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Trees Performing as Radio Antennas j

KURT IKRATH, WILLIAM KENNEBECK, aND
ROBERT T, HOVERTER

Abstract—Radio transmission and reception experiments con-
ducted in a tropical jungle are described. The performance of
conventional whip antennas is compared with the performance of
trees utilized as antennas in conjunction with hybrid electromag-
netic antenna couplers (HEMAC’s). The trees were found to out-
perform the whip in some cases by up to 20 dB.

I INTRODUCTION

Tt would seem that living vegetation may play a more important
part in electrical phenomena than has heen generadly supposed.« -
If, as indiczaed above in these experiments, the earth's surface is
already generously provided with eflicient antennae, which we have
+" These

in 1904 by Magjor George O. Squier, U0 Army Signad Corps, 1o«

but to utilize for communications, -« words were written
report to the 7.8 lh-p:u'!lm-ul of War in connection with ntilitary
maneuvers in the Pacitic Division (1]

In 19649, personnel of the U.S0 Army Electranies Command again
emploved trees as antennas. In this case, the trees were used as
transmitter antennas for frequencies ranging trom medium to shaort
wavelengiths. In the experiments 1o be desenbed, the tree trunk was
used s o single-turn secondary winding a0 resonant toroid-tyvpe
winding was a flexible toroidal
When stretched out

transformer, wherein the priney
spiral wrapped around the tree trunk o=
pletely, the toroid becomes w 24-ft long electrieal wire antenna;
when pushed together, it becomes a caoiled magnetic loop antenna
of about S-in digmeter. Beenuse of its intrinsic eleetrical and magnetic
properties, the torord was given the nwme HEMAC, an acronym
for hyvbrid electromagnetic antenna coupler. With 12-W REF power
and at frequencies between 4 and 5 MHz, signad transmissions rang-
ing from 7 to 11 mi were achieved using HENAC coupled oak and
pine forest trees for transmission and a vertical whip antenna for
reception. With 35-W RF power and 125 KkHz
160 kHz, <ignal transmission ranges from 30 ta 35 mi were

HEMAC torod

designed for the medium frequency range. Furthermore, as demon-

frequencies of
and
attained using verv large oak trees coupled by a
strrted by HEF radiation patterns fram differently oriented natural
tree loops [27 and by MFE radiation patterns from large oak trees
., the
HEMAC coupled tree with adjacent trees and fectures of the local

near swampy water-tilled gullies [ 3 interaction of a torotdal
terrain can be exploited to Lunnch HE and NTF signal emissions into
desired geographie direction

Ny

ests in whieh ferns and palms

However, the decidaons forests an Jersey are a poor sub

stitute for dense tropical Jingle 1

tall as

Lrow i trees, and which present o great abstacle 1o taetieal
radio commumeations by conventional whip antennas, Tn order
evaluate the abnhity of an HENAC 1o avercome these abstaeles,
impedance matehbox was designed 1o connect a0 standard PRO-TA
HE transeeiver with the HENMAC coupled trees This mmpedince
nuatehbox provided aomat el to the empivieally determimed equivadent
<eries tuned load impedances of pine and aak trees pongimg 4
~L.oN1 y ¢ |

Manuseript received January 20 1908 revised September | ave
he authors are with the Communteations Yutomatic Data Process
ing Laboratory vi S Army Electronies Corroand, Fort Monmonat
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Fig 1 HEMAC toroid coupled tree and PR( Poset at jungle b
site, Chiva Chiva Area. Panama Canal Zone Sept 1401
—‘A - .
11 MEASURENMENTS
t. The Decays with Distance of $.650 MH: Signals Fowiothe o (he

Whip and fron Jungle Trees Lug. 26, 1971

Setup: Jungle trees locaed within dense underbrush vegetan
were conpled by HEMAC < 104 PRO-TE ser. Used witd whip, ol
set wias placed a few feet awa A o \ g
within 111 of the whip was cut away Figs. 1 oand &

Phrough adjustment the matchimg and taning 1l
PROC-TA, maximal aviolable power was delivered 1 e whi .
lovation. Simula with the HENTAC rord coupled e
nected | v osertes tuned matehb the PR | b
capact! 1 thie el I 1he 1t} he PR
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Fig. 2 PRC-71 set and whip at jungle hole site, Chiva Chiva Area,
Panama Canal Zone, Sept. 1971,

displayved on the HRO-500 S-meter were measured using an HF
signal generator as substitution standard.

Results: Using 150 &\ as the zero dB reference, the signal levels
produced by the toroid coupled trees and the whip radiator are
plotted in Fig. 3 as functions of the distance from the horizontal
dipole receiver antenna.

Considering the spatial limitations in the Chiva Chiva Test Area
and the corresponding small number of data points, the lower at-
tenuation of signals from che toroid coupled trees could be dismissed
as a statistieal coineidence. However, previous measurements in
New Jersey [2 ] and the subsequently deseribed measurements in
the Gamboa Jungle Area prove the deterministic nature of the
divergeney between signal decays as a function of distance as meas-
ured with whips and with trees. Similar divergenecies were also
ohserved with ditferent tvpes of antennas i microwave modeling
experiments in which grasses, herbs, and shrubs were used to model

REF <eatter in jungle forests [

1. Gamwboa Jungle Area Erperiments

Messurements i the Gambos Jungle Area were carred ot 1o

e to what extent the relative drvness and wetness of the

nele vegetation atfects the <ien oversus—distance decavs as <ensed

by whip and by trees

v/ ement sctup hie NMTR and the receiver locations
N R e marked on the map of the Gamboa Test Area i
| o The 1,650 NTH 2 <ignals were teansmitted from the PRO-T4
whip on the jungle road an o torond coupled jungle tree about
20000 awav at the <ide of the road. The <ignal decavs were measured
by W transmission n‘-m\\’va‘w\\'n]', whip to trees, tree to whip,
el trees ret

<tmtlarly, a<on the Chiva Chiva Test Area, the radiated signal

were recetved and megsured with the URNSS RFT Analy zer-Freld
Strength Meter connected to ether the tripod-mounted URNASS
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Fig 3 Relative levels of 4.650-MHz CW signals radiated from, re-
spectivels . PRO-T4 whip and HEMAC toroid coupled jungle trees
powered hy identical PRC-74 transceiver set and received by hori
zontal wire dipole antenna, Chiva Chiva Test Area, Panama Canal

Zone. Aug 26,1971
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Fig 4. Transmitter and receiver locations, R to Re, Gamboa Area

Panama Canal Zone, Sept. 5. 7. and 81971

whip on the road or to toroid coupled jungle trees at the edge of the
road. A typical receiver setup is seen in Fig. 5, which shows the
torord coupled tree on the right side of the road behind the Landrover
vehiele,

Measurements were made at itervals of 0.5 miup to 3 nndistance
along the road, te, from 04 1o 2.5 mi air line distance from the
transnutter site.

In the initial Sept. 5 measarements when the vegetation was
dripping wet after heavy rains, the toraid tree transmitter output
was adjusted to produce at a distance of 040 miabout the same held
strength as that produced by the PRC-T4 Whip Transmitter. For
this purpose the <ignal field <trength was measured with the URNM-SNS
whip

I'he same settings of the contrals of the torod coupled tree trans
nutter were reproduced agaan on Sept. S an hot sunny weather, when
the vegetation was relatively dry

Results: The drastically ditterent tvpes of <ignal decayvs-with-

dictane ensed with the whip and with toroad « upled trees

the dripy

ng wet and m the dey jungle = quantified by the corre
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ength meter
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Typical receiver setup  ¥rom left to right:
tree, PRC-74 set with whip, URM-x5 tield \|
& Area

Zone, Sept. 1971,
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Fig 6 1.650- M Hz signal-plus-noise  noise versus distance from XMTR
site, jungle vegetation dripping wet after heavy _ruln[;nll. cloudy
weather., Gamboa Area, Panama Canal Zone, Sept. 5, 1971

sponding signal-plus-noise 1o noise-ratio-versus=distance curves in
Figs. 6 and 7.

These curves conform to r ¢ and exp (—0.522) type laws within
the measurement range 0.4 < o < 2.5 mi.

The influence of the terrain on the shape of these and other signal-
decay-versus-distance curves is deduced m [4]. In particular, on
.\'c-pt.. 5 and 8 over only 1.3 air mi voice communications by the
whip equipped PRC-T4 sets used by the transmitting and receiving
parties were hardly audible as the voice signal levels on both ends
faded almost into the relative low neise backgrounds. (During a
similar test on Sept. 7, lightning noise blocked voice communications
by whip completely.

The overall results show that the obstructing influence of the
hilly terrain was felt more severely when the jungle vegetation was
dripping wet than when it was dry, and in sl cases more severely
with the whip than with HENMAC torod coupled trees

Considering the results of the previously  mentioned modeling
experiments [5 ] in connection with the data from the Chiva Chiva
Gamboa Jungle tests (4], one must conelude that the superior
performance of the trees is inoa large part due to their ability to
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Fig. 7.  4.650-M Hz signal-plus-noise /noise versus distance from XMTR
site, jungle vegetation surfaces relatively dry in sunny weather,
Gamboa Area, Panama Canal Zone, Sept. 8, 1971,

produce and to sense the dominant horizontal polarization, i.e., the
polarization that has the greater survival rate in the dominant
vertically structured roughness of terrain and vegetation.

C. Qualitative Tesls

Different foreign radio stations were received using toroid coupled
trees on the Las Cruzes gungle Trail and voice communications tests
were carried out between different locations on the Las Cruzes
Jungle Trail in the Gamboa Area and a location in the Chiva Chiva
Jungle Area. Additional details of tests and related measurement
data can be found in [47].

ITI. CONCLUSIONS

The phenomena that govern radio emission and reception at
ground loeations in jungle forests are easily recognized by considering
the jungle as a maze of aperture-coupled screen rooms. In the jungle
case, the screens, in the form of vertical tree and fern trunks, and
the horizontal forest canopy are of variable thickness, have variable
shaped apertures, and are composed of diverse substances that
contain mostly water.

The local forest structure determines the directivity of radiation.
However, the directioful radiation bias of local forest structures can
be overcome by employing phased twin tree arrays, [6]and [7].
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