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~ ABSTRACT

Trvestigations have been made of the performance characteristics of man-

; structnres (l.e., railroad tracks, buried pipes, and sewer lines) for
VLF sigunal transmission. Electromagnetic coupling devices designed for signal
transmissicn are discussed., Signal transmissions over a distance of up to 15
wiles were achieved witt a consumption of less than 10 watts (nominal 4B kHz)
transmitbed power. A single ferriie loop was used as a receiver, Impulses
pioked up along fences and other metal structbures dencte gignal re-radlation

by railrcad track., Resulis of these experiments indicate that rallread traclks
act 28 gignal ducts, and possibly, long-wave antennas,
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INTRODUCTION

Instrumentation and equipment for exploitation of the earth's weathered
layer and use as a medium for communications and surveillance are being de-
veloped utilizing seismic acoustical and electromagnetic phenomena. Part of
this research program is directed toward the development of magnetic couplers
for excitation of electrical currents in marmmade structures such as buried
plpes , railroad tracks, water towers, telephone and power lines and pessibly
in such physical features of the terrain as creeks, rivers, and the beaches
of oceans and la.kes. ‘

- The technical objectives of this research program ars:

(1) Exploitation of structures highly opaque to radio waves and
sm.table for use as signal ducts. These stiructures may be located on or une
derneath the eart,h's surface. o

(2) Utilization of these types of stmct.ures to act as secondary
radiators and launchers of long-wave radioc signals.,

(3) Development of the resultant methods and equipments with seis-
mic acoustical counterparts foi formation of active seismic electrical feed-
back and feed-forward systems,™ for communications and surveillance through
solid earth media and along the interfaces between soil and air, and soil and
water.

Field experiments during which nominal 48 kHz signals were induced in and
picked up from railroad tracks are discussed,

INSTRUMENTATION

1. Transmitter

Figurs 1 shows the transmitter setup. An experimental magnetic
sheet antemma (coupler) made from iron-powder loaded rubber was used to inw-
duce signal currents inteo the rails of the track. The drive circuit for the
coupler consisted of an HP (Hewlett-Packard) Model 200 CD signal generator
which fed a Krohn-Hite 50-watt power amplifier, The output of ithe amplifier
was connected by a li-meter-long RG-L17/AU cable to the magnetic coupler via
matching coils, an HF ampere meter, and a capacitor. For safety, the coils
and meter were mounted in a plastic container.. ‘

The coupler was encased in a lucite box and potted in rubber com-
pound. Depsnding upon leocal conditions, the coupler may be placed on the
rails (as.shown in Fig. 1) or undsr _f.he ralils betwesan the ties. In the

1 ¥, Ikrath and W. Schneider: "ias Realization of Active Seismic Systems
and Their Practical Applicaticns,¥ USAERDL Technicel Report No. 2hh6,
April 196k.
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latter case, some of the ballast gravel or the ashes of the track bed must be
removed to make space for the couplez:. : :

2. Receiver B

A loop gtick made from Type B ferrlte.. and mou.nted in a small lucite
box was used to pick up transmitted signals from the. rails and metal struc-
turss (usually fences or the steel structures of underpasses and bridges) ‘
located in the vicinity of the tracks. F‘:.g., 2 shows this ferrite pickup
probe situated on the rails and oriented for maximum signal reception.

The pickup probe was.comnectied via a 7-meter-long RG-58 cable {o the
input of a HP 203 battery-operated wave analyzer which served as a detector
and a meter. The input of this wave analyzer was shunted by a 150 to 1000 pF
tuning capacitor. This capacitbr was, used o tune the pickup probe to the
trangmitted frequency. Fifty. millivolw ‘gerogs this capacitor at resonance
corresponds to a current flow of 1L mA RF in ‘bhe ra.a.ls.

FIELD EKPERIHENTS ALONG RAILROAD TRACKS

S Tracks of the Central Rallroad Co, of New Jersey

- Initial exper:.ments utlliz:mg tracks of the Central Railroad Co. of
New. Jersey were conducted in the Fort Mormouth area during August 1966. The
signals were induced into rails of the railroad siding leading to the ware-
house (Bldg. T2506). These tracks are elsctrically isolated from the main
line, being separated thersirom by switches wh:u'h were open at the time of
the e@ermente

Railroad ma.ln‘bena.nce personnel explainsd the wir:.ng oi‘ the signal
block system and confirmed that the tranamitter site was electrically isolated
from the main line. The rails of the loading siding were not electrically
bonded and consequently had extremely high contact resistances ()} ohms) at
joints between rail sections. This was confirmed by measurements of the gal-
vanic voltage drop across a Joint. For this purpose, a loop was made by
shorting the rajls with braid wire before and after a joint., A one-ampers
L48-kHz current was induced into the loop by setting the coupling perpendicu-
lar to the ground into the center of the loop. The minima of the signals in
rail one and rail two at a distance of 700 feet from the transmitter are ten-
tatively attributed to the shorting of the rails by a flatcar located at that
distance. Subsequent equalization of signals at larger distances in both
rails tends to confirm this effect (See Fig. 3).

- 3pot checks of mgnals received from the trmutter s:x.te near Bldg.
72506 were made at:

2.  The Hope Road railroad intersection
b. The Eatontown Railroad Station
" ¢. The Sycamore Avenue railroad intersection
d. The Stavela asphalt plant railroad intersection
Be Garden State Parkway bridges in the vieinity of Ft. Mormouth,

The signals 1nduced into the rails at Bldg. T2506 were easily detectable at
all locations.
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In one case, the probe was laid under a rail on the roadbed so as to
observe the seffects of a passing freight train on the received signal level,
The passing of the freight train produced a slight meoduvlation of the signal
apparently caused by mechanical variations in ths separations between the
rail, the probe, and the rail readbed due to the weight of the cars. When
the pickup probe was placed beneath the rails, received signal levels were
siightly less than those obtained with the probe on ths rail.

2. Tracks of the Naval Ammuniticn Depot Railroad, Earle, N, J.

Measurements of sigmi. sﬁmngﬁh versus distance were made along the
HAD Earle railroad (Fig. 4): (a) From Scobeyville to Leonardc (b} at Lincroft,
and (¢) on the Leonardo Pisr,

4o Scobeyville 4o Leonardo {7 Sevtember 1966)

The transmititer was oplaced near the NAD Earle railroad sentry
bullding, Gate 52 {Milepost L of Fig. Ii). The magnetic sheet antemna (coup-
ler) was placed pesrpendicular to the track on the first rail (shich iz the
easterly reil of the two tracks) iu 2 siightly obligue position {(Fig. 1).

" Resonant coupling to-the rail was achieved at L8 kHz. A resonant current of
1.8 & was used.

The received signal levels, indicated Ly the voltapge readings
of the HP 2034 wave analyzer, were oblained with the ferrite loop stick placed
perpendicular to the rails (Fig. 2) at various distances of up to 12 miles to
the north, almost up o the Leonardo Pler terminal (Fig. L),

Reception of the Li-kHz CW signal was confirmed at 2il loca-
tions by reporting, via a PRC-9 radic, the on-off state of the 4B-kHz trans-
misgion to the transmitisr mite. Beyond the PRC-Y range, reporting was accom-
plished by telephoning from the sentry building at Gate E3 (Leecnarde) 4o
Gate 52 (Scobeyvwille}.

Resultant measurement data are graphically plotied in Fig. 5.
Mileage was derived frum the wilsape counter of an automebile driven on the
road which pavallels the railroad tracks. Corresponding mileposts of the
railroad are indicated in the plot of Fig, 5.

be Lincroft (19 Sevntembar 1966)

The setup and measurement procedures were the same as those
used for the 7 Sephember 1966 transmission experiments from Scobeyvills to
Leonardo. This time the transmiiier location was chosen o be roughly halfwey
betwean the southern and northern ends of the railrpad (0,2 miles nerth or
Milepogt 8). This choice was wmade to determine the extent to which railroad
track bends and the location of the transmitter influence the distribution of
the maxima and minima of the signal smplitude versus distance curves,

The mzgnetic rubber-sheet antenna (coupler) was damaged in
previous vnderwatar transmiseion suzperiments (wade between Ocesnport and
Little Silver at Horseneck Podint, on 16 Septembsr 1966), when ssa water
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seeped into the lucite case.” Tor this resson; the originally used resonant
current of 1.8 A could not b@ attained., Ingtead, the damaged coupler could
tolerate 2o more than 1L A; bhence, signel smplitude wersus distance curves
wera measured at corresponding lower signal levels only, over distances of up
to L miles to the north and te the south of the transmitter. This transmit-
ter was located betwsen Scobeyville and the Earle pier at ithe halfway point
of the Earle railrcad, which is south of the railread bend at the Newman
Springs Road railroad crossing (Fig. L)« Resulis of these messurements are
plotted in Fig. 6. Signal propagation te the north differs from that to the
south, indicating the influence of the bend very clearly by the largs: atten-
vation,

Maasurements of the signal levels awsy Trom the rails were mads at a
height of 7 to 3¢ above the tracks at the Garden State Parkway-NAD Earle rail-
read underpass, 0.9 miles north from the transmitter location, The amplitude
of the received signal was about LO miecrovolts: the gignzl to npise veltage
ratio was approximately L to 1. The signal was alse detectable (15 micro-
volts) by holding the pickup probe close to fhe metal guard frane mounted over
the railrcad tracks vefore the entrance to the Garden 3tate Parkway underpass.

c. leonardo Pier (7-8 September 1966}

Experiments were conducted on the railroad pler at Leonardo to
verify the influence of the underlying mediumn on the signal propagation along
the railroad tracks. On the pier, the "height® of ths tracks abeve the elec-
trical "ground® {the sea water) ig well defined by the distance between the
pier and the sea water surfsce., The electricsl ground in the case of rail-
roads on soil is an unknown quantity.

Results of an expsriment involving magnetic excitation of the -
tracks at the sea teminal of the pier are shown in Fig. 7. Fig. 8 illus-
trates resulis of the excitation of the tracks at the lernd terminal of the
pier. These results also include the attemnnation effect of a nearby crossbar
rail switch, which tends to short out the signal propagating towards the
south,

The shortlng effect of the crossbar rail switch was overcome by
obliquely'mounting the coupler to the water pipe under the pier. This water
pipe fseds the fire hydrents on the pier, HResulis in the fom of curves re-
presenting signal levels versus distance on pipe, rails, and water surface
ave plotted in Fig. 9.

RESULTS AND DISCUSSION

Results of the NAD Earle railroad tests were remarkable, not only in re-
gard to the transmission range of over 10 miles obtained with simple instru-
mentation and methods, but especially with respect to the measured signal
versus distance atienuvation law as derived from the plot of Fig. 5.

By cormecting signal maxima or signal minima with a straightedge (as
indicated by the double 17nes in Fig. 5), it is recognized that the average
attenuation is of the r~3/72 type (3 decades down on the ordinate, and 2
decades to the right along the abscissa of the log-log plot)., A smmllar
trend appears in the plots in Fig. 6.

*It was found later that the rubber potting compound had failed to prevent
sea water seepage as the rubber had remained liguid instead of hardening as
expected,
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Upon inspecting the railroad map in Fig. L and the curves in Fig. 5, one
notices a correlation between bends of the tracks and the minima and maxima
of the signal level versus distance curves. This correlaticon is verified by
the gsignal level wversus distance curves given in Fig, 6. Here, the deep mini-
mon a2t about 1 mile %o the south of the transmitier occurred at the sharp
bhend of the railroad in the vicinity of the Swimming River Reservoir (Mile-
post 7 of railroad in Fig. L) Similarly, the minimumm at about 2 miles
north from the transmitter occvrred at the sharp bend of the railroad in the
viecinity of Oakhill Road (Milepost 11 of railrcad in Fig. W) . High signal
levels (maxima), on the other hand, were observed in those regions where
gstraight sections of the track were essentially parallel to those in the
trenamitter region., The observed correlation of signal minime and mexims
with bends of the railroad tracks indicates that radiation is involved.

Results obiained at the Lecnarde pler reveal an sntirely different atien-
uation law (Figs. 7, 8, and 9). These semi-log plots show the signal decay
as sn esgentially straight 1ine up %o the pler fork where it abruptly van-
ishes, This is consistent with exponentisl decay along transmission lines.
Hence, there is no doubt that signal propagation along tracks located on the
goil invoives modes different from those conventicnally asseciated with trans-
mission lines above a highly conduchtive ground., Further, excitation at the
alectrically open seaward end of the pier is shown to be extremely inefficient,
leading to strong signal decay within a short distance from the magnetic
coupler.

CONCLUSIONS

The results of these exploratory experiments and measurements prove that
utilization of railroad tracks for ducting and launching of VLF signals is
practical.

RECOMMENDATIONS
I% is recomended that:

1. OSpecial experimental devices such as transmitter to rail couplers
and signal pickup probes be designed and constructed, Particular emphasis
mast be given to the development of mechanical configurations and features
wnich (a) do not interfere with or obstruct railroad traffic and (b) permit
the selection of various operating frequencies for relay transmissions,

2o A concurrent theoretical investigation of the phenomena involved
be conducted.
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