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PREFACE

Ehe development of an experimental pulse modulation system was
gndertaken in February, 1949, Previous pulse communication systems
utilized low pulse repetition rate with resulting low medulating
'frequency response. It was desired to conmstruct a pulse system
utilizing a high pulse repetitlion rate and to find hew satisfactory
such a system could be in transmitting a number of different channel
signals of high quality, each with a high modulating frequency res-
ponsé.

The initial pulse system construction was done by Mr. C. W
-Merla, Mr. Jo A« B. Bower, and Mr. Thom&s King. In February, 1950,
Mro. 1. Bo Lynch and the author continued the‘development of the
pulse system.

4 new three~channel pulse transmitter was designed and con-
structed by ¥r. I. E. Lynoh, and 2 three~channel pulse receiver was
developed and constructed by the author. Performance tests were

mede on the completed system and the results were very satisfactory.



ACKNOWLEDGMENT

-Thq author wishes to express his special appreciation for the
guidanee and cooperation of Professors A. L. Betts and Ho To Fristos,
throughout the development and construction of the project and pre=
paration of the thesis. He is also greatly indebted to Professcr
Do L. Johnson for his helpful suggestions in overcoming many Aiffi-

cultiaes.



PREFACE: o o o o o o o o
LIST OF TABLES o o o o o
LIsT OF ILLUSTRATIONS. »
CHAPTER

I, INTRODUCTION. o o

11, PULSE TERMINOLOGY

o

AND

TABLE CF

o

[}

Q

o

C CNTENTS

Page

298
] Q o =] kel o o Q <o -] =] o o o < Q lll

2
¢ o o o o © o © © o o 0o o 0 o o© Vi
o o o o @ o o © o o o © © o 0 o le
© o o o o] o o =] "] =] =] a =] o o o l

SPECIAL CIRCUITS: s © » o © o o o o o 4

Positive Pulse Amplifiers

Negative Pulse Amplifier.

Dalay Multivibrator . . o

Pulse Mixer - o

o

Cathods Followar,

Q

Q

o

o

Sync Separator. o o o

Grounded-grid Amplifier

Channel Selector .

- Flip=Flop Multivibrator

I1I. THE PULSE TRANSMITTER .

IV, THE PULSE RECEIVER.

V. SUMMARY AND CONCLUSIONS

Q

Q

Summary o ¢ o o ¢ o

a

o

o

Q

© o o o o o0 a 0o o o o o o O o o 5
¢ o © @ o0 © o o o ©c o © @ o o o 5
6 © © 0o © o0 0o 0o o o o0 o o0 @ o © 6
a o o @ @ 0 o ©© o e ©o o a o o0 a 8
o a @ 8 o0 © o 0o o @ ¢ o e 0 9o o 8
¢ @ o o ©8 0o @ O o © o o o @ a o 9
o o 0o ¢ ©6 0 o0 ©o ©o 0 e o a 0 @ 0 10

e a o o o o ¢ o o © 6 e o a4 0o 11

< =] Q o o Q 0 1] o Q o Q a Q Q o ll
Q o o o o Q l Q L a a e Q <) o o 14
o o @ o Q o Q 0 Q o Q e < [ o Q 16
@ o o 5 o @ o a o o o o o o o o 28
e o o 6 a 0 0 o 0 o 0 o o o o o 28

Results of Tests on SystéMe o o o o s 2 a o o o 0 o a a o 28

BIBLIOGEAPHY o o o o o o

Q

Q

Q

o

o

o 4] Q o o Q Q [+ Q o A Q Q Q Q o Bg



vi

LIST OF TABLES
Tab;e Page

Io LiSt Of PartSo o o o o ) o a Q o Qo o @ [} o o ¢ o a Q @ @ a a 19



Figure
1.
24
3o

4,

)
6o
To
8o
9.
10.
1l.
12,

13.

LIST OF ILLUSTRATIONS

Composite Transmitted Signal. - o - »
Positive Pulse Amplifierc « o « s o o
Negative Pulse Amplifier. o s o o« s o
(a) Delay Multivibrator o s « o o o «
(b) RC Differentiating Circuit. . . o
Pulse MIZar o « o o o o ¢« o 0 o & o o
Cathode FolloweX: o o o o s o o o o o
Byno SepArAtOr: ¢ ¢ o v & @ e 8 8 b b
Syno SepATAYOYe s 5 & % 6 e iv e 6 % %
Grounded=Grid Amplifier ¢ « o« o o o =
Channel Selectors o o = o o o« o o o o
Flip=Flop Multivibrator ¢ « « s« « o« s
Blook DIBBISM o s o o s /e 's w & & %

Clrcult Diagram o o o o o 5 o s & & o

vii

10
10
11
12
17

18



CHAPTER 1

INTRODUCT 10N

Aué‘syftgp of_pulse cpmmnnication was developed for the transmission
qf thrge h@gh fidelity audio signals over a single coaxial cable, 'In
pulse communication the signal to be‘transmitted is sampled at the
pulse repetition rate. Therefore, the more samples taken of the modula-=
ting signal, the more accurate the reproduction. The maximum theore-
tical modulating frequency is 1/2 of the pulse repetition or sampling
frequeneyol To transmit a high fidelity audio signal, consisting of
frequgncies eévering the entire audiblé range, 20 to 20,000 cycles per
gecond9 a high sampling frequency must be selected because maximum
theoretical limits cannét ordinarily be obtained. In practical systems
the maximum frequency that can be transmitted is about 1/3 of the sam-
pling frequency..2

The system developed has a pulse repetition rate of 75 kilocyclas;
t_herefore9 the practical 1limit of the audio transmissien is about 25
kilocycles, which is 1/3 of this pulse rate. BSoms existing pulse commu-
nication systems_have realized a higher ratio of medulating freguency to
pulse frequeney, but the pulse frequency was low in comparisen te this
systemo5 The frequency response of this system is practically uniform

over the entire audible range, the high frequency half-power point

1l L. Ho Bedford, "Correspondence," Wireless Engineer, XXI1l (February,
1946), 56=5%7. _

‘2 A. G. Kandoian and A. M. Levine, "Experimental Ultra-High-Frequency
Maltiplex Broadcasting System,” Proceedings of the l. R. B, , KXXVII
(June, 1949}, 694=701.

3 Fo F. Boberts and J. C. Simmonds, "Multichannel Commmnication Sys-=
tems," Wireless Engineer, XXII (November, 1945}, 538=549.




churring at 25,000 cycleso The total overall distortion from transm
mitter input %o recaiver output averages about 2%. The signal ¢ noiss
vratio at the receiver output is +45 db and the crosstalk betwesn
channels is from =38 to =42 db. Therefore, this systeﬁ is qnitevadaquate
for relaying broadcast programs.

Existing telephone systems ralay broédaast network programs across
the country. Due to strict specifications only cone prdgram can be trans—
mitted over a single pair of wires. When the necessity arises for the
single péir to be disconnected, a carrier system is sometimas tempoxr-
arily used. The carrier system, capable of transmitting a number of
signals over a single pair Qf wires, has poor frequency rasponse and abe
jectionable crosstalk. The pulse system developed could possibly be ine
corporated to transmit three or more broadeast quallly programs over &
given pair of transmission lines with an excellent response to the audiec
frequency band and a wery lgw ameunt of crosstalk and distortion.

The intelligence to beftransmf%ted can be added to the pulse in
many different methods. A@ong'the most common methods is pulse-ampli-
tude modulation, pulse-width modulation, and pulse-=time modulationo4'
The system developed uses pulse-time modulation, in which a channel
pulse is varied in time position with respect to a refergnce pulse, pro-
portional 4o the amplitude of the modulating frequency. Only one rsfer-
ence pulse, whiech will be referred to as the master pulse, is needed
and can be used as reference for all three channels. The 75 kilecycls
pulse repetition fraquensy 1s determined by 2 crystal controlled o8-

eillator. The sinusoidal crystal oscillator cutput is converted inte

4 Bo Mo Deloraine, "Pulse Modulation," Proceedings of the I. Ro Eo,
XXXVI1 (June, 1949), 702=705.




pulses with a repetition rate of i/f9 13053 microsdconds. These pulses
are_used as the reference and delayed through three separate circuits to
form the three channel pulses. The three delayed pulses can be placed

af any mean position between suceeding master pulses and can be modulated
in time position with respect to the master pulse. The three channel
pulses and the master pulse are electronically mixed to form the composite

gignal to be transmitted as seen in Figure l.

Pulse Width:
Master Pulse 2 see
+ ' Channel Pulse 1 p sec
One Cycle »
lc— el

15035}u sec ' Time

RELATIVE AMPLITUDE

X

Channel pulse Noo 3
Channel pulse No. 2
Channel pulse No. 1
VASTER PULSE

Figure 1. Composite Transmitted Signal.




CHAPTER Il

PULSE TERMINOLOGY AND SPECIAL CIRCUITS

o ;g apy_qlectfon;c equipment a basic understanding of each circuit
mgst»be mastered before grouping of these basic circuits can be grasped,
so 1t is with pulse-time modnlation,

Hine differentlcirouitsvwere tested and developed for use at a
pu}ge reﬁetition rate of 75 kilocyeles. The nine basic circuits are as
followss

1, Positive Pulse Amplifier
2o Négative Pﬁlse Amplifier
3. Delay Multivibrater

4, Pulse Mixer

5. Cathode Follower

6. Sync Separator (two types)
7. Grounded-grid Amplifler
8. Channel Selector

9. Flip-Flop Multivibratoer

The above circuits are special clreuits ohlyo It will be assumed
that the reader is familiar with basic Class A audio #mplifiers and
cathode followers. Aftar the above eclircuits had been developed for hand-
ling pulses at 75 kilocycles, they could be used time and aéain9 as the
necessity arose, in the desigﬁ of both the transmitter’and receiver.

The basic principles of both the transmitter and receiver were carefully
explored before circuits were developed that could accomplish the sys-
" tem requirements. Therefore, the ﬁajor rart of the work was spent in
developing the circuits to accomplish the deéired results; and in com-

pleting the transmitter and receiver units after the final design was



gstablished.

A'diagram of each pulse-handling circuit is given; also, a wltags
waveform, asrviewed on an oscilloscope, of both the input and output
signals. Any statement pertaining to a waveform seen on a particular

circuit element, refers to the waveform as viewed on an oscilloscope.

Positive Pulse Amplifier
Figure 2 is the diagram of the positive pulse amplifier, a pentoda
biased beyond plate current eutoff. The imoming signal must drive the

grid positively into the conduction region before an output signal is

seen. If the imput consists of
B+
both positive and negative going

pulses, the amplifier will only | R\ l

respond to the positive going ones; l Cﬁj: 2555R4v b
= - _our
thus, by limiting action, the neg- k“"r--'k——yw

ative going pulses are eliminated.

The only input signal that can be

amplified is a positive going one =
P ? Figire 2. Positive pulse

and the output signal from the plate Amplifier.

will have inverted polarity producing‘a negative going pulse of much
greafer amplitude. This amplifier will be used when it is necessary .
to amplify a positiv; going pulse, separate.fhe positive frém a sgries
of both positive and negative going pulses, or for inverting a positive

going pplse for some applicationq

Neogative Pulse Amplifier

The negative pulse amplifier of Figure 3 is a zero-biased pentode.
The amplifier, normally at zero bias, will be conducting very heavily
and a positive pulse coupled into its grid will not inerease plate

current greatly; thérefore, no appreciable output signal will be



experienced.

decided decrease in plate current and the output signal from the plate

will be a positive going pulse of
greater amplitude. This amplifier
will be used for amplifying nega-
tive going pulses, separating the
negative from a series of both pos-
itive and negative going pulses, or
inverting a negative going pulse
for some application.

Delay ¥Multivibrator

A negative going pulse coupled into the grid will causae a

Plgare 3. Negative Pulse
Amplifier

Figure 4, the delay multivibrator, consists of two pentodes con-

nacted to form a single-shot multivibrator.

A negative input pulse is

e

-

ouT

Figare 4. (a) Delay Multivibrator. (b} RC Differentiating Clrenilt.

usad to trigger the single=shot multivibrator and for sach triggering

pulse input there is a single rectangmlar pulse output.

pulse causes the leading edge of the rectangular pulse to ocour gimu-

taneously.

The width of this rectangular pulse is determined by the

RC time constant of the grid-plate discharge path == Rl, R2, and $&.

The trailing edge of this timed pulse maybe utilized in obtain-

ing a desired delay, Figure 4b.

If the pﬁlse is differentiated, tha

The triggering




negative_portion of the differentiated wave may be used as a timing pulse
to prpduce a delay with respect to the triggering pulse. Since the ds&-
lay is dependent on the width of the multivibrator pulse this typs of
circuit is referred to as the delay multivibrator.

_Under static conditions tube V1 is conducting heavily and tube V2
is cutoff by the voltage divider R3 and R4. With the application of a
triggering input veltage the tubes reverse operation and will net re-
turn to static conditions until after a peried determined by the RC
discharge. When the RC eircuit == Rl, R2, and C2 == discharges to &
certain potential, such that V1 can again start conducting, the tubes
will very quickly return to static conditions and await the next
trigger pulse. By making the resistor or the condenser in the RC
circuit variable, the width of the rectangular pulse can be varied,
but the repetition of this pulse is totally dependent upon the trige
gering pulse, The rectangular pulse is coupled through an RC cireunit
whose time constant is very short in comparison to the pulse repe=
tition time. The output voltage seen across the resistor is the
differentiated rectangular pulse. The output of this RC differemtia-
tor will be a series of positive and negative going pulses, the pesitive
going pulse corresponding to the leading edge of the rectangular pulss,
and the negative going pulses corresponding to the trailing edge. The
negative pulse corresponding to the trailing edge is delayed from the
time of triggering by the width of the rectangular pulse. By making
the resistor variable in the RC cireuit, the position of this pulse
can be delayed any amount of time between succeeding triggering pulses.
This circuit will be used for ggnerating a variable delayed pulse, or

for the generation of a variable width rectangular pulse.



Pulse Mixer

The pulse mixer circuit of Figure 5 consists of two cathode fol-

lowers with a common cathode resistor.
A signal impressed on either grid will

appear across the cathode resistor, R3.

4 saeries of positive pulses, repre=

senting the master pulse, is intro-

duced through Cl, and a different Figure 5. Pulse Mixer

positive pulse series, representing a particular channel, is introduced
on the other grid through C2., The signal seen across Rs'will be tﬁs sum
of the two series of pulses; that is, alternate masﬁer and channal
pulsess

A common plate ldad resistor, a multi-grid tube, or a common resistor
in a woltage divider can be used to accomplish mixzing. Each of these prin-
ciples has disadvantages in pylse applications due to interaction from
signals coupled back into the inputs, or the multi-grid tube requiring
different amplitude driving pulses. The cathode follower method proved
best in eliminating back coupling; thus, the pulse cirouits, driving
the two grids, are very stable and essentiazlly independent.

Cathode Follower

Shown in Figure 6 is the Cathode Follower, used in this system for

matching the output from the trans~
mitter to the 50 ohm coaxial cable.

This cathods follower is different

in that the cathode resistor is in

the receiver and the tube is in the g =

Figire 6. Cathode Follower.

transmitter. In matching to such a

low impedance as the 50 ohm coaxial over only 200 feet, it 1s found more



practical to let tube‘current flow through the entire_cable and to place
the 50 ohm cathode resistor at the receiver end. NMany applications
utilize this principle where low impedance cables are used for trans-
mitting pulses over relatively short distanceso

Sync Separator

There are two types of sync separators used in the receivar unif--
one_resPonding to the pulse amplitude, and the‘other responding % pulsa
width. The circuit’s job is to separate the master pulse from the com-
pqsite signals The master pulse has two distinguishing characteristics:
it is of larger amplitude and of longer duration than a channel pulsé.

Pigure 7 shows the sync separator that operates on pulse amplitude,
an ordinary tricde biased far below cutoff. The positive going composite

signal is coupled into the grid. The cathode is connected to a potentie-

meter in a voltage divider circuit from B+
to ground. Thus, a bias can be selected;

such that tube current flows only when the
larger amplitude master pulse is receivede.

The output voltage waveform, seen on its

plata, will be a negative going pulse -

occurring simultanecusly with the master Figare 7, Sync Separator

pulse. The output is not entirely independent of channel pulses as can
be seen from the discontinmities on its trailing edga.

The sync separator that operates on pulse width, as illustrated in
Figure 8, requires more tubes, but the output signal is free from any
channel pulse interfsrence . quever9 the sawtooth output is not of
sufficient amplitude; therefore, additional amplification is neededo.

The incoming positive~going composite signal is integrated by an RC cir=

cuit -= Rl, Cl. The signal is taken across the condenser and cbupled
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to the grid of a zero-biased triode with an extremely large plate load

resistor and a large grid resistor. The + 5+¢

[T rslL—1—1
integrated compoesite signal drives the

_our

grid positive just at the time of the
master pulse, causing the grid to draw c/
current and charge the coupling capacitor. .

This charge leaks off slowly, keeping Figare 8. Sync Separator

2 bias on the triode, sufficient to keep it cutoff except at the %iﬁéw
of the master pulse. Due to C3 and the interelectrode capacitanca,
the wltage on tha plate cannot follow the grid signal. A% the tims
of the master pulse the capacitor from plate to ground is discharged
due to tube current, but during the rest of the cycle the plate vol-
tage rises slowly due to the large plate resistor. The signal seen
on the plate is a sawtooth waveform, with the discontinuity occurring
at the time of the master pulse. By coupling this sawtooth wltage
to the grid of a nagative pulse amplifier through an RC differentia-
ting network a sharp pulse of voltage will be seen on the outpnt of
the pulse amplifier. This signal, being free from channgl pulse in-
terferenca, makes circuits amploying it very stabls even with a high
paercentage of modulation.

Grounded-grid Amplifier

A trioda grounded-grid amplifier of Pigure 9 was employed as a

buffer amplifier when signal inversion
was undesirable. Ordinarily the
grounded-grid amplifier has to be

driven by a low impedance source, but

in the receiver's particular application -
Figanre 9, " Grounded-Grid

Amplifier

a high impedance is preferabls. The
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cathode resistor was made very largs, which would be ridiculous if ordin-
ary signals were to be amplified. In this particular application,
though, only a negative going pulse was to be amplified. The large
cathode resistor keeps the triods near cutoff, arnd only a negative going
signal, coupled in on the cathocde, could make any difference in tube
conductlon. A negativae pulse on the cathode causes tube current to in-
crease. Because of the special buffer's requirements, the gfounded@grid
amplifier, with an unusually large cathode resistor, was very satis-
factorye

Channel Selector

Tha channel selector is a pentods connected as sgeen in Figurs 10.
A positive-going composite pulse signal is coupled to the contrel grid,

and a rectangular pulse of voltage from a delay multivibrator is

R

coupled to the screen grids 8+ { or
Pulses eoupled to the control & P4-_Y V y
”'ljnlllﬂ ouT '
grid, coinciding with the appli- N ¥ '
IN__| N H i »H
cation of screen voltage, will C/ v ; T .
B+ g

be amplified; pulses not coin-

giding will not bg amplified. B -

. , e
If the pulse of serean voltags Figure 10. Channsl Selacior.

'

is selectad to eoincide with only thé Ho. 1 channel pulse, ehanoel 1
will be amplified on the plate of the channel separator. The time at
which the screen voltage pulse is applied snd the length of applica-
tion can be contrelled, so any one of the channel pulses ecan be se-
lected from the composite pulse signalo

Flip=Flop Multivibrator

The £lip~flop multivibrateor is a basic Ecclas—Jordan trigger
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circuito5 Under stable conditions one tube will be conducting heavily

8+ 4

. 1
| ” ém é/‘?fmg'
cutoff. From Figure ]I—YTI— QZ C3 - b
\ oUT
11 it can be sean that ZQL_}fjsz__
the bias on V2 is the '

Ve V3
regsult of the voltage Fe! éfeg ;}QC, ' . R?
= —

across R2, the cathods

and the other will be

resistor, and the vol- . Figure 1ll. Flip-Flop Multivibrator.

tage seen by the wvoltage divider -~ Rl, R7 =~ from the plate of V3 to
ground. When V2 is conducting heavily, itsbplate veltage is quite low
because of the voltage drop across its plate load resistor, R4. The
tube current through the cathode resistor, R2, will produce a high pos=
itive voltage on the cathodes of both tubes. The wltage divider from
the plate of V& to ground causes a low value of positive voltage on the
grid of V3. The resultant of the high positive cathode voltage and low
positive grid voltage causes V3 to be cutoff. Because V3 is cutoff due
to this bias, its plate voltage will rise toward the value of the B+
supply. This high value of plate wvoltage couples, via the voltage di-
vider == Bl, B7 ~- a high positive voltage to the grid of V2. The grid
of V2 is positive with respect to its cathode and tends to conduct very
heavily. The above condition is stable, but if a trigger wlitags is in=
troduced another stable condition will be assumed in which V3 will con-
duct heavilyg'thus causing V2 te be cutoff, If a series of triggering
pulses are introduced, ths circuit will alternate from one stable condi-

tien to the other. The plate voltage of one triode, with a8 series of

5 Herbert J. Reich, Theory and Applications of Blectron TPubeas,
Ppo 353=356.
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triggering pulses input, will beva sguare wave with reversals‘occurring
at the time of the successive triggering pulses. This cireuit is em-
ployed to produce 2 square wave when triggered by the master pulse and
one channel pulse.

The tube, V1, couples negative triggering pulses into the plates of
both tubes, but prohibits the multivibrator from eoupling back into the
triggering source. The application of the flip~flop multivibrator, as the
pulse detector, requires that a series of triggering pulses shall counsist
of alternate master and channel pulses. The master pulse causes ona
stables condition to exist, and the channel pulse causes the other stable
condition to exist. Under modulating conditions the channel pulse is advan-
ced and retarded, with respect to the master pulse, according to the am-
plitude of the modulating signal. The square wave coupled from the mul-
tivibrator will have a fixed edge and a variable edge. By RC integration

of this square wave the mcdulation can be removed.
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CHAPTER I1I

THE PULSE TRANSMITTER

4 new pulse transmitter has been constructed that fulfills the
qualifications needed for a versatile system. It was desirable tha
the channel pulses could be placed at any mean time betwesn suc-
geding master pulses, and that modulation could be controlled to causs
the pulse to vary in position from one o several times pulse width.
To obtain the added versatility each pulse had to be separately
formad, amplified, positioned, and modulated.

The delay multivibrator serves as a pulse delay and modulating
circuit. The audie modulating wltage is added in serié% with the gride
plate RC discharge circuit. The additional audioc voltage causes tha
trailing edge of the rectangular pulse output to be advanced and re=
tarded. The pulse obtained from the trailing edge is advanced and re-
tarded proportional to the modulating audio‘’s amplitude.

A total of four pulse forming circuits is required == one for the
master pulse, and ona for each channel pulse. The four outputs ara
electronically c anbined by pulse mixers to form the composite pulse
signals Two pulse mixers each combine a pair of pulses, and the two
outputs are combined in a third pulse mixaer. The ocutput from the third
pulse mixer is the composite pulse signal.

The composite signal from the third pulse mizer is amplified by
a positive-pulse amplifier and matched to the 50 ohm coax with the
special cathode follower.

The resultant composite signal from the transmitter is negative
going, as seen in PFigurs 1, Page 3. The master pulse is of larger am-

plitude and of longer duration than a channel pulse. A modulation index
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of 100% is arbitrarily chosen to be when 24 t, the time batween maximﬁm
delay and minimum delay of a channel pulse, equals twice the pulss
width, The composite signal is received with very little loss over
the coaxial cable,

The receiver must take the composite pulse signal and obtain the

intelligence contained in each channel pulses
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CEAPTER 1V

THE PULSE RECEIVER

The composite transmitted signal is the input to the receiver. It
is the job of the receiver to select any channel pulss and detect the
modulation that it contains. To select a channel pulse, it is necessary
té eliminate all but this pulse from the composite signal. The master
pulse is the reference for the channsl pulsse generationg thus, it shall
be the reference in the separation of the pulses.

The modulation is removed from the three channel pulses by thraes
identical c¢circuits, For drawing simplicity, the bloeck and circuit dia-
grams illustrate only one complete channel in the receivedr., Signals
coupled from mutual circuits to the two other channels are designated
on the bloek diagram, Figure 12. The receiver circuit diagram is
shown in Figure 13 and a parts list in Tabls 1.

A negative pulse amplifier, V1, is used to amplify and invert the
negative-going received signals. This circuit is a zero-biased pentods,
which responds only to negative going pulsaes. Its output will be a
positive-going, composite pulse signal of large amplitude. The resistor,
R5, and the condenser, C3, form a plate decoupling cirenit. Tube cur-
rents that rapidly vary cause interaction between stages due to the
common B+ supply. An RC decoupling circuit is used whenever nascgssary
to help remedy this situation.

The pulse amplifier output is coupled through §4 to V2, an amplitude-
discrimiﬁating sync=separator. The cathods of V2 is kept\af a positive
potential determined by the tap on the woltage divider, R1l and R1l3.
Only the larger amplitude master pulse drives the grid of V2 into the

conduction region, causing a negative output signal. The output of V2



Input N_eﬁga;;;;iyaﬂ Sync Grounded-Grid Delay Delay
. S 58 o ‘ R o
Amplifier Separator Amplifier maltivibrator Multivibrator ‘
. From this point Channels 2 and 3 are seiected
Ly through identical circuits.
Negative Sync Negative @ Syne pulse from this point is
> Pulse > Pulse s used to feed Pulse Mixers for
Amplifier Separator Amplifier both Channels No. 2 and Yo. 3.
- » To Grids of —
Channal Selectors
L’ of Channsls 2 & 3 o v
Channel Negative Pulse Positive Flip~Flop D)
- ‘ > Pulse > ‘Pulse - -~
Selsctor Amplifier Mizer Amplifier Multivibrator :
- g
Integrator Lo-Pass Audio Andio
> and Cathods |————3m > > ———3. Qutput
Followsr Filter | Amplifier Amplifier

Fisure 12. Block Diagram of Pulse-Time Receiver. (only one channel is represented.)
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RECEIVER PARTS LIST

FOR ONE COMPLETE CHARNEL

(A1l capacitances are in microfarads.

€26
cav
€28
cas%
€30
c3l
C32
€33
C34
€35
36
C37
38
€39
€490
c4l
€42
043
044
C45
€46
c4a%
C48
€49
o0

L3
L4

All capacitors

0.00005 ceramicon

001

0.1

0.1

0.00003 air variable
0.00003 air variabls
0.00003 ceramic variable
0,00005 ceramicon

0.1

0.00005 ceramicon
0.1

0.1

0.,00005 eceramicon
0.1

0,00015 mica variable
0.00015 mica variable
0.002 mica

0,002 miea

0,003 moulded paper
0,003 moulded paper

1
.25 vo electrolytic
ol
2

8 mh air cors
8 rh air core

Capacitors
: are paper unless otherwise spacified.)
Cl " 0.00005 ceramicon
c2 0.1
c3 0.1
4 0,00005 caramicon
05 001
ce 0,001
av 0.005
HE 0.00005 ceramicon
£9 0.1
c1o0 0.1
Cil 0.00005 ceramicon
Cl2 0,0005 mica
Cl3 0.00005 ceramicon
Gl4 0.1
815 0.1
cle 0.00005 caramicon
c17 0,1
¢18 0.1
€19 0.01
CR0 0.1
cal 0.1
ce2 0.00005 ceramicon
c23 01
g24 0.1
C25 0.00005 ceramicon
Inductors
L1 16 mh air core
L2 4.8 mh powdered-
iron variable
Resistors

reprasents megohns,
otherwise specified.)

Rl 50

R2 10 K

R3 40 K

R4 256 X

RB 205 KO
R6 10 K

R7 40 X

R8 25 K

k9 2.5 Ko
R1i0 30D mage
R11 3 X potentiometer
R12 50 K

Ri3
Ri4
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24

(A1l resistors are in ohms. K represents 10003 mag.
All resistors are 1/2 watt carbon unless

30 X, 2 watt
100 X

50 r

1 meg. potenticmeter
&00K

50 K

205 K

5 K

10 K

15 K

150 ®

50 K



Resistors

Transformers

Tubes

R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39
R40
R41
R42
R43
R44
R45
R46
R47
R48
R49

R50

Tl

V2
V3
V4
V5
V6
v
ve

V10

TABLE 1

(Contimued)

1 meg. potentiometer
600 K
50 K
2.5 K
50 K
10 K
15 K
150 K
50 X
25 K
2.5 K
5K
150 ¥
10 K
25 K
2.5 K
40 ¥
2K
10 X
2K
10K
2,5 K
25 ¥
40 K
5 migo
20 K

output transformer,
plate to speaker

6ACY
657
65N7
64AC7
6AC7
64AC7
64C7
6AC7
6ACY
64AC7

RB1
R52
R53
R54
R55
R56
RB'7
R58
R59
R60
R6l
R62
R63
R64
R65
R66
R67
R68
R69
R70
R71
R72
R73
R74
R75
R76

Vil
vi2
V13
Vi
V15
V16
V17
V18
19
V2o
Vel

20

200 K

200 X

20 ¥

10 K

5 meg.

10 K

1 meg.

205 mege

10 ¥

26 ¥

2.5 K

40 K

150 X

500 K

1x

10 K

1 meg. potentiometer
1 meg. potentiomaetar
25 K

500 potentiometer
500 ¥

1K

50 ¥

500 K

400;: 5 w. wire wound
5; 5 we wire wound (see text)

60N7
6SN7
6AC7
6ALS
6SN7
65K7
6J5

6ACT
6SN7
65N7
6V6
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is used by all three channels as reference in qhannel pulse separation.
From the plate of V2 to the audio output, the varions channel circuits
are identical.

A channel pulse is separated from the composite signal by a channel
sglector, as discussed 1in Chapter I1I, Page 10. A rectangular pulse that
can be varied in width and in time position must be generated for apply=-
ing to the channel selector's screen gride A channel pulse will be am-
plified by the selector only when its time of occurrence coincides with
the application of the rectangular pulse of seresn voltage. Selection
of any particular channel is accomplished by vaiying the occurrence time
of the rectangulérvpulse. The rectangular pulse must be of sufficient
duration to cause amplification of the particulaf changsl pulse even
when 100% modulation is applied. An index of 100% was chosen to be when
‘At, the time befweén maximum delay and minimum deléy, equals twice the
channel pulse width. With 1 p second pulse width, thé rectangular pul-
ses must be 2}1 seéonds or longer in duratioﬁa Indication of suffi-
cient rectangular>pulse duration is obtained by observance, on the
oscilloscope, of‘the channel sslactor’s outpute The plate signal will
be a complets reproduction of the channel pulse, as s;en in the composita
signal, when propér selection is made. |

The output from the sync-separator is used as the refersnce in
ganerating the variable~positioned, variable~width rectangular pulse
needad by the channel selector. V&, Vb, V6, and V7 are two delay male
tivibrators in cascade. The first multivibrater, V4band V5, is $rig-
gered by the sync—-separator's output. The width of the resulting
rectangular pulse can be varied by R16, and the pulse is differentiated

so the trailing edge triggers tle sacond munltivibrator. ¢€ll and
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R24 form the RC differentiator and Cl2 serves for pulse coupling to Vé
and V7. The output from the plate of V6 is a rectangular pulse whosé
width is determined by the rasistor, R25, and whose occurrence time is
controlled by Rl6.

4 rectangular pulse gensrator of this type is used for each channel
salector. The master pulse from the sync-separator is neaeded for syn=
chronizing all rectangularvpulse genaerators, but a simple condenser
coupling to each multivibrator is umsatisfactory. 4 buffer amplifier that
does not invert the required negative-going output from the syn«::-wse.sprsxw=
rator is necessary. The special grounded-grid amplifier, discussed in
Chapter 1I, is used and eliminates interaction between rectangular pulse
generators. On the circuit diagram this is V3 and assceiated components.

The generated rectangular pulse, seen at point X, is directly
coupled to the screen grid of V9, the channel selector. V8 is a negative
pulse amplifier for feeding a positive-going composite signal to the
control grid of the channal selactor. The posiéive composite signal is
coupled from the plate of V8 to the contrel grids of corresponding tubes
of the other two channgls and to V17, a sync~separator. The signal sesn
at the plate of V9 will be a negative-going channel pulse, when the rec-
tangular pulse of screen voltage is adjusted to coincide with the channel
pulse applied to the econtrol grid.

V10 is a negative pulse amplifier to invert the negative-going
channgl pulse from ths plate of V9, The cutput of V10 will be a largs
amplituds positive-going channel pulss,

The positive-going composite signal from V8 1s integrated by R56
and €33, |

€34 and RB7 supply V17 with grid-leak biag. Only ﬁhen the longer-
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duratiqn master pulse is integrated by R56 and C33 will the grid of V17
be driven into the conduction region. The grid of V17 quickly draws
grid currgnt and charges C34. This charge, leaking off through Rb7,
causes a bias sufficient to make V17 non-=conductive, excaept at the time
of the master pulse., R58 and C35 form an RC charging circuit across
the B supply. At the time of the master pulse, V17 conducts and dis-
charges C3Bs then it begins to charge again toward the value of Bt
The signal at the plate of V17 will be a sawtooth wave with the discon-
timuity oceurring at the time of the master pulse. The differentia-
tion of the sawtooth wave form, a8 negative-going master pulse, will be
found at the grid of V18 due to the short RC time of C36 and REY. V18
is a negative pulse amplifier to invert the negative-going master
pulse for application te V12 in the pulse mixer cireuit. Thea positive-
going master pulse at the plate of VI8 is point Y on the circuit dias-
gram. Tha signal at point Y is coupled to corresponding tubes in
pulse mixer circuits in the other two channels. V17 is the type of
sync=separator shown in Chapter 1I, Page 9

V11l and V12, a pulse mixer circuit, combine the separated channel
pulse with a separated master pulse. The channel pulse salected by
Y9 is coupled to the grid of V11, and the master pulse is coupled to
the grid of V12. The output signal seen across the common cathode
resistor, R43, will be the master pulse and the channel pulse elsc-
tronically mixaed. The master pulse and the channel pulse have ths
game repstition rate, but oceur at different times; therefore, the
electronically mixed signal will consist of alternats master and
channel pulses. This is the basis of 2 detection system which is

almost independent of pulse amplitude.
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There are other methods which could be employed to detect the modulation
contained in the positioning of a channsl puléeo One method of detection
is to super-impose the channel pulse on a sawtooth wave form, and as the
pulse is advanced and retarded in its position, the resulting output will
ba a pulse varying in amplitude, proportional tp the modulating signal,
By simple RC integration the modulation msy be recovered. This method is
simple, but it defeats the purpose of pulse-time modulation in intro-
ducing 2 lew signal to noise ratio, tyﬁical of ordinary pulse-amplitude
modulation.

Any noise on the pulse signal or variations in 1ts amplitude will
be received along with the modulating signal, and harmonic distortion
will be introduced if the sawtooth is non-linear. To obtain a high
signal to noise ratio == that should accompany pulse~time modulation =-
a system of detection is necessary that is insensitive to pulse ampli-
tude variations. This is accomplished by using the pulse train, con-
sisting of alternate master and channel pulses, to trigger a flip-flop
multivibrator. The amplitude of the resulting rectangular wave is
nearly constant, even though the triggering pulses may vary in ampli-
tude. RC integration of the constant-amplitude, rectangular wave from
the multivibrator recovers the modulation contained in the channel
pulse. V15, V16, and asscciated components form the flip-flop multi-
vibrator, vwhich was discussed in Chapter 11, Page 1ll.

The positive-going pulse train from the cathodes of the pulss
mixer is amplified and inverted by V13. The dual-diode, V14, acts as
a uni-directional coupling device for coupling the triggering pulses
into V15 and V16, but prevents the resulting rectangular wave of the

multivibrator from coupling back into Vi3. The output from the
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plate o f V16 is the constant amplitude rectangaular wave, whose width
variegs as the triggsring channel pulse varies. R63 and C39 perform the a
RC integration and C40 couples the integrated wave to the grid of V19.
V19, an ordinary cathods followerl9 is able to accept the high ampli-
tude wave without being over-drivens It also furnishes a low output
impedance to drive a filter network. Integration of the rectangular
wave produces & triangular wave of the pulse repetition frequenecy, 756
KC, whose amplitude varies proportional to the modulating signal. The
75 KC triangular component must be sliminated and oniy the audio modu-
lating component retained. With 100% modnlation, the ratie of tri-
angular wave to modulating signal is 14 db.

A simple low=pass filter is insufficient in eliminating the high-
amplitude fundamental and harmonic components of the triangular wave.
The Fouriera analysis of a triangular wave shows it to be composed of
the fundamental and an infinite number of odd harmonics. The third
harmonic is 1/9 the amplitude of the 75 KC fundamental, which is gquite
large in comparison to the audio component, Twin "T" filters were
guite adequate in suppressing the triangular wave, but the overall
audio frequency response, using RC filters, could not be extended past
about 12,000 cycles per second. The attenuation of 6 &b per octava
accompanying RC filtering eaused the audic frequency response-to ba
POOT o |

A& combination of several bridged "T"5 circuits proved best for

1 Reich, op. e¢ite o pp. 170=174.

2 Russell M. Kerchner and George F. Corcoran, Alternating-Current
Circuits, pp. 150-151,

3 Frederick Emmons Terman, Radlo Engineers’ Handbook, pp. 918=919,
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triangular wave suppression and in obtaining an extended audio frgquency
rasponse. The bridged "I" consists of a parallel resonant circuit with
the condenser divided in two equal sections; the center tap is connected
through a resistor to ground. A bridged "T" for suppressing the 75 XC
fundamental is L&, 043, and C44, and R68 on the circuit diagram. When
the value of Rssvaquals 1/4 the impedance of the parallel resonant cir-
cuit -- L2, 0459 and C44 -- there will be an extreme amount of attenua-
ticn at the reéonant frequency. R68 and the resonant LC circuit were
made variable so best results could bs obtained in suppressing the 75 KC
component. L1, C4l, C42, and R67 form another bridged "T" for suppress-
ing the third harmonic, 225 XC, which was still of undesirable amplitude
in comparison with the audio. L3, L4, and 045, and C46 form a low=pass
filter4 having a cuteff frequency of 75KC. This low-pass filter fur-
nishes sufficient suppression to the smaller-amplitude, higher-fraquency
components. (45 and C46 were used in series to obtain the corraect value
of capacitance. R69 and R70 form a load for the filters and cathods
followser. The junction between R69 and R70 ¢an be usaed to obtain the
gudio signal with an output impsedance of 500 ohms. This peint was used
for tests of frequency responss, intermodnlation, and signal to noise
ratio,

V20 is an ordinary triode audio stage5 driving V21, a 6V6 power
amplifiero6 Tl is an output transformer for matching the plate of V21

to the 5 chm load resistor, R76. R76 can be replaced by a speaker with

4 William Littell Everitt, Communication Engineering, pp. 190.

5 Reich, 0po cito, pp. 149-=161,

6 1bid, pp. 238-246.
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a voice'coil_impedanee from 5 to 8 chms.

Only two control knobs for a channel selector are brought out to
the front panel. Once the receiver is in operation only the rectangular
pulse generators need be adjusted to select any one of the three channels.
TUntil one 1s experienced in adjusting the two knobs, an oscilloscope
may be placed con ths plate of the channel selector to aid in selectieon.
If the channel selector is properly adjusted all othsr ¢ircults functien
properly., This system was made versatile so numerous tests could b
performed. A working system could be designed with only one control for
channegl selection. If this system were used commercially for transmis-

sion, a single control would be very desirable.
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CHAPTER V

SUMMARY AND CONCLUSIONS

Summary

A pulse communication system utilizing pulse~time modulation was
designaed and constructed for experimentation at a 75 KC pulse repetition
rate. The receiver described heraein is the final unit necessary %o
complate the system. The special pulse circuits employed are separatsly
illustrated and discussed in order to simplify presentation of the unit.
The complete rsceiver consists of three identical pulse channels so only
ons channel illustration is necessary. A brief discussion of the trans-
mitter is also presented, along with the nature of the transmitted signal.

Results of Tests on System

A Barker and Williamson Model 400 Distortion Meter was used for
distortion, signal to noise, and intermodulation tests.

Distortion was checked at numerous frequencies in the range of
200 to 15,000 cycles. The total distortion was less than 2%. The
principal distortion in this range of tests was due to the incomplate
attenvation of the 75 RC triangular wave experienced in the detection
system,

Signal to noisg ratio was checked throughout a four-hour period,
remaining continually at +45 db. This consistency was mainly the re-
sult of the detection system. Tha noise, reeeived slong with the
pulse, is eliminated by use of the trigger ecircult detection system.
All noise present at the recelver output is a result of only the circuits
past the flip-flop multivibrator. Pulse-time modulation shéuld giva
good signal to noise ratios,

Intermodulation tests at several fregquencies show it to range
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from =38 to -42 db. As the spacing of channels is decreased, the inter=
modulation increases. Tasts were made when channel pulses were just suf-
ficiently separated so satisfactory selection could be made at the re-
celiver.

The arbitrary modulation index of 100% was maintained throughout
the frequency response test. The receiver output remained essentially
constant to 25,000 cycles., The modulating signal was sampled only threa
times per eycle at 25,000 cyeles. Distortion increases as the modu-
lating signsl approached the high frequency 3 db point, due t0 the low
number of samples taken per cycle.

A hetrodyne effect bstween the modulating signal and the pulse
frequency exists at all times, The filters remove all the undesirabls
sum and difference frequencies, whan the modulating signal freguency is
baelow the 25,000 cyecle, 3 db point. Sampling a 37,000 c¢ycle signal
produces an effect ths same as when a 1,000 cycle signal is sampled.
This is the result of hetrodyning; the sampling fregquency believes a
1,000 eycle signal is actually being transmitted, due to the few samples
taken par cycle of the modulating signal. To eliminate undesirable
introduction of frequenciaes, not present at the transmitter input, a
low-pass filter should be employed to limit input frequencies.

A square wave was used as the modulating signal, and satisfactory
reproduction resulted up to approzimately 1,000 cycles., Satisfactory
reproduction of a squars wave results when fregquencies up to the twenty-
first harmonic are present. The system adeguately supplied transmission
of the necaessary barmonics for the 1,000 c¢ycles square wave., Above 1,000
eycles ap insufficient number of harmonics are transmitted to give de=
sirable reproduction.

Further tests of the equipment could be made to prove experimentally
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the theoretical limits to the number of channels. Also, further experi=
mentation with the system and its limitation would prove valuable and
interestingo. |

The maximum ratie of modulat ing frequency to pulse frequency ob~-
tained in this system is 1:3, A& higher ratio has been obtained in
systems employing low pulse repetition freqneneiesol Farther experi-
mentation with the filters in the detector wounld possibly improye
this ratio. |

A purpose of this project was to obtain the practical number of
channsels that could be employed without adjacent chamnel interference.
With ths modulation index chosen, the theoretical maximum number of
channels is 5,56 The pulse repetition fraquency is 75 KC, whiech
gives 13.33 p seconds betwesn master pulses. The master pulse is
2 p seconds in duration, leaving 11053}1 seconds available for the
channels. The channel pulse is 1 p second in duration. The 100%
modulaticon index permits the channel pulse to be advanced and re-
tarded by an amount 2t, egual to twice pulse width. Under 100% mod=
ulating conditions the channel pulse would cccupy 2 o seconds of the
time between succeeding master pulses. In the 11,33 p seconds
available 5.56 fully modulated channel pulses could be placed. If
is not possible to obtain this in praetiée because a definite break
must be left between channel pulse extremities, so proper selection
can be made at the receiver,

It is interesting to note the theoretiecal maximum if pulse-am-

plitude modulation were employed. 11033)1 seconds is available

1 Roberts and Simmonds, loce. citoe
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between succeeding master pulses and each channel would consume only 1}1
second of time. This would permit the use of 11,33 channels, twice the

number possible with pulse=-time modulation. A 2:1 ratio is true only for

the modulation index chosen.
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