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ABSTRACT

Natural foret trees, man-planted shade trees, metal lantern poles and
building structures were utilized as efficient HF radio antennas with the
aid of Hybrid Electromagnetic Antenna Couplers (HE4AC's). The performance
of live trees and of inanimate metal structures as 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 sutburban areas.
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1. INTRODUCTION

The capability of vegetation and of trees to serve as radio antennas
has been reco nized as early as 190 by Major George 0. Squire of the US Army
Signal Corps. NM. G. Squire's ideas of using trees as radio antennas have
been realizud in practice with the aid of a flexible toroid shaped Hybrid
Electro-Yo netio Antenna Coupler device called a HEHAC.e As a result of
field ,xperiments and radio transmission measurements which were carried out
with conventional hardware antennas and with HEKAC coupled trees in tropical
jungle forests in the Panama Canal Zone, it became evident that jungle trees
serving as MF and HF antennae are able to overcome the obstructing effects
of jungle vegetation relative to conventional antennam on RF comunications. 3

Furthermore, measurements of MF •d of HF radiation patterns from forehý
trees in the Ft. Monmouth, N.J. area and in the Lebanon, N.J. State Forest'
revealed that in particular the HF radiation pattern directivities are
caused by "dominant natural tree loops" that is by the parasitic array-like
interaction between the HgMAC 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)
location in the forestj the directivity of RF signal emissions via forest
trees can be controlled by the radio operator with the aid of phased HUIAC
coupled tree arrays. Yet, whereas control over the directivity of the RF
radiation becomes a matter of human effort, the control over the range
of applicable practical radio frequencies remains a function of the material
and structural heterogeneity and anisotropy of the forest vegetation.
Corresponding implications with regard to matching conventional radio S
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 radiating 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 describes the utilization
of steel and concrete structurem, buildings, water and power lines etc.,
for radiation and transmission of RF signals in "urban Jungles". Ephasis
is placed here on the distinction between RF radiation from buildings and
RF diffusion inside buildings and on the corresponding methods and means
for RF signal emission and reception.

2. DISCUSSION

A. Control of Directivity of RF Signal Radiation from a HEMAC Coupled
Forest Tree Array.

The pair of forest, trees which served as transmitting antenna and S
which will be referred to as twin tree array is shown in Fig. 1. The tree
trunks are four meters apart and have a circumference of 1.85 and 2.4 meters
measured at 1.5 meters above ground. A close-up view of the match box and
HEXAC toroid circuit on one of the trees is seen in Fig. 2. A picture of
the X74TR setup in a shelter in the vicinity of the trees is given in Fig. 3.
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The block diagram of the XOTR circuit is shown in Fig. 4. The HD(AC coupled V0
trees are connected with the Y14TR setup in the shelter by nine and fifteen
meters long coaxial cables. The XMTR setup consists of a pair of Globe
Amateur Radio XMTR Sets which are operated in the AM and CW mode. The VFO
input of the Globe )MR Set No. 1 is connected via a capacitive voltage
divider to the output of a crystal (XTAL) controlled oscillator. The input
of the other Globe XMTR Set No. 2 is c,'rnectei to the XTAL controlled
oscillator via a delay line made from a 36 meter long RO-58 cable with taps
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 taps of the delay line; smooth fine adjustment of the phase is
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 o.ioilloscope were coupled to the connections of the No. 1
and No. 2 tree feed cables and the No. 1 and No. 2 Globe XMTR outputs.
The maximum CW power output from these trai ;;mitters was determined to be
12 and 16 watts. Radiation patterns were measured at a frequency of 4.650
Milz with a vertical 5 foot 10g whip antenna that wa3 mounted on a truck
shelter and connected via RG-58 oablc to the untuned high ixnpedance input
of a BK-2007 Heterodyne Millivolt Metar. Tho, whip eq'ipped truck and the •
BK,.0O7 meter are shown in Figures 5 and 6. On the map in Fig. 7 are marked
the L•TR location in the Wayside N.J. to<,t ý'ea and the receiver location
1 to 12 along a circle of a 3 mile radf'-o, The recults of the radiation
pattern measurements are shown graphically in Figures 8 to 0. In Fig. 8
aru plotted the received signal plus noise levels and the noise levels at
the receiver locations 1 to 12. The signa] plus flýise level radiation
patterns are given for the following operaing condition of the =F, :tup.
(]) XMTR No. 1 feeding tree No. 1 turned :.ri the E%1TR No. ^ turned off.
(2) XMTR No. 2 feeding tree No. 2 turned on -And )3TR No. 1 turnd off. U:ider
these conditions the SWR values on the feed cables were 2.1 and 1.0. In
this connection, it is necessary to point ou; that the above S.R amounts
to matching to load impedances, which inCL;IU• the parasitic loading of XCiTR
No. 1 by tree No. 2 and vice versa of XNTh I',). 2 by tree No. 1. Next refer
to the radiation patterns in Figures 9 and 10 with both the No. 1 and No. 2
D17R turned on and with different phase delays of' the VFO input signal for

1-IR No. 2 relative to that of XDITR No1 1. •",.dently by changing the phase
of the corresponding RF currents in the I!i°• coupled tree circuits the
radiation maxima from the twin tree array av.: 3teered into different
g-ographic directions to the northeast fcr AO 00, and to the east and S
northwest, for A 'f -900 and ]800. However, .,uQ Ic the mutual coupling be t-ween
the tv^ trees, phase changes effect also changes of -he SdR values. For
this particular forest tree array setup, SWY, values ranged up to 3 to I.
The corresponding variations in the indiviui: i -•o:A oad impedance are
also reflected by the variations of I-YNAC currents as functions of 1¶TR
phasing. •

Hence without resort to more sophistica:ed phasing and tuning cir-
ciatry, the gain from the control over thli d.i ec: ivityr of RF radiation
fror. closely spaced forest tree arrays i. pariL•ily o2fset by the inefficient
utilization of the available .4TR power. .Iever, -,he practical usefulness

5.
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of phased forest tree arrays may be judged not only by the directions of
the radiation maxima but also by the overall shapes of the ra.ation pat-
terw iclud2n the directions of minima and of nulls and by thn data in
Figure 11. In Figure 11 is shown the signal plus noise and the noise 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 levels are given
in oonnection with the XXTR phasing and the corresponding Liesajou patterns
as displayed on the scope. The strong coupling between the trees is
reflected by the parasitic current levels of 0.55 and 0.5 Amp RF in the
O-OFF states of the Globe No. 1 and 2 XDTR sets. This kind of mutual
coupling becomes much -itronger when a pair of HE(AC's is coupled. to one and
the same tree. Such a HD(AC-tree setup was tried out during initial experi-
ments with tree loops so as to optimize sky wave radiation buý this attempt
failed because of the strong mutual coupling and resultant difficulties in
keeping adequate power match while varying the phasing.

As pointed out before, the mutual coupling between different trees
in a forest tree array offsets to some extent the efficient utilization of
the available XMTR power; however, considering the overall performance
of the twin forest tree array as described by the radiation patterns and
the data in Figures 8 to 11 it is evident 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
operator. Thus we nay now turn our aýtention to other factors that affect
the efficiency of operation of forest trees as antennas, namely the HDMC-
Tree load impedances as fwictions of frequency which are the topic of
Section B of "uhe discussion.

B. HT!4AC-Tree Load Impedances.

The efficient utilization of forest trees as radio trano-4tter
antennas depends primarily on the ability to match the transmitt 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 output impedance controls and whether the XMTR to
HEIAC-Tree connection can be made very short in terms of wave length or
whether the HMC-Tree load circuit impedance must be powered from a source
with a fixed output impedance, such as presented by a random ler4th of
cable.

In the first case a fixed impedance transformation network can be
designed which within certain ranges of frequencies and impedance ratios
will provide a satisfactory match between a viriable transmitter output
circuit and tuned HEMAC-Tree load impedances, In the second case a variable
HEDAC-Tree tuning and impedance transformation circuit, referred to in the
following as match box, is required.

Typical IEMAC-Tree impedances as functions of frequency which must
then be matched to nominal 50 Ohm source impedances are shown in Figures
12 to 14. The resistance R and reactance X versus frequency curves in
these figures were measured with a HEKAC on tree No. 1 of the previously

13
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described twin tree array. For these measurements, the flexible I0AC toroid
was mounted on a rigid plastic ring to maintain the same shape of the HEKAC
when used on and off the tree. Referring to the R and X in Figures 12 and
13 one recognized first of all that HWC impedances off the tree in air
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 transitions between inductive and
capacitive regimes occur betweon 8 M!z and 14 X•z. 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 HEKAC on
the tree influences the shape Lnd distribution of the relative maxima of
the resistance and of the corresponding zero crossings of the reactance;
apparently increasing the height of the HMEAC 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
matching circuits is then increased accordingly. The peculiar resonances of
the EHAC on the tree in conjunction with the capacitively tuned matching
circuit explains the previously observed abrupt decays of radiation from
different trees at frequencies between 7 and 1i MHz. Below the frequency of
transition from the inductive to the capacitive regime the matching and
tuning of HEKAC coupled trees is accomtlished with two variable capacitors
C and C0 in accordance with the HEAC R./r matching nomogram in Figure 15.
Rc and r refer to respectively the constant source resistance and the

{EMAC-Tree load resistance. The optinim matching conditions given by the
nomogram correspond to the critically damped resonance mode of the circuit.
In practice this optimum match is achieved by maximizing relative power and
by minimizing the SWR. For this purpose a simultaneously power and SWR
indicating meter has been incorporated into the original HEMAC matching box.
Evidence that the tuning of the HEMAC-Tree transmitter circuits requires
less skill than tuning of the PRC-74 whip )DMTR circuit may be deduced from
the input resistance R and reactance X of the PRC-74 whip which are plotted
versus frequency in Fig. 16. Furthermore, since the previously mentioned
experiments 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-74 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 HMOC a similar load with fewer resonances.
The resultant implications with regard to RF communications in natural jungles
of live vegetation and in urban Jungles of dead steel and concrete will
become evident in Section C.

C. Live 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-74 whip antenna are seen
in Figures 18 and 19. Close-up views of the PRC-74 Rndio Transceiver setups
with HEMkC coupled trees and metal lantern poles in the Hexagon-Ft. Monmouth
area are shown in Figures 20 to 23. Figure 24 shows a HERAC PRC-74 trans-
ceiver setup on a short 'wooden pole that protects one of the fire hydrants
in the Hexagon yard. A similar setup with the HFMAC on the roof of a jeep
is seen in Figure 25. Voice and keyed CW signals emitted from these PRO-74

18
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radio transceiver setups on frequencies between 5.5 Mz and 11.0 MHz were
received and measured at station Afl2XL in the Camp Evans Aria (Bldg. T-113)
about seven miles south from the Hexagon-Camp Charles Wood Area. Pictures
of this station are shown in Figures 26 and 27. One may note that the
horizontal wire doublet antennas of the station are oriented for optimal
reception of vignals arriving from east and west rather than from north and (f)
south. In one case the emitted signals were also monitored and measured
inside the Hexagon building, in Room 4D423, using the BK-2007 heterodyne
volt retor and a short whip antenna. The resultant data are tabulated in
Figures 28 to 30. A comparative inspection of these data leads to the S
following conclusions: The HOWAC coupled lantern poles outperformed all
other radiators at all times &nd on all frequencies between 6 and 11 MHz.
Radiation from the PRC-7L whip is from 2 dB to 12 d0 lower than that from
the lantern poj1s. The performance as antennas of the HE4AC coupled small
tree and of the jeep are about equal to the performance of ahe PRC-74 whip
antenna; the tree being slightly better than the whip in the majority of S
cases and particularly then when the noise and RFI levels at the receiver
station were relatively high. Radiation from the HE4AC by itself, with the
HEXAC placed on a wooden table and on the short wooden pole (Fig. 24) Is
from 10 dB to 18 dB lower than that from the lantern poles.

Similarlly to the previously described attempt to use a twin HEMAC
coupled tree to control ground and sky wave emission, a transmission test
was carried out with a twin HDKAC coupled lantern pole as radiator.
However, having learned from the past, no attempt was made to power the
twin HEKAC coupled lantern pole from two phased transmitters. Instead as
seen in Figure 31 a single PRO-74 set used as a XDTR feeding directly either
the upper, or the lower HDQAC such that the lower and upper HEA.C act as
parasitic elements, such as the reflective and directive elements of a Yagi 0
antenna. Furthermore, both HD(ACs were fed in parallel and tuned for
maximal radiation. The results, (Table - Fig. 30) show that the latter case
is the worst of all, so much so that the signal is 6 dB and 3 dB duwn
relative to the first and second cass.

Considering the evident superiority of the metal lantern poles as
antennas relative to the approximately equal performance of the small tree
and the PRC-14 whip antenna, one may wonder to what extent the results of
these ground to ground transmission tests were 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 airplanes an "aerial
tramway" was set up between the Hexagon 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 one of the shade trees and a lantern pole
were located about half way beneath the aerial tramway. The gondola of the
tramway was moved upward towards the H.xagon roof and downward towards the
movie theater by nylon string@ running through a pulley at the Hexagon roof.

3
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Pictures of the aerial tramway - gondola experimental setup are ahown in
Figures 32 to 36. The gondola carried a small 1 watt RF transistor DTrR
operating on a frequency of 8.25 MNz. The experiments were made with the
small HD(C e011 that can be seen in the pictures (Figs. 32 to 34) and with
a 1 meter long vertical wire as XDTR antennas. The experimental setups and
test objects such as lantern pole, tree, PRC-74 whip and the H(AC by
itself are described by the illustrations above the recordings in Figures 35
to 4S. These recordings give the output voltages from the test objects as
functions of the position and movement of the XM 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 don-ward with the ends of the strings
on the parking lot between the Hexagon and the movie theater and with the
pulley located on the Hexagon roof. The upward and downward recordings
are distorted since the recording speAd is not synohroniued with upward
and downward speeds of the transmitter gondola. Furthermore, the battery
of the gondola - XMTR was running down during the tests; consequently, the
peak voltage outputs from the different test objects reflects to some extent
this drainage of the XMTR battery. It is also necessary to point out that
the recorded output voltages are indicative of essentially the interaction
of the test object with the gondola D(TR'a near fields rather than with its'
radiation 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 tre. prove that the primary
objectives of the experiments were achieved. The lantern pole and tree,
coupled by identical HEKACs and immersed into practically identical BF
fields from the HM4AC antenna equipped gondola XHTR, deliver drastically
different recordings. The lantern pole output is double-lobed and has a * *
deep null when the XTR gondola is directly over it so that the resultant
pattern is double-lobed. The tree output is broad with a flat maximum of
the pattern when the gondola XDrR 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 XHTR. The previously mentioned relative
distortion of upward and downward recordings is clearly seen in Figure O40
for the tree case. Similarly, Fig. 41 shows the upward and downward records
for the PRC-74 whip. Considering that the whip and metal light pole are
"vertical electrical rod anternals" the completely different shapes of the
PRC-74 whip and of the lantern pole recordings (Fig. 41 and Figs. 35, 36)
are surprising. The null of the lantern pole record with the gondola HD4AC
XMTR directly above the pole agrees with expectations founded on idealized
grounding conditions. The flat maxima in the whip case under the same con-
ditions could be reconciled with the existence of entirely different round-
ing conditions for the PRC-74 set in conjunction with the influence of the
center coil resonator on the induced whip current distribution, Similar
recordings obtained with the one meter long vertical wire instead of the
HDAC coil as gondola JOTR antenna are shown in Figures 36 to 39. In spite
of the greater susceptibility of the vertical wire XMTR 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 X0TR is above the pole.
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Hence, there is no Jcuoi'. .at rt."vazn .L :rn.3 '.r ,'"
from liante.•n poles Is *st be different, particu larly- -i-h rs-: d
and sky wave radiation. Resultan.t Lmplica:,Ion• for ground "o ac r *c.-un±- r..

cations will be investigated in future testj ualng an airplane for this
purpose. The fact that the metal !an'err. -ý1en are plantS -,f urban jungles
and wer : tr ,;ork !13 eff-cient radio antennas leads deeper into the urban
Ju-.n;le and int7 -h- :'il'nwln_ technical irea of application,

"7h,2 i>iing. . and Powr Lines azý RF Antennas

(.) •' Signal anatra.1jon and •qeceop.ion by Building Structures.

in the introduction it was -ointed out that the RF corunL.a-
"-ino in urban J-ngles involves principally RF induction, conductio.. -Ind
radiation in conjunctlon with diverse structures. Considering the .•.-uc-
rural and material similarities between conventional whip type antennas and
metal lantern poles, the previously described utilization of lantern poles
a3 antennas s'ems obv.ous. However, ýhe use of buildings and of specific
parts of buii..iitgs is not so obvious.6 The reasons for this will become
evident ý.y comparing the picturei in Figures 16 and 47, The nicture in
Fig. '3 shows a conventional horizontal wire dipole antenna whiuh is mountei
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
antenna terminals of a PRC-7h set. Thanks to the variable output innadance
of the PRC-74, the window dipole could be matched to the set dithin a narrow
frequency range at around 11.950 MHz. The picture in Figure 47 shows 'he
same windows or-th their metal frame couplmei to another PRC-74 radio set -:-a
a short piece of FO-58 cable and the match box and HEMAC circult. The
relative performance of the window dipole and of the HPAC coupled window
frame as an REF antenna was measured in two waya:

(a) On March 16th, 1973 the levels of the emitted ii,95Z ý!Hz
C1 and voice signals were compared as received at station AD2XL in the
6vans area from the window dipole and from the HEKAC coupled window fram=,
",owered from the PR,-74 sets, with respectively 11.5 and 12.0 watts RF
poJer. Defore 1100 hours local .. "o gnal plus noise 'o noise ratic
received at the Evans station from tne window dipole and from the H1MC
coupled window frame were 20 dD/15 dB and 25 dB/15 dB, After 1100 hours
broadcasts from BBC London, England interfered with further measurements on
this frequency, i.e., the optimum frequency for the window dipole and 3ub-
sequent transmissions to the Evans station were carried out on 11.938 1't''.z.

On the previous day, the 15th of March 1973, zpiilai'
transmissions from the HEKAC coupled window frame to Evans were made with
the HEUAC coupled to the upper and the lower part of the window frame at
various frequencies between E and 12 M1z. In spite of the dense occupancy
of this frequen-y band by powerful 11? stations from all over the world,
signal plus noise to noise ratios could be measured on 10.540 MWz with maxi-
mal 18 dB/lO dB and minimal 22 dB/18 dB a't different times of the day. The
latter value reflects not only higher RFI noise levelp but aloo a lower
RF power output from th6 PRC-74 set as its battery power dropped towards the
end of the transmission tests. Furthermore, voice transmissions on 11.800
MHz and 8.850 M1z were received intelligibly in the presence of strong RFI.
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(b) On 1ý, 16, and 17 April 1973 voice comuunicationsm range0
tesstweremdewiththe driver of a truk vehicle who had the whip of his
PMO-74M got stioking out through the open window of the driver's cabin.
Theme voie conications range tests were maWe in the western direction
towards Freehold, N.J., and in the eastern direction towards Oceanport, N.J.
for the following reuont The windows of Room 4DW23 are on the western
side of the Hexagon building and look into the yard which is open towards
the west and bounded in the north, east and south by th.3 completed parts
of the buildin. On 13 April 197.3, an exploratory range test with the HD(AC
coupled window frame as antenna was made initially on 11.950 MHz.

However, during the test, at 1500 hours local time, the
West African Service of Radio Hilversum, Netherland began to interfere
strongly with the test frequency. Switching consequently to 11.970 MHz,
a clearly intelligible voice coimmunioations range of 6.5 miles.west from
the Hexagon to the intersction of Highway 537 with Five Point Mile Road was S
obtained.

On 16 April 1973, a communications range - comparison test
was carried out for the window dipole and for the HDMAC coupled window frame
on 11.960 MHz. The results of this range test towards the east of the
Hexagon, the direction blocked by the building, is tabulated.

16 April 1973 Test Data:

Window Dipole versus HIM.C-Window Frame XMTR

Mobi'le Station Hexagon Station Rm. 4D423

Air Mileage Window HE4AO-Window
from Hexagon Location Mole Frame

2.0 Ft. Monmouth Weak but Loud & clear
readable ,

3.5 Oceanport Out, covered Weak but
Post Office up by noise ,intelligible

As pointed out before, RFI from powerful HF radio broadcast and
commercial stations becomes very severe in the Afternoon hours; similarly
RFI in the Hexagon building, particularly from the freight elevator next
to Rom 4D423 tends to be higher and more' frequent around noon and afternoon.
For this reason the subsequent 17 April test runs east and west from the
Hexagon were made in the morning hours on 11.950 MHz. The results are
shown on the following page.
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17 April 1973 Teat Data,

Quality of Voice Transmissions from Window Dipole
HM4AC-Window Frame

Mobile Station Hgx n Station Rm. 4D423

Air Mileage H1XAC-Window
East from Hex. Location Window Dipole Frame

2.0 Ft. Mdnmouth Clear Clear

3•5 Oceanport Clear Clear,
Post Office stronger

West from Hex.

3.0 Intersection Hwy 5,37 Clear Clear,
Laird Road stronger

4.3 Intersection Hwy 537 Readable Readable
and 34 (*) OK oK

6.5 Intersection Hwy 537 Much weaker Clear,
and 5 Pt. Rd. but readable strong

8.5 Hwy 537 approach Readable Weaker, 4
to Freehold (*) readable

(•) Power-tele 4iono lines overhead

The observation that voice transmm.ssions from the Hexagon window dipole
were received slightly utronger than from the HD(AC coupled w.nziow frame
when the receiver vehicle wys parked directly beneath telephone and power
lines deserves closer scrutiny with regard to the roles of polarization of
the emitted RF fields. However, the teots prove beyond any doubt that the
H!MAC coupled window frame is a highly efficient, unusual, and practically 0
invisible XKTR and receiver antenna which can be tuned over a relatively
large frequency range and that the structure and geometry of the building
gives directivity to r rqFrdittiton from its windows.

The test results prove, furthermore, that RFI noise pollute6 building
structures can be used effectively for the reception of relatively weak 1F
signals from the PRC-74 whip Pot in the vehicle in the Ft. Monmouth - .
Ocean.ort and Freehold, N.J. area and from HF radio stations overseas.

Considering this performance as HF antennas of building stractures, 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" penetrating long radio waves for which the size of conventional
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anternna becomes prohibitive and on which man made and natural MFI noise too
excessive for conventional moans and methods of RF communications. In this
connection it becomes necessary to mention the transmission of inductively S
mitted and repived LF signals along the Earle to Sandy Hook, N.J. US
Navy Railroad,' and subsequent transmissions over 20 miles along the Eaton-
town-Lakewood spur of the N.J. Central Railroad over a distarne of 20 miles,
from the Charles Wood-Ft. Monmouth area to Whiting, N.J. In both cases the
maxd.mal available RP-XMTR output was about 50 watts. During the measurements
of the signal decay with distance along the railroad tracks it becomes
evident that in addition to LF signal ducting along the railroad tracks,
radiation directly from the railroad tracks and or indirectly from adjauent
power and telephone lines must be involved. The subsequently described
experiments were designed to further exploit both of these transmission
mechanims for clandestine type communications in urban jungles.

(2) LF Signal Eanatior. and Reception via Urban Media.

The transmitter for this purpose is shown in Figures 0 to 50.
Fig. 48 shown the large RF solenoid 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 controlled
frequency synthesizer LF source. The picture in Fig. 49 3hows the RF meter S
and capacitive tuning circuit encased in a lucite box inside the truck and
the power amplifier circuit and output transformer on the shelf in the left
upper corner of the picture. (The large "OCHL" generators beneath the lucite
meter - tuning box were not used in these experiments). The emitted LF, CW
and keyed OW signals were monitored in the truck with a scope. For this
purpose they were picked up with a small ferrite loop stick which is seen S 0
mounted vertically in front of the window.

The picture in Fig. 50 shows the XMOTR truck beneath a power
line in the Camp Oharles Wood Motor Pool yard, 1400 fee+. east of the Hexagon
building, i.e., at location 1 in the mAap in Fig. 51. During the first test
on 29 Jan. 1973, signals 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 Hexagon, that the crimary )XTR power
had to be reduced to approximately 30 watts. The transmissions were continued
at the lower power level until 31 Jan. 1973. Until 0930 hours local tine.
of this day, the 82.5 kHz emission as received, recorded bl the IF-VLF
station in the Hexagon building, was essentially stable. After 0930 hours,
strong amplitude fluctuations set in with periods of approximately five
minutes. The tr&,ismissions 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 8 Feb. under stable conditions. On
12 Feb., at about 10O0 local time (1900 GMT), the XMTR was disconnected
from the commercial AC power supply and switched to a gasoline driven AC S
generator. Subsequently, the XMTR 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 ½ mile west from the Hexagon building.

On the way to the Green Acres bui2ding, 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. 51. • 1
In contrast to the MTR truck position at the Hexagon, a special effort was
made at the Green Acres building to park the WrTR trick within approximately
10 feet di3tan-e from the aluminum panel walls of the building such that
the XMTR solenoid was parallel to the walls. At the Green Acres site, the
truck was first positioned on the south side of the building's wing which
projects towards the east. Then the WMTR truck was positioned at the
northern side of the Green Acres building, such that the building blocked
the line-of-sight path towards the Hexagon. This position of the XMTR truck b
is shown In the picture in Fig. 52. CW signal transmissions from these foui'
locations, at the motor pool, on the north parking lot of the Hexagon and on
the south and north side walls of the Green Acres building were received via
horizontal wire antenna on the Hexagon roof and recorded at the Hexagon
LF-VLF Station. The received 82.5 kHz signal levels, as functions of time
(am?), and corresponding XMTR locations are shown in Fig. 53. Comparing
the reoeived signal levels and the corresponding transmitter to receiver
distances involved, it is evident that the metal structure of the Green 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 transmission 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 the support role for LF comununicatione of
urban media is shown in Figs. -. and 55. Here IF signals are received with
an HRO-50O National Radio Receiver using ferrite loopsticke 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 frequencies were
in these Nov. 72 tests dependent on the location of the XMTR truck and on
its proximity to urban structures in its immediate environment, such as the
water tower on the southeastern side of the Hexagon building, the support
frame of the truck entrance and the yard-side walls of the Hexagon building
(Map Fig. 51). At these locations the transmitted 80 to 90 kHz signal
frequencies were generated by regenerative feedback obtained by connecting
the output from the ferrite loopstick probe inside the track (Fig. 49)
to the input of the power amplifier circuit that feeds the XMTR solenoid on
the roof of the truck (Fig. 48). Conssquently, the EM coupling to adjacent
secondary structures and the corresponding loading of the regenerative feed-
back circuit influences its frequency of oscillation. Observed frequency
changes due to loading by "secondary structures" indicated that the coupling
is r.ot efficient, but results of the transmission experiments prove that
the coupling is sufficient to pollute the Hexagon and parts of the adjacent
Building 2525 by LF signals which are much stronger than the RF pollution
from other sources including, in one case, an LF transmitter station of the
US Navy.

3. SUMMARY AND CONCLUSION S

A. Employing a phased twin tree array control over the directivity of
HEMAC induced RF (4.650 MHz) radiation from large forest trees has been
taken from the natural forest tree configurations and handed to the radio
operator. 5
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B. The previously. observed abrupt deoay of radiation from different
treessat frequenoiessbetween 7&M 11 H~s were found to berelated to the
ocouirenos of several resonamce. In the tree loaded HUIAC circuit.

0. Pursuing further the determination of practical upper frequency (
limits for the operation of trees as antennas, radiation measurements were
made at frequeneies between 5.5 MOz and 11.0 MIs.

In these measurements man-planted smaller shade trees and their
naighboring urban jungle counterparts, i.e., metal lantern poles of comparable
heightwre put to work as HF radio antennas.

In ground to ground transmissions over 7 miles employing the PRC-74
radio transoeiver and various smaller HMAC'I, the lantern poles outperformed
the PRO-74 whip by 2 to 12 dB and the HEDA&'e by themselves bý 10 to 18 dB.
The shade trees and the PRO-74 whip performed about equally well, with the
tree yielding slightly 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 small shade tree, and the PRO-74 whip which were immersed into the
RF field from an 8.25 Me XTAL controlled test transmitter mounted in a
gondola of an aerial tramway suspended above the respective receiver antennas,
The recorded sharp null in the lantern pole output in contrast to the broad
maximum of the tree output when the XMR gondola moves over respectively
the pole and the tree, indicate oorresponding differences in their radiation
patterns. Accordingly, ground and sk7wave emission seem to dominate RF
radiation from the lantern pole and the tree. However, the actual spatial
distribution of radiated sky and ground wave modes must be determined by S S
radiation field pattern measurements by airplane. This is particularly
true for the twin HDMAC coupled lantern pole case where a parasitic IEAC
circuit is used similarly as the center coil resonator of the PRO-74 whip
to influence the RF current distribution along the lantern pole and thus
its relative ground and sky wave emission ability.

1). The introduction of metal lantern poles as 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 purposes were established at HF 0
and LF frequencies. Between 8 and 12 MHz, evidence of the superior radiation
abilities of HEMAC coupled metal window frames relative to a resonant dipole
mounted across the window panes of the Hexagon building, was established by
measurements at a fixed station 7 miles to the south wid by communication
range tests east and west from the Hexagon.

The resultant communications ranges 3.5 miles east and 8.5 miles
west reveal the influence of the buildings' geometry on the directivity of
HF radiation. Such directional phenomena were not. observed in the diffusion
of 82.5 kHz signals from ECOM's new Green Acres building to the Hexagon
building and in the pollution of the water distribution system of the Hexagon
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building with LF signals in the 70-90 kHz range. Hocwever, the LF diffusion .
and posesbly secondary radiation enhancing role of buildings, has become
evident as a result of these LF transmission experiments.

4. RECOMMENDATIONS

A. Incorporate into the planned measurements, by airplane, of the sky
wave radiation from forest trees corresponding pattern measurements of the
radiation from the lantern poles 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
radio antennae and transmission media.

C. Investigate the feasibility of clandestine communications in urban
jungles by exploiting 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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