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ABSTRACT

Full-scale measurements of the radiation patterns of simple HF

field-expedient antennas (dipoles, monopoles, inverted L's, and slant

wires) were conducted while the antennas were situated over open (level)

terrain, in a U.S. pine forest, An a tropical forest in Thailand, and

(under another contract) in hilly terrain. The results of the measure-

ments at the four sites have been described elsewhere in individual

measurement reports. The major results from these measurements are sum-

marized and examples of the measured data are presented in this repert.

A computer model of a short dipole antenna in a homogeneoý,s, Js(-

tropic forest mediun. was developed and the calculated results are com-

pared with measured data from short and half-wave resonant dipoles. The

six parameters of the model (antenna height, forest height, and permit-

tivity and loss tangent of both the earth and the forest) were varied to

determine the sensitivity of the antenna patterns to each of these param-

eters. This test indicated that the effect of the antenna height is the

most significant variable.

The measurements did not readily yield absolute gains of the anten-

nas, but a method is presented for estimating these absolute gains and

a table of the estimat42d absolute gains for many of the antennas measured

is presented.
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PREFACE

This report summarizes the results of an extensive effort on modeling

and measuring the performance of HF field-expedient antennas in varior

terrains. The Thailand phase of the work described in this report was

performed as part of the SEACORE program of the U.S. Department of Defense

with the support, and using the facilities, of the Military Research and

Development Center (MRDC) in Bangkok, Thailand. The MRDC is a joint

Thai-U.S. organization established to conduct research and development

vork in the tropical environment. The overall direction of the U.S.

portion of the MRDC has been assigned to the Advanced Research Projects

Agency (ARPA) of the U.S. Department of Defense who, in 1962, asked the

U.S. Army Electronics Command (USAECOM) and the Stanford Research Insti-

tute (SRI) to establish an elect-onics laboratory in Thailand to facili-

tate the study of radio communications/electronics in the tropics. The

MRDC-Electronics Laboratory (MRDC-EL) began operation in 1963 [under

Contract DA 36-039 AMC-00040(E)] and since that time the ARPA has actively

monitored and directed the effo-ts of USAECOM ind SRI. in Bangkok, thi -

function is carried out by the ARPA Research and Development C,?nter,

The cooperation of the Thai Ministry of Defense and tP.e Thailand and CONUS

representatives of the ARPA and USAECOM made possible t,.e work relating

to the measurements and computer modeling of HF field-expedient antennas

installed in open terrain and in forested areas.

During 1967, a separate program was initiated by the U.S. Department

of Defense (under Contract DAHC07-67-C-0144) which involved the leasurement

of the radiation patterns of HF field-expediert antennas in hilly terr:.,il,

v



k Since these measurements are supplementary to those performed under

SEACORE, selected examples are presented in this summary report.[ The preparation and printing of this report was supported by USECOM

under Contract PAAB07-70-C-0220.
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I INTRODUCIION

This report is concerned with the effects of terrain and vegetation

on the directivity and gain of HF field-expedient antennas. Interest in

these so-called simple antennas has been stimulated by the neea for better

field communications in jungle and mountainous areas. Whereas the radi-

ation patterns and gains of simple dipoles, etc. over perfect ground have

been well documented, relatively little information is available on the

performance of these antennas in less than ideal situations--with un-

balanced feedlines, over poorly conducting ground, in jungle and mountain

environments, and in situations similar to those encountered in actual

field use.1*

In order to better understand the effects of forest and terrain on

the radiation patterns of field-expedient HF antennas, measurements of

the radiation patterns of dipoles, monopoles, inverted L's, and slant

wires were performed while the antennas were situated over open, flat

terrain,2 in a U.S. pine forest, 3 and in a tropical forest in Thailand, 4

"under Contract DA 36-039 AMC-00040(E), and uhile the antennas were situated

in hilly terrain under Contract DAHC07-67-C-0144.s The data resulting

from the above measurements provided some insight to the problem, but,

in the absence of appropriate mathematical models, these data were rele-

vant only to the specific locations mepsured. In order to interpret

these data in a more general sense, a computer model was developed to

mathematically predict the radiation patterns of simple antennas when

immersed in a forest (as approximated by a lossy dielectric slab). 6

References are listed at the end of the report.
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This model (like any other mathematical model) is potentially only as

accurate as its input data (i.e., in this case the ground and vegetation

electrical constants and an estimate of the forest and antenna heights).

In order to provide information on the electrical constants of ground andI vegetation, open-wire transmission-line techniques (discussed else-

where7- 9 ) were devised to perform these measurements. This report sum-

marizes the results of antenna directivity pattern measurements at the

various locations, discusses intra-site comparisons of the various an-

tennan, and compares the dipole data from the forested sites with the

results predicted by the computer model.

At this point, a few comments on the organization of this report

may be useful to the reader. The description of the three measurement

sites used under Contract DA 36-039 AMC-00040(E) is presented in Section

II. The measurement system and data-acquisition processing and display

are discussed in Section III. The measurement antennas are described

in Section IV in a sequence that is maintained throughout the report

when practical--i.e., dipoles, monopoles, inverted L's, slant wires,

loops, and long-wire antennas. Table 1 in Section IV lists all the an-

tennas whose patterns were measured under Contract DA 36-039 AMC-00040(E)

and summarizes the pattern data available in the three measurement re-

ports,2-4 and an inter-site comparison is given in Section V. A des-

cription of the measurements over hilly terrain (performed under Contract

DAHCO7-67-C-0144)--including the site description--is given in Section

VI. The forest slab model is described in Section VII and a brief in-

vestigation of the sensitivity of this model to the variation of the

input parameters is presented in Section VIII. A comparison of the model

predictions for dipole antennas at all but the hilly site is given in

Section IX. Summariez of measured relative antenna gains and estimated

absolute gains (gain relative to an isotropic rediator) are presented

and discussed in Section X. A sumgary of major findings resulting from

2



this work is presented in Section XI. For convenient reference, the

pattern data are provided in appendices at the end of this report. The

directivity pattern data from the open (level) and forested sites and in

the hilly terrain are presented in Appendices A and B respectively, and

the comparison between the computed and measured patterns for the Thailand

site is given in Appendix C.
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II DESCRIPTION OF MEASUREMENT SITES

Antenna pattern measurements were performed at several sites in

California and Thailand (see Figures 1 and 2, respectively). This sec-.

tion briefly describes the sites considered under Contract DA 36-039

AMC-00040(E) in terms of terrain, ground condition, and measured values

of ground constants and vegetation constahts (where available or applica-

ble). The site considered under Contract DAHC07-67-C-0144 is described

in Sec. VI.

For further information, refer to the reports from Which the antenna

data were obtained, and in the case of the Thailand site, the sepaeate

report by the Environmental Sciences Division of the Military Research

and Development Center, Bangkok, Thailand. 1 0 Additional data on ground

and vegetation constant measurement techniques and measured ground and

vegetation constants In Thailand are given in Refs. 7 through 9 and 11

through 15.

A. Lodi, California

Antenna patterns were measured over open, flat farmland, near Lodi,

California during September and October 1964.2 This site was chosen to

keep obstructions at a minimum. The nearest obstruction was a fence,

consisting of a few strands of barbed wire 2 to 3 ft high, several hun-

dred feet south of the antennas. Otherwise, the ground uas clear and

very gently rolling for at least a half mile in all directions, with no

terrain or obstruction higher than a degree or two in elevation relaive

to the test site. The weather before and during the antenna measurements

was hot and dry.

Preceding page bink
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