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CHEYENNE MOUNTAIN ‘TROPOSPHERIC
PROPAGATION DATA
FEBRUARY - MARCH 1954

by

A. P. Barsis, B. R. Bean and K. O. Hornberg
National Bureau of Standards
Boulder, Colorado

"ABSTRACT

This report describes tropospheric propagation measurements
taken over the Cheyenne Mountain paths on frequencies between 92
and 1046 Mc during February, 1954. The results of the measure~
ments are given in terms of cumulative distributions of hourly
medians (in units of basic transmission loss), diurnal variations
and interdecile range of hourly medians of transmission loss, and
dependence of the above quantities on the angular distance 6. Re=-
sults of meteorological measurements on the 500-foot tower at
Haswell, Colorado, are also shown together with radiosonde data
obtained at Denver, Colorado, and Dodge City, Kansas, during the
recording period. A general description of the weather during the
measurement period is also given. ‘



-2 -
INTRODUCTION

The Tropospheric Propagation Research Section of the Radio
Propagation Engineering Division, National Bureau of Standards,
has conducted a long-range recording program over paths extending
from the front range of the Rocky Mountains across the plains of
southeastern Colorado and Kansas. Portions of this program were
sponsored by the Evans Signal Laboratories and the Wright Air
Development Center, and comprise, among other tasks, continuous
measurements on five frequencies over these paths during February
and August 1954, with simultaneous meteorological measurements.

This report contains certain results of the radio and meteorologi~-
cal measurements obtained during February of 1954, Subsequent
reports will cover the evaluation of radio and meteorological data
for this and other recording periods, studies of fading range and fad-
ing rate, comparative studies of meteorological and radio phenomena
including evaluation of observed space-wave fadeouts, and evaluation
of airborne measurements.

Section I. 'Measurements of Basic Transmission Loss,
A. Facilities: The transmitting and receiving sites, the equip~-
ment used, and the method of obtaining data have been described in
previous publications 1, 2/. For the February, 1954, recording period
another receiving site called '"Marble'" has been added at a distance of
approximately 140 miles from the transmitters. This is within that
region where the signals from the summit of Cheyenne Mountain produced
by diffraction, and the ones produced by tropospheric scattering are pre-
sumed to be comparable in magnitude. Fig. 1 shows in a panoramic
view locations of all transmitting and receiving facilities. Pertinent
data for all locations are given in Tables 1 through 5 below.

Table I
Distance Between Transmitting and Recording Sites in Miles
‘ , - - Transmitters

Recording Cheyenne Mt. Cheyenne Mt. Camp Carson -

Site Summit Base '
Kendrick 49.3 49.4 - 46,6
Karval 70.2 70.2 68.0
Haswell 96. 6 96. 8 93.8
Marble 141.0 141.1 138.5

Garden City 226.5 226.6 223.6
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_ Table 2_

Angular Distance (in Milliradians) Between Transmitting
and Recording Sites

Transmitters
‘Recording Cheyenne Mt Summit Cheyenne Mt Base Camp Carson
Site 100 Mc 230 Mc 1046 Mc 92 Mc _ 236 Mc 100 Mc
Kendrick - 3.2 - 3.3 - 3.7 1.0 0.9 5.6
Karval - 1.3 - 1.5 - 1,4% 4,1 4.0 8.5
Haswell 1.8 1.7 1.8 6.5 6.4 11.5
Marble 9.8 9.7 10.0 14.8 14,7 18.1
Garden City 28.1 28.1 28.8 31.3 31.3 38.4
*For 43 foot receiving antenna.
Table 3
Transmitting Antenna Data
Elevation above | Antenna Gain over
Transmitter : Mean Sea Level ~ an Isotropic Antenna
in Feet in Decibels
Cheyenne Mt Summit
100 Mc 8805 10.0
230 Mc 8855 11.5
1046 Mc 8760 26.0
Cheyenne Mt Base
92 Mc 7485 9.3
236 Mc 7505 11. 7

Camp Carson
100 Mc 6260 14.5
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Table 4_

Elevation of Récording Sites

Site . Elevation above Mean Sea Level in feet
Kendrick 5260
Karval 5060
Haswell 4315
Marble 4060
Garden City 2855
Table 5

Receiving Antenna Data

Recording Antenna Height Above Ground in Feet

Site 92 Mc 100 Mc 230 Mc 236 Mc 1046 Mc
Kendrick 37 19 17.5 35.5 43
Karval 37 19 17.5 35.5 ' 43,14,5
Haswell 37 19 17.5 35,5 43
Marble 32 32 32 32 32
Garden City 37 19 . 17.5 .. 35,5 9
Recording Antenna Gain Over an Isotropic Afitenna in Decibels

Site . 92 Mc 100 Mc 230 Mc 236 Mc 1046 Mc
Kendrick 2.15 2.15 - 2.15 2.15 2.15
Karval 2,15 2715 2.15  2.15 2.15
Haswell | 2,15 - 2.15 , 2.15 2.15 2.15
Marble 2.15 2.15 2.15 - 2.15

Garden City 2.15 2.15 8.0 _ - 25.4

B. Results: The terms "angular distance' and '"basic transmission
loss'" have been fully explained in the NBS Circular quoted E/ The
appendix contains complete tabulations of measured hourly median
values of basic transmission loss for all frequencies recorded at all
receiving sites, Basic transmission loss as used in these tabulations
and also as the ordinate designation in Figs. 2-10 was determined on
the assumption that the free-space gain of the transmitting and receiv-
ing antennas were realized. If the actual path antenna gains are less
than the theoretical free-space gains, the corresponding basic trans-
mission loss values would be too high. However, for the low and
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medium-gain antennas used over most paths, the error is not ex-

pected to be appreciable with the possible exception of the 1046 Mc
Garden City path. Additional studies of path antenna gain as com-~
pared to free-space gain are in progress.

Figs. 2 to 6 show the observed distributions of hourly medians
of basic transmission loss (as defined above) for all frequencies at
all receiving sites. The number of hours comprising each distribu=-
tion is indicated. The graphs include 100 Mc data obtained from the
Camp Carson transmitter at Kendrick, Karval, and Haswell, 1046
Mc data received on three antennas at Karval (at 5, 14, and 43 feet
above ground), and 236 Mc data, which were all obtained prior to
February 15. Data for 230 Mc received at Garden City will be added
in a subsequent report.

Figs. 7, 8, and 9 show diurnal variations of median hourly trans-
mission loss, based on three-hour time blocks J

Fig. 10 indicates the dependence of basic transmission loss on the
angular distance 6. In order to include the paths within the radio
horizon the angle 6 has also been defined for such paths, and it assumes
a negative sign in this case. The values of basic transmission loss
shown represent the median values read from the all-hour distribution
curves (Figs. 2 to 6). The same curves serve to determine the inter-
decile range g/ of hourly medians shown for all paths and frequencies
in Fig. 11; also versus the angle 6. Fig. 11 also indicates the depend~
ence of diurnal change on the angle 6. Diurnal change is defined as
the difference between the maximum and minimum three-hour median
levels taken from Figs. 7, &, and 9.

C. Discussion of Results: During the February recording period
a series of severe dust storms occurred in eastern Colorado and in
Kansas affecting the Haswell and Marble sites especially. Several days
of data were lost due to equipment failures caused by the blowing dust.
The tabulations in the appendix show exactly the hours for which data
were obtained. The 1046 Mc results from Marble show the effect of
too few hours, and are therefore not considered conclusive. \

The summary of results represented by Figs. 10 and 11 may be
interpreted as follows:

The graph of over-all median values of transmission loss versus
the angular distance 0 shows that it is increased with frequency and 6
except for small positive and all negative values of 0 where transmission
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loss is also dependent upon antenna height. This is especially
illustrated by the results for Kendrick and Karval on transmissions
from the Cheyenne Mountain Summit site, where ground reflections
produce a substantial amount of phase interference on the 100 and
230 Mc frequencies. The following table shows the relation of
measured over-all median basic transmission loss and computed
basic transmission loss in free space for these paths:

Ratio of Measured Median Basic Transmission Loss and Computed
Basic Transmission Loss in Free Space

Site Frequency : Ratio. in Decibels
Kendrick 100 Mc | 21.8
230 Mc 11.6
1046 Mc -0.6
Karval 100 Mc . 21.5
230 Mc 15.7
1046 Mc (43-ft. antenna) : 2.4
1046 Mc (14-ft antenna) 7.1
1046 Mc (5-ft antenna) 16.1

The above tabulation also illustrates the height gain observed at
Karval on 1046 Mc.

Most of the transmission loss values measured at Haswell are
substantially greater than could be expected from comparison with
the rest of the paths. This might be explained by the topography:
the site is located not far beyond the summit of a small ridge (see
Fig. 4, NBS Circular 554). Furthermore, the site is only very
slightly below the radio horizon, and may constitute a transitional
stage between phase interference and''smooth-earth" diffraction
effects,

Fig. 11 shows the dependence of the variability of hourly medians
on the angular distance 6, This is expressed in two ways: the inter-
decile range takes into account the complete all-hour distribution,
and the diurnal change is based on the comparison of three-hour
time block medians. For the interdecile range graph a very pro-
nounced frequency dependence is evident, with the maximum range
observed at the Marble site (6 between 10 and 15 milliradians). The
highest interdecile range was observed for 230 Mc. The low value’
of interdecile range on 1046 Mc at the Marble site may be attributed
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to relatively too few hours of observations. The decrease in
interdecile range for larger 6 (corresponding to Garden City) is
in agreement with previous results.

The diurnal trend also shows a very marked change between
Marble and Garden City. Not only is the diurnal change (as defined
above) substantially reduced, but the observed 92 and 100 Mc trans-
mission loss values show minima during daytime hours, and maxima
at night (at Garden City). This reduction of the daytime transmission
loss may be caused by increased turbulence~produced tropospheric
scattering during daylight hours. This effect, in the course of a
diurnal cycle, is usually obscured by the much larger reduction in
transmission loss due to super~-refraction which occurs principally
at night. Therefore, the usual diurnal trend shows transmission loss
minima during the night and early morning hours where superrefrac-
tion is prevalent. In the absence of substantial superrefraction extend=-
ing as far as Garden City during the February recording period (as
apparent from a study of the refractive index profiles below), the day=-
time reduction in transmission loss due to scattering is better discern=-
ible than during any of the previous recording periods analy&Zed.

Section II. Radio Meteorological Measurements

A. Background: The purpose of the National Bureau of Standards
Radio-Meteorological measurements is to determine the degree to
which the weather affects the level and fading of VHF and UHF radio

waves.

Current theory explains the variations in level of VHF - UHF
signals by four principal mechanisms: scattering, refraction around
the earth, ducting, and reflection from elevated layers. The first
two mechanisms are in general ever present while the latter two may
or may not exist at any given time. While all four of these mechanisms
are vitally dependent upon the refractive index distribution, the instru-
mentation requirements are very different for each of the mechanisms,

1. Refraction and Ducting Refraction and ducting differ only
in degree and can be suitably described by the refractive index profile
in the lowest kilometer of the atmosphere. For ducting to be effective
there must be: (1) a refractive index gradient sufficient to produce an
effective earth's radius factor of infinity which is given by the following
relationship:
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where ~ a = earth's radius
= 6,370 km
n = mean radio refractive index of the interval
An
Ah . .
and (2) the effective earth's radius factor of infinity must extend over
~ a sufficient height dependent upon radio 'frequency.’ The necessary
duct height for each of the frequencies now in use on the Cheyenne
Mountain Program is given in Table 6, _’ly

= gradient of refractive index of the interval

Table 6

Necessary Duct Height for Frequencies in Use on the Cheyenne
Mountain Experiment

Frequency in ‘Megacycles Duct Height in Feet
92 815
100 771
230 443
236 435,

1046 161

' As can be seen from Table 6, meteorological measurements taken
on the 500-foot tower will give full detail of necessary duct heights for
frequencies above 230 Mc., Detailed refractive index profiles for the
period February 15 through March 2, 1954, are given in.Section II B.
The comparison of these measurements with the transmission loss.
will be left for a subsequent report.

yDerivation of the formula used to compute these heights is found on
pages 15-21 of Vol, 13, Radiation Laboratory Series; these results are
comparable with the Booker-Walkinshaw theory.
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2. Reflection from Elevated Layers: The information needed
for studies of the reflection of radio waves from an elevated layer is:
the height of the layer, thickness of the layer, and refractive index drop
throught the layer. There are two independent sources of this informa-
tion during the period: (1) standard radiosonde ascents from Lowry Air
Force Base in Denver, Colorado, and the Dodge City, Kansas, Weather
Bureau observatory and (2) the Wright Air Development Center, (WADC),
airborne microwave refractometer. The radiosonde observations have
been converted into refractometer profiles and are described in Section
C.

3. Scattering: The microwave refractometer currently presents
the best method of determining the variations of refractive index fluc-
tuations with height that are so vital to the scattering theory. ' This in-
formation is available from the WADC airborne refractometer.

B. Refractive Index Profiles from the NBS 500-Foot Meteorological
Tower at Haswell, Colorado:

The 500-foot tower at Haswell, Colorado is equipped with Aminco-
Dunmore Electric Hygrometer Multiple Range sensing elements. These
units combine a number of limited range sensing elements by a suitable
electrical network to cover a wider range of relative humidity than that
covered by a single limited range-sensing element. The error of
measurement of these instrurents is given as * 1, 5% relative humidity
and + 2° Fahrenheit. The radio refractivity, N, is given by the expres~

sion: 2/

k. P k.e RH
6 1 2 s
N=(n-1)x10 =

T + T4
where

N is the radio refractivity

n is the refractive index

P is the atmospheric pressure in millibars

T is the atmospheric temperature in degrees Kelvin

e is the saturation water vapor pressure in millibars at the
temperature T

RH is the relative humidity in percent

k, and k, are experimentally determined constants and are equal to:

_ _ 5
k1-77.6 k2—3.75x10
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The instrumental error in determining N can be given by:
2 8N -2
oy [( )“P] ¥ [(a'r r| *[%rE) RH |

We may assume average values of the parameters as follows: pressure,
870 mb; temperature, 18°C; relative humidity, 55 percent. These
average values allow an estimate of the probable error in Nof £ 1.5 N
units provided that we disregard other possible sources of error such as
poor instrument~-shelter flushing at low wind speeds, errors in calibra=-
tion and in the reduction of the data. This error would result in a
probable error of 2.1 N units in the gradient between two sampling points.
The normal gradient (corresponding to a k of 4/3) over the 500 feet of the
tower is approximately -6 N units, while the minimum gradient necessary
for ducting in a 500-foot increment is ~24 N units, The instrumental
error, therefore, precludes an exact knowledge of the refractivity gradient,

Figs, 12 through 23 give the hour-by-hour refractivity profiles for
Haswell, .Colorado for those times that data were available during the
recording period. Reference gradients for the radio standard atmosphere
(k= 4/3) and for ducting (k = 0o0) are given in each figure. The profiles
are plotted with the surface values of N arbitrarily moved such as to
be on the appropriate hour mark. The surface values of N are plotted
immediately below the refractivity profiles. Surface values of N for
Kendrick, Colorado (where available) are also plotted for comparisons
with the Haswell values. Hourly average wind velocity in mph and
direction are also plotted at the 15, 150, and 492-foot levels. When-
ever data is not plotted, it is missing due to disruption of operations
by power failures or the dust storms that swept the area throughout
the period of recording.

Returning to Fig. 12, for the 14th of February, we notice that
those profiles that display steep gradients correspond to those nocturnal
hours when the surface refractivity was highest. During the mid-part
of the day the refractivity is at its lowest values and the profiles are
linear with height.

Fig, 24 presents the average gradient for the period of recording
between the sampling heights on the tower. We see that the amplitude
of the diurnal cycle of the gradient decreases with height, The rela-
tionship between these gradients and the recorded transmission loss
will be presented in a subsequent report.
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C. Radiosonde Observations. The standard radiosonde
observations are taken twice daily (0800 and 2000 MST) by the
Weather Bureau at Dodge City, Kansas, and four times a day
(0200, 0800, 1400 and 2000 MST) by the Air Force at Lowry Air
Force Base in Denver, Colorado. These observations are con- .
verted into refractivity soundings and presented in Figs., 25
through 38. It should be borne in mind that the Lowry soundings
represent an area approximately 20 miles east of the front range
of the Rocky Mountains while the Dodge City data represent the
great plains area of western Kansas. .In addition, there is a
general drop in elevation from about 5500 feet above MSL at
Lowry to about 2850 feet above MSL at Dodge City.

D. General Description of the Weather During the Reporting
Period. The Weather Bureau reported the month of February,
1954, as the warmest and driest February since records have
been kept in e%stern Colorg,do. The weighted monthly mean temp-
erature, 37.4 F was 10.1 F above the normal. Precipitation was
only 27 per cent of the normal with a weighted average of 0.27
inches.

For a short time around the 19th and 20th a cyclonic system
brought modified polar maritime air into the area causing unusually
low temperature. At the close of the period another cyclonic system
brought a wave of modified polar maritime air followed by extremely
cold polar continental air into eastern Colorado. With these two ex-
ceptions, temperatures were much above normal for the two-week
period.

During the last two weeks of February there was unusually strong
wind movement that raised and drifted topsoils producing conditions
similar to the '""dust bowl" of the 1930's. The dust storms were most
severe on the 19th and 22nd of February. Less severe '"dusters'" were
over the general aréa on the 18th, 23rd, and 26th of the month. The
storms were associated with either a cold front passage or the turbu-
lent periphery of a strong anticyclone.

There were a few slight snowfalls or snow showers over the area
on the 26th and 27th of February and the 1st and 2nd of March with
movement of cold air into the area.



94

-12 -

REFERENCES

A. P, Barsis, B. R. Bean, J. W. Herbstreit, K., O Hornberg,
and K. A. Norton, '""Propagation of Radio Waves Over Land at
1046 Mc", National Bureau of Standards Report No. 2494, May

1953,

A. P. Barsis, J. W. Herbstreit, and K. O. Hornberg, ' Cheyenne
Mountain Tropospheric Propagation Experiments'', National Bureau
of Standards Circular No. 554, January, 1955,

E. K. Smith and S. Weintraub, ""The Constants in the Equation for
Atmospheric Refractive Index at Radio Frequencies'", Proc. IRE,
VO].. 41’ NO. 8' pp. 1035-1037' Aug. 1953.



NBB

PLATTE RIVER

SPRINGS -

" , crry
gnnsoﬂ 7

Mo

KENORICK

1 o
{

ANTHONY

OKLAHOMS Crry
4 b

. AMARILG

F16. 1

™



Basic Transmission Loss in Decibels

DISTRIBUTIONS OF HOURLY MEDIAN LEVELS
OF BASIC TRANSMISSION LOSS RECORDED ON 92 MEGACYCLES
DURING FEBRUARY 1954
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Basic Transmission Loss in Decibels

DISTRIBUTIONS OF HOURLY MEDIAN LEVELS
OF BASIC TRANSMISSION LOSS RECORDED ON 100 MEGACYCLES
DURING FEBRUARY 1954
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Basic Transmission Loss in Decibels

DISTRIBUTIONS OF HOURLY MEDIAN LEVELS
OF BASIC TRANSMISSION LOSS RECORDED ON 230 MEGACYCLES
DURING FEBRUARY 1954
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Basic Transmission Loss in Decibels

DISTRIBUTIONS OF HOURLY MEDIAN LEVELS
OF BASIC TRANSMISSION LOSS RECORDED ON 236 MEGACYCLES
DURING FEBRUARY 1954 '
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Basic. Transmission Loss in Decibels

DISTRIBUTIONS OF HOURLY MEDIAN LEVELS
OF BASIC TRANSMISSION LOSS RECORDED ON 1046 MEGACYCLES
DURING FEBRUARY 1954

120
‘*\:\ - " | AKendrick-610Hours]
AN | /
130 . ——
\\P‘\. ) \\’\-\‘
R - _ e Sy - ({/\’arva/ 43'ontenna - 56/ Hours
~F=t—_ <
140 -i- = =] ~ N
it ~ S~ ~
|<|4l2\ NS~ B AR
\\ T~ q ) \\ \\
S—
~\\“ I~ \~
150 AN il S f AN ~
\ 7 e AN I
N K (Y
N /7 | | ~
N / N
\ r B
160 \ \ , =
AN (Karval i14ontenng = 405 Hours
,\ \/\’arm/ 5 antenno—599 Hours
H i 1
[ [ [ 1
N N | A Hoswell-652 Hours |
10 =t
T4 |
™ |>172.0
~ :
\’\\.
180 e
™|~ Morble - 63 Hoyrs |
. \\ .
\_\\
\‘~
190
200
210
220
“+od...a{—\Gorden Cily - 169 Hours|
230

00l 0050102 05 1 2 5 10 20 30 40 50 60 70 80 90 95 98 99 935 9989399995 9999

Percent of Values Less Than the Ordinate

~

Figure 6



Basic Transmission Loss in Decibels

DIURNAL VARIATIONS OF HOURLY MEDIANS
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Basic Transmission Loss in Decibels

DIURNAL VARIATIONS OF HOURLY MEDIANS

Figure 8
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Basic Transmission Loss in Decibels

DIURNAL VARIATIONS OF HOURLY MEDIANS
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Basic Transmission Lossin Decibels
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APPENDIX

Tabulations of Hourly Median Values of Measured
Transmission Loss

The following tabulations are arranged by frequencies and re~
ceiving sites showing the hourly medians of measured transmission
loss for all hours.

All values have been converted to decibels of basic transmission
loss under the assumption that measured or assumed free-space
antenna gains have been realized.
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6A—TA b 31490 65| b%.614A. || 1715657 l64 1526|1613 536l abl1240

TA—8A 69.3)149,7 /6 76|\ 71.0l{6qbl1 216911168 7| 1586| | 5753 k8170
~8A-3A 736 |134168.0l79 e bl /S| |iblobsRAbEb)175a

9A—10A 146.3)170,0| 1772317551769 | (71311742 65 1|15 6| 203|786

10A~11A b 269|785 128\ 731 72A1 753 L2315 7.0 0.1

11A-NOON 164,31122.0179:8|179-228:3) 79,7 176.7 e SVpgd|183:0| 180

NOON—1P (76,6/1734)1789 [17% 8|28 )i 78708004 | 1759|168, 7174014 8

IP-2P 72,4792 3l ad\gialzadsh | |zl 713)ze.6)gds

2P-3P 128,390 |179.3) 1904 12297931841 || 74 6l1eA.3| 1804|1948

3P—4P 1173701805181 9901 269\ 29 1§10 24 6169.8|/R0.4 /88T

4P-5°P 176 8224 (738 ublne. 928200801 | V73 ed, Tna8

SP—6P | 75.072.3 124\ MalrsUd6g|i8hb] 1704 les31720 943

6pP—TP 170312490125, | blnzdhzedlnsal_ |esalerylndi ol

1P-8P bhdl 0279 |3l Biz3 70 el izl s

8A—9A b2l 747 16831 7561233074 168 1674167260912

SA—10P 1637 obelt659]16%0| Zeolza i Alsel]  |169, 77543 169,1) TOL

10P—TP 6324 Y160 bl0.2 B0 76,1 |13 bbbBlS ) [6b3 2y

WP-Mn|  lisadierblisoaien ginzdesamaliadl  Vegzlmaerbirn_ |



TRANSMITTER:— S- /o#¢ Me
RECEIVER:— Kendriik
MONTH & YEAR:— Fes, 4944

UNITS-OF
MEASUREMENTZ—me

CENTRAL RADIO PROPAGATION LABORATORY
BOULDER, COLORADO
MONTHLY FIELD INTENSITY DATA SHEET

DONE BY:— 2nee’
‘CHECKED BY:—

TIME Z0NE: —M.3,

2

Adpreh

-’—I 23 a{s|e | T (8ol nj2]i3|ma| 5] 16| B|19|2]2|22|23|2a|25]26]|2 |28 o=
/ |2
Mn-1A 129.2 |129.0|42 9.9 1293|1309 | 122.9 | 130.2.| 139.7| 1.2/, 0| 1322 | 130.4 130\ 130.0 | 134.8) 1301 130.0 | 130 | 13057 130.2:| 1297 1302|1301 1309|1293 130.4 ETRAVAYA
IA-2A 129.5|ra22|120.2) 01291 136, 9) 1254 L300 129.%1130.9|732.1| 1297 |32 (3007|2300 | 1305\ 129.2| 1229 | 130.6 | 130.1 | 1a8.3 | 1307 131.0 129,9 lVag 0 |/29.2) /30.2 129, 1
2A—3A /32.8 1293\ 130.6\s297 (130,07 1252 |130.2 |130.1 1309 /3:.?. /29.9 £28 |130.3(730.b[730.1 |1223)1290 |30 | 1208|1297 : 130.0029. 8| 290|122 430.0| /258
3A-4A 129.3022.3|129.9|129.9 (1307 | 1265|1380 |1.20.4 (1300 |131.8| /2.9 731.7/30.0 | 1309 |03e. 7{r 301|105 9\136.4 |130.5 | £20.6 )132,2) 1292|1289 pag o |2F.S /300 |724.5
4A-5A 1297 |129.5(129.9 |1264 (1309 129.6|0307 |030-3 | 1342(1304] /22| - 1328 1030.6|738.9| 132.)729.3]129.9 |130.5 130,86 | 220.8| 332|202 | 125 £ | 12901220 1247|4292
A -6A 122.9799.2(129.8)122% (1309 | 1265|132, 6| 1.342| 2304|1301 |1.30.6 ' 1225 1329|1322 13/, 8| 7287 |13 0.0 | 1310 130.0 | 1299|7345 20 9 22001292 /292, rasol Ja9)
BA-TA /a3 | r30.2\020.9 1202 132, 4] 1397 1229|1302 |126% |120.4 | 1a%.7 133.3122.3/30.6| 130, 6[ 126,525, @ |120.5129. % | /30,0 /340 |/29.3)| 229\ 29/ ra?8] 129,228
TA-8A- 12297129 7 (130.3(129 511209 | 129.9|/132. 013007 1312 /3, ¢|732.2(/30.613/.3 1125, |130.2.]130.5()29.5"| 420. 2|/ 30 2|/ 257\ /24724, / [/ 32.0) 129.97| 4225
8A-9A 128.31/30.2 (129.9)720.0 [130.2 1324 |130.9[1259) 1302 133.7(434.4| /30.8|/32. 0| 130.7 ';30.‘ 1304 |1a9.5 sag 2|73 a0 292|747 R7.4 /29,5
9A-10A ] 28,5 (1287|129, /\1.20.2|030.3 129.61030.¢|/30.|130.9 /3;'3.? 13041305 | /30.51729.51120.9 | 1368 | 130.0 | f30.8 V323 \tag.7 | 1300|1295 | /20 8] 129.7| 429, ¢
10A—{1A /ad.q 139512384 (130,2|/25.9 |1.30.# 1/ 30.9 (134.8] 13)0 1222|1305 |120.9 | 120.0(02557| 1300 | 1308130, V13200 | 1327|1304 230,327 27| 729.8/429.5"
”A_NOON 129.0 /25,4 |1 30.8130.9( 125 5| 120.91034 0 |130.9 | 1319 130.9 | 1308|7300\ 7300|7302 1300 | 1308|1300 |130.8 /35_7/3;,3 /25,9 (/299 /34. 9 /292 | 29,5
NOON—IP- 25,3 130.91,309 /,3[; a0.9l1300\0301 | 133| /330" /3;.:7 &1 )13.2 13a.1i300 130.7|1302|/30.0|030.9 | /3007 730 4| w254 | /20,0 129.2(/29. 5]
IP-2P 3.9 11309 |/30.6 130712300 Y3 1.3|73/4 /33,0 |/32.7 |¢30. 1173121297 | 1302 |¢30.9 |130.2 [432.2|/30. 4| /302 /347 29,4 |/30.4 /292|293
2_P_3P 145.9)1309 1205 1307|7304 |1 344 |130.7 233539 (13421307 /227 |131.0 |130.8 |02 0.3(130.+4 1309 | f3et | 1307|135 4317 MmY.2|7297
3p—4p 129.5° 130.5°|1.30.9130.9)/25.8 130 21131.) /305|134, § /3.12; 13,0 |13020431.5]125.2 | 1308|130, 1320305 310 |02 | 430.51028.7 13497 L2897
4P-5P 1295 0.5”|1.30.9 1208 1301 |130.) 1308 130.% 123.9150.4 1302\ 130.5129.9 | 130.8]130. 0|12 /3?151 f3egVnsdt |rans|mrg |20 |/223| 4254
- 5P—6P 133.20189.3|130,3\1320 130 |220.8}130.1 V1309 1341|13¢.9\0369 (03,5125 | 0.y 120 aar| B0 |40 81200 VV3es |ant PZZNN A VU2
6P—TP 22,2 |r221\130.1 | 1305 |130.9|130.4) 130011308 | 0305|4304 1304 1348|1308 |136:2Y/30.6 | 10,5130, |1300 |15 7| A0 |f3ho 122G 2ag |sag 2 1200 | |psuta
P8P /29.8(/29.3 |129.9 /.’;:.3 130017301 130900328 1306 130.7 J3h1|220.9| 1305|1325 /30:3’ 130.0|130.5(120.0 | 122,922 9 |1322| 2%7| s2g #| a2 | 1340 1292,
8A-9A 128.7 |420.1 /;3!.5 130.9)|130.¢|129. 5 |130.19 306 [134.5(130.7 132 '/.«M.? PZIAAVAIY ] ,2'29 1259 (130.9|135,2.[129. 8|30 |23 20| 7222|122 | 293 | 4300 2%y
9A—10P 123.7129.9|130.4|130.9) 1303|1304 1301|1326 130571307 13497| £31.7)030.4 | 43¢.0 130.6|1257 |(30.(130.0 44,9 (1295 /340 A28\t s | 1090|1304 1254
[0P—IIP 129110397 |730. 11134 1 30.d |130a |1 30.9]/3/.7 (/313 |13¢.2. VETASVEI AN /Jéi 34.2{/299 |130.6 | 130.1 {12 207342 |13/.0 /4.0 /9 2 /,d.f nig "0
[IP—Mn 129.30729.8| 129,81 31.0s 30.3129. 3| 12 sbr3 23] 1334) 30, 1303\ 13200| 1209l 130,210 30.0),29.9 130 57 1200| 290 | 1303|1202 a8 {130 s30.d_ |125.7




TRANSHITTER: — S~ todlle M — CENTRAL RADIO PROPAGATION LABORATORY ~ DONE BY: - 2z
RECENER:— Kamval ' At | o0 b f Ly, | BOULDER, COLORADO CHECKED BY:—

MONTH & YEAR:- Felo., \a 54 MONTHLY FIELD INTENSITY DATA SHEET TIME ZONE:— M.S T, Maceh
T o273 T4 5061 8 9 0[N |3 |1&|5]w6]i7]18]19]2]2]2]3]%]25]2]er]s8]228l s
' 1z

Mn-1A 192452019 19231 10 1993l e Aus s dis2. 71519 1499 1508 1503150299 128\ 7197 309 1)y 513 jup £ 2o lysed pa s
IA-2A K13\ ss¢.Ur42.3) 19511507, 112915091 149.9 15 01451.4 148711493\ 1503 /49,4195 41 50.1|1# 771501148 Ll 5.9 1 £2.4 1 7011 50 51/56.4 149.5152.5)
2A—3A H24 154911428 1#23 1503 1493 0.3 1:.91(5% 1509 I5701147.3 504 1533140, 1| 1430 167 1490\ 8.1 | 142515 T s 0.1\ eS| /4.11152.3
SA-4A Mo 54111950\ 150.1 1504 9.7 1¢89.4 1951152, 1514 152) 1A 1i 1| )\ 10 N Jan  n A 040.3052.9) 29 se8 iS5 1e3.0 192.5052 4,
4A-5A /945-4/50.7 1491|1501 501 1503 197 1| 1924 IS1.6] /514 /sz.d 156.4 /54 1508/¢2.3 14241470 1439 14841494, mi 7 /W.?/st/.i 1¢45.]|153.2
9A-6A 1460 1609 149015351 So.| 1537 1487 1.2 152.4 1509 1530 198.8) 5141528, 16 Aot 73407 1427 1992 15100 1475yt 1930149 1455 1552
BA—TA 1¥37 1509|144 150.7 Boel /85.5] 150.3 147.0153.1|/50.] 15264531 15200 1985)49.5142:7)%2.3| 1S3 147.3) 1480/ 6.t 1429 192| peth 6. 911 53.2
TA-8A 1T 14991490\ 150, 1501 4.2 18| 1+48.2] IS£S 1527 1508) /S0 1500 142.5]147.8 1478 140.2) 1498] y50.8 1¥6. 8198 1405)50.5| 1424153
8A—9A 1509, 1507, 750.], 1509| /50.7,157.9 1584 1421 /50e 1534 1920 15054/50.8010.9| 1993 je9.l )12 71 48,2, /¢ 7. 1423, 150.5] 199911453, 14 2045 3]
SA—10A 140 /90915091455 | 1487 19551 HE 1523 1539 1470529 19.0151.0 1508 15094 50.1| 19251 15101 195\ 151 1502, Bl 50y
10A-11A 15251 /509 /51.51152.0 /50.1, o 91 14811529 15¢.3 1l 53.d16.5151.2] 1505) 150.5 15101 #.0) 150, 4 s50.0) 4579 1511 1997 15115 %3
11A—NOON 152201511\ 151.2151.9\ 151.1) 1490 1524 /529 153 /504 1525 150.4150.8150.0d 1S0.d /ST.1| 145.1 504 149.9| 1547 1519 1421\ 14301535
NOON—1P 4501 1512|1517 150.0) 1495 1534 152.9 1541 1081 /54511505 | 150.8) [S0.6| 150.5 151 1) 194 150.9)/50./ 152,515 2.3 1495503 1539
IP-2°p 15/.8152.2 | /509 4528 151.01150.1| /534 1533 51| 1511|451 150.5] 1505 1504 150.5] 151,01 504 1509|5015 28152 .|| W3 Slrs0.24538
2P—3P (513 |150.9y51.3150.1| 51.8]150.9, 150.4) /534 /532 /508! (51.01/51.0/5046l/50.4) 1509 /503 1504 50.7); 50.7\S 17\ /504)149.9¢ 537
3P-4p /517 450.9 150.7 1502 15181 /508 1434 /52.3 /53] 153.2/51.3 150.71/50.81150.8) 15044/50.3| /50.7,150.2, £508 /50.3,5/.8|/5/.7)150.¢] 150/, 53¢
4P=5P M99 IS0 199.3 1999 45,20 151.1| 15084 199.2 1523 15291 1524 50t 150150l 505|107 150,20 504 143.9] isostresg| 1509 1523 1505 1494 53
9P-6P IR\ 199 1987 166.1) 1o49.0) MO8 |14539] 1% 1522 1519 4254 1483149, A 0. 19930 48.9| rE89) 1490 1.4 1483is0 U510 | | 154,
6p—TP Yol 15029.9042.2| 107 140,195 1#0.4 1512150 151.3) .00 1505|1149.3 199 81 198014 79) 14001499\ 1o K148 1479|1995 1495
p-8p 144 1805|474 1973407 1481 14583 152 ISt /510 /504 147, 16480489 198011479 1969, 140, 4227 1€ 298| 1179478 | 7S
BA-OA | \u#e2|sS1 S8 /8. sskelr 984 148 199.3 1 500) 1519 15121547 3 7 A3 1B e Ayt il 1300 d| |pezslped| 195905141403
A—10P 44 3| 1529|1498\ 12.9) o 1484 1951|1454, 1500} 1S1.4 1495| 1597, (4750 1S 15,611 7.5 19T 197841481 14931401 m9.5 ¥4 1| 1507)149.3 198
10P—IIP 449 15.20539/49.3 1924 1487 1501|124 1514 1S5 199:{ fo0dl 1519ye2.3| 495 fr7st 1423|1490 14831523909 151811459155 1481 1503
[IP—Mn s 8| j51.9] B3 /B9 1491 1487 1490 1499 Is1.5/51.3 1951 1551|1482 1528 W27 1925 1400115 261 BAL 12U 1AL ISIIV A9 1547 14944051



TRANSMITTER:— S-lo4le Me
RECEIVER:— Karva [
MONTH & YEAR:=Feb., 195

4

!

Ant:

UNITS OF
MEASUREMENT:— L b

CENTRAL RADIO PROPAGATION LABORATORY
BOULDER, COLORADO '
MONTHLY FIELD INTENSITY DATA SHEET

DONE BY:-
GHECKED BY:—
TIME Z0NE:=M.S.T.

23

| Fjef3Jals]e]r]sa[oJwlule]f3]wlslw[im]B]9]20]a|2[a3]2a]25]%627]8]29]3%]3]
Mn- (A 1463|1377 10 3| 142.8] /3. )| 10 2| 140 2|142.5) 196.1|143.0,138. B35/ | a3 [40.0 /32@1 14.311%.0
1A-2A 1#34139.04485\1#0.7. 1419139000 8 |145.1| /421 ¥3.2] 138.] 380|379 |3 10.0|39.5lutn 9| 143
2A—3A /335309 M13/33.7) 14171385 440 81 SHlr 0.1 | 1443 138.2) 139.0/370|  |Hb.0 /2.2 1otirfo.5435.2]
3A-4A K1\ I425| 18| 0.0\ 1281395 1A 31925\ /4381371 137 1388|356 3.3 139./ 102l w5360
4A-5A 139.5 1425|1413 0.0l 143802l A 1901 ). 8/30.3 1 328 MollIfsE  ii2s 132/ 03| pos| w3
9A-6A /32001434 14181 021921138 B\l 11813870909 138 1399327 |10 /38140.9130.64 1330
BA-TA 137 150,146\ 193153, 130.5 14, 9 1433 1308140 138, 1327\ #15 1407 130.811%0.20/39. L}s38.0
TA—8A /36.949/.91139.81/ 389|194 1388 1 30400 N1 R E 13RUIB.8 35 M2t
| 8A-9A (B2 149H.5\1387 144])/32.8 Soo| 152.8)/30.)430.3 |rto8 /427 329l |2
| 9A-10A 1308 1SS I hmr 5| 11393173791395140.6 140 /37.7 /39.014.3| 10 b
10A-I1A 1399 |3 /st i 19 2 oo 110 A 0.7 10.8 14.814.1 147
I1A—NOON IRA 3935l 1201929 1ok 1.2 .3 /HhS 140.8) /42 811916 194, |
NOON- 1P 1359 3| 140,082,312 T 0 S 14| - 3l itzolmis KLD\M30L| M8 | 1417
IP—2P 1170427 i M9 192 o d) 4.3 AN VN). b 16| 1#38 1.8 20
2P-3P | 1.5 KA 1EA ML 19.Cl 8| 19331404 141.3 iy.0l  |wdo a0 a7 \1976d 133 1. 80002.5
3pP-4p JALOY425 1945 1419 142 9.6 s, ) 15 0.3 14| 2ol mLS phaslinalmad i s
4P-5°P 138.3]1308Y35 1428\ 1.8 141.0| M1 3\pg2 L 10 irto.] s08) |15\ 2317 1t imts |
5P-6P /380|384, 131|143 Aivo7 oz o Tt H o 7 0.3 |iod 1] 1420| BT\ 0.3
_6P=TP 138.0 /38,3 M8 1 201404 )39 5| Kpo.0l1 1.0 /32. /1308 1374 327\14.0 0| o) pot ol 1|
|\LTP-8P 1331891526 Mach oo 159, a0 |1 415 1 3031374 F7| 13591317 [#].0fo.0| 05 130.0
B8A—9A 1381431\l st 81133.0 1309 139 10,8457 213871 (35985 132107 1403155 1384,
9A—10P 0.y 17 313291 30.5029 1B s5i3e g (399089 11373143 [45 |[f0.5 | 1401146
10P=—I1P 99| 10,0 1579143 1391130 1959 41 1335/438.] B4 1|3 140.7143.8) 1#0.3)1 2.0
|1P— Mnr 14| rto:f) e 1932, pp 7 1332l ol 2y o 13 e N e i.0\33| 4.0l




TRANSMITTER:— -+ et = UNITS OF CENTRAL RADIO PROPAGATION LABORATORY ~ DONE BY:- =. 24
RECEIVER:— A ean 3. MEASUREMENT:— Voo BOULDER, COLORADO CHECKED B_V:-
MNONTH & YEAR:= ~. . .15, MONTHLY FIELD INTENSITY DATA SHEET TIME ZONE:—M.ST, Meeom
| {2 [ 31486 jT7 )8 [9[10fgnfjRFBBIMUFISTO]ITIIO]19]20( 20 |22|23(24|25]26]|271]120]|2 [3¢] 3=
| /|2
Mn-IA 3ea 1814342 |184.8132 + |Wa A1y, /343 34 FYy 2o <432 31999 )25 % - Ty35.9 1 ¢ m.é m:.im,q 22.71/347 14,5 /%4142 2
IA-2A 35 131-€[133.3 Y3 5 |1dr-« lisVvipa clise -1 (35 $35.7), 50 99.5] 13561189, 380,35 - 310l 9.9)83.7), 3401906 ) %-#1ad 6
2A-3A 334 187.2)139 ¢}, 3. 11149 K 30.v|, 92 352 1332301 |13 1 V#e6|(30.71/9¢ £1,95-9112. 2137 'IT 183.0|r93 7184240277 13 51/83-¢
3A-4A s 199 1(/33.41,3784.4 |90« 434 £ [4353] 3¢ bInt U3 (8 386|187G!130 €130, 3|, 305|192 4125.7)y33-1 134 711292 /299 (1831
4A-5A 1300 327[,33. | 373357y 57 |35 V30 o ba5 b o, .. e | 5260 7] 300 30 71, 350 134|193 TY94. 24133 9|09 320 |123-4
SA-6A /52.7 i 8ls 53 Aset *, 3e 439 I31 7| 5 + 35 3. | 20539 192l lac. 7|18 2 5 o |35 o[le0 Huan. | a9 9] 001237 053 0)13.9
6A-TA 130’ 139.5], 23-2|, 82 Clyg0.C}i 35¥| 41 y55 4 /30, s il 3os 1307 13020080 235, 5] 20 5| 20 -Vt diea 3340 33.90452-0 /33 #22.4
TA~-0A t3v 7 EAF REER F P P B v 3 A 353 |ywe 41132 IHC- 134, 1/85.3) 3,. |1 35-3|, 2. 1005|133 X/33.4 |, 33-9| /2.7 1337 1432 #|
0A—SA o y31< i #3521} 302} 3, . ] - deost e Nt AanSlse-Thiss 5 liavidl, 5. . U35.1]i92-3)853],29. 6133 2 /3vzlvsad
9A—I10A P 3 € 0331 [3¥- Aedre 524 3o r b3 ecls, o L85<li95.2097 i81.0 15, 2 |5 374 132.6}025Tl37.2)8. 0 L1533 8
10A-11A )3 1-4{t33- i 39113597 0 50 o thasilide e Plss5Yis2.8), 3713051 < (320139 A 30 18471353 3.0|/93.3
[ fA~NOON 130,356 35 ey 2|, 575],5% oo b e osr |55 25987 [ 32 2| 575, 2, . “U99 . 2l/84. Az 5 Y85 1854 | 21354
NOON—- IP (31=fa5.5033 Tl s f5ie ]St Lo 50 o Ji320Y% #1327 974,352, 5. [30.9 3¥.5432.4 |35, 554 13524 35-5
1P-2P 1370 1334 (35 L 3o Alar el s ” koo bos deoso 30 | 2, 7Y37 ts7s | 87.. L 8:-3] (35487, i 933 - /3% 2), 95 4
, 2P-3P 183 2314 Y37 33 Yos-< |32 Y sief 5% P WO RN F-T X1 S PP | VNP AP PP 7Y R A WP e 2 TP P 55 )0 39. 3
3p-4p li23..)137.¢ 137.2,3r 235505800 30, Lot i Sor 18T M 502y 320,057, | 277} 20 T35 B3 B0t |, 37w a5, 22, 331, 543
4P-5°P [lis¢. 2100 = e30 & Y1 PE N P N S BCRN PSR SR ¥ 1204 (A 7 PR PR RO RS ¥ 11 W UF £ 1 P PP JEER T
SP-6°P 3el1iw JliseP 35 glsv il switide oai s voe iy e live g72b33. A plin 5|d. o« L 3521576, 5530y 50. 11124 , 337
6P—T7P 50 vz 41,55 R A I PO PR -1 B ¥ 31 o< ho0 3 b ¢ [Be\ 30 W18 54357 |, 227). 550 1357439 24192 5y22-7 , 334
P-8°P b3 olise 3|30 -3 35.3),53:4},3.3, oo 2} 5o A, 5207 L. L33 a (357085.7 e -€| 35.0|, 550} 37 a5 Mo 2di2g 8}z 309 ,32 «f
| 0A—9A 55,359 137.0 553, 53.2)5° TR T Y 8 ¢}t Yoo 1hon SR Vg, 23591302 % Tl 130 2|, 343484687 3|23.7 , 34
| 9A-10P LIAacl5ed /37. (138 8493-5 |, 35. a5} 31 5L a0 < 350 Leit Vo L omd|080.8lsm Fissilizs 4] 200 o sYn. 21084, 7)193 12 H434.7 L33«
10P-1IP | 55, /97 7134-Ay3v.2|, 31 gs 1| 57|, 5, 2 L3250 i |65l 0 1967135 3ae}, 3730 3, ¢ | a7 135720, 7)1 80 Va2 4 |1 52 b 7
1HP—Mn 3 5.1 37,4 i35 Y345 )30 w30 -30a7 o] 50 202t LIty pin 1959040 L asdaia | ar 0|, 500 ;a5 2879 39.7 394 |55 L322




TRANSMITTER: —S-/0 # Ne UNITS OF GENTRAL RADIO PROPAGATION LABORATORY DONE BY:- 7 25
RECEIVER: = Hmswes? MEASUREMENT:= Ly BOULDER, COLORADO CHECKED BY:—
MONTH & YEAR:— Fe 4, /955 bm MONTHLY FIELD INTENSITY DATA SHEET TIME ZONE:—&S.’T‘, " pMarenn
| L2 |34 5 (6 [T 88|t |re|m@|a|5] 6] 17| 18] 19]20| 2 22| 23|2a|25|026]2r |28 233
I | . _ ) . ' |2
“Mn-1A 14992 1551 159.0| 15w 2| 76647653 1582607 1 499\ ics2 | 1009 /6).& 154.0| 1527|1491 w2 1sa.2| 1erte 2.2 1658002 1 1| 10t 102 Lb.é 16045 Lﬁl—i b 1551|1663
IA=2A 18| sse.5|r557| sog| 6531025 |1 2.8 | 1009 150.0) sow sl 03, 0\12.8] i 2| o0 1] 1657 | 1seo| s 1539016921220\ s05. 9.2 102, 2|25 10 2 | 1580 P A VIYAAL
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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, 1950. These include the development and
maintenance of the national standards of measurement and the provision of means and methods
for making measurements consistent with these standards; the determination of physical constants
and properties of materials; the development of methods and instruments for testing materials,
devices, and structures; advisory services.to Government Agencies on scientific and technical
problems; invention and development of devices to serve special needs of the Government; and the
development of standard practices, codes, and specifications. The work includes basic and applied
research, developinent, engineering, instrumentation, testing, evaluation, calibration eervices, and
various consultation and information services. A major portion of the Bureau’s work is performed
for other Government Agencies, particularly the Department of Defense and the Atomic Energy
Commission. The ecope of activities is suggested by the listing of divisions and eections on the
inside of the front cover.

Reports and Publications

The results of the Bureau’s work take the form of either actual equipment and devices or
published papers and reports. Reports are issued to the sponsoring agency of-a particular project
or program. Published papers appear either in the Bureau’s own series of publications or in the
journals of professional and scientific societies. The Bureau itself publishes three monthly peri-
odicals, available from the Government Printing Office: The Journal of Research, which presents
complete papers reporting technical investigations; the Technical News Bulletin, which presents
summary and preliminary reports on work in progress; and Basic Radio Propagation Predictions,
which provides data for determining the best frequencies to use for radio communications throughout
the world. There are also five series of nonperiodical publications: The Applied Mathematics
Series, Circulars, Handbooks, Building Materials and Structures Reports, and Miscellaneous
Publications.

Information on the Bureau’s publications can be found in NBS Circular 460, Publications of
the National Bureau of Standards ($1.00). Information on calibration: services and fees can be
found in NBS Circular 483, Testing by the National Bureau of Standards (25 cents).. Both are
available from the Government Printing Office. Inquiries regarding the Bureau’s reports and
publications should be addressed to the Office of Scientific Publications, National Bureau of Stand-
ards, Washington 25, D. C,
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