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ABSTRACT

This repert describas the dévelopment and construction.ef an
electronic system which will 1ocate‘exact1y the position of a previously buriqd
(or éubnerged) cache whsse approximate position is knowno. The cache, which
may be buried in the grﬁun&.or submerged in either fresh or sait water, is
marked at the time of 1ta‘concealment by a passive davice which is buried with
it. This device, called a transponder, is a highly efficient series resonant .
circuit which is enclosed in a strong watertight case dgsigned to maintain its
integrity over a period of years. The transponder is found by means of a
poftable"device, called the detector, which incorporates a low poﬁefed escillator

and receiver circuit designed to indicate, by an_aﬁral signal, extremely small

. changes in the Q (figure of merit) of a highly efficient coil which is the

sensing element of the detectoro When the détector goil is brought near the
transpohder~its Q is lowered and archange in the aural signai is heard by the
operator. This system is called the Delta Q Sysﬁem, ‘ | _

| This system eperates'at frequencies bstween 80 and 100 kilocycles,'
which are only élightly attenuated_by the possible media in which the transponder
éould be buried, The detector covers this frequency rangs by 10 bands, each
two kilocycles wide. Due to the extremely high Q of the transponders,

approximately 380, it is possible to provide 20 discrete transpondser frequencies

and thus a means for marking 20 different kinds of caches.

For its security the system depends upon the highly fraquancy=-
selective circuit of the transponder, the resonant frequency of which must be
known‘within narrow limits in order that it may be detected at the depths at
which this system will operate. |

The’detector‘will discover a transponder which is buried 5 feet
| |  CONFIDENTIAL
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deep in soil at a horizontal range of 6 feet. It is then capable of locating
its position within three or four inches. The effec’ciirenes of the system
is decreased to about 60 per cent ﬁh_en the transpondsr is submerged in sea

water.

A model of the system has been built and operated in the laboratory

and tested in the fisld.

This report includes operating and maintenance instructidnso

©
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1, Introduction
1.1 The Problen
A system is required by means of which_thellocation of a previously

buried or submerged objact (cache), whose apprdximate position is known, can

be determined with certaimty. This cache marker system shall consist of a

cache marker (transponder) which is buried in the vicinity of the cache and

a detector by means of which the location of the transponder and cache is
determined, |
1l.1.1 Requireulénts .
The requirements of tha gystem that were originally suggested are
as follows:
1. The éystem shall include everything necessary to attain the desired

result including a transponder and & means for detecting its location undser

specified conditions.

2, The system shall be capable of revealing the exact location of
the transponder at a radius of 15 feet when the transpondef is buried (or

submerged) at a depth of 5 feet below the surface of the ground (or ﬁater)o

~ If this depth cannot be reaiiied, then the depth shall pe at least_inaccessible

to‘the conventioﬁal mine detector., This distanca is presently estimated to
be 2 fest. |
’ 3. "The sjatem shall operate reliaﬁly in all varieties of soil
and under water. | - »
ho A single technique of universal application is desired.
5. Ths ajsteh éhall be secure from ordinary attack and from
aécidentgl disclpsure of the cachs to the'greateSt extent practicable.

6. The system shall'ba operable by nontechnical personnsl,

CONFIDENT IAL
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7a The transponder shall be relativaly inexpensive.
8. The transponder shall be p3331Ve. Continuously radiating
systems ;re excluded. |
9. . The transponder shall be of construction estimated to operate
réliably 5 to 10 years after being placed as specified_in requirament 2,
- 10, The detection device shall be'reédily portable by one man
and eapable of operation without apprehensioh by a casual observer,
-1ﬁihese above requirementa ére target specifications and represent
what was considered to be most desirable at the time that the project was

first initiatedo Additional operational requirements developed during the

course of the work and they are stated in Section 3.1.

1.1.2 Pbssible Systems

The kind of system that can be used for a cache marksr is to a very

' 1'arge extent datermined by the nature of the transponder. The requirementé

for the transponder specify thaﬁ it be a passive element and that it operate

reliably for five to ten years after being buried or submerged. The time.

raquirement rules out the possibility of using batteries because of their

limited shelf lifé; The use of transistors is also ruled out becauss they

need d.c. potentiais, their questionable reiiability at this time, and

because their use would make the trénsponder expensive to manufacture,

A transponder is suggested that will receive enérgy from the
detector and iridicate its presence by transmitting all or part of this energy
back to the detsctor. Consideration must then be given to the various means
of transmitting energy and the effects that varieties of spil and water
have on transmission.

It was originally proposed that chemical systems be. also considered

2= CONFIDENTTAL
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Aif they employsd little known or unusual techniqueso No systems of this kind
were discovered during the course of this projecte ‘
1.2 Energy Considerations

~ The possible success that‘can be achiéved with a cache marker system
depends upon the sffect tha madium in which the transponder is placed haa”oﬁ
the ability to transmit to and’receive anergy from the transponder. The
folloﬁing means of energy transmission were considered.

| 1.2.1 Acoustical
The absorption factor of sound varies gréétly with the kind of~v
medium, being small for water to‘yery large for dry sand.' Measurements made
. of the attsnuation ef sound in sand ana goil at frequencies from 10 to 100 kcs
'CZD ‘ by_Hyborgl indicate v§ry large absorption fgctors. The absorption factor
was found to depsnd not only upon frequsﬁcy and moisture contant but also upon‘
the amount of air thgt was contained in the sand or soil. For mud the
absorptionlfactor varied'from 25 to 74 db/cm for frequencies from 10 kgs po
.35 kcs respectively. Fdr dry soil the attenuation at 1o°§ kes was measured
as 10.5 db/cme The lowéét reported absorption factor was about 2 db/em and |
for this value the attenﬁation for one metar would be 200 db which would
mean that the amplitude would be attenuated by a factor of 10 10
The only possibility of using acoustical means for energy transmission
lies in the use of very low frequencies. The absorption factoer decrdases with
a decrease of frequency and it is possible that low energy losses wili be
encountered wiﬁh frequencias below 100 cps.
1.2.2 Electrical Conductioﬁ

The transmission of aenergy by means of electrical conduétion

<:> depends on the current distribution that is obtained in the medium. The
o Lo Nyborg, I. Rudnick, and H. K. Schilling, J. Acous, Soc. Am. 22,442 (198D)

2- CONF IDENTTAL 50X
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eurrent distribution depends on the éonducbivity 6f the medium, which varies
over wide limits from dry sand to salt water. The moisture content of the soil
causes the soil conductivity io vary and this would vary with time. Time did
not permit’ an investigation to determiﬁe whéther a system could be made
operable over these wide limits. (

1.2.3 Electromagnetic Fields

The attenuation of elecﬁrémagnetic waves and magnetic fieids
is small provided the frequency is not too large. The equation for the
éttenuation of electromagnetic waves as a function of frequency, cénductivity
and dielectric constant is given in Appendix L.1. The diselectric constant
and conductivity for various soils and water ars presented. The attenuation
féctor is calculated for various media at a frequency of 100 kcs.
1.3 Decisioh

The Qse of electromagnetic}waﬁes as a means’éf transferring -
energy to a transponder appeared to be the meané which would most unlikely be
unaffected by the medium and one which could be transmitted with the least ‘
atténuation. The decision to use slectromagnetic waves as the basis for the
solution of the problem was based on early measurements of the transfer of |
energy in air and on 6alculations which;showed that the results obiained in
air would be the same that would be obtained in most media, provided fhat
the operating frequency was not too larée._

Experiments, which are described in the report on Fhase I
measurad the amount of energy that céula be transferred betwesn two circuits

by means of electromagnetic coupling. The apparatus consisted of a signal

~ generator and amplifier driving a series tuned circuit, the coil of which

was the radiating element. A similar coil tuned to parallel resonance by a

b © CONFIDENTIAL
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_capacitor was used to measure the amount of energy transferred. Voltage

ﬁeasurements_were made across the second coil, which was placed initially
at a distancé of five feet from and parallel to the drivén coil, and then

placed at increasing distances from the first coil along a path perpendicular

.to 3 line connecting the coils when they were closes to each other. The data

obtained by these measurements indicated that sizable amounts of energy could
be transferred by meané of coupled circuits,
2. Summary of Phase I Investigations

The work performed during'phase I was concernsd ﬁith developing
the transponder and feasible systems for deteétingvthe transponder. Con-

sideration was given to the problem of security in trying to develop a system

which required the use of two frequsncias for the detection of the transponder.

Only the systems whose development was carried on in Phase II are discussed here.

2.1 Passive Transponder

| The function performed by the transponder is that of receiving
electro~-magnetic energy from the'detector and then reradiating energy to
the detector, The requirement that ﬁhe transponder be cheap and be operable
after a period of five to ten.yéars rules out the possibility'of the ﬁse of
batteries as a source of energy which is triggered by the energy from thé'
detector and is radiated to ﬁhe detector. The measureﬁenta described in 1.3

showed that a Single.tuned circuit was an efficient means for‘absorbing the

‘enargy from the detector and reradlating this energy back to the detector,

Tts simplicity made possible low cost production.
The dgsign requirement for the best transponder is that the Q
of the coil be as large as possible. This i1s based oh the following: The

size of the coil is determined on consideration of the operational needs and

G - CONFIDENTTAL
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its size is the largest that is permissible. Best transponder means a trans-

ponder which will radiate the lgrgest signal for a given magnetic field
strength produced in it by the detector. |

The problém of transpondsr design reduées to the design of high
Q coils. The féctora which determine the Q of a coil of given size are: the
kind of ﬁire used, and the @anner in which the wire is distributed about the -
coil. The work of Phase I indicated that a spidef web type winding Qound
with Litz wire gave the highest Q.

2,2 Detector Systems
2:2.1 The Pulsed System

The operation of this system for the detection of the transpénder

depends on the ringing of thebtransponder after the output of the transmitter

drops to zsro. Figﬁre 2.2.1 shows a block diagram for the system. The gate

pulse generator supplies pulses to both the transmitter and receiver and

synchronizes their operation. The pulse to the transmitter turns the
transmitter on thus producing the RF magnetic'field, The induced voltage
in thé tranappnder causes current to circulate which continues after the
transnitter is ﬁurned off. At the samevtime the transmittér is turned on,

the raceiver is turned off by a pulse from the gate pulse generator. This

" blocks the transmitter pulse due to direct ¢Oupling between transmitter output

and receiver input. The receiver is turned on after the transmitter is:tuined

-ﬁﬁﬁ{and it‘piéks up and amplifies the signal produced by the ringing of the

traasponder.

The transmitter consists of. a pulsed oscillator driving & power

- amplifier and clamping circuit. The clamping circuit serves to reduce to a

minimum the ringing of the tuned tramsmitter output circuit.

6~ ' CONFIDENTIAL
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The receiver circuit consists of an untunsd input circuit
followed by untuned clipper amplifiers, a gate circuit which is operated
by a pulse from the gate pulse generator, followsd by a tuned amplifier.
The rsceiver is prevented from béing blocked by the direct signal from the
fransmitter by the use of the gated amplifier and the clipper circuits which
limit the amplitude of the signal that must be handled by this stage. The

use of an untuned input prevents ringing of the receiver in the stages pre=-

‘ ceeding the gated amplifier.

At the end of Phase I this system required additional work to
improve the'géting circuit, to develop the tuned amplifier hnd reduce the
inherent noise of the gating action. ‘ubing the HRO feceiver for the tuned
amplifier,‘a maximum range of 11 feet ;as obtained when the effeet in the
system was achleved by tuning the transponder. |

. 20202 Crosﬁed quls System ’

B The crossed coils system consists of a CW transmitter and a
récaiver, using tuned coils for the tfansmitter output and the receiver dnputy.
The transmitter and receiverAcoila are orientéd g0 that there is minimum
magnetic coupling betwsen fhe coiisq The transmiftér field induces a cir-
culating cur'renz_b in thé transponder which produces a field ghich induces a
voltagé in the receiver coil. This voltége,lwhich is amplifiéd, indicates the
presence of the transpondero A block diagram of this system is shown in
Figura (2.2.2), |

This system was tested during Phase I with the receiver coil

oriented with respect to the transmitter coil for a minimum voltage and the

~ output applied to a Tektronix oscilloscope. The transponder wasAtunad through

resonance and the effect was observed on the 'scops as an increase in voltaga,.

With this method the transponder was detectable to a distance of 30 feet.
it ' CONFIDENTIAL
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. Figure 2,2.2
Block Diagram of Cross. Coils

2.2:,3 The Balanced Coils System . o
This systemvshownrin Figure 2.2.3 consists of an oscillatorv'
feeding.in pafallel to power'amplifiers which in turn separately feed two
parallel-tunad circuits, The inductance of one of ths tuned circuits is
similar to that used in the egyssed coils systen; tgé other is electrically
the same but it is maghéticall& shielded, The‘reéeiver is a tuned amplifier
to which is apﬁliéd the sum of the voltages appearing across these two

coils. The phase relation between the voltages across the two coils is 180°

so that normally the voltage applied to the receiver is at a‘mi‘nimum° The

presence of a transponder causes the voltage across the search coil to change
due to the.changé in its Q and £his diffarencevis observed in the output of the
receiver, -

This systsem did not reach the breadboard stége during Phase I.

2.3 Single vs Double Frequency Systems

During Phase I consideration was given to the develdpment'of’a ,

CX)NFIDENTIAL 50X1
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two=frequency system where the energy from the detector to the transponder is

of one frequency and the energy from the transponder to the dstector is of another

frégusneyss One of the important reasons for consideration of this kind of
system was the great increase in sec‘:uritj that could be obtained by requiring
the knowledge of two frequéncies instead of one for the detection of the tran-
sponder.. However, if a two frequency'syst;em use'_s a transponder whiéh is
detectable bsr a single frequency detection system then no increase in secu.fity

is raalizedo' It is because of this that.work on two frequency systems was
discohtin’ued Iduring Phasal since it is p'ossible to show that for any sysf,em
which uses magnetic induction as the means of transferring energy, the
transponder is ‘detectiable either at the ffequency it accepts energy or at the
fraquency at michg,_it transmits energy.

@ : The argument for Showing that this is the case geesias.follows.

CONFIDENTIAL
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The transmission or reception of energy by mesans of magnetié coupling requires

‘the use of magnetically unshielded coils which are tuned to resonance at the

desired frequency, A two frequency transponder would then consist of two

unshieldsd tuned circuits éoupled together by mesans of a circuit which

.carries out the frequency conversion process. If a means exists for detecting

coils tuned to a single frequency, then a tﬁvd frequency’tran_sponder of the
kind describad would then be detectable at each of the frequencies for which
thefe is a tuned coil, S;ingle frequenc:} systems have been developed during
Phase I which are capable of detect'ing coils that form part of a resonant .
circuifo Therefore two frequency systems using magnetic‘ coupling for energy
transfer are not better than singie frequency systems from a secﬁrity ptint
of views In fact the security has been decreased by one-half, approximately.

It might be thought that a two»freqimncy system would havé an

’ advantage over a single frequency syst.e;ﬁ because the receiver could then be

tuned to a different frequency than the nearby transmitter., Thus a weaker
signal from the transponder could be detected,
Now a new frequency can be generated in the transponder only by

some nonlinear effest in its circuit. If the transmitter sends only a single

frequency the transponder can generate only harmonicsv thereof; if the

transmitter sends two frequencies the transponder can gensrate only a sum or
difference thereof, or harmonics. But the receiver éircuit is not itself
linear and precisely the same new frequencies would b’e gensrated therein but
at a much fxigher amplitude due to the proximity of the transmitter. Thus an
absolutely linear receiver circuit would be required and this'linea‘rity would

have to hold for large signals., Because of the inherent charactéristics of

vacuum tubes this cannot bs attained,

CONF IDENTIAL
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In additlon, a transponder operating in this fashion would be -

i_very 1nefficient because of the additlonal loss of emergy in the process

of conversion to a new frequencyo
36 ’Phase I Work

B.i Development of Soms Operational Features

During the course of the work of Phase II it became clear that

to ba operationally useful it would beinecessary to restrict the diﬁensions
of the £ransponder in order that it copld'be fitted into an air drop container
Accordingly transponderu were designed to have an outsids diameter'of 15 inches
dr less, Another desirable feature was that transponders be designed to be

initially fixed-tuned to 20 different‘frequencieso Thia would not only v

provide additional security against ensmy detection but would permit the

mafking by a transponder of a particulér kind of cache. To accompliéh this‘
the detector wag designed to cover a frequancy range of.20 kilocycles, (from
80 to 100 kilocycles) whicb had been determined as adequate to allow for _
manufacturing tolerances Qf transponders anq frequsncy ahifta due to the
media in which the transponders might be buried. |
In the early stages of Pha;q‘II it became apparent that it would
be desirsble to investigate some systems not developed in Phase I. Accordingly
the contfacf for Phase II was modified to pefmit such invsstigationso
302 Rejected Systems |

 The systems that are describéd in the sections which follow include

those which were develoﬁéd during Phase I as well as during Phase II. These

gystems have besn rejected either because they inherently do not have the

i necessary sengitivity for the detection of the Bransponder or because they

are technically or operationally inferior to the Delta -Q system._

GQNFIDENTIAL
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3 2 1 Pulsed System
) The principle of this system is descrlbed in Section 2.2.1.
The work that was done on this system.»fiuriz;g Fnase I;[ was primarily on the
receiver circuit, Ths problem with the receiver circuit w'as&}that of separa'iing'

the transmitted pulss from the pulse received from the transpondéro Close =

'coupling between the transmitter output and receiver input caused a large

voltage to be 1nduced 1n the receivsr. The pfbblem was that of detecting a
much smaller 8ignal from the transponder a short time later. The te’chniqua’sv
which were u.sed for handling this aituation were those that were daveloped
during Phase I, i.eo the use of clipper amplifiers to reduce the transmltter
pulse to the same order of magnitude as the transponder 8ignal and separat.lon l
of these two -signals by means of a gated amplifiero |
The clipper amplifier shown in Figure (3. 201) was developed, which

was a co_néid_erable improvemsnt over the circuit used in Phase I.

12AX7

IN34A OUTPUT

Figure 3,2.1
Clipper Amplifier
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This circuit made use of the non-linear characteristics of

crystal dlodes and had the following amounts of gain for different input

signals: ' g
Input voltage . . Gain
50 microvolts .10
500 microvolts 8
-~ 5000 microvolts 5
' 0,05 volts 3.5
1.0 volts 0.3
50.0 volts 0,02

Work on this: system was discontinued because of technical

difficuities in separating the transmitted and received pulses, which would

have required extensive circuitry, putting it outside the dpmain of portability.

.3.2.2 Crossed Coils System

The basic difficulty with this system at the state of its develop~

" ‘ment at the end of Phase I was ths signal in the receiverrcoil when the

transponder was not present; The magnitude of‘this residual voltage limits
the range of detsctability. The signal present in the fe:eiver without the
presence'of thaxtransponder is duevto.ﬁagnetic and electrostatic coupling
betwetn thé transmitter and receiter t01155 ,Q@riation of this signal due
the presence tf the opération also places a iower 1imit on the mégnitude pf
the change in signal that can be détectedo Further devélopment of this
éystem required reduction in the magnitude of the residual ibltagé'in the
receiver coil and stabilization of the coupling with reapect to the operator.
The first technique that was tried in order to minimize this
residual voltage consisted of teking part of the transmitter signal and

passing it through an attenuator-and variable phase shift cireuit the 1dea :

being to introduce an equal but out of phaSe.voltage to the.residual'voltage

| - CONFIDENTIAL
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_transmitter cireuit ahead of the.cutnut stage 80 that any changes in the

output of the transmitter due to ths tnansponder would not affect the

- balancing out of the residual voltageo The difficulties witb this approach.

to the problem were the followingz The verieble phagse shift circuit used

changed the magnitude as well as the phase° the balancing process depended

on frequency and slight changes in frequency completely upset the balance°
Since eliminating the residual voltage in the receiVer coil by

balancing it out was not feasible, the next technique that. wea tried wes

that of trying to minimize the residual voltage by shieldinge xhie teehnlqua

can only. minimize the ccntribution to the residual voltage due tc distributed

capacity, However, at best this can only be a compromise pince cur experience

has indicated that really effective electrostatic shielding aleo results in a

nmrked decrease in the sensitivity of the system because the ehiel@ing offers

conductive paths for induced currents which both reducs the transmrtter

output and the signal to the receiver OOile

Reducing the contribution’ tc the residual voltege in tbe receiver h

coil caueed by magnetic coupling between the transmitter and recei%ér coils
can be accomplished by varying the orientation between the two cciIh so that
minimum,mutual inductance resulteo The early attempts in this direéticn

were with the receiver coil ingide of and with its center ccinciding with
that of the transmitter coil, This ccnfiguration, although lendiﬁg‘itself

to a more ccmpect deeign, made the adausting of the relative coil crientaticn
for minimum mutual inductance extremely criticalo Soms thought was given to :

other geometries of the coils which would make the adjustment cf relative -coil

orientation less- criticalo This consisted primarily of increasing the distance

between the two coils. The coil adjustment was made less critical but it
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‘introduced the difficulty of coordinating the tuning of the transmitter and

receiver circuit§§because of their hysical aeparation°
3.2.3 Super-fegenerativg“System :

. The'super»regenerativevreceiver achieves extremely high Sengitivitf
by use df an OSciilatory circuit whose fgedback ié»controlled in a manner
whichvcauses the circuit to break in ahd out. of oscillation at an super-audible'
rate. The effect of an incoming signal is to change the duration of the
osoillaticn thus imposing an audio modulation on the otherwise periodic pulses

of oseillation, Very weak signals are capabla.of performing this ‘function

‘because of the extremely high Q of the LC circuit in the region whére the

circuit is on the verge of oscillating or on tha verge, of stopping oscillation.
This circuit thus combines the function of a transmitter and receivar when
the L of the circuit is left unshielded and its field is allowed to radiate. )

It was thoﬁght that, because of these characteristics, the super-regensrative

detector could be used for the detection of transpondersa During the time

that the circuilt is oscillating, bircgla’cing curre*nttis induced in the tfanSQ
pondevrAwhich éontinues to "ring" after oscillation in the detector has.
stopped. . This circulating current induces a voltage in the inductance of
the detector, causing the pmeriod of os__éillation to be iﬁcréasedo

_ Experﬁnenté utilizing this type of circuit was cai'ried out,
Tt was found that ‘the system worked, but only for a limited diatanceo IA
range of approximately six feet was achieveda Within this range the trans- |
ponder caused the detector to produce an audible signal, 'Bhe irrbensit.y of ‘
this signal did not, vary markedly with the changes in distance until a
distance of about six feet was reachedo Then the' audio signal stopped :

completelyo The mechanigm which causes the audio signal is not completely

- understood., No -further 'develoment has been cérr?ied out on this system.
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3.2, h Boundary Coil System

The Boundary Coil System shown in Figure 3.2.L4 uses apn .-
oscillator generating a radio frequency sighal which is amplitude modulated
at an audio fateo A rotating cepacitor 15 used to swéep the frequency of
thé oscillator by plus and minus 3 kcs and passing ﬁhrough the natural _
frequency of the transponder. The rate of the rotating capacitor is such as
to cause modplation at a very low frequency. The QScillator drives a one-

turn insulated wire loop laid on the ground, enclosing the‘area in which the

" transponder is believed to be located.

: g1 | LOOP
AM & FM L o
|OSCILLATOR _ <::>
\ L
TRANSPONDER
» ~ UNTUNED | . AM
RF  AMP DETECTOR

Figure 3.2.4
Boundary Coil System

The detector consists of a three foot length of wire feeding
an untuned RF amplifier followed by an AM detector and phones.
| The detector; which cannot detect the FM portion of the signal,
will give a steady signal when in the vicinity of the loop but not in the

vicinity of the transponder, The transponder,, which 18 a very high Q resonant
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‘eircuit, demodulates the FM portion of the signal from the oscillator. If

the detactor is brought in the vicinity of $he transponder, a pulsating

gignal will‘be heard dus to the reradiated energy as the oscillator sweeps

through the reéonant frequency of the i;ransponder°

In the first test avsingle,léop of wire was strung around the

room at a height of about six feet above the floor, With this arrangment,

‘the renge of detectability was only 18 to 2k inches.

In a second test untuned loopo, about 18 inches in diameter,
were used as antennas with the oscillator and detector, respactivelyo With
this arrangment Iome;hat greater range,vfbur feet, was obtained; but direct
coupling batwaen the oscillator and raceiver coils introduced difficulties
whieh’ aould not bes controlled. SRR ’

Another experiment was made’ using the same arrangment as in -

Figure 3.2.4, except that audio greqnengy amplitude modulation was not used.

‘The FM modulation should have been heard in the phones when tie detector was

in the vicinity of the transponder. However, the oscillator paralyzed the

receiver and thus swampad the weaker signal coming from the transponder, No

further work was done on this system.

3.2,5 The Balanced Coils and Balanced Bridge Systems

These two systéms_are discussed together because they are

‘bagically the same kind of system. The balanced coils system uses a

transmitter consisting of an oscillator driving two amplifiers with parallel
input and pushpull output. The output circuits consist of two tuned circuits.
which are connected so as to have the_voltages apposing each other, This

is shown in Pigure 3.2.5 (2)» THe receiver input is the difference between
thess two voltages, which is adjusted for a minimum when not in the presence

of the transponder,
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OSCILLATOR e RECEIVER
= :
L. ———=
__» AMPLIFIER

FIGURE 3.2.5(a) BALANCED COILS SYSTEM

OSCIL‘LATOR‘ RECEIVER

FIGURE 3.2.5(b) BALANGCED BRIDGE SY‘STEM
o

CONFIDENTIAL

50X1
19 =

Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A00130003001 1-5



Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03‘]53A00130003001 1-5

©

CONFIDENTIAL - | | |

The difficulty that was encountered with this system was the
high degrae with whiéh the electrical properties of the shielded coil have
to match the unshielded coil. No successful breadboard circuit of this
systenm éas achieved, | |

Thé balanced bridge system is shown in Figure (3.2.5(b)). The
oscillator drives the bridge circuitvﬁhich is made up of resistors for three
of the legs of.tﬁe bridge with the detector coil forming part of a parallel
resohant circuit_as the fowrth leg of the bridge circuit., Comparing this
circuit with that shown.in Figure (39205(3)), R, and Ry have replaced the
two amplifiers and the shielded coil which makes up one of the parallel tuned
oircuits ;as been replaceq by Ro. These substitutions are possible because
ail that is required of.these cirquits is that they supply a voltage to
balance 6ut the voltage that is devéloped across the detector coil. The
balanced bridgs system is a simplification of the balanced coil system
because there is one iess tuned circuit to consider. There still remain
two problems with this S}"i!tem;_- One ié the distribuied capacity across the
resistive components which makses them frequency»seﬁsitive, and the other is

one which is basic with all of the systems, namely the tracking between the

"frequency determing circuits of the oscillator and the bridge circuit.

A bréadboard arrangment of the balaneed bridge circuit was
tested with a certeiﬁ degree of suécéssa' Obtaining a good null was difficult
because of distributed capacitylof phe wiring of the circuit. Consideration
of the mechanism by which thié system'operatgs led to a system which did
away’with the problem of distribﬁted'capacity of thé wiring. »

 The field which is set up by the coil of the detection system
induces a voltage in the coil of the transponder and thus,éauses éirculating
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currants,  These circulating currents bf the transpénder~pfoduce a field
which inducesia voltage in the detector coil and it is this voltage with
‘which we are cogcernedo In the balanced coils system and in ths balanced
bridgersystem, this induced voltage 1§‘1ndicated by a change in the voltage
appearing aoross the parallel rescnant circuit'containing 6he detector coi}o
Tﬁia change in voltaga ws attribute to the field produced by the tranéponderf
and we let it go at that, However, the whole process of induced voltages
san be expressed in terms of the mutual inductance that is present between

the detector coil and the transponder coil.

v Rg

\
Al
\|
/1
S

Figure 3.2.5 (c)

Consider the eircuit shown in Figure 3.2.5 (e¢). An oscillator
with internal vimpedancﬂe Rg drives a parallel resonant 61rcu’it mads of Lys G,
and Ry which represents the total resistance of the parallél circuit., Coupled

@ ' to this circuit by msans of the mutual inductance M i1s the parallel circuit
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' éonsisting of Ly, C2, and Rpo For the case where M is zero the iméedance
of the parallel resonant circuit in series with Rg can be exprassed as
QqwLj where Q; is the ratio "Ll/Rl and w is the angular }f.(requencyo For
the cass where M is not zero the impedance ofithe circuit in series with Rg
will be altsrad and for thé 8special case where both parallel circuits ars |

resonant to the same frequency, the change will be in thes valus of Ry. Thus

| hl will consist of the value that it has when M is zero plus the term
_WZMZ/R2 which 13 due to the current which is caused to flow in the second
circuit, This'changevin Ry results in a change in Q. bThe resqlts is a change
in the impedance of the‘first circuit, .That is, the impedaﬁce'of the parallel
,circuit in series with R; is lowered and the volﬁage that is developed across
‘ this circuit is correspondingly loWefed. The presence of the second resonant
| | circuit (transpohder) lowers the Q of the first resonant circuit. The
basis of the Délta;Q system is a technique for measuring smsall changes‘in
«
- 303 Delta=Q System
3.3.1 Developmsnt
fhe>work on the balancéd coils system and the balanced bridge
system led to consideration of the problem in terms of coupled circuits rather
~ than in terms of the‘back and forth transfer of energy. The realization that
o the effeet of the transpondsr could be described as a change of Q of ‘the
deﬁector‘6011 led to the following experiment; A coil was connected to a
Model 160-A Boonton Q-Meter and the Q—Metér was adjusted to read the Q of
the coil, This is accomplished by setting the oscillator to the desired

frequency, (in this case about 100 kes) and then tuning to resonance the

A ~ capacitor of the Q~Meter which is in éeries with the coil whose Q is being

CONFIDENTIAL

50X1
“ 22 -

Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A00130003001 1-5



_ Declassified in Part - Sanitized CopyéApproved for Release 2014/05/01 : CIA-RDP78-03153A00130003001 1-5

CONF IDENT JAL

Q:D | measured, A second coil was then tuned to resonance for the same frequency
and as the coil was tuned‘through the operating frequency of the Q-Meter, a
dip in the voltmeter reading which indicates Q was observed. This change
in the Q waé observable at distances 6f gbouf eight feet with the planes
of the coils parallel and their centsrs on & line perpendicular to ﬁhese
planes. The results of this experiment indicated that’further work in
evaluating this system was desirable(ﬂw .

The next step in the dévélopment of the Delta-Q system was a
careful examination of'how the Q-Meter operates and from an understanding
of thi's, how the measurement of the change in Q can be made more _sensiti\feo

Tﬁe Boonton Q-Metar consists. of an oscillator, a variable air

' capacitor,fand a vacuum tube voltmetet\%hich reads the voltage developed

- across the variable capacitor, The output of the oscillétor is supplied
bﬁ,means of ioop coupling, to a 0,04 ohm resistor. The oscillator is
capabie of supplying up to half an_améeré of cﬁrren@ through‘this resistore.

The inductahce, which is connected to the Q-Meter for measurement of its

Q; completés a series circuit with the varigble air capacitor. This circuit

1s driven by the voltage developed across the O.IO.h ohm resistor.

For measurement of Q at & particulér fraquency, the oscillator
is adjusted to this frequency and the varisble air capacity is adjusted until
the voltmater in pérallel with it indicates maximum voltage. This-voltage

‘_ reading can be calibrated directly in Q because thevvoltage developed across
the capacity of a series circuit at raéonénce is equal to the voltage
" applied to the series circuit times the Q of the circuit. The effect on the
Q of the variable air capacitor is nagligible since its contribution to the
Qiﬁ | » serias resistanca is very small., It is then only necessary to calibrate the

voltage applied,to the garfass circuitj This 1s accomplished by means of a
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thermocauple ammeter which reads the current through the 0.0k ohm resistor

to indicate the mutiplying factor for thé voltmeter to indicate Q directly.

| | | Tﬁe 0,04 ohm resistor is_éufficiently low in value to pravent
any impedancé presented by the series circuit, which is in parallel with it,
from having any effect on the operatlon of the oscillator.

The effect of the reflected impedance of a tuned circuit on

“the Q-Meter can be determined by considering Figure 3.3.1 (&) where Ly, C2 and
Ry, form the trahsponder, M is the mutual inductance between L) and L, and L
and Ry ;re thé detgctqr coil and its resistancs which is connected to the
Q-Mater ﬁéde'up of the oscillator, the very low‘resistance, and C; paralleled
by the VIVM. At resonance X=X, and the curremt through the series ciféuit

_ is given by e/ﬁj_ where e is the voltage applied to the series circuit.

Detector = . - Transponder

Rl / M \ R2

_Oscillato#_ 0] _i; L2 e €2
s |
C1
; R : VIVM
L~ ‘ ' Figm‘e 3.3.1 (8) .
» Basic Circuit of the Delt&wQ System
CONPIDENTIAL
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The voltage applied to the vacuum tube voltmeter is givan by the current times
the impedance or (e/R;)X;. The current of the series circuit will be
reduced by the impedance change due to the transponder and is given by o/(R
+ w2M2/R2). Then the voltage change across Ly, due to the transponder, which
we want to be a maximum is

eX1/ry = SXL(R1 + w2M2/Rp)
Factoring out the common term eXj;/R; the expression

\,

eXy . 1
- —a:

RiR?
is obtained. The term outside the brackets can be written as eQ; and
thé term in the ’drgeket.s can be writtenA as
WeM2
T Fwew
R1Rp ,
M= K Ljlp where k is the coefficient of coupling. Making this sﬁbstitution;"
k2wl Lo
R1R2
1 *+ kewLjL2
R1R2

The Q of the detector coil 18 WL} o gy = Q
- Sl

is obtained.

The Q of the transponder is WL, ”QZ
R2 =

N

The term in the brackets cen thus be written as
o KQQp
1+ KQQ
and the "change in voltage due to the transponder can be.expressed as
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eQy k2Q1Q2
1+k2_1Q2

In ordér for this term to be as large as pbssible, e, Ql’ and

Q2 shéuld b; as large as possible. This means that the Q of the detector
coil and of the'transponder coil should be as large as possibls. The
driving voltage from»tha'oscillator should be as large as possiblaov The
advantage obtained by increasing e can only be realiiad if the amplifier
t; which’tge voltage across C) is applied, is one which can amplify only
the changes in voltage without amplifying the whole signal,

. The neit step in the development of the Deltané.system was
the de31gn and construction of an amplifier which looked at only the peaks
of the signalo This. was accomplishsd by the use of a cathode follower with
the cathode biased considerably beyond cutoff,_permitting only the psaks
of the signal to cause current to flow; The circuit of the amplifier is
ghown invFigﬁre 3.3.,1 (b). The éathoda‘folléwer which is biased to .

cutoff is followed by two stages of amplification. The signal is then fed

!

,to an amplifier with sufficlent bias 8o that only the peaks of the sxgnal
_are applied to the following stagse which iz a cathode follower., The output
‘ of the cathode follower is rectified and amplified by a dc amplifier, The

Qutput of the dc amplifier is fed to another Cathoﬁgfollower which is used

‘to operate a dc microammeter,

The breadboird model of the Delta-Q system was tested for range.

No provision was made for tuning this early model and the testing procesded

as follows° ‘First the oscillator was set to a frequency of about 100 kes,
and then the tuned circuit in ths input of the amplifier was tuned to ‘exactly

the same frequency., A transpohder was then tuned to ﬁhis samg frequancy and
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OSCILLATOR

FIGURE 33I(b) FIRST DELTA-Q SYSTEM DETECTOR
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the effect was observed on the meter indicator. ‘As the transponder tuned.
~ through the operating frequency of the dstector, a sharp dip was observed
: in the meter reading. The distanca between the detedtor coil and the
transponder coil was increased until the dip in the meter reading waé no
“longer observed. This occured at a distance of greater than twenty‘fiVa feet.
During the course of this experiment it was observed that the meter reading
was extremely sensiti%e_to changes in position of people‘located within . a
vlfew'feet of the detector coil. This was cuased by the changes in distributed
cépaéityo This aspect of the detection system played an important role in
limiting the sensitivity and range-of detectability. At the time it was
'thought that shlelding could greatly minimize this effect. -
o The next step in thg .d.evelppment, of the detection system was that
)y of bﬁilding a portable model of the detector. "This model incorporated the
amplifier tested in the breadgoard model and in addition used a ganged
- tuning control for the oscillator and receiwer circuits tq'permit adjusting
this circuip to exact fesonanceo Testing of the circuit showed that tracking
‘errors were sufficient to cause false indications since a tracking error
caused the same indication as that of a transponder, These falss indications
could always be resolved by the adjustment of the small capacitor in the
receiver circuit. , . ¢
llThe technique of using the detector plgyed an important part
.in determing the developmento' It was thqﬁght at this'stége.in the developmeht
that continous tuning of the detector as the search was carried on would be
the mode of operation. As experience was gained in usihg the detector it
was determined that continous tuning was not necessary. While it was

: '~ : thought necessary, several methods were devised for solving this tracking
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problein. ’
: The basic.solution to the tracking problem consisted of placing
in parallel with the capacitor of the:recelver éircuit a capacitor Qhose
valus of capacitahce varied periodically with time, This varied thé \

resonant frequency of the receiver circuit about the operating frequency

\

- of the oscillé‘cor° If the frequency of the oscillator is ;hat of the

_transponder, then the receiver circuit will pass through this frequency aﬁg
least once and probably twice during the cycle of the varying capacitor.

In the first model of the detector the rotating capacitor was
driven py a modified clock motor taken from an eight-day traveller's clock.
This obviated the use of battery power. This method burned out to be
expensive because of the amount of work needed to modify the clock and build
the rotating capacitor. Furﬁhermore the clock metor was not veryireliable,

having a tendency to stop when held in certain positions. It was later

| decided to abandon the use of the clock motor when a method of achieving

the same result was developed which did not require much battery power,
The second method consisted of using a vibrating capacitor made

by modifying an earpiéce of a pair of headphonss. This was accomplishsd by

placing an O ring-of insulatiﬁg material and an extra diaphram of non-magnetic

materiél on top of the magnetic diaphfamo 'Holes were drilled in the non-
magnetic diaphram to prevenﬁ loading of the magnetic diaphram., The two
‘diaphrams insulated from each other by fhe 0 ring formed the plates of the
vibrating capabitor, the variation in'capacitance'being obtained by the
change in spacing which occurs when the earphone is driven by an ac signal.

The driving current for the earphons was supplied by a type 1lUL vacuum tube

CONFIDENTIAL

.29 -

used as an amplifier wi{h fts grid signal obtained from a neon tube relaxatfon

50X1

Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A001300030011-5




Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A00130003001 1-5

CONFIDENT IAL

oscillator. This method for obtaining‘the varyihg capacitor worked well.

In the course of the development of the detéctor ﬁn investigation
was made of having the frequency of the‘oscillator varied instead of that
of the receiver circuit. This was fouﬁd to be a mors satisfactory way of
soivinv the tfaéking problem mainly beéause of the less stringent requirements
on the Q of the varying capacitor. |

In addition to solving the tracking problem, the varying capacitor
whether in the form of the rotating capacitor or in the form of the vibrating
capacitor produced an audio modulétioﬁ‘of the signal. This enabled the

receiver circuit to use RC coupléd amplifiers instead of untuned RF amplifiers

-and in addition gave the audio modulation necessary to produce aural indication.

, The final form of the detector of the Delta~Q system utilizes
an amplitudevmodulated oscillator without any provisions for frequency
modulation. The main tuning capécitoia track over small portions 6f the
band with propsr adjustment of the fine tuning capacitor. This method of
using the de’cector will require tracking over or;ly small port,ions of
the band.
3.3_.<2 VDetector
3.3.2.1 ,Theory of Operatioﬁ
( The operation of the Deltan system detector is based on the
impedance that is reflected by a tuned circuit, the ‘transponder, into a series
circuit ?esonant at the same frequency, by means of magnstic coupling. The Q
of the series resonant circuit is altered by this reflected impedance. ‘The
change in voltage developed'écross this‘circuit'is used to indicate the
presenée of the tranaponder.
The detector consists of three main circuits, an amplitude modulated
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escillator which drives the séries resonant circuit, a frequency determining

circuit fcr.the oscillator and for the series resonant circuit, and the

amplifier which amplifies the changes in voltage across the series resonant
circuit caused by the transpcndero‘ |

The oscillator, which is of the Hartley type, is amplitude

modulated by an audio signal in order to give an aural indication. The

output of the oscillator which is supplied at a very low impadance, feeds

the series resonant circuit, The. inductance of the series resonant circuit

is the deﬁector coil which inductively couples to the coil of the transponder.
The frequency determining circuits, for both the oscillator and

serieé circuits have ten bands two kcs wide, covering a ffequency range 80 to

100 kcs; A two section ganged variable air capacitor adjusts the frequencies

“of the oscillator and of the eeries circuit with a single control. A small

variable air capacitor in parallel with the capacitors of the series circuit

permits fine tuning and takes care of tracking errors which result from use

of different portions of the bands, Trimmers and padders are provided for

adjusting the frequency limits of each band.
The voltage developed across the capacitor of the series circuit

is applied to the amplifier. This circuit is similar in operation to the

:receiver circuit of the first model of detector (see Figure 3.3.1 (b) except
that it has been modified to use filament tgpe tubes. The use of amplitude

modulation in ths oscillator permits the use of RC coupled amplifiers operating

at audio instead of RF frequencies., Only the peaks of the input signal pass

through the first stage of the amplifier. The RF component of the signal

“is filtered out after an additional stage of amplification and after further

amplification and clipping the audio component is fed to the ear phones.
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Proper adjustmont of the detector involvec setting the main

tuning control to the desired frequency and adJustlng the fine tuning and

amplitude control, whereupon a constant audio tone will be heard in the ear

phones. This tone is caused by the peaks of the signal in the series circuit.

¥hen the detector is carried within the:presénce of the transponder the

-amplitudé of the audio tone decrsases until a null is produced, indicating

the presence of the transponder.
Tracking of the frequency of the oscillator and the series

resonant circuits of the receiver is obtained by using a dual ganged variable

‘air capacitor whose sections are.closely matched, by providing adjustable

trimmers and cadders, and by an adjustable inductance for the oscillator.

-

In theory, if the oscillator and receiver inductances are made equal tracking

' will result if the same value of capacitance is provided for each circuit.

In-practice the effective inductance of the oscillator coil and of the

receiver coil depenq on frequency but ﬁot in’exactly the sams manner because
of different amounts of distributed capacity. The trimmers and padders permit
matching the frequency of the oscillatcr and of the receiver at the end points
of the bands. The bands are made only 2 kcs wide so that the tracking errors;'
at pcints in betwaen.are necassarily sﬁall. The inductance of the oscillator

is adjusted to minimize the tracking error at midband. It has been found

that if the inductanca is so adjusted for the lowest frequency band, the

other bands will track. The fine frequency control permits exact tracking of
the frequency'of the two circuits on each of the bands for any position of
the main tuning control.

- 3.3.2.2. Circuitry

The circuit for the detector is shown in Figure 3.3.2.2 (a). The
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‘diagram has been simplifiad by showing the capacitors of only ons band,

Figure (3;302.2 (b)) shows the schemstic of the band switch with the
capacitors fOr the ten bands¢v The oscillator uses a type 3VL vacuum tube in
a Hartlej,typeﬁoscillator. The primary winding of T20 is the adjustable
inductance of the oscillator whose secondary winding supplies the output of

the oscillator. C20 and R20 develop fhe operating bias for the oscillator.

The screen is used as the plate of the oscillator and it is connected to

ground for RF through C21 and C22. R21 is the screen dropping resistor

supplyihg ths screen veltags. 1Platelvdltage is supplied through R23 and

| 120, 120, C24 and C25 fofm;éﬁfilter circuit which keeps the RF out of the
meattary'supply end thus out of the amplifier, which obtains its B volt#ges

from the same batteries, Amplitude modulation at audio frequency is obtained
by sereen modulation from the relaxation oscillater R22, C22 and V2l. ‘

' The output of the oseillator is obtained from the secondary of

T20. This winding has across it R17 which is aAO;ﬁ2 ohm~resistor.which'ia

'small enough to prevent any variation in 1mpedandé of the series circuit

from cuasing changes in the oseillator's amplitude or frequency. The
oscillator output is fed to the seriss circuit which is made up of the
detector coil Ll and the capacity combination of C13a, €16, C17, and Cl12,
c132, Cl19, C139 selected by the band switch, This ssries eircuit is

resonant to the same frequency as the operating frequency of the oseillator,

11, the detector coil, is a rectangular coil measuring L by 16 inches by 3

inches thick. 4 Faraday shield is provided between this coil and the
operator to minimize the effects of changes in distributed capacity.
The amplifier uses four type 1UL vacuum tubes. The first stage

is .a cathode follower with the filament placed at a sufficiently positive
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; <;> " bias through R1, R3 and the voltage divider RS, RY; R18, so that with no sig-
| nal on the grid the tube is cut off. Thié positive bias is adjusteble by means
of Rl, This is the amplitude control, and it determines what amplitude of in-
%1 - put will ﬁroduce an output across Rl. With sufficient signal devaloped'across
: . the éapﬁcitanée of the series circuit, i.0., a signai whose peak value exceeds
the positive bias, the peaks of the amplitude modulated signal appear across
Rl. Plate voltage for this stage is suppiied through R19 which prevent any
plate voltage variations of the qpmhon battery supply from causing instability.
ch b&fasséa the,platé to ground hhﬁ with  R19 decouples the plate from the com-
mon battery supply. Cj and cé deeouple,the batteries, which supply the bias
for this stage, from the cathode circuit. The output of the cathode follower
é'cz> is fed té:the-next stage through R2 and C3 which serve to isolate the cathode
| of the cathode follower from the Test Point , which is used in aligning and
testing the operation of the detector. o
The second stage of the amblifie£ serves to amplify the signal and
also to filter out the RF portion of the signal so that its output is an audio
signalQ The drive for this stage is developed across Rhi, RS 1is the load
resister across whicﬁ the output is developed and CS bypasses the RF component
of the signal. R9 and cé supply and bypass the voltage for the screen grid.
} The third stage of‘the amplifier serves as an_audio amplifier with
the input voltage béing developed across Rll. The bias for th;s stage is
only the gontaet potential of the tubs, the grid being connectéd to the
filament through Rll. The output of this stage is developed across R12. There
1s_a voltage divide; in the input of this stage which reduces the driveo This

1is reqﬁired in order to obtain the necessary clipping action of the last

e s T P A

;:(i) o stage and still use a large enough portion of the signal in the first stage,

A

“‘ . : o e 36 -»
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.If too small a portion of the signal is used in this stags, the audio component

of the signal will be of tha same amplitude as the hash that remains after
filtering out the RF. ‘ ‘ | A

The last stage of the amplifiar 13ﬂused as a clipper amplifiera

Only‘the peak portions of the signal are amplified in this stage. This

-clipping is accomplished by the bias which is devaloped across RS through

o which all the plate and screen current for last three stages f1°Wo This

vnltage, which ‘is positive with respect to ground, supplies blas only for the
>lé§t sﬁage-beeéuSe enly in this'stége is.thé grid connected thréugh a resistor
(ﬁlh) to gfbund instead of back to ths fiiament; The output is developed
across RS and is fed to the audio trégsfbrmro This s Msub-ouncer” and is
extremely‘small and light. This transformer is used to impadanca match the
ear phonss. to the high impedarice owtput. |
. The use of filament” type tubes necessitates the use of separate

filament batteries: one for the oscillator, one for the first stage of the
amplifier, and ong for the last th:ee stages of the ampiifier. The batteries
for the oscillator and for the first sage of the amplifief operaﬁe at RF
potentials with respect to ground and_cdnsequeq&ly are located with respect
to other components in a manner which1minimizasiinteraction.

'Tﬁe plate'voltage for the oscillator, amplifier, and the bias
for the first stage of the amplifier are supplied by two 67% volt batteries.

The double pole switches are usad to open the three separate
filament circuits and disconnect ‘the groumd connections of the B batteriss.

3.3.2.3 Configuration - | ,

The design of ﬁhe configuration of the detector has been motivated

by two objéctivesz The detector when in ﬁhe'non-operating carrying position

should be as small and convenient a package aé poséible; when in the operating

CONFIDENTIAL
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‘position or when it is being used in the search process for locating the

}position of the transponder, 1t should have & configuration which is most

oonvenient for the operator and which givea optimum results in locating the
transpondere .

The detector is mads up of two mnjor oomponents~ the4detecto£
coil, and the metal box which contains the electronie eircuits, The detector

coil 1is rectangular in shape, and 1s a three ple spider web type coil similar

'to coils used for the t;anspondero Its outside dimensions are 1l by 16 inches

by 3 inches thick. éThe coil fits into a plastic box which forms the ou;sida

of ‘the detector and serves to protect the coil. A Faraday shield is built

in to the bottom of the plastic box. The inside dimensions of the coil are

10 by 12 inches by 2.3/h inches. . The_matal'box containing thekelectrOﬁie
eirecuits folds into this gpace-khan the detector is in the non-operating
position. |

A rectangular shape was chosen for the détector coil so as to

1

gié% the largest area and thus the greateét mutual inductance with respect

to the transponder coil. Tha,el@ﬁtricai characteristics of this coil are

very sihilar to that of the transponder coil.,
The metal box containing the circuits of the detector is fastened
to the 1id of the plastic box in which the detector coil is contained. The

contro;avfor operating the detector are located én the top and side of this

»metai box, The’control'on the écp is the main tuning control. There are

two switches which turn on the detector. These switches are automatically
turned off when the detector is, closed up. The amplitude control, fine
tuning control and band switch are located on the side.

" When in the non-operating pqsition, the detector has been made so

e - | .  CONFIDENTIAL .
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as to resemble a briefcase or small piece of luggage. 4 handle faébened to

'ohe plastic box is provided for carrying the detsctor in this mannero For
certain applications where the detector will be carried in a ruckaack, this |
handle can be left Offo " A handle fastened to the metal box con’ca{i.ﬁning the
circuits for the detector is used to carry the detector when it is :Ln operation.

This handle slides out to the proper position for a balance so tHat the detector

will hang naturally in the proper positlon. The toggle switches which turn

on the voltage to operate the detector are so located so that wheh the

(

h;ﬁdle slides back in position to close the detector the swi'oches are turned

When in the oparating position the detector coil hangs 80 a«s

- to form about a twenty degree angle with the vertical. Experiments indicate :
‘that the greatest range 1s obtained with the coil in a vertical positicm

“rather than in a horizontal pesition., This is not true when the transponder

\

is submrged in sea water in which case the horigzontal coil gives the great.est

3 2.l Method of Operationm

The operation of the detecter for locating the position of thé
transpori&ér and thus the cache requires a knowledge of the resonam; fr@quqncy
of the transponder -when aburied in its particular medium, Tests. hax'fe "’i'ndi'cated.-“’
(see section 3.3. k. 3) that the resonant frequency of the transponder that is

maasured in air is slightly higher than that measured with the tra_nsponde,r

| 4n- som other mediumo The first step in the use of the Delta-Q cache mafker

system is to measure and record the frequency of the transponder after it. i_

has been buned «(or submerged) to mark the location of a cache. The detector

"has ten bands and a main tuning dial and the designation of the frequency uﬂl
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| be, for example, band 5, dial reading 3k. ‘In addition to this information,

the user of the'detector will know the approximate area within which the

cache is located. _

Prior to actually using the detector for the sesarch the operator
should make certain that the batteries in the detector are'invgood condition,.
fhis_cén be determined by turning on the detéctor with the dstector coil in
the operating position with the amplitude control set at its mamimum position.
‘The fine tuning control is adjusted until the au&io tone is heard in the ear
phones. The amplitude control is then adjusted to reduce amplitude of the
audio tone to é comfortabls level, The fine tuning control should then'be
rocked Back and fo;th; this bringing the séfies circuit in and out of resonance

! and the audio tone which is absent on either side of resonan;; should be a
maximum at resonance. The amplitude control should also be retotated from
| ., its'minimum ﬁo its maximum poéition and this should change the audio tone
from a minimum to a maximum value., %If all the;e resultsrafe observed ﬁhe
detector and its batteries are in good operating conditions This test should
all be made with the detector held in the operating position.

Upon arrival at the area in which the caché.and trahsponder is
located, the detector is placed in ﬁhe operating position, The.two toggle
switches are switched to the "on" position énd the band switch and main
tuning control are adjusted tq the values obtained when the transponder was
'initially»buried‘(submerged)o The amplitude control is adjusted in conjunction
with the fine tuning control until the audio tone is heard. The fine tuning
control is then adjusted so thet the audio tone is present for about 20 degrees
of rotation of the main tuning contrql on eithsr side of the dial setting ai;

|
1 ) . .
} = . which the transponder is reportedly located. This adjustment assures tracking
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over fhe portion of the dial containing the frequency of the iransponder and
permiﬁs'rotating the main tuning control thfough resonance. ‘A null in the
audio tons will be obtained when the main tuning control gOeg through the
frequency of the transponder, v

The mamnmer in which the operator holds the detecﬁor with relation
to his body and ground an& with respect tovthe direction he walks is important
in obtaining suceessful use of the detector in locating the transponder since
the resonant frequency of the serieé circuit in the detsctorfis affected by
changes in the distributed capacity of the detector with respect to the
operator énd ground. The detector must be carriad in a mannér which keeps
.thasevchanges to a minimum., If these'changag_in distributed capacity are
too great, thé sudio tone will disappear. This can cause & false indication
of the presencs of_é tfaﬁspondere With a littie practice tﬁa opéraéqf will
learn how to carry £he detector without thsse changes affécﬁihg the. operation.
The detactor should be kept about six;to eight'inches away frém-the operator's
body and the same distance above the ground.

The orientation of the detector with respect to;the direction
the operator is walking is important becauseA;f the directional properties
of the vertical detector coil. If the detector coil is lined up with the
direcﬁion'that the operator is walking there will be a band or region parallel
to this path and about a foot wide in which a trqnspon&er will not be detected.
This blind region is eliminated by rotating the plane of the detector coil
and thus the detector so that it forms about a thirty degree angle with the
direction of wélking} A discussion of this difectional property is giﬁen in
Section 303;h.6. » |
ﬁ!ﬂ _ o As the operator walks along with the detector in the manner
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déscribad above, he will comtinually hear the audio tona. The region covered

by the detactor will be a twelve foot strip. If the transponder is located

‘in this strip a null in the audio tome will occur when the operator passes

within six‘feet of the transponder. Ths operater can pesitively identify
the presence of the transponder by rocking the main tuning control. A mill
should be found each time the resonant frequency of the transponder is

passed. Once the approximate location of the transponder is found, its

- exact location can then be determined as follows., The detectbr coil is

brought up to a horizontal position by changing the iength of the supporting
lines. The detector must now be retuned becauss there has been a change of
distributed capacity of the detector coil with respect to its'surr&undingso‘
This retuhing is accomplished by adjusting the fipe tuning control, until the
audio tone is again heard. This adjustment must be made with the detector

out of range of the transponder. The region of the null will ‘now be a circle.

After the region of the null has been located the exact location of the trans-

ponder may be detarmined‘by turning up the amplitude control,-or réising thé
detector higher above the ground. This decreases the sepsitivity and reduce§
the diameter of the null circle. The position of the center of the transponder
can now be located to within a few inches. | |

| - The actual search pfocess can cover ahy series of baths which will
give COVeragé of the area in which tbelcache is known to be lpcated, gach path
being twelve feet wide. A straight forward epproach would be to patrol parallel _
paths starting at one edge of the field and ending at the other end. This is
probably not the quickest way. A better way would be to coveriﬁhe area by
concentric rings using a stake and a string with‘knots or some:other kind of

marker every twelve feet. The stake is placed in the center of the area. The
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‘o ‘
' operator holds the string taut and increases the radius of his circular path by
‘twelve feet after compiefing each circle., This system would enable the opera-
tor to make a systemati§ gearch in the dark. - If the stake isjdriven at the
most vprobable location of the cache this last met‘hod will locate the cache in
the shortest time. These two methods are suggested as possible approaches tc;
the problem, - | |
3.303 " Transponder
3.3.3 ;1 Coil Form
The final configuration of the coil form has largely been by exper-
imental invéstigations. Tests were madé of honsycomb solenoid and V_spider-—web
typé windings énd it was fourid that the spider-web winding ga\;e the highest Q.
:Thi‘s is attributed to the low dis'tributéd capacity that is attained with this
‘ -kind of winding. In order to increase the mutual inductance between the trans-
ponder and the detector coil, a three 'pié section winding was used.
' Expériments showed that the Q of the coll was greatly improved with
the use of a good insulating material fér the coil form., Styrene was finally
chosen because of .its good electriecal priopex'ties, ease of molc}in‘g, ‘and low ""cé'ost.?
| To simplify the manufacture :.:of the three pie coil form for the-
spider-web type winding, it was decided to make the coil out of three identi-
‘cal pisces. Figure 3.3.3.1 shows one sqction of the coil form. By making the
coil form in three seetions, the mold that is needed for the manufacture is
simplifisd in that there are no ‘u‘nder‘ cuts in the molded plece. The individual
pleces of the coil form are pr‘ovided with dowel exﬁensions and holes which
permit easy alignment when cementing the' sections t.dge_ther, |

AInquiries wera made of a number of plastic molding manufacturers

:
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to determine the prices for the metal molds and for the-coil form sections.,
The price fof the metal molds for injection molding rangsd from §990 to $4625
with an estimated time for completion of 12 to 1l weeks, The prices per - |
mplding for quantities of 1000 varied from §0.359 to $0.75, énd in quantities
of 10,000 from #0.287 to $0.65. Three such moldings are required for sach
transponder. | ﬁ

303.3.2 Wire %

The wiro that is used to wind the transponder pleys an important

role in determining the Q While the dc resistancs of the coil is determined

'by the cross section and the length of the wire used to wind the coil, the ac

rcsistance depends on how the copper is distributed within the cross saction.
During'Phase I it was determined that Litz wire, which is a stranded wire
whers.thevindividual strands are insulated from each other, gave the highest
Q. Thére are however a number of kinds of Litz wire that can&be,obtained
and thévproblam was to determine‘which kind to use. |

There are basically two kinds of Litz wire. One kind consists

~of individual strands; 1nsulatedifrom each other, bundlsd togéther, and

wrapped with an insulating material such as cotton or sdlks For this kind

éf-Litz wire there can be any number of strands of any ﬁire size for the

individual strands. The second kind of Litz wire has the individual strands

woven together in some specified manner. For this kind of Litz wire not only

must the number and size of the strands be specified, but in addition, the
manner in which the strands are woven.
The requirement imposed on the resistance of the wire by wanﬁing

to have a high Q coil is that the ratio of the ac to dc resistance of the

wire be as close to unity as possible. The ac resistance of the wire will

‘always be greater than the dc rasisﬁance of the wire, For an individual
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strand the resistance ratio approaches unity as the diameter decreases. The

decrease in the ratio is rapid for relatively large diameters, and then de-

creases more slowly. The particular diameter at which this assymptotic approach

of the resistance ratio to unity begins depends on the operating frequency.
As the numbér of strands is increased, the resistance ratio increases. This is
becaﬁse of the effect of the magnetic field, produced by the current flowing in
the strands on the outside of the wire, on the currént flowing in the inner

strands. This effect is greatly reduced by transpdsing the strands in a manner

- which gives~each'strand all possible positions in the wire. Another manher by

which this effect can be reduﬁed is by weaving the strands éo as to form & hol-

low tube. In fact, this method is morg'effective in kesping the resistance

ratio close to unity.
One of the diffiéulties that was encountered was in finding a man-~
ufacturer who would make small quantities of special Litz wire. Some manufac-

turers had machines that could not handle small wire sizes. For example, ons

- manufacturer furnished woven Litz wire using No. 38 strands; Tests of the

coils wound with this wire showed a much lower Q than'expefience indicated and
further tests éhowed that as mény as 75 per:cart of- the strands weére discontin-
uous. Another manufacturer, which proved to be the_besf aﬁd cheapest éource,
of Litz wire, recbmmanded thét woﬁén Litz wire should not be made with wire
lighter than a No; 30, |

Measurements were made of transponders wound w%th different wire
to determine the effect of wire size on the Q and detectability of the trans-

pondér; The number of turns used in winding the transpondér was determined by

the wire diameter; the maximum number of turns was used in each case. The

-different wires used are as follows:

No; 1 - 105 turns of Litz wire consisting of 50 strands of No., 38
merely bunched together.

-1 = ‘ CONFIDENTIAL
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No, 2 = 60 turns of Litz wire consistihg of 24 strands of No. 30
- where the individual strands are braided on 2 glass fiber core.

No. 3 - 90 turns Litz wire consisting of 6L strands of No. 38

whers 8 strands are braided together to form a cable and then

8 such cables are braided together.

No. L4 - 99 turns of No. 18 solid wire formvar insulated.

~ The Q's of the four coils as a function of frequency are shown .

in Figure 3.3.3. 2(6)

The detectability was measured using the Boonton Q-Meter and the
detector coil of the detector. The Q-Meter was adjusted to measure the Q
of the detector coil; the transponder>waé'tuned'through the operating frequency
of the Q-Meter, and the change in Q was observed. The transponder coil and
the detecﬁor coil were maintained parallel with their axes of %ymmetry
collinear. Readings were taken of the chénge in Q for frequenéies 10 kes
apart from 50 to 150 kcs. The resﬁlts are shown in Figure 3.3.3.2(b) which.
ihdicate that over tha frequency range of 80 to 100 kcs, the transponder

using 2L strands of No. 30 braided over a glass fiber core givés the best

pesultse. This is the wire that has been chosen for the final modal:of the

transponder.
3.3.3.3 Packaging |
The packaging of the transponder must provide protevtion for the
transpoﬁder from its environs., In addition the material used for the packaging

must have sufficiently good electkical propertiss so as not to seriously

alter the detectability of the transponder. An additional requirement is that

" the material used for the,packagiﬁg must be of low coste.

Two approaches to this problem were considered. One was to cast

the transponder in a material having the necessary physicél properties, the

second was to place the transpondar in a shell type structure.

- CONFIDENT IAL
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(;> - The gize of the transponder was one of the limiting factors in
~ the casting method of packaging. Most of the plastics that are avdilable
ffor casting underge shrinkage and experience showad that cracks and voids
are formed when casting an object the size of the transponder. The available
plastics which have. Very little ahrinkage are too expensiveo Another
: difficulty encountered with casting is that the temperatures at which the
tnermoplésticfmaterials can be poured are excessive for the material out of
'whicﬁ tﬁéﬂqail'forms are made. This results in distortion of the t ransponder
coile, T o L
. ., A:J' The method that was chosen for the final form of £he transponder
cénsiétsfor telescoping half-shells of the forn shown in Figure 3.3.3.3. These
: <;> o :half-shells are made of a polyaater resin reinforced with glass fiber clothe ‘
: for mat.. This material has excellent mechanical and electrical properties,_
giving-ths necessary protection to the transponder and still preserving
ihe hiéh’Q. In production these half-shells can be made for about $1 50 each
with a mold cost of about $3000,00. | o
" The transponders are put together by placing the coil and the
capacitor 1nside of the inner half-shell. As an extra precaution against
failure of the transponder dus to moisture, Cerese wax is poured in over ths
coil and capacitor £illing the remainlng spaca. ‘The electrical propertiss
of this‘uax haye been tested and have been found to be very excellent. The
surfgcgs'éf_ﬁhe»half-shells which come ip contact are coated with an epoxy
résih and the transponder is finally assembled. A small hole is provided in
"tbe outer half-shell to permit the escape of air when asssmbling the two
halves of the shell. Otherwise the air would force its uqy through the glue

.(:> ' Joints and destroy the seal. This hole is filled later with the epoxy resin.
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303434 Coil Winder
In order to determins whether the transponder coil could be
wound using production techniques a coil winder was designed and a wooden
model was built and tested. The coil winder is discussed in detail in

~ Interim Report No. 5. The design of the coil winder was found satisfactory

for the production winding of the transponder coils and no further work was
performed in perfecting the operating model,
3.3.4 Performance
Tests have besn made to determine the performance of the amche
marksr system under actﬁal field conditions, and to determine the affects
of temperature, the effects of different soils and gea watér on its operation.

The methods of testing and the results are given in the sections which follow,.

A word of caution is necessary about extrapolating these results in predicting

the operatiom of the transponder after it has been buried or submerged for
five or more years. The transponder has besn designed of materials which
should ﬁake its life indefinite but additional testing is required in which
the transponder is left buried fo? many months and pericdically checked°/
3.3.4.1 Field Tests of the Systenm

The field tests which are described below wers performed with
an early model of the detector which used the motor~driven rotating capacitor
for frequency modulating the oscillator. This ®ag used as & means for
solving the tracking problem in this early model, The final model of the
detector does not use a frequency modulated oscillator. The horizontal
ranges of detectability which are stated below are for this early model. The
final model has been imppoved to give greater horizomtal range not only for
the discovery of the transponder but also for more positiVe‘indication of

the transponder's presence. CONFIDENTIAL
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The field test consisted of burying three transponders, locating
the positions of the transponders with the detector, and digging up ths
transponder at the indicated positions to determine how accurately their
positions had been located. The horizontal ranges at which the transponders
were detectable were measured. The frequeney shifts of the resonant frequencies
of the transponders were measured with the detector.

| The transponders used for this test were resonant at 83, 98.5 and
106,3 KC in air, Their construction consisted of a plexiglass c¢oil form
w&und with 60 turns of Litz wire made of 2}; strands of No. 30 wire woven on
a glass fiber core, The coil and its tuning capacitor were impregnated
with a heavy coating of cerese wax and incased in fibre glass reinforced
polyester resin shell.

The site was prepared by digging holes five feet deep with a
trench digger. The transponders were placed in these holes and the holecs
were filled with dirt with the use of a bulldozer. Two of the transponders
were buried five feet below the level of the ground and the third was
burised at four feet below the ground. After the holes had been filled the
bulldozer leveled off the ground se that the locations of the holes were not
discernible, Markers which had been left to locate the positions of the
transponders had been shifted by the bulldozer.

The representative of the sponsor who was present at the tests
was briefly instructed on how the detector was used and then he preoceeded
to locate the first transponder. He encountered some difficulty at first
for two reacons°>.The rotating capacitor opsrated intermittently and he
mixed up the use of the amplitude control and the fine tuning control. He had

much less difficulty in locating the other two transponders,

CONFIDENTIAL
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The transponders buried at a depth of five feet had a horizontal
range of detectability of about four feet. The transponder buried at a depth
of four feet had a horizontal range of detect;bility of five feet. Mcasurements
were made to determine how close the transponder would have to be apprqached
when walking rapidly along a straight path to obtain a positive indication
of the presence of the transponder. This information was obtained with the
detector tuned to the resonant frequency of the transponder in the ground
withoutbhny further adjustment as the detector was carried along, This
distance was found to be about two to two and one-half feet, This determines
that where the detector is tuned to the proper frequesncy boafore the search
ibﬁﬁtlrted, detection should be accomplished by walking parallsl paths four
to five feet apart.

The positions of the transponders as located with the dstector
were marked and the ditch digger dug holes at these positions. It was found
that the positions had been located to within one or two inches of the centers
of the transponders. '

The ground consisted primarily of clay and was wet due te two
preceding days of rain. The resonant frequency was lowered by the following
amounts due to the increase in distributed capacity caused by having a greater
dielectric constant fo; the surrounding medium. For the 83 KC transponder
0.28 KC, for the 98.5 KC transponder 0.30 KC, and for the 106.3 KC transponder
0.48 KC.

3030ke2 Temperature Tests of Transponder and Detector

Temperaturs tests on thé.transpenders in the form of cycling

from one extreme température to another were performed t§ determine the

effects on frequency and detectability,. Tempsrature tests on the detector }

CONFIDENTTAL
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were used to determine the life of the batteries, i.e., whether they have
sufficient capacity to operate the detector continuously for four hours at
zero degrees Fahrenheit.

The t emperature cycling test was performed on two encased
transponders. The test consisted of cycling the transponders from -789C in
dry ice to +80°C in an oven. The detectability and frequency of the '
transponders were measured at the high and low temperatures for each cycle,

- No change in the range of detectability was observed during the temperature
cycling process. The resonant frequencies of the transponders, which
were measured before and after each of the two temperatures, are given in
Table 3.3.L.2. The transponders were at each temperature for one hour
\ (:: before cycled, Frequsncy shifts occurred only for the second and third
cycle, this being attributed to inaccuracies in the measuring system. One
transponder remained in the dry ice for fifteen hours with no resulting
change in range of detectability.,
Table 3.3.L.2. Results of Temperature Cycling of Transponders

Transponder  Frequency (kcs) at -780C Prequency (kes) at +80°C

1 2 9C,40 95.48
3 82.48 82.48
2 2 98.45 98.43
3 82.69 82.58
3 2 98.36 98.36
3 82,65 82,58
b 2 98.48 98.48
, 3 82.42 82.42
5 2 98,48 98.48
3 82.48 | 82.48
The temperature tests of the detector consisted of putting the detector
(:> in a deep freeze and momitoring the output of the oscillabor both for
. CONFIDENTIAL 50X1
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amplitude and frequency. The temperature of the deep freeze was between
-9 and -~159F, these being the two temperatures read on two different
therometers. The amplitude was measured with a Dumont 'scobe and the
frequency was measured by comparison with the frequency of a Hewlett Packard
signal generator., The detector was setvon a frequency of 80 kcs and the
generator operated on half this frequéncy since its maximum frequency is
about 70 kcs. Before putting the detector in the deep freeze the amplitude
and frequencywere measured at room temperature, 70°F. as 50 and 80.1 kcs
respectively, The amplifude was measured in arbitrary units on the scope
and the settings ef the controls for vertical gaip were left uhtouched during
the course of the experiment. Readings of the amplitude and frequency were
taken immediatély after the detector was placed in the deep freege. After
that readings wers taken every fifteen minutes. The measurements are
presented in Figure 3.3.4.2.

The output voltage of the oscillator was measured with a Ballantine
voltmeter in order to compare it with the voltage autput that is necessary
‘to malntain proper operation of the'detactoro After correction for the
loading effect of the voltmeter the voltage output of the oscillator proved
to be ample for the operation of the detector.

Aftgr the four hours in the deep freeze, the detector was tested to
determiné if it would still detect the transponder. ‘Mnisture condensed on
the detector and made the detector inoperative until the moisture evaporated,
This condition of having the detector at a very low temperature and the placing
it at room temperaturse is probably very unlikely. The more likely case is
Where the detsctor will be at room temperature and then placed under conditions
where the temperature wili be lowered. This condition should not result

" in the condensing of moisture on the detector,
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3.3.403 Effects of Soils

’The change in the ability to detect the transponder when buried,

as eompared te the ability to detect the transponder in air, depends on the

elactrical properties of the medium in which it is buried, The electrical

| properities of the medium change the slectrical properties of the transponder,

and they may also affact the attenuation of the signal through the medium.
Experiments and calculations indicate that the reduction in signal due to
these propagation losses can be neglected, Howaver, the changes in the
electrical preperties of the trahsponder cannot be neglected since they cause
a change in the res&nant frequency of the transponder. They also may cause

a change in the Q of the transponder; but,.with the exception of salt ;ater,
this has not beeﬁ observed in any of the media that we have tested. The
changes in frequency are caused by the change in distributed capacity due to
the dielectric constant of the surrounding medium in which the transponder

is buried, and by the change in inductances caused by the magnetic susceptibility
of the surrounding medium, being different than that of air,

Measurements were made to determine the frequency shifts of two
transponders tuned to 98 and 82 kcsy, for the following materials: pave, sand,
fine gravel, coarse gravel and magnetite. Both pave and magnetite have
magnetic susceptibilities which are considerably greater than that of air,
this especially being true for the magnetite which was of a very pure form.
These experiments were performed outside of the laboratory and the frequency
measurements are based on ﬁhe calibration of the detector. Magnetite gave
frequency shifts which were greater than that which could be covefed by the
bands provided by the detector. A sample of magnetite was obtained and the

measuremsnts of the frequency shifts occurring for this material were made at

CONFIDENTTIAL
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the laboratory. The results of measurements are given in Table 3.3.4.3.

Table 3.3.4.3
Transponder Frequency Shifts in Various Materials

Frequency in Frequency in the Frequency
Material Air in kcs Soil in kcs shift in cps
Pavs 98,420 97.810 610
Pave 82.L460 82,100 360
Sand 98,450 98.170 280
Sand 82,510 82.3L0 170
Fire Gravel = 98,450 98,110 340
Fine Gravel 82,540 82,300 240
Coarse Oravel 98,450 98,300 150
Coarse Gravel 82,540 82,400 140
Magnetite 96,4 76.0 20,400
Magnetite 81,2 63.7 17,500

The freQuency shifts measured 0.61 kcs or less with ths sxception

of that obtained for pure magnetite, The detector has been designed to accomo-
date frequency shifts which are less than 1 kcs providing the resonant frequency

in air is close to the upper end of the channel. The frequency shifts are always

in the direction that decrsases the resonant frequency of the transponder, In
general the detector will not be capable of taking care of the frequency
shifts that would result due to pure magnetite. No information is available
as to the occurance of pure magnetite., However, if the procedure is followed
in using the cache marker system outlined in Method of Operation this should
not be a great hinderance to its use,
3.3.h;h Seat Water Tests

Field tests of the cache marker system wers carried out in the
Atlantic Ocean to det;;mine the effect of eea water on the operation of the
systems The tests were carried out at Fort Miles, which is located at Cape
Henlopen on the eastern shore of Delaware., The actual tests were made at the

mins dock.
CONFIDENT IAL
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The horizental range of detectability was measured with the
transponder submerged at various depths below the surface of the water. This
range was determined for the detector coil held parallel to the surface of the
water asvwell as perpendicular to the surface of the water. In each case the
transponder washeld parallel to the surface of the water.

For thé case where the detector coil was perpendieular to the surface
of the water the edge of the detector coil was located about eight inches
above the surface of the water, The maximum horizontal range was measured
for the transponder Just submerged and at various distances below the surface
of the water,

Distance below Wateris surface Maximum horizontal range

: at the surface 38 inches

1 foot 38 inches

(:: 2 feet 36 inches
3 feet 30 inches

3% fest 2L inches

Fbr the case where the detector coi} was parallel to the surface of
the water, the bottom of the detaector coil wag located about one and a half
feet above the surface of the water. The maximum horizontal range was
measured for the transponder submerged at the same depths belcw'the surface

of the water.

Distance below Water's surface Maximum horizontal range

1 foot 42 inches
2 feet 4O inches
3 feat 36 inches
3% feet : 2l inches

The values that are given for the maximum horizontal range are
measured from the center of the detector coil to the center of the transponder.
Better results were obtained with the detector coil parallel to the

surface of the water than perpendicular.

CONFIDENTIAL
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3.3.4.5 Analysis of Coupled Circuits

An examination of the equations which descri?e the mutual inductance
between two parallel coils has resulted in the determination of an optimum
sige for the detecter coil for a given transponder diadetgr and depth of burial.
This study has also revealed the relation between rangefof‘detectability and
stability in terms of the fractional change in amplltude that nust be msasured
in order to detect the transporder for any dlstanceo The details of this study
are given in Appendix L.3. \u\

The conclusions of this study are that the size of the\éétector coil
that 1s used for the Delta-Q system gives an efficiency of operatiég which is
about five per cent of optimum. The fractional change in Q or ampiitgde yhat
must be measured is about 1 part in LOO for 9 fest between the deqéctof\and\
transponder and 1 part in 40,000 for 20 feet Setween the detector‘and tr;gspénder.

3.3.4¢6 Effect of Orientation of Detector Coil f}Q |

The greatest mutusl inductance and corresponding ability to déteé&%
the transponder occurs when the detaqtor coil is orienmted parallel to theil
earth's surface and the detector is closest to the transponder. waever,yé%is
is not true when the detector is not directly over the transponder. It wéé\:
discovered that orienting the detector coil perpendicular to the earth's,éurféce
increased the hori ontal range at which the transponder could be detectea; This&
increase in horizontal range is the result of changing the pattern of g;tectability
from a circle to a figure resembling a lemniscate, The patterns of tﬁ; range
of dstectability corresponding to different depths of burial are given in
Appendix 1.2. \

In addition to increasing the range of detectability of the detector

this change in erientatiom of the detector coil with respect to ground also
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aiters the manner in which the null appears in the audio tone of the dstactor

as the transponder is approached. As the transponder is approached with the
detector coil parallel to the ground a gradual change in ths amplitude of the
audio tone occurs. Out of rangs of the transponder a steady tone is heard and
@8 the transponder is approached with the detector the amplitude gradually
decreases until a null is obtained which is present until the detector is
éarried beyond the transponder and outside of range whaere the audio tons
gradually comes back again. For the case where the detector coil is perpendicular
to the earth's surface, the transition from audio tone to null as the detector
is brought towards the position of the transponder is much more rapid and occurs
at a‘greater range from the transponder.

Using the detector with the detector coil oriented perpendicular
instead of parallel to the ground offers two advantages. The horizontal range
at which the transponder can be discovered is increased and a positive indication
of the transponder is obtained at greater distances.

3.3.5 Operating Instructions
1. To place the detector in the operating condition:
8, Open the carrying case and lower the detecter coil to the
vertical position.

b. Pull out the operating handle which is located on the top

of the metal box.

c. Hold the detector by the operating handle in such a way that
the carrying case opens away from the operator,

de Rotate the band switch to the proper band and set the main
turning control to the proper setting. These settings will be

known before starting the search.

CONF IDENT IAL 50X1
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¢c Turn on the detector by pushing the two toggle switches

which are located near the handle.

f. Plug in the phones.

Make the following initial édjustments:

2. Hold the detector about 8 inches from the operator's body
and the same distance ahove the ground.

b. Rotate the amplitude control to approximately half way
between its maximum and minimum settings,

C. Rotate the finé tuning comtrol until an audio tone is heard.
The presence of the audio tone 18 an indication that the detector
is operating properly. If not heard, increase the setting of the
amplitude control slightly and re-sdjust the fine tuning control.
de Now adjust the fine tuning control to a position so that

the main tuning control can be rocked through about five divisions
on either side of its prescribed setting without the audio tone
dropping out,

€. Now back off the amplitude control until the audio tone can
Just be hearde This is the condition for maximum sensitivity.
Make suré the main tuning control can still be rocked without,

the audio tone dropping out.

Make the search:

a8, Listen for a null in the audio signal. This is an indication
of the presence of the t}ansponder. A null can also occur if the
detector becomes mis-tuned due to bringing it too close to the
ground or to the operatérg A true indication is determined by

rocking the main tuning control through the known transponder

CONFIDENTIAL 50X1
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setting and verifying that the null occurs only when this
control is on thes proper setting.

b. During the search carry the detector so that it forms about
a 30 degree angle with the direction in which the operator is

Walking .

" ¢ Cover the area in which the transponder is believed to be

L.

located by marching along paths not over 12 feet apart. Decrease

this distance by about two feet for sach foot the detector is

ralsed above the ground due to deep snow or other causes.

Determine the exact location of the transponder:

a. Place the detector coll in the horizontal pesition. .
be. Repeat the initial adjustments, paragraph 2 abova,

c. Approach the position of the transponder and while doing so

reduce the sensitivity of the detector by turning up the amplitudse

‘controlo This v}ill reduce the area in which a null can be heard

5.

6.

and thus more accurately locate the transponder,

To place the detector in the carrying condition:

a. Push in the operating handle. This will push the toggle
switches to the off position,

b. Unplug the phones and place in carrying case,

co Close the carrying case.

To place a tranéponder with a cache:

&, Cover the cache with not less than one foot of earth.

b, Place trensponder in the hole so that it is parallel to the
surface of the ground (or water).

c. Cover transponder with at least one foot of earth.

CONFIDENTIAL
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d. éring the detector near ihe transponder and find the

exact setting of the band switch and main tuning control

for the null. Record this setting for future use,

e. Finish filling the hole.

The frequency of each transponder will be marked on it. This fre-
quency will change when it is buried. The change will always lower the fre~ '
quency from 0.2 to 0,5 kilocycles depending upon conditions. Thus a future
search can be expedited if the frequency is carefully measured when the cache
is made. A calibration curve is furnished with each detector by means of‘which
it is Possible to set it to any frequency within its rangs.

~If it were not possible to measure the frequency of the transponder
after burial with the cache, it is still possible to locate it provided its
original frequency 1n air was known:

a. At the suspected locatlon of the transponder bury another trans-

ponder of about the sams frequency to a depth of at least one foot.

Measure the amount that the'frequency has changed. Use this as a

correction to the frequency of the trangsponder whose location is

yet to be determined.

b, If the above is not feasible then it will be difficult to find

the transponder. This difficulty is one of the security features

of this system. The best course to follow is to lay out the area
in 10 foot squares and at the center of each square stop and tune

around thé center frequency obtained from the table below:

If Transponder Frequency Tune Detector
in air is: : to:
80 to 85 kes 0.2 kcs lower
85 = 90 kcs 0.3 kcs lower
90 - 95 kes O.ly kcs lower
95 - 100 kes 0.5 kcs lowsr
CONFIDENTIAL
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3.3.6 Maintenance

3.3.6.1 Trouble Shooting

If equipment fails to operate:
lo Check terminal voltages of batteries with equipment turned on.
2. Check escillator output.
3. Check receiver inéuto
L. Check audio amplifiers.
5. Check output transformer and phones.
l. To check terminal voltages, remove the battery cover and turn
equipment on., (The large coil does not need to be in the
operating position to check the voltages.) Measure the voltages
at the battery terminals with a voltmeter and repiace wsak batteries
as follows: plate batteries, 100 V., filament batteries 1.0 V.
New batteries should be inserted and then tested also before
replacing battery cover. New battery voltage should change very
little between equipment off and on conditions.
2, To check-oscillator output, remove lead from J2 and conmnect
a scope from J2 to the chassis. Waveform (a), Figure 3.3.6.1,
should be seen, after adjusting the scope, for proper operation.
Amplitude of the signal should be approximatsely O.L5 V peak to
peak. If no signal is observed check the oscillator tube V20

and its circuits if necessary. Resistance from grid to ground

should be about 70 ohms and cathode to ground about 25ohms.

(Chassis is ground)., If waveform (b) is observed, check the
neon tube V21 and its circuits.

3o To check receiver input the equipment must be in its

CONF IDENTIAL
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Waveform (a) Waveform (b) - Waveform (c)
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Waveform (d) Waveform (e)

Figure 3.3.6.1
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operating position with both coil leads connected. The coil must

be away from all metal objects or persons. Remove the trimmer cover-

and connect the scope between T.P. and chassis. (Since there is a
positive voltage of about 70 volts on T.P., it is necessary to use
a capacitor input to scope). Adjust the scope sweep for several

cycles and then the amplitude and fine tuning to get waveform (c).

The fine tuning should be very sharp and the amplitude control

- should vary the amplitude of the spike. If no signal at all can be

found check the coil L1 and the tuning section. Try several bands
to be sure it is out on all bands. Resistance of L1 should be about
5.5 ohms. If no spike can be found with the adjustment of the con-
trols check tube V1 and check to see if it has the proper operating
voltages. If still no spike can be found, follow the alignment pro-
cedure,

h. Audio should be heard in the phones as the spike amplitude pas-
ses a minimum amplitudé, as shown in wavefore (d). If no audio is
heard check tubes V1, V2, and V3, and then if neomssary the receiver
can bs signal-traced with an audio oscillator through V2, VB} and
V4. (Be careful to use a capacitor in the audio lead in order to
keep from destroying the operating bias voltages. Bias for Vi is
developed across RS and C8 and should be about 17 volts. V2 and V3
have their grids returned to the cathode so they have no bias.) Vi
is held below cutoff by the cathode bias and will not conduct until
the positive peaks exceed the bias. Waveform on plate of Vi should
look 1like waveform (e). ' |

5. If amplifiers work well then check the output transformer and
phones if you still have no audio out.

-8~ CONF IDENTTAL
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3.3.6.2 Battery and Tube Replacement

The batteries and tubes of the detector are made accessible by re-
moving the aluminum cover which is next to the plastic 1lid of the carrying case.
When replacing the filament batteries, the polarity marked on the clips which
hold th; batteries should be observed and the batteries put in accordingly.
Make certain that the ends of the clips press firmly against the batteries.
The B batteries will only go in one way. Care should be taken toAmake sure
that the smaps are closed tight.

To replace the tubes of the receiver circuit, the B batteries must
be reﬁoved° The tube for the oscillator circuit is readily replaceabls. The
neon tube ié soldered into the circuit but it should‘seldom need replacement.

3.3.6.3 Alignment Procedurse ‘

An oscilloscope, frequency meter (or signal genarator) and insul-
ated tuning wand are required.

1) General procedure

Remove the trimmer cover and set up the detector in operating posi-
tion, making sure the detector coil is well clear of metallic ob-
jects. Set the fine tuning comtrol to its mid-point and leave it
there during the entire alignment., At all times when using the
Tést Point maintain the amplitude control at a setting which will
keep the spike slightly higher than the peak of the sine wave, as
shown in Figure 3.3.6.1 (d), or keep the audio level in the phones
at a comfox"table operating level. Use fresh batteries and keep
them off axcept while actually performing the alignment,

2) Procedure for adjusting the oscillator inductance

a. Set the band switch on step No. 1. This is the lowsst frequency
band.

-~ 69 -
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be Carefully set Band #1 trimmers and padders to half capacity
for both the oscillator and receiver,

c. Set the main tuning comtrol to O (lowest frequency),

d. Connect oscilloscope to Test Point and turn on the equipment.
8o With an insulated tool tune the slug in the oscillator

4

transformer, while maintaining the amplitude adjustment described

. in paragraph 1., until the pattern of Figure 3.3.6.1 (d) 1s

obtaineds When this is properly done, any-movement of ths tunj.ng
slug in either direction should cause the spike to disappear.
f+ The inductance of the oscillator ccil is now tha same as

that of the receiver coil.

3) Procedure for setting the oscillator to proper frequency
coverags. |

a. Set the band switch to Band #1.
bo HRemove the coil lead from the oscillator output terminal

J2 by pulling out the banana plug. Plug the oscilloscope test
lsad into its place.

co If a frequency standard is available with a zero beat output
circuit, connect it across the test leadhand the'chassis (this'
is across the oscillator output) and tune for a zere beat.

Note: The audio modulation will alse be heard.

If the frequency standard (or calibrated signﬁl gensrator) has

3
g

%

sufficient output to drive tle horizontal input of the oscilloscope

connect it to the horizontal input and connect the vertical
betwsen the test lead and chassis. This will give a lissajoums
pattern. This procedure is preferred because the audio signal

CONFIDENTIAL

.70 =

Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A00130003001 15

P

Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A001300030011-5 &

R

=X
5

A3

50X1



Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A001300030011-5

C

C

C

CONFIDENTIAL

will not obscure the results;

do. Now set the main tuning eontrol to 95 and the signal
generator %o 82 kcs.

8o Tune the oscillator trimmer for a gzero beat.

fo Set the main tuning control to § and the signal generator
to 80 keso

go Tune the oscillator padder for zero beat.

h. Repeat d, e, and f untii no further adjustment is necessary.
i. Repeat the abovs procéduré on sach of the bands, working
from #1 up to #10. Set high endé on 95 and low ends on 5 on
the main tuning control., This will allow some overlap. Band #2
will cover 82-84 kes, Band #3 will cover 84~86 kcs, etc. (Some
bands may cover slighély more or less than 2 kcs but there
should be no breaks in the coverage.)

Je Repeat the entire procedure to be certain that distributed
capacity effects have not been reflected into bands previously
adjusted,

L) Procedure for setting receiver trimmers and padders

This should not be done until the oscillator adjustmsnt has
been completed. '

ao, Replace coil lead in oscillator output., Remove and TURN OFF
the signal genserator. Connect oécilioscope to Test Point énd
adjust the sweap to get Figure 3.3.6.1 (d).

b. 8et band switch to Band #1, Set main tuning control to 95.

6. Adjust receiver trimmer on Band #1 for maximum peak amplitude

of the spike, turning down the amplitude as may be nacessary (paragraphl)

GONFIDENTIAL
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deo Set main tuning control to S.

-

8o Adjust receiver padder on Band #1 for maximum peak
amplitude of the spike as in c.

f. Repeat ¢, d, and e until no further adjustment is

necessary.

go Repeaﬁ above procedure for all bands and then repeat entire
procedurs until no further adjustment is necessary.
3.3.7 Construction Details
Drawings of those components for the detsctor which are either
modified standard parts, or of ERA design, are in Appendix L.L4. Since a
model is baiqg supplied ho drawings of the détector case or of its assembly

C have been made. A parts list for the detector is furnished.
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Appendix lLicl The Attenuation of Electromagnetic Waves upon Penstration ‘
into the Earth |

The attenuation of the elsctromagnetic wave ubon entering the sarth
is given (in Terman's Radio Enginesris Handbook, First Edition, McGaw-Hill
Book Company, New York (1943) p. 698) in terms of

Current density at depth d

= .~ -pd
Current density at surlace P

where
P = %'i(v:l + (ox 109)2 - ) H
A
d = depth (cmo)
| X = 0,008 1 fpq
C : B % 0,556 x 100 £, .
k = dielectric econstant ef earth
fme™ frequency, me
o= earth conductivity, emu
Type of Terrain : Dialectx;ic Constant Conductivity (emu)
Fresh water 80 1 x 10-1k4
Sea water 81 ' . L6l x 10711
Sandy, dry, flat: 10 2 x 10714
typical of coastal country
Soil (limits) | 20 to § 3 x 10~13 to 10-1k4
For f£pe = Ol X = 8 x 104772 # 7,89 x 1073

B = 5,56 x 10~8 k
For sea water k = 81yo"' L6l x 10711, Calculating p we get 1.35 x 10~2

and 1 = 7L cm. This is the depth the fields will penetrate befere they

~ P
<, drop off to 1/6_.
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For fresh water k = 80 o = 10~1k4
p ™ 2.55 x 10-4 1=3.92x 103 em or 39.2 meters.
P
For soil k = 20 o = 10~13

p = 6,28 x 10~k 11,59 x 103em or 15.9 meters.
P

We find that only in the case of sea water should we expect a large

departure from the results of our experiments of magnetic coupling in air,

C

50X1
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Appendix 4.2 Range of Detectability Patterns for the Vertical Detector Coil-
Experiments were performed to determine the horizontal ranges at

which the transpondsr could be discovered with the detector coil oriented in
an approximately vertical position with respect to the plane of the transponder.
These measurements were made for geomatries.corregponding to depths of burial
of threse, four, five, six and seven feet.

An outline of the experimental set up is shown in Figure 4.2 (a).
The detéctor was maintained in a fixed position and the transponder was moved.
Mcasurements for sach depth of burial were obtained with the transponder's motiqn
confined to the corresponding plane, The plane of the transponder was always
maintained parallel to its plane of motion. The output of the detector was
monitored and the région of the null in the audio output for each plane was
ploftedg It will be noted that this geometry corresponds identically to
having the transponder buried at a depth equal to the distance of a given
plane from thé bottom of the detector. The transponder will be discovered when-
ever it falls into a null region, there being a different pattern for the
null region for each depth of burial.

The results of these measurements, the plots of the null regions
(or the plots of the regions of detectability) are shown in Figure L.2 (b),
They are presented as they would be viewed when sighting along a‘line perpen-
dicular to their planes which contain the motion of the transponder for each
depth of burial, with the detector between the viewer and these planes.

These patterns can be visualized as attached to the detector and
are carried along with it. When the transponder falls into this pattern, a
null is produced and the operation becomes eware of the presencé of thev
transponder. If the detector is oriented so that the plane of the détectér
and detector coil contain the direction in which the operation is walking

there will be a strip along the path of the operater which forms a region of ne
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- " detsctability. This blind reglon can be eliminated by the 8imple expedisent
of holding the detector so that its plane forms about a 30° angle with the

direction in which the operator is walking.
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Appendix L.3 - Some Basic Theory of Coupled Circuits

An examination of the equations which describe the mutuel inductance
between two parallel coils has resulted in the determination of an optimum
size for the detector coil for a given transponder diameter'and>depth of
burial. This study has also made available the relation betwsen range of
detectability and stability in terms of the fractional change in amplitude

that must bz measured in order to detect the transponder for any distance.

’

The change in Q caused by a tuned circuit was measured with the
Boonton Q meter for a number of distances between the coil connected to the
Q meter and the tuned circuit. These measurements were made with the Q meter
and the tuned circuit tuned to the same'frequency. The results of these
measurements are shown in Figs 4.3(a).In order to determine how the change in
Q behaves as a function of distance, these data were plotted on loglog paper,
If 1t is assumed that the change in Q is proportional to 1/c raised to‘some

power, where c is the distance between the coils, then the slops of the curve

obtained by plotting the data on loglog graph paper is the value of this power.

Figo~ko3p)shows the data replotted on loglog graph paper where it cen be seen
that the slope is not a constant for small values of ¢, For values of ¢

larger than L.5 feet the slope remains constant and corresponds to the sixth

power. Thislis the value which is expected from previous consideration of how

the mutual inductance varies with distance., The curve has been extrapolated

8o that values for the change in Q at large values of ¢ could be obtgined.
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[C

The equation describing the mutual inductance without any approxi-

mat io'ns is: '

T
Lgp = % 0o abjz cos 0 (c® + a2 + b2 - 2ab cos @)"F do *
0

where Lab is the mutual inductance betiween two coils whose radii are a

and b .
P is the permeability of the surrounding medium
¢ is the distance between centers of the two coils

and @ 1is the best defined by Figure L.3(c).

b

|
=
X

T ™

——e——C— — — —

o

Fig. hé(é) Z»: Geometry of Coils Used in
Calculation of Mutual Inductance.

Lgp is an elliptic integral and can be written as:
X 2 2
Lyp = Mo (ab)? [(;- k) K-;%

where K = Ladb ,:(a + b)2 + cz] -1 and X and E are ﬁhe elliptic integrals

_ 72 ag .2
X jo T2 a2 m% and E fo (1 - &2 sin? @) af

C *G. P. Harnwell, Principles of Electricity and Electromagnetism, McGraw-Hill
Book Company, Inc. y 1938, p. 30L.
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which have bee‘n evaluated for different values of k in the literature.” For

c>aand b .
Lp =~ }'%T‘ (ab)%‘.‘ i3 and
?
=
Then  Lg o 22T (an)k (M3)/2
or Ly = P;__E ag)z

The change in Q due to the tuned circuit is proportional to the mutual induc-

tance squared, (Lab)z, and for the conditions c>> a and b varies as (1/c )6.

C The value of Lav/ vah is completely defined by the value of k.
c
Keeping this in mind, consider a graph where X = % and Y = § and constant k

lines are plotted. To see what this gives, we write:

1 (a+10)2+c¢2 a b 1 ¢
lEZ- ha’o A-b+m+2+m
1 1. a b ¢
or W@ -2)cpratm
In terms of X and Y
1 Y2

1 1
L@ -2) =X *x 1
which can bs rewritten as
1 112 L, 1
-2 * -k oy

2 1
which is the equation of a circle of radius y (R - 1)% whose center is on the

2
(‘\ X axis located at 2(R2 - 3).
7 *Charles D. Hodgman, M.S., Handbook of Chemistry and Physics, Chemical Rubber
Publishing Company, 34th Edition, 1952-1953, pp- 235-23%.

50X1
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These circles connect points of equal value, L/\/a—ﬁ'

L oj2a_ L
Now =5Jb b

| L L . :
so that if we multiply';§§ by\ff; § can be evaluated along each of the circles.

L ‘
The curves for constant LA/EB and § are shown in Figure k43(d),

Now consider a line of constant value of Y, tangent to one of the
L v '
constant § curves. This point of tangency gives the value of X for the given
value of Y for which L/b is a maximum. In terms of a, b, ¢ this point speci-

c a
fies the values for p and § for which % is a maximum.

Thus, for a transponder of radius b buried at a depth ¢ below the
surface of the ground, a detector coil of radius a will give the largest indi-

cation of the presence of the transponder.

A.curve connecting these points of tangency gives the optimum radius
of the detector coil for any given size transponder buried at any depth. If
this curve is labeled as 100% to indicate the percentage of signal from the
transponder, then curves indicating lesser percentages of maximum signal can
be obtained. The curvés for 80% and 50% are indicated in Figure 1ll. They
show that the increase in signal is not propértional.to the increase in area

of the detector coil.

Unfortunately, the region in which we are normally interested is
where X is in the neighborhood of one or two, and Y hes values of two to five.
In this region the curves for constant k and constant L/b converge and addi-

tional work would be require& to expand this region. In this region the

- 8l = CONFIDENTIAL
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percentage of optimum coupling is estimated to be only about five per éento
Improvement in the coupling of the detector can only be accomplished by

increasing the size of the detector coil or size of the transponder.,

®
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Appendix L.l4 Construction Details, Delta - Q System
PARTS LIST

Part Number Descriﬁion

Rl, R2, R3, R23  Resistor, 10,000 ohm % watt composi-
tion, -~ 10% tolerance

Ry, R8, R10, R11, Resistor, 220,000 ohm % watt compo-

R12, R1lh, R15 sition, ¥ 10% tolerance
R19 Resistor, 100,000 ohm % watt compo-
sition, * 10% tolerance
RS Resistor, 15,000 ohm 3 watt composi~
: tion, X 10% tolerance
R6, R18, R20 Resistor, 150,000 ohm % watt compo-
(:> sition, X 10% tolerance
R7 Potentiometer, 25,000 ohm 2 watt
molded composition, * 10% tolerance
Type AB
R9, R13, R16 Resistor, 470,000 ohm % watt compo-
‘ sition, % 10% tolerance o
R17 : Resistor, ol ohm % watt composition,
% 5¢ tolerance
y
R21 Resistor, 47,000 ohm % watt composi-
tion, X 10% tolerance
R22 Resistor, 2.0 megohm % watt composi-
tion, ¥ 10¢ tolerance
Jl Jack, audio output, Type A-1
J2, J3 Jack, banana, hexed brass nicksl

plated, with recessed head

P2 Plug, banana, hexed brass nickel
plated, molded plastic handle, red

P Plug, banana, hexed brass nickel
plated, molded plastic handle, black

- 87 =

Manufacturer

International Resis-
tance Company

International Resis-
tance Company

International Resis-
tance Company

International Resis~
tance Company

International Resis-
tance Company

Ohmite Resistor Corp.,

International Resis-
tance Company

International Resis-
tance Company

International Resis-
tance Company

International Resis-
tance Company

P.R. Mallory & Co,

Herman H. Smith Inc.
Herman H, Smith Inc.

Herman H., Smith Inc.

CONFIDENTIAL
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Part Number

Bl, B2, B3, B20

Description

Battery, 1% volt, 2R Radio "A"

gtructaed with 3 coil sections from
10 mh RF choke (National R100-S) ~
mounted on CTC LS-6 form, secondary
consists of 7% turns of #22 single

strand tinned wire wound on composition
bakelite coil from 3/L"D x 7/8"

@,

= 88

Manufacturer

Burgess Battery Co.

Burgess Battery Co, -

Tobe Deutschmann Corp.
Aerovox Co?poration
Aerovox Corporation
Sprague Products Co.
Variable Condenser

Corporation

James Millen Manu-
facturing Company
Erie Registor Corp.

Sprague Products Co.

Erie Resistor Corp.

€16, C17, €101 - €120, C26,

ERA

Merit

battery
B5, BS Battery, 674 volt, XXL5 "B" battery
Cl, c2, Cc4, C23, Capacitor, .1 mfd, 300 vdc metalized
c2h, Cc25 paper
c6, C7, €9, Cl0, Capacitor, .02 mvd, 500 vdc disc
€11, C12 ceramic
€3, C5, €21, C22 Capacitor, .002 mvd, 500 vdc disc
ceramic
c8 Capacitor, 25 mvd, 25 vdc dry elec-
trolytic '
€13 Capacitor, variable air, 2 gection
ganged :
‘ clh Capacitor, variable air, single
(:> sesetion
€121 to C1LO Capacitor, ceramicon trimmer, 7 to
LS mmfd, Type TS2A~7
c20 Capacitor, 150 mmfd, silver mica,
X 5% tolerance, 500 vdc
4 €221 to C240 Capacitor, ceramicon trimmer, 7 to
45 mafd, Type TS2A~7
Capacitors not included in this list:
' c27, C201 - C220
L1 : Coil, detection, 100 turns, #50-38,
single nylon Litz wire in 3 layers on
plexiglas form, with Faraday shield
L20 Choke, 150 mh, unshielded iron core,
100 ma, DC res., 268 ohm, Type B G535
T20 Transformer, oscillator, primary con-

ERA

50X1
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Part Number
T1

s1, S2

53

X20, X1, X2, X3,
XL

V20
Vi, V2, V3, W4
V21

E7, E8, E9, K10,

Ell
SFl

Description

Transformer, impedance matching,
100,000 ohm to 60 ohm, primary re-
sistance 4700 ohm, secondary resis-
tance 3,3 ohm, Type SS0-6

Switch, toggle, DPST, 3 amp, 125 vac,
Type 216

Switch, grayhill, Series 24, rotary,
s8ix deck, ten position multideck minia-
ture tap switch

Socket, 7 pin miniature mice filled
bakelite with tube shield base

Tube, 3Vk

Tube, 1UL

Tube, NE-«2, neon

Shield, tube for miniature 7 pin tubs

Headphones, telex monoset, stetho-
scope design, 500 ohm impedance

Manufacturer

United Transformsr
Company

Carling Electric Inc.

Grayhill

Cinch-Jones

CBS-Hytron
CBS-Hytron
General Electric

Cinch-dJones

Telex Electro-Acoustic

Division

CONFIDENTIAL

Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-O3153A00130003001 1-5

50X1



' Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A001300030011-5

CONFIDENTIAL
L
6
Il ) T
—
ooo
l€——FARADAY SHIELD
_— ocoo
= 8 oo o
, ooo
»
J— " 132 ooo
[oXNe o)
(\ — oco0o
-/

—— b o
| ; 5 0
[T iey

== T r "

5

o 7

"

3 e L

13i6 4
I

" Q—Ie -»
* 15
. FIG.4.4(a) DETECTOR COIL FORM AND FARADAY SHIELD
-0 - CONFIDENTIAL

Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A001300030011-5



O

Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A001300030011-5

CONFITENTIAL

CTC SLUG
20063 —F

CTC COIL
FORM LS-6

3 Pl SECTIONS

FROM R-100S 10 MH.
R.F. CHOKE
NATIONAL COMPANY.

J <

7 '2L TURNS 22 TINNED COPPER WIRE
AROUND FIBER FORM

FIGURE 4.4 (b) OSCILLATOR TRANSFORMER
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