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INTRODUCT 10K

This is the sixth progress raport on Research and
Development Task IV, The report covers the design
and test of one of the complete pulse time modulated
systems developed under this task. The circuit was
teated with a radio link. The unit was tested to
evaluate the performance of the system with regard to
communication effeciency. New circuits were designed

to enable reception under week signal conditions,

DISCUSS ION

A pulse time modulation system operates on the basis
of transmitting two narrow pulses in the course of a
comparatively long cycle interval, The first pulse 1is
the reference time. The second pulse is the signal,
This is essentially pulse position modulation. It
represents the intelligence by having its time of
ocourrence with respect to the reference pulss varled

by the sudio source,

It 1s desirable to have the pulse repetition frequency
as low as possible within the limits of the Nyquist
Theory for pulse communicetion, This theory sets the

minimum sampling rate for proper reproduction of a
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signal, and stetes that the highest frequency to be
fransmitted, be sampled two times per cycle. This
equipment wes designed on a more conservetive basis
with a minimum sempling factor of 2.5. The highest
frequency to be transmitted was chosen as 3200 eycles
per second, since only voice communication is to be
reprdduce&. This declision in turn placed the pulse
repetition frequency at 8000 cyeles per second,

The importénce of s low pulse repetibién frequency is
~explained by the ratio of signal pulse interval to
‘pulse repetition interval, or duty ecyecle of the unit.,
‘The 8 ke. blocking osclllator designed. as the basie
‘pulse repetlition source, required s three winding pulse
‘transformer. It was noted. that whereas any commercial
transformsr:operated'properly at 12 ke., they would
introduce jitter at 8 ke, It was deterﬁined that the
basic pulse source must be free of jitter or minute.
ehange.og repetition frequency, sinee this jittef con=-
tributes noise to the intelligence., The choiee of a
high quality pulse transformer resulted 1n no detectable
jitter at 8 ke, ' ' '
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Since R. F. output ooccurs only during the interval of
the two pulses, the ratlo of average power to peak

power 1s determined in part by the ratio of pulse
duration to cycle interval. As indicated by osclllogram
12, the pulse widths as measured at the half amplitude
points are approximately one microsecond. However, in
the course of passing through the succeeding stages,

the pulse width 1s incressed., At the transmitter output,
osclllogram 15, the pulse widths are two microseconds.
The pulse repetition interval, oscillogrem 4, is 125
mioroseconds, This results in a duty ecyole of 4/125

or 0,032,

Another basic advantage to pulse time modulation systems
pertains to the constant amplitude of the pulses, As

& result of this feature, it is possible to receive a
signal with @ relatively poor signal to noise ratio,

The nolse appears at the base and top of the pulse
without affeoting the rising and lagging edges. It
then becomes a problem of clipping off the base end

top and emplifying the clean middle section,

By a succession of oclipping and amplifying, the pulse

can be cleared of noise and built up to any required
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amplitude. Theoretically any signal to nolse ratio
greater than one can be aceommodated by this method,
In practise it becomes incressingly more difficult to
design equipment of sufficlent stabllity as the ratio
of one 1is approached. At present the equipment can

accommodate a retio of two to one,

A pulse time modulated pulse is essentially a froquency
modulated sigﬁal. It méy also contain amplitude modulation
components, but by proper design the A.M. can be eliminated,
As Indlcated in oscillogrems 15 and 18, there are no
amplitude nodulation components af the transmitter output

or &t the detector of the receiver,

'DESIGN OF EQUIPMENT

The following 18 a description of the equipment designed
during thils period. Figure l-A 1s =& schematic dlagram
of the noise clipper and signal limiter. The first
stage which is a pulse amplifier receives the output

of the detector of the feceiver. This output consists
of the reference and signal pulses. Under weak 8ignal
conditions, it would have a poor signal to noise ratio,

The second stage is an automatic noise clipper. The
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bottom diode section receives the poslitive pulses, which
src riding & high noice level, Due to the long time
constant of its circuit, the avorsage curreat drawn by
the tube is determined by the nolse level rather than
the pulse amplitude., This current creates & positive
voltage which is then applied to the other cdlode as a
bias voltago. &8s ¢ result, the top diode section

cannot conduct unless the applied signal c¢xoeeds a
specifiod minimum, which 1ls detcrmined by the noise level,
This prevents conduction of most of the noise, while
permitting the pulses to pass, The third stage is a
duel amplifler, which incresses the pulse amplitude as
wvell as providing the proper positive phase for further
c¢lipping. The next stage is a dlode with a flxed biss,
wnich removes the remaining noise level under the worst
signel condltions to be received. The remalning stages

are e pulse amplifiler end a low impedance cathode follower

output,

4 modified pulse time demoduletor was designed, Iig. 1,
which differs from the unit described in the last report.
The new deslgn provides greater stsbillty under weak
signal conditions. ine output of the nolse clipper is
the two pulses, refcrence and signal, They are both of

negative polarity and arc fed to the demoduletor. The
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first stepe 18 a pulse amplifier. The output of this
stage ls fed to two parallel channels, The top section
1s an ordinary sequence of amplifier and cathode follower,
and handlés both pulses, The cathode follower 1s neces=
sary to provide a low Impedance output for the mixer

stage which follows,

The bottom chennel carries both pulses through two
emplifiers into a cathode follower., The output of the
cathode fbllowervtriggers & one shot multivibrator,

The output of this multivibrator i1s a square wave whose
wldth 1s sufficlent to cover the interval of both
reference and signal pulses, This results in a single
pulse whose leading sdge corresponds to the leading

edge of the reference pulse., This pulse is then coupled
to an emplifier which acts &s a limiter end eliminates
lrregularities along the top of the pulse,

- This wide pulse is then differentiasted in order to narrow
it sufficlently to cover the original reference pulse
with a slight overlapping of the slgnal pulee. The ‘
unwanted positive pulse resulting from the differentiator
1s eliminated by the germanium rectifiers. The negative

pulse is coupled to another amplifier that shapes it ahd
Page 6
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squares the top. This 1n turn i1s fed to a cathode

follower,

This output is mixed with the top channel that carries
both the reference and signsl pulses. The reference
pulse and the leading edge of the signal pulse are
cancelled and replaced by & positive pulse, The signal
~ pulse remains es & negative pulse with e new leading
edge that 1s fixed by the orliginal reference pulse.

The lagging edge remains as the pulse time modulated
aignal,

The combined signal is then amplified and the unwanted
cancellation pulse is removed by rectifiers. This
leaves a signal thet is pulse duration modulated which

1s coupled to the sudio section through a cathode follower,

Minor chenges were made in the other sectlons and they

are detalled as follows:

Figure 29, modulator chassis, blocking oseillator
transformer was changed to Freed Type
MPT-11 to decrease jitter. A chenge
in the differentiator circuit reshaped

the reference pulse, An audio smplifier
Poge 7
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provided sudio gain and isolation fram'.

modulator source,

Flgure 30; the transmitter section, was revised to
include a volume ¢0n£rol for control of

- pesk power output, and a damping eircuit
placed across tha'secandary winding to

minimlize ringing in the pulse transformer.

Figure 31, the au&iéramplifiéri wes revised to ineiade
two 8 ke. tuned circuits'; to minmize the
p&lse.repetition frequen¢y appearing in
‘the audlo output. |
mstme |
The following tesﬁs*were ma&e 6n thé equipment during the
pericd covered by this report., The meximum deviation “
permissible which corresponds to 100 percent m§du1ation
is 1.5 microseconds., The smallest deviation that was

8tilll detectable as a signel was 0,01 microseconds,
Oscillograms were mede at various Lest points with results

: as féllows:

Flgurses 2 and 3 are outlines of the transmitter énd
receiver. All the osclllogram test points are 1néiééted

by letter, The transmitter test points sre:
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Figure 4, Tha'plate of the blocking ésciilator.
indlcates a pulse cyeie interval of 125
microseconds, It corresponds to a pulse
repetition rate of 8000 cyeles per second,

It plso indicstes no detectable Jitter,

Figure 5, The input to the multlvibrator, the
' positive lesding edge acts as the trigger,
The maximum deviation 1is determined by
the smount that the negative pulse can be
deviated by the modulating audio signal

. ' without meking the multivibrator erratic.

Figure 6, The output of the multivibrator, which 1s
a pulse duration modulated signal. The
leading edge 1s fixed by the trigger pulse,'
and the lagging edge 1s varisble to corres-:

~ pond with the moduleting sudioc signal,

Pigure 7, The output of the firét differentiator,
shows & poslitive pulse as the reference.
The negative is the deviating pulse, This
is the pulse time modvlated signal, wherein
the time of appearsnce of & slignal pulse
varies with respect to a fixed reference

- '  time, |
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Figure 10,

Figure 11,

Flgure 12,
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This indicates the signal pulse after
going through a rectifier to eliminate the
reference pulse, The half amplitude pulse

width is one mlerosecond,

The reference pulss following a rectifier
which eliminates the signal pulse., The
pulse width is two mlceroseconds and re=
qQulres further shaping before it can be
re-combined with the signal pulse,

The reference pulse after further narrowing
by means of additionsl differentiators, It
1s now comparable to the aignal pulse in

shape, but smaller in amplitude,

This shows the input to the pulse amplifier,
The shaping of the reference pulse is com=-
pieted snd 1t 1is now ready to be amplified

to maks its amplitude comparable to the signal

pulse,

Both pulses have the same polarity, This
condition is required to modulste the

transmitter efficlently., This 1s the output
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of the pulse time modulator and 1is
coupled to the R, F, section through a

low impedance cathode follower.

- Figure 13, It was found negessary to use these
relative amplitudes to have the transmitter

output pulses of equal amplitude,

Figure 14, This indlcates the pulses at the plate
of the R, F, modulafor stage., The equal

amplitudes are well demonstrated,

Figure 15, This indicates the transmitter output. The

pulses are very nearly equal, This is an
Importent specification, as the ability

of a receiver to detect the signsal 1is
determined by the signsl to nolse ratio

of the weaker of the two pulses. Since

the pulses are the only voltage applied

to the plate of the R, F, modulated stage,
there 1s output only during the pulse ine
tervals and results in an output signal

wlth a good peak to average power,
Page 11
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The following oscillograms were made at the recelver,

The test points are indicated in Pigure 3,

Figure 16,

Pigure 17,

This 1s the output of the reaeive#*s
detector. The transmitted pulses -have
been reproduced with little distortion,
This 1s attributed to the wide band

characteristics of the video section of

- the receiver whilch is a nimimum of 4
megacycles. in practise a 2 megacycle

‘bandwidth would have been adequate with

& resulting decrease in receiver equivelent
input noise, This in turn would decresase

%he minimum detectable signal,

The output of the one shot multivibrator

is indlcated as a square wave of 25

- microsecond duration., Since the signal

pulse occurs 7 microaeconds_after the
reference, it cannot affect the operation
of this stage. The result is a single
long pulse whose leading edge corresponds

to the leading edge of the reference pulss,
Page 12
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Flgure 22,
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The long square weve has been differentlated
to secure @ mére narrow pulge., This cor=-

responds in time with the reference pulse
and will be used to cancel out part of the

original signal.

The differentiated pﬁlsa has been rectifled
to ¢liminsete the positive portion, and is

ready for shapling.

The differentiated pulse has now been
sheped and squared and is sufficiently
wide to cancel out the referenee pulse

and the leading edgse of the signallpulse.'

The cancellatlon pulse and the original
two pulses have been_combihed. The result
1s 2 positive pulse that has replaced the
origlnal reference‘pﬁlSe,‘as woll as the
leading edge of the signal pulse. The
remainder of the signal pulse sppears as

a negative pulses,

The output of this cathode follower stage

is a duration modulated pulse., The leading

Pege 13
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edge is fixed with respect to the reference
pulse. The lagging edge devlates with the
signal pulse. This pulse 1s coupled to

the audio amplifler ssction.

The output of the pulse amplifier is a
triangular pulse due to the inductivs
loading effect of the low pass fillter to
which it 1s coupled. The lagging edgse

1s the one that deviates,

For this test a 1000 cycle per second

signal was used to modulete the system.

The 8 kc. pulse has been minimized by the

low pass fillter and the first 8 ke. rejection
filter. The 8 Kc. pulse remains as a ripple
rlding the 1 kc¢. signal,

This 1s the finel test position, and demon=-
strates the fidelity of the overall system,
The 1 Ke. signal is indlcated as a smooth

sine ecurve.

The following oscillograms were made at the noilse clipper
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sectlon under weak signal conditions to demonstrate

the effectiveness of these stages.

Figure 26, This 1s the input to the noisoc clipper
and indicates a slgnal to noise ratio of

l.7:1

Figure 27, The effectiveness of the self-blasing
nolse clipper 1s demonstrated, The sig-

nal to noise ratlo is now 13:1

Figure 28, The output of the noise eclipper section
indlcates the final signal to nolse ratio
of 20:1

CONCLUSIONS AND FUTURE PLANS

A pulse time modulated unit was tested on a system basis
using a radio link. It was found to perform in sccordance

wlth predicted design requirements,

A nolse clipper was designed that enabled the unit to
reproduce intelligence of a signal with a signal to

noise ratio of 2 to 1.

The demodulator was redesigned to be more stable under

woak signal conditions.
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1t is planned to design a pulse duration modulated
unit, It will be tested on a system basis and
evaluated with respect to the units previously
deslgned, pulse time and pulse amplitude modulated

systems,

Fleld tests will be made on all three systems and

they will be evaluated under verious noise conditions,
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