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SENSOR PATH LOSS MEASUREMENTS 
ANALYSIS AND COMPARISON WITH PROPAGATION MODELS 

Ani ta G .  Longl ey and George A. Hufford* 

The data from a l arge measurement program at VHF and 
UHF are careful ly evaluated , summari zed and compared with 
values  predicted from models of radio propagation over 
irregular terrain. Part icular problems of l ow antennas and 
the effects of vegetation are considered . Modifications in 
prediction mode l s  are suggested for particular appl icat ion 
to sensor systems . 

Key words: Irregular terrain; l ow antennas; path loss; 
radio propagat ion; sensor communication; 
vegetat i on effects . 

1 .  INTRODUCTION 

A sensor system may operate with antennas p l aced virtual ly at 
ground l evelo Since l i tt l e  information was avai l abl e regarding propaga­
t ion at VHF and UHF with antennas p l aced close  to the ground, a measure­
ment program was p l anned and carri ed out during 1973  and 19740 It  was 
des i gned to obtain data at 172 and 410 MHz over s everal types of terrain , 
at different seasons and t imes o f  dayo 

An earlier measurement program of somewhat l imited scope , reported 
by Norris (1972) , demonstrated the large path-to -path differences that can 
occur ,  particularly in mountainous terraino Some variabil ity from one 
period of t ime to another was also  observed. Thi s  variabil ity may be 
caused by changes in atmo spheric and/or ground conditionso 

Data were , therefore ,  obtained over as many paths as practicab l e ,  
i n  areas with quite different types of terrain , and a t  different times o f  
day and seasons of  the year . The fol l owing three test  areas were s e lected: 
Firs t , an area at Eglin AFB , F lorida , which represents flat terrain with 
heavy forest cover . Second , an area in the Graham Mountains near Fort 
Huachuca ,  Arizona ,  which represent s highly irregular terrain with l ittle  
vegetation. Third , an area in  the rol l ing h i l l s  o f  the Hunter Ligget t  
Mi l itary Reservation i n  Cal ifornia . 

C l imatic  conditions in these areas were reviewed to determine which 
months would best represent seasonal extremes o The greatest s easonal 
differences at Eglin AFB and Hunter-Liggett are expected to occur during 
the wet and dry seasons . In the Hunter-Liggett  area the dry summer months 
are usual l y  best repres ented by condit ions in July,  with the rainy season 
in January and February . The dry season at Egl in is  usually in November, 

* The authors are with the Ins t i tute for Tel e communication Sciences , 
Office  o f  Tel ecommunications , UoSo Department o f  Commerce , Boulder, 
Colorado 803020 



with the rainy season in July and August. Unfortunately,  only one s et of 
measurements was made at Egl in because the p l anned return could not be 
imp l emented o In the Ari z ona mountain area no marked s easonal changes  are 
expected, s o  two measurement periods in the late fal l  and the spring were 
considered adequate o  

In order to obs erve pos s ible diurnal changes in propagati on condi­
t ions , data were obtained at various t imes throughout the day. In addition 
to s easonal and diurnal changes we wished to s tudy short - t erm changes 
within each recording period of 15 to 20 min. Us ing the on-board com­
puter in an automati c  data acquisition system, 20  values with in each 
recording period were obtained and their first four moment s  calculated. 
Thes e  values  are used to obtain the mean , standard deviation and type of 
dis tribution for each record . 

Thi s  report describes the three test areas , and summari zes the data 
obtained at each frequency for each path in the sel ected areas , nearly 
800 sets of dat a .  The measured values are compared with both discrete 
path and area predictions . Finally,  modi fications o f  the predict ion 
models are suggested for appl ication to sensor systems o 

2 o  THE MEASUREMENT PROGRAM 

Thi s  program was sponsored by the Advanced Res earch Pro j ects Agency 
(ARPA) o The measurements were carried out by personnel of the Lockheed 
Corporation of Tucson , Arizona, under contract to the U o S. Army E l ectronic 
Proving Ground (USAEPG) .  

In each o f  the three sel ected sites , 1 0  transmitters were deployed 
in a rather smal l area , with the receiving van l ocated some d i stance to  
the north , south , eas t , and west to provide 40  propagation paths in  each 
area o In a l l  cases the transmitting antennas were p l aced with the center 
of radiation 0 . 35 m above ground o Transmiss ion from each of the 10 s ensors 
was at nominal frequencies of 172 and 410 MHz. The s ignal s  were received 
on antennas at three heights of 1 0 ,  3 ,  and 0 . 35 m. Data were co l l ected 
using an automat ic path loss  measurement system (APLMS) , described in 
Appendix A .  

At the beginning o f  each day a frequency search was made , and the 
peak frequency for each transmitter was stored in the comput er for both 
the VHF and UHF signal s .  The frequency searches were repeated every fifth 
cycl e ,  and updated if  neces sary to provide four frequency checks in every 
record of 20 cycles  in a period of 15 to 20 min . During each cyc l e  the 
pul s e  power of a transmitter remained on whi l e  two sets of five or more 
readings each were averaged to obtain the level of received power for each 
frequency. The first four moments for each group of 20 readings were 
calcul ated , and this information was recorded on magnetic tape for l ater 
analys is . Each tape record then contains the four moment s ,  repres enting 
measured values , for each of 10 propagat ion paths at two frequencies and 
with three receiving antenna heights; 60 sets of four moment s each in each 
record . 

In some cases no data were recorded or individual cycles were missed. 
It  i s  important to distinguish between various causes of such failures. 
Only those measurement s when fai lure resulted from the s i gnal being at or 
bel ow threshold should be considered as valid data . A l og of the operation 
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was kept in the field in which known equipment fai lures were noted. 
Unfortunately,  not a l l  fai lures were observed or could be identified . 

The data tapes from Egl in AFB and the first set from the Graham 
Mountains contain the first four moment s  of the readings obtained during 
each 15 to 20 min period as described above. These stat i stics provide 
the mean and vari ance of the data for each record and are used to compute 
the skewness and exce s s  o f  each s amp l e  to  describe the type of distribu­
t ion obtained o Because o f  many irregularities observed in the first data 
tapes ,  the output was l ater changed to include the frequency s earches, and 
the individual readings within each record o 

The data on the magnet ic  tapes are recorded as  avai l able power in 
dBm o  For comparisons between paths and with propagation mode l s , w e  con­
verted the recorded values to bas ic  transmis sion l o s s  by applying correc­
t ions for transmitter power, antenna gains , and l ine loss es. These values 
were then grouped by frequency, path and receiver height in each area, 
and d i stributions o f  values within each group were obtained. 

3 .  VALIDITY OF THE DATA 

Several probl ems arose in determining the validity o f  the recorded 
measurements . Examination o f  the first set of records (from the Egl in 
area) showed that whi l e  there was usual ly l itt l e  change in l evel between 
the 20 values obtained during a recording period , there were sometimes 
l arge variances , particularly at the higher frequency . Listings of the 
individual readings for s everal records were obtained and examined . These 
l i stings showed that one set o f  five readings might differ from the others 
by as  much as 10  to 20 dB , indicat ing that they were operating on the 
skirts of the signal . In an effort to overcome this probl em , the bandwidth 
was increased from 1 to 3 kHz . With the increased bandwidth the variance 
was reduced to  values  comparabl e  to  those  at the l ower frequency , but the 
sens i t ivity was somewhat reduced . Even with this change , the measurement s  
continued to show somewhat errati c  behavior . 

An examp l e  o f  l arge unexp l a ined variances in the Graham Mountain 
data is shown in tabl e 1 .  The t abl e l ists  s ome s amp l e  means and vari­
ances for both frequencies and al l three receiver heights recorded over 
a period o f  nine hours. The data for path number 1 at 1 7 2  MHz show 
l itt l e  change in mean l evel  from one record to the next , and smal l vari­
ances with in each recording period , but much l arger variances and changes 
in mean l evel for data at 410 MHz. Thi s  trend is a l s o  typical of eight 
of the other p aths during this period,  but path number 4 shows a rather 
extreme case of mal funct ion o The field log indicated that transmitter 4 
was out o f  s ervi ce during the hours from 6 to  1 0  a o m. , but was reported 
back in s ervice at that t ime o However, at 1 7 2  MHz there is considerable  
change in  the  mean values from one period to  the  next , with variances as  
much as 128  dB2 , corresponding t o  a standard deviat ion o f  more than 1 1  dB. 
The record shows that for this period only 12  cycl es were recorded, so 
there is evident ly no con s i s t ency among these 12 values. 

Because it  appeared certain that some erroneous values were being 
recorded , we agreed that the tapes from the Hunter-Liggett area and the 
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Path Time 

1 0629 

0727 

0823  

09 1 1  

1000 

1059 

..,. 1 156 

1303 

1419 

4 1 000 

1059 

1 156 

1 303 

1419 

Table 1c  Sampl e Means and Variances , Graham Mountains 

172 !\1Hz 410 !\1Hz 

1 0 m  3m 

-
52 -

52 X. X 

92 . 2  0 . 04 92o 5 0 . 05 

92 . 2  Oo 1 1  92o 4 0 . 09 

92 . 5  0 . 03 92 . 9  0 . 04 

92. 4  0 . 0 2 92 . 7  0.02 

89.6 0 90 . 1  0.04 

89.7 0 . 02 90 . 1  0 . 03 

89 . 8  0 . 04 90 . 3  0.07 

89. 5 0 . 0 1 90 . 0  0 . 0 1 

9 2 . 1  0 . 01 92 . 5  0.0 3 

94. 5 88 . 5  9 2 . 5 8 2 . 5  

94. 4  92 . 4  9 1 . 2  67.3 

88. 2 0 . 02 88 . 0  0 . 2  

97. 9  12 8 . 2  9 2o 3 80.9 

9 1. 4  Oo 06 9 0 . 7  0 . 1 

x s amp l e  mean , negative dBm 

0 . 3m 

-
52 -

X X 

102 . 8  0 . 05 105o6 

102 . 6  0 . 14 104 . 7  

103 . 0  0 . 1 3 107 . 4 

103 . 1 0 . 07 105 . 9  

100 . 5  Oo 23  105 . 9  

100o 3 0 . 09 105 . 1  

100 . 5  0 . 08 103 . 2  

100 . 2  0 . 08 102 . 7  

102 . 6  0 . 05 107 . 7  

10L9 23 . 5  104 . 7  

1 0 1 . 8  26 . 4  1 05 . 3  

9 8 . 9  0 . 05 103 . 8  

98 o 8  0 . 02 106 . 9  

1 0 1 . 5  0 . 08 104 0 0 

s2 variance of the 20 readings in each samp l e ,  dB2 

1 0m 3m 0 . 3m 

,52 -
s2 -

52 X X 

5 o 7 100 . 3  18 . 8  105 . 5  5o 4 

L9 97. 9 2 . 4  103 . 4  1 . 4  

4 . 6  10 1 . 0  8 . 0  1 06 . 3  6o 2 

0 . 8  98 . 6  0 . 8  103 . 9  0 . 7  

9 . 6  100 . 1  22 . 9  105 . 1  1 3. 8  

9 . 5  99o 0 27 . 4  103 . 5  17 o 7 

0 . 7  96 . 9  12 . 9  1 0 1 . 3  1 . 9  

0 . 6  95 . 2  0 . 3  100 . 5  O o 5  

O o 9  9909 1 . 8  105o 2 L9 

10 . 2  1 03 . 6  53 . 8  109 . 2  1. 6 

16 . 3  99 . 5  38 . 2  1 09 . 3  2 o 1  

4 . 9  99 . 5  3 1 . 4  108 . 4  0 . 3  

18 . 9  1 0 1 . 6  48 . 4  1 08 . 8  L5 

0 . 1  9 8 . 7  Oo 1 109 . 5  O o 1  

---···-· ·----·------



s econd s e t  from the Graham Mountains should include the frequency searches 
and the original 20  readings in addition to the computed four moments . 

We then performed a minute examination of a l l  data , including not 
only the data on a l l  magneti c  tap e s ,  but also many computer l istings from 
the field operat ion at Eglin AFB . Thi s  examination was necessary to try 
to distinguish between equipment irregul arity and true propagation vari­
abi l ity . We discovered some four different equipment failures that we 
could recognize in the dat a .  

The tuning sequence sometimes fai l ed and recordings were made either 
entirely off-frequency or on the skirt s of the response curves . Some­
t imes fai lures were recognized in the field , but frequently they were 
not noted . In the Hunter- Liggett dat a ,  differences of 30 to 40 kHz be­
tween successive frequencysearches are common and differences of 50 to 
100 kHz occur . In view of the 3 kHz bandwidth employed in the measurements ,  
it i s  not surpri s ing that such frequency differences are often associated 
with marked changes in s i gnal level . Some examples  of frequency changes 
and associated changes in received s i gnal level are shown in tabl e 2 .  

Tab l e  2 o Peak Frequencies  and Individual Values 
of Received Power , Hunter- Liggett  Area 

T4 T5 T7 T5 T7 

freq. 1 72 o 54 1  . 55 3  o 55 6  MHz 4 10. 502  . 49 7  MHz 

- 82 o 0  - 7 7. 2  - 4 7. 4 - 73 o 5 -61. 5 

- 7 8. 0  - 4 7. 4 - 74. 9 - 62. 5 

- 8 2 o 0  - 76. 3 - 4 7. 8 - 70. 2 - 6 1 . 6 

- 8 1. 8 - 7 7. 1 -4  7. 6 - 74. 1 -60. 0 

- 8 1. 7 - 7 8 o 1 -48. 2\ -69. 5 - 6L9 

freq. 1 72. 566 . 559 . 556  MHz 4 1 0. 505 . 496 MHz 

- 54. 1 - 5 1. 4 - 4 7. 0 - 6 3. 9  - 6 1. 1 

- 54. 2 - 5 0. 4  - 4 7. 0 - 64. 2 - 59. 7 

-54. 4 - 50 o 5  - 4 7. 1 -61. 8 - 6 1.6  

- 54. 0 - 5 1. 7 -47. 2 -62 o 2  -60. 6 

- 54. 0 - 5 1. 1 - 4 7. 0 -64o8 -59o8 

5 



Received power values in the tab l e  are recorded in dBm, and show 
10 s ucces s ive readings from the 10 m receiving antenna for transmitters 
4 ,  5 ,  and 7 o  The values for T7 show practical ly  ident i ca l  frequency 
tuning for the two periods at both 172 and 410 MHz with cons i s t ent s ignal 
levels and standard deviations of  0 . 3 and 3 . 9  dB , respectively . Trans ­
mitter 4 ,  on the other hand, shows a difference in tuning of about 25 kHz 
with associated differences in received power of more than 25 dB and a 
standard deviat ion of  1 3 . 9  dB . Whi l e  the differences  in frequency for 
T5 are not nearly as large , about 6 and 3 kHz , they are sufficient to 
cause changes in s ignal l evel of about 25 and 1 0  dB. In this connection, 
it  is int eresting to note that the mean value for this record from T4 
shows 12 dB more loss  than that for the hours immediately preceding and 
fol lowing thi s  record . Differences in frequency tuning are very common 
in this  area,  so we recorded all instances where succe s s ive peak fre­
quencies  differed by more than 3 kHz . Individual readings that were 
obvious ly questionable showed such differences in tuning, but sometimes 
the data did not show obviously errati c  behavior when frequency differences 
occurred . 

In some cases , serious discrepancies in resul t s  occurred that were 
not related to changes in frequency tuning . One such example was observed 
on January 23 at 1600 hrs . There is no field  record of any prob lems , but 
a sudden drop in signal level was observed from all transmitters at a l l  
receiving antenna height s for both frequencies . The mean values were 
lower by 10 to 20 dB , and unusual ly l arge standard deviations were recorded . 
Detailed examination showed that for the transmitters the peak frequency 
searches were consistent in all but one instance . The first 1 0  measured 
values for each of the 1 0  transmitters are quite consi stent and the first 
two or three readings in the third group continue this trend , but the 
last few readings in the group show a drop in signal level of 25 to 30 dB . 
Af�er the fourth peak frequency search , the signals are at normal levels 
for the first two readings , and then drop to levels near threshold again . 
Since these  changes affect both frequencies for all transmitters at all 
rece1v1ng antenna height s , they appear to represent a malfunction in the 
receiving system . These were observed because the changes were large 
enough to be obvious , but simi l ar smal l er errors could easily be mi ssed . 
To guard against including such spurious values , we developed a method of  
testing individual values within a record for cons istency. 

Timing probl ems which affected switching from high to l ow ports 
had b een observed in the fie l d .  We also  noted that switch ing from the 
high to l ow ports was sometimes incomplete with an addi tional insertion 
los s .  Indeed , at t imes the switching from the midd l e  receiving antenna 
to the lowest one fai l ed entirely , and the recorded signal was actually 
that received on the midd l e  antennao Probl ems in t iming were pointed up 
by special field tests . When the 1 7 2  MHz data were recorded firs t ,  much 
of the higher frequency data was l os t . When the procedure was reversed , 
measuring the 4 1 0  MHz transmission first, much of the data at the lower 
frequency was lost . 
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The command c ircuit sometimes failed and a transmitter did not turn 
on at all . Usually cont inuous failures were noted in the field but inter­
mittent failures oft en escaped not ice . 

Because of the large amount of data and the many probl ems encountered , 
we felt that it  was essential to develop criteria for t e s t ing the val idity 
of each individual value . Therefore , the test and evaluat ion criteria had 
to be automated . A computer program was written to weed out al l data which 
showed the errors discussed here . Thi s  program removed al l values that 
appeared questionabl e on the bas i s  of comments in the log regarding field 
operations , tested all frequency searches and resul t ing changes in l evel , 
and tested each set of 20 values within a record for internal consistency . 
No automated compari sons were made , however , between records for success ive 
hours . These  carefully edited data were then used to obtain distributions 
of alJ records for each path , frequency , and receiver he ight. 

Because individual readings were availabl e and sudden changes in 
l evel were so common,  we decided to describ e  these data in t erms of 
median rather than mean values , and to obtain actual distribut ions 
directly rather than by means o f  the computed moments. In a normal dis­
tribution the median may be equated with the mean, and medians are much 
l e s s  affected by a few extreme values than are means o Al so  a s ingl e 
l arge value can make great changes in the third and fourth moments o  

Since thi s  informat ion on frequency peak searches  and individual 
readings i s  availabl e only for the Hunter- Liggett data and the s econd 
set  from Graham Mountains , it was not pos s ible to edit the Egl in data 
in this fashion. The Egl in data were examined visually for unusual 
changes , and in many cases computer l i s t ings from the field records were 
examined to determine whether abrupt changes in l evel were associated 
with changes in frequency. The first hal f of  the Graham Mountain data 
i s  b as ed on mean values , and th e s econd is obtained from distributions 
o f  data from the edited tapes o  

A clos e s tudy of the care fully edited data shows that there remain 
some records with unexplained and highly unl ikely values ,  as will be 
described in l at er sections . One interesting anomaly that occurred 
s everal t imes was that all path losses  were greatest during the first hour 
or two of the recording day o Perhaps it took both men and machines some 
t ime to warm up to the daily tas k o  

4 .  VARIABI LITY O F  THE SIGNAL 

As a general rule , th e data from this series of measurements show 
l ittl e  change in average path l o s s  from hour-to-hour , and al so l ittle 
variation between the readings within each record. The latter is  indi­
cated by small variances , which are usually much l e s s  than a dB. The 
marked exceptions that occur have in most cases been found to result from 
equipment failure rather than from actual changes in propagat ion conditions o 

While changes from one hour to the next are usually small , there are 
fairly large d ifferences from day-to-day and from week-to-week. True 
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seasonal differences are not c l early shown in the se measurementso Only 
one period o f  t ime is  covered in the Egl in area, and the two periods in 
the Graham Mountains did not exhibit the usual rainy and dry weather . 
Whi l e  measurements were obtained at two quite different t imes in the 
Hunter- Liggett area , no c l ear s easonal differences are obs erved . 

For a more detai l ed examination o f  fading characteristics , it is 
convenient to distinguish between long- term and short - t erm variations 
and to discuss them separatelyo The often l arge differences in path l o s s  
for paths o f  th e same length are, t o  a great extent, dependent o n  the 
terrain type and for thi s  reason wil l be discus sed in the separate 
sections for each area.  

4 . 1 .  Short- Term Fading 

By short-term fading we mean those changes in received s ignal level 
that occur within a short period of t ime , an interval of seconds or 
minutes . Such fading is  represented in the present study by the variat i on 
between the 20 readings within each record . These recordings are sepa­
rated in time by about a minute .  

For most o f  the data in the measurement program this short-term 
variabil ity is  small,  part icul arly at the lower frequency . At 172 MHz 
the variance i s  typically  much l ess  than 1 dB2 , with a standard deviation 
usua l l y  less  than 0 . 5  dB. At 410 �illz the variance is somewhat l arger,  but 
again standard deviations less  than a decibel  are usual and values of 
more than 2 dB are rare . 

A few examp l es o f  success ive readings are included to show some 
typical and some unusual values . A data l isting obtained from the Egl in 
area shows the cons istent values within a record that are typical for 
mos t  paths o This  record, part o f  which is  l i sted in table  3, was 
obtained from the highest receiving antenna at receiver site  1 on Nov 19 
at 1 300 . The t abl e l ists successive received power values, in negative 
dBm, at both VHF and UHF,  from transmitters 1 ,  2, 4 ,  and 5 .  The signals 
from the remaining transmitters were below thresho ld at UHF so they are 
not inc luded in the tab l e .  There were no appreciabl e differences between 
sequential  tun ings, and close  s imi l arities within and between each group 
of five values are apparent . The sma l l  variation between values in this 
record are shown by the sma l l  s tandard deviations , 0 =0 . 2 8 ,  0 . 34 ,  0 . 2 1, 
and 0 . 2 5 dB at VHF and 0= 0 . 59, 0 . 30, 0.49 , and 0 . 33 dB at UHF . 

A s imilar record from the Eglin area shows rather l arger variances 
at the higher frequency . This  record is from receiver s i t e  3, Nov 28 
at 1 800, with the highest receiving antennao Values o f  path loss from 
transmitters 3, 5, 9 ,  and 10 at both frequenc ies are l isted in table 4 .  
Again in thi s  record there were no frequency changes fol lowing the peak 
searches ,  and the larger variation at UHF probably represents propagation 
conditions . Th e transmitting antennas were placed close  to a grove of 
pine trees in the direction o f  R3 . 

It  is interest ing to note that the large standard deviation , 
0 = 3.56 dB , at VHF on channel 10 was caused by two l arge losses , indicated 
in the table by asterists , which show litt le  relationship to the other 18 
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Tab l e  3 .  A Typical Record Showing Littl e Short-Term 
Variab i l ity in Received Power,  Egl in AFB . 

Tl T2 T4 T5 

VHF UHF VHF UHF VHF UHF VHF UHF 

95 . 6  103 . 4  90 . 9  105 . 0 86 . 8  104 o 1  95. 3 1 04 . 9  

95 . 6  90 . 9  104 . 7  86 . 6  104 . 7  95 . 0  104 . 3  

95. 7 10 3 . 9  90 . 9  105. 1 86 . 4  104 . 0  95. 7 104 . 9  

95 o 5  103.8 90 . 9  86 . 5  1 03 . 9  95 . 1 104 . 3  

95o 8 10 3 . 3  9LO 105. 1 8 6 . 6  1 04 o 0  95 . 6  1 04 . 6  

95 . 0  103 . 7 9 0 o 6  86 . 6  103 . 7  95 . 2  104 . 8  

95 . 5  104 o 1 9 1 . 0  1 05 o 0 86 . 4  1 04o3 95 . 3  

95 . 3 104.5 9 0 . 8  1 04 . 3  86 . 6  104 . 2  95 . 2  104 . 0  

95 . 2  103 . 7  90 o 8  1 04 . 7 86 . 5  104 o 8  95 . 6  104 o 6  

95 . 4  9 0 . 9  1 04 o 3  86 . 6  1 04 . 6  95. 3 1 05 . 0 

95 . 9  104 o 5  8 9 . 9  1 05 o 1 86 . 6  1 05 . 3  95. 1 104 . 2  

95 . 8  1 04 o 3  9 0 . 9  1 04 . 7 86 . 7  104 . 9  95 . 3  1 05 . 0 

95 o 6  1 04 o 9  90 . 2  1 05o 0 86 . 9  1 04 . 7  95 . 1 1 04 . 7  

95 . 7 104 . 3  9 0 . 1  1 04 . 6 8 6 . 5  1 05 . 3 95 . 1  104 . 6  

9� . 0  104 . 4  90 . 7  8 7 . 1  104 . 3  95o 8 1 03 . 8  

95 . 9  1 0 2 o 7  90 . 5  104 . 3  8 7 . 2  1 04 . 4  95 o 3  1 04 . 3  

95 . 7  1 03 . 6  8 7 . 0  95 . 8  104 . 4 

102 . 8  9 0 . 5  1 04 . 3  8 6 . 7 103 . 8  95 . 0  1 04 o 8  

96 o 0  104 . 4  9 0 . 8  104 . 4  86 . 6  103 . 7  95 . 0  104 . 4  

95 . 1  9 0 . 0  1 04 . 6  86 . 7  95 . 3  1 04 . 9  

Mean -95 . 6  - 10 3 . 9  -90 o 6  - 104 . 7  - 86 . 7  -104 . 4  - 95 . 3  - 1 04 . 9  dBm 

(J O o 28 0 . 59 O o 34 0 . 30 O o 2 1  0 . 49 O o 25 0 . 33 dB 
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Table 4. A Record Showing Short-Term Variability 
with Larger Variance at UHF 

T3 T5 T9 T1 0 
VHF UHF VHF UHF VHF UHF VHF UHF 

50 . 8  75 . 0  68 . 8  8 7 . 0  59 . 4  71 . 0  62 . 1* 80.5 

50 . 8  75 . 2  69 . 1  89 . 1  60 . 5  8 2 . 7  5 5 . 6  7R . 3  

5 1 . 2  76 . 2  67 . 9  80 . 4  60 . 3  7 7 . 9  54 . 3  70 . 3  

5 0 . 6 73. 5 68 . 2  85 . 9  58 . 4  78 . 1  5 6 . 2  8 3 . 0  

50 . 8  78 . 9  7 1 . 9  80 . 2  59 . 3  79 . 5  54 . 7  75 . 8  

75 . 2  68 . 5  79 . 6  62 . 1  79 . 1  5 7.6 70 . 1  

50 . 5  74 . 0  69 . 4  8 7 . 0  59 . 7  9 0 . 6  5 6 . 2  79.6 

50 . 6  79 . 6  68 . 5  59 . 4  88 . 0  5 6 . 5 72 . 1  

50 . 9  76 . 7  69 . 3  89 . 8  58 . 5  81 . 6  5 2 . 8 74 . 2  

51. 0  75 . 4  67 . 7  78 . 2  59 . 3  8 3 . 9 57 . 3  72 . 8  

50 . 8  70 . 5  68 . 0  8 6 . 8 59 . 4  74 . 0  70 . 0* 73.5 

50 . 7  70 . 1  69 . 4  8 6 . 7 59 . 5  80 . 3  56 . 5  76 . 3  

51 . 1  7 7 . 7 67 . 5  9 1 . 0  59 . 1  7 6 . 3  56 . 5  72 . 0  

5 1 . 1  77 . 2  69 . 3  86 . 2  60 . 1  79 . 2  5 6 . 0 65.6 

50 . 4  76 . 5  70 . 0  8 7 . 1  5 8 . 1  84 . 3  5 6 . 5  77 . 7  

50 . 7  75 . 4  67 . 8  88 . 8  59 . 2  89 . 1  59 . 6  74 . 1  

50 . 5  71. 7 68.0 58 . 4  76 . 8  5 3 . 1  71.1 

50 . 7  70 . 9  68 . 3  8 3 . 2  5 9 . 5  8 7 o 3 5 8 . 1  68 . 2  

5 0 . 7 78 . 1  68 . 1  85 . 7  59 . 0  76 . 0  5 6 . 7 69 . 1  

50 . 8  77 . 3  69 . 4  88 . 8  61 . 6  9 0 . 1  5 8 . 3  67 . 3  

Mean -50 . 8 - 75 . 6  - 68 . 8  - 85 . 6  -59 . 5  - 8 1 . 3  - 5 7 . 2  - 73 . 6  dBm 

(J 0 . 22 2 . 42 1 . 01 3 o 65 0 . 98 5 . 44 3 o 56 4 . 54 dB 
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values . There are no simi l ar sudden changes in l evel at VHF from the other 
transmitters indicating no general change in propagation condi tions . 
These  apparent ly accidental changes are also  reflected in unusual ly l arge 
third and fourth moments with skewness of -2 . 2  and exce s s  of 5 . 6 .  I f  these  
two readings are del eted , we  find cr = 1 . 5 dB , the  moments within the 
usual smal l range , and the mean path l o s s  reduced by 1 dB . The larger 
variations at UHF seem to refl ect real changes in signal l eve l . These  
are plotted in  figure 1 which shows distributions of received s i gnal in 
dBm for both frequencies within the record at 1 800 , Nov . 2 8 . On this plot 
a normal distribution would appear as a straight l ine . The distribution 
of s ignal at 172 MHz from TlO is the only one that does not approach a 
normal distribution . This could pos s ibly indicate a different type of 
distribution, but more l ikely i s  attributab l e  to the presence of  erroneous 
readings (the two values previously  noted) . 

The.examp l e s  shown have been readings of  received signal from the 10 m 
antennas . No c lear-cut relationship has been noted b etween the height of  
the receiving antenna and short-term variab i l ity.  An examp l e  o f  thi s  is  
shown in figure 2 where distributions of  data for all  three receiving 
antenna heights are plotted . The data were recorded at receiver site  2 
from transmitter 9 at Eglin AFB on Nov 24 at 1 100 . The mean, standard 
deviation, skewne s s ,  and excess for each distribution are l isted in  
tab l e  5 .  Again we find more variab i l ity in the UHF data,  but no  obvious 
change in distribution of path l o s s  with height of the receiving antenna 
at either frequency . In the distributions at UHF the s ingl e l arge l o s s  on 
the higher antenna and s ingl e smal l l o s s  on the l owest one are accidental .  
The s e  anomal ies  are evident in the skewnes s  and exces s  of  thes e  two short­
term distributions . 

Tab l e  5 .  Statistics of  Short-Term Di stributions Shown 
in F igure 2; Path T9-R2; Egl i n  AFB 

Freq . Ant . ht .  Mean cr Skewnes s  Excess  

1 7 2  MHz 1 0  m -69 . 3  dBm 1 . 1  d B  -0 . 1  dB 0 . 2  dB 

3 m -75 . 3 1 . 7  - 1 . 0  1 . 1 

0 . 35 m - 77 . 4  1 . 2  0 . 4  - 0 . 6  

4 1 0  MHz 10  m -78 . 1  2 . 1  - 2 . 4  6 . 0  

3 m - 85 . 1 2 . 9  -0 . 3  o.o 
0 . 35 m -9 1.1 2 . 3  2 . 0  3 . 4  

1 1  
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For some paths rather large values of  short-term fading are fairly 
common . These appear to be  true propagation phenomena and may indicate 
that the receiver i s  near a nul l of a lobing pattern. Such nul l s  are 
corr�on in mul tipath situations where interference between radio rays 
occurs. The relationship between direct and refl ected rays can fluctuate 
in t ime producing appreciabl e  short- term fading. 

4.2. Long-Term Variabi l i ty 

Variab i l i ty in s i gnal l evel from one hour to the next , from day-to­
day, week-to-week , and season-to- season, may be consi dered as long-term 
fading. To obtain an estimate of  such fading a number of  measurements 
were made over each propagation path. The recording periods usual l y  
lasted 14 t o  16 consecutive hour s ,  starting a t  various times of day. 
Measurements were made for two or more days at each receiver s it e ,  and 
the s i t e  was revis i t ed about two weeks later. 

Tab l e  6 shows the dat e ,  time , and number of records obtained at 
each receiver site in each test  area. In the Eglin area measurements 
were made from November 19 to December 15 , giving a total of about 74 
records at each receiver site . The first set of measurements in the Hunter­
Liggett area was obtained in January and February with a second set in 
May and June , a total of 60 to 70 records in each set of  measurements at 
each receiver site . In the Graham Mountain area the first set of measure­
ments was made in September and October with a second s et the latter part 
of April .  During the Octobe:r tests the signal was oft en "below thre s -
hol d" a t  receiver s ites  3 and 4 .  Plans were , therefore , altered. In an 
attempt to obtain val id readings the transmitters were moved to new loca­
t ions and the signal s recorded at a new receiver site , RS . Prior to the 
Apri l set of measurements the equipment had been modi fied so that it  was 
poss i b l e  to record s igna l s  at R3 and R4 , and no further tests  were made 
at RS . Thus , there are about 60 records in each period at Rl and R2 , 
with sma l l er samples  from R3 , R4 , and RS . 

The hours for each recording day were chosen so as to obtain data 
for a l l  hours within a day. Four periods wi thin the 24 hr day were 
examined to observe diurnal trends. No cl ear-cut changes  in l evel with 
time of  day are shown in the data,  but sudden l arge changes occur within 
a day , and from one period to another. Some examp l e s  of thi s ,  in the 
Eglin data,  are shown in figures 3 through 7 .  

These  fi gures show basic transmission loss  as a function o f  t ime o f  
day for a l l  three receiving antenna heights at each frequency. Figure 3 
shows success ive values for each hour , from noon through midnight to the 
fol lowing noon , over the path from transmitter 1 to receiver 1 ,  T1-R1. 
At VHF there i s  no evidence of  a diurnal trend. The data for succes s ive 
hours , and for the November and December periods of t ime , are consi st ent 
with each other. (There i s  no November data for h 3 ,  the lowest receiving 
antenna height) .  Data recorded at UHF over this same path show November 
values at h2 nearly 8 dB and at h3 about 15  dB below the December values .  
Such l arge changes from one period o f  time to another t end to obs cure 
whatever diurnal changes there may be. 
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Tab l e  6 o Recording Periods i n  Each Tes t  Area 

No of Total No of  Total 
Date Time hrs hrs Date Time hrs hrs 

Egli n  AFB .  
R l  R2 

1 1/ 19 1 100-0100 15 1 1/22 1 000-0 1 00 1 6  
2 0  0900-2 300 15 2 3  1000- 2 300  1 3  
2 1  0700-2100 14  24  0800-2 100 11 

12/ 1 0  1200-0300 15 1 2 / 7  1400-0500 1 6  
1 1  1400- 0500 15 74 8 1400-0300 13 69 

R3 R4 

1 1 /2 8  0800-2 100  1 2  1 2/1 1000-0 1 00 15  
29  1000-0 1 0 0  1 6  3 0900-2 300 15 
30 0900-2300  15  4 0700- 1800 1 2  

12/ 1 2  1200-0300 1 6  14 1 200-0300 15 
1 3  1400-0500 15 74 15 1400-0500 16 73 

Graham Mountain Areao 

Rl, R2 

9/20 0600- 1400 9 9/28 0800- 2 100 14 
26 1400-2 100 8 10/ 1 1000-2400 14 
27 0900-2400 16  9 1 300-0300 14  

10/ 1 1  1400-0300 1 4  1 0  1500-0600 16 
1 2  1500-0600 16  6 3  58 

4/8  1 700-0700 15 4 / 1 0  1800-0700 14 
9 1700-0600 14  1 1  1 700-0600 14  
18  1000- 2 300  1 4  2 2  1 000- 2 300  13  
19 ·  0900-2 2 00 14 57  2 3  0900-2200 1 3  54 

R3 R4 
-

10/2 1 100- 2400 1 3  10/5 1500-2400 10 
3 0700-2 100 14  27  8 0700-2000 1 3  2 3  

4/ 1 2  1 700-0600 1 3  4/ 16 1800-0700 13 
15 1700-0600 14 1 7  1 700-0600 14 
24 1000- 2 300 1 3  26  1 000-2200 1 2  
25 0900-2200 14  54 2 7  1 000-2300 1 2  51 

R5 

10/ 16 1000-2400 15  
1 7  0700- 2 100  15  30  
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Tabl e 6. Recording Periods in Each Test Area (Continued) 

No of Total No of  Total 
Date Time hrs hrs Date Time hrs hrs 

Hunter-Liggett Area . 

Rl R2 

1 / 15 1 100-0100  13  1/22  1500-01 0 0  1 1  
2 1  1000-2300 14 2 3  1 300-2 300 1 1  
30  1200-0300 16  2/4 1500-0700 1 7  
3 1  1500-0500 15 5 1 200-0500 17  

2/ 1 1400-0 700 1 8  7 6  6 0900-0400 19 75 
5/ 1 7  1 700-0400 1 1  5/ 2 1  1 700-0600 1 2  

2 0  1600-0500 8 22  1800-0500 1 2  
3 0  1 100-2200 8 6/5 1 000-2 200 1 3  
3 1  1000-2000 1 1  6 1 000-2 200 1 3  

6/ 3 1000-2200 9 7 0900-2 100 1 3  
4 1000-2 100 12 60 63  

R3 R4 

1/24  1400-0100 1 2  1/28  1 100-0100  14 
25 1000-2300 14 29 1000-2300 14 

2/ 7 1500-0700 1 7  2/ 12  1 100-0300 1 7  
8 1 100-0500 1 9  1 3  1500-0500 1 3  
1 1  1 300-0300 15 77 14 1 600-0700 16 74 

5/ 2 3  1800-0600 1 3  5/ 28 1 800-0300 10 
24 1700-0500 13  29 1900-0400 7 

6/9 1000-2200 13 6/ 12  1000-2 200 12 
10 1000-2200 13 13 0900-2200 14 
1 1  0900-2 100 13 65 14 0900-2 100 13  56  
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The hour-to-hour data for path T4-R1 , shown in figure 4 ,  are fairly 
consistent at VHF but quite variab l e  at UHF . The striking feature in 
this record is the sudden drop in al l values at midnight on Dec 10 and 1 1 . 
Thi s sudden change of 20 dB within a period of an hour i s  not in keeping 
wi th the other data,  and even though the records stay low for the next 
few hours thi s probably refl ects some equipment fai lure , rather than a 
change in propagation conditions . 

A simi lar change in l evel was observed on path T7-R1 at midnight , 
wi th a recovery to previous l eve l s  indi cated at the end of the recording 
peri od, some 5 hours l ater. It  is  interesting to note in this connection ,  
that in the UHF data for path T8-R1 , as shown i n  figure 5 ,  there is  an 
ear lier deep drop in s ignal level on one of these December nights but not 
on the other . In the same figure the VHF record for path T9-R1 shows 
qui te consi stent values for the December data, with no sudden changes in 
l evel , but on the lowest receiving antenna , h3 , the signal is 20 dB lower 
than the leve l recorded in November . 

The data shown in figures 3 ,  4 ,  ·and 5 ,  were obtained on Dec 10  and 
1 1 . To test whether or not this might be an unusual peri od of  time , the 
data recorded on Dec 7 and 8 at R2 were al so carefully examined . The 
VHF data for path T1-R2 plotted in fi gure 6 show the usual uni formity in 
l evel from one hour to the next . Wi th the high and medium receiving 
antennas � h1 and h2 , the November and December data are simi lar ,  but with 
h3 the December values are more than 10 dB below the November values . 
This change does not occur at UHF 

The data for path T2-R3 recorded on Dec 12  and 1 3  at R3, and plotted 
in figure 7,  show a somewhat di fferent re lationship . The hour-to-hour 
changes at VHF show more loss in December than in November at al l hei ght s ,  
but the greatest change i s  at h2 . 

Some day-to-day changes are shown in figures 8 and 9 ,  whi ch plot in 
sequence all  recorded values over path T10-R1 at Eglin AFB .  These  plots 
show the close simi l arity between successive values that is usual at VHF , 
wi th somewhat greater changes at UHF . The VHF plots in fi gure 8 show 
fai rly consi stent and small differences between November and December 
va lues , the latter showing the greater los s .  At UHF , as shown in fi gure 9 ,  
the changes from hour- to-hour and month-to-month are much greater o An 
interesting anomaly i s  shown in the record for Nov 2 1 .  The records for 
the two lower antennas show transmi ssion loss values of 170 dB . The se 
are 20 dB and 5 dB , respectively, below the leve ls for the previous day, 
and 30 dB below the VHF values for thi s  same period of time . During thi s  
peri od no data were recorded from the highest antenna. The data summaries 
show the h 1  value for this period as below threshold or > 139 dB rather 
than the extreme value of 170 dB l i sted for h2 and h 3 .  The di fference in 
sensi tivity occurred because a high-gain preamplifier was used on the 
two lower antennas .  

Because of  these many irregulari ties in the data,  whose source 
could not readi ly be determined , we decided to represent the accumulated 
data for each path in terms of a di stribution of the individual values , 
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rather than by a computed mean and variance . In thi s measurement program 
the sources of error that have been i dentified almost always result in 
addi ti onal loss . Such errors as fai lure in peak tuning , fai lure of the 
transmitter to turn on and switching errors give values that indicate 
excessive loss . The only known exception is the occasional fai lure to 
swi tch from receiving antenna 2 to antenna 3 ,  but such known occurrenc es 
are rare o For these reasons we fee l that the lower values of transmi ssion 
loss , corresponding to higher received power , are probab ly a truer repre­
sentation of propagation conditions than are the l arger losses . 

The data from a l l  test sites are presented as di stributions of 
basic  transmi ss ion loss . These di stribut ions are plotted in a series of 
figures in Appendix B of this report . The 1 0 ,  50 , and 90% values of these 
distributions are tabulated and inc luded in the detai l ed des cription of 
each measurement area . 

5 .  THE EGLIN AREA 

At Eglin AFB ,  F l orida, the terrain i s  low and flat , wi th an average 
elevation of 5 0  to 60 m above sea l eve l . Occasional smal l hi l l s  ri se to 
70 m and a few shallow stream beds cut through the area . The soi l i s  
sandy and granular ,  and it s  surface dri es qui ckly even after a heavy rain­
fal l .  But when the surface i s  dry the soi l about an inch beneath it 
remains moist . Maps indicate that , except for special ly cl eared portions , 
the entire area is  heavi ly forested . Dense stands of  pine trees rise to 
a height of 1 0 m or more , and some oak trees and scrub brush are present . 

S o l .  Description of  the Test Site 

The test site is located at and near Pi ccolo Field,  a small  and 
presently unused airstrip .  The 10  transmitters were pl aced near runways 
of the field and along a nearby roadway , as shown in figure 1 0 .  The four 
receiver sites were sel ected near roads with sites Rl  and R2 to the south­
east , R3 to the northeast ,  and R4 to the northwest of the group of trans­
mitters . Pi cco lo Field and areas along maj or roads have been cl eared of 
trees , but otherwise  the enti re area i s  forested . In the c leared areas 
tal l weeds , coarse gras s , and small  bushes are common . 

Terrain profi les  for the 40 measurement paths in thi s area were 
plo tted from information read from topographic maps , and are included 
in the appendi x to this report . The main features of note on the profi les 
are the stream val l eys which are rather broad and shallow o  The profi l es 
from al l transmi tter sites to Rl and R2 cross Turkey Creek , and some 
cross several smal l er s treams as wel l .  Except for the stream val l eys 
the terrain for these 2 0  paths i s  quite  flat , with the average elevation 
of the transmitters s light ly higher than that of the receiver sites . 
R3 ,  on the other hand , i s  situated on a smal l hi l l  about 70 m above sea 
l evel , and is 12 to 1 5  m above al l transmi tter sites . The terrain j us t  
northwest of the transmi tters rises  s l i ghtly,  forming an obs tacl e in 
s everal of the paths to R4 . 
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If i t  were not for the presence of trees the t erminal s  for more 
than hal f of these paths would b e  wi thin radio line of sight , even at 
the 3 m receiving antenna hei ght . Because trees , especial ly  evergreens , 
are known to cause considerable  signal attenuat ion at VHF and UHF , we 
estimated the height and density of thick stands of trees and their di s ­
tance from the antennas . Earlier work has indicated that thick stands 
of trees may b e  consi dered as opaque to radio rays and treated in the 
same way as a hi l l  or ridge s l i ght ly  lower than the trees . 

Photographs taken at each terminal , and comments on fiel d  records 
were used to estimate the height and location of the trees . While  the 
distribution of heavi ly forested areas along each path i s  not specifi­
cally known, we may infer that in mos t  instances  the intervening terrain 
is covered with stands of trees of varying height and dens ity . In any 
event , obstac les nearest the antennas wi ll  have more effect on radio propa­
gation along a path than those farther away . 

Considering first the receiver sites , we find that Rl i s  located 
in a s l ash area of plowed sandy soi l .  The ground i s  flat in the direction 
of the transmitters and dips downward s l i ghtly for about 500 m to a stand 
o f  pine and oak trees that range from 2 to 10 m in height . The terrain 
profi l es from Rl to a l l  10 transmitters show that the 10 and 3 m  receiv­
ing antennas woul d be wi thin radio l ine of s ight if there were no inter­
vening tree s .  

The second receiver location R2 i s  i n  a smal l c learing beside a road . 
Looking toward the transmitters , the ground is  flat for about 20  m across 
the road to a heavy growth of pine and oak trees that are 3 to 10 m tall . 
From the terrain profil es we see that , except for intervening trees , the 
10  m antenna at R2 would b e  within radio line of sight for all  10  trans­
mitting antennas ,  but most of the paths from the two lower antennas 
would be  interrupted by a s l i ght ris e  in ground el evation about mid-path. 

R3,  to the northeast , i s  located in a cult ivated area of sandy soil 
that i s  covered with rows and clumps of gras s .  In the direction of the 
transmitters the ground is fl at and cl ear for 150 m to a pine grove with 
trees 5 to 10 m tal l .  The R3 site i s  on a hi l l  wel l above terrain 
toward the transmitters . Except for intervening trees al l 10 transmitters 
would be within radio l ine of s i ght at all 3 receiving antenna heights . 

Sit e  R4 to the northwes t  o f  the transmitters i s  on s andy soil in a 
small  cl earing b eside a road . Across  the road toward the transmitters 
the area i s  cl ear for about 15 m to a growth of scrub bushes interspersed 
with medium-s i z ed pine trees . The s ky i s  visible between the trees in 
several p l ace s .  Al though this s i te i s  about 10 m higher than most of the 
transmitters , several paths are int errupted by terrain near mid-path even 
with the 1 0  m receiving antenna . At the lower antenna height s ,  trees and 
shrubs near the receiver site wi l l  cause additional attenuat ion . 

In considering the various transmitter sites , we not e that Tl  
through T5 are locat� near the runways of  Piccolo Field  in  a fl at open 
area where the sandy soil  i s  covered with grass . Transmitters T6 through 
TlO are in smal l cl eared areas along a road . These areas are covered 
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with tal l er gras ses , weeds , and bushes o  Since the presence of trees near 
the transmitters wil l cause addit ional signal attenuat ion , a brief descrip ­
tion is given of the conditions at each transmitter in the direction · of 
each receiving site . 

From T1 toward R1 & R2 

T2 

T3 

T4 

T5 

T6 

T7 

T8 

R3 

R4 

R1 & R2 

R3 

R4 

R1 

R2 

R3 

R4 

R1 

R2 

R3 

R4 

R1 & R2 

R3 

R4 

R1 

R2 

R3 

R4 

R1 

R2 

R3 & R4 

R1 

R2 

R3 

R4 

320 m to 3 to 4 m pines , then a smal l 
val ley 

250 m to 3 to 5 m pines 

25 m to a dense growth 5 m pines 

at the edge of a dense growth 6 m pines 

35 m to dense growth pines 

165 m to dense growth pines 

125 m to dens e heavy pine s ,  sparse trees 
closer 

at the edge of dense pine growth 

45 m to dense growth 6 m pines 

225  m to dense growth 6 m pines 

100 m to dense growth 6 m pines 

260 m to dense growth 6 m pines 

15 m to dense growth 5 to 8 m pines 

5 m to dense growth 5 to 8 m pines 

1 75 m to dense growth pines , with a few 
closer trees 

200 m to dense growth 5 to 8 m pines 

35 m to dense growth 5 to 8 m pines 

75  m to tal l pines 

20  m to dense pine grove 

flat area , heavy brush and smal l trees 

45 m to 6 to 8 m pines 

200 m to dense growth 6 m pines 

20  m to dense growth 6 m pines 

flat area, heavy brush and woods 

20 m to a dense pine grove with 5 to 10 m 
trees 

500 m to a row of oak and pine trees 

15 m to sparse woods and low shrubs 

100 m to sparse woods and low shrubs 
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F r o m  T 9  t o w a r d  R 1  & R 2  s o  m t o  s c a t t e r e d  t r e e s  

R 3  3 0  m t o  d e n s e  p i n e s  1 0  m h i g h 

R4 3 5 0  m t o  d e n s e  p i n e s  1 0  m h i g h 

T 1 0  R 1  3 5 0  m t o  a g r o v e  o f  o a k  an d p i n e  

R 2  5 0 0  m t o  a p i n e  g r o v e  

R3  7 0  m t o  d e n s e  p i n e s  8 t o  1 0  m h i g h 

R4 3 0  m t o  d e n s e  p i n e s  6 m h i gh 

T h e  f i e l d  t e s t s  i n c l u d e d  t w o  s e t s  o f  m e a s ur e m e n t s o f  t h e  e l e c ­
t r i c a l  g r o un d  c o n s t an t s  o f  t h e  s o i l  a t  e a c h  r e c e i v e r  s i t e . T h e  
v a l u e s  o f  g r o un d  c o n d u c t i v i t y ,  c a l cu l a t e d  f r om t h e s e  m e a s ur emen t s , 
r a n g e d  fro m  n e a r l y  z e r o  t o  a b o u t  3 0  m S / m  w i t h  t h e  h i g h e s t  v a l u e s 
a t  R 1 . T h e  r e l a t i v e  p e rmi t t i v i t y  ran g e d  from 4 t o  1 1  w i t h an av e r ­
a g e  v a l u e  o f  5 .  Th e s e  sm a l l v a l u e s  o f  t h e  e l e c t r i c a l  c o n s t an t s a r e  
t yp i c a l  o f  s o - c a l l e d " p o o r  g r o un d . "  A n  e a r l i e r  r e p o r t h a s  d e s c r i b e d  
s om e  o f  t h e  e f f e c t s  o f  e l e c t r i c a l  g r o u n d  c o n s t an t s  o n  p r o p a g a t i o n . 
A t  fr e qu e n c i e s  ab o v e  1 7 0  M H z , t h e  e f fe c t s  o f  c h an g e s  i n  t h e  g r o un d  
c o n s t an t s  a r e  s m a l l w h e n  an t e n n a s  a r e  mo r e  t h an 5 m ab o v e  t h e  g r o un d . 
W i t h l o w e r  an t e nn a s , c h an g e s  in  r e l a t i v e  p e r m i t t i v i t y  o r  d i e l e c t r i c  
c o n s t an t  o f  t h e  g r o und h a v e  mu c h  mo r e  e f f e c t  t h an c h an g e s  i n  c on d u c ­
t i v i t y . ( F o r  p r o p a g a t i o n o v e r  s e a ,  c h an g e s  in  e i t h e r  c o n d u c t i v i t y  
o r  p e rmi t t i v i t y  w i l l  a f f e c t  p r o p a g at i o n ) . Wh en b o t h  an t e n n a s  a r e  
l e s s  t h an 1 m a b o v e  g r o un d  a n  i n c r e a s e  in  r e l a t i v e  p e rm i t t i v i t y  
from  5 t o  2 5  ma y r e d u c e  t h e  av e r a g e  t r an s m i s s i o n  l o s s  . ab ou t  1 0  d B . 

5 . 2 . S ummary o f  M e a s ur e d  P a t h  Lo s s  

T h e  r e c o r d e d  v a l u e s o f  r e c e i v e d  p o w e r ,  c o n v e r t e d  t o  b a s i c  t r an s ­
m i s s i o n  l o s s ,  w e r e  g r o up e d  f o r  e a c h  fr e qu e n c y  an d r e c e i v i n g  an t e nna 
h e i g h t  for e a c h  of  t h e  40  p a t h s  i n  t h e  E g l i n ar e a .  Th i s  y i e l d e d  2 4 0  
g r o up s ·w i t h  a b o u t  7 0  r e c o r d e d  v a l u e s  i n  e a c h  group . D i s t r i b u t i o n s o f  
b a s i c  t r an s m i s s i o n  l o s s  w e r e  o b t a i n e d  f o r  e a c h  g r o up and a r e  s hown in 
Ap p e n d i x  B of t h i s  r e p o r t . Th e s e  f i g u r e s  s h o w  for e a c h  p a t h  t h e  
cumu l a t i ve d i s t r i b u t i o n s  o f  b a s i c  t r an s m i s s i o n l o s s  a t  V H F  ( 1 7 2 Mh z )  
an d U H F  ( 4 1 0  MH z )  f o r  t h e  t h r e e  r e c e i v i n g  an t e n n a  h e i g h t s h 1 , h 2 , 
and h 3 ,  r e p r e s e n t i n g  1 0 ,  3 ,  and 0 . 3 m ,  r e s p e c t i v e l y .  On t h e s e  p l o t s  
a n o rm a l  d i s t r i b u t i on app e a r s  a s  a s t r a i gh t  l i n e . S o m e  o f  t h e  
r e a s o n s  f o r  m a r k e d  d e v i a t i o n s  fr om n o rma l d i s t r i b u t i o n s  h a v e  b e e n 
d i s c u s s e d  i n  s e c t i o n  3 .  F o r  e x amp l e ,  t h e  d i s t r i b u t i o n s  o f  d a t a 
o b t a i n e d  o v e r  p a t h  T 1 - R 1 and p l o t t e d i n  f i g u r e  1 1  s h o w  l i t t l e  
v a r i ab i l i t y  a t  V H F  f o r  a l l t h r e e  r e c e i v i n g  an t e n n a  h e i gh t s . At t h e  
h i gh e r  fr e qu e n c y  t h e  d i s t r i b u t i o n s  f o r  t h e  t wo l o w e r  a n t enn a s  app e a r  
a n yt h i n g  b u t  n o rm a l . T h e  d a t a  f o r  t h e s e  N o v emb e r  a n d  D e c emb e r  r e c o r d s  
w e r e  c o n s i d e r e d  s e p a r a t e l y  an d a r e  s h o wn on t h e  r i gh t - h an d  s i d e  o f  
t h e  f i g u r e . Th e s e  s h o w  t h a t  t h e  d i s t r i b u t i o n  f o r  e a c h  p e r i o d i s  
fa i r l y  n o rma l , b u t  t h e r e  i s  m u c h  l e s s  l o s s  i n  t h e  D e c e m b e r  t h an i n  
t h e  N o v e mb e r  d a t a .  Th e c au s e  o f  t h i s  d i f f e rn e c e  in  l e v e l  i s  n o t  
k n own , b u t  i t  d o e s  n o t  app e a r c o n s i s t en t l y  f o r  t h e  d a t a o b a t i n e d  
f r o m  t h e  o t h e r t r an s m i t t e r s  dur i n g  t h i s  s am e  p e r i o d  o f  t i me . 
T h e  d a t a  fro m T 3 - R 1  s h o w  g r e a t e r  l o s s e s  i n  D e c emb e r  a t  VHF , b u t  
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Figure 1 1 .  Cumulative distributions of basic transmission loss recorded over path Tl-Rl, Eglin AFB. 



no consi stent di fferences at UHF where the December loss i s  greater at h1  
but l es s  at h 3 .  On path T4-R1 there i s  a sudden change o f  some 20  d B  at 
both frequenci es , whi l e  on T7-Rl such a change is obs erved only on the 
lower frequency . No such extreme changes in l evel are obs erved in the 
data from the other receiver sites . 

Fortunately,  the extreme changes  rarely occur at or near the median 
l eve l ,  but they mus t b e  considered in estimating the long- term variability 
of the signal . The 1 0 ,  5 0 ,  and 90% values of  basic transmis sion loss 
from these  distributions are l isted in tab l e  7 .  In keeping with the 
earl i er di scussion we give greater credence to the 10 and 5 0% values than 
to those at 90% . Some of the latter are be low threshold whi l e  others are 
much below the median value . Di sregarding such questionab l e  values , we 
find that the long- term variabi lity for these  short paths i s  usually only 
2 to 3 dB from the 1 0% to the 50% l eve l ,  with slightly l arger differences 
between the medians and the 9 0% values . 

Median values of  basic  transmi s sion loss for each of the 40  measure­
ment paths are plotted as a function of path l ength in figures 1 2  to 1 4 .  
Each median value i s  coded a s  t o  receiver site . Figure 1 2  shows the 
measured loss for each path at 172 MHz with receiving antenna heights of 
10 and 3 m.  The same information for 4 1 0  MHz i s  plotted in figure 1 3 ,  
whi l e  figure 1 4  shows the data obtained a t  both frequencies on the 0 . 3 m 
antenna . In al l cases the antennas of the transmitting sensors are at 
0 . 3  m .  The dashed curves are drawn to repres ent the median losses  for 
al l 40 paths at each frequency and antenna height . The so lid curves are 
area predictions which wi l l  b e  described in the next section . 

As previous ly noted, receiver s ites R1 and R3 are cl ear for some 
distance in the direction of the transmitters , whi le R2 i s  located in a 
smal l cl earing with a heavy growth of trees in th e direction of  the trans­
mi tters . The data plotted on th e figures cl early show the greatest losses 
at R2 , wi th considerably l ess  loss  over paths of the same l ength at R1 
and R3. The data at 172 MHz show more than the predi cted loss with the 
two hi gher receiving antennas , but agree fairly wel l with predicted values 
at the lowest antenna hei gh t .  The data a t  4 1 0  MHz show more than the 
predi cted loss at al l receiver heights .  Thi s  again suggests an effect 
of the numerous dense stands of trees whi ch are expected to have more 
effect at UHF than at VHF . 

In addition to variab il ity in time , there i s  cons iderable  path-to­
path or location variab il ity . At these frequencies , in rather smooth 
terrain , one would not expect much path-to -path variabil ity . With the 
higher receiving antennas at both frequencies , the total range of values 
at any di stance i s  25 to 30 dB, with the central two-thirds of the values 
fal ling wi thin a range of 14 to 15 d B .  Wi th the lowest antennas ,  fi gure 14 , 
a somewhat sma l l er range of  values i s  observed, wi th a total range of 
some 2 0  dB at any di stanc e .  
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tN 
N 

Path Dist . 
No . km 10 

r R 
T I  4 . 30 1 28 . 3  

2 4 . 32 1 24 . 2  

3 3 . 88 13S . 6  

4 4 . 82 1 20 . 1  

s 4 . 99 1 28 . S  

6 S . 39 130 . 7  

7 S . 09 1 2 3. 7  

8 4 . 6S 1 2 7 . 6  

9 4 . 40 1 20 . 2  

10 4 . 4 5  1 24 . 6  

1 2 4 . 26 1 34 . 0  

2 4 . 45 1 32 . 8  

3 4 . 32 1 30 . 5  

4 S . 28 148 . 1  

s 5 . 28 146 . 6  

6 5 . 46 1 36 . 8  

7 5 . 62 150 . 6  

8 5 . 5 6 1 33 . 8  

9 5 . 22 140 . 6  

10 5 . 69 1 37 . 3 

* Questionable value 

10m 

so 90 

1 29 . 0  130 . 1  

1 26 . 3  1 28 . 3  

1 38 . 8  1S3 . 1 * 

1 22 . 2  142 . 0* 

1 30 . 2  132 . 2  

1 34 . S  1 3 6 . 7  

1 2S . 2  l 4S . 9* 

1 3 2 . 4  1 34 . 6  

1 22 . 3  1 27 . 6  

127. 2 1 29 . 2  

1 34 . 9  1 35 . 9  

1 34 . 9  1 36 . 1  

1 34 . 0  1 35 . 6  

152 . 2  162 . 4 *  

149 . 5  162 . 4* 

1 38 . 1  1 38 . 9  

153 . S  160 . 6* 

137 . 8  1 38 . 5  

142 . 4  145 . 3  

1 38 . 0  139 . 5  

Table 7 .  Basic Transmi ssion Los s ,  A l l  Paths , Eg l i n  AFB, 
10, 50, and 90% Values 

VHF 

3m 0 . 3m 10m 

10 . so 90 1 0  so 90 10 so 90 

1 36 . 6  1 37 . 6  1 38 . 6  151 . 4  1 52 . 6  153 . 4  1 3 3 . 9  1 36 . 0  1 3 7 . 4  

1 33 . 4  1 34 . 8  1 3S . 8  139 . 4  140 . 0  144 . 4  1 36 . 6  1 37 . 3  140 . 7  

1 39 . 6  140 . 6  143 . 2  1S2 . 2  1 5 3 . 4  155 . 6  1 3S . 9  1 3 6 . 8  145 . 1 * 

129 . S  1 34 . S  154 . 4 *  1 3S . 8  1 38 . 0  159 . 4 *  13S . 6  1 3 6 . 4  150 . S *  

136. 8 1 38 . 8  1 39 . 8  140 . 9  14 1 . 3  1S0 . 3* 1 36 . 7  1 3 7 . 4  1 5 7 . 2 *  

139 . 4  14S . S  148 . 1  140 . S  l S l . l * 152 . 3* 135. 1 13S . 9  1 S 7 . 0 *  

136 . 6  139 . 9  1S8 . 8 *  14 1 . 1  142 . 1  161 . 8 * 136 . 9  144 . 6* 147 . 8* 

140 . 1  146 . 7  148 . 6  1 S 1 . 9  157 . 9  1 60 . 4  1 36 . 2  137 . 2  14 S . 2* 

1 32 . 1  1 35 . 4  1 35 . 9  140 . 1  140 . 7  1 5 3 . 2 *  134 . 0  1 35 . 2  1 5 7 . 4 *  

1 34 . 1  1 37 . 8  1 38 . 8  1 39 . 4  . 140 . 2  144 . 9* 137 . 1 142 . 1* 1 5 3 . 6* 

142 . 6  143 . 6  144 . 8  143 . 5  145 . 1  157 . 7* 151 . 7  154 . 0  156 . 3  

1 3S . 6  1 37 . 3 138 . S  142 . 9  143 . 2  144 . 6  148 . 1  149 . 4  15 1 . 5  

143 . 2  145 . S  147 . 1  149 . 0  155 . 4* 157 . 5  146 . S  lSO . O  1S4 . 0  

14S . O  14S . 5  1 6 3 . 0 *  147 . 1  14 7 . 8  164 . 1 * 156 . 5  1 5 7 . 7 158 . 9  

148 . 7  149 . 9  1 S l . 4  149 . 7  151 . 3  153 . 6  148 . 4  151 . 6  1S4 . 2  

146 . 0  148 . 7  1 5 1 . 8  150 . 9  152 . 6  156 . 4  156 . 5  158 . 8  160 . 6  

148 . 3  150 . 0  162 . 7 * 1S6 . 4  157 . 7  160 . 5 *  150 . 2  15 2 . 3  -

146 . 2  147 . o  148 . 1  153 . 0  157 . 5  160 . 4 * 15 7 . 2  1 59 . 4  -

144 . 0  144 . 7  146 . 0  150 . 0  1 51 . 2  156 . 4  146 . 0  146 . 8  148 . 5  

149 . 1  150 . 9  154 . 7  1 5 1 . 6 1S3 . 3 154 . 7  1 S7 . 5  159 . 1  161 . 5  

UIIF 
3 m  0 . 3m 

10 so 90 10 so 90 

140 . 2  143 . 6  1 S 1 . 1 * 142 . 7  1 S 7 . 7* 164 . 2* 

146 . 6  149 . 7  1 5 2 . 0  149 . 2  150 . 2  1S3 . 1  

1 4 1 . 7 143 . 6  162 . 6* 160 . 8  165 . S  169 . 9* 

142 . 2  147 . 0  158 . 8* 155 . 1  1S8 . 9  161 . 9 *  

144 . 9  146 . 3  1S4 . 4 *  153 . 3  1SS . 2  161 . 8* 

1 4 2 . 8  144 . 6  1 6 1 . 9 *  1 5 1 . 3  1 5 9 . 2 *  166 . S *  

147 . 6  1S2 . 3  160 . 1 *  161 . 1  162 . 6  165 . 0  

149 . 4  1S1 . 8  167 . S *  159 . 7  165 . 0  167 . 5  

140 . 6  146 . 2  - 152 . 3  155 . 0 - 158 . 9  

1 5 0 . 4  155 . 5  169 . 5 * 160 . 3  165 . 5  1 7 0 . 8 *  

147 . 7  151 . 9  156 . 2  1 5 1 . 5  156 . 3  158 . 4  

156 . 6  1S8 . 3  160 . 5  159 . 4  162 . 0  162 . 8  

150 . 3  156 . 9  161 . 8  15 7 . 3  162 . 4  163 . 8  

159 . 8  161 . 6  162 . 5  162 . 6  1 63 . 1  1 64 . 2  

157 . 9  15 8 . 8  159 . 9  160 . 5  16 3 . 1  164 . 8  

1 5 7 . 4  159 . 9  162 . 1  160 . 6  162 . 0  162 . 9  

158 . 2  16 1 . 7  - 161 . 4  163 . 0  -

157 . 7  159 . 7  - 158 . 9  162 . 3  -

153 . 3  158 . 7  - 159 . 2  163 . 3  -

1 58 . 1  159 . 7  - 162 . 2  163 . 4  -

- -----------------



(.N (.N 

10m 

Path Di s t .  
1 0  5 0  ___BQ_._ km 

T R 

1 3 5 . 65 1 34 . 9  1 36 . 2  

2 5 . 29 128 . 6  1 30 . 4  

3 4 . 70 1 2 2 . 1  123 . 1  

4 4 . 69 1 34 . 6  136 . 2  

5 5 . 19 1 38 . 1  140 . 7  

6 5 , 60 1 29 . 3  1 30 . 2  

7 4 . 5 1 1 27 . 4  129 . 7  

8 3 . 60 1 24 . 0  1 25 . 3  

9 3 , 8 7  1 28 . 1  1 29 . 4  

1 0  2 , 79 128 . 4  1 30 . 0  

1 4 5 . 69 1 37 . 0  1 39 . 6  

2 5 . 58 1 35 . 2  136 . 5  

3 5 , 95 1 3 7 . 1 1 38 . 3  

4 s . oo 1 24 . 7  1 26 . 5  

5 4 . 89 128 . 9  1 3 1 . 6  

6 4 . 5 1  128 . 0  1 30 . 5  

7 4 . 80 1 36 . 1  138 . 3  

8 5 . 54 1 2 1 . 8  123 . 3  

9 5 . 62 1 2 6 . 8  1 28 . 5  

1 0  6 . 2 1  1 39 . 6  142 . 1  

* Questionab l e  value 

90 10 

1 39 . 3  149 , 5  

1 3 1 . 7  143 . 6  

1 24 . 0  1 29 . 0  

1 4 0 . 4  1 36 . 2  

14 1 . 4  1 37 . 5  

132 . 1  136 . 0  

130 . 6  1 35 . 2  

1 28 . 0  129 . 9  

1 3 1 . 4  1 3 1 . 3  

132 . 7  1 33 . 1  

140 . 5  147 . 5  

1 38 . 9  144 . 3  

14 1 . 3  142 . 6  

129 . 6  132 . 5  

1 32 . 7  1 36 . 6  

141 . 1  * 1 33 . 8  

143 . 0  1 38 . 7  

1 2 6 . 0  1 39 . 8  

130 .• 7 1 33 . 2  

146 . 0  146 . 8  

· Tab l e  7 .  Basi c  Transmission Los s ,  Al l Path s ,  Eglin AFB ,  
1 0 .  50 . and 90% Va l ues (Continued) 

VHF 
3 m  0 . 3m 10m 

50 90 10 50 90 10 50 90 

1 5 1 . 3  1 5 3 , 0  148 . 2  149 . 5  1 5 1 .4 14 1 . 4 142 . 4  145 . 1  . 

145 . 1  158 . 6* 145 . 6  147 . 9  �5 2 . 7  141 . 1  142 . 2  144 . 1  

1 30 . 2  1 32 . 1  137 . 5  1 39 . 0  140 . 6  138 . 6  142 . 5  145 . 9  

138 . 2  14 1 . 5  149 . 1  1 5 1 . 2  155 . 9  1 34 . 8  136 . 0  138 . 3  

1 39 . 9  142 . 0  152 . 9  155 . 8  157 . 3  150 . 8  154 . 1  156 . 0  

136 . 8  1 39 . 8  148 . 9  150 . 7  158. 1* 1 35 . 5  1 36 . 7 14 0 . 0  

1 36 . 7  140 . 0  152 . 9  154 . 6  157 . 2  146. 1 14 7 . 6  153 . 9  

1 30 . 9  1 34 . 2  139 . 4  140 . 4  141 . 7  132 . 8  1 34 . 1 1 36 . 7  

135 , 4  1 38 . 9  145 . 1  146 . 5  150 . 5  143 . 1  146 . 2  149 . 1  

134 . 9  140 . 7  147 . 9  149 . 9  156 . 6  1 36 . 4  140 . 0  143 . 5  

148 . 4  149 . 8  145 , 4  147 . 1  148 . 5  1 5 3 . 5  155 . 1  156 . 7  

147 . 2  148 . 7  146 . 1 147 . 4  1 5 7 . 3 *  142 . 7  145 . 4  150 . 7  

144 . 2  145 . 8  146 , 8  1 5 1 . 5 *  154 . 5 * 148 . 1  149 . 9  1 5 1 . 9  

1 36 . 1  1 3 7 . 8  137 . 9  1 44 . 5 *  147 . 7* 149 . 6  1 54 . 0  155 . 9  

138 . 6  147 . 5 *  143 . 1  145 . 7  147 . 4  146 . 0  14 7 . 9  150 . 8  

140 . 8* 143 . 0* 135 . 6  1 37 . 2  138 . 7  144 . 8  148 . 6  152 . 9  

142 . 5  144 . 5  145 . 8  148 . 1  153 . 8  132 . 3  1 34 . 6  1 38 . 1  

143 . 3  146 . 8  1 36 . 6  1 37 . 7  1 38 . 9  143 . 9  146 . 9  15 1 . 7  

1 34 . 4  1 36 . 8  1 38 . 4  144 . 2  149 . 0  1 39 . 3  141 . 4  144 . 6  

152 . 4  156 . 1  145 . 8  1 5 2 . 0  157 . 9  149 . 2  1 5 1 . 7  155 . 3  

-·� 

UHF 
3m 0 . 3m 

10 50 90 10 so 90 

141 . 2  1 4 3 . 8  149 . 2  159 . 0  160 . 1  1 60 . 9  

139 . 2  142 . 1  144 . 8  156 . 1  1 5 7 . 9  159 . 6  

148 . 1  1 5 1 . 6  i58 . 8* 152 . 6  1 54 . 6  158 . 5  

1 38 . 2  1 39 . 9  14 6 . 1 147 . 9  15 0 . 2  154 . 2  

147 . 7  148 . 6  152 . 5  159 . 6  16 1 . 2  162 . 1  

141 . 0  146 . 2  150 . 9  150 . 7  1 5 3 . 7  15 7 . 1  

150 . 8  1 52 . 7  154 . 7  154 . 2  158 . 3  159 . 4  

137 . 7  1 4 0 . 1 144 . 1  142 . 7  148 . 1  152 . 0  

144 . 9  1 5 0 . 9 *  157 . 8 * 158 . 2  159 . 7  161 . 3  

138 . 4  142 . 7  144 . 8  140 . 8  144 . 5  1 52 , 1 *  

158 . 3  1 59 . 5  160 . 1  160 . 6  161 . 3  161 . 9  

1 53 . 1  1 55 . 2  157 . 3  156 . 7  158 . 5  160 . 9  

1 52 . 8  1 5 5 . 4  158 . 5  160 . 2  160 . 9  161 . 7  

1 5 1 . 0  1 56 . 3  158 . 0  11}0. 2 160 . 5  1 6 1 . 4  

151 . 7  1 5 3 . 6  1 5 6 . 4  161 . 2  16 1 . 7  162 . 3  

147 . 8  1 5 1 . 0  156 . 3  154 . 9  159 . 4  161 . 8  

14 3 . 5  146 . 8  152 . 2  149 . 7  153 . 7  156 . 7  

1 5 2 , 3  1 54 . 8  1 58 . 9  151 . 8  156 . 7  161 . 4  

1 4 1 . 6  144 . 4  153 . 2  150 . 8  157 . 6  160 . 1 

157 . 0  158 . 7  160 . 6  159 . 3  160 . 5  161 . 8  
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Figure 1 2 .  Median values of bas ic transmis s ion loss at 172 MHz , 
with 10 and 3 m receiving antennas , Eglin AFB .  
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4 1 0  MHz ,  with 0 . 35 m receiving antenna, Egl in AFB. 
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5 . 3 . Compari son wi th Predi cted Values 

Several propagation models have been developed whi ch may be appli­
cab l e  to  predi ct basic  transmission loss for compari son wi th the measure­
ments ob tained in thi s  program. Of the many avai l ab l e  model s ,  we wi l l  
consi der mainly those that have b een developed i n  the Institute for Tele­
communi cation Sciences ( ITS ) and its precursors . These  model s  have been 
reduced to a computer format and can readi ly be app l i ed for such com­
pari sons . A bri ef description of the model s  i s  given in the next section . 

5 . 3 . 1 .  Propagation Model s 

A propagation mode l ,  developed for use with low antennas over irreg­
ular terrain,  is described by Longl ey and Ri ce ( 1968 ) . The model calcu� 
lates long-term median transmis sion loss as a function of path length , 
and may b e  used ei ther with detai l ed terrain profi l es for actual paths or 
wi th parameters that are representative of median terrain characteris tics 
in a given area . 

To estimate terrain irregul ari ty, the interdeci l e  range ,  �h (d) , 
of terrain above and b elow a straight line fi tted to elevations above sea 
l evel i s  calcul ated at fi xed di stances . Median values of �h (d) increase 
with path di stance to an asymptotic value, �h , which characteri zes the 
s tati sti cal aspects of terrain . 

In the area predi ction model the estimates of  median path parameters 
in terms of �h are based on an extensive s tudy of terrain . For thi s model 
the required input parameters to cal culate basi c transmi ssion loss as a 
func tion of di stance are only the radio frequency , the antenna heights , 
an estimate of  the terrain parame.ter , �h, some information as to the 
choi ce of antenna sites , and es timates of the electrical ground cons tants .  
For paths overland , at frequenci es above 1 00 MHz , the latter are important 
only f�r very low antennas , l es s  than 3 m above ground . Previous compari ­
sons of predi cted wi th measured values for a large amount of data 
(Longl ey and Reasoner, 1 970) , show that the area model  tends to over­
estimate the loss over paths with a single  i so l ated obstac l e ,  and for 
paths whose terminal s are within radio line of sight . The model gives 
good results for transhori zon paths , including short di ffraction paths , 
whi ch are rather diffi cul t  to predi ct . 

Thi s mode l may al so b e  used when detai l ed path profi les are avai l ­
abl e .  In thi s appli cation , path parameters are obtained from the profi l e ,  
and the actual hori zon e l evations , di s tances , and calculated effective 
antenna hei ghts are used in computing basi c  transmi s sion los s .  These 
values represent the expected long-term medi an, with an allowance for 
vari ation in time ,  and for predi ction error . Certain limitations in appli ­
cation to specific paths are impo sed in thi s model .  The angl e  o f  e l eva­
tion from each antenna to it s  hori zon should not exceed 2 00 mr , and the 
di stance to each hori zon should not be less  than one-tenth nor more than 
three times the correspondi ng smooth earth hori zon . For paths with large 
el evation ang l es , calculated los s es are larger than corre sponding measured 
value s ,  whi l e  with hori zons very close to the antenna the revers e i s  
usually the cas e .  

37 



For paths with known profiles a third propagation model may be 
used o This model ,  referred to as a point-to-point mode l ,  determines  the 
path characteristics as to whether the terminals are within radio l ine of 
s i ght , whether there is a singl e obstac le isol ated from terrain , and so  
on o When the type of path is  known , applicab le methods from Rice et al . 
( 1967) , as modified for computer use ,  calculate transmiss ion loss over 
the path . Whi l e  general ly applicab l e  in most s ituations , this model 
cal culates too much loss for very short diffraction paths over smooth 
terrain o 

None of the three model s  described above includes an explicit allow­
ance for the effects of man-made and natural surface obj ects such as 
bui ldings and trees . It  is  usually assumed that a large bui lding in a 
radio path i s  opaque to radio rays , and has the Sfuue effect as a hi l l  or 
ridge , with the radio energy diffracted over and around i t .  

Much attention has been given t o  the effects of trees , part icul arly 
in j ungle areas , both in terms of theory and measurements o Large measure­
ment programs were carried out in tropical j ungles by s everal investigators , 
notably by the At lantic Research Corporation and by Stanford Research 
Inst itute , and are reported by Sturgi l l  et al . (1 966 and 1 96 7 ) , Hagn and 
Ba!'ker ( 1970) , and Taylor et al . (1 966). . 

The theoretical approach taken by Pounds and La Grone ( 1963) , 
Tamir ( 1967) , Sachs and Wyatt ( 1968 ) , and others , represent s forest vege­
tation as an imperfect dielectric s lab o This so- cal l ed "slab model" 
represents the inhomogeneous , anisotropic real j ungle by a homogeneous 
isotropi c ,  lossy dielectri c .  As the frequency is increased above 1 00 MHz , 
the trees tend to act more and more as individual scatterers . One of the 
important features of this model is the lateral wave o Radio rays that 
leave the source near the critical angl e  of internal reflection , 8c , 
excite a trapped or l ateral wave j ust along the tree tops . The attenuation 
in the lateral wave increases as the square of the distance . The critical 
angl e  ec is defined in terms of the effective diel ectric const ant £, as 

!,; 
sin e = £

-
2 c 

An apparently reasonab l e  range of values of conduct ivity and effective 
dielectric constant is from cr = 10-5 S/m, £ = 1 o 01 for thin forests to 
much larger values of cr = l0- 3  S/m, £ = 1. 5 for very dense forest s o  I f  we 
assume £ = L0 1 2  as for a rather open forest , we find the critical angle 
ec = L46 1  r from the normal , or 110 mr from the hori zontal , about 6° 

el evation . 
Some of the early obs ervations on the effects of trees are summa­

ri zed by Ri ce ( 1 9 7 l ) o He quotes some suggested values of attenuation rat e ,  
y i n  dB/m, through deciduous trees in ful l leaf, assuming £ = L 0 1 2  and 
cr = O o 0 1 2  mS/mo Values with vertical pol ari zat ion at 172  and 4 1 0  MHz are 
about 0. 1 and 0. 2 dB/m, respectivelyo  Through pine forests the rate of 
attenuation would be greater , especially when the trees are wet . These 
suggested rates of attenuation apply to situations where both antennas 
are in the woods o 
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In many situat ions we are not deal ing with propagation in a tropi­
cal j ungl e  or rain forest , but rather with the effects o f  trees or 
thi ckets of trees on an o therwise open radio path.  Typical dense ,  and 
rather extensive woods are practical ly opaque at UHF and higher frequen­
cies . When woods are near the receiving antenna the signal appears to be 
principal l y  that di ffracted over the tree s .  But with l ess dense woods 
the s i gnal transmitted through may be greater than that di ffracted over 
or around them. Head (1960)  studied propagation at 5 00 MHz between a 
high and a lower antenna located a short di stance behind a thi ck stano 
of trees . He considered the attenuat ion to be a function of clearing 
depth, whi ch i s  the di stance from the lower antenna t o  the edge of the 
woods . Thi s  empirical relation i s  defined as 

Ac = 5 2 - 12 l o g10 de dB , 

where A i s  the att enuation below the smooth earth value and d is  the · c c 
c l earing depth in meters . 

Many investigators as sume that when a thick belt  of trees is 
between the terminal s  of a radio path , the energy transmitted through the 
trees i s  negligib l e  compared with the diffracted field.  The propagation 
loss  i s  then calculated by assuming di ffraction over an obstacle  slightly 
lower than the trees . 

5 . 3 . 2 .  Comparison with Area Predictions 

The area prediction i s  based on an estimate of t errain irregularity 
as defined by the parameter �h . Profiles of the 40 paths in the Egl in 
area were examined to obtain estimates of �h . These values range from 
about 10  to 1 2 0  m with a median �h = 4 0  m representing ,qtl.ite . smooth 
terrain . The smoothes t  paths are tho se  to receiver site R3 , with a median 
value of 2 0  m, whi l e  the l east smooth are those to Rl with a median value 
of about 1 00  m. These estimate s  of �h are based on terrain only and do 
not inc lude the heights of trees in the forests . 

Predicted basic transmis s ion loss  as a funct ion of dis tance as suming 
random antenna siting is shown with measured value s in figures 1 2 ,  1 3 ,  and 
14 . Curves for �h = 1 0  and 4 0  m are drawn . For the se short paths the 
curve for �h = 1 00 m is practically identical with that at 40 m for f = 

1 7 2  MHz . At the higher frequency the curve for 6h = 1 00 m shows about 3 dB 
more loss  than that for .6.h = 4 0  m with the 10 m antenna , but shows about 
4 dB l ess  with the l owest antenna . 

The dashed l ines on these figures show medians of measured values 
over the se  40 paths . These medians show more loss  than predicted in all  
cases . The deviat ion of predicted median values , with 6h = 40 m ,  from 
those observed with the 1 0 ,  3 ,  and 0 . 3  m rece iving heights is  about 7 ,  7 ,  
and 3 dB at 1 72 MHz , and 1 5 , 1 5 , and 1 1  dB at 41 0 MHz . In the area pre­
dict ion model , a l ocat ion variabil ity with 0 = 8 and 1 0  dB for the two fre ­
quencies i s  included to al low for the expected path-to-path range in loss . 
Even with this additional loss  al lowed , the data show much more loss than 
predi cted . This additional att enuat ion is caused not on ly by the presence 
of th ick stands of pine trees , but al so by their proximity to one or both 
path terminals . 
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5 . 3 . 3 .  Compari son with Point-to-Point Predictions 

As previously noted, the area prediction 1nay be used in a point-to­
point mode where the parameters for each path are obtained from path pro­
fil es . These specific parameters are then used in calcul ating basic 
transmi ssion loss for the path . If  profil e s  based only on terrain infor­
mation were used , many paths in the Eglin area would have terminal s  within 
l ine of sight . Since for these paths trees obstruct the direct l ine of 
sight , the calculated los ses woul d be too smal l .  

The trees were , therefore , considered as opaque to radio energy 
and computations of diffraction over them were made.  For thi s  purpose 
we estimated the distance from each terminal to a thick stand of trees , 
and a horizon el evation sl ightly lower than the tops of the trees . These 
estimates resul ted in many hori zon e l evation angl es that were beyond the 
l imits of the model ,  with corresponding excessive ly high computed trans ­
mis sion loss values . 

Since some energy can find its way between the trees , especial ly 
near their narrower tops , we decided to modify thi s appro ach . Instead of 
considering the trees as completely opaque and cal cul ating on ly diffrac­
tion over them at steep angles , we al lowed for po ssib l e  transmission 
through the trees above the critical angl e  of internal refl ect ion , which 
would al low for some transmis sion by means of the lateral wave di scussed 
in subsection 5 . 3 . 1 .  As suming an effective dielectric constant s = 1 . 0 1 2  
for the woods gives a critical el evation angle o f  1 10 mr (about 60) , which 
was chosen as the maximum allowable  el evation angl e . *  This subst itution 
in the computat ion al lows for what is  probably a very real effect , and 
al so brings the cal culated elevation angl es within the capabil ity of the 
model _. 

Values of basi c transmission loss calcul ated with thi s allowance 
for trees are compared with measured values . Distribut ions of the differ­
ence 6L between each pair of values are shown in figure 15 . Positive 
values of 6L indicate more loss predicted than measured whi l e  negative 
values show the reverse s ituation . Cumulative di stributions of 6L for 
al l 40 paths and a l l  3 receiving antenna heights at VHF show the median 
difference i s  zero , li.L = OdB . However , a small  percentage of paths show 
measured lo sses exceeding predicted values by 10 dB or more . At UHF the 
median differenc e shows. about 3 dB more measured than predicted los s ,  and 
a small percentage of paths show some 15 dB more loss than predicted . 

These negative values may result either from the fact that trees are 
very near the terminal s ,  and the limit of the model with respect to hori­
zon di stance i s  exceeded and/or that no allowance has been made for 
absorption of the signal by trees . Because negative values of 6L are more 

* Some estimates of conductivity and effect ive diel ectric constant in 
evergreen forests  are much larger than this with a from 0 . 002  to 
0. 05 mS/m . If· we assume a = 0 .  04 mS/m then E = 1 .  04 and the critical 
elevation angl e  would be near ly 200 mr . 
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common at 4 1 0  than at 172  MHz we can assume that failure to al low for 
absorption by the trees may be  a

·
factor. (The attenuation rates  through 

woods at 410  and 1 72  MHz are 0 . 2  and 0 . 1 dB/m, respectively, for deciduous 
trees in ful l l eaf) . An allowance for absorption is difficult to estimate 
because we have no knowledge of the extent of pine woods along the trans ­
mis sion paths . I f  we assume rates of 0 . 2  and 0 . 1 dB/m then pass ing through 
5 0  m of woods would cause attenuations of 1 0  and 5 dB . Since calculated 
el evation angles of more than 300 mr have been repl aced by a maximum of 
1 1 0  mr, this assumes passage through the woods for con siderab l e  distances . 
Thus the additional attenuation by woods could easily account for the 
greater measured losses . 

Earl ier work with very l ow antennas has indicated that an empirical 
correction may be used to al low for the additional transmis s ion losses 
when horizon distances  dL are very smal l ,  i . e . , less than one-third of 
the smooth earth distance dLs • Thi s  empirical correction /\L

c = 10 log10  
(dL /dL) i s  added t o  the predicted loss . If we apply thi s  correction 
to the paths in this study it could increase predicted los ses by a maxi­
mum of 20 dB. Thi s  particular empirical correct ion was deve loped for 
use where the nearby obstacles were actual changes in t errain el evation . 
The correction does not appear to b e  applicabl e  in thi s  s ituation where 
the "obstac l es"  are heavy pine woods .  

The point-to -point model ,  based on methods describ ed by Rice et al . 
( 1967) was used to predict transmis sion loss for these paths . The large 
e l evation angl es again are beyond the applicab l e  range of the model .  
Even when a maximum value of 1 1 0  mr was imposed the mode l predi cted less  
than the measured loss by 5 to 7 dB.  The range of differences /\L is 
very nearly the same as for the modi fied area model .  

The empirical estimate of attenuation by trees in terms of clearing 
depth, reported by Head ( 1960) , does not appear to be appl icab l e  to this 
particular s ituation . For one thing , no allowance i s  made for differences 
in antenna height . The data show that there are greater losses  at the 
lower receiver heights even when the same woods form the obstacle for all  
heights . 

For this area , then , the best agreement with data is  obtained when 
we as sume that the trees are pract ical ly opaque to radio energy , but that 
when the woods are close to the terminal s some energy is transmitted 
through rather than over the tree tops . 

6 .  THE GRAHAM MOUNTAIN AREA 

An area in the Pinal eno Mountain range , south of Graham Mountain , 
Arizona , was s e l ected for measurements in mountainous terrain . During 
the first measurement period in September and October much of the attempted 
recording was below receiver sensitivity, especially  at 4 10 MHz , and with 
the lowest receiving antenna height at both frequencies . Measurements 
were made over the same paths during a two week period in Apri l ,  after 
the equipment had been modified so that records were obt ained most of the 
t ime for al l paths . 
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We had planned the two measurement periods to cover the extremes of 
wet and dry season s ,  to determine poss ib l e  seasonal variations in this 
desert area. However, the weather fai led to cooperate ,  and was warm and 
very dry during both measurement periods . 

In the Graham Mountain area the terrain is  quite irregular with 
values of the terrain parameter �h ranging from 50 to 950 m. The median 
value for al l paths at the test site is � = 180 m ,  which is representative 
of mountainous terrain, but not of extremely rugged mountains . The soil 
i s  dry and granular,  with rather sparse vegetation, which inc ludes coarse 
grasses , cactus and mesquit e ,  with a few smal l trees in some places . 
Rocky hil l s  and rock outcrops are a common feature of the area . 

6 . 1 .  Description of the Test Site 

The test site is  l ocated in the southeast part of Ari zona, j ust 
south of Gil l espie Mountain . Mos t  of the measurements were made from the 
group of 10 transmitters which are located along a trail to the left of 
center in figure 16 . The first four receiver sites , located to the north­
east , northwest ,  east and southeast of the transmitters , are shown on the 
figure as Rl , R2 , R3,  and R4 . 

Because difficult ies were experienced in obtaining dat a  at R3 and 
R4 the transmitters were moved to new locations along a trail through 
Oak Draw, shown in the southeast corner of figure 1 6 ,  and measurement s 
were recorded on Oct 16  and 1 7  at R5 , which i s  near Rl . These locations 
were not used during the Apri l measurements . 

Terrain profil es for the 5 0  measurement paths in this area were 
plotted from information regarding distance and terrain elevation read 
from a detailed topographic map of the area .  These profi l es are included 
in the appendix to thi s  report . 

The paths in thi s  area represent a wide variety of conditions rang­
ing from hil ly to very rugged terrain . The 1 0  paths to each receiver site 
show wide differences within each group . Those to receiver site  R2 show 
the l east irregularity with a range of � values from 70 to 160 m, and a 
median �h = l OOm. The paths to R4 are over much more rugged terrain with 
a range of �h from 1 8 0  to 95 0 m and a median value � = 600  m. Values of 
�h for paths to R3 range from 100 to 420  m with a median value �h = 330 m. 
The paths to Rl and RS are over moderately rough terrain with a range of 
� from 50 to 2 50 m and a median value of 150  m. 

Because of the wide range of terrain irregularity in the paths to 
each receiver s ite these measurements are grouped by terrain type rather 
than by receiver location .  Al s o ,  b ecause of the great differences in 
type of terrain , we would expect a wide range in path loss recorded over 
paths of the same l ength . 

An examination of the path profiles shows that many paths pas s over 
a singl e i so l ated hi l l ,  or more commonly over two h i l ltops , which are 
i so lated from the rest of the terrain . Some 35 of the paths are of this 
type where sma l l  obstac l es in the immediate foreground of the antenna wil l  
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have little  effect . 
radio l ine of sight . 
paths . 

For four of the paths to R2 the terminal s  are within 
The remaining paths are two-horizon diffraction 

During the Apri l tests , measurements were made of the electrical 
ground constants at three of the receiver sites . The soil at these sites 
was crushed granite rock with spars e vegetation . There was no measurable 
rain during the period and the humidity was about 1 5 % .  The data yielded 
highly variabl e  results  for ground conductivity , but the range for 
re lative permittivity is  from 4 to 15 . Values of a =  10  mS/m and E: = 5 
were selected as representing the ground constants in thi s  area . 

6 . 2 .  Summary of Measured Path Loss 

Re corded values of received power, converted to basic  transmission 
los s ,  were grouped by frequency and receiving antenna height for each of 
the 5 0  paths in this mountainous area.  Because we wi shed to obs erve any 
differences that might occur between the fal l and spring values , they 
were handled s eparately.  Cumulative distributions of bas ic transmiss ion 
loss were obtained for each path , frequency, receiving antenna height , and 
period of t ime . These distribut ions are plotted in a series of figures 
in Appendix B of this repo!t ·  

These  figures i l lustrate some of the problems in determining the 
validity of the data that were previous ly dis cus s ed . For examp l e ,  the 
data for path T1-R1 show a sudden drop of 2 0  dB at VHF on the 10 m 
receiving antenna, but no s imil ar change on the other two antennas . The 
data for path T2-R1 show a drop of 1 0  dB at the 3 m he�ght for the lower 
frequency and of mora than 15 dB at . the 0 . 3  m height for the higher fre­
quency. Again for path T6-R2 there i s  a drop in signal of some 20 dB in 
the Apri l  data.  For some paths there is practical ly no difference in 
l eve l between the spring and fal l  values , whi l e  for other paths differ­
ences i� l evel of 10 to 15 dB occur , with the spring loss being greater . 

Because of these  sudden changes in l evel the two periods were con­
s idered separately in calculating the cumul ative distributions of all  
measured values . Tab l es 8 and 9 l is t  the 1 0 ,  5 0 ,  and 90% values of basic 
transmis sion loss from these distributions . In keeping with the earl ier 
discuss ion of val idity, we p l ace greater confidence in the 10 and 50% 
values than in those at 90% . Tab l e  8 l ists  the values from data obtained 
in September and October. These are from distributions of 63 and 58  
measured means at R1 and R2 , but from only about 25  to 30  measurements 
at the other receiver s ites . The tab l e  cl early shows that mos t  of the 
attempted measurement s  were be low receiver thresho ld at R3 and R4 . 

Tab l e  9 l ists values from dis tributions of more than 50 measured 
means at each of the first four receiver sites in April . In the meantime,  
the equipment had b een modified so that most of the attempt ed measurement s 
were wel l  above threshol d .  In  general ,  these values show rather small  
variations in l evel of  the data during each measurement period and differ­
ences of 2 to 5 dB from one period to the other . The few wide differences 
probably do not represent real changes in propagation conditions . 
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l O rn  
Path D i s t .  

No . km 10 50 
� 

T R 

1 1 5 . 10 124 . 8  127 . 1 

2 4 . 78 1 2 3 . 6  125 . 9  

3 4 .  7 1  1 29 . 9  132 . 0  

4 4 . 49 1 3 7 . 8  140 . 7  

5 4 . 30 1 36 . 8  138 . 7  

6 3 . 9 9  14 1 . 4  143 . 0  

7 3 . 52 124 . 7  127 . 1  

8 3 . 38 120 . 7  12 1 . 9  

9 2 . 99 128 . 0  129 . 8  

1 0  2 . 66 121 . 7  124 . 9  

1 2 2 . 2 1 1 15 . 8  116 . 5  

2 2 . 22 112 . 2  1 1 3 . 0  

3 1 . 89 1 1 3 . 2  1 14 . 8  

4 1 . 95 1 1 3 . 6  1 18 . 2  

5 2 . 19 1 1 9 . 8  1 2 1 . 2  

6 2 . 10 12 1 . 1  124 . 5  

7 1 . 64 99 . 8  100 . 5  

8 1 .  72 109 . 1  109 . 8  

9 2 . 07 100 . 5  1 01 . 9  

1 0  2 . 38 103. 8 105 . 2  

* Questionabl e  value 

9 0  

129 , 9  

127 , 9  

1 34 . 2  

-

1 4 3 . 4  

144 . 8  

129 . 2  

124 , 6  

132 , 8  

130 , 8  

120 . 6  

1 1 6 , 5  

1 1 7 . 9  

-

123 . 8  

132 . 4  

104 . 1 

1 1 3 . 0  

104 . 9  

108 . 1  

Tab le 8 .  Basic Transmis s ion Loss , 10,  SO,  and 90% Values , All Path s ,  
Graham Mountain Area . Sent • .  Oct . 73 . 

VHF UHF 

3m 0 . 3 m  l O rn  3 m  0 . 3m 

10 50 90 10 50 90 10 50 90 10 50 90 10 50 9 0  

125 . 8  128 . 1  1 30 , 5  137 , 7  1 39 . 9  14 1 . 8  132 . 8  1 35 . 4  139 . 6  130 . 0  1 3 1 . 8  134 . 6  136 . 5  139 . 9  14 3 . 7  

128 .• 4 129 . 8  1 3 1 . 4  1 4 0 . 4  14 1 . 8  146 . 3  132 . 4  1 35 . 9  139 . 9  1 33 . 5  1 35 . 0  138 . 1  142 . 4  143 . 9  >145 . 0  

135 . 9  138 . 8  14 3 . 7  139 , 0  14 1 . 1  143 . 4  > 1 4 3 . 2  - - >14:'1 .  2 - - > 1 4 5 . 1  > 146 . 0  -

1 3 3 , 0  136 . 7  - 142 . 5  147 � 7 - 139 . 4  143 . 0  - 139 . 4  141 . 3  - 145 . 0  150 . 0  >15 2 . 9  

1 3 7 . 4  139 . 3  142 . 9  142 . 2  147 . 3  150 . 1  132 . 9  1 35 . 9  1 39 . 7  1 3 3 . 6  136 . 2  14 1 . 8  137 . 9  14 3 . 3  >145 . 9  

1 36 . 0  138 . 4  142 . 2  1 37 . 9  139 . 8  141 .'7 . 142 . 5  - - 142 . 9  - - 145 . 6  >152 . 7  -

130 , 6  1 32 . 2  1 34 . 3  140 . 1  14 1 . 4  145 . 6  " 1 3 3 . 4  1 36 . 2 141 . 9  1 37 . 8  143 . 6  145 . 9  139 . 1  144 . 9  1 4 7 . 4  

1 3 7 . 5  142 . 3  147 . 8  1 3 8 . 6  140 . 2  143 . 0  127 . 0  1 30 . 8  - 1 36 . 9  - - 141 . 8  >143 . 9  -

1 26 . 5  129 . 3  1 31 . 1  140 . 2  142 . 1  145 . �  1 26 . 6  1 30 . 8  1 34 . 8  1 35 . 5  139 . 2  142 . 8  135 , 8  139 . 0  14 2 ,8 

125 . 7  12 7 . 2  f28 . 6  1 37 . 7 140 . 8  146 . 0  119 . 9  122 . 3  1 2 7 . 0  122 . 3  125 . 1  1 30 . 2  135 . 8  140 . 9  143 , 6  

119 . 9  12 1 . 4  124 . 1  122 . 7  123. 9 126 . 4  1 24 . 7  127 . 5  132 . 1  130 . 2  132 . 5  138 . 7  137 . 3  137 . 8  142 . l>  

105 , 5  106 . 3  109 . 7  116 . 8  1 17 . 8  120 . 4  124 . 7  1 2 7 , 9  129 . 6  129 . 2  1 30 . 8  133 , 5  132 . 4  136 . 0  1 37 . 7  

1 1 3 . 6  1 14 . 3  1 17 . 8  125 . 5  133 . 7  136.4 119 . 2 12 1 . 1  132 . 8  120 . 7  122 . 8  134 . 0  132 . 5  133 . 6  142 . 2  

1 12 . 9  1 17 . 1  - 126 , 2  1 32 . 0  - 1 10 . 2  1 1 1 . 5  1 17 . 3  114 . 8  1 15 . 7  119 . 9  126 . 3  129 . 3  >135 . 1  

1 1 9 . 0  119 . 7  123 . 6  12 3 . 7  124 . 8  12 7 . 7  128 . 6  130 . 5  135 . 4  1 31 . 0  137 . 8  143 . 3  135 . 8  137 . 3  1 4 3 . 4  

1 19 . 8  122 . 8  1 29 . 6  127 . 7  131 . 1  137 . 2  126 . 7 130 . 2  136 . 2* 125 . 2* 1 30 , 0* 134 . 6* 132 . 5  136 . 2  14 1 . 2  

107 . 6  108 . 0  1 12 . 2  118 . 8  1 19 . 8  122 . 9  1 13 . 9  1 17 . 3  125 . 4  1 14 . 7  1 1 7 . 4  124 . 2  128 . 4  130 . 4  1 38 . 2  

1 17 . 1 120 . 0  1 22 . 7  129 . 1  1 3 1 . 4  135 . 7  1 15 . 0  1 19 . 0  122 . 8  1 18 . 2  1 2 0 . 4  128 . 3  132 . 0  134 . 5  140 . 0  
. 

1 14 . 5  1 16 . 0  1 19 . 1  1 2 7 . 4  128 . 6  132 . 8  108 . 3  109 . 5  1 1 3 . 5  1 12 . 1  1 12 . 9  1 1 7 . 2  126 . 8  127 . 8  1 35 . 0  

1 15 , 8  1 17 . 5  120 . 1  1 30 . 5  1 32 . 8  135 . 5  1 13 . 1  1 13 . 9  1 2 1 , 6  115 . 0  115 . 7  124 . 0  131 . 5  132 . 9  14 1 . 6  

--· --------- - - --



.j:::. 
'-l 

10m 

Path Dist.  
___ No km 10 so 

T R 

1 3 6 . 04 1 35 . 1  135 . 8  

2 5 ,  72 133 . 7  134 . 7  

3 s . 7S 142 , 5  144 . 8  

4 5 , 55 148 . 9* 1 5 1 . 4  

5 5 . 28 . 138 . 6  141 . 0  

6 4 . 97 143 . 8  146 . 5  

7 4 . 92 142 . 4  143 . 0  

8 4 . 80 143 . 3* 144 . S *  

9 4 . 43 134 , 3  136 . 5  

10 4 . 12 135 . 7  136 , 8  

1 4 4 . 70 1 37 . 6  138 . 1  

2 4 .44 138 . 6  1 39 . 5  

3 4 , 58 142 . 3  144 . 1  

4 4 . 39 i44 . •  1 -

5 4 . 10 140 . 1  > 14 2 . 0  

6 3 , 93 135 . 3  137 . S  

7 4 . 27 138 . S  1 39 , 7  

8 4 . 22 138 , 6  140 . 8  

9 3 , 95 1 39 . 8  140 . 6  

10 3 . 7 3  1 3 1 . 8  1 32 . 9  

* Questionable value 

90 

>13 7 . 3  

-

>150 . 0  

>15S . 2  

>14 6 . 4  

-

-

-

>142 . 1  

-

>139 , 5  

>142 . 0  

>148 . 0  

-

-

-

-

-

>144 . 0  

> 1 36 . 0  

Table 8 .  Basic Transmiss ion Los s ,  1 0 ,  5 0 ,  and 90% Values , Al l Paths ,  
Graham Mountain Area . Seot . .  Oct . 73 (Cont inued) . 

VHF 

3 m  

1 0  so 90 

14 1 . S  142 . 3  -

138 . 6  140 . 2  146 . 3  

144 . 7  145 . 9  >15 2 . 2  

145 . 3  147 . 3  >1S5 . 8  

146 , 1  >149 . 0  -

1S 1 . 8  1 5 3 . 4  -

14 1 . 2 142 ,5 -

140 . 1  142 . 2  -

1 37 . 1  138 . 3  >144 . 3  

1 39 , 0  14 1 . 1  >146 . 5  

1 36 . 0  1 38 . 1  >139 . 0  

139 . 7  141 . 2  >14 3 . 0  

1 37 , 8  140 . 8  > 147 . 0  

144 . 3  > lS l , O  -

141 . 4  >14 3 . 0  -

138 . 3  140 . 5  >142 . 8  

142 . 0  >14 3 . 0  -

1 35 . 2  136 . 4  >140 . 0  

1 37 . 0  14 1 . 3  >144 . 0  

132 . 9  1 33 . 8  >137 . 0  

10 

137 . 2  

144 . 3  

1 4 7 . 0  

154 . 7  

144 � 6  

148 . 3  

14S . S  

146 . 3  

145 . 2  

146 . 2  

142 . 4  

143 . 2  

150 , 0  

1 50 . 3  

143. 6 

14 1 . 4  

142 . 8  

14 1 . 6  

142 . 0  

140 . 8  

0 , 3 m 

so 90 

- -

147 . 5  >14 9 . 2  

1 5 2 . 2  >156 . 2  

155 . 7  >1S7 . 6  

>149 . 0  -

154 . 4  >157 , 0  

>147 . 0  -

>147 . 0  -

145 . 7  148 . 6  

>147 , 0  -

>144 . 0  -

>144 . 0  -

1 51 , 8  >15 2 . 0  

>152 . 0  -

>144 . 0  -

14 1 . 8  >145 . 3  

- - -

>142 . 8  -

142 . 5  >145 . 0  

141 . 2  >14 3 . 0  

lOrn 

10 so 90 10 

141 . 2  - - 142 . 5  

14 1 . 5  - - >141 . 6  

144 . 0  - - 149 . 2  

147 . 1  - - 145 . 8  

142 . 7  >145 , 0  - 143 . 7  

>149 . 0  - - >150 . 0  

>14 3 . 0  - - >144 . 0  

> 1 36 . 0  - - 140 . 1  

137 . 7  140 . 8  - 135 . 5  

140 . 0* 142 . 0* - 142 . 7 *  

138 . 4  - - 138 . 2  

>138 . 0  - - >139 . 0  

142 . 9  - - 144 . 2  

143 . 0  144 . 0  - 139 . 1  

1 38 . 4  - - 138 . 7  

1 37 . 6  - - 138 . 2  

>138 , 0  - - >138 , 9  

>137 . 8  - - >137 . 4  

1 38 . 6  - - >13 8 . 0  

138 . 4  - - 137 . 3 

UHF 

3m 0 , 3m 

so 9 0  1 0  s o  90 

- - 143 . 5  - -

- - 143 . 6  - -

- - 1 50 . 8  

- - 15 1 . 0  - -

- - 144 . 5  - -

- - >15 1 . 0  

- - 145 . 0  - -

- - >144 . 0  - -

141 . 4  - 144 . 1  - -

- - 143 . 9* - -

- - 140 . 3  - -

- - >140 . 0  - -

>146 . 0  - 146 . 6  - -

1 4 3 . 4  144 . 6  144 . 9  - -

- - 140 . 2  - -

- - 140 . 0  - -

- - >139 . 8  - -

- - >140 . 4  - -

- - >140 . 3  - -

- - 140 . 5  - -



+:-00 

P�th D�st. 
'o m 

T R 
1 s 2 . 06 

2 2 . 14 

3 2 , 20 

4 2 , 36 

s 2 . S4 

6 2 . 64 

7 2 . 79 

8 2 , 97 

9 3 . 10 

1 0  3 . 1 7  

10m 

10 so 9 0  

124 . 6  12S , 2  128 . S  

120 . 7 12 l . S  123. 2 

134 . 3  1 37 , 6  >140 . 0  

130 , 8  132 , 1  133 . 7  

124 . 1  12S . 4  128 . 0  

1 30 , 0  131 . 0  133 . 0  

120 . 1  1 2 1 . 4  123 . 7  

1 1 9 , 4  120 . 5  1 2 2 . 9  

124 . 8  12S . 7  128, 0  

1 36 , 3  1 37 . 7  140 . 6  

Tabl e  8 ,  Basic Transmiss ion Los s ,  1 0 ,  su,  and �U'ii Values , Al l Patlls ,  
Graham Hountain Area . Seot . .  Oct .  73 (Continued) 

VHF 

3m 0 . 3 m 10m 

10 so 90 10 so 90 10 s o  90 10 

129 . 8  130 . 9  133 . S  133 . 7  134 . 7  137 . 3  134 . 6  136 . 8  139 . 6  137 . 7  

128 . 6  1 30 . 0  13 1 . 5  14 1 . 8  >142 . 2  - 1 33 . 1  134 . 1  13S . S  1 34 ., 0  

133. 1 1 34 . 6  137 . 0  140 . S  14 1 . 0  - 132 . 8  1 34 . 3  136 . 0  >14S . O  

144 . 8  >148 . 0  - >149 . 0  - - 134 . S  13S . 3  1 36 . 0 1 3S ., O 

13S . 2  1 37 . 0  >138 . 0  14 1 , 0  >14 2 . 0 - 1 32 . S  1 3 3 . S  134 . 8  >14S .. 3 

1 3S . S  136 . S  138 . 8  1 37 . 8  1 38 . 9  140 . 2 14 1 . 6  - - -

120 . 0  1 2 1 . 4  1 2 3 . 8  127 . 1  128 . 4  130 . 8  127 . 0  1 28 . 4  130 . S  129 . 2  

123 . 7 12S. O  126 . 8  1 37 , 3  1 38 . S  139 . 6  134 . 4  1 3S . 3  1 36 , 6  136 . S  

124 . 3  125 . 7  127. 6 1 31 . 7  133 . 1  135 . S  122 , 6  124 . 0  126 . 3  1 26 . 5  

143 . 9  145 , 2  · 14 7 . 1  149. 5  1 50 . 0  150 . 4  14 1 . 9  142 . 6  - -

UHF 

3m 0 . 3  m 

so 9 0  10 so 90 

1 39 . 4  142 . 1  148 . 9  >1S 3 . 1 -

13S . 3  136 . 7  >14S . 7  - -

- - >146. 0 - -

13S . 9  136 . 8  137 . 9  - -

- - 137 . 5  138 . 1  >139. 0 

- - 143 . S  - -

131 , 8  1 3S . 4  13S . 1 1 36 , 3  1 38 . S  

137 . 1  138 . 0  >14 6 . 0  - -

128 . 3  1 30 , 3  13S . 3  136 . 6  137 . 7  

- - - - -



..,.. 
\0 

10m 

Path D i s t .  
No, k'll 10 so 90 

T R 

1 1 S . 10 12 7 . 1  128 . 1  149 . 1 * 

2 4 . 78 126 . 8  1 28 . 3  129 . 7  

3 4 .  7 1  132 . 6  137 . S  139 . 4  

4 4 . 4 9 1 3 1 . S  1 32 . 8  146 . S *  

5 4 . 30 13S . S  137 . 3  139 . 5  

6 3 , 99 130 . 2  146 . 4* 1S0 . 8 *  

7 3 , S2 126 . 0  126 . 8  1 27 , 3  

8 3 . 38 124 . 6  1 25 . 5  1 34 . 3 

9 2 . 99 124 . 6  125 . 4  133 . 4  

1 0  2 . 66 116 . 4  1 17 . 3  1 18 . 7  

1 2 2 . 21 120 . 5  1 20 . 7  1 2 1 . 7  
' '  

2 2 . 22 i l5 . 5  117 . 5  1 18 . 3  

3 1 . 89 .  115 . 7  116 . 2  1 16 . 8  

4 1 . 95 107 . 4  1 0 8 . 4  109 . 1  

5 2 . 19 1 22 . 1  1 2 3 . 0  12 3 . 9  

6 2 , 10 1 14 . 1  135 . 5 *  14 1 . 7* .  

7 1 . 64 103 . 4  103 . 7  104 . 2  

8 1 .  7 2  1 1 1 . 8  1 18 . 6  1 19 , 3 

9 2 . 07 1 05 . 6  106 . 0  1 06 , 6  

10 2 . 38 103 . 6  103 . 9  104 . 5  

I -----

* Questionable value 

Tabl e  9 ,  Basic Transmiss ion Los s ,  10,  SO , and 90% Values,  Al l Paths , 
Graham Mountaln Area Aprl l  /4 

VHF UHF 

3m 0 . 3 m  1 0m 3m 0 . 3m 

10 so 90 10 so 90 10 so 90 10 so 90 10 so 90 

129 . 7  130 . S  139 . 3  140 . 1 14 1 .  s 14S . 1  1 3 1 . 7  132 . 7  134 . 1  127 . 1  128 . 3  142 . 2* 138 . 6  142 . 3  149 . 2  

130 . S  13 1 . 6  144 . 1 * 139 , 8  146 . 4  149 . 9  136 . 2  139 . 3  141 . 3  133 . 4  134 . 3  143 . 3* 144 . 4  146 . 0  1S7 . 6 * 

136 . 6  14 1 . 2  143 . 2  147 . 1  149 . 9  1 S 3 . 4  14 l . S  143 . 7  14 7 . 6  13S . 4  137 . 7  147 . 1 1 S l . O  1S2 . 9  1S8 . 3  

139 . 7  140 . 7  148 . 8  143 . 8  144 . S  1S2 . 6* 137 . 8  139 . 4  1S l .  3* 138 . 3  139 . 6  143 . 9  148 . S  1S0 . 7  1 S7 . 3  

138 . 6  139 . 9  141 . 2  14 3 . 6  148 . 2  1S2 . 4  1 37 . 9  142 . 0  1SS . O* 132 . S  134 . 2  137 . 7  144 . 1  147 . S  148 . 8  

13S . 4  149 . 0* 1S7 . S *  142 . 6  14 7 . 4  161 . 4 *  137 . 2  14 1 . 4  143 . 2  136 , 2  137 . 1  137 . 8  147 . 8  1S6 . 1  1S8 . 4  

130 . 4  137 . 0  1 37 . 7  136 . 3  144 . 6  145 . 7  131 . S  132 . 8  134 . 1  14 1 . 0  144 . 6  1 50 , 6  143 . 3  146 . 6  154 . 7  

132 . 0  133 . 6  1 37 , 6  14 2 . 8  143 . 5  147 . o  127 , 8  129 . 1  130 . 3  134 . S  137 . 3  139 . 0  14 1 . 0  143 . 8  146 . 1 

1 24 . 2  1 3 1 . 6  1 32 . 5  135 . 1  139 . 9  141 . 2  133 . 6  1 38 . 7  151 . 8* 134 . 1  137 . 8  14 1 . 6  1 3S , 6  138 . S  146 . 1  

125 . 5  1 26 . 3  144 . 1  132 . 0  135 . 6  136 . 2  122 . 5  130 , 5  1 34 . 2  122 . 9  124 . 1  125 . 1  136 , 2  138 . 9  14 7 . 2  

122 . 9  127 . 8  128 , 5  124 . 2  1 2 8 , 4  129 . 1  126 . 2  129 . 1  1 29 . 8  128 . 1  130 . 4  1 35 . 2  139 . 8  140 . 2  14 1 . 8  

107 . 7  108 . 7  1 1 1 . 7  1 17 . 8  118 . 8  120 . 0  1 3 3 . 5 *  137 . 8* 140 . 8 *  1 2 Z . 6  125 . 1  132 . 4  133 . 5  137 . 5  138 . 3  

115 , 5  116 . 2  1 1 6 . 9  125 . 5  1 29 . 5  130 . 3  116 . 7  1 1 7 . 9  1 19 . 0  120 . S  126 . 2  127 . 4  1 27 . 3  129 . 3  130 . S  

108 . 2  108 . 7  1 10 . 1  1 1 7 . 6  1 19 . 2  1 1 9 . 6  1 1 2 . 9  1 14 . 0  1 15 . 1  114 . 6  117 . o  1 1 8 . 0  12S . 7  128 . 6  1 29 . 7  

123 . 4  1 25 . 0  126 . 1  125 . 3  126 . 9  127 . 4  1 28 . 0  1 30 . 6  131 . 5  133 . 1  137 . 7  143 . 0  13S . 3  13S . 9  136 . 9  

115 . 4  135 . 5* 145 . 1* 126 . 0  147 . 9* 15 1 . 6* 120 . 3  1 2 3 . 0  124 . 2  1 1 8 . 0  1 19 . 0  120 . 9  1 29 . 8  132 . 3  1 33 . 4  

1 1 1 . 4  1 1 1 . 6  1 12 . 2  1 2 1 . 4  123 . 4  1 2 3 . 9  1 1 7  . o  1 1 7 . 8  119 . 2  114 . 5  116 . 3  116 . 8  1 2 7 . 5  1 30 . 7  1 31 . 4 

1 2 1 . 5  122 . 5  124 . 4  133 , 3  1 34 , 0  1 34 . 8  116 . 1  1 18 . 6  1 20 . 3  1 14 . 2  1 1S . 2  1 1 7 , 5  1 34 . 4  1 38 . 5  140 . 1  

1 16 . 4  1 16 . 7  1 1 8 . 7  128 , 3  129 . 7  130 . 4  1 12 . 8  1 1 3 . 7  1 15 . 0  1 12 . 4  113 . 1  116 . 7  1 2 7 . 0  1 2 7 . 9  130 . 0  

1 1 2 . 6  1 1 2 . 9  1 13 . 9  128 . 0  128 . 4  129 . 5  1 1 7. 7  118 . 4  1 1 9 . 6  1 1 7 . 9  1 1 8 . 9  1 20 . 9  128 . 2  129 . 8  1 30 . 6  



Ul 
0 

lOrn 

Path Di s t .  
Nn l<m 10 so 90 

T R 
1 3 6 . 04 1 37 . 7 1 38 . 4  14 1 . 0  

2 S . 72 1 33 . 6  137 . 6  1 38 . 3  

3 5 . 75 144 . 1  146 . 7 149 . 8  

4 5 . 55 1 39 . 2  140 . 3  141 . 0  

s 5 . 28 14 1 . S  144 . 4  1S0. 3 

6 4 . 9 7  1 37 . 0  146 . 6* 1 5 7 . 9* 

7 4 . 92 146 . 4  1 5 1 . 3 153 . 1  

8 4 . 80 1 3S . O  1 3S . 9  1 37 . 3  

9 4 . 43 1 32 . 3  1 36 . 7  140 . 2  

1 0  4 . 12 1 33 . 6  134 . 9  141 . 7  

1 4 4 . 70 139 . 8  140 . 3  14 1 . 2  

2 4 . 44 15 3 . 8 *  158 . 4* 161 . 1* 

3 4 . 58 142 . 6  145 . 5  149 . 0  

4 4 . 39 142 . 1  144 . 5  146 . 1  

s 4 . 10 139 . 3  1 39 . 8  140 . 8  

6 3 . 9 3  146 . 6* 148 . 5* 150 . 7 * 

7 4 . 2 7 15S . 9 *  158 . 4 *  160 . 9 *  

8 4 . 22 153 . 9 *  159 . 3* 162 . 6* 

9 3 . 95 144 . 6  145 . 9  148 . 3  

10 3 . 73 1 33 . 4  1 34 . 0  1 34 . 8  

* Questionab l e  value 

.. 

Tabl e  9 .  Basic Transmission Los s ,  10,  SO,  and 90% Value s ,  All Paths,  
ham Mountain Area . Aori l  7 4  (Continued) 

UHF 

3m 0 . 3m 1 0m 

10 s o  9 0  1 0  so 90 10 so 9 0  1 0  

1S4 . 3  1S 6 . 7  160 . 8  1S6 . 1  1S7 . 9  162 . 4  142 . 8  146 . 2  1S0 . 3  1 39 . 6  

142 , 8  14S . l  146 . 8  1S 2 . 1  153 . 0  154 . 1  143 . 8  14S . O  147 . 7  146 . 2  

1S0 . 4  1 5 1 . 8  1S4 . 5  1S8 . 4  1S9 . 7  161 . 8  146 . 5  148 . 6  1S2 . 1  144 . 2  

1S0 . 3  1S 1 . 2  159 . 0  156 . 5  1S 7 . 6  158 . 7  154 . 4* 156 . 2  15 7 . 1 148 . S  

149 . 5  15 1 . 0  161 . 3  1S7 . 2  1S7 . 8  1S9 . 4  144 . 8  149 . 6  1 5 2 . 6  146 . 1  

140 . 6  142 . 0  143. 9  151 . 2  1 S 3 . 4  157 . 6  153 . 1  154 . 3  156 . 3  146 . 1  

1S0 . 6  1S2 . 0  1 5 7 . 3  162 . 1* - - 143 . 9  15 1 . 3  157 . 6  14 7 . 9  

1 36 . 0  136 . 9  1 38 . 0  144 . 2  14S . O  14S . 8  1 3S . 1  14 1 . 4  149 . 7  1 36 . 1  

1 38 . 6  140 . 3 141 . 1  148 . 2  1S 1 .  9 1S4 . 9  134 . 5  1 3S . 9  1 38 . 1  1 32 . 3  

1 35 . 9  1 36 . 4  "137 . 8  149 . 9  155 . 1  15 7 . 0  13 1 . 0  1 32 . 0  134 . 6  136 . 3  

141 . 1  142 . 5  14 3 . 4  150 . 8  154 . 0  155 . 6  141 . 8  143 . 5  145 . 3  140 , 3  

1 37 , 2  138 . 6  140 . 2  148 . 2  154 . 6  160 . 6  140 . 6  146 . 8  158 . 0  146 . S  

144 . 1 152 . 0  1S9 . 2  1 53 . 4  156 . 8  159 . 7  145 . 0  14 7 . 4  154 . 8  142 . 7  

145 , 0  146 . 2  14 7 . 6  14 9 . 2  152 . 4  156 . 9  145 . 6  14 7 . 7  150 . 6  137 . 4  

144 . 9  145 . 6  146 . 3  153 . 3  154 . 6  156 . 7  147 . 6  152 , 3  15 7 , 3  139 . 4  

1 36 . 0  137. 4 1 38 , 7  144 . 7  146 . 6  149 . 9  142 . 7  153 . 7  158 , 5  140. 0 

147 . 6  148 . 5  1 5 1 . 9  160 . 3  160 . 8  162 . 2  145 . 8  15 0 . 4  158 . 6  148 . 4  

145 . 6  147 . o  149 . 6  145 . 9  149 , 5  15 2 . 4  147 . 7  152 . 5  156 . 7  146 . 4  

148 . 6  149 . 7  153 . 7  145 . 6  146 . 9  148 . 7  140 . 6  144 . 2  150 . 0  1 38 . 0  

1 37 . 6  1 38 . 5  1 39 . 7  1 39 . 8  140 . 6  14 1 . 7  144 . 6  1 5 3 . 1 155 . 9  139 . 7  

UHF 

3m 0 , 3 m  

s o  90 10 so 90 

143 . 2  146 . 0  1S2 . 8  1S6 . 0  1S7 . 3  

147. 5 151 , 6  1S8 . 3  >159 . 2  >160 . 1  

147 . s  1SO . O  1S8 . 3  1S9 . 4  >160 . 0  

1 5 1 . 2  157 . 4  1S8 . S  159 . 4  >160 . 0  

148 . 1  153 . 1  1 S 7 . 7 159 . 2  >16 0 . 0  

148 . 5  1S4 . 3  154 . 7  159 . 0  >160 . 0  

156 . 7 160 . 0  158 . 3  161 . 0  >161 . 0 

1 38 , 3  1 39 . 2  148 . 2  1 S4 . S  >16 0 . 0  

13 3 . 1 141 . 6  154 . 0  156. 4 1 58 , 9  
137 . 1 141 . 0  151 . 3  152 . 7  1 5 5 . 6  

144 . 1  148 . 4  154 . 5  156 . 3  1 59 . 2  

151 . 4  158 , 0  153 . 5  157 . 0  >160 . 0  

149 . 6  155 . 1  153 . 7  155 . 9  157 . 6  

139 . 2  142 . 0  14 9 . 2  155 , 1  159 . 2  

14 3 . 6  148 , 6  151 . 8  1S5 . 7  1 60 . 1  

143 . 6  147 . 0  15 7 . 1 158 . 8  >160 . 0  

150 . 2  15 3 . 0  158 . 8  160 . 6  161 . 6  

148 . 7  153 . 9  156 . 6  158 . 6  161 . 5  

1 39 . 8  145 . 6  15 1 . 3  1 5 7 . 7 159 . 8  

142 . 3  148 . 0  149 . 6  158 . 1  1 60 . 4  



In an attempt to study diurnal and seasonal changes the measured 
means were plotted for each hour of the day and for each cont inuous 
recording session as was done for the Eglin data in figures 3 through 7 .  
Usual ly,  there is  l ittle  change in l evel from one hour t o  another through­
out the 14 to 16 hr measurement day, especial ly at the lower frequency. 
Dften during an entire 1 6  hr day there i s  not more than a dB change in 
leve l .  Changes from one day to another are greater, but frequently the 
total range of values for 60 hrs of recording does not exceed 5 d B .  For 
some paths the Sept ember losses are greater than tho se measured in October , 
but for other paths the two periods are indis tinguishabl e .  The same is  
true of the April  data.  There are no cl ear and consistent differences 
between records taken in the fal l and in the spring . These hour-to-hour , 
day-to-day, and season-to-season changes are not sufficient ly consistent 
to define diurnal or seasonal changes . 

It  is  quite apparent that there are ques tionab l e  values in both the 
distributions plotted in a number of figures in the appendix and in the 
1 0 ,  5 0 ,  and 90% values l i sted in tab l es 8 and 9 .  In order to identi fy 
questionab l e  values , the median basic transmis sion loss for each continu­
ous recording period was obtained for each path at each frequency and 
receiving antenna height . At Rl for examp l e ,  we l isted medians of  measure­
ment s for all  records obtained Sept 2 0 ,  2 6 ,  2 7 ,  Oct 1 1 ,  1 2 ,  Apr 8 ,  9 ,  
1 8 ,  and 1 9 ,  a total o f  9 recording periods encompassing 120  hrs . These 
listings cl early show the periods when the data appear to be ques tionab l e .  

Unusually large losses are recorded at R l  on Apri l  1 8  and 19  for 
some antenna heights at 172 MHz over paths from T l ,  2 ,  3 ,  4 ,  8 ,  and 1 0 ,  
and at 4 1 0  MH z  over paths from Tl , 2 ,  4 ,  and 5 .  These values are 10  to 
20  dB below those in the other seven continuous recording periods , and 
occur wi th any one or more of the receiving antennas .  Unusually large 
losses were also obtained on Apr 8 and 9 from T2 and 6 at the lower fre­
quency and T5 and 9 at the higher one . One striking example occurred on 
Apr 8 where the loss from T2 with the 10  m receiving antenna was recorded 
as more t�an 154 dB . Thi s  i s  15 dB more than any of the los ses recorded 
with this antenna during the 8 other periods , and 20 dB more than the loss 
recorded during thi s  same day on the 3 m antenna . 

At R2 very large l o sses were recorded in a l l  the Apri l  measurement s 
at 4 1 0  MHz from T2 and received on the 10  m antenna . These showed 10  dB 
more loss than that recorded on the 3 m antenna, and were also some 10  dB 
more than the losses  recorded in the fal l .  A few questionabl e  values 
were also noted in the small er amounts of data recorded at R3 , 4, and 5 .  
Records that are cons idered questionab l e  on the basi s  of this analysis 
are' indicated in tab l es 8 and 9 .  

These l i s t s  o f  median values for a l l  continuous recording periods 
were used in estimating the median of al l measurements recorded during 
fal l and spring at each receiver s ite . In these estimates , obvious ly 
erroneous values were excluded , resul t ing in a 10  to 90% range of values 
of 5 to 6 dB in most cases . Th ese median values of bas ic transmiss ion 
loss  are plotted versus path l ength in fi gures  17,  1 8 ,  and 19 . The median 
for each path i s  coded as to terrain type ranging from irregular to 
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mountainous . For al l paths the transmitting antenna is 0 . 3  m above ground . 
The data show a wide range of  some 25 to 30 dB at each distance for each 
frequency and antenna height . The four short paths , which show the smal l ­
est  transmis sion losses , have their terminal s  within radio l ine of s ight 
at a l l  but the lowest  receiving antenna . The smooth curves of the 
figures show predicted loss as a function of distance for several types 
of terrain , as described in the next section . 

6 . 3 .  Comparison with Predicted Values 

The data from the Graham Mountain area are compared with both area 
type and point-to-po int prediction model s ,  which have been described in 
sect ion 5 . 3 . In thi s  area, vegetat ion i s  so sparse that it i s  practically 
negl igib l e  compared to the large differences in t errain elevation , and no 
consideration is given to vegetation effects .  

The smooth curves drawn on figures 1 7 ,  1 8 ,  and 19 , are area predic­
tions for several est imat es of terrain irregularity, ilh = 100,  200, 300 , 
and 600 m. These curves are calculated as suming that the antennas are 
randomly sited, and with el ectrical ground cons tants a =  5 mS/m, E = s .  
The median values  of transmis s ion loss for each path are coded to indicate 
terrain type , grouped in ranges of ilh from 50 - 1 0 0  m, 100 - 250 m, and 
>300 m.  

A l ine drawn through the medians of al l data at 172  MHz with ilh 
from 50  to 250 m at the 1 0  and 3 m antennas would agree with the ilh = 200 m 
curves at th e shorter distances , but shows more loss  at distances great er 
than 4 km. At the 0 . 3  m receiving antenna such a l ine would lie between 
th e curves for ilh = 200  and 300 m . The median values  of data over paths 
with ilh >300 m l i e  b etween the prediction curves for 300 and 600 m. 

A l ine through the medians of data at 4 10 MHz for paths with ilh 
from 50 to 250 m l i es between the 100 and 200 m prediction curves , as 
shown in fi gures 18 and 1 9 . The data for the more rugged t errain are 
near the curve for ilh = 300 m. This is probab ly becaus e for most of the 
paths in thi s  group transmi ss ion is over an isolated obstacle rather than 
a two-hori zon path . 

Thi s  model predicts basic transmis sion loss for an average path in 
each typ e  of terrain, with a path-to-path or lo cation variab i l ity that has 
a standard deviat ion of 8 to 10 dB at these frequencies . When an al low­
ance for location variab i l ity is inc luded , the medians for the 50 paths 
in this area are we l l  within the predicted l imits .  

Path parameters obtained from terrain profi l e  information were used 
as input to the area prediction model ,  in order to calculat e point-to­
po int predictions for each of the 50 paths at each frequency and antenna 
he ight . The predicted values were then compared with the medians of  
measured values over each path . Cumulative distributions of the differ­
ences ilL = (L predicted - L  observed) were obtained and are plotted in 
figure 20 . As previously noted , thi s  mo·del predicts much too great a loss  
for paths whose terminal s  are within radio l ine of sight . Large predicted 
losses yi eld pos it ive values of ilL , whi l e  l arge measured losses yield 
negative values of  ilL.  
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The cumul ative distributions of �L show that at 1 7 2  MHz with the 
10 m antenna the predicted values agree with measurement s at the median , 
but we tend to predict  too l itt l e  l o s s  when both antennas are near ground 
l eve l o At 4 1 0  MHz , on the o ther hand , the predictions agree with measure­
ment s when both antennas are near the ground, but we tend to predict too 
much l o s s  wh en one antenna i s  e l evated 3 or 10m. For thi s  group of paths 
in mountainous terrain the model computes too great a difference in l o s s  
b etween t h e  l owest  and highest  receiving antenna heights o  Thi s  is  part l y  
due t o  the preponderance of s ingl e obstac l e  paths i n  this s e t  o f  measure­
ment s .  

Point-to-point predict ions were also  calculated b as ed on the methods 
describ ed by Ri ce et a l . ( 1967) . The di fferences  b etween measured medians 
and calculated values were again obtainedo Cumu l at ive distributions of 
the differences are plotted in figure 2 1 .  Here we s ee good agreement 
between measured and predicted values with both ant ennas near the ground, 
but we predict somewhat too much l o s s  with the 1 0  m receiving antenna.  
Using this model we  predict too  much loss  for the s i x  two-hori zon paths 
where a model  for calculating diffraction over irregul ar terrain is used o 
For these  short paths the p arameters are out side the range of app licab i l ity 
o f  this mode l o An empirica l  approximation was used t o  estimate the l o s s  
for the four paths who s e  terminal s are within l ine o f  s ight . Thi s  approx­
imat ion tends to underes t imate the l os s ,  especial l y  when both antennas 
are practical l y  at ground l eve l .  

The cal culations o f  di ffraction over a s ingl e o r  doub l e  obstac l e  
are h ighly sens itive to changes i n  estimates  of effective antenna heights . 
In e arl ier app l i cations a subj ective estimate o f  the height o f  each antenna 
above a refl ecting p l ane has b een used . For this pro j ect we devised a 
computer est imate of e ffective antenna heights , which i s  intended specif­
i cal l y  for use with l ow antennas , 1 0  m or l es s  above ground . For trans­
hor i z on paths a curve i s  fitted by l east squares  to the terrain from the 
antenna for 90% of the distance to the horizon,  excl uding the 10% nearest 
the hor i �on . I f  the height , h, of the antenna above thi s  curve is greater 
than i t s  height above ground l et the effective height he = h, otherwise the 
effective hei ght is equal to the height above ground, he = hg o For l ine­
o f- s i ght paths we as sume he = hg b ecause with l ow antennas we expect some 
interference from the immediate foreground o Undoubt edly,  these  automated 
estimates  of e ffective height are too l arge or too sma l l  for some of the 
path s ,  but are quite adequate overal l o  

7 o  THE HUNTER LIGGETT AREA 

The area s e l ected to represent hi l ly terrain,  with some vegetation, 
is l o cated in the Hunter Liggett Mi l itary Reservation, Cal i fornia .  Thi s  
area i s  i n  the coastal  range , south of San Franci s co o  Topographic maps 
show a good deal o f  vegetat ion on the hil l s ,  with wide shal low val l eys 
that support l ittle  growth . 

Two measurement periods were chosen to represent extremes of cl imatic 
condi tions in this area ;  a period in January and February, expected to be 
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the typi cal rainy season , and one in May and June whi ch was expected to be 
the beginning of the dry summer season . During the first period the 
weather was quite coo l , with temperatures dropping to freezing during the 
night . At night the weather was typical ly calm , co ld , and quite humid , 
with a re lative humidity of 90% or more . In the daytime the weather was 
much warmer , with temperatures ris ing above 20°C (about 70°F) , l ight winds 
and much less  humidity . The second period in May and June found the night s 
sti ll  cool , calm and humid ,  with

-
the days considerably warmer , up to 35°C ,  

l i ght bree zes and less  humidity. However , both periods were characterized 
by hi gh humidity at night , l ittle cloudines s ,  and pract ically no rain . 

The test area i s  from 350 to 400 m above sea l evel with a few of the 
l arger hil l s  ris ing to 450 m. It  appears to be rather uniformly hi l ly 
with no large di fferences in terrain type from one locat ion to another . 
The terrain is  described by a median value of � about 200 m, which is  
repre sentative of hi l ly to mountainous terrain . 

The soi l is  a loos e ,  gravelly loam in most places . Thi s  supports 
a rather sparse growth of coarse grass weeds and sma l l  shrubs . In places 
there are a few· deciduous and evergreen trees , with occasional smal l 
thickets .  

7 . 1 .  Description of the Test Site 

The test site is l ocated southeast of Hunter Liggett headquarters . 
Th e 10 transmitters were pl aced in a hi l ly area along a trail through 
Ruby Canyon . The four receiving site s ,  located southwest , south , north­
eas t ,  and north-northeast of th e transmitters are shown on figure 2 2  
and label ed R 1  through R4 . Transmitter 7 was moved af�er the first meas ­
urement s  to R1  and R2 , and i s  shown twice on the figure - one location for 
paths to R1 and R2 , the other for paths to R3 and R4 . 

Terrain profiles  for the 40 measurement paths in this area were 
plotted from informat ion regarding distance and terrain el evation �ead 
from detai l ed topographic maps . The profi les are to be found in the 
appendix to this report . 

Th e four receiver sites are all  in rather open terrain with an 
unobs tructed view for some distance in the direction of the transmitters . 
R1 i s  on the

· 
top of a smal l hil l ,  in a grassy area with a clear view over 

a small  val l ey in the direction of the transmitters . Al l of the paths to 
thi s  receiver site are over a s ingl e  isolated ob stac l e ,  about two-thirds 
of the di stance along the path . R2 is located in a flat open area . The 
terrain i s  l eve l for about 300 m and then rises sharp ly to a ridge some 
80 m high .  The foreground i s  covered with low dense brush , with some pine 
and oak trees . R3 is locat ed on the edge of a s l i ght depression . The 
terrain gradually rises to a low ridge about 1 km away . R4 is  located in 
a wide flat pasture from which the ground rises s l owly to a low tree -
covered hi l l . The transmitters are , in general , l ocated at higher eleva­
tions than the receiver sites , but th� paths are interrupted by intervening 
hil ls . The general area where the transmitters are located is rol l ing terrain , 
covered with gras s ,  l ow brush , and scattered small  oak and evergreen trees . 
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Figure 2 2 .  The Hunter Liggett test s i t e  showing the pl acement 
_
o f  the 

transmitters and receivers . 
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The terrain at the t est s ite i s  quite consistent from path to path . 
Estimates o f  the parameter �h for the 4 0  paths range from 1 34 to 282 m,  
with a median value o f  2 16 m .  Cons idering the 10 paths to each of the 
four receiver sites , we find median values o f  �h = 240 , 185 , 2 1 5 ,  and 220  m o  
We therefore assume �h = 200 m as  characteri stic o f  the  area .  The 40 paths 
are a l l  rather short , from 2 o 5  to about 4 . 5  km in length,  and many o f  them 
pas s over a s ingl e i s o l ated ob stac l e .  None are l ine-of- sight paths and 
s everal have two hori zons . 

During both testing periods measurements were made o f  the electrical 
ground constants at all four receiver s ites . These were recorded each 
hour for some 18 cons ecutive hours at each s ite , in January and February, 
and for about 10 consecutive hours in June . The l owest and most  consist­
ent values were obtained at R1 where the conductivity i s  typical l y  9 or 
10 mS/m with a range o f  relat ive permittivity from 3 . 3 to 4 . 8 ,  and a 
medi an value s = 4 o At th e o ther receiver s ites the relat ive permittivity 
s is greater in February, with medi an values of s =  1 7 ,  1 1 ,  and 16 in 
February, and s = 1 0 ,  8 ,  and 11 in June for R2 , R3,  and R4 , respectively. 
Values of conductivity at these s ites  are l arge and quite  variab l e  rang­
ing from 10 to >200 mS/m with median values o f  100 ,  3 0 ,  and 60 mS/m for 
the three s ites , respectivelyo  

7 o 2 o  Summary o f  Measured Path Los s  

The recorded values o f  received power were converted t o  basic trans­
mis s ion l o s s ,  and grouped for e ach of the 40 paths in the Hunter Liggett 
area by frequency and receiving antenna height . In order to i denti fy 
pos s ib l e  seasonal differences b etwen the February and June data , the two 
groups were k ept s eparate in this analys i s o Cumulat ive di stributions o f  
all  values for each path in each period were obtained and are shown in 
Appendix B of this report . The se figures show distribution s  o f  basic 
transmis s i on loss at 1 72 and 410 MHz for each of the three receiving 
antenna heights o  The 1 0 ,  SO , and 90%  values from these distributions are 
l i sted in tab les 10 and 1 1 o  

An examinati on o f  the distribut ions plotted i n  the figures and the 
values l i sted in the tables  show no consistent differences between the 
winter and spring values , but does show l arge inconsistencies in the dat a o  
I n  checking for validity w e  obs erved  frequent fai lures o f  the peak tuning 
routine with l arge changes in frequency from one tuning to the next o 
Such fai lures were parti cularly common in the Hunter Liggett data o How­
ever,  for all  of the values shown here tests for internal or within-the­
hour consi stency have b een made and each recorded value in the distribu­
t ions represents edited dat a o  No automated tests were used to determine 
the val idity of values  in success ive records , and these s ometimes show 
large changes .  Because the changes from one hour to the next and from 
one recording period to the next are usual ly quite smal l ,  such sudden 
changes in l evel are regarded as ques tionab l e o  Questionable  values are 
indi cated in the l i stings in t ab l es 10 and 1 1 .  
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0\ N 

10m 
Path D i s t .  

No . km 10 so 90 

T R 

1 1 2 . 8  1 1 S .  7 1 16 . 6  1 1 6 . 8  

2 2 . 9  1 2 3 . 4  1 2 3 . 8  1 24 . S  

3 2 . 9  129 , 5  1 30 . 9  1 32 . 2  
> 

4 2 . 9  1 16 . 3  1 19 . 2  1 20 . 0  

5 2 . 9  1 1 8 . 9  122 . 8  124 . 0  

6 2 . 8  1 1 5 . S  1 16 . 2  1 1 6 . 8  

7 2 . 7  1 1 8 . 4  1 19 . 5  120 , 6  

8 2 . 6  1 26 . 3  1 27 . 1  128 . 3  

9 2 . 5  1 16 . 9  1 1 7 . 6 1 1 8 . 9  

10 2 . S  1 26 . 7  1 27 . 7  129 . 7  

1 2 3 . 0  1 36 . 6  1 39 . 3  143 . 1  

2 3 . 0  138 . 7  143 . 3  -

3 2 . 8  139 , 8  143 . 7  -

4 2 . 6  1 2 1 . 8  122 . 5  126 . 4 *  

5 3 . 1  129 . 3  1 30 . 1  132 . 5  

6 3 , 1  1 2 7 . 8  14 3 . 5 *  1S0 , 2 *  

7 3 . 1  1 33 . 9  14 7 . 5* 158 . 3* 

8 3 . 2  12 7 . 9  128 . 7  1 33 . 2  

9 3 , 1  134 . 7  1 3S . 6  137 . s  
10 3 , 0  128 . 8  129 . 2  1 30 . 7  

* Ques tionabl e  value 

Table 1 0 ,  Basic Transmission Lo s s ,  1 0 ,  S O ,  and 90% Value s ,  Al l Path s ,  
Hunter Liggett Are a .  Jan • •  Feb . 74 �� 

VHF UHF 

3m 0 . 3m 10m 3 m  0 . 3 m  

10 so 90 10 so 90 10 so 90 10 so 90 10 so 90 

1 1 6 . 1 . 1 18 . 2  1 1 8 . 7 . 1 19 . 8  1 20 . 2  1 2 1 . 1  . 1 27 . S  1 33 . 3  137 . 2 . 1 3 1 . 4  1 39 . 2  142 . 3  1 37 . 9  143 . 3  146 . 1  

1 28 . 9  1 33 . 0  1 33 . 7  12 7 . S  1 27 . 8  128 . 4  1 3S . S  140 . S  141 . 0  14S . 7  148 . 3  1S1 . S  146 . 8  1S1 . 2  1S2 . 8  

12S . 4  125 . 9  12 6 , 5  1 36 . 1 140 . 3  141 . 7  1 31 . 5  1 34 . 2  1 36 . 1 1 34 . S  1 37 . 8  138 . 7  1 39 . 7  140 . 9  142 . 3  

1 15 . 2  1 1 6 . 6  1 1 7 , 1  1 2 1 . 1  1 2 5 . 6  1 27 . 0  1 2 6 . 3  1 32 . 1  1 33 . 5  1 2 3 . 7  125 . 8  1 2 7 . 0  1 3S . 6  146 . 9 *  153 . 6* 

1 2 1 , 5  124 . 2  1 26 . 1  1 19 , 3  1 20 . 1  120 . 4  1 2 7 , 8  129 , 6  1 30 . 8  1 23 . 9  127 . S  1 28 . 4  1 32 . 0  . 1 33 . S  13S . O  

1 16 . 3  1 18 . 8  1 20 . 4  1 1 7  . o  1 1 7 . 4  119 . 2  1 20 . 2  1 2 1 . S  1 22 . 7  127t 6 1 29 . 7  1 3 1 . 6  1 31 . 5  136 . 9 *  1 38 . 5 *  

127 , 5  128 , 6  1 3 1 , 9  1 23 . 3  124 , 3  12 6 . 2  l29 . 1  1 30 , 1  US , 9  124 . 1  126 . 6  128 . 1  1 32 . 3  133. 7 1 36 , 6  

1 24 . 3  1 32 . 9 *  1 34 . 7* 1 24 . 7  1 2 S . 3  128 . 8  1 3 1 . 9  1 37 . 7  140 . 2  1 34 . 2 137 . 3  14 1 .  i ;  135 . 4  137 . 6  13! U l  
129 . 3  1 36 . 0* 1 39 . 0 *  120 . 1 1 2 1 . 0  12 1 . 5  128 . 5  1 30 , 9  132 . S  1 35 . 6  1 38 . 0  141 . 7  1 39 . 0  140 . 0  141 . 5  

1 2 7 . 4  129 . 5  1 31 . 3  129 . 4  1 34 . 1  135 . 4  1 30 . 0  1 33 . 4  1 34 . 0  1 36 . 5  142 . 5 *  143 . 9  1 37 . 3  1 39 . 6  140 . 7  

141 . 2  14 1 . 9  14 3 . 3  142 , 2  14 7 . 5  149 . 3  140 . 2  142 . 2  145 . 1  1 36 . 5  1 38 . 0  140 . 6  148 , 5  150 . 2  153 . 1  

142 . 8  147 . 5  - 152 , 9  1S 5 . 8  - 150 . 8  1S3 . 2  - 155 . 6  158 . 8  - 163 . 0  - -

148 . 2  1 5 1 . 5  153 . 3  15 1 . 7  153 . 8  1S 7 . 2  155 . 1  1S9 . 8  - 156 . 3  160 . 7 - 163 . 0  - -

127 , 8  1 28 . 6  1 39 . 8 *  1 31 . 5  1 32 . 1  132 . 6  126 . 2  1 39 . 9* 144 . 1* 1 33. 3 137 . 0  14 1 . 4  142 . 1  14 3 . 9  14 6 . 5  

124 . 5  1 28 . 8  1 30 . 1 134 . 7  1 35 . 2  136 . 7  1 32 . 8  1 3S . 4  138 . 0  134 . 4  1 39 . 8  144 . 1  139 . 6  143 . 0  144 . 5  

125 . S  1 34 . 4  1 3S . 4  130 . 7  1 33 . 1 133 , 9  13 1 . 1 1 36 . 1 142 . 1 132 . 9  1 35 , 0  14 1 . 4  134 . 5  139 . 2  141 . 3  

1 31 , 1  132 . 3  1 3 3 . 4  1 39 . 6  140. 9 142 . 0  132 . 8  1 35 . 0  148 . 2  1 30 . 4  1 38 . 5  140 . 4  1 38 . 1  138 . 8  1 39 . 8  

1 2 3 . 9  1 24 . 4  1 30 , 8  1 33 . 0  1:33 , 8  1 36 . 9  1 34 , 8  1 38 . 4  1 39 . 2  1 39 . 1  151 . 7* 1 5 7 . 4 *  15 7 . 3  160 . 4  163 . 0  

1 37 . 2  1 39 . 6  14 1 . 1 148 . 0  1SO . S  1 S2 . 2  1 37 . 4  1 39 . 7  141 . S  1 38 . S  1 39 . 3  141 . 8  14S . S  146 . 7  1S2 . S  

129 . 0  1 29 . 6  1 3 1 . 2  1 37 . 9  1 38 . 3  140 , 3  1 38 . 8  140 . 4  141 . 9  143 . 2  146 . 2  1S0 . 1  147 . 8  149 . 0  152 . 8  

- - -- �---
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10111 

Path Dist . 
No km 10 50 90 

T R 
1 3 4 . 4 .  145 . 8  1 4 7 . 1 150 . 3  

2 4 . 4  142 . 8  143 . 6  145 . 4  

3 4 . 5  124 . 3  12S . 7  1 26 . 3  

4 4 . 7  123 . 7  12S . 4  1 26 . 1 

5 4 . 2  129 . 9  1 32 . 1  1 33 . 5  

6 4 . 4  1 S7 . 4  160 . 8  -

7 4 . 3  140 . 4  141 . S  154 . 3* 

8 4 . 4  144 . 0  147 . 7  1 5 1 . 4  

9 4 . 4  145 . 9  147 . 1  -

1 0  4 . 5  - - -

1 4 2 . 6  14 2 . 8  144 . 8  146 . 3  

2 2 . 6  135 . 3  138 . 0  -

3 2 . 7  120 . 3  1 2 1 . 0  1 2 2 . 2  

4 2 . 8  12 1 . 7  1 23 . 1  124 . 2  

5 2 . 5  125 . 6  1 26 . 0  126 . 5  

6 2 . 6  149 . 6  1S 3 . 8  1S7 . 1  

7 2 . 6  148 . 2* 152 . 9* 156 . 7  

8 2 . 7  149 . 7  150 , 8  1 5 2 . 3  

9 2 . 8  1 35 . 4  1 36 . 8  1 38 . 4  

1 0  2 . 8  1 4 3 . 6  144 . 6  150 . 6  

* Questionab l e  value 

Tab l e  1 0 .  Basic Transmission Los s ,  1 0 ,  5 0 ,  and 90% Va lue s ,  A l l  Paths , 
I .I U. l l \.. .._, .1.  L.I..L}::,.)::..._. t,... \.. ru .. -... u V U. I I  J .  'i.-'IJ ' �  "-'V I J \,. .l. I I U..__ U 

VUF 

3 m  0 . 3m 10m 

10 so 90 10 s o  90 10 so 90 10 

1S9 . 3  16 1 . 4  162 . 6  160 . 0  1 6 1 . 3 162 . 5  157 . 2  158 . 6  160 . 5 . 159 . 5  

149 . 1  150 . 0  1 5 1 . 7  155 . 0  155 . 9  157 . 1  148 . 9  1S2 . 6  lSS . S  1S6.4 

140 . 4  142 . 0  143 . 1  1 37 . 6  145 . 1  146 . 7 129 . 2  1 30 . 7  134 . 0  149 . 3  

1 33 . 4  1 38 . 3  1 39 . 3  141 . 7  144 . 9  14S . 7  126 . 4  129 . 3  1 31 . 1  1 36 . 3  

135 . 9  138 . 4  1 39 . 7  1 37 . 4  1 39 . 0  140 . 0  1 30 . 6  132 . 1  13S . O  14 3 . 8  

163 . 0 *  - - 161 . 8  1 63 . 0  - 1S6 . 1 1S8 . 8  - 160. 2 

15 7 . 6  - - 1S4 . 6  167 . 2  - 1S2 . 9  1SS . O  160 . 6  162 . 6  

1SSA 157 . 2  159 . 6  1S8 . 6  162 . 4  164 . 0  1S8 . 1  159 . 5  1 6 1 . 4  160 . S  

161 . 8  163 . 4  - 159 , 6  - - 150 . 4  1S 1 . 1 153 . 1  163 . 0  

- - - - - - - - - -

1S6 . 6  162 . 4 *  163 . S  1S7 . 4  158 . 3  160 . 0  1S 1 . 5  152 . 8  1S6 . 6  1S8 . 8  

142 . 6  144 . 7  - 1S1 . 3  15{) . 1  - 143 . S  147 . 6  1SS . 8  144 . 2  

1 32 . 2  1 33 . 1 136 . 4  1 35 . 4  1 36 . 6  1 37 . 7  131 . 8  1 34 . 3  143 . 5* 129 . S  

128 . 8  1 29 . 3  1 30 . 4  129 . 0  130 . 7  1 3 1 . 2  132 . 4  1 30 . 2* 143 . 9* 1 3 1 . 3  

122 . 8  124 . 2  1 24 . S  132 . 6  1 33 . S  1 34 . 2  128 . 5  129 . 6  131 . 4  1 23 . 8  

1S4 . 8  156 . 6  1S9 . 2  1S4 . 9  1SS . 8  · 1S7 . 5  1S0 . 8  1S4 . 4  156 . 1  1S6 . 9  

154 . 6  1S9 . 2  1 6 1 . 3  161 . 7  164 . 4  165 . 7  150 . 3  1S3 . S  160 . 9  15 7 . 9  

150, 6 152 . 5  153 , 6  160 , 9  1 62 . 7  1 63 . 7  156 . 2  157� 8  1S9 . 3  154 . 5  

1 39 . 3  1 39 . 8  140 . 5  144 . 0  146 , 5  148 . 6  145 . 2  146 . 1  147 . 2  147 . 6  

158 . 6  159 . 6  - 158 . 0  163 . 6  - 1 5 7 . 8  159 , S  162 . 3  1 5 3 . 5  

UHF 

3m 0 . 3 m  

so 90 10 50 9 0  

160 . 3  162 . 5  >16.3 . 0  - -

1 S8 . 1  - >163 . 0  - -

1 S4 . 3* 162 . *  14S . 6  146 . 7 1S2 . 9  

1 38 . 1  140 . 0  146 . 0  148 . 7  1S6 . 0  

146 . 2  149 . 0  1S0 . 9  1S2 . 8  1S6 . 1  

1 61 . 7  - > 164 . 0  - -

- - > 1 64 . 0  - -

1 6 1 . 0  163 . 0  > 1 64 . 0  - -

- � 161 . 7  162 . S  -

- - - - -

1 60 . 3  - > 1 63 . 0  - -

1 51 . 2* 1S9 . 1* 1S6 . 9  1S9 . 1 160 . 4  

1 30 . 9  1 32 . S  1S0. 1 *  1 5 1 . 9* 159 . S* 

1 33 . 0  134 . S  1 36 . 9  1 38 . 8  141 . 3  

1 28 . 0  131 . 8  147 . 2  149 . 0  154 . 8  

1 59 . 4  16 1 . 9  > 164 . 0  - -

1 60 . 4  162 . 4  163 . 3  - -

1 5 7 . 3  1 59 . 3  >164 . 0  - -

149 . 9  15 2 . 1  160 . 6  162 . 4  -

155 . 8  159 . 0  >164 . 0  - -



0\ 
..,. 

Tabl e  1 1 .  Bas i c  Transmi ss ion Los s ,  A l l. Paths,  Hunter Liggett Area, 
� �  � �  -·· d 90% Values . Mav-June 197 

VHF 

10m 3m 0 . 3m 10m 

Path Dis t .  
No . km 10 5 0  9 0  10 50 90 10 50 90 10 50 90 10 

T R 

1 1 2 . 8  115 . 5  1 1 7 . 6  1 1 8 . 6  1 16 . 7  1 1 7 . 1  1 1 7 . 5  1 1 9 . 4  1 2 1 . 4  12 2 . 1 124 . 5  1 26 . 3  133. 2 "  12 8 , 0  

2 2 . 9  1 23 . 2  12 3 . 8  124 . 7  128 . 6  129 . 4  130 . 1  125 . 8  127 , 8  128 . 5  1 38 . 6 140 , 0  142 . 0  148 . 2  

3 2 , 9  1 39 . 0* 140 . 3* 142 . 9* 1 2 7 . 2 128 . 1  129 . 0  1 34 . 7  1 36 . 0  1 37 . 1  1 34 . 5  135 , 5  1 36 . 8  1 35 . 7  

4 2 ."9 120 . 9  12 1 , 4  1 2 2 . 1  1 14 . 8  1 15 . 5  1 16 . 3  128 . 7  1 30 . 2  131 . 0  1 3 1 . 4  1 35 . 9  1 39 . 7  1 2 7 . 4  

5 2 . 9  120 . 8  1 2 1 . 3  1 2 3 . 1  129 , 4  130 . 5  1 33 . 2  124 . 4  125 . 5  1 26 . 1  1 26 . 2  128 . 4  1 30 . 8  1 2 7 . 6  

6 2 . 8  1 14 . 4  1 1 5 . 0  1 15 . 9  1 19 , 0  120 . 2  120 . 9  1 1 7 . 8  1 19 . 0  1 19 . 5  123 . 0  123 . 9  1 25 . 3  1 2 6 . 1 

7 2 . 7  120 . 3  12 1 . 0  1 22 . 7  128 . 5  129 . 6  137 . 0  12 3 . 5  1 2 3 . 9  1 24 . 7  1 30 . 0  1 32 . 2  133 . 3  12 9 , 5  

8 2 . 6  126 . 6  1 2 7 . 3  1 2 7 . 9  142 . 9* 147 . 8* 152 . 4* 128 , 4  130 . 4  1 3 1 . 2  134 . 5  1 36 . 5  138 . 2  134 . 4  

9 2 . 5  1 1 7 . 6  1 19 . 2  1 19 . 8  12 7 . 2  128 . 3  129 . 2  122 , 7  126 . 0  12 7 . 0  129 . 4  1 30 , 3  131 . 7  1 34 . 3  

1 0  2 . 5  127 . 7  128 . 8  129 , 6  128 . 9  129 . 5  130 . 1  1 30 . 4  133 . 3  1 34 . 0  136 . 9  137 . 7  138 . 6  139 . 8  

1 2 3 . 0  138 . 2 140 . 4  144 . 6  145 . 7  14 7 . 5* 152 . 4 *  142 . 4  145 . 4  146 . 9  1 35 . 1  1 3 7 . 8  140 . 2  1 34 . 9  

2 3 . 0  1 39 . 7  140 , 2  141 . 2  144 . 6  148 . 1  1 5 1 . 6  155 . 0  15 7 . 3  158 . 8  157 . 9* - - 152 . 6  

3 2 . 8  14 7 . 7  152 . 4  155 . 4  15 0 . 1 153 . 8  159 . 3  152 . 0  152 . 8  154 . 9  154 . 5  157 . 7  - 15 8 , 1  

4 2 . 6  125 , 6  128 . 4  1 30 . 1  1 2 7 . 9  131 . 2  1 35 . 4  1 33 . 5  135 , 8  137 . 1 127 . 5  1 29 . 9  1 33 . 8  134 . 9  

5 3 . 1  131 . 8  133 . 1  1 34 . 6  127 . 4  1 30 . 5  1 33 . 1 1 39 . 4  141 . 4  142 . 7  134 . 8  137 . o  141 . 2  136 . 3  

6 3 , 1 129 . 0  135 . 4  1 38 . 6  1 30 . 5  1 32 . 9  1 34 , 0  132 . 9  1 36 . 0  136 . 9  131 . 3  133 . 7  1 36 . 9  128 . 4  

7 3 . 1 122 . 4  124 . 5  126 . 1 123 . 7  129 . 1  131 , 5  1 3 L 7 136 . 7  137 . 5  139 . 5  142 . 5  15 3 . 3* 1 36 . 7  

8 3 . 2  1 36 . 7  138 . 5  139 . 7  1 3 3 . 4  1 34 . 4  135 . 7  142 . 6  1 4 3 . 4  145 . 3  138 . 0  140 . 7  147 . 7  145 . 8  

9 3 . 1  135 . 1  1 39 . 5  14 1 . 7  144 . 0  147 . 6  15 1 . 3  150 . 0  154 . 7  1 5 7 . 5  145 . 6  149 . 1  15 1 . 1 145 . 4  

1 0  3 . 0  1 2 7 . 8  129 . 8  1 31 . 3  128 , 2  130 . 0  1 35 . 2  1 39 . 2  140 . 0  1 4 3 . 4  144 . 8  145 . 9  148 . 2  146 , 5  

�----------- ------- ------ ----------- ��--------- -------- ------- - - --------

* Questionab l e  value 

UHF 

3m 0 . 3m 

so 90 10 50 90 

143 . 8 *  150 . 5' 
134 . 3  1 35 . 6  139 , 7  

154 . 9* - 144 . 9  146 . 1  150 . 0  

1 38 . 0  139 . 4  142 . 0  143 . 5  144 . 8  

131 . 4  132 . 7  140 . 5  145 . 4  14 7 . 7  

1 31 . 2  1 33 . 7  134 . 1  135 . 9  1 37 . 9  

1 29 . 1  132 . 4  125 . 6  1 26 . 2  1 2 6 . 8  

130 . 5  1 32 . 1  1 33 . 6  1 37 . 9  138 . 8  

135 . 8  1 37 . 1  133 . 1  1 35 . 3  1 36 . 4  

1 35 . 5  137 . 0  1 38 . 1  1 39 . 0  140 . 0  

14 0 . 7  143 . 2  144 . 0  145 . 5  146 . 7  

1 36 . 9  138 . 8  15 2 . 1 *  155 . 7* 158 . 0* 

155 . 4  158 . 3  >162 . 0  - -

- - >162 , 0  - -

138 . 8  143 . 0  143 . 9  146 . 2  148 . 1  

14 1 . 7  146 . 2  14 2 . 7  144 . 6  148 , 0  

129 . 8  131 . 9  138 . 7  14 0 . 2  143 . 8  

140 , 0  154 . 8* 142 . 7  144 . 7  15 9 . 3* 

150 . 7  154 . 6  148 . 4  151 . 9  155 . 2  

149 , 6  153 . 2  155 . 5  > 160 . 0  -

149 . 0  15 3 . 6  148 . 0  149 . 6  151 . 7  



0\ 
(.Jl 

10m 

Path D��t .  
No . 1 0  5 0  9 0  

T R 

1 3 4 . 4 1 5 0 . 6  1 52 . 5  15 4 . 3  

2 4 . 4  1 4 3 . 0  1 4 3 . 9  145 . 4  

3 4 . 5  1 2 6 . 2 1 2 6 . 9  1 2 7 . 9  

4 4 . 7  1 2 5 . 8  1 2 6 . 8  1 29 . 1  

5 4 . 2  1 3 1 . 8  1 33 . 0  1 36 , 3  

6 4 . 4  15 3 . 3  1 5 5 . 4  1 60 . 0  

7 4 . 3  1 5 0 , 0  154 . 0  15 8 . 0  

8 4 . 4  1 4 8 . 7  1 49 , 3  15 3 . 4  

9 4 . 4  15 0 . 2  1 5 2 . 9  1 5 6 . 2  

1 0  4 . 5  1 5 3 . 4 '  1 5 8 . 6  1 6 2 , 5  

1 4 2 . 6  1 5 0 . 1 * 15 7 . 7* 1 58 . 0* 

2 2 . 6  1 35 . 3  140 . 3  14 3 . 4  

3 2 . 7  1 2 3 . 1 1 2 3 . 8 124 . 6  

4 2 . 8  1 2 1 . 1  1 2 2 . 4  1 2 3 . 7  

5 2 . 5  1 2 5 . 8  1 2 8 . 6  1 2 9 . 8  

6 2 . 6  1 5 1 . 1  1 5 3 . 4  15 6 . 9  

7 2 . 6  138 . 6  1 39 . 5  14 1 . 0  

8 2 . 7  154 . 1  1 5 8 . 8  1 6 3 . 2 

9 2 . 8  1 36 . 2  1 37 . 0  1 38 . 5  

1 0  2 . 8  145 . 9  1 4 7 . 2  149 . 0  

------ -----� 

* Questionab l e  value 

Tab l e  1 1 .  Basic Transmi s s i on Los s ,  A l l  Paths , Hunter Li ggett Area, 

1 0 ,  50, and 90% Va l ue s ,  May-Jun e 1974 CCont inued) 

VHF 

3m 

1 0  so 9 0  

159 . 6  > 1 6 3 . 0  -

149 . 4  150 . 8  15 2 . 6  

1 39 . 9  14 0 . 9  1 4 2 . 0  

1 35 . 6  1 36 . 6  1 3 8 . 2  

144 . 3  147 . 7  149 , 9  

16 1 . 2  163 . 5  -

156 . 3  1 5 7 . 9  159 . 6  

1 5 7 . 5  1 5 8 . 7  16 1 . 9 

162 . 2  - -

1 5 6 . 9  1 60 . 6  > 1 6 3 . 0  

1 5 7 . 4  1 6 1 , 5  -

14 1 . 5  14 3 . 7  14 5 . 1  

1 34 . 2  1 36 . 7  1 40 . 1  

1 28 . 6  12 9 . 3  1 30 . 1  

1 2 3 . 6  124 . 4  125 . 1  

1 5 0 . 1  15 1 . 7  153 . 4  

1 49 . 3  15 2 . 2  1 5 7 . 4  

1 5 8 . 4  159 . 9  1 6 1 . 7  

140 . 1  14 1 . 0  14 1 . 9  

155 . 2  1 56 . 9  1 6 2 . 6  

·---- ---� 

0 . 3m 10m 

10 50 90 1 0  5 0  9 0  

16 2 . 3  - - 1 5 8 . 6  - -

15 6 . 1  158 . 0  1 6 1 . 5  150 . 0  154 . 2  1 5 8 . 0  

1 50 . 3* 15 6 . 2 * 1 5 9 . 8* 129 . 9  1 3 1 . 7  1 3 3 . 3  

147 . 1  14 8 . 8  1 5 1 . 5  

142 . 5  14 3 . 6  1 44 . 9  

16 3 . 2 1 64 . 6  -

1 6 2 . 5  16 3 . 2  163 . 8  

> 1 6 5 . 0  - -

> 1 65 . 0  - -

> 1 6 5 . 0  - -

160 . 4  > 1 62 , 4  -

15 5 . 2  1 5 7 . 3  1 60 . 7  

1 3 7 . 4  14 1 . 1  1 42 . 4  

1 32 . 3  1 3 3 . 0  1 34 . 2  

1 3 5 . 4  1 36 . 1  1 3 7  . o  
159 . 0  160 . 7  16 1 . 8  

1 6 1 . 8  - -

> 1 65 . 0  - = 

148 . 2  149 . 0  15 0 . 1  

162 . 6  1 6 3 . 1 1 64 . 6  

L______ --- ---

1 2 9 . 8  1 3 1 . 1  1 32 . 6  

1 32 . 5  134 . 9  140 . 8  

15 7 . 2  158 . 6  > 1 62 . 0  

15 2 . 1 154 . 4  > 1 6 2 . 0  

155 . 7  1 5 8 , 5  > 1 60 . 0  

1 5 6 . 4  1 5 8 . 3  > 1 60 . 0  

1 56 . 2  158 . 6  > 1 5 9 . 0  

15 3 . 1 1 5 8 . 3  >159 . 0  

1 4 3 . 3  150 . 8 * 15 4 . 1* 

1 3 1 . 9  1 34 . 3  1 36 . 2  

1 3 7 . 9  14 1 . 1 142 . 8  

1 2 7 . 0  128 . 0  1 30 . 1  

1 5 1 . 3  1 5 3 . 2 1 55 . 3  

149 . 0  156 . 6  1 6 1 . 0  

154 . 9  1 5 8 . 2  -

1 5 2 . 8  155 . 5  1 58 . 2  

1 57 . 1  1 58 . 6  -

- - - - --- -- - --- - ---

UHF 

3m 

10 50 

16 0 . 3  -

1 5 4 . 6  1 5 6 . 3  

14 8 . 2  1 5 0 . 4  

1 36 . 3  1 39 . 3  

148 . 2  15 0 . 4  

> 1 63 . 0  -

1 6 3 . 4  -

1 5 9 . 2  > 1 60 . 0  

159 . 0  > 1 60 . 4  

> 1 6 3 . 0  -

1 5 7 . 5  >160 . 0  

14 1 . 9  1 46 . 1  

1 3 0 . 5  1 3 1 . 7  

1 3 1 . 1 1 32 . 0  

1 2 6 . 0  1 2 7 . 9  

1 5 7 . 5  1 5 8 . 6  

1 5 1 . 4  1 5 4 . 2  

1 54 . 4  1 56 . 3  

150 . 4  1 5 2 . 2 

156 . 0  1 5 8 . 0  

L__ ' 

0 . 3m 

90 10 50 90 

- > 1 63 . 0  - -

15 9 . 2  > 1 6 3 . 0  - -

1 5 7 . 6  146 . 8  147 . 8  14 9 . 1  

1 4 1 . 0  1 4 9 . 1 15 0 . 3  15 3 . 2  

155 . 6  155 . 4  1 5 7 . 8  160 . 0  

- > 1 6 3 . 0  - -

- > 1 64 . 0  - -

- > 1 6 3 . 0  - -

- > 1 6 3 . 0  - -

- > 1 64 . 0  - -

- >16 3 . 0  - -

14 9 . 1  15 6 . 3  1 5 8 . 7  1 5 9 . 9  

1 3 2 . 8  1 4 3 . 5  144 . 9  146 . 9  

134 . 6  1 39 . 4  14 1 . 0  142 . 3  

1 3 1 . 3  1 4 1 . 6  14 3 . 6  146 . 2  

159 . 4  >163 . 0  - -

1 5 7 . 1  160 . 5  16 3 . 3 -

159 . 6  > 1 64 . 0  - -

154 . 0  > 1 64 . 0  - -

160 . 3  >164 . 0  - -



Median values  o f  a l l  the data,  some 1 2 0  values in each group, for 
each path at each frequency and antenna height are p l otted versus path 
l ength in fi gures 2 3 ,  2 4 ,  and 2 5 . The smooth curves on the figures are 
area predictions , which wil l  be di scussed in the next s ection , and the 
dashed curves represent the medi ans o f  plotted point s o  The most striking 
feature of these plots is the extreme path-to-path variabil ity . For paths 
from 2 o 5  to 3 km in l ength the range of measured medi ans is 40 to 45 dB,  
with many values o f  basic transmis s ion loss much greater than would be 
expected for these short paths o 

Cons idering each receiver s it e ,  we note that the paths to R1  show 
the l east loss , those  to R4 show considerably more loss  than those to R2 , 
whi l e  the paths to R3 show a very wide range in path los s o  An examina­
tion of the path profi l es gives some idea of the reasons for these differ­
ences . The profi l es to receiver s ite R1 show that for a l l  10 transmitters 
the paths pass over a s ing l e  i s o l ated ridge or hi l l .  At Rl and at mos t of 
the transmitter s ites the terrain fal l s  o ff into a depression, so that 
radio rays are wel l  cl ear of terrain throughout most of the distance from 
the transmitter and receiver to their horizons o At R2 the terrain is  
l evel for a short distance then rises to  a ridge more than 0 . 5  km away , 
so that the radio ray to the horizon i s  wel l  clear of intervening terrain . 
At about half of the transmitters the paths to R2 are over fl at or ris ing 
terrain , so rocks , shrub s ,  or trees in the immediate foreground wil l  
cause addit ional path los s .  At R4 the terrain rises  gradua l l y  to a sma l l  
nearby ridge , with a higher ridge about half a km away, but from the 
transmitters the s ituation i s  quite different. For most paths the trans­
mitters are immediately behind a h i l l  in the direction o f  R4 . Considering 
the s omewhat l onger paths to R3 , we note that R3 i s  on an irregul ar s lope 
that rises  gently to a sma l l  ridge . There is l itt l e  clearance above 
terrain , and any smal l obstac l es in the near foreground would cause addi­
tiona l  path los s o  From the transmitters toward R3  there i s  a sma l l  ridge 
immediately in front o f  most  o f  them.  

7 . 3 .  Comparison with Predicted Values 

The area predi ction model developed by Longl ey and Rice ( 1968)  was 
us ed to cal culate median basic transmi ssion loss  as a functi on of path 
l ength for thi s  area , and the resulting curves are shown with the medians 
of measured values on figures 2 3 ,  24 , and 2 5 o  The predictions assume 
random antenna siting, with Llli = 200 m, and no specific a l lowance for vege­
tation . In a l l  cases the medi an of a l l  measured losses  is greater than 
the predicted loss  for thi s  Hunter Liggett area . At both 4 1 0  and 1 72 MHz 
the medians of al l measured values  show about 7 dB more l o s s  than we 
predict o 

The area prediction includes an allowance for path-to-path varia­
bil ity with a standard deviati on of 8 and 10  dB at these frequencies . Thus , 
a band represented by the predicted median ± 8 dB should encompas s two-thirds 
of the measured values at 1 7 2  MHz o In thi s  area almost hal f of the paths 
show greater losses at both frequencies  and al l three antenna heights o 
Thi s  is  part ly due to the extreme spread of the measured value s ,  where the 
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central two-thirds of the medians of data cover a range o f  s ome 35  dB ,  
rather than the predicted 1 6  dB . However , the only suggested expl anati on 
for the unusual ly l arge losses  over these p aths i s  that the sites  are 
somewhat poorer than a truly random selection would  yie l d o  

Transmi ssion loss  for each path , a t  each frequency and antenna height , 
was predicted us ing actual parameters from each p ath profi l e  in the area 
prediction mode l . The differences between predicted and observed l o s s  
were ca1 culatedo  D i stribution s  of thes e differences , 6L , are shown in 
figure 2 6 o  Pos itive values of 6L show that we have predicted more than 
the measured loss , whi l e  negative values show greater los s than predicted .  
The figure shows that a t  the median we predi ct 4 t o  7 d B  l e s s  than the 
measured loss  at 1 7 2  MHz , but very nearly the s ame value at 4 1 0  MHz . In 
both cases the difference between measured and predicted l o s s  is more 
than 10 dB for a sma l l  percentage of these 40 paths . 

At both frequencies  we predict less
.

than the measured l o s s  w1th tne 
0 . 3  m antenna . There are several pos s ible  expl anati ons for this o One is  
the  apparent changes in  the  e l ectrical ground constants with l ocation,  
and from one period o f  t ime to another . Reported values calculated from 
measurements show a range in conductivity 0 from 1 0  to more than 200  mS/m, 
with rel at ive permittivity s from 3 to 4 7 o  Median values of s at the 4 
receiver s ites range from 4 to 1 6 ,  with 0 from 1D to 100 mS/mo The pre­
dictions for al l paths were computed as suming s = 1 0 ,  0 = 60 mS/m.  

Reference to  an ear l i er report ( Longley, 1 9 7 2 )  shows that such 
changes in permittivity have more effect with the l owest than with the two 
higher receiving antennas . Over a smooth earth with zero height antennas 
at 1 7 0  MHz , a change in s from 4 to 24 reduces  basic transmis sion l o s s  
about 15  dB . With one antenna a t  1 m and the other a t  zero , the difference 
is sti l l  more than 10 dB . At the higher frequency ,  the sensitivity to 
e lectrical ground constants i s ' considerably reduced . Thi s  effect could 
account for the differences shown in figure 2 6 o  Sensitivity to changes in 
el ectrical ground constants shoul d be more apparent in this area where 
the radio ray travel s  close to the ground throughout its entire l ength for 
many paths than in the Graham Mountain area where the rays are farther 
from terrain o 

The methods bas ed on those o f  Rice et a l o ( 1967)  are not appl i cabl e  
for this  area ,  because many o f  the tests are over short di ffraction paths 
where the methods tend to estimate too great a las s o  

8 .  SUMMARY AND CONCLUSIONS 

This  extens ive measurement program has provided a l arge body of data 
at VHF and UHF with very l ow antennas in irregular terrain . The effects 
of terrain irregularity and o f  forest cover are c learly demonstrated in 
the di fferent test areas . Receiving antenna hei ghts o f  1 0 ,  3 ,  and 0 . 3  m 
were chosen to provide a transition from known effects with the higher 
antennas to the rel ativel y  unknown s ituati on with antennas at or very near 
ground leve l o  
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The data from these three test areas c learly show that at VHF the 
power received over a short path tends to remain at a cons tant l evel from 
one hour to the next for periods of 16 to 1 8  hrs , and that the change from 
one day to another or even from week to week does not usual ly exceed 5 or 
6 dB.  The somewhat greater variab i lity obs erved at UHF may result from a 
frequency instapil ity or the measurement techniques rather than a true 
difference in propagation . The short-term or within-the-hour variab i l ity 
·is  usua l l y  sma l l  with a variance much less  than a dB.  

Although the variation in t ime is sma l l ,  there i s  a l arge path-to­
path or location variab i l ity.  For these short paths , differences in path 
l o s s  of 40 to 45 dB for paths of the same l ength are common . Thi s  l arge 
location variab i l ity is associated with the low antenna height s ,  where 
sma l l  obstacles  in the immediate foreground may parti a l l y  b lock both the 
l aunching and reception of the radio s i gna l . 

In predicting the transmis sion loss  to be expected between very l ow 
antennas the area prediction model reported by Longley and Rice ( 1968)  
proves to b e  useful . Thi s  is  particularly valuab l e  for short diffraction 
paths where terrain may range from practical ly smooth to a lmost  ideal 
knife-edge conditions , and where for many paths the receiver is j ust  
beyond l ine o f  s i ght . Thi s  i s  a particul arly difficult range for most  
propagation mode l s . The area mode l cal culates attenuation at  greater 
distances and within l ine of s ight and interpol ates between these  values 
to obtain calculated diffraction attenuation at dis tan ces j ust beyond the 
hori zon . For short paths thi s  model gives genera l ly good results  with 
very low antennas in al l terrain types , but makes no specific al lowance 
for the effects of trees . In a heavi ly forested area an addit ional a l low­
ance is required for the attenuation by the fores t ,  especial ly when antennas 
are l ocated near or among the trees . For the Eglin area we found these  
additional attenuations to b e  about 7 and 3 dB for the two higher and the 
lowest receiving antennas at 1 72 MHz , and about 15  and 1 1  dB at 4 1 0  MHz . 
In this area many o f  the terminal s  were c l o s e  to thick stands of evergreens . 
When the termina l s  are actua l ly in a j ungle , the attenuation i s  extreme , 
as noted earl i er .  The additional attenuation b y  vegetation depends on the 
den sity of the forest , how high it i s ,  and how clos e to the path terminal s .  
The attenuation i s  also  frequency dependent , increas ing with increas ing 
frequency. 

For predi cting l o s s  over individual paths b etween low antennas the 
area mode l with the actua l  path profil e, or parameters derived from the 
pro fi l e ,  again yields good results . In estimating path parameters i t  is 
important to consider local features such as rock s ,  stands of trees , and 
l ow hi l l s ,  which b ecome important when antennas are at ground l evel . 
Sol id obj ect s ,  such as buildings or rock wal ls , are treated in the s ame 
way as hi l l s  or ridges in the terrain . 

In a l l owing for the effects of nearby thick stands o f  tree s ,  we 
assume that some radio energy pas ses between the trees rather than over 
them. If such thickets are very close to an antenna , we l imit the el eva­
tion angle to a value equal to the crit ical angle  of internal reflection .  
Thi s keeps  the e l evation angl e  within the l imits o f  the mode l ,  and assumes 
some transmi s s ion by means o f  the l ateral wave . 
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W e  c o n c l u d e  t h en , t h a t  t h e  a r e a  p r e d i c t i o n m o d e l i s  a d e qu a t e ,  
e v e n  w i t h  a n t enn a s  a t  o r  n e a r g r o un d  l e v e l , wh e n  an a l l o wn a c e  i s  
m a d e  f o r  t h e  e f f e c t s  o f  f o r e s t s .  Th i s  m o d e l  m a y  a l s o  b e  u s e d  t o  
p r e d i c t  l o s s e s  o v e r  i n d i v i du a l  p a t h s  w i t h  a n t e n n a s  a t  o r  n e ar  
g r o un d  l e v e l . 
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A P P E N D I X  A .  T H E  M E A S U R E ME N T  E QU I P M E N T  A N D  I T S  O P E RAT I ON 

T h e  m e a s u r e m e n t  s y s t em ,  d e s i gn e d  a n d  a s s emb l e � b y  S an d i a  
L a b o r a t o r i e s , c o n s i s t e d o f  1 0  c o mm an d a b l e  t r an s m i t t e r p ac k a g e s  
a n d  a n  a u t o m a t e d  r e c o r d i n g  s y s t e m .  E a c h  t r an s m i t t e r p a c k a g e  
c o n s i s t e d  o f  a b a t t e r y  p a c k , a c omm a n d  r e c e i v e r ,  V H F  a n d  U H F  
t r an s m i t t e r s , a n d  a s s o c i a t e d  a n t enn a s . T h e t r an s m i t t e r s  w e r e  
t un e d  t o  n o m i n a l  fr e qu e n c i e s  o f  1 7 2 . 5  a n d  4 1 0 . 5  M H z . E a c h  
p a c k a g e  c o u l d  b e  c omman d e d  i n d e p en d en t l y  b y  m e a n s  o f  c o d e d  
a d d r e s s e s . T h e  p o w e r  o u t p u t  fo r e a c h  t r a n s m i t t e r  w a s  ab o u t  2 W .  

T h e  t r an s m i t t i n g  an t e nn a s  w e r e  q u a r t e r - wa v e  m o n o p o l e s  a b o v e  
a c o n i c a l g r o un d  " p l an e "  o f  f o u r  r i g i d  w i r e s  w h o s e  e n d s  r e s t ed 
o n  t h e  g r o u n d  a n d  r a i s e d  t h e  an t e n n a  f e e d p o i n t  ab o u t  3 5  e m  ab o v e  
g r o un d  l e v e l . Th e c o mm a n d  r e c e i v e  an t e nn a ,  o f  t h e  s am e  t yp e ,  w a s  
m o un t e d o n  a w o o d e n p o l e .  A l l t h r e e  an t e n n a s  w e r e  c o nn e c t e d 
t o  t h e  t r an s m i t t e r  p a c k a g e  b y  l o w - l o s s  c o a x i a l  c ab l e s , a s  s h o w n  
i n  f i gu r e  A l . 

T h e  aut o m a t e d  r e c e i v i n g  s y s t em c o n s i s t e d o f  a s p e c t rum an a ­
l y z e r i n t e r f a c e d  w i t h a m i n i - c o mput e r , a c o mm a n d  t r an s m i t t e r ,  
a l s o  i n t e r f a c e d  t o  t h e  c o mput e r , a l o w - n o i s e  p r e - amp l i f i e r ,  a n d  
i n s t r um e n t s  f o r  r e c o r d i n g  w i n d  s p e e d a n d  d i r e c t i on ,  t emp e r a t ur e , 
a n d  h um i d i t y .  Th e e l e c t r o n i c  e q u i pm e n t  w a s  i n s t a l l e d i n  an  a i r ­
c o n d i t i o n e d  s h e l t e r , m o un t e d  o n  a f l a t b e d  t r u c k . P o w e r  w a s  
s u p p l i e d  b y  t wo g a s o l i n e  g e n e r a t o r s , o n e  f o r  t h e  a i r - c o n d i t i on i n g  
a l o n e . 

T h e  s i x r e c e i v i n g  a n t e nn a s  w e r e  o f  t h e  s am e  t yp e  a s  t h e  t r an s ­
m i t t i n g  a n t enn a s , w i t h  o n e  f o r  e a c h  fr e qu e n c y  m o un t e d a t  h e i gh t s 
o f  1 0 m ,  3 m , a n d  o n  t h e  g r o un d . T h e  c o mm a n d  t r an s m i t  an t e n n a  
w a s  a y a g i - u d a  t yp e ,  o r i e n t e d  v e r t i c a l l y  a n d  m o un t e d  a t  a h e i gh t  
o f  1 0  m .  F i gu r e  A 2  s h o w s  a t yp i c a l  d e p l o ym e n t  a t  a r e c e i v i n g  
s i t e . T h e  s e v e n  an t e nn a s  a r e  s o m e  d i s t an c e  f r o m  t h e  t r u c k  i n  
t h e  d i r e c t i o n o f  t h e  t r an s m i t t e r s i t e s  t o  m i n im i z e  any e f fe c t s  
t h e  t ru c k  m i gh t  h a v e  h a d  on  t h e  r e c e i v e d  s i gn a l s .  

T h e  m e t h o d  o f  s w i t c h i n g  t o  r e c e i v e  t h e  s i x d i f f e n e n t  s i gn a l s 
s h o u l d  b e  n o t e d . T h e s p e c �rum an a l y z e r h a d  f o u r  i n p u t  p o r t s wh i c h  
u s e d e l e c t r o n i c  s w i t c h e s  o f  t h e  P I N n i o d e  t yp e . T o  a c c o mp l i s h 
t h e  a d d i t i o n a l  s w i t c h i n g , c ab l e s  f r o m  t h e  m i d dl e  an d l ow a n t en n a s  
f o r  e a c h  fr e q u e n c y  w e r e  l e d t o  a n  e l e c t r i c a l l y d r i v e n  m e c h an i c a l  
c o a x i a l  s w i t c h ,  a n d  t h e n c e  t o  an i n p u t  p o r t . 

C a l i b r a t i o n s  w e r e  p e r fo r m e d  i n  t h e  s em i - au t o m a t i c  w a y  p r e ­
s c r i b e d  fo r t h e  s p e c t rum a n a l y z e r ,  u s i n g  a s i g n a l  g e n e r a t o r  a t t a c h e d  
m a n u a l l y  t o  o n e  o f  t h e  p o r t s .  B a n dw i t h s , o r i g i n a l l y  s e t a t  1 
k H z , w e r e  v a r i ab l e ,  a n d  n o i s e  w a s c h i e f l y  f r o m  man - ma d e  s o u r c e s , 
h e n c e  h i gh l y  v ar i a b l e . I n i t i a l l y  t h e  p a t h  l o s s  t o l e r an c e  w a s  
ab o u t  1 4 0  d B , b u t  w i t h t h e  p r e - amp l i f i e r i n s t a l l e d i t  w a s  a b o u t  
1 6 0  d B . 

E a c h  r e c o r d i n g  d a y  b e g a n  w i t h a c h e c k o u t  o f  a l l e qu i p m e n t  
a n d  a c a l i b r a t i o n o f  t h e  s p e c t rum an a l y z e r . T h e  r e m a i n d e r  o f  t h e  
d a y w a s  d i v i d e d  i n t o  r e c o r d i n g  p e r i o d s  o f  a b o u t  an h o u r  e a c h . 
F i g r u e  A 3  i s  a s c h e m a t i c  i l l u s t r a t i o n o f  t h e  p r o c e d ur e fo l l ow e d  
d u r i n g  e a c h  r e c o r d i n g  p e r i o d . F i r s t  m e t e o r o l o g i c a l  d a t a  w e r e  t a k e n  
an d e n t e r e d  i n t o  t h e  c o mput e r  a l o n g  w i t h  i d en t i fy i n g  i n f o r ma t i o n 
s u c h  a s  d a t e ,  t i m e , e t c . T h e n  t h e  c o m p u t e r  w e n t  i n t o  a n d  a u t o ­
m a t i c  mo d e  o f  2 0  m e a s u r e m e n t  c y c l e s ,  i n t e r r up t e d  e v e r y  f i ft h e  
c y c l e  b y  a " r e t u rn i n g  c yc l e . "  T h e  l a t t e r w a s  i n s t i t ut e d  t o  fo l l o w  
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any frequency drift in the individual transmitters . Each measurement cycle  
was divided into three part s .  The 1 0  transmitter packages were commanded 
in success ion with the spectrum analyzer switched to the two high receiving 
antennas . Thi s  sequence was then repeated with the medium and the low 
antennas . 

For each record the computer fol lowed a s ix-step rout ine which might 
be described as fol l ows : 

1 .  For each channel ,  test for exces sive noise or an interfering 
signal and set corresponding by-pass switches . I f both chan­
nel s  are noisey,  skip to step 6 .  

2 .  Command the proper transmitter package . 

3 .  For each channel , test for a received signal and set the 
corresponding by-pass switches . 

4 .  I f  not by-passed , measure the received VHF signal strength . 

5 .  I f  not by-passed ,  measure the received UHF signal strength . 

6 .  Accumulate  and store statistics  and print a warning message 
if any fai lures have occurred .  

Of importance in thi s  process  was a value cal l ed the "thresho ld" which 
could be entered manual l y  into the computer . Idea l l y ,  it was set to be 
sl ightly larger than the noise power in the pass band of the spectrum 
analyzer . Excessive noise in step 1 and a received signal in step 3 were 
defined to be readings larger than this threshol d .  In steps 4 and 5 the 
algorithm used to determine the value of signal strength (analogous to a 
decoding ·technique) was to make several measurements in rapid sequence 
and then to average onl y  those which fel l  above this same thresho l d .  

The failures recorded in step 6 were of  three types : 

1 .  Excessive noise  in the channel ,  so that no measurement was 
attempted . I f  this occurred regularly,  perhaps the thres ­
hold was set too l ow .  

2 .  No received s i gnal at step 3 .  I f  this occurred regularly ,  
either the threshold was set too high or there was some 
troubl e  with the transmitter or its  command receiver . 

3 .  No measured s ignal at steps 4 or 5 .  I f  this occurred regul arly ,  
the transmitter was probab ly terminating i t s  pul se premature ly . 
Therefore the batteries were l ow or there was some other 
trouble  at the transmitter . 

Normal l y ,  a recording period experienced very few of these fai lures . 

A2 



The measured values , the accumu l ated stat i stics , and a record of the 
fai lures were a l l  stored in computer memory . The 20 cyc l e s  required about 
40 minutes at the conc lusion of which the stored values could ,  at the 
operator ' s  opt ion , be preserved on 7 -track magnet i c  tape and also  printed 
out loca l l y .  

Each visit t o  a test ·  area produced three o r  four ree l s  o f  magnetic  
tape . These  were sent to USAEPG headquarters where they underwent some 
s l i ght editing for an occasional tape format error or the addition of com­
ments to s e l ected records . The converted tapes  were then sent to ITS for 
the analyses contained in this report . 

· 
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APPENDIX B .  PATH PROF I LES AND DATA DISTRI BUTIONS 

Thi s  appendix contains detail ed terrain profi l e s  for al l paths over 
which measurements were made , and cumulat ive d istribut ions o f  basic 
transmiss ion l o s s  at each frequency and receiving antenna height for 
each path . The figures are grouped , coded , and numbered in sequence for 
each geographic area . For instance , figures El  through E l O  show terrain 
profi l es for the 40 paths at Egl in AFB , and figures E l l  through E30 show 
cumulat ive distributions of the data obtained over these paths at each 
frequency and receiver height . Simi l arl y ,  figures GMl through GM1 3 show 
terrain profil e s  for the 50 paths in the Graham Mountain area ,  and 
figures GM14 through GM38 show distribut ions of al l data from this  area . 
For the Hunter Liggett area the path profi l e s  are plotted in figures HLl 
to HLl O ,  and the corresponding data are shown in figures HLl l to HL30 . 

Four t errain profi l e s  are shown in each figure . The computer plots 
show t errain e l evation in meters above mean sea leve l versus distance in 
kilometers a l ong the measurement path . Figure E l , for examp l e ,  shows 
profi l e s  to receiver s ite Rl from transmitters 1 ,  2 ,  3 ,  and 4 .  These 
profi l es are p l otted s o  that they are al l the same l ength , regardless  of 
actual path l engths of 4 . 30 ,  4 . 32 ,  3 . 88 ,  and 4 . 82 km . The vertical 
scales are adj usted to retain a constant vertical exaggerat ion in each 
set of profi l e s . The vertical exaggerat ion i s  50  to 1 for the Egl in AFB 
profi l es and 1 0  to 1 for paths in the Graham Mountain and Hunter Liggett 
areas . Although these  are quite short paths , the plots  al l ow for a 
radius o f  curvature which is  1 . 3 t imes the actual earth ' s  radius . Only 
maj or features of terrain are shown , with no estimates of overburden 
such as forest s ,  or l ocal obstruct ions such as i s o l ated trees , rocks , or 
smal l hi l l s . 

The cumul at ive distribut ions of bas ic transmi ss ion l o s s  for Egl in 
AFB are coded for frequency , VHF ( l 7 2  MHz)  and UHF (41 0 MHz) , and identified 
by h 1 , h

2
, and h

3 
corresponding to receiving antenna heights of 1 0 ,  3 ,  

and 0 . 3  m ,  respect ively . Al l recorded values are included in these 
figures , which somet imes show rather erratic behavior as discussed in 
the report . The data from Graham Mountain receiver s ites  Rl and R2 and 
from the Hunter Li ggett area are presented separately for the two record­
ing periods . These are coded on each figure , and the VHF and UHF data 
are presented separately to avoid confus ion between the 1 2  cumul at ive 
distributions plotted for each path . 
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Figure HL26. Cumulative distributions of basic transmis s ion loss recorded over paths Tl-R4, and T2-R4, Hunter Liggett.  
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Figure HL27. Cumulative distributions of basic transmission loss recorded over paths T3-R4, and T4-R4, Hunter Ligge tt. 
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Figure HL29. Cumulative distributions of basic transmission loss recorded over paths T7-R4, and T8-R4, Hunter Liggett . 
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Figure HL30. Cumulative distributions of basic transmi ssion loss recorded over paths T9-R4 , and T10-R4, Hunter Liggett. 
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