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INTRODUCTION
This is the fourth progress report submitted on the
research and development'Task IV, The report covers

work done on a pulse time modulation system, MNore specl=
ficélly 1t summarizes the results of tests performed to
determine security of the equipment developed using this

method of communication,

DISGUSSION

In this spplication of pulse communication systems, the
problem of security is of particular interest. The term
security refers to the inability of conventional AM and
FM receivers to demodulate the pulse signal, Due to
the wave shape of the transmitted signal, as contrasted to
conventional amplitude and frequency modulation, it may
well appear thet only unigque methods of detection éouid
convert the pulse to intelligence. Revertheléas there are
compqneﬁts in the modulation envelope that may result in

detection with a conventional receiver.
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Pulse time modulation results in an involved but
important mathemetical analysis of the modulation
envelope, (see appendix). The deviation of the
pulso leading édge is one factor in the envelope;

the deviation of the 1agg1hg edge, if it 1s not ident-
ical, 1s another factor, Any amplitude variation of
the pulse under modulation conditions, introduces e

third factor,

Depending on the relative values of the three factors,
there may be present three distinct types of modulation;
amplitwie, duration and phase, By careful uso of
¢lipping circuits in the deslign of the equipment, thse
amplitude variation under modulation conditiocns was
eliminated. This avoided any amplitude modulation in
the transmitted signel, The difference in deviation
between leading and lagging pulse edges was made
negligibly small by successive differentiation of the
pulse, This in turn eliminated pulse duratlion modulae
tion. Such duration modulation is converted to audlo

intelligence due to the restricted bandwidth of the
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audio amplifiers of th@iédnvéntibnal communications
recelvers, 'Therafore,'elimihating'this factor'ia

an 1mpartanb cantribution toward eecurity.

Phase modula tion 1s the-réﬁaining component that
accompanies pulse po&iﬁioﬁ.af pulse time modulations,

Phase modulation is a fdrﬁ of ffaquenay.mcdulation, as
used in conventional FeM, transmitiers, Thus it is to

be expected that an F,M, receiver with sufficlent band-
width could convertd a'P.T.ﬁ. aignai to sudio intelligence.
For these tests both en F.M, receiver and an A;M. receiver
were used as detectors, ALl the tests were performed
with strong signalse It was found that thers was security
with ﬁ¢M. recaiver, and no security with an F.M.
weceiver that was designad with a 50 kilocycle bandwidth.
It would seem that if the first sideband of the trans-
mitted pulse was wiae enaugh to fall outslide of the FoM,
recelver bandwidth, securlty with P.TeM. could be aecomplishsd.
Since the sidebands are multiples of the pulse repetition
rate, this would necassltate a pulse frequency,an tha

order of 100 kilocycles, Thia cholce, in turn, would
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result in the modification of the duty cyocle or ratio

of peak to average R.F. Power from its optimum value.

It is the duty cycle that ultimately determines efficiency,
size and/or range of the transmitter, Hevertheless it is
important to consider the possibilities of atteining

security by so simmle a2 method,

TESTING AND EQUIPMINT

The following i1s a desoription of the tests nerformed

and equipment designed for an investigation of a nulse
time modulated system: Figure 1 is a block diarram of

a pulse time modulation transmitter, This consists of

two chassis, The first stage is a2 blocking oscillator
operating at 12 kilocycles, This pulse trigpers a one
shot multivibrator, Also placed on the sams multivibrator
grid is the audio signal that provlides the modulating
intelligence,

The blocking oscillator determines the instant of
initiation or triggering of the multivibrator, and as
a result the instant of pulse leading edge remains
virtually in dependent of modulating signal, However;
once the tube ié triggered, and the fast blocking
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oseillator pulse is over, the audio signal controls the
current flow in the first se;tion'of the multivibrator.
Since there is & common cathodé reéistor_far the two
‘halves, the audic-gignal thus determines the bias for
the second halfe ' The pulse duration which would normally
be eontrolled by the R«C conétanb, which would determine

~ the voltage on the gri& of the second secgion, is thus

-‘mgdu;ateé by the audio signal. This results in a pulss

duration modulated signal.

The pulse is theh pessed through &,differentiating network
which converts'it %0 two pulses of upposife pblarity
corresponding to-ﬁhevleading and lagging edges of the
P.D.HM. signal. This 1s pulse time moduiation, where

in the pulse corrésponding to the lagging edge has its
position varied relative to 1ts unmodulated time of

gccurrenco,

The transmitter was deaigneé.ta'aecommcdate single polarity
: pulses, This required that the P,T,M. pulses be converted
%o uni-direction pulses, The clippers snd amplifier
accomplished this, The second differentigtav reshaped
the reference pulse to make it more similar to the

P.TeMe pulse both as to shape and size.
(-] .
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The signal leaves the modulator as a negative pulse,
passes through two video amplifiers, Figure 3, on the
transmitter chassis into a power amplifier that performs
the nmodulating function, The R.F. sectlon consists of
a tuned plate tuned grid oscillator operating at Tl
megacycles, This 1s a completely shielded stege, The
oscillator is lirhtly coupled to a buffer amplifier
which is fed to the R,F. power output stage. The plate
of this stage is coupled to the modulator through a
pulse transformer, utilizing plate modula tion, However,
there is no voltago on thoe R.F, stage plate oxcept for
the interval of pulse duration, This provents R,F.
output between pulses and insures a high ratio of peak
te average power. The ReF. 13 loop coupled to a whip

antenna,

The recelver, Figure l, was a television receiver, modified
for this specific applioation.- This cholce was made for

& number of reasons, It provides complete covérage for

the frequencies under consideration, 50 M.C. to P16 I.C.,
it 1s sufficiently sensitive, and contains a minimum
bandwidth of I 17, €, throughout the video or A.lf. channel,
In order to pass the pulse without mis-shaping or otherw
wise distorting, a2 mininmum boandwlidtih of 2 1.C, i85 re-
quired, In addition the receiver can be readily

adepted to work into a P,T.ii. detector,
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_ The sound section of the receiver functions as &
nerrow band freQuencf modula tion detector, with an
i.F, bandwidth of 50 KGs The audio amplifiers were
re-arranged to be switched to either the F.M. sound
stages or the A,M, video stages, This enabled a simple
means of teating the PeTels slgnal for &ecurity on both
A.H. and F.M, ehannals.'

CONCLUSIONS AND FUTURF PLANS

A pulse time modulated transmither was designed and
testeds Checks were made for securlty in communicatioﬁ

. using an Folle = LM, receiver, Theory was canfirmad
in that security was obtained with an A.M; ?éaeiver,

and found lacking in an F.M. detector,

It is planned to Investigate further the possibility of
accomplishing seeuriﬁy with a P,T.M. system, against an
FeMs roceiver, The P,T.H, demaduiatcp willl be mepl@ted
and the unit will be tested on a system basis, It will
be compared to the previously tested pulse amglituﬂe.
modulated system. Further testing will be done to
compare the slgnal reception of this system to an F.M,

receiver, under Qeak_signal conditiona,*
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APPENDIX
The follow ng l2 the spectrum of the modulated pulse

pos ition wave,

t
M) = 22 K, -K, +K3t
© = 2 + KT ) i (k) )

°Z° 2 [’-f K3V(Tn)]m m w, [_’%o_ .*-%:_’i: V(’rn)

(oo ot =m0y (e])

M (%) - = Hodulated Wave

to = Pulse Duration

T - Interval betwoen pulses without modulation

Kl - Modulation factor modulating leading edge

K, - " " " trailing "

K3 - " " " amplitude

v (Tn) - ntl period that modulating wave (V) was
s'ampled, |

134 - Pulse carrier radian frequency = 2 7r

[+3 erm———

K eand (Kg - Kl) contribute amplitude modulation only,

(Kl £ K 2) contributes phase modulation only.
SECRET

Page #12

Declassified in Part - Sanitized Copy Approved for Release 2014/03/05 : CIA-RDP78-03153A001600010004-2



Declassified in Part - Sanitized Copy Approved for Release 2014/03/05 : CIA-RDP78-03153A001600010004-2

SECRET

Por Kl = K? and K, 0 0 , only PPH is prosent

3

‘For I = Kend K, £°0 , both PPU ond PAM are prooonts

Reforences HModulation Theory
By Ho8, Black (P, 28Y4)
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