -probability d i stribution, _pul s e  c ro s s ing 
:rates , pul s e  d uration s ,  and c o r r elation fun. cti.o 11 s of a stcttiona. r'r J 
s ample of the nois e .  

Developm.ent of a portable noi s e  measuring re corder will b egin, 
This will b e  a trans i s torized, battery-pow e r ed ,  ra .. d i.o -nois e  m.ete r with 
ab solute calibration rneans to b e  u s ed in s ite s election vvo rk o r  speci al 
localized man-made nois e mea surements .  

Personnel a s s oci ated with this  proj ect w er e :  W .  Q.  C richlow 
(S ection Chief) , C.  J .  Roubique (Proj e ct Leader ) ,  R.  J .  B o s wo rth, 
L. J .  Edlin, C .  M .  Minister ,  R. J. Math e s on, R. E . Ridg eway , and 
J.  A . Tonkins on .  

Radio Noi s e  Analysis  and Predictions 

8 3 14 3  

The obj ective o f  this  project  i s  the d evelopment o f  an improved 
world=wide radio noi se  prediction s ervic e ,  covering an extended 
frequency rang e .  

Since  the r e sults o f  the r e s ea rch in Project s  8 3 1 4 1  and 8 3 14 2  are 
analyzed in thi s  proje ct, it has  the r esponsib ility for achieving the 
ultimate obj ectives of  the whole s e ction.  

Contour maps of  the world showing exp ected thunders to rm 
activity w er e  drawn, The map s  give information for each hour of the 
day for each of the four s ea s ons  - ninety- six maps in all .  The s e  map s 
are  now ready for final drafting and publication, It was  o riginally 
planned that only working drawings of the s e  map s would. b e  made for 
us e i.n the development of a method for determining the received 
atmo spheric radio noi s e  bas ed on the meteorological data p ortrayed on 
the map s .  How eve r ,  s ince  widespread interes t  in the map s w a s  shown 
as a r e sul t  of a pap e r  p r e s ented at the Fall URSI meeting s ,  it  w a s  
decided t o  publish the maps thems elve s for u s e  in fields other  than the 
prediction of radio nois e .  
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A fir s t  approximation of the expected radio noi se  at Boulder ,  

Colorado was calculated using a s im.plified. propagation law. The 

r es ults of thi s  calculation app eared to give app roximately the correct 

diurnal and seasonal variation noted in the mea sur ements at Gunbarrel 

Hill. 

A p reliminary s tudy of the nois e  record s  from the s ixteen field 

s tations v;�as  made to determine the reliability of the C CIR Report 6 5  

pr edictions and to find. the exp ected value o f  the amplitude -probability 

dis tribution for the two summer nighttime time blocks . A be s t  

e s timate o f  the noi s e  fo r all time blocks for Boulder (Gunbarrel Hill) , 

Colorado was vv orked out and compared with the C CIR Report 6 5  

predictions .  In order to obtain a b e s t  e stimate from the data , a four 

dimensional fit i s  required.  Since the mathematical fit i s  quite involved, 

work was  s tarted on the w riting of a computer  p rogram to give a s imul

taneou s  lea s t  s quares  fit in all four dimension s . 

The computer p rogram for obtaining the b e st e s timate of the 
nois e for each location from which data are  available will b e  completed. 
As  s oon as results frorn this program are available ,  eith e r  new 
predictions to replac e  C CIR Report 6 5  will b e  p r epared or  the 
r eliability of the pres ent predictions will b e  determ.ined and published.  

A p rediction of the other  two moments of the noi se  in addition to 
the pow er moment a s  predicted in C CIR Report 6 5  will b e  made .  This 
will allow a p rediction of the amplitude -probability dis tribution for any 
location to b e  made bas ed on the method developed by this s ection for 
determining the dis tribution from the three  moment s . 

Work will continue on the method of p redicting atmos pheric radio 
no i s e  b a s ed on p ropagation characteristic s  and world-wide 
meteorological data. 

Per s onnel a s sociated. with this  p roj e ct w e r e :  W.  Q .  Crichlow 
(S ection Chief), R. C .  Davis (Proj ect Leader ) ,  M .  W .  Clark, and 
A. D .  Spaulding. 

E LF- VLF Radio Nois e  Reco:cder Des ign 

8 3442 

The obj ective is to develop equipment for recording noi s e  levels 
below 14 kc/s and construct two s et s  of equipment for field use .  
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Radio noi se  m ea surements in thi s  frequency rang e have b e en 
extremely s canty up to the present time,  practically no data b eing 
available in quantative form such that the interference to communica
tions could be  evaluate-d under  typical environmental conditions . 

It was  found that with modification s ,  the Ene rgy Spe ctrum 
Recorder could be us ed to obtain the information required. from the 
s tepping r ecorder. Therefore , the bulk of the design work p e rformed 
on this proj ect was to inc rease  the versatility of the Energy Spectrum 
Recorder s o  that it could b e  us ed for this  wo rk. This portion o f  the 

program has b een completed, and the two units have b een e s s entially 
completed. 

The phas e  of the program cover ed by this project has  b e en 
completed . The de sign of the programing control circuitry for the 
Energy Spectrum Recorder w ill b e  completed und er  Proj ect  8 3 142  
and incorporated in the two units  constructed und e r  this  proj e ct a t  
that tim e .  

Personnel a s s o ciated with this proj ect were :  W .  Q.  Crichlow 
(Section Chi ef) , C .  J .  Roubique (Project Leade r ) ,  R .  J .  Bo sworth, 
L. J .  Edlin, C .  M .  Minister , R. J .  Math e son, R. E .  Ridg eway, 
and J .  A.  Tonkinson. 

Proj ect members d iscus s the operat ion o f  the programmed automat ic 
frequency step and bandwidth control system developed for the energy 
spectrum recorder . 
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Spectrum Recording and Analys i s  

8 3443 

The obj ectives of  this project are  to record the radio energy at 
a large numbe r  of dis crete frequencies in the radio frequency spectrum 
below 6 0 0  kc/s .  Two or more sp ectrum recorders  will be operated for 
one y ear in conjunction with the ARN -2  Radio Noi s e  Recorder s .  The 
record s  will be  analyzed to determine radio nois e  characteristics  in 
the E LF, V LF, and LF range s .  

Noi s e  measurements in the low er portion of this  frequency range 
have been very meager in a quantitative form such that interferenc e to 
communications could b e  evaluated. This p roj ect is the first  phase  of 
a more extensive prog ram planned to alleviate this lack of  information 
at thes e low e r  frequencie s  and al so  to provid e information on stat ion 
den sity in the frequency range extending through the HF portion of tbe 
radio spectrum. 

The prototype equipment was checked at the Gunbarrel Hill , 
Colorado field s tation. Operational procedures w er e  s tudied, Actual 
operation will s tart with the completion of the two units b eing 
constructed. 

The re cording program will be continued through a period of 
twelve month s .  Analysis  of the data for the year will be  made and a 
final r eport giving radio nois e info rmation obtained from the analysis 
will be p r epared for the sponsor, U . S .  Navy, BuShips .  

Per sonnel a s soci ated with thi s  project w ere :  W .  Q .  Crichlow 
(S ection Chief) , R. T, Disney (Proj ect Leader ) ,  and W . L. Robinson .  

RLCS Reliability Nois e Measurement and Analysis  

8 3444 

The obj ectives  of this p rogram are to gather  radio noi se  at the 
RLCS confidence test  site and evaluate the reliability of the system in 
term s  of  the measure d parameters  of  the nois e .  The reliability of the 
system can then b e  determined fo r other geographical areas bas ed on 
measurement s o f  radio noise  recorded by the National Bur eau of 
Standards world-wide network of s tations .  
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. The effects of external radio noi se  in gene ral and atmo spheric 
radio noise  in particular will be  one of the largest  factor s  in 
determining the reliability of a rad io launch control sys tem s uch a s  i s  
b e ing planned for use  in the Minutem.an p rogram.  Therefore , this 
p rog ram in the ove r - all confidence  tests  w ill , to a large  extent, 
determine the fea sibility o£ us ing a radio la1..mch control sys tmn in place 
of a wired sys tem. S ince the cornplete installation mus t  be a :hard ened 
system, the savings in using a radio sys tem would b e  very large on each 
ins tallation, 

A s si s tance was given to Bo eing Airplane C ompany ·in manufactur 
ing an ARN - 2 radio nois e r ecorde r  fo r us e at the confidence  te s t  site in 
Mis s ouri . The equipment was te s ted and installed at the test  s ite and. 
Boeing Airplane Company p e r s onnel were trained i.n the operation of 
the equipment, 

Predictions of the noi se  to b e  expected at the te s t  s ite both as to 
level and character were prepared.  Bas ed on the s e  nois e  p redictions ,  
a preliminary evaluation of the reliability of the system was prepared . 

Measurements of the nois e and s ignal were 1nade on the above 
g round (ARN-2 }  antenna and the hardened underground antenna , The 
und e rground antenna lo s s es were obta:fned, and. a comparis on. of the 
lo s se s  of the two antennas with a chang e in the character  of the noi s e 
was investigated. 

The writing of  computer  p rograms for the analy s i s  of the nois e  
d ata was started. 

1v1easurements of the noi s e  at Warren sburg will continue including 
s p e cial sho rt-term measurements of various characteristic s of the 
noi s e ,  Thes e  short-term measurements will b e  correlated with error
rate rneasurements made by  Boeing o r  Sylvania at the s ame time.  
Frorr1 thes e  data , s ignal to  noi s e  ratios  to  give the requir ed grad e of  
s ervice will b e  determined. Bas ed on the results of the analys i s  of 
thes e  data, r eliability curves for the system will be p r epared, 

Personnel a s s o ciated with this  proj ect were :  W. Q. C richlow 
(S ection Chief) , R. T .  Disney ( Project Leade r } ,  R. C .  Davi s ,  and 
C .  J .  Roubique , 
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Shipboard Noi s e  Measurements 

8 3445 

Thi s  project seeks  to mea sur e  the l evel of the radio noi s e  
aboard the ship to b e  used  a s  a Floating Antarctic Re s earch Station . 
The radio nois e  of concern to thi s proj e ct i s  that noi s e  generated by 
and in conne ction with operation of the ve s sel . The level of the 
noi s e  that i s  acceptable or tolerable in the conducting of the various 
experiment s  to be a'board the ship- will be determined . Recommen 
dations for the reduction o f  the nois e  a s  mea s ur ed to  that which i s  
determined t o  be  acceptable will be  made . After  installation o f  the 
recommended noi s e  suppr e s s ion equipment, the· noi s e  level will 
a gain be mea sured  to make sure  the reduction to the acceptable 
level has been met or  exceeded . 

This ship will b e  us ed in an extended voyag e  in the a rea 40° south 
and b elow.  In o rder  to insure the succe s s  of the expe rinJ.ents aboard. ,  
the radio noise  cau s ed by the ship mus t  be at or b elow the level of the 
noi s e  that would d i s rupt the conducting of the experim.ent. 

A g eneral inspection of  a s i s ter  s hip to the actual s hip to b e  used 
was  made . This inspection was for the purpos e  of determining po s s ible 
s ources of radio n/::;i se  a s sociated with the operation of the ship and to 
plan the measurements that are  to b e  made . No measurements can b e  
made until the ship i s  available .  

The rneasurements w ill b e  mad e ,  and r ecoxnmendations for 
suppr e s s ion of all obj ectionable nois e will b e  made.  Afte r  the 
ins tallation of  the r ecommended radio noi s e  suppr e s s ion equipment, the 
ship will again b e  checked to insure  that the r equired degr e e  of quieting 
has b een achieved.  

P e r sonnel a s sociated with this p roj ect were :  W .  Q .  Crichlow 
(Section Chief) and R. T. Disney (Project Leader) . 
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T .  V .  Coverage 

8 3 16 1 

The primary obje ctive of thi s program is  to study the potential 
coverage of television broadcasting stations as  a function of distance s  
between stations , radio frequencie s ,  antenna heights , etc. This study 
will be  s imilar to an inve stigation made in 1949 for the Federal 
Communications C ommis s ion Ad Hoc Committee ,  but will be  based 
on extens ive additional pr opagation information obtaine d  since that 
time , largely by CRPL, plus information on cochannel and adjacent 
channel prote ction ratios recently published by the Television Alloca
tions Study Organization. 

This study should provide an objective basis for re s olving 
some of the critical te chnical problems encountered  in properly 
dividing that portion of the spectrum from 54  to 89 0 megacycles per 
s econd between TV and FM broadcasting and other s ervice s . 

During the past year calculations of the performance of tele 
vision systems in the pre sence of interference from other stations 
were begun. The se  calculations show the effects of various technique s 
which may be used to reduce interference and increase  the area c overed  
by  a single channel. The se  technique s include precision off-set, 
directional re ceiving antenna s , and cros s -polarization of interfering 
stations . Optimum separation of stations for efficient use of channels 
is the principal result of the calculations . Application of the se  r esults 
to a r ealistic geographical arrangement of stations was begun. 

The calculations will be continued in Fis cal Year 1962  to cover 
the required  range of paramete r s .  Their application to area coverage 
problems will be completed. The results will be examined to determine 
if experiments should be undertaken to c onfirm or modify the important 
base s  for the study. 

Per s onnel c ontributing to this work were : M. T .  Decker  
(Project Leader and Section Chief, 83 . 50 ) ,  R. S. Kirby {Se ction Chief, 
83.  7 0 ),  F. M. Capps ,  M. E .  Johns on, J. H. Clark, H. R. Dahms , 
K. A. McElfre sh, R. C .  Scott, and S . L. Snelling. 
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Earth Diffraction Studie s 

8 3 1 02 

The primary objective i s  to evaluate earth-diffracted radio 
fields for various (non-stochastic ) p ropagation models . The goal is 
to publish tabulations of the s e  fields , in which the value s of the para
metric quantitie s  involved will be s o  spaced that simple interpolation 
formulas will give an accuracy of at least 0. 1 db. 

The earth-diffracted field i s  the predominant field over a 
r ange of dis tance which is  a function of frequency, for e s s entially 
all r adio frequency c ommunications . Accurate evaluation of such 
fields is nece s s ary, for example , in the e stimation of potential 
s ervice and interfe rence ranges  of communication links . Calcula
tions can be based on a re s idue ser ie s ,  stated in terms of a modified 
Hankel function of order  one .. third. The individual pole s at which 
the r e s idue s must  be evaluated  are ,  in the s econd order approxima
tion being us ed,  the r oots of a trans cendental equation in the s ame 
modified Hankel function having the earth' s dielectric constant and 
conductivity as its principal paramete r s .  

During the year this project  was transferred  t o  the Tropo
spheric Analysis Section. C omplex arithmetic subr outine s we re  
written and given to the central c omputing facility for inclus ion in 
the computer librar y. Studies were  begun to determine the feasibility 
of programming an integral form of the diffracted fields r ather than 
using the r e sidue ser ie s .  A numerical inte gration appr oach would 
appear to be e s pe cially advantage ous in the region just within line �of
s ight. Resear ch into the liter ature concerning the numerical evaluation 
of smooth-earth diffracted fields will c ontinue during Fis cal Year 1962 .  

Per s onnel c ontributing to  thi s work were :  L.  E.  Vogler 
(Pr oj e ct Leade r } , W. V.  Mansfield, J. A. Payne , R. C.  Rios ,  and 
D. A. Williams on. 

Proj e ct number has been change d  for Fis cal Year 1 962  to 83 1 62 .  
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Standard The 

83 1 6 3  

This pr oject involves the further development o f  s tandard 
the orie s of re flection, r efraction, diffraction, and s cattering and the 
constant examination of the ir implications and practical application. 

B e s ide s applying s tandar d  theorie s to the s olution of specific 
pr oble ms of s ervice ,  interfe rence and fre quency allocations , this 
proj e ct provide s charts , graphs ,  table s ,  and reports of information 
useful to propagation enginee r s  in other organizati ons . 

During the past year graphs and calculations wer e  made of the 
pha s e  and magnitude of the Fre snel  plane wave reflection c oefficient 
used  in interference theory for various value s of frequency, electro=  
magnetic ground c onstants and horizontal and verti cal polarization. 
This work was included in NBS Memorandum Report PM-83�33 .  A 
s imple graphical method to dete r mine diffraction calculations in the 
far diffraction region for horizontally polarized waves was developed 
and a paper  written de scr ibing this method. The rigorous smooth= 
earth diffraction the ory was r e -examined and asymptotic expansions 
of the height gain functions valid for satellite he ights and beyond were  
developed. Als o  a more exact cr iter ion to dete r :mine when the s e c ond 
term of the diffraction r e s idue s e r ie s  can be negle cted was fonnulated. 

A final draft of a r eport dis cus sing and de s cr ib ing defocusing 
effe cts of various model atmospher e s  was completed. 

Work was done on mathematical. expre s s ions de signed to fit 
certain empirical curve s use d  in prediction methods of (a )  tr opo =  
spheric trans mi s si on los s ,  and {b ) radio  nois e .  Mathematical 
formulas for the s e  curve s will allow the prediction methods to be  
programmed for electronic  computer s .  

During Fis cal Year 1962  w e  plan t o  d o  the following: 

Task 1 :  C ontinue the preparation of an atlas of interference  
and diffraction curves for varying polarization, effective earth ' s  
radius , surface diele ctr ic c onstant and conductivity� distan.ce �  fre 
quency, and antenna height s .  This include s preparation of a Technical 
Note showing the oretical attenuation relative to fre e  space at 0 = 0 
for s ever al value s of fre quency, ground constant s ,  and effective e arth ' s  
radius . 
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Task 2 :  Publication of r e sults of the inve s tigations into 
s atellite height gain functions and defocusing effects of atmosphere .  

Task  3 :  Evaluating numerically thr ough computations and 
graphs Bremme r ' s theory of wave propagation through a c oncentrically 
s tratified tropos pher e  with a s mooth profile .  

Task  4:  Development and extens ion of  a s imple graphical 
method to calculate diffracte d  fields in the far diffraction region for 
vertical polarization. 

Task  5. Spe cial s tudie s and c onsulting . This proj e ct cover s :  
{ a )  Intens ive s tudy of pr opagation over each path, {b ) c ompari s on of 
relevant data with the theory c oncerning special pha s e s  of propagation 
s uch a s  height gain, antenna gain, s hort-term fading, dominance  of 
particular me chanisms , and attenuation of fields with frequency, distance ,  

. angular dis tanc e ,  and earth r oughne s s ,  ( c )  application o f  s tandard the ory 
to the s olution of specific problems of s e rvice ,  interference ,  and fre 
quency allocations . 

Per s onnel c ontributing to  this work wer e  L. E .  Vogler (Pr oject 
Leade r ) , P. L. Rice (Section Chief ) ,  C.  P.  Allen, J.  L. Noble ,  
J. A .  Payne , and R .  E .  Wilke r s on. 

Advance d  The ory 

8 3 164 

Basic  r e sear ch into the physic s of the atmospher e  and of electr o
magnetic wave the ory i s  her e  concentrated in  specific areas  wher e  special 
nee ds have arisen  or where  unusual opportunitie s exist  for the formula
tion or development of theory. 

Studie s of models of atmosphe r ic turbulence as  well as laye r s  
and ducts , s tatis tical de s cr iptions o f  the atmosphere  and of irregular 
ter rain, and s olutions of line - of - sight propagation problems over arbi
trary ter rain will all c ontribute to the mor e  precise  and r eliable applica
tion of propagation the ory wher e  pre se nt-day enginee ring i s  inadequate . 

During the past  year a thorough inve s tigation of the radio s tar 
and relay link problems was completed, and a paper de s cribing the 
r e s ults of this work i s  being written. An attempt to explain atmospheric 
s catter ing of electromagnetic wave s through a quantum mechanical 
approach was sugge sted and a preliminary analys i s  be gun. 
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C onsiderable work was done on the mathematical forrnulation 
and methods of s olution of the pr oblem of defocus ing of r adio r ays in 
model atmos phere s .  Some of the re sults of this work can pos s ibly b e  
used  i n  the problem o f  calculating ray bending i n  various atmosphere s .  

Inve s tigation of Bremme r 1 s  theory of wave propagation through 
a c oncentrically s tratified tr opospher e  was initiated and s tudie s of the 
limitations and applicab ility of thi s the ory to actual conditions will b e  
c ontinued.  Some work was done on the problem of predicting the effect  
of atmospheric irregular itie s on  the polarization of  a transmitted radio 
wave , and als o  work i s  b eing carried out on the problem of predicting 
the field from a large  parabolic antenna when only part  of the antenna 
i s  vi s ible  to  the r eceive r , 

An inves tigation of the problem of predicting the mutual inter 
fer ence expected between the ground terminals of s pace c ommunication 
systems and surface point-to-point systems was carrie d  out and a paper 
de s cribing the r e sults published in collab oration with per s onnel of  83 .  5 0 .  
The re  -exa1nination o f  the mathematical and phys ical a spects  o f  forward 
s catter theory i s  continuing and the re sults being applied to pr oblems 
outlined for the coming Fis cal Year . 

During Fis cal Year 1962  we plan to  do the following :  

Task 1 :  C ontinue the r e -examination of  the mathematical and 
physical aspects of forward s catter the ory. 

Task  2 :  Study of anis otr opic turbulence and its implications 
for forward s catter ,  path antenna gain, space and fre quency diver s ity, 
and pha s e  and r efractivity spectra.  

Task 3 :  Inve s tigation of  H.  Bremme r 1  s re cent theory for 
diffraction over a spherical earth in an atmos phere  which has a non
linear and almos t  arbitrary r efractive index variation with height. 

Task 4: Solution of line -of-sight pr opagation pr oblem over an 
arbitrary r ough ter rain profile in an airle s s  atmos phe r e .  

Task 5 :  Inves tigation o f  the oretical wave propagation by diffraction 
over an arbitrary r ough terrain profile in an airle s s atmospher e .  

Per s onnel contributing to  this work. wer e  P.  L. Rice (Proj ec t  
Leader and Section Chief ) ,  K. A. Norton (D;.vis ion Chief ) ,  C . P.  Allen, 
E .  C . Barrows , H. Bre s insky,  J. D. Droppleman, A. E .  Goe rtz ,  
W. J.  Hartman, J.  L., Noble , L.  E .  Vogler ,  and R.  E.  Wilke r s on. 
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Data Center 

83 1 6 5  

In this project i s  concentrated most  o f  the centralized organization 
and r outine de s cr iptive analysis of long -ter m  radio trans mis sion los s ,  
verification and e r o s  s -referencing of information about data, c ontinual 
s earch of the liter ature and cor r e sponde nc e  with other agencie s �  and the 
maintenance of comprehensive file s of topographic map information. 
Becaus e  the Bureau has c onducted an extensive program of data r e c ording 
and r eduction for the pas t  nine year s ,  it has a unique opportunity to s tudy 
the dependence of sys tem performance on the many variable s involved, 
s .:uch as frequency, distance ,  antenna height s ,  'topography, and mete oro
logical conditions . 

Accur ate and c omprehensive files  of basic data and information 
about the data are e s sential to the development of propagation theory and 
engineering prediction methods .  

During the past  year we have che cked all basic information about 
s ome thre e  hundr e d  and fifty radio propagation paths and prepar e d  card 
files  of this infor mation. Cros s .. r efer ence file s have been prepared s o  
that information about particular paramete r s ,  such a s  frequency,  may b e  
readily available . A refe r ence file o f  literature has been organized and 
c r o s s  .. r efe r ence d  by  author� and r e cording agencyo A c ontinuing s earch 
of the literatur e  is  made for additional data and new s our ce s  and methods 
of analysis . 

C omputer pr ograms have been  written to compute a great circle 
path given the latitude and longitude of b oth transmitter and r eceiver ;  
given the latitude of any point on the path the corre sponding longitude may 
be  c<?mputed and vice ver sa. This incr e a s e s  the efficiency and accuracy 
of the work with ter rain contour maps in obtaining detailed path profile s ,  
e s s e ntial t o  point-to-point pre dictions . 

Sorting ,  organizing and listing of hourly median value s of r adio 
transmis sion los s  has been continued, and a s tudy has been made of the 
effect  of s ample s ize on obs erved variability. 

During Fis cal Year 1962  we plan to do the following :  



2 0 2 

Task 1 :  Map work. Terrain c ontour maps are  obtained as they 
become available,  and terrain parameter s  are tabulated for all great 
cir cle pr opagation path pr ofile s ,  including detailed pr ofile s  fr om each 
antenna to its radio horizon. Spe cial paramete r s  are required  for intens ive 
s tudy of pr opagation over individual path s ,  for s tudy of the s tatistic s of 

ter rain variation, and for the development of definitions of effective 
antenna height. Occas ionally it may be ne ces sary to go into the field 
or  to write s ub c ontracts for aerial photographs of r egions where  
ade quate maps are not available and are  urgently nee de d. 

Task 2 :  Organization and r outine analys i s  of data. The organi 
zation of long-term data on IB M punch car ds , l i s tings obtained fr om them, 
and the verification of information about the data are e s s ential to the 
r eliability and c ompr ehensivene s s  of pre s ent and future work. Ther e  i s  
a punched card for each o f  almos t  a million hourly me dians , and lis ting s 
include cumulative dis tr ibutions for each time -block, period of r ecord, 
s ummer and winter ,  "monthly-hourly me dians , 1 1  

r e c orde d  data for which correlations are  s ought . 
closely with the meteorological analysis  s e ction. 

and s imultaneously 
This proje ct works 

Task  3:  Literature s ear ch for data. A bib li ography of data 
s our ces  i s  kept up to date , summarie s of general information obtained 
fr om each te chnical report  are filed,  tabulations of information require d  
for each propagation path a r e  maintained, and e r o s  s -reference s of 
information are compiled. Special s tudie s are undertaken to c ompare 
data fr om various s ource s ,  and a li s t  of propos e d  inve s tigations i s  
c onstantly added to,  with remarks as  t o  pos s ible s our ce s  o f  per tinent 
data and sugge s tions a s  to exper iments which ought to be  undertaken to 
pr ovide needed  data. 

Per s onnel contributing to this work wer e  A.  G. Longley {Pr oje ct 
Leade r ), P. L. Rice {Section Chief) , K. A. Nor ton { Divi s ion Chief),  
M. M. C oyle ,  P. H. Elde r ,  V .  L. Fuller , F. I.  Har rington, and 
P. G. Ratcliffe . 
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Prediction Methods 

8 3 1 6 6  
The Tropos pheric Analysis  Section c ombine s the oretical 

r e s ear ch with data analysis  in order to impr ove our unde r standing of 
the physic s of radio wave pr opagation in a turbulent atmosphere  and 
ove r irre gular te r rain. There  is an acute need  for a reliable method 
of predicting the performance of radio sys tems employing pr opagation 
thr ough the tr opo s phe r e .  E s tim:.:tte s of trans mi s s ion los s and of l ong 
term and short-te r m  variability (fading range s ,  fading rate s ,  and signal 
c ontinuity) are e s s ential to the proper  de s ign and allocation of military and 
comme r cial br oadcasting , communication, and navigation facilitie s .  

Transmi s s ion los s pre diction methods are worked  out in detail , 
applied to all available data , and written up for publication. Although 
much infor mation concerning the pr opagation of UHF and VHF radio 
wave s has been obtained in measur ements carr ied  out ove r the past  
s everal year s by b oth government and pr ivate laboratorie s ,  ther e  i s  
s till an  acute need  for a reliable method of  predicting the performance 
of radio systems e mploying pr opagation thr ough the tr oposphere  at the se  
frequencie s . 

Work on thi s  pr oj ect dur ing the past  year has cons i s ted  for the 
mos t  part of impr oving and simplifying the predi ction method de s cribed 
in NBS Te chnical Note No.  1 5 , of developing a new prediction method 
which depends on s tandard atmosphe r e s  with exponential gradients , and 
of c onsultation and guidance given pe ople fr om othe r organizations in 
the use  of CRPL prediction methods . 

An imp r oved and s implified ver sion of the prediction method 
de s cribed in NBS Te chnical Note No. 1 5  was prepared for Memorandum 
Report PM- 8 3 - 3 3 ,  s pons ored by the Air For ce Gr ound Electroni c s  
Engine er ing and Ins tallation Agency, and was later rewritten  a s  NBS 
Report 6 7 6 7 .  

Thi s r eport  include s a new method o f  e stimating long-term 
var iability a s  a func tion of  path distance ,  effective antenna heights , 
frequency, and 1 1take - off1 1  angle s .  This new method has the advantage 
of be ing applicable to  short,  line -of - sight paths as  well as to longer  
tropospheric  paths . 

Improved methods of tracing radio rays have been programmed 
for an electr onic computer and incorporated into a c omputer p r ogram 
for calculating the ge ometrical paramete r s  needed for predicting diffraction 
or forward s catter transmi s s ion los s e s  between two antennas .  
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A great deal of work has been done in developing a new prediction 
method which depends on s tandar d atmospher e s  with exponential gradients . 
Thi s method has the advantage s of greater s implicity and better agre e 
ment with mete or ological data than previous methods . The the oretical 
basis of the method has been developed in detail and included as  note s 
for Le cture 9 of the 1 9 6 1 C our s e  on Radio Pr opagation. Analytic functions 
have been developed in order to permit greate r me chanization and pr o 
gramming for digital computer s  in addition t o  the mor e approximate 
graphical methods . 

Long -term variability as  a function of per iod of time , effe c tive 
dis tance ,  frequency, and terrain has been expr e s s e d  in terms of 
analytic functions , which have been programmed for a digital computer .  
Thus i t  i s  pos s ible t o  pr e dict  the field strength exceeded for any de s ir e d  
per centage o f  time over a given path. A de s cr iption o f  this method i s  
included in the note s for Le cture 1 0  o f  the 1 9 6 1 C our s e  i n  Radio Pr opa-
gation. 

C ertain sugge sted modifications and te chnique s in the use of 
C RPL prediction methods have been examined and evaluated, 

During Fis cal Year 1 962  we plan to do the following : 

Task 1 :  C omplete the development and de s cr iption of the new 
prediction proce s s ,  apply it to all available data, and write the method 
up for publication, including formulation of the ory, ray tracing methods , 
spe cific application to data , and me chanization of the prediction proce s s .  

Task  2 :  C ontinuation of long-term var iability study cons ider ing 
pos s ible effe cts of irregular terrain, surface refractivity, unusually high 
antennas ,  and angular distance .  A c ontinued emphas i s  on expre s s ing 
var.iability in terms of analytic functions and the development of c omputer 
methods for predicting the transmis s ion l o s s  to be  expected  for any 
de s ired  percent of time for any given time block. The r e sults of thi s 
s tudy will be written up for publication. 

Task 3: C onsulting work to as s i s t  othe r agencie s in the use of 
our data and prediction methods . 

Per s onnel c ontr ibuting to this work were  A. G. Longley (Proj e ct 
Leade r ) ,  P. L. Rice ( Section Chief) , K. A. Norton ( Divis ion Chief ) ,  
C . P. Allen, W. R. Burns , M. M. C oyle ,  and V .  L. Fuller . 
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Pre diction of Value s for Syste m  Paramete r s  
Important t o  IRAC Radio Fr e quency Allocation 

83463  

This p r oj e ct i s  s pons ored  b y  the Offic e  of  C ivil Defense  and 
Mobili zation and the Federal C ommunications C ommi s sion. It is pr o 
p o s e d  t o  prepar e a c ompr e hensive s tudy of te chnical facto r s  pertinent 
to the allocation of r adio fr e quencie s .  Spe cial attention will be given 
to s ystem parame te r s  in the r ange 5 0  Me / s to 1 0 0 0  M e /  s .  

The furnishing of such te chnic al information to r adio r e gula 
tory agencie s in a form suite d to the ir s pe cific needs is a CRP L  
mis si on o f  national importance and i s  a matte r of s ome urgency for 
l ong -range planning now unde rway. 

Particular e mpha s i s  dur ing thi s pas t  year wa s placed on the 
s tudy of s atellite c ommunications , including e s timate s of the inte r 
fe r ence to b e  e xpe cted b etween line - of- s ight tel e communication r elay 
and s atellite or space  s ys te ms .  Als o  unde r inve s tigation was the 
matter of radio fre quency spe ctr um r e quir e ments , and a great deal 
of work has b e e n  done in as s e mbling infor mation which bear s on thi s 
p r oblem. A c ompar i s on was made of the s e rvice areas of a ne twork 
of  airb orne and gr ound -bas e d  televis ion trans mitte r s .  

Pe r s onnel c ontr ibuting t o  the work o f  the p r oj e c t  we re 
R. S. Kirby ( P r oj e ct Leade r and Se c ti on Chief, 83 .  7 0 } , L. J. Mal oney,  
A .  P .  B ar s i s , M. T. De cker (Se ction C hief, 8 3 .  50 ) ,  W. J.  Hartman, 
L. G. Haus e ,  G. D. Gie rhart ,  and P. L. Ric e  (Se ction C hief, 8 3 .  6 0 ) .  

A TIC Radar Pr opagation Analys i s  

8 3 46 .5  

This p r oj e ct as s is ts the Ae r o s pace  Te chnical Intelligence 
C ente r in the analysis  of c e rtain radar data , p r oviding procedure s  
which should enable  Air For ce pe r s onnel t o  inte rpret  the ir ob s e rva 
tion s .  
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It is  e s s e ntial to unde r s tand the e ffe cts  of changing atmos phe ric  

c onditions in order to inte r p r e t  r adar data . Mete orol o gical c onditions 
affe ct the ave rage b ending of radio r ays , a s  well a s  focusing and de 
focusing r adio ene r gy ,  and thi s c hang e s  appa r e nt p o sitions and pr oduce s  
image br oadening. The effe cts  of b oth or dinary and unus ual mete o r o ·� 

atmo s pheric  featur e s  normally dete cted by r adar may be  s e en fro m  
the data analysis  o 

Dur ing the past  year , data supplie d  by A TIC ha s b e en s tudi e d  
by c omparing appa r e nt p o s itions with t h e  known p o s ition o f  a tar get .  
The s e  var iations were  c or r e lated with mete or ological data, and r e sults  
of the analysis  we r e  pr ovided to the spons or in infor mal lette r r eports . 

Additional data will be  p r ovide d by A TIC for analysi s  dur ing 
Fis cal Year 1 9 6 2 0  

Per s onne l c ontributing to this proj e c t  w e r e  H .  T.  Doughe r ty 
(Proj e ct Leade r ) , M. E .  Johns on ,  J .  S ,  Mill er ,  J .  H.  Clark, 
H.  R. Dahms , K. A.  McElfr e s h ,  P. H. Elde r ,  F. I. Har r ington, 
and P. G. Ratcliffe . 

Global Range Real Time C ommunications 

8 3 46 6  

Thi s p r oj e c t  i s  s p ans o r e d  b y  the Ae r onautical Systems Divis ion, 
Air For c e  Systems C ommand, Wright Air Development Divi sion. The 
obj e ctive of this pr ogram i s  to extend the range and inc r e a s e  the r eliabil 
ity of a e r o s pace  c ommunic a.tion links thr ough e xploitation of forwar d  
s �atte r mode s o f  p r opagation, The pr ogram s hall c ons i s t  o f  a the o r e tical 
s tudy and analys is  t o  dete r mine the fea s ibility of b e yond-horizon s catte r 
tran s mis s ion to and from s atellite s .  The pr ogram s hall al s o  s er v e  t o  
define exp e rimental ins tr umentation parame te r s  which will b e  r equir e d  
to gather  data o n  the s ignal characte ristic s and dir e ctional pr oper tie s  of 
s catter  tr ans mi s sion as the ins tr ument carrier  trave r s e s  the area above 
the s catte ring r e gions of t e s t  trans mi s s ions o 

Pha s e  I of the p r oj e ct is  divided into two parts : ( 1 )  the s tudy 
of e ffe cts of the mode of pr opagation, fr e e  s pac e , diffraction or s catte r 
ing thr ough the atmo sphe r e ,  and ( 2 )  a s tudy of the e ffe cts  of s y s te m  
paramete r s  such a s  s atellite orbit s ,  external noi s e  s our c e s ,  antenna 
s ize , available powe r ,  e t c .  
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Pha s e  II i s  devote d to the de s i gn of expe r i ment s  for the acqu1 s 1 -
tion o f  whateve r data i s  ne eded t o  s upplement or ve rify the s tudie s unde r 
taken in Pha s e  I. 

Global r ange ,  r eal time c ommunic ations between earth s tations 
and orbiting vehicle s is  a r e quire ment. Pos s ible vehicle s par ti cipating 
in s uc h  links inc lude early -warning s atellite s ,  manne d r e c onnais s ance 
s atellite s ,  and B o o s t - Glide vehicle s .  Pr e s e nt te chnique s for global 
c ommunications include LF, HF, and multiple p oint -to -point relay with 
attende d difficultie s in p r opagation outage s ,  and/ or s ys te m  c omplexity. 
Pas s ive or active r elay s atellite s are in development for futur e applica
tion to the gene r al c o mmunication r elay p r oblem. Devi c e s  of  b oth 
c ate gorie s have finite pe rformance limitations ,  and are expensive in 
terms of development and launc hing into orbit or on s tation. 

During the past  s ever al month s , the following a c complis hments 
have b e en made : 

The exis ting t r op o s pheric  s catter p r e diction method has been 
p r o gramme d for a 1 6 0 4  computer to give trans mis s ion loss  value s for 
p ropagati on to and fr om satellite s .  

A the or e ti c al s tudy has been s tarted t o  try to dete rmine the 
applicability of the s e  methods to the p r e s ent p r oblem. Data taken fr om 
h igh flying air c r aft, although not available in quantity ,  will be us e d  a s  
a further c he ck. 

Smooth e a r th diffraction curve s are b e ing extended by c ompute r 
methods to a c c ount for antenna heights c o r r e s p ondin.g to s atellite orbits . 

A mac hine p r ogram i s  b eing p repare d  t o  give a s  a fun c tion of the 
angle bel ow the hor izon, ( a ) the p e r cent of time a satellite i s  vi s ible in 
a given orbit and (b ) the area s ee n  by a s ingle s atellite at one p o s ition of 
the o rbit .  

A literatur e s e a r c h  on the p r oble m of the bandwidth c apabilitie s 
of  trop o s phe ric  s c atte r reve aled dis c r epancie s b e twe en differ e nt the or e t 
ical tr eatments . At  lea s t  one paper was found to have an e r r o r .  A small 
amount of data is available at pr e s ent from which an e s timate of the 
me dium bandwidth can be made . It is  exp e c te d  that additional data will 
be available in time to inc orporate it into the final report ,  
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A c omprehensive literature s ear ch into all a spects of the pre se nt 
problem is  in progr e s s .  

The work already initiated will b e  c ontinued into Fis cal Year 1 9 6 2 . 
It will be neces s ary  to have preliminary re sults fr om the above s tudie s  
before defining new areas  for inve stigation. 

Per s onnel c ontr ibuting to the work of this proj ect wer e  
W.  J .  Hartman {Pr oject Leader } ,  C .  P. Allen, E .  C . Bar r ow s ,  
H .  Bres insky, J .  D. Droppleman, J. L. Noble , P .  G. Ratcliffe , 
R. R. Ridge , and L. E . Vogler . 

Point -to -Point C ommunication on the Moon 

8 3467 

The obje ctive of this program is  a s tudy of the system los s  
expected in point-to-point communication between arbitrary ge ographical 
locations on the moon. Using s tandard  pr opagation the orie s together with 
the bes t  available e stimate s of lunar phys ical c onditions , the require 
ments neces sary for practical communication sys tems will b e  inve stigated. 
Most  of the work will de s cribe  the known pos s ibilities  of point -to-point 
communication using surface waves .  C onsideration will be given to 
antenna type s ,  power requirements ,  noise  lin1itations , and the influence 
of the earth and sun on the communications system. 

In anticipation of the time when manned flights to the moon 
become practical, the r e sults of this pr oject will s erve as a guide to 
the planning of c ommunication pr ocedure s  to  be used  between exploring 
groups and bas e  installations on the surface of the moon. 

The obje ctive s outlined above will be carried out in Fis cal Year 
1962 .  

Per sonnel contributing to  this pr oject  will be L �  E .  Vogler 
{ Pr oject Leade r ), J. L. Noble , J. A .  Payne , and R. R. Ridge . 
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T e rrain Effe cts  on P ropagation 

8 3 1 7 1  

The objec tive i s  to de termine by experimental and theoretical 
s tudie s the effec t  that an i rregular , finitely -conducting , ground 
bo undary has on radio propagation,  and to provide me thods  for pre 
dieting the se  effe cts  in te rms of radio propagation theory .  

Terrain affects  r adio propagation in  a variety of way s .  At the 
lower end of the frequency spec trum it i s  primarily a conductor of 
surface wave s . At highe r fre quencie s it acts  as a boundary causing 
random reflec tions and diffrac tion . A mor e  comple te knowledge of 
the behavio r of radio wave s in the pre senc e of irregular te rrain 
inc re a s e s  the effe c tivene s s  and efficiency of s y s tems operating at all 
radio frequencie s .  

A s e rie s of me asur ements was comple ted in a s tudy of  VHF 
and UHF signal charac te ri s tic s ob served on a long knife -edge path .  
Long - term transmi s sion lo s s  measurements wer e  performed over a 
2 2 3  km path in Eas te rn C olorado using fre quencie s of  1 0 0  and 7 5 1  Me . 
Thi s path inte r sec ts Pike s Peak which forms  a knife -edge type ob s ta
c le  vi sible from both terminals .  The transmi s  sian lo s s  me asure 
ments we re  analyzed in terms  of  diurnal and s easonal variations in 
hourly medians and in ins tantaneous leve l s . A s  expe c ted ,  r e sults 
show that the long - term fading r ange is sub s tantially le s s  than expe cted  
for tropo sphe ric s c atte r paths of  comparable length.  A te chnique was 
developed for e s timating long -te rm fading, the r e sults of which are in 
good  agreement wi th the measurements . 

The r e s ults o f  thi s s tudy wer e  made the s ubject  of NBS Repor t  
6 7 5 1 ,  ' 'VHF and UHF Signal Characte ri s tic s Ob served o n  a Long 
Knife -Edge Diffraction P ath, 1 1 by A .  P .  Bar si s and R .  S . Kirby, 
dated March 1 ,  1 96 1 .  Thi s  repor t  will be published in the Journal 
of R e s e arch  NBS, 6 5D ,  Septembe r -October ,  1 96 1 .  

Per sonnel contributing to the projec t  we re R .  S .  Kirby 
(P roje c t  Leade r) , A .  P. Bar si s ,  P. L. McQuate , B .  F. Que reau, 
M. E . Johnson,  H . R .  Dahms , J .  H. C lark, and K .  A .  McElfre sh.  



2 l 0 

P ropagation Study Relative to Wideband Data Transmi s sion Link s  

83470 

Thi s project i s  sponsored by  the U .  S . Army Signal R e s e ar ch 
and Development Laboratory ,  The objec tive s are to dete rmine optimum 
fre quency,  powe r requirements , performance e s timate s ,  and in parti 
cu�ar bandwidth limitations impo sed  b y  the medium for wide band line 
of- sight data transrni s sion links , Applic ations include air -to -air  as  
well as  air -to -ground paths up to 500  mile s in  length,  wi th fre quencie s 
in the 1 0 0 0  to 10 , 0 0 0  Me r ange . 

Available re s ults of sho r t-term signal variations ove r within 
the -ho rizon tropo sphe ric propagation paths we re  a s s e rnbled in the 
form of a NBS Technical Note and s upplied to the sponsoring agenc y .  
A liter ature s ear ch o n  available data o n  bandwidth of the mediurn was 
carried out. A program to rneasur e  transmi s sion lo s s  variation s  at 
two car rie r  fre quencie s in the 9000  Me r ange separated  by 1 0 0  Me wa s 
initiated ,  using e quipment made available by the sponsoring agenc y .  
The se mea s urements wer e  performed over  a 70 -mile within-the 
horizon path in Eastern  Co lorado ,  and are de s cribed in de tail unde r 
P roje ct  8 3454 .  

The re s ults of the me asurements are  being analyzed  for  the 
variabili ty of hourly basic transmi s sion lo s s  medians , c orre lation 
be tween the medians obtained on 9 2 50 ,  9 3 50 ,  and 1 0 40 M.c , s tati s tic s 
on shor t-te r m  signal variations ( space -wave fade outs )  on the se  fre 
quencie s ,  and cor relation between ins tantaneous value s of transmi s sion 
lo s s  on 9 2 50 and 9 3 50 Me . The la st  itema togethe r with an analys i s  of 
the ins tantaneous fie ld strength ratio of the two signal s ,  s e rve s as a 
basis  of e s timate s for the coherence of signal amplitude s ove r the 1 0 0  
M e  bandwidth . 

The sirnultaneous measurements on 1 0 40 M.c s e rve a s  a basis  
for comparing the r e s ults with earlie r measurement r e s ults ove r the 
same path .  

A report  will be prepared  de s cribing the measurements , the 
analys i s  of the data ,  and the re s ults obtained .  R e sults will be  evalu
ated in terms of the projec t  objective , namely the bandwidth capability 
of the medium. It i s  no t anticipated that the project  will be extended 
beyond the analy sis  and evaluation of the pre sently available data, and 
the prepar ation o£ the r eport.  
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P e r  sonne1 contributing to thi s work ( analy sis  and evaluation) 
we re A. P .  Bars  i s  (P roje c t  L e ade r ) , R .  S .  Kirby (Se c tion C hief) , 
A .  F .  Bar ghausen,  F .  M .  C app s ,  M .  E .  Johnson, J .  H .  C lark, 
H .  R .  D ahms , and K .  A. McE lfre sh.  P e r sonne l of the Data R educ tion 
Ins trumentation S e c tion (W . E .  Johnson, P .  I. W e ll s ,  J. A. Syke s ,  
and M .  S .  Johnson) als o  c ontribute d to the work.  

Mountain-Top transmitting locat i on for studies o f  fading charac
teristics in wide-band t ransmis sion systems o Receivers are located at 
a d i s t ance of 70 miles on the p lains within line - o f- s ight . 
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Attenuation Measurements 1 1Prince 1 1  

8 347 1 

T hi s  p r oj e c t � spon s o r e d  by the D e fense D e par tment; i s  the 

s tudy of the propagation of r adio wave s through various typical build
ing material s .  Information i s  de sired on  the transmi s sion, r efle ction, 
and absorption of energy over a wide frequency r ange . The effects  of 
polarization, angle of incidence ,  and r e s onance s are to be inve stigated .  

While a large amount of  work has been  done in  the r adome 
field ,  mo s t  of the s tudie s have approached the problems a s  a sear ch 
for mate rials  which will aid in providing certain de sirable characte r 
i s ti c s  for a radiating system, or which will provide prote c tion without 
impairing the sys tem operation.  In s ome case s ,  however ,  the pre s 
ence of o ther materials in a system propagation path may be unavoid
able . Measurements leading to methods for the prediction of system 
operation under  the se  cir cums tance s  are required.  

Information from the me asurements on a re sidential type brick 
veneer  wall has been tre ated to determine the di stribution of inser tion 
lo s s  in a volume behind the wall at 500 Me and 1 0 0 0  Me . Similar 
information obtained at 4. 7 kMc , 9 .  4 kMc and 20 kMc from attenuation 
measurements on a frame wall is being pre sented in the fo rm of fie ld 
mapping s of inser tion lo s s .  

The work done at the above five frequencie s will be for mally 
reported  and additional attenuation experiments will be pe rformed.  

Per sonnel contributing to thi s work we re M.  T . Decke r 
(P rojec t  Leader ) ,  L .  G.  Hause , G .  D .  Gierhart, and J .  E .  Farrow. 
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FAA Siting and Inspec tion 

8 3473  

The objec tive o f  thi s proje c t  i s  to as si s t  the Feder al Aviation 
A gency by  increas ing its knowledge in the are a s  of s iting of e lec tronic s 
equipment with effe cts caused by  local and di s tant terrain, and the 
propagation anomalie s re s ulting from the condition of the atmo sphere  
s o  that thi s knowledge may be applied to  increasing the ac curacy of 
p redictions involved with siting and operating facilitie s and to 
equipment de sign. 

year . 
(VOR) 

This project  wa s undertaken during the final quarter of the 
S tudie s wer e  initiated on the Very High Frequency Omnirange 
and the Ins tr ument Landing System ( ILS) . 

Per sonnel from NBS attended a conference at the FAA operat
ing base  in Oklahoma City to obtain information on the operational 
aspe c ts of the s e  s y s tems . Studie s we re  made of the influence of 
antenna siting on bearing error s in the VOR sys tem. Meteorological 
influence s ,  partic ularly the conditions which cause abnormal bending 
of r adio wave s we r e  als o  s tudied . There  i s  an indication that highe r 
ground -based antennas wo uld be de sir able in many ins tance s whe re  
r o ugh terrain exi s t s , but special technique s fre quently must be  
r e sor ted  to  in  order to minimize  the tendency to lobe at  highe r 
antenna height s .  

Machine computer technique s being developed under P roject  
8 3478 are used to  develop criteria for judging the effec tivene s s  of  
propo sed  modifications . · 

Per sonnel contributing to the project  were R .  S . Kirby (Project 
Leade r ) , L.  G. Hause,  and A.  P . Bar si s .  
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T e c hnic al Facto r s  R e lating to Sy s tem Spe c trum 
U s age for IRAC Long -R ang e P lanning 

8 3474 

The obje c tive of  thi s proje c t  is  to p rovide tec hnic al info rma
tion for us e in long -range allo c ation planning for the Inte r department 
R adio Advi s o r y  C ommitte e .  The r e s ults of thi s s tudy will b e  applied 
to future planning fo r use of the r adio spe ctr um. 

T he r adio spec trum i s  e s s entially a na tur al r e s o ur c e , and its  
effe c tive use depend s  entirely upon an ade quate allocation plan ,  The 
Inte rdepar tment R adio Advi s o r y  C o mmitte e and the Fede r al C ommuni 
c ations C o mmi s sian have the re sponsibility in the Unite d  S tate s for 
the maintenance of a national table of  alloc ations ,  as  well  as the 
as signment of fr e quencie s to government and non- gove rnment u s e r s .  
It i s  very impor tant for the s e  agencie s to have ade quate info rmation 
abo ut the performance characte r i s tic s of all the various  s y s te m s ,  
both pre s ent and future , fo r which allocations must b e  made , 

Partic ular en1phas i s  was plac ed on a s tudy of  sate llite com
munic ations . Studie s wer e  made of the inte rfe renc e a spe c t s  b e twe en 
line -of- sight tele communication re lay and \'Pace s y s te m s .  Also unde r  
inve s tigation wa s the matte r  o f  r adio fre quenc y spe c tr um r e quir e 
ments . A compar i s on was made of the s ervice  are a s  of a ne twork. of 
airborne televi sion transmi tter s  and transmitte r s  loc ated on the 
ground , Allo c ation aspects of many o the r s ervic e s  wer e  s tudied for 
inc o rpo ration in a final repo rt ,  which i s  expe c te d  to b e  c o mple te d  
ne ar the end o f  1 9 6 1 .  

Pe .r sonnel c ontributing to the work o f  the pr o j e c t  we re R ,  S .  
Kirby (P roj e c t  Leader } , L .  J. Maloney ,  A .  P .  B ar s i s ,  P .  L .  Ric e , 
M.  T .  D e cke r ,  L .  G. Haus e ,  and G.  D .  Gie r har t.  
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83475  

Thi s  proje c t  is  sponsored  by the U .  S .  A rmy Signal Engine e r 
ing Agency which has enginee ring r e spon sibili ty in c e r tain are a s  of 
the wor ld fo r the installation of  tro po sphe ric - s catte r communication 
cir c uits . The obje c tive s are to provide engine ering a s si s tance in the 
s e le c tion of  te r minals for s uc h  cir c uits , and to p rovide e s timate s of 
terminal e quipment re quirements fo r spe cific paths , ba s e d  on site 
s urve y s ,  topographic map s tudie s ,  and tropo sphe ric propagation 
the o r y .  S uch s tudie s are e s s ential for effic ient planning of  cir c uits , 
te r minal lo c ations ,  and choice  of e quipn1ent. 

S y s tematic me tho d s  for predi c ting the perfo r manc e  of tropo 
sphe ric c o mrnunication links and fo r the evaluation of  cir c uit  r e liabi 
lity we re a s s embled in handbook fo r m .  Thi s wo rk included an evalua 
tio n  of  the r elative i1npor tance of path lo s s  me a s urements as  compared 
to the predi c tions . The s e  s tudie s are applic able jointly to the wo rk 
done fo r the U .  S .  A rmy and the U. S .  Air Force , and are de sc ribed 
mo r e  fully in conne c tion with P r o j e c t s  8 340 9 and 8 340 8 .  

P e r fo rmanc e  e s timate s fo r spe cific paths inc luded in a tropo 
sphe ric c ommunication ne two rk be twe en cla s sified lo c ations in E urope 
we re comple ted ba sed on a previo usly repo r ted site s urve y .  C las si 
fied repo r t s  de aling wi th thi s ne two rk we re s ubn1i tted to the sponsoring 
agency .  D ue to change s in the originally spe c ifie d  o r  r e c o mmende d 
te r minal lo c ation s ,  seve r al additional repo rts  we r e  prepared ,  o r  ar e 
unde r p reparation now, which contain a re -evaluation of  the var ious 
propagation path s ,  and als o  ne w pe rfo rmanc e me thods  based on ne wly 
available e quipment spe cific ations and refined me tho d s  of analysi s .  

A similar , c las sified,  repo r t  wa s also pr epar ed de aling with 
an overland path in the W e s te r n  P acific ar e a .  

Additional p e rfo rmance e s timate s a s  well as  site s urvey s  and , 
po s sibly, path lo s s  te s ts will be unde r taken a s  r e que s ted b y  the 
sponso ring agenc y .  The o r e ti c al inve s tigations and a program of  
me a s ur ements o f  transmi s sion lo s s  ove r o b s tacle -gain paths will be 
c ar ried o ut whic h  will p rovide fo r continuo us improvement in the 
me tho d s  and te c hnique s applicable to s y s tem de sign and pe rfo rmanc e 
Pr edictions . 

P e r sonnel c ontrib uting to thi s wo rk we re A .  P .  B ar sis  
(Proje c t  Le ade r} , R. S .  Kirby (Se c tion C hief) , F .  M.  C app s , M.  E .  
Johnson, B .  D .  S amsel, J .  H. C lark, H . R . D ahm s ,  and K. A .  
McE lfr e s h .  
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Radar Propagation 
8 347 6 

C LASSIFIED 

Military A s si s tanc e P rogram Evaluation 

8 3477 - 8 3479  
The obj e c tive s of thi s proje c t  ar e t o  provide engine e r ing a s si s t 

anc e to USASEA and USAR J in the evaluation o f  an e ngine e r ing s urve y  
fo r a p ropo s e d  c omrnunic ation s y s tem in Indone sia,  to inspe c t  pr opo s e d  
site s ,  and to a s s i s t  in the development o f  r e quir e ments and spe cifica 
tions for the s y s te m .  

The U .  S .  Army Signal Engine e ring Agency h a s  engine e ring 
r e sponsibility for the planning and ins tallation of thi s communication 
s y s te m  unde r  the Military A s si s tanc e Pro gram. It is  e s s ential that 
s uch circuits  even if de s igned and ins talled by for eign c ontracto r s  be 
planned efficiently and in acc o rdanc e with ac c e pted engine e ring 
s tandard s . 

The r e sponsibility fo r a continuing r eview of the engine e ring 
s urve y r epo rts  r e quired the pre s enc e of one NBS engine e r  as signed 
to U. S .  A rmy Japan, in Japan , 

P e r for manc e e s timate s we r e  made for propo s e d  path s , u sing 
the late s t  available pre di c tion me thod s ,  in conne c tion with the evalua 
tion of  the engine e r ing s urvey r epo r ts . 

A t  the re que s t  of USASEA , an NBS enginee r  vis i te d  Indone sia 
as a memb e r of a s urve y te am fo r the purp o s e  of obtaining c e r tain 
infor mation r elevant to contrac ting for the ins tallation of the communi 
c ation s y s te m .  

Thi s  proje c t  has b e e n  broadene d to include s e nding a n  NBS 
enginee r  to Djakarta,  Indone sia,  to act as te chnic al a s s i s tant to the 
C ontr ac ting Offi c e r 1  s R epr e s entative . It i s  planne d  to r e co mpute 
pe rformanc e e s timate s b a s e d· on final s e le c tion of te r minal site s ,  

P e r sonnel c ontributing to the wo rk of the proje c t  we r e  L .  J .  
Maloney (Proje c t  Leade i· ) , J .  E .  Farrow, B .  D .  Samsel ,  R .  S .  
Kirby (Se c tion C hief) , and A .  P .  Bar si s . 
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S tudie s of S e rvic e  Volume s fo r Air Navigation Facilitie s 

8 3478 

Thi s  proje c t  i s  sponsored  b y  the F e deral Aviation Agency 
( Bureau of  Facilitie s and Mate riel) . The obje c tive s are to develop a 
gene ral program fo r a lar ge ele c tronic compute r for the de te rmination 
of se rvice volume s of air -ground s y s tems s uc h  as VHF Omnir ange or  
TACAN. R adio wave propagation mode s ,  variability of transmi s sion 
lo s s , e quipment paramete r s ,  and the geographical configur ation of 
potential inte rfe ring facilitie s are s ome of  the variable s c onside red 
in thi s problem. 

The fir s t  s tep in the attack on the p roblem was the develop 
ment of  an ove rall flow diagr am . Then, individual s ub -pro grams 
we r e  written and te s te d  for e ac h  o f  the 1 1blocks 1 1  in the flow diagram, 
like transmi s sion lo s s  calculations , long - term and sho r t - te r m  
variabili ty o f  transmi s sion lo s s ,  transmi tting and r e c e iving antenna 
patte rns , and me thods fo r co mbining c umulative di s trib ution func tions . 

The next s tep will be the inte g r ation of the comple te d  1 1blo ck s 1 1  
in the ove rall program, and a comple te c alculation r un for a spe cific 
s e t  of  equipment parame te r s  and s tation config ur ation.  Afte r the 
ove rall program i s  che cked o ut ,  i t  i s  re latively easy  to vary indivi 
dual p ar amete r s  in order to obtain s e rvice  volume s for a number of 
s y s te ms under different a s s ump tions of  reliability, s tation spac ing , 
inte rfe renc e ,  e tc . 

P e r sonnel c ontributing to thi s proje c t  were A .  P .  B ar sis  
(Proj e c t  Leade r ) , R .  S .  Kirby (Se c tion C hief) , F.  M.  C app s ,  M.  E .  
Johnson, G .  D .  Gie rhar t, J .  S .  Mille r ,  B .  D .  Sams el ,  and K .  A .  
McElfre sh .  
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Radio M eteorology Res earch 

8 3 1 8 1 

The work  of thi s proj ect tends toward the examination of basic 
properti e s  of the atmospher e and their eff ect upon the transmi s sion of 
radio waves  a:t VHF frequencies  and above . Example s  of pr evious 
work have inc luded the determination of the constants in the equation 
for radio r efractive index, the magnitude of gas eous atmospheric ab 
s orption of radio waves in the fr equency range of 1 0 0  to 5 0 , 000  Me , 
the development of a " radio standard atmospher e "  and the pr eparation 
of world climatology o£ the surfac e radio r efractive index . 

Results of this  work are  appli ed immediately within Divi si on 8 3  
for the development of tropospheric radio wave prediction techniques . 
The re sults ar e of further us e to  industrial, governmental,  mi litary  
engineering groups , as  well a s  tho s e  r esponsible  for planning of  advanc ed 
technical proj ects that involve basic  princ iples  of the atmo spher e at 
radio fr equencies . 

A s ynoptic c limatology of migratory high and low p res sur e  c ells 
over the c entral and eastern United States has b e en initiated . The pur 
pos e  of thi s s tudy i s  to obtain a r epr es entative pictur e of the vertical 
and horizontal radio r efractive index pattern with such  s ystems . A 
s tudy, c o - sponsor ed with Proj ect 8 34 8 1 ,  co nc erned with the d egr ee to 
which the average n s tructur e .in th e vertical dir ection r eflects the gro s s  
differ enc es  in climate over the North American continent . Thi s  latter 
s tudy, inc luding a new analysis  of the diurnal and s ea sonal range of n at 
the earth ' s  s urfac e ,  has b e en completed and i s  availab le a s  an NBS r eport . 

C onsiderable  progr es s was made in the long -term proj ect of 
c ompiling a world -wide atlas of L':>.N ( r efractivity differenc e b etween the 
earth ' s  s urfac e and one kilometer ) . The portion of the atlas d evoted to 
the United States  c limate has b een the chief accomplishment to thi s date . 
It has b een completed and i s  available as  NBS Monograph 2 2 . Data was 
als o a s s embled from meteorological towers  and wir e s onde ob s ervations 
for starting a micrometeorological c limatology of radio r efractivity near 
the ground . An initial survey r eport, bas ed on a lit erature s earch, c on 
c erning the attenuation o f  mic r owaves by atmo spheric gas es and raindrops 
i s  e s s entially c omplet e .  

A n  appr eciable amount o f  the material pres ented by  the Radio 
Met eorology S ection in the NBS c our s e  in Radio P ropagation was pr epa r ed 
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by  8 3 1 8 1 sponso r s hip . Among the topic s s o  pr epared wer e :  "The Radio 
Refractive Index and its Climate , 1 1  "Anomalous Refractive Index 
Structur e , "  ' 'Attenuation of Radio Waves , 1 1  1 1R efraction of Radio Waves 
in the T ropo spher e, 1 1  and 1 1Measuring the Radio Refractive Index . 1 1  In 
addition, a s tudy developing the conc ept of the hi - exponential atmo sphere  
has  b e en completed and has b e en ace  epted for  publication .  

The National R efractive Index Data C enter , c onsis ting in  part of 
about 7 ,  0 0 0 ,  0 0 0  IBM cards , added at least fifteen for eign land and ship 
s tations dur ing thi s period . The s e r epr e s ent the c limate s  of Japan and 
the No rth Pacific , Arabia, C yprus , South Africa and the Antarctic a .  

The mic rometeorological s tudy of N near the ground and the 
world -wide survey of .6N will b e  expanded . An extensive s tudy of s ynoptic 
meteorologic al s yst ems and their a s s ociated N patterns will b e  mad e, 
with emphas i s  b eing plac ed on the effect of the humidity and temperature 
fi eld s . A s  larger amounts of data and improved computer techniques 
b ec ome available , an attempt will be mad e  to program synoptic changes 
for computer interpretation . 

The following people c ontribut ed to thi s proj ect:  B .  R .  B ean 
(Proj ect  Lead er ) ,  B .  A .  C ahoon, E .  J .  Dutton, J .  D .  Horn, C .  M .  
Miller , G .  Richmond , L .  P .  Rig g s , W .  B .  Sweezy , G .  D .  Thayer , B .  
W eddle , and P .  Whittaker .  

Synoptic Refraction Studi es  

8 34 8 1 

The obj ective s  of this proj ect a r e  to  d evelop methods of pr edicting 
the s ynoptic and c limatic variation of radio r efractive profiles a s  
applicable to  Naval Operations . 

The r e sults of this work a r e  basic to the prediction of the occurrenc e 
of such r adio phenomena as  ducting and radio holes . The prediction of 
the s e radio phenomena enables  s teps  to b e  taken to maintain radar sur 
veillanc e and radio communications during unus ually low field str ength 
c onditions or in the pre s enc e of s ever e interferenc e .  

A fir s t  attempt has b een made to examine vertical s ea s onal profiles 
and diurnal-annual changes  of radio r efractive index c limates  of the world ;  
pr eviously available data has b een pr edominantly of  U . S .  origin.  Another 
s tudy, e s s entially c omplete ,  has a s  its subj ec:::t the ab sorption of mic ro 
waves  by  atmosph eric gas es and raindrops . 
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The U .  S .  Navy c ontinue s to b e  the maj or c ontributor to th e 

hug e r efractive ind ex card fil e c onsi s ting of some 7 ,  0 0 0 ,  0 0 0  cards . 
Thi s  contribution a s s um e s  even mor e important proportion s when it i s  
r em emb ered that the maj ority o f  the data of for eign r egions ha s b e en 
spons o r ed by the USNWRF . 

A s tudy ,  c o - spons o r ed with Proj ect 8 3 1 8 1 , c one erned with the 
degr ee to which the average n structur e in the vertical dir ection r efl ects 
the g ro s s  differenc es in c limate over the North Ame rican c ontinent and 
including a new analys i s  of the diurnal and s ea s onal . rang e of n at the 
earth ' s  s urfac e ,  ha s b e en c omplet ed and is  availab le a s  an NBS r epo rt . 
Thi s  r ep o r t  i s  al s o  to app ear s oon in the open literatur e .  

An inv e s tigation, just  c ompleted, of the time lag c onstants 1n 
th e humidity and t emp eratur e s ens o r s  of th e radi o s ond e instrument s hows 
c l early that corr ections fo r the time lag in the s en s o r s  of both parameter s 
i s  nec e s s ary fo r a c limatological c omparison for ducting inc idenc e .  B y  
ignoring s ensor time lag,  on e t end s to und e r e s timate ducting inc id enc e ;  
by c orr ecting only fo r humidity s ens or lag ,  duct inc id enc e i s  ov er 
estimat ed .  

A s  radi o s onde and detail ed surfac e data fo r various s tations around 
the world a r e  accumulated , a c limatological p rogram will b e  tailo r ed 
sp ecific ally for the us e of the Navy . C ontinued s upport wi ll b e  given t o  
analyzing vertical s eas onal profiles and diurnal - annual chang es  o f  r adio 
r efractive index c limates of the world , especially from tho s e  localitie s  
and c limates  not pr eviously available . 

P e r s onnel contrib uting to thi s proj ect wer e :  B .  R .  B ean, J .  D .  
Horn (Proj ec t  Leader) , C .  M .  Miller ,  L .  P .  Rigg s ,  and B .  W eddl e .  

WSMR R efraction Studies  

8 3482  

T h e  obj ective of thi s proj ect i s  not only to determine the exp ec t ed 
radio ray r efraction er r o r s  for the s emi -arid d e s ert c o nditions of the 
White Sands Mi s sile  Rang e ,  in various c onfigurations of angle and di s tanc e 
meas uring equipment , b ut to d evelop optimum proc edur e s  for c o r r ecting 
th e s e  erro r s . 
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Range and elevation angle errors  must b e  r epres ent ed in such a 

manner as  to b e  r eadily available to the us er s of distanc e -· and angle
m ea s uring equipment at the Whit e Sand s Mis s ile Rang e .  It i s  nec e s s ary 
that the r epr es entations be pr epa r ed and put into g eneral us e as s oon 
as pos s ible . 

The formulation of th e propo s ed mathematical s olution for the 
AME/ AME s ystem ha s b een p r epar ed . The development of exponential 
atmo spheres  for F eb ruary, May, Augu st ,  and Novemb e r ,  and the annual 
r efractivity c onditions has b e en c o mplet ed . 

Plans a r e  to c o ntinue to study the error s inher ent in an AME/ AME 
s ystem .  During thi s p eriod a c ompl ete  FORTRAN General R efraction 
Program for th e White Sands Mi s s ile Rang e will be prepar ed , and th e 
initial c ontract r equi r ements will b e  c omplet ed .  

P e r s o nnel contributing to thi s proj ect w e r e :  B .  R .  B ean, E .  J .  
Dutton, W .  B .  Sweezy (Proj ect Lead er ) ,  and B .  W eddl e .  

Radar Height - Finding Er rors  

8 3483  

The obj ective o f  this proj ect i s  to d etermine height -finding errors  
ari s ing from atm o s pheric r efraction for the maj o r  c limatic r egions of 
th e United Stat e s  and to develop method s  of c o r r ecting the s e  e r r o r s  
by us e o f  c ommonly available weather data s uch a s  th e standard s urfac e 
and radios ond e  obs ervations . 

C or r ecting of h eight -finding r adar s  fo r atmo sph eric -indue ed 
errors  i s  of vital importanc e in al. r traffic control and saf ety . 

The pr eparation of a h eight - finding error  program for the CDC -
1 6 04 c omputer has b e en c ompl eted,  and pr eliminary s ampl e s  of test  
data have b e en checked for g eneral c o r r elation with meteor ological 
parameter s .  

Plans inc lude c ompletion of the abov e typ e calc ulations for at 
least 1 2 United Stat e s  stations for each of the four s ea s ons , us ing fiv e 
yea r s  of data . 

P er s o nnel c ontributing to this p r,oj ect wer e :  B .  R .  B ean, W .  B .  
Sweezy ( Proj ect Lead er ) ,  and B .  W eddl e . 
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B as eline R efraction 

8 34 8 5  

T h e  purpo s e  of this proj ect i s  t o  examine the effects o f  the 
r efractive index structure  of th e atmo spher e on the acc urac y of bas elin e 
radio guidanc e s ystems , for bas elines  from approximately one to a 
thousand mil e s ,  and to dev e lop r elations b etwe en the r efraction e r r o r s  
and ea sily mea s ur ed meteorological paramet e r s . The zone of c limatic 
c overage will inc lude all of the Unit ed State s  and, tim e -wi s e , wil l  inc lud e  
from one day t o  s ea s ons and year s .  Partic ular emphas i s  wil l  b e  made 
upon a s tudy of the r elationshi p s  b etween the d eg r e e  of r efraction error  
enc ountered and the typ e of  m eteo rolo gical air ma s s  p r e s ent at  each end 
of the path and in the intervening distanc e .  

A knowledg e of the siz e  of the r efraction error  to b e  exp ected 
with a ba s eline radio tracking s y stem, tog ether  with m ethods for p r e 
dicting s uch error s from c ommon m eteorological elements , e .  g . , the 
air mas s  p r e s ent ,  will b e  of g r eat value in inc r ea s ing the accurac y of 
s uch bas e line s ystern s . 

Pilot calculations on the calculation of r efraction er rors  from 
ray -trac ing theory for rnany United States  locations , for varying time 
int ervals and s eas ons , wer e c ompleted . Mathematical  formulations 
for the s olution of dis tanc e -m ea s uring - equipment rang e errors  w e r e  
d eriv ed .  A lar g e  nmnb er of m eteorologic al s ynoptic s ituations were  
col lected arid analyz ed with r egard to th eir po s s ib l e  effect on the per 
fo rmanc e of bas eline s ystem s . 

Thi s proj ect terminate s  at the end of fis c al y e ar 1 96 1 .  

P er s onnel contributing to thi s proj ect w er e :  L .  P . Riggs ,  G .  D .  
Thayer (Proj ect Leader } ,  and B .  W eddle .  

8 34 8 7 

T o  s tudy the influenc e of meteorological conditions upon the 
b ending of radio waves  and the o c c ur r enc e of meteoro logical phenom ena 
that give ris e to propagation of radar energy ar e the obj ectiv es  of thi s 
proj ect . 
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It i s  important that radar p er s onnel unde r stand the m et eorolo gical 

influenc e s  that affect th e d et ector c apabilities  of th eir radar equipment 
in order that measur es may b e  taken to correct ,  or mitigate,  adver s e  
effects of c ertain meteorological conditions . 

R efractiv e index profil e s  w e r e  c onstruc ted from m et eorolo gical 
data gath ered from s el ec t ed geographical loc ations .  T h e  c o r r elation 
b etwe en differ ent m et eo rological s ituations and abnormal operating 
c onditions for radar s ys t em s  (us ing ray -tracing t echnique s ) ,  wer e s tudi ed . 

The activitie s  of this proj ect have b een t ransferr ed to proj ect 
8 34 76 . 

P e r s onnel c ontributing to this proj ect wer e :  E .  J .  Dutton, L .  P .  
Rigg s  ( Proj ect Lead e r ) ,  W .  B .  Swe ez y ,  G .  D .  Thay e r ,  and B .  W eddl e .  

Sp ecial R efraction Effect s  

8 3488 

The primary obj ective of  thi s project  i s  to examine th e effects  
of  the radio r efractive index s tructur e of the atmos phere  on the accuracy 
of pha s e -m ea suring radio tracking s ys tems of long b a s elines ,  particularly 
for ba s eline s  of 1 0 , 0 0 0  feet .  Thi s  is to be b a s ed on the atmo spheric 
c onditions of C ap e  C anaveral,  Florida . Thi s will involve a s earch through 
the literatur e and other s our c e s  for the m eteorological data for the C an 
averal a r ea .  Whe r ev er po s s ib l e ,  m ethods will b e  dev elop ed for r elating 
c limatological or meteo rological parameter s with the r efracting er r o r s  
o f  t h e  b a s eline s ys t em ;  inv e stigation will b e  mad e a s  to the effici ent 
utilization of ai rborne r efractomete r  measur ements in s uc h  m ethods .  

Little i s  p r e s ently known abo ut the atmo sph eric r efraction errors  
of  pha s e -measuring b a s eline s y s t em s . Thi s  knowledg e  will b e  invaluabl e  
in the utilization o f  s uch s ys t em s  f o r  th e accur at e  trac king of mi s s il es , 
earth s at ellit e s , and outer spac e v ehic les . The program will attempt to 
d et ermine the effect of s uch c limatic ext r em e s  a s  land - s ea b r e ez es  and 
low - level radio duc t s  on long b a s eline - pha s e  m e a s ur ement systems . 

M et eorological data for C ap e  C anaveral,  F lo rida , was gathered 
and analyz ed in th e form of vertical profiles  of r efractivity to make an 
evaluation of bas eline s y st em r efraction errors  a s  a function of meteor 
o logical variab le s . Mathematical formulas for the s olution of Distanc e 
M ea s uring - Equipm ent w e r e  d erived . Proc edur e s  have b e en d evelop ed 
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for th e effici ent us e of m eteorolo gical data,  inc luding airbo rne r efrac 
tometer m ea s ur ement s . Full s uppo rt was given to th e initiation of a 
land - s ea b r ee z e  study due to its s ignificanc e in mic rowave transmi s s ions 
in coa stal a r ea s . 

Futur e plans inc lud e c ompletion of the land - s ea b r e e z e  study . 
Some study of th e effects of horiz ontally inhomogeneous r efractive index 
struc tur e upon DME errors  will b e  mad e for the Florida penins ula . C on
tract r equi r em ents will be c ompleted and a final r eport  p r epar ed fo r the 
sponsor1  General  Ele ctric C ompany . 

P e r s ons c ontributing to thi s proj ect the pas t  y ear wer e :  C .  Aue r ,  
J .  D .  Horn,  C .  M .  Miller ,  L .  P .  Rigg s ,  G .  Thayer (Proj ect Lead er ) ,  
and P .  Whittaker . 

Sky T emperatur e Theo ry 

8 3489 

' 
The obj ectiv e of thi s proj ect i s  to s tudy the fea s ibility of r emotely 

p robing the atmo spher e to det ermine its g ro s s  t emperatur e and water 
vapor cont ent profile us ing gas eo us atmo s ph e ric ab s o rption of electr o 
rn.agnetic wav e s  and effective sky t emperatur es  at mic r owave fr equenc i e s . 
The pr oj ect will hav e the following specific obj ectives : 

(a )  T o  s urvey the field and, in  so  far  as  pos sible ,  to determine 
the p r e s ent state of the art as r egards the theo r etical aspects 
of gas eous atm o s pheric ab s orption of mic r owave s  and effective 
s ky t emp eratur e s . 

(b ) T o  make an analysis  and evaluation of the finding s by other 
worker s in the field . 

(c ) T o  e stab lish which phy sical variables would b e  mo s t  applic abl e  
t o  s tudi e s  o f  thi s typ e and to propo s e  both theor etical  and ex
perimental s tudi es  which would further the primary obj ective 
to the g r eat est  degr ee . 

The eff ec tiv e s ky t emperatur e i s  the lowest  limit of noi s e  into a 
radio r ec eiver and thus c on stitut e s  a limit to practic al spac e c o mmuni 
c ations s ys t em s  whos e  signals trave r s e  the tropo spher e .  A knowledg e of 
gas eous ab s orption by the atmos phe r e  is als o fundamental to c ommuni 
c ations b etwe en points on earth . Thi s  proj ect would also  enhanc e the 
knowl edg e  of th e atmo sphere  mo st immediate in its effect on mo s t  of man 
kind ' s  activiti es . The temperatur e -water vapor profile i s  of prac tic al 
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importanc e ,  ug> eful not only in pr edicting weather but in the pr ediction 
of probab l e  atmo spheric contamination in c ongested areas around large 
citi e s . I t  would be  us eful als o  in  other  s c i entific inv estigations .  

A literatur e s earch i s  in progr e s s  and a numb er of pap er s have 
b e en r eviewed . Pilot calc ulations of the exp ected thermal noi s e in th e" 
mic r owave r egion b a s ed on the s implified versions of the V an Vleck 
th eori e s  of ab s orption by oxy g en and water molecules, utilizing the b e st 
data availab l e ,  have b e en c omplet e d .  

A s ub stantial b eginning has b een made o n  c omputer programming 
to u s e th e full Van Vleck theory of oxygen in calc ulations of thermal 
noi s e .  Thi s  program is d e s i gned to allow the e stimation of errors  inh e r 
ent i n  the exp erimental data . A pr eliminary r epo rt inc o rporating the in
formation obtained to - date i s  near c ompletion . P r o gr e s s  has b een made 
on other que stion s r elative to th e proj ect . Among thes e is the determination 
of a method of inc luding non - ga s eous c omponents in c alculations of thermal 
noi s e .  

C alc ulations of thermal noi s e  will b e  mad e  to allow an estimation 
of th e mean th ermal noi s e  in th e mic r owa·ve r egion to b e  made as  a func 
tion of geographical location, time of y ea r ,  fr equenc y ,  el evation angle 
and rainfall rat e .  It i s hop ed to inc lud e c alculations which will allow 
e stimation s to be made of th e errors  inh er ent in the exp erimental data used 
in the c alc ulations ,  a s  well a s  th e nec es sary  extrapo lations . For a lim 
it ed numb er of g eo g r aphical locations ,  plans have b e en made to determine 
the d eviation from the m ean thermal noi s e  r ec eiv ed, and to r elate the s e  
b y  c o r r elations t o  the d epartur e s  o f  th e atmo sph e r e  from the m ean struc 
tur e for th e p e riod co nsid e r ed .  A s urvey of the equipment nec e s s ary to 
acc omplish th e propo s ed evaluations will b e  mad e .  The literature s earch 
p ertinent to th e proj ect will b e  continu ed .  

P e r s onnel c ontrib uting to this proj ect wer e B .  R .  B ean, R .  L .  
Abbott ( Proj ect Leader ) ,  and E .  R . W es twater . 
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A EPG R efractometer Utilization 

8 349 1 

The obj ectiv es  of thi s proj ect a r e  to determine optimum 
r efractometer t echniques fo r ab s o lute and differ ential hurnidity m.eas 
ur ements . Exp ected accurac i e s  a r e  to b e  investigated in t erms of 
exp ected c o sts . 

The Army Electronic P r oving Ground Facility has a n e ed for a 
r e c ording hygrom eter capable  of measuring humidity to a d eg r e e  not 
attainable  by p r es ent c onv entional m ethods .  

The pr e s ent study was dir ected to a s c ertaining the fea s ibility of 
dev eloping an instrum ent having the above de sir ed c apabiliti e s . T ec h 
niques and equipment c onsid er ed were  only tho s e  which c ould b e  util 
i z ed in fi eld applications .  On the basis  of c ur r ent knowledg e  and 
r ea s onab l e  expected impr ov ement, it would s eem that th e d es i r ed 
accuracy of the m ea s ur ement of the ab s olute (± 0 .  1 g/m3 } and the hum
idity gradient (± 0 .  0 1  g/m3 ) c annot b e  met . 

An NBS r eport "A Mic rowav e Hygrometer R e s earch Study " was 
i s s ued to the s pons o r  r eflecting the following r ec ommendations . Sinc e 
the r e  app ear ed to b e  a gr eat e r  p r ob ability of approaching the desir ed 
r e s ults in the c a s e of the ab s olute hygromet.er r ather than in the c a s e 
of the differ ential hygrometer , it was r ec ommended that p r e s ent 
efforts b e  c onc entrat ed on the ab s olute hygrometer with the hope of 
utilizing the s ucc e s s  achi eved with that instrum ent in d et ermining th e 
exp ected optimum accur acy fo r a differ ential hygromet e r . 

In the c a s e of the ab s olute hygrometer , the u s e of mor e  o r  les s 
conventional m eans for tjmperatur e and p r es s ur e  c ontrols  yi elds 
acc urac i e s  of ± 0 .  5 g/ m . The us e of mo r e  exacting technique s em 
bodying the ultimate in temp er atur e and p r e s s ur e  c ontrols  should yield 
accurac i e s  approaching ± 0 .  2 g/ m 3 . 

Thi s p r oj ect terminate s  at the end of fis cal year 1 96 1 .  

P er s onnel contrib uting to thi s proj ect wer e :  Ralph P .  Fitzpatrick, 
B .  R .  B ean, and R .  E .  Mc Gavin ( Proj ect Leader ) .  
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Refractive Index Structure 

83 1 93 

T he objective s of thi s  pr oj e ct are :  1 )  to s tudy the distri
bution of the specific parameter, refractive index, throughout the 
l ower atmospher e  as  a function of time, 2 }· fr om examination of 
the correlations betwe en the index and other phys ical quantitie s ,  
t o  arr ive at a better understanding of the mechanisms which deter
mine the behavior of  this parameter . 

In c ommunication systems empl oying tropospheric  s catter , 
the bas ic mechanism is  de s cribed in terms of the small variations 
in r efractive index which are ever pre s ent as a r e sult of atmos
phe r ic turbulence . This  turbulence become s the limiting factor 
in the accuracy of radio dire ction finding systems basic  to mis s ile 
tracking and guidance pr obl em s .  Larger  s cale fluctuations in the 
distribution of index produce bending effects which can re sult in 
s erious  e r r or s  in such guidance sys tems a s  well a s  maj or dis turb .. 
anc e s in micr owave c ommunication system s .  

Since the development of micr owave r efractomete r s  was 
begun at the National Bureau of Standards about ten year s ago,  the 
value of thi s  type of instrument in s tudying the above effects has 
been r e cognized .  During that time many impr ovements  have been 
made over the fir s t  instruments . This  proj e ct i s  intended to 
c ontinue the impr ovements in ins trumentation, and al s o  to  perform 
definitive field experiments whe r ever pos s ible . 

T he plans for this pr oj e ct for F Y  6 1  had to be pos tponed 
because  all available per s onnel wer e  transfe rred to proj e ct No. 8349 5 .  
E s s entially n o  progre s s  can be  r eported a t  this time.  

Although this i s  a c ontinuing pr oje ct,  one new s pe cific 
experiment is planned to begin during F Y  1 96 2 .  Thi s  is the 
oper ation of a thr e e  .. dimens ional array of microwave r efractometer 
s ampling cavitie s .  Five s ampling points will be arranged along 
each of three orthogonal axe s oriented c r o s s-wind, upwind, and 
vertically. The latter will be provided by the 1 6 0  meter meteoro
l ogical tower at Haswell . Simultane ous recording of temperature ,  
pre s sure ,  wind speed  and radio r efra ctive index are  planned at 
each of the s e  s ampling points . The fre quency re sponse of each 
of the s e  parameter s  i s  being pus he d  a s  high as  i s  e conomically 
fea s ible ; at thi s time 1 0  cps appear s to be attainable .  The data 
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will be r ecorded on magnetic tape in analog form for e conomic 
data reduction and analys i s . T his  approach to the wave numbe r  
spectra o f  turbulence i s  expected t o  provide a valuable s upple
ment to  information gained from the conventional velocity trans ... 
formation of the frequency spe ctra of s ingle point measurements . 

Within the next two years  (F Y 62 ,  6 3  ) ,  such s paced 
cavity s tudie s are expected to be  pas sing from the ground-based  
tower t o  the airborne s tage . The re sults of this are  expected 
to be  of c onsiderable value in r e s olving the 

·
curr ent apparent 

dis crepancie s between experimentally obs e rved tropospheric 
forward s cattering of radio wave s and ground ... l evel measure .. 
ments  of atmosphe ric turbulence . 

Per s onnel as s igned to this project we r e  Moody C . 
T homps on ,  Jr . (Proj e ct Leader ) ,  Frank E . Freethey,  William 
B . Grant, Harris  B . Jane s ,  Albert W .  Kirkpatrick, Dean Smith, 
Jack D .  Tefft, Maurice J . Vetter ,  and Donald M.  Water s .  

Atmospheric e ffects on vert ical baseline radio tracking systems . 
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Radio Tracking Accuracy 

83 1 94 

The obje ctive of this proj e ct i s  to s tudy the effects of 
the tr oposphe r e  on radio tracking sys tems .  

During the past  few year s ,  the ever ... increasing prec1s1on 
and accuracy r e quirements  placed on electronic tracking and 
guidance  system s for space r e s ear ch has greatly increased  the 
r elative importance of error s  intr oduced by propagation through 
the l ower atmosphe r e . In fact ,  the gene ral heteorogeneity of the 
r efractive index structure of the l ower atmosphe r e  c onstitute s a 
fundamental limitation on the accuracy of radio dire ction-finding 
system s .  This  limitation has been s tudied by this organization 
ove r  a period of s everal year s .  Although the re sults  of data have 
proven valuable and appear to be  practically the s ole s our ce of 
data in this field,  there  are s till many effects which cannot be 
confidently r e s olved .  Among the s e  are such  que stions a s  the 
effects o£ path l ength, antenna s ize ,  polarization, fre quency and 
geography. The main obj e ctive of thi s  proj e ct is to s tudy thes e  
factor s ,  us ing microwave r efractometer and phase  measuring 
technique s .  

The plans for this  pr ojec t  for F Y  6 1  had to be postponed 
because  all available  pers onnel wer e  transfe r r ed to proj e ct 
No. 8349 5 .  Certain elements of the pl.ans for this proj e ct wer e  
included in the latter .  T he r e sults  are  summarized in the 
r eport  of that proje ct .  

The basic  experiment will c ombine four type s  of 
physical measurement s : 

( a }  Accurate determination of the l ocations of the terminals 
of the te s t  path by independent measurements 

(b} Obs e rvations of time variations in appar ent radio 
path length 

( c }  Radio and optical observations of the apparent angular 
pos ition of one path terminal as viewed from the other 
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(d )  Dire ct measurement of the phy sical s tructure of the 
atmos pher e  in the vicinity of the path by means  
of  airborne� tower-mounted and ground-based  
Tefractometer s ,  and such other technique s a s  may 
be available at the tl111e 

The s e  measurements will be made fir s t  over a 1 5  kilometer 
path near Boulder,  Colorado�  using vertical and horizontal base
lines s imultaneously. T he horizontal bas el ine s will range up to 
1 km in length, and the vertical bas elines up to 3 0  mete r s  in height. 
Concurrent with the r ecording s  of variations in apparent range and 
angle of arrival , variations in refractive index will be recorded 
continuously at the path terminal s ,  and periodically along the 
path by means of the airborne refractomete r .  The structure of 
other variabl e s  such a s  tempe rature and windspeed will al s o  be 
recorded in the vicinity of the path. 

T he use  of Snell 1 s law to e stimate corrections for such 
atmospheric effects has received considerable attention over a 
period of many year s .  The technique s developed differ chiefly 
in the method used to interpolate and extrapolate dis crete measure
ments of atmospheric index to form a continuum throughout the 
range r equired by the practical problem .  Unfortunately, little  
work has been done in evaluating the ability of  thes e  methods and 
procedur e s  to actually correct for the phenomena involved;  
this i s  be cause of the difficul ty in the pas t  of  devis ing a sufficiently 
precise  method of measurement. A s ignificant part of this project, 
therefore ,  i s  to de s ign and perform carefully contr olled  experiment s  
t o  permit evaluation o f  such corre ction proce s se s  and subsequently 
to evaluate the relative effi ciency of various a s sumptions or 
model s c oncerning the atmospheric s tructure .  

Per sonnel a s s igned to this proj ect wer e  M .  C . Thomps on, J r .  
(Project  Leader ) ,  F rank E .  F reethey, William B .  Grant, Harris  B . 
Jane s ,  Albert W .  Kirkpatrick, Dean Smith, Jack D.  Tefft, Maurice J .  
Vetter ,  and .Donald M .  Water s .  
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Geodetic Re sear c h  

83 1 9 5  

The obje c tive s of this pr oj e ct are  to s tudy the effects of 
atmospheric turbulence and similar phenomena on the accuracy of 
ele ctronic distance measuring systems e 

T he spectacular advance s  in the field of geodetic s and 
particularly land surveying which have been achieved by the use  of 
ele ctronic dis tance measuring technique s have l ed naturally to the 
que s ti on of what phys ical phenomena limit the ultimate accuracy of 
the s e  methods .  Numerous technical problems have been encountered 
which are amenabl e  to r e solution by the use  of  improved circuitry, 
c omponents ,  choice of operating fre quency, etc .  Howeve r ,  a s  
the s e  factor s  are  improved ,  the bas ic problem of the pr opagation 
characte r i s ti c s  of the atmosphe r e  its elf  will bec ome an increas ingly 
important factor in the problem. 

S ome of  the bas ic que s tions which  aris e  c oncern the effects 
of path length, geographical and climatological environment,  polar ... 
ization, and antenna s ize  and c onfiguration. Additional problems 
enter  in the c onver sion of  such measurement s  from time measure
ments to  dis tance . Thi s  i s  done by e stimating the average velocity 
of propagation along the path from s pot measur ements . Both the 
interpolation proce s s  and the actual correction measurement s  are 
subje ct to s erious e r r or s .  

The plan-s for this proj e ct for F Y  6 1  had to be postponed 
becaus e  all availabl e  pers onnel wer e  transfe r r ed to proj e ct No.  83495 .  

Thi s  proj e ct would include e s tabl i shing c ontrolled  te s t  
paths under vari ous  c onditions t o  evaluate systematically the 
effects  of such parameter s mentioned above . A variety of geographic 
l ocations would be s el ected to include a range of atmospheric environ
ment s . S imultane ous obs ervations would be  made using differ ent 
frequencie s and antenna c onfigurations . Some work in this field 
has already been done by this organization. 

Two further a spects would be  s tudied. T he fir s t  relates  to 
the u s e s  of the s e  g eneral pha s e  measur ing techniques to problems 
in s ei smology. In this area very small eart h motions are involved 
and the ordinary turbulence encounter ed in the lower atmosphe r e  
appear s t o  b e  a s e r ious l imitation o n  such mea surements using 
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radio technique s .  An experiment i s  planned in which two slightly 
divergent paths would be obs e rved s imultane ously and the degr ee 
of correlation betwe en the atmosphe ric effects on each path would be 
analyzed carefully in terms of general atmospheric c onditions .  
The paths would be s everal kilomete r s  in length and have l ow 
elevation angle s to s imulate conditions found after inspection of 
s everal known fault z one s in the United State s .  Microwave fre .. 
quencie s ,  such a s  have alr eady been introduced in el ectronic 
dis tance measuring e quipment would be used .  By the end of this 
initial experiment ,  it i s  expected that a cleare r  picture would be 
available  as  to the fea sibility of this appr oach. 

The work of the pas t  s everal year s indi cates that the 
ins truments and technique s developed for the s e  purposes  will 
permit the detection of change s  of the order of 1 micron in the 
r elative l ength af two line s of s everal km length. However ,  path 
lengths cannot be obtained in field measur ement s  with this accuracy 
today, largely a s  a result  of our ignorance of how to take account 
of atmospheric  effects in the propagation phenomena. However ,  
the existence o f  technique s capable of such high pre c i s ion indicate s 
that considerable attention s hould be given to the problems of 
impr oving the a ccuracy of path length measur ements by properly 
correcting for the atmospheric  structure .  T he s tudy of such factor s  
i s ,  thus ,  clearly e s sential to  the improvement and refinement of 
el e ctr onic .  geodetic  technique s . 

A third experiment planned for this proj ect  i s  an inves 
tigation of the accuracy which can b e  attained from angle-measur ing 
instruments using the CW phase  c omparis on technique . In thi s  
experiment s everal s hort  baseline systems would be se t  up on 
typical path lengths with fixed targets . The apparent angular 
s cintillations would be  r e c orded, analyzed and s tudied in terms 
of other direct measurements of atmospheric  parameter s .  The s e  
experiments would be  r epeated over a variety of paths in differ ent 
ge ographical areas and weather c onditions .  It is believed that 
s hort  baseline s { s ay 2 mete r s  or le s s )  would permit angular r e s olu ... 
tion of the order of le s s  than one minute of ar c which would be  
useful for  many current mil itary applications . 

Per s onnel a s s igned to this proj e ct were  M.  C . Thomps on, Jr .  
( Pr oj e ct L eader ) ,  Frank E .  Freethey, William B .  Grant, Harr i s  B .  
Jane s ,  Albert W .  Kirkpatrick, Dean Smith, Jack D .  T efft, 
Maurice  J . Vetter ,  and Donald M.  Wate r s .  
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G .  E .  Tracking System s 

8349 5 

This  proj e ct i s  spons ored by the General Electric Company. 
The objective of this proj ect i s  to s tudy the r efraction of radio 
wave s in a s imulated tracking system. 

All surface  based  radio tracking sys tems are subject to  
e r r o r s  re sulting from the heterogeneity of  the l ower atmosphe r e .  
The s e  error s range from systematic bias in apparent position of 
a target  which r e s ults  from the normal variations in atmospheric 
c ompo s ition with height above the surface to  the rapid fluctuations 
in apparent pos ition r e s ulting fr om turbulence . In the interim high 
Pcre ci s ion tracking system being built for Patrick Air Force Base  by 
General Ele ctric C ompany, it i s  important that thes e  effects be taken 
into account. T hi s  pr oj e ct is intended to provide accurate and r eliable 
e s timate s of the extent and nature of thes e  effects  and s o  far a s  
pos s ible t o  develop methods of correcting for them. 

A s imulated tracking system operating in the X- band was 
ins talled  using a fixed b eacon mounted on the s ide of Green M oun ... 
tain near Boulder ,  C olo .  The s e  r oughly orthogonal bas eline s wer e  
e stabl i shed about 1 6  km east  and about 8 0 0  mete r s  l ower to give an 

0 
el evation angle of about 3 • T he two horizontal bas eline s wer e  
about 5 0 0  meter s  i n  length and the 1 1vertical1 1 one making u s e  of a 
s teep cliff was about 3 0  meters .  Simultane ous recordings wer e  
made of the r ange t o  the c entral antenna and differ ence s between  
this range and each  of the other bas eline terminal s .  Refractive 
index was measured at each antenna a s  well a s  at five l evel s on 
a 3 0 m .  tower near the central antenna . 

Several data runs have been made, the l onges t  being 
a five-day period in May 1 9 6 1 . The s e  data are s till being analyzed.  

T he data already taken will be analyzed more completely 
and r ecording will be made during s everal more periods . If the 
sponsor  des ir e s ,  the horizontal bas eline s will be extended to 
1 0 ,  000  fe et and s im ilar data runs made . Plans for F Y  6 2  al s o  
include making airborne r efractometer surveys in the vicinity of 
the fir s t  MISTRAM s ite nea r  Patrick AFB,  Florida . It is antici
pated that. a report  on the B oulder r e sults  will be prepared during 
this period. 
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Per s onnel a s s igned to this proj e ct are M .  C .  T hornp s on, Jr . 
(P r oje ct L eade r ) ,  F r ank E .  Fre ethey, W illiam B .  Grant, Har r i s  B.  
Jane s ,  Albert W .  Kirkpatrick, Dean Smith, Jack D .  T efft, 
Maurice J .  Vett er ,  and Donal d  M. Wate r s .  

Light- We ight Refr actometer T e s t s  

83.496 

T hi s  proj e ct i s  spon s ored by the U. S . Air Force 
Cam. bridg e Re s e a r ch Lab. T he obj e c tive of this proj e ct is  to 
evaluate the use  of a light- weight refractomete r a s  a tool for making 
refraction c or r e ctions in a radio tracking system.  

All s urface bas e d  radio tracking s y s tems are subj e ct t :::> 
e r r or s  re sulting from the hete rog eneity of the l owe r atmospher e .  The s e  
e r r o r s  range fr om syste m atic bias in appar ent p o s ition of a targ e t  
whi c h  re sults  h· orn the normal variations in atm o sphe ric  c ompo sition 
with height above the surfa ce to the rapid fluctuations in apparent 
pos ition r e sul ting fron1 turbul ence .  Current methods of measuring 
atmos phe ric index structur e s  have various limitations in a c curacy, 
s ampling traj e ctory, etc . T he r e  is  reas on to believe that data 
obtaine d from a relatively new light .. weight refr acton1eter may pr ovide 
much more efficient corre ctions than previous te c hnique s .  T hi s  
proj e ct i s  intended t o  c he ck the relative efficiency of corre ctions 
ba s ed on thi s  new ins trument with other methods u s ing surfa c e ,  
towe r and airborne mea sur ements . 

As s oon a s  the pr ototype ins truments are made available 
by the spons or,  they will be operated in c onjunction with the curr ently 
programmed MISTRAM te s t s .  T he r e s ults  will be examine d  for 
c or r elation with the refraction effects  obs e rved and c ompared a s  
c o r re ction inforrnation with that obtained from othe r support s ys tem s .  

During the pro curement stage c onsultation and technical 
a s s istanc e  will be made available  to the spon s or,._ Air For c e  C ambridg e 
Re s earch Laboratory .  
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Manufacture of Refractomete r s  

8 3 8 1 3  

The objective of this proj ect i s  t o  manufacture two micr o  ... 
wave r efractomete r s  s uitable for measuring the outputs of s ix s ampling 
cavitie s s imultane ously. 

To s tudy more thor oughly the nature of atmospheric 
turbulence , it  is  important to e stimate the wave numbe r spe ctra 
more directly than the former technique of transforming s ingle 
point measurement s  of frequency spe ctra .  Thi s  appr oach i s  important 
in c onne ction with radio forward s catter ing theory in which ag:t· e ement 
has not yet been obtained betwe en the various te chnique s which have 
been applied.  

T he fir s t  multiple  cavity unit was used in the field in  proj e ct 
8 349 5 . Cons truction of the s econd unit has been held up to  r eview 
the performance of the fir s t .  

Following evaluation of  the te s t s  on  the fir s t  unit, the 
s e c ond will be c ompleted.  

Per s onnel a s s igned to this proj ect wa s M.  J.  Vetter .  

Manufacture of MC Tape Recorder  

8 3 8 1 5  

The objective of this project i s  to manufacture a tape 
recording system of 26- channel capacity for u s e  with the micro
wave r efractometer  of P r oject 83 8 1 3 . 

The s tudy of turbul ence by microwave r efractometer s  
a s  proposed  require s that s ignal s in various c ombinations from 
s ome 1 8  transduce r s  be recorded in a s ay which permits feas ible ,  
e c onomic analys i s  for  s pe ctral dens itie s and c r o s s-correlation. 
T he s e  requirements are felt best  met by an FM sub ... carrier 
analog tape r ecording sys tem. 



2 3 6  

All c omponents and sub .. a s s emblie s we r e  obtained .  

The two units ( 14 channel each) have be en completed 
except for inter conne cting and final te s t .  

Final te s t s  s hould be  performed and the proj e ct c ompleted.  

Per s onnel a s s igned to this proj e ct was Maurice J . V etter .  

Manufacture of Temperature  and Wind
Velocity Measuring Sys tem 

83 8 1 6  

The obje ctive of this project is  to manufacture a sys tem for 
recording rapid fluctuations of wind speed and temperature .  

Thi s  e quipment i s  to pr ovide vital supplementary data for the 
refractometer turbulence measurements pr ogram .  

Some of the ins truments  needed for a s s embly of the hot .. ·wire 
elements were  obtained. Very l ittl e work was done a s  a r e sult  of the 
effort on pr oje ct 8 349 5 .  

The nec e s sary el ectr onic elements s hould be rec eived, t e s ted  
and installed in conjunction with the tape recording equipment which 
will be used for recording thes e  var iable s .  Pre s ent plans are to 
con struct the hot- wire units in thi s laboratory. Operation of the 
complete system i s  expe cted during 1 96 2 ,  

Per s onnel a s s igned to this proj e ct was Donald M .  Water s .  
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RA D IO SYSTEM S 

T he obj e ctive of the R adio Systems Divi s ion i s  to develop and apply 
knowledge of ele ctr omagnetic wave p r opagation , radiation phenom ena , 
and c ommunication theory to the r equir ements of s y s tems which depend 
upon radio wave p r opagation .  The program o f  r e s earch and s e r vi c e s  
i s  dir e c ted toward the development and di s s emination o f  information in 
the fields of wave p r opagation , antenna d e s ign and r adiation , modulation 
and c odin g ,  methods of measurement and instrum entation , and the c on 
s e r vation and efficient utilization of the r adio fr equen cy spe ctrum .  

During the p a s t  year the Space  T el e c ommunication s Section wa s 
c ombined with the Modulation R e s earch S e c tion . The p r oj e cts and 
p r oj e ct emphas i s  we r e  r e tain e d  without change  in thi s merger . The 
D ivi sion i s  p r e s ently c omp o s e d  of s e c tion s in HF -VHF R e s earch,  
Modulation R e s ear ch,  Antenna R e s ear ch , and Navigation System s .  In 
addition a c on sultative g r oup on r adio fr e quency spe c trum r equir ements 
and utilization is  attached to the Divis ion Offic e .-

Sin c e  the formation of the Divi s ion in January 1 9 59 , the reque s t s  
for a s s i s tanc e  b y  other agen cie s in systems p r oblems h a s  greatly 
inc r eased .  T o  a c c ommodate the many r e que sts  for  information and 
a s s i s tan c e ,  it has b e en n e c e s s ary to devote a lar ge effor t  to our c on sul 
tative and advi s or y  function . The te chni cal p r ogram of the Divi sion is  
b eing or iented ins ofar a s  p o s s ible toward lon g -te r m ,  basic  pr ogram s  in 
sys tem fundamentals in order that the c on s ultative and advi s ory s er vi c e s  
r ende r ed b y  the D ivi s ion will be curr ent and o f  gr eate s t  b enefit t o  the 
lar g e s t  numbe r  of u s er s . 
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C on s ulting and Advis ory 
S e rvic e s  

8 5 1 0 1 

The obj ectives  of thi s proj e c t  ar e to  ( 1)  provide c onsulting and ad
vis ory s e rvic e s  within the ar e as of the mi ss ion and spec ial t e c hnic al com
pet enc e of  the divis ion, {2 )  to spons or or as s ist  in c onfer enc e s ,  publica
tion s ,  tr avel and attendanc e at c onfe renc e s ,  and othe r means of  exchan g 
ing technical information, with r e s e arch and devel opment organiz ations  
in  the United Stat e s  and abr oad, and { 3) to  inves tigat e  in a preliminary way 
pr omi sing avenues for r e s e ar ch and developm ent , or to c ar r y  out appr o 
priat e  feas ibility t e s t s . 

One of the principal r e spons ibilitie s of the Radio Sys t em s  Divis ion 
is to p r ovide consulting and advis ory s e rvic e s  to gove rnm ent and non
gov ernment agenc ie s engag ed in c omm erc i al ,  s cientifi c ,  r e gul atory,  o r  
ope rating activitie s involving the de s ign and ope r ation of r adio system s . 
The work mainly c onc erns wave propag ation and r adiation pr obl em s in 
l ong r ang e c ommunication, r adio navig ation, timing and pos itioning sys 
tern s . This activity is  important for effectiv e u s e  of the various radio 
pr opag ati on media for r adio system s ,  for the initiating of new studie s in 
the field,  and for the advanc ement of knowl edge in r adio s ys tems te chnology. 
Information developed is dir e cted toward guidan c e  of engine e r ing pr actic e ,  
fr e quency alloc ation and utilization,  and evaluation of s ys tem c ap abiliti e s ,  
acc ording t o  uniform c riter ia, s t andar d and methods of mea sur em ent; in
formation is  ne eded for the effici ent devel opm ent and u s e  of r adio systems 
and inc r e as ing efficienc y of us e of  the  r adio fr e quency spec trum . 

The s ec ond report was dr afted on national r e s e ar ch and develop 
ment in s pac e tel e c ommunication s  for Panel II of the Tel e c ommunications 
Planning C ommitte e ,  Offic e  of C ivil and Defens e Mobilization, Executive 
Offic e of the Pr e s ident . This r e port s urveyed exis ting and planned pr o 
grams in s at ellite r el ay c ommunic ation s ,  and r ec omm ended ar eas for  
fur the r s tudy. In the pr oc e s s  of  pre paring this report  a bibliography on 
space  t el ec ommunic ations was s et up,  and more  than 100  ,titl e s  and ab 
str acts wer e  pr oc e s s ed .  

The division has furnished the Nation al Bur eau o f  Stand ard memb e r  
of the Panel of Experts  Advisory C ommitt e e ,  to  advis e  the Unite d  Stat e s  
memb e r  of the Panel of Expe rts o f  the Int ernational T el e c ommunic ation 
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Union on the reduction of  c onge stion in the high frequency band . A report 
on wave propagation in the high frequency spectrum was pr epared for 
the advis ory c ommittee .  This r eport surveyed United State s work in 
prediction of s olar activity for future c ycl e s ,  acknowl edging that opinions 
are divided as to  the sunspot numbe r  for maxima of futur e cycle s ,  the 
report c oncluded that the most  pr ob abl e value as e stimated by the average 
of  pas t ob s e rvations is about 100 on the Zurich sun s pot number s c ale . 
Probably of greater  practic al importance was the study of foF2 ob s erva
tions at Washington , D.  C. over nearly thr ee s olar c ycle s ,  which indicated 
much l e s s variation than did the sunspot number s .  It appeared that a 
s evere  reduction in suns pot numbe r  at time s of maxima would not be 
acc ompanied by corre sponding reduction in iono spheric c ritical frequen 
cie s .  The data al s o  gave no  indication that future  s olar activity minima 
will be  acc ompanied by any lower ionospheric c ritical fr equencies than 
have been experienced in previous s alar activity minima. 

Divis ion r epr es entatives  partic ipated in the work of the Inte r 
Range Ins trumentation Group ( IRIG) , o n  the working groups in Telemetry 
and Telec ommunic ations . In the latter working gr oup the Bureau c ontrib 
uted to the recommendations for radio timing s ystems for s ynchronization 
of s eparated cl ocks within the mis s ile  ranges . 

A tutorial briefing was c onducted on Very  Low F r equency and Low 
Frequency Propagation and Systems at the Rome Air Development Center ,  
during November 19 60 , at the r eque st of their  propagation s ection. 

For the s e c ond year the Antenna Section Chief has s erved as 
As s oc iate Editor ( Antennas ) for the Trans actions of the Ins titute of Radio 
Engin e er s ,  Profes s ional Group on Antennas and Pr opagation . More 
r ec ently he has be gun s e rvice as the Hgove rnment member1 1 of  the c ommittee  
on  IRE S tandard on  Antenna Measurements . 

Modulation Res earch S ection participated in dis cu s s ions  and 
c or r e s pondence on difficulties with the microwave rel ay s ystem at War ren 
AF B ,  Cheyenne , Wyoming . A sub s equent fo rmal test  pr ogram was s et up . 

At the reques t  of the C ommande r ,  North Atlantic Air and Airways 
C ommunic ation System, a me eting b etween NBS , Air For c e  and the Bureau 
of Ships per s onnel was held at the Naval Res earch Labor atory, Washington, 
D. C .  to  dis cus s s ome l ow frequency c ommunic ation problems of inter e st 
to  the Air F orc e . This dis cus s ion was followed by further review and 
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dis cus s ion of the problems at he adquarte r s  Norland AACS at Wes tove r 
AFB,  Mas s achus etts . 

The proj ect  proyided support for rev1 s 10n,  c ompl etion of the text 
of a pr oposed  NBS monogr aph, n'Radiation Patterns in the Lowe r Iono 
spher e ,  and F r esnel Zones for Elevated Antennas ove r a Spherical Earth"'', 
by R. B .  Merr ill and W. G.  Mansfield, c ove ring work done through other 
proj ect support in pr evious ye ars . 

The proj ect has als o provided the initial support of a pr ogr am of 
sfer ic s ignal s tudie s under Dr . Haruj i  Ishikawa, vis iting c onsultant from 
the Re s e arch Institute of Atmospher ic s , Nagoya Univer s ity, Japan.  Four 
propos ed s fe ric experimental progr ams wer e  c ons ide red and it was 
dec ided to pursue two of thes e .  Ins trumentation, experimental work, and 
data c olle ction have b een planned to s tudy the sferic s our c e  s ignal . The 
firs t  of the s e  will be a three  dimens ional loc ation of the origin of e ach 
individual atmos pherics involved in the electromagnetic field change s  due 
to a lightning dis char ge . The s ec ond will be short range direction finding 
of ground stroke s from the earth-current dir ection measurement . The 
actual pr ogram will be s epar ately funded dur ing the next fis c al ye ar . 

This pr oj ect  als o  funded the attendanc e of profe s s ional s taff at 
national and international technic al me etings including pres entation of 
papers  at the AGARD me eting on navigation in Istanbul , the AGARD 
meeting on ionospheric dis turbances  in Naple s ,  the national URSI meetings 
and the national Glob al C ommunications Sympos ium. 

Technical C ommittee s  and Soc ieties : 

International Radio C onsultative C ommittee {C CIR} 
U . S . National Exe cutive C ommitte e 
Study Group I Committe e  {Transmitte rs)  
Study Group II  Committee  {Rec e iver s )  
Study Group III Committe e  (Fixed Sys tems) 
Study Group IV Committe e· (Spac e Sys tems)  
Study Group VI C ommittee  {Ionospher ic Propagation) 
Study Gr oup VII Committee  (Standard Fr equency and Time 

Signal s )  

International Scientific Radio Union (URSI) 
C ommis s ion 3 (Ionospher ic Radio}\ 
Commis s ion 4 (Radio Noi s e  of T e r r es trial Origin) 
C ommis s ion 6 {Antennas and Wave Guide s)  
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Institute of Radio Engineers  

Profe s s ional Group on Antennas and Propagation 
Profes s ional Group on Communication Systems 

As s ociate Editor for Antennas , IRE T r ans actions on Antennas 
and Propagation 
Committee on Standards  for Antenna Measurement 

Inter department Radio Advis ory C ommitte e 
Subc ommittee  on F r equency Allocation 

Telecommunic ations  Planning C ommitte e 
Panel II (R&D) 

Radio T echnic al C ommis s ion for Marine Servic es  

Inter -Range Instrumentation Gr oup 
Working Group on T elemetry 
Working Group on T elecommunic ations 

Per s onnel from all s e ctions participated in the proj e ct .  
R. C .  Kirby was proj ect  leader .  



2 4 4  
International Radio C onsultative 

Committee {CCIR) Studie s 

85 1 0 2  

This project i s  intended to provide studie s for and staff participa
tion in , the work of the International Radio C onsultative C ommitte e (CCIR} . 

The CCIR is  the organ of the International Tel ec ommunication 
Union having as it s purpose the s tudy of technic al and operating radio 
problems of international inte res t  and to rec ommend s olutions for thos e  
problems . With the rapid advanc ement of the electronic s and telec ommuni
cations art, the s c ope of studies  of the CCIR has nec e s s aril y  become very 
broad, and the c ountrie s that are member s of the ITU have become in
creasingly dependent on CCIR Recomm endations or other re sults of CCIR 
work in their decis ions on inte rnational telecommunic ation regulations , 
standards , and operating proc edure s .  The Ninth Plenary As s embly was 
held in Los Ang el es  in April 1 9 59 . Pr eparatory work b egan in most  of 
the U. S .  c ommitte e s  in early 19 60 for the Tenth Plenary As s embly to b e  
held in New Delhi in 1 9 6 3 .  One of the mo st important activitie s has be en 
the organization of a new international study group (IV) on s pace s ystem s .  

Member s of the division staff have participated in the work of 
Study Group I on transmitte rs , Study Group II on r ec eive r s ,  Study Group 
III on fixed s ervice  s ystems , Study Group IV on space  s ystems , and 
Study Group VI on ionos phe ric propagation . Regul ar members  ar e pro 
vided for each of the United State s prepar atory c ommitte es for thes e  
groups , and the national chairmanship of Study Group III is provided by 
the divis ion. The division has be en e s pec ially active in Study Group IV 
on space systems and a divis ion repres entative has been chairman of the 
s ub-committe e dealing with pr opagation and noi se  pr oblems in s pace 
telecommunication s ystems . During the pas t  year in addition to  drafting 
the revis ion of C C IR report No. 1 1 5 on "'T echnical Factor s  Influenc ing 
the Selection of Fr equencies for Spac e Communic ations�", C CIR ques tions 
have been dr afted  dealing with frequency s haring,  natural nois e l imita
tion s , and s pace antenna pr oblems . An NBS r eport was pr epared as a 
dr aft C CIR r eport entitl ed ntPr actical Trends in Coding Theory"': in re spons e 
to C CIR Study Program No . 8 6 .  The s tudy program i s  c onc erned with 
improving the efficiency of radio c ommunic ation through reducing the 
bandwidth, transmis s ion time of a quantity of information, and the tran s 
mitter power .  The draft r eport r eviewed information and c oding the ory, 
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pre s ented the status of c odes  in use  and thos e likely to  find us e ,  and 
briefly c ompar ed the efficiency of error  c or r ecting c ode s with more 
c onventional radio e rror  detection automatic repetition techniques such 
as the ARQ. It was shown that ther e  exists  e r r or correcting c ode s of the 
Bos e - Chaudhuri type which indic ate s mor e effic ient performanc e than 
the ARQ� 

Expansion of divi s ion participation in the C CIR activitie s has been 
initiated by naming memb e r s  to twelve of the fourteen s tudy group 
c ommittee s .  During the next year interim international study group 
meetings will b e  held in pr eparation for the Plenary As s embly, and it 
is expected that s eve r al divis ion members  will partic ipate in this work 
e specially Study Group III {fixed s ys tems) ,  Study Group IV ( space 
s ystems) ,  Study G roup VI {ionospher ic pr opagation} ,  and Study Gr oup X 
{br oadcas ting) . 

Per sonnel c ontributing to the proj e ct were:  R .  C . Kirby 
(Proj e ct Leade r) , G .  W .  Haydon , W .  C .  Coomb s and M .  N e s enbergs . 

Spectrum Allocation Studie s 

8 5 1 04 

The obje ctives of this proj e ct are  to  summarize the propagation 
fact o r s  impo rtant in frequency allocations and as s ignment s into a 
conc i se  format s uitable for use  by thos e  re spons ible for fr equency 
management ,  such a s , the Inter department Radio Advis ory C ommittee ,  
and the F e deral C ommunications C ommis s ion .  P r oj ect  8 5 1 04 i s  NBS 
supported  to supplement s pe ctrum allocation s tudie s supported by 
F C C -OCDM. 

The explosive g rowth of c onventional r adio s e rvic e s c ouple d with 
the development of new r adio communication technique s ,  s uch a s , 
s atellite r e lay s ystems and new r adio applications , such a s ,  radio 
and r adar a str onomy, requir e  a c ontinuous examination of pe rtinent 
technical  fact o r s  to as sur e  efficient s pectrum utilization .  
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Var ious modes of pr opagation have been s tudied and data compile d 
in a format applicable to F C C -OCDM in the e stimation of circuit 
pe rformance or interference potential ,  e .  g . , the cla s s ical fie ld 
intens ity methods used in the analys i s  of high frequency circuits has 
be en trans lated  into the more flexible system los s format ,  and factor s 
dete rmining the optimum frequencie s for meteor bur st communication 
systems have been summarized .  

The proj e ct will be c ontinued with emphasi s  on space communica 
tions systems . 

Per s onnel c ontr ibuting to this pr oj e ct wer e :  G. W. Haydon (Proj e ct 
Leade r ) ;  E .  L .  Crow; and D. L .  Lucas . 

DASA A s s i stance 

8 5404 

The obj ec t  of thi s proj e ct i s  to pr ovide consulting and advi s ory 
s ervices  to the Defens e  Atomi c Support Agency in the gene ral fi eld of 
atomi c effects on systems which employ radiated e lectr o -magneti c 
wave s in their operation . Work conducted unde r thi s proj e ct i s  
cla s s ified . 

NSA Transmitter Lo an 

854 0 5  

The obj ective of thi s proj ect is  t o  prepare two NBS 3 kw tr ans 
mitter s  and loan to the National Security Agency for a period  of one year . 

The National Security Agency r equested the loan of two 3 kw VHF 
tr ansmitters  for us e in the We ste rn Pacific for a period of one year . 



2 4 7  

NBS prepar ed and l oaned the two transmitters  to NSA for a period 
of one ye ar beginning September 1 ,  19 6 0 . The s e  tran smitters  we re  modi
fied,  c alibrated and te sted by NBS in accordance with specific ations and 
ins tructions furnished by NSA c ognizant technic al pe r s onnel . The tr ans 
mitter s  and s pare parts required to maintain and oper ate them for a period 
of one ye ar wer e  s hipped fr om the Long Branch, Illinois Field Station . 

The plans for fis c al year 1 9 6 2  are  unknown.  

P e r s onnel c ontributing to  the proj e ct were :  R .  H .  Sublett (Proj ect 
Leader) , D .  H .  Layton , W .  B .  Harding , G .  E .  Was s on ,  K .  V .  Ballard, 
P .  W .  Fry , E .  F. Snider .  

Page Transmi s s ion Services  

8540 6 

The obj ective of thi s proj ect is  to  furni sh facil itie s for providing 
High Frequency tr ansmis sions fr om the NBS Long Br anch field station. 

The Long B r anch field station is uniquely located and NBS has the 
facilit ies  available to supply r adio t ran smis s ions . The U . S . Air Force 
has reque sted P age C ommunic ations Engineer s  to provide the nec es s ary 
HF transmis s ion in an inve s tigative progr am.  

NBS provided fac ilities  at the Long Branch field s tation for a s ix 
week period during October 1 to December 2 0 ,  19 6 0 .  One technician was 
al s o  provided to as s is t  in the maintenance and oper ation of the trans 
mitter s .  (Tran smitters  we r e  furnis he d  by  Page ) .  

The r e  are no plans for fis c al ye ar 19 62 . 

P e r s onnel  c ontributing to the proj e ct were:  R .  H .  Sublett 
(Proj e ct Leader) , D .  H .  Layton and E .  F .  Snider .  
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IRAC Fr equency Allocation Study 

8 54 0 7  

T he obj e ctive s of this pr oj e ct a r e  ( 1 )  to prepar e a report o r  
s e rie s of r eports of pr opagation data and as so ciated te chnical consid
� r ations  having a bearing on the use of fr equencie s b y  the various r adio 
s e rvice s ,  empha sizing tr ends in r adio frequency us age so the data will 
be applicable to long r ang e planning in fr equency allocation and ( 2 )  to 
p r epare specific studie s empha sizing se lected radio s e rvi c e s  or por 
tions of the radio spectrum a s  may be unde r spe c ial conside r ation by 
the Inter department Radio Advis or y  C ommitte e or the F e de r al 
C ommunications Commis sian.  

T he Int e r department Radio Advis ory Committe e and the F e de r al 
C ommunications Commis s ion allocate r adio frequencie s for  u s e  within 
the United State s and are maj or participant s  in the formulation of the 
U . S .  po s ition in Inte rnational R adio c onferenc e s .  It is e s s ential that 
c oncrs e , authoritative technical data be r eadily available , to the s e  
organizations for the developme nt of frequency allocation plans nation 
ally and their defen s e  or modification internationally . 

Fis cal year 1 9 6 1 was devote d pr imar ily to the application of prop 
agation data to the problem of frequency allocations in space communication s .  

A s e r ie s  of gr aphs , nomogr ams and map s wer e p r epar e d  t o  illu s 
trate the mor e  important pr opagation conside r ations in s e lecting fr e 
quency for space to earth communications s ystem s .  T he s e  charts with 
a s so c iate d  de s cr iptive mate r ial have be en adopte d by the IRAC and the 
F CC as a technical appendix to the pr op o s e d  U . S .  p o s ition in the allo c a 
tion o f  frequencie s for the space s e rvice s .  

In addition to the space fr equency allocation pr oble m ,  s ome effort 
was devote d to high fr e quency p ropag ation, e s pe cially as t o  the trans 
formation int o  the more flexible s y stem los s format and an analys i s  of 
Ar ctic c ommunication statistic s .  
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The r emainde r of the proj e ct obje ctives  will be c ompleted.  High 
frequency propagation , radio noise ,  ionospher ic s catte r and meteor 
burst  communications with s pe c ial emphas i s  on the space frequency 
pr opagation pr oblem will repre s ent the maj or effort . An ele ctronic 
compute r program will be used  to c ompile high frequency data to  bracket 
many high frequency allocation pr oble ms . Emphasis  will be maintained 
on the evaluation factor s  influencing s uitable frequencie s and whenever 
ne ce s sary special chart s  illustrating the frequency dependence in a 
particular frequency allocation pr oblem will be prepar e d  a s  r eque sted 
by F C C  or IRAC . 

Per s onnel c ontr ibuting to  this proj e ct wer e :  G .  W .  Haydon 
(Pr oj e ct Leade r ) ;  and Peter  G .  Ratcliffe . 

Plotting high frequency radio paths for use in manned satellite 
communication system (Proj ect Mercury) . 
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High Frequency C ommunication 
Studie s 

8 5408  

The obj ective of  thi s program i s  to develop information on 
natural g eophysical phenomena and to apply this information to the 
problem of automatic fre quency s election and pr e diction of cir cuit 
performance for long dis tance  HF circuits . New information 
obtained will be  used  to upgrade the prediction of ionospheric 
characteri s tic s produce d  by automatic c omputer  methods which have 
been developed in proj e ct 8 5473 .  

Long di s tance HF radio circuits , which utilize ionospheric 
refle ctions , carry a large  load of vital communication traffic .  
Characteristic s of the i onosphere  important to  radio c ommunications 
are variable and related ,  in a c omplex manner ,  t o  other ge ophysical 
phenomena . A better unde r standing of the variou s  phenomena and 
their effects upon radio pr opagation conditions i s  r equired  to pr ovide 
automatic frequency s election and prediction of circuit performance .  

Work on the pr oj ect  began in January 1 9 6 0 .  In view of the 
breadth of the field under consideration ,  a numbe r  of c onsultations 
were held in an effort to  define the most promi sing areas  of attack. 
The proj e ct was broken down into three principal lines  of inve stigation: 

l .  Impr ovement in regular predictions 
2 .  Modification of  predictions  to take account of  dis turbed or  

unusual c onditions 
3 .  Selection of ins trumentation for identifying ionospheric 

c onditions and determining optimum fre quencie s .  

A maj or part of the proj ect i s  to  carry out a s earch of the 
literature in order to gather  information fr om other re s earch of value 
to the pr oj ect. In the cas e of regular prediction impr ovement s ix 
papers  have been s elected and summarized ,  and the pe rtinent data 
abstracted. Twelve paper s r elated to short- term modification of 
prediction s have been s imilarly s tudied. Of the s e ,  s even treate d  s ome 
pha s e  of auroral abs orption . A c onsiderable lis t  of references  has 
been c ompiled, to be  examined in detail as  time allows . 
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A preliminary examination has been made of all the C CIR data 

having a pos s ible bearing on the pr oj e ct. T he documents submitted 
by the various  g overnments to  the Los  Angele s ,  Geneva , Wars aw,  
and London c onference s have been summariz e d. Thos e of  particular 
intere s t  will be s tudied in detail later .  The succe s s  achieved by 
the North Atlantic Radio Warning Service is  now being analyz ed 
s tatis tically to  dis c over what degree  of prediction s  impr ovement 
might b e  pos sible through use  of its for e ca sts . 

In the future , we will continue to s eek answer s to  the s e  maj or 
que s ti on s , among other s :  

How can the effects of moding , non-great circle pr opagation , 
sporadic -E pr opagation, and the high ray,  be taken into account in 
such a way as to impr ove the re liability of basic prediction s ? 

What s olar - te rre strial relation s  can be  employed in or der to 
forecas t  with optimum pr obability of succe s s  the radio di s turbanc e s  
typical of the current phas e  of the s olar cycle ? 

What exper imental technique can b e s t  be  employed to detect 
imminent dis turbance s  and pas  sibly p r e s cribed the frequency r e 
a s s ignments most  appropriate for the ensuing c ondition s ? 

Per s onnel who have c ontributed to the work of thi s pr oj ect  are 
R.  M. Davis ,  J r .  (proj ect leader ) , Garney Har dy,  and 0 .  D. Remmler .  
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Mercury MUF / LUF Curve s 

8 5409  

T he obj e ctiv .. e s  of  thi s  proj e ct are ( l }  t o  update previous CRPL 
pr edictions of the pe rformance  of the gr ound c ommunic ations networks 
required  to  r e lay information c oncerning the Mer cury c apsule to  
Mer cury headquarter s  near Washington, D. C . , and (2}  to  advi s e  the 
National Aeronautic s  and Space Adminis tration as to adequacy of 
frequency c omplement s ,  cir cuit r outing s , terminal locations , and 
othe r equipment or ope rational aspects  to optimize  the ground c ommun 
ications network re liability . 

Hundreds of millions of dollars  ar e being s pent to achieve manned 
space  flight . The ground communication s y stem s e rve s two general  
purpos e s  { l )  pr ovide s c ontinuous information on the c ondition of the 
space capsule to a c entral headquarter s  to provide for the safety and 
well being of the astronaut , and (2 ) provide s a means for the rapid 
transmis s ion of data to a central analys i s  point . The g round commun 
ications system i s  of such importance the failure of any link c an s e rve 
a s  sufficient cause to  cancel a launching . 

The useful range of high frequencie s on 1 0  of the more crucial 
gr ound communications links  were calculated  for Mar ch ,  June and 
September 1 9 6 1 .  The June 1 96 1  c omputations inc luded an e stimate of 
circuit reliability , i . e .  , the per centage of days within the month that 
s atisfactory ope ration could be expected .  Frequency c omplement s  on 
the s e  links were analyzed and modifications r e commended when nec e s sary .  
A special analys i s  was made to s elect a U . S .  terminal location for  high 
fr equency circuits into South Ame rica .  

Work on this proj ect will be  continue d if reque ste d by the National 
Aeronauti c s  and Space Administration . 

Per sonnel c ontributing to this pr oje ct wer e :  G .  W.  Haydon (Pr oj e ct )  
Leade r ) ;  A.  V .  Br'lckett ; and D .  C .  Hyovalt i .  
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Studie s for More Efficient 
U s e  of Radio Spe ctrum 

8 5446 

The obj e ctive s of this p�oject are to  perform r e s ear ch and s tudie s 
to  identify pos s ible t echnique s ,  ope r ational proce dur e s , management 
procedure s  and equipment development s , which c an contribute to  more 
efficient u s e  of the r adio spe ctrum and to  develop the application of 
such factor s  to  s pe ctrum use . 

Effective long range planning i s  ne c e s sary to insure maximum use  
of  radio communic ation c apability of the nation during a C ivil Defense  
emergency , and for  warning the c ivilian population of enemy attack.  
C areful po s itioning of the various radio s e rvice s  in the radio spectrum ,  
and effe ctive oper ational and management procedure s  will contribute to  
c ommunication during an  emergency. 

Activity during fiscal year 1 96 1  was limited  to preliminary library 
r e sear ch.  

The proj e ct will be complete d in 0-ccordance with the obje ctives  
including a study of { 1 )  operational procedur e s  to impr ove time sharing 
{2 ) rece iver s en sitivitie s ,  modulation methods , antenna dire ctivity ,  
etc . , t o  improve frequency sharing and { 3 )  r e ce iver s e lectivity , tran s 
mitter tole rance s ,  harmonic emis s ion s , equipment noi s e  levels , mini 
mum transmitter powe r s , etc . , to  a s sure maximum spectrum o ccupancy . 

George W.  Haydon was proj e ct leader on this proje ct .  
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Ground T elecommunication 

Performanc e Standards  

8 54 7 2  

(Not e :  See  al s o  Pr oj ect 8 3 4 0 9 )  

The obj ective of  this proj ect i s  to develop standards of  perfor 
mance  for ground telecommunications system s  for the Air For c e  
Ground Electronics  Engineering Installation Agency {GEEIA) . C on 
s iderable emphasis  i s  plac ed on radio propagation characteristic s .  
The initial purpo s e  of the s e  s tandards i s  to  p rovide information to  
Air F orce  per s onnel upon which system performance specifica 
tions can be develop ed and operational p erformance determined and 
measured. The ultimate purp o s e  is to provide a guide for continued 
impr ovement of  Air For c e  c ommunication system s ,  by  e stablishing 
s tandards of p erformance by which communication systems will b e  
j udged. 

Military communicators  are continually face d  with sub standard  
operation of communication systems  and incompatibility betwe en 
e quipments and b etween systems . GEEIA has r espons ibility for the 
engineering and installation of Air Force ground c ommunication 
system s  and has been delegated the task within the Air Force  for 
developing System Application Standards "to provide qualitative and 
quantitative values and measures  for obtaining uniformity of c ontr ol s  
g overning performance ,  engineering , and supply of equipment and 
systems for ground c ommunications .  1 1  This proj ect c over s  thos e  
a spect s  of System Application Standards r elated to performance .  

Ther e  are  a large number of s tandards now in existenc e c ove r 
ing various aspects of r adio communications . In many cas e s ,  how 
ever ,  s tandards are contradictory or incomplete . For many areas  
standards do not exist . This has re sulted in  c onfusion in  specify -
ing and interpreting p erformance s tandards for new equipment or 
for ope rating circuit s .  In many cas e s  the lack of standards for 
performance ,  and for methods for measuring performanc e, has 
r e sulted  in the acceptance of sub standard equipment and system s .  
This proj ect i s  an attempt to arrive at a s ingle  s tandard  and method 
of m easur ement which can be u s ed throughout the Air For c e  for 
cla s sifying and specifying the performanc e of Air Force  ground 
radio equipment and system s .  The effort under this proj ect is the 
initial step of s o rting and a s s e s s ing existing s tandards and develop 
ing p reliminary s tandards wher e  s tandards do not exist  or are c on 
s idered to b e  inadequate . The c ontinual r evision of thes e  s tandards 
will be  r equired if  they are  to  maintain effectiven e s s  in fulfilling 
the r e quirement for which they are being develope d. 
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Standards of performance and measurements have been devel 

oped for ground radio and wir e  and cable circuit s .  The s e  standards 
cover , in five part s ,  VLF -LF s ystems , MF -HF system s ,  VHF 
Ionospheric s c atter system s ,  UHF tropospheric s catter systerns 
(r eported unde r  Pr oj ect 8 3 00 -40 - 8 3409 }  and wir e  and cabl e s ystems . 
Standards  have b e en developed in the g eneral areas  of the transmis 
s ion medium, antennas and s iting , rne s  sage  s ignal s ,  modulation,  
equipment ,  and system performance .  

Recently developed  information has been u s e d  to improve the 
accuracy for predicting the transmi s s ion propertie s of radio waves . 
Standard  proc edure s  are  given for c omputing the expected perform 
ance of radio  links bas ed upon s ignal -to -noi s e  requir ement s . Per 
formance criteria have been e s tablished for measuring expected 
circuit performance .  

Standards  for antennas and antenna s iting have b een developed 
for r epr e s entative Air Force  operational antennas . Standards are 
al s o  provided for antenna matching networks , c ouple r s  and tran s 
mis s ion line s . 

Basic mes s age  s ignals have been s tandardized  for both analog 
and digital s ignal s .  Bandwidth and channeling s tandards are pre 
s ented  as  well a s  teletypewriter  code s and transmi s s ion rate s .  

Signal -to -noi s e  r e quir ements have b e en developed for various 
typ e s  of  modulation for e stablishing s ignal quality or  grade - of - s ervice .  
Data have been p r epared and a r e  pres ented for circuit degradation 
caus e d  by s ignal fading, data rate, and multichannel operation . Im 
p rovement of r e ceived s ignal s thr ough divers ity reception i s  p r e s ent 
ed.  Information has been developed and is  p re s ented  on the degrada 
tion of circuit performance  by multipath p r opagated s ignal s . 

Standards  have been developed for specifying the performance  
of  tran smitter s ,  r e ceiver s ,  and auxiliary equipment . Input - output 
signal level s and impedanc e levels have b een s tandardized  to permit 
interchangeability . Standards for s ignal g enerating equipment are 
given to provide for s tandard  mes sage  s ignal s . 

Proc edure s  a r e  given for computing the performance of radio 
links and circuit s of tandem links . Information has been develop ed 
for r elating expected  monthly median s ignal -to -noi s e to  the r e quired  
hourly median s ignal -to -noi s e  to  determine the expected performance 
or  time availability of high frequency circuit s .  A standard wir e  and 
cable circuit has been defined and a method for comparing the perform 
anc e  with the s tandard i s  pre s ented.  Standards for wire  and cable 
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t erminal equipment have been e s tablished, including s tandard  s ignals 
and s ignal channel s . Standards are  given for multiplexing and chan 
neling . 

All work on this p r oj ect i s  s cheduled for c ompletion by the end 
of FY 1961 .  The material is being furnished to  the Air Force  in the 
form of a working draft of an Air Force  T echnical Order . The ma 
t erial will be r eviewed and r evis ed by the Air Force  and i s sued a s  Air 
Force T echnical Or der s as part of the System Application Standards . 
Preliminary dis cus s ions have been held with the spons or r egarding 
NBS work r evi_s ing and updating the working draft . No definite plan s 
have been made . 

Pers onnel from all s ections participated  in the proj ect .  D .  W .  
Patter s on was p r oj ect  l eader . 

Develop MUF I LUF Program 

8 5473  

T o  pre dict the Maxirnum. Usable Frequency (MUF ) ,  Optimum Fre 
quency (FOT ) and the Lowest  U seful High F requency (LUF) by high 
spee d computer s .  

The r ange of useful frequencie s i s  import ant in the planning and 
operation of high fr equency c ir cuit s .  The manual methods commonly 
used  to pre dict the s e  frequency limits ar e very labor ious and time con 
suming . In addition to predicting efficiently the performance of high 
frequency radio cir cuit s , a computer program will r eadily allow the 
comparison of observed data against the pr e dictions . The ease  of com 
pari s on of pre dicted and observed cir cuit use  permits a r evi s ion of pre 
diction paramet e r s  and leads to more accurate  and efficient pre diction s .  

The goal of the proj e ct i s  t o  produce an efficient and c ompletely gen
e r al high s pe e d  computer pr ogram for the pre dic tion of  uppe r  and lower  
useful frequency limit s .  The use  of recent improvement s  in the mapping 
of F2 layer of the iono spher e  through its repr e sentation by numerical 
c oefficient s permit the fir st fully automated MUF I FOT pr ediction tech
nique emphas izing data from the curr ent sunspot cycle . Full automation 
i s  e s sential to meet the fast changing extens ive c ommunication r equire 
ments of the military. 
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The numerical mapping technique r e cently developed by CRPL is the 
bas i s  of the F2  laye r upper  frequency limit pr edictions . The pr oj e ct 
r equire s a gene ral computer language c ompatible with large hi gh-
s p e e d  computer s .  Predictions of the world wide cr itical fr equencies 
by thi s method are  made a s  continuous functions in time , geographic 
latitude , and longitude . Grid point machine storage of constant time 
function maps are not nec e s s ary  input parameter s in this method. 

The work began 20 January 1 9 6 1 .  A machine pr ogram based  on this 
mapping technique has been complete d  fo r the pre diction of upper limiting 
frequencie s of point to point cir cuit s .  The input c oefficients that r epr e 
s ent the world wide distr ibution of critical frequencies  we re  stor ed on 
binary  tape , edited  and thor oughly checked in the pr e diction program. 
T he limiting frequencie s for the regular E layer  are repr e sente d by a 
s emi -empirical equation involving the angle of the sun and sunspot number .  

The geographic variation of the F 2  layer gyro -fr equency i s  repr e sente d 
by o rthogonal polynomials . Polynomials repr e senting other nee de d  
parameter s wer e  gene r ate d on the computer at C RPL. 

The monthly median predictions of MUF and FOT are gener al ,  i. e . , 
applicable between any geographic locations for any time of day, any 
m onth of year , and any degree of s olar activity . The Spor adic E ,  F 1  
laye r ,  o r  high angle (Pede r s on}  ray are not conside r ed in the initial 
pr ogram. 

The program has been s ati sfactor ily checked on the compute r at 
CRPL and the large compute r at David Taylor  Model Basin,  
Washington , D.  C.  T he time r equire d  to c alculate 24  .hourly value s of 
MUF 1 s and F OT 1 s for a given month i s  approximate ly 5 s econds on 
e ithe r machine . Automatic tape s ear ching for all neede d parameter s  
i s  included within the program and sear ching take s place dur ing machine 
calculation of prior cir cuit month. Two auxiliary magnetic tape s are 
r e quired  for input storag e . The internal storage us e d  by the pr ogram 
i s  appr oximately 1 0 ,  0 0 0  locations . 

The prqj e ct i s  cur rently authorized to 1 September 1 96 1 .  Dur ing 
this time further effort will be devote d to  deve loping machine program s  
to predict the lower fre quency limits of high fr equency point to  point 
circuit s , Emphas i s  will remain in flexibility, and a major effort will 
be devoted to an orthog onal polynomial r epr e s entation of the numerous 
c ontour maps required  in the LUF and c ircuit reliability prediction s .  
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The initial program will be des igned to use  r eadily available data .  After 
the initial program i s  complete d, improvement of  input parameter formats 
such as noise  grade s ,  antenna pattern s ,  and interpolation factor s will be 
the maj or concern.  

Per sonnel cont ributing to this proj e ct wer e :  D. L.  Lucas  (Pr oje ct 
Leader ) ;  G .  W. Haydon, J .  D. Harpe r ,  Jr . ;  B .  A.  Kingsbury ,  R .  G .  
Mer r ill ; and W.  C .  Coombs . 

MF / HF Experimental Phase  
Path Studie s 

8 5442 

The obj ective of thi s proj ect is  to  conduct experimental 
measur ements on pha s e  path length change s  and group path time 
delays of medium and high frequency signals r eflected from the 
ionospher e .  Data from this experiment will be  u s e d  in defining 
special i onospheric behavior during nuclear detonation s .  

The problem o f  the detection of nuclear explos ions i s  an 
e s s ential aspect of c ontrol in any internationally agreed  nuclear 
te st  ban and thus one of extremely great importance to the nation and 
the world at the pre sent time.  Simple , r eliable detection methods  
are s carce and new one s are nee ded badly. Any special behavior 
of the ionosphere  that is caused  by nuclear detonations can only be 
identified after sufficient data is  available on the normal sh ort - time 
ionospheric variations . 

T e chnique s of instrumentation have been devi s e d  and units 
of equipment are being built and procur e d. 

One special pr oblem involve d in this instrumentation i s  that 
of re cording ver y  rapid phase  chang e s .  It is planned to do thi s by 
using special cir cuits that will sense r apid change s and by using 
shor t duration magnetic tape storage . Such a technique will make 
pos sible expanded s cale r e c ording during the s e lected time s e gments 
of intere st. 
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Studie s of e stimate d criti cal frequencie s and expected ionos pheric 
behavior during s olar dis turbance s indicated that fre quencies  ar ound 2 
and 4 Mc /s would be  b e s t  for the experiment. F r e quency a s signments  
have been obtaine d  at 2 .  l and 4.  055  Mc/s .  

The type s of antennas t o  b e  used  have been decided on and their 
de s ign and construction is in pr og re s s .  

The r e ceiving s ite will be at T able Me s a  (north of B oulde r )  and 
tl_le tran smitting site has been s elec ted  at E rie , C olorado , about 
l l  mi:Je s away. 

T wo 40 -kilowatt trans mitter s  have been obtained for us e in the 
experiment. 

A low p ower transmitter ope rating at 4, 0 5 5  Mc/s has been 
installed in order that experience in the technique developed for phase 
r e c or ding can be obtained during the per iod r e quired  for installation 
of the high power transmitte r s .  

It i s  planned to develop additional e quipment needed and to obtain 
experimental data on pha s e  path and group path change s  at fre quencie s 
of 2 and 4 Mc /s .  B oth long duration and sh ort  dur ations of phase  
change s  will be measured  as  well a s  rate s of change .  Be side s 
obtaining data on diurnal and s ea s onal variations of pha s e ,  special 
events  such a s  SID '  s ,  magnetic s torm s and s poradic -E occurrence 
will be  monitore d  for pha s e  change s .  The r ate of pha s e  change during 
the s e  s pe cial events i s  c onsidered  important to the obj ective s of the 
p r oj ec t  becau s e  nuc lear detonations are believed to cause  very rapid 
pha s e  change s  in HF s ignals that are reflected fr om the ionos phere . 

Per s onnel c ontr ibuting to the work of the pr oj ect  are 
J .  C .  Blair (pr oj ect  leade r ) ,  G .  E.  Was s on ,  and C.  H. J ohns on.  
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D -Region Scatter Propagation 

V HF Scatter Engineering 

8 5 1 23 85 1 44 

The obj e cuve s of the proj e ct (which will continue a s  pr oj e ct 
8 5 1 2 3 )  are to s tudy VHF signals s cattered  from the D - r egion to 
obtain information on the long term variation of field intensity, the 
short term variation of fading envelope s ,  the statis tical distr ibution 
of angle s of arrival and the effects of field- aligned ionos pheric  
irr egu laritie s .  

The pr ogram will pr ovide information on the effe ct of s olar 
activity on s catter s ignal intensity ,  and on the reliability of s catter 
systems during s olar di s turbances  and nuclear detonations .  The 
data obtained will c ontribute to the basic under standing of the 
s catter mechanism and will aid in the de s ign of optimum s catter 
c ommunications sys tems .  

Signal intensitie s wer e  recor ded on five frequencie s up to  
September 30 ,  1 96 0  and on 3 0  and 50  Mc/s for the r emainder of 
the year .  This recording pr ogram serves as  a continuous monitoring 
method for special events  such as sudden ionospheric and magnetic 
dis turbance s .  Mor e over , continuous r e c ording of averag e r e ceive d 
s cattered  power i s  needed to determine the variations of s ignal 
during the sunspot cycle . F our year s of thi s data have already been 
obtained. 

T en-minute s ample s of short term variations  of the fading 
envelope wer e  recorde d  on magnetic tape at six-hour intervals one 
day per month. Some of thes e  data wer e  analyze d  for dur ation of 
fade at various  s ignal levels and s ample fading spectrums were  
obtained. Such data are vitally important in  making e s timations of 
s catter -cir cuit r eliability and information handling capacity. Thi s 
short-term data is  als o needed to acquire  a better under s tanding of 
the bas ic s catter ing mechanisms .  It furni she s information on the 
relative c ontributions of turbulenc e ,  meteoric refle ctions  and 
sporadic -E to the c ompos ite signal. 

Average fading rate s of the signal envelope were  r e c or de d  
continuously and simultaneously on five VHF s catter fre quencie s 
during the per iod July 1 to September 3 0 ,  1 960  and on 2 frequencie s 
( 3 0  and 50 Mc/s )  s ince September 3 0 .  The fading rate recor ding s 
furni sh a c ontinuous monitoring system for short - term s ignal 
conditions . 
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A s erie s of high - sp eed tape recording s of s ignal envelope wa s 
made during the Orianide s mete or shower in October .  This was done 
in cooperation with Divi s ion 8 2  to provide information on mete or 
c ounts dur ing the showe r  in orde r  to te st  for c orre lation between 
mete or activity and pha s e  perturbations at V LF .  The s e  runs ha�e 
been analyzed by counting the number of bur sts  at different s ignal 
leve l s , and the per centage of the total time s taken up by the bur sts 
(at different levels )  has been determined. 

During September ,  s ignals were recorded on magnetic tape 
for antenna c ompari s on purpos e s .  Signals that wer e  tran smitted 
and r e ceived on Yagi antennas ( 6 5  o beamwidth) wer e  recorded as  
well as  s ignals tran smitted and re ceived on rhombi c  antennas (6  o 
beamwidth) . A compar i s on of power spectrum and depth of fade for 
the different antenna s ystems will be made from the s e  tape s .  

S ome r e sults  of thi s  s tudy are :  

1 .  S catter s ignals at lower fre quencie s in the VHF band 
display longer durations of fade s than s ignals at higher 
frequencie s .  

2 ,  Depth of fade i s  d eeper under weak s ignal conditions  
than it i s  under strong s ignal c onditions . 

3 .  Pilot runs show that the power spectrum bandwidth of 
the r eceived signal increas e s  with fre quency and antenna 
beamwidth. Wide r  spectrum bandwidths are obs erve d 
dur ing weaker s ignal c onditions . 

4 .  Average fading rate of the signal envelope is  greate s t  
ar ound midnight and lowe s t  around noon on all carrier 
frequencie s .  

5 .  The mete or bur sts  that wer e  r eceive d dur ing the peak 
of the Orianide s shower were of shorter average duration 
than bur sts  received dur ing the early and late days of the 
shower . 

Recording of 3 0  and 5 0  Mc /s scatter s ignals on the Long Branch 
B oulder path will be  c ontinued. Further measur ements of the short 
term fading envelope will inc lude spectrum analys i s  and fade duration 
at different s ignal leve l s  at all s ea s ons  and time s of day.  The s canning 
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antenna de s cribed in proj ect 8 5 1 52 will be used  to s tudy the s tatis tical 
di stribution of dire ction s of arrival of s catter signals transmitted 
fr om differ ent type s of antennas at Long Branch. The data obtained 
on the s e  dis tr ibutions at different time s of day and for differ ent 
s eas ons  will be valuable in the de s ign ol optlrnurn antennas for s catter 
c ommunications systems . By transmitting pul sed  s ignals fr om Long 
Branch , the r ange of the variou s  s ignal c omponents can be determined 
s imultaneous ly with their dir ections of arr ival. Since mete or trail 
and sporadic -E  reflec tion s  usually occur at greater range s than the 
s catter c omponent of the signal it become s pos s ible to  s eparate the 
c ontributions of each mode of propagation .  

Per s onnel contributing to the work of the proj ect  wer e  J .  C .  Blair , 
0 .  D. Remmler ,  V .  H .  Goerke , M .  W. Woodwar d,  A. E . Smith , 
R .  L .  Sudduth III , J .  L. Workman, Garney Hardy ,  E . F . Snider ,  and 
G. E. Was s on.  

Mete or Radiants 

8 5 1 0 3  

The obj ective of the pr oj ect  i s  t o  obs erve rate s of occurrence 
and directi on of arrival ( radiants ) for mete or influx into the ear th 1  s 
atmosphere .  

Thi s  proj ect  has been des igned to provide supplementary data 
to NBS mete oric propagation pr ograms .  Mete oric p ropagation 
circuits can effec tively utili ze  only mete or s having certain dir e c tional 
character i s tic s and henc e ,  mete or radiant information i s  nece s sary 
in r elating obs erved circuit performance on a given path or paths to  
circuits having differ ent orientation or different latitude . The r ate 
of occurr ence of mete ors is a determining factor in the transmis si on 
capacity of a communication system. 

Obs ervations at thr ee s tations of meteor reflected s ignals on a 
r eguiar bas i s  have been made s ince September utiliz ing a 27 Kw 
transmitter and a trough antenna for transmi s s ion. Film r e duction 
and data analysis  thr ough the aid of a c omputer program which provide s  
mete or rate and radiant information has been carried on by Har vard 
under NBS contract.  
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A high power transmitter formerly installed in two large vans 
has been re located in a building c onstructed for this purpose  and is  
capable of  de livering 2 .  5 megawatts of  peak pul s e  power at 40 Me 
for use  in the radiant program. 

It is planned to c omplete the construction of the high power 
transmitter s o  a s  to pr ovide 5 to 6 megawatts of pul se  power for u se  
in a c ontinuing prog ram of determining mete or radiants and orbits . 
The obs ervational program will be  carried on by Harvard Univer s ity 
under National S cience F oundation spons or ship and will no longer be 
funded by NBS .  

Per s onnel c ontributing to the work of this projec t  are 
W .  F .  Utlaut (proj ect  leade r ) ,  J .  C .  Carroll, and D .  H.  Layton. 

High Frequency Guided 
Exospheric Pr opagation 

8 5 1 0 5  

The obj e ctive of thi s pr oj e ct i s  to determine experimentally 
a s  many characteristi c s  as pos s ible of the HF ducted pr opagation 
mode along the magnetic fie ld line s thr ough the exospher e .  

In the light of the pre s ent- day interes t  in expanding and 
impr oving communication technique s ,  the addition of a new propagation 
mode i s  of c onsiderable inte r e s t  both as a pos s ible communication 
path,  a s  well a s  a s our ce of interference to other communications .  
Of perhaps more importance , howeve r ,  i s  the potential which this 
mode p os s e s s e s  for the inve stigation by gr ound bas e d  radio obs er 
vation of various propertie s and paramete r s  of the earth '  s exosphere 
normally acce s s ible only by earth satellite s .  

During F Y  1 96 1 plans were  made and s teps  were taken to 
facilitate an expanded experimental program for the inve s tigation 
of HF ducting along the magnetic field line s thr ough the exosphere .  

B e caus e  of  the extremely large attenuation suffered  by thi s 
propagation mode it wa s nec e s sary to increa s e  the sensitivity of 
the system. It was de cide d to u se  longer  transmitter pul se s  and 
narr ower receiver bandwidths . T wo photographic recor ding systems 
de signe d  e specially for u s e  with long puls e s  were  a s s embled. An 
e le ctronic integrating s ystem was c onstructed and made ready for 
te s ting . 



2 6 4 

A C ollins 2 0 5J 50  kw transmitter with its exciter unit was 
obtained on loan fr om the Signal C orp s for transmitting pul s e s  with 
an unlimited duty cycle .  The fas t  frequency change feature of this 
transmitter will permit its u se  to determine the fre quency dependence 
character i stic s  of the exospher ic propagation mode . Thi s  trans 
mitter was installed ip. a trailer and was being te s te d  at the end of 
the year . 

It i s  planned to u se  the C ollins 205J tran smitter with long 
pul s e s  to s earch for exospherically propagated backscatter echoe s .  
The integrator unit should b e  available for increasing the effective 
s ens itivity to echoe s .  The frequency shift facility of the transmitter 
will be utilized to determine frequency dependence characteristics  of 
this  mode .  If this part of the experiment p r ove s succe s sful , 
experiments to determine geographical dependence will als o  be 
performe d. In its s imples t  form thi s will involve moving the 
transmitter and r eceiver to  other locations . In this way it i s  
hoped  to obtain s tatis tic s on the occurrence of thi s ducted mode . 

Pers onnel who contributed to the work of this proj ec t  are 
L .  H. Tveten (pr oj e ct leade r ) , W.  F.  Utlaut , A. R .  Mitz , 
A. H.  Dove , H. E .  Petrie , V .  H. Goerke , G .  J .  Morzinski ,  
and J .  L .  Spindle .  

Inve stigation of High Frequency 
Arctic  Propagation over Various 

Paths - Phase  I 

8 542 1 

CLASSIFIED 
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High Frequency T ransmi s sion Los s  

Studie s for Aur oral Region s  

8 5422  

In  order to  impr ove unde r standing of the part played by 
abs orption in the transmi s si on los s obs erved on Arctic HF path s ,  
measur ements  were made t o  determine the dynamic range and 
fre quency dependence  of such los s es ove r three repr e sentative 
paths at fre quencie s  in the range 5 - 20 Mc/s .  In addition measur e 
ments of ionospheric abs orption, us ing the cosmic - noi s e  technique , 
t o  inve s tigate the relation ship between vertical -incidence ab s orption 
a s  measur e d  by a riometer and oblique - incidence abs orption 
measure d  in the s ame manner wer e  made , 

During and s ince the IGY , a c ons iderable amount of high
latitude ionospheric abs orption data has been obtaine d  using 
r iomete r s .  The s e  data , taken a t  about 3 0  Mc/s cannot b e  u s ed 
directly for HF transmis sion los s pr edictions until experiments 
have been conducted to inve stigate the relationships between riometer 
and HF fie ld- intensity data taken s imultane ously at various frequencie s .  
Thi s  proj e ct was de s igned to provide information on the s e  re lation 
ship s , particularly on the fre quency dependence of the abs orption , 
and to s tudy the effects of abs orption di s turbance s on HF s ignal s ' 

pr opagate d  through the Arctic .  

C ontinuous HF transmi s si on s  wer e  made on  paths B ar r ow to 
Kenai , Barrow to Boulder ,  and Thule to Bar row. The s e  paths and 
the 50 Mc /s r iometer at Kenai , Ala ska , and the 3 0  and 50 Mc /s 
r iomete r s  at Skwentna , Alaska , wer e  ope rated thr ough August  3 1 ,  
1 96 0 ,  at which time the obs ervational phas e  of the proj ect terminated, 
The riometer records  have been s caled and the data pr oce s se d  to 
give abs orption value s ,  Particular attention has been given to the 
re lationships between the HF transmis sion los s e s  observed at 5 ,  1 0 ,  
and 1 ,5  Mc /s ove r  the Barr ow-Kenai path, and the sum of the 5 0  Mc/s 
abs orptions obs erved on the oblique - incidence riomete r s  at Barrow 
and Kenai. ( The s e  riometer s wer e  aimed along the great- circle 
path connecting the two s ite s ,  at an e levation angle corr e sponding to 
the 1 -hop F2  mode } .  The obs erved abs orption on the different 
frequencie s  s howed le s s  fre quency dependence than pre dicted by the 
s imple 1 / f2 law; the deviation from 1 /f2 was greate st  at the lowes t  
fre quency. T hi s  failure o f  the l /f2 law was found both i n  the 3 0  and 
5 0  Mc/s Skwentna riometer data , and in the Barrow-Kenai 5 ,  1 0 ,  
and 1 5  Mc /s field-intensity data , and als o in the compari s on of the 
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Barrow -Kenai riometer and fie ld - intens ity data . T he failure of the 1 /f2 

law i s  interpreted in term s of ·a s ignificant fraction of the abs orption 
occurring in a region where the electr on colli s ion fre quency i s  com 
parable with the operating angular frequency; in thi s way it i s  deduced 
that the maj ority of the daytime abs orption occur s in the height range 
5 5 - 7  5 kms .  

The has j c analysi s of the HF transmi s sion data was done by 
automatic computer methods . After the hourly medians of s ignal 
intens ity were s caled by hand, the diurnal dis tr ibution of the s ignal 
level s  exceeded 1 Oo/o,  50o/o,  and 90o/o of the time for all three paths 
and for fre quencie s near 5 ,  1 0 ,  1 5 , and 20 Me on Barrow to Kenai and 
Barr ow to Boulder (near 9 and 1 2  Me on Thule to Barrow) were  c om 
puted and plotted by machine . Cumulative dis tributions of the tran s 
mis  s ian los s  for all paths and all frequencie s were s imilarly prepared.  

T he effects of di s turbance were compared among the three  paths 
to determine the differ ence s between auroral abs orption and pr oton 
events a s  the s e  difference s var ied with geographical position. The 
polar cap path was found to be le s s  sus ceptible to dis turbance than 
the aur oral z one paths . It was concluded that on the wh ole during 
dis turbances  higher fre quencie s have a greater probability of succe s s 
ful transmis sion than lower fre quenci e s  on high- latitude paths . 

A s tudy was made of the abs orption obs erved on the arctic paths 
with that which would have been expected from the use  of availabl e 
calculation methodS". It was found that except in June and July the 
abs orption calculated by pre s ent methods i s  too small . In June and 
July the di s crE&pancy is much s malle r ,  and calculated abs orption 
may even be greater than that obs erved. 

It was hoped to use  the sweep-frequency records made in the 
previous fi s cal year on the Barrow to B oulder path to identify thos e  
days when the 1 -hop F m ode was in effect and thus to  find the 
abs orption applying unambiguously to this  mode . T he value of 
abs orption obtained in thi s  way did not differ significantly from 
that obtained on days when the 1 -hop F mode was not in effect. 

A number of additional analyse s were made and are de scribed 
in the final reports (NBS Report 6 742 , Final Report on Evaluation of 
Aur oral Propagation Factor s :  T ransmis sion Los s Pha s e  - Part I ,  
System Los s Behavior and Prediction on Some High-Frequency Arctic 
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Paths , and NBS Report  6 743 , Part II, A C ompari s on of Arctic HF 
T ransmi s sion Los s & V HF Riometer Data } .  Among them are s tudie s 
of noi se  level s , r elative usefulne s s  of di s turbance indicator s ,  and 
fading rate s ,  

Thi s  proj ect was terminated furing FY 1 96 1 .  

Per s onnel  c ontr ibuting to the work of thi s  proj e ct  were 
R .  Silber stein , C.  G .  Little , S .  S .  Barne s ,  H. E.  Petrie , 
J .  L .  Workman, L .  H. Tveten , R. M.  Davis ,  J r . , Garney Har dy, 
and R. L .  Sudduth III. 

Radio propagation paths used in auroral region experiment to 
measure high frequency transmis sion los s o  
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MF /HF The oretical 
Phas e  Path Studie s 

8 5425  

The obj e ctive s of  this  proj ect are:  

1 .  T o  s earch the literature for the re sult s of previous worke r s  
inve s tigating phase  path perturbations of ionospherically reflected MF 
and HF radio wave s to obtain information useful t o  b oth the exper i 
mental and theoretical parts of the phas e  path perturbations s tudy. 

2. T o  make calculations of phase  path perturbation s r e sulting 
from hypothetical detonations of nuclear device s in outer space and 
by using variable paramete r s  to determine the most  sensitive 
dete ction technique and c onditions .  

s tudy. 
3 .  T o  aid in the interpretation of re sults from the experimental 

The problem of the detection of nuclear explo sion s i s  an 
e s sential aspect of control in any internationally agre e d  nuclear te s t  
ban and thus one of extremely great importance to  the nation and the 
world at the pre s ent time.  Simple , reliable detection methods are 
s carce and new one s are neede d  badly. Any special behavior of the 
ionosphere  that is caused  by nuclear · detonations can only be identified  
after sufficient data are  available on the normal short- time iono
spher ic variations .  

Thi s  s tudy was begun about mid- year . It has so far cons i sted 
of a literature s earch of previous works on pha s e  measurements of 
ionospherically reflected wave s .  Thi s  has been done to build up a 
fund of information on natural phase  per turbations to  be  used  in the 
interpretation of data obtained by the experimental pr ogram as well 
as to  point to pos sible new dire ction s the experimental program may 
take . 

Another dir ection the the oretical pr ogram has taken is  the 
calculation of phase  path perturbation s  on MF and HF waves  imposed  
by  various ionization profile s thought to  be  generated by the explos ion s  
of nuclear weapons of various  s iz e s  in outer space .  T he s e  ionization 
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perturbation s would occur in the D region and re sult in added attenu-
ation as well a s  a reduction in pha s e  path. Calculation s have been 
made for both undi sturbed noon and midnight c onditions with parameters  
suitable for the B oulder area wher e  the experimental pr ogram i s  t o  
begin .  Calculations have shown phas e  path change s to  be  rather small 
with the ionization profile s u sed. 

It i s  plann·e d to  continue the work along s imilar line s .  The 
calculations of the oretical pha s e  path perturbations will c ontinue 
us ing different g eographic and ionospheric paramete r s  in an effort 
to  di s cover the most  s ensitive detection c ondition s .  In addition 
the output of the re lated experimental program will undoubtedly 
pre s ent pr oblems of interpretation which require s olution . 

Per s onnel c ontributing to the work of the proj ect are 
L.  H. Tveten {proj ect leader ) ,  Garney Hardy ,  and F.  W. Lott III . 

Investigation of F orward Scatter 
Communication T echnique s -

Aer ospace V ehicle Links 

8 5427 

The obj ective of  thi s proj ect  i s  to  c onduct a the oretical inve s ti 
g ation of the pos s ibility of extending the range and increa s ing the 
r eliability of aero space communication 1 inks thr ough exploitation of 
i onospheric forward s catter mode s of propagation. A s econd but 
e qually important obje ctive i s  t o  define ins trumentation parameter s 
r e quired  for the g athering of per tinent s catter data if such a s ystem 
prove s feas ible . 

Real time ,  global rang e ,  communications between earth s tations 
and orbital vehicles  i s  of paramount importance . Thi s  inve stigation 
i s  de s igned to c onduct r e search into methods and reliability of the s e  
c ommunications .  

A s t:udy c ons i s ting of literature r eview, a theoretical inve s ti 
gation , and a pre liminary  mathematical analys i s  has begun. This 
s tudy c over s  ion os pheric s catter transmis sion and other propagation 
phenomena which. may be  applicable to  this pr oblem. 
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A survey of the literature has shown that s ignals have been 
detected fr om satellite s many minute s befo:re the s atellite has 
appeare d  over the horiz on. The s ignal strength of the s e  1 1precur s or s 1 1  
i s  often within a few db  o f  free  space levels . Investigation i s  c on 
tinuing to determine if the s e  t t precur s or n  s ignals are the result of 
ionospheric s catter , tropospheric s catter ,  or if they re sult fr om 
s ome undetermj n e d  phenomenon .  

Activitie s  of FY 6 1  will be c ontinued and mathematical models  
will be  constructed where, de sired.  Maj or emphasi s will be placed 
on the characteristic s  of a s ignal after pas sing thr ough a scattering 
medium. This  shall have reference to bilateral transmi s sions , i . e .  , 
earth/vehicle and vehicle /earth Doppler ,  radiation angle and directivity 
of s cattered signals will be analyz ed, 

Per s onnel contr ibuting to the work are D .  R. Macken {proj ect 
leade r )  and J.  T . McKinney. 

�-va::_luation of High-Frequency C ommunication 
T e chnique s Under C onditions of Di sturbed 

Ionospheric Propagation in Auroral Regions  

8 544 1 

The obj ective of thi s proj ect i s  to obtain experimental 
information on high- frequency aur oral propagation factor s  which 
affect the performance of modulation technique s for continuous 
wave and puls e communication fo"� air /  gr ound s ystems .  

C ommunication a t  high frequencie s via ionospheric propagation 
in aur oral regions i s  s everely dis turbed at time s  in a manner 
characteristic to the s e  regions . The s e  di s turbance s take the form 
of intens e  abs orption of the pr opagated wave s or s evere di s tortion 
of the transmitte d signal .  The extent and character i stic s of the 
hnposed  di stortion mus t  be  known in order to predict the performance 
and limitations of sys tem s and to as s i st in the de sign of optimum 
m odulation methods , 

Experimental obs e rvations of puls e  -to-puls e  phas e  stability 
were  carried  out on a path fr om Barrow,  Alaska ,  to Boulder , 
C olorado. One -milli s e c ond pulse s at a 2 50 c /s repetition rate wer e  
transmitte d a t  frequencie s of appr oximately 1 5  and 1 9  Mc /s .  T he 
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phas e  of cor r e sp onding parts of succ e s s ive pul se s was c ompare d  
c ontinuous ly,  and then the integrated value s o f  pha s e  differenc e s  
during one -milli s e c ond per iods were  determined. An NBS report ,  
No .  6764,  entitled "Ob s ervations of  pul se  - to -pulse  phas e  s tability 
on a high-frequency auroral path" , by J .  W. Koch, reporting on the 
r e sults of the obs ervations  was published. 

Obs ervations to  determine the fading c orrelation bandwidth of 
pulse  transmi s sion and puls e  fading rate s were made on a path 
between Sterling , Virginia and Barrow,  Alaska ,  using pulse s  of 1 00 
micro second and 1 milli s e c ond duration having a peak power on the 
order of 1 00 kw. In thi s , groups of pul s e s  closely spaced in frequency 
wer e  transmitted in rapid sequence at  various frequencies in the HF 
band. The pulse s  rec eived after propagation over the path were  r e 
c or ded photographically and have been analyzed in term s of the 
normalize d  c ovariance of pulse  amplitude a s  a function of frequency 
s eparation between puls e s .  Thi s  analys i s  has shown that 1 milli second 
pul s e s  s eparated in frequency by more than about 3 kc/s and 1 0 0  micro 
s e c o.nd puls e s  s eparated by  mor e  than 5 or  6 kc /s fade in an un
c or related manner for thi� path over which  s ingle -hop propagation i s  
not normally expected. B y  c omparis on,  measurements  made earlier 
on a short path of 2 3 0 0  km ,  between Sterling , Virginia 9-nd B oulder , 
C olorado, indicated that there  was correlation in the fading of 1 00 
microsecond pulse s  separated in frequency by 40 to 5 0  kc /s .  

Early in the fir s t  quarter , analysis  and reporting of the puls e 
fading c orrelation s tudy will be c gmpleted and thus conclude this 
p r oj ect. No further obs ervations are planned. 

Per s onnel c ontributing to this work wer e  J .  W.  K och, 
W. F.  Utlaut, L .  H.  T veten, A .  R. Mitz , A. E .  Smith, R.  C.  Peck, 
J .  L.  Spindle , G.  E . Was son.  
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Meteor C ount Recording at 50  Mc/s 

for United State s Air Force P r ogram 
to Determine Extremely L ow Frequency 

Perturbations 

8 5426 

T he obj ective of this proj ect  is to aid in determining whether  
or not low frequency os cillations of the earth ' s magnetic field are  
a s s ociated with meteor activity. 

In recent year s r e search worker s have reached conflicting 
c onclusions regarding the correlation of ELF perturbations of the 
earth ' s magnetic field with the incidence  of mete or s on the earth ' s 
ionosphere .  Thi s proj ec t  attempts to r e s olve the ques tion by c om 
paring mete oric activity in a re s tricted volume of the ionosphere  
with magnetic field perturbations obs erved on the gr ound below. 

NBS participation in thi s proj ect  began in early April 1 96 1 .  
C ontinuous recor ds of the ionospheric s catter s ignal at 50 Mc/s on 
the Long Branch- B oulder path wer e  furnished to Denver Res each 
Institute (DRI ) .  They are c omparing meteor activity on the s e  
r ec ords  with o s cillations  of the magnetic field obs erved at the path 
midpoint near Schickley, Nebraska .  

T he 50 Mc /s s catter records will be furnished to DRI to  
September 30 ,  1 96 1 ,  the end of  the c ontract ·period. 

Per s onnel c ontributing to the work of the proj ect are 
0 .  D.  Remmler (proj ect  leader ) and A. E . Smith .  
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RADC P ropagation Studie s 

Task  I & Task  III 

85 522 , 8 5 52 3 

The obj ective of thi s proj ect  is  to  s tudy the fine s tructure 
and irregular itie s of the ionospher e  by means of obs ervations of 
s ignal amplitude , pha s e  and polarization of backs cattered and 
forward propagated signal s .  

In the de s ign or impr ovement of any c ommunication sy stem 
it is  of great importance that as much as  pos s ible be known about 
the normal  perturbations exi sting in the ionosphere wh ich affect 
the pha s e  or amplitude of a radio s ignal as we ll as its dire ction 
of arrival. 

Since thi s  i s  a new pr oj ect slated to really begin with FY 6 2 ,  
a ctivity in F Y  6 1  was limited t o  a s tudy of the equipment nee ds of 
the proj ect  and their acquisition. 

Early in the year very narrow beamwidth antennas , one of 
which will be capable of s canning a s ector in the horiz ontal plane 
and another which will s can a s e ctor in the vertical plane , should 
be ready for us e by the pr oj e ct. The s e  antennas will be capable 
of operating over the fre quency range 1 2 - 2 5  M c /s and will be used  
to receive and effectively determine angle of arrival of backscattered 
s ignals or  forward  propagated signals over the s e ctor of the antenna. 
By the use  of suitable displays , and being able to separate the 
s ignals reflected from re latively small areas  of the ionos pher e ,  one 
should be capable of making many deductions c oncerning irregular 
itie s and fine s tructure in the ionospher e .  

A 400 k w  peak puls e  power transmitter operative a t  fixed 
fre queucie s over the r ange 5 - 2 8  M c /s will be  available for back
s catter work as well as a sweep fre quency 1 00 kw peak pulse  power 
transmitter capable of s weeping from 1 - 2 5  M c /s now in the final 
te s ting s tage .  

Per s onnel contributing to  the work of the proj ect are 
W. F. Utlaut , L .  H. T veten, D. R .  Macken, and P .  P. Viezbicke . 



2 7 4  

l\1odul ation Studie s 

8 5 1 4 1  

The obje ctiv e s  of thi s proj e ct have b e en t o  inv e s tigate the s ou r c e  
c ornrnunic ation function ,  it s enc odin g ,  the affect  o f  the rne dia o n  the 
c ommuni cati on s y stem,  spec trum c ons e rvati on, the perforrnan c e  of 
radio communication s ys te m s ,  and methods of rnea surernent appl icable 
the r eto .  

The efficient communication of  intelligenc e  over a channel nec e s 
s itate s a knowl edge of th e information to b e  d e r ived fr on1 the info rmation 
function, gen e r ation of a con1munic ation function ( including si gnal de s ign, 
and enc oding) , the effect  of the media on the tr ans mitted function,  and 
effective demodulation technique s .  If the radio fr e quenc y s pe c trum is  
to acc ommodate the inc r e a s ing traffic load, i t  i s  imper ative that the s e  
factor s b e  inves tig ate d and the r e sults integrat e d  t o  afford the de s ign 
of new cornn1unication s ys tems which cl o s e  the g ap betwe en the pr e s ent 
the or e de ally effic ient and practically ineffic ient s ystems . 

W o rk on the s ource  c ornmunic ation function has be en c on centrated  
upon the clete.rn1in ation o f  s pe e ch statis tic s ,  although a lite r ature s e ar ch 
on the v i d e o  fun ction has be en initiated ,  

Long t e nn s pe e c h  statis tic s ,  primar ily amplitude dis tdbution s 
have b e en s tudied for  the effect of high frequenc y pre - emphas i s  and 
als o the effect that cl ipping and filte r ing w ould hav e  on SSB signaL 

Mo s t  of the l ong term spe ech statis tic s  avail abl e in the l it e r atur e 
have b een gathe red  for c ompa ris on, including s ev e ral fore ign l an guage s .  
S eparate r eports will be published in fis cal year 19 62 on the exp e r i 
mental measurements of s pe e ch statistic s and o n  the lite r atur e s urvey .  

An inves tig ation of the H F  medium was c ontinue d from the fis c al 
year 1 9 60 , Project  8 5 54 9 .  A paper on, " Signal Str ength at F r e qu enc ie s 
Lowe r than and at the MUF", has be en pre par ed for public ation . 

A 1 1  His tor ical Surve y of MF and I-IF Fading" with emphas is on 
oblique incidence pr opag ation has be en pr epar ed for a report .  It  is  
noted that s ufficie nt s hort term information c once rnin g  fading as  a 
func tion of dis tan c e  and fr equenc y is  not available to determine a 
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realis tic e stimate of communication systems or s ignal de s ign.  

A re por t " Pr opagation and Modulation Studie s 1 1  ha s been prepared. 
A new):<MRF including reflection from a parab olic laye r ,  and exper imental 
oblique incidence data has been derived . For small time delays , the 
new MRF indic "!-ted operation up to 2 0o/o cl o s e r  to the MUF than prev
iously c ons ider ed.  

A cross ed dipole exper iment on F2 laye r  pr opagation indicated 
the c ontribution of the magneto-ionic c omponents in the fading s ignal . 
The effectivene s s of polar ization diver s ity was implied. A s imilar 
c r o s s e d  dipole experiment was performed for E propagation. The 

s 
fading character isti c s  indic ated the pos s ibility of a "Clas s ical MUF" 
for the E layer . However , at frequenc ie s below the MUF, only one 
magneto-ionic component appe ars to have been pre sent . 

The results of an ar ctic dire ction of wav<:< arr ival exper iment are  
als o  pres ented and c ompared with temperate latitude result s .  It was 
c oncluded that arctic s ignal s exhibit gr eater short term and long term 
deviations . Although the long term deviations may be at least 5 degrees  
from the median value , the y a ppear to  be diurnally consis tent .  

The video c ommunication function will be investigated as a high 
c ommunication rate s ignal . The information c ontent and redundancy 
will be studi ed.  

C ommunication function encoding will be studied with empha s is on 
effic ient us e of the c ommunication channel .  

A study of FM s ystems will be  conducted.  Work on the short 
term statistic s of the HF m� dia will continue . The se results will be 
interpreted as they affect the modulate d s ignal . A VHF ionos catter  
link will be  inves tigated as  an operational system. 

Pers onnel contributing to thi s proj ect wer e  R. K. Salaman 
( pr oject leader) , J .  L .  Auterman ,  J .  W .  Koch, H. Akima, E.  L. 
Komarek, W.  B .  Harding ,  and G.  E . Was s on .  

>'.< Multipath Reduction Facto r .  
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Information Theory and Coding 
for Radio Channel s 

8 5 1 43 

The pr1mc objective s of this in\res tigation are to study channel 
capacity for time-varying radio propagation media and indicate 
pr actical application of information theory to r adio systems . This 
proj ect initially i s  directed to promoting in the modul ation r e s earch 
program, c ompetence in the field of information theory and c oding .  
Experimental studie s will be c ar ried out ove r an iono spheric l ink . 

It is  well -known that ionospheric transmis sian suffe rs  from 
numerous random distortions . It is our task to establish a suitable 
mathematical model for thi s  channel and to e stimate its capacity. 

A typical des cription of a radio channel performance  has often 
be en given via s ets  of empirical tables  and graphs . Unfortunately, 
s ometimes an analytical tr eatment is desirable .  Then the c onstruction 
of the nec es s ary e quation call s for a repr e s entative mathematical 
model . 

Another objective is the channel capacity. It is  probably the mo st 
bas ic paramete r of the channel . Knowledge of it may not help in the 
des ign or operation of a system. The channel c apacity doe s ,  however,  
provide us  with a standard, though unr eached, upper bound for in
formation tr ansfer .  

To promote inte rest  and unde r standing of information the ory an 
informal seminar was c onducted for Divis ion 8 5  pe rs onnel from 
October 1 ,  1 9 60 to January 3 1 , 1 9 6 1 . 

A talk on "'' Nonlinear Transducersn  was given by Dr . D. F .  Drenick 
of B ell T elephone Laboratorie s ,  �March 9 ,  1 9 6 1 } .  

From June 1 2  until June 3 0 ,  1 9 61 , the Information Theory Pr oj ect 
was in part hos t  to Profe s s or W. W .  Pete r s on of Florida Univer s ity. 
Profes sor  Pete rson gave two lectures on information theory. A s ub s e 
quent s eminar on coding had s ome ten me etings . 
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The res earch activitie s regarding the ionos phe r ic channel can be  

summarized as follows: The r e  has been c onjectured a rather c ommon 
input .. output repre sentation for the ionosphe r ic model . This include s 
the de gree  of dive r s ity, s elective fading, phase  variation ,  additive 
noi s e ,  and burst  inte rference .  All the s e  are stochastic var iable s o  
Their statistical distributions ar e known, if not c ompletely, neve r 
theles s t o  a con s iderable degr ee .  

The r e  are  spe cial cas e s ,  when one or two of  the s e  r andom di stur .. 
bances  are predominant, and all other s  can be neglected. It is  an un
fortunate fact, that only for such s implified models the channel capacity 
is known in any explicit form. 

For example,  for no dive r sity and the s ole dis turbance .. an 
additive noi s e ,  the capacity is known. A spe cial case of this i s  
Shannonts result for Gaus s ian nois e .  

It is practical to include, in addition to noi s e ,  a few type s of non
s elective fades  and then s olve the capacity problem.  Similarly, under 
suitable as sumptions , it has been pos s ible to show the effects of diver s ity. 
However,  for the g eneral model, there is still a great n�ed for concrete 
significant re sults . 

It is planned to c ontinue to  s tudy the c apacity problem for the above 
model . Effort will be c onc entrated on the jo int effects of nois e ,  fading 
and bur st phenomena .  

The r ealization o f  higher transmis sion r ate s will undergo a clos e 
s crutiny. It is  appar ent that error s tatistic s pr ovide a practic al justi .. 
fic ation for use of coding s cheme s .  Such statis tics  will be studie s ,  and 
attempts will be made to implement a suitable c oding system. 

Per s onnel .  Martin Nesenbergs  was the only pe r s on committed to  
this pr oj e ct .  



2 7 8  

Space Communications 

8 5 1 71 

The obj ective s of this program ar e to analyze problems of wave 
propagation and modulation pertinent to space  r adio telec ommuni
c ations and measur ements ; and to dete rmine more efficient ar range
ments of the s ignal information function for providing r eliability of 
transmis sion unde r the limited level s of power and bandwidth available .  

Both the military and civilian c ommon c ar rier systems ar e freely 
estimating 1 0 -fold increas e s  in channel capacity requirements in the 
next decade , and c or res ponding late r incr eas es  as a natural con s e quence 
of new devel opments in data systems te chnology .  

The u s e  of s atellite r elays opens the way for availing entir ely new 
bands of the frequency s pectrum for global c ommunications . High 
altitude s atellite r elays make this pos s ibl e by avoiding the c ommon ano .. 
malies which char acter ize atmos pher ic horizon s  in gr ound station com
munication l ink s ,  the more ne arly vertical propagation path to satellite s 
allowing mor e  dir ect penetration of othe rwise  r efracting, refle cting 
and attenuating atmos phe r e .  

This space communications study progr am is  accoringly needed, 
to pr ovide fundamental propagation and modulation information ne ede d 
to exploit ne w bandwidths of channel space , in new regions of the fr equency 
spectrum made feasible by space vehicle and relay systems . 

Under the broad terms of this proj ect , many facets of s pace 
communications  have pr ogr es sed.  An extens ive survey of  l iter ature 
and national effort was conducted, to e stablish the existing s tate -of
the -art c onc erning such factor s as: Attenuation or lo s s  factors  s etting 
apparent limitations on atmospheric penetration by radio wave s ;  
apparent capability of extremely high frequencies for space applications , 
modulation sys tem s appropriate to the greater bandwidths available for 
s atellite sys tems ,  or  narrow bandwidths pertinent to interplanetary 
s ystem s;  encoding principl e s  that might be us ed to con s e rve power 
through bandwidth exchange ;  apparent bandwidth required to satis fy 
var ious s pace communic ation functions ;  and problems for gene r�l 
telecommunication s ystems development, such as pin�pointing ne eded 
s ys tem developments for venturing into new frequency regions . 
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This l iteratur e res earch provided much of the background infor 

mation us ed by Panel II of the Telec ommunication Planning Committee 
in its surve y of national space telecommunications . Further r eporting 
has be en prepared for Chapter 42 of the Summe r Lectur e Se rie s and 
revis ion of Cir cular 462  on Ionos pher ic Radio Pr opagation .  

More general telecommunications systems analys is ,  applicable 
to  the problem of operating multiple links in tandem - .. such as would 
characterize the r elay operation of s pace s ys tems - - was additionally 
c onducted under this proj e ct and has been adapted to the ionosphe ric 
propag ation s ystems pe rformanc e  e s timation procedures  recommended 
by the Bureau under Proj ect  8 547 2 .  

In a separ ate fac et of this proj ect, modulation and spe ctrum con
s ervation obj ectives have been cons ide red in the pr actical problem of 
televis ion tr ansmi s s i on. A two-fold s ignificance i s  attache d to this 
pr oblem investigation: { 1 )  Since televis ion bandwidth r equirements 
dominate the total spectrum required  for transmis sion of common 
me s s age s ,  it s tudy is  pertinent to all c ommunications s pectrum 
c ons ervation;  and (2) there  is a requirement for bette r c or r elation 
between standards of human perc eption and s tandards of televi sion. 
Advancement in this area is directed toward achievement of real time 
televis ion for power-and-bandwidth-limited s pace communication 
s ys tem s .  In this phase  of project r e s e arch, Mr . R.  G .  Merr ill of 
the Boulder Labor atorie s ,  is j oining in coope rative studies  with 
Dr.  David Metcalf of the Univer s ity of Color ado Medical Center ,  on 
the application of c omputer technique s for evaluating human visual 
res ponse  data acquired  from subjective obs e rvations . 

Depending on available funding, information gathe r ed fr om 
propagation studies  and experiments , particularly thos e dealing with 
pul se transmis sions ,  will be analyzed to dete rmine de s ir able parameters  
for  encoding , modulating and demodulating the var ious information 
functions required for s pac e  c ommunic ations conside r ing the ultimate 
l imitation of l in e - of- s ight channels .  The s e  s tudie s will be dir ected 
toward: ( 1 )  Pulse and waveform distortion effects imposed  by space 
propagation media; {2} performance of br oadband modul ation techniques 
under  the influence of pe rturbation effects of s pace media; {3} inve sti
gation of multiplexing methods for r el aying multiple information function s 
such as televis ion ,  voic e ,  and data via s atellite s;  and {4} determination 
of improvement s  to be r eal ized for diver s ity r e ception in time , s pace,  
and polar ization of  satellite s ignal s ,  for var ious modulation methods 
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and carne r fr equenc ies . In general ,  the effort in thi s program will 
be to apply knowledge already existing in terrestrial c ommunications 
to s pace applic ation probl ems , and to develop  new knowledge whe re  
pre s ent deficiencies  of information exist .  

Tests  will give s pec ial attention to  the broadband s ysterns required 
for transmis s ion of vide o information applying the result s of pre s ent 
studie s of standards info rmation, Additional effort will be dir ected 
toward identifying and providng enc oding b as e s  for separ ating -e s s ential 
from non - e s sential information in r epetitive I y s c anned imag e s ,  taking 
advantage of the r ecently di scovered buffe r s tor age of the human visual 
system, and applying more advantage ous standards appr opriate  for 
binary information change s .  

Pe r s onnel contributing to thi s proj ect have been W.  C .  Coomb s ,  
( pr oj ect l eader) , B .  A .  Kingsbury, D .  A .  Ellerbruch, W .  D .  Bens ema, 
R. G. Me rrill ,  C. C .  Watter s on ,  Dorothy Werden and Freda L 'Manian .  

VLF Automatic Communication Study 

85443  

This pr oj e ct inve stigates  VLF s ys tem parameter s including 
antenna char acteristic s ,  transmi s si on los s expe cted, atmos pheric 
noi se  l evel s ,  and carrier -to-nois e requir ements for various type s of 
communic ation s s ys tem s in a manne r which will pe rmit c a�culation of 
requir ed tr ansmitter power s to provide reliable s e rvice ove r  var ious 
radio paths . System de sign impr ovements are indicated,  

VLF r adio s ignal s provide one of the mo st rel iable means of l ong
range communication, and determin ation of the extent of reliable 
cover age , along with improvements in r ange and reliability,  is  extremely 
desir ible . 

Much of the work of this  project i s  cl as s ified .  V aluable progre s s 
in this ar ea has been realized.  Communic ation equipment b as ed upon 
a s ystem develope d by the proje ct is  now in production by c ommercial 
manufacturers  for Navy installation and s ome of the units are now in 
operational use  in the fl eet , 

A sys tem util izing b andwidth reduction technique s has b een devel
oped and nea rly completed. Preliminary te s ting on a radio tel eprinte r  
modul ation s ystem indic ated that the technique will offer a 4 o r  5 db 
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improvement in system performance  factor .  An unclas s ified  NBS 
Report 6 7 1 9  11 Performanc e of a Multi-Frequency-Shift Tele type 
Sys temu, by E. L.  Maxwell ,  F .  S .  Mathews , and A. D. Watt was 
published Octob er 3 ,  1 9  60 . NBS Report 4BB 1 0 3 (c onfidential} 
1 1  Application and Performance of Multi -Frequency-Shift Teletype 
in Naval C ommunication s1 1, by E .  L .  Maxwell and E .  H. Whelan,  
was publi shed Dec ember 1 5 , 1 9 6 0 .  

Development work will continue on the proj ect in order t o  make 
eventual field tests  during the year . 

Per s onnel contributing to thi s  work were: R. M. Coon (pr oject 
leader} . E .  H. Whelan,  W .  D .  Ben s ema and E. C .  B olton. 

RLCS Nois e  Reduction 

8 5 444 

This pr oj e ct c onsists  of evaluating known impuls e -nois e r eduction 
technique s and /or developing new one s  that might prove useful in 
connection with c ommunications problems relat ed to the Minuteman 
mis s il e  program. 

One propo s ed method of m aintaining r eliable c ommunications 
between c ommand center s  and l aunch centers  in the event of an atomic 
attack, is that of utilizing underground radio transmitting and receiv
ing s ystems . One of the difficultie s of implementing such a system, 
however ,  is  that r athe r  low radio fr equencies  are neces s ary, and in 
this fre quency region atmo spheric noi s e  i s  an extr emely s erious 
problem. Accordingly, noi s e  reduction devices or mean s  are needed 
to provide a s atis factory system. 

Since the earliest  days of radio exper imenting,  efforts have been 
devoted to  devi s e  c ircuits wi th which to remove the ill effects of atmo
spher ic nois e .  Many devic es  have been invented,  s ome s imple and 
others c omplex. While s ome have been found to be more or l e s s  
effective ,  other s cheme s have be en found by thi s proj ect t o  b e  entirely 
useles s when evaluated from the standpoint of effectivenes s  and reliability .  
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An impul se noise reduction circuit devel ope d e arlier by NBS for 
anothe r sponsor was adapted to the Radio Launch Control System for 
evaluation at the C onfidence Test Pr ogram test s ite at Warrensburg ,  
Mis souri . Evaluation re sult s to date appe ar pr omising .  

The technical as pects  of this work  i s  cl a s s ifi e d ,  Developm ent 
and evaluation work will continue until January , 1 9  62 when the proj e ct 
terminate s .  

Personnel contributing to this work were:  R. M. Coon (pr oj ect 
leader) , E .  C .  Bolton and G .  G. Ax . 

Information / Communication Theo ry Studie s  
for Radio Frequency Spectrum 

Allocation 

8 5445 

Obj ective - broadly stated , to inve stigate factor s of information 
theory which hold promise to long range spectrum con s ervation. A 
more immediate objective - to study the utility of modern c oding 
technique s in radio c ommunications . Ultirnatel y more shar i<J.g of spe ctrum 
is hoped for by enabling power reduction, reduc ing multiplicity of 
fre quencies  used ,  and reducing bandwidth and tr ansmis s ion time.  

Increas ed demands for communication s ervice s have led  to  a 
conge s tion of the available me dia ,  Conse quently, the allocation of 
radio spectrum has become a national as well as an international 
pr oblem. This pr oj ect is s pons ored by OCDM ( Office of Civil and 
Defense  Mobilization) to study the effectivene s s  of rec ent theor etical 
me asures , s uch as c oding, to achieve spectral saving s .  It is well 
known that certain code s can r educe error rates . If the s e  c ode s ar e 
efficient enough, a given amount of information can be tr ans mitte d in 
a shorter time . Or ,  to put in other wo rds , the power and bandwidth 
can be reduced  to s ome degre e .- Wher eas the r educti on of bandwidth 
is tantamount to s pectral economy, power savings al s o  have to be 
cons idered.  Clearly, low power level s reduce interference and c ros s 
talk betwe en adjac ent channels . This can lead to mor e  c ompact 
spectrum utilization, 

The project  was initiated in J anuary,  1 9 6 1 . Sinc e then one -half 
of one man powe r has be en devoted to this project.  It has been a 
the or etical s tudy c oncerning digital communication s ystems . 
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As is well-known, pr actical s ystems s uch as radio-teletype r ely 
heavily on ARQ {Automatic Repeat Reque s t) co exer cis e e rr or control . 
In thi s s tudy a s earch has been made for multiple e r r or ... cor recting 
c odes ,  which would out-perform the ARQ. 

A new family of codes , the Bos e -Chaudhuri c ode s ,  appear to be 
prom1s1ng e The s e  Bose .. chaudhuri  c odes and the cus tomar y ARQ 
have been compared under  the as sumption of independent e r ror s . 
The comparis on involve s two performance cr iteria: the transmis sion 
rate  and the er ror rate . Both the s e  rates ar e functions of the element 
er r or probability in the .channel e 

To  show the difference s of the two systems,  graphs have been 
prepar ed cover ing s ome 7 6  B o s e  ... Chaudhuri  codes . The s e  c ode s 
vary in length from 7 to 2 5 5 ,  and the emphas is  was placed  on an 
element e r r or probability range from 1 o - 1 to 1 o -4 . On the other hand, 
of c our s e ,  one chart suffic es  to s how the performance of an ARQ system . 

A multitude of relation ships has be en summarized by outlining 
re gions of e rror  probability in which s ome B os e -Ghaudhuri codes out
perform the ARQ by both c rite ria. 

The study so far indicates that: {a} Ther e may be a definite per 
formance and econ omy advantage in us ing multipl e er ror -c orr ecting 
codes ins tead·  of ARQ for r elatively ' '  bad" channels . As a n bad" 
channel we define one pos s e s  s ing an el ement error probability of not 
les s than 1 o - 3 . {b} The bur s t  c o r recting ability of short Bose  -Chaudhuri  
c odes  is limite d. However ,  to  this problem ther e  ar e a few alternative 
s olutions . For example ,  in the cas e of er asure bursts  (ner asure" 
neither a 1 or  a 0 i s  rec eived} , bur st  corr ection is effective .  In the 
definite case  of e r r or burs ts ,  the B o s e ;,.Chaudhuri  codes ar e supe rior 
in e rror detecting.  Hence ,  they can still replac e ARQ 3/ 7  c ode ,  
as s uming the pres ence  of  a return channel .  {c} The Bos e- Chaudhuri 
codes  pos s e s s  a cyclic pr operty. Ther efor e ,  they are r elatively eas y  
t o  implement . We have s tudied the implementation of such codes up 
to  l ength of 6 3 .  The circuits ar e quite s imple ,  of digital fe edback 
prototype . The y c an pe rform the functions of both the encoder and 
the error-detecting de code r .  

It i s  expected t o  complete pr es ent code implementation studie s 
for the Bos e -Chaudhuri c odes . The harde st remaining problem here 
is the e r r or -correcting dec oder . 
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Cons ide ration is being given to a promis ing alternative .. a 

partial er ror-c orrecting s cheme . In this scheme,  the decoder will 
be implemented to correct but a small number  of independent e r r or s .  
The remaining redundancy of the code will be us ed to detect the 
pre s ence of long error�bur st .  It is planned to evaluate and outline 
pos sible alte rnatives of such a system. 

Two more practical ,  but maybe not too distant s tudies , which we 
plan to unde rtake , ar e: {a) S imulate the coding model over a given 
pr actical radio channel, pos s ibly an ionos pher ic r adio link. {b} Imple
ment and tes t  the performance of a c oding scheme of bes t  promise 
ove r such radio channel . 

Thes e studies ,  if sufficiently pur sued , will identify s ignificant 
factor s of both the pr actical channel and the coding s cheme,  which 
hold promi s e  for future communic ation systems . 

This pr oject is  being c onducted by Martin Nes enberg s .  

High C ommunication Rate Mic rowave Study 

85447 

The obj ective of the project is  to determine the b andwidth or 
maximum information r ate of a l ong-range line- of- s ight mic rowave 
link at various elevation angle s ,  as limited by multi path propagation 
caused by atmospher ic effe cts .  

In the near futur e ther e will be a need for wide -band tr ansmi s s ion 
of information between s pace vehicl es and earth .  The limitation on 
the bandwidth in the 1 0  Gc / s  region will probably be due to atmosphe r ic 
effects on the propagation, ab out which very little inform ation is  avail .. 
able at pr es ent ,  particular ly for non-horizontal paths . This proj ect 
will make experimental studie s  of the atmosphe ric effects on bandwidth 
for propagation paths from a mountain top to a lower elevation s o  as 
to obta:in information for non-horizontal paths . While thi s will not 
provide data for all elevation angle s ,  it should mate rially add to pres ent 
knowledge of the bandwidth capabilitie s of space vehicle -to- earth links . 

The proj ect has just been unde rtaken and dur ing fisc al ye ar 1 9 6 1  
only a ve ry limited amount of s tudy and pl anning was undertaken. 
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A micr owave link will be des igned,  c ons tructe d and operated 
during fis c al ye ar 1 9 62 ,  that will tr ans mit and rec eive pul s e s  of 
approximately 2 x 1 0 -9 s e c onds dur ation which will allow time 
separation of the pul s e s  received via two or more paths under the 
more s evere  multipath propagation conditions .  Angle-of-ar rival 
measurements of the received short pul s e s  are planned and c .  w. 
bandwidth measur ements will be made and compar ed with pul s e  
bandwidth measur ements . 

The pro gram will be c onducted in thr ee phas e s :  { 1 )  A lite ratur e 
review and theoretical study will be made and the des ign and cons truction 
of the mic rowave l ink will be unde rtaken. (2} The experimental link 
will be installed, probably from Cheyenne Mountain, Col orado,  to a 
lowe r elevation and preliminary experiments conducted to obtain 
information which will be us ed for improving the instrumentation and 
experimental procedur es  to be us ed in phase  .{3} . {3) A period of 
ope ration will be s tarted to c olle ct and analyze statis tical data under 
a variety of atmo s pheric c onditions ove r s everal paths if pos sible . 
Operation fr om Pike 's  Peak to a lower elevation may be undertaken 
during the s ummer months of 1 9 6 2  when road conditions permit. 

C .  C. Watter s on has performed pr eliminary efforts in this 
proj e ct. 

3 5 8 L  .. 3 Mic rowave Carrie r Terminal Unit Evaluation 

85448 

The obj ective of this proj e ct was to te st and evaluate s ome tr ouble 
that had been reported to exist in the mic rowave te rminal units us ed 
in the telephone system at Warren AFB , Cheyenne , Wyoming.  

Two very frequently recurring troubles  were  as s ociated with the 
telephone s ystem. One trouble was dialing e r rors , e ithe r  a wrong 
number  would be c onnected or no connection could be made . The other 
difficulty was that of certain voic e frequencie s caus ing relay actuation 
resulting in dis c onnection.  

The s ens itivity of  the terminal unit to  ce rtain voice frequencies 
to c ause  dis c onnection was s hown and measured, and rec ommendations 
wer e  submitted to alleviate the problem . No evidenc e was located to 
prove that the dial ing difficulty c ould be attributed to the terminal units . 
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Plans for Fis cal Year 1 9 6 2  have been completed. 

The primary efforts of this  proj ect we re  performed by R. Marshall 
Coon. 

High Speed Digital Television Study 

85547 

Clas s ified 

High F requency Propagation Factors 
Affecting Modulation Technique s 

85549 

The obj ective of thi s  proj ect has been to evaluate modulation 
performance standards for high frequency communications thr ough 
aur oral regions . This include s inve stigation of multipath and fading, 
modulation te chnique s for s ignals  at frequencies  higher than the 
clas sical MUF , and modulation performance factor . 

In or der to pr edict the performanc e of an HF aur oral c ommuni
cation s  channel one must have quantitative information about the 
fr equency stability of the received s ignal, the c or r el ated bandwidth, 
modul ation performance factor,  and the channel capacity dependence 
on signal -to-noise  ratio.  

Experimental measurement s wer e  made on the 447 0  km path from 
Bar row, Alaska to Boulder ,  C olorado. Transmis s ions wer e  made on 
closely s pac ed frequencie s ne ar 1 5  or 20 Mc/ s  from Barrow. Corr e 
lation coefficients were  obtained for the fading envelopes of pair s of 
frequencie s for spacings of 0 .  2 to 6 ., 0 kc/ s .  The c o r r el ated bandwidth 
c an be as much as 4 kef s but les s than 6 kef s for l ow fade r ates  {les s 
than 2 c f  s)  dropping to 2 or 3 kef s for fade rate s above about 6 c f  s .  
Measurements are pr esently be ing made of the short term perturbations 
of the rec eived s ignal ' s  fre quency. 
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Meas ur ement s of the received freque ncy will be completed and the 
data analyze d.  A mor e c omplete analysis of the correlated bandwidth 
data will be made and, if pos s ibl e,  the frequency and bandwidth dat<l 
will be related to other factor s known about the path. 

Pers onnel contributing to thi s  proj ect were :  J .  L . Auterman ,  
J .  W.  Koch , - G .  E .  Was s on, J .  L .  Workman and W.  B .  Harding. 

Antenna Instrumentation 

85 1 5 1  

The obj e ctive s of this proj e ct are  to plan and prepare instru
mentation and to develop improved te chniques  for antenna measur e 
ment work. 

Measurements  of antenna performance ,  particularly thos e of 
radiation patterns and gains can be carried out in a number of differ 
ent ways . Some methods are superior to other s  depending on cir cum 
stances . To obtain comparable r e sults at different times  by differ ent 
worker s ,  it is  important to know the limitations of the var ious tech
nique s for antenna measurements . This  pr oj e ct als o s erve s  to  equip 
the antenna ranges  with instrumentation r equired for a variety of 
pr oj e cts . Instruments pe culiar to s pe cific proj e cts continue to be 
pr ocured and charged to the s e  pr ojects . 

A new Vee frame for the Green Mountain Mesa antenna range 
was completed and installed . Work is  partially completed to ins tall 
a turntable under the Vee frame s .  This will permit azimuthal pattern 
measurements in addition to the vertical plane measur ements . 

The pr oposed  paper 1 1Techniques for Measurement of Performance 
of Operational Antennas 1 1  is being revis ed.  

The work of devis ing te chnique s for antenna measur ements will 
continue in the pres ent dir e ction. 

Pers onnel contr ibuting to the proj e ct are :  E .  L. Kilpatrick, 
(Proj e ct Leader ) ,  D .  Reed, and G. W.  Angus . 
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High Re s olution Antenna 

8 5 1 5 2  

The obje ctive of this pr oj e ct is  t o  develop an antenna having a 
narr ow main beam capable of being s canned rapidly over a pr edeter 
mined s e ctor in azimulh. 

The primary importance of this pr oj e ct lie s in its pos s ible 
application to inve stigation of pr opagation phenomena . Very many 
proj e cts are concerned with determining the dir e ction of arr ival of 
a s ignal, its dis per s ion, and changes with time . The succes sful 
completion of this development make s it pos s ible to ob s erve and 
re cord the amplitude of the s ignal agains t the dir e ction of arr ival .  

The antenna is  a br oads ide r e ceiving array of twenty-five 
Yagi antennas . The principal tasks of this fis cal year were  to 
increase  the number  of Yagi antennas fr om the s even which were  
placed in operation dur ing the previous fis cal year ,  to the total of 
twenty-five Yagi antennas and to complete the ele ctronic ins trumen
tation for utilization of all twenty-five Yagi antennas . 

The frequency of operation is at 4 1  Mcjs .  The antenna is 
oriented to r eceive s ignals propagated by ionos phe ric s catter ,  
ionized meteor trail r efle ction, and s poradi c - E  layer refle ction, 
fro m a transmitter at the Long Branch, Illinois Field Station, 1 29 5  
Km away.  

Since the dire ction of  arr ival is r e str icted by path geometry to 
a formal s e ctor of  approximately 4 0  degree s ,  the Yagi antennas in the 
array are spaced 1 .  4 wavelengths apart. This r educes  the beamwidth 
to 1 .  5 degr ees  and the s e ctor of s can to - 20 .  9 o - 0 - +20 .  9 o .  The 
points of ambiguity intr oduced by wide s pacing lie outs ide the s e ctor . 
The beam is s canned unidirectionally at the rate of 20  s cans per 
s e cond . Ele ctronic s canning te chniques or iginated for this pr oj e ct 
were employed to obtain the rapid s can. 

Per s onnel contr ibuting to the pr oj e ct wer e :  A. C .  Wils on, 
(Proj e ct Leader ) ,  H. V. Cottony, J .  E .  Adams , A. C .  Stewart, R. J .  
Richards on, C .  G .  Smith and W .  L .  Martin. 

Antenna Pr ince 

8545 1 

Clas s ified 
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Communication Site Consulting 

8 54 5 3  

Cla s s ified 

Wullenweber Antennas 

85454 

The obj ective s  of this pr oj ect we re  to meas ure  the performance 
of thr ee antennas of Wullenweber type ,  and to ver ify the suitability of 
a s ite by m.aking pattern measurements of a s imple dipole . 

Four elaborate and expens ive antenna arrays were  erected near 
Rome,  New York . It was highly des irable to ver ify the effe ctivene s s  
of these  antennas by carrying out measurements  of the ir performanc e .  

T erminal impedance o f  three antenna s  was measured over 
the operating fr equency range . Radiation patterns and gains were 
measured at thr ee  frequencies within the operating band . The 
r e su-lts wer e  analyzed and a report was pr epar ed and r eviewed . 

Additional measurements of radiation patterns of a dipole at 
Stony Point , New York were carried out . The relationship between 
the angle of depa rture  and the he ight of antenna was plotted in a 
r eport des cribing the results . "Survey of Stony Point and Ava Tes t  
Site s " by  P .  P .  Viezbicke was prepared and distributed . 

The work is  completed . The pr inting and the dis tr ibution of 
the report "Meas ured Performance of Three  HF Wullenweber 
Antennas " by P. P.  Viezbicke should finis h  the pr oj e ct . 

Pers onnel contr ibuting to the pr oj ect were :  P .  P .  Viezbicke , 
( Proj ect Leader ) ,  W .  B .  Goodwin, R. Har sh ,  J McKinney, J .  J .  
Chukoski, and R .  Fitzpatrick. 

Steerable Antenna 

85456  

The obj e ctives of the pr oj ect ar e to s tudy the exis ting s cheme s  
for antennas capable o f  s teering the main beam in any dir e ction in 
azimuth, and to cons ider var iants which would ac compli sh the same 
purpos e .  The g oal is to find an antenna which is mor e efficient in its 
utilization of elements . 
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The pr es ent communication requir ements demand increas ingly 
higher performance antenna s in terms of gain and 'dir e ctivity . This 
is obtained at a cost ,  both in money and s ize ;  the antenna , neverthe 
les s ,  r err-1ai11s usually a s ing le -function structur e ,  i . e . , it is dir ected 
in one dir e ction and is used for one channel or g r oup of communication 
channels . It is very des irable frorn the standpoint of e conomy and 
effi ciency to inve stigate pos s ibilities for employing a s ingle antenna 
for communication on s everal channels in different dir e ctions- s imul
taneous ly. 

A study of concentr ic r ing ar rays has been car ried out and a 
r eport "Theor etical Performance of Antenna Arrays of Concentric 
Circle s "  by C .  0. Stearns has been pr epared in draft form. One of 
the arrays cons idered ,  cons is ting of a central element, an inner ring 
of ten elements and an outer ring of twenty elements was constructed 
for 9 0 Me operation. No pr ovis ions wer e made for electr onic s canning . 
The array was e r e cted on a turntable . After adjustments , a radiation 
pattern clos ely approximating the theor etical was obtained.  Construc 
tion of a 2 0  Me model i s  under way. 

It is  pr oposed  to construct and put in operation the 20  Me model 
of the antenna . 

Per s onnel contr ibuting to the pr oj e ct ar e :  A. C .  Stewart ,  
(Proj e ct Leader ) ,  C .  0. Stearns , W.  L .  Martin. 

AMR Site Engineer ing Study 

85457 

The obj ective of this proj e ct was to as s i st the per s onnel of 
Eastern Divis ion GEEIA, U . S .  Air For ce in r elocation of communi 
cation facilitie s of the Atlantic Mis s ile Range .  

The pres ent communication facilities of the AMR located at 
Cape Canaveral wer e  e stablished when the mis s ile activitie s were  
very limited. .The two communication s ites  wer e located fairly 
r emotely fr om launching s ite s .  Since then the launching activitie s  
multiplied manifold, completely engulfed the transmitting s ite and 
are  crowding the r e ceiving s ite . As a result, it i s  neces sary to 
reduce the transmitter power in order to avoid the pos s ibility of 
activating the destruction charge on the mis s ile unintentionally . 
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The pr e s ent comrrmnication facilitie s at Cape Canaveral were  
ins pe cted . A map study of various pos s ible alternate locations was 
carr ied out and a number of s ites  cons idered .  Some were ruled out 
for various reas ons such as inacce s s ibility, pr oximity to inhabited 
areas , etc .  The remainder of the s ites  were  ins pe cted fr om a light 
plane or by per s onal vis its in an automobile and s ome both ways . 
An abandoned Navy air base at Malibar , Flor ida was se lected as  the 
fir s t  choice with s everal other s  as alternate s .  

Per s onnel c ontr ibuting to thi s proj e ct w e r e :  H .  V. Cottony and 
E .  L. Kilpatr ick. 

High Frequency Br oadcast Antenna Study 

85458 

The obj e ctives of  this pr oj e ct are to c ompile and analyze  pub 
li shed data conce rning r e s earch in antenna configuration and des ign 
with emphasi s  on broadcast antennas and antenna ar rays , and to make 
c omputations and extens ions of theory for su itable new antenna des igns . 
In addition, s om e  experimental antenna tests and measur ements may 
be undertaken .  

This s tudy i s  of importance be cause  of the bearing o n  poss ible 
development of m ore effe ctive VOA broadcasting and adoption of m ore  
e conomical m ethods . 

A literatur e  s ea r ch and the accumulation of material has been 
s tarted . The w or k  will be intens ified shortly after the conclus ion of 
the Radio Propagation cours e .  

It i s  anticipated that the preliminary s tudy will b e  completed 
about the s e c ond quarter FY 1 9 62 .  A plan for detailed studie s  and 
exper imental measurements will then be submitted to the s pons or 
for approval . 

Pers onnel contr ibuting to the pr oj e ct :  H .  V. C ottony.  
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Rhombic Antenna Computation Pr ogram 

8 5459 

The obj ec L  of this pr oj ect is Lo w r ite a p r o g r arn_ in Fortran 
language for the 1 604 ele ctr onic computer . This pr ogram will 
compute the far field radiation pattern and maximum gain of rhom.bic 
a:nteJl<lV'....s:::-fid:rsgeneral gr ound constants . 

This pr oj e ct will fu-rnish the Voice of America with the r e s ults 
of the des ired computations with the neces sary accuracy in a minimum 
time . 

A pr ogram has been written and che cked for the gr ound r efle c
tion coefficients for both vertical and horizontal polarization. Pr o
grams for the radiation patterns for both vertical and horizontal 
polar ization have been written. These  have been checked for perfect 
gr ound. 

The pr ograms that have been written will be  combined to form 
one pr6gram. This program will compute the radiation patterns in 
the vertical plane and the horizontal plane for a des ired angle of 
elevation, leg length, height above ground, and angle that the short 
diagonal makes with the leg of a rhombic antenna, and for conductivity 
and dielectric cons tant of the gr ound. Als o  it will locate the elevation 
and dir ection of maximum gain and compute it . 

If sufficient funds r emain, a study of the pos s ibility of program 
ming the effects of rough terrain will b e  made . 

Per s onnel contr ibuting to the pr oje ct: C. 0. Stearns , (Proj e ct 
Leader ) ,  K.  Phillips ,  H.  Davies . 



2 9 3 

RADC Field Str ength Measurements 

855 5 1  

The obj e ctive s of the proj ect are  (a )  t o  inves tigate methods or 
te chniques  of making measur ements  of complex fields which allow for 
non-planar wave s , polar ization character i s tics , dir ection of propaga 
tiDn and multipath reception s o  that a calculation of the r e spons e of an 
arbitrary antenna to the field can be made ,  and (b) to examine and 
evaluate s ever al c ommercial field- strength meters  to determine 
their adequacy for both c .  w. and pul se  measurements . Emphasi s  
is  being placed on measur ements in the 3 0 0  to  1 0 , 0 00  Mcjs portion 
of the s pectrum . 

Prior to  installation of proposed r e ce1v1ng s ystems at a s ite it 
is often des irable to be  able to accurately predict the interfer ence 
fr om various undes ired  ambient s ignals . In g eneral ,  it is not pos sible 
to do this by a s imple measur ement of the total interfer ing - s ignal 
field be cause it can be compos ed of components arr iving over s everal 
paths , each with non- linear polar ization.  If the amplitude ,  dir e ction 
of arrival , polarization and r elative time pha s e  of each multipath com 
ponent can b e  measured, an accurate prediction of the r e s pons e of an 
arbitrary antenna with a known pattern can be made . 

Two technique s wer e analytically devised  for determining fr om 
measur ements  the amplitude , direction of arr ival, polar ization and 
r elative time pha s e  of s e veral multipath con1ponents of a complex 
field . The fir s t  method r equir es  the field- str ength -meter antenna to 
move continuous ly along a track while the varying meter r eading i s  
r e corded. In the s e cond te chnique cons e cutive measur ements are 
made with the antenna in a number of fixed locations . In both te ch
niques  the measurements effe ctively synthes ize an antenna whos e  
aperture i s  equal to the distance of movement of the measuring antenna . 
It should b e  pos s ible to  s eparately measur e . the values of two or more 
multipath components who s e  angular path s eparations are equal to or 
g r eater than the beamwidth of the s ynthe s ized antenna . A track of 
fiber -glas s  -tubing construction has been de s igned and is being con
structed to exper imentally che ck the te chnique s .  

Laboratory measur ement s on a TRM - 7 ,  an FIM and an NF - 1 05 
field - str ength m eter have been s tarted. 



2 9 4  

Measur ement s  in the field are  planned to exper imentally inve s 
tigate the two field - str ength-measuring te chniques which have been 
devis ed . Additional different te chnique s will be considered .  Lab or a 
tory measur ements of the TRM-7 , FIM and NF - 1  05  in addition t o  one 
or two other mete r s  will be conducted to determine the ir accuracy, 
s ens'itivity, dynamic range ,  shielding , stability, ,detector r e s pons e s  
and other · character istics which determ ine their adequ�cy for b oth 
c .  w. and pul se  measur ement s .  Individual and comparative measur e 
ments of the equipments  will b e  made in the field . 

Per s onnel contr ibuting to the pr oj ect are :  C .  C .  Watter s on, 
(Project Leader ) ,  E .  L. Kilpatr ick, G .  T .  Blake , A.  H. Dove and 
W .  B .  Goodwin. 

RADC Field Str ength Measurements 

8550 1  
8 552 1  
85 5 6 1  
85471  

The above pr oje cts , shortly after initiation, were  combined 
with pr oject 8 555 1 .  

RADC Propagation Studies Task 2 

8552 
To  develop and implement an antenna capable of high r e s olution 

in elevation and capable of being s canned ele ctro nically at a r apid rate . 

The antenna will be used as  a r e ceiving antenna s ystem to deter 
mine the angle of arr ival of long range HF s ignals , dir ect and back
s catter . Thi s will provide information on the var iability of the angle 
of arrival of long distance backs catter s ignals . 

The r e sults of thes e  exper iments will provide information on 
the range and pr opagation mode of HF s ignals pr opagating ove r  long 
distance s  in the ionos phere .  

The plans for Fis cal Year 1 9 62 are t o  des ign and place in  opera
tion an antenna array having a high r e s olution and capable of being 
electronically s canned at a rapid rate in elevation, and to demonstrate 
its use for determining the angle of arr ival of HF s ignals . 

Per s onnel contr ibuting to the proj e ct are :  A. C .  Wils on, (Pr oj e ct 
Leader ) ,  and J .  E .  Adams . 
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Des ign of Radio Antenna Complex for Floating 

Antar ctic Re s earch Station 

85553  

The obj ective of thi s proj ect is  t o  r econcile the r equirements 
for antennas for var ious geophys ical r e s ear ch pr oj ects on board the 
Antar ctic Res earch Ship , U . S N. S. Eltanin. 

This  is  an ice - r e inforced ve s s el des igned for geophys ical 
r e s ear ch in the Antar ctic Ocean. A number  of r e s earch pr ojects 
are  to  be  carr ied out aboard the ship . It is  important to  measure 
the performance of antennas for various r e s earch projects each in 
its own location on board the ship and in pr oximity to other antennas .  

The pr oj ect is  bare ly begun. The ve s s el was vis ited and in
s pected. A complete s et of plans was obtained,  negotiations are  under 
way for construction of a 5 0 : 1 s caled ver s ion of the ship. The antenna 
range is being r eadied for the proj ect .  

Antennas reques ted by s c ientists  in charge  of  var ious pr oj ects 
will be constructed in the form of 5 0 : 1 s caled down ver s ions , placed 
in appr opr iate pos itions on the deck of the s hip . Measur ements  of 
performance will b e  carr ied out and var ious adjustment s to obtain 
optimum performance will be tried.  

Pers onnel contr ibuting to the pr oj ect ar e :  D.  R. Reed (Pr oject 
Leader ) and 0 .  D .  F ogg .  

Radio Launch Control System Ground Conductivity 

85557  

The obj ective s o f  thi s  proj ect have been  to  pr ovide consulting 
and advisory a s s is tance to the B oeing Air craft Company (as USAF 
contractor ) on the tests  of r adiation from "hardened " antennas for the 
Minuteman mis s ile pr ogr am.  Thi s is part of the Confidence Tes t  
Program.  

One of the obje ctive s o f  the Minuteman mis s ile ins tallation i s  
to  insur e that a near hit by a nuclear weapon does  not incapacitate the 
r etaliatory capability of the Minuteman installation. "Hardened" 
antennas ,  i . e . , antennas bur ied s e veral feet below the surface of  the 
g r ound are a part of the r eliability program .  Such antennas ar e quite 
inefficient and it i s  important to verify the efficiency of their r adiation, 
their radiation patterns , the r elation of the s e  factor s to ground conduc 
tivity, and to measure gr ound conductivity by a convenient method 
which give s r e sults s ignificant and accurate for the purpos e .  
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Several consultative meetings were  held and sugges tions were  
made on  the techniques of gr ound conductivity measur ements . An 
examination was made of work on the measurement of the r adiation 
pattern and s ugge stions offer ed towards improving thes e  measur e 
ment s .  

The work of the Boeing Air craft Company will be followed and 
s ugge stions and cr·iticisms offer ed as neces s ary.  

Per s onnel contributing to the proj e ct are :  A.  C.  Stewa.rt (Proj e ct 
Leader ) ,  and H .  V. Cottony. 

Wullenweber Antenna Evaluation 

85558  

The purpo s e  of this pr oject was to  carry out measur ements on 
a modified Wullenweber antenna located at RADC Stockbridge t e st s ite ,  
near Rome , New York. It s performance , in terms of gain, radiation 
pattern, and s id e -lobe level s ,  was evaluated and compared with the 
modified antenna . 

Although the modification to the antenna, permitting multibeam 
operation, was intended to impr ove its ver satility a s  an air -to - gr ound 
communications antenna, measurements  wer e  ne ce s s ary to determine 
whether the modification improved or abated its performance .  An 
evaluation of its performance,  based  on the r e sults of measur ements , 
s erved as  a guide to justify extending or limiting modifications on this 
and other antennas .  

T he performan:::e of the modified antenna was measur ed, in 
terms of gain, radiation pattern and s ide - lobe levels , and compared 
with the unmodified antenna. The r e sults of thes e  measurements were  
compiled and its performance was pre s ented in NBS Report No . 6748,  
"Performance of a Modified HF Wullenweber Antenna 1 1 •  

Pers onnel contr ibuting to this  pr oj e ct were :  P. P.  Vie zbicke , 
(Proj e ct Leader ) , W . B . Goodwin, R. Har sh, J . McKinney, J . E . Chukoski 
and R. P .  Fitzpatr ick. 
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Gr ound Communication Antenna Studie s  

8 5 5 59 

The obj e ctive of this pr oj e ct is to car r y  out measur ements 
required  to determine the suitability of bas ic antenna des igns , obtain 
performance data , and to pr ovide other information made ne ces sary 
to answer que stions aris ing from operational r equir ements  of the 
U . S .  Air F or c e .  The s tudies and measurements ar e sufficiently re s tr ic 
ted i n  s cope s o  that the e s tablishment of a s pe cial pr oj ect for each i s  
not des irable . 

The importance of the proje ct var ie s  with the parti cular problem 
involved .  In g eneral, all involve decis ions on s election, procur ement , 
or  installation of costly antenna equipment .  

The work on s caled model measurement of radiation patterns of 
U . S .  Air For ce dis cone antenna interrupted by equipment failur e wer e  
completed . A r eport o n  this s tudy is  in preparation. 

Computations of performance of moderate s ize  s upe r -gain antennas 
were  completed. A r eport 1 1Performance of Moderate -Size Super - Gain 
Antennas 1 1  by C .  0 .  Stearns was written and is  undergoing an editorial 
r eview. The value s of mutual impedances  of parallel dipole s made 
ne ce s s ary for thes e  computations have been tabulated and are al s o  to  be 
is sued as  an NBS r eport .  

Measur ements were carr ied out to determine the effect of inter 
actions between two ne sted rhombic antennas on the performance of 
each .  A r eport ,  1 1Interactions between Nested Rhombic Antennas 1 1  by 
P. P .  Viezbicke was pr epared,  r eviewed and is now being typed in the 
final ·form for r epr oduction. 

Per s onnel contr ibuting to thi s  project are : H. V. Cottony, 
(Pr oject Leader ) ,  P. P. Vie zbicke , W. G .  Goodwin, E .  L. Kilpatrick 
and C .  0 .  Stearns . 
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Navigation System s  Analys i s  

8 5 1 6 1  

The obj ective s of this project wer e t o  des ign and participate in 
experiments to t e st and evaluate radio navigation systems and r elevant 
radio propagation theory. To pro c e s s ,  analyze,  and interpr et data 
obtained from the s e  experiments . To  provide consultative s ervic e s  to 
other agencies  a s  r egards  navigation and timing systems or pro blems 
a s sociated with such systems .  

Radio navigation systems and time synchronization systems are 
fundamentally r elated ;  knowledge of pos ition i s  e s s ential to evaluate 
radio time synchronization, and time synchronization i s  an extens ion 
of  a radio po sitioning system. Navigation and timing systems have 
both recently acquired increased importance ,  with the r equir ement for 
accuracy in connection with space  tracking and guidance problems .  

Much of the work carried o n  in thi s  proj ect was of a consultative 
nature . One example oriented  toward system des ign i s  the r eport 
1 1Timing and Space  Navigation with Existing Ground Based  Systems 1 1, 
by G. Hefley, R. F .  Linfield, and R. H. Doherty,  pr e s ented at the 
AGARD Sympo s ium in Istanbul, Turkey in October ,  1 9 60.  This paper 
i s  pr es ently being pr epar ed for Journal publication. The paper de s cr ibe s  
a po s sible means o f  extending the Loran - G  timing system to  include 
space navigation. 

Work has also been carried out on thi s  proj ect to provide facilities  
and auxiliary equipment nece s s ary to  utilize the Loran- G  timing r e 
ceiver s for a sky wave monitor ing program.  Data from Loran - G  
experiments involving s ky wave r e c eption have been s tudie d  i n  a n  attempt 
to better de s crib e  the propagation medium. For example ,  iono s pheric 
conditions that can explain an obs erved latitude effect on s ignal a,mplitude 
or an obs erved pha s e  s tability accompanied by amplitude instabilitie s  
ar e b eing inve stigated. The r e sults of the s e  experiment s  and the 
a s  so cia ted theories  will be  submitted  for publication. 

The measur ements of Loran- G  sky wave s and the analys i s  of the 
data will b e  continued with the ultimate  objective of improving pr e dictions 
of the lower  iono s pher e . This work will be carried on in clo s e  co 
ordination with the theoretical group which i s  s tudying the lower iono 
sphere. Corr elation of the measured data with predictions of the 
theor etical group will b e  carried on wher ever pos sible . Consulting 
s ervice s  will b e  provided for the U. S. Coa st Guard  on a Lor an - G  sky 
wave monitor ing progr am which i s  planned. Sky wave s ignal measur e 
ment s  will b e  carr ied o n  at Table Me sa Field Site and other locations . 
The work dire cted toward a space  navigation system will b e  continued. 
This work would include a rather complete analysis  of the problem and 
a program outlined for the us e of other agencies .  



2 9 9 
Data obtained dur ing the Loran-C (originally Cytac )  feasibility 

te s t s  will b e  prepared for publication, s ince it has now been decla s s ified. 
It i s  of considerable impor tance today because  of the intere st in Loran
e for timing pur po s e s , and expans ion of the coverage areas .  

Per sonnel contributing to thi s  proj e ct were :  R.  H. Doherty (pr o 
j ect leader ) ,  G.  Hefley ( s e ction chief) ,  T .  L .  Davis , A .  H. Dove, 
C. A. Sams on, G.  F. Schreiber ,  Jr . ,  and M. W. Schro eder.  

T ransient Propagation 

8 5 1 62 

This proj e ct i s  a continuing program for the development of advanced 
theor etical concept s  and technique s to analyze transients in LF radio 
wave propagation and sys tems . 

The technical problems of LF radio navigation-timing systems 
r equire the mo s t  advanced knowledge of trans ient propagation for the 
cor r e ct interpretation of the phys ical phenomena involved and the corr ect 
interpr etation of the phy sical phenomena involved and the correct system 
implementation. The extensive inter e st in sf�ric s at  LF also r equire s  
efficient theor etical tr eatment o f  the problem of sferic propagation. 

The techniques  for the analys i s  of sferic s  via the ground wave mode 
were  developed to the extent that a ground conductivity determination 
could be made by an analys i s  of sferic s ignature s  r ecorded at differ ent 
geographic lo calitie s .  The g eneral problem of perfo rming the trans 
formation from the fr equency domain to the time doamin for the cas e  of 
linear systems was further  developed so that advanced instrumentation 
of the Loran-C  clo ck or the Lor an - C  navigation-timing systems for 
tagging a point-in-time on the pul se  could be  analyze d  in detail. In 
particular ,  the amplitude minus  the derivative of the amplitude point
in-time concept was r e duced to a large  s cale computer  code (IBM-7 04,  
CDC - 1 604 ) .  

The application o f  the transient technique s  t o  project 8 547 2 r esult 
ed  in an experim ent to te s t  a new technique fo:t; conductivity determina 
tions r eported a s  follows :  J.  R. Johler and C.  M. Lilley, "Ground 
Conductivity Determination s  at Low Radiofr equencies  by an Analysis  of 
the Sf eric Signature s  of Thunder storms 1 1 ,  (to b e  published) . 

The proj ect  will b egin the analys i s  of iono s pheric transient s  or  
transient s  propagated by r eflection, transmis sion in  an electron ... ion 
plasma, and transmis s ion thr ough an electron-ion  plasma .  An attempt 
will b e  made to analyz e c er tain non-linear transient phenomena under 
s tudy in projects  8 55 6 3, 8 55 64 . 

Per sonnel c ontributing to this project were :  J.  R. Johler (proj ect 
leader ) ,  J .  D .  Harper ,  Jr . , L. C . Walter s , C. M.  Lilley, and D.  C .  
Hyovalti. 
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Navigation Systems Instrumentation 

8 5 1 6 3  

The obj ective s of thi s  proj ect wer e t o  develop new techniqu e s  for 
the mea sur ement of propagation parameter s and s ignal characteris tic s 
which are  pertinent to radio navigation. This includes the de s ign of 
specific cir cuits for data pro c e s s ing. To compare and evaluate existing 
methods of m ea surement with r e spect to their adequacy and effic iency. 

Radio navigation systems are  concerned with accurate mea sur ement 
of time and dir ection of arrival of radio s ignals . Thes e  systems often 
r equire the ultimate in instrumentation technique s .  It i s  of paramount 
importance that instrumentation techniques  be  continually improved to 
meet the challenge of new system concept s  such a s  tho s e  in Mis tram. 

Proj ect work during the past  year  included:  ( 1 )  The conver sion of 
EPHI to u s e  microwave r ather  than coaxial cable from the antennas to 
the midpoint.  ( 2 )  The des ign of a trans istoriz ed amplifier circuit to be  
u s ed in conjunction with the measurement of  atmo spheric o r  impuls ive 
noise ,  a s  well a s  puls e  navigational s ignal s .  ( 3 )  The des ign o f  a highly 
stable trans istoriz ed  electronic ramp circuit to provide var iable delays .  
(4 ) The des ign o f  a transi stor iz ed low nois e  amplifier cir cuit. 

The low noi s e  amplifier circuit has applications as the input circuit 
to either navigation systems or atmos pheric noi s e  measur ing systems . 
The highly s table ramp cir cuit has applications in the EPHI system, in 
puls e pos ition modulation cir cuits ,  and other circuits r equir ing a s table 
electronic delay. 

Data r ecording instrument s including a digital voltmeter and an 
a s sociated  printer have been order ed. Thes e  instrument s will be used  
in  connection with the Loran - e  timing r eceiver s to  make sky wave propa 
gation mea sur ement s  at the Table Me sa Field Site .  -

Aiter  completion of the ins trumentation of the data r ecording system, 
Loran- e  propagation measur ement s  will be initiated. A transi storized  
UHF transmitter  and r eceiver will be  developed for use  with the EPID 
DF systern. The objective of this work is to make the EPID system 
portable , in that the instrumentation at the peripheral antennas might 
be completely batte ry operated. The use  of punch paper tape for the 
Loran-e data and for inve stigating characteri stic s  of atmospheric s  
will b e  tes ted. 
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Logic cir cuits ar e now utiliz ed  in the Loran- C  clock, its a s so ciated 
code generator ,  and in the Atomic Time Accumulator s ystem. It i s  
envis ioned that improved logic circuits would be o f  considerable value 
in much of the instrumentation carried on within this s ection, and an 
effort  will be made to develop s uch circuits . 

A generally r ecogniz ed limitation of VLF systems for timing is  the 
uncertainty in cycle identification. The disper s ive characteristics of 
the VLF transmi s sion medium over long paths has not been adequately 
evaluated. A further  obj e ctive i s  therefore  to measur e the disper sion 
of VLF signals (WWVL and/ o r  NBA} in order to define their limitations 
for timing purpo s e s . 

Per s onnel contributing to thi s  proj ect wer e �  R. F. Linfield and 
R. H. Doherty (project leade rs }, E .  E .  Johns on, C. A. Sams on, C. J .  
England, .\I' .  L. Davis ,  and M. W .  Schr oeder . 

LF -V LF Ground Conductivity 

8 5 1 64 

Refer to  proj e ct No. 8 54 66. 

Per s onnel contributing to thi s  project wer e :  G. Hefley (proj ect 
leader } ,  C. J .  England, E. L. Berger , E. E. Johnson, C .  M. Lilley, 
J. D. Harper ,  Jr . , J .  R. Johler ,  L. C . Walter s , D. C .  Hyovalti, 
and C. A. Samson. 
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Atomic Time Accumulator 

8 5 1 65  

The obj ective of thi s  proje ct i s  to  des ign and construct instrumen
tation which will operate as a fail - safe clock. This instrumentation 
will be u s e d  by· tl1e Radio Sta11dards Laboratory in conjunction \:vith a 
fail- safe fr equency s ource .  

Historically, our time has been  derived from a stronomical s our c e s .  
Thi s  s our ce  of  time is  subje ct to  error s of the order o f  1 milli s econd 
for any given obs ervation. Pre sent day r equirement s often demand 
that time int ervals be mea sur ed mor e pr ecis ely. A clock operating 
from the be s t  available fr equency s our ce  is capable of measuring time 
int�rvals to b etter than 1 micro s econd a s  r elated  to that frequency 
source .  Thi s  program will provide a means for the National Bureau of 
Standards to maintain a time s cale bas ed on the period of an atomic 
transition. Several such time s cales ar e being maintained internationally, 
and their comparison i s  of s cientific importance ,  in view of international 
consideration of r edefining the s econd in terms of an atomic trans ition. 
A means is also pr ovided for the National Bur eau of Standard s  to check 
various time s ignals against  an atomic s our ce and to publish correction s  
of thes e  time s ignals a s  they r elate t o  the atomic time s ource .  

The bas ic concept o f  this instrumentation i s  fir st ,  a number of 
pulse  divider s to provide redundancy and allow for checks against each 
other ; s econd, battery s tandby power to provide for uninterrupted 
s ervice if prhna:ry power i s  interrupted ;  and third,  a means for r ead
ing out or  checking the divider s one against another . The obj ective of 
the entir e instrumentation is to provide 1 s e cond and 1 minute puls e s  
derived from the 1 Me standard fr equency o n  a fail- safe bas i s .  

Des ign and prototype production have been completed for two dif
ferent pul se  type divider s and for a r eadout display unit to operate with 
the s e  divider s .  De sign of the fail- safe power s upplie s including battery 
standby power with automatic r e charging technique s  ha s been completed, 
but the materials for the power supplies  have not been ordered. The 
fir st  divider incorporates  the us e  of binary techniqu e s  to divide by 1 00 
in 3 s erial � tage s ,  ther eby giving a divis ion of 1 0 6 in time inc r ement s  
from one micro s econd t o  1 s e cond. The s e  3 s tage s are followed by 1 
s tage of divis ion by 60 to give a 1 minute output. The divider is s caled 
down from a count of 1 2 8  to 1 00 by a coincidence cir cuit. The total 
propagation delay through this divider from the 1 micro second input to 
the 1 minute output i s  400  nanos econds . The s econd divider de s ign in
corporates the u s e  of b eam- switching tubes  to provide division from 1 
micr os econd to 1 s e cond. An a dditional divide by 1 0  stage and a divide 
by 6 stage give the 1 minute output. This circuit has a total of 1 50 
nano s econd delay. 
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The clock- readout unit consists  of 8 identical decades ,  each of 

which contains binary counter s to divide by 1 0  with storage and visual 
r eadout circuits that are  activated by a r ead command. The r ead com
mand will be  derived from the 1 s econd or  1 minute outputs of the 
various divider s ,  although any random puls e  can be us ed to display the 
time.  This flexibility allows the clock-readout unit to be used for 
checking any time s ignal from which a pulse  can be derived. The clock
r eadout unit will not have fail- safe power but doe s  have means for 
automatic s etting of  the clock from any of the other divider s .  Each 
divider also has  m eans for automatic s et or r e s et from any of the other 
divider s .  An order has been placed for construction of three of the 
beam- switching tube divider s us ing the Burroughs 1 1Beam-X1 1  tube, and 
plans are pre s ently being made to place  an order for the entire clo ck 
r eadout unit a s  well as  batterie s and other component parts  for fail-
safe power supplie s .  

Plans for Fis cal Year 1 9 62 ar e to complete the procurement of 
components  and to integrate all of the various component s  into a packaged 
system. Pre sent plans call for l clock r eadout unit and 6 divider units 
to operate together . The de sign i s  such that additional divider s could 
be added to the system as they are  de sir ed. Additional divider s will 
provide gr eater r eliability against lo s s  of the accumulated time.  An 
additional clock r eadout unit would provide complete redundancy in this 
portion of the system. This may be important if the Bureau is monitoring 
s ignals and must have a continuous output for this type of work. It 
may be  advantag eous to prepare complete specifications ,  circuit diagrams,  
working diagram s ,  etc . , for  the procur ement of  any additional equip
ment to be u s ed with this  system. 

Per sonnel contributing to this proj ect wer e :  R. F. Linfield and 
R. H. Doherty (project leaders ) ,  G. Hefley ( section chief) , E. L. Berger , 
T .  L. Davis ,  E .  E .  Johnson, M. W. Schroeder , J .  D. Harper,  Jr . , 
J.  R .  Johler ,  C .  M. Lilley, and L. C .  Walter s .  
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ELF-ULF Propagation Re s earch 

8 54 0 1  

This proj ect i s  a continuing program for the development of 
theoretical concepts and technique s for the study of ELF -ULF (extra 
low frequency-ultra low fr equency} propagation, i . e . , propagation 
about the earth of radio wave s in the frequency rang e  below 30 kc / s . 

ELF -ULF waves have stimulated considerable s cientific interest  
in recent year s in  the field of  geophysics ,  s ince the waves travel in  the 
ground and in the ionosphere .  The po s s ibility of practical applications 
for such waves  has also  stimulated further r e s ear ch. The inter e st in 
the theor etical problems of ELF -ULF is therefor e a s suming even 
gr eater importance. 

A technique was developed to s olve the rigorous  electromagnetic 
problem of the propagation of s pherical ELF -ULF wave s in and about 
a s pher ical earth of finite conductivity by a direct us e of the s calar 
wave equation in the Hertz vector in a s eries  of zonal harmonic s .  Pr e 
limina;ry computations have been succes sfully carried out o n  a large  
s cale electronic computer . Basic  techniques for the calculation of a 
variety of Hankel and Bes s el functions wer e worked out in detail. The 
effect of the iono sphere " shell" was introduced into the analysis  and the 
analysis  was extended generally to include multiple shells of both 
iono sphere and ground (vertical stratification) . The effect of the heavy 
ions in the ionospher e was s tudied. 

The technical objectives of thi s program will be  continued under 
proj ect 8 55 6 3 . 

Per s onnel contributing to thi s proj ect were �  J .  R .  Johler (porj ect 
leader ) ,  L. A. Berry, L. C .  Walter s ,  and C .  M. Lilley. 
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Development of a Loran - G  Clock and a 
UHF Timing Distribution System 

8 54 64 

The obj ective s of thi s  proj e ct were  to study and demonstrate the 
feasibility of a m ethod for time synchronization to the order of 1 micro 
s econd over gr eat distance s ,  and t o  provide a method for time code 
distribution by UHF to terminal equipment with an accuracy of the order 
of 1 micr o s econd within line -of- sight transmis sion distance s .  

Time synchronization accuracies o f  1 micro s econd a r e  obtainable 
from Loran - G  within the ground wave range of the transmitter . This 
accuracy i s  approximately 1 ,  0 0 0  time s better than that obtainable by 
high frequency technique s  such a s  WWV and at least 1 0 - 50 time s  better 
than obtainable us ing V LF s ignals .  Since Loran-G  incorporates  slaved 
o s cillator technique s ,  this  system provides a means for transferring 
time and frequency standards fr om one location to another . Loran -G  
sky wave s ignals have not been completely evaluated, although i t  appear s 
that improvement over existing systems may be achieved in time and 
frequency synchronization. Further study is needed to e stablish the 
us eful range of the s e  sky wave s ignals ,  but at least 5, 0 0 0  miles i s  
anticipated dur ing certain portions o f  the night. 

Local time distribution systems have u s ed land lines or radio links 
in which a s eparate frequency i s  u s ed for each format of information to 
be transmitted. In this proj ect a system has been devis ed bas ed on 
pul s e  po sition modulation wherein a single UHF frequency is capable of 
carrying many time code s to the terminal points .  

Fea s ibility tests  of  the time synchronization were  conducted by 
operating clo cks on the Atlantic Mis s ile Range during October,  1 9 60 . 
T ime synchronization was checked at various points  on the Atlantic 
Mis sile Range (Cape Canaveral, Jupiter , Florida,  Grand Bahama Island, 
Grand Turk I s land, Puerto Rico ,  Antigua Is land, Ascension I s land and 
Johannesburg ,  South Mrica)  and at the Canary Is lands and the Azore s .  
T ime synchronization of 1 micr o s econd accuracy was demonstrated 
within the ground wave range of the s ignals r e c eived ; however ,  the 
r ec eiver s used  wer e not capable of obtaining range that i s  po s sible with 
better r e c eiver s .  The sky wave synchronization mea surement s  showed 
at least 1 0  to 50 micros econd capabilitie s  with the r eceiver s used, but 
it was felt that the tests  wer e s omewhat inconclusive due to the poor 
r eceiver performance.  

A time code g enerator was operated dir ectly from the Loran- G 
clock. This generator wa s capable of producing the new IRIG code 
formats a s  w ell a s  the old AMR code formats .  The UHF distribution 
system operating from this g enerator was demonstrated at the Cape. 
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Complete specifications for the UHF distribution system, including 
circuit diagram s  for a terminal point decoder and logic diagrams for 
the encoder to operate from existing time code generato r s  or the Loran
e clock time code g enerator , were  deliver ed to GEEIA for their us e in 
procurement. 

In January of 1 9 6 1 ,  four Loran-C  timing r eceiver s built by Sperry 
Gyro s cope Company to NBS specifications were  deliver ed. The se  r e 
ceiver s have demonstrated far better performance than the SPN- 2 8  
r e c eiver s  us ed o n  the down-range tests .  Plans are  pre s ently being 
made to u s e  the s e  r eceiver s in the NBS program for monitoring Loran
e time signals· as controlled by the Naval Obs ervatory. 

During the pa st year the T elecommunication �Working Group of the 
Inter -Range  Instrumentation Group has r eviewed the range time synchro 
nization problem, and i s  recommending that Loran - C  b e  us ed by the 
mis s ile rang e s  a s  the primary time synchronization system on a virtually 
world wide basis . The Loran-C system will be  us ed in conjunction with 
pre s ently existing VLF systems . VLF and Loran-C can s upport each 
other to a mutual advantage .  They (TCWG} further r ecommend that 
additional Loran- C  transmitter s be installed to give ground wave coverage 
of the Continental United States and sky wave coverage on a world wide 
basis . The s e  r e commendations are  being made as a dir ect r e sult of 
the NBS Loran-C clock development. 

A r eport entitled "Widely Separatea Clocks with Micro s econd 
Synchr onization and Independent Distr ibution System s  1 1 ,  by T .  L. Davis 
and R.  H. Doherty, wa s pre sented at the WESCON Convention in Lo s 
Angele� ,  California. The r eport was published in the WESCON Con
vention Record and later in the IRE Transactions on Space Electronics  
and Telemetry. Another r eport bas ed on  this work entitled "Timing 
and Space Navigation with Existing Ground Ba s e  Systems 1 1 ,  by G. Hefley, 
R. F. Linfield, and R. H. Doherty, was pr e s ented at the AGARD Meet
ing in I stanbul, Turkey by G. Hefley, and thi s r eport will appear in the 
AGARD publication. 

The immediate and specific obj ectives of this proj ect have been 
completed. The Naval Obs ervatory will undertake the operational 
time synchronization of the Loran network. Ther e are no plans for NBS 
continuation of this proj ect in F Y - 62. 

Per sonnel contributing to thi s  project wer e :  R .  H. Doherty {pro 
j ect leader ) ,  G. Hefley ( s ection chief } ,  T ,  L. Davis ,  E .  L. Berger ,  
R. F. Linfield, J. D. Harper ,  Jr . , A.  H.  Dove,  C .  J .  England, E .  E .  
Johnson, M.  W.  Schroeder , atnd G. F .  Schrteiber,  Jr .  
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LF-VLF Sferic Measur ements 

8 54 6 6  

The obj ective of this proj ect i s  the determination o f  effective 
ground conductivity from sferic obs ervations . 

A method of conductivity mapping i s  urgently needed to predict the 
performance of V LF and LF system s .  Virtually no conductivity maps 
ar e in existance which ar e valid at the s e  fr equencie s .  

Data taken at  Brighton, Colorado and Leoti, Kansas  wer e analyzed 
to test  a new theory for the determination of effective conductivity by 
taking into account the modification of sferic wave forms when propa 
gated over a particular path. 

The analysis  showed that the theory was valid. The r esults of thi s 
analysis  ar e d e s cr ib ed under proj ect 8 5 1 62 .  (Pr oj ects 8 5 1 64 and 8 5 1 62 
have been combined becaus e  the natur e of the analytical work in both 
project s  i s  entir ely similar . }  

The funding in this proj ect was not adequate to carry  out the above 
work. Additional funding was provided by project 8 5 1 64 who s e  basic 
obj ective s wer e identical. 

This proj ect i s  terminated. 

Per s onnel contributing to this proj ect wer e :  G. Hefley (project 
leader } ,  and C .  M. Lilley. 



3 0 8 
Development of Random-Motion 

High Speed Camera 

8 54 67 

The  objective of thi s  proje ct was to des ign and construct a random
action camera capable of r e cycling in l u  8 millis e conds .. This '."!ork v1ill 
be re lated to work on an earlier camera capable of r e cycling in 7 
millis econds .  

The  development of a camera of  this type ,  capable o f  operating at 
such high speeds,  will provide a new and us eful tool to r ecord a wide 
variety of data ; and to measure many randomly o ccurring event s  s uch 
as sferic s or rapidly o ccurring radio signals . 

T e st s  have been conducted to evaluate the feasibility of using an 
induction disk drive for the camera. A four layer diode cir cuit has 
been tested for the drive to the induction disk. The 7 milli second camera 
used  a voice coil drive and thyratrons in the electronic s .  The us e of  an 
induction disk and the four layer diode s  appear s promising in r educing 
r ecycling time from 7 milli s econds to approximately 1 to 2 milli s econds .  

The general a s s embly drawings have been completed and machine 
work is progr e s sing. 

Plans for Fiscal Y ear 1 9 62 are to complete the detailed drawing s 
and to complete shop construction of the camera. The electronic drive 
cir cuitry will be built and te sted s eparately, and then the entir e camera 
will be te sted prior to delivery. Delivery of the completed camera i s  
anticipated to b e  no later than August 30 , 1 9 61 .  

Per sonnel contributing to this proje ct wer e :  E .  L. Berger (proj e ct 
leader ) ,  and G. Hefley ( s e ction chief) .  
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Ground Wave Field Intens ity 
Calculation s 

854 68 

The purpo s e  of this project is to  evaluate height-gain factors for 
the s e a-water  c as e  for variable antenna and rec eiver heights for frequen
cie s  from one and a half through three  megacycles . 

This project  is spons ored by Avco Corporation to fulfill ce rtain 
requir ements of Defens e Contract No . AF 19 - 604 -409 2 .  The time 
element is very important to this company, as it would take many months 
for it to develop the bas ic methods and compute r programs to obtain the 
values de s ir ed. 

The c al culations have been c ompleted and forwarded for a per 
mittivity laps e of 0 .  7 5 .  A few calculations for a permittivity lapse of 
0 .  8 5  have been s ent for examination and c omparis on with the values  
c ompl eted. 

The rema1n1ng c alculations which are c ons idered neces s ary for 
Avco to c omplete the pr oject will be unde rtaken . The parameters 
nec es s ary for the s e  c alculations will be known as s oon as the work pre 
viously s ent is examined.  

Per s onnel  contributing to  this proje ct wer e :  J. R .  Johler (pr o 
j e ct leader } .  
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Mer cury MUF / LUF Computer 
Program 

8 5469  

The objective of  this  proj ect i s  to  provide radio propagation pre 
diction in s elected high fr equency radio links to b e  us ed in proj ect 
Mer cury. 

The proj ect is of dire ct importance to the space  program of the 
nation. 

A computer program has been devi s ed to compute the MUF for any 
radio link. Clo s e  co -ordination was maintained with proj ect 8 547 3 
during its development. The basis  for the program was ' 'Ground T ele 
communications Performance Standards ", Volume 1 ,  Chapter l ,  Section 
l - 5, produced for GEEIA, Rome, New York, with the r eplacement of 
Table l - 2 ,  to F 2 and M-4000  maps ,  with coefficients  from numerical 
mapping technique s  devi s ed by Jone s and Gallet, NBS Report 67 55 .  

T.echnique s  for the development o f  an  advanced  LUF program for 
lar g e  s cale computer s have been investigated, but the final form of the 
program has been awaiting efficient technique s  for obtaining mapped 
parameter s ,  such as  nois e , layer height, etc .  

I t  i s  anticipated that the work of  this proje ct will be continued under 
NBS project 8 547 3. 

Per sonnel contributing to this proj ect wer e :  J. D. Harper,  Jr .  
(project leader ) .  
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Radio Launch Control  System, Sky Wave 
Interfer ence in Modulation System 

8 5 548 

The obj ective of this proj ect i s  to determine the effects of sky 
waves  on the buried antenna system Boeing i s  evaluating for the Minute
man program. 

The communication for thi s  program mus t  be  accurate and r e liable. 
Any interference due to sky wave contamination could s erious ly degrade 
the a ccuracy and/ or r eliability. It i s  e s s ential that all aspect s  of this 
po s sible contamination be evaluated to a s sure the best  pos sible system 
performance. 

A trip was made to Warrensburg ,  Mis souri on February 7 - 9 ,  1 9 6 1  
while Boeing w a s  conducting confidence tests . Pulse  transmis s ions 
were  obs erved at a distance of 65 mile s  to determine the exi stence or 
non - existence of sky wave s .  It was felt that s om e  sky waves were  
pr e s ent,  but it was  impos sible to  evaluate any effect that might exists 
It was determined that the instrumentation should be cleaned up and the 
measur ements  should be  r epeated. Unfortunately the transmitting 
equipment was destroyed in a fire before this could be  done. 

Plans for Fis cal Year 1 9 62 ar e to carry on the measurement program 
with the new transmitting equipment and to complete the evaluation of 
sky wave s ignals interference on the radio launch system. 

Per sonnel contributing to thi s  proj e ct wer e :  R.  F. Linfield and 
R. H. Doherty (proj ect leader s ) .  

ELF Prince 

8 5 5 62  

CLASSIFIED 
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RADC Propagation Studies 

Task 4 

85563 

The objective of this project is to develop' a flexible mathematical 
model for the ionosphere for the LF-VLF and the MF-HF wave propa
gation and use these models to determine the effects of disturbances of 
various types on the wave propagated through the lower ionosphere. 

The availability of a large electronic computer makes it possible 
to study analytically the effect of disturbed ionospheric models on wave 
propagation. 

The initial work on the project was begun in April, and the flexible 
theoretical ionosphere model was developed for the CDC- 1 604 computer. 
The model comprised a multi-slab electron-ion plasma with superposed 
magnetic induction of arbitrary direction which could be adjusted to fit 
most any electron density-altitude collision frequency-altitude measured 
profile. The analysis system was cumpletely rigorous for the assumed 
model since only Maxwell' s equations and the equation of motion of the 
electron were assumed. The Boltzmann theory of ionized gases was 
studied in some detail and the introduction of recent developments in 
this theory was introduced into the analysis as an extension of the classical 
magneto-ionic theory. The introduction of Boltzmann's theory was 
necessary to take account of the interaction of elastic waves with electro
magnetic waves and to take account of non-linear amplitude effects as 
a result of large signals. The model was tested by an application to the 
study �f a disturbance of solar origin in the lower ionosphere: J. R. 
Johler and J. D. Harper, Jr., On the effect of a solar disturbance on 
the low frequency ionosphere reflection process, 6th AGARD Ionospheric 
Research Committee Meeting, 1 5- 1 8  May 1 96 1 ,  Naples, Italy for 
Advisory Group for Aeronautical Research and Development, Organisation 
du Traite de P Atlantique Nord, 64, rue de Varenne, Paris 7, erne (to 
be published, Pergamon Press) ( 1 9 6 1  ). 

Plans for Fiscal Year 1 962 are: (a) The "diffusely bounded" model 
ionosphere will be developed by a further exploitation of Boltzmann 
theory of ionized gases, and transmission and reflection coefficients will 
be evaluated at LF-VLF utilizing the most recent geophysical data. (b) 
Perform a1.Ld.lysis of the disturbance of the ionosphere and attempt to 
form a model disturbance. (c) Consider the effect of the deformation 
of the spherical geometry o£ the ionosphere and the redistribution of the 
diffuse boundary as sources of field changes in waves propagated point
to-point along the surface of the earth. (d) Develop a description of the 
lower ionosphere "transmission coefficient", both amplitude and phase 
for quiescent conditions. (e) Determine the effect of disturbances of 
various types on the wave propagated through the lower ionosphere. 
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Personnel contributing to this project were� J. R. Johler, (project 
leader), C. M. Lilley, L. C. Walters, L. A, Berry, and D. C. 
Hyovalti. 

RADC Propagation Studies 
Task 5 

85564 

The objectives of this project were to develop a series of graphs, 
curves, and charts in a form suitable for practical system studies in 
the LF-VLF-ELF region. 

This project is an important adjunct to project 8556 3, since it is 
considered essential to know the normal behavior of the LF-VLF-ELF 
waves before the effect of a disturbance of the ionosphere can be proper
ly assumed. 

This project was initiated in April 1 96 1 ,  and work on the sky wave 
field has been dependent upon the results of 85563, or the development 
of a suitable model for the ionosphere. However, a detailed study of 
the ·ground wave has been reported as follows� L. C. Walters and J. R. 
Johler, On the propagation of spherical waves in the vicinity of a sphere, 
(to be published NBS Journal of Research, Section D). 

The work on this project will attempt to construct field intensity 
curves from available techniques to cover LF-VLF-ELF for various 
distances employing various models of the ionosphere for day, night, 
quiescent and disturbed-blackout models of the lower ionosphere. 

Personnel contributing to this project were: J. R. Johler (project 
leader), L. A. Berry, L. C. Walters, J. D. Harper, Jr., D. C. 
Hyovalti, and C. M. Lilley. 
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RADC Propagation Studie s 

Ta sk 6 

8 5 5 65 

The obj ective of thi s  proj ect was to determine the effect of natural 
occurring phenornena such as lightning strokes ,  s olar disturbance s ,  
etc . , on the phase ,  amplitude, background noi s e  level, etc . , of trans 
mis sion in the LF -VLF r egion. 

A problem exists in the detection of very weak s ignals with narrow 
bandwidth in the ELF through LF r egions of the radio spectrum. The 
natural nois e  i s  inten s e  and characteristically impulsive to the extent 
that any linear system will r espond to the transient and interfer e with 
the des ired s ignal for a period of time much longer than the impuls e .  
Thi s  time i s  r elated to the parameter s of the particular system. 

In designing any system requir ed to m ea sure weak s ignals at low 
fr equencies ,  it i s  extr emely important to under stand the natur e of the 
interference .  Once the interfer ence is  under stood, the logical next 
step i s  to de s ign cir cuits that will either eliminate the interfer ence or  
operate b e st in  its pre s ence.  

Cir cuitry has been designed to detect atmospherics  and to gate them 
out. This cir cuitry i s  pr es ently being u s ed to count the number of 
sferic s exceeding a given amplitude and to r ecord the percent of time 
occupied by the s e  sferic s .  For example ,  on a typical summer morning 
the sferic rate exceeding 50 mv/meter was 1 0 /  s ec and the percent 
occupancy of the se  sferic s was O.  1 percent. By afternoon the rate may 
incr eas e  to over 1 00 /  s ec and the o ccupancy may approach 2 per cent .  

Work is  continuing on the instrumentation of  the Brighton Field Site 
and a mobile unit for directional  obs ervations of sferic s with the Ephi 
system. 

Plans for Fis cal Y ear 1 9 62 ar e to monitor sferic activity at Brighton, 
Colorado and s imultaneous ly at another location ( sugge sted China Lake,  
California) measure dir ectional and other characteristics of atmo s pheric 
nois e .  To continue work on the gating and r e ceiving technique s  in order 
to demonstrate means for b e st operating an extremely s ensitive r e 
ceiving system in the pr e s ence of impuls ive noi s e .  To  investigate the 
pos s ibility of using dire ctional techniques to r educe  interference level 
and to determine the directiJn of arrival of the de s ir ed s ignal. 

Per sonnel contributing to this  proj ect wer e :  R. H. Doherty (pr o 
j ect leader ) ,  G .  Hefley ( s e ction chief),  E .  L. Berger ,  T .  L .  Davi s ,  
C .  J .  England, M .  W .  Schr o eder,  E .  E .  Johns on, and C .  M. Lilley. 



UPPER ATMOSPHERE AN D SPACE PHYSICS 

DIVISION 87 



8 7 1 0  

U P P E R  ATMOSPHERE AND I PLASMA PHYSICS 

C H I E F - R M. GALLET I I 

UPPER ATMOSPH ERE AND SPACE PHYSICS 

ASST. D I V I S I O N  C H I E F  

( VACANT) 

CONSULTANT 

R. J. SLUTZ 

8 7 50 

I O NOSPHERE AND 
EXOSP HERE  SCATTER 

8 7.00 

DIV IS ION CHIEF - C. G. L I TTLE 
SECRETARY - M.  J. BENED ICT 

A D M I N I STRATIVE OFFICER 

R. T. F ROST 

1- 1 
_ _r-�o�suLTANT 

I - D. K. BA ILEY 

ELECTRONIC 
INSTRUMENTATION LABORATORY 
J M. WATTS G. R. SUGAR 

---------------

87.70 

A I RGL0\11 AND AURORA 

CHIEF- K. L. BOWLES 
CH IEF-F  E. ROACH 

JICAMARCA RADIO OBSERVATORY F R ITZ PEAK OBSERVATORY 

L I M A ,  P E RU ROLLINSVILLE, COLORADO 

��-·· 

�� 
87.80 

IONOSPHic R IC  R A D I O  ASTRONOMY 

! i CHIEF-R. S. LAWRENCE 



U P P E R  AT M O S P H E R E  A N D S PA C E  P H YS I CS 

Cons ulting and Advis o ry Se rvic e s  

871 01 

An important aspect  of the Bureau ' s  r e s pons ibilities is to make avail 
able to the nation info rmation and advic e within the c ompe tenc e of its s c ientis ts 
and engine e r s . This proj e c t  s upports the c ons ulting and advisory work of the 
D ivis ion ' s  s taff in relation to industrial organizations , r e s ea rch ins titutions , 
unive r s itie s ,  agenc ie s , and s c ie ntific and profe s s ional s o c ieties , and pe rmits 
the rapid d i s s emination of the s c ientific info rmation and expe rience exis ting 
within the Divis ion.  An active inte rchange of s c ientific information is e s s ential  
to the progre s s  of s c ie nc e  and technology . National and inte rnational o r gani. 
zations such as  the Ame rican Geophys ic al Union (AGU) ,  the International 
Sc ientific Radio Union (URSI ) ,  the International Radio Cons ultative Committee 
( CC IR ) ,  the Inte rnational Union of Geodesy and Geophys ic s  ( IUGG) ,  the (inte r 
nationa l )  Committe e o n  Spac e  R e s earch (COSPAR ), and othe rs  exis t ,  in pa rt,  
to fulfil this nee d .  Partic ipation in s uch organizations both fulfil s national and 
international re spons ibilitie s ,  and als o obtains info rmation e s s ential to the 
s uc c e s sful progr e s s of our work. 

Formal c ommittee  appointments of s taff memb e r s  includ e :  fo r the 
International Radio Cons ultative Committee ,  the Chairman of the International 
Study G roup for the Ionos phe re , and members hip in the International Working 
Party fo r an Ionos phe r ic Index;  fo r the Inte rnational Sc ientific Radio Union, 
the Sec reta ry of the U. S.  Commis s ion on the Ionos phe r e ,  the Coordinato r of 
Iono s phe r ic Abs o rption , A - 2 ,  and members hip on the URSI/ IGY subcommittee 
and the U.  S .  Committee on the Exos phe r e ;  for the Inte rnational Counc il of 
Sc ie ntific Unions , the deputy r eporte r  fo r the IGY Air glow program and edito r 
of the re levant volume of the IGY Annals ; for the U . S .  Telecommunications 
Planning Committe e ,  the Chairman of the Res earch and Deve lopment Panel ;  
for the National Aeronautical  Spac e Adminis tration,  memb e r ship o f  s e ve ral 
NASA working g roups and other  c ommittee s ; and fo r the National Academy of 
Sc ienc e , memb e r  of  the Committee on Atmos phe ric Sc ienc e s , Chairman of the 
Upp e r  Atmosphe r e  Panel of the Committee on Polar R e s e a rc h ,  and memb e r s  of 
the Space  Science Board C ommittees  on As tronomy , and on the Atmosphe res  of 
the Earth and the Plane ts . All the s e  c ommitte e s  or groups have been active 
during the yea r .  
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Much of the information that we have obtained thr ough our radio 
and optical s tudies  of the upper atmo s phe re , and our labo ratory stud ie s  of 
plasma , is extremely pertinent to the pres ent national empha s is on space  
r e s earch .  We have the refore  fr equently been consulted by s c ientis ts and 
enginee r s  with problems in areas of our c ompetenc e .  In add ition, four invited 
pape rs  we r e  given by memb e r s  of our s taff at the XIIIth Gene ral As s embly 
of URSI,  held in London in Septembe r 1 9 6 0 ,  and one invited pape r  each at 
the International Sympos ium on Ae ronomy , held in Copenhagen in July 1 9 6 0 ,  
the meeting o f  the Ins trument Soc iety o f  Ame rica, held in New York in 
Septembe r  1 9 6 0 ,  and the me eting of the Ame rican Phys ical Soc iety, held in 
Mexico City in June 1 96 1 . Seve ral other  papers  have been pres ented at the 
two national rneetings of URSI, at the spr ing meeting of the Ame rican G e o 
phys ical Union, and a t  the COSPAR meeting in Florenc e ,  Italy . 

The following pers onnel worked on this p roject :  C .  G .  Little 
(p roje c t  lead e r ) , D .  M .  Gate s , D .  K. Baile'y , R .  M .  Gallet ,  K. L .  Bowles , 
F .  E .  Roac h, and R .  S .  Lawrenc e .  

Spectro s c opy 

8 71 0 3  

Atmosphe ric Spec tr o s c opy 

87405  

The objective s o f  this prog ram are  to  s tudy the properties  of the 
middle and upper  atmo sphe re by spectro s c opic technique s .  The program 
consists  of s e ve ral parts being worked on c oncur rently . The s e  a r e :  far 
infrared spec trograph fo r high altitude r e s earch from balloons ; theo r e tical 
s tudie s of the atmo sphe ric transmis s ion functions ; s implified balloon ins tru
mentation fo r o zone , wate r vapor , and carbon dioxide measurements of the 
earth ' s  atmosphe r e ; high reso lution spectroscopic s tudie s of the atmo s phe re 
in emis s ion and abs o rption ; high r e s olution laboratory s tud ies  of atmo sphe r ic 
ga s e s  und e r  varying c onditions of pres sure and temperatur e .  

The balloon -borne far infrared spectrograph experiment will give 
important knowledge c onc e rning the distribution of atmo sphe r ic water vapor at 
high altitud e s . It is  the only technique available fo r giving the total wate r vapor 
p r e s ent betwe en the balloon and the photodis s o c iation leve l  around 80 km . In 
addition,  the exp e r iment will give the s olar spectrum between 2 0 and 4 0  mic rons 
wavelength , a wavelength re gion in which the sun ha s neve r been s een from the 
ground due to the opac ity of the atmosphe re . One balloon flight in Novembe r 
1 961 has been obtained in add ition to the one reported for FY 196 0 .  The pointing 
c ontrol failed and no data were obtained . As a re sult  the task of improving the 
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r e liability of the ins trument ,  which was originally obtained c omme rcially , wa s 
und e r taken.  The improvements which are  being inco rporated  into the sys tem 
a r e , (1 ) an automatic gain control to take into acc ount change s of s ola r intens ity , 
and (2 ) a new type of s ens o r  fo r the " eye s "  of the s eeke r .  It i s  hoped that the 
e quipment will be ready for flight ear ly in FY 1 96 2 .  

D etailed wavelength behavior o f  transmis s ion functions fo r the actual 
atmo sphe r e  a r e  much ne eded by atmosphe r ic phys ic ists . The s e  are  not currently 
available and s o  the Atmo s phe r ic Spe ctro s c opy Group has und ertaken a s mall 
c omputational  program to obtain the s e  transmis s ion functions . This info rmation 
is a l s o  needed  in order  to inte rpret  the obs e rvations made on the project .  

The infra red transmis s ion of the atmos phe r e  to  s olar  radiation in  the 
4. 3 micron absorption band of ca rbon d ioxide has been  c omputed by means of 
an ite rative proc e s s .  A r e gular band model  is us ed  for this theoretical analys is . 
The c omputed transm is s ions are  bas e d  on low r e s o lution labo ratory data and 
when appl ied to s lant paths through the atmos phe � e  give r e sults which are  in 
c omplete agre ement with obs e rvations made from balloons by another  re s earch  
group . All  ne c e s s a ry programs for  the calculation of oth e r  band s of  C02 are  
r eady . As  s oon a s  time is  availabl e ,  hop efully in Au gus t  of  1 961 ,  work w11l b e  
complete d .  

In o r d e r  t o  obtain good laboratory data t o  us e in the inte rpretation of 
atmosphe r ic spectros c opic obs e r va tions , a high r e s olution infrared spectro 
meter  is now unde r  c ons truction. This ins trument has been  planned, and detailed 
drawings mad e  for its construc tion .  Ce rta in parts , such a s  the la rge mirror , 
have been o rd e r e d . When c ompleted , this ins trument will give as  good a r e s o 
lution a s  any ins trument available and will pe rmit s ome ve ry exc ellent experi 
m ents to be done on  the transmis s ion prope rtie s of atmos phe r ic ga s e s  as a 
func tion of pr e s s ur e  and tempe rature .  

A thorough analy s is and s tudy is being cur rently car ried out of s ome 
infra red data from obs ervations made by D r .  Gates  s evB-r_al years ago of the 
earth 1 s  atmos phe r e .  It is exp e c ted  that this  analys is will give-the d etailed 
behavio r of  the abs o rption c oeffic ients ,  wavelength by wavelength, throughout 
the infrared  spectrum from 1 .  0 to 12 . 0 mic rons in wavelength . 

This work is partly supported by the Offic e  of Naval Re s earch .  

The following p e r s onnel worked on  the s e  projects : D .  M .  Gates 
L. R .  Me gill (project  lead e r ) ,  Linus S .  D r ee s ,  Arthur B .  Shafe r ,  Walte r 

Har r op ,  Leann D roppleman. 



32 0 

Spe c trome ters 

8 7404 ,  8 7812 

The objective of this projec t  is to d e s ign and c ons truct s everal  spectro 
mete rs  fo r obs e r vatio.n of :nigl1t sky- eir1is s io11S i11 th.e infra r ed re gion of the 
spectrum. The s e  ins truments are being d e s igned to achieve the highe s t  r e s o 
lution pos s ible c ons is tent with the low intens ity , diffus e s ourc e  o f  radiation 
pres ented by the night sky .  The important quantity t o  b e  c ons id e r ed in the 
d e s ign of any spectromete r is the product of the flux and the res olving powe r .  
This quantity has been maximized in the s e  ins truments within the limits d ic 
tated by the requirement of portabil ity and ava ilabil ity of c omponents . The s e  
c ons ide rations have r e s ulted in the d e s ign of a rather unique ins trument with 
large apertur e ,  long entranc e and exit s lits , and ve ry large  grating . The large 
exit s lit has made rather elaborate output optic s ne c e s s ary a long with the us e 
of a large d ete c to r .  A cooled photoc onductor detector is being us ed  for maxi
mum s ens itivity . With the s e  ins truments , spectra from the OH emis s ion of the 
night s ky s hould be obs e rvable with a spectral res olution of better  than . 01 
mic rons and pos s ibly as good a s  . 0 01 mic rons . 

D e s ign of  the infrared s pe c trometers  is e s s entially c ompleted and 
construction is well along on one of the ins truments in the ins trument s hop . 
Four ins truments arebeing built ;  two for obs e rving OH emi s s ion at 3 .  0 mic rons , 
and two fo r obs e r ving 03 emis s ion at 9 .  6 mic rons . E s s entially all of the optical 
c omponents have been ordered and mos t  of them have been r e c e ive d . Many c om 
ponents have been built o r  ordered fo r all  four ins truments s imultaneous ly as  
the ins truments a r e  quite s imilia r in d e s ign . 

Some of the a s s o c iated electronic s have been d e s igned and cons truc ted, 
and the remaind e raxe currently be ing worked on.  It is expected that the con
struction of one of the ins truments will  be e s s entially c omplete by September , 
and the ins trument c an then be a s s embled and initial tes ting s ta r te d .  Con
s truction and tes ting of the other three  ins truments will continue throughout 
fis cal year 1 96 2 .  

The high r e s olution spectrometer i s  a n  Ebe rt-type , labo ratory spectro 
mete r .  This ins trument will . be  used  to measure molecular absorption and 
l ine width of the various c ons tituent gas e s  of the atmosphe re and in high r e s o -
lution infrared molecular spectros copy. 

· 
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The high r e s olution spectrometer has  been d e s igned with the exc eption 
of the auxilia ry c omponents . The vac uum tank and c ollimating- c amera mirror 
have been manufa ctur e d .  The grating has been  orde red and is in  the proc e s s  of 
being ruled .  Con s truc tion of the ins trument has not been s ta r ted  due to a short
age of ins trument make r s  within the Bureau . 

Work unde r  this projec t  is s upported by the AFS C - ESD . 

The following pers onnel worked on the s e  projects : D .  M .  Gate s 
(projec t lead e r ) ,  Howard N .  Rundle ,  David Dunkin, and Arthur Shafe r .  

Manufacture o f  Infrared Photometer 

8 7 7 7 5  

The purpos e o f  this project  i s  to c ons truct a photomete r for d etection 
of radiation from the atmo sphe re induc ed by high powe r dens ity radio beams . 

Theoretical predictions car r ied out und e r  the spectros copy project  
indicate that suffic ient intens ity will be produc ed  in the beam of the la r ge trans 
mitte r now b e ing c ons truc ted in Pe ru, to permit s ignificant exp e riments on the 
cons titution of the atmosphe re  to b e  c onducted . This ins trument will be used 
to te s t  the pre dic tions . It  is now c ompleted and is  being c he c ked  out . 

Pe r s onnel working on this project :  L .  R .  Megill and Linus S .  D re e s . 

Manufac tur e of  Inte rfe romete r  

8 7 7 7 6  

A Michelson-type interfe rometer is b e ing c ons tructed t o  be us ed to 
obta in infrared s p e c tra between 1 and 1 0  mic r ons . This ins trument is to be 
us ed  fo r obs e rving the night s ky ,  the day s ky ,  and laboratory s our c e s . The 
immediate range of  inte r e s t  is from 1 to 4 .  3 m ic rons whe re  the OH emis s ion 
is p r e s ent .  Expe riments whic h are  involved inc lude :  (1 ) s tudy of the OH 
molecule its elf and the o zone -hydrogen rea c tion in the laboratory ,  and (2 ) the 
s tudy of OH in the upper  atmosphe r e ,  particula rly its d ens ity d is tr ibution and 
s ubs e quent role in the hydrogen-oxygen reaction.  

If infrared  spe ctros c opy is  to b e  purs ued , this type of ins trument has 
s eve ral advantages  over c onventional spec tromete r s . It has a higher light 
gathe ring powe r ,  and obs e rves all the spec tral elements s imultaneous ly , 
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the reby inc reas ing the s ens itivity of  res olution available as  c ompared  to 
spectr omete r s . The des ign of the optical and me chanical por tions of the 
interfe romete r has been c ompleted and c ons truction is unde r  way . 

Pe r s onnel working on this proje ct :  Howard N.  Rundle .  

A r c tic Propa gation 

8 7 1 8 5  

The purp o s e  o f  this project  is t o  engage in such radio s tudies  of 
the a r c tic iono sphe r e  a s  will r e s ult in an improved und e r s tanding of the 
d is turbanc e s  in the uppe r  atmos phe r e  caus ed by partic le -bombardment p r o 
c e s s e s . The no rmal type o f  H F  c ommunication link i s  noto r ious ly unr eliable 
when us ed  at high latitud e s . This is due to the frequent oc currenc e  of d is 
turbed  ionosphe r ic c onditions , during which exc e s s ive ionosphe r ic abs orption 
or s t rong multipath - s catte r rend e r s  the c ircuit us ele s s .  Anothe r pos s ible 
d ifficulty lie s in the occas ional obs e rvation of anomalous ly high nois e - levels , 
apparently due to the gene ration of radio noise  of auro ral origin .  The s e  dis 
turbanc e s  r e s ult from the bombardment of the uppe r  atmo s phe r e  by ene r getic 
pa rticle s ,  guided to high latitud e s  by the geomagnetic fie ld . Relative ly little 
quantitative info rmation on the s e  phenomena is  ava ilable ;  the importanc e of 
this project  lies  in the fac t  that new technique s (including radio as tronomical 
methods )  a re used to make quantitative measu;ements of the ionosphe r ic 
abso rption and radio nois e .  

The work on this proj e c t  ha s been divided  into thr ee  ma in areas . 
The ope ration of the s ens itive r e c e iving system s et up to measure the the rmal 
no is e temperature of the D- re gion of the ionosphe r e  wa s te rminated in Novem
ber  196 0 afte r one year ' s  data had be en obtained .  During the las t  s ix months 
of this p e r iod , the obs e rvations were  made us ing a ve rtically polar ized antenna , 
and two c ircularly polarized  antennas of oppos ite s ens e of rotation . The data 
for the yea r ,  with one exception,  s howed that the electrons in the lowe r part  
of the D -r e gion are  apparently in the rmal equilib rium with the neutral ga s ,  and 
that the ir  temperatur e s  are  not greatly affected by aurora , pola r  blackouts, o r  
magnetic dis turbanc e s . One important exception , s till remaining to b e  inte r 
prete d ,  oc cur red dur ing the pola r cap absorption event of September  3 ,  1 9 6 0 ,  
when the e quivalent antenna tempe rature ·in the ordinary mode inc re a s e d  by 

0 
s ome 2 0 0  Kelvin . This may repres ent a c ontribution due to the high - ene r gy-
tail in  the ele c tron tempe rature distribution;  alte rnatively , it may repres ent the 
radiation of non - the rmal nois e from the ionosphe r e . Work is proceeding on 
the inte rpretation and publication of the s e  data . 

The development of the trans istorized r iomete r ,  a device d e s igned 
to measure ionosphe r ic abs o rption by the co smic no ise  metho d ,  has c ontinued .  
The equipment has been d e s igne d ,  built and te sted and s everal c opies  have

. 

now been built comme rc ially . 
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The c o s mic nois e absorption technique has been extended  by the 
d e s ign and construc tion of a 1 0  Mc / s s ys tem which records  c ontinuous ly 
the c osmic - no is e  s t rength on both c ircular pola rizations . This repre s e nts 
a major advanc e in the field , s inc e the us e of the lower  frequency and both 
polarizations pe rmits roughly a ten - fold improvement in s ens itivity and a 
gr eate r dynamic range , together with an indication a s  to the he ight at which 
the abso rption is occur r ing .  

The interp r e tation of the D-re gion tempe rature data will c ontinue 
on this projec t ;  the r iomete r development will c ontinue on proje c t  8 7 402, and the 
1 0  Mc / s dual -polarization work on proj e c t  8 7 48 5 .  

The following p e r s onnel worked on this p roject :  C .  G .  Little (p roject  
lead e r ) ,  G .  M.  Le r fald , D .  C .  Ke ife rt, and L .  D .  Mathe s on.  

Iono s phe r ic Abs o rption at  Mirny 

8 7409  

The obje ctive s of this proje c t  a re to obtain meas urements of the 
iono s phe r ic abso rption occurring at Mirny ,  Anta rc tic a ,  one of the p r inc ipal 
USSR geophys ica l  r e s earch c ente r s  in Anta r c tica .  It is well known that HF 
c ommunications via the ionosphere are frequently dis rupted in the arc tic by 
the occurrenc e  of e xc e s s ive abso rption a s s o c iated with aurora and ma gnetic 
s torms . Quantitative data on abs orption (obtained by the cosmic -nois e  tech
nique ) have been available s inc e the IGY for the Arctic , but no s uch data have 
b e en published fo r the Anta r c tic . It is the purpos e of this proj e c t  to obtain 
s uc h  data , in o r d e r  to d ete rmine the magnitude of the radio -wave abso rption 
occurring in Antar c tica , and the r elations hip (if any )  betwe en abso rption 
e vents occurring s imultaneous ly in the two polar c ap s . 

With the a c c eptanc e by the Rus s ians of the s ugge s tion that Ame r ica 
s hould unde rtake a c o s mic - noise  abso rption program at their  Mirny b a s e  
(in exchange f o r  a vis it by one o f  the ir s c ientis ts t o  the Ame r ican Byrd bas e ) , 
a hur ried prog ram of  equipment pr ocur ement and pe rs onnel training was 
initiated with s uppo r t  furnished by the NSF .  This was s uc c e s sfully ac c omplished 
in time to board the Rus s ian s upply ve s s el ,  a t  Capetown, S .  Afr ica ,  in late 
Novembe r .  The e quipment has s ince been  ins talled at Mirny bas e  and is 
ope rating succe s s fully. 
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The two co smic -nois e  abso rption equipments , which ope rate at fre 
quenc ie s of 3 0  Mc / s and 5 0  Mc / s ,  will be ope r ated until about January 1 962 , 
at which time the equipment and the ope rato r ,  Mr . Gillmo r ,  will r e turn with 
the data to the Boulde r  Labo ratorie s . The data will then be proc e s s e d  to 
dete rmine quantitatively the ma gnitud e of the abs o rption whic h occurr e d  dur ing 
the obs e rvations , and the c o r r e lation of the abs orption value s with other  geo 
phys ic al phenomena . 

The following pe r s onnel worked on this project :  C .  G .  Little (pr oj e c t  
lead e r ) ,  S .  Gillmo r (Antarctic a ) .  

Abs o rption Studies  at  
the Auroral Zone 

8 748 5 

Abno rmal inc r eas e s  in the abso rption of iono s pherically propagated 
HF radio wave s are frequently obse rved at the auro ral zone . The s e  absorption 
events are  a s s oc iated with c o rpus cular bombardment of the upp e r  atmosphe r e .  
Dur ing the IGY ,  the fir s t  quantitative rueasur ements of  the s e  phenomena were  
obtained us ing the r iomete r (cosmic - noise  abs o rption) technique . The impo rtanc e 
of this proje c t  lie s in the extens ion of the r iomete r technique by the us e of  r io 
mete r s  at widely spaced frequenc ie s , and on d iffe rent polarizations . The s e  
rnodifications of the s tandard s ingle - frequency ,  s ingle polari zation r iometer 
technique permit obs e rvations with muc h greater dynamic range and s ens itivity , 
and als o g ive s ome info rmation a s  to the he ight of the abs o rbing re gion .  

This project, s upported by ARPA , s tarted late  in the fis cal yea r ,  and 
made u s e  of equipment originally des igned and cons tructed on NBS project  
8 718 5 .  Thr ee  r iomete r s , ope rating r e spectively on 10 ,  3 0 , and 5 0  Mc / s  we r e  
ins talled a t  College , Ala s ka , dur ing March 1 961 , i n  c ooperation with the G e o -
phys ical Institute of  the Unive r s ity of Alaska . All frequenc ie s  us e antennas 
having the s ame polar diagram , dir e c ted  into the zenith . At 1 0  Me / s ,  the 
ordinary-wave and extraordinary-wave abso rptions are  recorded independently , 
by means of c ircularly pola rized antennas .  Data of good quality are  b e ing 
obtaine d ,  and compute r prog rams are being prepared for the ir proc es s ing and 
inte rpr etation. As expec ted , the 1 0  Mc / s data show that the o rdinary -wave 
abs o rption is le s s  than the extra - o rd inary wave abs o rption;  the differential 
abs o rption ha s at times  been as much a s  10 d e c ibels . 

The cur r ent thr e e - frequency operation will , if pos s ible ,  b e  extend ed 
to a total of five frequenc ie s ,  with the addition of dual -polarization units at 
about 5 Mc / s  and about 2 0  Mc / s . In the data analys is , pa rticular attention 
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will b e  given to the rate o f  ons et  and disappea ranc e of  the abs o rption, and to 
the pas s ib ility of detecting radio nois e of auro ral o r igin . The frequency and 
pola r ization dependenc e of the abs o rption will be us ed to dete rmine the he ight 
of the abs o rbing re gion,  and, if pos s ible, to g ive info rmation on the ele c tr on 
dens ity dis tribution in the D -re gion .  

Pe r s onnel who worked on this proj e c t  a r e :  C .  G .  Little (proje c t  
leade r ) ,  G .  M .  Le rfald , D .  C .  Ke ife rt  and S .  S .  Barne s . 

Ins trumentation R e s earch 

8 71 0 4  

The objec tives  of this project  are  t o  deve lop new techniques for 
experimental uppe r  atmo s phe re and spa c e  phy s ic s  r e s earch,  to des ign and 
de velop new and s p e c ialized apparatus for the above r e s earch ,  to conduct  
explo ratory exp e r iments of new and unusual type s , and to des ign , develop , 
and provide fac ilitie s for the handling of the data r e s ulting from s uc h  experi
ments . 

Sinc e many of the p robl ems of the uppe r  atmosphe r e  and spa c e  involve 
unc ontrolled exp e r iments , i . e .  tho s e  in which the experimenter cannot mani
pulate or change the phenomenon of inte r e s t ,  obs e rvations in many different 
ways may well b e  ne c e s s a ry .  In add ition ,  many of  the events  to be obs e rved 
are rare , natural phenomena of unpredictable characte ristic s , so that pers onal 
obs e r vation is often imprac ticable . The r efo re, the expe rimental s e tup must be 
as  c ompletely automatic a s  pos s ible . The s ignific anc e of this project  may be 
s e en from the fac t  that new dis c ove rie s are  usually mad e by us ing new and 
diffe r ent technique s of obs e rvation.  

The Ins trumentation Re s earch G roup has been engaged in s eve ral 
diffe rent projects  during the year . Example s are  Projects 8 7 1 01 ,  8 71 04 ,  8 7 1 0 5 ,  
8 7ll 3 ,  8 7ll4 , 8 7481 , 8 7 48 2 ,  8 71 7 1 ,  and 8 2 444;  all o f  which we re as s is ted in 
va rying degrees  - - from the s imple r epairs of e quipment to the de s ign , con
s t ruction, and ins tallation of special-purpos e  obs e r vational apparatus . In 
addition,  this proj e c t  s upported the early development s tages  of the pr ototype 
VLF his s - record e r , de s c r ibed unde r  proje c t  8 711 3 .  

Project  8 71 04 ,  for instrumentation r e s earch  not spec ifically c onnected 
with anothe r proj e c t ,  has been active at tim e s  when p e r s onnel were not working 
on problems having highe r prio r ity . During the year this proje c t  was used to 
inve s tigate the feas ibility of us ing C - W technique s in ionosphe ric s ounding . The 
nar row- bandwidth c harac te r is tic s of s uc h  s ys tem s , r e s ulting in low powe r 
requirements , a r e  expec ted to be extremely us eful in s pa c e  r e s earch whe re 
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telemeter ing and / o r  s torage o f  data i s  required . The experimental sys tem 
was c ompleted to  the point that al l  components of the system we r e  c ons tructed 
and a s s embled . No clear r e s ults we r e  obtained due to the ne ces sary d ive rs ion 
of p e rs onnel to othe r projec ts within tl;le Divis ion. 

The Ele ctronic Ins trumentation Group will be c on s iderably augmented 
by the addition of anothe r group under  the dire ction of G. R. Sugar .  This 
group ,  c unois ting uf enginee r o  and te chnicians , has had c ons ide rable experienc e 
in digital technique s and contras ts with the analogue exper ience of the p r e s ent 
group .  Togethe r ,  the two groups will move into a c ommon laboratory spac e ,  
whe r e  the combination of facilities will provide a greatly inc reas ed c apability . 
The p r inc ipal tas k  to be unde rtaken und e r  this projec t  during FY 1 962 is  the 
further development of the c - w ionos ond e .  

The following p e r s onnel worked o n  this projec t: J. M. Watts (pr oje c t  
leade r ) , C .  L .  Wilson, and D .  N .  Fra ze r .  

Whistle r s  

8 71 0 5  

The obje ctive o f  this project  i s  to inve s tigate the audiofr e quency 
e lectromagnetic phenomenon known as whis tler s ,  together with the allied 
phenomenon known as VLF emis s ions . It is expe cted that a better  und e r s tanding 
of the s tructure and c ompos ition of the exo s pher e  will be gained by this  work. 

The occurrenc e  of natural events in the exo sphe r e  p rovides  one of the 
cheap e s t  and mos t  wide ly used  means of s tudying the r egion. The dispe r s ions 
of natural s ignals  propagated through the r e gion and the characte ris tic s of 
natural s ignal s gene rated in the re gion give evidenc e of the s tructure ,  compo -
s ition, and phys ic al proc e s s e s  occurring within it . The refore , the ir obse rvation 
and s tudy are invaluable fo r a b ette r unde r s tanding of the characte r is tic s of the 
exosphe re and its c ontrol by s olar and geophys ic al influenc e s . 

Dur ing the year automatic recording of whi s tlers  and VLF emis s ions 
was c ontinued at the international s ampling time s .  Although dire c tion finding 
info rmation was included , this has not proved ve ry fruitful, and mo s t  of  the 
inte r e s t  lie s in trying to c o r relate 'observations made at d iffe rent s tations at 
the s ame tim e .  It s e ems from the s imilar ity in r e c e ived spectra of d isc rete 
e ve nts  obs e rved at s eparated s tations that propagation channels or duc ts are 
p r e s ent dur ing at lea s t  s ome pha s e s  of all geomagnetic s to rm s . 
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This project will be c ontinued in the s ame way at leas t  until Dec ember 31 ,  
196 1 .  Afte r that , collection of data may be s topped , depending on the s c ientific 
r e s ults obtained up to that time .  The work of monitor ing the tapes will , however ,  
be continued through the fis cal yea r .  

The s ignificance of the obse rvations made a t  Boulde r during the period 
July 1 - Decembe r 3 1 ,  196l,will be inc reased becaus e the field s tation at Minnea 
polis will record s imultaneously , giving a pos s ibility of correlation of the VLF 
data recorded at the two s tations . 

The following per sonnel worked on this project :  J .  M. Watts (project  
leader ) ,  D .  N. Frazer ,  Vaughn Aandahl, and C .  L .  Wil s on .  

Boulder Laboratories Airglow Observatory o Photometer visible at 
left , on t op of Frit z Peak .  
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UPPER A TMOSPHERE AND PLASMA PHYSICS SE C T ION 

Ionos phere  Repr e s entation 

8 7lll 

The obj e c tive s of this project  a r e  two - fold . The fir s t  is to s o lve the 
gene ral problem of making world-wide maps of  the ionosphe r e  by u s e  of 
numeric al analys is and large - s cale , high- speed c omputer s .  For this part  
the main emphas is is on the global repre s e ntation of ionosphe ric characte r 
is tic s and their many var iations with time . The s econd part i s  to develop 
s atis fac to ry method s  of predicting the s e  ionos phe ric maps . 

The great e s t  practical achievement of this projec t  is that it provid e s  
the firs t  automatic c ompute r method for predic ting long -te rm c hange s in us e -
ful frequenc ie s  fo r radio communication. Thus the regular CRPL public s e rvic e 
of furnishing the s e  predictions , which ha s been made for many yea r s  by graphical 
hand method s  and other s ubje ctive ope r ations , may now be produc ed  by more  
r apid , objective, and accurate machine methods .  The new compute r m etho d s  
are  based  upon rec ent advanc e s  i n  applied mathematic s and s tatistic s, and upon 
the d e s ir e  to r e sp e c t  as far as pos s ible the empiric al knowle dge ac c umulated 
in ionosphe ric s tudie s . 

The new methods  also  provide much more flexibility in s o lving problems 
of ionos phe ric rad io propagation by treating s eparately the thre e  b a s ic areas  
involved :  (1 ) iono s pheric mapping , (2 ) c o r relation of  ionospheric c haracte r 
i s tic s with various ind ic e s  o f  s olar activity, and (3 ) applic ation o f  the theo ry of 
r adio wave propagation based  on a predicted  ionos phe re {obtained from the two 
previous areas ). Thus , advanc e s  s uc h  as improved theorie s or new ionos pheric 
data may be introduc ed  in any one of the s e  areas  without c hanging the othe r s . 

The methods that have been d eveloped a r e  gene ral enough to be applied 
to any ionosphe r ic c haracteris tic s and , with only s light modification,  to any geo
phys ical quantitie s (such as  meteorological and geomagnetic ) which vary con
tinuous ly with time on  a world -wide bas is . As a future  application it is planned 
to analyze the magnetic field in space from s atellite meas urements . 

The d e velopment of mathematical  method s  and c ompute r p ro grams has 
b e en completed for part 1 (iono spheric mapping ) of the objective s l isted abov e .  
The bas ic d ifficulties  in this part o f  the problem have been s atis facto r ily ove r 
c ome . The s e  include d  the facts that the data a r e  affected b y  random e rr o r s  
which would produc e very rough and phys ically unacc eptable map s if a n  exact  
representation were made without a c e rtain amount of s pa c e  and time s moothing ;  
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that the data are irre gularly pos itioned in the two s p a c e  dimens ions ; henc e , 
s tandard data - fitting method s are  not applicabl e ; that the c lus te ring of s tations 
in s ome re gions and abs enc e  of s tations in othe r regions tend s  to produc e ins ta 
bility in the func tion approximations; and finally , the fac t  that the numbe r  of 
s tations available varies  from month to month r e quir e s  c ons ide rable flexibil ity 
in the nume ric al methods . 

In orde r to make the new developments us able fo r practical applications , 
a great amount of iono s phe ric data from 1 9 5 4  through the end of the IGY and IGC 
(19 5 9 )  has been prepared on punched cards  and analyzed by the mapping program . 
The nume rical maps now available a r e  suffic ient for predic ting within a c omputer 
the ionospheric c haracteris tic s ,  monthly median foFZ, and M3 000 FZ , for any 
time and place  in the future . The s e  maps and the ir a s s oc iated c ompute r programs 
have already been furnis hed to , and are  being used  by, two gove rnment a genc ie s 
and one private c ompany to s olve radio c ommunication problems . 

For pr oduc ing predicted numerical map s , a  s atisfactory method has 
been developed and a c omputer  program is now in ope r ation. To e valuate this 
method , pr edicted num erical maps have been made fo r s e ve ral pas t  months 
and the re s iduals between the ac tual data and the calculated one s  have been 
c omputed .  Also  graphica l  c ontour maps obtained from numeric al repres enta 
tions of the data and from pr e dic ted numerical maps for the s ame months have 
be en produced  and compared . All of the results s o  far have been s atis factory.  

The fir s t  c omputer programs fo r this proj e c t  we r e  developed 
us ing the c ompute r at Boulde r .  The c apabilitie s of  this machine we r e  far 
too l imited fo r the proble m ,  and the refore  mos t  of the work was done with 
the s ys tem in Washington, D .  C .  Howeve r ,  now that the Boulde r Labora -
torie s has s e cur ed its own lar ge c ompute r ,  s ome effo rt  was made this year to 
trans fe r parts of the mapping program to this machine . A c ons ide rable amount 
of this work s till remains for the coming yea r .  

The p e r s onnel c ontributing directly to this work were :  W .  B .  Jones  
(project  lead e r ) , M .  Hinds , M.  Pokempner ,  V .  Rio s , J .  K .  Myer s ,  and 
W .  Van Buskirk. 
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Upp e r  Atmosphe r e  Phys ic s 

8 7ll2 

The objective s of this project  are to inve s tigate a few s ele cted problems 
in the phy s ic s  of the upper  atmosphe r e ,  cho s e n  e ithe r becaus e of their funda 
mental nature o r  becaus e of the ir pres ent importanc e in re lation to new dis 
cove ries  or theoretical que s tions . During this fis coJ yco.r the work ho. s been 
c onc entrated on the following : 

1 .  Ionos phe ric propagation problems . 

2 .  A long - te rm s tudy of the theoretical s truc ture of 
atmo s phe r e s  of othe r planets , mainly the giant planets . 

3 .  A s tudy o f  the effe cts o f  expanding s hock wave s produc ed 
by explos ions in the upp e r  a tmos pher e ,  and the r e s ulting 
ionization. 

The work on ionos pheric p ropagation has fo r its obj ective the d evelop 
ment of a very lar ge - s cale program fo r a fas t  e lectronic c omputer  which will 
calculate , to the b e s t  of our p r e s ent knowledge , the field s trength intens ity of 
the iono s pheric wave, as a function of frequency, in a c ommunication l ink b etween 
any two points . It s hould us e a s e le c tion of the b e s t  theoretical fo rmulas ,  accu
rate num e r ic al analysis  methods ,  and efficient programming.  Furthermor e , 
this program will be c ompatible with , and will us e the results of ,  the "nume r ic al 
maps " of the iono s phe r e  developed in the proje cts 8 7lll and 8 7ll 5 .  This i s  a 
long - range project  a iming at mode r nizing the method s presently employe d  fo r 
the predic tion of optimum fre quenc ies  fo r iono s phe r ic communic ation s y s tems . 

A great inte r e s t  has developed  during the last  yea r s  in the atmosphe r e s  
o f  othe r planets , particularly und e r  the impetus o f  the Spac e  Sc ienc e Board of 
the NASA (One national c onfe rence on this s ubje c t  wa s held in July 1 96 0  ) .  W ith 
the te chnical progr e s s  of spa c e  probes ,  it becomes impe rative to plan future exp e r 
iments carefully. The pres ent s tudie s are  des igned to ensure that the pre 
s ently ava ilable info rmation and theoretical me thod s  a r e  fully util ized to pro-
vide as  much info rmation as  pos s ible on  planetary atmo spher e s . 

The iono s phe ric propa gation studies r e quire d  preliminary programming 
on the new high - speed ,large computer ins talled at the Boulde r Labora to r ie s . 
Seve ral programs conce rning the re lations betwe en the phas e ve loc ity and 
direction, and the gr oup veloc ity and dire c tion of a wave propagating in an aniso 
tropic med ium, have been developed .  They have been used fo r inve s tigating the 
properties  of the plas ma o s c illations branch and o f  the " whis tl e r "  b ranch of the 
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Appleton-Hartree equation. Also, a new, completely general program for the 
Appleton-Hartree equation, including the effects of collisions and of the electric 
field vector of the wave, has been developed. A program for the calculation of 
the field strength of a wave of fixed frequency as a function of distance has 
been developed, and applied to a quantitative study of the 11 Pedersen ray11, 
propagating in one hop to very large distances (5000 to 6000 km). The com
puted results appear to be in good agreement with the many observations of 
this phenomenon. 

During this and part of the preceding fiscal year,much work was 
done on the integration of the system of differential equations giving the 
density, pressure,and temperature as a function of height in a deep planetary 
atmosphere, assuming adiabatic equilibrium. However, in order to obtain 
a physically realistic solution, it is necessary to have an equation of state, 
and a formulation of the thermal properties (specific heats and their ratio), 
as a function of density and temperature, sufficiently good for gases under 
high pressures. This question is a really difficult problem of thermo
dynamics, which must be fitted and checked against the best experimental data 
available. Good progress has been achieved but satisfactory results are not, 
as yet, available. With the installation of the new large-scale electronic 
cox=oputer, it has been necessary to re-program the extensive set of programs 
previously developed. This has delayed the advance of the s tudy, 
but should permit, when finished, a much more efficient study of this problem. 

The following personnel worked on this project: R. M. Gallet 
(project leader), Marvin White, D. Obitts, L. Schult-z (WAE), Janet Herman 
(Part-time). 

Exosphere Physics 

87113 

The objective of this project is to develop the knowledge of the 
physics of the earth1s atmosphere, above the ionosphere and up to six or 
seven earth1 s radii, in a realm where until now our knowledge has been 
slight. Emphasis is placed on plasma properties: wave propagation; pro
duction and motions of high speed electrons and ions through the plasma, 
interaction between the particles and electromagnetic waves, the structure 
of the magnetic field in this region, and its relation to the plasma properties 
of the medium. The existence of the program is based primarily on the need 
for an understanding of the physical phenomena in the exosphere. With the 
increasing development of satellite and space probe experiments, a theoretical 
understanding of this region is becoming more and more important. Since 
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the IGY, very rapid progress has been made in this expanding field, and 
much new experimental information is being produced. As a consequence, 
new problerns are arising at a very high rate. 

A joint program has been conducted with W. F. Utlaut and staff 
from Division 85 to guide high frequency waves along ducts in the exosphere, 
the ducts being due to the laminar structure of the electron density along 
certain magnetic lines of force. The observed length of the path differs 
considerably from the calculated length of the line of force in the absence 
of external sources of magnetism and also varies from one observation 
period to another. This is due possibly to the combined effect of diamag
netism and currents from trapped high energy particles in the exosphere. 

These observations are believed to have opened an exciting new 
field for the study of the structure of the exosphere. The resulting data 
are expected to provide means for studying: the probability of formation of 
the ducts, their mean life, the diffusion of charged particles across the 
magnetic field, the speed of deformation of the sheets, and, perhaps more 
important, the diamagnetism and the currents in the exosphere. 

A new field station was installed at Minneapolis and is already 
furnishing excellent VLF and riometer data. This program represents a 
joint effort between our group, Dr. Winckler's group at the University of 
Minnesota, and J. M. Watts (87. 00). The purpose is to search for the 
expected relations between the production of VLF emissions and the high 
energy electrons or protons measured by Winckler's balloon flights. 

A new instrument, the hiss recorder, was suggested by the obser
vations of this project and has been developed by J. M. Watts (87. 00). It 
is now in operation at Minneapolis and furnishes a continuous record of hiss 
emission between zero and 60 kc/s. This is a very successful instrument, 
providing a type of record which should prove invaluable for purposes of 
time correlations of VLF emissions with other geophysical phenomena. 

The station is also equipped with the regular VLF monitoring 
apparatus. A riometer is also in continuous operation, making it possible 
to search for association between VLF emissions and overhead abnormal 
ionospheric ionization. The location is proving to be an excellent one in 
terms of types and amount of VLF activity recorded; the location is also 
interesting because of the frequent observation in the Minneapolis region 
of phenomena attributed to the dumping of Van Allen belt electrons. 

At least one case has been found of a VLF emission whose echoes 
were received alternately in opposite hemispheres. 
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Many calculations of geomagnetic field properties have been per
formed for the HF Exospheric Ducting and for the Conjugate Point Programs. 
A theoretical study of the properties of Cerenkov emission in the whistler 
mode by high speed particles is being carried out. 

Theoretical studies will be continued during the coming year, con
centrating on the possible mechanisms for the generation of electromagnetic 
waves in the exosphere. 

The relations between high speed particle radiation and discrete 
and continuous types of VLF emissions will be further pursued in coopera
tion with the University of Minnesota. 

The following personnel worked on this project: R. M. Gallet 
{project leader), S. Hansen, J. Koch (student t rainee) ,Wm. Waterhouse 
(summers tudent); in joint projects: J. M. Watts, D. Frazer, and 
C. Wilson, Division 87.00 

Shockwave Ionization 

87ll4 

The objectives of this. project are the production and study of the 
ionization, temperature, and velocity of high energy blast waves. In parti
cular, it is the aim of this project to obtain and study interactions between 
electromagnetic waves and the plasma in the blast wave. 

The contributions of this project are: (a) an increase in the knowledge 
of the plasma state by the simultaneous use of microwave and photographic 
techniques, (b) the development of microwave methods for studying plasmas, 
and (c) the development of methods for generating high temperature, strongly 
ionized plasmas. With the increased use of the plasma properties of the 
ionosphere in the propagation of radio waves, e. g. , whistler mode ducting 
and Faraday rotation of satellite signals, and with the need for a deeper 
understanding of the iono.sphere as applied to missile and satellite performance, 
it is vitally important that our knowledge of plasmas be extended as far as 
possible. In addition, information gained from microwave Doppler studies 
in the laboratory can be directly applied to observing the effects of explosions 
in the ionosphere. 

A systematic study of shockwaves from exploding wires in air has 
been made using the equipment and methods for generating and measuring 
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strong cylindrical blast waves developed last fiscal year. A wide range of 
wire sizes, pressures, and energy inputs have been studied. Quite critical 
optimum conditions were found in which over 40 percent of the capacitor 
energy supplied went into the shock. When any one of the experimental con
ditions (wire size, pressure, energy input) was changed slightly, the effi
ciency of the shock rapidly dropped to below 10 percent. 

Simultaneous measurement of the shock velocity on three separate 
microwave frequencies indicates that all are reflected from the same dis
continuity at velocities from Mach number 25 down to Mach number 3. Micrc 
wave reflections have been obtained from shocks with velocities below Mach 
number 3, which indicate.s an excess of ionization, since from the theoretical 
standpoint reflections should not occur below Mach number 7. The explana
tion of the higher ionization is probably the excitation of the medium ahead 
of the shock front by the ultra violet pulse which occurs when the wire 
explodes. 

The presence of electrons well ahead of weak shockwaves (Mach �3) 
from exploding wires has been detected by microwave absorption in cLrgon, 
helium, nitrogen, and air at pressures ranging from 5 to 50 centimeters of 
mercury. Densities of the order of 1011 electrons per cubic centimeter have 
been observed 3 centimeters ahead of the shock front. Preliminary measure
ments show that the distance the electrons are ahead of the shock front is 
inversely proportional to pres sure, but different for each gas. 

A program of measurements on strong blast waves in argon is 
under way. Because of the relatively high ionization potential of argon, it 1s 
much more difficult to ionize than air. Consequently, it is harder to obtain 
adequate electron densities; so the argon gas is "seeded" with cesium vapor 
which does ionize easily. Preliminary results from shockwaves in cesium
seeded argon indicate a much less efficient energy transfer is obtained than 
in the comparable case for air. 

Theoretical calculations of the energy parameter," B", in the strong 
blast wave theory of Taylor, which were started last fiscal year, have been 
completed. Comparison with previously published values of "B" shows dis
crepancies as large as 67 percent. 

During fiscal 1962 the systematic shockwave measurements com
pleted for air will be extended to argon and possibly other gases. Intercom
parisons will be made between theory, results available in air, and the results 
obtained in argon. Development of the cesiurn-seeding technique will con
tinue with application to conductivity measurements as well as electron den
sity enhancement. At the same time, working, pressures will be extended down 
to about one millimeter of mercury from the present one centimeter limit. 
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The preliminary work on shock profile studies by microwave 
absorption will be continued. It is expected that direct measurements of 
collision number and electron density will be possible. With lower working 
pressures, it is anticipated that the profile behind the front can be measured. 
Photomultiplier measurements of the ultra violet radiation ahead of the 
shock will be made in an attempt to determine if that is the cause of the 
ionization. 

Equipment development will continue throughout the next year. 
Several new microwave devices for determination of phase shifts and polari
zation changes are planned. A new capacitor bank capable of higher energy 
output and faster discharge speed will be built. 

The laboratory study of the whistler mode of propagation of electro
magnetic waves in hot dense plasmas has been reactivated. Preliminary 
development of the necessary experimental equipment and techniques was 
started. 

The following personnel worked on the project during fiscal year 
1961: Michael Addison, Robert Hyland, Donald Jones (project leader) , 
John Neary, Louis Phillips and Frederick Yarger. 

Ionosphere Mathematics 

87ll5 

The main objective of this project 1s the application and development 
of mathematical methods related to Project 87111, Ionosphere Representation. 
These include methods of function approximation and orthogonal series for 
representing various types of physical variations, and methods of statistical 
analysis for studying such things as the effects of random errors on data
fitting problems, optimum separation of noise from true physical variation, 
and stationary and non-stationary time series analysis. 

The primary significance of this project can be seen in the import
ance and achievements discussed in the report on Project 87lll. In addition, 
however, many other research groups, both within and outside of the National 
Bureau of Standards, have found useful applications for the methods developed 
by this project. Also it is planned to make extensive further application of 
these methods in the work of Project 87118. 

The activities of this project have been the development of mathe
matical methods and computer programs. The most important effort was 
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made on a very general data-fitting method. The program of this method 
may be applied to obtain a least squares linear regression using any set 
of real-valued linearly independent functions and weighted data which may 
be irregularly positioned in a many dimensional space. Thus among the 
multitudinous applications which can be made are spherical harmonic 
analysis of irregularly spaced data in three dimensions, Fourier analysis 
of time series, and analyses using all classical orthogonal systems such 
as Chebychef and Legendre polynomials. The basic difficulty in this method 
was the accumulation of rounding error produced in the orthogonalization 
process. This problem was completely resolved for every application made 
so far by a reorthogonalization process. 

In addition to this general method, a program was written speci
fically for Fourier analysis of equally spaced data,and another one for 
fitting polynomials in one variable to irregularly spaced data. All three 
of these data-fitting methods are in the process of publication. 

The personnel contributing directly to this work were: W. B. Jones 
(project leader), M. Hinds, V. Rios, V. Hunt, and J. K. Myers. 

Electromagnetic Radiation from Shock Waves 

87ll6, 87814 

The objective of this project is to produce electromagnetic radiation 
from a controlled plasma. From these studies,we expect to gain a better 
understanding of naturally occurring radiations in the ionosphere, solar 
corona, and stellar atmosphere. 

Scientific investigations of radiation from plasmas have been for 
the most part devoted to the naturally occurring phenomena, such as hook
type whistlers, dawn chorus, solar radio frequency bursts, etc. The spora
dic occurrence1,and complexity or uncertainty of the conditions under which 
these phenomena are generated, make it difficult to isolate and study the 
important parameters contributing to their occurrence and propagation. 
This program will provide a means for generating and studying the mech
anisms responsible for the emission of radiation from plasmas under known 
conditions. Many improved techniques have been developed and put into 
operation for producing, observing,and measuring the characteristics of 
electromagnetically driven shock waves and the associated strongly ionized 
plasmas during the past year. The preliminary work on this project was 
devoted to producing strongly ionized plasmas in the form of high velocity 
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shock waves. After some initial difficulties, a shock generator has been 
developed which produces shock waves in helium at Mach numbers in excess 
of 100 (10 em/� sec). This generator has been used extensively for studying 
the distance-versus-time characteristics of plane shock waves generated in 
a linear shock tube. 

Several methods have been employed to investigate the behavior 
of the shock wave and plasma. Doppler shift measurements using the 
reflection of several different microwave frequencies simultaneously, make 
it possible to penetrate to different parts of the shock wave, and thus gain 
some information about the variation of electron density at different depths 
in the shock front. This procedure is analogous to the reflection of radio 
waves to determine the variation of electron densities in the ionosphere. 
Photomultiplier circuits were designed and used to observe the luminosity 
front associated with the shock wave. A comparison of the luminosity data 
and the microwave data indicates a broad structure of the shock front in 
advance of the luminosity front. 

The same shock driver was used in conjunction with a strong electro
magnet having a 12" pole face to study the behavior of the plasma traversing 
a magnetic field. Theoretical calculations were made to determine the con
ditions necessary to produce a strong hydromagnetic interaction between 
the flow of ionized helium and a transverse magnetic field. When the proper 
combination of magnetic field strength, ambient gas pressure, and shock wave 
velocity can be achieved, a strong deceleration of the plasma shock wave takes 
place as it enters a transverse magnetic field, i. e. , when the magnetic energy 
density, H2 /&r., is comparable to the kinetic energy density, p u2 /2, and 
when the magnetic Reynold 1 s number, Rm = 4n: �ouL, is sufficiently large. 
Since the dimension, L, in the laboratory system is small, it is necessary to 
achieve high shock velocities in order that the gas flow velocity, u, and the 
conductivity, a, be large. Magnetic probe techniques, designed to obtain mag
netic field measurements at several points along the length of the shock tube , 
make it possible to observe and record the change in magnetic field strength 
as the fast, highly-conducting plasma enters and traverses the homogeneous 
magnetic field. The results .of such observations show very definitely the 
magnetic breaking of the ionized shock wave as the hydromagnetic inter
action takes place between .the conducting plasma and the magnetic field. 

A dual microwave transmitter-receiver was designed and fabricated. 
Because of shifted emphasis in the work for which it was intended, the equip
ment is now used as two single beam transmitter-receiver systems. 

l 
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Although the operating conditions of the plasma-magnetic field 
system are marginal at the present time in so far as producing radiation 
is concerned, a search was made in the hope of detecting non-thermal radia
tion from the shock wave plasma. Radiations have been observed; however, 
it is too early to make a definite report on these findings. More detailed 
experiments are needed using a more favorable magnetic field configuration. 
Provisions must also be made for searching over a much wider range of 
radio frequencies. 

Now that success has been achieved in producing sufficiently fast 
shock waves and strongly ionized plasmas, a concentrated effort will be made 
to determine the conditions under which radiations are emitted by a plasma. 
Further efforts will be directed toward developing and testing theories to 
explain such radiations. 

The work in this project was performed by K. B. Earnshaw (project 
leader), Wm. Saxton, R. Dickason, and R. Dalfee on a consulting bas is. 

High Speed Framing Camera 

87813 

There has been a growing need for photographic studies in the 
plasma research in the Upper Atmosphere and Space Physics Division of 
the Boulder Laboratories. Because of the great flexibility inherent in the 
grid forming type of high speed camera (designed by Sultanoff>!< of Aberdeen 
Proving Grounds), it was found desirable to manufacture this type of instru
ment. 

The project was started in January 1961 by the purchase of the 
necessary high quality lenses and camera accessories, and fabrication work 
was performed by the Buck Instrument Company of Boulder. Camera fabri
cation was completed by mid-March,and the necessary synchronizing system 
was developed and installed by early April. 

Since completion of the camera, a strong effort has been made by 
personnel in the Shockwave Radiation project and in the Boulder Laboratories 

>!< Sultanoff, M. , 11A 100,000,000 Frame per Second Camera., 11 Rev .Sci. 
Instr. 21, &53 (1950) 
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Photographic Laboratory to determine the best films, proper camera speed 
and F stop, and suitable development techniques for recording images of the 
luminosity front in a strong shockwave. 

Good photographs have been obtained by using the camera m 

essentially three different ways: 

{l ) By using a single slit in the focal plane of the camera 
and rotating the mirror at top speed, streak photographs 
with a top writing speed of about 3. 7 mm per micro -second 
can be obtained. Streak photographs of the luminous front 
in a shockwave have been taken for pressures in the range 
of 50 fJ. Hg to 5 mm Hg using a polaroid camera back. These 
photographs give a rapid distance-versus-time plot of the 
shock luminosity, and,in addition, give a quick check on the 
exposure required for producing usable framing photo
graphs on glass plates. 

(2) By operating the camera at fairly high speed, multiple exposure 
photographs are obtained which give the effect of a stroboscope, 
stopping the action at equal time intervals. Using this technique, 
a single shockwave can be seen in as many as 300 positions 
througho� a distance of 60 em, with an effective shutter speed 
of 2 x 10 seconds. 

(3) By operating the camera at a relatively low speed, single 
exposure photographs are obtained. Using this technique, a 
single shockwave can be photographed at 30 positions throug�Oft 
a distance of 60 em, with an effective shutter speed of 2 x 10 
seconds. 

The work in this project was performed by K. B. Earnshaw (project 
leader), R. D. Dickason, and W. R. Saxton of Division 87, with very import
ant help in camera design and photographic techniques from C. M. Benedict, 
T. L. Theotokatos, and F. H. Dunbar of the Photographic Laboratory. 
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IONOSPHERE AND EXOSPHERE SCATTER SECTION 

Scatter Radar Antenna 

87027 

Scatter Radar Transmitter 

87028 

50 MC Amplifier 

87029 

Scatter Radar Site Preparation 

87091 

Scatter Radar Building 

87092 

Scatter Radar 

87156 

Study of Avalanche Ionization Absorption 
and High Energy in the E Region 

87456 

The objectives of these projects are to develop and exploit new 
experimental methods for studying the ionosphere, the exosphere, the inter
planetary medium,and the Sun, using a radar equipment of high sensitivity. 
One principal method depends upon an extremely weak incoherent scattering 
of radar waves which is proportional to the electron density under study. 
Additional information on the kinetic temperature of the heavy ions, on the 
identity of the ionized chemical constituents, and on the intensity of the earth 1 s 
magnetic field, is also obtained as a function of the height. Other studies 
utilize scattering from aggregations of coherent irregularities in the D-region 
and above. Particular interest is attached to hydromagnetic aspects of irreg
ularities which bear a strong geometric relationship to the lines of force 
of the earth's magnetic field. Due to the intense beam of radio energy pro
duced by the radar transmitter and antennas, absorption is produced in the 
lower ionosphere. Project studies concern the physical processes present 
in this absorption. Radio echoes will be sought from the outer corona of 
the Sun, and from gas clouds ejected by the Sun. 

--------------�-----------------' ___ , ______ ,_._. 

b 
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The outstanding feature of the incoherent scatter technique is that 
it provides, for the first time, a practical means of measuring the electron 
density variation with height out to great heights using equipment located 
entirely on the ground. This electron density variation, or profile, is of 
great importance to scientists concerned with the dynamic and static 
structure of the outer atmosphere. 

Accurate measurement of the profile is an absolute necessity in 
all missile and satellite work requiring radio tracking of the vehicle tra
jectory or orbit. Previous methods available have been of severely limited 
value. For instance, the so-called True Height calculation from conventional 
ionograms provides electron density profiles only up to the height of the F
region maximum density. Satellite and rocket measurements are both expen
sive and limited in that the samples they take are of a "one -shot" nature and 
are more difficult to apply directly than the incoherent scatter observations. 
Using incoherent scatter equipment, it is possible to obtain, above any given 
geographical point, the electron density profile continuously from below the 
E region to heights of more than 3000 k.m. The equipment can be operated 
continuously in time, permitting profiles to be taken every few minutes for 
days, months , or years, so that the atmospheric and exospheric dynamic 
variations can be studied. Possible use of incoherent scatter to provide 
reliable long range communications has been suggested, and a:q understanding 
of the ionosphere above F-maximum is essential to this application. 

In other observations the project stands to contribute in the following 
ways: The project has achieved, for the first time, vertical incidence radio 
echoes from the D region at VHF. By studying the characteristics of the 
echoes, important contributions to the description of turbulence and meteorology 
at that level will be made. By using the enormous radar system sensitivity 
available, echoes from the moon can be obtained at short pulse lengths, thereby 
aiding in the study of the lunar sur face. A study of echoes from the sun should 
provide a description of disturbances in the outer corona. In fact it is predicted 
that direct observations of clouds of particles ejected by the sun could be made 
well in advance of the time their arrival at the earth would cause auroras and 
magnetic storms. Studies made in connection with IGY equatorial scatter, 
described in an accompanying report, suggest that small irregularities of 
electron density may exist at greater heights than had previously been sus
pected. A search for such irregularities, most likely to occur during periods 
when the outer atmosphere is disturbed in some manner, may prove success-
ful and provide further powerful means for studying disturbances. Absorption 
occurring in the lower ionosphere is a serious limitation to large numbers 
of practical applications of radio propagation through the ionosphere. The 
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project will be exploring absorption phenomena in the region of extremely. 
high radio-frequency flux densities, a region where the physical processes 
are poorly understood. 

This fiscal year has been largely occupied with the work of estab
lishing the new scatter radar observatory facility at the Quebrada de 
Jicamarca near Lima, Peru. Leveling of the site for the antenna, and 
earth removal for flash-floods protection were completed. A small test 
section of the antenna, using the new design, was completed and found to be 
as efficient (about 85 percent aperture efficiency) as had been hoped. The 
design was then employed in the construction of most of the first half of 
the array according to plan. The first one-quarter section of the array has 
been completed and in operation for several months, while the second 
quarter should be complete early in July upon delivery of the remaining 
ground screen. 

Through the help of the U.S. Air Force, the transfer was obtained 
of a large part of the components of a surplus military radar transmitter. 
These, with the shielded-grid-triode amplifier mentioned a year ago, will 
complete the six megawatt transmitter planned for the project. Manufacture 
of the components for the amplifier is complete. Delivery of the military 
radar components to the site met with shipping difficulties,but is neverthe
less largely complete. Assembly of the complete transmitter on site has 
begun, albeit delayed by contractor difficulties on construction of the labora
tory building which forms the transmitter ''chassis". Connection to com
mercial power mains, also plagued by contractor difficulties, is expected 
to be complete early in August. 

Observations of incoherent scatter from the ionosphere have begun 
at the Lima Observatory, using a modified transmitter of lower power which 
had earlier been used by NBS during IGY in Peru. Numerous profiles of 
electron density have been obtained in the height range,l50-1200 kms. Early 
analysis of the records has .resulted in the following conclusions: (1) the decay 
of the electron density with heights above the maximum of the F-region is 
usually exponential for several kilometers. The electron density decays 
with height by a factor of 1/e for an increase in height of from 80 to 200 k.ms. 
(2) Frequently a second approximately exponentially decaying region can be 
found above the region mentioned in (1). The electron density in this region 
decays more slowly than in the first region, and the changeover from the 
first region to the second is relatively abrupt, (3) At about 2 000 hours 
time, the entire north layer over Lima seems to rise. At heights between 
150 and almost 300 kms, the electron density becomes "vanishingly" small. 

----·-- ----·-- ····-·------------------------· 
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From the measurements made thus far, it is certain that the electron 
3 

density in this height range, and this time of day, is no greater than 10 
electrons per cubic centimeter. (During the remainder of the day, and at 
other parts of !fe world, the corresponding electron densities are usually 
in the range 10 to 106 per cubic centimeter. ) 

During the first half of Fiscal Year 1962, the big pulse trans
mitter should be completed, and the second half of the antenna array will 
be constructed. It is hoped that by January the entire system will be 
complete and taking data. The remainder of the fiscal year will employ 
taking data with the system as planned. 

Work on project 87456 was supported by the AFSC-ESD. 

Personnel working on this project were: for NBS directly: 
K. L. Bowles (project leader), R. S. Cohen, G. R. Ochs, B. B. Balsley, 
J. L. Green, D. C. Whittaker, G. F. Miller, J. L. Valega, 
C. Y. Matsunaka, C. L. Kimmel, E. G. Clark,and personnel of the 
Boulder Laboratory Instrument Shop. Under cooperative contractual agree
ment with the Instituto Geofi� ico del Per� : A. A. Giesecke, J. A. Ghersi, 

I I . H. Goller, A. Arevalo, M. Tabara Ferner, H. Cabada, and a large staff 
of Peruvian workers. 

Equatorial Ionosphere 

87151 

This project is an outgrowth of the research on transequatorial 
ionospheric scattering at VHF begun in South America during the Inter
national Geophysical Year. In conjunction with the work in incoherent 
scatter being conducted at the magnetic equator, this project is aimed 
at a better understanding of the equatorial ionosphere and, in particular, 
the effects in that ionosphere due to magnetic field aligned irregularities 
in electron density. 



344 

These studies contribute to the understanding of the equatorial 
ionosphere, a subject of basic physical interest. Much of this interest 
stems from the fact that a considerable simplification of physical pro
cesses involving charged particles exists in the ionosphere at the mag
netic equator due to the unique horizontal orientation there of the magnetic 
field lines. Thus, if certain ionospheric processes can be understood in 
the equatorial ionosphere, this knowledge can be applied to better under
stand ionospheric effects at other magnetic latitudes. Furthermore, 
there are many unexplained propagation phenom�na at the magnetic equator 
which have been little explored experimentally, and which may be capable 
of application to communications. 

This year has been devoted to the completion of a study of the 
experimental results to date, and to the publication of the results of the 
experiments. 

The nature of spread-F irregularities near the magnetic equator 
has been clarified, and in particular, an expianation has been given as to 
the origin of the spread-F configurations appearing on equatorial ionograms. 

The research on the sporadic-E effects encountered near the mag
netic equator has provided material for a survey paper describing the gen
eral results to date. A more detailed study of various facets of this research 
is under way in four other papers now in preparation. The fir;:;t of the remaining 
papers, regarding VHF oblique scattering, will contain results of various 
analyses of the IGY signal-strength data, which have now been transcribed to 
magnetic tape such that any des ired study may be accomplished in a matter 
of minutes. These data are for propagation measurements on six of the 
experimental paths, and include about 100, 000 signal intensities, one for 
each five-minute interval during the year of observation. These data have 
also been reproduced photographically in a readily accessible form so that 
qualitative studies may be made. The data, both in digital and photographic 
form, are being transmitted to the IGY World Data Centers. The second 
paper treats the association between radio wave scattering from equatorial 
s poradic-E irregularities with the equatorial electrojet. Much of the analysis 
for its preparation has been completed, and the pertinent equatorial magnetic 
data for the IGY have been transcribed to punched cards and magnetic tape 
so that detailed correlations can be made between the magnetic and radio 
results. The third paper in progress describes the nature of the equatorial 
sporadic -E irregularities, and is mainly based on experimental results 
obtained on the magnetic equator (at Huancayo, Peru) subsequent to the IGY. 
The material for this paper is essentially complete. 
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It is expected that the remaining papers will be completed during 
the initial phase of this fiscal year, as well as further analyses now in 
progress. Experimental activities will then be resumed at Lima, Peru, 
in conjunction with the new observatory there. Many aspects of the irregu
larity-associated phenomena remain to be investigated. The new facility, 
combined with the existing laboratory of the Instituto Geodsico del Peni 
at Huancayo, will provide a powerful tool for this research. 

Personnel contributing to the project included: Robert Cohen 
(project leader), K. L. Bowles, Wynne Calvert, M. L. V. Pitteway (guest 
worker), K. W. Sullivan, J. T. Brown, Jr. , J. R. Winkelman, 
G. W. Pickering, N. W. Bivens, H. L. Ericson, C. Y. Matsunaka, and 
W. Chappelle (HAO guest worker). 

Meteor Burst Signal Distributions 

87451 

The objective is to study the probability distributions of meteor 
burst signals, and the relationships of these distributions to time of day 
and of year, threshold amplitude, occurrence rate, operating frequency, 
and transmission starting delays, with particular emphasis on signals in 
t emperate regions. 

Detailed signal distributions are important in affecting trans
missions of information in short bursts. The relationship of the meteor
burst signals to ionospheric scatter signals, absorption, and auroral 
reflection signals is different in the Arctic than in the temperature zone; 
these differences need to be delineated to understand the signal character
istics to be expected in such regions. 

A set of computer programs has been prepared which analyzes 
the basic meteor-burst data tapes and measures the ws.iting times between 
bursts of arbitrary lengths. Although some results have been obtained from 
these programs, they are currently being revised so that more specific 
inform.ation about the probability distribution of waiting time may be obtained. 

Research under this project was completed during Fiscal Year 1961. 
The results obtained are being used on the other projects concerned with 
meteor propagation. Support for this project was furnished by the WADC. 

Personnel who worked on the project were: G. R. Sugar (project 
leader), and V. E. Garcia. 
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Meteor Burst Propagation 

87152 

Arctic Wolf 

87455 

The object of this work is to study the basic principles and the 
statistics governing the propagation of radio signals scattered by meteoric 
ionization over oblique paths. The Arctic Wolf part of the work is parti
cularly concerned with meteor-burst communication paths in the Arctic. 
The approach is to take as complete data as possible on several test paths 
engineered to be nearly identical in terminal equipment. Use is being made 
of automatic digital techniques to provide a means of recording and analyzing 
the necessarily voluminous data. 

Results of these projects are required for accurate design of 
meteor-burst communications systems. They should permit accurate pre
diction of most of the propagation factors in any proposed system before 
prototype construction is attempted. 

The basic experiment involves measurement of the propagation 
characteristics of transmissions at 30, 50, and 74 Mc/s , over three paths 
engineered to be as nearly identical as possible. These paths, all about 
13 00 kilometers long, are from Havana, Illinois ,to Boulder, Colorado; 
from Norman, Oklahoma, to Fargo, North Dakota; and from Barrow, Alaska, 
to Kenai, Alaska. The first two are paths crossing at right angles and 
having the same common volume of ionosphere in which the echoes take 
place. Because of the geometrical dependence of the meteor echoes on 
the motion of the Earth, differences between the. diurnal variations of 
various echo characteristics over the two paths are expected to be largest 
for this configuration. The Alaska path was chosen so as to provide data 
on those propagation characteristics peculiar to the auroral regions. 

The equipment for measuring and recording meteor-burst amplitude 
as a function of time was completed and measurements started on all three 
test paths in September, 1959. Operation of the paths from Norman, Oklahoma, 
to Fargo, North Dakota; and from Barrow, Alaska,to Kenai, Alaska,was ter
minated on 30 June 1960. Operation of the Havana, Illinois,to Boulder, 
Colorado,path was terminated on 1 January 1961. Additional calibrations of 
the apparatus, including antenna calibrations, were performed prior to the 
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shutting down of the paths so that the various results can be reduced to a 
common basis. Since then, most attention has been given to the computer 
programming required to reduce the data to a meaningful form. Some pre
liminary analyses have been done, especially of the Arctic data,and some 
of the results obtained from these observations are being prepared for 
publication. 

The completion of the basic reduction of the data is expected early 
in the fiscal year. As the reduced data become available, they will be 
examined for diurnal and seasonal variations, effect of antenna patterns, 
correlation with other propagation phenomena, frequency dependence and 
other factors. It is expected that the analyses of the data will be completed, 
and the projects terminated during the fiscal year. 

Support for this work has been partially furnished by the AFSC-
ESD. 

Personnel who worked on the Meteor Burst Propagation project 
were: G. R. Sugar (project leader), L. D. Breyfogle, W. S. Burkey, 
W. H. Daniels, F. J. Eggert, R. P. Graham, A. M. Gray, C. E. Hornback, 
R. N. Lyons, M. L. West, and D. C. Whittaker. 

Personnel who worked on the Arctic Wolf project were: G. R. Sugar 
(project leader), A. 0. Crawley, and W. H. Daniels. 
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AIRGLOW AND AURORA SECTION 

Airglow and Aurora 

8 7171 

The purpose of this project is to study the physical and chemical 
processes in the upper atmosphere which lead to optical emissions. The 
quantitative photometric study of the optical radiations (airglow and aurora) 
is now being carried out systematically at a number of stations, including 
the Fritz Peak station of the Boulder Laboratories 

A. Observational Program: Systematic observations were made 
at the Fritz Peak station during 140 nights. This represents a significant 
increase in observing activity due to the fact that nights are now used for 
which the zenith is clear even though the. horizon may be cloudy. 

B. Instrumentation: The use of a new zenith photometer (mentioned 
in last year's report) has greatly improved the quality of our absolute cali
brations. The photometer has proven especially adaptable to field use, includ
ing installations at Thule, Antarctica, New Mexico, Hawaii, and Fritz Peak. 

C. Data Processing: The zenith observations for the calendar 
year 1960 have been completely reduced and are under analysis. A digitizing 
photometer has been put into pilot service. The results appear on punched 
paper tape. Within about six months it is planned to convert completely to 
this type of recording. 

D. Publications and Analysis: During the year six research papers 
have been published or are now in press. Of particular interest in the cur
rent studies is the correlation between the ionospheric parameters foF2 and 
h'F and the intensity of the 6300 Angstrom units line of atomic oxygen. A 
weak positive correlation is found for the Colorado observations, but a very 
high positive correlation is found in the tropics. The study has been stimu
lated by collaboration with Dr. Daniel Barbier who visited the Boulder 
Laboratories during the latter part of the fiscal year. 

Work has continued actively on the study of stable red (6300 R) 
arcs over Fritz Peak. With the decline of solar activity, their frequency 
of incidence has decreased. 



349 

E. Teaching Activity: F. E. Roach was in charge of a course on 
"Physics of the Aurora and Airglow'' offered jointly by the Colorado University's 
department of Astra-Geophysics and NBS during the Spring semester of 
1961. Guest lecturers included C. G. Little, J. W. Chamberlain, 
W. Campbell, N. Carleton, and J. M. Mal ville. Eight students took the 
course for credit. 

F. Photometers in the Antarctic and at Thule: One of our turret 
photometers was installed at Hallett Station, Antarctica, and was operated 
from 16 May to ll September 196 0. The operation was under the auspices 
of AFCRC and was carried out by Mr. Mark Gordon who will complete the 
analysis of his data in Boulder as a graduate student at Colorado University. 
A similar photometer was installed at Thule but too late for effective oper
ation before the close of the short observing season. An AFCRC scientist, 
Mr. Frank Barmore, spent a short time in Boulder during the latter part 
of the current fiscal year in training for the operation of the Thule photo
meter during the 1961-62 season. 

G. IGY Book: The tabular material for the international IGY 
book is completed. The textual material is about two-thirds finished. The 
principal table contains 298 pages of hourly values of absolute zenith inten
sities of several airglow radiations made at 28 IGY stations. The distri
bution among radiations is as follows: 

Radiation Number of Pages 

5577 94 
5893 53 
6300 58 

OH 34 
Controls 
(5300, 6050) 59 
Total 298 

Personnel who worked on this project include: F. E. Roach (project 
leader),R. B. Alexander, H. V. Blacker, H. M. Mann, E. Marovich, 
D. J. McCollum, R. W. Owen, C. M. Purdy, L. L. Smith, B. L. Stone, 
and V. M. Syfie. 
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Airglow and Aurora Emission Studies 

87178 

This project sponsored the work of a post-doctoral fellow, Dr. 
N. P. Carleton, who spent the summer and autumn of 1960 and late spring 
of 1961 at the Boulder Laboratories. Dr. Carleton is an assistant professor 
of physics at Harvard University and has been very active in laboratory 
studies of atomic and molecular reactions pertinent in auroral and airglow 
reactions. 

During his stay in Boulder ,he worked on two projects: 

(1) The development of a photometer for the measurement of the 
N� band at 3914 R. 

(2) In collaboration with L. R. ,Megill, a definitive study of dis
charge processes in the upper atmosphere. 

The 3914 photometer has been systematically operated during about 
six nights, and the records are under analysis. 

The discharge study is now ready for routine calculations with the 
1604 electronic computer. Trial runs have been successful, yielding curves 
of degree of excitation of atomic oxygen as a function of energy. The prin
cipal parameters are: (1) t he electrical field strength and (2) the excitation 
energies of the various atmospheric constituents. 

Dr. Carleton's post-doctoral fellowship was for one year and expired 
on June ll, 1961. 

The following personnel worked on this project: F. E. Roach (project 
leader), N. Carleton, and Nancy Potter. 

Research in Zodiacal Light 

87476 

The zodiacal light is a significant component of the light of the night 
sky and enters as a contaminant in all air glow studies. It is of special interest 
in connection with the interpretation of interplanetary dust and electrons. 
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A research program on the zodiacal light is under the joint 
sponsorship of the University of Hawaii, the High Altitude Observatory and 
NBS. Our part in the program is (a) the assistance with computing,and 
(b) consultation on the program. 

A new zodiacal light photometer has been constructed at HAO. 
It has been and is being tested at Fritz Peak and is due to be installed 
at the Haleakala station of the University of Hawaii in August. The instru
ment records (a) the absolute intensity of the zodiacal light, (b) its degree 
of polarization, and {c) its angle of polarization. Two graduate students 
are working at HAO on the problem. both under the supervision of the chief 
of the airglow-aurora section. 

Work under this project was supported by NASA. 

F. E. Roach (project leader), worked on this project. 

Low Latitude Airglow Studies 

87478 

One of the interesting recent developments is the discovery of 
considerable structural detail in the airglow at low latitudes. The joint 
program (87476) on the zodiacal light also includes studies of the tropical 
airglow. The responsibility of NBS is to install the photometric equip
ment on Mt. Haleakala, Maui, Hawaii. 

The photometric equipment includes (a) a turret photometer , 
{b) a birefringent photometer, (c) an astronomical component photometer, 
and (d) a zodiacal light photometer (87476). Component (a) was put into 
operation in April, (b) in May, (c) is now en route, and is scheduled for 
installation in July, and (d) is scheduled for transfer to Haleakala in 
August. 

From April through June 1961, observations were made on 29 
nights. Of particular interest is the striking activity of 6300 which cor
relates with changes in the F-layer. It is possible to test the correlation 
by comparison of our recent Haleakala observations with ionospheric 
sounding data from the NBS Maui station. Some very interesting cor
relations have already been obtained. 
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It is planned to continue an active collaboration with the University 
of Hawaii and HAO during the next year . 

Work under this project was supported by NASA. 

Personnel who worked on this project include: F. E. Roach 
(project leader), H. M .  Mann, E. Marovich, and C. M. Purdy. 

Photometer used in studies of the night airglow. 
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IONOSPHERIC RADIO ASTRONOMY SECTION 

Solar Noise Patrol 

87182 

The objective of this project is to provide to the Radio Warning 
Service, on an up-to-the-minute basis, a simple, single-frequency 
recording of solar radio noise, in order to supplement the data which 
comes from co-operating observatories. Experience has shown that 
recordings of the fluctuations in the intensity of solar radio emissions 
can be used to help predict disturbances of the terrestrial ionosphere, 
and hence the occurrence of disturbed radio propagation conditions. This 
program of routine observations serves to give immediate warning to the 
Central Radio Propagation Laboratory Radio Warning Service of major 
solar disturbances. 

Since the end of the International Geophysical Year, the obser
vational program has been limited to a solar patrol on a single radio 
frequency. During this year, the receiving site has been transferred 
from Gunbarrel Hill to Table Mesa, where the receiver may be attended 
conveniently on a part-time basis. The antenna system has been simpli
fied by substituting an equatorially mounted Yagi antenna for the old 
Wurzburg reflector. The observing frequency has been changed from 
167 Me/ s to approximately 108 Me/ s to avoid radio interference which had 
been an increasing problem at 167 Me/ s. 

New r-eceiving equipment, requiring less maintenance and less 
frequent calibration than the old receivers, has been constructed and 
placed in operation. A leased telephone line is used to transmit the 
signal from the receiver directly to the Boulder offices of the CRPL 
Radio Warning Service, where it is recorded on a paper chart. 

The following personnel worked on this project: E. R. Schiffmacher 
(project leader), and W. I. Nodine. 
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Evaluation of Transistorized 
Riometers 

87402 

The objective of this project is to test and evaluate in considerable 
detail the performance of two transistorized riometers which were origi
nally developed on project 87185. The use of the riometer (cosmic-noise) 
method of measuring ionospheric absorption is rapidly expanding, with 
several tens of units being used by various research groups in equatorial, 
temperate, and polar latitudes. Experience with the U. S. IGY equipments 
showed these particular units to require experienced and careful operation, 
and led to the design,on NBS project 87185,of transistorized riometers with 
revised specifications. It is the purpose of this new AFSC-sponsored pro
ject to test and evaluate in considerable detail the performance of these 
trans is tori zed units, in the hope that reliable, light-weight units of low 
power consumption can be prepared. When available, such units are ex
pected to become standard research equipments at many NBS ionospheric 
research sites. 

This project commenced late in the fiscal year with support from 
AFSC-ESD. The two available transistorized units were first modified to 
operate on the same frequency of 30 Mc/s. Both units were thoroughly 
tested in the laboratory and modifications incorporated in order to eliminate 
drifts due to variations in ambient temperature and in supply voltage. One 
unit has been operated successfully at the Table Mesa field site for about 
two weeks; the second unit will be installed at that site in the near future 
and used for comparison and test purposes. 

The two transistorized riometers will be operated side-by-side 
on identical antennas in order to evaluate their performance in the field. 
Any further improvements required will be incorporated, and then the design 
standardized by means of circuit and construction diagrams, equipment 
specificatio,ns, and operator 1 s manual. 

The following personnel worked on this project: E. R. Schiffmacher 
(project leader), and S. S. Barnes. 
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Satellite Ionosphere Studies 

87481 

The purpose of this project, which was sponsored by the National 
Aeronautics and Space Administration, is to study the ionosphere and 
earth-space propagation, using radio transmissions from artificial earth 
satellites. Most techniques for studying the ionosphere can only give 
information which refers to the structure below the region of maximum 
ionization. Satellites usually sweep quickly across the sky and thus can be 
used to study the ionosphere over a wide area by making observations from 
a single ground station. Various parameters of the satellite radio wave 
could be studied, but the main emphasis has been applied to recording the 
changing polarization angle of the received signal. The radio signals from 
satellites are affected by the whole ionosphere between the satellite and 
the observer; hence,a comparison of simultaneous measurements, refer
ring to the lower ionosphere, can give otherwise unavailable details of the 
ionospheric electron content and irregularities above the region of maxi
mum density. 

On the observational side, most of the year has been spent in 
preparing an elaborate array of receiving equipment for the proposed 
NASA satellite S. 45. The facilities include: 

(a ) a special six-channel receiver supplied by NASA, 

(b ) additional phase-locked and non-phase-locked receivers 
to supplement the NASA equipment, and 

(c) a special system which electronically rotates the polari
zation angle of a linearly polarized ground-based antenna 
in order to obtain a continuous measurement of the polari
zation angle of the satellite signal. 

Unfortunately, both attempts to launch the S. 45 satellite failed, 
and as an alternative, some of the apparatus is now being used to observe 
the satellite Explorer VII. A mobile receiving station has been assembled 
in a small trailer to allow recordings of the satellite to be made at various 
distances from the permanent site. A comparison of the records taken at 
the trailer with those taken simultaneously at the fixed site will allow a 
measurement of the irregular structure of the ionosphere. A variety of 
site separations (from 100 m to 100 km) is currently planned and will 
indicate effects due to irregularities of a large range of sizes. A few records 
have already been made and unexpected differences between the records are 
immediately apparent. 
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Work has continued on the analysis of almost two years of 
Sputnik III records, taken during the lifetime of that satellite. The rate 
of Faraday rotation of the polarization vector has been scaled from the 
records of about 300 satellite passes. Scintillation indices have been 
estimated from nearly twice that many passes. The interpretation of 
these data has been proceeding with the aid of a ray-tracing program on 
the digital computer. This analysis is expected to result shortly in 
synoptic information concerning both the total electron content and the 
irregular structure of the ionosphere in the vicinity of Boulder. 

During the next fiscal year, it is hoped to continue work with the 
mobile station to cover the whole range of spacings suggested. In addi
tion to a comparison of the polarization records at the two sites, rapid 
amplitude changes in the signal (scintillations) will be compared,and this 
should lead to a determination of the height of the electron density irre
gularities which cause the scintillations. 

It is also planned to study the incidence and intensity of scintil
lations at the equator. To accomplish this, attempts are being made to 
obtain the systematic recordings of satellite passes which are made by 
the Minitrack station at Lima, Peru. 

The following personnel worked on this project: R. S. Lawrence 
(section chief), H. J. A. Chivers (project leader), G. Kamas, D. J. Posakony, 
R. F. Carle, M.  A .  Andrews, H. A .  Erickson, W. I. Nodine, G. G. Risley, 
E. K. Arinaga, W. B. Hagwood, L. D. Matheson, L. D. Lewis, and 
E. L. Phillips. 

Scintillations 

87482 

The purpose of this project, which is supported by the Ballistic 
Missiles Division of the United States Air Force, is to supplement the 
general knowledge of the ionosphere using radio-astronomy techniques and 
satellite signals. Particular emphasis is placed upon a study of the per
turbations imposed upon radio waves which penetrate the ionosphere from 
outer space. 

The use of satellites and radio stars as sources of extra-terres
trial radiation permits the observation of the effect of either a portion of 
the ionosphere or of the entire ionosphere upon the radio waves. An 

L 
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important difference, however, between the use of radio stars and 
satellites as sources of extra-terrestrial radiation is that the radio 
star can be treated as a source at an infinite distance, whereas the sat
ellite must be treated as a source at a finite distance. This distance 
effect can materially alter the pattern of the radio waves as they are 
observed at ground level. In the past, observations have been made 
entirely with radio stars; with satellites, it is now possible to study 
these distance effects. 

In addition to the direct measurement of the effects listed 
above, it is possible to deduce from the observations information about 
the structure of the ionosphere, since the fluctuations of the observed 
radio waves are due to ir regularities in the ionosphere. Present sponsor
ship of the project by the U. S. Air Force arises because of its interest 
in the effect of the ionosphere on radio signals traveling between the ground 
and space vehicles. 

The main activity during the past fiscal year has been directed 
toward the development of sensitive receiving equipment necessary for 
the observation of satellite signals. Due to the component of motion of 
the satellite along the observer ' s  line of sight to the satellite, there is a 
Doppler shift in the carrier frequency of the satellite signal. With con
ventional receivers, the input bandwidth would have to be large enough 
to accommodate the Doppler -produced variation in carrier frequency. 
For most satellites, the required input bandwidth is considerably greater 
than would be required for the observation of scintillation effects in the 
absence of Doppler effects. In order to reduce the input bandwidth, and 
thus increase the output signal-to-noise ratio, a tracking filter system 
is being used. This system keeps the tracking filter centered about the 
incoming car rier frequency by phase-locking the incoming carrier to a 
locally generated signal. The bandwidth of the tracking filter need only 
be wide enough to accommodate the desired scintillation information. 

Some preliminary r ecords have been taken using this system m 
conjunction with low gain antennas. The small antennas will be replaced 
with forty-foot diameter parabolic antennas which will result in a consider
able increase in the quality of the records. 

Next fiscal year will be devoted to an observing program with 
subsequent analysis of the observations. The observations will consist 
of recording signals from satellites in varying positions in the sky and 
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on d iffe r e nt fr e quenc ie s (d e p endin g  up on ava ilabl e s a tellit e s ). S om e  o f  

th e ob s e rvations w ill b e  mad e us ing s p ac ed a ntenna s . Als o ,  o b s e r vations 

w ill be made o f  r a dio s ta r s  in o r de r to c ompa r e  the s e  r e c o rd s  w ith the 

s a te llite r e c o r d s . 

The r e c o rd s  w ill b e  analy zed with a v1ew towa r d dete rmin ing the 

e ffe c t  o f  s our c e  dis tanc e up on s c intillations , the s pa tial and time c o r r e 

lation lengths of the s c intillations , the f r e quency d e p e nd e n c e  of the s c in 

tilla tion s , the e ffe c t  o f  s ou r c e  s i z e  upon the s c intillations , t h e  s c intillation 

c ha r a c te r i s tic s a s  a func tion o f  p o s ition o f  the s a tell ite , a nd (if s at e ll ite s 

w ith low angul a r  ve l o c ity b e c om e  available ) the r e latio n s h ip b e tw e e n  the 

pha s e and ampl itude s c int illations . 

The followin g  p e r s onnel wo r ked on th is p r o j e c t: R .  S .  Law r enc e 

(s e c tion c hief ) , J. L .  Je s p e r s e n (p r o j e c t  l e ad e r ) , G .  Kama s , 

D .  J. Po s akony , E. R .  S c h iffmac h e r ,  R .  C .  Lamb , R .  F .  C a r l e , 

M. A .  And r e w s  a nd H .  A .  Er i c ks on . 

Two 49- foot radio telescopes on T able Mesa ,  north of Boulder , used 
to study scinti llation o f  signals from artificial satellites . 

b 
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RA D I O  STA N DA R DS LA B O RATO RY 

T he s c i e ntifi c fun c ti o n  of t h e  Radio S t an dar d s  L ab o r at o r y  i s  

to p r o vide the c e nt r al b a s i s ,  within the United State s ,  fo r the c o m 

plete , c o n s i s t e n t ,  unifo rm, and accur at e  m e a s u r e m e nt o f  p h y s i c al 

quantiti e s  and mat e r i al p r op e r ti e s  p e r t aining to r adi o s c i e n c e ,  and t o  

a s s u r e ad equate i nt e r n ati o n al c o o r di n ati o n  of s u c h  m e a su r e m e nt s . 

B ot h  s ci e ntifi c and t e c hnologi c al p r o g r e s s  r e s t s  squa r e l y  o n  

t h e  ad equac y o f  the s t and a r d s  avai l ab l e . T he g r owi ng magnitude and 

c ompl exi t y  of the indu s t r i al and militar y output in r adio e l e c t r o ni c s i s  

e vi d e n c e  of the prima r y  i mp o rtan c e  of thi s l ab o r ato r y .  F o r  exampl e ,  

if the p r e ci s i on and accur ac y of s t andar d s  ar e imp r oved, the de g r e e  

o f  p e r f o r man c e  e r r o r  i n  e l e c t r o n i c  s y s t e m s  c an b e  he ld t o  s malle r  

value s ,  r e s ulti ng i n  hi g he r attai nab l e  p e rf o r m an c e ,  o r  i n  g r e at e r  

e c o nomi c s o f  manufactu r e  f o r  a given p e r f o r manc e .  

Fulfillment of the ab ove functi o n  r equi r e s  r e s e ar c h  o n  all 

a s p e c t s  of the i nt e r acti o n  of r adi o fr eque n c y  fi e l d s  with mat e r i al s  o r  

g e orne t r i e s  havi ng p o s sible appli c ati o n  a s  d e vi c e s o r  t r an s mi s s i o n  

medi a ;  and , c onve r s e l y, i t  i1npli e s  u si n g  an y unique appli c ability o f  

exi s ti n g  r adi o t e c hn ol o g y  t o  di s c o v e r  b o t h  the atomi c and ag g r e g at e  

p r op e r ti e s  o f  matt e r  and t o  dete r mi n e  c o n s t ant s o f  p h y s i c s .  It fur 

the r r e qui r e s developme nt of i t s  o wn r e s e ar c h  r e s ult s and tho s e  of 

othe r s  to p r o du c e  me a s u r e me nt s t andar d s  exhibiting imp r ovement as 

t o  p ri n ciple of op e r ation and var i e t y  of quan ti t y  de alt wi th, a s  well as 

exte n s i o n  of r an g e ,  f r equ e n c y, and accur ac y .  T he r e sul t s  of the 

fo r e g o i n g  r e s e a r c h  and devel opment ar e di s t ributed t hr oug hout the 

nati o n  and the world by t he p r o vi s i o n  of s t and a r di z ati o n  s e r vi c e s ,  s u c h  

a s  s tand ar d f r e que nc y and time s i g nal b r o ad c a s t s ,  c alib r ati o n  of 

e l e c t r oni c i n s t r ument s i n  t e r m s  of the n ati o n al standar d s ,  m e a su r e 

m e nt of the r adi o p r op e r ti e s of m at e r i al s ,  c o n s ult ati o n ,  and publi c a 

ti o n  of s c i e ntifi c and e n g i n e e r ing r e sult s .  The s ubj e c t matt e r  ar e a s  

o f  c o n c e r n  t o  t he Radio Standa r d s  Lab o r at o r y  may b e  thoug ht o f  a s  

t he f r e qu e n c y  and time s t andar d s  ar e a , t he r adi o c i r cuit standa r d s  

ar e a, t h e  ar e a  i nvolvi ng t h e  r adi o p r op e r ti e s  of m at e r i al s,  i n c ludi ng 

p l a s ma s ,  and r e s e ar c h  of b o t h  a t he o r e ti c al and exp e riment al n atu r e  

whi c h  m a y  s t e m  f r o m  o r  i nt e r c o n n e c t  all the s e  ar e a s . 

S i g nifi c ant ac c ompli s hm e nt s have b e e n  made in e ac h  of the s e  

te c hni c al ar e a s  dur i n g the p a s t  y e ar . P e r hap s the g r e at e s t  s t r ide s 

we r e  made i n  the a r e a  of f r e qu e n c y s t andar d s . The U nit e d  Stat e s 

F r equ e n c y Standar d ,  a c e s ium b e am app ar atu s ,  i s  s howi n g  out s t andi n g  

I • 
' �1 
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p e r fo r manc e b o th n ati o n ally and i nt e r n ati o nall y a s  the m o s t  stable 

and ac cu r ate i n  the w o r l d . Our wo r ki n g  s t and ar d s  of fr eque nc y have 

b e e n  g r e atly s t r e n gthe n e d  b y  the addition of s e ve r al atomic d e vi c e s .  

T he p e rforman c e  of t he U nited S t at e s  s tandar d s, and standar d s  e l s e 

whe r e  i n  the wo r ld has l e d  t o  the a c tive inter national c o n side r ation 

of a r e definiti o n  of t he s e c o nd i n t e r m s  of an at omi c t r an siti o n . In 

c i r c uit s t and ar d s,  the g r ound wo r k  has b e e n  l aid f o r  the e s tabli s hment 

of n ati o n al s t anda r d s  of p ha s e  s hift to p r e c i s i o n s of 1 o-4 r adian s ;  

s t andar d s  of mi c r owave r efle c ti o n  c o effi c i e nt have b e e n  pu s he d  t o  a 

hi g h  de g r e e  of r efi nement;  the n ati o n al stand ar d s  of mi c r o wave and 

hi g h - f r e que n c y  p o w e r  have b e e n  c omp ar e d  i nt e r n atio n al l y  and have 

b e e n  found to exc e l  in ac c u r a c y  and pr e c i s i o n ;  g o o d  p r og r e s s  t o war d 

a n o v e l  noi s e  s t andar d at hi g h  fr eque n c i e s has b e e n  mad e ; and g r atifyi n g  

r e s ult s have b e e n obtai n e d  i n  t h e  c alib r ation of i ndu ctive voltag e 

divide r s  b y  a n e w  t e c hnique . A g o o d  b e gi nning toward the s tudy of 

e l e c t r o n  p ar amag netic r e s on anc e at c r y o g e ni c  temp e r atur e s  ha s b e e n  

mad e ;  and t h e  s tudy of mode s o f  e l e c t r omag n e ti c p r opag ation al o n g  

c ylind r i c al p l a s m a s  has b e e n  advan c ed .  T he d e ve l opme nt a n d  unde r 

s t anding of n e w  kin d s  of r e s on at o r s appli c ab l e  i n  millime t e r  wave 

s tudi e s  was advan c e d .  M an y  of the f o r e going a c c o mpli s hment s have 

b e e n  due t o  c a r eful and exac t the o r e ti c al supp o r t  in e l e c t r omagnetic 

t he o r y  and mathemati c al p h y s i c s .  

One s ummar i z in g  e s timat e  of the s i g nifi c an c e  of the N ati o n al 

Bu r e au of Standar d s  in the w o r l d  wid e  r adio fi eld was made b y  the 

c hai rman of the Unit e d  Stat e s  d e l e g ation t o  C ommi s s i o n  I of the 

1 9 6 0  URSI G e n e r al A s s e mb l y  i n  Londo n .  H e  s aid, " t he out s t andi n g  

c ontributi o n s  made b y  t h e  Nati o nal Bur e au of Stand ar d s  undoubtedly 

e s t abli s he d  it i n  a p o s iti o n  of l e ad e r s hip i n  the s e  field s , 1 1 

T he futur e obj e ctive s of the Radio Standa r d s  Lab o r at o r y  a r e  

d e t e r mi n e d, fi r s t l y  b y  i t s  s tudy dur i n g  t he p a s t  y e a r  of t h e  ad e quac y 

of i t s  s t andardi z ati o n  s e r vi c e s  t o  s c i e n c e  and t e c hn o l o g y ,  and s e c ondly 

by the imp a c t  o n  r adi o s c i e n c e  of r e c e nt r e s e ar c h  r e sult s i n  qu anturn 

r adi o p hy s i c s .  On the o n e  hand, we have b e e n  in c l o s e  an d f r e qu e nt c o ntact 

wi t h  man y indu s t r i al m e a sur e m e nt e ngin e e r s i n  o r d e r  to di s c ov e r  

what s tandardi z ation n e e d s  ar e n o t  b ei n g  met . On t he othe r hand, w e  

s e e the r apid o n s et o f  man y appli c ati o n s  o f  quantum r adi o p hy s i c s 

suc h a s  atomic fr e qu e n c y  s t anda rd s ,  the u s e  of m a s e r s a s  l o w  noi s e  

amplifi e r s ,  the u s e  of mas e r s t o  ext e n d  s p ati all y and t e mp o r al l y  

c o he r e nt r adi ati o n  t o  s ho r t e r  a n d  s ho r t e r  wave l e n g t h s  d own t o  the 

o pti c al ,  t he u s e  of Stark b r o adening or Stark s hi ft s  a s  a p o s sible 

s t andard f o r  voltage m e a surement,  the i nv e s ti g ati o n  of magneti c 
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r e s onance , the inve stigation of energy levels  in s emiconductor s , and 
the study of noi se  in the quantum limit of low temperatur e or high 
frequency ,as  contr a sted to the clas sical limit of high temperature and 
low frequenc y .  

The measure of our adequacy i n  the above re sponsibiliti e s  
continues  t o  be  ve r y  small compared t o  what should be pr ovided . 
Our continuing obj ective must be  to make progre s s  toward the s e  goal s ,  
Hopefully, s ome of thi s  progre s s  will b e  made in the coming year by 
formulating specific and detailed plans  for the increase  of staff and 
faciliti e s .  We po s se s s  an excellent base  of trained, mature ,  and 
cap able per s onnel, of unsurpas sed  equipment, and a backlog of 
capital ideas  on which to build . 

John M . Richardson ,  Chief 
Radio Standards  Laboratory 
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C o nsultative and Advi s o r y  S e r vi c e s 
84 1 0 1 

T he g e n e r al aims of thi s p r oj ect ar e to give c on sultative  an d 
advi s o r y  s e rvic e s  as needed i n  acc ompli shing the mi s sion of the Radio 
Standard s  Lab o r atory ( RSL) . 

Work in thi s ar e a  i s  important b e c au s e  the s e rvic e s  of 
exp e r t s  in matte r s  p e rtaining to r adio s cienc e ,  standar ds , and meas 
ureme nt s  ar e  continuously n e e de d  i n  gove r nment,  s cience ,  and industr y .  
The giving of suc h s e rvic e s  t o  technical commit t ees and in meet -

ings  whe r e  r e commendati ons  ar e formulated i s  n e arly always helpful 
to the RS L in planning and ste e ring its  wo rk.  

Rep r e s entative s of  the Laborator y p arti cipated  in a numb e r  
o f  c ommitt e e s , sub - c ommitte e s , or meeting s of natio nal and inte r 
n ational o r ganizati on s . F o r  example ,  IRE , AlEE,  AlP ,  ASA ,  AGEP,  
IRIG , B IPM, C C IR,  IEC ,  and URSI.  The RSL acted as ho st  for  a 
numb e r  of group s  meeting at the NBS B oulder  Labor atori e s ; e .  g . , 
AlA Measurement Re s e ar c h  C o nfe r ence s , DOD t e c hnic al c ommitt e e s ,  
and j oi nt c ommitte e s  with profes sional societi e s ar r anging for  te chni c al 
c onfe renc e s  in B oulde r .  

C on sultative and Advi s o r y  Servi c e s  will b e  p r ovided as  
r equi r e d . 

A li st of p e r s onnel o n  thi s p r oj e c t  i s  inapp r opriate . All 
p r ofe s sional p e r s onnel u s e d  thi s  p r oj e ct when giving consultation to 
tho s e  out side the Bur e au .  

The o r eti c al Physic s 
84 1 02 

Pe rformance of basic  work in theo r e ti c al physi c s and appli ed 
mathematic s  ( including num e r i c al analy si s )  on  p r oblems of i nte r e st to  
t he Radio Standards Lab o r ator y, and p r ovi sion of  con sultative s e r vi c e  
to the Radio Standard s  Lab o r ator y .  

Scope of p r oj ect  spans the mor e basic aspe c t s  of the work 
of the enti r e  Radio Standards Laborator y .  T h e  p r oj e ct i s  not only a 
dir e c t  s our c e  of output , but it al s o  enable s inc r e a s e d  quanhty and 
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quality of output of the divi sion as  a whole by :  ( 1 )  pr ovi sion of consul 
tative s e rvi c e s ;  and, ( 2 ) on o c c a s ion, pr ovi sion  of key  the o re ti c al 
developments on whi ch furthe r work in  othe r p r oj e cts  may b e  based .  

Pe rturbation formula s ,  b a s e d  on a ' ' comp en s ation the o r em" 
stated for wave guide j unction s ,  we r e  used to obtai n appr oximat e  r e sults  
in  a variety  of wave guide p r oblem s .  One of the problems c on side r e d  
w a s  that o f  r e fle ction at the junction o f  p e rfe ctly r e ctangular waveguide 
with a filleted r e ct angular wave guide of the s ame main dimension s .  
T hi s  problem i s  of inte r e st to S e ction 84 . 80 ;  the the o r eti c al r e sults ar e 
b e ing c ompar e d  with experimental r e s ults  obtained b y  Anson and B eatty .  
The s e r e sult s ar e t o  b e  publi she d .  Example s  for which the o r etical 
r e sults ar e alr e ady available we r e  worked using the p e r turbation formLllas. 

It  was noti c e d  that the commo n  exp edi e nt of  using an unp e rturb ed 
fie l d  as an app r oximation to an unknown fi eld doe s not always lead to a 
c o r r e ct lowe s t - o r d e r  approximation . 

An analytic al examination of the effe ct of "mi r r o r  tilt " on 
ob s e rved wavelen gth in  the mic r owave Miche l s on inte rfe r omete r was 
made . It was shown that thi s effe ct  i s  of the s e c ond order  in  the angle 
of tilt, p rovided c er tain fairly  r e alistic  s ymmetr y p r op e rtie s  are 
as sumed for the r adiation p atte rn of  the instrument . 

A largely  expo sito r y  p ap e r ,  e ntitled "Introduction to the 
T he o r y  of W av eguide Juncti on s , " was p r epared b y  D r .  Ke r n s  and 
p r inted as a Memor andum Report . 

W o r k  on the mic r owave spectral table s  continued . All sour c e  
material f o r  the s e  t able s  has b e e n  c ollected,  r ep r oduc e d ,  and filed , 
Input and output format s  for the t able s  we r e  devi s ed, and programming 
for  i nten sity c omputation s was b e gun . An electric  typewriter  was 
modifi e d  to r e ad punched p ap e r  tap e . ( D at a  ar e to b e  r e c o rded fi r st on 
magneti c t ape , and then transf e r r ed to punched p ap e r  tap e . )  

Work of the p r o g r amming and computation g r oup, unde r 
D r . Wacker, i ncluded s ome r etraining and s ome translation of p r og r ams 
on ac c ount of the c hang e  from one type of  c omput er to another . 
Example s  of the wo rk of thi s g r oup include computation of Stark ene rgy 
level s ,  pr ovi sion of B e s s e l  function sub - r outine s ,  p r o g r amming for 
Divi sion 84 budge t  c omputation s ,  additional computatio n s  of the mic r o 
wave Miche l s on inte rfe romete r ,  and c ornputati ons for the W W V  program .  
A n  app r e c i able  p e r c entag e  of time w a s  spent in  as si sting oth e r  p r o 
g r amme r s  i n  the divi sion . 
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Dur ing the next year, a suffici ent anwunt of old work may b e  
c ompleted t o  permit s ome f r e edom for theoreti c al progre s s  and ex
plor ation . T asks for the next ye ar , mo stly in the c ate gor y of old work, 
may b e  outlined as follows ;  ( l )  C ompletion of p e rturb ation c alculatio n s  
for finite c onductivity and g e ometri c al imperfe ctions  i n  half - r ound 
ob stacle s as imp edanc e standard s  ( T he suc c e s sful u s e  of special 
quarter  -wave s horts  as imp edan c e  standar ds  has r educ ed the n e e d  for 
mor e extende d nmnerical table s for the half- r ounds . ) ; ( 2) Prepar atio n  
o f  a c o n s olidated r eport  o f  further an alyti c al wo rk, b a s e d  on the Ke r n s 
D ayhoff theor y, that has b e e n  done on the the o r y  of t he mic rowave 
inte rfe r omet e r s ;  ( 3 )  Pr epar ation of expo sito r y  note s on the mor e  
advanced  p art  of the theory  o f  wave guide junction s; ( 4 )  C ompletion of 
the mic r owave spectra table s ( Thi s last is str ongly depe ndent on the 
p o s sibility of obtaining a sufficient amount of suffi ciently c ompetent 
additional manpower on the pr o j e c t . ) . 

P e r sonnel contributing to the the o r etic al physic s part of t hi s  
p r oj e ct we r e  David lvl . Ke r n s  (proj e ct leade r )  and W .  Thomas G r andy, J r . ;  
to the work on the spectral table s ,  numerical analysi s ,  and c omputation,  
Paul F.  Wacker ( sup e rvi s or of thi s group ) ,  Joe  B allar d, Jac k  Hur s ch>;< 
P atricia  P e ar c e , J e an Pete r s on ,  Marlen e  M .  Fr atto , and Malc olm 
Randall . ( ':' part -tim e )  

M e c hani c al Engin e e r ing for RF Standards 
84 1 03 

T he obj e c t  of thi s p r oj e ct i s  the development of new mec hanic al 
d e signs  and con struction t e chnique s ,  the inve sti g ation of p rinciple s and 
method s for p roducing mor e  p r e ci s e  r adio fr equency and mic r owave 
standard s  and instrume nt s ,  and providing g e n e r al mechani c al engi n e e r -
ing s e r vi c e  to the Radio Standar ds  Labor atory . 

T he ac curacy and p r e ci sion with whi c h  c e r t ain typ e s of  r f  
and mic rowave �> tandards and me asurement s c an b e  made i s  inc r e as e d  
b y  the developme nt of new t e c hnique s i n  me c hanic al motion and new 
p r oc e s s e s  to prod•.Jc c  c omponent s . New and novel fab r i c ation method s 
mus t  ofte n  b e  inv e s tigated,  adapted,  or  developed in order  to c on struct 
s ome of t h e  comp onent s  whi c h  c annot be pr oduc e d  by c onventional 
mac hi n e  ope r ations . New and novel principle s  mu st b e  inve stigated ,  
adapted,  o r  develop ed in o r d e r  i;o pr oduc e mec hanic al motions of  the  
<J.tmo s t  ac curac y .  
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De signs and dr awings  wer e  pr oduced for  such  equipment a s  
attenuator s ,  pr eci s ion - s liding loads , and s tub tuner s .  Of primary 
importanc e in such instruments i s  the preci sion and accu·r acy of 
mec hanical movement and, as an example ,  a rotary-vane attenuator 
was de signed that enabled an increase  in reading accuracy by a factor 
of ten . Othe r gene r al mechanical de sign was  undertaken , such as 
microwave inte rfe r omete r mounts, and components of the VLF standard 
broadcast station . 

Con sultation was provided the divi sion with regard to mechan
ical aspects of electr onic equipment . An inve stigation of methods  of 
pr oducing mor e  preci s e  linear motion was undertaken .  

Dr afting activiti e s  o f  the divi sion were  included in the proj ect, 
and r e s earch  data we re  prepared for pre sentation by various media  
such as  reports , j ournal s ,  and me etings . 

Work of the nature outlined above will continue during the 
coming fi s c al ye ar ,  except for the drafting activitie s  which have been 
r emoved from the  divi sions and centralized as  a laboratory function . 

P e r s onnel contributing to thi s proj ect we r e :  B ruce Haviland, 
Victor Lecin ski , Maurice Oshima, and Marilyn Schmitt . 
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Microwave Analysi s  of Pla smas 

841 0 7  

The objective s o f  thi s proj ect ar e to devi s e  and inve stigate 
methods of microwave diagno stic s of plasma s, and to inve stigate the 
interactions of electromagnetic radiation and pla sma s . 

The phys ic s of partially and wholly ionized  gas e s  (plasma s) i s  
o f  considerable importance t o  problems o f  r adio propagation, to 
mis sile communication and contro l  systems , and to atomic and nuclear 
physic s . The intimate conne ction of radio wave s and plasma s  i s  such 
that each can be used  to further the state of the other . Fo r example,  
radio and r adio technique s are use d  to determine the p r opertie s of 
plasmas ,  and plasmas ar e used  in such microwave device s as TR 
switche s 3  noi s e  sour c e s ,  modulator s , couple r s ,  and harmonic 
generator s .  

A microwave diagno stic technique, utili zing a helix structur e 
excited  by millimicro s econd pulse s, is in the p r oc e s s  of being develope d .  
Thi s technique o f  measur ing electr on d ensitie s offer s a particularl7 
valuable featur e in that a theor etical time r e solution of 1 0 - 8 to 1 0 -

s e conds i s  po s sible . Pre s ent deve lopment of thi s system, however , 
i s  to the o r der of a mic r o second time r e solution . 

A high -mode, high- Q  r e sonant microwave cavity, operating at 
one centimeter wavelength, has been de signe d and built to s electively 
populate one of the higher vibrational -level s  in an electronically 
excited  state of cyanogen, CN . By combining thi s te chnique with 
the observational te chniques  of optical spectr o s copy (Proj ect 8420 7) , 
measur ement s will be made of transition probabilitie s . 

In the forthcoming year , it is  planne d to complete the develop 
ment of the helix technique, and utilize it for detaile d inve stigation of 
the structure of a shock front and the region immediately following 
the front . Further tasks include the fabrication of other diagno stic 
systems,  including microwave cavity, waveguide , and Langmuir pr obe 
to extend the s cope of operation and permit cro s s -checking of r e sults 
by independent method s . 

Per sonnel contributing to the wo r k  on this p r oj e ct include 
A. J. E stin {Proj ect Leader } 3  H . W. Was s ink, F . B . Haller ,  and 
J . L . Hur s ch, Jr . 
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Propagation of Plasma Os cillations 

8410 8  

The obj ective o f  thi s proj ect i s  to experimentally determine 
the dispersion r elationship for the propagation of plasma wave s in 
a plasma- fille d tube through microwave interaction with the plas ma .  

The mo st important aspect of the pr e sent inve stigations i s  to 
provide verification of  her etofore  unchecked  theory • This pre dict s  
that energy may b e  carried  by plasma o s cillations in a hot plasma at 
fr equencie s slightly higher  than the plasma fre quency.  The phas e  
and group velocities  o f  the s e  wave s depend o n  both the electron 
density and the temperatur e  of the plasma . The result s of the 
experiment will be of importance in the field of a strophysics ,  upper 
atmo sphere physic s ,  and the physics  of controlled thermonuclear 
r eactions where collective plasma effect s play an important r ole in 
the nature of the phenomena obs erved .  

During the past year, the exper imental apparatus was de signed 
and built to accompli sh the obje ctive s of the project . Although a 
strong interaction between the pla s ma and the microwave s was 
detected, pulse  delay measurements indicate that the transmi s s ion 
of energy was due to ele ctromagnetic waves rather than electron 
plasma waves .  The nature of the re sult s indicate s that the wave 
propagation depends strongly on electron density and colli sions within 
the plasma . 

The natur e o f  the interaction measure d  in the experiments i s  
such as  t o  provide a goo d  measure o f  both electron density and colli 
sion number in the plasma .  Pr e s ent plans include measur ements, and 
the development of the theory to fully exploit thi s  new technique for 
determining plas ma parameter s .  Also ,  differ ent methods of exci 
tation will be tried in an attempt to excite the plasma o s cillations 
originally sought . 

Per sonnel contributing to the project were :  B .  Wie der  (Project 
LeaderL G .  D .  War d, and M. M. Ander s on .  

Beam-Plasma Interactions 

841 0 9  

The obje ctive of the proj ect i s  to study the interaction of an 
electron beam with a pla sma . It i s  expe cted that the beam will interact 
with the plasma to give wave s growing in space .  
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The experiment is  important in  the field of plasma physi c s  
in that the use  o f  electron beams interacting with plasma s  may be 
useful as a diagno stic tool for the study of plasma s . Further, it has 
been sugge sted that the sour ce of certain exo spheric and solar 
phenomena lie s in the interaction of beams or bur sts of charg e d  
particle s v!ith plasmas . Laboratory ob servation o f  similar pheonmena 
would be of great intere st to the astrophys ici st and iono s phere 
physici st . 

An apparatus was  de s igne d  and built with appropriate ele ctron 
guns and plasma generator . Spe cial attention was given to the 
de sign of the beam electro de s  in or der to minimize the effe cts of 
plasma sheaths . No positive experimental r e sults can be r eported.  

In the forthcoming year it i s  planned to pur sue the tasks 
defined under the objective s of the project . The experiment s  will 
test  for the interaction of an ele ctron beam with a mer cury plasma 
under various conditions of temp eratur e and pre s sur e . 

Per sonnel contributing to this project wer e :  Robert S .  
Power s a  Jr . (Project Leader} , and Robert H .  Manka (part time) . 

Plasma Spectroscopy 

8420 7  

The obje ctive s of this proje ct are to make measurements  o f  the 
optical absorption characteristic s of certain mater ial s in the gas and 
low temperatur e solid pha s e s; the s e  material s  to include c , c j c3 , 
CH, CN, etc . , and to analyze the absorption data for informatitm 
pertaining to the perturbation me chanisms involved in the fr equency 
shift between the gas and s olid phas e s .  

Additional information i s  sought on perturbations encounter ed 
by atoms and mole cules  trapped  in low temperatur e matrice s . Such 
information will be corr elated with optical inter stellar absorption 
line s which are thought to be due to absorption by mole cules in low 
temperatur e matrice s .  

An etectron-heated  furnace for producing gas eous carbon has 
been constructed .  A specially de signe d liquid helium dewar has 
been o btaine d which will allow carbon from the above furnace to be 
depos ited with other mater ials on an optically transpar ent surface 
maintained at liquid helium temperatur e .  The solid  will be observed 
with a transmitted light continuum, the intensity vs . wavelength 
being re cor ded with photomultiplier te chnique s . 
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An additional program i s  under way, in conjunction with 

Proje ct 8440 1 , to investig;:1te the mixing of electronic levels  of the 
CN molecule . Both micr owave and optical te chnique s are  needed 
for thi s inve stigation . Microwave r adiation i s  needed to change 
the relative population of the r otational levels, and optical te chnique s 
to obs erve the effe cts . 

Plans for next year are  to continue with the carbon and C N  
inve stigation s . 

Per sonnel contributing to the wor k  on thi s project wer e :  
R . L .  Barger  (Project Leader }, and H . P . Broida . 

Plasma Rate Coefficient s 

8440 1 

The general obje ctive of thi s proj ect i s  to make mea sur ements  
of atomic and molecular r eaction r ate coefficient s us ing ele ctro 
magnetic technique s of s timulation and detection . 

A quantitative under standing of the basic  phys ic s of atoms 
and mole cule s in  high planetar y atmo spher e s  i s  e s s ential to 
progre s s  in physical interpr etation of experiment s  and observations 
performe d  in the s e  atmo spher e s . Such under standing is vital to 
the solution of bas ic  problems of a strophysic s ,and to the de s ign, 
for example, of adequate s ystems of radio communication between 
earth and exper imental vehicle s . 

Activitie s  over the past year have been conducte d  j ointly with 
Project 8410  7 (q. v . ) . A diagno stic technique , utilizing a helix 
structur e excited  by millimicrose cond puls e s, i s  being develope d. 
Thi s technique of measuring electron dens itie s  offer s a particular ly 

valuable featur e  in that a theor etical time r e solution of 1 0 - 8 
to 1 0 -7 

s e conds i s  po s sible . Pr e s ent development of thi s  system, however 2  
i s  to  the o r der  of a micro s econd time r e solution . 

Plans for the next year are to inaugurate a measur ement 
pro gr am, including determination of such paramet e r s  a s  attachment 
coefficient s ,  r e co mbination co efficient s ,  fre e  and ambipolar diffusion 
coeffic ient s ,  and colli sion cro s s  s e ctions . 

Per s onnel contributing to thi s pro ject include : A . J .  Estin 
(Acting Proj e ct Le ader} ,  H . W. Was sink, F . B . Haller , M. M . 
Ander son8 and J . M .  Richardson (Acting Section Chief} . 
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HIGH FREQUENC Y E LEC TRICAL STANDARDS 

H-F Voltage & Curr ent Standar ds 

841 1 1  

The purpo s e s  of thi s pr oje ct are to e stabli sh and maintain the 
primary standar ds of cw and pulsed, balanced, and unbalanced voltage s 
from l o -7 to 1 05 volt s ,  and standards of curr ent from l o - 3 to 1 03 am 
per e s, at all frequencie s  fr om 3 0  kc to approximately 1 000  Mc ,with a 
r equire d  accuracy at least one order of magnitude better than that r e 
q uire d  by industrial and othe r laboratorie s .  

H - F  voltage standards are needed  for all type s of r f  voltmeter s ,  
all type s of rf  voltage sour ce s  and generators  and waveforms , modula 
tion meter s ,  wave analyzer s ,  etc . H-F current standards are ne ede d  
for all type s of r f  ammeter s and both pulsed and s inus oidal c ur rent 
s o ur ce s .  

Cons ultative and committee service s are r equir ed  for the 
standar dization of instr ument de sign, measur ement methods and tech 
nique s .  

Two NBS Te chnical Note s  wer e prepar e d  for publication -
"Functional and de sign problem s of the NBS rf voltage bridge," and 
" Calibrating vac uum tube voltmeter s . " 

Experimental work on the 0 . l %  bridge was continued to obtain 
a compari s on with a se cond independent method above 1 0  Me . 

Further work was done on the existing cathode -ray tube s lide 
back voltage s tandard. One phase  was concerne d with impr oving the 
accur acy of meas urement to 0 .  l %  for rf level s  of l 00  v rms and above, 
over the fr equency range from audio to 40 Me.  Another phas e  dealt 
with an investigation of r e sonance and tr ansit -time e r r or s in the 
pre sent system to a s certain whether the s e  error s could be accurately 
evaluated. This inve stigation i s  not yet completed, but, if thi s  
appr oach i s  feasible,  the us eful fr eq uency range o f  the pr e sent stand
ard could be extended to perhaps 3 00 me using s uitable cor r e ction 
factor s .  
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Further study was made on AT voltmeter s .  By modifying con
struction and revi sing meas urement technique s , the short -term repr o 
ducibility of the waveguide -below - c utoff and capacitive type voltmete r s  
was impr oved t o  ± 0 .  1 % ·  Another obj e ct of the study was to find a 
means whereby a r e sponse independent of fr equency could be obtained. 

The effect of ambient temperature change s  on the r e si stance 
e lements  of rf micr opotentiometer s  for r e si stance value s in the r ange 
from l milliohm to 1 ohm was inve stigated. Evaluation of r e s ults i s  
pending . 

A study of negative r e si stance parametric  amplifier s was ini 
tiated  to improve the sensitivity of our detecting systems s o  that rf 
voltage meas urements might be extended down to 0. 1 microvolt .  

Plans for the next fi s cal year include : ( 1 }  completion of the 
inve stigation of the 1 /  l O% bridge  to at least 1 00 Me ,and publi shing a 
r e se ar ch paper on the bridg e ;  (2) continuation of the inve stigation 
of parametric  amplifier s to improve dete ction methods as one step 
in extending the r ange of voltage meas urement standar ds below one 
mic r ovolt ; (3) extension of voltage mea s urem ents to 3 0 0 0  Me; 
(4) r e s umption of pul s e  voltage mea s ur ement s ;  {5) completion of 
the inve stigation of r e sonance and transit -time error s in a cathode 
r ay system; (6) development of a method of meas ur ing several kilo 
volt s to ± 5 %  for freq uencie s of 1 0  Me and below; and (7) r e s umption 
of work on rf current standar ds . 

Per sonnel contrib uting to the work in this proj e ct wer e  
M. C . Selby (Se ction Chief and Pr oje ct Leader ) , L. F .  Behrent, 
R. P.  Chariton, J.  R.  Fielder , A. C. Newell, and G. Rebuldela .  
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H-F Field-Str ength Standards 

841 1 2  

The obje ctive s of thi s proj e ct ar e t o  develop, impr ov� and 
maintain accurate national r efer ence standards of r adio field- str ength ,  
for  the calibration o f  commer cial and military, cw and pulse d  field
strength mete r s ;  to  meas ur e  dire ctly the s e  quantitie s, as  a s ervice 
available to  industry and governmental agencie s, in the approximate 
frequency r ange 1 0  kc to 1 000 Me; and to provide r elated cons ultative 
and committee s ervice s a s  r equir ed  for the standar dization of instr u
ment de sign, meas urement methods , and te chniq ue s .  

National r efer ence standar ds and uniform calibrations of the 
above instr ument s  are nece s sary to the government and industry in 
evaluating the performance , efficiency, and signal coverage of radi o  
communication systems of all type s, including AM, FM, and TV br oad
casting . The Federal Connn unications Commi s sion r elie s on accur 
ately -calibrated meter s for evaluating the above factor s in determining 
compliance with , and in the enfor cement of, their various  r ule s and 
regulations in the inte r e st of the most  efficient use  of the r adi o 
freq uency spe ctr um .  

Further work was performed i n  extending the s tandar ds to 
1 000 Me. Development of pre cision method s of meas ur ing both 
insertion lo s s  and unbalance in baluns was partially completed. 
Thermi stor bridge development for meas uring balanced voltage s to 
1 000 Me wa s in the initial planning stage .  A basic the oretical study 
was initiated of the electr ic  field component , E , at ground levels  at 
freq uencie s below 3 0  Me;  information publi she d to date s e em s  inade 
q uate for s tandardization needs . 

Plans for the coming year consist  of completion of the ther 
mistor bridge development, intercomparis on of silicon-crystal volt 
meter calibration with thermoelement standar d s ,  and continuation of 
the study of the electr i c  field pr oblem mentioned above . 

Per sonnel contributing to the work in thi s  proj e ct wer e  
F . M .  Greene (Project Leader ), and E .  L. Shallenberger . 
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H -F Nois e  Standards 
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The obj ectiv e s  of thi s proj e ct are to develop, maintain,and 
improve national s tandar ds of nois e  power together  with instrmnenta 
tion and te chnique s capable of accurately c omparing othe r generator s 
of nois e  power with the national standards.  The proj ect als o pr o 
vide s re lated consultative and committee s ervice s ,as required, for 
the standardization of instr ument design, mea s ur ement methods , and 
techniq ues . The fr eq uency range encompa s s e d  by thi s proj e ct extends 
from 3 0  kc to 1 00 0  Mc, and may involve continuous or pulse�  and 
balance d or unbalanced  service . 

National r eference standards and uniform calibrations of gen 
erator s of noi se ene r gy are neces sary to the government and industry

' 

in the evaluation of the performance of practically all type s of com 
munications systems and numerous other s cientific apparatus . With 
instr ument s  perfected to the point where  noi s e  phenomena are limit 
ing performance , the knowledge and meas urement of noi se  phenomena 
have be come of prime importance . 

Work has continued on the pre ci sion low level noi se  compara 
tor . A low noi se  r f  amplifier  and mixer for the comparator have 
been developed. T e sts  s how it to have a noi s e  figur e  of 1 db and a 
gain of approximately 6 0  db. 

A comprehensive theory of the noi se  comparator under devel
opment has been worked o u� and a report has been prepared. Addi 
tional te chniques  in using the nois e  comparator have been devised  
which will increase the accuracy of measur ement. 

An experimental electr odynamometer-type rf voltage multiplier 
was developed for use in verification of the above theory. Poor 
s tability and a non-Newtonian friction phenomenon showed this model 
to be unsuitable .  A s econd electr odynamometer multiplier was 
developed and proved promi sing . 

The theory and a model of a thermocouple bridge -type voltage 
m ultiplier and its a s sociated driver amplifier wer e  developed. Thi s  
device i s  s ensitive to input s ignal level instabilitie s ,  but its perfor 
mance i s  sati sfactory with the addition of an automatic level control 
system. 
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One of the basic components of a noi s e  comparator i s  a band 

pas s filter which is stable with re spect to time and signal l evel.  
Filter s  me eting the se  r equirement s  have be en de s igned and are being 
constructed. 

For the most  accurate c ompa r i s on s  betwe en a standar d noi s e  
sour ce and an unknown sour ce ,  it i s  de sirable to adj ust the impe dance 
of the standar d so that it duplicate s that of the unknown s o ur ce .  How 
ever , the varying impedance of the standard must not decreas e the 
accuracy with which its available nois e  power i s  known. Various 
appr oache s for var iable -impedance noise  s o ur ce s  have been conside r e d  
and inve stigated theoretically� and some appear t o  affor d a s olution to 
thi s  problem. 

The stable experimental temperatur e -limited,the rmioni c - diode 
nois e  generator , having its plate c ur rent stabilized  to the equivalent 
of 0. 0 0 1  db of noi s e  power , has be en modified, and constr uction i s  
nearly complete on a permanent laboratory instrument.  A fir st draft 
de scribing thi s instr ument has been prepared. 

Plans for the next fi s cal year include completion of the fir st 
working model of complete noi s e  comparator and a written r eport ;  
finalization of de sign of variable impedance ,hot r e si stor type noi s e  

standar d - - standards operating at various temperatur e s  will then be 
constr ucted; and continuation of work on impr oved  stable and s ensi 
tive voltage multiplier s .  

Per sonnel contributing to the proj e ct wer e  C .  M .  Allr ed  
(Proj e ct Leader ) , M .  G.  Arthur , W.  J. Blank, M. K. Cannon, 
M. W. Randall, and M. C. Selby (Se ction Chi ef} . 

H -F Power Standar ds 

841 14 

The obj ective s of thi s pr oj e ct include :the development and 
maintenance of accurate standar ds for the meas ur ement of r adi o 
frequency power 1  both cw and pul sed;  the impr ovement of meas ur 
ing te chnique s ; and aid in e stabli shment of calibration s ervi c e s  in 
the dynamic range l o - 6 to 1 06 watt s .  The fr equency range extends 
from 3 0  kc to approximately 3000  Me in coaxial and balanced line 
systems . 
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RF power i s  a fundamental ele ctrical q uantity for which 
m ea s ur ement standards  ar e requir ed  to determine the r ange of 
c ommer cial and military transmitting equipment .  Power standar ds 
ar e als o needed to verify the o utput level of various laboratory type 
rf s ignal generator s which ar e used  in many fields of s cientific 
endeavor . 

Several r adical change s  were made in the dry s tatic calor 
imeter to improve it s accur acy to the order 0 . 1 o/o. This s tandar d i s  
an rf -dc s ubstitution type ,and the accur acy i s  determined primarily 
by r epeatability and rf -dc s ubstitution error . Repeatability was im 
proved from 0 . 2 to 0 . 05 o/o by placing the calorimetri c  load inside a 
specially de s igned con stant -temper ature environment . An analysi s 
of the system indicate s an r f -dc s ub stitution e r r or of appr oximately 
O . l o/o  to 1 00 0  Me . The power r ange of the calorimeter i s  0 . 05 to  
5 watts, and is  us eful up to 1 6 00 Me with r educed  accur a cy. 

A major portion of pr oj e ct time was devoted  to the de sign, 
c on str uctioq and calibration of a s erie s of high power (megawatt peak), 
dir e ctional coupler power meter s for Divisions 85 and 8 7 . No pre 
viou s  data were available s o  that the de sign was bas e d  on an extension 
of the or y  for smaller line s and on past experience and de sign in the 
labor atory. One set  of four coaxial coupler s was constr ucted 
for Divi sion 85 for use  at  4 0 . 9 2  Me and power levels  of 3 0 0  kw cw and 
1 . 5 M w  peak pul se . The coupler s for Division 8 7 (Dr . K. L. Bowle s 1 

g r o up in Per u) were  de signed for the same power levels but at a fr e 
q uency of 49 . 92  Me.  Maximum error  of cw power mea s ur ement was 
4o/o of full s cale r ange . Data obtained a s  a r e s ult of this work will aid 
in the de sign of s imilar coupler s at any freq uency for whi ch 6 - 1 / 8  inch 
coaxial line can be u s e d. 

A coupler for 6 00 -ohm balanced-line power meas urement s  was 
de signed and constr ucted for Divi sion 85 for u s e  in the frequency r ange , 
4 to 6 0  Mc, at 1 M w  peak pul s e  power . As  on the pr evious  unit s ,s u£ 
ficient de sign data w a s  not available ,and it was ne ce s s ary t o  conduct a 
certain amount of r e s ear ch befor e  beginning the de sign. 

Inve stigation was continued into the propertie s of thin film 
r e si s tive element s  made by the vacuum evaporation of a metal alloy. 
A number of studie s wer e  made to determine the cau s e  of long -time 
r e si s tance drift at high temper atur e . The s e  s tudie s were  based  on 
the orie s of oxidation, and change in crystalline str ucture at elevated  
temperature s . While r e s ults ar e not complete , indications are that 
change s in the crystalline str ucture are r e sponsible for the greater 
part of the re sistance change s .  
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During the coming fi s cal year , the freq uency r ange of rf  power 
meas ur ement s  in coaxial systems will be extende d to include fr e 
quencie s up to appr oximately 3000  Me.  Accurate mea s urements 1.n 
coaxial systems in thi s part of the spe ctr um are diffi cult because  of 
the lack of a uP.ive :r  s ally ac cept e d  pr e ci sion conne ctor .  

Re s ear ch and development wor k  will continue on means  for 
the accurate mea s urement of peak pulse power in coaxial systems . 
It should be  mentioned that with the pr e s ent state of the art, a c c ur acie s 
are no better than ± 15% ,and hence ,a great improvement and further 
contributions ar e needed. 

Further studie s will be made on the electrical propertie s of 
thin films with the limite d  r e sear ch equipment available at the s e  labor 
atori e s  and in the Washington labor atori e s . Spe cifically, work will be 
done on doping of films to pr oduce certain de sir e d  propertie s such as 
a high positive temperatur e coefficient.  

Per sonnel contributing to the proj e ct wer e  P. A. Huds on 
(Proj ect Leader ) , W. L. Ecklund, P. D. Jos ephs on, P. L. London, 
A. R. Ondr ejka, D. 0. Webste r ,  and M. C. Selby (Section Chief) . 

S t ab ility comparator being used t o  detect minute impedance varia
t ions . Adj us tment is being made to obtain a null on the output meter . 
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H -F Attenuation Standar ds 
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This proj e ct i s  concerne d with development of s tandar ds of 
mea s ur ement , instr ument s , instr umentation techniq ue s , methods of 
mea s ur ement , and analys i s  of attenuation. The r ange extends from 
about 3 0  kc to 1 000  Mc ,and from z e r o  to the maximum practical 
attenuation. 

RF attenuator s  ar e used  in many ele ctronic meas uring instru
m ents and eq uipment, e .  g . , signal generator s ,  r e c eiver s , field
strength meter s , power meter s ,  etc . 

Theoretical analy s i s  of a m ethod of as s e s sing the e r r or s due 
to unwante d  mode s in a TM mode atte nuator was made, and showed that 
provided certain conditions were  met. the method wa s feasible . De sign 
ahd constr uction of an experimental high -power launching and matching 
unit was begun. Constr uction was e s s e ntially completed. 

Initial experimental inve stigation of a s tep di splacement mea s 
uring s ystem showed the pos sibility of u sing s uch a method for accur 
ate meas urements in the order of a few millionths of an inch. An 
experimental unit i s  under de sign to further s tudy the problems of 
thi s method. 

When attenuation measuring systems have s ensitivitie s  of 0 .  00 1  
db  or  better , the s tability of the various  component s  o f  s uch systems 
can be very criti caL A special unit for indicating and evaluating 
instabilitie s was de s igned and constr ucted. Impe dance change s m the 
o r de r  of 0 .  0 0 1 %  wer e dete cted. 

A special s ens itive dete ctor to  be used  for pr e ci sion attenuation 
measuring systems i s  under de sign and constr uction. The s ystem will 
simultaneous ly indicate dir e ction of adj ustment of phas e  and magnitude 
controls  i n  complex attenuation meas uring systems . The corr elation 
t echniq ue s us e d  will e nable de sire d  s ignals obs cure d  by noi s e  to be 
more  e asily detected. 

A unit wa s des igned, constr ucted ,and put into  u s e  to  permit in
ve stigation into optimum de s ign of launching systems for the T E  mode 
in  wave g uide -below - c utoff attenuator s . 
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Coaxial Micr owave Power Support 

8441 2  

Thi s proj e ct,  sponsored  by the Navy, Bureau o f  Weapon s ,  
w a s  initiated  towar ds the end o f  the year to furnis h  detailed draw 
ing s ,  operating instr ucti ons , and techniq ue s to  the s ponsor for NBS 
primary and secondary standards of rf power mea s urement. The 
fr eq uency r ange is 2 0  to 1 000  Mo at power levels  up to 1 000  w.  
Some a s sistance i s  als o  given for  the development o f  s tandar ds for 
power mea surement in coaxial sys tems above 1 000  Me wher e  no 
standar ds  now exis t .  

It i s  important and nece s sary that arms and s e rvic e s  of the 
Department of Defense  have accur ate standar ds  for electrical q uan 
titie s c lo s e  at hand. The  m ea s ur ement standards  to  be furni shed by 
NBS ar e capable of holding a calibration for long periods of time, and , 
fr equent comparison with primary standards  will not be nec e s sary. 

Detailed drawings for NBS primary and s econdary rf power 
standar ds will be furni shed to the sponsor within the next fis c al year . 
Included with the drawing s will be instr uctions for constr uction and 
operation of the equipment . 

A por tion of the funds furni shed will be US<?d to purchase  nee de d  
equipment t o  extend the fr equency range of r f  power standards from 
1 000 Me to 3000 Me. 

There  was no a ctivity on this proj e ct in fi s cal year 1 96 1 .  
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Te sts wer e  commenced on a unit that meas ur e s  r atio s of power s 
abs orbed by two differ ent loads without r egard to their impedance s .  
Te sts ar e underway t o  evaluate various a spects of the unit . 

"A pr e ci sion RF attenuation calibration system; ' was publi shed 
in the September 1 9 6 0  i s s ue of IRE Transactions on Instr umentation. 

"A multiple i s olated-input network with common o utput , "  was 
publi she d  in the July -Sept . 1 9 6 0  i s s ue of the Journal of Re s ear ch, 
Section C, Engineering and Instr llmentation. 

Two r eports ar e Llnder preparation on the s ubje ct of a pr ec1 s1on 
phase  shifter and self - calibrating attenllation meas uring systems .  

Plans for the coming fi s eal year include continued inves tigation 
of vario lls uncompleted problems li ste d above , and s olution of problems 
of stability and mechanical control  in the complex insertion r atio meas 
uring system. 

Per sonnel contributing to  the work on thi s proj e ct wer e  
C .  M.  Allr ed  (Pr oject Leader ) , C .  C .  Cook, R .  A .  Lawton, 
M. A. Mulligan, D. J .  South , and M. C. Selby (Section Chief) . 

H -F Interfer ence Standar ds 

841 1 6 

The primary objectiv e s  of thi s proj e ct ar e to  develop and im 
pr ove standards , instr umentation, and mea s ur ement te chnique s for 
evaluating broadband,man-made interfer ence in the approximate fr e 
q uency r ange 3 0  c to 1 000 Me;  to study the corr elation of S llch mea s 
urements with the interfering effect on various  type s of r adio c ommun
ications system s ; to develop, improve$  and maintain accur ate national 
r efer ence s tandar ds for the calibration of commer cial and military 
interfer ence meter s ;  and to pr ovide r elated consultative and committee 
s ervice s a s  required  for the standar dization of instr ument de sign, 
measuring methods and te chniq ue s , including adequate international 
coor dination. 
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Fr om a long-range point of view, the very futur e of r adio com 
munications may hinge on the s ucce s sful solution of the radio inter 
fer ence evaluation pr oblem. 

The entir e r adio communications industry r elie s  on the NBS 
to develop accur ate national standards  and uniform measur ement 
te chniq ue s for the proper evaluation of all type s of r adio interfer ence . 
The Federal Communications Commi s sion in 1 955  (s e e  communication 
from Chairman of F C C  to Dir e ctor , NBS, dated  Mar ch 3 ,  1 955)  has 
de sperately r eque sted the aid of NBS in providing standar ds  and meas 
urement te chniq ue s for the accurate evaluation of r adio interference . 
Thi s i s  nee de d  in determining compliance with, and in the enfor cement 
of, their various r ule s and regulations in the intere st of the most  
efficient use of  the r adio -fr equency spectr um. 

Some studie s and dis cus sions were  conducted of the overall 
man -made interference  problem for other agencie s . Proj ect per s on 
nel attended interference confe rence s and sym.po s ia conducted by Rome 
Air Development Center , Rome , N. Y . , and by Armour Re s ear ch 
Foundation in Chi cago . Further work was curtailed because of lack 
of per s onnel. 

Subje ct to availability of per s onnel, the following tasks  are 
planned for the coming fi s cal year : ( 1 ) An analy si s  of factor s 
affecting the r elationship of the ele ctric  and magnetic fields at 
typical calibration site s .  (2) Theoretical and exper imental analysis  
of  methods for  evaluating the spectral intensity and s pe ctral dis tr i 
bution of pre s ently available 1 1impuls e ' ' generato r s .  Thi s involve s 
(a) analysi s of the "impulse " waveform, using high - spe ed traveling 
wave CRO, and Fourier  and LaPlace transforms , and (b) spectral 
analy si s using a r elatively narr ow -band r e ceiver  of known impulse  
bandwidth determine d in (3 )  below. (3 )  Theoret;,c:::al and experimental 
study of the var ious factor s influencing the impulse  r e spons e of re 
ceiver s  us e d  for the studie s outlined in (2 b) above and for interference 
mea s ur ements  in general .  (4) Co operation with ASA and IRE com 
mittees  involved i n  interference  s tudi e s , and attendance at r elated 
symposia or oth e r  meetings . 

Per sonnel contributing to th e  work on thi s proj e ct wer e  
F .  M .  Greene (Proje ct Leader ) , M . C .  Selby (Se ction Chief) , and 
E. B. Lar s en. 
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F -R Field Studies  
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The primary obj ective of this pr oject i s  to perform NBS 
standardization dutie s  towar ds a project sponsored  by the ASA, the 
Navy, and AlEE in r e'gard to hazar ds aris ing fr om electr omagnetic 
radiation at fr equencie s up to 1 000 Me.  

The definition of the problem is  q uoted from the organizational 
pr ogram dated April 8 ,  1 9 5 9 ,  a s  follow s :  

1 1A r adio frequency hazard pr oblem, as  used  herein, r efer s to 
a situation where  there  exi sts  an electro -magnetic field of s uffi cient 
intensity to : (a) cause harmful or inj urious effects to human s ,  (b) be 
di s charged in a spark which can ignite an inflammable mixtur e  of 
material, (c) induce c urrents and voltage s  of magnitude large  enough 
to actuate ele ctri cally -operated explosive device s .  

1 1 The s e  problem ar eas  are of interest  and concern t o  many 
activitie s within the armed for ce s .  For their effe ctive r e s olution in 
an efficient and rapid manner 3  it i s  ne ce s sary that standardization be 
e stabli she d  for the following : (a) units of meas ur ement, (b) instr u 
mentation, (c) meas urement te chniq ue s , (d) protective meas ur e s .  11 

Pr oje ct per s onnel attended a symposium conducted by Rome 
Air Development Center ,  Rome,  N. Y . , and a confer ence conducted by 
Armour Re sear ch Foundation, Chicago, at which s ubje ct s  of inter e st 
to the proj e ct wer e  included in the agenda s .  F urther  activity was 
curtailed due to lack of per s onnel.  

Subj ect to availability of per s onnel ,the following tasks will be 
included in the pr oj e ct program during the coming fi scal year : 
( 1 )  Theoreti cal study .,of the various  factor s involved  in the meas ur e 
ment of radiation-hazard elect ro -magnetic fields .  (Z)  Theoretical 
and experimental analysis  of field- strength meas urement s  when made 
in the Fre snel  Region. In this r egion,the transmitting and r e ceiving 
antennas ar e in relatively clo s e  proximity, and the field distributions 
involved  ar e q uite complex. (3 )  A study of cw fie ld- strength calibra 
tion technique s for high -intens ity fields (up to 1 00 0  v /m), at fr eq uenci e s  
of 3 0  t o  3 00 M e .  (4) A study o f  the factor s involved  in high-intensity 
puls e calibration of field- strength meter s .  

Per sonnel contributing t o  the work on this pr oj e ct wer e  
F .  M. Gre ene (Pr oject Leader ) ,  M.  C. Selby (Se ction Chief) , and 
F'. B. Lar s en. 
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Spurious Interfer ence Standards 
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The objectives  of thi s pr oj e ct which i s  spons ored  by the Navy, 
Bureau of Ships ,  ar e :  (1 ) to develop an improved standard method, 
te chnique, and means for the mea s urement of conducted spur ious 
power o utput of radio transmitter s, at fr equenci e s  fr om 1 4  kc to 
1 000  Me, and carrier power output levels to 1 00 0  watts; and (2 ) to 
obtain adoption of this method in government and industry as a uni 
form stan dar d. 

The o utputs of radio transmitter s  should be limite d to their 
principal emis sion at their as s igned car rier frequency to minimize 
interference .  Thi s is e spe cially true when s everal transmitter s and 
re ceive r s  are in simultaneous  operation in clo se pr oximity. In or der 
to maintain uniformly low value s of  spurious  power output in new 
transmitter de signs ,  reliable m eas urement techniques  ar e nece s sary. 

The electrical and mechanical de sign of the tunable band
rejection filter s to be manufactured for BuShips by NBS was com 
pleted. Experimental models of filter s were  constr ucted for 1 7  fr e 
q uency range s and their performance determined. (Each filter tune s 
over approximately an octave of the over all fr equency r ange of 1 4  kc 
to 1 000 Me. ) Insertion los s  mea s ur ement s  were made at both the 
principal t uned fr equencies  and at the skirt s .  The spurious re sponse s  
were  carefully and thor oughly meas ured  for each filter t o  1 000  Me . 
The de sign of each was modified, a s  r eq uired,to minimiz e  the s e  
unwanted r e s pons e s .  Fifty detailed drawing s were completed,and 
quotations obtained for the spe cial component s  r eq uired. Proj e ct 
per s onnel attended the Sixth Confer ence on Radio  Interfer ence Reduc 
tion ,conducted by Armour Re sear ch Foundation. 

P lans for the c oming fiscal year are as fol lows : ( 1 )  Prepar
at i on of approximate ly 50 addit ional detailed , manufactur ing drawings 
cover ing the fabricat ion of the 1 7  types of rej ection filters . 
( 2)  Assemb le and check performance of  1 8 7  rej ect ion filters . ( 3) Prep
arat ion of an Instruction Manual covering the ope rat ion of the 1 7  types 
of reject ion filter s . (4) Preparati on of Progres s  Report No . 5 .  
( 5) Preparation of f inal rep ort on the proj ect . ( 6) Paper on 
" S pectrum s i gnature measurement t e chni que . "  

Pers onnel contribut ing t o  the work o f  this proj ect were 
F. M. Greene (Proj ect Leader) , E .  B . Larsen ,  H. E .  Jes sen , and 
M. L.  Crawford . 
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RADIO BROADCAST SERVICE 

Standa r d  HF Broad cas ts 

841 2 1  

The main obj ec tiv e of thi s pr oj e c t  i s  to di s tribute widely the US 
s tan da r ds of fr eque nc y  and tim e by m eans of the s tanda r d  HF b r oad
cas ts from W WV,  Belts vill e ,  Mar yland ; W W VH ,  Maui, Hawaii ,  W WV B  
( 60  kc ) ,  Boul der , C o lorado ; and WW VL ( 20 kc ) Suns et,  C olo rado . 
Sev e ra l  o ther techni c al s ervi c e s  are g iven on W W V  an d WW VH , s uch 
a s :  ( 1 )  U T - 2 time (ob tain ed from the U. S. Naval Obs e rvatory ) ,  
( 2 )  s p ecial  radio p r opaga tion fo r e cas ts (pr e pa r e d  by Division 8 2 )  for 
th e No rth Atlantic ( WW V )  and Nor th Pacific ( W W V H} radio path s ,  and 
( 3 )  sp e c ial s ignal s , whe n  ne eded ,  fo r the Interna tiona l  Geophysic al  
C ooperation (IGC ) .  

The di s tr ibutio n of the U .  S .  F r equency a nd Tim e  Standa rds via 
radio s ignals  is  r ec o gni zed as  of gr eat impor tanc e to s c i entific , indus 
tria l ,  and go vernme n t  r e s earch labo rato r ie s and agencie s ,  a s  well a s  
t o  al l  typ es o f  r adio b roa dcas ting ac tiviti e s  s uch a s  comm unica tion s , 
televis ion,  air and g r o und nav iga tion s y s tems , guided mis s i l e s , rada r ,  
etc . 

Dur ing the pa s t  year, al l th e s tandar d br oadca s t  freq uenc i e s  
from radi o  s ta ti ons  W W V ,  WWVH , WW V B ,  a n d  W W V L  w e r e  main 
tai ned v e ry c lo s e  to a value of 1 5 0 par t s  i n  1 0 1 0  below the U .  S .  
Fr eque ncy Stan da r d  [ s e e  "National Standa r d s  of Time and F r equenc y 
in th e United State s , " Pr oc . IRE ,  4 8 ,  1 0 5 - 1 06 ( Ja nuary 1 96 0 ) ] .  

Two rubidium f r eq uency s ta nda r ds w e r e  pr ocured and plac ed 
under tes t with pla ns for their us e a s  a pa rt of  the U .  S .  Wo rking 
Fr equency Standar d. 

C o o rdinatio n  of th e NBS tim e a nd fr equency tran s mi s s io ns was 
continued and c lo s e a g r e ement ma intaine d wi th the U. S.  Navy and the 
UK s ta tion s . 

By m eans of improved mea s ur emen t  me tho ds ba s e d  on LF a nd 
V LF trans mis s ion s, the val ues of the freq uenc ); as  tran smitted by 
WWV, wer e imp rov ed to ±5 par ts in 1 o 1 1  with r e sp e c t  to the United 
States  F r e qu ency Standard.  
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A r egular broadcast  of a timing code wa s commenc ed o n  WWV. 
The code gives  the s econd, minute, hour ,  and day of year. 

Per sonnel c ontributing to the wo rk on this proj ect were 
Ao Ho 1v1organ (Sec tio .rl Cl1ief) , Vo Eo Heaton and Fo Sera. (Proj ect 
Leader s ) ,  John H. Shoaf, C.  Bar clay, R. Grill, H.  Patter son, 
E.  Keefe, and H. Luzier . 

HF Fr equency Standards  

84 1 22 

One primary obj ective of this proj ect i s  to carry on the R &D 
r equi r ed to maintain and improve the US working s tandards  of fre
quency and time interval 1 which involve s  quartz o scillator s and 
r e s onator s ,  atom frequency devices ,  quar tz clocks and a s s ociat e d  
apparatus . 

Another prima r y  obj ective of the proj ect i s  to devi s e  means 
of improving VLF measuring technique s ,  along with e s tabli shing an 
atomic time scale and studying mean s of synchronizing or r elating 
it to clocks at any remo te lo cation. 

This proj ect is of utmost  impor tance  in that it provide s the 
means wher eby the USFS (maintained in another  s ec tion )  i s  di s 
tributed to many us er s ,  bo th ins ide NBS and thr oughout the United 
State s ,and much of the r e st of the world. Obviously the USFS is only 
a s  u seful as  the degr ee to which other frequency standar ds  can be 
compar ed with it ,and ther efore, any degradation of q uality connected 
with its tran sfer mus t be kept to an absolute minimum. Ther e is 
urgent demand for expanding and improving the s tandard frequency 
and time broadcas ts, e specially for space and defens e agenc ie s .  

Emphasis  dur ing the fis cal year was placed on  developing 
fr equency synthesi zing  cir c uits ,  using var ious multiplying, dividing 
and mixing technique s .  One newly de signe d  divider , employing 
magnetic beam switching tub e s ,  showed improved s tability over 
commonly employed reg enerative type s . Divider s  of this new type 
wer e  built and placed in s ervic e for s everal other s ection proj ec t s .  
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R &D was begun on an automatic data handling s ys te m  which will 
allow mor e  effic ient s tatis tical me thods fo r analyzing VLF monito ring 
data, thus impr oving the pr ecision of frequency compar i son s .  V LF 
m easur ements of atomic fr equenc y standa rds thro ugho ut the wo rld 
have been analyzed s tatis tically in order to define the pr eci sions with 
which a comparison may be made .  

Par t  of  the r edundant circuitry for s upplying an  unfailing fr e
quency sour c e  ,r efe renc ed to  the U. S. Frequency Standard ,wa s com
pleted. This will be us ed to drive a fr equency divider in a sys tem to 
e s tablish an atomic time s cale. 

Exper imental circuit s ,  s uch  as  balanc ed crystal o s cillator s ,  
buffer amplifie r s ,  and pul s e  type phas e detecto r s  wer e inve stigated , 
which showed promi se  of impr oved performanc e ove r  c ur r ently used 
typ es .  

A me thod fo r s elf cal ibrating attenuation mea s uring system s was 
devi s ed, an NBS R eport, No. 6760 ,on it i s s u ed, and a paper  approved 
for publication. 

Per s onnel c ontributing to the wor k  on this proj ect  wer e  
A. H .  Mo rgan (Section Chief) , Philip A .  Simpson and R.  L. Fey 
( Proj ect  Leader s ) ,  J. B.  Milton, K. W. Hartkopf, R . L. Peck , 
and H. L. Binkly. 

Standar d V LF Broadcas ts 

84 1 2 3  

Although action was deferred  in c onnection with preliminary 
plans for a high power, s tandard  20 kc broadcast  s tation near Fort  
C ollin s ,  Colora do, capable of providing world-wide coverage ,  plan s 
wer e made to ins tall a s tandar d 60  kc s tation on thi s site adjac ent to 
the area planned  for the high power facility. This projec t  is clos ely 
allied with pr oj ects  844 2 2  and 84423 .  
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Propagation data from vario us sour c e s  continue to demonstrate 
the s uperiority of low and very low frequenc ie s for di stributing s tan
dar d  freq uencies ,  and also to hav e the potential for tran smitting tim e 
signal s with much higher accuracies than at HF. 

The new station will have faciliti e s  for transmitting on L U  kc 
( WWVL) and 60 kc ( WW VB) s imultaneou sly,with radiated power much 
greater than at the existing s tations , whic h the For t  C ollins s tation 
will r eplace. 

It is vitally important to make the s e  gr ea tl y improved s e rvic e s  
available for the wide s t  po s sible use ,  and as  s oon a s  pos s ible . 

Accompli shments to date cons i s t  in e stablishing de sign s  of 
major components for the  entire s tation; inc luding antenna ma st s ,  
antenna cable sy stem, RF power trans mis s ion line s ,  power and 
control  system, 5 0 -KW transmitter tank inductanc e s  ,and buildings . 

Per sonnel contributing to the work on this proj ect were 
A. H. Morgan (Section Chief) ,and W. W. Brown (Proj ect Leader ) .  

Standard Broadcast  Res earch 

841 24 

The obj ective s  of this proj ect  ar e to develop technique s for 
di s tributing the United State s  Standards of Fr equency and Time Interval 
by narr ow band radio broadca s ts ,having high phas e s tability with mini
mum attenuation, and to develop rec eiving and compari son technique s 
having maximum accuracy and utility. 

Thi s pr oj ect  will enable the NBS to accelerate the bas ic work 
and e s tablishment of facilitie s  for conduc ting r e s earch and developm ent 
and servic e s  r elated to s tandard VLF frequen cy and time broadcast s .  
The HF ( WWV and WWVH) broadcasts are  completely inadequate for 
many applications ,  s uc h  as  tho s e  r elated to sate llite and mis sile pro
grams of NASA and the Arme d Forc e s. Becau s e  of the higlt pha s e  
s tability of VLF signal s they promi s e  to provide a good vehicle,  with 
the r e quir ed ac curacy, for world-wide frequency and time signals .  
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Rec eiver s and a s soc iated pha s e -locked system s for precis e 
mea surement of V LF transmis s ions were developed. Receiver 
cir c uit a rrang ements were improved. Monitor ing data were r ecorded 
on a numb er of  V LF s tations and dis tributed to inter e s ted per s on s .  
Studie s wer e begun to determine the frequency- c omparis on accuracy 
obtainable over gr eat di s tanc e s  of LF and VLF. Improvements wer e  
made in technique s for c omparin g  the local r efer ence o scillato r with 
the United State s F requency Standar d. 

Per so nnel contributing to the wo rk on this project  wer e  
A. H. Morgan (Section Chi ef) ,  D. H. Andrews  ( Pr oj ec t  Leader ) ,  
C .  Barclay, P. A .  Simp s on, K. Roe,  H. L. Binkly. and N. Winche s ter.  

Standard 20 -kc Interim B roadcast  ( WWVL) 

84 1 25 

Obj ectives  of  thi s proj ect  ar e: (a)  transmis sion of s tandard V LF 
signals with high pha s e  s tability a s  a s ervice to the United States ,  
( b) a s  an exper imental facility ,to develop technique s of fr equenc y  pha s e
corr ection by a utomatic mean s for us e at the Fort  C ollins s tation. 

Thi s proj ect  will enable the NBS to accele rate the bas ic wo rk and 
e s tablishment of facilitie s for conducting r es earch , deve lopment ,  

and s e rvice s  r elated to s tandard VLF fr equency and time broadca sts . 
The HF ( WW V  and WWVH) broadcas ts are c ompletely inadequa te for 
many applications ,  s uch  a s  tho s e r elated  to s atellite and mis sile  pro
grams of NASA and the Armed For c e s. Becaus e of the high phas e 
s tability of V LF s ignals  they p romis e to p rovide a good vehicle ,  with 
the r equired accur acy, for world-wide frequency and time signal s . 

Standard frequency transmis sions  from WW V L, Suns et, C olor ado ,  
wer e  given continuou sly a s  s cheduled s inc e Apr il 1 960 .  Certain a uto 
matic device s , safety features  and alarms were ins talled to permit 
completely unattende d  operation> inc luding aut omat ic fire prot ect ion . 
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Monito ring o f  th e broa dcas t,  in Boulde r ,  wa s done b y  thr e e  
differ ent me tho ds : film r e c o r ding of phas e chan g e , r e c o r ding o f  beat 
fr equency, r ec o rding of the ana lo gue of phas e s hifter change s nec e s s ar y  
for s ynchroni zatio n o f  loc a l  and r ec eived s igna l .  All m ethods w e r e  
r ef e r r e d  to Ll1e USFS ,an.d a l l  r es ults vver e the s ame exc ept fo r ·ver ·y 
small ins trumenta tion e r r o r s . 

The long term s tabi lity of the transmitted s ignal (qua r tz 
os c illa to r c ontr ol)  was nor mally maintained wi thin ±2 par ts in 1 0

1 0  

of its a s  signe d value . 

P e r s onn e l  c ontributing to the wo rk on this pr oj e c t  wer e 
A. H.  Mor gan (Secti o n  Chief) , J.  H. Shoaf (Pro j e c t  Leader ) ,  D .  H.  
And r ew s , R .  F .  C a r l e ,  H .  Williams . 

Standa r d  20 -kc B r oadca s t  Development 

844 2 2  

The obj e c tiv e s  of thi s proj e c t  ar e :  ( 1 )  to provide a radi o  
clo s ed - link sys tem whi ch w ill pha s e  -lock the V LF 20-kc car r ier  a t  
Sun s e t  to a s tan da rd fr equency a t  the Boulder Laboratorie s ,  ( 2 )  to 
obtain experim ental data which will aid in des igning the pha s e - locking 
sys tem for the Fort  C o llins s tandar d  br oadca s ts .  

This proj ec t  will enable the NBS to ac c ele rate th e ba s ic work 
and e s tablishm ent of fac ilities  fo r c o nduc ting r e s e ar ch ,  deve lopment , 

and s ervic e s  r elated to s tanda r d  V LF fr equency and time b r oa dcas ts . 
The HF (WWV and WWVH) broadca s ts ar e c ompletely inad equa te for 
ma ny app lications , s uc h  as tho s e  r e lated to s atellite and mi s s ile  p r o 
gram s o f  NASA and the Armed For c e s .  Becaus e of the high phas e 
s tability of VLF s ignal s  they promis e to provide a goo d vehi c l e , wi th 
the requir ed ac cur acy, for wo r ld - wide fr equency and tim e  s ig nal s .  

The year 1 s  wo rk c onsis ted of des igning , pr ocur ing,  and con
s tructing the ov er all s ys tern , calibra ting and b ench te s ting the 
complete d  equipment, and field te s ting it in ac tual ope ration. Exper 
ime ntal clo s ed- link radio te s ts w e r e  in progr e s s  on Satur days ,  and the 
r esults indicate that the phas e of 20 -kc tran smis s ions ( WW V L) can 
automa tic ally b e  held well  within one mic r o s e cond of the US Working 
Fr equency Standa rd.  
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The clo s ed- loop s ys tem inc ludes an fm r adio signal trans mitted 
at VHF from Boulder, and the rec eption of the 20-kc trans mis s ion from 
Suns et .  Any err or s  in the received phas e of the 20 -kc signal are 
detected,a nd th e nec e s s ar y  corrections ar e then tran smitted back to 
the s tation via a 2 -kc frequenc y  mo dula tion of the 4 9 . 6 5 Me carrie r .  
Var ious fail - safe c ontrols  have been de s igned and  cons tr ue ted, and 
are  r eady fo r tes t s .  

Per sonnel contr ibuting to the work on this project  were  
A.  H. Morgan (Section Chief} ,  B .  E.  Blair (Projec t Leader ) ,  W.  W. 
Brown ,  D.  H. Andr ews , J .  H.  Shoaf , P .  A. Simps on,  H. L.  Binkly, 
H. William s, and N. Winch e s ter . 

Standar d 20 -kc Broadcas t  Improvement 

84423  

The objec tive o f  thi s  pro j ec t  is  to suppor t and acc elerate par t  of 
the R &D and acquis i tion of  nec e s sary apparatus and struc tures , 
a im ed toward the inc reas e  of radiated power ,and th e inclus ion of pre 
cis e time informa tion in the s tandar d V LF broadca s ts a t  20  kc, with the 
signal s directly c ontrolled by the U. S. Freq uency Standar d. 

Thi s pr oj ect will enable the NBS to acc elerate the bas ic wo rk 
and es tablishment of facilities  for conduc ting r e s ear ch and development 
a nd s ervic es  re lated to s tandard VLF fr equ ency and time broadca st s . 
The HF (WWV and WW VH) broadcas ts are  completely inadequa te for 
many applica tions , s uch as tho s e  related to s atellite and mis sile pro 
grams of  NASA and the Armed Forc e s .  Becaus e of the high phas e s ta
bility of V LF signals  they promis e to provide a good vehicle , with the 
r equired accuracy,  for wo rld- wide frequency and time s ignals . 

Dur ing the FY ,  many of th e des ign s tudie s  and the preparation 
of the spe cifications and drawing s for the main s tructure s  and s ervices  
at  the Fort  C ollins s tation wer e  c ompleted. Al s o ,  c ontracts were 
placed for many of th es e items, related to th e 20-kc component of the 
s tation. A c ompr ehensive internal repo rt on the s tation was prepar ed 
which conta ins the details of this wo rk , 

Per sonnel contributing to the work on this project  wer e 
A, H.  Morgan (Sec tion Chief and Project  Leader } ,and W. W. Brown . 

' .  
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RADIO AND MICROWAVE MATERIALS 

High Fr equency Dielectric Standard s 

84 1 3 1  

The purpos e s  of thi s  pr oj ect are  to: { l ) d evelop s tandard s ,  new 
method s and impr ove existing ones , for mea suring c omplex permit
tivity ( s olid s ,  liquid s ,  gas e s ,  and mixture s ) a s  a function of fr equen
cy , temperature ,  applied field , and other effective paramete r s ; (2 ) 
make meas ur ement s  of dielectric propertie s of important sc ientific 
and technical material s Q  

Dielectri c s  are  a very important part of mod ern technol ogy. 
Standardization and the d evelopment of accurate method s and tech
niques  are  e s s ential to the succes sful application of mater ial s as well 
as providing fundamental data on basic physical proc e s s es .  Und er
standing fundamental p r oc e s s e s  in turn c ontr ibute s  t o  s ucces sful 
evaluation and analys i s  of materials .  

Several specimens of s emi- s olid beryllium oxid e wer e 
measur ed to s tudy d rying proce s s e s  after extrus ion. F ourteen speci
mens of fus ed silica ar e now in us e a s  r eference standards . Several 
of the s e  specimens have b een measur ed twice  yearly s ince 1 9 5 2  and 
have maintained their values  of e 1  and e1 1 within experimental accuracy. 
A gold t ransmis s ion line is b eing u s ed to study the mechanism of d e
c ompos ition of large  p rotein molecules  in strong s olvents . A new 
method was d eveloped for rapid evaluation of dielectric properti e s  at 
cryogenic temperatur e s  and ultra-high fr equencie s  us ing comme rcial 
equipme nt. 

Plans for fis cal year 1 9 62 includ e construction of a Scheib e r 
Weingarten bridge  and extension of its range for measuring c onductance 
to  l o - 1 5 mho from o.  0 1  to  1 06 cycles  per  s econd . Plans als o call for 
extending re- entrant cavity technique s  to  above one gigacycle, and c on
tinuing protein work by meas uring r elaxation spectra during s olution. 
Per s onnel contr ibuting to thi s  proj ect wer e  E. C. Bamberger (pr oj ect 
leader ) , J. L. Dalke ( s ection chief ) ,  and R. C. Powell (as s 1 t  s ection chief ) o  
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High Fr equency Magnetic Standard s 

84 1 3 2  

The purpose  of thi s proj ect i s  to develop s tandards  and 
mea s uring method s for d etermining the magnetic p r opertie s  of 
materials, and to investigate fundamental s olid state ma gnetic phenomena. 

The importance of magnetic materials i s  mad e  evid ent by the 
fact that they are  utiliz ed in nearly every type of electronic system 
d eveloped for c ommer cial a s  well a s  military applications . Magne
ti sm i s  likewis e  the subj ect  of extensive r e s ea r ch in a large  number 
of lab oratories  throughout the world .  

Although much of the work on thi s proj ect wa s und ertaken in 
c onjunction with the a s s ociated Proj ect 844 3 2  on Radio Material s ,  the 
following items wer e of immediate c oncern to the d evelopm ent of 
measuring techniques  and the s tudy of materials at radio  frequencie s :  

T he accuracy of magnetic spectra measur ements , e sp ecially in the 
r egion from a few kilocycle s  to s everal hundred  m egacycle s ,was im
p r oved . Below about 1 00 kc,  thi s was accomplished by c ompleting a 
new improved model of a specially de signed Maxwell b r id ge for very 
low los s measur ements .  The s e  data ar e supplemented b elow about 
1 Me with measurem ents obtained with a coil of improved de s ign which 
can be opened for s ample ins ertion. In the r e gion fr om about 1 Me to  
5 0  Me, the applicability and accuracy of the rf permeameter  was 
gr eatly enhanced through the d evel opment of exact  equations d e s cr ib ... 
ing the transform er n.etwork. Further impr ovem ent s in a variable 
length, re- entrant cavity enable better data to b e  obtained from about 
5 0  Me to 1 00 Me, and add itional improvements in transmis sion line 
techniques ar e und e r  d evelopm ent for higher  frequencie s .  Further 
instrumentation and equipment wer e  completed in the c ontinuing 
effort to obtain magnetic spe ctra data with d e  field s applied to the 
s ample.  Facilities  for d i electric measur em ents of magnetic material s 
were  al s o  partially c ompleted. In addition,  efforts  to obtain material 
s tandar d s  of rf r e s i stance for calibrating many of the above instru .. 
m ents were s tarted . Con struction of equipment for s tudying the no�
linear prop erties of ferr ites  b elow a few Me was likewi s e  started .  
Extensive invest igations of the dynamic magnetoela s tic  properties  of 
s ome c ommer cially available ferrites ,  intended for magnetostrictive 
applications wer e mad e. The s e  studies  have yielded a new, rather 
clear-cut, t echnique for s eparating the magnetization mechanisms in
herent in c ertain ferrites .,  Stud ies of low field los s e s  at microwave 
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fr equencies  and their r elationship to tens or permeability data , etc. , 
ar e continuingo Some work on the effect of sample s iz e  and shape ,  
magnetization, wall effect, etco , on micr owave pr operties wa s also  
started. Consultative work and m easur ement of mater ial s in con
junction with programs in other laboratories  wer e als o  carried on 
during the year u 

Dur ing the c oming year , the initial and rever s ible permeability 
spectrum faciliti e s  will be further expanded and impr oved . Some basic 
studies  of s ome of the s e  properties ,a s  well as  s ome static properties  
using equipment d eveloped und er the as s ociated Contract 844 3 2  will be  
consid ered .  Low field micr owave los s e s  will al s o  continue t o  be  
emphas iz ed in the program. 

Per s onnel contributing to thi s pr oj ect wer e R. D. Har rington 
{pr oj ect lead e r ) ,  V. E. Bottom, B. L. Daniel s on, N. V. Fr ed erick, 
C. A. Hoer, W. A. Pittman, A .. L. Rasmus s en,  L. AQ Steinert,  
W. E. Cas e,and J. D. Lee. 

HF Impedance Standar d s  

84 1 3 3  

The primary purpos es  of this  pr oj ect are  t o  d evelop, maintain 
and improve the mater ial standar d s  of high fr equency immittanc e 
(impedanc e and admittanc e )  ,and to establish standard facilities for the 
m.easur ement of complex immittance from 3 0  kc to 3 0 0  Me. 

A knowledge of the impedance characteristics  of elect ronic 
equipment and impedance meas uring technique s  is  an e s s ential part  of 
the study of radio materials and often forms the bas is  for governm ental 
and indu strial specifications . 

The maj or effort during fis cal year 1 9 6 1 has been dir ected 
toward d eveloping and impr oving the facilities  of the HF impedance 
gr oup in the Electronic Calibration Center. T oward this aim has been: 
( 1 ) a correlation between a pr ecis ion c oaxial capacitor of constant d e  ... 
rived value and the two pic ofarad incr emental standard capacitor up to  
300  Me, verifying the calculated HF characteri stics  of the incr em ental 
standard ;  { 2 )  the pr eparation for measur ement of a precis ion dual 
admittance bridge  by the evaluation of the general bridge  network para
meters  and a calibration of the dir ect capacitanc e of the inc r em ental 



399  
Micr owave Magnetic Mea sur ements 

and Standards  

84 1 37 

The obj ectives  of thi s  prqj ect ar e :  ( I )  to develop or  improve 
the m ethod s of  m ea s uring c omplex magnetic p ermeability, tens or or 
s calar ;  ( 2 )  to make s uch measurements on important s c ientific and 
technical materials , and to interpr et the s e  measurements in terms of 
the structure  of the mater ial. 

Magnetic re s earch has mad e  gr eat c ontr ibutions to the under
standing of physical s olid state pr oc e s s es .  In ad dition, s uch materials 
are a very important part of modern technology. 

The hollowed- out ™ 1 1 0  r e s onator s pr eviou s ly developed have 
been us ed for rather exact mea sur em ents of the intrinsic tens or per
meability of  ferrite  r od s .  The effective s u s ceptibility of  a spher e, 
c omputed from the intr insic  data, i s  in good agr e em ent with measur.ed 
sphere data for s om e  ferrites .  Experim ental facilitie s  have been 
impr oved by completion of a crystal-c ontrolled fr equ ency multiplier 
chain, and by experiments and d e s ign work on a t echnique for locking 
a klystron to the r e s onanc e of a cavity. Either the klys tr on or the 
cavity is  s lightly fr equ ency mod ulated. The method shows promis e of 
improving the speed or accuracy of our measurem ents . A s emi
automatic data rec ording system was completed to facilitate the mea s 
urements of ferrites  (s ee Proj ect 8443 3 ) .  A tape punch rec ord s the 
c ounter frequencies  and data fr om sixteen manual entry dial s .  All 
pertinent data c oncerning the cavity, the magnetic field, and temperature  
ar e thus quickly and accurately recorded.  

The m ea s ur ement of ten s or permeability will be  extend ed d own 
to liquid helium temperature s .  The c omparis on of effective suscepti .. 
bility computed from intrinsic C)ata with measur ements will b e  extended 
to disks , e specially for the lower fr equencies .  

Per s onnel c ontributing to  the work on  this proj e ct wer e Joh� L. 
Dalke ( s ection chief ) ,  Howard E. Bus s ey (proj ect lead e r ) ,  John H. 
Roger s ,and M. Lojko ( I  month ).  
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arm s ;  ( 3 )  the d e s ign and c on struction of an improved s et of c oaxial 
r e s is tor standard s  having an or der  of ma gnitud e b etter high fr equency 
r e sp ons e than thos e pr eviou s ly supplied to the Electronic Calibration 
Center.  The Center was als o  b enefited by the following basic accom
plishm ents : ( 1 )  the d e sign, construction and 1 000-cycle measurem ent 
of a unique thr ee-terminal capacitor by which the open- circuit; fringing 
field capacitanc e of the NBS c oaxial c onnector was evaluated dir ectly; 
(2 ) the d es ign and c onstruction of c oaxial adaptor s for thre e  quality 
brid g e s, and the car eful analysis  of the re s idual parameter s of one , a 
Schering bridge,  followed by it s calibration; (3 ) the revis ion of the 
aud io fr equency, thr ee-terminal ratio transformer bridge to  allow c om
paris on of capacitor s to one part in a million with l o - 113 farad s as  the 
lower limit; 

.
{4) the d e s ign and c onstruction of portable the rmally and 

mechanically ins ulated boxes for a s et of four c ommercial three
terminal capacitor s on  which the first  calibration and s tability test  has 
been started ;  (5 ) the c onstruction of an oven for the study of r e s istor 
temperatur e-coefficients in the range of 2 3 -50°C ;  (6 ) p r oj ect pers onnel 
have acted as hosts  and r ound table discus s ion mod erator for a meeting 
on high pr ecis ion connector s .  

Plans for fis cal year 1 9 62 includ e :  ( 1 ) ed iting the proceedings 
of the June 1 9 6 1  Me eting on High Precision Connectors ;  ( 2 )  c ontinuing 
to aid other proj ects ,  especially thos e in 84. 5 0, which can benefit from 
the specializ ed knowledge  of proj e ct per s onnel in the impedance  field ; 
( 3 )  r e s earch on the u s e  of thr e e  and four terminal brid ges  in the RF 
r e gion; (4) d e signing and constructing s et s  of incr emental conductors  
and inductors ; (5 ) d e s igning and constructing a s ec ond m od el of a three
terminal capacitor to d etermine the fringe-field capacitance of the Wood s  
c onnector. Per s onnel contributing t o  this  proj ect were R. M. Jickling 
(proj ect lead e r ) ,  R. C. Powell (as s 1 t chief), A. E. Hes s , and L. E. Huntley. 

HF Conductivity Standar d s  

84 1 34 

The purpos e of thi s  p r oj ect i s  to study the charge transport 
behavior of materials acted upon by electromagnetic radiation. 

The electrical c onductivity und er specified conditions i s  
generally a bas ic prop erty o f  material s ,  both in practical applications 
and in aid ing in the und er standing of the und erlying phys ic s  of macro
s c opic materials .  
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The model  of a single electron ,moving 1n a periodic p otential 
field ,forms the bas i s  of most  of the pres ent und erstanding of the 
electronic properties  of s olid s o  A study of the modifications effected 
by the electron- electron interactions upon the electrical conduction 
was consid ered d e s irable.  A theor etical study has been mad e of the 
electric curr ent in ar1 ele ctr on. gas , acted upon by an electromagnetic 
field ,utiliz ing a general quantum field theor etic formalism of the 
many body pr oblem s which may be extended to various other models.  

The theor etical work d e scribed above will c ontinue with ap� 
plications to s emicond uctor s of simple crystalline structur e. Con
d uctivity measur ement experiments will als o  be performed upon 
semiconductor s at microwave fr equencies .  

Per s onnel c ontributing t o  this  pr oj ect wer e L. A.  Steinert 
(pr oj ect leade r ) ,and T. A. Fulton. 

HF Prope rtie s of Mate rials 

84 1 3 5  

The obj ective of this proj ect i s  t o  es tablish and maintain 
evaluation facilities for electr omagnetic pr operties of radio materials , 
and to  s upport a referenc e te sting capability for the thor ough inves ti
gation of certain cla s s es of materials as  a function of a variety of 
control parameter s .  

Preci s e  knowledge of the electromagnetic properties of 
materials at radio and microwave fr equencies is  nec es sary for their 
efficient application. A r eference te sting s ervic e is  not pres ently 
available els ewhere in thi s country., 

In fis cal year 1 9 6 1, emphasis  has been on placing facilitie s  for 
meas uring magnetic and dielectric pr operties  in s ervice.  Clo s e  
liais on was maintained with the magnetic and d ielectric standar d s  
pr oj ects . The following were accomplished : Initial complex permea= 
bility mea s ur em ent facilities were placed in operation for tor oidally ... 
shaped rf materials in the fr equency range of 1 kc to  3 0 0  Me. Com .. 
plex dielectric constant measur ement facilities  wer e placed in operation, 
and techniques  d eveloped for disk and rectangular ferrite  r od s amples 
in the fr equency range of 10 kc to  1 0 0  Me. Facilitie s  are b eing con
structed, or placed in operation, for c omplex dielectric c onstant 



39 7 
meas ur em ents at fr equencies  of appr oximately 0.  5 kc to 1 0  kc, and of 
1 0 0  Me to 1 00 0  Me. The type s  of electrod e s  to b e  us ed for dielectric 
meas urements of ferrite samples  have been adopted . Parallel (at 1 Me 
to  5 0  Mc ), and perpend icular (at 1 Me to 1 5  Mc ), r evers ible permea
bility mea s ur ement facilitie s  for ferrite tor oid s are  being s et up. 
Total power los s meas uring facilities (at appr oximately 1 Me to 3 Me ) 
u s ing calorim etric technique s  a r e  als o  being e stabli shed. 

The work discu s s e d  will be  c ontinued and additional s er-yice  
facilitie s  will be provid ed. They will be further evaluated for accuracy 
and agr e ement with various technique s .  Pers onnel c ontributing to this 
pr oj e ct were  A. L. Rasmu s s en (pr oj ect lead er ) ,  R. D. Har rington, 
C. A. Hoer , W. A. Pittman, R. C. Powell (a s s  1t chief) ,and L. A. Steinert. 

Microwave Dielectric Mea s ur ements 
and Standar d s  

84 1 3 6 

The obj ectives  of this proj ect a r e :  ( 1 ) to d evelop new method s 
and impr ove exis ting method s of meas uring d ielectric constants  and 
los s es of s ubstance s ;  (2 )  to d o  fundamental r e s earch on dielectric 
p r op erties such as  temperature d epend enc e,  and explanation of very 
high or very low los s e s ,  us ing the method s of s olid state phys ics ;  (3 ) 
to  measure  accurately the prop erties of new or technologically 
important material s ,  and of materials that r eveal fundamental s cien
tific information; (4 ) to extend the measuring range to extreme temper
ature s  and to other frequencie s ,  e specially to the short mm-wave part 
of the spectrum. 

Dielectric materials are us ed in many applications where  the 
d e s igner must know the p r op erties accurately. The interaction of 
electromagnetic waves  with electrical charges  (d ielectric s )  i s  an 
important basic tool for s cientific r e s earch. 

The dielectric measuring method, employing a c entered dielectric 
post  in a T E0 1 1  mode cavity,was further d eveloped  by c onstructing 
s imilar equipment for use  at 3 0 ,  000  Me. This is  a fir s t  step in de 
veloping millimeter wave mea s ur ements .  A large  number of dielectric 
los s  measurements were  mad e  at 9000  Me which c onfirmed the accuracy 
of the c onvenient method r eported last time,  utilizing the change in 
transmi s s ion of a cavity and a theor etical p ort-Q in order  to  measure  
sample los s es .  The d evelopment of the 800 °C pure s ilver test  cell has 



398  
been continued by  writing an automatic c omputer program to cor rect 
for the error s  introduc ed by the trans ition between the high t empera
tur e  cell and the s lotted line instrumento The trans ition i s  r epres ented 
by an equivalent electrical networko An additional program was written 
to speed the calculation of permittivity from s lotted line mea s ur ements .  
Als o, s ubr outine s for Res s el functions of c omplex argument for  the new 
compute r  wer e written. Two gla s s  c ompos itions , Corning 9 606  and 
Corning 1 7 23 ,  have been investigated for is s ue as  d ielectric standard s .  
Measur em ents at 9200  Me and 2 3°C r e c ommend the s e  c ompositions 
for further tes ting. During -th1s work, a correction was d eveloped for 
the error arising fr om imperfect fit of the dielectric specimen in the 
slotted transmis s ion line. This advance brings value s  of permittivity 
measur ed with the slotted line into agr eement with value s  mea s ur ed 
with a TEo l l  cavity to within o .  3o/o. Since thes e  measurements ar e 
ind ependent , their abs olute accuracy is  probably very high. A pap er 
d e s cribing thi s work is  in pr eparation. Measur ements of the Q of 
micr owave cavity r es onator s have b een s ignificantly improved , with a 
corr esponding incr eas e in the accuracy of properties  of materials  
measur ements d epending upon cavity Q. The pre s ent accuracy for  Q 
is  estimated a s  one per c ent, in the 9 00 Me· region. The calibration 
of surface impedanc e was impr oved by d eveloping a method for mea s 
uring the difference in the c omplex s urface impedanc e between a 
standard metal s urface and s ome unknown metal surface. However ,  
no  abs olute m ea s ur ements ar e available  becau s e  only the abs olute los s 
of the s tandard i s  known. An effort i s  b eing mad e to d evelop a s tandard 
with a known los s angle. A method was perfected for d etermining the 
cond uctivity of the quarter-wave shorts  b eing d eveloped as  r eflection 
standar d s  by the Microwave Cir cuit Standards  Section. This has 
furnished an ind epend ent check on the r eflection c oefficients quoted for 
these  unit s .  Dielectric  los s es wer e  measured in beryllia c er amic with 
five differ ent impuritie s  add ed. An oven for gr owing s ingle crystals  
of c opper oxid e was c onstructed . Our calibration s ervice  continued to 
be in d emand for various low los s por c elain and plastic c ompos itions .  

Dielectric los s es in c opper oxide single crystals will be  in
vestigated. Dielectric properties  of single crystals, and other inter
esting materials at liquid helium temperatures  ,will be  investigated .  
Standard dielectrics  and a standard o f  complex surface  impedance will 
be further developed. High temperatur e facilities  will be improved. 

Per s onnel c ontributing t o  this proj ect wer e John L. Dalke 
( section chief ) ,  Howard E. Bus s ey (pr oj ect leade r ) ,  Jame s  E. Gray, 
and John H. Rog er s �  
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Solid State Phenomena 

84 1 3 8  

This proj ect was e stablished, beginning with fis cal year 1 9 60 ,  
to  meet the need s for method s of  measurement, s tandardization, and 
the inve stigation of cla s s e s  of materials for the radio and microwave 
electromagnetic quantitie s as sociated with gyr otr opic d evic e s ,  mas er s ,  
parametric amplifiers, and s emiconductor s such a s  transis tor s ,  diod e s ,  
memory cor e s ,  etcG In general, the s e  materials involve non-linearity, 
or non-r ecipr ocity in entir ely new cla s s e s of active d evice s  and a 
multiplicity of pa s s ive ones .  Magnetic,  conductivity, and dielectric 
materials ,  per s e , are not c overed by this proj ect. 

The advent of unu s ual s olid state devic es  such a s  gyrator s ,  
is olator s ,  ma s e r s ,  parametric amplifier s ,  trans istor s ,  and diodes  i s  
r elated t o  r ec ognition and pr ogr e s s  in under standing fundamental pro
c e s s e s  which govern material characteristics .  It is e s s ential that the 
Rad i o  Standar d s  Divis ion be fully aware  of the und er standing and opera
tion of the s e  phenomena, in ord er to  extend or improve its own basic 
instrumentation for measur ements and s tandar d s  of appropriate electr o
magnetic quantities in the radio and micr owave spectrum. 

Investigations wer e c ontinued on the ac curacy of fine wir e  
mixer s ,  high pr ecision transformers for high fr equ ency u s e , a new 
high accuracy-high fr equency standar d  inductor ,  the interaction of con .. 
ductivity and fer r oelectric switching, using pur e and lead ... c e s ium-and 
iron-d oped single crystals of barium titanate, the out- of-pha s e  com 
ponent of the c onductivity of str ong electrolyte s ,  and mea s ur ement 
techniques for ferr oelectric -ferromagnetic material s at UHF. 

Plans for fis cal year 1 9 62 are to build an air-core  permittimeter 
to obtain maximum f.L-Q- s tability product for electrolyte measur em ent iil ,  
analyz e  meas ur ements of conductivity and polarization on the ferro
electric crystals, and d etermine the LF and micr owave relaxation fre
quencie s ,  and to build a high fr equency ratio transformer and a s s ociated 
inductance  standard.  
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Magnetic Resonance  Phenomena 

84 1 3 9  

The purpos e s  of this proj ect a r e  t o  d etermine the magnetic 
energy levels , r elaxation times, and transition probabilitie s  of para
magnetic and antiferromagnetic cyr stals through the us e of magnetic 
r e s onance technique s. 

The data obtained will add t o  our knowledge o f  the solid  

state and its  interaction with electromagnetic radiation,and provide 

the basic information needed for the practical application of the s e  
materials in micr owave and sub-microwave standards  and technology. 

This  is a new proj ect, begun in the latter half of FY 1 9 6 1 .  An 

electron paramagnetic r e s onanc e (EPR) spectrometer, for u s e  at X-band 

and at temperatu r e s  fr om 2° to 3 0 0°K, is nearing completion. A 
machine calculation of the ener gy levels of manganous ion in calcite 
was initiated in ord er to  explain more ad equately the EPR spectrum 
obs erved in this sys tem, und er c onditions that make the s tandard per
turbation calculations from the spin Hamiltonian inapplicable .  

The EPR spectrometer will be  operational, and the experim ental 
d etermination of the spectra of var ious crystals will begin. Fir st 
attempts will be  d evoted to the d etection and m easurement of ferric ion 
in zinc fluorid e s ingle crystals. Attempts will be mad e  to inc orporate 
chr omic and manganous ions into s ingle crystals of zir conia and beryllia, 
and to d etermine the EPR spectra of the s e  sys tems.  The spectr om eter 
will be extend ed to K-band fr equencies .  Pers onnel contributing to this 
pr oj ect were L. M. Matarres e (proj ect l ead er ), and T. A. Fulton. 

Mater ials Synthes is  

8423 1 

The obj ectives  of this pr oj e ct are  to pr ovid e  radio  and micr o
wave material specimens of known and c ontr olled compos ition and 
structure ,  and to inves tigate and c ontribute to the related chemistry 
and preparation technique s  as  nec e s s ary. 

The progr e s s of basic and applied s cience depend s ,  to a great 
extent, on the availability of suitable mater ials for experimental veri
fication of the or etical investigations .  Fr equently, a better und er
standing of a fundamental pr oc e s s i s  handicapped by the lack of 
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materials of controlled compos ition. This  proj ect is nece s sary to 
s upply controlled materials for electromagnetic r e s earch investigations , 
and to d etermine the effect of c ompos ition, structure ,  purity , etc. , on 
electromagnetic p:toperties .  

As  this  was a new pr oj ect beginning in  fis cal year 1 9 6 1 ,  c on
s id erable time was d evoted to procuring neces sary laboratory equip
ment. A temperature programer-contr oller, for u s e  in conjunction 
with a high temperatur e furnace,is  curr ently being placed in operation., 
The preparation of high-purity nickel metal for inve stigating the effect 
of impuritie s  on saturation magnetization,as d etermined by static and 
NMR mea s ur ements, has been started. Chemical methods of purifica
tion have been us ed ,  starting with commercially available nickel 
ammonium sulfate hexahydrate. Some impurities  can be eliminated by 
precipitation followed by r ecrystallization, and the purified nickel 
c ompound can be ignited to the oxide and reduc ed to metal with hyd r og en. 

A s eries  of polycrystalline nickel zinc ferrite specimens ,c ontaining 
varying trace amounts of silica, al� e  being p r epar ed to evaluate the 
effect of this  trac e  c onstituent on magnetic pr operties. Starting 
materials for the ferrite  specimens wer e purified by chemical m eans .  

It is  planned t o  c ontinue the pr eparation of ceramic oxid e 
materials having the spinel, garnet, or per ovskite crystal structur e s .  
with particular emphas is devoted to the effect of trace  impuritie s  on 
magnetic propertie s .  An effort will be mad e to d etermine which vari
ables  affect the saturation magnetization of nickel to establish  the 
minimum r equir em ents for use  of this  material as  a magnetization 
s tandard. Z one melting as  a purification technique for starting mater 
ials  will be  initiated during the fis cal year. 
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Solid State Field Standar d s  

8423 2  

The obj ective of this pr oj ect i s  t o  investigate the feas ibility of 
utiliz ing natural phenomena ,or bas ic mechanisms of matter, for the 
pr ecis e measurem ent and contr ol of time-variant electric and ma gnetic 
fi eld s at radio and microwave fr equencies  .. 

The merit of NMR r e s onance technology in the highly accurate 
measur ement and c ontr ol of s tatic ma gnetic field s, utilizing the gyr o
magnetic ratio and s imple fr equency mea s ur ements, has been clearly 
established . The utility of analogous techniqu es, provid ing quantum 
electronic measur ement, or control of radio frequ ency fields thr ough 
frequency measurement , is equally obviou s .  In addition to informa
tion on rad io electric and magnetic field s per  s e ,  the ratio of thes e  
field s in a s uitable geom etrical structur e may s erve a s  quantum imped
anc e  standard s .  

Modulation of  the static ma gnetic fi eld a t  radio frequencies  in 
NMR systems was c onsid er ed. Relaxation phenomena in the s olid s 
c onsid e r ed for thi s  application place an upper limit well b elow a mega
cycle.. A further c omplication is  the spin-lattice interactions r e sulting 
in b r oad ened abs orption line s ;r e sulting in low accuracy. A mor e  
pr omis ing appr oach u s e s  mas er technology by employing an atomic 
system that is thermally unstable. Ther e, the induced emis sion or 
ab s orption of a two .. state sys tem is  pr oportional to the sine s quar ed of 
an ar gument directly p r op ortional to the amplitud e of the radio  
frequency field which ind uc e s  trans itions.  This hold s for systems that 
ar e s ensitive either  to electric or magnetic field s, and the amplitud es  
of the c orr esponding radio  field s are  dir ectly obtainable fr om fr equency 
measurements .  

In fis cal year  1 9 6 2  feas ibility studie s on  c ritical field s en
counter ed in non-linear effects will b e  mad e. and experimental work on 
the above phenomena will be started . 
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Radio Materials 

84432 

The obj ective of this pr oj ect is to establish a magnetic 
materials laboratory for the m.eas ur ement of the magnetic prop erties  
of ferrites . The r e s ults will s erve to coordinate and evaluate  the work 
being done in radio and micr owave magnetism in this country .. 

This laboratory is  being developed in part on the r ec ommenda
tion of the Advis ory Gr oup on Electronic Parts who r ecogniz ed the 
need for a centraliz ed ferrite measur em ents laboratory whos e function 
would be  to d evelop ba sic method s and techniques for evaluating rapid 
advances  in magnetic materials and d evices  ,p.nd to maintain a facility 
for r eference testing. 

Since this pr oj e ct is primarily conc erned with the d evelopment 
of instrumentation for measuring magnetic properties  of materials , 
fr om de  through microwave fr equencie s ,  s ome of the work ove r laps 
that car ried on und er Proj ect 84 1 3 2  {HF Magnetic Standards )o However ,  
in addition to  the high frequency instrum entation des cribed unde r  that 
pr oj ect , the following work was d one on mea suring technique s  at d e  
and micr owave frequencies :  consid erable improvements were  mad e 
in the vibrating s ample ma gnetometer for d etermining the saturation 
magnetization of magnetic materials, and pr eliminary mea s ur ement s  
have indicated that highly satisfactory data may be  obtained Q  A new 
s imple technique for calibrating instruments of this type was d evis ed 
which makes it  unne c e s sary to have a s tandard sample such as Ni 
available.  Work was als o  started on variations in the pr eviou s ly c on
structed hyster e si s  loop tracer in order to increase  the s ens itivity of 
the instrument. Construction has likewis e  s tarted on a torque magne
tometer for measuring the magnetocrystalline anis otropy constant of 
single  c rystal materials. In the microwave r e gion, work was carried 
on toward s impr oving the tensor permeability measur ement s etups at 
3 Gc and 1 Gc band fr equencies .  New improved cavities  f or 1 Gc band 
mea s ur em ents are  pr e s ently being constructed.  Equipment for meas = 
uring the non-linear properties of ferrites  at high power microwave 
signals is  now partially completed. In addition to the instrumentation 
work, further effort was d evoted to  the standardization of micr owave 
ferrit e s .  Suggested value s for standardizing magnetization and line 
width of micr owave ferrites  wer e  consid er ed.  Work i s  als o  c ontinuing 
on the evaluation of the pr op erties of c ommercially available ferrites  
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in  order to obtain information f or further s tandardization of their pro
perties . This is  being done both on this  pr oj ect and the related DOD 
Proj ect 84433  (Tens or Permeability Mea s u r ements ). 

During the c oming year , many of the above techniques for 
meas uring static and microwave prop erties  will be c ompleted and the 
d es ign and d evelopment of method s for measur ing other quantities 
(static magnetostriction, Curie temperatur e ,  etc. ) will be started. 
Further evaluation of c ommercially available  materials will als o b e  
carried on. 

Per s onnel c ontributing to  the work on this pr oj ect wer e R. D. 
Harrington (pr oj ect leade r ) , J. L,. Dalke (s ection chief ) ,  W. E. Cas e , 
D. C. Ehn, N. V. F r ed erick, C. C. Hastings ,and L. B. Schmidt. 

T ens or Permeability Mea s ur ement s  

84433  

The obj ectives  of  this proj ect are: to pr ovid e  new and improved 
information on the magnetic spectra of ferrites  by  investigating their 
intrinsic tens or permeabiliti e s ;  to analyz e the structur e of the s e  
spectra and c orr elate them with the physical prop erties  of the ferrites ;  
and t o  evaluate c ertain ferrites  for specific electromagnetic r equir e
ments .  Much experim ental work in the past  has been aimed at the 
determination of the magnetic properties  of ferrites in typical applica
tions , and obtaining an " effective' '  quantity. In c ontrast,  this pr oj ect 
is  aimed at the ' ' intrinsic ' '  p ermeability t en s or which is  a dis tinctive 
macroscopic pr operty. 

Ferrite s which exhibit Faraday r otation at ultra-high and s uper
high fr equencies  have ,  in recent y ear s ,  enabled great advance s  in 
radio electr onic systems . In this  c onnection, it is of prime importance 
to measure accurately the tensor permeability and d ielectric constant 
of s elected ferrites in a s ingle laboratory s o  that the data are  all c om
parable. The ferrites  s elected will b e  from thos e that are c ommercially 
available ,and from tho s e  still in the experimental stage that are  
p otentially important. This  program was s et up to c oordinate 
activities  in this ar ea for the Departm ent of D efens e. 
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Measurements of line width for spher e  r e s onanc e,  and of d i  ... 
electric constant ,  wer e mad e  at 9 2 00 Me and 3 1 0 0  Me on about forty 
differ ent ferrite bod ie s o  In addition, intrinsic tens or permeabilitie s  
for ten fer rite s w e r e  m easured at 9 20 0  Me. The s e  measur ements are  
important in standardizing the compositions of the s e  new materials .  
They may b e  used by AS TM Committees  and other s in s tandardizing the 
compos itions of fer rites and in r educing the gr eat numb er of differ ent 
but nearly identical c ompositions now being manufactur edo  They als o 
pr ovid e the basis  for formulating military specifications and furnish  
engineering data for special DOD c ontractor s .  

Microwave ferrites  will continue to be evaluated und e r  this 
pr ogram as in fi s cal year 1 9  6 l e  In addition, measurements on disks 
will be initiated , s ince at 3 1 00 Me and below a flat shape for ferrite 
d evices  is  usual. 

Per s onnel c ontributing to the work on this pr oj ect wer e  John 
L. Dalke { s ection chief ) ,  Howard Eo Bus s ey (proj ect lead er ) and 
John H. Roge r s ;  als o, C. Kristenson, D. Blecki ,and M. Lojko (part 
time ). 

A wave guide cavity , containing a crystal specimen, is placed 
between the p oles of a magnet in studies of magnetic resonance .  
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ATOMIC FREQUENCY AND TIME STANDARDS 
Modification of NBS -II 

84041 

The purpos e  of thi s  proj ect i s  to increa s e  the length of the pre s ent 
United  Stat e s  Atomic B eamFrequency Standard . 

The increased  length will r educe the spectral line width by a 
factor of 1 /2 which should  provide some improvement in stability . 

The project began in December of 1 9 60 . The new length of b eam 
tube which i s  to b e  ins e rted  has been completed, and new electronic s 
have been constructed s o  that both NBS -II and NBS -I can b e  operated  
independently . 

The ultimat e goal of thi s project i s  t o  provide a longer  beam 
apparatus ,  complete with a s ervo - system, to  correct a quartz o s cil 
lator and a s s o ciated  frequency multiplier chain . The s ys tem will also 
provide an atomic time base  which will r equir e  s calar s to accumulate 
cycle s and a s s oc iated timing cir cuits . The device s  will be te sted for 
perfo rmance a s  a fr equency standard and a s  a po s s ible time standard . 

Per sonnel cont ributing to thi s  proje ct  on a part -time bas i s  are 
R .  C . Mockler (project leader ) ,  W. R .  Atkins on, R. E .  B eehler ,  
J .  A . Barne s ,  H .  F .  Salazar , and C .  S .  Snider . 

Manufactur e of NBS -III 

84042 

A new atomic beam frequency standard  i s  b eing constructed at NBS 
that will have an o s cillating field s eparation of about 3 meter s . It will 
provide a s eparate s tandard, independent of the other s ,  that will 
ultimately operate continuously with a s e rvo -system and timing circuits .  

It i s  important to  have mor e than one s tandard, in order that one 
s tandard will alway s  b e  r unning during periods of s ervicing, and al s o  
for purp o s e s  of comparison .  

C onstruction has begun .  The mounting s and beam tub e s  ar e almo st 
c omplete . Its performance as a fr equency standard and a s  a pos sible 
time standard,  will be analyzed during the Fis cal Year 19 62 . 

Per s onnel cont ributing to thi s  project on  a part -time basis  are  
R .  C .  Mockler (proj e ct leade r ) ,  W . R.  Atkins on,  R. E .  Beehler ,  
J . A .  Barnes ,  H .  F .  Salazar , and C .  S .  Snider . 
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Manufacture of Maser 

8404 3 

The obj ective of thi s proj ect is  to construct and analyze a 
hydrogen atomic be arn rnas e r .  

The atomic and molecular beam group at Harvard unde r the 
direction of N. F. Rams ey, has demonstr ated that an atomic hydrogen 
maser  is not only feas ible but has a highe r ultimate s tability than 
other existing mas e r s  at microwave fre quenc ie s .  The device has 
pos s ibilitie s as a primary standard. At wor s t ,it will provide an ex
tremely stable s ignal s ource for fr e quency and time standard purpo s e s  
with much bette r s hort time stability than the c e s ium beam device s .  

The magnet as sembly and fr equency multiplier chain are al 
mo st complete. 

During the Fis c al Year 1 9 6 2 ,the devic e will be te sted  for its 
performance as a fre quency standard and as a pos s ible time standard. 

Per sonnel contr ibuting to this proj ect on a part -time basis  are 
R. C .  Mockler (project  leader ) , J.  A.  B arne s ,  and A. E .  Wainwright. 

NBS II atomic frequency standard and associated circuitry . 
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Atomic Frequency Standards C ir cuitry 

84044 

The purpos e  of this proj ect is to provide s ever al pieces  of elec 
tronic equipment r e quired  to ope r ate and test  the additional atomic fre 
quency standard instruments being constructed by the Atomic Fre quen
cy and Time Interval Standards S ection. 

Item 1 is a s ystem for exciting the thallium r e sonance which is 
le s s  s ens itive to magnetic field uncertaintie s than the C s resonance .  
Item 2 is another s ource  for exciting the C s res onance s o  that two C s  
beam machine s may b e  ope rated s imultaneously .  Item 3 is two s ervo 
systems for utilizing atomic beam re sonato r s  to stabilize the fre quency 
of two quartz  o s c illators .  

The s implicity of  exciter s  employing klystrons -phas e-locked to 
harmonic of crystal c ontrolled o s cillator s , has made them quite attrac 
tive . Expe rience with them has been ,on the whole , s atis factory s o  that 
this type of excitation will be used in the new exciter s .  Exper iments 
have indic ated one s ystem of this type c an prob ably be  made ver s atile 
enough to perform the function of both Items l and 2 . The method that 
is being tried u s e s  an X-band klystron which c an either b e  us ed to excite  
the C s r e sonance, or c an be s lightly retuned and locked to  combination 

type harmonic to yield a sub -multiple of the thallium fre quency. This 
much of the sys te m  has been te sted and appe ar s ade quate . The klystron 
output would be  multiplied to obtain the thallium fre quency. 

One of the s e rvo syste ms of Item 3 has been operated. and has 
been found to lock an o s cillator s o  that its aver age  fre quency is within 
about 5 parts in l O l l  of the de s igned value . This offs et has not always 
been found and it may not actually be pre s ent ; the most probabl e  

interpretation of  the exper iments would indic ate that it is . 
When the offset has been found ,it has always been in the s ame sense 
and s e ems to be  more s evere  with one r e s onator than with the othe r .  
The s econd system i s  almos t  re ady for te sting. Some features of  it 
may make it pos s ible to find the trouble with the fir st  system, o r  with 
the me asuring s ys tem used  to check the performance of the s e rvo.  

During the next year a s tudy will be made of the s ervo offs et ,  
as it is  influenc ed  by fre quency of the s ens ing s ignal , amplitude of  the 
s ensing s ignal, s econd harmonic content of  the s ignal , b andwidth of 
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the servo amplifier ,  and other parameter s which might influence the 
offs et and thus give a clue to its origin. The s ervo s will be optimized  
to  r educe short t erm fre quency fluctuations of the osc illato r s .  

Contributor s  t o  this proj e ct inc luded W. R. Atkins on (proj ect 
leader } ,  J. �a�. B arne s ,  H. F. S alazar , A. Wainwright ,  L. E. Heim, and 
R. C .  Mockler .  The as s istance of the per s onnel of proj ect  84 1 04 was 
e s sential to the work. 

Atomic Fre9.uency and Time Interval Standards 

84 1 04 

It is the purpos e  of this  proj ect  to develop, maintain, and im
prove atomic standards of fre quency and time . The proj ect  must ,  in 
addition, be aware of new s chemes and pos s ibilitie s for atomi c  s tand
ards applications , and enter into r e s e arch as s ociated with new develop
ments in the fie ld, s o  far as this is pos s ible . It is intended that partie 
ularly s ignificant experiments that may involve atomic s tandards , or  
atomic standards technique s ,  will b e  performed. 

The rapid technologic al advance s  b e ing made in the mis s ile  
fields, and in many other are as r e quiring pre cis ion me asurement of  
time and fre quency,have b een accompanied by incr e ased  demands for 
more precise  primary standards of fre quency. The development and 
use of a primary fre quency standard,based  upon the natural per io d  of 
a c e s ium atom. has made it pos s ible to provide standard fre quencie s 
fre e  of the aging effe cts as sociated with quartz crystal o s c illators .  
The standard fre quencie s ,broadc ast by NBS s tations WWV, W WVH, 
WWVB , and WWVL,and used widely by many pr ivate and government 
laboratorie s  , are measur ed daily in terms of the primary atomic stand
ard. With the aid of the published correction s ,  fre quency me asurements 
made in other laboratories can be expre s s ed in terms of the pr imary 
standard. 

During FY 1 9 6 1 both c e s ium beam standards wer e  in regular 
operation, permitting the accumulation of cons iderable fre quency 
comparison data. Measur ements of the s econdary standards ,such as 
Atomichron 1 06 maintained by Section 84 . 20 ,were made on a daily 
basis and us ed to publish corrections for var ious NBS standard fr e 
quency tr ansmis sions as well a s  to continue the comparisons of the 
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U. S .  Frequency  Standard with those  of other countrie s .  The re sults 
indic ated continued agr eement to 1 or 2 parts in 1 0 1 0  among the stand
ards of the U. S . ,  England, and Switzerland. The previously obs e rved 
differ enc e of l .  5 X 1 0 - l l  betwe en the two NBS atomic standards was 
car efully reme asur ed dur ing the year and found to have r emained con
stant to at least  2 X lo - 1 2 ove r  the ye ar period.  Seve ral expe riments 
wer e  performed in an effort to determine the s our c e  of this differenc e ,  
such a s  the modific ation o f  the C field structure and magnetic shields 
in one machine, and the replac ement of the r e s onant cavity ends on the 
other machine , but the dis c repancy still r emained. Comparis ons were 
als o  made dur ing part of the year between the c e s ium standard and an 
ammonia mas e r .  The comparisons were u s e d  in determining the sta
bility and reproducibility of the mas e r  fr e quency. Measurement pr eci
s ions of 3 X 1 0 - 1 2 in a per iod of  only a few minute s were obtained with 
the mas e r  exc itation of the ce s ium r e s onance . 

Some preliminary expe riments were  performed to te st the fe a
s ib ility of  us ing a r e sonance of thallium 2 05 as an improved fre quency 
standard. A thallium beam was suc c e s sfully detected with low effi 
ciency, but further  work was tempor arily prevented by the nece s s ity of 
us ing the machine for c e s ium me asurement s .  

One s e rvo s ystem for locking a 5 Me quartz c rystal o sc illato r 
to the c e s ium atomic r e sonance was completed and extens ively te sted. 
Oper ation of the s ystem was gene rally s atisfactory except for a s mall 
systematic fre quency shift which is at pre sent unexplained .  Tests  on 
a s ec ond s e rvo s ystem for the other c e s ium standard we re begun at 
the end of  the Fis c al Ye ar .  

During Fis c al Ye ar 1 96 2  te s ting of  the two s e rvo systems will 
c ontinue . I£ pos s ible , e ach c e s ium standard will be e quipped with an 
independent s e rvo s ystem, thus allowing long term operation of the 
s tandards as clock s .  Long te rm continuous comp arisons of the s tand 
ards will b e  made in o rder to s tudy the ir relative stability more  dire ctly. 

The thallium exper iments will be r e s umed� using the long e r  of  
the existing machine s ,  and an attempt will be made to  observe the thal 
lium r e s onance at 2 1 ,  3 0 0  Me.  A s mall te st  system pow under con
struction will be utilized to inve stig ate the advantage s of us ing a 
multiple be am technique for thallium in orde r to reduce the amount of 
magnet deflection nec e s s ary. 
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An additional 8 ft. s ection will b e  added to the 1 0  ft. long c e s ium 

standard to obtain a narrower r e sonance line width and, as a result, 
higher measure ment precis ion. The normal fre quency compar isons 
mentioned above U$ ing the Atomichron, mas e r , etc . ,will be  continued 
during FY 1 96 2. 

Pe r sonnel contributing to this  proj ect included R. E.  Be ehle r  
(project leader ) , C .  S .  Snide r,  H. F .  Salazar , J.  A. B arne s ,  and 
D. W.  Allan. 

High Res olution Re s e ar ch 

84 1 05 

It is the purpos e  of this proj ect to inve stigate the methods of  
improving the pre cis ion and accuracy of mic rowave s pectr o s copic 
methods . The r e s ults of this r e s e arch le ad directly to the improve 
ment of  existing primary and secondary s tandards of fre quency, along 
with the pos s ib ilitie s of developing entirely new pr imary or s e c ondary 
standards of fre quency. 

The development of atomic fre quency standards i s ,  in reality, 
a development of high r e s olution microwave spectroscopy. Thus• an 
improvement in time standards not only extends the u s e s  o f  precise  
timing but als o  leads to  a more  detailed knowledge of  atomic and mo 
lecular structure .  

During the 1 9 6 1 Fisc al Ye ar ,  the mas e r - spectrum-analyzer 
has been s implified and gre atly improved in its s ens itivity and relia
bility by making direct comparis ons with the mase r  its elf inste ad of a 
maser - stabilized osc illator .  With the aid of this spectrum analyze r, a 
"slave 1 1 o s c illator system was de s igned, built, and te sted. The r e sult 
ing "slave 1 1 o s c illator demonstrated an ins tantaneous rms frequency 
error from a s table master o s c illator of le s s  than 2 parts in l O l l . 
This o s cillator is now in constant use  with the ces ium beam to insure 
against pos s ible e rrors  due to modulation of the referenc e  o s c illator .  
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Also completed this ye ar was a s e rvo system to c onstantly con

trol the c avity tuning of the ammonia beam mas er  to the point whe re 
small change s  in the magnetic field have no e ffect on the mas e r 's fre 
quency. With this sys tem it was found that the maser ts fre quency 
could be re s et to about ± 3 parts in 10 l l  by comparis on with the ces ium 
beam. The s e  experiments  were conducted using ammonia g as composed 
of the ordinary isotope of nitrogen ( at. wt . 14 ) .  This has indic ated the 
ammonia beam mas er  has real mer it as a s e condary, standard of fre 
quency. 

The experimental e quipment ne ce s s ary for the spectros copic 
investigation of thallium fluor ide by mase r  technique s in the vicinity of 
26 . 7 Gc was constructed. Als o  s ome preliminary measurements  of  
beam intens itie s and profile s wer e  made. 

During the coming Fis cal Ye ar it i s  intended to c ontinue the 
development of high purity "slave 1 1 o s c illator s and inve stigate noise  
s ource s in  quartz c rystal o s c illator s with the aid of  the mase r  spectrum 
analyze r .  

It is  als o  intended t o  c onvert the mas er  s e rvo system over  to 
the us e of N l5H3 ( ammonia compos ed of  nitrogen of atomic weight 1 5 ) .  
This will re quire a s ystem c apable o f  rec irculating the ammonia s ince 
the N1 5H3 is relatively expens ive . Work done by other s  has indic ated 
a marked improvement in fre quency re settability and stability for the 
maser  , and thus it is hoped that this  change may elevat e the mas e r  to 
the s tatus of a primary standard, c omparable to the c e s ium beam. The 
spectr o s c opic inve stigation of thallium fluor ide with mase r  technique s 
will be  c arr ied on this year . 

Personnel c ontributing to this proj ect include J. A. B arne s 
(pr oj e ct leader ) ,  D .  W.  Allan, and A.  E .  Wainwright. 
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Electronic Fre quency Multiplic ation and Stabilization 

84 106  

The obj ective of this proj ect is to  investigate o s c illator s ,  fre 
quency multiplie r s ,  and feed-back control s yste1r1s e s pe cially as they 
pertain to the problems of fre quency measur ement utilizing standard 
fre quencies  provided by atomic trans itions .  

The prec1s1on and accuracy of  fre quency measurements, or of  
time s c ale s c onstructed with the aid of  atomic frequency sour c e s , de 
pend on the precis ion, accur acy, and stability of ancillary e lectronic 
e quipment such as multiplier s ,  mixe r s , transfer osc illator s ,  and feed
back control systems , required to  utilize the fre quency stability inher 
ent to atomic sys tems. An important phase  of the s tudy of such ele c 
tronic equipment, and even of the definition of frequency its elf, r e quire s  
an under standing of  fluctuational phenomena. The fre quency of  an 
ide al o r  pure s ignal may be defined in terms of the r e s pons e s  shown 
by the indicating instruments of s everal different type s of  measuring 
systems . For an ideal source and nois ele s s  measuring sys tems ,the 
applic ation of  the s e  various oper ational definitions may be  expected to 
result in a unique number,  the frequency of the s ourc e .  Actual s ources , 
when te sted with actual me asuring instruments, fail to give a unique 
value; and, in fact ,  even when fluctuations are taken into acc ount,  the 
aver ag e  indication with one measuring sys tem need not agr e e  with the 
aver age  indic ation obtained with another measuring system. For 
actual s our c e s, evolutionary and stationary noise proc e s s e s  c au s e  the 
power gene r ated to be  spread ove r a spectrum of Fourier fre quencie s,  
and the problem of  fre quency me asurement become s for many purpos e s  
one o f  determining the evolutionary and stationary character i s tic s of 
this spectral distribution or suitable moments of it. In order to pre 
diet the detailed s tatistical re sponse of a network to the s ource, even 
this spectrum is not ade quate, and additional statistical information is 
needed to specify the fre quency. 

A phase portrait ,showing the isocline s and the limit cycle s of 
a s imple o s c illator ;was made in order to study the r ate at which the 
fre quency could be changed by noise  type or servo type parameter 
variation ,and als o  in order to become familiar with the theory which 
is ade quate to take account of the non-line aritie s e s s ential to any stable 
o s c illator .  In accordance with le s s  sophistic ated tre atments of  the 
rate at which fre quency may be  changed,no appreciable lag was found 
between the time at which c ircuit parameter s  were changed to new 
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values and the time r e quired for the fre quency to attain its new value . 
This  analys is indicated that ,should it be des irable , a s ervo system 
could be used  to make r apid c or re ctions on the fre quency of a slave 
osc illator .  Whether or  not it is  de s ir able to  make rapid corrections 
depends on the natur al nois ine s s  of the slave os cillator and on the 
noisines s  of the atomic device or reference o s c illator used  to sense 
the fre quency fluctuations . Measur ements of  the s pectr al dens ity of  
the fre quency fluctuations of  many of  the s ignal gener ator s  used in the 
laboratory were made for Fourie r  fre quencie s r anging from • 0 2  cps 
to 2 0 0 0  cps .  None of  the s ourc e s  te s ted  wer e  s tabilized  with atomic 
trans itions , and all s howed a s pectr al dens ity which incre ased roughly 
as 1 /f for f < 1 cps .  The s e  measur ements are in agr e ement with the 
interpretation g iven to counter type me asurements  of the 1 96 0  report 
which showed the me an s quare  increment of the random phase during a 
time, t, to be proportional to t2 . Above Fourier fre quencie s of  1 0  cps , 
many of the o s c illator s  showed a ris ing spectr al dens ity s o  that a min
imum was pre s ent in the s pectrum. Experiments have not yet indicated 
the os cillator paramete r s  that influenc e the depth and loc ation of this 
m1n1mum. The spectr al distr ibution of  the power gene r ated by an 
oscillator exhibiting l /f type fre quency fluctuations has been  s tudied, 
and approximations for the half width have been obtained. The divis ion 
consultants for nume ric al analys is and computation have started an 
analysis  of  the integ r als involved in orde r  to check the accuracy of  the 
approximation for the half width. 

An e lectron multiplier was installed as a C s+ ion be am detector 
in a te st  chamber  and current g ains of 1 03 wer e obtained. This figure 
was lowe r than anticipated, and it is not known whether it is a r e sult of  
poo r  optic s  or  inactivation of  the multiplier.  The r ight angle deflector 
and ionizer  was te ste d  and found to direct 40% of the ions formed into 
a b e am traveling at r ight angles to the atomic beam. For b oth r e s o 
nator s ,  when C s  i s  us ed, it has been demonstrated that the re s pons e time 
and s ens itivity of conventional electron tube amplifier s  is adequate 
for some s ervo purpos e s .  

The constructional status and performance o f  s ever al s e rvo 
systems is g iven in the report for proj ect 84044. The theo retical anal
ys i s  o f  control systems has b e en concerned with such problems as 
computing the spectr al dens ity of  the fre quency fluctuations of a phase 
locked o s cillator from the spectral dens ity o f  the master and the slave 
in the fre e  c onditions .  The s e  phase-locked o s c illator s  are used as s ig 
nal purifier s  in the laboratory b e c ause  they enable one to combine the 
long, term stability of the master with the short term stability of the 
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slave . The s pe ctral dens ity of the c ombination is for all Fourier fre 
quencie s gre ate r than the s malle r o f  the two spe ctr al den s itie s in the 
unlocked condition. Latent o s c illations are present in such a system 
which lead to a pe aking of the spectral dens ity at c e rtain fre quenc ie s  
even though the s ervo system its elf i s  not os cillating. The s e  sys tems 
convert a constant dr ift r ate in the master into a fre quency offset in 
the s lave, and the magnitude of this e rr or has been evaluated. 

No major  change s in the dire ction or s c ale of this work are 
planned for the next year. Various o s c illator parameter s  will be 
changed in an effort to localize the s ource of  the noise .  There  are 
indications that the C s  beam s e rvo system has gre ate r accuracy with 
NBS -II than it doe s with NBS - I. This problem will be s tudied exper i 
mentally and theoretically. 

Contributor s  to this proj ect  included W. R. Atkins on (proj e ct 
le ade r ) ,  L. E .  Heim, M. W.  Randall, H. F. Salazar, P. F. Wacke r 
(mathematic al consultant) ,  R. W .  Woodbury, and the per s onnel of 
proj e ct 84 1 0 5 .  

Fabry-Perot Mas er  

84 14 1 

The primary obj ective of the proj e ct is to develop gas e ous 
mase r  technique s at higher fre quencie s than mase r  device s  of pre sent
day de s ign, and to  utilize the s e  techniques in the s olution of c e rtain 
phys ical problems.  

The Fab ry-Pe rot mas e r  has applic ation as  a highly stable s ig
nal source  at millimeter wavelengths for fre quency standar ds purpos e s ,  
and for purpos e s  o f  microwave s pectr o scopy - - both mase r  spectros copy 
and absorption spectros copy - - at extremely high fre quenc ie s .  

The device has been constructed for HCN, and work i s  in prog 
re s s  to  obs erve mase r  o s c illation at 88 . 6 kMc . The Q of the interfe r 
omete r i s  obs erved to be  3 2 ,  000.  
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The device will b e  used  t o  inve sti�ate the s pe ctrum of HCN, and 
pos s ibly to obtain a new mas s  r atio of C 1 /C 1 3 . It will be te s ted for 
fre quency stability, and gene r ally for the performance of  Fabry-Perot 
inte rferomete r s  as they are applied to millimeter wave s pectrometer s  
and mas e r s .  If succes sful in thi s area, mas er ope ration with different 
molecule s at still higher fre quenc ie s will be attempted. 

Per sonnel c ontributing to this proj ect on a part-time basis  ar e 
W. Culshaw of Section 84 . 7 0  and R. C . Mockler (proj ect le ade r s ) ,  
J .  A .  B arnes , G .  Strine ( 84. 7 0 ) , L. Fletcher ( 84.  7 0 ) ,  R. Day ( 84. 7 0 ) ,  
and A .  E .  Wainwright. 

Velocity of Gamma Rays 

84 142  

The purpo s e  of this proj e ct i s  to  measure the velocity of gam
ma rays by me ans of the Ma s sbauer effect. 

C alculations indicate that there is a pos s ibility of measuring 
the veloc ity of gamma r ays with an accuracy of 1 part in 1 07 and pos 
s ibly better.  This would g ive an order  of magnitude improvement over 
the me asurement of the velocity of light at optical wavelengths . It will 
als o  be  important to have a comparison of the veloc ity of electromag 
netic radiation at both optic al and gamma ray fre quencie s .  

C alculations and e s timate s have been made• and other s  are be ing 
made, with regard to the feas ibility of this experiment. An NBS report 
( 6 7 6 2 )  has been prepared. 

The method of  measurement employs the ele ctromagnetic fie ld 
excitation of ultrasonic vibrations in quartz together with the Mas sbauer 
effe ct. The helium-cooled quartz re

_
sonators  will be  s et up and studied 

optically for performance and s tability under continuous wave exc ita
tion. The g amma r ay experiment will be  s et up , gamma ray fringe s 
will be  looked for and the ir width measured. The entire apparatus 
will then be as s e mbled,  the appropriate optic s introduced for meas 
uring length, and the veloc ity of  g amma rays exper iment will be at 
tempted. 

The per sonnel partic ipating in the project are D. Jennings 
{pr oje ct leader ) and R. Mockler.  
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ELECTRONIC CALIBRATION CENTER 

The primary objective of the Electronic C alibration C enter  i s  to 
provide calibration service s for electronic r efe renc e  standards  and 
instruments of the nation1 s top standards laboratorie s over  the fre 
quency range from zero frequency ( de )  through the microwave region 
(40 ,  0 0 0  Me and above ) .  In support of this objective i s  the p rocurement ,  
development , and construction of highly specialized equipment to provide 
the means of pe rforming the calibrations . Continuous improvements  are 
made in the instrumentation to increase  the accuracy and extend the 
magnitude and frequency range of the many electrical quantitie s repre
sented by the calibration s e rvic e s .  

During the fi scal year, p rocurement and construction of equipment 
for the C enter  was continued under 2 6  different p rojects  of the 848 0 0  
serie s .  G eneral administration, depreciation o f  equipment, mainte 
nance and recalibration of equipment ,  and developmental work a s s ociated 
with the instrumentation of the Center were covered by s even p rojects 
of the 846 30  serie s .  The se  projects were reimbur s ed by charge s made 
for calibration servic e s .  C alibration s e rvic e s  for the DOD agencie s 
wer e as signed to 1 2  projects of the 84450  and 845 5 0  serie s .  C alibration 
servic e s  for the public and other government agencie s ,were as signed to 
eight projects  of the 8462 0- 84650  s e rie s .  General consultation service s  
were provided unde r Project 8 4 1 5 1 .  

Due to the multiplicity of projects, it is  more meaningful to summa
rize the accomplishments  of the Center under gene ral subject  heading s .  

C onsultation 

The C enter continued to provide consultative and advisory servic e 
to the many laboratories  of the Department of Defense  agencie s and to 
many industrial laboratorie s .  Rep r e sentative s of the se  laboratorie s 
rec eived information from the C enter both by vi sit s  to B oulder and 
through corre spondence .  

The C enter took part in several of the Measurement Re s earch Con
ferenc e s  sponsored by the Quality C ontrol Committee of the Aerospace 
Industrie s A s s ociation. A series  of about twenty of the se  c onferenc e s  
are be ing held in Washington and Boulder with the purp o s e  of industry 
bringing their measurement p roblems to the attention of NBS expert s .  
In turn, the Bureau hop e s  to a s s i st in the solution of the se  p roblems 
through expanded basic knowledge and increased measurement facilitie s .  
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At the sugge stion of DOD agencies , the Center provided a 

5 -day workshop at microwave frequencie s for about 40 technic al super 
vi s o r s  from a large numbe r of D OD standard s labo ratorie s .  B asic 
theory of the preci sion measurement of power ,  impedanc e ,  frequency,  
attenuation, and noi s e  was covered in one - half day s e s sions for each 
quantity . An equal time was spent in the laboratory , providing the 
participants the oppo rtunity of viewing measurement equipment in 
actual u s e .  

Many o f  the C ente r ' s  staff partic ipated in thi s activity , usually 
contributing in the p e r son' s field of specialization. 

Low F requency Region 

In the low frequency region (de to 30 kc ), technical s e rvice s  are 
p rovided for the c alibration of electrical s tandards and instrument s ,  
such as :  standard c ells , standard r e si stor s  and r e si s tance apparatus ,  
standard inducto r s  and c apacito r s ,  volt boxe s and othe r d - e  ratio 
apparatu s ,  standard r e sisto r s  for current measurement ,  electrical 
instrument s ,  inductive voltage divid e r s ,  and instrument tran sformer s .  

The unit of voltage at B oulder  Laboratorie s i s  maintained with a 
group of nine s aturated standard cell s .  T his  group of cells  i s  four 
year s old and appear s to be very stable . Another group of nine satu
rated standard c ells  has been ob s e rved for a period of six months . 
When thi s g roup s how s the required stability, it will be incorporated 
into the working standard; p robably within a few months .  A group of 
six saturated standard c ell s serv e s  as a traveling group between the 
Electronic C alibration Center and NBS W ashington to che ck the unit of 
voltage as maintained in each labor atory . Another check between 
the two laboratorie s was the oppo rtunity to  observe a customer 1 s group 
of s aturated standard cell s  in the Center s oon after the g roup was 
measured by NBS Washington. It  now appear s that the agreement 
between the two labor atorie s i s  within 0 .  7 microvolt . The workinB 
g roup i s  maintained in an oil bath (Model A )  which regulate s at 2 8  C .  
Anothe r oil bath (Model B )  which r egulate s at 35°C is als o  in operation. 
Satur.ated c ells may be calibrated at either of the se two temperature s .  

A standard c ell c omparator ,  which i s  a specialized potentiometer 
bas ed upon the de s ign of  D r .  H.  B.  Brooks (now retired from the Bureau) , 
was p rocured.  T he c omparator will be used for intercomparis on of the 
working group and for c ertification of c ustome r s '  standard c ell s .  
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Work on the design of the volt-box console and a s s ociated equipment 

was reactivated .  The de sign of the current- shunt console was completed , 
and the console is being fabricated at the Boulder Laboratorie s .  A 
ten- microhm shunt was purchased to serve a s  the basic component for 
current measurements  from 6 0 0  to 1 000  amp ere s .  Previous to the 
procurement of thi s shunt, it was not po s sible to make measurements  
with any certainty of  a given accuracy due to  the instability of  the 
equipment at hand . 

The annual comparison of the Cente r ' s Thoma s - type r e s isto r s  with 
the National Refer ence Standard of r e si stance in Washington was com
pleted during the latter part of Ap ril . Of  the three re sisto r s  measured,  
the gr eate st change s ince the preceding compari son was only 0 .  l mic rohm.  
Measurements  on  the other standard re sistor s ,  ranging in  r e s istance 
from 0 .  0 0 0 1  ohm to 1 00 ,  0 0 0  ohm s ,  indicated good stability al s o .  

The ac - dc transfer c onsole was completed and will be  used for 
measurements of ac - dc differ enc e s  in the range s from 0 .  5 to 6 0 0  volt::o, 
and one ma to 2 0  amp at any frequency up to 2 0  kc . The upper frequency 
limit will be extended to 5 0  kc . A dual - Lindeck potentiometer unit for 
use  with thi s console was completed . 

D - e  c alibrations on electrical instrument s , at curr ent s  below l 00  
amp er e s  and at voltage s  below 1 0 00  volts, are no longer  pe rformed 
becaus e mo st customer s  can make thes e  calibrations in their own 
laboratorie s .  Instead, development work on ac -dc difference measur e 
ments i s  being emphasized in an effort to increase  the range o f  voltage 
and current,  the frequency , as  well as the accuracy . 

The reduction of calibration work on variable air capacito r s ,  which 
was a r e sult of a recommendation within NBS ,  p ermits the per sonnel 
concerned with capacitance calibration to give mor e  time to the exten
sion of frequency range ove r  which calibrations of capac ito r s  c an be 
made .  A bridge ,  formerly used in the C ente r  for precise  mea sur ement s  
up to 1 00 0  cp s ,  was calibrated for use  at 1 0 , 000  and 1 00 , 000  cp s .  A 
new bridge for capacitance measurements  on air c apacitor s  was a s s em
bled to  relieve the workload on the transformer capacitance bridge . Thi s  
new bridge utilizes  an inductive voltage divide r  as  ratio arms . 

C alibration service s  on standards  of inductance were  p rovided by 
the use of sub stitution method s with standards having inductance nomi
nally equal to that of the unknown. It i s  the hope that time and per sonnel 
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will be available to inve stigate more accurate rnethods of p erforming 
this  s e rvic e, and extending the capabilitie s  for accurate inductance 
measurements to other frequencie s and magnitude s .  

The method developed for the accurate c alibration of inductive 
voltage divid e r s ,using a transforme r  c apacitance bridge ,has surpas s ed 
all expectations of accuracy by a considerable margin. T he re sults 
indicate that voltage - ratio measurements o f  inductive voltage divide r s  
by thi s method a r e  accurate within an e stimated uncertainty of 0 .  2 part 
per  million of input, and there is substantial evidence that this is con
s ervative . C alibration service s  for inductive voltage divider s  were  
e stablished for c ertain value s of  ratio at an  input voltage of  1 00 volt s 
and at .a frequency of 1 000  cp s .  An effort will be made to extend meas 
urement capability to lower and highe r frequenc ie s .  Calibrations are 
pe rformed by a very e conomical ,  yet accurate ,c ompari son method .  

Equipment for  c alibrating curr ent transforme r s  at 6 0  and 400  cp s 
was installed in a c onsole ,  and c alibration s e rvice s  are now available 
for primary cur rent s  up to 1 00 ampere s .  Modifications on the console 
will enable c alibrations to be made up to 6 0 0  ampere s .  

The C ente r  i s  now re sponsible for the calibration of Cla s s  C weights,  
submitted to the Bureau by both state institutions and industrial firms , 
in the Rocky Mountain Region. T he Rus sell - type balanc e ,  installed in 
Room 1 0 1 7 ,  Radio B uilding , by the Mas s  and Scale Section, is  used for 
this purp o s e .  

P e r sonnel who contributed to the work in the Low Frequency Region 
include:  F. D .  W eave r  ( Head, Low F r equency Unit ) ,  K .  V. Ballard,  
J .  Bolme , L.  D .  C happell, C .  H .  C hinburg ,  J .  R. Connell , J .  D .  
D roppleman, A .  F .  Johnson, C .  H .  Keifert ,  E .  V .  Kel s ey ,  B .  J .  
Lenox, R .  V .  Lis le ,  P .  H. Lowrie , Jr . ,  A .  M .  Lyon s ,  C .  J .  Norton, 
D .  T .  Ramaley, W .  W .  Scott, Jr . , J .  F .  Shafer ,  G . E .  Walter s ,  
B .  A.  Wicko££, H .  K .  Wolf , and T .  L .  Z ap£. 
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High  Frequency Region 

The voltmeter calibration console s ,  covering the range of 30 kc to 
1 00 Me at 0, 2 to 5 00 volts ,  and the frequencie s  of 300 and 400 Me at 
0.  2 to 1 00 volt s ,  were us ed throughout the year for calibration of all 
type s  of rf voltr1-1ete r s .  DevelopilJ.ent and modification of the se  console s 
was nearly completed in order to improve the accuracy by a factor of 
1 0  for frequencie s up to 1 00 Me . This  involve s the use  of thermal 
voltage converter s  and the de - to - r£ transfer technique . 

The construction of the 1 1microvolt1 1 console was completed to cover 
a range of one microvolt to one -tenth volt , and for frequencie s from 
30 kc to 9 0 0  Me . A calibration service is now being p rovided by means 
of thi s  equipment.  

Pr eliminary planning for the construction of a special cons ole for 
the Navy Bureau of Ship s was begun. Thi s  console will enable the Navy 
to calibrate various type s of vacuum-tube voltmete r s  ,over  the range of 
one millivolt to several hundred volts ,from de to 5 0 0  Me . 

The power calibration workload increased  from 0 .  5 man year in 
FY 60 to 1 .  2 man year s in FY 6 1 .  The 400-Mc rf power calibration 
service ,  which had been offered on a temporary basis  during FY 1 96 0  
in c o - op eration with the High Frequency Electrical Standard s Section, 
was made a regular service  during FY 6 1 . Some planning and develop
ment work was done on an NBS - B L  method of precisely controlling the 
level of rf power generator s .  Two precis ion air baths were procured 
to control the temperature of the air environment surrounding various 
typ e s  of rf power mete r s  during calibration.  

The number of high frequency impedance calibrations pe rformed 
during the year inc r eased significantly over tho se  of FY 6 0 .  However, 
the number of man hour s required to perform the s e  calibrations de
creased  considerably as comp ared with FY 60 ,  indicating an increase  
in  efficiency in  the calibration proce s s e s .  

A re - evaluation of the special mount and terminal characte ri stic s 
of the NBS coaxial connector was accomplished ,in conjunction with a 
more  accurate evaluation of the high frequency characteri stic s of the 
reference standard of high frequency impedance .  To utilize thi s high 
accuracy, a considerable amount of effort was given toward developing 
a digital computer program that would more efficiently evaluate the 
large  amounts of data needed to c alibrate the p r e sent impedance 
standards . 
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New res i stance s tandards were  developed to replace the interim 

standards . The new re s i stor s ,  ranging in value from 1 00 to l 00 ,  0 00  
ohm s ,  have much better high frequency characteristic s than thos e  of 
the interim standard s .  

An attenuation c alibration console which permits very accurate 
measurement at five additional fixed fr equencies  was e s s entially 
c ompleted . Thi s  unit permits measurement accuracie s of 0 .  0 02  db 
+ 0 .  0 0 1  db/ 1 0  db ove r  a dynamic range of 60 ,db .  The total dynamic 

range i s  0 to 1 4 0  db, with an e stimated acc uracy of 0 .  07 db at 1 40 db . 
Frequencies  of 1 ,  1 0 , 30 ,  6 0 ,  1 0 0 ,  and 3 0 0  Me are now available with 
this accuracy . Some development was done on an 800-Mc c alibration 
system. The accuracy and range will be mor e  limited than at the 
low e r  frequencie s ,  but will provide a c ro s s  r eference  with some of the 
IF sub stitution systems now in us e .  

A new field strength calibration c onsole  w a s  completed for : ( 1 )  the 
measurement of attenuator s ,  ( 2 )  the overall linearity of receiver s ,  and 
{ 3 ) the calibration of r ec eiver s as  two-terminal rf voltmete r s  at fre
quencie s from 400  to  1 0 00  Me . The addition of thi s c onsole now permits 
the s e  calibrations to be performed at any frequency from 30 cp s to 1 000  
Me . T he calibration workload increased app roximately 7 5  p e rcent over 
FY 6 1 .  

The effects  of the ground on loop antennas, at the NBS antenna 
c alibrating s ite,wer e  inve stigated to determine the minimum height 
above ground at which calibrations c an be performed without introducing 
additional e r ro r s .  

T he High Fr equency Instrumentation Group ,completed and has under 
development, s everal typ e s  of spe cialized equipment for use in the cali
bration of interlaboratory standards . Ectuipment completed during 
FY 6 1  included several cry stal - cont_rolled rf power s our c e s ,operating 
up to 5 0 0  Me , with a power  capacity to 1 5 0  watt s .  

Per sonnel who c ontr ibuted to the work in the High Frequency Region 
include:  H.  W .  Lanc e (Acting Head , High Frequency Unit ) ,  R.  T .  Adair ,  
R .  F .  B ailer , J .  R .  B ene s ,  R .  F .  B arkhaus , I .  S .  B erry ,  J .  E .  
C huko ski , R.  D .  C roghan, C .  A .  Drotts ,  N.  L .  Groome , R.  L .  Jesch, 
R.  N .  Jone s ,  L. E .  Mann, S. E .  Marks , J r . , R .  F. Metzker ,  R. E .  
Nel s on,  G .  C .  Perrymo r e ,  F .  X .  Ries ,  D .  H.  Rus sell ,  L .  F .  Saul sbery ,  
R .  K .  Spracklen, K .  K.  Tagawa, H .  E .  T aggart,  I .  D .  Torain, and 
K .  M .  Wil son. 
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Microwave Region 

In the microwave region {above 300 Me ) ,  the Electronic C alibration 
Center is proceeding with the e stablishment or improvement of preci
sion measurement equipment for power ,  impedance ,  attenuation, 
frequency , and noise  calibrations . Calibration systems; using wave 
guide transmi s s ion line s and c omponents, are being developed and 
constructed to cover the nominal frequency range of 2 .  6 to 40  Gc . 

Calibration systems ,using coaxial transmi s sion line s and comp onent s , 
cover the nominal frequency range of 300  to 6 0 0 0  M e .  Frequency and 
amplitude stabilization of signal sourc e s ,  and temp e rature stabilization 
of components are carried out where nece s sary to pr�s e rve the de sired 
measurement accuracy . T he calibration systems normally provide 
continuous fr equency coverage for the transmis sion line under c onside r 
ation. Where acc eptabl e ,  certain calibration fr equencie s are used to  
minimize the time of  calibration and reduce cos t s .  

A Ivlicrowave Workshop was c onducted during the fi scal year for 
invited per sonnel from standards and calibration laboratorie s of the 
Department of Defens e .  The week1 s program consi sted of technical 
lectur e s ,  di scus sions , and laboratory demonstrations of calibration 
technique s and proc edur e s .  

Microwave power calibrations were made by a bolometric ,  direct  
compa rison method ,and were available for low- level continuous power  
in the microwave region up to  a nominal level o f  1 0  milliwatts ,and a 
maximum level of approximately 1 0 0 milliwatts .  The standards used 
were NBS-de signed bolometer mounts calibrated by calorimetric 
methods .  Present instrumentation was modified to accommodate new 
technique s of power measurement being developed,  including the 
impedance method of measuring efficiency, and the transfe r instrument 
method of power measurement .  A water bath was procured and modi
fied for operation with the se  new technique s .  A c onstant- temperature 
air enclo sure al so  was procured and modified for use  in the calibration 
of dry calorimeter s .  A power measurement technique, utilizing a trans
fer  instrument in  the form of  a magic tee, was developed for waveguide 
power  calibration system s .  Work was begun on the impedance method 
of measuring bolometer mount efficiency in the range of 8 .  2 to 1 2 .  4 G c .  
Thi s  technique will b e  employed t o  obtain interim standards in large 
waveguide size s .  
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Impedance ( reflection c oefficient magnitude )  measurement s  we r e  

made by reflectomete r technique s ,  providing direct c omparison between 

standard and unknown reflections . The standards used were  p reci sion 

fabricated and evaluated quarte r -wavelength sho rt circuits .  T he 

ope ration of the p r e sent calibration system was improved in frequency 

and amplitude stability by the addition of new circuitry and components . 

At the same time , a more rigorous and complete e rror analy sis  has 

nec e s sitated a s light downward r evi sion in the overall accur acy obtain

able with the calibration sy stem ove r a po rtion of the range of reflection 

magnitude . Improvements  and /or  new de signs in s everal waveguide 

c omponents  of the c alibration system were  made,  including: a low

reflection sliding load , non
.
- contacting sliding s horts ,  preci sion 

waveguide s ections ,  and variable waveguide tune r s .  The construction 
of a phase  calibration system in waveguide size WR 9 0  ( 8 . 2 to 1 2 . 4 Gc ) ,  
utilizing the modulated subcar rier  technique , i s  approximately sixty 
p e r c ent complete . This  sy stem contains s ome newly de signed circuit s 
for improving the stability of operation. 

Frequency measurements  of r e sonant c avitie s  were made by dir ect 
c omparison of the r e sonanc e indication from a cavity with a reference 
s ignal obtained by multiplication of the 1 0 0 - kc frequency standard . The 
latter  i s  maintained in known agr eement with the United State s Standard 
F requency located at B oulder .  The des ign and construction of special
ized power supplie s for some components  has improved the reliability 
of the system . The des ign and construction of a harmonic generator 
in waveguide size, WR 1 2  ( 6 0  to 90 Gc ), has added to the ease  and relia
bility of cavity c alibrations ove r an extended frequency rang e .  Some 
p r eliminary studie s  and experiment s  were  carried on in c onnection 
with frequency measurement s  on preci sion s ignal s ourc e s .  

Attenuation measurement s  were  made by the IF- substitution method 
for value s to approximately 40 db . For higher value s of attenuation, 
up to approximately 7 5  db , a combination of rf- and IF - substitution 
methods was used .  An attenuation calibration system for waveguide 
s ize ,WR 42 ( 1 8 .  0 to 2 6 .  5 Gc )  ,was completed, and a system for wave
guide size, WR 28  ( 2 6 .  5 to  40 .  0 G c ), will be completed for attenuation 
c alibration s e rvice early in the next fis cal year . A calibration system 
for WR 9 0  ( 8 .  2 to 1 2 . 4 G c )  waveguide ,utilizing the modulated subcarrie r 
technique of attenuation measurement was set  up and i s  nearing c om
pletion. Improvements  in calibration systems utilizing the IF- sub
stitution method in wave guide transmi s sion line s have r e sulted in an 
imp roved accuracy to 0 .  05 db per  1 0  db for attenuation diffe rence 
measurement s  on variable attenuator s ,  and 0 .  1 db per  1 0  db for 
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inse rtion los s  measurements  on fixed attenuators . Improvements  in 
the op,eration of calibration sy stems for coaxial transmis sion line s 
have resulted in repeated measurements on fixed coaxial attenuator s 
within a few thousandths db . Work on a high-preci sion rotary-vane 
attenuator will be documented early in the next fi scal year .  

Microwave noi se  measurements are to  be made by a null detection, 
direct comparis on method . T he referenc e standard will be a heated 
r e sistive termination operating at approximately 1 000

°
C .  An analy sis  

of  error s involved in determining the effective temperature of  noi s e  
source s  was c ompleted for the X-band radiometer  system to b e  used 
for calibrations . An X-band reflectometer was constructed for us e in 
tuning portions of the noise  calibration sy stem. C omponents  were  
procured for the c onstruction of  an S-band noi s e  calibration sy stem in 
WR 2 84 ( 2 .  6 to 3. 9 5  Gc ) waveguide ,  and the construction of a system 
in WR 62 ( 1 2 .  4 to 1 8 . 0 Gc ) waveguide was begun. Noise  measur ements 
were made, c omparing noi se  tub e s  of  diffe rent manufacture. Noise  
measurement data i s  being compiled preliminary to offe ring a noi s e  
calibration s e rvice .  A calibration service for measurements on gas  
dis charge noi se  tub e s, mounted in WR 90  ( 8 .  2 to 1 2 . 4 Gc ) waveguide ,' 

will be offered early in the next fi scal year .  

A new high-temperature oven was des igned and constructed, with 
a temperature control circuit maintaining the temp erature of the oven 
at a given point to l .  0

° 
at approximately 1 000

°
C .  This  oven has 

sub stantially facilitated and simplified noi s e  measurements with hot
body nois e  source s .  The hot-body nois e  standard was rede signed into 
a configuration which i s  mo re reliable in its ope ration and eas ier  to 
analyze .  Inve stigations were made for material s for an oven which 
will be compatible with platinum waveguide when used in a noi s e  
standard. 

Per sonnel who c ontributed to the work in the Microwave Region 
include:  R. E. Lar son ( Head, Microwave Unit ) ,  N.  L.  Abshi r e ,  
G .  F .  Ahl , T .  H .  B r emer ,  E .  Campbell, J .  H .  C anaday , D .  J .  
C ollenberger ,  G .  J .  Couna s ,  P .  F .  Davie s ,  W .  C .  Daywitt , R .  F .  
D e s ch,  R.  L. Ehret, R .  J. Figaro, G .  R .  Gie s eke , H. B .  Haakinson, 
G. J .  Harri s ,  W. Lar son, D .  G. Melquist,  C .  K .  S.  Miller ,  R. A .  
Mo s s ,  J .  S .  W ell s ,  B .  C .  Yate s ,  and M.  H. Zanboorie . 
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C alibration Servic e s  Rendered During the Year 

The C enter ended its third complete year of calibration service s  to 
the public , the Department of Defense ,  and other government agencie s .  
Funding of the calibration p rogram for the D epartment of Defense was 
p rovided by the U. S .  Air For c e ,  the Navy ' s  Bureau of Naval W eapons , 
the Army Ordnance ,  and the Army Signal C o rp s .  The workload from 
app roximately 1 7 0  p rivate standards laboratorie s was supported by 
charge s for se rvic e s  p e rformed. T he workload continued to inc r ease  
in  all areas  in  whi c h  calibration servic e s  were  offe red.  

The public workload ha s incr eased from about 1 0  percent in the 
early day s of the C enter  to about 40 perc ent of the total workload for 
this fi scal year . It decreased abnormally during the second quarter , 
remained about the same for the third quarter and , for the fourth 
quarte r ,  returned to about the same as for the last quarter of FY 6 0 .  

A large percentage o f  calibrations for the public re sult s ,  of c our s e ,  
from D epartment o f  Defense  c ontracts . 

During the fis c al year the following calibrations were performed: 

Items Man Hour s Man Y ear s 

D epartment of D efense 2 , 7 6 6  1 2 , 608  7 .  1 6  
Other Federal Gove rnment 38  1 9 0  0 .  1 1  
Public 1 , 8 1 8  7 , 867  4. 47 
NBS 1 2 1  8 1 2  0 . 46 
State Institutions 1 2  44 0 . 0 3  

T otal 4, 7 5 5  2 1 '  5 2 1  1 2 . 2 3  

Sup ervision of the C enter i s  provided by a staff including: H .  W. 
Lance ,  c hief; W .  F .  Snyde r ,  a s si stant c hief; W .  C .  Stickler ,  t echnical 
a s s istant , and D .  M .  McRobert s ,  a dmini strative as sistant . 
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MILLIMETER -WAVE RESEARCH 

Millimeter Wave Interferometry 

841 7 1  

The gener al aims of this proj ect are to develop both 
Michelson and Fabry- Perot interferometer s to the point where  they 
will be useful in more precise  determinations of physical c onstants 
and length standards . One specific objective i s  the determination of 
the velocity of light. 

Work in this area i s  important because  microwave interferometry 
forms an effective bridge between c onventional radio and electronic 
methods and purely optical technique s .  Therefore ,it has great potential 
usefulne s s  in exploring that part of the e lectromagnetic spectrum which 
c a:i:mot be reached with optical or more c onventional electronic means . 

Work on the veloc ity of light proj ect has been moving forwar d 
steadily. The interferometer reflector has been delivered  and s et up. 
Mo st of the preliminary adjustment s  have been made , and, as s oon as  
the length standards arrive, measurement s  can begin. The refractom
eter is  operable , and the instrumentation for the antenna pattern 
analysis  is almost  c ompletely as sembled. 

The Fabry- Perot activity has centered on improving the de s ign 
of the refle ctor s .  This re sulted in impr oved performance ,  ease  
of adjustment,  and c onvenienc e of  fabric ation. In addition, a theory 
and method of measuring dielectric c onstants and los s  tangents of 
materials in sheet form were  worked out.  Measurements  wer e  made 
on plexiglas s ,  polystyrene , and teflon with satisfactory results .  

During the coming yea� the velocity o f  light proj ect should 
near completion. The antenna pattern should be determined very soon , 
and the diffraction c alculations performed. Actual interferometric 
measurement s  should be underway within the next two or three  month s .  

A more c onc entrated study o f  Fabry- Perot reflector des ign i s  
planned. Experimental value s o f  transmi s s ion and reflection c oeffi
c ient s  will be obtained for various metal films and perforation patterns .  
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The s e  will be c ompared with c ertain theoretical treatments  to 
determine the correct dependenc e of the de s ign paramete r s  on 
frequency. A c onfocal spher ical  mirror arrangement may also be 
inve stigated and c ompared with the parallel plate system cur rently 
being us ed. 

Per sonnel c ontributing to this project include R. C .  Baird 
(Proj ect Leader) , R. V. Gaertner ,  S .  B. Kilgore ,  and Allen C .  
Newell. 

Fabry- Per ot Mas e r  

841 7 2  

The objective o f  the proj ect i s  t o  develop gaseous maser  
technique s at higher fre quencie s than maser  devic e s  o f  pre sent 
de s igns , and to utili ze the se  technique s in various fields of r e s earch. 

The development of such technique s could have important applica
tion in inve stigations of atomic and molecular structure ,  development of 
highly stable atomic frequency standards , precision determinations of 
physic al c onstant s ,  and the generation and amplification of c oher ent 
radiation at millimeter and submillimeter wavelengths .  

The proj ect is a c ooperative effort between the Millimeter  
Wave Re search and Atomic Fre quency and Time Standards s e ctions .  
The  mas er under development i s  an  HCN gaseous mas e r  for operation 
at a wavelength of 3 - 4 mm. The millimeter wave Fabry- Perot 
interferometer was adjusted and te sted for 3 . 4 mm. A stable s ignal 
s ourc e and a detection system have been built and used  with the maser ,  
and gas  abs orption line s have als o  been  obs erved. The interferometer 
Q was obs e rved to be 3 2 ,  000 ,  During the fiscal year 1 96 1, this effort 
was under the supervision of Dr . R. C .  Mockler and Dr . W. Culshaw. 

The devic e will be used  to inve stigate the s pectrum of HCN 
and pos sibly to  obtain a new mas s ratio of c l 2jc l 3, It will be  te sted 
for frequency stability, and gener ally for the performance of Fabry
Pe rot interferometer s  as they are applied  to millimeter wave spec 
trometer s  and mase r s .  If succe s sful in thi s area,  mas er operation 
with different molecule s at still higher frequencie s will be attempted. 

Per s onnel c ontributing to this project include R. C .  Mockler 
and W.  Culshaw (joint project leader s ) , R.  Day, J .  A. Barne s ,  
Leland D. Fletche r ,  Gary L. Str ine,  and A. E .  Wainwright. 
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Millimeter Wave Generation and Detection 

8417 3 

This project is  developing re liable s our c e s  of millimete r  
wave power and the devic e s  with which to detect thi s power .  

Upon the suc c e s s  of this proj ect depends the future activity of 
the Millimeter  Wave Re s earch Section. Until the power s ource s  are 
developed for submillimeter  wavelength� this area is  exc luded from ex
periment .  

This project was activated late in the fiscal year . A new micro
wave r e sonant s tructure was suc c e s s fully de s igned,  c onstructed, and 
operated. It i s  called a r e - entrant bic onical sphere  ,and shows great 
promi s e  as a tuned r e sonant c avity for the gene r ation of harmonic 
power at rn�llirneter wavelengths pre s ently beyond reach. Some further 
work was als o  done on c onventional diode multiplie r s , achieving nominal 
suc c e s s  to le s s  than 3 mm wavelengths . 

The r e -entrant biconical sphere  will be inve stigated  as a multi
plier s ourc e  of millimeter  wave power .  Both the c onventional diode, as 
well as plasma discharge, will be used as the non-linear e lement.  This 
novel tuned c avity will als o  be examined as a detecting struc ture for 
millimete r  wave power, using diodes and baretter s  as the s ensitive 
e lement. 

Per s onnel contributing this proj ect inc lude Dr . Robert W .  Zimmer e r  
(Project Leader) , and Robert V .  Day. 
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MICROWAVE CIRCUIT STANDAR DS 

Microwave Low Power Standar ds 

84181  

The objective s of  thi s  proj ect are : { 1 )  to develop standards of 
microwave power of high accuracy over a wide frequency range at 
power levels below 1 watt ; (2 ) develop and improve calibration tech
nique s and evaluate their accuracy; and ( 3 )  calibrate power mea suring 
apparatus to be  used a s  standards  by other s .  

Thi s proj e ct i s  a part of the NBS program of development of 
standards and preci sion measurement methods for frequencie s above 
3 0 0  Me . The continuing and growing use  of the mic rowave art in 
commercial and military applications, such a s  radar ,  navigational aids , 
c ommunications systems ,  mic rowave r elays ,  guided mi s sile s »  and 
televi sion,ha s produced a real and growing need among government 
agencie s  and industry for standards and calibration service s  in the 
microwave region. Powe r  i s  a fundamental quantity in which standard 
methods of mea surement are required to specify the output of 
o scillators ,  determine the range of radar and microwave r elay equip
ment,  and determine the output of various power s our c e s  used in the 
application o£ mic rowave s .  The c alibration H ervic e s  offer ed by the 

Electronic C alibration Center to industry and the military s ervic e s  in 
fulfillment of the s e  needs  are bas ed dir ectly upon primary calibrations 
made by this proj e ct .  

A new microcalorimeter in  WR-62  waveguide ( 12 . 4 - 1 8 . 0 Gc ) 
has been brought very near to c ompletion. It i s  still nec e s sary, 
however�  to develop suitable bolometer mounts for use a s  standards 
before calibrations  over  thi s  frequency range can be made for the 
Electronic Calibration Center .  

A general study of the various heat transport proc e s se s  active 
in the microcalorimeter s  has begun� and experimental r e sult s indicate 
that the importance of radiative heat transfer  may be greater  than 
realized. 

A temperature-compensating acc e s sory instrument for use with 
the self- balancing bridge, i s  in final stage s  of development . The unit 
i s  expected to replac e a large temperature - controlled water bath in 
some measurement s ,  and should be  usable with mo st of the bolometer 
element s  in c ommon use .  
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Work continued on the evaluation of the reflection c oefficient 
of 1 /4- , 3 /4, and 5 /4-wavelength electroformed shorts for the 
Mic rowave Impedanc e Proje ct, using the mic rocalorimeter . 

Development of a coaxial system to be u s e d  to measur e  
efficiencie s  o f  coaxial mounts by the impedance method progr e s s e s  
slowly. Several multi- stub coaxial tuning transformer s were con
structed in order to achieve better mechanical s tability and le s s  
frequency sensitivity. A bolometer mount for use  with thi s  impedanc e 
method, using a 5 0 -ohm barr etter,  i s  in the de sign stage .  

Thirty routine calibrations o f  NBS standard mount s w e r e  made 
for the Electronic Calibration Center, using the mic rocalorimeter .  

Two NBS mount s were  sent to  England in  the c ontinuing inter 
comparison program a s  r ecommended by Commi s sion I of the Inter 
national Scientific Radio Union. 

Three paper s  were  publi she d :  "A T ransfer Instrument for the 
Intercompari s on of Mic r owave Power  Meter s ,  1 1  in the IRE Trans 
actions o n  Instrumentation ; "A Method for Improving Isolation in 
Multi- Channel Waveguide Systems, " as  a letter to the Editor of the 
IRE Transactions on Mic rowave Theory and Technique s ,  and "A 
Bolometer Mount Efficiency Measurement Technique , "  in the NBS 
Journal of Re search . 

Lett ers Pat ent ·have b een allowed on the se lf-balancing DC 
bolometer bridge . 

Plans for thi s  proj ect for the forthcoming year include the 
extension of the exi sting power standards  technique s to other  wave
guide s izes  and c oaxial sy stems .  A notch-type wattmeter i s  planned 
for the calibration of the r e spons e  of barretter s to puls e  type power 
at  low average levels .  

Per sonnel contributing to the work o£ thi s  proj ect were  Glenn 
F.  Engen (proj ect leader }, M. Harvey, J .  Gilbert, N.  T .  Lar sen, 
R. Macleay, and H. Reichert.  
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Mic rowave Impedanc e Standards  

84 182  

The objective s o f  the Microwave Impedance Standards Proj ect 
are  to: ( l )  pe rform r e s earch leading to the development of accurate 
National primary standards of impedanc e or reflection coefficient, 
at frequencie s above 300  Me , in c oaxial line and the numer ous other 
standard wav�guide systems ; ( 2 )  to develop accurate standards and 
mea surement technique s suitable for the calibration of transfer 
standards; { 3 )  perform special calibrations not available on  a routine 
ba s is  in the Electronic Calibration C enter ; ( 4 )  support the impedanc e 
calibration activitie s  of the Electronic Calibration Center ; (5) 

di s seminate information on the s e  activitie s hy publishing r eports; and ( 6) 
provide consultation on specific problems connected with microwave 
impedanc e mea surement s .  

Thi s proj ect i s  a part o f  the NBS program of development of 
standards and preci sion measurement methods for frequencie s above 
300  Me . A knowledge of impedance or reflection coefficient s ,  
including a r ecognition o f  matched conditions i n  a transmi s sion system, 
is e s sential in making accurate mea surement s  of  attenuator s ,  power , 
voltage,  field strength , and other quantitie s ,  a s  well a s  in the cali
bration and us e of wavemeter s and other  measuring equipment used 
at  microwave frequencie s .  The impedance characteri stic s of antennas ,  
directional c oupler s ,  and other mic rowave device s  are often written 
into specification s .  and are one c riterion for accepting or rej e cting 
manufactured equipment .  

The e stabli shment o f  calibration facilitie s for u s e  by the 
Electronic Calibration C enter {84 .  5 0 )  depended basically upon 
prog re s s  made in developing the required standards and calibration 
technique s .  Support of the C alibration C ente r  facilitie s ,as  the state 
of the art and calibration requir ement s change ,r equire s  c ontinued 
basic work by thi s  proj ect .  

· Additional standards of reflection in WR-90  (X� band) rectan
gular waveguide were  provided for the calibration s ervice offe red by 
the Electronic Calibration Center . The s e  standards were 
quarter-wavelength short-circuited s ections of  waveguid� fabricated 
by electrodeposition of silver on accurately formed mandrel s .  
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Component s were c onstructed which will be u s ed to develop 
standards of small reflection for rectangular waveguide .  

A member of  thi s  project , with the c ooperation of  mo st of the 
other  mic r owave proj ects , acted as instructor o.C a c oul· s e entitled 
"Microwave Mea surement s .  1 1 The cour s e  was sponsored j ointly by 
the Univer sity of Colorado and the NBS B4 and was a 2 - seme ster 
graduate cour s e .  

A paper entitled " A  Guide to  the U s e  o f  the Modified Reflecto 
meter Technique of VSWR Measur ement, " by W .  J .  Ans on,was accepted 
for publication in the NBS Journal of Re s earch, Section C .  

A Note entitled "A Mic rowave Impedanc e Meter Capable of 
High Accuracy, " by R. W. Beatty ;vva s  publi shed in the July 1 96 0 i s sue 
of the IRE Transactions on Mic rowave Theory and Technique s .  

Phas e  
April 

A paper entitled "Error Analysi s of a Standard  Mic rowave 
Shifter ,  1 1 by G. E .  Schafer & R. W .  Beatty, was publi shed  in the 
1 96 0 i s sue of the NBS Journal of Res earch , Section C .  

"Table of  Magnitude o f  Reflection Coefficient 
1 

Ver sus  Return Los s  ( L
R 

= 2 0  log
1 0  

-- ), 1 1  by R.  W .  Beatty and W .  

l r i 
J.  Anson,was publi shed a s  NBS Technical Note No . 7 2 . 

A paper  entitled "Measurement of Reflections and Los se s  of 
Waveguide Joints  and C onnector s U sing Mic rowave Reflectometer 
Technique s ,  1 1  by R. W.  Beatty, G .  F. Engen, and W . J .  Anson,was 
publi shed in the September  1 96 0 i s sue of the IRE T ransactions on 
Instrumentation. 

Plans for thi s project for the forthcoming year include 
development of a system for the accurate mea surement of reflection 
c oefficient s  in coaxial systems ,  in particular of the diameter s  
IDOC = 0.  276 " , ODIC = 0 .  1 2 0 1 1 • The upper and lower  frequency 
limits for such a system will be inve stigated ,and r eflection standards  
will be provided and evaluated. 
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Instrumentation for making refle ction coefficient s  will be 
improved ,and le s s  tedious tuning methods will be developed. 

Theoretical and experimental work on simple waveguide di s 
continuitie s  will b e  continued, and the effects of waveguide los s  on 
reflection coefficient measurements  will receive further attention. 

Personnel contributing to the work of thi s  project were R. W .  
Beatty (project leader ), W .  J .  Anson» E .  Risley3 E.  Nie s en3 R .  
Williams�  R.  Ridge,  and Dr . D.  M. Kerns {consultant ). 

Microwave Attenuation Standards 

84 1 8 3  

The objective s of thi s proj ect are : { 1 )  t o  develop microwave 
attenuation standards at frequencie s above 300  Me ; (2 ) to develop 
precision method s  of measurement of attenuation; (3 ) to provide 
support for mic rowave calibration s ervic e s ;  {4 ) to provide calibration 
service s  in ca se s where  unusual or non- routine technique s must be 
u s ed;  and (5 ) to study microwave propertie s of various p roducts and 
compon�nts  used in attenuation measurement s  systems .  

Thi s proj ect i s  a part of the NBS program of development of 
standards and preci sion measurement methods for frequencie s above 
3 0 0  Me. Calibrated mic rowave attenuator s  and directional c oupler s 
are used in field strength mete r s ,  signal generator s» the alignment 
of radar t ransmitter s  and receivers 11  and other applications . In 
power mea surement s  ,they may be used to reduce  high power outputs 
a known amount s o  that the power may be conveniently measured with 
milliwatt level instrument s .  Manufacturer s of microwave equipment 
need transfer standards checked against a National Standard to insure 
the accuracy of attenuato r s  made for industry3 military3 and govern
ment agencies .  

Consulting on a multiplier chain s uitable for illuminating the 
ce sium beam apparatus was performed for another proj ect. A major 

feature of the multiplie r  developed was the pha s e -locking of a r eflex 
klystron at a readily c ontrollable frequency difference from a 
harmonic or stable sour c e .  The harmonic used was the 34th at 9 a  1 8  
Gc , and was generated b y  a variable capacitance diode which was 
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driven by an electron tube multiplier . An NBS Report desc ribing 
thi s  apparatus was printed .  The analysis  of e rr or s in a standar d  
microwave pha se  shifter  was publi shed.  Further  evaluation of  thi s 
microwave phase  shifter was accompli shed by inve stigating the 
uniformity and repeatability of phase  shift produced by different type s 
of sliding short circuit s .  The r e solution o f  the current model o f  the 
phase  shift measurement system is  approximately 0 .  007 deg r e e .  The 
system used to make the se  measurement s was  de scribed in a publi 
cation. Error s in phase  shift mea sur ement s  due to mi smatche s  were  
de scribed in  another publication. 

Progre s s  was made in the evaluation of environmental effect s 
on mic rowave variable attenuator s .  To dates  only one type ha s been 
te sted. The r e sult s indicate that further study of  other  type s i s  
warranted. The power linearity of c rystal r e sponse in the modulated 
subcarrier method of measuring microwave attenuation wa s studied 
for a numbe r  of crystals . Effects of differ ent methods of using the 
t ransformer s used a s  standards were checked. The s e  studie s ,  and 
a further compari son of  measur ed value s of attenuations r e sulted in 
the submis sion of a technical paper de scribing the r e sult s .  

The fir st items o f  equipment have been c onstructed to study 
ways of extending the dynamic range of microwave attenuation mea s 
urement s  t o  beyond the pr e s ently attainable 7 5  db. 

The immediate obj ective s of thi s  proj ect are ( 1 )  furth e r  inve sti 
gation of environmental effects  on r ectangular waveguide variable 
attenuator s ;  {2 ) c ompletion of development of a prototype pha se  shift 
measur ement system and standard pha se shifter ;  (3 )  continued develop
ment of  a system to  measure a greater  dynamic range o f  attenuation; 
(4 ) inve stigation of usefulne s s  of parametric amplifier s  in accom_plish
ing (3); and (5 ) adaptation of pha se  shift technique s and new mic rowave 
attenuation measuretnent technique s to coaxial system s .  

Per sonnel c ont ributing to the work o f  thi s proj e ct were G.  E .  
Schafer (proj ect leader )» 0. L. Patty, W .  Downing, G .  H •. Fent re s s ,  
and D .  Ellerbruch . 
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Mic rowave Field Str ength Standards  

8 4 1 84 

The obj ective s of  thi s proj ect are : { 1 )  to develop standards 
of microwave antenna gain and field strength at frequencie s higher 
than 300 Me ; (2 ) to develop precision methods of mea surement of 
microwave antenna gain and field strength ;  ( 3 )  to develop a calibration 
se rvice for gain of mic rowave antennas ;  and (4 )  to measure mic ro 
wave propertie s of  various product s which affect field strength or  
field str ength measurement s .  

This proj ect i s  a part of the NBS program o f  development of 
standards and preci sion measur ement methods for frequencie s above 
3 0 0  Me • Calibrated microwave antenna s are  used  in field strength 
mete r s .  The se  mete r s  are used in surveys for setting up c ommuni
cation paths for televis ion� telephone$ and armed service c ommuni
cation r elay servic e s .  Ver sions o f  the se meter s  are  specifically 
de signed to determine if radiation level s near transmitte r s  are 
hazardous to per sonnel . Calibrated  antennas are al so  used to mea sure 
the gain of  mic rowave antenna s of various type s which are used in 
c ommunication and radar installations . Such UHF and SHF install
ations are subj ect  to  rather large fluctuations in field strength» and 
sufficient gain of  the antennas must be ensured .  Manufacturers  of  
microwave equipment and relay systems need transfer standards , 
checked against a National S tandard, to insure the uniformity of 
s y stems made for industry, military3 and government agency use s .  

Pulse  technique s to separate the directly propagated energy 
from reflected ene rgy were studied. This would reduce the require
ment s  of  the mic rowave absorbing enclosur e .  The major effort thi s  
year ha s been  the development and evaluation of  methods  to  produce 
pul s e s  o f  a few nano seconds duration; method,s to detect the amplitude 
of the se  pul s e s  to 0 .  O l  db ; and methods to di scriminate against pul s e s  
arriving a s  little a s  5 nano seconds after the main pul s e .  The short 
pulse s have been s ati sfactorily produced. Means to  detect their 
amplitude to within a few hundredth s of a db are apparently suc c e sful · 
Final evaluation depends on being able to di scriminate against the 
slightly delayed pulse s .  A method t o  r educe switching time of  the 
diode ,which i s  pr e s ently limited to about 1 0  nano s e conds, s eems 
promising .  
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The immediate objective s of  thi s proj ect are to : ( 1 )  complete 

the di scrimination circuits ;  (2 ) evaluate the mic rowave enclosure with 
thi s  technique ; ( 3 )  compare experimentally the gain of the horn 
measured under puls e  and unmodulated conditions ;  and (4 ) inve stigate 
theoretically the effect of short pulse s on the gain.  

Per sonnel contributing to the work of thi s proj ect were G. E.  
Schafer (project leader ), R. Bowman, and D. Belsher .  

Mic rowave High Power Standards 

84 185  

The obj ective s of thi s project are  to  develop standards of 
microwave power of high accuracy for unmodulated and pulse  sour c e s  
i n  the frequency range above 300  megacycle s and for power levels 
above 1 watt. 

This project i s  a part of the NBS program of development of 
standards and preci sion measurement methods for frequencie s  above 
300  Me. The continuing and growing use of the microwave art in 
commercial and military applications, such a s  radar , navigational aids ,  
communications systems, microwave relays ,  guided mis sile s ,  and 
television ,has produc ed a real and growing need among government 
agencie s and industry for standards and calibration s ervice s  in the 
microwave region. Power i s  a fundamental quantity in which standard 
methods of measurement are required to specify the output of 
oscillator s ,  determine the range of radar and microwave relay equip
ment, and determine the output of various power sour c e s  used in the 
application of microwave s .  It i s  e specially important that standard 
methods o£ microwave power measurement be available to determine 
whether expensive high-power equipment which must be dependable in 
operation i s  functioning correctly. 

Work under thi s  project i s  at pre sent directed into two efforts :  
a stirred water calorimeter, and the electron beam technique of 
power measurement .  

The construction o f  the calorimeter has progre s sed more 
rapidly during the last  year . The stir ring apparatus has been almo st 
completed, and the calorimeter de sign has been changed to provide 
hermetic sealing . Thi s is expected to permit greater accuracy by 
maintaining the heat capacity o£ the calorimeter mor e constant.  
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Negotiations continue o n  the procur ement of the high powel" 
mic rowave sour c e s  which will be required to evaluate and use both 
the calorimeter  and beam technique s .  

A modification was made in the el ectrode  configuration of the 
electron beam tube to permit r eturning the colle ctor cur rent meter to 
ground , in stead of to the beam accelerating voltage . The change 
pr oved unsati s factory in some r e s pect s ,  sin ce other variabl e s  in 
the electron beam w ould not allow ac curate determination of the 
effect o f  the mea sur ed stopping potential on the beam .  

A special c oaxial, metallized ceramic insulator has  been ordered 
and construction i s  in progre s s .  The insulator was de s igned to 
eliminate leakage  cur rent s  ,and r educe the c ollecto r - to-ground capaci
tanc e .  Thi s  has been a limiting factor on c ollector current measur e 
ment sensitivity. 

The immediate obj ective s of thi s proj ect are to  c ontinue the 
above programs, or accelerate them if funds permit . 

Per sonnel c ontributing to the work of  thi s  project were G .  F. 
Engen (proj ect leader ), L. B. Elwell ,  T. Spei s e r ,  and H.  Reichert. 

Micr owave Noise  Standards  

84 186  

The objective s of  the Microwave Noi se  Standards Proj ect ar e :  
to develop primary standards  o f  microwave noi s e3 t o  improve cali 
bration proc edur e s  for mic r owave noi se  s our c e s ,  to  study the 
propertie s of various type s of noi s e  sour c e s ,  and to inve stigate theo 
retically and experimentally the noi se characteri stic s o f  micr owave 
networks and device s .  

The p!'oblem of evaluating the propertie s of low noise  devices »  
like ma ser s and par ametric amplifier s ,  has empha sized the need for 
accurate determination of noi s e  source  characteri stic s .  In addition, 
in measurement s  of radio a stronomy and plasma physic s ,  the infor
mation it self i s  stocha stic�  i . e . , i t  may be r epre sented by  a proba
bility function� and the technique s of noi s e  measurement s  are used to 
provide quantitative r e sults .  
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One primary standard, operating near 1 3 0 0° K,ha s been in use  
for a year, and i s  currently being evaluated  to determine it s accuracy . 
Further high temperature studie s have been limited because  of the 
c o st of attendant material s such a s  gold and platinum. 

For nois e  source  calibration, a high preci sion radioxnete r  has 
been in use for about a year, and a new technique for synchronous 
detection has been studied.  Nois e  propertie s of balanc ed cry stal-mixer s s  
preamplifier s ,  and other minimal noi se  circuit s have been inve stigated. 
A new technique which allow s impedance matching at both the signal 
and image frequencie s was devi sed ,and will inc rease  the radiometer 
accuracy. 

The immediate obj ective s of thi s project include continued 
development o f  the exi sting standard� improvement of the radiometer �  
and the extension of tho se  technique s to  other waveguide size s .  
Studie s  yet t o  b e  initiated include propertie s o f  other non- coherent 
sour c e s  and inve stigations of the noi se  characteri stic s of device s  
such a s  ma ser s and parametric amplifier s .  

Pe.r sonnel c ontributing to the work of this project were  G .  F o 
Engen (proj ect leader )» A. J.  E stin3 C .  L. Trembath, N.  T .  Lar s en» 
D. W .  Schulze,  and W � J. Foote . 

Waveguide Connector s 

8 4 1 87 

The obj ective s of this proj e ct are to  evaluate the reflections ,  
lo s s e s ,and other defect s of c onnecto r s  in pre sent use  to inve sti

gate the effects  of connector defect s on the accuracy of microwave 
measurements �  and to develop better c onnector s in which the defect s  
have been greatly reduced. 

It  is  under stood that the term 'waveguide c onnector s 1 1 i s  
general, and include s r ectangular waveguide flange s »  coaxial connector s3 
and all other means of c onnecting waveguide of various type s .  

Improved connector s, developed for standards work, would 
improve the accuracy of c ompari son measurement s  by which reference 
standards ar e calibrated against the National Primary Standard s, and 
also improve sub s equent lower - level comparisons wherever the 
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improved c onnector s were  us ed. Thus$  the achievement s  of thi s 
proj ect would have far reaching effects  in improving the accuracy of 
mic r owave mea surement s  on a national scale .  

Because  of  the improved accuracy of microwave impedance 
measurement s  alone , without c onsidering improved accuracie s in 
measuring other quantitie s , an order of magnitude decrea se  in the 
reflections from waveguide connector s i s  needed immediately. 

Rectangular 
Wave guide 

Coaxial 
Sy stems 

Typical VSWR 

1. 02 

1 .  15  

De sired VSWR 

1 . 0 02 

1 .  02 or better 

The reflection coeffic ient magnitude I s1 1 1 of a simulated j oint 
between a rectangular waveguide, having a c ro s s -section with sharp 
inside c o rner s,and one with rounded c orner s wa s determined experi
mentally. A theoretical calculation was als o  made by Dr . D. M. 
Kerns and W.  T .  Grandy. The mea surement technique used was a new 
variation of known r eflectometer technique s whi ch i s  applicable to 
the mea surement of small di s continuitie s  in waveguide . 

A study of the effects  o f  a lateral di splacement upon the reflec�  
tion from a plane butt j oint, betw een s ections of  rectangular waveguide , 
was begun both experimentally and theoretically . Several methods of 
aligning rectangular waveguide were tried in an e ffort to produce a 
waveguide j oint with the lowe st pos sible reflection. A technique was 
developed and the instrumentation very nearly c ompleted for a system 
capable of accurately measuring the VSWR of c oaxial connector s .  
The technique i s  an application t o  a coaxial system of the Modified 
Reflectometer Technique cur rently used  in r ectangular waveguide . 
It wa s noted  that ele ctrical non-uniformity of  wave guide i s  a limiting 
factor in applic ations of the modified  reflectometer .  Several 
r ectangular waveguide s e ctions were fabricated by differ ent methods 
to improve the uniformity of the waveguide . 

The immediate obj ective s of thi s proj ect are to develop further 
the technique for measuring the VSWR of coaxial connector s .  This 
technique will be used to  measur e  the VSWR of c oaxial connector s  
both o f  current de sign and o f  de signs which may re sult from the se 
inve stigations .  
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Work will continue on the study of rectangular waveguide j oint s .  
In particular, measurement s  will b e  made of the r efle ction of 
rectangular joint s under various conditions of di splacement3 twist , 
and chang e s  of c r o s s  .. s ection. 

Considerable empha sis  will be placed upon the evaluation and 
reduction of  ir regularitie s in r ectangular waveguide . 

Per sonnel c ontributing to the work of thi s proj ect  were  W .  J .  
Anson (proj ect  leader )� R. W .  Beatty, R .  Williams ,  E.  Nie sen, and 
E. Ri sley. 

A bolometer mount is connected to the new NBS microca1orimeter . 
This calorimeter measures the efficiency of b olometer mounts in the 
frequency range 12 . 4  to 18 . 0  Gc/ s .  
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The following periodicals i s sued by the Bureau may be obtained by purchase on an annual 
subscription basis from the Superintendent of Document s, U .  S .  Government Printing Office, 
Hashington 25, D .  c .  

Journal o f  Research 

The Journal presents research papers by authorities in the specialized fields of physics, 
mathematics, chemi stry, and engineering. Complete details of the work are presented, including 
labora.tOT'J data, e:l..--perimenta.l :procedures, and theoreti cal and mathe..-rr2.tical analysi s .,  The Journal 
is published in four separate sections as follows: 

A. Physi cs and Chemistry. Issued six times a year. Annual Sub scription: domestic, $4. 00; 
foreign, $4. 75. 

B .  �themati cs and Mathemati cal Physics. Issued quarterly. Annual Sub scription: domestic, 
$2.25; foreign, $2. 75· 

c. Engineering and Instrumentation. Issued quarterly. Annaul sub scription: domestic, 
$2.25; foreign, $2.75· 

D. Radio Propagation. Issued six times a year. Annual sub scription: dome stic, $4. 00; 
foreign, $4. 75· 

Technical News Bulletin 

Summaries of current research at the National Bureau of Standards are publi shed each month 
in the Technical News Bulletin. The articles are brief, with emphasis on the results of research, 
chosen on the basis of their scientific or technologic importanc e .  Li st s of all Bureau publications 
i ssued during the preceding month are given, including Technical Notes, Monographs, Applied 
Mathematics Series, Handbooks, and Mi scellaneous Publi cation s .  Annual subscription: domestic, $1. 50; 
foreign, $2. 25. 

Basic Radio Propagation Predi ctions 

The Predi ctions provide the information necessary for calculating the best frequencies for 
communi cation between any two points in the world at any time during the given month. The data 
are important to all users of long-range radio communications and navigation, including broad
casting, airline, steamship, and wireless servi ces. Each i s sue, covering a period of one month, 
i s  released three months in advance .  Annual sub scription: domestic, $1. 00; foreign $1. 50. 

CATALOGS OF NATIONAL BUREAU OF STANDARDS PUBLICATIONS 

National Bureau of Standards Circular 460 and its Supplements li st all Bureau publications 
i ssued from 1901 up to June 30, 1960 . Copies of these catalogs may be obtained from the Superin
tendent of Documents, U. s .  Government Printing Offi ce, Hashington 25, D. c . ,  as follows: 

Circular 460: 1901 to June 30, 1947 . $1. 25. 

Supplement to Ci rcular 460: July 1, 1947 to June 30, 1957 · $1. 50. 

Mi s cellaneous Publication 240: July 1, 1957 to June 30, 1960 . $2 . 25. 

Technical Library at Boulder Laboratories of the National Bureau of S t andards 
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Tne follovdng lists of publications are for the period July 1954 to June 1961 ·  A List of Publi
cations and Reports for the years 1946-1958 is available on request. Earlie r  publi cations i s sued 
by , the Bureau in the field of radio were listed in LC 874, " Radio: Publications by the Staff of 
the National Bureau of Standards" . This is no longer available. 

Hhere the price i s  stated, except for items with P.B numbers, the publi cations may be purchased 
from the Superintendent of Document s, Goverr>Jllent Printing Offi ce, Hashington 25, D. c. Remittance 
should accompany the order. 

Items with P.B numbers should be ordered by PB number directly from Office of Technical Servi ces, 
U. s .  Department of Commerce, \�ashington 25, D. c .  

Patents are available only from the u . s .  Patent Office, \fashington 25, D .  c .  

:Reprints should be reque sted from the Technical Information Offi ce. 

* Indicates that the publication i s  out of print . 

a Figure in parenthe ses at end of each listing indicates number used in previous lists ( 1946 -1960 ) 
for the same item. 

The previous lists have included NBS Reports .  Such reports are intended for use w-ithin the 
Government and are not generally available to individuals . A separate list of NBS Reports 

is available on reque st to Government Agenc ies or cooperating laboratories which have immediate 
interest in the work . 
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'!.; OD-1 President Eisenhmrer dedicates NBS Boulder Laboratories . Natl . Bur. Standards (u. s . )  
Tech. Nevrs Bull . 38, 164-171, Nov. 1954.  (D-41) a 

Includes sections : 
The Buildings and Site . 
Rcmo..rkc of President D.·right D .. EisenhoHer = 
The Boulder Laboratories .  
Statement of Dr .  Allen v .  Astin, Director, 1ffiS .  
The Scientific Conferences : 

1954 Cryogenic Engineering Conference . 
Conference on Radio Propagation and Standards . 

oD-2 Confi dence intervals for a proportion, by E .  L. Crm; . Biometrika 43, 423-435 , Parts 3 
and 4, Dec . 1956 . Also published separately as Biometrika Ne>; Statistical Table no . 
XXIII, "Table for determining confidence limits for a proportion in binomial sampling" . 
( D-46) 

oD-3 Central Radio Propagation Laboratory, by F .  H. Brmm . Signal 12, 9-10, 12-13, Dec . 

oD-4 

OD-5 

OD-6 

*OD-7 

OD-8 

oD-9 

OD-10 

oD-11 

OD-12 

OD-13 

OD-14 

"DD-15 

OD-16 

1957.  (D-48) 

On the use of the early Balmer lines to extend the photospheric model, by R .  G. Athay 
and R .  N .  Thomas . Astrophys . J .  127, 96-107, Jan . 1958 . (D-49) 

Demands on teachers in a technological society, by F. H. Brmm . Colorado School J . ,  
14-15, Mar . 1958. (D-52) 

Sour ce function in a non-e�uilibrium atmosphere, II : Depth dependence of source function 
for resonance and strong subordinate lines, by J ,  T. Jeffries and R .  N .  Thomas . 
Astrophys . J .  127, 667-675, May 1958. (D-53) 

Proceedings of the Third Symposium on Cosmical Gas Dynamics, held at the Smithsonian 
Astrophysical Observatory, Cambridge, Massachusetts, June 24-29, 1957, edited by R .  N .  
Thomas and J .  N .  Burgers . Revs . Modern Phys . 30, 908-911, July 1958.  (D-55) 

Further studies of the influence of a ridge on the lmr-fre�uency ground >·rave, by J. R .  
Hait and A .  Murphy. J .  Research Natl . Bur . Standards 61, 57-60, July 1958.  (D-56) 

The patterns of a slot-array antenna on a finite and imperfect ground plane, by J. R .  
Hait and A. M .  Conda. L 1 Q-nde Electri�ue 38, no.  376 bis (Proceedings of the International 
Congress, Ultra High Fre�uency Circuits and Antennas,  Paris, October 21-26, 1957) ,  
p .  21-29, Aug.  1958. (D-57) 

A property of additively closed families of distributions, by E. L. Crmr . Ann . Math. 
Statists . 29, 892-897, Sept . 1958. (D-60) 

The mean deviation of the Poisson distribution, by E. 1. Crm; . Biometrika 45, 556-559, 
Dec . 1958. (D-62) 

Radio propagation research at the National Bureau of Standards, by F. H. Brovrn . Am. J .  
Phys . 26, 628-634, Dec . 1958. (D-63 ) 

Calculated patterns of slotted elliptic-cylinder antennae, by J .  R .  Hait and H. E .  
lfdentka. Appl . Sci . Res . B I' 449-462, 1959 . (D-64) 

Electromagnetic radiation from cylindrical structures, by J. R. Hait . Ne1·r York, Pergamon 
Press, 1959 . (D-86) 

Theoretical multiplet strengths, by F. Rohrlich. Astrophys . J. 129, 441-448, March 1959 . 
(D-66) 

Dmmcoming radio vraves : measurement of characteristics, by J .  R .  Hait . Electronic and 
Radio Engr . 36, 106-107, March 1959 . (D-67) 

a Indicates number used for this i-t;em in previous lists . 

Indicates that the publication is out of print .. 
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oD-17 

OD-18 

Cb-19 

OD-20 

�D-21 

OD-22 

OD-23 

OD-24 

*oD-25 

*oD-26 

OD-27 

OD-28 

OD-29 

OD-30 

*oD-31 

OD-32 

OD-33 

OD-34 

OD-35 

Source function in a non-equilibrium atmosphere, III : The influence of a chromosphere , 
by J .  T. Jefferies aDd R .  N. Thomas . Astrophys . J. 129, 401-407, March 1959 . (D-68) 

Transmission of pmrer in radio propagation, by J. R.  \Vait . Electronic and Radio Engr . 
36, 146-150, Apr . 1959 . (D-70) 

Diurnal change of ionospheric heights deduced from phase velocity measurements at VLF, 
rletter J by J, R .  Wait . Proc , I .R .E .  47, 998, May 195 9 .  (D-71) 

Stark broadening functions for the hydrogen lines ,  by A. B. Underhill and J ,  H. Waddell . 
May 1, 195 9 .  (NBS Circular 603 ) 65 cents. ( D-72) 

Negative atomic ions, by H. R. Johnson and F .  Rohrlich. J. Chem. Phys . 30, 1608-1613, 
June 1959 . (D-73 ) 

The c alculation of the field in a homogeneous conductor wii. th a lvavy interface, by J. R .  
Wait . Proc . I .R .E ,  47, 1155-1156, June 1959 · (D-74) 

Radio �>rave J!ropagation in an inhomogeneous atmosphere, by J. R. Vlait . Sept . 10, 1959 . 
(NBS Tech. Note 24) (PB151383 ) $1 .00 . (D-61) 

Aerodynamic phenomena in stellar atmospheres - a bibliography, edited by R. N. Thomas . 
Sept . 1959 · (NBS Tech. Note 30 ) (PB151389 ) $1 .25 . ( D-78) 

Radio-wave scattering by tropospheric irregularities, by A. D.  lfueelon . J, Research 
( D .  Radio Propagation) Natl . Bur. Standards 63D, 205-233, Sept . -Oct . 1959 · (D-77) 

Diffraction of electromagnetic �>raves by smooth obstacles for grazing angles ,  by J. R .  
Wait and A. M .  Conda. J ,  Research ( D .  Radio Propagation) Natl . Bur . Standards 63D, 
181-197, Sept . -Oct . 1959. (D-76 ) 

---

Departures from the Saha equation under varying conditions of Lyman continuous capacity, 
by S .  R .  Pottasch and R .  N .  Thomas . Astrophys . J .  130, 941-953, Nov. 1959 . (D-80a) 

Pattern synthesis for slotted-cylinder antennas, by J. R .  Hait aDd J, Householder .  J .  
Research ( D .  Radio Propagation ) Natl . Bur . Stsndards 63D, 303-313, Nov . -Dec . 1959 . 
( D-81) 

-

Confi,ilence intervals for the expectation of a Poisson variable, by E .  L .  Crmr and R. S .  
Gardner . Biometrika, 46, 441-453, Dec , 195 9 .  Also published separately as Biometrika 
New Statistical Table no. XXVIII, "Table of confidence limits for the expectation of a 
Poisson variable . "  (D-82) 

On the diffraction of electromagnetic pu�ses by curved conducting surfaces, by J. R. li'ait 
and A.  M .  Conda. Can . J ,  Phys . 37, 1384-1396, Dec . 195 9 .  (D-83 ) 

Prepublication of papers on surface \·laves to be presented at ( URSI ) Symposium on 
Electromagnetic Have Theory, June 1959 . Compiled by J. R .  Wait . March 31, 1959 . 
Most of these papers l·rere published in IRE Trans .  on Ant . Prop . fljf-j, Special 
Supplement, Dec . 1959, including the three following papers: (D- 9 

Preface to the surface wave papers, by J .  R .  Hai t .  IRE Trans . on Ant . Prop . AP-7, Sl32, 
Dec . 195 9 .  ( D-69a) 

Guiding of electromagnetic waves by uniformly rough surfaces, part I, by J. R .  li'ait, p .  
66-91 . IRE Trans . on Ant . Prop . AP-7, Sl54-Sl62, Dec . 1959 . (D-69b) 

Guiding of electromagnetic �>raves by uniformly rough surfaces, part II, by J.  R .  vlai t, p. 189. 
IRE Trans . on Ant . Prop. AP-7, Sl63-Sl68, Dec . 1959 . (D-69c ) 

The error in prediction of F2 maximum usable frequencies by world maps based on sunspot 
number, by E .  L .  Crow and D .  H . Zacharisen . In Symposium on Statistical Methods in 
Radio li'ave Propagation, University of California, Los Angeles ,  June 18-20, 1958, p .  
248-273 · New York, Pergamon Press , 1960 . ( D-87) 

A differing view of the radiation problem (based on remarks of Richard Thomas ) .  In 
Plasma physics, edited by F. H .  Clauser, p. 46-53.  New York, AddisoC�-vlesley, 1960 . 
(D-88) 
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OD-37 

oD-38 

oD-39 

OD-40 

OD-41 

O D-42 

O D-43 

O D-44 

*O D-45 

o D-46 

o D-47 

0 D-49 

0 D-50 

0 D-51 

0 D-52 

0 D-53 

Radiation from a slot on a large corrugated cylinder, by J. R. Hai t and A. M. Conda. 
In Brussels. Exposition uni verselle et internationale, 1958 . Electromagnetic <rave 
propagation . . .  ed.i.ted by M .  Desirant and J .  L .  Michiels, p . l03-l09 . New York, 
Academic Press, 1960 . (D-89 ) 

Factors in terrestrial radio propagation ctable J , prepared by F .  H .  Brmm . In Space /  
Aeronautics Research and Development Handbook for Aerospace Environments, 1960-1961, p .  
D-22 . Nev York, Conover-Mast publications, 1960 . ( D-102 ) 

Horld days, by A. H. Shapley. In Annals of the International Geophysical Year, vol. 
10,  p. 59-64, 1960 . ( D-103 ) 

Summary of outstanding solar events in July 1959, by A. H. Shapley and D. Trotter .  In 
International Union of Geodesy and Geophysics . Symposium on the July 1959 events and 
associated phenomena, Helsinki, July 1960, p. 72-76 . Paris, Institut �ograph:i.que 
National, 1960 . (Monographie no . 5 )  ( D-104) 

The components of pol{er appearing in the harmonic analysis of a stationary process, by 
M. M. Siddiqui . In Statistical methods in radio wave propagation : Proceedings of a 
symposium held at the University of California, Los Angeles, June 18-20, 1958, p. 112-
116 . Ne'1 York, Pergamon Press,  1960 . (D-50) 

Propagation of electromagnetic pulses in a homogeneous conducting earth, by J. R .  Hait . 
Appl . Sci . Research, B �' 213-252, 1960 . ( D-105)  

The electromagnetic fields of a dipole in the presence of a thin plasma sheet, by J .  R .  
H ai t .  App . Sci . Research B �' 397-417, 1960 . ( D-98) 

Some solutions for electromagnetic problems involving spheroidal, spherical, and 
cylindrical bodies, by J. R .  Hai t .  J. Research (B.  Mathematics and Mathematical Physic s )  
Natl . Bur . Standards 64B, 15-32, Jan . -Mar . 1960 . ( D-90 ) 

Surface -wave resonane<o effect in a reactive cylindrical structure excited by an axial 
line source , by A. L .  Cullen . J. Research (D.  Radio Propagation )  Natl . Bur . Standards 
64D, 13-19, Jan . -Feb . 1960 . ( D-91) 

On the propagation of ELF radio wave s and the influence of a nonhomogeneous ionosphere , 
by J. R .  Hai t .  J .  Geophys . Research 65 , 597-600, Feb . 1960 . (D-92) 

The resonance excitation of a corrugated-cylinder antenna, by J. R. \vait ax1d A. M. Conda. 
Proc . Inst . Elec . Engrs . (London ) ,  Pt . C, 107, 372-376, Mar . 1960 . (D-101 ) 

Approximate cross-section collisions of electrons \·lith atoms, I :  All01·1ed transitions,  by 
S .  N .  Milford. Astrophys . J .  131, 407-412, March 1960 . (D-94) 

The source function in a non-equilibrium atmosphere, IV : Evaluation and application of 
the net radiative bracket, by R .  N .  Thomas . Astrophys . J. 131, 429-437, March 1960 . 
( D-95 )  

Field strength calculations for E . L  .F . radio 1·1aves, by J .  R .  Hait and N .  F .  Carter. 
March 1960 . (NBS Tech . Note 52) ( PB161553) 50 cents . ( D-95a) 

Terrestrial propagation of very-lol·l-frequency radio waves ,  a theoretical investigation, 
by J.  R. Hait . J, Research ( D .  Radio Propagation) Natl . Bur. Standards 64D, 153-204, 
Mar . -Apr . 1960 . ( D-93) 

On a generalization of the index notation for absolute tensors of arbitrary order, by 
E. H. Br01m . J. Research (B. Mathematics and Mathematic al Physics )  Natl . Bur . Standards 
��' 99-103, Apr . -June 1960 . ( D-96) 

Microwave l{histler mode propagation in a dense laboratory plasma, by R .  M.  Gallet, J. M .  
Richardson, B .  \'lieder, G .  D .  Hard, and G. N .  Harding .  Phys . Rev . Letters, �' 347-349, 
April 1, 1960 . ( D-97 ) 
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'OD-57 
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oD-61 

OD-62 

OD-63 

oD-64 

oD-65 

OD-66 
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OD-70 
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The source function in a non-equilibrium atmosphere, V :  Character of the self-reversed 
emission cores of ca+ H and K, by J .  T. Jefferies and R .  N .  Thomas . Astrophys . J .  
131, 695 -704, May 1960 . (D-99 ) 

A survey and bibliography of recent research in the propagation of VLF radio waves ,  by 
J .  R .  \Vai. t .  May 1960 . (NBS Tech . Note 58) ( PB161559) 75 cent s .  ( D-100 ) 

Proceedings of the 1960 conference on the propagation of E .L . F .  radio vraves , edited by 
J. R .  lfai.t . June 6, 1960 . (NBS Technical Note no . 61 ) (PB161562) 75 cent s .  

Plasma and astrophysics research to provide accurate data on hot, ionized gases . Natl . 
bur . Standards (u.s . ) ,  Tech. Ne1·rs Bull . 44, 109-113, July 1960 . 

Thermodynamic structure of the outer solar atmosphere, VI .  Effect of departures from the 
Ssha equation on inferred properties of the lmr chromosphere, by S .  R .  Pottasch and 
R .  N. Thomas . Astrophys . J. 132, 195-201, July 1960 . 

-

The extent of H II regions, cnote J by S .  R .  Pottasch . Astrophys . J. 132, 269-271, 
July 1960 . 

On the theory of the slow-tai.l portion of atmospheric \vaveforms , by J .  R. Hai.t . J ,  
Geo:phys . Research 6 5 ,  1939-1946, July 1960 . 

Mode theory and the :propagation of ELF radio \·raves, by J .  R .  \Vai.t . J. Research ( D .  
Radio Propagation) Natl . Bur . Standards 64D, 387-404, July-Aug . 1960 . 

Preface to ELF papers, by J .  R .  \Vmt , editor . J .  Research ( D .  Radio Propagation) Natl . 
Bur . Standards 64D, 381, July-Aug . 1960 . 

Distribution of quantiles in samples from a bivariate population, by M. M. Siddiqui . 
J. Research ( B .  Mathematics and Mathematical Physics ) Natl . Bur .  Standards 64B, 145-
150, July-Sept . 1960 . 

-

Influence of earth curvature and the terrestrial magnetic field on VLF propagation, by 
J. R .  Hai.t and K. Spies .  J. Geophys . Research 65, 2325-2331, Aug .  1960 . 

An analysis of the accumulated error in a hierarchy of calibrations, by E .  L .  Crow . IRE 
Trans . on Instrumentation I -9, 105-114, Sept . 1960 . 

International Geophysical calendar for 1961, by A. H. Shapley. J. Radio Research Labs . 
(Japan ) 7, 545 -549, Sept . 1960 . IGY Bulletin n o .  42, 6-10, Dec . 1960 . Am. Geo:phys . 
Union Trans . 41, 722-726, Dec . 1960 . International Union of Geodesy and Geophysic s .  
I .U .G .G .  Chronicle no . 33, 272-275, Dec . 1960 . CIG ne1vs no . 3,  80-83, Dec . 1960 . 
Science 132, 1941-1943, Dec . 30, 1960 . J. Geo:phys . Research 66, 336-339, Jan . 1961 . 
Nature 1B?;" 9-11, Jan . 7, 1961 . J. Atmospheric and Terrest . Phys . 20, 72-76 . Feh . 
1961 . Horld Meteorological Organization . Bulletin 10, 47-50, Jan .l961 . 

A Conference on the propagation of ELF electromagnetic 1vaves ,  c1etter J by J. R .  Hai. t .  
Proc . I .R .E .  48, 1648-1649, Sept . 1960 . 

Excerpts - Conference on Standards and Electronics Measurements keynote address, by 
F .  IV .  Brmm . Natl . Bur . Standards (U.s . )  Tech . Ne1·rs Bull . �-4, 147, Sept . 1960 . 

Corrnnent on the use of net rate processes and the equivalent 2- level atom in non-LTE 
computations, by R .  N .  Thomas . Ann . Astrophys . 23, 871-878, Nov . -Dec . 1960 . 

A surrnnary of VLF and ELF propagation research, by J. R .  vlai.t . Report of u.s.  Corrnnission 
4, URSI : Radio noise of terrestrial origin, part 4 .  J .  Research ( D .  Radio Propagation) 
Natl . Bur . Standards 64D, 647-649, Nov . -Dec . 1960 . 

Tests for regression coefficients when errors are c orrelated, by M. M. Siddiqui . Annals 
of Math . Statistics 31, 929-938, Dec . 1960 . 
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Propagation of electromagnetic �>laves along a thin plasma sheet, by J. R. Hait . Can . J .  
Phys . 3S, 15S6-1594, Dec . 1960 . 

Satellites and the upper atmosphere, by A. H. Shapley and 0 .  G. Villard. In Science 
in space, edited by 1. v. Berkner and H. Odishaw, p .  169-lSl . NeYT York, McGrm1-Hill, 
, r.c, .L)'U..L . 

Upper atmosphere, by A. H. Shapley. In Science in Antarctica, part II : The physical 
sciences in Antarctica, Chapter 1, p .  117-131 . Hashington, National Academy of Sciences, 
1961 . (Publication S7S) 

Physics of the solar chromosphere, by R .  N .  Thomas and R .  G. Athay.  Ne\·1 York, Interscience 
Publishers, 1961 . 

Effect of departures from local therraodynsraic e�uilibrium on inferences of stellar 
atmospheric temperatures, by R .  N, Thomas . In Dickerman, P. J . ,  ed, Optical spectro
metric measurements of high temperatures, p .  14-26 . Chicago, University of Chicago 
Press, 1961 . 

Forbidden lines in the ground configurations with special regard to the coronal emission 
spectrum, by C .  Peeker and F .  Rohrlich. In Les spectres des astres dans l 'ultraviolet 
lointain; Communications pr�sent�es au dixi�me Collo�ue International d'Astrophysi�ue 
tenu a Li�ge les 11, 12, 13 et 14 Juillet 1960, p .  190-192 . Cointe-Sclessin, Institut 
d' Astrophysi�ue, 1961 . (Li�ge . Universit� . Institut d ' Astrophysi�ue . Collection in 
s o ,  no.  41S) 

Identification des raies permises dans le spectre ultra-violet solaire, by c .  Peeker and 
F .  Rohrlich . In Les spectres des astres dans l 'ultraviolet lointain; Communications 
pr�sent�es au dixi�me Collo�ue International d 'Astrophysi�ue tenu � Li�ge les 11, 12, 
13 et 14 Juillet 196o, p. 265-271. Cointe-Sclessin, Institut d'Astrophysi�ue, 1961 . 
(Li�ge . Universit�. Institut d ' Astrophysi�ue . Collection in s o ,  no.  41S) 

�n the extension of the low-chromosphere model to the region of origin of the UV solar 
spectrum, by R .  N .  Thomas . In Les spectres des astres dans l 'ultraviolet lointain; 
Communications pr�sent�es au dixi�me Collo�ue International d 'Astrophysi�ue tenu a 
Li�ge les 11, 12, 13 et 14 Juillet 1960, p. 305-311 . Cointe-Sclessin, Institut 
d 'Astrophysi�ue, 1961 . (Li�ge . Universit� . Institut d'Astrophysi�ue . Collection in 
so , no. 41S) 

A new approach to the mode theory of VLF propagation, by J. R .  Hait . J .  Research (D.  
Radio Propagation) Natl. Bur . Standards 65D, 37-46, Jan . -Feb. 1961 . 

A comment on the NRL solar Lyman-alpha results, by J .  T. Jefferies and R .  N .  Thomas . 
Astrophys . J .  133, 606-607, March 1961 . 

Departures from the Saha e�uation for ionized helium. I .  Condition of detailed balance 
in the resonance lines, by R .  N .  Thomas and J .  B .  Zirker . Astrophys . J .  133, 5SS-95, 
March 1961 . ( D-132) 

A note on phase velocity of VLF radio �>laves, cletterJ  by J. R. Hait and K. P. Spies . J .  
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J .Research Ne.tl.Bur.Stande.rds .2§., 317-325, June 1957. \ C -37) 

Direct-coupled :POWer amplifier for cryostat heating control, by R. D. Goodwin and J. R.  
Purcell. Rev.Sci .Instr • .@_, 581-582, July 1957. ( C -65)  
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Weitzel. Paper D-4 in Advances in Cryogenic Engineerii:Jgj, vol .  3, Proceedings of the 
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Press, 1960. ( C -98 ) 

Electrical contact resistance of copper - copper junctions at low t�ratures , by R. L. 
Powell and A. A. Aboud. Rev.Sci.Instr. �� 248-249, Mar . 1958. (C-70) 

The Joule-Thomson process in the liquefaction of helium, by E. H. Brown and J. w. Dean. 
J.Research Natl .Bur.standa.rds 6o, 161-168, Mar. 1958 (C-35 ) 

Ortho-para catalysis in liquid-hydrogen prodl!ction, by D. H. Weitzel, w. v. Loebenstein, 

�c-�!tpmper and o. E .  Park. J.Research Natl.Bur.standards 6o, 221-227, Mar. 1958 . 

Valve, R. J. Richards and R. B. Jacobs (u.s. Patent 2,831,326) April 22, 1958. 

Cryostat for precise temperature control over very wide range. Natl.Bur. Standards (U.S) 
Tech.News Bull. 42, 98, May 1958. ( C-100) 

Low-temperature strength of epoxy-resin adhesives . Natl.Bur.standa.rds (u.s. ) ,  Tech.News 
Bull . 42, 84-85 , May 1958. (C-10l) 

Design of simple resistance thermometer bridges for wide-range control of low tempera
tures, by R. D .  Goodwin. Rev.Sci. Instr. � 497-501, June 1958. ( C -103) 

Low temperature distillation of hydrogen isotopes , by K. D. Timmerhaus, D. H. Weitzel 
and T. M. Flynn. Chem.Eng.Progr . 2!-_, 35-46, June 1958. (C-lo4) 

Jx z ndz Tables of transport integrals Jn (x) = e z 1 by w. M. Rogers and R. L. Powell .  
o (eZ-1 )2 

Natl.Bur.standards (u.s. ) Circ.No. 595, JUly 3, 1958 ( c -105) 

Some mechanical properties of mylar and dacron polyester strands at low temperatures ,  
by R.  P. Reed and R .  P.  Mikesell. Rev.Sci. Instr. �� 734-736, Aug.  1958. ( C -106) 

Low temperature properties of plastics :foams , by R. M. McClintock. SPE Journal 11+, 
36-38, Nov. 1958. ( C -108) 

---

Cryogenics, by v. J. Johnson, Editor; R. J. Corruccini, v • .  J. Johnson, G. E. Me Intosh 
and R. B. Scott, Contributors .  In ASRE Data Book, vol. 1, No. 1, Refrigeration 
1\;pplications . Chapter 45, p. 45-01 - 45-22. llmerican Society of Refrigerating Engi
neers , New York, 1959. ( C -109) 
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R-101 Liquid heliUlll cryostat with an integral superconducting resonator, by E. Maxwell and 
A. F. Schmidt . In SUpplement au Bulletin de 1 '  Institut International du Froid, 
Commission 1, Delft 1958, Annexe 1958=1, 95-101, 1958 . (C-112a) 

R-102 The· the:rmal e .m.f., o:f several thel'!llometric alloys , by R. L. Powell and M. D. Bunch. In 
SUpplement au Bulletin de 1 '  Ins'Gitut International du Froid, CO!lllllission 1, Delft 1958 
Annexe 1958-1, 129-135 ,  1958 . ( C -113) 

R-103 � e .m.f'. of some thel'!l10flletric alloys, by !II. D. Bunch, R. L. Powell, and R .  J. 
Corruccini. In Low Tepwerature Ph;\!:s1.cs and Chemistq, Proceed1.ngs of the Fifth Inter
national Conference on Low Temperature Physics and Chemistry Aug. 26-31 at Madison, 
Wis . ,  Joseph R. Dill1.nger, Editor, 484-486, Madison, Wisconsin, University of Wis
consin Press, 1958. ( C -110) 

R-lo4 Thermal. and electrical conduct! vi ty of alUlllinUlll and alUlllinUlll alloys, by W. J. Hall, 
H. M. Roder, and R .  L. Powell. In Low Temperature Physics and Chemistey, Proceed1.ngs 
of the Fifth International Conference on Low Temperature Physics and Chemistry Aug . 
26-31 at Madison, Wis. ,  Joseph R. Dillinger, Editor, 389-391. Madison, Wisconsin, 
University of Wisconsin Press, 1958. ( C-111) 

R-105 Thermal and electrical conductivity of pure copper, by H. M. Roder, R. L. Powell and 

R-lo6 

W. J. Hall . In Low :gem;perature P!:,Ysics and Chemist:ey, Proceed1.ngs of the Fifth 
International Conference on Low Temperature Physics and Chemistry Aug . 26-31 at Madi
son, Wis . ,  Joseph R. Dill1.nger, Editor, 364-366 . Madison Wisconsin, University of 
Wisconsin Press, 1958. ( C -112) 

R-107 Magnetic losses at low temperatures ,  by E .  H. Brown and J. R. Brennand, Jr. (a) Paper 
A-5 in Advances in C:eyogenic gineer�, vol .  4, Proceedings of the 1958 Cryogenic 
Engineering Conference 1 65-70. New York, PlenUlll Press, 1960. (b ) Also in J .Appl. 
Phys. 1£1 112-114, Jan. 1959· ( C -116) 

R-108 The stability of austenitic stainless steels at low temperatures as determined by magne
tic measurements ,  by R, P. Reed and n. P, Mikesell. Paper B-2 in Advances in Cryoge
nic E=ngineer�, vol. 4, Proceedi�s of the 1958 Cryogenic Engineer1.ng Conference, 
84-100. New York, PlenUlll Press , - 1960 ( C -117) 

R-109 The tensile and impact strength of annealed and welded 5086 alUlllinUlll down to 20°K1 by 
R. P .  Mikesell and R. P. Reed. Pa.per B-3 in Advances in cmgenic Engineering, vol . 
4, Proceed1.ngs of the 1958 Cryogenic Engineer1.ng Conference, 101-113 . New York, Ple
num Pres s ,  1960. ( C -118) 

R-110 Mechanical properties of insulating plastic fowns at low temperatures 1 by R. M. McClin
tock. Paper B-6 in Advance£! in C172genic �ineer�, vol . 4, Proceed1.ngs o:f the 
1958 Cryogenic Engineering Conference, 132=!: 0. New York, Plenum Pres s ,  196Q . ( C -119) 

R-lll Measurement o:f the flow of liquefied gases with she;rp-edged orifices ,  by R. J. Richards, 
R. B. Jacobs and W. J. Pesta.lozzi. Paper E-1 in Advances in cmgenic �ineer:Lng, 
vol . 4, Proceed1.ngs of the 1958 Cryogenic Engineer1.ng Conference, 272-2 5 .  New York, 
Plenum Press, 1960 ( C -120) 

R-112 Flow conversion kinetics of ortho and parahyd:rogen, by D. H. Weitzel, J. H. Blslre and 
M. Konecnik. Paper E-2 in Advances_ in Cryogenic l!'pgineer:Lng, vol. 4, Proceed1.ngs o:f 
the 1Q58 Cryogenic Engineer1.ng Conference ,  2Btl-295· New York, PlenUlll Press, 1960. 
( C-121} 

R-113 Poisoning and reactivation of ortho-parahydrogen conversion catalyst, by n. N. Keeler 
and K. D. T:l.mmerhaus . In Ad.v'a.nces in Cryogenic �ineer1.ng, vol. 4, Proceed1.ngs o:f 
the 1QS8 Cryogenic Engineering Conference , 296-3 � New York, Plenum Press ,  1960. 
\ C-12'2/ 

R-ll4 Prediction of pressure drop in two-phase s1.ngle-component fluid flow, by M.R. Hatch, 
R. B. Jacobs, R. J. Richards , R. N. Boggs, and G. R. Phelps . Paper F-4 in Advances 
in C172genic Engineeripg, vol. 4, Proceedings of the 1958 Cryogenic Engineer1.ng 
Conference, 357-377• New York, Plenum Press, 1960. ( C-123) 
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R-117 

R-118 

R-120 

R-121 

R-122 

R-123 

R-124 

R-125 

R-130 

R-132 

Some methods for reducing heat leak through support members in liquefied gas storage 
vessels , by R. w. Arnett, L. o. Mullen and K. A. Warren. Paper G-1 in Advances in 
eryogenic t1ineering1 vol. 4, Proceedings of the 1958 Cryogenic Engineering Confer
ence, 410- 17. New York, Plenum Press , 1960. ( C -124) 

Pilot plant studies of the low temperature distillation of hydrogen isotopes , by T. M. 
Flynn, K. D. Timmerhaus, and D. H. Weitzel. (a) Paper H-1 in Advances in eryogenic 
Engineering, vol. 4, Proceedings of' the 1958 Cryogenic Engineering Conference, 464-
475 . New York, Plenum Press, 1960. (b ) Also in Colorado Engineer 22_, 12-15, 20, Nov .  
1 5 ,  1958. ( C -125 ) 

Testing and operation of ball bearings submerged in liquefied gases ,  by K. B. Martin and 
R. B .  Jacobs. (a) Paper H-2 in Advances in �enic Engineering, vol. 4, Proceedings 
of the 1958 Cryogenic Engineering Conference � -486. New York, Plenum Press, 1960 . 
(b) Also in ABLE Trans. g, 101-107, Apr. 1959· ( C -126) 

Wide-range cryostat temperature control, by R .  D. Goodwin. Paper H-3 in Advances in 
Cryogenic �ineering, vol. 4, Proceedings of the 1958 Cryogenic Engineering Confer
ence, 487- 95· New York, Plenum Press, 1960. ( C -127) 

SUpporting arid heat insulating means , by B. w. Birmingham, E. H. Brown, R. B. SCott and 
P. c. Vander Arend. (u.s. Patent 2,871, 042) Jan. 27, 1959 

Radiation shield circulation system for large liquefied gas storage containers , by D. B. 
Mann and J. Macinko. (u.s. Patent 2,871,669) Feb. 3 ,  1959· 

Helium liquefaction and transportation. Na.tl .Bur.sta.ndard.s (u.s. ) ,  Tech.News Bull. !:!J., 
30-311 Feb . 1959• ( C -129) 

Cool-dow apparatus for cryogenic liquid containers, by P. c. Vander Arend and D. B. 
Mann . (u.s. Patent 2,882,694) Apr. 21, 1959. 

Gaseous heat conduction at low :tn'essures and temperatures ,  by R. J. Corruccini. Vacuum 
� 19·291 Apr. _ l959• ( C -130) 

Recent advances in cryogenic engineering , by R. B. Jacobs .  ARS J. �� 245-251, Apr. 
1959· ( c -131) 

The vapor pressures of some hydrocarbons in the liquid and solid state at low tempera
tures, by w. T. Ziegler. Na.tL Bur.standards (u.s. ) ,  Tech.Note No .  4 (PB151363 ) May 
1959• ( C -132) 

Thermodynamic properties of helium at low temperatures and high pressures , by D. B. Mann 
!Jnd R.

)
B. Stewart .  Na.tl. Bur.standa.rds (u.s. ),  Tech.Note No. 8 (PB151367) Ma.Y 1959. 

� C -133 
Direct measurement of net positive suction head, by R. B. Jacobs , K. B. Martin, and 

R .  J. l:f.ardy. J.Basic Eng. 81, 147-152 1 June 1959· ( c -66) 

Low-temperature distillation of hydro�en isotopes. Na.tl .Bur.sta.nda.rds (u.s. ) ,  Tech. 
News Bull. !1• 116-118, June 1959· ( C -134) 

Low-temperature transport properties of copper and its dilute alloys : pure copper, 
annealed and cold-drawn, by R. L. Powell, H. M. Roder , and w. J. Hall. Phys .Rev. 115, 
314-323, July 15, 1959• (C-139) 

Providing liquid refrigerants to research workers. Na.tl.Bur. standards (u.s. ) Tech. News 
Bull. !l• 146-147, Aug. 1959. ( C -137) 

strain gauge calibration device for extreme temperatures, by R. M. McClintock. Rev.Sci. 
Instr. �· 715-718, Aug . 1959· ( C-136) 

Cryogenic engineering o:r hydrogen bubble chambers, by B. w. B:l.rm:i.ngham, D. B. Chelton, 
D. B .  Mann, and H. P. Hernandez. ASTM Bull. No .  24o, 34-39, Sept. 1959· ( C -141)  

Cryogenic. :l.nsula.tion ( materials and techniques) by R .  H. Kropschot. ASHRAE Journal 1_, 
48-54, Sept. 1959. ( C -138) 
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R-139 

R-140 

R-141 

R-142 

R-144 

R-146 

R-147 

R-148 

Low-temperature tensile properties of copper and four bronzes, by R. M. McClintock, 
D. Ap Van Gundy, and R. H. Kropschot. AS!M Bull. No . 240, 47-50, Sept. 1959 
\ C -1Lf2) 

Tables of transport integrals: a supplement, by w. M. Rogers , w. J. Hall and R. L. 
Powell. J.Researeh (Part B- Mathematics and Mathematical Physics) Natl .Bur. standards 
�' 23-30, July-Sept. 1959. ( C -140 ) 

Thermodynamic properties of helium at low temperatures and high pressures, by D. B. Mann 
and R. B. stewart . J.Heat •r:ra.nsfer 81, 323-326, Nov. 1959· ( C -133) 

C;syogenic Epgineering, by R. B. Scott . New York, D. Van Nostrand, 1959. ( C -n4) 

Evacuated powder insulation for low temperatures ,  by M. M. Fulk. Progr. in Cryogenies 
!1 63-84, 1959• ( C -115) 

Advances in 9!zc!genie Engineer,:tpg;, vol. 5,  Proceedings of the 1959 Cryogenic Engineer
ing Conference Sept. 2-4 at the University of California at Berkeley, K. D. Timmer
haus, Editor. New York, Plenum Press, 1960. 

Transfer of liquid hydrogen through uninsulated lines ,  by R. J. Richards , w. G. steward 
and R. B .  Jacobs . Paper B-4 in Advances in Cryogenic Engineering, vol. 5 ,  Proceed
ings of the 1959 Cryogenic Engineering Conference, 103-110. New York, Plenum Press , 
1960. ( C -154) 

Metal powder additives in evacuated-powder insulation, by B. J. Hunter, R. J. Kropschot, 
J. E. Schrodt , and M. M. Fulk. Paper C-3 in Advances in Cry�enic Engineering, vol . 51 
Proceedings of the 1959 Cryogenic Engineering Conferenee,�-156. New York, Plenum 
Press,  1960 ( C -148 ) 

A study of condensing-vacuum insulation, by D. A. Van Gundy, L. o. Mullen, and R. B. 
Jacobs. Paper C-5 in �s in Cryogenic ]?::lgineering, vol. 51  Proceedings of' the 
1959 Cryogenic Engineering Conference, 162-170. New York, Plenum Press , 1960. ( C -158 ) 

Multiple-l!zyer insulation, by R. H. Kropschott, J. E. Schrodt, M. M. Fulk, and B. J. 
Hunter. Paper D-2 in Advances in C o enic ineer , vol. 5, Proceedings of' the 
1959 Cryogenic Engineering Conference , 1 9-1 • New York, Plenum Press,  1960. ( C -150) 

The Venturi tube as a liquefied-gas flow measuring device, by J. R. Purcell, A. F. 
Schmidt, and R. B ,  Jacobs. Paper F-2 in Advances in Cryogenic �ineering, vol. 5 ,  
Proceedings of the 1959 Cryogenic Engineering Conference, 282-2 � New York, Plenum 
Press, 1960. ( C -152) 

Design, construction, and perfol:'!ll!lllce of a l!Woratory-size helium liquefier, by D. B. 
Mann, w. R. Bjorklund, J. Macinko , and M. J. Hiza. Paper G-5 in Advances in Cryo
genic Engineering, vo1. 5 ,  Proceedings of the 1959 Cryogenic Engineering Conference, 
346-353 . New York, Plenum Press , 1960. ( C-151 ) 

The strength of ten structural adhesives at temperatures down to -424°F, by w. M. Frost . 
Paper H-1 in Advances in Ccyogenic Engineering, vol. 5 ,  Proceedings of the 1959 Cryo
genic Engineering Conference, 375-38h. New York, Plenum Press, 1960. ( C -J_�-6 )  

SOme mechanical properties of magnesium alloys at low temperatures, by R. P. Reed, R. P .  
Mikesell and R. L .  Greeson. (a) Paper H-3 in Advances in Cryogenic Engineer,?;.!!§!:, vol. 5 
Proceedings of the 1959 Cryogenic Engineering Conference, 397-�05. New York, Plenum 
Press , 1960. (b ) Also in Symposium on low-temperature properties of high-strength 
aircraft and missile materials , Special Technical Publication No .  287. Philadelphia, 
American Society for Testing Materials , 1960, 61-73 • ( C-153)  

An experimental study concerning the pressurization and stratification of liquid hydro
ge;n, by fl..., Fo Schmidt, Jo R� P'�cell, Wa A .. Wilson, e.nd R� V-. Smith.. (a) Pape!" J-6 
in Advances in Cryogenic Engineering, vol. 5, Proceedings of the 1959 Cryogenic Engi
neering Conference, 487-497. New York, Plenum Press, 1960. (b ) Revised version in 
J. Research (Part C- Engineering and Instrumentation) Natl .Bur.standards 65C 1 81-87, 
Apr .-June 1961. ( C -155 )  

-

A kinetics study of ortho-pax<a hydrogen conversion, by R. N. Keeler, D. H. Weitzel, 
J.  H.  Blake and M. l0necnik. _ Paper K-1 in Advances in Cryogenic Engineering, vol. 5 ,  
Proceedings of the 1959 Cryogenic Engineering Conference , 511-517. New York, Plenum 
Press,  1960. ( C-149 ) 
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R-157 

R-158 
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R-160 
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R-162 

A compilation and -.:orrelation of the P-V-'1' data of normal hydrogen :t'rom saturated 
liquid to 8o•K, by R. B. stewart and V. J. Johnson. Paper K-7 in Attvances in Cryoge
nic �ineerin£;, vo1. 5 ,  Proceedings of the 1959 Cryogenic Engineering Conference, 
557-5 5. New York, Plenum Press, 1960. ( C -156) 

The cryogenic data center, by v. J. Johnson. Paper K-8 in Advances in Cryt?genic �i
neering, vol. 51 Proceedings of the 1959 Cryogenic Engineering Conference, 566-� . 
New York, Plenum Press, 1960. ( C -157)  

An :Unproved de power regulator, by R. D.  (k)odwin. Paper L-1 i n  Advances in Cryogenic 
Engineering, vol. 5 ,  Proceedings of the 1959 Cryogenic Engineering Conference, 577-
579· New York, Plenum Press, 1960. ( C-147) 

Design and construction of a. liquid hydrogen temperature refrigeration system, by D. B. 
Chelton, J. w. Dean, and B. w. Birmingham. Na.tl.Bur.Standards (u.s. ) ,  Tech.Note No .  
3 8  (P.Bl51397) Jan. 12, 1960. ( C-159) 

Helium refrigeration and liquefaction using a. liquid hydrogen refrigerator for precool
ing, by D. B. Chelton, J. W. Dean, T. R. Strobridge, B. w. Birmingham, and D. B. Mann. 
Natl.Bur. Sta.nda.rds (u.s. ) ,  Tech.Note No. 39 (P.Bl51398) Jan. 27, 1960. ( c -160) 

Expansion engines for hydrogen liquefiers, by E. H. Brow. J. Research (Part C· Engi
neering and Instrumentation) Na.tl .Bur.Standa.rds 64c, 25-36, Jan. - Mar. 1960.( C -75)  

Temperature stratification in a nonventing liquid helium Dewar, by L.  E. Scott, R. F. 
Robbins, D.  B.  Mann, and B. w. Birmingham. J.Resea.rch (Part c- Engineering and In· · 
strumentation) Na.tl.Bur.Standards 64c 1 19-231 Jan. - Mar. 1960. ( C-161) 

Cryogenic piping system: design considerations, by R. B. Jacobs . Heating, Piping, 
Air Conditioning _E, 13\V-140, Feb . 1960. ( C -162) 

Liquid hydrogen for chemical and nuclear rockets, by R. B. Scott. Discovery 21, 74-77, 
Feb . 1960. ( C -163) 

Sensitive thermal conductivity gas analyzer<' by J. R. Purcell and R. N. Keeler . Rev . .  
Sci.Instr. l!• 3o4-3o6, Mar. 1960. ( C-168 ) 

Low-temperature transport properties of commercial metals and alloys , II. Aluminums, by 
R. L. Powell, W. J. Hall and H. M. Roder. J.Appl.Phys • .J!.1 496-503, Mar. 1960.( C -166) 

Low-temperature transport properties of commercial metals and alloys, III. {k}ld-cobalt, 
by R. L. Powell, M. D. Bunch and E. F. Gibson. J.Appl.Phys . ;ll_1 504-505, Mar. 1960. 

\ C-167) 
Low-temperature strengths of metal adhesives . Na.tl .Bur.Standa.rds (u.s. ) Tech.News Bull. 

44, 41-421 Mar . 1960. ( C -164) 

Pilot plant data for lly(i:r9gen isotope distillation, by T. M. Flynn. Chem.Engr.Prog:r. 
56, 37-421 Mar . 1960. ( C -165 ) 

R-164 Cryogenic piping system: design and installation, by R.  B.  Jacobs. Heating, Piping, 
Air Conditioning _E, 142-156, May 1960. ( C -171) 

R-165 A bibliography of' the physical equilibria. and related properties of some cryogenic sys
tems , py T. l'i· Flynn . Natl.Bur.Standa.rds (u.s. ) ,  'l'ech.Note No. 56 (P.Bl61557) Ma;r 
1960. ( C -170) 

R-166 Transferring liquefied gases by pipeline . Natl..Bur.Standa.rds (u.s. ) ,  'l'ech.News Bull. 
44, 80, May 1960. ( C -169) 

R-167 Interpolation o:r platinum resistance thermometers ,  20° to 273 . 15•K, by R .  J. Corruccini . 
Rev.Sci.Instr . l!• 637-640, J\me 1960. ( C -172) 

R-168 Mechanical properties of structural materials at low temperatures; a. compilation :t'rom 
the literature , by R. M. McClintock and H. P. Gibbons . Natl.Bur.Standa.rds (u.s. ) ,  
Monograph No. 13, June 1, 1960. ( C -173) 
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R-169 Closed circuit liquid hydrogen refrigeration system, by D. B. Chelton, J. w. Dean, and 
B. w. Birmillghwn. Rev.sci.Instr. ;ll_, 712-716, July 1960. 

R-170 Low�tenx,perature transport properties of cO!ll!l1ercial metals and alloys. IV. Reactor grade 
Be, Me>, and w, by R. L. Powell, J. L. Ha:!:'den and E. F. Gibson. J.Appl.Ph;ys. ;ll_, 
1221-1224, July 1960. ( C -174) 

R-171 Carbon resistance thermometry with mixed de and rf currents, by J. J. Gniewek and R. J. 
Corruccini. Rev.Sci.Instr. ;ll_, 899-900, Aug. 1960. 

R-172 On the properties of the va.:por pressure curve , by E. H. Brown. Ceyogenics ±. 37-40, 
Sept . 1960. 

R-173 

R-174 

R-175 

R-176 

R-177 

R-178 

R-179 

R-180 

R-184 

R-186 

specific heats end ent�pies of technical solids at low temperatures; a compilation 
from the literature , by R. J. Corruccini and J. J. Gniewek. Natl .  Bur.standa.rds (u.s. ) 
Monogroph No. 21, Oct. 3, 1960. 

Cryogenic impurity adsorption from hydrogen, by M. J. Hiza. Chem.Engr.Prog • .2§_, 68-71, 
Oct . 1960. 

1960 Cryogenic Engineerillg Conference. Natl.Bur. standa.rds (u.s. ) Tech. News Bull. 44, 
193-197' Nov. 1960. -

Low tenx,perature static seals usillg elastomers and plastics, by D. H. Weitzel, R. F. 
Robbins, G .  R. :Bopp, and w. R. Bjorklund. Rev.Sci.Instr. ;ll_, 1350-1351, Dec. 1960. 

Advances in Cm':enic Engineerine;, vol. 6, Proceedillgs of the 1960 Cryogenic Engineerillg 
Conference • 23-25 at Boulder, Colorado, K. D. Tinmlerha.us, Editor. New York, 
Plenum Press , 1961. 

Super-conducting rectifiers ,  by J. R. Purcell and R. G. Peyne . Paper C-2 in Advances in 
Cpyogenic Engineering, vol. 6, Proceedings of the 1960 Cryogenic Engineering Confer
ence, 149-153· New York, Plenum Press, 1961. 

Supercondueting magnets, by V. D. Arp and R. H. Kropschot . Paper C-4 in Advances in 
Cr;yogenic Engineering;, vol. 6, Proceedillgs of the 1960 Cryogenic Engineerillg Confer
ence, 166-173 .  New York, Plenum Press, 1961. 

Elastomers for static seals at cryogenic temperatures, by D. H. Weitzel, R. F. Robbins, 
G .  R. Bopp1 and w. R. Bjorklund. Paper D-6 in Advances in Cryogenic Engineering, vol. 
6, Proceedillgs of the 1960 Cryogenic Engineerillg Conference, 219-227. New York, 
Plenum Press, 1961 

studies of the low tenx,pera.ture distillation of hydrogen isotopes , by T. M. Flynn. (a) 
Paper D-8 in Advances in �ol5en1.c �ineer:�,pgj, vol. 6, Proceedillgs of the 1960 Cryo
genic Engineerillg Conference, 2315-2 1: New York, Plenum Press, 1961. (b ) Also in 
Cryogenics 1_, 96-100, Dec. 1960. 

Tensile cryostat for the tenx,peroture range 4 • to 300" K, by R. M. McClintock and K. A. 
Warren. (a) Paper F-4 in Advanccts in _£;eyoe;enic �ineering1 vol. 6, Proceedillgs of 
the 1960 Cryogenic Engineering Conference, 372-� . New York, Plenum Press, 1961. 
(b) Also in Materials Research and stanaards 1_, 95-98, Feb. 1961. 

Approximate wide-range equation of state for hydrogen, by R. D. Goodwin. Paper G-4 in · 
Advances in �ofenic �ineering, vol . 6, Proceedillgs of the 1960 Cryogenic Engineer
illg Conference, 50-IJ.5 • New York, Plenum Press, 1961 . 

The adsorption of methane on silica gel at low temperatures, by M. J. Hiza and A. J. 
Kidnay. Paper G-5 in Adwnces in CryQgenic �ineeri_ng,, vol, 6, Proceedings of the 
1960 Cryogenic Engineering Conference, 457- • New York, Plenum Press, 1�. 

Low-temperature thermocouple thermometry, by R. L. Powell, M. D. Bunch, and L. P. Crey
wood. Paper H-6 in Mvans:es in CJ.7?genic Engineering, vol . 6, Proceedillgs of the 
1960 Cryogenic Engineering Conference, 537-541. New York, Plenum Press, 1961 . 

Mechanical properties of four austenitic stainless steels at temperatures between 300" 
and 20"K, by c. J. Guntner and R. P. Reed. Paper J-1 in Advances in Cryogenic Engi
neering, vol. 6 ,  Proceedings of the 1960 Cryogenic Engineering Conference , 565-576. 
New York, Plenum Press, 1961. 
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Simple adiabatic demagnetization apparatus , by v. D. Arp and R. H. Kropschot. Rev.Sci . 
Instr. �� 217-218, Feb . 1961. 

Low temperature thermocouples-!. Gold-cobalt or constantan vs. copper or 'normal ' sil
ver, by R. L. Powell, M. D. Bunch, and R. J. Corruccini. Cryogenics ±• 139-150, Mar .  
1961. 

Cryogenic adhesive properties of bisphenol-A epoxy resins , by M. M. Hiza. and P. L. 
Barrick. SPE Trans . !1 73-79, Apr . 1961 . 

Superconductivity oi' Nb3filn in pulsed fields of 185 kilogauss, by V. D. Arp, R. H. 
Kropschot, J. H. Wilson, w. F. Love and R. Phelan. Phys.Rev.Letters 6, 452-453, 
Ma;y 1' 1961. 

-

Thermal expansion oi' technical solids a.t low temperatures; a. compilation from the 
literature, by R. J. Corruccini and J. J. Gniewek. Natl .Bur.Stande.rds (u.s. ) Mono
graph No. 29, Ma;y 19, 1961 . 

Evaluation of ball bearing separator materials operating submerged in liquid nitrogen, 
by w. A. Wilson, K. B. Martin, J. A. Brennan, and B. w. Birmingham. ASLE Trans . 4, 
50-58, 1961. 

-

Multiple layer insulation for cryogenic applications , by R. H. Kropscot. Cryogenics 1,  
171-177, Mar. 1961. 

-

Testing of ball bearings with i'ive dii'ferent separator materials at 9200 RPM in liquid 
nitrogen, by J. A. Brennan, w. A. Wilson, R. Radebaugh and B .  w. Birmingham. Present
ed at the Lubrication Symposium at Miami, Fla, Ma;y 8-9, 1961 . Paper No. 61-UJBS-18. 
New York, American Society of Mechanical Engineers, April 10, 1961 . 

A compilation oi' the physical equilibria a.nd related properties oi' the hydrogen-nitro
gen system, by D. E. Drayer a.nd T. M. Flynn . Na.tl.Bur.Standa.rds (u.s. ) Tech.Note 
No . 110 (PB161611 ) Ma;y 1961. 

A compilation oi' the physical equilibria and related properties of the hydrogen-helium 
system, by D. E .  Drayer and T. M. Flynn . Na.tl .Bur. Standa.rds (u.s. ) Tech.Note No. 109 
(PB161610) June 1961. 

A compilation of the physical equilibria and related properties of the hydrogen-carbon 
monoxide system, by D. E. Drayer and T. M. Flynn. Natl.Bur.Standa.rds (u.s. ) Tech. 
Note No. lo8 (PB161609) Ma;y, 1961. 
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* PR-1 

PR-2 

PR-3 

PR-4 

PR-5 

Message error in diversity frequency-shift reception, by G. F. Montgomery. Proc. 
I .R .E .  42, ll84-ll87, July 195l� . (P-284)a 

High-speed stroboscope for accelerometer calibration, by P. G .  Sulzer, E. R. Smith and 
s. Edelman. Rev. Sci . Instr. 25, 837-839, Aug. 1954. ( P-289) 

A technique for S1feep frequency polarization measurements at low frequencies, by E. L. 
Kilpatrick. J, Geophys . Research 59, 345-349, Sept . 1954. ( P-290) 

On the paper "M9.ximum usable frequencies and lowest usable frequencies for the path 
Hashington to Resolute Bay, " by s. M. Ostrow. J, Geophys . Research 591 434, Sept . 
1954. (P-291) 

Predictions of the present sunspot cycle, by A. G. McNish and J, v. Lincoln. Trans.  
Am. Geophys. Union 35, 709-710, Oct. 1954. ( P-293) 

PR-6 High-stability one-megacycle frequency standard. Natl.  Bur. Standards (U. S . ), Tech. 
News Bull. 38, 162-163, Nov. 1954. ( P-294) 

PR-7 The International Geophysical Year: A progress report, by J. Kaplan and A .  H. Shapley. 
News Report, Natl. Research Council �' no. 6, 1-3, Nov. -Dec. 1954. ( P-295) 

PR-8 Geographic and temporal distribution of polar blackouts, by v. L. Agy. J. Geophys.  

PR-9 

PR-10 

PR-11 

PR-12 

-l<- PR-13 

PR-14 

PR-15 

PR-16 

* PR-17 

Research 59, 499-512, Dec .  1954. (P-296) 

Recent developments on the National Bureau of Standards micrOifave refractometer, by 
M. C. Thompson . In 1955 Aeronautical electronics digest ; a compendium of technical 
papers exemplifying progress in the field of aeronautical electronics presented at 
the National Conference on Aeronautical Electronics, May 9, 10, and 11 , 1955, Dayton, 
Ohio, p .  159-160, 1955 . (P-297a) 

Scattering at oblique incidence from ionospheric irregularities; summary of an informal 
talk, by D. K. Bailey. In �he physics of the ionosphere; report of the Physical 
Socie�y Conference on the physics of the ionosphere held at the Cavendish laboratory, 
Cambrldge, September 1954, p.  99-100. London, The Physical Society, 1955. ( P-332) 

Velocity of light redetermined, hig her ·.ralues confirmed. Natl. Bur. Standards (U. s . ), 
Tech. News Bull. 39, 1-3, Jan .  1955· ( P-298) 

Cheyenne Mountain tropospheric propagation experiments, by A. P.  Barsis, J. H. Herbstreit 
and K. 0. Hornberg . Jan. 3, 1955· (liDS Circular 554) 30 cents . (P-301 ) 

A dyna'llic spectrum analyzer for Sacramento Peak, by D. H. Menzel, J. 1-/. Harwick and 
2. S. Lawrence · Jan . 6, 1955· (Harvard college observatory. Scientific report 20) 
( P-30la) 

Information theory aspects of propagation through time-varying media, by J. Feinstein . 
J .  Appl . Phys . 26, 219-229, Feb . 1955 . I .R .E .  Conv. Record 1954, part 1, 87-97, under 
title : Some information theory aspects of propagation through time-varying media. 
(P-304 ) 

Nonlinear theory of space-charge wave in moving, interacting electron beams with 
application to solar radio noise, by H. K. Sen. Ph R 97 "49 8 
1955· ( P-306) 

ys. ev • .e:.LJ o .  - 55, Feb . 15, 

Observa.t�ons of d:i.stant meteor-trail echoes follow·ed by ground scatter, by 1-1. L. 
Hartsfleld. J. Geophys. Research 60, 53-56, tar .  1955· (P-307 ) 

Measurements of correlation, height gain, and path antenna gain at 1046 megacycles on spaced antennas far beyond the radio horizon, by A. F. Barghausen, M. T. Decker and L. �· Maloney. I.R.E. Conv. Record, �Jfa.rch 21-24, 1955, 3, pt . I, Antennas and Propa-gatlon, p .  78-81. (P-310) -

aindicates number used for this item in previous lists. 

*Indicates that the publication is out of print . 
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PR-18 

*PR-19 

PR-20 

PR-21 

PR-22 

PR-23 

PR-24 

PR-25 

PR-26 

PR-27 

PR-28 

PR-29 

PR-30 

PR-31 

PR-32 

PR-33 

A review of observational results in airglow photometry, by F.  E. Roach. Ann. g�ophys. 
!_1 214-230, April-June 1955· ( P-312 ) 

Radio observations (21-cm) of dense dark nebulae, by B .  J. Bok, R. S .  La1vrence and T .  K. 
Menon. Publs .  Astron. Soc . Pacific 67, no. 395, 108-112, April 1955· (P-313) 

Rebuttal cto comments on " Large reduction of VRF transmission loss and fading by the 
presence of a mountain obstacle in beyond-line-of-sight paths", by F. H. Di ckson, J, J. 
Egli, J. w. Herbstreit and G.  w .  Hickizer (Proc. I . R. E .  41, 967-969, Aug. 1?53 ! , by 
J. G. CrysdaleJ, by J. \v. Herbstreit, F. H. Dickson, J. J. Egli and G. S .  \VlCklZer. 
Proc. I . R. E .  43, 627-628, May 1955· (P-318) 

A measurement of the v·elocity of propagation of very-high-frequency ra.cuo waves a.t the 
surface of the earth, by E. F. F1orma.n . J, Research Na.tl. Bur. Standards 54, 335-
345, June 1955· ( P-322) 

Crystal-stabilized pulse-pair generator, by M. v• Thompson . Rev. Sci . Instr. 26, 
617-618, June 1955· (P-32 3 )  

Factors affecting radio propagation i n  the T V  and FM bands, by H .  F .  Ut1aut. Tele-
Tech 14, no. 6, 98-101, 376-378, June 1955· (P-324) 

High stability frequency standard, by P. G. Sulzer. Tele-Tech 14, no . 6, 108, 109, 
420-423, June 1955· (P-325) 

Horldwide radio noise levels expected in the frequency band 10 kilocycles to 100 
megacycles, by \V. Q. Crichlow, D. F. Smith, R. N. Morton and H. R .  Corli ss. Aug. 25, 
1955· (NBS Circular 557 ) 30 cents .  (P-331) 

The ionosphere, by T.  N. Gautier. S ci .  American � no . 3, 126-138, Sept . 1955. (P-333) 

Aurora. and a.irglow, by c. T. Elvey a.nd F. E. Roach. Sci . American 193, no . 3, 140-145, 
Sept . 1955· (P-334) 

The scatter propagation issue, by K. A .  Norton and J. B.  Wiesner. cintroduction to 
special issue of Proceedings of the I . R . E .  J Pro c .  I. R. E. 43, 1174, Od. 1955. (P-33h) 

Radio transmission a.t VRF by scattering and other processes in the lower ionosphere, 
by D. K. Bailey, R .  Bateman and R. c .  !Cirby. Pro c .  I . R . E .  43, 1181-1231, Oct. 1955· 
(P-337) 

--

Aerodynamical mechanisms producing electronic density fluctuations in turbulent ioni zeri 
layers, by R. M. Gallet .  Proc .  I . R . E. 43, 1240-1252, Oct . 1955· (P-332) 

some tropospheric scatter propagation measurements near the radio horizon, by H .  B .  
Janes and P. I .  Hells . Proc .  I . R . E. 43, 1336-1340, Oct. 1955· ( P-339 ) 

The rate of fading in propagation through a. t.urbulent atmosphere, by K. A. Horton, P. L. 
Rice, H. B .  Janes and A .  P. Barsi s .  Pro c .  I . R . E .  � 1341-1353, Oct . 15'55· (P-3� 0 )  

The probability distribution of the amplitude o f  a. constant vector plus a. Rayleigh
distributed vector, by K. A. Horton, L. E .  Vogler, \-I. v. Mansfield and P. J. Short . 
Pro c .  I . R . E .  43, 1354-1361 . (P-341) 
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PR-34 

PR-35 

PR-36 

* PR-37 

PR-38 

PR-39 

PR-40 

* PR-41 

PR-42 

PR-43 

PR-44 

* PR-45 

PR-46 

PR-47 

PR -48 

Measurements of the phase of radio 1·ro.ves received over t ransmission paths 1fith electrical 
lengths varying as a result of atmospheric turbulence, by J. H .  Herbstreit and M. c .  
Thompson. Proc. I . R . E .  � 1391-1401, Oct. 1955· ( P-342 ) 

Some fading characteri stics of regular VHF ionospheric propagation, by G. R. Sugar .  
Proc.  I . R. E .  43,  1432-llf36, Oct . 1955· ( P-344 ) 

The use of angular distance in estimating tran smi ssion loss and fading range for propa
gation through a turbulent atmospClere over i rregular terrain, by K. A. Norton, P. L. 
Rice and L. E. Vogler .  Proc. I . R. E .  � 1488-1526, Oct . 1955. (P-3l}6) 

Book revie1-r: The illumination and polarization of the sunlit sky on Rayleigh scattering 
rbYJ s. Chandra sekhar and Donna D. Elbert cin J Tran s .  Am. ?'nil. Soc . ,  ne1f series 44, 
pt . 6, 1954, by F. E. Roach . J. Opt.  Soc. Am. � 892-893, Oct . 1955· ( P-362) 

The International Geophysical Year. Natl . Bur. Standards (u. s . ) ,  Tech. Ne1fS Bull. 39, 
139, Oct . 1955· ( P-347 ) 

Ultrasonic S1>ritch aids diversi-::;y reception, by G. F. Montgomery. Electronics 28, no . 11, 
169, Nov. 1955 · (P-349) 

Solar-geophysical data , Nonthly. (Since November 1955) ( CRPL Series F, part B ) 
Distributed only on exchange basi s .  Compilations of data appearing in this publica
tion may be purchased in booklet form at a subscription rate of $18.60 per year.  
Orders should be sent to: Gus A .  Lira, Supervisor, IGY Horld Data Center A, Ai rglow 
and Ionosphere, Central Radio Propagation laboratory, Boulder, Colorado . ( P-350 ) 

The height of the nightglow by the van Rhijn method, by F .  E. Roach and A. B .  Meinel. 
Astrophys . J, 122, no.  3, 530-553, Nov. 1955 · ( P-350a ) 

Solar Ha, filament s an d geomasnetic disturbances, by H. I. Leighton and D. H. Billings. 
J. Atmospheric and Terrest . Phys . I' 349-350, Dec. 1955·  (P-354) 

Some results of a sweep-frequency propagation experiment over an 1150-km east-1fest path, 
by B .  \·lieder. J, Geophys. Research 60, 395-409, Dec. 1955. ( P-355) 

Sweep-frequency pulse-transmi ssion measurements over a 2lf00-km path, by P. G. Sulzer. 
J,  Geophys . Research 60, 4ll-420, Dec. 1955· (P-356) 

Thermal and gravitational excitation of atmospheric oscillations, by H. K. Sen and !1. L. 
Hhi-':.e . J. Geophys .  ?esearch 60, l>83-495, Dec. 1955· ( P-357) 

Extension of the Sen-Hhite paper on atmospheric o scillations, by M. L. Hhit e .  J. 
Geophys. Research 60, 531-532, Dec. 1955 · (P-358) 

Solar radio astronomy at the National Bureau of Standards , by V .  H. Goerke . In Proc . 
7th \·I estern Amateur Astronomers ' Convention , Yosemit e ,  California, Aug .  19-21, 195 5 ,  
p .  13 -22 r l956 J ( P -358a) 

Solar activity, world days, and communications, by A. H. SC1apley. Ciencia, 16, 286-289, 
1956. (P-397) 
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PR-49 

PR-50 

* PR-5l 

PR-52 

PR -53 

PR-54 

PR-55 

* PR-56 

PR-57 

PR-58 

PR-59 

PR-60 

PR -6l 

PR-62 

Clues to ionospheric conditions in the southern auroral zone, by A. H. Shapley . In 
Antarctica in the International Geophysical Year; based on a sympositun on the Antarctic, 
cosponsored by the U. s .  National Committee for the IGY of the National Academy of 
Sciences, National Science Foundation tandl American Geophysical Union, p. 86-90 . 
�Washington 3 l956. ( P-399) 

The absolute photometry of the gegenschein, by F .  E. Roach and 1-1:. H. Rees. In The 
airglow and the aurorae; a sympositun held at Belfast in September l955, edited by 
E. B .  Armstrong and A. Dalgarno, p. 142-l55· London, Pergamon Pre ss, �1956 J ( P-396) 

Radio observations of interstellar neutral hydrogen clouds, by R. S. Lawrence. Astrophys . 
J. 123, 30-33, Jan . l956. (P-363) 

Radiation resistance of dipoles in an interface between two dielectrics, by J. R. Wait . 
Can. J. Phys. 34, 24-26, Jan .  1956. ( P-364) 

Transient fields of a vertical dipole over a homogeneous curved ground., by J. R. Hait. 
Can. J. Phys. 34, 27-35, Jan . l956. 

Forward scatter of radio waves. Part I :  Ionospheric forward. scatter. Natl. Bur. Standards 
(u. s . ),  Tech. Ne,.,s Bull. 40, 8-l2, Jan .  1956. (P-367) 

Fon;ard. scatter of radio waves. Part II: Tropospheric forward scatter . Part III: 
Causes and theory of propagation by scattering d.ue to turbulence. Natl. Bur. Standards 
(u.s . ), Tech. News Bull • .!:.£, 24-29, Feb . 1956. (P-370) 

The propagation characteristics of the frequency band l52-l62 Me which is available for 
marine radio comuni cations, by H. T. Dougherty. Feb . 1956. (Appendix F to the report 
of Special Committee 19 of the Radio Technical Commi ssion for :t<!9.rine Services, entitled: 
Study of a reliable short range radio telephone system. lvashington, D. c . ,  1956. 
( P-37l) 

Report of geomav1etic and radio propagation conditions. Heekly. (Since Feb. l7, l956 ) 
( CRPL Series Jb )  Free. ( P-374 ) 

High-gain antennas for VHF scatter propagation, by H. v. Cottony. IRE Trans. on Communs. 
Systems CS-4, 56-63, Mar. 1956 . ( P-375) 

Some meteorological effects on scattered radio waves, by B. R. Bean. IRE Trans. on 
Communs .  Systems CS-4, 32- 38, Mar. 1956. (P-359) 

Point-to-point radio relaying via the scatter mode of tropospheric propagation, by K. A. 
Norton . IRE Trans. on Communs .  Systems CS-4, 39-49, :t<!!l.r .  1956. (P-360) 

VHF propagation by ionospheric scattering; a survey of experimental result s, by R. c. 
Kirby. IRE Trans .  o n  Communs .  Systems CS-4, 17-27, :t<!!l.r .  1956 . (P-352) 

Relationships between aurora and sporadi c-E echoes at Barrow, Alaslre., by R .  w. Knecht . J. 
Geophys . Research 61, 59-69, :t<!!l.r. 1956. (P-376) 
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PR-63 

PR-64 

PR-65 

PR-66 

PR -67 

PR-68 

PR-69 

PR -70 

PR -71 

PR-72 

PR-73 

PR-74 

PR-75 

PR-76 

PR-77 

PR-78 

PR-79 

PR-80 

On the conductance of slots, by J, R. Hait . IRE Tran s .  on Ant . Prop. AP-4, 124-127, 
April 1956. ( P-379) 

Report on comparative 100 Me measurements for three transmitting antenna heights, by 
A. P. Barsis and R. E.  McGavin. IRE Trans. on Ant. Prop. AP-4, 168-174, April 1956. 
( P-380) 

Effect of the ground screen on the field radiated from a monopole, by J,  R. Hait. IRE 
Trans. on Ant . Prop . AP-4, 179-181, April 1956. (P-381) 

Radiation from a vertical antenna over a curved stratified grmmd, by J.  "- ·  \'iait .  J. 
Research Natl. Bur. Standards � 237-244, April 1956. ( P-382) 

Structure of magnetGlhydrodynamic shock wave in a plasma of infinite conductivity, by H.  K. 
Sen. Phys . Rev. 2:9.9 5-ll, April 1, 1956. (P-383) 

The radiation pattern of an antenna mounted on a surface of large radius of curvature, 
by J, R. Hait . Proc. I . R . E .  44, 694, May 1956. Correction: Proc. I . R. E .  44, 926, 
July 1956. (P-386) 

--

Ionospheric effects produced by solar flare raaiation, by v. Agy. Phys. Rev. � 
917, May l, 1956. (P-387) 

Amplitude and phase curves for ground-�mve propagation in the band 200 cycles per 
second to 500 kilocycles, by J, R. Hait and H.  H. Howe . Nay 21, 1956. (NBS Circular 
574) 20 cents .  (P-393) 

Oblique-incidence measurements of the heights at which ionospheric scattering of the 
VHF radio waves occurs, by v. c .  Pineo . J, Geophys. Research 61, 165-169, Jnne 1956. 
(P-401) 

A photometric unit for the airglow and aurora, by D .  N. Jlunten, ?. E. :ioach and J, H. 
Chamberlain. J,  Atmospheric and Terrest . PlJYs . �' 345-346, June 1956 . (P-402 ) 

Phase of the lm' radiofrequency ground wave, by J, R. Johler, V/. J, Kellar and. 1. C . 
\'ialters . June 26, 1956. (NBS Circular 573) 35 cent s .  (See also PR-2lfl )  ( P-395) 

Measurements of the phase of signals received over transmission patl1s with electrical 
lengths varying as a. result of atmospheric t:cubulence, by .J . H. Herbstreit and 11. c .  
Thompson, I . R. E .  T1�ns.  on Ant . Prop. AP-4, 353-358, July 1956. (P-400 ) 

Mixed path ground wave propagation: 1. Short distances, by J. R. Wait . J, Research 
Na.tl. Bur. Standards 57, 1-15, Jtlly 1956. (P-403) 

VHF propagation measurements in the nocky Nountain region, by R. s. Kirby, H.  T. 
Dougherty and P. 1. l•!cQua.te. IRE Trans. on Vehicular Connnuns .  VC-6, 13-19, July 1956. 
( P-404) 

CUrrents excited on a condu:!ting surface of large radius of curvature, by J, R. \-Jait .  
IRE Trans. o n  Micro\;ave Theory Tech. MTT-4, 143-145, July 1956. ( P-405) 

The ionosphere I . G . Y .  program in the Arctic, by A .  H.  Shapley. 
Radio Union ) Inform. Bull. no . 98, 29-34, July-Aug . 1956. 

U. R . S . I .  
(P-406) 

(Intern. Sci . 

On the theory of reflection from a �nre grid parallel to an interface between homogeneous 
media., by J, R .  Hait.  Appl. Sci . Research B S:, 259-275, July 30, 1956. (P-1<10) 

Shielding of a transient electromagnetic dipole field by a conductive sheet, by J, R. �iait .  
Can. J. Phys . l!;;, 890-893, Aug . 1956 . (P-4ll) 
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PR-82 

* PR-83 

PR-84 

PR-85 

PR-86 

PR-87 

PR-88 

PR-89 

PR-90 

PR-91 

PR-92 

PR-93 

On the 1vaveform of a radio atmospheric at short ranees, by J. R. Wait .  Proc. I . ? . E .  
44, 1052, Aug. 19)6 . ( P-412) 

First report of the Special corrnnittee on 1rorld-wide ionospheric sounc.J.ngs, by A. H. 
Shapley, Chairman. U.R. S . I .  (Intern. Sci . Radio Unio::-1 ) In.�orm. Bull. no. 99, 48-90, 
Sept. -Oct . 1956 . (P-421 )  

Gravitational and thermal oscillations i n  the earth' s upper atmosphere, by M. L. vlhite. 
J. Geophys. Research 61, 48?-499, Sept . 1956 . (P-422) 

Multiple reflections between the earth and the ionosphere in V. L . F .  propagation, by 
J, R. Hait. and A .  Murphy. Geofis .  pura e appl . ]2, (1956/III), 61-72, Sept . -Dec. 1956. 
(P-423) 

A study of magnetic maps of the sun, by M. B. Hood. Astrophys. J, 124, !IIJ7-450, Sept . 
1956. (P-424) 

Phase generator for tropospheric research, by R. \J . Hubbard and M. c. Thompson. 
Electronics 29, 220-223, Oct. 1956. (P-426) 

The radiation patterns and conductance of slots cut on rectangnlar metal plates, by 
cT. R. Hait and D. G .  Frooo.. Proc.  I .R .E .  IJ4, 1469, Oct . 1956 . (P-li27) 

Reduction of adjacent-channel interfere,1cc from on-off keyed carriers, by A. D. \</att, 
R. M. Coon and v. J, Zurick. IRE Trans .  on Cormnuns .  Systems cs-4, !11-50, Oet. 1956. 
(P-428) 

Some aspects of tropospheric radio ·Have propagation, by A. P. Barsi s.  IRE Trans .  on 
Broadcast Transmission Systems BTS-6, 1-10, Oct , 1956. (P-429) 

Spectnun of frequency-shift radio photo-transmissions, by A. D. Hatt.  IRE Trans.  on 
Communs .  Systems CS-4, 2'7 -40, Oct. 1956. (P-!e 30) 

International Geophysical Year: Draft manual for i</orld. days and communications, by 
A. H. Shapley. Boulder, Coloraclo, Central Radio Propagation Laboratory, National 
Bureau of Standards, Nov. 1956. (See also PR-227) (P-436) 

a .  First supplement t o  the Dral�t manual for Horlrl days and. communications, b y  A .  H .  
Shapley. Ma r .  1957· 

b .  Seconcl supplement to the Draft manual -�or 1-Torld. days and comnEmications, by A. H. 
Shapley. Dec. 1957 · 

c .  Thir:l supplemen·c t.o the Draft manual for �·Torld days and cormnunciations: Rapicl 
commtmication for IGY earth satelJ2te, by A. H. Shapley. April 1958. 

d. Fourth supplement to the Draft manual for Horld. clays ancl communications, by A. H. 
Shapley. May 1958. 

Effect of super-refractive layers on troposplleric signal characteristics in the Pacific 
coast region, by A. P. Barsis and F. N. Capps.  I .R.  E. l</escon Conv. :'\ecord, _!, pt . I, 
116-133, 1957. (P-444) 

Experimental equipment for communicatior, utilizing meteor bursts, by H .  J, Carpenter ancl 
G. R. Ochs.  I . n .E. Hescon Conv. ?ecord, _!, pt . I, 283-293, 1957· (P-h44a) 
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PR-95 

PR-96 

* PR-97 

PR-98 

PR-99 

PR-100 

PR-101 

PR-102 

PR-103 

PR-104 

PR-105 

PR-106 

PR-107 

PR-108 

Forecasting of di stur.bed high frequency commu:1ication conditions, by R. C. Moore. J, 
Atmospheric and Terrest. Phys . Special Supp. 1957, Proceedings of the Polar Atmosphere 
Symposimn, Oslo, 2-8 July 1956, part II, 147-156, 1957 . (P-437) 

Report of the subcommission on the question: "Hhat are the most readily measured 
characteristics of terrestrial radio noise from which the interference to different 
types of communi cations systems can be determined?", prepared by w. Q. Crichlow. In 
Proc. of the XIIth General Assembly, International Scientific Radio Union, Boulder, 
Colorado, Aug. 22-Sept . 5, 1957, XI, pt. 4, 9-47, 1957· (Document 254) (P-444b ) 

Ionospheric vertical soundings, compiled by J, w. Wright, R. w. Knecht and K. Davies. In 
Annals of the International Geophysical Year, v. 3, pt. l, p. 1-167 . New York, Pergamon 
Press, 1957 . (P-445) 

Ionospheric forward scatter, by K. L. Bowles .  In Anna:J..s of the International Geophysical 
Year, v. 3, pt . 4, p. 346-360. Nevr Yorlc, Pergamon Press, 1957 .  ( P-44:;.a) 

Atmosphere research, International Geophysical Year, by R. J, Slutz.  In the Americana 
annual 1957; an encyclopedia of the events of 1956, p. 60-61. New York, Americana 
Corporation, 1957 · (P-446) 

Results of ionospheric drift measurements in the United States, by v. Agy. J, Atmospheric 
and Terrest. Phys. Special Supp. 1957, Proceedings of the Polar Atmosphere Symposium, 
Oslo, 2-8 July 1956, part II, 23-25, 1957· (P-447) 

Geographic di stribution of geophysical stations on the polar cap, by A. H. Shapley. J, 
Atmospheric and Terrest . Phys . Special Supp. 1957; Proceedings of the Polar Atmosphere 
Symposium, Oslo, 2-8 July 1956, part II, 108, 1957 . ( P-447a ) 

Statistical results and their shortcomings concerning the ionosphere within the auroral 
zone, by R .  w. Knecht . J. Atmospheric and Terrest. Phys . Special Supp. 1957, 
Proceedings of the Polar Atmosphere Symposium, Oslo, 2-8 July 1956, part II, 109-119, 
1957 . ( P-447b ) 

Polar blackout occurrence patterns, by v. Agy. J, Atmospheric and Terrest. Phys . 
Special Supp. 1957, Proceedings of the Polar Atmosphere Symposium, Oslo, 2-8 July 
1956, part II, 129-134, 1957· (P-447c) 

The spectrum of the electron density fluctuations in the ionosphere, by R. M. Gallet . 
J. Atmospheric and Terrest. Phys . Special Supp. 1957, Proceedings of the Polar 
Atmosphere Symposium, Oslo, 2-8 July 1956, part II, 165-170, 1957 · ( P-447e ) 

Some implications of slant Es, by E. K. Smith and R. w. Knecht. J, Atmospheric and 
Terrest. Phys. Special Supp . 1957, Proceedings of the Polar Atmosphere Symposium, 
Oslop 2-8 July 1956, part II, 195-204, 1957 . ( P-447f) 

On the measurement of the conductivity of a fluid contained in a cyclindrical vessel, 
by J, R. Hait . Can. J, Technol. 34, 410-412, Jan.  1957· ( P-448) 

Influence of a ridge on the lovr frequency ground vrave, by J, R. Hait and A. Murphy. J, 
Research Natl. Bur. Standard.s 58, 1-5, Jan . 1957. ( P-378) 

Measured statistical charac·�eristics of VLF atmospheric radio noise, by A. D. \{att and 
E. L. Maxvrell. Proc. I . R. F.  45, 55-62, Jan . 1957 .  ( P-390) 

The 1vaveguide mode theory of VLF ionospheric propagation, by J, R. Hait and H. H. Howe . 
Proc.  I . R. E .  45, 95, Jan .  1957. Correction: Proc. I . R. E .  45, 290, Mar .  1957. ( P-450) 
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* PR-109 SJ'11lposium on the propagation of V . L . F .  radio waves, sponsore<1 by the l'JBS Boulo.er Lab
oratories and IRE Professional Group on Antencas and Propagation held in Boulder, 
Colorado, Jan . 23-25, 1957. Prepublication of papers . 4 v. (Available on loan from 
Library) (P-449) 

" Listing of published VLF Symposhun papers . "  J .  Research (D. Rad:i.o P:c·opagation ) JITatl .  
Bur. Standards 64D, 419, July-Aug . 1960. 

Includes the follo>dng papers by JITBS staff members: 

5 · The geometrical opti cs of v . L . F .  s!C'J 1ro.ve propagation, by J. R. \·Tait and A. Hurphy. 
Paper no. 5, v. 1. Proc.  I . R . E .  4:;, 754-760, Ju'le 1957. 

6 .  The mode theory of V .  L . F ,  ionospheric propagation for finite ground conr1.ucti vity, hy 
J, R. \fait . Paper no. 6, v. 1. Proc . I . R . E .  Lf5, 760-767, June 1957 . 

16. Propagation of the radio frequency ground >rave transient sinusoid over a finitely 
conducting plane earth, by J. R. Johler. ?aper no. 16, v. 2 .  

17 . Audio-frequency electromagnetic hiss recorded. at Boulcler in 1956, b;)' J .  :M. Hatts .  
Paper no . 17, v. 2 .  Geofis .  pura e appl. 37, ( 1957/II ),  169-173, l·1ay-Aug . 1957 · 

20. A theory of the production of "ILF noise ( so-called davm chorus ) b0' traveling 1-rave 
ampli:fication in the exosphere of the earth, by R. :t-1. Gallet anc1 R. A. Hellhrell. 
Paper no . 20, v. 2. ( Sunnnary) 

31. Ionospheric reflection coefficients at VLF, by A. G. Jean, L. J. Lange and J. R. Hait . 
Paper no . 31, v. 3. Geofis .  pura e appl. � (1957/III),  147-153, Sept . -Dec. 1957, 
under title: Ionospheric reflection coefficients at VLF From sferi cs measurements .  

32. Polarization o f  sferics, by A.  G .  Jean, L .  J. Lange, and J .  ;:::. Hait . Abstract, 
Paper no. 32, v. 3 .  

3 3 ·  Spectrum analysis o f  sferics, by H.  L .  Taylor .  Paper no. 33, v .  3· 

35· Characteristics of atmospheric noise from 1 to 100 Kc/s, by A.  D. \1'att and E. L. 
:r.1axwell. Paper no . 35, v. 3.  Proc. I . R . E .  45, 787-794, June 1957· 

36. Mode calculations for V. L.F. ionospheric propagation, by H. H. Howe and J. R. ;-Jait . 
Paper no. 36, v. 3 .  

37 . The effect of receiver bandw-idth on amplitude distribution of VLF atmospheric noise, 
by F. F. Fulton . Paper no . 37, v. 3. J. Research (D. Padio Propagation ) Natl .  
Bur. Standards 65D, 299-304, May-June 1961. 

41. Proposal for standard frequency broadcast a-t; very low frequency, by \·/ . D. George . 
Paper no. 41, v. 3.  

42. Noi se investigation at V. L . F .  by the National Bu:>ceau of Standards, by H. Q. Crichlow. 
Title of Paper no. 42, v. 3. Proc.  I . R . E .  45, 778-782, Jlli'le 1957 · 

44. Pulse sky vrave phenomena observed at 100 Kc, by R .  H. Doherty. Abstract, Paper no. 
44, v. 3 ·  

A .  Cmmnents on the attenuation versus frequency characteristics, by J .  R.  \fait .  Appendix 
A, v. 4, 43-49. Proc. I . R . E .  45, 768-771, June 1957· 

B .  The "wave-guide mode" theory o f  the propagation o f  very l01f frequency radio 1ro.ves, by 
K. G. Budden. Appendix B, v.  4, 50-61. Proc. I . R . E .  45, 772-777, June 1957 . 
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PR-110 

PR-111 

PR-112 

PR-113 

PR-114 

PR-115 

c. Note o;� L.F.  port.able antennas opera·:;ing over ice and snolr covered terrain, by 
J. F. Hait. Appendix c, .,, , 4, 62-66. 

D. A no"ce on the propagation of tLe tra,lsi.ent ,;round. 1mve, by J. n .  ;.;a:.t .  Appendix 
D, v. IJ., 67-76. Can. J. Phys . 35, ll4h-ll51, Sept . 1957 . 

Further corrm:ents to "�1ode calculations for v. L. F .  ionospheric propagation" ( Paper no. 
36) ,  by H. H. Howe and J. TI. Hait .  v. 4, 91-95· 

Com.'llents on appendix B, rTlle "wave-guide mode" tl::eory of the propagation of very 
low frequency radio 1mves" , by K. G .  Budden J, by H. H .  Howe. v. 4, 96-98. 

The aurora in middle and low latitudes, by s. Chapman. rlature 179, 7-11, 
Jan . 5, 1957. Annals of the International Geophysical Year, v:--4, pt . 1, p .  25-t�o, 
New York Pergamon Press, 1957 . (P-�-51) 

Photometric observation of the airglolr, by F. E. Roach . In Annals of the International 
Geophysical Year, -.r. 4, pt . 2, p. 115-138. Ne1< York, Pergamon Press, 1957. ( P-547a ) 

Measurement of sen'lce area for television broadcasting, by R. s .  Kirby. IRE Trans .  on 
Broadcast Transmission Sys"cems BTS-7, 23-30, Feb . 1957. ( P-455) 

Calculations of ionospheric ref'lection coef'f'i cients at very low radio f'requencies, by 
J. R. vlait and L. B. Perry. J ,  Geophys . Research 62, 43-56, Mar. 1957. ( P-457 ) 

Simple tech:1ique f'or diplexing 10, 000 Me and 'ddeo signals Oi1 coaxial cables, by M. c. 
Thompson and D. M. Hater s .  Rev. Sci . Instr. 28, 206-207, Mar. 1957 . (P-458) 

Horld1rlde occurrence of' sporadic E, by E.  K. Smi th. Mar. 15, 1957. (NBS Circular 582 ) 
$ 3 .  25.  ( P-463) 

PR-116 The impedance of a 1nre grid parallel to a dielectric interface, by J, R. Hait. IRE 

PR-117 

Tran s .  on :LoLi.crolro.ve Theory Ted .. NI'T-5, 99-102, April 195'7. ( P-465) 

The transient behavior of the electrOma[;"11e'cic ground 1fEIVe on a spherical eartl), by ,J. F..  
1-!ait ,  I::E Trans .  on Ant , Prop, AP-5, 19"•-202, April 1957. Cor:rectio:1: IP.E Tra�1s. on 
A-nt . Pl·op. AP-5, 313, July 1957 .----c-P-4013) 

PR-118 Geomagnetic acUvi.t;y fol·ecast and reco:rC:. of actj_•d cy. ':Jeekly. (Since Apr. 26, 1957)(CRPL Series Jd) 
SuCscl'iption ¢J� . 00 per ;y-ear.  Ol'c�e�s shoD�cl be se:1t. to CB.PL :Sadio Harning Services) 
National Bc:reau of Stanc1ards, Boulder, Colorado. (�"-lJ65a ) 

PR-119 The a.mplitCJ.de and phase of the loo,r f'req·.1ency c;round •;�ave near a coast line, by J, R. 
Hai t .  ,T . Research Natl . Bur. Stan;)arcls 58, 237-242, Nay 1957. (P-475) 

PR-120 Diff'raction of' a sp:1erical 1<ave pulse by a half-plane sci·een, by J. R. Hai � .  Can . J, 
P'nys. ,B. no . 5, 693-696, !l'..ay 1957 · ( P-476 ) 

PR-121 IGY 1·70rlrl 1rarnine; agency. Natl. Bur . Standards (u.s . ) ,  Tech. llelrs Bull . 41, 'S5-66, 
�..ay 1957· (P-477) 

PR-122 Second report of' the Special committee on world-1rlde ionospheric soundings of the URSI/AGI 
Committee, May 1957, by A .  H. Shapley, Chairrran. Boulder, Colorado, Natio':1al Bureau of 
Stano.ards, Central Radio Propasation laboratoq, 1957. ( P-1�77a ) 
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PR-123 Very-lolf-frequency symposium. Natl . Bur. Standards (u. s . ) ,  Tech. Nws Bull. � 70-71, 
May 1957, (P-478) 

PR-124 Sur l1 utilisation de s observations m�t�orologiques courantes en propagation radio
�lectrique, by B .  R. Bean. 11 On de Elect rique 37, no . 362, 411-415, May 1957. (P-418) 

PR-125 

PR-126 

PR-127 

PR-128 

PR-129 

PR-130 

* PR-131 

PR-132 

PR-133 

PR-134 

PR-135 

Same as his: Utilizzazione delle osservazioni meteorologiche correnti nella 
propagazione radio elettrica, rbY B .  R. Bam 3 Poste e telecomun. 9 1120-1124, 
Dec. 1957. 

On the mode theory of V. L . F .  ionospheric pr·opagation, by J, R. Hait. Geofi s .  pura e 
appl. 37, (1957/II) ,  103-115, May-Aug. 1957· (P-433) 

Propagation of the radiofrequency ground wave transient over a finitely conducting plane 
earth, by J, R. Johler. Geofi s .  pura e appl. 37, ( 1957/II) ,  116-126, May-Aug , 1957. 
(P- 507) 

Oxygen and 1mter vapor absorption of radio waves in the atmosphere, by B. R. Bean and 
R. Abbott. Geofi s .  pura e appl. 37, (1957/II) ,  127-144, Yay-Aug .  1957. (P-5(}6) 

Atmospheric radio noise recording program. Natl . Bur. Standards (u. s . ) Tech . New Bull. 
41, 83, June 1957 . (P-lf85) 

The attenuation vs. frequency characteristics of VLF radio waves, by J, R. Wait . Proc. 
IRE � 768-771, June 1957· (P-486) 

Bureau of Standards comments on Loran observations; rletter to the editorJ by E. K. 
Smith. IRE tran s .  on Aeronaut . Na\�gational Electroni cs ANE-4, 84, June 1957. (P-486a) 

Book ReviefT: Antarctica in the International Geophysical Year cAmerican Geophysical 
Union . Geophysical monograph no . 1, 1956 J, revie-wed by F. E. Roach . Sky and Telescope 
16, 385, June 1957· ( P-486b ) 

Introduction to the VLF papers, by J, R. Hait .  Proc, I . R.E .  45, 739-740, June 1957· (P-489) 

An observation of audio-frequency electromagnetic noise during a period of solar 
di sturbance, by J, M. \vatts. J. Geophys . Research 62, 199-206, June 1957· (P-492) 

On the atmo spheric dynamo theory, by M. L. White. J. Geophys .  Research 62, 329-330, 
June 1957 . (P-493) 

Slotted-cylinder antenna lfith a dieleci�ric coating, by J, R .  Wait and If, Mientka . J, 
He search Na tl. Bur. Standards 58, 287-296, June 1957. ( P-494) 

PR-136 Mixed path ground 1-nne proiR gation: 2. Larger di stances, by J, P.. Hait and J. Householder. 
J. Research Natl. Bur .  Standards 59, 19-26, July 1957· ( P-502) 

PR-137 The insulated loop antenna immersed in a conductint; medium, by J, R.  Wait. J, Research 

PR-138 

Natl. Bur . Standards 59, 133-137, Aug . 1957 . (P-503) 

Heasurement of Eervice area for television broadcasting . Natl. Bur. Standards (u. s . ) ,  
Tech. Nelfs Bull . 41, 113-115, Aug . 1957. (P-503a) 

PR-139 Hieh-order harmonics for X-band o scillator stabilization, by I�. c. Thompson and J, v. 
Cateora. 3ev. Sci . Instr. 28, G56, Aug . 1957 . (P-504 ) 
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PR-140 N.B . s. equatorial region V. H.F.  scatter research program for the I . G.Y . ,  by K. Bowles and 
R. Cohen . QST 41, ll-15, Aug. 1957· (P-505) 

PR-141 

PR-142 

PR-143 

PR-144 

PR-145 

PR-146 

PR-147 

PR-148 

PR-149 

PR-150 

PR-152 

PR-153 

Same as their: Programa de investigaci6n del N.B . S .  sobre la di spersi6n en VJIF 
ecuatorial para el ano geof:!sico internacional, by K. Bo1fles and R. Cohen . Revista 
Telegrafica Electronica, 566-658, Nov. 1957 . 

Reconnnendation no. 1 and annex, Measurement of atmospheric noise, prepared by H. Q. 
Crichlow, Chairman, G. Foldes, F, J. Hewitt, F. Horner, H. Shinka'm and A. W. Sullivan. 
In Proc.  of the XIIth General Assembl;{, International Scientific Radio Union, Boulder, 
Colo1�do, Aug. 22-Sept . 5, 1957, XI, pt. •, 99, 102-106, 1957· U . R . s . I .  (Intern. Sci . 
Radio Union ) Inform. Bull. no. 105, 10-ll, 13-18, Sept . -Oct . 1957 . (P-520) 

A note on the climatic variation of absolute humidity, by B .  R. Bean and B. A. Cahoon. 
Bull. Am. Meteorol. Soc . 38, 395-398, Sept . 1957. (P-510) 

Annotated bibliography on propagation of UHF, VHF, and SHF radio waves through the 
troposphere ( -1952 ) ,  by 1;1. Nupen, with the aid of material assi stance from the National 
Bureau of Standards Boulder Laboratories, and particularly from Mr. B .  R. Bean. 
Meteorol. Abstr. Bibliography �' 1243-1273, Sept. 1957 . (P-511) 

Complete night of vertical-incidence ionosphere soundings covering frequency range from 
50 Kc/s to 25 !flc/s, by J, !fl. lvatts.  J, Geophys . Research 62, l�S4-435, Sept . 1957· 
(P-512) 

--

Field-strength variations recorded on a VJIF ionospheri c scatter ci rcuit during the solar 
event of February 23, 1956; rletter to the editor3 by H. I. Leighton. J, Geophys . Res. 
62, 483-484, Sept , 1957. (P-513) 

NBS participation in the International Geophysical Year. Natl. Bur. Standards (u . s . ), 
Tech. News Bull. 41, 136-140, Sept . 1957 . (P-514 ) 

Tacan cove1�ge and channel requirements, by M. T. Decker. I . R. E .  Trans.  on Aeronaut . 
Navigational Electronics ANE-4, 135-143, Sept . 1957. (P-435) 

The pattern of a flush mounted microwave antenna, by J. R .  Hait.  J. Research Natl. Bur . 
Standards 59, 255-259, Oct . 1957. (P-434) 

Annotated bibliography on propagation of UHF, VJIF, and SHF radio waves throngh the 
troposphere (1953-1957 ) ,  by H. Nupen, with the aid of material assi stance from the 
National Bureau of Standards Boulder Laboratories, and particularly from 119 B. R. 
Bean. Meteorol. Abstr. Bibliography �' 1374-1418, Oct. 1957. (P-521) 

The effective electrical constants of soil at low frequencies, rletter3 by J. R. Hait . 
Pro c ,  I . R . E .  45, 1411-1412, Oct . 1957 · (P-522) 

The long distance horizontal radiation pattern of a high-frequency antenna, by R. 
Silberstein. IRE Tran s .  on Ant . Prop . AP-5, 397, Oct. 1957. 

Propagation of a pulse across a coast line, by J, R. Hait . Pro c .  I . R . E .  !�5, 1550-1551, 
Nov. 1957. (P-533) 

Radiation from slots on dielectric-clad and corrugated cylinders, by J. R .  �fait and A. M. 
Gonda . J .  Research Natl. Bur . Standards 59, 307-316, Nov. 1957· (P-460) 
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PR-154 

PR-155 

PR-156 

PR-157 

PR-158 

PR-159 

PR-160 

PR-161 

PR-162 

PR-163 

PR-164 

PR-165 

PR-166 

PR-167 

The use of surface ueathe:- obser·,ration to predict the total a tmospheric bending of 1adio 
rays at small elevation angles, by B .  R. Bean and B .  A. Cahoon. Pro c .  I . R . E .  45, 1545-
1546, Nov. 1957· ( P-500) 

-

The utility of meteor bursts for intermittent radio co:nrmmication, by G. F. Hontgomery 
and G. R. Sugar. Pro c .  I . R . E .  45, 1684-1693, Dec .  1957. ( P-467 ) 

Excitation of surface 1mves on conductine; stratified, di electric clad and corrugated 
surfaces, by J. R. Hait .  J, Research Natl. Bur. Standards 59, 365- 377, Dec. 1957 · 
(P-468) 

I'ltermittent communication 1rHh a fluctuating signal, by G. F. Montgomery. Pro c .  I . R. E .  
�' 1678-1684, Dec .  1957 . (P-469) 

Comments on the Villard-Stein-Yeh paper, "Studies of transequa·to:·ial ionospheric propagation 
by the scatter- sounding method, " by R. Silberstein. J. Geophys . Research 62, 645-646, Dec. 
1957 · ( P-540 )  

Radio scient:i. st s attend URSI conference . Natl. Bur . Standards (u. s . ),  Tech. Nevrs Bc:ll. 
41, 187-189, Dec . 1957 . (P-542) 

Extreme useful range of VHF tran sm.:ission by scattering from the lower ionosphere, by 
R. c. Kirby. In IRE lfatl .  Conv . Record, .§_, pt . 1, 112-120, 1958. (P-548) 

The height of nigh"cglo<r 5577, by F. E .  Roach, L. R. Hegill, M. H. Rees and E .  Jiarovi ch. 
J. Atmo spheric and Terrest. Phys . 12, 171-186, 1958 . ( P-51>9) 

The nie;ht aire;l01?, by F. E.  Roach. In American Geophysica l  Union . Geophysics and the 
IGY (Geo::;>hysical monoe;raph no . 2 ) ,  97-101, 1958. Pro c .  I . R. E .  47, 267-271, Feb. 1959. 
(P-550) 

On the calculations of transverse current loss in buried 1n re grmmd sys"cems, by J .  R. 
\·lait . Appl. Sci . Research B I' 81-86, 1958. ( P-551) 

Probing the ionosphere, by A .  H. Shapley and R. J ,  Slut z .  In American Geophysical Union. 
Geophysics and the IGY (Gr.ophysi cal monoe;raph no . 2 ) ,  4 5-48, 1958. (P-552) 

Preliminary assessment of the IGY, by A. H.  Shapley. Proc . Natl . Electronics Conf. 
14, 442-446, 1958. ( P-6!;4 ) 

Some characteristi cs 
and L. J, Lange. 
Second Conference 
1958, p. 609-617 . 

of' VLF propagation using atmospheric 1ro.vef'orms, by H .  L. Taylor 
In Recent advances in atmospheric electri city; Proceedings of the 
on Atmo spheric Electricity, held at Portsmouth, N. H . , May 20-23, 

Ne1-r York, P.:;rgamon Press cl958J . (P-645) 

Atmosphere research, by R. J .  Slut z .  
events of the year 195'7, p .  61-62 . 

In the Americana annual 1958; an encyclopedia of 
Ne\f York, Ameri cana Corporation, 1958. (P-61+6 )  

PR-168 On the theory of' propagation of' electromagnetic �raves along a curved surface, by J. R .  
\fait . Carl . J .  Phys . 36, 9-17, Jan . 1958. ( P-553 ) 

PR-169 O;wgen red lines in the airglo1;. I .  'r'Hilight and night excitation processes, by J. H. 
Chamberlain .  Astrophy s .  J. 127, 54-66, Jan .  1958. ( P-554 ) 

PR-170 A loH-fi'equency annular slot antenna, by J. R. '!lait .  J, Research Natl. Bur. Standards 
60, 59-6l>, Jan . 1958. (P-481) 

PR-171 An investigation of' the perturbations imposed upon radio ;rave s penetrating the iono sphere, 
by R. S .  La1frence. Pro c .  I . R . z .  46, 315-320, Jan. 1958. (P-466) 
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PR-172 

PR-173 

PR-174 

PR-175 

PR-176 

The sky and eye, by F. E. Roach and P. M. Jamnick. Sky and Telescope 17, 164-168, Feb. 
1958. ( P-562) 

Single patil phase measuring system for three-centimeter radio waves, by M. c. Thompson and 
H. J, Vetter. Rev. Sci .  Instr. 29, 148-150, Feb . 1958. ( P-442) 

.lin extension to the mode theory of VLF ionospheric propagation, by J, R. Hait. J, Geophys .  
Research 63, 125-135, l�r.  1958. (P-497) 

Book Review: The detection and measurement of infrared radiation, by R. A. Smith, F. E. 
Jones and R. P. Chasmar, reviewed by D. M. Gates. J, Opt . Soc .  Am. 4-8, 198, M!l.r. 1958. 
(P-567 ) 

To the edge of space, by A. H. Shapley. Sci . Teacher � 69-71, 98-101, Mar. 1958, ( P-568) 

PR-177 Commission III on ionospheric radio, Horld-wide soundings committee: Sta'cus report, by 
A. H. Shapley, Chairman. U .R.S . I .  (Intern. Sci . Radio Union) Inform. Bull. no . 108, 
13-16, Mar. -April 1958. ( P-571) 

PR-178 Transient radio-frequency ground 1vaves over the surface of a finitely conducting plane 
earth, by J. R. Johler. J, Research Natl. Bur. Standards §0 281-285, April 1958. 
(P-572 ) 

PR-179 SHF frequency standard uses double conversion, by M. c. Thompson, M. J. Vetter and D. M. 
Haters. Electronics £, lOO-lOl, April ll, 1958. ( P-186) 

PR-180 Off-path propagation at \rnF, by v. c .  Pineo . Proc. I.R.E.  46, 922, May 1958. (P-575) 

PR�l8l The use of sHeep-frequency backscatter data for determining oblique-incidence ionospheric 
characteristics, by R .  Silberstein. J, Geophys. Research 63, 335-351, June 1958. ( P-582) 

PR-182 On the measurement of ground conductivity at V.L.F . ,  by J. R. Hait and A. M. Conda. 
IRE Trans . on Ant .  Prop . AP-6, 273-277, July 1958. (P-441) 

PR-183 First meeting on radio climatology; rletterJ by B. R. Bean. Proc, I . R.E.  46, 1425, 
July 1958. ( P-589) 

PR-184 On the transmission error function for meteor-burst connmmication; rletterJ by G. F .  
Montgomery. Proc. I . R.E .  46, 1423, July 1958. ( P-590) 

PR-185 Bright rims j_n diffuse nebulae, by s .  R. Pottasch. Revs. Modern Phys. 30, 1053-1058, 
July 1958. (P- 590a ) 

PR-186 Communication via meteor bursts, by G. F. Montgomery. Radio-EleC'+ronics 29, 88-90, July 
1958. ( P-590b ) 

PR-187 Continuous phase difference measurements of earth satellites, �etterJ by J. H. Herbstreit 
and M. c. Thompson. Proc. I . R.E .  46, 1535, Aug. 1958. (P-194) 

PR-188 A study of earth currents near a V.L.F. monopole antenna with a radial wire grmmd 
system, by J, R. \vait . Proc. I . R.E. 46, 1539-1541, Aug. 1958. (P-456 ) 

PR-189 Radio propagation transmitting station HWI at Havana, Illinois .  Natl. Bur. Standards (u. s . ), 
Tech. News Bull . 42, 154-155, Aug .  1958. (P-600) 

PR-190 Basic research in Europe, by D. M. Gates. Science 128, 227-235, Aug. 1, 195fl. rRebuttal 
to cdticism of paragraph on ProtugalJ . Science 129, 62, Jan . 2, 1959· rRebuttal to 
criticism of �ragraph on Eire J ..  Science � 171.., July 17_, 1959� ( P-601) 

PR-191 A long-Qtstance pulse-propagation experiment on 20. 1  megacycles, by R. Silberstein. J. 
Geophys. Research §l. 445-466, Sept . 1958. (P-607) 

.PR-192 Transmission and reflection of electromagnetic 1-re.ves in the presence of stratified media, 
by J, R. \lait .  J, Research Natl. Bur. Standards 61, 205-232, Sept. 1958. ( P-537) 

PR-193 The propagation of very-low·-frequency pulses to great distances, by J. R. Hait . J. 
Research Natl. Bur. Standsrds 61, 187-203, Sept. 1958. (P-516 ) 
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PR-194 

PR-195 

PR-196 

PR-197 

PR-198 

PR-199 

PR-200 

* PR-201 

A study of VLF field strength data- -bo-ch old and new, by J. r:. \fait .  Geofi s .  Pura e 
Appl . 41, 73-85, Sept . -Dec. 1958. (P-602a) 

Gains of finite- si ze corner-reflector antennas, by H. v. Cottony and A .  c. 1,-/ilson. :mE 
Tran s .  on Ant . Prop AP-6, 366- 369, Oct . 1958. (P-534) 

Fabrication techniques for ce�·ami c X-band cavity resonators, by M. c. Thompson, F. E .  
Freethey and D. :M .  \vaters. Rev. Sci . Instr. 29, 865-868, Oct. 1958. (P-517 ) 

Patt01rn of an antenna on a curved_ lossy surface, by J. R .  Wait and A. M. Conda . IRE 
Trans. on Ant. Prop . AP-6, 342-359, October 1958. Correction: IRE Trans .  on Ant . 
Prop . liP-8, 628, Nov. 1960 . (P-204) 

The effect of echo on the opel·ation of high- frequency conmmnication ci rcui-s s, by D. K. 
Bailey. I::lli Trans .  on Ant . Prop. AP-6, 325-329, Oct . 1958. (P-615) 

Some properties of lightning impulses 1fhi ch produce u1>istlers, cletter J by ?. A. Helli1vell, 
A. G .  Jean, and iv. L. Taylor. ?roc. I . R . E. lf6, 1760-1762, Qct . 1958. (P-616) 

Solar cycle influence on the lo,..rer ionosphere a.rd VHF fo:nmrd scatter, by c. Ellyett and 
H. Leighton. Pro c .  I . R. E .  !!:.§., 17ll-1716, Oct . 1958. (P-617 ) 

Boo!' Revie1v: The planet Earth, eci_ited by D. R. Bates, revie1fed by F .  E. Roach. Publs. 
Astron. Soc . Pacific 70, 518-519, Oct. 1958. ( P-618) 

PR-202 tfodulation studies for VHF ionosphed. c scattering, by J. \•! . Koch. In Record of National 
Symposium on Extended Range and Space Communications, Hha.sington, D. c . ,  Oct . 6-7, 
1958, p. ll4-ll9 . IRE Tran s .  on Communs .  Systems CS-7, 77-92, June 1959, under title: 
Factors affecting moduJstion techniques for VHF scatter systems. (P-604) 

PR-203 1958 critique of VHF ionospheric scatter communi cation; a survey paper by R. c. Kirby. 
In Record of National Symposium on Extended Range and Space COnmRlni ca.tions, Washingt8n, 
D. C . ,  Oct . 6-7, 1958, P• 90-95 · (P-624) 

PR-204 Some studies of the upper atmosphere in the auroral zone, by s .  Matsushita. Ann. g�ophy s .  
14, 483-491, Oct . -Dec .  1958. ( P-639) 

PR-205 Performance of some radio systems in the presence of thermal a.ncl atmospheric noise, by 
A. D. watt, R. H. coon, E. L. MaX1rell, and R. lv. Plush. Proc. I . R. E .  46, 1911+-1923, 
Dec .  1958. (P-501) 

--

PR-206 Reduction of a.dja.cent-cb.annel interference components from freq;_;ency-shif't-l�eyed carri ers, 
by A. D. Ha.tt, V. J, Zc<rick, and R.  !1. Goon . I?E Trans .  on Com11uns. Systems CS-6, 
39-47, Dec .  1958. ( P-50lc) 

PR-207 Transmi ssion loss curves for propagation at very low radio frequencies, by J. R. Hai t .  
L� Trans. o n  Communs .  Systems GS-6, n o .  2 ,  58-61, Dec .  1958. (P-566) 

PR-208 Observation of vertical-incidence scatter from the io:10sphere at 41 i"lc/sec, by K. L. 
Bowles .  Physical Revie1-r Letters, !' 454-Lf55, Dec. 1958. (P-631)) 

PR-209 On the approximate daytime constancy of the absorption of radio m>ves in the lo1fer 
ionosphere, by s. Chapman and K. Davi e s .  J. Atmosphed c  and Terrest. P'nys. 13, 86-8'!,'1 
Dec. 1958. (P-631) 

PR-210 Techniques for accurate measurement of antenna. e;ains, by H. v. Cottony . Dec . 1958. (NBS 
Circular 598) 15 cent s .  (P-632) 

PR-211 The characteristic size of a.i rglow cells, by F. E .  Roach, E. Tandberg-Han ssen and L. R .  
l1egill. J. Atmospheric and Terrest . Phys . 13, 113-121, Dec .  1958. ( P-633) 

* PR-212 Hovements of airglow cells, by F. E. Roach, E. Tandberg-Hanssen and L. R. Megill. J, 
Atmospheric and Terre st .  Phys. 13, 122-130, Dec . 1958 . ( P -634) 
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PR-213 

PR-214 

PR-215 

PR-216 

PR-217 

PR-218 

PR-219 

PR-220 

PR-221 

1'ropospheric effects on 6-HC pulses, E letter J by R .  Silberstein. Proc . I . R . :S . 46, 1968, Dec .  
1958. ( P-635) 

Compact microwave refractometer for use in small aircraft, by H. c. Thompson and M. J. 
Vetter . �ev. Sci .  Instr. 29, 1093, Dec .  1958. (P-'536) 

Comparison of phase d.ifference and Doppler sl<ift measurements for studying ionospheric 
fine s"cructure us5.ng earth satellites, rletter3 l1y !1. C .  Thompson and D. M. \'laters. 
P!'OC ,  I . R. E .  !!:§_, 1960, Dec. 1958. (P-637) 

The j_nterlJretation of night-time lO\·r-:f'requency ionograms, by J o M. Ha�ts..  J. Geophys. 
Research 63, 717-726, Dec . 1958. (P-638) 

Atmosphere research, by D. :M. Gates.  In the Ameri cana annual 1959; an encyclopedia of 
the events of the year 1958, p .  62-63. New York, A.'llericana Corporatj_on, 19)9· ( P-6!•7 ) 

Optimum antenna height for ionospheric scatter propagation, by P. G. !1erri.ll. I . ? . E .  Conv. 
Record 7, part l, 10-18, 1959· IRE Trans .  on Commc.ns .  Systems CG-8, 14-19, Mar. l'Y-;0 , 
( P-6t,s)-

IGY Instruction manual, pt . 1: \vorld days and. communj_cations, 11"' A. li. 
Annals of the Interna tional Geophysical Year, v. 7, pt . 1, p.  1-138. 
Pergamon Press, 1959· (P-6l>9 ) 

Shapley. 
New Yor·k, 

In 

Flare-associated bursts at lfl Nc/s, by c. '.fanncl<: and ,T . ;-J . Hannck. In Pa:cis Sympositun 
on radio ast:c'onomy ( IAU Symposium no . 9 ancl m'.SI Synposi<JJJl no. 1),  held L"'m 30 July 
to 6 August 1958; ed. by R. N. Brace1fell, p .  203-207 . Stanford University Press, 1959. 
(P-650) 

On the theory of reflection from a wire grid. parallel to an in"cerface 
me<lia ( I I ) ,  by J. R. Hait. Appl . Sci . Research B 1' 355-360, 1959. 

bett·reen homogeneous 
(P-591) 

PR-222 ... � ... n in-te:(Thit·ten-'c-action camera -:·ritll absolute -i:�ime calib7o. Lio::J, by G .. Hefley, F.. H. Wherty 
and E. 1. Berger. IRE Hescon Con,-. Clecord 3, part 6, 129-135, 19;<;:. J. 1\esearch (c .  
Engineer:i.ng and Instrumentation) Hatl .  Bur:- Standards 64c, 159-165, Ap1:. -June lC)()O. 
( P-744) 

PR-223 Sporadic E obser·ved on V1lF oblique inc:i.dence c:!ircm -cs, by E. £:. Smi-�-h. In KortiJ Atlantic 
Treaty Organi.zation. Advisory Group for Aeronautical Research ancl Development . Av:Lonics 
Panel. Sporadic E ioni zation; papers presented at the Ionospheric researcb meetint;, 
Cambrid{';e, England, Septernher 1958 (AGA..;mocraph 31+ ) ,  p. 129-145. rPa�·is, l959J (P-745) 

PR-224 Temporal and ;rorld.-,rlcLe variations of Sporadic E, by E. K. Smith. In North A-clantic 
Treaty Organiza,ti_on. Advisory G:coup for Aerona'-ltical Research and Development. A-:ionics 
Panel. Sporadic E ionization; papers presented at the Ionospheric research meeting, 
Cambridge, England, September 1953 (AGARDograph 34 ) ,  p. 1-22. rParis, 1959J (I'-7le6) 

PR-225 U. s. A. National Committee report, URSI Subconnni ssion 6. 3, Antennas and wavee;uides, anc1 
anno cated bibliog:caphy, by H. v. Cot :;ony, R. s .  Elliott, E .  C .  Jordan, v. H. Rumsey, 
K. H. Siet;el, J. R. \·Tait and 0. C .  1-/ooclyard. I?E Tx-ans.  on Ant . Prop. AP-7, 87-98, 
Jan. l959· .\lso in Pro c .  of t�1.e XIIth General Assembly, Interna.tio:1al Scientific Radio 
Union, Boulcler, Colorado, Aug . 22-Sept. 5, 1957, XI, pt . 6, p .  121-152, 1957 . ( P-651) 

PR-226 Propagatj_on of e>. sround -,;-ave pulse around a finitely conductins sp;<erical earth from a 
clamped sinusoidal source current, by J. R. Johler and 1. C .  Halters. I:\E Trans .  on A..YJt . 
Prop . .4P-7, 1-10, Jan . 1959. (P-652) 
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PR-227 

PR-228 

* PR-229 

PR-230 

A survey of the present knowledge of sporadic-E ionization, by J, A. Thomas and E. K. 
Smith. J, Atmospheric and. Terr·e st. Phy s .  13, 295-314, Feb. 1959. ( P-577 ) 

The very lO\I-frequency emi ssions generated in the earth 1 s exospnere, by Roger M. Gallet . 
Pro c ,  I . R . E .  47, 211-231, Feb . 1959· ( P-655) 

The riometer - a de·;ice for the continuous measurement of ionospheric absorption, by c.  G. 
Little and H .  Leinbach. Proc. I .R. E .  47, 315-320, Feb .  1959. (P-656 ) 

Tables of median hourly v�lues of the cosine of t�e solar zenith angle (x) for thirty-five 
locations, by R. E. McDuffie .  Feb . 1959. (NBS Tech. Note 5) (PB151364) $1 . 25. ( P-657) 

PR-231 The day-to-day coord.ination of IGY ob servations, by A. H. Shapley. Proc .  I . R . E . 47, 
323-327, Feb. 1959·  ( P-658 ) 

PR-232 The origin of the cun-ent nomenclature for the iono spheri c layers, by R. Silberstein ,  J .  
Atmospheric and Terrest. Phys .  13, 382, Feb . 1959· (P-659) 

PR-233 Iow- and very low-radiofrequency tables of /3i'Ound wave parameters for the spherical earth 
theory: the roots of Riccati ' s  differential equation ( Supplementary numerical data for 
NBS Circular 57 3 ) ,  by J, :1. Johler, L. c .  \falters, and c. M. Lilley . Feb . 1, 1959. 
(NBS Tech . Note 7) ( PB151366 ) $2 . 25 .  (P-660 ) 

PR-234 OH e�i s sion in the earth ' s  atmosphe re, by D. M. Gates and E .  Jones . Reprinted from 
Proceedings of the Se cond Nati ona.l Infrttred Information Symposium, val . 4, March 
1959, p .  14 5-154. (P-664a) 

PR-235 A study of tne morphology of ionospheric storms, by s. Matsushita . J, Geophys . Research 
64, 305-321, ��rch 1959· (P-665) 

PR-236 

PR-237 

PR-238 

PR-239 

* PR-240 

Frequency dependence of 1/RF ionospheric scattering, by J, c .  Blair. April 1959· (NBS 
'l'ech. ?lot"' 9) ( PB15l36.S) 75 cent s .  ( P-667 ) 

IGY ob serve.tions of F-layer scatter in the Far Ee.st, by R. Bateman, J, \{, Fi1]JJey, E .  K. 
Smit.h, L. H. Tveten, and J, N. �Tatt s .  J, Geophys . Research 6!r, 403-405, April 1959. 
( See also PR- 278 ) (P-669) 

Horld. maps o:r F2 critical f'req_uenc·i. e s  an(l n2.ximum usable �frequency factors, by D. H .  
Zachari sen . April 1959. ( NB S  Tech. Note 2 )  (PB1513(l) f;>3 . 50.  ( S e e  also PR-372) 
(P-670) 

Nodels of tC:J.e atmosphe d c  l'e.dio refractive index, by B .  E .  Bean and G .  D .  Thayer. Proc . 
I . R . E .  lr7, 71>0-755, Nby 1959 · Aut�1m·s' co,mnem Eon P. Nis n:e ' s  let7er about the above 
paper in?roc .  I . ?.. E .  � c(,  1498-llr99 J Pro c .  I . R . E .  48, llc99-1501, Aug. 1?60 . (P-626) 

Spora6.ic E at VHF in the USA, by R.  M. Davis, E .  K. Smi th and C. D. Ellyet t .  PJ:'O C .  
I . R . E .  47, 762-69, ��y 1959· (P-fo7 5 )  

PR-241 An analysis of propagation measurement s  made a:O 4.18 He well beyond the radio hori zon, 
by H. B. Janes, J. c . Stroud and !-!. T. Declter. Hay 1959. (NBS Tech Note 6) (PB151365) 
$2. 25 ( S e e  e.lso PR- 395 )  ( P-676 ) 

PR-242 J.iean absolute value and standard dPvj,ac. :''-0!.\ on the phase of a constant vector plus a Rayleigh
di str:lbuted vector, by J, Il. Johler a.•.Hl L. c. Halters. J, Research Natl. Bur. Standards 
62, 183-186, Hay 1959· (P-677 )  
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PR-24 3 Green coronal line intensity and geomagnetism, by C .  Hanrick, J. Geophys . Research 
64, 527-531, May 1959 · ( P-678) 

PR-244 A study of limb flares and associated events,  by c .  �larwick and M. Hood . Astrophys . 

PR-245 

PR-246 

J, 129, 801-811, May 1959 . ( P-679 ) 

On the theory of fading properties of fluctuating signal imposed on a constant signal, 
by H .  Bremmer. May 25, 1959 · ( NBS Circular 599 ) 25 cents . ( P-556 ) 

An additional lunar influence on e�uatorial Es at Huancayo, cResearch noteJ by R. H. 
Knecht . J, Atmospheric and Terrest. Phys . 14, 348, June 1959 . ( P-686 ) 

PR-247 Absolute photometry of the aurora, I :  The ioni�d molecular nitrogen emi ssion and the 
oxygen green line in the dark atmosphere, by M. H. Rees . J, Atmospheric and Terrest . 
Phys . 14, 325-338, June 1959 . (P-687) 

PR-248 Absolute photometry of the aurora, I I :  Molecular nitrogen emi ssion in the sunlit 
atmosphere, by M. H. Ree s .  J, Atmospheric and Terrest . Phys . 14, 338-344, June 1959 . 
(P-688) 

PR-249 Geomagnetic activity following large solar flares ,  by c. H. Warwick and R. T. Hansen. 
J. Atmospheric and Terrest.  Phys . � 287 - 295, June 195 9 .  (P-689 ) 

PR-250 Analysi s  of ionospheric vertical soundings for electron density profile data, II : Extra
polation of observed electron dinsity profiles above hmaxF2, by J. w. Hright . June 
1959. ( NBS Tech. Note 19 ) ( PB151378 ) 50 cents . ( P-b90 ) 

PR-251 Transmission loss in radio propagation :  II, by K. A. Norton. June 1959 . ( NBS Tech. Note 
12 )  ( PB151347 ) $3. 00.  ( P-502b ) 

PR-252 Technical considerations leading to an optimum allocation of radio fre�uencies in the 
band 25 to 60 MC, by K. A. Norton. June 1959 . ( NBS Tech. Note l3) ( PB151372 ) $2 . 50.  
( P- 307a) 

PR-253 End plate modification of X-band TE011 cavity resonators, cletterJ by M. c. Thompson, F. E .  
Freethey and D .  M.  Haters . IRE Trans . on Microwave Theory Tech. MTT-7, 388-389, July 
1959 , ( P�692 ) 

PR-254 Analysis of ionospheric vertical soundings for electron density profile data, I :  Facilities 
for convenifrnt manual reduction of i onograms, by J, w. Wright and R. B. Norton . July 
1959 . ( NBS Tech. Note 14) ( PB15137 3 )  50 cents . ( P-69 3 )  

PR-255 Predi ction of the cumulative distribution vrith time o f  ground vmve and tropospheric wave 
transmission loss, part 1 :  The prediction formula, by p ,  L. Rice, A.  G .  Longley, and K. A. 
Norton, July 1959, ( NBS Tech. Note no . 15 ) ( PB151374)  $1. 50 .  ( P-588) 

PR-256 A preliminary analysis of amplitude scintillations of radio stars observed at Boulder, 
Colorado, by R. S .  lawrence and J, L. Jespersen. July 20, 1959. ( NBS Tech. Note 20 ) 
( PB151379 ) $1. 00 .  ( P-695 ) 

PR-257 Radio noise data for the International Geophysical Year July 1, 1957 - December 31, 1958, 
by H. Q. Crichlow", C .  A. Samson, R. T. Disney, and M. A. Jenkins . July 27, 1959 . ( NBS 
Tech : Note 18) ( PB151377 ) $2 . 50 .  ( P-695a ) 

• 
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PR-258 Transmission and reflection by a parallel •�re grid, by M. T .  Decker. J, Research 
(D .  Radio Propagation ) Natl. Bur. Standards � 87-90, July-Aug . 1959 . ( P-697) 

* PR-259 Origin of' "very-lOlv-f'reg_uency emissions" ,  by R. M. Gallet and R. A. He llhrell. J. 
Research (D .  Radio Propagation ) Natl. Bur. Standards 63D, 21-27, July-Aug . 1959 . 
( P-698) 

-

PR-260 Preliminary results of' the National Bureau of' Standards radio and ionospheric observa
tions during the International Geophysical Year, by D. M. Gates . J. Research (D .  
Radio Propagation) Natl. Bur . Standards 63D, 1-14, July-Aug . 1959 . ( See also PR-3C!l9 ) 

PR-261 System loss in radio •�ve propagation, by K. A. Norton. J. Research (D .  Radio Propagation)  
Natl. Bur. Standards 63D, 53-73, July-Aug . 1959 · ( P-700) 

PR-262 Comparison of' absolute intensities of' cOI J  5577 in the auroral and sub-auroral zones, by 
F. E. Roach, J. w. McCaulley, and C. M. Purdy. J. Research (D .  Radio Propagation) 
Natl. Bur. Standards 63D, 19-20, July-Au�. 1959 . ( P-701) 

PR-263 Origin of' cOIJ 5577 in the airglow and the aurora, by F.  E. Roach, J. \{. McCaulley, and 
E .  Marovich. J, Research (D .  Radio Propagation) Natl. Bur. Standards 63D, 15-18, 
July-Aug . 1959 . ( P-702 ) 

PR-264 Measurements of' phase stability over a low-level tropospheric path, by M. C .  Thompson and 
H. B. Jan8s .  J. Research (D.  Radio Propagation) Natl. Bur. Standards 63D, 45-51, July
Aug . 1959 . ( P-703)  

PR-265 Climatology of' ground-based radio ducts, by B .  R. Bean. J. Research (D .  Radio Propagation) 
Natl. Bur. Standards � 29-34, July-Aug . 1959 . ( P-641) 

PR-266 The mode expansion in the low-f'reg_uency range f'or propagation through a curved 
stratified atmosphere, by H .  Bremmer.  J. Research (D .  Radio Propagation) Natl. Bur. 
Standards 63D, 75-85, July-Aug . 1959 . ( P-518) 

PR-267 I0w-f'reg_uency propagation paths in Arctic areas, by A. D. Hatt, E. L. Maxwell and E. H. 
Whelan. J. Research (D. Radio Propagation) Natl. Bur. Standards � 99-112, July
Aug . 1959 . ( P-579 ) 

PR-268 Power reg_uirements and choice of' an optimum f'reg_uency f'or a world wide standard 
f'reg_uency broadcasting station , by A. D. Hatt and R. \-/. Plush. J. Research (D .  Radio 
Propagation) Natl. Bur. Standards � 35-44, July-Aug . 1959 . ( P-623) 

PR-269 Synoptic variation of' the radio refractive index, by B. R. Bean and L. P. Riggs . J. 
Research (D. Radio Propagation ) Natl. Bur. Standards 63D, 91-97, July-Aug . 1959 . ( P-654) 

PR-270 The nova outburst, I, by s. Pottasch. Ann. Astrophys . 22, 297-309, July-Aug . 1959 . ( P-703a) 

PR-271 The nova outburst, II : The radiative cooling of' an expanding shell, by s. Pottasch. Ann. 
Astrophys . 22, 310-317, July-Aug . 1959. ( P-703b )  

PR-272 The nova outburst, III : The ionization of' hydrogen gas by an exciting star, by J. 
Jef'f'eries and s .  Pottasch. Ann. Astrophys . � 318-340, July-Aug . 1959 . ( P-703c ) 

PR-213 Propagation and production of' electromagnetic l·�ves in a plasma, by R. Gallet . Nuovo 
Cimento, Supplemento 13, 234-256, July-Sept . 1959 . ( P-693a) 
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PR-274 

PR-275 

PR-276 

* PR-277 

PR-278 

PR-279 

PR-280 

PR-281 

* PR-282 

PR-283 

Vertical incidence scatter from the ionosphere . Natl.  Bur. Standards (u .s . ) Tech. 
Ne1>rs Bull. 43, 157, Aug . 1959 . ( P-704) 

Communication theory aspects of television band1>ridth conservation, by V/. C. Coombs.  
Aug . 1959 . (NBS Tech. Note 25) ( PBl5l384) 50 cents . ( P-704a) 

Variations of Gamma Cassiopeiae, by S. R. Pottasch. 
( PBl5l380) 75 cents . ( P-704b ) 

Aug. 1959 . ( NBS Tech. Note 21 ) 

A radio-astronomical test of the ballistic theory of light emission, cletterJ by 
L. R. O. Storey and R. S .  Lawrence . Observatory 79, 150-151, August 19.59 . (P-704c ) 

Unusual radio-signal enhancement in the Far East • • •  based on material supplied by 
J. H. Finney, E .  K. Smith, L. H. Tveten, and J. M. Hatts • . • and R. Bateman. IGY 
Bulletin no. 26, l-4, Aug . 1959 · (Based on PR-237) ( P-705) 

Effect of atomic tests on radio noise, cletterJ by c. A. Samson. Nature 184, 538-539, 
Aug . 15, 1959 . ( P-705a) 

Design of single frequency filters, by F. F. Fulton. 
23) ( PBl5l382 ) 50 cents . (P-705b) 

August 20, 1959 . ( NBS Tech. Note 

System loss in radio-wave propagation, cletterJ by K. A. Norton. Proc . I . R. E .  47, 
1661-1662, Sept . 1959 · ( P-706 ) 

Interplanetary gas, I :  Hydrogen radiation in the night sky, by J. C .  Brandt and J. H. 
Chamberlain. Astrophys . J. � 670-682, Sept . 1959 . ( P-708) 

A history of vertical-incidence ionosphere sounding at the National Bureau of Standards, 
by S .  C. Gladden . Sept . 1959 . (NBS Tech. Note 28) ( PBl5l387 ) $2 . 00. ( P-709 ) 

PR-284 Observations of the ionosphere over the south geographic pole, by R. H. Khecht . J. 

PR-285 

PR-286 

Geophys . Research � 1243-1250, Sept . 1959. ( P-710 ) 

On artificial geomagnetic and ionospheric storms associated with high-altitude explosions, 
by s. Matsushita. J. Geophys . Research 64, 1149-1161, Sept . 1959 . ( P-711) 

Survey of Central Radio Propagation Laboratory research in tropospheric propagation, by 
J. H. Herbstreit, P. L. Rice and E. B. Sprecker. Sept . 1959 . (NBS Tech. Note 26) 
( PB15l395 ) $4. 00. ( P-300) 

Includes supplements :  

I .  Correlation in VHF propagation over irregular t€rrain, by  R. S .  Kirby and F. M. 
Capps . IRE Trans . on Ant . Prop. AP-4, 77-85, Jan. 1956 . 

II . Micro,vave propagation survey in Hashington, D. C .  area, by K. Tri tabaugh and J. H .  
Chisholm. 

III . 418 Me propagation measurements over the Cedar Rapids-Quincy path, by M. T. Decker 
and H. B. Janes .  

IV. Preliminary report on propagation measurements from 92-1046 Me at Cheyenne 
Mountain, Colorado, by G. R. Chambers, J. H. Herbstreit and K. A. Norton. 

v. Tropospheric propagation measurements inthin the radio horizon over Cheyenne 
Mountain paths, by A. P. Barsis .  

VI. Propagation of radio ivaves over land at 1046 Me, by A .  P .  Barsis, B. R .  Bean, J .  V/. 
Herbst rei t, K. 0. Hornberg and K. A. Norton. 

VII . The rate of fading in tropospheric propagation, by K. A. Norton and H. B. Janes .  

VIII .  Radio transmission loss versus distance and antenna height at 100 Me, b y  P .  L .  Rice 
and F. T. Daniel. IRE Trans . on Ant . Prop. AP-3, 59-62, April 1955. 

IX. Radio transmission loss versus angular distance and antenna height at 100 Me, by 
P.  L. Rice, F .  T .  Daniel, H. v. Mansfield and P. J. Short . 

X. Some applications of the monthly median refractivity gradient in tropospheric 
propagation, by B. R. Bean and F. M. Meaney. Proc . I . R. E .  � 1419-1431, Oct .  1955 . 
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XI . Comparison of calculated and measured fields within the radio horizon for the 
92 to 1046 Me range, by A. F. Barsis .  

XII . An analysis of within-the-hour fading in 100-1000 Me transmissions, by H .  B .  
Janes . J .  Research Natl. Bur . Standards 54, 231-250, April 1955· 

XIII . Trend analysis and prediction in a discrete and stationary process, by H .  
Staras . 

XIV . Measurements of microwave diffraction over trees, by J. H. Chisholm. (First 
issued in U.S . Navy Electronics Laboratory Report 173, Symposium on 
Tropospheric Wave Propagation, 25-29 July 1949, p .  114-116) 

XV. Dependence of the transmission loss in tropospheric radio wave propagation on 
the angular distance, by K .  A. Norton . 

XVI . The cumulative probability distribution of the instantaneous resultant amplitude 
of the vector sum of a constant component and a randomly phased Rayleigh 
distributed varying component, by K. A. Norton, F. J. Short and W. V. Mansfield. 

XVII . Point-to-point radio relaying via the scattering mode of tropospheric propagation, 
by K. A. Norton . 

XVIII . Propagation in the UHF-TV band, by J .  If. Herbstreit . 

XIX. Hright Field letters rin connection Hith CRPL research in tropospheric propaga
tion, by K. A. Norton and J.  If .  Herbstreit J 1947-1948. 

XX . Analysis of the ground 1-rave and tropospheric wave field intensity variations at 
a distance far beyond the line of sight for an FM broadcasting station operation 
on 99 . 7  Me, by R .  S. Kirby. (First issued as Harking document for use of 
members of the Ad Hoc Committee appointed by the Federal Communications Commis sion, 
Mar. 18, 1949) 

XXI . Propagation over rough terrain, by K .  A. Norton . (First issued in U. S .  Navy 
Electronics Laboratory Report 173, Symposium on Tropospheric Have Propagation, 
25-29 July 1949, p .  101-105 )  

XXII . Obstacle gain measurements over Pikes Peak at 60 to 1046 Me, by R .  S .  Kirby, H .  T .  
Dougherty and P .  L .  McQuate . Proc . I .R .E .  43,  1467-1472, Oct . 195 5 ·  

PR-287 Interpretation of some features of low-frequency ionograms , by J.  M .  Hatts . J.  
Atmospheric and Terrestrial Physics 15 , 73-76, Sept. 1959 . (P-714) 

PR-288 Geomagnetic and ionospheric phenomena associated �-rith nuclear explosions, cletter J by 
S .  Matsushita .  Nature 184, B .  A .  33-34, Sept . 5 ,  1959 . (P-707) 

I onospheric investigations 
by V. Agy and K. Davies . 

l5l-l74, Sept . -Oct. 1959 · 

using the sweep-frequency pulse technique at oblique incidence, 
J. Research (D .  Radio Propagation ) Natl . Bur . Standards 63D, 

(P-715 ) 
PR-290 The nova outburst, IV : The intensity of H�, by S .  Pottasch . Ann . Astrophys . 22, 394-

411, Sept . -Oct . 1959 . (P-716) 

PR-291 The nova outburst, V :  The temperature and radius of the central exciting star and 
observation of elements other than hydrogen, by S .  Pottasch . Ann . Astrophys . 22, 412-
425 ,  .Sept . -Oct> 1959 . (P-717) 

PR-292 The effect of small irregularities on the constitutive relations for the ionosphere, by 
K. G. Budden . J .  Research ( D .  Radio Propagation ) Natl . Bur .  Standards 63D, 135-149, 
Sept . -Oct . 1959 . (P-479) 

-

PR-293 A study at 1,046 megacycles per second of the reflection coefficient of irregular terrain 
at small grazing angles ,  by R .  E .  McGavin and L .  J .  Maloney. J .  Research ( D .  Radio 
Propagation ) Natl. Bur . Sta:nG.ards 63D, 235-248, Sept . -Oct . 1959. (P-627) 
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PR-294 

PR-295 

PR-296 

PR-297 

Synoptic study of the vertical distribution of the radio refractive index, by B .  R .  
Bean, L .  P .  Riggs, and J . D .  Horn . J .  Research ( D .  Radio Propagation) Natl . Bur . 
Standards 63D, 249-254, Sept . -Oct . 1959 . (P-663 ) 

Very-lmr-freq_uency radiation spectra of lightning discharges ,  by \V .  L .  Taylor and A. G .  
Jean . J .  Research ( D .  Radio Propagation) Natl . Bur . Standards 63D, 199-204, Sept . 
Oct . 1959 . (P-718) 

Strati.fication in the lower i onosphere, by C. Ellyett and J. M. \Vatts .  J .  Research 
( D .  Radi o Propagation ) Natl . Bur . StaDdards �3D, 117-134, Sept . -Oct . 1959 . ( P -719 ) 

Applications of the molecular refractivity in radi o meteorology, by B. R .  Bean and 
R .  M. Gallet . J .  Geophys . Research 64, 1439-1444, Oct . 1959 . (P-720 ) 

PR -298 The effect of the earth ' s  magnetic field on m . u . f .  calculations, by K. Davies .  J .  
Atmospheric and Terre st . Phys . 1 6 ,  187-189, Oct . 1959 . (P-721) 

PR -299 The effect of multipath distortion on the choice of operating freq_uencies for high 
freq_uency communication circuits, by D .  K. Bailey. IRE Trans . on Ant . Prop . AP-7, 
397-404, Oct . 1959 . ( P-72la) 

PR-300 Se rvice are a of an airborne television station, by M. T. Decker .  Oct . 1959. (NBS 
Tech . Note 3 5 )  ( PB15l394) 75 cents . (P-722) 

PR-301 Recent experimental evidence favouring the pK1( p ) correlation function for describing 
the turbulence of refractivity in the tro�osphere and stratosphere , by K. A. Norton . 
J. Atmospheric and Terrest . Phys . 15, 206-227, Oct . 1959 . (P-543 ) 

PR-302 Note on q_uiet-day vertical cross sections of the ionosphere along 75 o \V geographic 
meridian, rletter J by J. Hright . J .  Geophys . Research 64, 1631-1634, Oct . 195 9 .  
(P-723) 

PR-303 CRPL Exponential Reference Atmosphere, by B. R .  Bean and G .  D. Thayer .  Oct . 29, 1959 · 
(NBS Monograph 4) 45 cents . Digest in J. Research ( D .  Radio Propagation) Natl . Bur . 
Standards �3D, 315-317, Nov . -Dec . 1959 . (P-724) 

PR-304 An atlas of obliq_ue -inc idence ionograms ,  by V. Agy, K. Davies, and R. Salaman . Nov. 
1959 . (NBS Tech. Note 31) ( PB151390 ) $2 . 25 .  Digest in J. Research ( D .  Radio 
P r·opagation) Natl . Bur. Standards _§;JD, 35 -36, Jan . -Feb . 1961 . ( P-725 ) 

PR-305 Arctic Radio Communication Conference . Natl . Bur . Standards ( U . S . )  Tech . News Bull . 
43, 213-217, Nov. 195 9 .  (P-726) 

PR-306 Meteor burst c ommunication system. Natl. Bur. Standards (u.s . )  Tech . News Bull . 43, 
210-212, Nov. 1959 . ( P-727) 

PR-307 Precision antennas set up for radio propagation research. Natl . Bur . Standards (u.s . ) ,  
Tech . Ne1-rs Bull . 43, 203, Nov .  1959 . (P-728) 

PR-308 NBS radio ,  ion osphere, and airglo1-r observati ons during IGY; adapted from a more detailed 
treatment by D. M. Gates which appeared in the Journal of Research . IGY Bulletin no . 
29, 1-ll, Nov. 195 9 .  ( Based on PR-260) ( P -729 ) 

PR -309 Reception of space diversity transmitters; observations over long-distance path to 
evaluate the usefulness of the system, by J. lV. Koch . vlireless \Vorld 65, 512-514, 
Nov . 1959 . ( P-730 ) 

PR-310 Direction findings on whistlers, rletterJ by J. M. Hatt s .  J .  Geophys . Research 64, 
2029-2030, Nov. 1959 . (P-732) 

PR-311 Ge omagnetic disturbance and velocity of slmr-drift s olar radio bursts , rletter 3 by M. B. 
Hood and C .  S .  Harwick . Nature 184, Supp . 19, 1471-1472, Nov . 7, 195 9 .  (P-733 ) 
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PR-312 Effect of atmospheric horizontal inhomogeneity upon ray tracing, by B .  R .  Bean and B .  A. 
Cahoon . J. Research (D. Radio Propagation) Natl . Bur . Standards 63D, 287-292, Nov . 
Dec . 1959 . (P-672 ) 

PR-313 Radio-refractive-index climate near the ground, by B .  R .  Bean and J .  D. Horn . J .  
Research ( D .  Radio Propagation )  Natl . Bur . Standards 63D, 259-271, Nov . -Dec .  1959 . 
(P-736) 

PR-314 Path antenna gain in an exponential atmosphere, by 1'1. J. Hartman and R. E .  1'/ilkerson . 
J .  Research ( D .  Radi o Propagation) Natl . Bur .  Standards 63D, 273-286, Nov . -Dec . 195 9 .  
(P-737) 

PR-315 Excitation mechanisms of the oxygen 5577 emission in the upper atmosphere, by E. Tandberg
Hanssen and F .  E. Roach . J .  Research ( D .  Radio Propagation) Natl. Bur . Standards 
63D, 319-324, Nov . -Dec . 1959 · (P-738) 

PR-316 A monochromatic lmr-latitude aurora, by F. E. Roach and E. Marovich. J .  Research ( D .  
Radio Propagation) Natl . Bur. Standards 63D, 297-301, Nov. -Dec . 1959 · (P-739) 

PR -317 On the correlation of s olar noise fluctuations in harmonically related bands, by L.  R .  0 .  
Storey. J .  Research ( D .  Radio Propagation ) Natl . Bur. Standards 63D, 293-296, Nov . 
Dec . 1959 . (P-740) 

PR -318 A method for measuring local electron density from an artificial satellite, by L. R. 0 .  
Storey. J.  Research (D. Radio Propagation ) Natl . Bur . Standards 63D, 325-340, Nov . 
Dec .  195 9 .  (P-741 ) 

PR -319 The NBS meteor-burst communication system, by R .  J. Carpenter and G. R. Ochs . IRE Trans . 
on Communs .  Systems CS-7, 263-271, Dec .  1959 . (P-671) 

PR-320 A relationship betlfeen the lolfer ionosphere and the ( OI ) 5577 night glow emission, by J. vl . 
McCaulley anG. H .  S .  Hough . J. Geophys . Research 64, 2307-2313, Dec .  1959 . (P-742) 

PR-321 Prediction of sunspot numbers for cycle 20, c letterJ by l'l. B. Chadwick. Nature 184, Supp. 
23, 1787, Dec . 5 ,  1959 . (P-743 ) 

PR-322 Fading rate recorder for propagation research, by J. H .  Koch, i'l .  B. Harding and R .  J .  
Jansen . Electronics 32, 78-80, Dec . 18, 1959 . (P-668) 

PR-323 Atmospheric bending of radio l·raves, by B. R. Bean . In Brussels . Exposition unj verselle 
et internationale , 1958 . Electromagnetic 1mve propagation . . •  edited bl M. De"sirant 
and J. L .  Michiels, p . l63 -181 . Nelf York, Academic Press,  1960 . ( P-747 ) 

*PR -324 Ionospheric scintillation of radio 1-raves of extraterrestrial origin, by R .  S .  Lawrence . 
Chapter 3 in The Radio noise spectrum, edited by D. H .  Menzel, p .  43-47. Cambridge, 
Mass . ,  Harvard University Press,  1960 . (P-748) 

PR-325 Atmosphere research, by D. M. Gates . In The Americana Annual 1960; an encyclopedia of 
the events of the year 1959, p. 62-63 . Ne1·r York, Americana Corporation, 1960 . ( P-748a) 

PR-326 The use of polarization fading of satellite signals to study the electron c ontent and 
irregularities in the ionosphere, by C .  G. Little and R .  S .  Lavrrence . In Space research; 
Proceedings of the first International Space Science Symposium, Nice, 1960, edited by 
H. K. Kallmann, part II . Amsterdam, North Holland Publishing Coll!Pany, 1960 . J. Research 
(D. Radio Propagation) Natl. Bur .  Standards 64D, 335 -346, July-Aug. 1960 . (P-749) 

PR-327 On the computation of diffraction fields for grazing angles, by J. R. 1'/ait and A. M .  
Conda. I n  Brussels . Exposition universelle e t  internationale, 1958. Electromagnetic 
1vave propagation • • •  edited by M. De'sirant and J. L. Michiels, p . 661-670 . New York, 
Academic Press,  1960 . (P-608a) 

PR-328 Diffractive corrections to the geometrical optics of lolf frequency propagation, by J. R .  
Hait . In Brussels . Exposition universelle et internationale, 195 8 .  Electromagnetic 
1mve propagation • • •  edited by M. �sirant and J. L. Michiels, p. 87-101 . New York, 
Academic Press, 1960 . ( P-583 ) 

PR-329 Measured distributions of the instantaneous envelope amplitude and instantaneous frequency 
of carriers plus thermal and atmospheric noise, by A. D. 'tlatt and R. H .  Plush . In 
Statistical methods in radio Have propagation : Proceedings of a symposium held at the 
University of California, Los Angeles ,  June 18-20, 1958, p .  233-247 . New York, Pergamon 
Press, 1960 . ( P-585 ) 
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PR-330 Low and medium �re�uency radio propagation, by K. A. Norton . In Brussels . Exposition 
universelle et internationale, 1958 .  Electromagnetic \·rave propagation • • •  edited by 
M. nesirant and J. L .  Michiels, p .  375-444. New York, Academic Press, 1960 . (P-750 ) 

PR-331 Disc distribution o� �lares associated Hith certain ra.d..i.o bursts, by c .  Harvrick . In 
Proceedings of the Symposium on Physical Processes in the Sun-Earth Rnviroment, 20-
21 July 1959, p. 249-269 . Ottawa, De�ence Research Telecommunications Establishment , 
1960 . ( DRTE Publication no . 1025 ) (P-751) 

PR-332 Studies o� scattering phenomena in the e�uatorial ionosphere based upon v� transmissions 
across the magnetic e �uator, ( Abstract and Discussion) by !C L. Bowles and R .  Cohen . In 
International Scienti�ic Radio Uni on .  IGY Committee . Some i onospheric results 
obtained during the International Geophysical Year; Proceedings of a symposium organj sed 
by the URSI/AGI Committee ,  at Brussels, Belgium, September 1959, p. 192-194 . Amsterdam, 
Elsevier Publishing Company, 1960 . 

PR-333 On the analysis o� polarisation rotation recordings of satellite radio signals, by R .  S .  
La1·1rence and C .  G .  Little . In International Scientific Radi o Uni on .  IGY Committee .  
Some ionospheric results obtained during the Internati onal Geophysical Year; Proceedings 
o� a symposium organised by the URSI/AGI Committee, Brussels 1959, p. 391-399 · Amsterdam, 
Elsevier Publishing Company, 1960 . 

PR-334 Peculiarities of the i onosphere in the Far East : sporadic E and F region scatter, by E. K .  
Smith and J .  H .  Finney. I n  International Scienti�ic Radi o Union . IGY Cormnittee . 
Some ionospheric results obtained during the International Geophysical Year : Proceedings 
o� a symposium organised by the URSI/AGI Committee, Brussels 1959, p .  182-191 . Amsterdam, 
Elsevier Publishing Company, 1960 . 

PR-335 Photochemical rates in the F2 layer deduced �rom the 1958 eclipse at Danger Islands, by 
T. E .  Van Zandt, R .  B. Norton and G. H. Stonehocli:er. In International Scientific Radio 
Union . IGY Committee . Some i onospheric results obtained during the International 
Geophysical Year; Proceedings of a Symposium organised by the URSI/ AGI Cormni ttee, 
Brussels 1959, p. 43-46 . Amsterdam, Elsevier Publishing Company, 1960 . Also J. Geophys . 
Research 65 , 2003-2009, July 1960, under title : Photochemic al  rates in the e�uatorial 
F2 region-rrom the 1958 eclipse . 

PR-336 Tl;te C .R .P . L .  electron densj_ty profile progranm1e : some features and early results, by J. H.  
Hright . In International Scientific Radio Uni on . IGY Committee . Some ionospheric 
results obtained during the International Geophysical Year; Proceedings of a symposium 
organised by the URSI/ AGI Committee ,  Brussels 1959> p.2J.5-220. Amsterdam, Elsevier 
Publishing Company, 1960 . 

PR-337 Tl·ro magneto-ionic phenomena permitting the observation of valley minima betvreen the E' and 
F regions in the Arctic, by J .  VI .  \-/right . In International Scientific Radio Union . IGY 
Committee .  Some ionospheric resu�ts obtained during the International Year; Proceedings 
of a symposium organised by the URSI/AGI Committee ,  Brussels 1959, p. 85 -93 . Amsterdam, 
Elsevier Publishing Company, 1960 . 

PR-338 The airglovr, by F .  E. Roach . In Annals of the International Geophysical Year, vel . 10, 
P• 134-137, 1960 . 

PR-339 Graphical method for determining radio noise characteristics .  Natl . Bur . Standards (u.s . )  
Tech. News Bull . 44, 23, Jan .  1960 . (P-752) 

PR-340 High-speed computers in radio propagation research . Natl . Bur . Standards (U. S . )  Tech . Ne\iS 
Bull . 44, l0-12, Ja8 . 1960 . (P-753)  

PR-341 Operating instructions for ARN-2 auxiliary log-linear noise recorder, by R.  T .  Disney and 
C .  A. SamsoTh Jan . 1960 . (NBS Tech . Note 45 ) ( PBl5l404) 50 cents . (P-754) 

PR-342 The Ninth Plenary Assembly of the CCIR, by J.  H .  Herbstreit . Proc . I .R .E .  48, 45-53, 
Jan . 1960 . (P-75 5 )  
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PR-343 

PR-344 

PR-345 

Radio transmission by ionospheric and tropospheric scatter, a report of the Joint 
Technical Advis ory Committee . Proc . I .R .E .  48, 4-44 , Jan . 1960 . Members of the 
JTAC Ad Hoc Subconrraittee included D. K. Bailey, H. V. Cottony, R .  C .  Kirby, K. A. 
Norton, and R. J .  Slutz . R .  M. Davis and R .  G. Merrill assisted in preparation of 
sections 2 and 3 of Chap . 1 .  (P-75 6 )  

Geomagnetic and solar data, @di ted by3 J .  V .  Lincoln . J .  Geophys . Research 6 5 ,  
373-384, Jan . 1960 ; 65 , 788-797, Feb. 1960 ; 65, 1317-1329 , Apr .  1960; 65, 1639 -
1642, May 1960; 65, IE21-1823, June 1960; 65;-2198, July 1960; 65,  2467-2470, 
Aug . 1960; 65, 2§E9-2991, Sept . 1960 ; 65, }486, Oct . 1960; 65,  3E25 ,  Nov . 1960; 
65, 4195-4199, Dec . 1960 ; 66, 311-315, Jan . 1961; Corrigendum : 66, 340, Jan . 1961; 
b5, 660 -663, Feb , 1961; 6� 979-988, Mar. 1961; 66, 1279-1287,-xpr. 1961; 66, 
1561-1563, Ma:y 1961; 66,l963-1965, June 1961 . TP-757) 

-

Balmer decrements : 
214, Jan . 1960 . 

The diffuse nebulae , by s .  R. Pottasch. 
(P-758) 

Astrophys . J. 131, 202-

PR-346 Use of the equation of hydrostatic a::tullibrium in determining the temperature distribution 
in the outer solar atmosphere , by S .  E .  Pottmsch. Astrophys . J .  131, 68-74, Jan . 1960 . 
(P-759) 

PR-347 An analysis of time variations in tropospheric refractive index and apparent radio path 
length, by M .  C .  Thompson, H .  B .  Janes and A. VI .  Kirkpatrick . J .  Geophys . Research 
65, 193 -201, Jan . 1960 . (P-760) 

PR-348 Atmospheric tides and ionsopheric electrodynamics, by M. L. Vlhite . J. Geophys . Research 
65, 153 -171, Jan .  1960 . (P-761) 

PR-349 A model of the F region above h F2, by J .  H. Hright . J .  Geophys . Research 65 , 185 -191, 
Jan . 1960 . Also in North Atl��ic Treaty Orgru1isation . Advisory Group for-xeronautical 
Research ru1d Development . Avionics Panel . The upper atmosphere above F2-maximum; 
papers presented at the Symposium of the Ionospheric Research Conrraittee, Paris ,  Frru1ce, 
May 1959 ( AGARDograph 42 ) ,  p .  211-222, rl961 J .  

PR-350 High-altitude observation techniques, t letter3 by D .  M .  Gates .  Science !�' 266, 
Jru1 . 29, 1960 . (P-76� ) 

PR-351 Determination of the amplitude -probability distribution of atmospheric radio from 
statistical moments, by H .  Q .  Crichlmr, c .  J .  Roubique , A. D .  Spaulding, ru1d VI. M .  
Beery. J .  Research ( D .  R ad i o  Propagation) Natl . Bur . Stru1dards 64D, 49-56, Jan . -
Feb . 1960 . (P-765 ) 

---

PR-352 

* PR-353 

Limit of spatial resolution of refractometer cavities, by vl . J. Hart= . 
( D .  Radio Propagation) Natl . Bur . Standards 64D, 65 -72 , Jan . -Feb . 1960 . 

J .  Research 
(P-766) 

Conference on Arctic Communication, by R. C .  Kirby ru1d C. G. Little .  
Radio Propagation) Natl . Bur . Stru1dards 64D, 73-80, Jru1 . -Feb . 1960 . 

J .  Research ( D .  
(P-767 ) 

PR-354 Effects of high-altitude nuclear explosions on radio noise, by C .  A. Samson . J .  Research 
( D .  Radio Propagation) Natl . Bur . Standards 64D, 37-40, Jan . -Feb. 1960 . ( P-768) 

PR-355 Photometric observations of the brilight glow tOI J 5577 and tOI 3 6300, by L .  R .  Megill . 
J .  Atmospheric and Terrest . Phys . 17, 276-285 , Feb . 1960 . (P-770 ) 

PR-356 A note regarding the mechru1ism of UHF propagation beyond the horizon, rletter 3 by A. D .  
Hatt, E .  F .  Florraan and R .  H .  Plush. Proc . I .R .E .  48, 252, Feb . 1960 . (P-771) 

PR-357 Thermal ru1d gravitational atmospheric oscillations--ionospheric dynamo effects included, 
by M. L. Vlhite . J .  Atmospheric ru1d Terrest . Phys . 17, 220-245, Feb . 1960 . (P-772) 

PR-358 Short-1mve fade outs without reported flares, by H. DeMastus ru1d M. Hood. J .  Geophys . 
Research 65, 605-611, Feb . 1960 . ( P-773) 

PR-359 Meru1 electron density variations of the quiet ionosphere , 1 :  March 1959, by J .  vl . vlright 
and L. A. Fine . Feb . 1960 . (NBS Tech. Note 40-1 ) (PB151399 -l ) $1 . 25 (P-774) 
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PR-360 The cosmic ray increase of 17 July 1959, rletter1 by D. K. Bailey and M. A. Pomerantz . 
Can . J .  Phys 38, 332-333, Feb . 1960 . 

PR-361 Atmospheric limitations on electronic dista�ce-measuring e�uipment , by M. C .  Thompson, 
H. B. Janes ,  and F .  E. Freethey. J. Geophys . Research 65, 389-393, Feb . 1960 . (P-685 ) 

PR-362 Mean electron density variations of the �uiet ionosphere, 2 :  April 1959, by J .  'vi .  
Hright and L .  A .  Fine . Feb . 1960 . (NBS Tech . Note 40-2) ( PB151399-2) $1 .25 . . (P-775 ) 

PR-363 Horld maps of F2 critical :fre�uencies and maximum usable :fre�uency :factors :for use in 
making ionospheric radio predictions, by D .  H .  Zacharisen and V. Agy. J. Geophys . 
Research 65, 593-595,  Feb . 1960 . ( See also PR-246 ) ( P -776 ) 

PR-364 Radiation patterns of :finite -size corner-reflector antennas, by A. C .  Hilson and H. V .  
Cottony. IRE Tran s . on Ant . Prop . AP-8, 144-157, March 1960 . (P-621) 

PR-365 Report on the IGY obli�ue -incidence sporadic-E and F-scatter program, by J. H. Finney 
and E. K. Smith . March 1960 . (NBS Tech . Note 48 ) ( PB151407) $2 . 50 .  (P-781 ) 

PR-366 VLF phase characteristics deduced :from atmospheric \·lave :forms , by A. G .  Jean, H .  L .  
Taylor, and J .  R .  Hait . J .  Geophys . Research 65,  907-912, March 1960 . (P-782) 

PR-367 The excitation of He I in the solar spectru�, by R. G.  Athay and H. R. Johnson . 
Astrophys . J. 131, 413-428, March 1960 . (P-783 ) 

PR-368 Peculiarities of the i onosphere in the Far East : A report on IGY observations of 
sporadic E and F-region scatter, by E. K. Smith and J .  H .  Finney, J .  Geophys . Research 
65, 885-892, March 1960 . (P-784) 

PR-369 A possible effect of lm1er atmospheric divergence on the local maximum electron density 
in the ionosphere, by N. J. Macdonald and R. H .  Knecht . High Altitude Observatory of 
the University of Colorado, Institute :for Solar-Terrestrial Research : Technical report 
no.  8, Marcb 1960 . (P-784a) 

PR-370 A summary of VHF and UHF tropospheric transmission loss data and their long term 
variability, by D. A. Hilliamson, v .  L .  Fuller, A. G .  Longley and P .  L .  Rice . 
Mar . 1960 . ( NBS Tech . Note 43) (PB15l402) $2 .25 . (P-785 ) 

PR-371 Mean electron density variations of the �uiet i onosphere , 3 :  May 1959, by J .  H. Hright, 
L. R .  Wescott, and D .  J .  Brmm . March 1960 . (NBS Tech. Note no.  40-3 ) (PB151399-3 ) 
$1 . 50 .  

PR-372 Quarterly radi o noise data - March, April, May 1959, by H .  Q .  Crichlm1, C .  A .  Samson, 
R .  T. Di sney and M. A. Jenkins .  Mar . 14, 1960 . (NBS Tech . Note 18-2) ( PB151377-2 ) 
$1 .00 . (P-788) 

PR-373 Tables :for the statistical prediction of radio ray bending and elevation angle error 
using surface values of the refraction index, by B .  R .  Bean, B. A. Cahoon and G. D .  
Thayer .  Mar . 16, 1960 . (NBS Tech . Note 44) ( PBl5l403) 5 0  cents . (P-789 ) 

PR-374 Optimum :fre�uencies :for outer space communication, by G. H .  Haydon . J .  Research ( D .  
Radio Propagation ) Natl . Bur . Standards 64D, 105 -109, Mar . -April 1960 . Condensation 
in Space/ Aeronautics Research and Development Handbook 1960-1961, p .  Dl8-D22 . ( P-791) 

PR-375 Measured statistical characteristics and narrow band teletype message errors on a single 
side-band 600 mile long UHF tropospheric radio link, by E .  F .  Florman and R .  H .  Plush . 
J .  Research ( D .  Radio Propagation) Natl . Bur . Standards §.4J:l, 125 -135,  Mar . -April 1960 . 
(P-622) 

PR-376 The electric field at the ground plane near a top-loaded monopole antenna 1'/i th special 
regard to electrically small L- and T-antennas, by H. L. Knudsen and T. Larsen . J .  
Research ( D .  Radi o Propagation) Natl . Bur . Standards 64D, 139-151, Mar . -April 1960 . 
(P-792) 

-

PR-377 Aurora of October 22/23, 1958, at Rapid City, South Dakota, by F .  E. Roach and E. Marovich . 
J. Research ( D .  Radio Propagation) Natl . Bur .  Standards 64D, 205-209, Mar . -April 1960 . 
(P-793) 

-
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PR-378 The j oint use of the ordinary and extraordinary virtual height curves in determining 
ionospheric layer profiles, by L .  R .  0. Storey. J ,  Research (D .  Radio Propagation) 
Natl . Bur . Standards 64D, 111-124, Mar. -April 1960 . (P-794) 

PR-379 Impedance of a comer-reflector antenna as a function of the diameter and length of the 
driven element,  by A. C .  Wilson .  J .  Research (D.  Radio Propagation) Natl . Bur . Standards 
64D, 135-137, Mar . -April 1960 . (P-795 ) 

PR-380 Refraction of radio waves at lov1 angles lvithin various air masses, by B. R. Bean, J .  D.  
Hom, and L .  P .  Riggs . J .  Geophys . Research 65, 1183-1187, April 1960 . (P-796 ) 

PR-381 Intermittent-action camera. Natl . Bur. Standards ( u.s . ) Tech. Ne1·1s Bull . 44, 70, 
April 1960 . (P-797) 

PR-382 Nuclear tests affect radio noise . Natl . Bur . Standards (u .s . )  Tech. NeviS Bull . 44, 
59, April 1960 . (P-798) 

PR-383 Recent developments in space research, by A. H. Shapley. School Sci . and Math. 60, 
251-256, April 1960 . (P-799 ) 

PR-384 A further note on 116\veepers ", !research note J by J .  M. \Vatts . J .  Atmospheric and Terrest . 
Phys . 18, 81, April 1960 . (P-8oO) 

PR-385 Note on the solution of Riccati ' s  differential eq_uation, by H.  H.  Hm1e . J, Research 
(B. Mathematics and Mathematical Physics) Natl . Bur. Standards 64B, 95 -98, Apr. -June 
1960 . (P-8o2) 

PR-386 Conference on Propagation of ELF Electromagnetic Haves . Natl . Bur. Standards (u.s . )  
Tech. Nei·IS Bull . 44, 74-75, May 1960 . (P-803 ) 

PR-387 Design of comer reflector antennas . Natl . Bur. Standards (U. S . )  Tech. News Bull . 44, 
87-88, May 1960 . (P-8o4) 

PR-388 A study of local geomagnetic influence on the r OJ!I 5577 nightglml emission at Fritz 
Peak, by J .  \'1 . McCaulley, F .  E .  Roach, and s .  Matsushita. J .  Geophys . Research 65 , 
1499-1501, May 1960 . (P-805 ) 

PR-389 The absolute zenith intensity of tCJIJ 5577 at College, Alaska, by F .  E .  Roach and M. H. 
Ree s .  J. Geophys . Research 65 , 1489-1493, May 1960 . (P-8o6) 

PR-390 A comparative study of absolute :<,enith intensities of r OIJ 5577, by F. E. Roach, J, vi. 
McCaulley, E .  Marovich, and c .  M. Purdy. J ,  Geophys . Research 65 , 1503-1511, May 1960 . 
(P-807) 

-

PR-391 The intensity of .rOI J 5577 in the sub auroral region as a function of magnetic activity, 
by F .  E .  Roach. J .  Geophys . Research 65 , 1495-1497, May 1960 . (P-8o8) 

PR-392 Carrier freq_uency dependence of the basic transmission loss in tropospheric fonvard 
scatter propagation, by K. A. Norton . May 12, 1960 . (NBS Tech. Note 53) (PB161554) 
$1 .00 .  J. Geophys . Research 65, 2029-2045, July 1960 . (P-8o9) 

PR-393 On the calculation of the departures of radio wave bending from normal, by B. R .  Bean 
and E. J, Dutton . J .  Research (D.  Radio Propagation ) Natl . Bur. Standards 64D, 259-
263 . May-June 1960 . (P-811 ) 

-

PR-394 A preliminary study of radio meteorological effects on beyond-horizon propagation, by 
F .  Ikegami . J .  Research (D.  Radio Propagation) Natl . Bur . Standards 64D, 239-246, 
May-June 1960 . (P-694) 

PR-395 An analysis of propagation measurements made at 418 megacycles per second well beyond the 
radio horizon ( a  digest ) ,  by H. B .  Janes,  J .  C .  Stroud, and M.  T .  Decker. J .  Research 
(D .  Radio Propagation ) Natl . Bur. Standards 64D, 255-257, May-June 1960 . (Based on 
PR-241) (P-812 ) 

-
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PR-396 On the theory of reflection of lm1- and very-lmT-radiofreq_uency 1-�aves from the ionosphere, 
by J .  R .  Johler and L. C .  Halters . J .  Research (D.  Radio Propagation) Natl. Bur . 
Standards 64D, 269-285, May-June 1960 . (P-813 ) 

PR-397 Radio echoes from field-aligned ionization above the magnetic eq_uator and their resemblance 
to auroral echoes, tletter J by K. L. Bmlles, R .  Cohen, G. R .  Ochs and B. B. Balsley. J .  
Geophys . Research 65 , 1853-1855, June 1960 . (P-814) 

PR-398 Troppspheric fiel<ls and their long-term variability as reported by TASO, by P. L. Rice . 
Proc . I .R .E .  48, l02l-l029, June 1960 . (P-815 ) 

PR-399 Monochromatic arcs in the night sky, based on more detailed accounts by F .  E .  Roach ax1d 
E .  Marovich. IGY Bulletin no.  36, ll-16, June 1960 . (See also PR-316 and PR-377) 

PR-400 Amplitude and phase of the lm1- and very-lov1- radiofreq_uency grmmd wave, by J. R .  Johler, 
L .  C .  \�alters, and C .  M. Lilley. Jvne l, 1960 . (NBS Tech. Note no.  60 ) (PBl6l56l) 
75 cents . 

PR-401 Influence of source distance on the impedance characteristics of ELF radio Haves, r letter J 
by J .  R .  \�ait . Proc . I .R .E . 48, 1338-1339, July 1960 . (P-818) 

PR-402 On the excitation of electromagnetic surface \·laves on a curved surface, t communication] 
by J.  R. Hait . IRE Trans.  on Ant .  Prop . AP-8, 445-448, July 1960 . (P-819) 

PR-403 Recent improvements in radio propagation prediction service . Natl . Bur . Standards (U. S . ) 
Tech. Ne1m Bull . 44, ll6-ll9, JUly 1960 . 

PR-404 Norton '1ins radio a1·1ard. Natl . Bur . Standards (u. s . )  Tech. Ne1·1s Bull . 44, 122, July 1960 . 

PR-405 

PR-406 

PR-407 

PR-408 

PR-409 

PR-410 

PR-4ll 

PR-412 

PR-413 

'E.'le use of geostationary satellites for the study of ionospheric electron content and 
ionospheric radio-1·1ave propagation, by 0. K. Garriott and C .  G. Little . J. Geophys . 
Research 65, 2025-2027, July 1960 . 

VLF attenuation for east-1-1est and 1·1est-east daytime propagation using atmospherics, by 
H .  L .  Taylor . J .  Geophys . Research 65, 1933-1938, July 1960 . 

The relation of h F2 to M(3000 )F2 and h F2 (discussion of "Horld-uide daily variations 
in the height o!ll�e maximum electron d�nsity in the ionospheric F2 layer", by Tatsuo 
Shimazaki ) ,  by J .  VI. Hright and R .  E .  McDuffie . J .  Radio Research Labs . Japan 7, 409-
420, July 1960 . 

-

Lov1- and very lm1- radio freq_uency model ionosphere reflection coefficients, by J .  R. 
Johler, L .  C.  Halters, and J. D.  Harper. Jv�y l, 1960. (lffiS Tech. Note no . 69 ) 
(PBl6l570) $2. 00 .  

ISOPAR; a new and improved symbolic optimizing assembly routine for the IBM 650, by H .  H .  
Howe . July 19, 1960 . (NBS Tech. Note no . 76 ) (PBl6l577) $l . 50 .  

Possible application of the system loss concept at ELF, by K .  A .  Norton . J .  Research (D.  
Radio Propagation ) Natl. Bur . Standards 64D, 413-414, July-Aug. 1960 . 

Daytime attenuation rates in the very lm1 freq_uency band using atmospherics, by H. L .  
Taylor . J .  Research (D .  Radio Propagation) Natl . Bur . Standards 64D, 349-355,  July
Aug. 1960 . 

Measured electrical properties of snm1 and glacial ice, by A. D. Hatt and E .  L. MaxHell . 
J .  Research (D .  Radio Propa<>;ation) Natl . Bur . Standards 64D, 357-363, July-Aug. 1960 . 

Note on a test of the eq_uivalence theorem for sporadic E propagation, by J .  H. Hright 
and T .  N .  Gautier . J .  Research (D .  Radio Propagation) Natl . Bur. Standards 64D, 347-
348, Jv�y-Aug. 1960 . 

-

PR-414 Unusual solar disturbance . Natl . Bur . Standards (u. s . )  Tech. NeHs Bull . 44, 138-139, Aug. 
1960 . (See also PR-�44 and PR·-481) 
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PR-415 A study of 2-Mc/s i onospheric absorption measu�ements at high latitudes ,  by K. Davies . 
J. Geophys . Research 65 , 2285-2294, Aug . 1960 . 

PR-lfl6 Seasonal variations in the t1·1ilight enhancement of cOI J 5577, by L. Megill, P .  M. Jamnick 
ancl J. E. Cruz . J .  Atmospheric and Terrest . Phys . 18, 309-314, Aug . 1960 . 

PR-417 Rapid freq_uency analysis of fading radio signals, by J .  M. Watts and K. Davies . J .  Geophys . 
Research 65 , 2295 -2301, Aug . 1960 . 

PR-418 Some magnetoionic phenomena of the Arctic E-region, by J .  W .  Hright . J .  Atmosphe:·ic and 
Terrest . Phys . � 276-289 , Aug . 1960 . 

PR-419 High-resolution scanning antenna. Natl . Bur . Standards ( U. S . )  Tech . NeviS Bull . 44, 
155, Sept . 1960 . 

PR-420 Mobile electronic laboratory. Natl . Bur. Standards (u .s . )  Tech . NeviS Bu�l . 44, 156, 
Sept . 1960 . 

PR-421 Recent improvements in radio propagation prediction service, by \-1, B. Chadwick. Elec ;
Eng. 79, 721-724, Sept . 1960 . 

PR-422 FM and SSB r adiotelephone tests on a VHF ionospheric scatter link during multipath 
conditions, by J .  H .  Koch, lrl .  B. Harding, a.11d R .  J .  Jansen . IRE Trans . on Communs . 
Systems . CS-8, 183-186, Sept . 1960 . 

PR-423 The infrared transmission of clouds, by D .  M. Gates and C .  C .  Shaw . J. Opt . Soc . Am. 
50, 876-882, Sept . 1960 . 

PR-424 Correlation of an auroral arc and a subvisible monochromatic 6300 A arc with outer-zone 
radiation on November 28, 1959, by B. J. O ' Brien and J. A.  Van Allen, F .  E. Roach, and 
C. lrl. Gartlein . J .  Geophys . Research 65 , 2759-2766, Sept . 1960 . 

PR-425 Use of the incoherent scatter techniq_ue to obtain ionospheric temperatures, by T. E .  Van 
Za.11dt a<1d K. L. Bmrles .  J .  Geophys . Research 65 , 2627-2628, Sept . 1960 . 

PR-426 A search for geomagnetic singular days , by T. Pohrte, C .  1-lar\vick, and N .  Macdonald . J .  

PR-427 

PR-428 

PR-429 

PR-430 

PR-431 

Geophys . Research 65,  3013-3015, Sept . 1960 . 

Comment on models of the ionosphere above h F 2, by J .  lrl. lrlright . J .  Geophys . Research 
65, 2595 -2596, Sept . 1960 . max 

VHF raoio propagation data for Cedar Rapids-Sterling, Anchorage-Barrm, and Fargo-Churchill 
test paths, April 1951 through Ju�<1e 1958, by G. R .  Sugar and K. l:/, Su�livan . Sept . 1 ,  
1960 . (NBS Tech. Note n o .  79 ) (PBl61580) $4 . 00 .  

Quarterly radio noise data- June, Ju�y, August 1959, by W .  Q .  Crichlm1, R .  T .  Disney, and 
M. A. Jenkins .  Sept . 9, 1960 . ( NBS Tech. Note no . 18-3 ) (PBl5l377-3 ) $1 .00 . 

Possibility of detecting ionospheric drifts from the occurrence of spread F echoes at low 
latitudes ,  cletter J by R .  liT. Knecht . Nature 187, 927, Sept . 10, 1960 . 

Quarterly radi o  noise data- September, October, November 1959, by l-1 .  Q .  Crichlow, R .  T .  
Disney and M .  A. Jenkins . Sept . 28, 1960 . (�illS Tech. Note 18-4) (PB15l377-4) $1 . 50 .  

PR-432 Use of logarithmic freq_uency spacing in i onogram analysis, by G .  A .  M .  King . J .  Research 
( D .  Radio Propagation ) Natl . Bur . Standards 6�-D, 501-504, Sept . -Oct . 1960 . 

PR-433 Elementary considerations of the effects of mu�tipath propagation in meteor-burst 
cormnunication, by G. R .  Sugar, R. J .  Carpenter, and G. R .  Ochs . J ,  Research ( D .  Radio 
Propagation) Natl . Bur . Sta.11dards 64D, 495-500, Sept . -Oct . 1960 . (P-777) 

PR-434 Loss in channel capacity resulting from starting delay in meteor-burst communication, 
by G.  R. Sugar . J. Research ( D .  Radio Propagation) Natl . Bur . Standards 64D, �-93-
494, Sept . -Oct . 1960 . -
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PR-435 ELF electric fields from thunderstorms, by A. D .  Hatt . J .  Research ( D .  Radio Propagation ) 
Natl . Bur . Standards 64D, 425-433, Sept . -Oct . 1960 . 

PR-436 Hi gh-gain, very low side -lobe antenna 1rlth capability for beam slewing, by A. C .  Hilson . 
J .  Research ( D .  Radio Propagation ) Natl . Bur . Standards 64D, 557-651, Sept . -Oct . 1960 . 

PR-437 Methods of predicting the atmospheric bending of radio rays, by B. R. Bean, G. D. Thayer, 
and B. A.  Cahoon . J. Research (D. R dio Propagation) Natl . Bur . Standards 64D, 487-492, 
Sept . -Oct . 1960 . (P-683) 

-

PR-438 Hidely separated clocks H'ith microsecond synchroniz ation and independent distribution 
systems, by T. L. Davis and R .  H. Doherty. IRE Trans . on Space Electronics and 
Telemetry SET-6, 138-146, Sept . -Dec . 1960 . IRE Hescon Conv. Record �' pt . 5 ,  3-17, 
1960 . 

--

PR-439 Spiral patterns in geophysics, by V .  Agy. J. Atmospheric and Terrest . Phys . 19, 136-140, 
Oct . 1960 . 

PR -44o F ading-rate recorder. Natl . Bur . Standards (U.S . )  Tech . News Bull . 44, 169, Oct . 1960 . 

PR-441 Bibliography on ionospheric propagation of radio waves (1923-1960 ) ,  by vi. Nupen . Oct . 
1960 . (NBS Tech. Note no, 84) ( PB161585 ) $7 .00 .  

PR-442 A test of a procedure for e asy estimation of representative monthly electron density 
profiles for the ionosphere, by J .  H. Wright . J. Geophys . Research 65, 3215 -3217, Oct . 
1960 . 

PR-443 Supplementary world maps of F2 critical fre�uencies and maximum usable fre�uency factors, 
by D. H. Zacharisen . Oct . 1960 . (NBS Tech. Note no. 2-2 ) (PB15136l-2 ) $3 . 50 .  

PR-444 Unusual solar-terrestrial event . IGY Bull . n o .  40, 6-8, Oct . 1960 . Based on Unusual 
solar disturbance, Natl . Bur . Standards ( U. S . )  Tech . Ne1vs Bull . 44, 138-139, Aug. 
1960 . ( PR-414 ) 

-

PR-445 Quarterly radio noise data-December, January, February 1959-60, by H. Q. Crichlmr, R .  T .  
Disney, and M .  A.  Jenkin s .  Oct . 10, 1960 . (NBS Tech . Note n o .  18- 5 )  ( PB151377-5 ) 
$1 . 75 ·  

PR-446 Quarterly radio noise data - March, April, May 1960, by H.  Q .  Crichlm,, R .  T .  Disney and 
M. A. Jenkins .  Oct . 19, 1960 . (NBS Tech . Note no.  18-6 ) ( PB151377-6 ) $1 . 75 .  

PR-447 Bibliogr,eyhy of tropospheric radio l·lave scattering, by R .  L .  Abbott . Nov . 1960 . (NBS 
Tech. Note no. So) ( PB16158l )  $2 .25 . 

PR-448 A survey of spread-F, by F .  N. Glover .  Nov. 1960 . (NBS Tech. Note no . 82) ( PB161583 ) 
$1 . 75 ·  

PR-449 The height of maximum luminosity in an auroral arc, by F .  E .  Roach, J .  G .  Moore , E .  C .  
Bruner , H .  Cronin, and S . M .  Silverman .  J .  Geophys . Research 65 , 3575-3580, Nov. 1960 . 

PR-450 Oblique incidence receiving antenna array for a relative i onospheric opacity meter, by 
A. C .  Hilson , Nov. 1960 . (NBS Tech . Note no. 78) (PB161579 ) 50 cents . 

PR-451 Amplitude-probability distributions for atmospheric radio noise, by H. Q. Crichlmr, A. D .  
Spaulding, C .  J .  Roubique , and R .  T .  Disney. Nov. 4, 1960 . (NBS Monograph 23) 
20 cents . 

PR-452 Quarterly radio noise data- June, July, August 1960, by VI . Q. Crichlmr, H .  T .  Disney, 
and M. A. Jenkins .  Nov . 4, 1960 . ( NBS Tech. Note no. 18-7) ( PB151377-7 ) $1 .75 . 

PR-453 Properties of atmospheric noise at various receiving locations, by H. Q. Cricblmr . 
Report of U. S .  Commission 4, URSI : Radio noise of terrestrial origin, part 2. J.  
Research ( D .  Radio Propagation ) Natl . Bur . Standards 64D, 6!10-641, Nov . -Dec . 1960 . 

PR -454 R adi o  noise of terrestrial origin ; Report of U. S. Commission 4, URSI, edited by H. Q .  
Crichlmr . J .  Research ( D .  Radio Propagation ) Natl . Bur . Standards 64D, 637-654, 
Nov . -Dec . 1960 . 

• 
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PR-455 Radiofrequency radiation from lightning discharges, by A. G. Jean . Report of U. S .  

PR-456 

Commission 4, URSI : Radio noise of terrestrial origin, part l .  J. Research ( D .  
Radio Propagation) Natl . Bur . Standards � 638-639, Nov . -Dec . 1960 . 

Measurements of physical quantities by radio techniques ,  by M .  C .  Thompson . 
u. S .  Corrmlission 1, URSI : Radio measurement methods and standards, part 7 ·  
( D .  Radio Propagation) Natl . Bur . Standards 64D, 605 , Nov . -Dec . 1960 . 

Report of 
J .  Research 

PR -457 The exosphere, by J .  M. Hatts . Report of u. S .  Commission 4, URSI : Radio noise of 
terrestrial origin, part 6. J. Research ( D .  Radio Propagation )  Natl . Bur . Standards 
64D, 651-652, Nov . -Dec . 1960 . 

PR-458 Hydromagnetic \·raves and EIF oscillations in the i onosphere , by J .  M. Hatts .  Report of 
U. S. Commission 4, URSI : Radio noise of terrestrial origin, part 5 .  J .  Research ( D .  
Radio Propagation) Natl . Bur. Standards 64D, 650, Nov . -Dec . 1960 . 

PR-459 Near infrared atmospheric transmission to solar radiation, by D. M. Gates .  J .  Opt . Soc . 
Am. ��' 1299-1304, Dec . 1960 . 

PR-lf60 Ionospheric mapping by numerical methods, by H. B. Jones and R. M. Gallet . J"ournal 
des �l{communicatio�s 27, 260e-264e, Dec . 1960 . 

PR-461 Ionospheric "forward" scattering, by D. K. Bailey . In U . S . A .  National Committee of the 
International Scientific Radio Union . Report to the National Academy of Sciences 
National Research Council on the 13th General Assembly, September 5 -15, 1960, London, 
England, p .  281-286 . \Vashington, National Academy of Sciences ,  1961 . 

PR-462 Recent radar observations of ne\v forms of i onosphere scatter, by K. L. Bmfles .  In 
U.S .A. National Committee of the International Scientific Radio Union . Report to the 
National Academy of Sciences-National Research Cou.ncil on the 13th General Assembly, 
September 5 -15, 1960, London, England, p. 288-295 . Hashington, National Academy of 
Sciences, 1961 . 

PR-463 Fact and theory of the exosphere : survey paper, by R .  M. Gallet . In U . S .A . National 
Comrrlittee of the International Scientific Radio Union . Report to the National Academy 
of Sciences-National Research Council on the 13th General Assembly, September 5 -15 , 
1960, London, England, p. 380-381 . Washington, National Academy of Sciences ,  1961 . 

PR-464 VLF emissions, by R. M. Gallet . In U.S .A. National Committee of the Internati onal 
Scientific Radio Union . Report to the National Academy of Sciences-National Research 
Council on the 13th General Assembly, September 5 -15,  1960, London, England, p .  255 -
257. Hashington, National Academy of Sciences ,  1961 . 

PR-465 Radio refractometry, by J .  H .  Herbstreit . July 1960 . (NBS Tech. Note no.  66 ) ( PB161567) 
50 cents . Also published in U .S .A .  National Committee of the International Scientific 
Radio Uni on . Report to the National. Academy of Sciences-National Research Council on 
the 13th General Assembly, September 5 -15, 1960, London, England, p .  156-167 . Hashington , 
National Academy of Sciences, 1961 . 

PR-466 Radio properties of aurorae, by C .  G. Little . In U. S .A .  National Comrrlittee of the 
International Scientific Radio Union . Report to the National Academy of Sciences 
National Research Council on the 13th General Assembly, September 5 -15,  1960 , London , 
England, p .  261-270 . Washington, National Academy of Sciences, 1961 . 

PR-467 The morphology of sporadic E, by E. K. Smith . In U .S .A .  National Committee of the 
International Scientific Radio Union .  Report t o  the National Academy of Sciences 
National Research Council on the 13th General Assembly, September 5 -15,  1960, London, 
England, p .  218-228 . Hashington, National Academy of Sciences, 1961 . 

PR-468 cA model of the equatorial ionosphere J , by T. E .  Van Zandt . In U .S .A .  National Committee 
of the International Scientific Radio Union . Report to the Nati onal Academy of 
Sciences -National Research Council on the 13th General Assembly, September 5 -15, 
1960, London , England, p. 213-215 . Hashington, National Academy of Sciences, 1961 . 

PR-469 The use of interferometer observations of satellites for measurement of irregular 
ionospheric refraction, by R .  8. Lal·rrence and J .  H .  \varvrick.  In Annals of the Inter
national Geophysical Year, vol . 12, pt . 2, p. 566-69 . Ne1·1 York, Pergamon Press, 1961 . 
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PR-470 Incoherent scattering by free electrons as a technique for studying the i onosphere and 
exosphere : Some observations and theoretical considerations, by K. L .  BmTles . In 
North Atla�tic Treaty Organiz ation . Advis ory Group for Aeronautical Research and 
fuvelopment . Avionics Panel . The upper atmosphere above F2-maximum; papers presented 
at the Symposium of the Ionsopheric Research Committee, Paris ,  France , May 1959 
( AGARDograph 42 ) ,  p. 2ll-222, 1961 • J. Research (D . Radio Propagation) Natl . Bur . 
Standards 65D, l-14, Jan . -Feb . 1961 . (P-712) 

PR-471 Atmosphere research . In the Americana annual 1961; an encyclopedia of the events of 
the year 1960, p. 59-6l . New York, Americana Corporation, 1961 . 

PR-472 The physical environment as affected by radiation, by D. M. Gates . In Semicentennial 
Celebration Proceedings, The University of Vdchigan Biolog�cal Station, June 16-19, 
1959, Pellston, Michigan, P• 31-53 · c Pellston, Mich. ,  1961 J 

PR-473 Mutual interference bet1reen surface and satellite communication systems, r by W .  J .  
Hartman and M .  T .  fuckerJ • In Frequency allocations for space communications; a 
report of the Joint Technical Advis ory Committee of IRE-EIA, March 1961, p .  87-147 . 
Resume in Fifth National Sympssium on Global Communications, Chicago, Illinois, May 
22-24, 1961 . Convention record, p .  220-223 . Chicago, 1961 . 

PR-474 Limitations of radiosonde punch-card records for radiomete orologic al studies, c letter J 
by B. R .  Bean and B. A. Cahoon . J .  Geophys . Research 66, 328�331, Jan . 1961 . 

PR-475 Ionospheric absorption at times of auroral and magnetic pulsations, by H. H. Campbell 
and H. Leinbach . J. Geophys . Research 66, 25-34, Jan . 1961 . 

PR-476 A study of auroral coruscations, by H. H. Campbell and M. H. Ree s . J. Geophys . Research 
66, 41-55 , J·an .  1961 . 

PR-477 Integrated starlight over the sky, by F .  E .  Roach and L. R .  Megill . Astrophys . J. ill,. 
228-242, Jan . 1961 . 

PR-478 A theoretical study of sporadic-E structure in the light of radio measurements ,  by 
K. Tao . Jan . 1961 . (NBS Tech . Note no . 87) (PB1Sl588) $1 . 25 .  

PR -479 Solar activity, CSAGI section VI :  Data received d.uring the period l July 1957- 31 
fucember 1960, _prepared by IGY \·lorld Data Center A, Solar Activity, High Altitude 
Observatory, University of Colorado, and IGY Horld Data Center A, Solar Activity, 
Central Radio Propagation Laboratory, National Bureau of Standards, Boulder, 
Colorado . In National Academy of Sciences . Seventh 6-monthly catalogue of data in 
IGY Horld Data Center A, p. 211-220 . Hashington, National Academy of Sciences
National Research Council, Jan . 1961 . (IGY General report no . 13 ) 

PR-480 AirglOH and ionosphere , CSAGI sections IV(b )  and V :  Data received during the period 
1 July 1957 - 31 December 1960 . In National Academy of Sciences . Seventh 6-monthly 
c atalogue of data in IGY Horld Data Center A, p .  1-25 . Hashington, National Academy 
of Sciences -National Research Co1Lncil, Jan . 1961 . (IGY General report no . 13 ) 

PR-481 Solar-radio event not explained by theories . Electronics 34, 128, Jan . 6, 1961 . Based 
on Unusual solar-terrestrial event, IGY Bull. n o .  40, 6-B"; Oct . 1960 . ( See also 
PR-423 and PR-453) 

PR-482 Science neHs lfriting, by D .  M .  Gates and J. M .  Parker. Science 133, 211-214, Jan . 20, 
196l . 

PR-483 Quarterly radio noise data- September, October, November 1960 , by H .  Q .  CrichloH, R .  T .  
Dlsney, and M. A. Jenkins .  Jan . 31, 1961 . (NBS Tech. Note n o .  18-8) ( PB151377-8) 
$L75 · 

PR-484 Correlation of monthly median transmission loss and refractive index profile character
istics, by B. R. Bean and B. A. Cahoon . J .  Research ( D .  Radio Propagation) Natl . Bur . 
Standards 65D, 67-74, Jan . -Feb . 1961 . 
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PR-485 A high-resolution rapid-scan antenna, by H. V .  Cottony and A. C .  Wilson . J. Research 
(D.  Radio Propagation ) Natl . Bur . Standards 65D, 101-110, Jan . -Feb . 1961 . 

PR-486 Magneto-ionic propagation phenomena in loH- and very-lmr-radiofrequency vraves reflected 
by the ionosphere , by J. R .  Johler. J, Research (D.  Radio Propagation) Natl . Bur . 
Standards 65D, 53-65, Jan . -Feb . 1961 . 

PR-487 The Ephi system for VLF direction finding, by G. Hefley, R .  F .  Linfield, aDd T. L. Davis .  
J .  Research ( c .  Engineering and Instrumentation) Natl . Bur . Standards 65c, 43-49, 
Jan . -Mar . 1961 . 

PR-488 VLF phase perturbation associated 1dth meteor sh01,1er ionization, by C .  J. Chilton . J .  

PR-489 

PR-490 

PR-491 

PR-492 

PR-493 

PR-494 

PR-495 

PR -496 

PR-497 

Geophys . Research 66, 379-383, Feb . 1961 . 

Prolonged space -\vave fadeouts in tropospheric propagation, by A. P .  Barsis and M. E .  
Johnson . Feb. 8 ,  1961 . (NBS Tech . Note no. 88) ( PB161589 )  $2 .00 .  

The significance of transients and steady-state behavior in nonlinear systems, c letter1 
by H .  J. Hartman . Proc . I .R .E . 49, 637, March 1961 . 

Initial results of a neH technique for investigating sferic activity, by G. Hefley, R. H.  
Doherty, and R .  F.  Linfield. J .  Research ( D .  Radio Propagation) Natl . Bur . StaDdards 
65D, 157-166, March-April 1961 . 

Relationship bebreen red auroral arcs and ionospheric recombination, by G . A.M.  King aDd 
F. E .  Roach. J. Research ( D .  Radio Propagation) Natl . Bur . Standards 65D, 129-135,  
March-April 1961 . 

Graphical determination of radio re;y bending in an expoential atmosphere , by C .  F .  
Pappas, L .  E .  Vogler, aDd P .  L .  Rice . J .  Research ( D .  Radio Propagation) Natl . Bur . 
Standards 65D, 175 -179, March-April 1961. 

A formula for radio re;y refraction in aD exponential atmosphere, by G.  D. Thayer .  J .  
Research ( D .  Radio Propagation) Natl . Bur . Standards 65D, 181-182, March-April 1961 . 

Ionospheric motions observed 1dth high-frequency back-scatter s ounders, by L. H. Tveten . 
J. Research ( D .  Radio Propagation )  Natl . Bur . StaDdards 65D, 115-127, March-April 1961 . 

Effect of antenna radiation angles upon HF radio signals propagated over long distances, by 
w .  F .  Utlaut . J .  Research ( D .  Radio Propagation ) Natl . Bur . Standards 65D, 167-174, 
March-April 1961 . 

-

The NBS meteor-burst propagation proJect- a progress report, by C .  E .  Hornback, L .  D .  
Breyfogle, and G .  R .  Sugar . March 31, 1960 . (NBS Tech . Note no .  86) ( PB161587) $1 .25 . 

PR-498 Ephi - A  radio system for investigating sferics .  Natl . Bur .  Standards (U.S . )  Tech. News 
Bull . 45 , 60-61, April 1961 . 

PR-499 On the nature of equatorial spread F, by R .  Cohen and K. L. Bmrles .  J. Geophys . Research 
66, 1081-1106, April 1961 . 

PR -500 The relationship of lmr-height ionosonde echoes to auroral-zone absorption and VHF D 
scatter, by J. K .  Olesen and J .  \L Wright . J. Geophys . Research 66, 1127-1134, April 1961 . 

PR-501 Quarterly radio noise data-December, January, February 1960-1961, by W .  Q. CrichlOif, 
R .  T. Disney, and M. A. Jenkins . Apr . 18, 1961 . (NBS Tech. Note no . 18-9) ( PB151377-9 ) 
$1 . 75 .  

PR-502 Antennas for detecting micropulsation s .  Natl . Bur . Standards (u .s . )  Tech. Ne1,1s Bull . 
45 , 83, May 1961 . 
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PR-503 

PR-504 

Flail for geophysical alerts and special 1wrld intervals during 1961-1962 . International 
Uni on of Geodesy and Geophysic s .  I .U.G .G .  Chronicle no . 35, 56-61, May 1961 . IGY 
Bulletin no.  47, ll-14, June 1961 . Based on an AGHIARN information circu�ar by J .  M. 
He_ldon, Head, AGIHARN, under the general supervision of J .  V.  Lincoln in association 
'lith A .  H. Shapley, nms Spokesman . 

Horld Harning Agency report, October l-December 31, 1960 . IGY Bulletin no.  47, 7-10, 
May 1961 . Based on the final quarterly report for 1960 by the vlorld Vlarning Agency 
and compilations of Solar-Geophysical Data for the above period, issued by the Central 
Radio Propagation Laboratory. 

PR-505 Point in Antarctic named for Boulder Scientist . Natl . Bur . Standards ( U . s . )  Tech . Nei·IS 
Bull . 45 , 88, May 1961 . 

PR-506 Mean electron density variations of the quiet ionosphere , 4: June 1959, by J. H .  \-/right, 
L .  R .  Hescott, and D. J .  Brmm . May 1961 . ( NBS Tech. Note n o .  4o-4) (PB15l399-4) 
$1 . 50 .  

PR-507 Solar flare effects in the F region of the ionosphere, rletter ', by R .  li. Knecht and K. 
Davies . Nature 190, 797-798, May 27, 1961 . 

PR-508 Research at the National Bureau of Standards applicable to long-distance location and 
direction-finding problems , by R .  Silberstein . J .  Research ( D .  Radio Propagation ) Natl . 
Bur. Standards 65D, 233-235, May-JWle 1961 . 

PR-509 

PR-510 

PR-511 

PR-512 

PR-513 

PR-514 

PR -515 

PR-516 

PR-517 

PR-518 

Concerning the potential refractive index and the molecular refractivity, by B. R. Bean 
and J ,  D .  Horn . J .  Meteorology 18, 427-428, June 1961 . 

A fixed frequency, 9 .1 Gc, field intensity recording receiver Hith extremely narroH 
bandHidth, by R .  H .  Hubbard and J .  v .  Cateora. JUXle 1961 . (NBS Tech . Note no . 107) 
(PBl616o8) 75 cents . 

Photoioniz ation heating in the F region of the atmosphere, by D. C .  HWlt and T. E .  
Van Zandt . J .  Geophys . Research 66, 1673-1682, JWle 1961 . 

Origin of subvisual red auroras . . .  based on a more detailed report by G . A .M .  King &J.d 
F .  E .  Roach published in the March-April 1961 issue of the Journal of Research - D .  
Radio Propagation of the National Bureau of Sta'ldards . IGY Bulletin no . 48, 6-12, 
JWle 1961 . ( See also PR-492) 

Long-distance one-hop F1 propagation through the auroral zone, by L. H. Tveten . J .  
Geophys . Research 66, -1683-1684, June 1961 . 

Evidence on the laminar nature of the exosphere obtained by means of guided high frequency 
\·lave propagation, by R .  M. Gallet and H. F .  Utlaut . Phys . Rev . Letters §., 591-594, 
Ju.'le 1, 1961 . 

On the climatology of groWld-based radio ducts and associated fading regions, by E .  J .  
Dutton . JWle 16, 1961 . ( NBS Tech . note no . 96) (PBl61597) $1 .75 . 

Variations of cOI 3 5577 A emission in the upper atmosphere , by F .  E .  Roach . Ann . 
�ophys . 17, 172-180, Apr . -June 1961 . 

Comparis on of observed tropospheric refracti on \'lith values computed from the surface 
refractivity, cletter, by B. R .  Bean . IRE �rans .  on Ant . Prop . AP-9, 415-416, July 1961 . 

Data recluction instrmnentation for radio propagation research, by H .  E .  Johnson . 
1961 . (]lffiS Technical Note no.  111 ) (PB161612) $1 .00 .  

July 

PR-519 Hinter thermal radiation studies in Yellmrstone Park, by D .  M. Gates .  Science 134, 32-35 
and c over photograph, July 7, 1961 . 

PR-520 Q'l the validity of some approximations to the Appleton-Hartree formula, by K. Davies and 
G . A .M .  King . J. Research (D.  Radio Propagation) Natl . Bur. Standards 65D, 323-332, 
July-Aug . 1961 . 

-
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PR-521 Amplitude and angular scintillations of the radio s ource Cygnus-A observed at Boulder, 
Colorado, by R. s. Lalvrence, J. L. Jespersen, and R .  C .  Lamb . J. Research ( D .  Radio 
Propagation) Natl . Bur . Standards 65D, 333-350, July-Aug. 1961 . 

PR-522 Digital methods for the extraction of phase and amplitude information from a modulated 
signal, by R. S. La1-rrence, J.  L.  Jespersen, and R .  C .  Lamb . J. Research ( D .  Radio 
Propagation) Natl . Bur. Standards 65D, 351-356, July-Aug. 1961 . 

PR-523 Smooth earth diffraction c alculations for horizontal polarization, by L .  E .  Vogler. 
J. Research (D. Radio Propagation) Natl . Bur . Standards 65D, 397-399, July-Aug . 1961 . 
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ST-1 Bias supplies for direct-coupled circuits, by J, H. Reaves . Electronics 27, no . 8, 
172-173, Aug . 195 4 .  ( S-156 ) a 

ST-2 Precision �uartz resonator fre�uency standards, by J .  M. Shaull and J, H. Shoaf , 
Proc . I .R .E .  42, 1300-1306, Aug . 195 4 .  (S-157) 

ST-3 Temperature dependence of the micrmave absorption of NH3, by G. Birnbaum and A. A. 
Maryott . J .  Chem. Phys . 22, 1457, Aug .  195 4 .  (S-158) 

ST-4 The need for a ne1; type of fre�uency and time standard, by W .  D. George . Proc . I .R .E . 
42, 1349, Sept . 1954 . (S-159 ) 

ST-5 

ST-6 

Micr01vave absorption by the nonpolar gas co2, by G. Birnbaum, A. A. Maryott and P. F .  
Wacker. J .  Chem. Phys . 22, 1782, Oct . 19>4 . (S-161 ) 

Propagation constant in rectangular l·raveguide to finite conductivity, by D. M. Kerns 
and R .  W. Hedberg. J, Appl . Phys . 25, 1550-1551, Dec . 1954 .  ( S-164) 

ST-7 American dielectric standards, ,by R. C. P01vel1 J . Elec . J. 153, 1779-1780, Dec . 3, 
195 4 .  (S-165 ) 

ST-8 Cavity techni�ues for permeability measurements in the VHF region, by R. D. Harrington . 
In 6th Electronic Components Conference, 26-27 May, 195 5 .  Proceedings, p .  27-29 . 
Los Angeles ,  195 5 .  ( S-182 ) 

ST-9 A microwave microcalorimeter, by A. C .  MacPherson and D. M. Kerns . Rev. Sci . Instr. 
26, 27-33, J an .  1955 . ( S-167) 

ST-10 High precision automatic fre�uency comparator and recorder, by J .  M. Shaull . Tele -Tech. 
14, no , 1, 58-59, Jan . 1955 . (S-168) 

ST-11 On power spectra and the minimum detectable signal in measurement systems, by J. J .  
Freeman . J .  Appl . Phys . 26, 236-240, Feb. 1955 . (S-170 ) 

ST-12 Frequency multipliers and converters for measurement and control, by J, M. Shaull. 
Tele-Tech . 14, no . 4, section 1, 86-89, 120-122, 142-146, 148, 159, 160, April 195 5 .  
( S-175 ) 

ST-13 A'l improved method of measuring efficiencies of ultra-high-fre�uency and micrmrave 
bolometer mounts, by R .  H .  Beatty and F .  Reggia. J .  Research Natl . Bur . Standards 
� 321-327, June 1955 . ( S-176 ) 

ST-14 Portable secondary fre�uency standard. Natl . Bur. Standards (u.s . ) , Tech. Nevrs Bull . 
39, 92-93, July 195 5 ·  (S-179 ) 

ST-15 Microwave absorption in compressed oxygen, c letterJ by A. A. Maryott and G. Birnbaum. 
Phys . Rev. 99, 1886-1887, Sept . 15 , 195 5 .  ( See also ST-104 ) (S-181 ) 

ST-16 Amplitude, scale and spectrum of refractive index inhomogeneities in the first 125 meters 
of the atmosphere , by G. Birnbaum and H. E .  Bussey. Proc . I .R .E .  43, 1412-1418, Oct . 
1955 . (S-184) 

ST-17 Stable radiofrequency voltmeters . Natl . Bur . Standards (u.s . ) ,  Tech. Ne1m Bull . 40, 
29-30, Feb . 1956 . ( S-188 ) 

ST-18 A re -entrant cavity for measurement of complex permeability in the very-high frequency 
region, by R. D. Harrington, R. c .  Pmrell, and P. H. Haas . J. Research Natl . Bur . 
Standards 56, 129-134, Mar . 1956 . ( S-189 ) 

ST-19 Convenient microwave harmonic generator, by R .  B. Riley. Rev . Sci . Instr . 27, 174, Mar . 
1956 . ( S-190 ) 

a Indicates number used in previous lists . 
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ST-20 Improvements in standard frequencies broadcast by radio stations W\N and YIHVH. Natl . 
Bur . Standards (u .s . ) , Tech. Ne1m Bull.  4o, 37-38, Mar . 195 6 .  (S-190a) 

ST-21 Micrmrave absorption in compressed gases ;  saturated hydrocarbons, by A. A. Maryott and 
G .  Birnbaum. J. Chern. Phys . 24, 1022-1026, May 1956.  ( S -194) 

ST-22 Advances in the design and application of the radi ofrequency permeameter, by A. L .  
Rasmussen, A .  H.  Enfield and A .  Hes s .  J .  Research Nat l .  Bur . Standards 56, 261-
268, May 1956 . ( S-195 ) 

ST-23 A frequency stax1dard at low temperature, by H .  D .  George . In Proceedings of the lOth 
Annual Symposium on Frequency Control, Signal Corps Kngineering Laboratories, 15-16-
17 May 1956, P• 197-215 . ( S-196 ) 

ST-24 A new technique for the measurement of micrmrave standing-wave ratios, by A. C .  MacPherson 
and D .  M. Kerns . Proc . I .R .E .  44, 1024-1030, Aug .  1956 . Natl . Bur . Standards ( U .S . )  
Handbook 77 : Precision measurement and calibration �' p .  739-745, 1961 . $6 .oo . ( S -200) 

ST-25 Improved thermistor bridge for RF pmrer measurements . Natl . Bur . Standards ( U .S . ) ,  Tech. 
News Bull . 4o, 134-135 , Sept . 1956 . ( S-202 ) 

ST-26 Conductivity and instabilities of bari urn titanate, by R .  C .  Pmrell . In Proceedings of 
the Special Technical Conference on Solid State Dielectric and M�Getic Devices, April 
1957, Paper no.  5 .  V/ashington, Catholic University of America, 195 7 .  

ST-27 Symposium on the propagation of V . L .F .  radio waves . Jan . 195 7 .  For paper by Radio 
Standards Laboratory staff member, see the foll01dng entry : PR-109-41 . ( S-205 ) 

ST-28 Applications of optical techniques at millimeter ;ravelengths . Natl . Bur . Standards ( U .S . ) ,  
Tech. Nevrs Bull . 41, 28-30, Feb . 195 7 .  ( S-208) 

ST-29 Electronic calibration center at NBS Boulder Laboratories . Natl . Bur . Standards (u .s . ) ,  
Tech. NeliS Bull . !±_b 24-28, Feb . 195 7 .  ( S-209 ) 

ST-30 Microwave polier measurements employing electron beam techniques, by H. A. Thomas . Proc . 
I .R.E , 45 , 205-211, Feb . 195 7 .  ( S -210 ) 

ST-31 H\N • • •  radio station of the National Bureau of Standards . Cathode press (Machlett 
Laboratories, Inc . )  13 , no.  4, 22-23, Feb . 195 7 .  ( S -211 ) 

ST-32 Performance of three-millimeter harmonic generators and crystal detectors, by J. M.  
Richardson and R.  B .  Riley. IRE Trans . on !v'dcrmrave Theory Tech . MTT-5, 131-135, 
April 1957.  ( S-191) 

ST-33 Portable frequency standard. Natl . Bu:r . Standards (u .s . ) ,  Tech. News Bull . 41, 62, 
April 1957 · ( S -213 ) 

ST-34 Techniques for electroforming of preclSlon waveguide components in the millimeter ;rave-
lengths, by A. A. Feldraann . Rev. Sci . Instr. 28, 295 -296, April 195 7 .  ( S -214) 

ST-35 Characteristic s  and present requirements of ferrites, by R. D. Harrington . In Proceedings 
of the 13th Annual Meeting, Metal Pmrder Association, Chicago, April 30 - May 1, 1957, 
p. 177-188 . ( S -216a) 

ST-36 An exact solution for a cylindrical cavity containing a gyromagnetic material, by H. E .  
Bussey and L .  A. Steinert . Proc . I .R .E ,  45 , pt . 1, 693-694, May 195 7 .  ( S-217) 

S'r-37 Stability of quartz resonators at very lmr temperatures ,  by F .  P. Phelps . In Proceedings 
of the 11th Annual Symposium on Frequency Control, Fort Monmouth, 7-8-9 May 1957, p .  
256-276 . ( S-217a) 

ST-38 Lmr frequency standards transmissions, by H. D. George . In Proceedings of the 11th 
Annual Symposium on Frequency Control, Fort Monmouth, 7-8-9 May 1957, p. 574-585 . ( S-220 ) 
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ST-39 High-frequency magnetic measurements . Natl . Bur. Standards (u .s . ) , Tech. News Bull . !!2:, 
91-92, June 1957.  ( S-221 ) 

ST-40 An adjustable sliding termination for rectangular 1-raveguide ,  by R .  W. Beatty. IRE Trans . 
on Micrmmve Theory Tech. MTT-5 , 192-194, July 195 7 .  Natl . Bur . Standards ( u .s . )  
Handbook 77 : Precision meaSU:reiiient and c alibration �' P :  736-738, 1961 . $6 .00 . ( S-223) 

ST-41 Excess noise in microwave crystal diodes used as rectifiers and harmonic · generators, by 
J .  M. Richardson and J ,  J. Faris .  IRE Trans . on Micrmrave Theory Tech. MTT-5 , 208-212, 
July 1957.  ( S-225 ) 

ST-42 A self-balancing direct-current bridge for accurate bolometric po1rer measurements, by 
G. F .  Engen . J ,  Research Natl . Bur . Standards 59, 101-105 , Aug . 1957 .  Natl . Bur . 
Standards ( U .S . )  Handbook 77 : Precision measureiiient and calibration �' p .  814-818, 
1961 . $6 .00 ( S-228) 

ST-43 Nonresonant absorption of symmetric top molecules : Shape of the nonresonant spectra, 
by G. Birnbaum. J .  Chern. Phys . 27, 360-368, Aug . 1957. ( S-229) 

ST-44 Self-calibrating method of measuring insertion ratio .  Natl. Bur . Standards ( U .S . ) ,  Tech . 
News Bull. 41, 132-133, Sept . 1957. ( S-230) 

ST-45 Revie1v of developments on radio measurement methods and standards 1954-1957 • • •  prepared 
by Messrs . H. D. George, H. Lyons and others • In Proc . of the XIIth General Assembly, 
International Scientific Radio Union, Boulder, Colorado, Aug .  22 - Sept . 5 ,  1957, XI ,  
pt . 1, 41-60, 195 7 .  ( S -230a) 

ST-46 RF voltmeter calibration consoles . Natl . Bur. Sta�dards ( u .s . ) ,  Tech. News Bull . 41, 147, 
Oct . 1957.  ( S-231) 

ST-47 Electroforming of l·laveguide components for the millimeter-wavelength range , by A. A. 
Feldmann . Nov. 15,  195 7 .  (NBS Circular 587 )  15 cent s .  ( S-235) 

ST-48 Etalons et mesures de frequence et d1 intervalle de temps aux Etats-Unis d ' Amerique de 
1954 a 1957, by H .  D. George . In Proc�s Verbaux des Seances, Rapport et Annexes, lre 
Session (1957),  Comite Consultatif poux la Definition de la Seconde, p .  34-37 · (Comite 
International des Poids et Mesures .  Proc�s -Verbaux des Seances .  2. serie, tome 26-B) 
Paris, Gauthier-Villars, 1958. ( S-237) 

; 
ST-49 Etalons de temps atomiques et moleculaires au National Bureau of Standards ,  by R. C .  Mockler. 

In Proc� s Verbaux des Seances, Rapport et Annexes ,  lre Session ( 1957) , Comite Consultatif 
pour la Definition de la Seconde , p .  38-42 . ( Comite International des Poids et Mesures . 
Proc�s -Verbaux des Seances .  2 .  serie, tome 26-B) Paris, Gauthier-Villars, 195 8 .  ( S-238) 

ST-50 RF voltmeter calibrating consoles, by M. C .  Selby, L .  F. Behrent and F .  X. Ries . In IRE 
Natl. Conv. Record, �' pt . 5, 251-257, 1958 .  Natl . Bur. Standards ( u.s . )  Handbook 77 : 
Precision measurement and calibration !' p .  598-604, 1961 . $6 .oo . ( S -239) 

ST-51 Exact s olution for a gyroma.gnetic s smple and measurements on a ferrite , by H. E .  Bussey 
and L. A. Steinert . IRE Trans . on Micrmrave Theory Tech. MTT-6, 72-76, Jan . 195 8 .  
( S -240 ) 

ST-52 Experimental evaluation of the oxygen micrmave absorption as a possible atomic frequency 
standard, by J. M. Richardson . J. Appl . Phys . 29, 137-145 , Feb , 195 8 .  ( S-242 ) 

ST-53 Theory of the Stark effect of NO molecule, by M. MizushiJna. Phys . Rev. 109, 1557-1559, 
Mar . 1958.  ( S-186a) 

ST-54 High-frequency magnetic permeability measurements using toroidal coils, by R.  D. Harrington 
and R. C .  Pmrell .  Proc . I .R .E . � 784, April 195 8 .  ( S-245 ) 

ST-55 Amplitude stabilization of a micrmrave signal source , by G. F .  Engen . IRE Trans . on 
Micro1-rave Theory Tech . MTT-6, 202-206, April 1958.  ( S-246 ) 
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ST-56 

ST-57 

ST-58 

ST-59 

R -F permeameter techniques for testing ferrite cores, by A. L. Rasmussen aDd A. E .  Hess .  
Elec . Mfg . 61, 86-91, 308, May 1958.  ( S -247) 

Conference on Electronic Standards and Measurements . Natl . Bur . Standards ( u .s . ) , Tech . 
Ne1vs Bull .  42, 96, May 1958.  ( S-248) 

W\·N standard frequency transmissions rletter J J by H .  D. George . Proc . LR .E . 46, 910-911, 
May 1958; Proc . I .R .E ,  46, 1309, June 1958; P�oc . I .R .E .  46, 1420, July 1958; Proc . I .R .E .  
46, 1534-1535 , Aug. 1958; Proc . I .R .E .  46, 1649, Sept . l95E; Proc . I .R .E .  46, 1758, Oct . 
1958; Proc . I .R .E .  46, 1881-1882, Nov. 1958 (by D. M. Kerns ) ;  Proc . I .R .E .�6, 1950-1951, 
Dec . 195 8 .  ( S-250;-

Research at NBS Boulder Laboratories on quartz crystal resonators and oscillators at lm1 
temperatures ,  by F .  F .  Phelps and A. H. Morgan . In Proceedings of the 12th Annual 
Symposium on Frequency Control, Fort Monmouth, 6-7-8 May 1958, P •  162-171 . ( S-251)  

ST-60 A modulator for micro1mve mixers c letterJ , by G. E .  Schafer .  IRE Trans . on Micro1mve 
Theory Tech. MTT-6, 333-334, July 1958 . ( S-25la) 

ST-61 Water-cooling of lm1-po11er klystrons used in the laboratory, cnote Jby E .  Niesen, R .  W. 
Beatty, and W. J. Anson . Rev. Sci . Instr . 29, 791-792, Sept . 195 8 .  (S-253a) 

ST-62 A method for measuring the directivity of directional c ouplers, by G. E .  Schafer and 
R .  H .  Beatty. IRE Trans . on Micrm�ave Theory Tech . MT:r-6, 419-422, Oct . 1958.  Natl . 
Bur . StaDdards ( u . s . )  Handbook 77 : Precision measurement and c alibration :!:_, p. 8'02-
805, 1961 . $6 .00 .  ( S-255 ) 

ST-63 Frequency and time standards and their distributions, by W. D .  George . In Proceedings of 
the Second All-IRIG Symposium prepared by Secretariat , Inter-Range Instrumentation 
Group, Oct .  12, 1958, p. 140-146 . (IRIG Document NR 107-58) ( S-266) 

ST-64 Conference on Electronic Standards and Measurements .  Natl . Bur. Standards ( u . s . ) ,  Tech . 
Nelis Bull . 42, 209-217, Nov . 1958.  ( S-25 6 )  

ST-65 Dedication of Electronic Calibration Center . Natl . Bur . Standards ( U .S . ) ,  Tech. Ne11s . 
Bull . 42, 220-229, Nov. 195 8 .  ( S-257) 

ST-66 Recently developed micrm1ave impedance standards and methods of measurement, by R .  H.  
Beatty and D .  M .  Kerns . I RE  Trans . o n  Instrumentation I-7, 319-321, Dec .  1958 . Natl . 
Bur . Standards ( u .s . )  Handbook 77 : Precision measurementand calibration 1, p. 680-
682, 1961 . $6 .oo .  ( s-260 ) 

-

ST-67 Recent developments in the field of micro1·1ave p01ver measurements at the National Bureau of 
Standards, by G. F .  Engen . IRE Trans . on Instrumentation I-7, 304-306, Dec . 195 8 .  Natl . 
Bur . Standards ( u .s . )  Handbook 77 : Precision measurement aiid'"calibration 1, p .  8o6-

ST-68 

ST-69 

ST-70 

ST-71 

8o8, 1961 . $6 .00 .  ( S-261) 
-

A dry, static calorimeter for RF po11er measurement, by F. A. Hudson and C .  M. Allred. IRE 
Trans . on Instrumentation I -7, 292-296, Dec . 1958.  Natl . Bur . Standards ( u . s . )  HaDdbook 
77 : Precision measurement and calibration :!:_, p .  809-813, 1961. $6 .00 .  ( S-262 ) 

The ammonia maser as an atomic frequency and time standard, by R .  C .  Mockler, J .  Barnes, 
R.  Beehler, H. Salazar, and L. Fey. IRE Trans . on Instrumentation I-7, 201-202, Dec . 
195 8 .  ( S -263) 

High-frequency impedance standards at the National Bureau of StaDdards, by R. C. Pm1ell, 
R .  M. Jickling, and A. E .  Hess . IRE Trans . on Instrumentation I -7, 270-274, Dec . 195 8 .  
Natl.  Bur .  Standards (u.s . )  Handbook 77 : Precision measurement and calibration 1, p.  675 -
679, 1961 . $6 .00 .  ( S-264) 

-

High-frequency standards of the Electronic Calibration Center, NBSBL, by M. C .  Selby . 

IRE Trans . on Instrumentation I -7 ,  262-270 , Dec . 1958 . Natl . Bur . Standards (U. S . ) 

Handbook 77 : Precision measurement and calibration 1, p .  463-471, 1961 . $6 .00 .  
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ST-72 

ST-73 

Initial and remanent permeability spectra of Yttrium Iron Garnet, by R .  D. Harrington 
and A. L. Rasmussen . Proc . I .R .E .  47, 98, January 1959 . ( S -269 ) 

rd\N standard frequency transmissions, rletter 1 by National Bureau of Standards, Boulder, 
Colo . Proc . I .R .E .  47, 74, Jan . 1959; Proc . I .R .E .  47, 329, Feb . 1959; Proc . I .R .E , 
47, 452-453, Mar . 1959; Proc . I .R .E .  47� 590, April 1959; Proc . I .R .E .  47, 1002, May 
1959; Proc . I .R .E .  47, 1157, June 1959; Proc . I .R .E .  47, 1276, July 1959; Proc . I .R .E .  
47, 1382-1383 , Aug.-r959; Proc . I .R .E .  47, 1786, Oct .-r959; Proc . I .R.E . 47, 2012, 
Nov. 1959; Proc . I .R .E .  �-7, 2113, Dec . 1959; Proc . I .R .E .  48, 106, Jan . l9bO; Proc . 
I .R .E .  48, 239, Feb . 1960; Proc , I .R � .  48, 359, Mar . 1960 ; Proc . I .R ,E .  48, 793, 
Apr . 19ti0. ( S -270) 

- -

ST-74 HWV and lfi:IVH standard frequency and time transmissions, ,letter 1 by National Bureau of 
Standards, Boulder, Colo . Proc . I .R .E .  48, 944, May 1960; Proc . I .R .E .  48, 1159, 
June 1960; Proc . I .R .E . 48, 1326, July 19b0 ; Proc . I .R .E .  48, 1480, Aug .-r960 ; Proc . 
I .R .E .  48, 1649, Sept . 19b0; Proc . I .R .E .  48, 1782-1783, Oct . 1960; Proc . I .R .E .  48, 
1902, Nov. 1960; Proc . I .R .E .  � 2018, Dee7 1960; Proc . I .R .E .  49, 379, Jan .  1961; 
Proc . I .R .E .  49, 512, Feb . 1961; Proc , I .R .E .  49, 629, Mar . 1961; Proc . I .R .E .  49,813, 
April 1961; Proc . I .R .E .  49, 960, May 1961; Proc. I .R .E .  49, 1100-1101, June l9bl; 
Proc . I .R ,E , 49, 1227, July 1961 . ( S-270a) 

-

ST-75 Reflectors for a micrmrave Fabry-Perot interferometer, by W. Culsha1·1 . IRE Trans . on 
Micrmrave Theory Tech . MTT-7, 221-228, April 1959 . ( S -233 ) 

ST-76 Rack for standard resistors, by P. H. Lowrie . Rev . Sci . Instr. 30, 291-292, April 1959 . 
( S -273) 

ST-77 Detl·rinning quartz crystals; final report, January 31, 1949-November 30, 1953, by F .  P .  
Phelps . April 1959 . (NBS Tech . Note 3 )  ( PB15l362 ) 5 0  cents . ( S -151) 

ST-78 Maser frequency stability, by R .  C .  Mocluer and J. A. Barnes . In Proceedings of the 
13th Annual Symposium on Frequency Control, Asbury Park, N .  J . ,  12-14 May 1959, p .  
583-596 . ( S -274a) 

s·r-79 Quartz crystals at 10\v temperatures, by P .  H. Simpson and A. H. Morgan .  In Proceedings of 
the 13th Annual Symposiwu on Frequency Control, Asbury Park, N .  J , ,  12-l�- May 1959, 
p. 207-231 . ( S -274b) 

ST-80 Precision millimeter \·rave interferometry at the U. S .  National Bureau of Standards, by 
H .  Culshavr, J .  M. Richardson, and D .  M. Kerns . Paper 4-3 in Proceedings of the Symposium 
on Interferometry, National Physical Laboratory, Teddington, Eng . ,  June 9-ll, 1959.  
Natl . Bur . Standards (u .s . )  Handbook 77 : Precision measurement and calibration 1,  
p .  756-775, 1961 . $6 . oo .  (S-276) 

-

ST-81 Magnified and squared VSh'R responses for micrmrave reflection coefficient measurements ,  
by R ,  H,  Beatty. IRE Trans . on Micrmave Theory Tech . MTT-7, 346-350, July 1959 . Natl . 
Bur. Standards ( u . s . )  Handbook 77 : Precision measurement and calibration 1, p. 746-750, 
1961 . $6 . 00 .  ( S -277) 

-

ST-82 Microwave reflectometer techniques, by G. F .  E"ngen and R. H. Beatty. IRE Trans . on 
Micrmrave Tneory Tech . MTT-7, 351-355, July 1959 . Natl . Bur . Standards ( u .s . )  Handbook 
77 : Precision measurement an·d calibration :!:_, p .  751-755, 1961 . $6 .00 , ( S-278) 

ST-83 Geometrical anisotropy of magnetic materials in vraveguides and cav.i.ties, , letter1 by 
L. A. Steinert . J. Appl . Phys . 30, 1109, July 1959 . ( S-279 ) 

ST-84 A refined x-band micrmrave microcalorimeter ,  by G. F .  Engen . J, Research ( C .  Encineering 
and instrumentation) Natl . Bur . Standards

. 
63c, 77-82, July-Sept . 1959 . Natl . Bur .  

-

Standards ( U .S . )  Handbook 77 : Precision measurement and c alibration l, p .  819-824, 1961 . 
$6 .oo .  ( s -283 ) -
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ST-85 Precise time synchronization of 1-lidely separated clocks, by A. H. Morgan . July 22, 1959 . 
(NBS Tech . Note 22 ) ( PB151381 ) $1 . 5 0 .  Natl.  Bur . Standards ( u .s . )  Handbook 77 : 
Precision measurement and Calibration l' p .  516-577, 1961 . $6 .00 .  ( S -28o ) 

ST-86 Recent international comparisons of micr01rave pm1er standards . Natl . Bur . Standards 
( u .s . ) ,  Tech . Ne,Ts Bull . 43 , 1955 ,  Aug .  1959 . ( S-281) 

ST-87 Rapid insertion device for coaxial attenuators, by A. Y. Rumfelt and R .  J .  Como . Rev . 
Sci . Instr . 30, 687-688, Aug. 1959 . ( S-282 ) 

ST-88 Cavity resonators for dielectric spectroscopy of compressed gases, by H. E .  Bussey and 
G .  Birnbaum. Rev. Sci . Instr . 30, 800-804, Sept . 1959 . ( S-285 ) 

ST-89 Dielectric research cin Dielectrics Section, Hashington, and Radio and Micr01rave 
Materials Section, Boulder J . Natl . Bur . Standards ( u .s . ) ,  Tech. Ne1rs Bull . 43, 168-
174, Sept . 1959 . ( S-286) 

-

ST-90 Short -time stability of a q_uartz-crystal oscillator as measured Hith an annnonia maser, 
rletter J by A. H. Morgan and J .  A. Barnes .  Proc . I .R .E .  4i, 1782, Oct . 1959 . Natl . 
Bur . Standards (u.s . )  Handbook 77 : Precision measurement a�d calibration l' p .  498, 
1961 . $6 .00 .  ( S-290 ) 

ST-91 Mismatch errors in cascade -connected variable attenuators, by G. E .  Schafer and A. Y.  
Rumfelt . IRE Tran s .  on Micr01<1ave Theory Tech. MTT-7, 447-453 ,  Oct . 1959 . Natl . Bur .  
Standards (u.s . )  Handbook 77 : Precision measurement and c alibration 1 ,  p .  795-801, 
1961 . $6 .00 .  ( S-291) 

-

ST-92 Conical coaxial capacitors and their advantages, by M. C .  Selby. J .  Research ( C .  
Engineering and Instrumentation )  Natl . Bur . Standards 63c, 87-89, Oct . -Dec . 1959 . 
(S-294) 

-

ST-93 Magnetic properties of polycrystalline materials, by D. M. Grimes ,  R .  D .  Harrington and 
A. L. Rasmussen . Phys . and Chem. of Solids 12, 28-40, Dec . 1959.  ( S-296 ) 

ST-94 Standards and calibration in radio and electronics . Natl . Bur . Standards ( U .s , ) ,  Tech . 
Nei·IS Bull . 43, 226-230, Dec .  1959 . ( S-297) 

ST-95 Ultraprecise attenuation measurement . Natl . Bur . Standards ( U . S . ) ,  Tech , NeHs Bull . 
43, 230-231, Dec . 1959 . ( S-298) 

ST-96 Cavity resonator dielectric measurements on rod samples, by H. E .  Bussey. In Conference 
on Electrical Insulation : 1959 Annual report, p .  15 -20 . Hashington, National Research 
Council, 1960 . ( S-299 ) 

ST-97 An evaluation of a cesium beam freq_uency standard, by R .  C .  Mockler, R. E .  Beehler, and 
J ,  A. Barnes . In Quantum electronics,  a symposium, edited by Charles H. ToHDes ,  p. 126-
145 . NeH York, Columbia University Press, 1960 . Natl . Bur . Standards ( U .S . )  Handbook 
77 : Precision measurement and c alibration l' p .  497-515, 1961 . $6 .00 .  ( S-300) 

ST-98 Microi·Tave spectroscopy, by J .  M. Richardson . In Encyclopedia of spectroscopy, edited by 
George L. Clark, p .  647-656.  NeH York, Reinhold Publishing Corp . ,  1960 . 

ST-99 Application of RF rucropotentiometers for calibration of signal generators to 1000 Me, by 
L. F .  Behrent . Jan . 1960 . (NBS Tech. Note 37) ( PB151396 ) 50 cents . Natl . Bur . 
Standards ( u .s . )  Handbook 77 : Precision measurement and calibration l' p. 621-633, 
1961 . $6 .00 . ( S-301) 

ST-100 National standards of time and freq_uency in the United States, cletter by J .  M .  Richardson J, 
National Bureau of Standards, Boulder, Colorado. Proc . I .R .E . 48, 105-106, Jan . 1960 . 
Natl . Bur . Standards (U.S . )  Handbook 77 : Precision measurement and calibration 1, p .  472-
474, 1961 . $6 .oo .  ( S-302) 

-
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ST-101 Theory of diffraction in micro1·1ave interferometry, by D .  M. Kerns and E .  s .  Dayhoff .  
J .  Research ( B .  Mathematics and Mathematical Physics )  Natl . Bur . Standards 64B, 
1-13, Jan . -Mar . 1960 . ( S-304) 

ST-102 Capacitor calibration by step-up methods , by T .  L. Zapf . J .  Research ( C .  Engineering 
and Instrumentation) Natl . Bur . Standards 64c, 75 -79, Jan . -�fur . 1960 . IRE Trans . on 
Component Parts CP-7, 124-129, Dec . 1960 . Natl . Bur . Standards (u.s . ) Handbook 77 : 
Precision measurement and cal ibration !, p. 305 -309, 1961 . $6 .00 .  ( S-305 ) 

ST-103 Precision Zeeman modulation micro1mve spectrometer, by R. H .  Zimmerer. Rev.  Sci .  
Instr. 31 , 106-111, Feb . 1960 . ( S -306) 

ST-104 Microvrave absorption in compressed oxygen, by A. A. ]'laryott and G .  Birnbaum. J. Chem. 
Phys . 32, 686-691, Mar . 1960 . ( S-308) 

ST-105 Dynamic measurements of the magnetoelastic properties of ferrites ,  by V. E .  Bottom. 
Mar . 1960 . ( NBS Tech . Note 49 ) (PB151408) $1 .00 .  ( S-309) 

ST-106 High resolution millimeter wave Fabry-Perot interferometer, by \{. Cu�shaw . IRE Trans . 
on Microwave Theory Tech . MTT-8, 182-189, �fur . 1960 . ( S -310) 

ST-107 A technique for reducing errors in permeability measurements with coils, cletterJ by 
B. L .  Danielson and R. D. Harrington . Proc . I . R. E .  48, 365-366, Mar . 1960 . Natl . Bur . 
Standards (U. S . ) Handbook 77:  Precision measurement and calibration !, p .  828, 1961 . 
$6 .oo .  ( S-311) 

ST-108 Accurate microwave wavemeters with convenient calibration tables,  by H. E .  Bussey and 
A. J .  Estin . Rev.  Sci . Instr. 31, 410-413, Apr . 1960 . Natl . Bur . Standards (u .s . ) 
Handbook 77: Precision measurement and calibration !, p .  492-495, 1961 . $6 .00 . ( S -314) 

ST-109 Microwave attenuation measurements with a�curacies from 0 .0001 to 0 .06 decibel over a 
range of 0 .01 to 50 decibels ,  by G .  F. Engen ar:d R. H. Beatty. J .  Research ( C .  
Engineering and Instrumentation) Natl . Bur . Standards 64c , 139-145, Apr . -June 1960 . 
Natl . Bur . Standards (u .s . ) Handbook 77: Precision measurement and calibration 1, 
P• 785-791, 1961 . $6 .00 . ( S -318) 

-

ST-110 Half -round inductive obstacles in rectangular \•rave guide , by D .  M. Kerns . J .  Research 
( B .  Mathematics and Mathematical Physics)  Natl . Bur . Standards 64B, 113-130, Apr . 
June 1960 . Natl . Bur . Standards (u.s. ) Handbook 77 : Precision measurement and 
calibration !, p .  718 -735, 1961 . $6 .00 .  (S-319) 

ST-111 Nonresonant absorption in symmetric -top gases :  Dependence of relaxation frequency on 
temperature, by A. A. Maryott , A. Estin and G .  Birnbatun. J .  Chem. Phys . 32, 1501-
1504, May 1960 . ( S-320) 

ST-112 Standard frequency broadcast on 20 kc/s ; communicacion of the National Bureau of 
Standards . Journal des T��communications 27 , 118-119 , May 1960 . ( S-321) 

ST-113 Variable capacitor calibration vrith aJl inductive voltage divider bridge, by T .  L. Zapf . 
May 1960 . (NBS Tech. Note 57) (PB161558) 50 cents . ( S -322) 

ST-114 NBS atomic frequency standards , by R. C .  Mockler and R. E. Beehler .  In Proceedings of 
the 14th Annual symposium on frequency control, Atlantic City, N .  J . ,  31 May - 3 June , 
1960, p .  298-309 . 

ST-115 A method for the dynamic determination of elastic dielectric and piezoelectric constants 
of quartz,  by S .  A. Basri . June 1, 1960 . ( NBS Monograph 9) 50 cents . Natl . Bur . 
Standards (u .s . ) Handbooi�: 77 : Precision measurement and calibration !, p .  310-316, 
1961 . $6 .00 .  ( S -323) 

ST-116 A micrmrave impedance meter capable of high accuracy, cletter Jby R. H. Beatty . IRE Trans . 
on Microwave Theory Tech . �flT-8, 461-463 , July 1960 . 
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ST-117 A method of improving isolation in multichannel waveguide systems , rletterl by G .  F .  
Engen . IRE Trans . on Microwave Theory Tech . MTT-8, 460-461, July 1960 . 

ST-118 Experimental timing code added to 'IMV broadcasts . Natl . Bur . Standards (U.S . ) ,  Tech . 
Ne\fs Bull . 44 , 114-115, July 1960 . 

ST -119 Nelf standard freq_uency broadcasts .  Natl . Bur . Standards (u .s . ) ,  Tech . News Bull . 44, 
120-122, July 1960 . 

ST-120 A multiple isolated-input network with common output, by C .  M, Allred and C .  C .  Cook. 
J. Research ( C .  Engineering and Instrumentation) Natl . Bur . Standards 64C , 225 -228, 
July-Sept . 1960 . 

ST-121 A comparison of atomic beam freq_uency standards , rletter l by R. E .  Beehler, R .  C .  Mockler 
and C .  S. Snider. Nature 187 , 681-682, Aug.  20 , 1960 . 

ST-122 A precision RF a+,tenuation calibration system, by C .  M. Allred and C .  C .  Cook. IRE 
Trans . on Instrumentation I -9, 268-274, Sept . 1960 . 

ST-123 The pOI·Ter spectrum and its importance in precise freq_uency measurements ,  by J .  A.  
Barnes and R. C .  Mockler .  IRE Trans . on Instrumentation I -9 ,  149-155,  Sept . 1960 . 

ST-124 Measurement of reflections and losses of waveguide joints and connectors using microwave 
reflectometer techniq_ues , by R .  H .  Beatty, G .  F .  Engen, and H .  J .  Anson . IRE Trans . 
on Instrumentation I-9, 219-226, Sept . 1960 . 

ST-125 Standards and measurements of microwave surface impedance, skin depth, conductivity and 
Q, by H. E .  Bussey . IRE Trans . on Instrumentation !=2, 171-175,  Sept . 1960 . 

ST-126 A transfer instrument for the intercomparison of microvave po1;er meters , by G .  F .  Engen .  
I RE  Trans . on Instrumentation I-9, 202-208, Sept . 1960 . 

ST-127 Absolute measurement of temperatures of micrOI·rave noise sources, by A. J .  Estin, C .  L .  
Trembath, J .  S .  Hells , and H .  C .  Daywitt . I RE  Trans . on Instrumentation I-9, 209-213, 
Sept . 1960 . 

ST-128 A vibrating sample magnetometer, by N .  V. Frederick. IRE Trans . on Instrcrrnentation 
I-9, 194-196, Sept . 1960 . 

ST-129 A precision RF p�;er transfer standard, by P .  A. Hudson , IRE Trans . on Instrumentation 
I-9, 280-283, Sept . 1960 . 

ST-130 The nation ' s  electronic standards program: \·lhere do \fe now stand? by H .  H. Lance . 
IRE Trans . on Instrumentation I-9 ,  94-lOO, Sept . 1960 . 

ST-131 Atomic beam freq_uency standards , by R .  C .  Mockler,  R. E .  Beehler, and C .  s .  Snider.  IRE 
Trans . on Instrumentation I-9 ,  120-132, Sept . 1960 . 

ST-132 VHF and UHF p�;er generators for RF instrumentation, by A. H .  Morgan, and P .  A. Hudson . 
Sept . 1960 . (NBS Tech . Note No . 77) ( PB16l578) 75 cents . 

ST-133 A radio-freq_uency permittimeter, by R. C .  Povrell and A. L .  Rasmussen . IRE Trans . on 
Instrumentation I-9, 179-184, Sept . 1960 . 

ST-134 Adjustable waveguide termination . Natl. Bur . Standards ( U . S . ) ,  Tech . News Bull . 44, 
158, Sept . 1960 . 

ST-135 1960 Conference on Standards and Electronic Measurements .  Natl . Bur . Standards (U .S . ) ,  
Tech . Nel·rs Bull . 44 , 145-154, Sept . 1960 . 

ST-136 U . S .  - Japanese intercomparisons of micrD'irave po1·rer standards . Natl . Bur . Standards 
(u. s. ) ,  Tech . News Bull . 44, 157 , Sept . 1960 . 

ST-137 A modulated subcarrier techniq_ue of measuring microwave phase shifts , by G .  E .  Schafer .  
I RE  Trans . on Instrumentation I -9 ,  217-219 , Sept . 1960 . 
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ST-138 Table of magnitude of reflection coefficient versus return loss (LR=20 loglO 1�1 ) , by 
R. \1. Beatty and \1. J .  Anson . Sept . 19, 1960 . (NBS Tech . Note No . 72) (PBlDl573) 
$1 .25 . 

ST-139 Microvolt calibration console . Natl . Bur . Standards (u. s. ) ,  Tech . News Bull. 44, 
170-171, Oct . 1960 . 

ST-140 A method of controlling the effect of resistance in the . link circuit of the Thomson or 
Kelvin double bridge , by D .  Ramaley . J. Research ( C .  Engineering and Instrumentation) 
Natl . Bur . Standards 64C, 267-270 , Oct . -Dec . 1960 . 

ST-141 Error analysis of a standard micrmrave phase shifter, by G .  E .  Schafer and R .  l'l. Beatty. 
J .  Research ( C .  Engineering and Instrumentation) Natl . Bur . Standards 64c, 261-265 , 
Oct . -De c .  1960 . 

ST-142 Errors in dielectric measurements due to a sample insertion hole in a cavity, by A. J .  
Estin and H .  E .  Bussey . I RE  Trans . on Microwave Theory Tech . MTT-8, 650-653, Nov. 1960 . 

ST-143 Comparison of tHo techniques for measuring micrO\·rave attenuation . Natl . Bur . Standards 
(u.s. ) ,  Tech . Ne..rs Bull. 44 , 192-193, Nov. 1960 . 

ST-144 MismAtch errors in microwave phase shift measurements,  by G .  E .  Schafer . IRE Trans . on 
Microwave Theory Tech . MTT-8, 617-622, Nov. 1960 . 

ST-145 Radiofrequency and micro>·rave pOI·rer measurements , by G .  F .  Engen . Report of U .s .  
Commission l,  URSI : Radio measurement methods and standards , part 2.  J .  Research 
(D .  Radio Propagation) Natl . Bur. Standards 64D, 596-597, Nov . -Dec . 1960 . 

ST-146 Field strength measurements , by M. C .  Selby. Report of u.s .  Commission l, URSI : Radio 
measurement methods and standards, part 6 .  J. Research ( D .  Radio Propagation) Natl . 
Bur . Standards 64D, 603-604, Nov. -Dec . 1960 . 

ST-147 Standard frequencies and time signals from NBS stations \•TWV and 'WVm . Dec . l, 1960 . 
(NBS Misc .  Pub . 236) 10 cents .  Natl . Bur. Standards (u. s. ) Handbook 77: Precision 
measurement and calibration !, p .  475-481, 1961 . $6 .00 .  

ST-ll+8 Tables of frequency, VSHR, and lfl for selected half �round inductive obstacle impedance 
standards in 1-/R-90 (X band) rectangu_lar waveguide , by members of the Microwave Impeda_nce 
Standards Project and Consultants.  Natl . Bur. Standards (u.s . ) Handbook 77: Precision 
measurement and calibration !, p .  695-701, 1961 . $6 .00 .  

ST-149 Tables of frequency, VSIVR, and lrl for selected half-round inductive obstacle impedance 
standards in \VR-284 ( S-ba.nd) rectangular ..raveguide , by members of the Micr01-rave Impedance 
Standards Project and Consultants .  Natl . Bur . Standards (u.s . ) Handbook 77: Precision 
measurement and calibration !, p .  702-709, 1961 . $6 .00 . 

ST-150 Tables of frequency, VSIVR, and lll for selected half-round inductive obstacle impedance 
standards in \VR-187 rectangular waveguide , by members of the Micr01vave Impedance 
Standards Project and Consultants .  Natl . Bur . Standards (u. s . ) Handbook 77: Precision 
measurement and calibration !, p .  710-717, 1961 . $6 .00 . 

PR-151 Comparison of t>w cesium beams at NBS, Boulder, by J .  M. Richardson . In u. S .A.  National 
Committee of the International Scientific Radio Union . Report to the National Academy 
of Sciences-National Research Council on the 13th General Assembly, September 5 -15 , 
1960 , London, England, p .  57-60 . Washington, National Academy of Sciences ,  1961 . 

ST-152 Report on the velocity of light, by J .  M. Richardson , In u.s .A .  National Committee of 
the International Scientific Radio Union . Report to the National Academy of Sciences 
National Research Council on the 13th General Assembly, September 5 -15, London, England, 
p .  65 -67 . l·lashington, National Academy of Sciences,  1961 . 

ST-153 Atomic frequency standards . Natl . Bur . Standards (u.s . ) ,  Tech . News Bull . �' 8-10, 
Jan , 1961 . 
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ST-154 Changes in WVTV/l·MVH standard broadcasts . Natl . Bur . Standards (u.s , ) ,  Tech . Ne\fs 
Bull , �' ll-13, Jan . 1961 . 

ST-155 Micrmvave calibration f'or lm·r-level signal generators, by National Bureau of' Standards . 
Ind . Electronic Eng. & Maintenance J, 42-43, Jan. 1961 . 

ST-156 Resonators f'or millimeter and submillimeter lfavelengths,  by W .  Culsha\f. IRE Trans . on 
Microwave Theory Tech , MTT-9, 135-144, March 1961. 

ST-157 Changes in \'f'ITV /vTitTVH broadcasts,  by National Bureau of' Standards , Ind. Electronic Eng . 
& Maintenance J, 38, 52, March l96l . Electronics \·Jorld £2., 51, April 1961 . 

ST-158 A bolometer mount ef'f'iciency measurement technique , by G .  F .  Engen . J .  Research ( C .  
Engineering Instrumentation) Natl . Bur . Standards �' 113-124, Apr . -June 1961 . 

ST-159 Calibration of' inductive voltage dividers . Natl . Bur . Standards (U. S, ) ,  Tech . News 
Bull. �' 73-74, May 1961 . 

ST-160 Meeting on high-precision connectors . Natl , Bur . Standards (u.s. ) ,  Tech. News Bull. 
�' 74 ,  May 1961 . 

ST-161 Book review: Plasma physics,  by J .  E .  Drummond, reviewed by J. M. Richardson . Proc , 
I . R.E .  49, ll08> June l96l . 

ST-162 A high-resolution ammonia-maser-spectrum analyzer, by J .  A. Barnes and L .  E .  Hein . IRE 
Trans . on Instrumentation I -10, 4 -8, June 1961 . 
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Patents ----
Allred, C .  M., and Hudson, P .  A. Automatic R-F level control . July 4, 1961. (u . s .  Patent No. 

2 ,991, 430) . 

Beatty, R .  W .  Adjustable 1mveguide termination .  Jan . 26, 1960 . (U. S .  Patent 2, 922,963) . 

Birmingham, B .  w . , Brovm, E .  H . ,  Scott, R. B . ,  and Vander Arend, P .  C .  Supporting and heat 
insulating means . Jan . 27, 1959· (u. s .  Patent 2,871,042) . 

Boggs , G .  E .  Stabilized nonlinear amplifiers . Apr.  21, 1959 · (u. s .  Patent 2,883 , 527) . 

Boggs, G .  E .  Superheterodyne mixer with negative feedback for stabilizing conversion gain . 
July 3 ,  1956. (u.s .  Patent 2 ,753,449) 

Bussey, H. E .  Reflected-ray eliminators . Sept . 11, 1956 . (u.s.  Patent 2 ,763,001) . 

Diamond, H . , Dunmore , F .  H . , and Hinman, W .  S .  Determining upper air wind conditions by radio 
direction finding. Jan . 13, 1948 . (u. s .  Patent 2,434 ,263 ) . 

Dunmore , F .  H . , and Lyons , H .  Collapsible multicorner reflector for ultra high frequency radiant 
energy. Feb . 28, 1950 . (u .s .  Patent 2 ,498 ,660) . 

Dunmore , F .  W .  Measuring potential gradients in space . VEr .  8, 1949 . (u .s .  Patent 2 ,463 , 527) . 

Dunmore , F .  H .  Pu�se echo distance and direction finding . Jan . 22 , 1952. (U.S .  Patent 2, 582, 971 ) . 

Gilliland, T .  R. Automatic radio control for clocks . Feb . 18 , 1958 . (u.s .  Patent 2,824,218) . 

Lapham, E .  G .  Radio direction finder . June 27 , 1950. (u. s .  Patent 2, 512, 657) . 

Lowell, P .  D . ,  and Hakkarinen, H. Air launched radio station. June 5 ,  1951. (u. s. Patent 
2 , 555, 352) . 

Lyons , H . , and Husten, B .  F .  Atomic clock . Jan . 11, 1955 . (u. s .  Patent 2 ,699 , 503 ) .  
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