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Invi::JstiGa'tion3 have been made of the performance characteristics of T:lB.Il­

irlad.8 str~<1c.t,llres (Lee) x'ai1road tracks, buried pipes, and sewer lines} for
VLi." i3ignal transmission~ Electromagnetic coupling devices designed for signal
trans:mission are discussed. Signal transmission:3 over a distance of up to 15
miles c~'Bre achieved w.Lth a consumption of less than 10 watts (nominal 48 kHz)
trans:mitted po..rer. A single ferrite loop was USE:ld as a receiYer.. Impulses
picked up along fences and other metal stru.cture:3 denote signal re-radiation
by railroad track. Results of these experirllents indicate that railroad. tracks
act as signal ducts, and possibly, long-wave antennas"
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INTRODUCTION

Instrumentation and equipment for exploitation of the earth's weath~red

layer and use as a medium for communications aJr.ld 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 manmade structures such as buried
pipes, railroad. tracks, water towers, telephone and POliSI' lines and possibly
in such physical features of the terrain as creeks, rivers, and the beaches
of oceans and lakes.

The technicalobjectivas of this, research program are:

(1) Exploitation of structures highly opaqu.e to radio waves and.
suitable for use as signal ducts. These struc·tu:res may be located on or un­
derneath the earth's surface ..

(2) Utilization of these types of structures to act as secondary
radiators and: launchers of long-wave radio signals.

(3) Development of the resultant methods and equipment.s with seis­
mic acoustical counterparts fOi formation of a<:tive seiSIllic elect.rical 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 fJignals were induCEld in and
picked up from railroad tracks are discussed..

INSTIIDMENTATION

1. Transmitter

Figure 1 shows the transmitter setup. An e:xperimental :magnetic
sheet antenna (coupler) made from iron-powder loaded rubber was llsed to in­
duce signal currents into the rans of t.lls track. The drive circ:uit for the
coupler consisted of an liP (Hewlett-Packard) Mixtel 200 CD signal generator
which fed a Krohn-Hits ,a'-watt power amplifier. The output oi: the amplifier
was connected by a 4-meter-long RG-17/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 l"llbber com­
pound. Depending upon local conditions, the coupler may be placed on the
rails (as shown in Fig. l) or under .the rails between the ties. In the

1 K. Ikrath and V.I. SChneider: liThe Realizatj.on of .Active Seismic Systems
and Their Practical Applications II USAERD1 Technical Report No .. 2446,
April 1964.
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latter case, some of the ballast gravel or the ashes of the trac:k bed must be
removed to ", make spac~ fo~ the coupler.

2. Receiver

A loop stick made.froll1. Type Bferriteand mounted in a small lucite
box was used to pick up trapsmittedsigna:I.s fX"C>m the. rails and metal struc­
tures (usually fences or the steel structures of underpasses and bridges)
located in the vicinity of 1ifle tracks. Fig. 2 shows this ferri"t.e pickup
probe situated on the rails and' oriented for Inaxim'Wll sigrial reception.

" The pickup probe was connected viaa. 7...meter-Iong oo-5a cable to the
input of a lIP 203 battery-operat8dwave a.naJ.yzer Which served ali a detector
and a meter. The input of this wave ~yzer was shunted ,by a 150 to 1000 pF
tuning capacitor. This capacitor 'was', used -to' tune" the pickup probe to the
transmitted frequency. FiftymilliV'Olts~crol3sthis capacitor lit resonance
corresponds to a current flow or 1 mARF 'in the rails.

FIELD EXPERIMENTS ALONG RAILROAD TRACKS

1. Tracks of the Central Railroad Co. 2f.1iew Jersey

Initial experiments 'u.tilizing tracks ()£ the Central Ra:Llroad. Co. of
New, Jersey were conducted in. the Fort Momnouth area during August 1966. The
signals were induced into rails'of ilie railroad siding leading to the ware­
house (Bldg. T2506). These tracks are electrjL(~ally isolated from the main
line, being separated therefrom by switches which were open at i~e time of
the experiment.

Railroad maintenance personnel explained the wiring of the signal
block system andcont'inned that the transmitter site was electrjLc~ isolated
from the main line ~ The rails of the loading siding were noteJLectricaJ.1y
bonded and consequently had. 'erlremeJ.y high contact resistances (4 ohms) at
joints between raJ,J. sections. ' This was confirmed by measuremen1~s of the gal­
vanic voltage drop across a joint. For this purpose, a loop waliS made by
shorting the raUsw.i.th braid w.ire before and after a joint. A one-ampere
48":kHz current was induced into the loop by setting the. coupi:Ln~~ perpendicu­
lar to the ground into the center of the loop.. The minima of the signals in
rail one and rail tvro at a distance of 700 .feet from the transm:i.tter are ten­
tatively attributed to the shorting of the rails bya flatcar located at that
distance. Subsequent equalization of .signals at larger distances in both
rails tends to confirm this effect (See Fig.. 3).

Spot checks of signals received from the transmitter site near Bldg.
,) T2506 'Were made at:

a. The Hope Road railroad intersection

b. The Eatontown Railroad Station

c. The Syc8Jll.ore Avenue railroad intersection

d. The stavola., asphalt plant railroad intersection

e. Garden State Parkway bridges in the vicinity of Ft. Monmouth.

The signals induced into the rails at Bldg. T2506 were easily dE~tectable at
all locations.

3
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In one case, the probe was laid under a rail on the roadbed so as to
observe the effects of a. passi.ng freight train OlD. the recalved signal level"
The passing o:f the freight t,;raj.n produced a sligltlt modula.tion of the signal
apparently caused by mechanical Tfar:Lations in thiS separations between the
rail, the probe, and t..lle rail roadbed d:u.e to the weight of the cars" lI'.lhen
the pickup probe was placed beneath the rails, rc~ceived signal levels were
slightly less than those obtained Hitho the probe on the raiL.

Measurements of signal strength versus distance 1-jere made along the
NAn Earle railroad (:Fig" 4) ~ (a) From Scobeyville to Leonani.o (b) at Lincroft,
and (c) on the Leona.rdo Pier"

The transmitter l.ras placed nsa:!:" the NAn Earle railroad sentr.v­
building, Gate 52 (M:tlepost 4 of Fig" h)" The :lllagnetic· sheet an'cenna (cou:p~
leI') was placed perpendicular to the track on thE3 first rail (11!hich is the
easterly rail of the bro t,racks) a. slightly oblique position (Fig" 1) f1

Resonant coupling to·· the rail was achieved at hB kHz ~ A resonant, current of
1 .. 8 A was used.

The received signal levels, inw.cated by the voltage readings
ofilie HP 203A wave analyzer, were obtained l'uth the ferrite loop stick pla(~ed

perpendicular to the rails (l"ig" 2) at various distances of up to 12 nJ.iles to
the north, almost up to th.e Leonardo Pier t,ermimtl (Fig.. 4)"

Reception of the h8-kt9:z CW signal was confirmed at all loca­
tions by :reporting, via a PRC-9 radj.o, the on-off state of the L~8-kHz trans­
mission to the transmitter site. Beyond t.he FRC~'9 range, reporting was accom­
plished by telephoning from the sentry building a,t Gate 53 (Leonardo) to
Gate 52 (Scobeyville).

Resulta.nt measu.rement data are graphically plotted in Fig" 5..
Mileage was derived from. the mileage counter of an automobile driven on the
road i>J'hich parallels the railroad tracks., Corresponding mileposts of the
railroad are ind..i.cated in tha plot of Fig" 5"

b ..

The setup and measu.rement procedures were the same as those
used for the 7 September 1966 trl1JJEmission experim.ents from Scobeyville to
Leonardo.. This time the transmitter location 't>ms chosen to be roughly halfway
between the southern Jim.a northern ends of the railroad (0" 2 miles north or
Milepost 8)" This choice vlas lllade 100 determine the extent to vmch railroad.
track bends and the loc<:l.tion of the transmitter influence the distribution of
the max:i.m.a arId minima of the signal ampl:1..tude versus distance curves ..

The magnetic rubber-sheet antenna (coupler) was damaged in
previous undert.;rat-sr tra..'1.smnssion 6y.:per-.L"ll€nts (madl9 betl-reen Oceanport and
Little Silver at Horseneck Point~ on September 1966), 'when sea water

6
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seeped into the J.UCit-9 case,;* For this reB,Sion] the originally used resonant
current of 1.8 A could not. be at.tained~ :r:rlSt~ead, the damaged. coupler could
tolerate no more than 1 As hence, signal 8lrKplit,t1de versus dis,tance CUI"'tes

were measured at correspondi.ng lo..rer signal layels only', over distances of up
to 4 miles to the north and t.o the south of the trarmmitter o This transmit­
ter was located between Sc(,)beyvi.lle and thE~ Ea:de pier at the halfway point
of the Earle railroad, 'Wt.d.c:h is south of the rcilroad bend at the Newman
Springs Road railroad crossing (Fig. 4)" Hesults of these measurements are
plotted in Fig. 6" Signal propagation to -t~hifl north differs froIn that to the
south, indicating the influence 0,( the bend "'Tery clearly by the large;;.'" atten­
uation.

Measurements of th.e signal levels atrcw' :from. the rails were made at a
height of 7 to 8' aoove the tracks a.t the Gi9.::"den. State Parkwa.;y-NAD Earle rail­
road underpass, 0.9 miles north from the transmitter location.. The amplitude
of the .received signal was about 40 micr<Jvoltl:l; '!;he signal to noise voltage
ratio was approximately 4 -Co 1. The signal lias also detectable (15 micro­
volts) by holding the pickup probe close to i:;he :metal guard frame mounted over
the railroad. tracks before the entrance to the Garden State Parkway underpa.ss.

Co Leonardo Pier iI::§._~tember 1?(~62.

E.xperuJients were conducted on-the railroad pier at Leonardo t.o
verify' the influence of the underlytng medi1Ll,m on -the signal propagation along
the railroad tracks e On the pier., the lfheight liJ of the tracks abo'V'e the elec­
trical "ground II (the sea water) is well de.f:i.ned by the distanc:e between the
pier and the sea water surfan8. The electr':i.caJ. ground L'1 the case of rail­
roads on soil is an unknoml quantity.

Results of an experJ..111ent imrolv-lng magnetic excitation of the
tra.cks at the sea tenninal of the pier are ~ihO'lm :tn fig .. 7. Fig" 8 illus­
trates results of the excit.ation of the tra(:ks at the land terminal of the
pier. These results also include the atteU1.1at.i.on ef.fect of a nearby crossbar
rail switch, wh.ich tends to short out the s:i.gnal propagating towards the
south.

. The shorting effect of the crofll:;'b,'aI' rail switch was overcome by
obliquely mounting the coupler to the water p:ipe under the pier5 This watar
pipe feeds the f'ire hydrants on the pier. R.esults in the .form of curves re­
pre'senting signal levels versus distance on plpe, rails, and water slll'"face
are plotted in Fig" 9.

RESJ1TS AND DISCUSSION

Results of the NAn Earle railroad test,s 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 attenuation law as derived from the plot of Fig. S.

By connecting signal ma.xiln.a or signal minima with a straighte'dge (as
indicated by the double lines in Fig. 5), it is recognized t.ha1, the average
attenuation is of the .1."-3/2 type (3 decades d01ID on the ordinate, and 2
decades to the right along the abscissa of the log-log plot).. A similar
trend appears in the plots in Figo 6.

*It was found later that the rubb;;'p-;tting co,mpound had failed. to prevent
sea water seepage as the rubber had remained liquid instead of hardening as
e.xpected.

9
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Upon inspecting the railroad map in Fig" 4 and the curves in Fig .. 5, one
notices a correlation between bends of the track~~ and the ,minima and maxima
of the signal level versus distance curves" Thil~ correlation is verified by
t.he signal lsv'el versus dis'tance Clu-ves given in Fig .. 6.. Here, the deep mini­
rro.rm. at about 1 mile to the south of the transmitter occurred at the sharp
bend of the railroad in the vicinity of the Swimming River Reservoir (Mile­
post 7 of railroad in Fig" 4).. Silnilarly, the 1I11inimum at about 2 miles
north from the transrl1:1tter occurred at the sharp bend of the railroad in the
vicinity of Oakhill Road. (Milepost II of railroad in Fig. 4)" High signal
levels (maxima), on the other h"'...."ld, wre observed in those regions where
straight sections of the track ware essentially parallel to those in the
transmitter region. The observed correlation of' signal minima and maxima.
with bends of the railroad tracks indicates that radiation is involved"

Results obta.ined at the Leonardo pier reveaJ. an entirely di.ff'erent atten­
uation Im,r (Figs. 7, 5, and 9)" These semi-log plots show the signal decay
as an essentially straight line up to the pier f<:l!'k where it abruptly van­
ishes. This is consistent with. e:xponential decay' along transmission lines.
Hence J there is no doubt, that signaJv propagation al.ong tracks located on the
soil invol,I"es mode':; different from t..b.ose conventi.onaJ.ly associated uith trans­
misaion lines above a highly conductive ground. Further, excitation at the
electrically open seaward end of the pier is sho.m to be extremely' inefficient"
leading to strong signal. decay VIithin a short di:iltance .from the magnetic
coupler..

CONCLUSIONS

The results of these exploratory ex:perimentl!l and measurements prove that
utilization of railroad tracks for ducting and la~unching of' VLF signals is
practical ..

RECm1MENDATIONS

It 'is recommended that:

1. Special experimental devices such aSI transmitter to rail couplers
and signal pickup probes be designed and constru.c:teda Particular emphasis
:must be given to the development of mechanical configurations and features
1-lhich (a.) do not interfere vlith or obstruct railroad traf'fic and (b) permit
the selection of various operating frequencies .fclr relay transmissions"

2.. A concurrent theoretical investigati.on of the phenomena involved
he conducted",
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