AD 763887

(ko _ ]

Research and Development Technical Report
ECOM- 4133

UTILIZATION AS RF-ANTENNAS OF LIVE AND- OF LIFELESS
STRUCTURES IN NATURAL AND IN MAN MADE JUNGLES

K. lkrath
K. J. Murphy
W. Kennebeck

NA;IO‘P:IAL TECHNICAL
INFORMATION SERVICE

(L]
U S e erd v Vit

June 1973

DISTRIBUTION STATEMINT

Approved for public release;
distribution unlimiled.

e
L
L4
[
[ ]
[ ]
[ ]
[
L d
L]
.
[
L
e
L]
L
Ld
[
[ ]
[ 3
L4
[ 3
®
®
[ J
[ ]
[
[ ]
9
®
[ ]
.
[ ]
L]
[
®
[
[
®
*
.
®
[ ]
[ ]
1 d
®
[ 4
.
[
[
[ ]
[ d
[
.
[
[ 3
[ 4
[ 4
[
L ]
o
[ d
[
L

2900660000 . 0000000000000 00 00000

HCOM

UNITED STATES ARMY ELECTRONICS COMMAND - FORT MONMOUTH. N

T g e g




NOTICES

Disclaimers

The findings in this report are not to be construed as an

official Department of the Army position, unless so desig-
nated by olher authorized documents.

The citation of trads names and names of manufacturers in.
this report is not to be conatrued as official Goversment
indorsement or approval of commercial products or services
telorenced herein.

Disposition

Destroy this report when it is no longer needed. Do not
return it to the originator,

LHY]
oe
LI |

RS [P

| ACCISTION fir /
hatty eellon M

AT I ]
o

@ T



Reports Control Symbol 0SD-1366

i TECHNICAL REPORT ECOM- L133
I
]
i _
| UTTLIZATION AS RF-ANTENNAS OF LIVE AND OF LIFELESS ®
. STRUCTURES IN NATURAL AND IN MAN MADE JUNGLES
[ ]
K. Ikrath, K. J. Murphy and W. Kennebeck
®
FLECTROMAGNETIC COMPATIBILITY TECHNICAL AREA |
COMMUNICATIONS /ADP LABORATORY |
|
i
’

DA Work Unit No. 186 62701 ALLS8 06 18

June 1973

DISTRIBUTION STATEMENT [
Aoproved for public release; distribution unlimited.

US ARMY ELECTRONICS COMMAND
FORT MONMOUTH, NBW JERSEY




ABSTRACT

Natural forest trees, man-planted shade trees, metal lantern poles and
building structures wers utilized as officient HF radio antennas with ths

aid of Hybrid Electromagnetic Antenna Couplers (HEMAC's). The performance

of live trees and of inanimate metal structures a3 antennas is compared

with the performance of conventional HF whip and dipole antennas. Similar
practical data are given on the LF radio signal emission capabilities of

huge steol-concrete buildings and on LF radio signal diffusion via electrical
power and water distribution systems in suburban areas, .
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1. INTRODUCTION

The capability of vegetation and of trees to serve as radic antennas ®
has been recognized as early as 1904 by Major GQeorge 0. Squire of the US Army
Signal Corps.< M. G. Squire's ideas of using trees as radio antennas have
been realizod in practice with the aid of a flexible tosoid shapaed Hybrid
Electro-le ;netic Antenna Coupler device called a HEMAC. As a result of
field ~xperiments and radio transmission measurements which were carried out
with conventional hardware antennas and with HEMAC coupled trees in tropical ®
Jungle forests in the Panama Canal Zone, it became evident that jungle treea . ;
gerving as MF and HF antennaz are able to overcome the obstructing effects
of jungle vegetation relative to conventional antennas on RF communications.3

"
®
@®

Furthsrmore, measurements of MF ﬁnd of HF radiation patterns from fores
trees in the Ft. Monmouth, N.J. area“ and in the lebanon, N.J, State Forest 0
revealed that in particular the HF radiation pattern directivities are ,
caused by "dominant natural tree locps' that is bty the parasitic array-like

interaction between the H:MAC coupled tree and nearby neighbor trees.

However, as stated in the first part of this report, the control of the

directivity of RF emissions from forest trees need not be left to orienta=-

tions of the natural dominant tree loops at a chosen transmitter (XMTR) :

loretion in the forest; the directivity of RF signal emissions via forest [

trees cen be controlled by the radic operator with the aild of phassd HEMAC

coupled tree arrays. Yet, whereas control over the directivity of the RF

radiatior. becomes & matter of human effort, the control over the range .

of applicable practical radio frequencies remains a function of the material i
and structural heterogeneity and anisotropy of the forest vegetation. :
Corresponding implications with regard to matching conventional radio ® L)
transmitters to the impedances of forest trees and the surrounding under-

brush vegetation are discussed in the second part of this report. In the

third part, the search for practical upper frequency limits is pursued in-

directly by comparing the performance of trees as radieting antennas with

that of metal lantern poles of comparable dimensions., This comparison of

live structures of natural jungles with lifeless structures of urban jungles »
provides the transition to the fourth part which deseribes the utilization

of steel and concrete structures, buildings, water and power lines etc., ) ‘
for radiation and transmission of RF signals in "urban jungles'. Emphasis

is placed here on the distinction between RF radiation from buildings and

RF diffusion inside buildings and on the corresponding methods and means i
for RF signal emission and reception. |

2. DISCUSSION

A, Control of Directivity of RF Signal Radiation from a HEMAC Coupled
Forest Tree Irray. :

The pair of forest.trees which served as transmitting antenna and » ]
vwhich will be referred to as twin tres array is shown in Fig. 1. The tree
trunks are four meters apart and have s circumference of 1.85 and 2.L meters
measured at 1.5 meters above ground. A close-up view of the match box and
HEMAC torold circuit on one of the trees 1s seen in Fig. 2. A picture of
the XMTR setup in a sheltsr in the vicinity of the trees is given in Fig. 3.

bl
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The block diagram of the XMTR circuit is shown in Fig. L. The HEMAC coupled
trees are cormected with the YMTR setup in the shelter by nine and fifteen
meters long ccaxial cables. The XMTR setup consists of a palr of Globe
Amateur Radio XMTR Sets which are operated in the AM and CW mode. The VFO
input of the Globe XMTR Set No. 1 is connected via a capacitive voltage
divider to the output of a crystal (XTAL) controlled oscillator. The input
o the other Qlobe XMTR Set No. 2 is v-~rnected to the XTAL controlled
oscillator via a deiay line made from & 36 meter long RG-58 cable with tups
at four meter spacings. The phase difference between the VFO input signals
of Globe XMTR Set No. 1 and No., 2 is adjusted in steps by plugging into
different teps of the delay line; smooth fine adjustment of the phase 1s
obtained with a tuning capacitor which can be connected to the dummy load
end of the delay line or across an unused tap of the delay line. The phase
differences of the resultant XMTR output voltages were displayed on an
oscilloscope in form Lissajou patternz. For this purpose, the x and the y
inputs of the owoilloscope weres coupled to the connections of the No. 1

and No, 2 tree feod cables and the No, 1 and No. 2 Globe ¥MIR outputs.

The maxirmum CW power output from these trei.mitters was determined to be

12 and 16 watts. Radiation patterns wers measured st a frequency of L.650
MHz with a vertical 5 foot long whip antenna that was mounlad on a truck
shelter and connected via R3-58 cable to the untuned high impedunce input
nt a BK=2007 Helterodyne Millivali Meter., Tho whip equipped truck and the
3K~2007 reter are shown in Figures 5 and 6. On the map in Fig. 7 are marked
the XMTR location in the Wayside N.J. test area and the receiver location

1 %o 12 along a circls of a 3 mile radinc, The resulis of the radiation
pattern measurements are shown graphically in Figures 8 to 10. In Pig. 8
arg plotted the received signal plus noise leveles und the noise levels at
the recelver locations 1 to 12. The signal plus noise level radiation
patterns are given fur the following orerating condition of the YMTL ::tup.
(1) XMTR No. 1 feeding tree No. 1 turned «n the YMTR No. { turned off.

(2) XMTR No. 2 feeding tree No. 2 turned on and XMTK No. 1 turncd off. Uader
theze conditions the SWR values on the feed catles wera 1.1 and 1.0, 1In
this connection, it 1s necessary to point cu: that the above SWR amounts

to matching to load impedances, which ineluls the parasitic loading of XITR
No. 1 by tree No. 2 and vice versa of XMTR %o, 2 by tree No. 1. Next refer
tc the radlation patterns in Figures 9 and 10 with both the No. 1 and No. 2
XMTR turned on and with different phase delays of the VFO input signal for
XMTR No. 2 relative to that of XIIR No. 1. “wvidently by changing the phase
of the corresponding RF currsnts in the IIThHe? coupied tres circults the
radiation maxima from the twin tree array ur: steered into different
geographic directions to the nor+heast for A4 =0°, and to the east and

northwest for Ay =90° and 180°, However, duc ‘c the mutual coupling between

the tw~ trees, phagse changes effect also chunges of the SWH values. For
this particular forest tree array setup, Sa¥ values ranged up to 3 to 1.
The ccrresponding variations in the Indiviiu:: HMW7T Soad impedance are

also reflected by the variations of HEMAC cwrants as functions of XMTR

phasing.

Hence without resort to more sorhistice’ed phasing and tuning cir-
cuitry, the gain from the control over ih» direc:ivity of 'RF radiation

fron. clogely spaced forest tree arrays lc paridailv offse!l vy the inefficlent

utilizaticn of the available XMTR power. irwever, vhe practical usafulness

(
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Fig. 7 MAP OF XMTR(X) AND RECEIVER LOCATIONS | TO 12

MEASUREMENTS OF RADIATION PATTERNS FROM

HEMAC COUPLED TWIN TREE XMTR ARRAY.

OCT. B72
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of phased forest tree arrays may be judged not only by the directions of

the radistion maxima but also by ths overall ahapes of the radlation pate
tern insluding the directicons of minima and of nulls and by thn data in
Figure 11. In Figure 11 is shown the signal plus noise and ths noiss levels
received at station AD2XL in the Evans Area, seven miles to the south, and
by whip equipped vehicle at Colts Neck, three miles to the west, from

the Wayside Forest XMTR location. These signal plus noise lavels are given
in connsction with the XMIR phasing and the corresponding Lissajou patterns
as displayed on the scope. The strong coupling betwsen the trees is
reflected by the parasitic current levels of 0.55 and 0.5 Amp RF in the
ON=OFF atates of the Globe No. 1 and 2 XMTR sets. This kind of mutual
coupling becomes much stronger when a pair of HEMAC's is couplad to one and
the same tree, Such a HEMAC-tree setup was tried out during initial experi-
ments with tree loops so as to optimize sky wave radiation but this attempt
failed because of the strong mutual coupling and resultant difficulties in
keeping adequate power match while varying ths phasing.

As pointed out before, the mutual coupling between different trses
in a forest tree array offsets to some extent the afficient utilization of
the available XMTR power; however, considering the overall performance
of tho twin forest tree array as described by the radiation patterns and
the data in Figures 8 to 11 it iz evidert that the original objectives
were realized, in that control over the directivity of RF radiation has
been taken from the dominant natural tree loops and handed to the.radio
opsrator. Thus we nay now turn our attention to nther factors that affect
the efficiency of operaticn of forest trees as antennas, namely the HEMAC-
Tree load impedancesr as functions of freguency which are the topic of '
Section B of the discusaion.

B. HEMAC=Tree load Impedances.

The efficient utilization of forest trees as radio tranc=‘tter
antennas depends primarily on the ability to match the transmitr- output
impedance to the input impedances of HEMAC coupled forest trees. Possible
solutions of this matching problem depends on whether the transmitter is
equipped with variable ocutput impsdance contrecls and whether the XMTR to
HEMAC-Tree connection can be made very short in terms of wave length or
whather the HEMAC=Tree load circuit impedance must be powsred from a source
with & fixed output impedancs, such as presentsd by & random length of
cable.

In the first case & fixed impedarice transformation netsork can be
designed which witlin certain ranges of frequencies and impedance ratios
will provide a satisfactory match between a vsriable transmitter output
circuit and tuned HEMAC-Tree load impedances.
HEMAC-Tree tuning and impedsnce iransformation circuit, referred to in the
following as match box, is required.

Typlasl HEMAC~Tree lmpadances as functions of frequency which must
then be matched to nominal SO Ohm source impedances are shown in Figures

12 to 1. The resistance R and react&nce X versus frequency curves in
these figures were measured with a HEMAC on tree No. 1 of the previously

13

O S ST SR YR % a

In the second case a variable
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described twin tree array. For these measurements, the flexible HEMAC toroid 7 {
was mounted on a rigid plestic ring to maintain the same shape of the HEMAC ® -
when used on and off the tree. Referring to the R and X in Figures 12 and S e
13 one recognized first of all that HEMAC impedances off the tree in air P @
and on the tree are drastically different. In air above the ground the :

HEMAC reactance is inductive below and capacitive above the sharp resonance

at about 9 MHz. On the tree several trangitions betwaen inductive and

capacitive regimes occur betwsen 8 MHz and 1L MHz. The corresponding reso- .
nances are displayed by the relative maxima of the resistance curves at

about 9 MHz, 11 MHz, and 14 MHz. The height above ground of the HEMAC on

the tree influences the shape und distribution of the relative maxima of

the resistance und of the corresponding zero crossings of the reactance;

apparently increasing the height of the HZIMAC above ground tends to eliminate

the capacitive impedance region around 9 MHz as seen by comparing Figures

12 and 13. The operating frequency range obtained with capacitively tuned e
matching cireuita is then increased accordingly. The peculiar resonances of
the HEMAC on the tree in conjunction with the capacitively tuned matehing
¢ircuit explains the previously observed abrupt decays of radiation from
different trees at frequenciez between 7 and 11 MEz. Balow the frequency of
transition from the inductive to the capacitive regime the matching and
tuning of HEMAC couplad trees is accomplished with two variable capacitors ®

Cl and C, in accordance with the HEMAC Ro/r matching nomogram in Figure 15, :

Rz and r refer to respsctively the constant source resistance and the |
HEMAC-Tree load resistance. The optimum matching conditions given by the i
nomogram corraspond to the critically damped rescnance mode of the circuit.

In practice this optimum match is achieved by maximizing relative power and :

by minimizing the SWR. For this purpose a sirultaneocusly power and SWR » O
indicatirg meter has been incorporated into the original HEMAC matching box.

Evidence that the tuning of the HEMiC-Tree transmitter circuits requires

less skill than turing of the PRC-7L whip XMTR circuit may be deduced from

the input resistance R and reactance X of the PRC=7TL whip which are plotted

versus frequoncy in Fig. 16. Furthermors, since the previously mentioned _

axperiments in the Panama Canal Zone and in the Lebanon, N.J. State Forest »

have shown that in the 60 to 80 meter wave length range the center coil

resonated and 2.7 meter long PRC-TL whip can hardly compete with large 20

to 30 meter high forest trees, smaller trees and metal lantern poles were

subsequently put to work as antennas at shorter wave lengths; as seen in

Figure 17 the poles present to the HEMAC a similar load with fewsr resonances,

The resultant implications with regard to RF commnications in natural jungles

of live vegetation and in urban jungles of dead steel and concrete will >
become evident in Section C. .

C. Iive Wooden Trees versus Dead Metal lantern Poles.

The relative dimensions of a typical smaller tree and of a 9 meter
high metal lantern pole in relation to the PRC-7L whip antenna are seen [ ]
in Figuras 18 and 19. Close-up views of the PRC-7L Rndio Transceiver setups
with HEMAC coupled tress and metal lantern poles in the Hexagon=-Ft. Monmouth
area are shown in Figurea 20 to 23. Figure 24 shows a HEMAC PRC-TL trans-
ceiver setup on a short wooden pole that protects one of the fire hydrants
in the Hexagon yard. A similar setup with the HEMAC on the roof of a Joep
13 seen in Figure 25. Voice and keyed CW signals emitted from these PRC-7L b
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HEMAC TORROID + METAL LANTERN POLﬁ:
INPUT RESISTANCE R AND REACTANCE X IN OHMS
VERSUS FREGQUENCY ¢ 13 MHz | HEMAC HEIGHT he

.28m ABOVE DRY SOIL .
' HEXAGON AREA APRIL 28,1973

Fig. 17 HEMAC-Toroid Plus Metal lantern

Pole Input Repistance and
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Hoxagon Area April 1973
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radio transceiver setups on frequencies between 5.5 Miz and 11.0 MHz were
received and measursd at station AD2XL in the Camp Zvans Arsa (Bldg. T-113)
about seven miles south from the Hexagon-Camp Charles Wnod Area, Pictures
of this station are shown in Figures 26 and 27. One may note that the
horizontal wire doublet antennas of the station ure oriented for optimal
reception of signals arriving from east and west rather than from north and
south. In one case the emitted signals wers «lso monitored and measured
inside the Hexagon building, in Room LDL23, using the BK-2007 heterodyne
volt meter and a short whip antenna. The resultant datz are tubulated in
Figures 28 to 30. A comparative inspection of these data leads to the
following conclusions: The HEMAC coupled lantern poles outperformed all
other radiators at all times snd on all frequencies bestween 6 and 11 MHz.
Radiation from the PRC-7L whip is from 2 dB to 12 d8 lower than that from
the lantern polis, The performance as antennas of the HEMAC coupled small
tres and of the jeep are about equal %o the performance of the PRC-7L whip
antennaj the tree being slightly better than the whip in the majority of
cases and particularly then when the noise and RFI lsvels at the receiver
station were relatively high. Radiation from the HEMAC by itself, with the
HEMAC placed on a wooden table and on the short wooden pole (Fig. 2L) is
from 10 dB to 18 dB lower than that from the lantern poles.

S3imilarly to the previously described attempt to use a twin HEMAC
coupled tres to control ground and sky wave emission, a transmission test
waa carried out with a twin HEMAC ooupled lantern pols as radiator.

However, having learned from thes past, no attempt was made to power the

twin HEMAC coupled lantern pole from two phased transmitters. Instead as
seen in Figure 31 a single PRO-7. sat used as a XMTR feeding directly either
the upper, or the lower HEMAC such that the lower and upper HEMAC act as
parasitic elements, such as the reflective and direotive elsments of a Yagi
antenna. Furthermore, both HEMACs were fed in parallel and tuned for
maximal radiation. The results, (Table - Fig. 30) show that the latter case
is the worgt of all, so much so that the signal is 6 dB and 3 dB duwn
relative to the first and second cass.

Considering the svident supsriority of ths metal lantern poles as
antennas relative to the approximately equal pesrformance of the small tres
and the PRC-7L whip antenna, one may wonder to what extent the results of
these grourd t¢ ground transmission tests wers influenced by differences
in the ground and sky wave radiation emissions. In this connection it should
be pointed out that both the overall radiation efficiency, as well as the
ground and sky wave emission mechanisms, are greatly influenced by the ground
and the grounding conditions of the respective radiators.

In order to obtain an idea on the spatial distribution of radiation.
for the design of subsequent tests and measurements by airplanses an "aerial
tramvay" was set up betwsen the Hexagen roof and a lantern pole at the
movie theater east of the Hexagon. The nylon string of the aerial tramway
was suspended in such a way that ons of the shade trees and a lantern pole
vwere located about half way bensath the aerial tramway. The gondola of the
tramvay was moved upward towards the Haxagon roof and downward towards the
movie theater by nylon strings running through a pulley at the Hexagon roof.
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Pictures of ths asrial tramway - gondola experimental setup are Jhown in
Figures 32 to 36. The gondola carried a small 1 watt RF transister XMTR
operating on a frequency of 8.25 MHz. The experiments were made with the
small HEMAC coil that can be seen in the pictures (Figs. 32 to 34) and with
a 1 metar long vertical wiro as XMIR antermas. The experimental setups and
test objects such as lantern pole, tree, PRC=7l whip and the HEMAC by
itself are described by the illustrations above the recordings in Figures 35
to L5. These recordings give the output voltages from the test objscts as
functions of the position and movement of the XMTR gondola above. The
recordings were made with a TR-722 recorder connected to the recorder output
of the BK Heterodyne Voltmeter. Pulling the gondola XMTR upward was more
difficult and slower than pulling it dovmward with the ends of the strings
on the parking lot between the Hexagen and the movie theater and with the
pulley located on the Hexagon roof. The upward and dowmward recordings

are distorted since the reocording spead is not synohronised with upward

and dowrnvard speeds of the trunsmittor gondola. Furthermore, the battery
of the gondola « XMTR was running down during the tests; consequently, the
peak voltage outputs from the different test objects reflesots to some extent
this drainage of the XMIR battery. It is also necessary to point out that
the recorded output voltages are indicative of esssntially the interaction
of the test object with the gondola XMIR's near fields rather than with its'
radlation field. Nevertheless, insofar as different near fields correspond
to different radiation fields, the recordings in Figures 35, 36 and 37,38
for respectively the lantern pole and the tres prove that the primary
objectives of the expsriments were achieved. The lantern pole and tres,
coupled by identicel HEMACa and immersed into practically identical RF
fields from the HEMAC antenna equipped gondola XMTR, deliver drastically
different recordings. The lantern pole output is double-lobed and has a
deep mull when the XMIR gondola is directly over it so that the resultant
pattern is double-=lobed. The tres cutput is broad with a flat maximm of
the pattern when the gondola XMIR is diroctly above the tree. The fine
structure of the tree output is seen in the recording in Figure 39. The
wiggled fine structure is caused largely by the jerky movement and wind
induced swinging of the gondola XMTR. The previcusly mentioned relative
distorticn of upward and downward recordings is clearly seen in Figure L0
for the tree case. Similarly, Fig. L1 shows the upward and dowmward records
for the PRC-7L whip. Conslidering that the whip and metal light pols are
"vertical electrical rod antennas" the completely different shapes of the
PRC-7L whip and of the lantern pole recordings (Fig. L1 and Figs. 35, 36)
are surprising. The rull of the lantern pole record with ths gondola HEMAC
XMTR directly above thes pole agreas with expectations founded on idealized
grounding conditiona., The flat maxima in the whip case under the same oon~
ditions could be reconciled with the existence of entirely different ground-
ing conditions for the PRC-74 set in conjunction with the influence of the
cent.sr coll resonator on the induced whip current distribution, Similar
recordings obtained with the one metsr long vertical wire instead of the
HEMAC coil as gondola XMTR antenna are shown in Figures 36 to 39. In spite
of the greater susceptibility of the vertical wire XMIR to wind and jerky
movement induced deviations from vertical orientation and corresponding
perturbations of the polarization of the emitted fields, one recognizes
particularly in the lantern pole recordings the deep fadings of the output
voltage when the XMIR is above the pole. '

37




BRI, AN

, e
PR
! FCRARER | | »

4

o e
e V3
T e e .
TN ~”"-‘mv.?{ »

.

: This pla.h reproduced at the
Fig. 32 Aerisl Tramray (londola 8,25 Mg back of tha report by & different
XMTR above Tree and Lantern Teproduotion method 1o provide
Pole Raceiver Setup
Hexagon Area April 1973
38




USRI
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FIG. 39
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Hdence, thers is no Jdcupt <han raiiasich tatterng Srerocveer oand

from lantern poles must ba different, partlculariy wish resy.: <o sesund
and sky wave radiation. Rasultan: implicazlons for ground -0 sir zcmmunie
cations will be investigated in future tests uging an airplane for this
purposa. The fuct that the metal lan‘arr ::les are rlanis »5f urban jungles
and wers Tt te work as efflcient radlo antennas leads deaper into the urtan
dangls and inss tha falizwing technical area of application,

2o Tha Triiisaco on o "nildings, Wator and Power Lines as RF Antennas
ind Trananiesion Wolia,

1) H Signal @manatioa and &sceptlon by Building Structures.

In the introduction it was pointed out that the RF communi:a-

“icnz in urtan jungles involves prinoipally RF induction, conductior, and
"radistion in conjunction with diverse structures. Considering the szric=
tural and material similarities betwsen conventional wnip type antennas and
metal lantarn roles, the previously describad utilization of lantern poles
a3 an‘ennas s<ems obvioud. However, the use of bulldings and of stenific
carts of bulldlngs is not s obV'Lous.6 The reasons for this will become
avident rv comparing the plctures in Figures L and L7. The picture in

Fig. 4% shows a scnventional horizontal wire dipole antenna which is mounted
on to the glass window panes in Room 4DL23 in the Hexagon building. This
dipole is made from and connected with a 300 Ohm twin wire line to the
antenns terminals of a PRC-7L set. Thanks to the variable output impadance
of the PRC~7L, the window dipole could be matched to the set 'within a narrow
frequency range at around 11.950 MHz., The picture in Figure L7 shows ‘he
same windows vwith their metal frams couplaed to another PRC=7, radio sat =:ia
a 3hort plece of RG-58 cable and the match box and HEMAC circuit. The
relative nerformsnce of the window dipole and of the HEMAC coupled window
frame as an RF antenna was measured in two ways:

(a) On March 16th, 1973 the lsvels of the emitted 11.95) MHz
C4 and volce signuls were compared as received at station AD2XL in the
Evans arsa from the window dimole and from the HEMAC conupled window fram:
nowered from the PRC-7l sets, with respectively 11.5 and 12.0 watts RF
power, Before 1100 howrs local iz <ie signal rlus noise -o ncise ratic;
received at the Evana station from tne window dipole and from the HEMAC
coupled window frame were 20 d4B/15 dB and ¢5 dB/15 dB, After 1100 hours
broadcasts from BBC London, Engiand interfered with further measurements on
this frequency, i.e., the optimum frequency for the window dipole and sub-
Sequent transmiszsions to the Evans station were carried out on il.738 MMz,

On the previous day, the 15th of March 1973, similar
tranemissions from the HEMAC coupled window frame to Evans were mude with
the HEMAC coupled to the upper and the lower part of tha window frame at
various frequencies between € and 12 MHz. In spite of the dense oceupancy
of this frequenzy band bty powerful H" stations from all over the world,
aignal plus noise to nolse ratios could be memsured on 10.540 MHz with maxi-
mal 18 4B/10 dB and minimal 22 dB/18 dB at different times of the day. The
latter value reflects not only higher RFI noise levels but also a lower
RF power cutput from the PRC-7L set as its battery power dropped towards the
end of the transmission tests. Furthermore, voice tranamissions on 11.800
MHz and 8.850 MHz were received intelligltly in the presence of strong RFI,
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HEMAC Coupled Window Frame This puge ls reproducts, e the
(11.950 MHz Transmission Hex  ‘P5Ci i uon P othod to provide

to Bvans, Freshold, Oceanport, better detail.
Hexagon Room 4D323) April 1973
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(b) On lg‘ 14, and 17 April 1973 voice commnicatiors range
tests were made with ¢ drivor of a truck vehicle who had tne whip of his
PRO-7Y set sticlkdng out through the open window of the driver's cabin.

Thess voice commnications range tesis were made in the western direotion
towards Freehold, N.J., and in the eastern direction towards Oceanport, N.J.
for the following reasont The windows of Room LDL23 are on the western
side of the Hexagon building and look into the yard which 1s open towards
the west and bounded in the north, east and scuth by tha completed parts

of the building. On 13 April 1973, an exploratory range test with the HEMAC
coupled window frame is antenna was made initially on 11,950 MHz.

However, during the test, at 1500 hours local time, the
Weat African Service of Radio Hilversum, Netharland begun to interfere
strongly with the test frequency. Switching consequontly to 11.970 Mz,
a clearly intelligible voice communications range of 6.5 miles west from
the Hexagon to the intersoction of Highway 537 with Five Point Mile Road was
obtained.

On 16 April 1973, a commnications range - comparison test
was oarried out for the window dipols and for the HEMAC coupled window frame
on 11.960 MHz. The results of this range test towards the east of the
Hexagon, the dirsction blocked by the building, iz tabulated.

16 April 1973 Test Datat

Window Dipole verasus HEMAC-Window Frame XMIR

Hobi.le dtation Hexagon Station Rm.
Air Mileage Window HEMAO=Window
from Hexagon location Dipole Frame
2.0 Ft. Monmouth Weak but Loud & cloar
readable
3.5 Oceanport Out, coversd Weak but
Post Office up by nvise ‘intelligible

As pointed out befors, RFI from powsrful HF radio broadcast and
comnercial stations hecomes very severe in the afternoon hours; similarly
RFI in the Hexagon building, particularly from the freight elevator next
to Room L4DL23 tends to be higher and more frequent around noon and afterncon.
For this reason the subsequent 17 April test runs east and west irom the
Hexagon were made in the morning houra on 11.%50 MHz. The reaults are
shown on the following page.

55

|
i
4
|
|

e T



17 April 1973 Test Datar

Quality of Vo'ica Tranamissions from Window Dipole

HEMAC-Window Frame

Mobile Station

Alr Mileage
East from Hex.

2.0

3.9

3.0

L3

West from Hex.

the emitted RF fields.

Location
Ft. Mcdnmouth

Oceanport
Post Office

Intersection Hwy 537
Laird Road

Intersection Hwy 537
and 3L (#)

Intarsection Hwy $37
and S Pt. Rd.

Hwy 537 approach
to Freehold ()

(#) = Power=tele;iione lines overhead

56

Hexagon Station FRm. 2

. HIMAG-Window
Window Dipole oo Frame
Clear Clear
Clear ' Clear,
. stronger
Clear Clear,
stronger
Readable Readable
0).¢ 0) ¢
Much weaker Clear,
but readable - atrong
Readable Weaker,
readable

The obsarvation that volce transmissions from tho Hexagnn window dipule
wera recelved slightly stronger than from the HEMAC coupled w:niow frame
when the receiver vehicle wes purked directly beneath telephone and power
lines deserves closer scrutiny with regard to the roles of polarization of
However, the tests prove beyond any doubt that the
HEMAC coupled window frame is & highly efficient, unususl, and practically
invisible XMIR and receiver antenna which can be tuned over a relatively
large frequency range and that the structurs and geometry o.t‘ the building
glvas dimctivity to HF radiation from its windows.

The teat results prove, furthermore, that RFI noise polluteu building
structures can be used effectively for ths reception of relatively weak HF
signals from the PRC=74 whip set in the vehicle in the Ft. Monmouth =
Oceanport and Freshold, N.J. area and from HF radlo stations overssas,

Considering this performance as HF antennas of building strictures, it
becomes an obvious challenge to apply whole buildings for the transmission
and reception of such low frequencies and corresponding earth, water, and
"urban Jungle" penstrating long radic waves for which the size of conventional
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antennas becomes prohibitive and on which man made and natural RFI nolse too
excefdive for conventional means and methods of RF communications, In this
connection it becomes necessary to mention the transmission of induotively
anitted and roeoind LF signals aiong the Earle to Sandy Hook, N.J. US

Navy Railroad,’ and subsequent transmissions over 20 milee along the Eaton-
town-Lakewood spur of the N.J. Central Railroad over a distance of 20 miles,
from the Charles Wood-Ft. Mormouth area to Whiting, N.J. In both cases the
maximal available RF-XMIR output was about SO watts. During the measurementa
of the signal decay with distance along the railroad tracks it becomes
svident that in addition to LF signal ducting along the railrosd tracks,
radiation directly from the railroad tracks and or indirectly from adjacent
powar and telephone lines must be involved. The subssquently describad
experiments wers designed to further exploit both of these transmission
machanisms for clandestine type communications in wrban Jungles.

(2)7 LF Signa) Pmanatior and Rsception via Urban Msdia.

The tranamitter for this purpose is shown in Figures L8 to 50.
Fig. 48 shows the large RF golenoid wound on a fiberglas tube which is
mounted horizontally on the roof of a M=109 trunk. This solenoid is powered
by a nominal 50 watt Kronhite Amplifier driven from an XTAL contrclled
frequency synthssizer LF source. The picture in Fig. L9 shows the RF meter
&nd capacitive tuning cirouit encased in a lucits box ineide the truck and
the power amplifier circuit and ocutput transformer on the shelf in the lefti
upper corner of the picture. (The large "CML" generators bensath the lucite
meter - tuning box were not used in these experiments). The emitted LF, CW
and keyed CW signals were monitored in the truck with a scope. For this .
purpose they wers picked up with a small ferrite loop stick which is seen
mounted vertically in front of the window.

The ploture in Fig. 50 shows the XMTR truck beneath a power
line in the Camp Charles Wood Motor Pool yard, 1400 feet east of the Hexagon
building, i.e., at location 1 in the nap in Fig. Sl. ring the first test
on 29 Jan. 1973, =ignals transmitted on 85.2 kHz from the XMTR-truck located
under the power line in the Charles Wood Motor Pool area were received so
strongly by the LF-VLF station in the Hoxagon, that the wrimury XMIR power
had t© be reduced to approximately 30 watts. The transmissions wers continued
st the lower powsr level until 31 Jan. 1973. Until 0930 hours local tine:
of this day, the 82.5 ki{z emission as received, recorded by the LF<VLF
station in the Hexagon bullding, was essentially stable. After 0930 hours,
strong amplitude fluctuations set in with periods of approximately five
minutes. The transmissions were then terminated at 1600 hours since no
apparent reason for these fluctuations could be found and because of possible
risks of continuing the transmissions unattended over the holidays. The
transmission tests were resumed on § Feb. under steble conditions. On
12 Feb., at about 1L0O local time (1900 OMT), the XMTR was disconnected
from the commercial AC power supply and switchsd to & gasoline driven AC
generator. Subsequently, the XMIR truck was moved from the motor pool
location to ECOM's new "Green Acres' office building on the western side of
the Garden State Parkway and about Js mile west from the Hexagon building.

On the way to the Green Acres building, an intermediate stop=-
over was made on the parking lot north of the Hexagon, approximately 300 feet
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from the north side wall of the Hexagon, at location 2 in the map in Fig. S1.
In contrast to the XMTR truck position at the Hexagon, a special effort was
made at the Green Acres building to park the XMTR truck within approximately
10 feet distancze from the aluminum panel walls of the building such that

the XMTR solenoid was parullel to the walls. At the Green Acres site, the
truck was first positioned on the south side of the building's wing which
projects towarda the east. Then the XMTR truck was positioned at the
northern side of the Green Acras building, such that the building blocked
the line-of-sight path towards the Hexagon. This position of the XMTR truck
is shown in the picture in Fig. 52. CW signal transmissions from these fou:
locations, at the motor pocl, on the ncrth parking lot of the Hexagon and on
the aouth and north side walls of ths OGreen Acres building were receivad via
horizontal wire antenna on the Hexagon roof and recorded at the Hexagon
LF-VLF Station. The received 82.5 kMz signal levels, as functions of iime
(aM1), and corresponding XMIR locations are shown in Fig. 53. Comparing

the received signal levels and the corresponding transmitter to receiver
distances involved, it is evident that the metal structure of the Oresn Acres
building enhanced radiation of the LF signal stronger than the overhead power
line at the motor pool location; variations of signal level, during the time
of transmisalon from the respective XMTR locations, are largely due to the
AC drift of AC primary power output from the gasoline driven AC generator.

Further evidence of *he support role for LF comminicatione of
urban media is shown ir Figs. .. and 55. Hers IF signals are received with
an HRO-500 National Radioc Receiver using ferrite loopsticks to pick up these
signals from a water fountain and a heating radiator inside the Hexagon
building. In contrast to the previously discussed transmissions on the XTAL
controlled frequency of 85.2 kHz, the exact transmission frequencles were
in these Nov. 72 tests dependent on the location of the XMTR truck and on
its proximity o urban structures in its immediate enviromment, such as the
water tower on the southeastern side of the Hexagon building, the support
{rame of the truck entrance and the ysrd-side walls of the Hoxagon building
(Map Fig. 51). At these locations the transmitted 80 to 90 kHz signal
frequencles were generated by regenerative feedback obtained by connecting
the output from the ferrite loopstick probe inside the truck (Fig. L9)
to the input of the powar amplifier circult that feeds the XMTR solenoid on
the roof of the truck (Fig. L8). Conssquently, the EM coupling to adjacent
secondary structures and the corresponding loading of the regenerative feed=-
back cireuit influences its frequency of oscillation. Observed frequancy
changes due to loading by "secondary structures" indicated that the coupling
is rot efficlent, but results of the transmission experiments prove that
the coupling is sufficient to pollute the Hexagon and parts of the adJjacent
Suilding 2525 by LF signals which are much stronger than the RF polluticn
from other sources including, in one case, an LF transmitter staticn of the
US Navy.

3. SUMMARY AND CONCLUSION

A. Employing a phased twin tree array control over the directivity of
HEMAC induced RF (L4.650 MHz) radiation from large forest trees has been
taken from the natural forest tree configurations and handed to the radio
operator, :
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B. The pnv:louolj cbaerved abrupt decays of radiation from different
trees at frequencies between 7 and 11 MHe were found to be relsted to the
ogourrence of several resonances in the tree loadsd HEMAC circuit.

C. Pursuing further the dotmnimtion of practical upper frequency C @
limits for the operstion of trecs as antennas, radiation measursments were
made at frequenciss between 5.5 MHz and 11.0 MHs.

In these measurements man-planted smaller shade tress and their ' »
naighboring urban jungle ocountarparts, i.s., matal lantern poles of comparable
height,wers put to work as HF radio antenmas.

In ground to ground transmissions over 7 miles employing the PRC=T4
radio transceiver and various smaller HEMAC's, the lantern poles ocutperformed
the PRO-7L whip by 2 to 12 dB and the HEMAO's by themselves by 10 to 18 dB. )
The shade tress and the PRO-7L whip performed about equally well, with the |
tree ‘ylelding elightly better signal to noise ratios most of the time. |
Suspecting related differences in the ground and sky wave emission patterns, '
measurements were made of the RF output voltages from a HEMAC coupled lantern
pole, a mmall shade tree, and the PRC~74 whip which were immersed into the
RF field from an 8.25 Mis XTAL controlled test tranemitter mounted in a
gondola of an aerial tramway suspended above the respective receiver antennas.
The recorded sharp null in the lantern pols output in contrast to the broad
maximum of the tree output when the XMIR gondola moves over respectively
the pole and the itree, indicate correeponding differences in their radiation
patterns. Acocordingly, ground and skywave emisaion seem to dominate RF
radiation from the lantern pole and the tree. However, the sotual spatial
distribution of radiated sky and ground wave modes rmust be determined by ® ®
radiation field pettern measurements by airplane. This is particularly
true for the twin HEMAC coupled lantern pole case whers a parasitic HEMAC
cirouit 1s used similarly as the center ooil resonator of the PRC-Tl whip
to influence the RF current distribution aleng the lantern pols and thus
ite relative ground and sky wave emimsion ability.

D, The intreduction of metal lantern pules ss performance standards
for trees of comparable height at higher frequencies opens the way for the
exploitation of diverse structures and materials or urban jungles as
antennas and RF transmission media.

The roles of buildings for these purposas were sstablished at HF »
and LF frequencies., Betwesn 8 and 12 MHz, evidonce of the superior radiation
abilities of HEMAC ccupled metal window frames relative to a resonant dipole
mounted across the window panes of the Hexagon building, was established by
measurements st a fixed station 7 miles to the south aud by communiocation
range tests esst and wast from the Hexagon.

The resultant communications ranges 3.5 miles emst and 8.5 miles »
west reveal the influence of the buildings' geometry on tha directivity of
HF radiation. Such directicnal phencomena were not observed in the diffusion
of 82.5 kHz signals from ECOM's new Oreen Acres building to the Hexagon
building and in the pollution of the water distribution system of the Hexaugon

67

a._ . _.@& . _ & . _.@& Y R i . a o




{ B . v . AT - - - . - m

tuilding with LF signals in the 70-%C kHz range. However, the LF diffusion
and possibly secondary radiation enhancing role cf buildings, has becoma
evident ae & result of thesme LF transmission experiments.

L. RECOMMENDATIONS

A. Incorporate into the planned measursments, by airplane, of the sky
wave radiation from forest trees corresponding puttern measurements of the
radiation from the lantern polas and from the window frame.

B. Perfect the method of coupling of RF power to and from structures
and materials of urban jungles for their use as efficient and camouflaged
radioc antennas and transmission media.

C. Investigate the feasibility of clandestine communications in urban
Jungles by explolting their RF pollution by friend or foe as transmission
correlation references.

D. Apply the HEMAC methods and techniques to the exploitation of the
super structures and the hulls of ships and planes as LF, MF and HF antennas.
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huge steele-concrets buildings and on LF radio signal diffusion via clcctricll
power and water distyribution systems in suburban areas.
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