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13.  Abstract  (.Concluded) 

The use of the manpack Xeiedop data for propaRation predictions 

piTtinent to tactical radio systems was shown by comparison of Xeiedop 

results with data from measurements made UE.< ng a pair of AN/PRC-2ä trans- 

ceivers.  It was concluded that the primary use of the manpack Xeiedop, 

however, should be to obtain propagation data at relatively short ranges 

(out tc 0.5 mile) useful for check!rg propagation mortals, which, ir turn, 

can be usei in radio system perfoimance models. 
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ABST.1ACT 

Characteristics of VHF propagation in tropical terrain have been 

studied using various simple, low, receiving antennas and a manpack 

radio transmitter termed "Xeledop," which is an acronym for Transmiti.ng 

(X) Elementary Dipole with Optional Polarization. 

Measurements of received voltage were made it 50, 75, and 100 MHz, 

using both horizontal and vertical polarization while the Xeledop was 

carried down trails in clearings and tropical forests.  Data are also 

given for cases of cross polarization.  The measurements of received 

signal covered in this report (and other manpack Xeledop measurements 

previously reporte;1.) are converted to radio system loss.  Conversion 

from received voltage to system loss lor a system using half-wave dipoles 

is also possible through relationships derived here, and an approximate 

formula is given for conversion to basic transmission loss.  The use of 

horizontal polarisation produces a much lower system xoss than does the 

use of vertical polarization in the l. rest for the cases studied, with 

the exception of very low antenna heig'us.  Tests made with a balloon- 

borne Xeledop elevated several hundred feet indicated the operational 

superiority of vertical dipoles over horizontal dipoles for balloon- 

elevated relays used in jungle terrain.  The system loss for vertical 

polarization exceeded that obtained w.  horizontal polarization using 

optimum geometry, but optimum geometry for horizontal polarization was 

difficult to maintain 

The use of manpack Xeledop data for propagation predictions per- 

tinent to tactical radio systems was shown by comparison of Xeledop 

results with data from measurements made using a pair of AN/PRC-25 

—  



transceivers.  It was concluded that the primary use of the manpac!' 

Xeledop, however, should be to obtain propagation data at relatively 

short ranges (out to 0.5 mile) useful for checking propagation models, 

which, in turn, can be used in radio system performance models. 

iv 



CONTENTS 

ABSTRACT 

LIST OF ILU'STRATIONS 

LIST OF TABLES 

ACKNOWLEDGMENTS 

I  INTRODUCTION 

II  DESCRIPTION OF MEASUREMENTS   

A. Receiving Equipment    

B. Site Preparation and Preliminary Measurements 

C. Checks Durinn Experimental Runs    

•   •   •   • 

M.I  TERRAIN DESCRIPTIONS    

A. Ban Mun Chit Test Site   

B. Chumphon Test Site   

C. Summary of Terrain Characteristics 

IV  DATA PROCESSING 

V  RESULTS   

A, System Loss as a Function of Distance 

B. Height-Gain Tests at Chumphon 

Using the Manpack Xelcdop    

C 

Ü. 

Balloon-Borne Xcledop Studies at Chumphon 

Antenna Orientation Studies ot Chumphon     . 

>  •   • 

VI  COMPARISON OT THE AN/PRC-25 AND I'HE MANPACK 

XELEDOP SYSTEMS   

A.   Introduction . 

1.   Objective 

ill 

vil 

XI 

xiii 

1 

7 

7 

12 

15 

17 

1/ 

26 

32 

35 

39 

M 

4 8 

53 

61 

65 

65 

65 

v 
x, 

■v 

■ 



^PW "^ twjuw 

VI  COMPARISON 07 THE AN/F^r-25 AND THE MANPACK XELE)0P SYSTEMS (Cont.) 

2.   Uackground  g5 

B. Description of the Experiment  67 

C. Results  72 

D. Discussion of Results  7R 

1. Comparison of Predicted and Measured ResuJ's  . . 75 
2. Comparison of Measured Results 

Using Short and Long Whips  80 
3. Comparison of Measured Results on 50 and 75 M'lz . 82 

E. Conclusions from Comparison Tests    82 

VII  CONCLUSIONS AND RECOMMENDATIONS  85 

A. Conclusions  85 

B, Recommendations  gg 

APPENDICES 

A   CALIBRATION OF THE MANPACK XELEDOP SYSTEM    87 

B   MEASURED IMPEDANCE SUMMARY  H3 

REFERENCES  119 

DISTRIBUTION LIST  123 

DD Form 1473 

.^-. ^-....-- ■■ .^-.^,>....,..„>-.^...^i 



ILLUSTRATIONS 

1 Map Showing Location of Xeledop Measurements 
in Thailand  4 

2 Sketch of Manpack Xeledop Test Procedure    8 

3 Manpack Xeledop Being Carried in the Horizontally 

Polarized Position at Ban Mun Chit  9 

'1  Block Diagram of One Receiving System Channel  10 

5 Interior of Receiving Van Showing Equipmck.t 

Used at Ban Mun Chit  13 

6 Interior of Receiving Van Showing Equipment 

Used at Chumphon  14 

7 Aerial Photograph of BMC Test Site  18 

8 Reference Map for BMP Aerial Photograph  19 

9 View of BMC Test Situ Taken from the Clearing  20 

10 View of BMC Foliage Along a Te?t Trail  21 

11 Map of Test Antenna Locations at Ban Mun Chit  23 

12 Resonant Vertical Dipole at BMC Test Site  24 

13 Unbalanced Horizontal Dipole in Clearing at Ban Mun Chit  . 25 

14 Aerial Photograph of Chumphon Test Site  27 

lö  Reference Map for Chumphon Aerial Photograph    29 

16 Air View of Chumphon Test Area  29 

17 Forest and Undergrowth at Chumphon Test Area  30 

18 Trail "A" Through Chumphon Test Area  31 

19a Received Signal Level versus Trail Reference Point Numbers. 36 

19b Mean Signal Converted to Half-Wave-Dipole System Loss 

versus Distance   37 

20  Polarization Comparisons at Chi mphoa—Clearing-to-Clearing 

and Forest-to-Clfaring—for Unbalanced Half-Wave Dipoles 

on Trail A  40 

vii 

5 
-N * 

dBMauHi IWMrtiiiia r-"^—"-"—-"'■'' --—^^J-M 



**», mw^m 

21 

22 

33 

U 

25 

26 

27 

28 

29 

3] 

32 

33 

31 

38 

3G 

37 

38 

39 

•10 

Polarization Comparisons a. Chanphon—fcr Unbalanced 
Hilf-Wave Dipoies on Trail 0 

Polarization Comparisons at Chump:, n, Trail B 

System Loss Data at Ban Mun Chit, Clearing 

Polarizaiion Comparisons at Ban Mun Chit, Forost-to- 
Forest, 85° Trail .... 

Comparisons of Ban Mun Chit and Chumphon Data, 
Vertical Polarization (100 MHz) 

Comparison of Forest-to-Forest Path Loss Measurements 
with Air-Forest-Ground Slab Model Results 

Height-Gain Effects Observed at Chumphon with MPX 
(Horizontal Polarization)   

Height-Gain Effects Observed at Chumphon with M^x 
(Vertical Polarirition) 
  

1 eight-Gain Measurements  for very Low Antenr.a Heights 
(Horizontal  Polarization)     

Close-Up of Photo of Balloon-Borne Xeledop 
(Horizontal Polarization "•,,# Configuration) 

Photo of Balloon-Borno Xel-dop in Vertical  Polarization 
Tow Configuration    

50-MHz Balloon-Borne Xeledop Observations  at  Chumphon  . 

75-MHz Balioon-Borne Xeledop Observations  at Chumphon . 

lOO-M'.z Bnlloon-Borne X-ledop Observations  at  Chumphon 

Rtiative  Response  as  a Function of Antenna Orientation 

AN/PRC-25 Sets Used   in Performance Tests at  Chumphon 

Diagram of AN/PRC-25  System and Performance Tests 

Typical   Results  of  Comparison of AN^PRC-25  and  Xeledop 

Signal Level  Receiveu as a Function of Distance  at 
Chumphon wath  the AN/PRC-25 Transceivers  (Long Whip 
Antenna)   on 50 MHz .... 

Sig .al Level  Received as  a Function of Distance  at 
Chumphon with  the AN/PRC-25 Trnnsceivers   (Short  Whip 
Antenna)   on 50 MHz 

41 

•12 

■iA 

'8 

17 

-IK 

5i 

32 

;.i 

56 

57 

58 

59 

GO 

64 

68 

69 

73 

76 

77 

viii 

kja^HM 'iwmfiteMi mumm 



41 Signal Level Received as a Function of Distance at 

Chumphon with the AN/PRC-23 Tranr.ceivers (Long Whip 
Antenna) on 75 MHz    

42 Signal Level Receivsu as a Function o£ Distance at 

Chumphon with the AN/PRC-25 Transceivjrs (Short Whip 
Antenna) on 75 MHz    

A-l VHF Xeledop Equivalent Circuits   

A-2 Equivalent Clrcu.lts Used to Determine Power Available 

fro,n Xeledop Kjccivlng Terminals (p )  
a 

A-3 Sketch of Xeled >p Calibration Setup  

A-4 Xeludop Transmitting System Calibration C'-nstants .... 

A~5 Distributions of Xeledop Calibration Co istants 

A-6 Conversion of Received Signal to System Loss (Lg) for MPX, 

Sy  em Loss (L8) for Half-Wave Dipole Systems, and Basic 
Tiansmis- IT Loss (L )  

b  • . . . 

7H 

79 
(J2 

96 

100 

102 

104 

106 

iX 

latammiimttomm *- —  iliillliii 



v~mmm '"J"1"" ll ""•■ HIIIIIIIUI^IILIIIIUIU«! 

TABLES 

i Summary of Terrain Characteristics       

2 Received Signal  Power with Antennas  at   a Height  of  10 Feet. 

3 Measured  Impedance and Power Output  of AN/PRC-2Ö 

4 System Comparison in Decibels     

A-l Thevenin Equivalents of Xeledop Oscillators and 

Antenna Input Impedance and Power   

A-2 The Calibration Factor from Which Vt is Subtracter 

to Obtain Ls for MPX   

A-3 Means and Standard Deviations of X    

A-4 Difference (dB) Between Radiated Power of BBX and MP.l . . . 

A-5 Received Signal Levels Durlnp; MPX-BBX Comparison Test . . . 

A-6  Summary of Measured Input Impedances of the Xeledop 
Ant'-nna  

A-7 Loss in MPX Effective Radiated Power When Carried 
on the Back   

B-l Measured Impedance ol Manpack Xeledop Receiving Antennas 

B-2 Standard-Antenna Impedances (Measured during Xeledop 

Calibraiion and Gain Measurements)    

33 

50 

71 

74 

94 

9)' 

103 

107 

108 

109 

110 

116 

117 

xi 

Preceding page blank 

AM» ■*-■'- -■    ■   --  -     -' 
^v^— 



II "M UHilDll    Hill ■in \»m 

ACKNOWLEDGMENTS 

It Is the authors' pleasure to acknowledge the assistance of Mr. 

K, L. Taylor during the acquisition of the data in Thailand.  Mr. Taylor 

worked directly with oae of the authors (Shrauger) on the Manpack Xele- 

dop (MPX) P-ogram from its inception and contributed to many phases of 

this work.  It also is a pleasure to .nention the assistance of Mr. H. W. 

Parker, particularly during the acquisition of the balloon-borne Xeledop 

data.  Mr. Parker also worked on the MPX program in Thailand after Mr. 

Shrauger returned from Thailand to Montana State University.  The sugges- 

tions of Mr. G. E. Barker of SRI and Dr. D. F. Dence of USAECOM on an 

early draft of this report helped improve it considerably.  Finally, the 

continuing support and encouragement of Mr. R. A. Kulinyi of USAECOM 

helped he authors complete the report on this work begun in Thailand 

several 2">ars ago. 

xiii 

Preceding page blank 

k 

mm timiii •"— inn ii nil ii <to iiiiiiiiiüiriiiiM -" —~-1 



mm*™ mm 
Mb 

I  INTHODUCTION 

It has been Known for many years that VHF radio waves are severely 

attenuated in forested environments.  The earliest measu)Jments of sig- 

nificance were ma'-'.o by the Allies during World War II in the rain forests 

of Panama and New Guinea;1"3* later, during the 1950s, additional work 

was done in Malaya by the British.4"6  The most comprehensive work to 

date has been done under Project SEACORE, which has supported research 

to improve the understanding of radio wave propagation in the forest 

environment.  Under this program, Jansky and Bailey (J & B)    and 

Stanford Research Institute (SRI)11 have carried out experimental pro- 

grams in Thailand, and others have done extensive mathematical modeling 

studies of radio propagation in the forest.  A bibliography of the ear- 

lier papers (through 1965) dealing with propagation through forests is 

given in Pef. 12, and a rolütively complete list of later papers is 

given at the end of Ref. 13. 

The investigation described in this report is directed primarily 

toward the measurement of the effects of tropical forest terrains on 

VHF-propagated waves for the special case where low-gain antennas at 

low heights are used over relatively short ranges (< 0.5 mile). The re- 

sults are especially relevant to tactical net radio communications and to 

communications for certain sensor applications.  These data arj pre- 

sented in a manner to help verify models used to predict the propagation 

of VHF radio waves over ulatively short distances in the forest environ- 

ment. 

Superscripts denote references listed at the end of the report, 

"-■'" ■-"  
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Tha experiments reported here aio rel'errod to us ".Xeledop" experi- 

ments because of the name given to the radio transmitter that was used.* 

The Xeledop transmitter was initially developed to be towed behind an 

aircraft and to serve as a free-space source of signals to measure the 

three-dimensional radiation patterns of full-scale radio an+ennas.14 

This technique was originally used to measure antenna patterns at HF, 

but later was extended to permit measurements in the VHF ran^e (50 to 

100 MHz).  It was realized that this VHF transmitter coul-i be carried 

on a mi>.n's back inside a forest and used in the investigation of the 

effect of vegetation on VHF propagation.  Earlier experience on the 

SEACORE program in trying to use standard U.S. Army manpack radio sets 

in measuring of the effect of trees had ui.dorscorea the need for a 

stable VHF transmitter for forest propagation studies (i.e., the drift 

trequency and variation of power output of the AN/PRC-10 manpack radios 

made them very difficult to use in experimental work).  It was also 

realized that a system containing dipolcs would be more tractable to 

analysis than one using the antennas supplied with the radio sets 

(usually whip antenns witi. -Hatching or loading circuits and with rela- 

tively inaccessible antenna terminals).  Preliminary experiments15 with 

a VHF Xeledop us ;?d in a manpack configuration in a eucalyptus grove in 

California were so encouraging that u VHF Xeledop intended solely for 

manpack use was constructed and sent to Thailand. 

The VHF manpack Xeledop (MPX) system was first used in Thailand 

to study propagation over open rice paddy terrain (open delta) near 

Bangkok. '  One objective of these first tests was to develop a syste- 

matic test procedure and collect dita lor a very flat, open-terra:1 n 

Xeledop is an acronym for Tranumitting (X) Elementary Dipole with 

Optional Polarization. 
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environment of relatively high conductivity to provide a basis for com- 

parison with future tests in forests.  Next, tests were conducted on the 

open beach and in light foliage adjacent to the beach near the low-noise 

field site at Laem Chabing.  Here the objective was to measure open, 

flat terrain of low conductivity (dry sand) both with and without under- 

brush (coastal brush foliage of low height).  The results of the open 

delta, open beac'i, and foliated beach measurements were presented in 

Ref. 16. 

During the course of the manpack Xeledop test program, measurements 

were made at the siies shown on the irap of Figure 1.  Preliminary data 

for rubber plantatioi.s and clumps of bamboo were obtained at sites 

near Chantaburi; extensive measurements were made in a dry evergreen 

forest located east of Chonburi [Ban Mun Chit (BMC)j, and again in a 

frjsh-water swamp forest near Chumphon.  ("lart recordings from many of 

these sites showing the variation of recei zd  signal strength as a 

function of separation between transmitter and receiver are presented 

(without analysis) in Ref. 17. 

In this report, emphasis is placed on the measurements made at 

the BMC an' Chumphon sites.  For specific trails at each site the 

variation of received signal strength as a function of distance between 

nansmitter and receiver is recorded and analyzed for three frequencies 

(50, 75,* and 100 MHz) and for several combinations of polarization of 

the transmitting and receiving antennas. These data are then converted 

into radio system loss (L ) for presentation.  System loss is defined 

as the ratio of the power into the transmitting antenna terminals fo 

the power available from the receiving antenna terminals.  Comparisons 

V 

The actual frequency used was 75.1 MHz, because 75.0 MHz is reserved 

for aircraft beacons on an international basis. 

IMii  n  im a mtn       ■ .J..^^.-,J- ^--i.. 
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FIGURE  1       MAP SHOWING  LOCATION OF  XELEDOP MEASUREMENTS 
IN THAILAND 
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of the results from different terrains (and of measured and predicted 

perfo.-mance based on forest model studies) are also included. A series 

of Xeledop calibration tests and their results, which make possible the 

presentation of manpp.cK Xeledop data in terms of system loss, are de- 

scribed in Appendix A, where calibration facton are given for the data 

in Refs. 16 and 17 and nr th( data in this report.  Measured antenna 

impedance iata are summarized in Appendix B. 

Some aeiRht-gain data were obtained to help in evaluating propaga- 

tion mojels and in developing rules for extrapolating the data obtained 

at the standard height of 5 ft (transmit   -) and 10 ft (receiving) to 

othnr heights of possible imerest.  Some of these da la for higher heights 

were obtained with the VHF manpack Xeledop used with a rope and pulley; 

other measurements were made using a special lightweight Xeledop that 

was elevated by a balloon.  Additional data were obtained for lo\^r 

heights (down to one inch). 

In addition to developing a reliable measurement system and ob- 

taining quantitative measurements of the effect of the forests on that 

system, it was also vital to relate these results to the performance 

of actual manpack radio systems.  A'i/PRC-25 radio sets were used to 

obtain propagation data on the same trails used for the manpack Xeledop 

measurements to provide a comparison between the two systems. 

. —~. .^ ^-^■^..^.j. ...,>..■ .-^ J-. 



II  DESCRIPTION OF i.IEASUREMENTS 

The basic technique used ,in all manpack Xeledop measuremep,i  is 

illustrated in Figure 2.  The receiving and recording equipment was 

housed in a van located far enough (at least 50 fjet) from the test 

area to make any influence of this structure o-i the measureme-.ts negli- 

gible.  This acsumption wacs validated by field tests.  The rt ceiving 

antenna, which was connected to the oc.»ipmcnt van by coaxial cable, -"is 

typically set up rear ihe bru idary of the clearing and the forest.  One 

man carrred the VHF Xeledop transmitter in manpack fashion on a surveyed 

trail iiito the forest. A second man walked several wavelengths ahead 

of the Xeledop and carried a small hand-held transceiver that was used 

to relay to the operator in the van the Xeledop transmitter's position 

as it was carried past each of the distance markers on the trail.  The 

Xeledop transmitted CW signals .simultaneously on the three frequencies 

(50, 75, and 100 MHz).  These signals were received on separate antennas, 

and amplitude records that are proportional to the received signal were 

made at the same time on a multichannel chart recorder.  Thus, the 

experimental results obtained consist of a set of calibrated paper 

chart recordings of received signal as a funcllon of distance, where the 

distance varies from zaro to at least 0.3 mile in most cases. 

Figure 3 shows the manpack Xeledop being used on a trail at Ban 

Mun Cuit. 

A.   Receiving Equipment 

Figure 4 is a diagram for a typical receiving and recording channel. 

It consists of an attenuator that can be varied in steps to cimpensate 

pa?e blark 

i.m** ^— ■- ■ 
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for large changes in received signal strength, a fixed at enuator, a 

receiver, and an analog chart recorder.  In the first mea^jrements in 

Thailand,lt,'18 balanced half-wave dipoles and a single-channel recorder 

were used in all mtasurements.  Later, multichannel recording equipment 

and several receiving antennas wore used.  The receiving equipment used 

at the two major test sites is listed below: 

Ban Mun Chit 

Antennas 

Unbalanced half-wave horizontal dipole 

Unbalanced vertical sleeve dipole 

Resonant balanced half-wave dipole 

"Vietnam" folded dipole* 

Line Attenuators 

Daven push-button step attenuators 

Receivers 

R-390 communication receivers with Parks Electronic Laboratory 
Model 50 Frequency Converters 

Recorders 

Offner Model 504A (8 channels) and 2 each Sanborn (2 channels) 
Total channels available:  12^ 

Calibrator 

SRI Signal Generator 

This antenna, made in South Vietnam from a 300-chm TV-type transmission 

line, employs a 300- to 50-ohm balun transformer between the antenna 

feed and a length of RG-58 coaxial cable (see also Ref. 19). 

f 
This large recording capacity was available from the airborne Xeledop 
antenna pattern measurement program (see Ref. 19). 

11 
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Chumphon 

Antennas 

Unbalanced half-wave horizontal dipole 

Unbalanced veicical sleeve dipole 

Regonant unbalanced half-wave dipole 

"Vietnam" folded dipole 

Line attenuators 

Hewlett-Packard Model 355U 

Receivers 

R-390 Communications receivers with Parks Electronics Labora- 

tory Model 50 Frequency Converters 

Recorder 

Sanborn Model 7714~A (4 channels) 

Calibxator 

SRI Sicnal Generator 

The equipment used for Ban Mun Chit and Chumphon is shown in the 

photographs of Figures 5 and 6. 

B.   oite Preparation and Preliminary Measurements 

The test procedure for each site was changed little during the 

course of the test program. At the beginning of the work a test trail 

was selected, surveyed, and prepared.  Trail preparation was rather 

easy in some cases, such as in open terrain or along existing trails 

in a forest.  All that was required in these cases was a survey to 

locate the trail zero reference points and radial range markers, and, 

in the case of the forest trails, some removal of overhanging branches. 

However, some trails had to be cut entirely through dense foliage, and 

this required a crew of laborers for several days.  The worst case was 

tne forest portion of Trail A at Chumphon; two weeks of preparation were 

required to p.^pare this half-mile trail before any data could be gathered 

12 
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The next phase entaixed measuring the Input impednce for each 

receiving antenna at its location of installation.  In the forest we 

attempted to locate each antenna in positions similar to the other 

antenna locations in terms of nearness to trees, branches, and so on. 

This was difficult to do especially when many antennas were measured 

simultaneously, as was done at Ban Mun Chit. The impedance for each 

antenna was measured for each frequency and polarization for which it 

was used.  In the case of resonant receiving antennas at Chumphon, the 

length of each antenna was adjusted until the reactive part of the Input 

impedance was less than 7.5 ohms. 

C.  Checks During Experimental Runs 

Actual test runs were conducted after the previous steps had been 

completed.  In the test phase the output power of each transmitter in 

tne Xeledop was measured at the antenna terminals and the receivers 

were calibrated at the beginning of the runs.  Experience has shown that 

the measuring system is relatively stable; the pover output of the Xele- 

dop transmitter decreases less than I dB for 8 hours of simultaneous, 

3-frequency, CW operation.  Calibration of the receiving systems always 

showed changes of less than 2 dB during one hour.  A test run was 

usually 15 minutes or less in length.  Since power measurements and 

receiver calibrations were conducted between succeeding runs, the un- 

certainty of receiver calibration was less than 0.5 dB. 

Most of these impedances are tabulated in Appendix B. 
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III TERRAIN DESCRIPTIONS 

A principal objective of the manpack Xeledop (MPX) program was to 

determine the effect of several tropical terrains on signals propagated 

in the lower part of the VHF band.  The value of this type of information 

is greatly enhanced by knowing the charactefistlcs of the terrain over 

which the data were gathered.  The detailed results of terrain studies 

made at the MPX sites by the Environmental Sciences Group of the Mili- 

tary Research and Development Center (MRDC) appear in several unpublished 

report drafts, >   ' and this information has been summarized in Refs. 

11 and 22.  In this section we will give a general description of the 

test terrains and summarize their characteristics to illustrate the 

differences. 

A.   Ban Mun Chit Test Site 

The BMC forest test site is generally described as a secondary, dry 

evergreen forest.  It is about 10  square kilometers In extent; however, 

as shown in the aerial view (Figure 7) and corresponding line drawing 

(Figuie 8), only a small portion of this was used for these tests.  The 

forest had been heavily logged in the past and this resulted in an open 

and uneven canopy; the lack of a dense canopy had allowed heavy under- 

grov.tli to predominate.  Figures 9 and 10 are photos of the foliage. 

Figure 9 is a view of the forest edge from across the test clearing. 

(Note the heavy bruth and the broken canopy.)  The forest was classified 

as having a three-story canopy, but this is not readily apparent in 

this photo.  Figure 10 is an interior view of the foliage alon^, one of 

the test trails; nere, again, the broken canopy and heavy undergrowth 

are apparent. 
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SUGAR   PLANTATION 

TB-8Ü63-32R 

FIGURE 8  REFERENCE MAP FOR BMC AERIAL PHOTOGRAPH 

Three lest trails were prepared at this site.  These trails, labeled 

55°, 70°, and 83^ (to correspond to their approximate bearings), are 

shown in the line drawing of Figure 8.  (Mote that the trails have a 

common zero reference or starting point about 50 feet from the forest 

boundary.)  The trails were planned i  this vay to cover a rather large 
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sector of forest to aid in interpretat on and understanding of the full- 

scale antenna pattern measurements19 conducted at this site. 

Figure 8 shows that a trail was also prepared through the adjoining 

clearing.  This trail, which also has its start at the common reference 

point, extends 0.2 mile away from the forest.  Figure 9 shows the clear- 

ing.  The cleared area had Just recently been completely logged to pro- 

vide space for planting tapioca and sugar cane. Thus the area was 

littered with stumps, branches, and other debris from this process.  At 

the time ci measurements, the tapioca crop was quite tall (Figure 9) 

and considerable work was required to prepare the "cleariig" portion of 

the test trails. 

Approximately 5 days were required to prepare the forest trails for 

measurements.  The 70" trail required the least effort because an exist- 

ing rof.d was available along this azimuth.  The other trails required 

extensive cutting and clearing prior to use.  The trails were surveyed 

to determine the radial distances from Reference Point Zero.  The rela- 

tive elevation of the trails was also measured and the test site was 

found to be situated on the gently sloping hill that has its summit 

near Refere ice Point Zero.  For example, the change in elevation refer- 

enced to Point Zero was a drop of 45 feet at the end of the 70' forest 

trail (at 0.3C mile radial distance from Reference Point Zero) and 40 

feet at the end of the open trail (0.2 mile from Reference Point Zero). 

The receiving antennas were located in both forest and clearing 

for these measurements.  Figure 11 sho-s these locations, Figure 12 is 

a view of a resonant balanced vertical dipole in the forest, and Figure 

13 shows an unbalanced horizontal dipole antenna in the clearing. 

The soil at this test site was predominantly sandy or sandy-ailty 

in composition.  When dry, the soil was very hard.  Selected foliage 

and soil characteristics arc given in Table 1 at the end of this section. 
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B.  Chumphon Test Site 

Th«. terrain at the Chumphon* test site is generally classified as 

a fresh-water-swamp forest. The test area is on a low plain or basin 

that gathers and holds water flowing from nearby hills and other higher 

areas; the trees at this site are species that thrive on water. 

The foliage Is very uniform in height and size.  Its canopy Is three 

storied, but here the upper story is almost horizontally continuous, 

between 25 and 36 meters high.  The middle story is 15 to 24 meters high. 

The lower story, which contains about 60 percent of the trees, is between 

7 and 14 meters high.  The lowest trees are heavily suppressed by the 

continuous canopy ibove them, yet there is considerable undergrowth pres- 

ent. 

The uniergrowth is quite uniform and consists of two layers.  The 

upper layer is composed of tree seedlings and shrubs growing to 4 meters; 

the lower layer, only 0.3 meter high, produces mostly herbs.  The under- 

growth i* relatively easy to penetrate and to remove by cutting. 

Figures 14 and 15 are, respectively, an aerial pnotograph and ref- 

erence map of the site; Figures 16 and 17 are photos of the Chumphon 

site foliage. 

Figure 18 is another view of Trail A, which was cut through the 

densest area of the forest. Undergrowth along Trail A had been removed 

between Radial Points 15 and 26 (Figure 15).  Later, after several test 

runs had bem completed, an additional strip of undergrowth (60 noters 

wide, centered on the trail) was removed from Radial Toint 26 to test 

Chumphon Is the name of the province and largest town near the test 

site.  The site itself is 30 km southwest of the town of Chumphon in 
the Wisai Nua Forest. 
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for the effect of undergrowth on the received signals.  The i-:ults of 

this tost have already been reported.17* 

A second test trail (Trail B) was also cut through the forest 

(Figure 15).  This trail was selected to measure the effect of inter- 

vening clearing and fore«t boundaries between the transmitting and re- 

ceiving equipment.  Trail B had its Reference Point Zero about 5U feet 

into the clearing, then entered the rorest, passed through two smill 

clearings, and reached a large clearing (about 260 feet in diameter) 

containing a single, tall palm tree (see Figures 14 a..J 15).  The trail 

continued through the forest and finally emerged on the far siue of 

the forest. 

Figure 15 shows that several receiving antenna locations (denoted 

by the letters A through E) were used.  Most of the locations were 

either 5C feet inside the forest (locations C and E) or the same dis- 

tance into the clearing (locations D and B).  One receiving antenna 

location (A) was at Reference Point Zero for Trail A, and another (D) 

was at Reference Point Zero for Trail B.  The radial points shown in 

Figure 15 indicate the radial distance from the trail Reference Poi;t 

Zero.  Although the trails curved slightly (see Figure 17), they were 

generally straight, and the radial points represent a reasonable approx- 

imation to the actual distance along the trail. 

C.   Summary of Terrain Character-sties 

Table 1 is a summary of the terrain character sties for which 

measurements were conducted.  The terrains measured and described in 

Ref. 16 are also included for comparison.  These are open delta near 

Bangkok and foliaged iieach near Laem Chabang. 

The undergrowth did not have any significant effect on the propagati 
at VHF. 

Oil 
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SUMMARY OF TERU,   „..ARACTEKlSTTrs 

^^-~^^^^     Site 

DfHcrlptlon ^^"^««^^ 

Ban Mun Chit 

(see Ref, 20) 

C'umphon 

(see Ref. 21) 

Bangkok 

(see Ref. 16) 

Laem Chabang 

(see Ref. 16) 

Terrain calCKory 

Tree statistics 

Dry evergreen 

forest 
Fresh-waler- 

swamp forest 

Open delta Coastal brush 

Median height (in) 6 12 — — 

Median dlttmeter 6.4 13 _„ __ 
ul 4 ft (cm) 

Canopy height (m) 

Upper 25-34 25-36 — No canopy; the 

Middle 

Lower 

15-24 

6-14 

15-24 

7-14 

— 
tallest scatter- 

eu trees were no 

more than 10 m 

Undergrowth 

Median height (m) 6 4 — 3.5 

Relative permittivity 1.06 1.04 ~ 1.11 

Conductiviiy (mho m) 1.2 X 10"5 6 X 10"5 — 4 x lO-8 

Soil type Sandy, silty loam Silly clay, gravel Luterlc clay Well-graded sand 

Relative permittivity 12 30 17 3 
t 

Conductivity (mho/m) 0.016 0.086 
  

0.18 0.0005 

As defined here, trees have diameters measured at 4 ft (br.'ast height) a 5 cm. 

Median values were obtained from the varit is measurements made with a Iransmission line probe 
at 50 MHz (Ref. 22). 
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IV  DATA PROCESSING 

The test data wore recorded In analog form on paper strip chart 

recorders (see Figure 19 and Ref. 17). As the transmitter (Xeledop 

or AN/PRC-25) was carried along the surveyed trail, the receiving site 

operator monitored the analog record and noted on the strip record when 

the Xeledop passed each trail radial point as he received this location 

information over the auxiliary radio. Thus the received signal level 

(in dB relative t'J a reference voltage a. the input to the receiver) 

was recorded as a function of distance down the trail (as indicated by 

the radial points) for a particular combination of terrpin, frequency, 

Xeledop polarization, and receiving antenna type, polarization, height 

(usually 10 ft) and location. 

The first step in reducing the data to more useful form was analog- 

to-digital conversion.  This was accomplished with a Benson-Lehncr Large 

Area Record Readrr (LARR-V).  This device was used to digitize the 

analog record and store the result on magnetic tape.  The LARR-V opera- 

tor traced he received signal record with a calibrated, moveable arm 

and the machine automatically recorded on digital magnetic tape the 

value of the received signal a* predetermined distance intervals along 

the strip chart records. 

Once the analog records were digitized and storeo on magnetic tape, 

the data were processed to find the median for specific intervals of 

Figure 19 is an example analog record obtained to illustrat',' gross 

propagation features. 17 The actual records usec' in data reduction were 

obtained with expanded amplitude and distance scales. 
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distance.  These computations were based on data (read with the LARR-V 

within ± 0,005 mile of each distance radial point.  Each value presented 

in the results for a given nominal distance was computed from wo  fewer 

than 25 digitized amplitude readings.  Each median value computed was 

assigned the distance of the center of the range interval read.  Curves 

of the median received signal level as a function of trail radial point 

numbers (analogous to distance) were generated using an autoplotter. 

But these radial points were neither at constant trail distance in- 

tervals nor were they u1ways in sequence for the lull length of a given 

record, especially when the path included a clearing-forest in+er^ace, 

A number of additional steps were required to present the data as curves 

of the median equivalent half-wave Jipole system loss, L , as a func- 
s 

tion of distance between the receiving antenna and tne Xeledop. First, 

the distance scale VP.S corrected tc correspond to the true radial range 

from the receiving antenna to the Xelvdop. This was accomplished using 

a map giving the locations of the trail radial points relative to the 

receiving antennas. It was also necessary to perform normalizations on 

the ordinate scale of the received signal data to convert the scale to 

system loss.  These were normalized as described in Appendix A. 

The data curves presented in this report are median values of sys- 

tem loss in dB.  The average of the dB values also was computed.*  It 

was observed <hat the mean of the system loss values in dB for a given 

case was rarely more than 3 dB different from the median for Mie bame 

case.  Typically for median loss was f-naller than the ,nean loss compuced 

in this manner.  The second moment about the mean of the dB values also 

was computed, and it typically was less than 5 dB ± 3 dB. 

This is not the best approach to estimating the true mean loss.  It is 

correct to convert the dB values to a loss factor, average, and convert 

back to dB. 
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V  RESULTS 

A,   System Loss as a Function of Distance 

Figures 20 through 26 are comparisons of the equivalent half-wave 

dipole system 1O3S measured under different conditions as Indicated by 

the figure titles. Abbreviations are used to indicate polarization and 

location:  H is horizontal, V is vertical, F is forest, and C is clear- 

ing.  The first letter always refers to the transmitter.  For example, 

when V-V and F-C appear on a plot, it means that the Xeledop transmitter 

is vertically polarized in the forest while the signal is being received 

on a vertical antenna in the clearing. 

Figure 20 shows polarization comparison for clorlng-forest com- 

binations measured on Trail A at Chumphon.  The system loss is rather 

comparable for vertical and horizontal in the clearing for all three 

measurements frequencies.  The most prominent feature of these plots is, 

the relative increase in system loss for vertical polarization as the 

MPX is carried past the clearing-forest interface into the forest. 

F.'.gure 21 shows data from Trail A at Chumphon where brch antennas 

were in the forest. Again the greater system loss for vertical polari- 

zation in the forest is quite evident. 

Figure 22 shows data for Trail Bat Chumphon.  This path consisted 

of a combination of mixed clearings and intervening forest (see map of 

Figure 15, Chumphon site map).  The zero reference point is RP2.  Here 

To convert these curves to basic transmission loss add 4.3 dB to the 
ordlnate (see Appendix A). 
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again the horizontal polarized dipoles exhibit the lower system loss, 

but the effect is less pronounced than that observed on the all-forest 

part of Trail A. A slight tendency for less loss in the clearings can 

be noted in a few cases. 

Figure 23 shows data taken in the "clearing" ,U BMC. As noted in 

Chapter III the clearing was not really cleared. The system losses ob- 

served here were not monotonically decreasing with increasing distance, 

and they were larger than one would expect for a non-vegetated path. 

Figure 24 shows the forest data obtained at BMC on the 85° Trail. 

The data for horizontal polarization represent a smoothed curve drawn 

through the data obtained on three different horizontal dipoles.  The 

median data on each individual dipole exhibited variations of ±10 dB 

about the curves shown.  Data on horizontal polarization on the 55° 

Trail and 79u Trail exhibited much more variation than the data for the 

85° Trai? shown in Figure 24. 

Little reliable data on vertical polarization were obtained in the 

forest at BMC.  The curve for 100 MHz obtained on the 85° Trail is shown 

in Figure 24.  The other data exhibited very large variations and are 

not shown for comparison with the data for horizontal prlarization.  The 

other data for vertical polarization at BMC are not given in this report 

because of uncertainty in the calibration. 

Considerable data on cross polarization (V-H, H-V) were obtained 

at both BMC and Chumphon. At BMC the cross-polarized data in the forest 

were quite comparable to the matching polarization data, whereas at 

Chumphon the cross-polarization data showed more loss than H-H but less 

than V-V.  The data for H-V generally exhibited somewhat less system 

loss than the data for V-H. 
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It is possible to makj a comparison of data obtained at BMC with 

data obtained at Chumphon.  Since the BM«. clearing was not really a 

clearing, data taken there will not be compared with data taken In the 

Chumphon clearing.  In the forei% 1 he data obtained on horizontal 

-polarization was very similar at BMC and Chumphon for all three fre- 

quencies.  For vertical polarization, the taller, more vertically struc- 

tured forest at Chumphon produced the greater system loss at 100 MHz 

(see Figure 25). 

Forest-to-forest piopagatlon was modeled using the air-forest- 

ground slab model of Dence and Tamir,23 and the results are shown in 

comparison with measured data in Figure 26.* Measured forest and ground 

constants and characteristics were used (see Table 1).  Tue forest 

heights used in the model were 20 m and 25 m for BMC and Chumphon respec- 

tively.  As can be seen in Figure 26, the model predicts a larger system 

loss for horizontal polarization than for vertical polarization, whereas 

just the opposite was observed.  This is due primarily to the fact that 

the forest is anisotropic, having a larger effective conductivity for 

vertical polarization than for horizontal pola-ization.  It would be 

possible to adjust the uodel parameters to obtain a better fit to the 

measured data than shown here.  However, this was not done because it was 

desired to see how well the model would work with ac<i' 1 measured input 

data.  It is concluded that the model predicts too much loss for hori- 

zontal polarization and not enough loss for vertical polarization.  The 

closest fit with measured data was obtained at Chumphon for vertical 

polarization at 75 MHz.  K can be concluded, however, that the model 

can easily be in error by as much as 30 dB at 0.3 Km. 

The wave interference loss due to reflections in the forest (L.) was 

not included for these calculations because large changes in radio 

system loss due to this term alone can occur for small changes in 

geometry, and such variations were not observed in the field when 

half-wave d poles were used. 
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B.       Height-Gain Tests  at Chumphon Using   the Manpack  Xeledop 

The  height-gain  function  was measured at Chumphon by  eleva   ing   the 

MPX with a  rope and  ^ulley arrangement.     The  receiving antennas  (un- 

balanced  \/2  dipoles)   were  set  up  at   10  feet  above  ground  at  Point  C 

on Trail  A   (.just   inside  the  forest--see Figure  15).       he  horizontally 

polarized  antennas  were  aligned  broadside  to Trail A.     The Xeledop was 
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elevated from 5 feet to 55 feet at 0.19 mile down Trail A (in forest) 

and from 5 feet to 60 feet at 0.26 mile down Trail B (in clearing).  An 

Isolated palm tree about 105 feet tall and with branches only at the top 

was used to support the Xeledop in the clearing (see Figures 14 and 15), 

The Xeledop was positioned 3 feet away from the branchless palm tree 

trunk and was raised and lowered witL 'he rope r.id pulley. 

The actual observed signal levels (in dBm) with the receiving 

antennas at 10 feet are summarized in Table 2. Mismatch losses were 

negligible, and the data have been corrected for i-mnsmission line losses. 

The measured feea po nt Impedances were resistive:  66 ohms at 50 MHz 

for both polarizatio s, 70 ohms ± 3 ohms for both polarizations at 100 

MHz and at 75 MHz for horizontal polarization, and 89 ciuU  at 75 MHz 

for vertical polarization.  The results of these tests, normalized to 

the value observed when both transmitting and receiving antennas were 

at 10 feet, are summarized in Figures 27 and 28. 

The height-gain functions measured in the forest and in the small 

clearing are quite similar, especially for horizontal polarization. 

Notice also that the height-gain functions observed with horizontal 

polarization were somewhat more regular than those observed with verti- 

cal polarization. 

Also shown for comparison in Figures 27 and 28 are computations of 

height-gain based on the forest half-space model cf Tamir.84 A forest 

height of 75 feet was assumed,'1' and the ele'trical properties of the 

forest were those obtained with open-wire transmission lines at the 

site.  The agreement is good for 50 and 75 MHz (oL <• 0.51 and 0.64 dB/m, 

respectively) but poor for 100 MHz (aL = 2.21 dB/m).  Recall that the 

Only 20 percent of the trees at the site exceed this height according 
to Ref. 22, p. 106. 
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Table 2 

RECEIVED SIGNAL POWER WITH ANTENNAS 

AT A HElGtfr OF 10 FEET* 

Polari- 
50 MHz 75 MHz 100 MHz 

Trail A Trail  B Trail A Trail  B Trail A Trail  B 
zation 

(dBm) (dBm) (dBm) (dBm) (dBm) (dBm) 

H-H -  62.0 -   77.0 -  38.0 -  71.'5 -  21.5 -  62.5 

V-V -104.S1, •101.5 -103.0 -  93.5 -  92.0 -  90.0 

H-H > V-V* 47  ±  3 25  ±  3 67  ±  3 20 ±  3 66  ±  3 29  ±  6 

These values were corrected for cable loss: 4 dB at 50 MHz, 5 dB 

at 75 MHz, and 6 rifl at 100 MHz. 

This value was observej with the MPX at 35 feet.  No signals were 

observed at lower MP\ heights. 

This row gives the median difference (in dB) of H-H > V-V observed 

at all heights.  The bounds at 50 MHz include the entire sample, 

whereas at 75 MHz they are decile bounds and at 100 MHz they are 

only quartile bounds—indicating the increase in spread of the 

observations with increasing frequency. 

vlues for forest conductivity measured with the open-wire line (OWL) 

at 100 MHz are suspected of being too high because the OWL was not 

functioning properly.11  A value of av ^ 1 dB/m seems more reasonable 

based on a linear variation of a,   for values obtained at lower frequen- 

cies.11  This estimate gives a better fit to the height-gain data at 

100 MHz for vertical polarization, but this value of at.   still predicts 

too much height gain for horizontal polarization.  Notice also that the 

model (which, as employed, neglects the effect of the ground) tends to 

become Inapplicable for antenna heights below about 10 feet, predicting 

less height-gain than observed.  For a discussion of system loss caused 

by low antennas, see Ref. 23 nid the following paragraph. 
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FIGURE 27      HEIGHT-GAIN EFFECTS OBSERVED AT CHUMPHON WITH MPX (Horizontal 
Polarization) 
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Height-gain data were also obtained on 50, 75, and 100 MHz with 

the standard Xeledop receiving antennas (horizontal polarization) lo- 

cated near Radial Point 16 (about 40 f^ot inside the forest) on Trail A 

at Chumph-m (see Figure 15).  The manpack Xeledop was suspended in its 

horizontal configuration at about 5 feet above ground near Radial Point 

20 on Trail A (about 0.4 mile further into the forest than the receiving 

antennas), and the received signal was measured as a function of a tenna 

height for heights from 10 feet down to 1 inch.  The results of these 

tests are shown in Figure 29.  The data have not been corrected for 

mismatch loss, but the mismatch loss was less than 1 dB in each case 

except 100 MHz at 2 feet (1.6 dB) and 50 and 100 MHz at 1 inch (2.5 dB). 

The 50 and 75 MHz data repeated to within ± 1 dB, but the 100 MHz data 

were less repeatable.  Next, the Xeledop was carried down the trail 

near Radial Point 20 and beyond, and the height gain again was deter- 

mined by comparing a smoothed version of the received values at. each 

height to the value at 10 feet.  The values at 50 MHz exhibited excellent 

repeatability and agre-d well with the data obtained with the Xeledop 

fixed.  At 75 MHz there was more scatter, and at 100 MHz the scatter 

was even greater.  Data on 7 additional runs were obtained at 100 MHz 

and the values fell within the shaded area of Figure 29. 

C   Balloon-Borne Xeledop Studies at Chumphon 

The benefits of elevating VHF antennas to increase received signal 

strength in forests were probably first documented by Herbstreit and 

Crichlow1 during World War II,  More recently, there has been interest 

in the use of balloons for elevating VHF antennas.  As a result, it 

was decided to construct a lightweight version of the VHF Xeledop for 

use in propagation studies with balloons.  A balloon-borne Xeledop (BBX) 

weighing less than the MPX was made and was designed to transmit a con- 

stant output power until the batteries were pvhausted, at which time 
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the output power would swiftly decay to zero (see Figure 30).  The BBX 

was used with a tethered Kytoon (an aerodynamically shaped balloon, see 

Figure 31)  at the Chumphon site to measure received signal strength as 

a function of height up to about 200 feet, both with and without forest 

in the intervening path.  The BBX typically transmitted for about 25 

minutes on 50, 75.1, and 100 MHz.  The efficiency of this unit was 

checked against that of the MPX (see Appendix A), and it was estimated 

that the maximum effective radiated power was +9.5 dBm at 50 MHz, +23,6 

dBm at 75 MHz, and +25 dBm at 100 MHz. 

For the test in the clearing (July 1967), the MPX receiving terminal 

was set up at Point A on Trail A and the BBX was lofted from a point 0.14 

mile away (about 0.1 mile from the forest-clearing interface-see Figure 

15).  This test was made for vertical polarization, and the results are 

shown as the solid line in Figures 32, 33, and 34.  The received signal 

level Increased essentially monotonically until the BBX reached a height 

of about 125 feet, after which no increase was observed on up to the 

maximum height of about 200 feet. 

Forest-tc-forest tests were performed at Chumphon during August 

1967. It was not possible to send up the balloon from the forest be- 

cause of the canopy; consequently, the BBX was sent up from the small 

clearing on Trail B containing the palm tree. The receiving antennas 

were located at Point C on Trail A (about 50 feet inside the forest), 

and the ho-izontal dipoles were oriented orthogonal to Trail A at about 

10 feet above ground. The separation between the transmitter and the 

receiver was about 0.26 mile for low balloon heights. The results of 

several flights on two different days are shown in Figures 32 through 34. 

In practice it was necessary to use two Kytoons in tandem to elevate 

the BBX to 200 feet, and when the Kytoons were not even this did not 
sufficf. 
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FIGURE 32      50-MHz BALLOON-BORNE XELEDOP OBSERVATIONS AT CHUMPHON 

It was  possible  to Increase  the received  signal  level  by about  20 dB 

or more  regardless of  frequency or polarization by elevating the BOX from 

5 feet  to 150  to 200  feet. 

At  a given height  the scatter of  the data points  typically  is  10 

to  15 dB.     Also,   the  height  scale  is  only approximate   (5-foot  taped 
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Intervals on the tether rope were used); the height scale probably is 

more accurate for the lower heights. A correction was applied for de- 

partures from the vertical.  Notice that the received signal typically 

was greater with horizontal polarization.  The data points for horizontal 

polarization were obtained when tne BBX elements were broadside to the 

propagation path.  The tether rope held the BBX at a fixed height, and 

it was twisted until the elements rotated through the position yielding 

thr maximum signal several times before the BBA was elevated to the next 

height.  During data reduction for horizontal polarization only the 

maximum values at a given height were scaled (as plotted in Figures 32 

through 34),  Even though the maximum signal on horizontal polarization 

was greater than that on vertical polarization, the minimum signal on 

horizontal was often less than the minimum on vertical.  The vertically 

polarized configuration probably is superior irom an operational stand- 

point (e.g., when elevating a relay) because the fading Induced by 

motion of the Kytoon is significantly less, and ^roble.ns of establishing 

and maintaining proper antenna orientation are minimized. 

D.  Antenna Orientation Studies at Chumphon 

Some limited tests on the effects of dipole antenna orientation on 

received signal leveis were made on Trail A Rt Chumphon during November 

1967.  The receiving antennas were set up at 10 feet above ground at 

Point C, and the I'TX was set up ut manpack height at four locations 

along Trail A (see Figures 15 and 35):  Locations 1 and 2 near Radial 

Point 23 (transmitter-receiver separation of about 0.07 mile) and Loca- 

tions 3 and 4 near Reference Point 29 (transmitter-receiver separation 

of about 0.2 mile).  Two basic types of tests were performed at these 

four locations. 

The first type of test consisted of orienting both the MPX and the 

receiving antenna horizontally ard parallel to one another at right 
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angles to thu path between them (H-H, parallel).  A received signal 

level was noted for each frequency, and the change in level f^r each 

frequency was recorded as the horizontally polarized Xeledop was rotated 

through the angl') 6 (see sketch in Figure 35) in 30-degree increments 

In a plane orthogonal to the path from its original horizontal orienta- 

tion to its fina1 vertical orientation.  The results are shown on the 

left side of Figure 35. 

The second type of test consisted of starting with the MPX hori- 

zontal and along the path and with the receiving dipole horizontal and 

perpe  icular to the path (H-H perpendicular).  The reference (0 dB) 

emplv id  for this test was the same as the one employed in the previous 

test (i.e., H-H, parallel).  The Xeledop was then rotated through the 

angle 0 (see sketch in Figure 35) in 30-degree increments up to ver- 

tical in the plane containing the pat'...  Thus the orientation at the 

end of the second test was the same as that at the end of the first 

test (V-H).  The results are shown on the right side of Figure 35.  For 

this test the data points are even more scattered.  The repeat^Dility of 

the 90-degree (V-H) data is reasonable. 

Data on the other possible set of antenna variations, from H-H 

parallel to H-H end on, were not obtained during this test.  Qualitative 

experiments performed by Hagn in 1964 in the forest north of Rayong 

using half-wave dipoles at 50 MHz, indicated the superiority of H-H 

parallel over H-H end on, but tests by Van der Laan at Chumphon in 1967 

indicated that the end-on configuraiion was superior.  In practice, one 

should orient the antennas for maximum received signal on the path of 

interest. 

These data are presented as examples only, and indeed they are 

possibly unique with respect to data of this type obtained under SEA- 

CORE.  Nevertheless, even though the sample size is very small, they 
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give some clue as to the possible signal level variations that might 

be observed in a forest environment due to changes in antenna orienta- 

tion.  It might be noted in passing that theoretical calculations at 

VHF for polarization combinations other than H-H and V-V are at best 

most difficult to make with confidence. 
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VI     COMPARISON OF THE AN/PRC-25 AND THE MANPACK  XELEDOP  SYSTEWS 

A.        Introduction 

1.       Objective 

The objectives of the work presented in this section were (I) 

to relate the gain of the AN/PRC-25 system using 3- and 10-foot whip 

antennas to that of the manpack Xeledop (MPX) system using vertical 

half-wave dipole receiving antennas at the Laem Chabang (open beach) 

site; (2) to use MPX data obtained at the Chumphon site, along with 

the system scaling factor determined at Laem Chabang, to predict the 

received signal strength of the AN/PRC-25 system as a function of range 

at Chumphon; (3) to check the prediction by actual measurements at the 

Chumphon site; and (4) to observe on 50 and 75 MHz the difference In 

performance obtained at Chumphon with the 3-foot whip and the 10-foot 

whip antennas. 

2.   Background 

We have emphasized the many advantages of the MPX for use in 

conducting several types of propagation experiments.  One of these is 

the analogy between the Xeledop and VHF manpack radios used for field 

communication.  We assumed that data obtained with the Xeledop system 

could be used to estimate the received signal level to be expected from 

a manpack radio system* operating at the same frequency and in similar 

"System" can refer here either to the same type of radio at both ends 

of the link or to the Xeledop and its receiving equipment. 
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terrain.  And, given some way of relating received signal levels to 

intelligibility, we could estimate the usable range of the manpack 

radio sets for various types of terrain. 

It is preferable to obtain information on terrain effects 

using the Xeledop rather than to make the measurements directly using a 

given radio set for the following reasons:* 

(1) Manpack radio se^s ar. not we.l suited for direct measure- 

ments; they usually require somt modification to record 
signal strength. 

(2) Manpsck sets usually are designed to operate with very 

low duty cycles and the power supply is not sufficient 

to allow continuous measurements. 

(3) There a e many types of manpack sets, and each would 

have to be investigated in the terrain of interest.  It 

is costly to do field testing, and the cost Increases 

rapidly with additional systems to be tested. 

(4) Xeledop data have already been obtaiued for a variety 

of terrains.  Only a determination o£  the difference 
between the MPX system and a selected manpack radio 

system is necessary to make an estimate. 

Therefore, we conducted an experiment to determine the feasi- 

bility of a comparison approach. The experiment consisted of obtaining 

the difference between received signal performances of the Xeledop sys- 

tem and an AN/PRC-25 system* over smooth, open terrain.  This difference 

t actually is preferable to use the Xeledop to check a propagation 

T,iodel such as the one given in Ref. 23, and then to use tlie model to 

predict the performance of systems of interest.  The work descrihwd 

in this section should be considered as an intermediate step in such 
a process. 

Figure 31 in Ref. 25 illustrates the effects of the decrease in output 

power of the AN/PRC-25 when used to transmit continuously with its 

standard batteries for this type of measurement. 

With receivers modifieu for recording AGC; see Ref. 17. 
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Is applied to the Xelodop results obtained over other terrains—both 

forested and open—of widely different characteristics to estimate the 

performance of the AN/PRC-25 In these terrains.  Data from the AN/PRC-25 

were also taken In these terrains to provide a check on the estimates. 

B.   Description of the Experiment 

The first portion of the experiment consisted of obtaining received 

signal records over the same open terrain trail used to obtain Xeledop 

data.  Data frrm fhe two systems were scaled and compared to determine 

the performance difference between the two systems In terms of the 

median value of the received signal In dB above 1 [xV  at the receiver 

calibration points.  Next, the performance factor was applied to data 

obtained with the MPX over a trail In different terrain.  This provided 

an estimate or prediction of the received signal of the AN/PRC-25 system 

as a function of distance down a trail In that terrain.  We then took 

data using the AN/PRC-25 system In the different terrain to test our 

estimate.  For this experiment, the original system comparisons weie 

conducted at Laem Chabang, and the predictions and verifications were 

made at Chumphon. 

The Xeledop system has been previously described.  The AN/PRC-25 

system consists of two AN/PRC-25 transceivers, one used for transmitting 

and the other for receiving (see Figure 36). 

As shown In Figure 37, the AN/PRC-25 receiver has a wire labeled 

"AGC," which goes to the recorder.  This wire is from the emitter of the 

fourth IF limiter stage and provides a measurable voltage that can be 

For the Xeltdop system the calibration point was the antenna feed 

point; for the AN/PRC-25 system it was the external (homing) antenna 
jack. 
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FIGURE  36      AN/PRC 25 SETS USED  IN  PERFORMANCE  TESTS AT CHUMPHON 
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related to the Input signal at the homing antenna port by calibration 

with a signal generator.  The recorded output was taken at this point 

to obtain data over the same range as the Xeledop.  The first limiter 

would have been saturated at close ranges (0 to 0.2 mile), v.here 

Xeledop data are available for all frequencies and terrains measured to 

date.  Choosing the fifth limlter would have provided AN/PRC-25 data at 

distances beyond the Xeledop range. 

The calibration of the receivers for both systems was accomplished 

using the SRI VHF signal generator (crystal controlled).  This unit 

provides a reference voltage of 0.i24 volt w^cn loaded with 50 ohms and 

has a 50-ohm attenuator in the output line.  The receiving system used 

with the Xeledop is padded to present <i  50~ohm input; thus, Xeledop cal- 

ibration in dB is referenced to 1 mW {i.e.,   0 dB = 0 .IBir).  All that is 

needed to change the reference to 1 ^V is to acM 107 dB to the measured 

data in dBm.  We also cori'ected for cable loss but disregarded antenna 

mismatch losses (bocaase we were comparing systems, not antennas) to 

present the data In tönas of voltage appearing at the terminals of the 

antenna when it Is loaded with 50 ohms. 

The AN/PRC-25 receiving system was calibrated through the receiver's 

external antenna input, and therefore the received signal was measured 

with respect to this point.  The input impedance at this Jack is nominally 

50 ohms, but actual measurements show a wide variation in impedance at 

this input.  Table 3 shows the average Impedance measured for each set 

at Chumphon, along with the power into a 50~ohm load connected to the 

external (homing) antenna terminal.  The Impedance measurements were 

made with all antennas removed and with the set located 5 feet above 

ground with the receiver turned on. 

The problem caused by the receiver impedance not being exactly 

50 ohms is that the reference output of the 50-ohm signal generator is 
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something other than the desired value, owing to the mismatch.  There- 

fore, we first corrected the measured AN/PRC-25 data by multiplying the 

assumed generator reference (0.224 volt) by 1 - |r|* to obWn the 

actual reference level.  This coi-ected reference was thfen roferrect to 

1 ^V to make the desired comparison«.  The corrections were made indi- 

vidually for each receiver at each frcquoncy.. 

Table 3 

MEASURED IMPEDANCE AND POWER 

OUTPUT OF AN/PRC-25 

Impedance Power* 
Set No. Serial No. (ohms) (watts) 

50 MHz 75 MHz 50 MHz 75 MHz 

1 1552 12 - J2 65 - J17 1.8 1.7 

2 1414 16 - Jo 49 - J23 2.2 1.6 

3 1537 37 - J22 69 - j20 2.2 1.9 

The rated output of the AN/PRC-25 Is 2 W on the low band 

(30,00 to 52.95 MHz) and 1.5 W on the high band (53.00 

to 75.95 MHz).  Other measurements of the output power of 

the AN/PRC-25 made on this contract have indicated a var- 

iation relative to the rated values of ± 2 dB at 50 MHz 
and ± 3 dB at 75 MHz. 

The AN/PRC-25 system was further modified by using an external, 

relatively lightweight lead-acid storage battery for the basic power 

|r| Is the magnitude of the reflection coefficient; 

r  = 50 
50 
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supply.   This modification was made to achieve a constant transmitter 

output during the transmissions. 

The experiment was conducted using two frequencies (50 and 75.1 

MHz) and only V-V polarization.  Standard 3-foot (AT-892/PRC-25) and 

10-foot (AT-271/PRC) whip antennas supplied with the AN/PRC-25 were 

used. 

C.   Results 

It was previously stated that the tests o determine the average 

difference in system performance were run at the Laem Chabang open 

beach test site.  We first conducted runs using the Xeledop system and 

then runs using the AN/PRC-25 system.  These runs were all conducted 

during the same one- or two-day period to minimize the effects of 

ground parameter changes. 

Figure 38 is an example of the scaled open beach results.  It is 

for the 75-MHz long whip.   Two curves are shown in this figure:  Xele- 

dop and AN/PRC-25.  We had three AN/PRC-25 sets available and, to in- 

clude effects of equipment variation, we conducted runs using each set 

in both transmit and receive modes with the other sets—a total of six 

combinations.  The median of these six runs with the 75-MHz LW is plot- 

ted in Figure 38 to use for ehe determination of the system difference. 

Tht variations about this median were usually less then ± 4 dB. 

These were Kobe (fapanese) 12-volt motorcycle cells. 

t 
Trail A of this site was used.  This trail in described in detail in 
Ret. 16. 

Only vertical polarization was used for these tests. 
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The performance difference for the two systems was obtained by 

comparing the results at each scaled range.  The mean of these differ- 

ences (at the ranges where data from both systems were available) was 

defined as the average system performance difference used to make the 

predictions.* 

Differences were obtained In a like manner for 75 MHz, using the 

short whip and for 50 MHz using both long and short whips.  Table 4 Is 

the result of the difference comparison.  The spread of these results 

Is ± 4 dB when applied to the particular radio sets used in the tests, 

but would probably be greater if applied to a random selection of 

AN/PRC-25 radio sets with the same power source used in these measure- 

ments. 

Table 4 

SYSTEM COMPARISON IN DECIBELS 

(Xeledop System Taken as Reference) 

I  1 

Frequency 
(MHz) 

AN/PRC-25,   Long Whip 
UB) 

AN/I-^C-25,   Short Whip 
(dB) 

i<0.0 

75.1 

+14.6 

+ 7.0 

0.0 

-3.5 

These differences (in dB) at each range were averaged.  This procedure 

Is nc strictly the correct one for comparing average power (one should 

take the antllog, then average and convert back to dB). An alternate 

approaL would have been to compute the difference in median receivöd 

signals to obtain the performance difference.  More work is required 

to determine the best approach for such small sample sizes for propa- 

gation data of this type. 
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The predicted and measured AN/PRC-25 system results are presented 

in Figures 39 to 42.  The performance difference factors given in Table 

4 are added to the median Xeledop results for Chumphon (scaled in terms 

of recerving antenna terminal voltage) to gi/e the predicted curves, 

"he measured AN/PRC-25 curves are the median values of the total of six 

combination sets used for runs at Chumphon. One addition to all the 

curves of these figures ha»; been made—the addition of the standard 

deviation about the scaled median values* to show the effect of the 

scattered Signa] on the predictions.  The addition does .lot reflect 

set variation, which may still be assumed to bo less than t 4 dB. 

The results given in Figures 39 through 42 were collected at two 

receiving site locations at Chumphon.  The clearing receiving location 

is at Reference Point Zero of Trail A.  From this receiving site the 

Xeledop and AN/PRC-25 transmitters were carried throu~h the open and 

into the forested terrain, thus providing clearing-to-clearing and 

forest-to-clearing transmissions.  The forest receiving location was 

Reference Point 16 of Trail A (see Figure 15 for a map of the Chumphon 

sito); it provided us with forest-to-forest transmissions. 

Each of the four figures the upper set of curves is for receivers 

located in the clearing (Reference Point Zero): the lower set is for 

receivers in the forest (Reference Point 16). The distance shown on 

each set of curves is that from the receiving antenna. 

D.   Discussion of Results 

1.   Comparison of Predicted and Measured Results 

The results of this experiment, presented in terms of received 

signal strength as a functioi of distance (Figures 39 to 42), show that 

Here the second moment about the median was computed for the received 
signal values in dB. 
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the predictions generally were too conservative and often were In error 

by more than the ± 4 dB, which is att .-ibutable tj AN/PRC-2Ö set variation. 

Consider first the data obtained using the short whips with 

the receiver located in the clearing (0.15 mile from the edge of the 

forest).  The prediction technique worked well at 50 MHz and reasonably 

well at 75 MHz, indicating that the MPX and AN/PRC-25 functioned simi- 

larly at Laem Chabang and Chumphon.  But for all other combinations there 

were significant, differences in the way the two syslemu performed; when 

the transmitter was in the forest—except near the clearing forest 

interface—the predicted signal l^vel was always too low.  Also, when 

the transmitting long whip was moved from the clearing into the forept 

(with the receiver in the clearing), it typically gained about 10 dB 

over the Xeledop prediction.  When both terminals were in the forest, 

the /»N/PRC-25 was at least 5 dB better than the Xeledop prediction with 

either antenna or frequency.  Finally, with both terminals In the clear- 

ing, the AN/PRC-25 did not perform even as well as the Xeledop predic- 

tions had indicated.  The reasons for these results are not immediately 

obvious, but the propagation mode structure and the relative efficiency 

of the Xeledop dipoles and the AN/PRC-25 whips In coupling into the 

propagating modes may be involved.  Seemingly Inconsequential factors 

such as how far forward the man leans while carrying each set (see 

sketch in Figure 34) or which way he was walking, also may be important. 

2.   Comparison of Measured Results Using Short and Long Whips 

It is possible to infer the Increase in system efficiency ob- 

tained when a chang« is made from a pair of short whips to a pair of 

long whips by inspecting the measured data of Figures 39 through 42. 

When both the iccelver and the transmitter are located in the forest 

or in the clearing, these data indicate that the improvement obtained by 
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UJing a pair of long whips is about 21 dB and 7 dB at 50 and 75 MHz, 

respectively.  These values compare fp.orably with results obtained In 

the open delta—21 dB and 9dB2B*—but not very well with the Laem Cha- 

bang results at 50 MHz (only 14.6 a3).^ However, when the receiving 

antenna is in the clearing and the transmitting antenna is the forest, 

the improvement obtained by using the long whips appears to be about 10 

dB higher.  This is a rather puzzling result.  The implication is clear: 

when an attempt is made to communicate to a site In a forest with AN/ 

PRC-25s at manpack heights, the best results are obtained with long whips 

on frequencies near the high end of the upper band and when one terminal 

Similar results (to within ± 4 dB) were obtained by a substitution 

test at fixed ra.igos in the radiation field at various other sites. 

For these tests, the long whip was used with the AB-59/PRC-25 base, 

and the short whip v \s used without a base section.  Also, the range 

tests in the delta11 gave us a partial check on the relative launching 

efficiency of the long and short whip in open, level terrain.  Recall 

that during these tests the AN/PRC-35(XC-3) sets were used with 3-foot 

whips and the AN/PRC-25 sets were used with 10-foot whips.  Allowing 

for the differences in transmitter power (about 4 dB) and the receiver 

noise level (aboat 3.5 dB) and assuming that otherwise the rets are 

Identical and that the distance attenuation goes as 40 log d, it is 

possible to estimate the gain of the pair of 10-fort whips over that 

of the 3-foot whips by considering 'he different ra»ges achieved.  The 

results of sutn a comparison indicate that the 10-foot whips were better 

by about 13, 25, and 15 dB at 35, 51, and 65 MHz, respectively.  These 

values agree reasonably well with the AN/Pnc-25 results stated above— 

especially in view of the possible set differences of the AN/PRC-25 

and AN/PRC-35(XC-3). 

If the system comparison factors given in Ref. 25, p. 18, are used 

ins« .-ad of the values measured at Laem Chabang (Table 4), then the 

predicted and observed values are in b tier agreement for the case 

where the receiver is located in the clearing. When the receiver is 

located in the forest, however, the observed values still exceed the 

predicted values by about 8 dB (for short whip F,t 50 MHz) to 13 dB 

(for all other antenna-f'-jquency combinations). 
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Is located In a cleared area at least 0.1 mile from the clearing-forest 

interface. 

3.   Comparison of Measured Results on 50 and 75 MHz 

When the receiver was located in the clearing, the short whips 

produced almost identical received signal levels at 50 and 75 MHz, but 

when the receiver and transmitters were both moved into the forest, the 

received-signal level on the short whip at 75 MHz was about 10 dB greater 

than the level on the same antenna at 50 MHz.  The long whip produced 

essentially the same results on 50 and 75 MHz when both transmitter and 

receiver wetT located In the forest, but when the receiver was located 

in th.> clearing, the signal level on 50 MHz exceeded that on 75 MHz by 

about 10 dB.  These are rather surprising results.  They imply that 

changing frequency from 50 to 75 MHz—in operations with the short whip 

in the clearing (or clearing to forest' or with the long whip in the 

forest—should not produce any significant changes in performance ^i.e., 

change in effective range).  On the other hand, increasing frequency 

froir. 50 to 75 MHz using the long whip in the clearing should produce a 

degradation of performance when near the range limit of the set, whereas 

an upward frequency change using the short whip <n the forest would 

improve performance. 

E.   Conclusions from Comparison Test 

The agreement between the MPX-predicted values and those measured 

with the AN/PRC-25 is reasonable lor the situation with the receiver in 

the clearing when the system conversion factors given in Ref. 25 are 

used; however, the signals received with the AN/PRC-25 when both sets 

It is interebting to note that radio operators in Vietnam with opera- 

tional experience prefer the highest frequencies in the AN/PRC-25. 
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are in the forest are significantly greater than the predictad values. 

More work clearly is necessary to understand some of the peculiarities 

of the data obtained in this experiment.  Nevertheless, predictions 

based on MPX data and Ref. 25 may be used to estimate the performance 

of AN/PRC-25s in open areas.  In forested areas it evidently becomes 

necessary to add 10 dB (± 3 dB) to the predicted signal strength values 

(again using the system conversion given in Ref. 25) to get a reasonable 

estimate of the signal level expected with AN.PRC-25s.  A reasonable 

extension of the range of the MPX data may be obtained where necessary 

(e.g., in making predictions for use of the long whip) by assuming the 

signal decreases as 40 log10
d for ranges beyond which MPX data are not 

available. 
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VII  CONCLUSIONS AND RECOMMENDATIONS 

A.  Conclusions 

The manpack Xeledop (MPX) system has proven useful for measuring 

radio system loss over short paths (less than 1 Km) in forested terrain. 

The system is especially useful when at least one antenna is at manpack 

height.  The MPX also has proven useful for obtaining height-gain data, 

but a light weight version of this systen. using a balloon is needed for 

obtaining data at heights above the treetops.  The systems used in the 

experiments described in this report worked well in the tropical environ- 

ment of Thailand. 

The data obtained with the MPX show that greater radio system loss 

results from the use of vertical polarization than from the use of 

horizontal polarization.  The data obtained with the Xeledop indicated 

that greater received signals were obtained at 100 MHz than at 50 MHz 

even though the system loss usually was greater at 100 MHz.  This occurs 

because the matching efficiency of the MPX is significantly greater at 

100 MHz.  The coupling mecianism of long and short rod rutennas operated 

in forests are not totally understood. 

B. Recommendations 

It is recommended chat a full-scale test of the coupling of long 

and short antennas to the forest propagation medium be conducted to re- 

solve the ambiguity discovered during the tests described in this report. 

It is further recommended that such tests include AN/PRC-25 radios (or 

equivalent) and that system performance tests for these radio be included. 
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The trade-off in matching circuit loss and propagation loss in forests 

should be investigated in conjunction with such a study. 
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Appendix A 

CALIBRATION OF THE MANPACK XELEDOP SYSTEM 

1.   Iptroduction 

The manpack Xeledop data reported on thus far1*»17 have all been 

expressed ral« in .erms of received ligiwl power (i.e., dB abo've a known 

voltage developed across the 50-ohm input of the receiver) without speci- 

ifying the transmitter power in a precise manner.  Consequently, the 

amplitude of the curves of signal as a function of distance is only 

relative.  It is th3 purpose of this section to de'errrine a factor for 

each froquency-polar.zation combination to convert to an absolute basis 

the calibration of the data previously reported on Rnd the data in this 

report. 

Several definitions have been advanced for describing the power 

loss between the transmitting and receiving antenna terminals of a radio 

circuit.  The International Radio Consultative Committee (CCIR) has re- 

iterated the desirability of standardized terminology and notation and 

has recommended thai the following four loss terms be used as defined 

in their Recommendation 341 a? 

(1)  System loss (Ls)  is defined as the ratio (in dB) of the 

radio-frequency power input to the terminals of the trans- 

mitting antenna (pt) to the resultant radio-frequency 

signal power available at the terminals of the receiving 
antenna (pa). 

The system loss is that defined by Norton.2e  It might be noted that 

Ls is the negative J!  radio gain, as defined by Burrows.29 
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(2) Transmission loss (L) is defined as the ratio (in dB) of the 

radio-lrequency power radiated from the transmit ting antenaa 

to the radio-frequency signal power that would he available 

from the receiving antenna if there were no receiving-circuit 

losses other than those associated with its radiation resis- 

tance. 

(3) Basic transmission loss (Lb) is defined as the transmission 

loss (in dB) expected between ideal (lossless, Isotropie) 

transmitting and receiving antennas at the same locations 

as the actual transmitting and receiving antennas. 

(4) Propagation loss (Lp) is defined as the syste-n loss (in dB) 

expected if the antenna gains and circuit resistances 'vere 

the same as if the antennas were located in fne space. 

All four of these loss terms are based in pa.t on the available power 

at the terminals of the receiving antenna.  As pointed out by thf CCIR, 

this available power is sometimes a simpler and more directly useful 

concept than that of effective field strength—especially where the 

effective field is the result of a large number of received-field com- 

ponents, corresponding to several modes of propagation arriving at the 

receiving anvenna at different angles and possibly with different 

polarizations—such as migh be the case in the iorest environment.  It 

is pertinent, then, to ask which of taese internationally acceptea trrms 

is the most suitable to use to describe the los., between the terminal: 

of a radio system used in forested (jungle) terrain. 

First, let us note that, of the four losses, only system loss (Ls) 

depends solely on quantities that can be measured in the field.  Both 

transmission loss (L) and the basic transmission loss (Lb)  depend on 

'L. was employed by Jansky and Bailey in reporting the results of their 

jungle propagation measurements in Thailand.  They used two assumptions: 

(1) that the antenna gains relative to an Isotropie radiator for the 

transmitting and receiving antennas as Gt and Gr (in dB), respectively, 

were essei tially the same as if the antennas were in free space; and 

(2) the path antenna gain (G—see Ref. 27) is equal to the sum of Gt 

and Gr, 
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calculations of antenna efficiency—culculalions that are difficult 

to make when the antennas are near the gr-oanJ (or vegetation).  Conse- 

quently, neither L nor L  is particularly an attractive choice for de- 

scribing the results of VHF measurements in forests in a -Igorous manner. 

The propagation loss (L ) requires the same measurements as L , plus the 
p s 

calculation jf the radiation resistance ol the transmitting and receiving 

antennas in free space, but these calculations are relatively simple 

Hence the choice is narrowed to L or L .  Since L relics onl', on 
s    p        s        .    J 

quantities that can be measured in the field, it is our choice: 

A        "t 
L = 10 log  — 
I        10 p 

u 

Conversion of L for the MPX system to L for other systems (e.g., 

systems using hali-wavo dipolcs) and to other definitions of loss (e.g., 

L ) is discussed later in this appendix. 

2.   Power Input to Xeledop Antenna Terminals (pf) 

First, ronsider the input power to the Xeledop antenna, (p.), and 

the variation of this power as the Xeledop is carried down the trail. 

This is most easily accomplished by determining an equivalent circuit 

for the Xeledop transmitter and by measuring the variation of the Xele- 

dop antenna impedance as the Xeledop is placed in proximity to the 

carrier, t rces, and so on, 

Thevenin equivalents [see Figure A-l (a)] of the Xeledop oscillators 

were determined by the conjugate-match technique. A variable impedance 

load was placed across the oscillator (pi network) outpu: terminals, 

and the power into the load was measured as the load impedance was 

varied in a systematic manner.  The load impedance that drew the most 

power from the source was the complex conjugate of the equivalent source 
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impedance (Z  ).  Then the equivalent voltage source (V ) was deter- 

mined by solving the source-load circuit of Figure A-l (b) when a known 

power was delivered to a known load (50 ohms) trom a source of known 

impedance.  Th" results of these tests are given in Table A-l. 

The power delivered by the Xeledop oscillatorsj to a 50-ohm load 

was checked many times during the various field measurement programs to 

make sur^ the output remained constant.  During those measurements there 

was less than 1 dB of variation.  For example, the power of the 75-MHz 

oscillator varied from 0.31 to 0.37 W, and the average of 160 readings 

was 0.35 i (-4.6 dBW).  To mal:e sure that the power did not change 

substantially fluring daily usage, the unit was permitted to run con- 

tinuously for 8 hours during a special test.  There was loss- than 1-dB 

variation in output power on each ol the throe measurement frequencies 

during that test period. 

In practice, the Xeledop oscillators drive the antenna through a 

matching/multicoupler network.  For convenience, we chose to define 

this circuitry as part of the antenna, and losses in this circuitiy 

have the effect of decreasing the antenna efficiencv.  The impedarne 

(Z ) looking into the Xeledop matching network [i.e., looking into the 

antenna terminals—see Figure A-l(c)] was measured with the Xeledop 

oriented vertically and horizontally In several 1O<J tions at about 5 

feet above ground:  on a man's back in the open, OH  a man's back in 

proximity to a tree, in i,ne open without a man, and near a tree without 

a man.  The results of these measurements, some of wh. Jh are summarized 

in Tables A-l and A-6 permit the calculation of p , the power into the 

Xeledop antenna terminals. 

First let us compute p for the case of the Xeledop en the mai's 

back in the open by solving the circuit of Figure A-l(c).  These results 

are also summarized in Table A-l.  Computations for the other condit'ons 

will be discussed in the Section 6 of this appendix. 
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3.   Power AvailabK' Irom Receiving Antenna Terminals 

The power available from the receivinp antenna terminals (p ) is 
a 

the power that would be delivered to a conjugatp-matched load.  Consider 

the equivalent circuit of Figure \-2  (a).  With a conjugate-matched load 

attached to the terminals of this Theven?n equivalent of the receiving 

antenna, the available power is given by: 

P ■ 
(v ) 

a 

4R 

We must, of course, add a load to the antenna to measure v . and for 
a' 

this  v,r  c.iose 50  ohms.       The  value  of  X    ^0  because   the   rece'vine 
a 

antenna, were adjusted to half-wave resonance (when horizontally polar- 

ised in the delta), and i\\ry  remained essentially resonant when used 

vertically polarized at '.he Bangkok (open delta) site and when used for 

botti polarizations with the same element lengths at the other sites.16 

Consequently, the re-.eived signal—the voltage across the 50-ohm "re- 

ceiver terminal" (v , as reported in Refs. 16 am 17) — Is related to 

P -- 

2 , 
v  (R -t 

t  a 
50) 

I! 
X 10 

-4 
(in watts) 

when v  is in volts (rms) and R  is in ohms, 
t a 

Values of R  lor the receiving antennas as measured at the various 
a 

sites are summarized in Appendix B. 

The receiver input was padded with a 50-ohm series attenuator,  ThJs 

simplified the calibration, but reduced somewhat the sensitivity of the 

receiver and hence reduced the maximum range of measurement possible 

with the MPX syjtem. 
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TA-8S63-50 

FIGURE A-2      EQUIVALENT CIRCUITS USED TO DETERMINE POWER AVAILABLE 
FROM XELEDOP RECEIVING TERMINALS {pa) 

4.       Conversion Fuctors  to Convert MPX Received  Si|;nal  Values   to MPX 
System Loss 

Using  the just-derived expression for p  ,  we  can rewrite  the de- 
a 

fining L equation in terms of the received signal v volts and other 
s t 

measurable quantities so that the MPX system loss is 

L ■ 10 log 
10 

P R Ht  a       4 
X 10 

2 2 
v (R  t 50) 

, '.  a 

- L '" 
c 

where  L     equals   insertion  loss of   transmission  line  for  receiving  anten- 
c 

nas   In dB. 

Using p ■ 5.6 dBW t 0.8 dB (from Table A-l), we can rewrite the 

ajove equation for botii polarizations and all three frequencies as 

L * 34.4 + 10 log,„ 
■    . 10 2 2 

v  (R 4 50) 
t  a 

- L dB. 
c 

The  received  signal  v    is given in dB above  a  reference value v   .     That 

is, 
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Vt - 20 1ogi() dB, 

so that the system loss equation beccnes 

L  = 34.4 - V + 10 lot; 
s I        10 

. 

(R + 50) 
a 

- 20 log  v . L 
10 o   c 

Consider a range of antenna resistancos between R = 35 ohms and 
a 

75 ohms for horizontal polarization anH between 100 ohms and 235 ohms 

for vertical polarization (Table B-l in Appendix B).  Hence, for all 

frequencies and both polarizations, 

10 - V - L - 20 log v    dB 
t   c o 

Unfortunately, the same reference value, v , was not used at all the 

sites (0.6 LiV at the sites of Ref. 16, 0.71 &  j'or the data of Ref. 17 

and for tlu> Chumphon data in thi« report, and 2 (lV for Ban Mun Chit data 

in thiL report); thus, the final term of the equation is 124 dB, 123 dB, 

and 114 dB for Vo = 0.6, 0.71, and 2 ^V, respectivoly.  ^ io  obtained 

by subtracting the received signal (V^) from a calioralion constant. 

This constant is given in Table A-2 (to within about ± 3 dB) for all 

MPX data.  The stated accuracy reflects uncertainties in Xeledop input 

power, antenna impedance, effects of the man carrying the MPX, and in 

scaling the data. 

The formula developed in this section iliows a simple conversion 

of the MPX data previously published in tevms of V  into terms of sys- 

tem loss, Ls.  The next section shows hrw this may be carried further 
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to obtain a factor to convert the data to system loss for a manpack 

system UFlng half-wave dipoles. 

Table A-2 

CONVERSION FACTOR FROM WHICH Vt 
IS SUBTRACTED TO OB'IAIN Ls FOR MPX 

Conversion 

Source Report Data 
vo 
(uV) 

Factor 

(dB) 

Special Technical Report 26 (Ref. 16) All data 0.6 134 - L * 
c 

Spjcial Technical Report 36 (Ref. 17) All data 0.71 133 - L 
c 

Special Technical Report 46"'' Chump; on data 0.71 133 - L 
c 

Special Technical Report 46* BMC data 2.0 124 - L 
c 

L = 0 for Rcf. Ifa, 
c 

This report. 

5.   Relationship Between System Loss lor the MPX System and Other 

Parame'ers 

a.   System Loss for Manpack System Usinp Half-Wave Dipoles 

1)   Introductory Remarks 

The MPX system used matching circuits and multicouplers 

to transmit simultaneously on three frequencies.  This arrangement 

greatly expedited data acquisition and permitted the use of a transmit- 

ting system th t was easy to mount on a backpack in both horizontal and 

vertical configurations; however, it had the drawback that the system 

was not as efficient on any given frequency as it would have been had 

half-wae resonant antennas been employed.  Consequently, it seemed 

desirable \.o  determine by measurement the difference in efficiency be- 

tween the MPX system and a system operated with relatively efficient 

half-wave resonant antennas under the same field conditions.  Such a 
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measurement was made at four sites using the method of direct sub- 

stitution. 

2)   Method of Approach 

The Xeledop was suspended from a wooden tower in an open 

area with the standard MTX receiving terminal (antennas at 10 feet 

above ground, and so oil) set up far enough away so that the separation 

distance was much greater than the sum of the antenna heights.  The re- 

ceived power level was noted, and then the Xeledop was replaced by a 

half-wave dipole driven by a signal gererator whose cutput was adjusted 

to give the same received power (see Figure A-3, which shows the measure- 

ment setup).  For this situation, p g = p g , where p represents the 
I.  L      S S 

power into the antenna terminals in watts and g represents the gain of 

the antennas relative to an Isotropie radiator.  Subscripts t and s 

refer to the Xeledop an! the standard (halt-wave) antenna, respectively. 

The power intJ the standard antenna was monitored with an in-line watt- 

meter and was corrected for cable and mismatch losses.  Let us define a 

calibration constant: 

PtBt 

which is the measured value of p  :n watts.  The calibration constant 
s 

can also be expressed in dB: 

X = P + G  - G 
t   t   s 

99 

UH^MMMMIfHU» ■llMniMMI-iiiflllil I 



Ul   <     <C 
Z  2   UJ 

ill 
I i 
«   I 

5gi 
,   ^   5    "J | B fl f F I o 

85 

a 
in 

i io r 

"C 

o    >   Z      o   g    z 
r-    uj    UJ --    ^    U) 

OH 5    *" 

t I 
■ 

IO    u 
t F 

y 
a   _i   3 
a:  uj  ^ 

■ BE 
5   § 

I  "^ 
1—1—1 t- ■ z 

<     UJ UJ 

. o C f 

O
N

T
O

f 

2
3

 

A
M

P
L

 

o 
UJ 

8g| 13 
z 

5 y t- 1 ■ 
1 

1 p 
p < ■ 
UJ 

-   Ü.   z 
^  i  W V)   >   ö 

_J 

a. 5 
r- 
UJ 
to 

z 
o 
h 
< 
■ 
< o 
0. 
o 
Q 

I □ 
h- 
UJ 
* 

UJ 
cr 
5 o 

100 

\ 

m*ma*tmim*wm —'   - — •    ^- — ■ — —-■ — - 



Vimmmi^nmin«KwmMVI,mnm mwm ii i.«i ■ijupjfvi iiwii mimm*miwvwm\minpi fp» «WW^F?™^" 

in d3\V.     The  substitution  test   then consisted of measuring  X at  each  of 

the different   sites, 

3)        Resultt: 

The above  calibration  test  procedure was   repeated  for 

three widely  different   terrains with  a   terminal   separation of R =   1791 

feet   (approximately 100  times   the  sum of  the  two antenna  heights),   using 

both  horizontal   and  vertical   polarizations  at  the  normal   operating  fre- 

quencies  ot  50,   75,   and   100 MHz.     These  sites were at    .angkok  in an 

open area  of   rice paddy or  river delta   land;   at  Chantaburi,   in a  rela- 

tively dry open area;   and  at  Laem Chabang,     where *  smooth  but  poorly 

conducting open beach was  used.     In addition     the  calibration experi- 

ment  was  performed  in a  large  flooded  clearing  at   the Ch imphon  field 

site,   with  R =  950.4  feet   (ground conductivity was very good).     The 

procedure was  also tried with  the   transmitters   in  the   forest  at Chumphon. 

These  results  s low how a  forest  environment might  affect   the calibra;ion. 

Three   transmitting  heights were used;   5,   10,   and 20  feet;   the  receiving 

antenna   terminals:  were  always  at   10  feet.     Several   redundrnt  measure- 

ments were made at  each  calibration site,   and usually  tae   results  were 

within ±   1   dB. 

The  results  of   the Xelodop calibrations  are  given  in 

Figure A-4.     These data are presented   in  terms  of  the   calibration   constant 

X for each  tes    combination measured.     The  results  of an  error analysis 

show  the measuromenLS of  the Xeledop calibration  constant   to be accurate 

to within ±1.5  dB. 

Examination of Figure A-4   shows  the data   for all   test 

combinations on a particular  frequency  to  be  rathor closely groupec— 

even when we  include the  results of calibration in the Chumphon forest. 
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We also plotted the distribution of these data in dD 

on Gaussian probability paper (see Figure A-5).  These plots show the 

data for X to be approximately log-nortruilly distributed.  Estimated 

values toi the sample median of X and for the sample standard deviation 

are given in Table A-3. 

Table A-3 

MEDIANS AND STANDARD DEVIATIONS OF X 

Frequency Sample Median Sample Standard Deviation 

(MHz) (dBW) (dB) 

50 -20.8 l.S 

75.1 -11.1 1.3 

100 - 6.6 1.8 

Note that the calibration factor X was determined with 

both the Xeledop and the standard antennas freely suspended rather than 

in the backpack configurati m.  Assuming that P does not vary signi- 

ficantly when the Xeledop is mounted in the manpack configuration and 

that G  and G  undergo about the same change when on the pack (see 
t     s 

Section 6, below), wc can use th^ data for Table A-l to compute E, the 

difference in gain between the MPX antenna (with matching- and coupling- 

retwork losses charged against MPX antenna gain) and the relatively 

efficient half-wave dlpoles.  That is. 

G - G = P 
s   t    t 

X = E 

where the gain difference, E, is the constant that must be subtracted 

from the system loss values for the MPX system to obtain the system 

loss values corresponding to a manpack system emnloying half-wave 
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resonant dipolcs.  To within about t 3 dB, the values of E* for all four 

sites and both polarizatione are 15, 6, and '. dB^ for 50, 75, and 100 

MHz, rfspi'Ctively. 

Figure A-6 shows how the MPX system received signal, as 

reported on in the two previous reports 16>17 may be transformed to MPX 

system loss and to system loss for manpack systems using half-wave 

dtpoles.  Most of the data of this report have already been transformed 

to L  for an equivalent half-weve dipolc system.  To compare the results 

with those of Jansky and Bailey,7"10 it is necessary to estimate L . 
b 

This is accomplished by adding 4.3 dB to the appropriate L  value for 
* s 

the equivalent half-wave dipole sy.Kem.       Higher accuracy than that 

stated in Figure A-6 can be achieved by using the calibration fo: each 

actual case of interest. 

b.   Kelati uiship Between Manpack Xeledop (MPX) and Balloon-Porne 
Xeledop (BBX) 

A lightweight copy of the manpack Xeledop (MPX) called the 

balloon-borne Xeledop (BBX) was constructed for height-gain tests at 

'. humphon.  The BBX oscillators delivered 0.23 W to a 50-ohm load at 

50 MHz and 0.37 W at 76  and 100 MHz, whereas the MPX delivered an 

average of 0.35 W at these frequencies.  The radiated power of the BBX 

Notice that E contains the effect of both matching and coupling circuit 

losses and the loss of effective length of the MPX antenna on the two 

lower frequencies (recall that the MPX antenna is essentially half-wave 
resonant at 100 MHz). 

t 
For 100 MHz and vertical polarization, an E value of 3 dB is required 
to satisfy the ± 3-dB criterion. 

Twice the free-space gain of a half-wave dipole (2.15 dB) is added to 

convert from dipoles to Isotropie antennas. 

105 

HHi ■— '■  "—      - imti-Bfc'uHiiTiMmii nn i    inln iln mm Miniliinr'nAli lilirfh-jütf 



  

LD 
■o •-  ♦. 9 

«  m  to 
u 

J 

N 

I 
| 

> 
'i 
Mi S S 8 
3 
O 
UJ 
H 
u. 

a. u. 
O J Sä 
U.   <   13 
.1 - 

W  Z   J m ■ 
§32 to ♦—n — 
- w Q 
111   5   LU 

+1 

S
Y

S
T

 
S

Y
S

T
E

 
W

A
V

 

PPV 

»DBJiqns 

! 
n 

f 

Si 

f     4    ^     \ 

i 

O 
K 

-1 < > 
? <0 
o SO '" 
U) o • 
Q 
UJ 
> 

> 
O | 

UJ < c 
u 1- 
U.' QO U) 
QC I 

/ 
J > < a — 
o r~ 
W) o % 
a UJ oc 
Ul > 

m °; DC 
<> ■* 1- 
UJ m « 
cr •D 

S    f 

z _ 
83 
5 
< 

H UJ 

3 cr 
3 

o a 
t- 

106 

—- —■      — HdtLnum^HaUMttH 



MH 

' ■' «'""Hi'Mli« mm*m nm in i     immm 

was compared to that of the MPX at three different heights above ground 

at the open delta site near Bangkok.  The received signal levels (in dB 

relative to an arbitrary reference on each frequency) are summar^ed in 

Tables A-4 and A-5.  The results of this comparison (BBX minus MPX— 

see Table A-5) are accurate to better than i  IdD. 

Table A-4 

DIFFF.tENCE BETWEEN RADIATED 

POWER OF BBX AND MPX 

Height 

(feet) 
Polarization 

Difference at 

50 MHz 

(dB) 

Difference at 

75 MHz 

(dB) 

Difference at 

100 MHz 

(dB- 

5 Horizontal 1.5 4.5 l.C 
Vert'.-al -4.0 2.0 0.0 

10 Horizontal 0.5 1.0 1.5 
Vertical -2.0 3.0 0.0 

13 Horizontal 1.0 3.5 1.5 

Vert ical -1.6 3.0 0.G 

To a good approximation, the total radiated power of the BBX (in dBW) 

can be estimated by using the values of X, the MPX calibration fa«, tor 

obtained at the grratei heights (10 and 20 feet used in the delta). 

The approximate radiated pjwer of the BBX is -22.5 dBW at 50 MHz, -8.4 

dBW at 75 MHz, and -7.0 dBW at 100 MHz.  The maximum effective radiated 

power (in the plane orthogonal to the radiating elements that pass 

through the center of the BBX (i.e., in the directior of maximum gain) 

is greater than the values stated by about +2 dB (directivity factor). 
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Table A-5 

RECEIVED SIGNAL LEVELS DURING 

MPX AND BBX COMPARISON TEST 

Polarization Transmit t"r 
Frequency 

(MHz) 

R. ceived £ 

5 It 

ignal in Decibels at 

10 ft    13 ft 

Horizontal MPX 50 8.5 14.5 16.5 

BBX 50 10.0 15.0 17.5 
MPX 75 20.5 26.5 28.0 

BBX 75 25.0 30.5 32.5 

MPX 
,.oo 12.0 17.0 18.5 

BBX 100 13.0 18.5 20.0 

Vertical MPX 50 22.0 21.5 20.1 
BBX 50 18.C 18.5 18.5 
MPX 75 ]8.0 18.5 20.0 
BBX 75 20,0 21.5 23.0 
MPX 100 15.0 18.0 20.0 

BBX 100 15.0 18.0 20.0 

6.   Discussion of Errors 

Effect of Man 

1)   Power into Xeledop Antenna Terminals 

The power into the Xeledop antenna terminals was computed 

in Section 2 for the case of the Xeledop on a man's back.  These com- 

putations were made using a Thevenln eauivalent of the Xeledop trar.s- 

mitter and antenna impedances measured in the open delta.  The antenna 

impedances also were measured with the Xeledop in the same position but 

without the man.  The results are summarized in Tabl<j A-6.  The change 

in p  that occurred was negligible (less than 1 dB).  Notice the change 

in the imaginary part of t'.\e  impedances with the man present.  If we 

consider that the man and Xeledop act as a 2-elemcnt Yagi array (the 

Xeledop is the driven element and the man is the parasitic element), 
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Table A-6 

SUMMARY OF MEASURED INPUT IMPEDANCES OF THE XELEDOP ANTEI'NA 

Polarization 

Horizontal 

Vertical 

Frequency 

(MHz) 

50 

75 

100 

78 

100 

Impedance, Z 

 (ohms) 

Without Man 

13.5 - J1.0 

24.0 + J6.5 

23.5 - J8.5 

15.0 - jl.O 

24.5 + jlO 

27.5 - J14.5 

With Man 

15 ,0 + jl.O 
24 B -I J6.0 
18 B - J14.5 

16 5 i u.o 
31. 0 - J6.0 
22 5 - ,117.5 

those data imply that the man acts as a lossy director at 50 MHz and 

as a lossy reflector at 75 and 100 MHz. 

2)   Radiated Field 

Even though tne effect of the n.an on the power into the 

Xeledop antenna terminals is negligible, it is possible that the man 

does have a significant effect on the effective power radiated by the 

Xeledop. An experiment was performed in the open delta to check this 

possibility.  The Xeledop was suspended at manpack height from a dry 

wooden test stand, and the level of the received signal was noted in the 

far field.  Next, the man stood at this location facing the receiving 

terminal (man toward) with the Xeledop on his back and the change in 

level was noted.  Finally, the man stood f icing away from the receiving 

terminal (man away) and again the level was noted.  Table A-7 summarizes 

the changes (decreases) observed in the received signal for each man- 

Xelodop configuration. 

The ranges of decrease were obtained during separate tests 

with different men carrying the Xeledop.  As implied by the impedance 
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data, the aian-antenna cumbination acts like a 2-elemc'nt Yagi with the 

man acting like a lossy director at 50 MHz unc' as a lossy reflector at 

100 MHz.  Thj data imply that the man was half-wave resonant at a fre- 

quency Just below 75 MHz.  These results are in general agreement with 

the findii-fcS of Krupka.30 

Table A-7 

LOSS IN MPX El'FECTlVE RADIATED POWER 

WHEN CARRIED ON THE BACK 

Polarization 
Frequency 

(Muz) 

Loss with 

Man toward 

Terminal 

(dB) 

LOFS with 

Man away from 

Terminal 

(dB) 

Horizontal 50 

75 

100 

1 

2 

1 

1 

2 

1 

Vortical 50 

75 

100 

2 to 3 

5 to 7 

1 to 3 

4 to 6 
5 to 6 

3 

No distinction was made in the direction the man was 

walking for the data reported in Ref. 16 or in this report; however, 

the data in Ref. 17 and most of the data in this report were obtained 

with the man walkirg away from the Xeledop receiving terminal. 

b,   Effect of Trees 

1)   power into Xeledop Antenna 1?rminals 

The effects of a single tree on the driving-point imped- 

3 T 
ance of half-wave dipoles have been studied on this contr ,ct. The 

effect of the vertical tree trunk has been observed to be neRligible 

when the dipole is horizontally polarized but significant effects occur 
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for vertically polarized dipoles.11 »"^   Even for this case, how.'ver, 

the change in input power from a 5C-ohin source would be only abou» 1 dB. 

The impedance variations with the MPX were observed to be similar 1.0, 

but only about 10 to 25 percent of, the variations of the half-wave 

dipole.  Evidently the MPX terminals impedance changes were masked by 

the matching and coupling circuits.  At any rate, proximity to a tree 

did not cause significant changes In p for the manner in which the 

Xeledop was employed. 

2)   Radiated Field 

The changes in the effective radiated field of the MPX 

as it is carried closely past a single tree were studied in Ref. 31. 

The changes when the MPX is carried along a forest trail were assumed 

(for the purposes of this report) to be part of the propagation effect. 

c.  Calibration and Scaling 

The receiver calibration was accurate to within ± 1 dB.  On 

several occasions the same record was scaled by different personnel, 

and the results (for the median) were within ± 1.5 dB for all fre- 

quencies and range intervals.  Finally, data were obtained at the same 

site on different days, and repeatability was surprisingly good.  The 

scaled results were within 2 dB more than 90 percent of the time, and 

this included data obtained at the forest sites. 
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Appendix B 

MEASURED IMPEDANCE SUMMARY 

The Input impedance was measured for eacii antenna location, polar- 

ization, and type. Two pieces ot equipment were used for this. At Ban 

Mun Chit, the impedances were measured using an Aiford automatic Smith- 

Chart Impedance Plotter, and at Chumphon the equipment was a Dielectric 

Products Co. Smith-Chart impedance Plotter. Table B-l summarizes the 

measured results for the antennas used in obtaining the system loss of 

Section V-A.  All antenna heights were 10 ft. 

Table B~2 lists measured impedances for the standard antennas used 

during Xtledop calibration and gain measurements. 
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Table B-l 

MEASURED   IMPEDANCES  OF MANPACK  XELEDOP  RECEIVING ANTENNAS 

r 

Antenna Type Polai izatlon Location 
Frequency 

(MHz) 

Site 

Impedance at 

Ban Mun Chit 

(ohms) 

Impedance at 

Cliumphon 

(ohms) 

Vertical «leeve 

dipole 

Vcrtlc«! Clearing 50 

75 

100 

150 - J1.7 

180 4 J250 

130 + J90 

185 + J70 

235 - J50 

225 - j30 * 

Forest 50 

75 

100 

100 + J120 

100 + J150 

135 + JISO 

220 I J105 

185 - J40 

140 t j80 

Unbalanced half- 

WBVP Dipole 

Horizontal Clearing 50 

75 

100 

50 + J15 

45 + j30 

35 + j20 

61.5 - Jl 

78.5 + J17.Ö 

66 + J15 

Forest 50 

75 

100 

60 + JIG 

50 + J40 

40 + J20 

62.5 - J2.5 

75 + J15 

60 + J15 

Vertical Clearing 50 

75 

100 

No data 

No data 

No data 

71 + JO 

74.5 + JO 

65 - J0.S 

Forest 50 

75 

100 

No data 

No data 

No data 

70 + jl 

89 + JO 

70.5 + JO 

Balanced half-wave 

dipole 

Horizontal Clearing 50 

75 

100 

No data 

No data 

No data 

37 - Jl 

P:.5 - Jl 

86 + JO 

Forest 50 

75 

100 

No date. 

70 - J20 

40 - j5 

1 37.5 - J5 

69 - Jl 

81 - JO 

Verticul Clearing 50 

75 

100 

No data 

No data 

No data 

43.5 + JO 

68.5 + Jl 

86 »■ JO 

Forest 50 

75 

100 

No data 

No data 

37.5 - J12.5 

45.5 - Jl 

69 + JO 

85 + Jl 
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