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PBEFAOI 

!he development of an experimental pulse modulation system was 

undertaken in February, 19490 Previous pulse comnm.nication systems 

utilized low pulse repetition rate with resulting low modulating 

frequency responsea It was desired to construct a pulse system 

utilizing a high pulse repetition rate and to find how satisfactory 

such a system could be in transmi tt1ng a number of' different channel 

signals of high quality, each with a high modulating frequency res­

ponseo 

!he initial pulse system construction was done by Jlro Co Wo 

Karle, ltro Jo .f.o Ba Bower, and Mro Thomas Kingo In February, 1960, 

l!lro lo Eo Lynch and the author continued the development of' the 

palse systemo 

j new three-channel pulse transmitter was designed and con­

structed by llro lo Eo Lynch, and a three-channel pulse receiver was 

developed and constructed by the author. Performance teats were 

made on the completed system and the results were very satisf'actoryo 
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caAPTER I 

INTRODUCTION 

A system of po.lse communication was developed for the transm1sdon 

of' three high fidelity audio signals over a single coaxial cableo In 

pulse communication the signal to be transmitted is sampled at the 

pulse repetition rateo Therefore 9 the more samples taken of the modula= 

ting s1gnal 9 the more accurate the reproduetiono The maximum theore= 

tieal modulating frequency is 1/2 of the pulse repetition or sampling 

frequeneyo 1 To transmit a high fidelity audio signal 9 consisting of 

frequencies covering the entire audible range, 20 to 20 9 000 cycles per 

seeond9 a high sampling frequency mu.st be selected because maximum 

theoretical limits cannot ordinarily be obtainedo In practical systems 

the maximum frequency that can be transmitted is about 1/3 of the sam= 

pling frequencyo 2 

The system developed has a pulse repetition rate of 75 kilocycles~ 

therefore, the practical limit of the audio transmission is about 25 

kilocycles, which is l/3 of this pulse. rateo Some existing pulse eommu= 

nication systems have. realized a higher ratio of modulating frequency to 

pulse frequency 9 but the pulse frequency was low in comparison to this 

systemo3 The frequency response of this system is practically uniform 

over the entire audible range, the high frequency half'=power point 

1 Lo Ho Bedford, "Correspondence,'' Wireless Engineer 9 XXUl (Feb:rua:ry 9 

l946L1 56=57o 

· 2 Ao Go Kandoian and Ao Mo Levine, "Experimental Ultra=High=Frequeney 
Multiplex Broadcasting System9 " Proceedings Q! ~ Io Ro Eo 9 :XXX.VII 
(June 9 1949) 9 694-7010· 

3 Fo Fo Roberts and Jo Co Simmonds, ''Mllltiehann.el Comnmnioation Sys= 
terns 9 " Wireless Engineer 9 XXII (November 9 1945) 9 538=5490 
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occurring at 25 9 000 oycleso The total overall distortion from trans= 

mitter input to receiver output averages about 2%o The signal to noise 

.ratio at the receiver output is +45 db and the crosstalk between 

channels is from =38 to =42 dbo Therefore 9 this system is quite adequate 

for relaying broadcast programso 

Rx:isting telephone systems relay broadcast network programs across 

the countryo Due to strict specifications only one pr~gram can be trans= 

mi tted over a single pair of wires o When the neoessi ty ~rises for the 

single pair to be disconnected, a carrier system is sometimes tempor= 

arily usedo The carrier system9 capable of transmitting a number of 

signals over a single pair of wires 9 has poor frequency response and ob= 

jectionable erosstalko The pulse system developed could possibly be in"" 

oorporated to transmit three or more broadcast quality programs over a 

given pair of transmission lines with an excellent response to the audio 

frequency band and a very low amount of orosstalk and distortiono 
I . 

The intelligence to be·''ttansmitted oan be added to the pulse in 

many different methodso Among ·the most common methods is pulse=ampli=· 

tude modulation9 pulse-width modulatien 9 and pulse=time modulationo 4 

The system developed uses pulse=time modulation9 in which a channel 

pulse is varied in time position with respect to a reference pulse 9 pro= 

portion.al to the amplitude of the modulating frequenoyo Only one refer= 

enca pu1seg which wlll be referred to as the master pulse 9 is needed 

and oan be used as reference for all three ohannelso The 75 kilooyola 

:pulse repetition frequency is determined by a crystal controlled os= 

cillatoro The sinusoidal crystal oscillator output is converted into 

4 Ea Mo Deloraine 11 "Pulse Modulation~" Proceedings 2f !h.! .k_Ro Eo_ 9 

XXXVII (Juna 9 1949) 9 702=7050 
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pulses with a repetition rate of' l/f, l3o33 microsecondso These pulses 

are used as the reference and delayed through three separate circuits to 

fo:nn the three channel pulseso The three delayed pulses can be placed 

at any mean position between sueeeding master pulses and can be modulated 

in time position with respect to the master pulseo The three channel 

pulses and the master pulse are eleetronioally mixed to form the composite 

signal to be transmitted as seen in Figure lo 

+ 
One Cycle 

Pulse Width: 
Master Pulse 
Channel Pulse 

Time 

2 p see 
1 p see 

l3o33 }1 see 
---------~---......--,.-..-,.....--,~~~~ 

~ \ Channol ·pulse 
~~Channel pulse 

Ohanne 1 puls e 
MASTER PULSE 

Noo 3 
Noo 2 
Noo l 

Figure lo Oomposite'Transmitted Signalo 
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CHAPTER II 

PULSE TEBMINOLOGY AND SPECIAL C!ROUITS 

In any electronic equipment a basic understanding of each oirouit 

mt1st be mastered before grouping of these basic circuits can be grasped 9 

so it is with pulse-time modU.lationo 

Nine different circuits were tested and developed for use at a 

pulBe repetition rate of 75 kiloeycleso The nine basic circuits are as 

follows: 

lo Positive Pu.lee Amplifier 

2o Negative Pu.lse Amplifier 

3o Delay bl ti vibrator 

4o Pulse Mixer 

5o Cathode Follower 

60 Sync Separator (two types) 

7 o Grounded-gr! d .Ampl1fi er 

Bo Channel Selector 

9o Flip-Flop Maltivibrator 

The above circuits are special circuits only., It will be assumed 

that the reader is familiar with basic Olase A audio amplif'i ers and 

cathode followerso After the above circuits had been developed for hand= 

ling pulses at 75 kilocycles, they could b.e used time and again9 as the 

necessity arose, in the design of both the transmitter and receivero 

The basic principles of both the transmitter and receiver were care:f'a.lly 

explored before circuits were developed that could accomplish the sys-

. tem requirements. Therefore, the maJor part of the work was spent in 

developing the circuits to accomplish the desired results, and in 00.m= 

pleting the transmitter and receiver units after the final design was 
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establishedo 

A diagram of each pulse-handling circuit is given; also, a ,ioltage 

wavefonn, as viewed on an osoilloseope, of both the input and output 

signalso Any statement pertaining to a waveform seen on a particular 

circuit element, refers to the wavefonn as viewed on an oscillosoopeo 

Positive Pulse Amplifier 

Figc.re 2 is the diagram of the positive pulse amplifier, a pentode 

biased beyond plate current eutoffo The ill3oming signal must drive the 

grid positively into the conduction region before an output signal is 

seeno If the input consists of 

both positive and negative going 

pulses, the amplifier will only 

respond to the positive going ones; 

thus, by limiting action, tbe neg-

ative going pulses are eliminatedo 

The only input signal that can be 

amplified is a positive going one, 
Figire 2o Positive pulse 

and the output signal from the plate .__ _____ .A_m __ p_l_i_f_i_er_e_._-. ___ __, 

will have inverted polarity producing a negative going pulse of much 

greater amplitu.deo This anwlifier will be used when it is necessary 
.. , 

to amplify a positive going pulse, separate the positive from a series 

of both positive and negative going pulses, or for inverting a positive 

going p~lse for some applieationQ 

Negative Pulse .Amplifier 

!rbe negative pulse amplifier o~ Figure 3 is a zero-biased pentodeo 

The amplifier, normally at zero bias, will be conducting very heavily 

and a positive pulse coupled into its grid will not increase plate 

current greatly; therefore, no appreciable output signal will be 
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experiencedo A negative going pulse coupled into the grid will cause a 

decided decrease in plate current and the output signal f1~m the plate 

will be a positive going pulse of 

greater amplitudeo This amplifier 

will be used for amplifying nega-

ti ve going pulses, separating the 

negative from a series of both pos-

itive and negative going pulses, or 

inverting a negative going pulse 

for some applicationo 

Delay :Multivibrator 

Figure 3o Negative Pulse 
.Amplifisr 

Figure 49 the delay multi vibrator, consists of two pentodf!S con= 

nected to form a single-shot multi vi bra to ro A negative input pulse is 

·--y­
t 

Figure 4o (a) Delay Multivibratoro {b) RC Differentiating Ci:rmiito 

used to trigger the single-shot multivibrator and for each triggering 

i. 

:I 

pulse input there is a single rectangular pulse outputo The trigg0ring 

pulse causes the leading edge of the rectangular pulse to occur simu= 

taneouslyo The width of this rectangular pulse is determined by the 

RC time constant of the grid-plate discharge pa th -- Rl, R2 9 and 02., 

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

ing a desired delay,,Figure 4bo If the pulse is differentiated9 the 
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negative portion of the differentiated wave may be used as a timing pulse 

to produce a delay with respect to the triggering pulse., Sinee the de= 

lay is dependent on the width of the multivibrator pulse this type of 

circuit is referred to as the delay multivibrator. 

Under static eondi tions tube Vl is conducting heavily and tube V2 

is cutoff by the voltage divider R3 and R4. With the application of a 

triggering input voltage the tubes reverse operation and will not re= 

turn to static conditions until after a period determined by the RO 

discharge., When the .RC circuit -- Rl, R2, and 02 -- discharges to a 

certain potential, such that Vl can again start eonducting9 the tubes 

will very quickly return to static conditions and await the next 

trigger pulse., By making the resistor or the condenser in the RO 

circuit variable, the width of the rectangular pulse can be varied 9 

but the repetition of this pulse is totally dependent upon the trig­

gering pulseo The rectangular pulse is coupled through an RC circuit 

whose time constant is very short in comparison to the pulse repe= 

ti tion time.. The output voltage seen across the resistor is the 

differentiated rectangular pulse., The output of this BC differentia= 

tor will be a series of positive and negative going pulses 11 the pesitiva 

going pulse corresponding to the leading edge of the rectangular pulse~ 

and the negative going pulses corresponding to the trailing edgeo Th~ 

negative pulse eorresponding to the trailing edge is delayed from the 

time of triggering by the width of the rectangular pulseo By maki.ng 

the resistor variable in the RC circuit, the position of this pulse 

can be delayed any amount of time.between succeeding triggering pulseso 

This circuit will be used for generating a variable delayed pulse, or 

for the generation of a variable width rectangular pulse., 
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Pulse Mixer 

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

lowers with a common cathode resisto ra r_ 
Cl 

-f 

8+ 

A signal impressed on either grid will 

appear across the cathode resistor9 R3a 

A series of positive pulses, repre-

senting the master pulse, is intro-

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

:positive pulse series, representing a i:a rtioular channel,, is introduoed 

on the other grid through C2a The signal seen aero ss R3. will be the sum 

of the two series of pulses; that is, alternate master and channel 

pulses.; 

' A common plate load resistor, a multi-grid tube 9 or a common resistor 

in a voltage divider can be used to accomplish mixingo Each of these prin= 

ciples has disadvantages in p~lse applications due to interaction from 

signals coupled back into the inputs, or the multi-grid tube requiring 

different amplitude driving pulseso The cathode follower method proved 

best in eliminating back coupling; thus, the pulse eircuits, driving 

the two grids, are very stable and essentially independent o 

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 cableo 

This cathode follower is different 

in that the cathode resistor is in 

the receiver and the tube is in the 

transmi ttero In matching to such a Fig;t re 60 Cathode Follower .. 

low impedance as the 50 ohm coaxial over only 200 feet, it is found more 
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practical to let tube current flow through the entire cable and to place 

the 50 ohm cathode resistor at the receiver end .. Many applications 

utilize this principle where low impedance cables are used for trans-

mitting pulses over relatively short distances .. 

Sync Separator 

There are two types of sync separators used in the receiver unit== 

one responding to the pulse amplitude, and the other responding to pulse 

width.. The circuit 9 s job is to separate the master pulse from the oom= 

posite signal .. The master pulse has two distinguishing characteristics; 

it is of larger amplitude and of longer duration than a channel pulseo 

Figure 7 shows the sync separator that operates on pulse amplitude 9 

an ordinary triode biased far below cutoff.. The positive going composite 

signal is coupled into the grid. The cathode is connected to a potentio= 

meter in a voltage divider circuit from B+ 

to ground .. Thus, a bias can be selected, ~' 
. OIJT .......,.. ___ _ 

such that tube current flows only when the 
s+ .. 

larger amplitude master pulse is received .. 

The output voltage waveform, seen on its 

plate~ will be a negative going pulse 

occurring simultaneously with the master Figure 7o Sync Separator 

pulseo The output is not entirely independent of channel pulses as can 

be seen from. the discontinuities on its trailing edgeo 

The sync separator that operates on pulse width, as illustrated in 

Figure 8, requires more tu.bes, but the output signal is free from any 

channel pulse interference o However9 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, Clo The signal is taken across the condenser and coupled 
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to the grid of a zero-biased triode with an extremely large plate load 

resistor and a large grid resistoro The 

integrated composi ta signal drives the 

grid positive just at the time of the 

master pulse, causing the grid to draw 

current and charge the coupling capacitor. 

This charge leaks off slowly, keeping 

t 
11111 nu1a 

~B+ 

l:,R3~ 

CJ 

Figµ.re 80 Sync Separator 

a bias on the triode 9 sufficient to keep it cutoff except at the time 

of the master pulseo Due to 03 and the interelectrode capac1tance 9 

the voltage on the plate cannot follow the grid signalo At the time 

of the nB star pulse the capacitor from plate to ground is di seharged 

due to tube current, but during the rest of the oyele the plate vol= 

tage rises slowly due to the large plate resistoro The signal seen 

on the plate is a sawtooth waveform, with the discontinuity occurring 

at the time of the master pulseo By coupling this sawtooth voltage 

to the grid of a negative pulse amplifier through an RC differentia-

ting network a sharp pulse of voltage will be seen on the output of 

the pulse amplifierg This signal, being free from channel pulse in= 

terfareroe, makes circuits employing it very stable evEHl wlth a high 

percentage of modulationo 

Grounded=grid .Amplifier 

A triode grounded-grid amplifier of Figure 9 was amplo;1ed as $! 

buffer amplifier when signal inversion 

was undesirableo Ordinarily the 

grounded=grid amplifier has to be 

driven by a low impedance souroe 9 but 

in the receiver's particular application 

a high impedance is preferableo The 

I~ 
CJ 

FiBJJ. re 9c Grounded-Grid 
Amplifier 
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cathode resistor was made very large 9 which would be ridiculous if ordin= 

ary signals were to be amplifiedo In this particular application9 

though, only a negative going pulse was to be amplifiedo The large 

cathode resistor keeps the triode near cutoff 9 and only a negative going 

signal 9 coupled in on the cathode, could make any difference in tube 

conductiono A negative pulse on the cathode causes tube current to in= 

creaseo Because of the special buffer's requirements 9 the grounded=grid 

amplifier~ with an unusually large cathode resistor, was very satis= 

Channel Selector 

The channel selector is a pentode connected as seen in Figura lOo 

A positive-going composite pulse signal is coupled to the control gridl'! 

and a rectangular pulse of voltage from a delay multivibrator is 

coupled to the screen grido 

Pulses coupled to the control 

grid~ coinciding with the appli-

cation of screen vol tage 9 will 

be amplified, pulses not coin-

ciding will not be arnplifiedo 

If the pulse of screen voltage 

t 
~ 111 ~ 111 ~ 

IN 

IN~ 

Cl 
RI 

t our 

R4--~ 

....__,...... _________ ~-~==·~~--·-J· 

is selected to coincide with only the l1Ioo 1 channel :pubs 0 ohannel 1 

will be amplified on the plate of the channel separatoro The 2-~ 

which the screen voltage pulse is applied and the length of applica= 

tion can be co ntro lled 9 so ansi one of tbe channel pulses can be se= 

lected from the composite pulse signalo 

~=Flop Multivibrator 

The flip=flop multivibrator is a basic .8ccles=Jordan tr5.ggei· 
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cireuito 5 Under stable conditions one tube will be conducting heavily 

and the other will be 

cutoff. From Figure 
LI r LI 

11 it can be seen that 
IN 

the bias on V2 is the 

result of the voltage 

across R2p the cathode 

resistor, and the vol- Figure llo Flip-Flop Multivibratoro 

tage seen by the voltage divider -- Rl, R7 -- from the plate of V3 to 

groundo When V2 is conducting heavily, its plate voltage is quite low 

because of the voltage drop across its plate load resistor, R4o The 

tube current through the cathode resistor9 R2, will produce a high pos= 

itive voltage on the cathodes of both tubes. The voltage divider from 

the plate of V2 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+ 

supplyo This high value of plate voltage couples, via the voltage di= 

vider == Rl., R7 -- a high positive voltage to the grid of V2o The grid 

of V2 is positive with respect to it's cathode and tends to conduct very 

heavilyo The above condition is stable, but if a trigger voltage is in= 

traduced another stable condition will be assumed in which V3 will con= 

duct heavily, thus causing V2 to be cutoffo If a series of triggering 

pulses are introdU.cedw the circuit will alternate from one stable condi= 

tion to the othero The plate voltage of one triode 9 with a series of 

5 Herbert Jo Reich, Theory and Applications of Electron Tubes 9 

ppo 353=3560 
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triggering pulses input, will be a square wave with reversals occurring 

at the time of the successive triggering pulseso This circuit is em­

ployed to produce a square wave when triggered by the master pulse and 

one channel pulseo 

The tube 9 Vl, couples negative triggering pulses into the plates of 

both tubes~ but prohibits the multivibrator from coupling back into the 

triggering sourceo The application of the flip-flop multivibrator 9 as the 

pulse detector~ requires that a series of triggering pulses shall consist 

of alternate master and channel pulseso The master pulse causes one 

stable condition to exist 9 and the channel pulse causes the other stable 

condition to existo Under modulating conditions the channel pulse is advan= 

ced and retarded 9 with respect to the master pulse 9 according to the am= 

plitude of the modulating signalo The square wave coupled from the mul­

tivibrator will have a fixed edge and a variable edgeo By RC integration 

of this square wave the modulation can be removedo 
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CHAPTER III 

THE PULSE TRANSMITTER 

A new pulse transmitter has been constructed that fulfills the 

qualifications needed for a versatile systemo It was desirable that 

the channel pulses could be placed at any mean time between sue= 

eeding master pulses~ and that modulation could be contl"(llled to cans~ 

the pulse to vary in position from one to several times pulse widtho 

To obtain the added versatility each pulse bad to be separately 

formed 9 amplified 9 positioned9 and modulatedo 

The delay multivibrator serves as a pulse delay and modulating 

circuit. The audio modulating voltage is added in serieb with the grid= 

plate RC discharge cireuito The additional audio voltage causes the 

trailing edge of the rectangular pulse output to be advanced and re= 

tardedo The pulse obtained from the trailing edge is advanced and re= 

tarded proportional to the mo du lat ing audio ~s amplitude o 

.A total of four pulse forming circuits is required one for the 

master pulse 9 and one for each channel pulseo The four outputs are 

electronically o anbi ned by :pulse mixers to form the composite pulse 

signalo Two pulse mixers each combine a pair of pulses 9 and the two 

outputs are combined in a third pulse mixero The output from the third 

pulse mixer is the composite pulse signalo 

The composite signal from the third pulse mixer is amplified by 

a positive-pulse amplifier and matched to the 50 ohm coax with the 

special cathode followero 

The resultant eomposi te signal from the transmitter is negative 

going 9 as seen in Figure 1, Page 3o The master pulse is of larger am= 

plitude and of longer duration than a channel pulseo A modulation index 
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of 100% is arbitrarily chosen to be when 6 ti) the time between maximum 

delay and minimum delay of a channel pulse 9 equals twice the pulse 

widtho The composite signal is received with very little loss over 

the coaxial cableo 

The receiver must take the composite pulse signal and obtain the 

intelligence contained in each channel pulseo 
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CHAPTER IV 

THE PULSE R:OOEI VER 

The composite transmitted signal is the input to the reeeivero It 

is the job of the reoe iver m select any channel pulse and detect the 

modulation that it eontainso To select a channel pulse, it is necessary 

to eliminate all but this pulse from the composite signalo The master 

pulse is the reference for the channel pulse generation; thus 11 it shall 

be the reference in the separation of the pulseso 

The modulation is removed from the three channel pulses by three 

identical eireuitso For drawing simplieity9 the block and circuit dia .... 

grams illustrate only one complete channel in the reoeiviro Signals 

coupled from mutual circuits to the two other channels are designated 

on the block diagram, Figure 12. The receiver circuit diagram is 

shown in Figure 13 and a parts list in Table lo 

A negative pulse amplifier~ Vl, is used to amplify and invert the 

negative-going received signalso This circuit is a zero-biased pentode 11 

which responds only to negative going pulseso Its output will be a 

positive-going, c cmposite pulse signal of large ampli tudeo The resistor, 

R5, and the condenser, 03, form a plate decoupling cireuito Tube cur= 

rents tba t rapidly vary cause interaction between stages due to the 

common B+ supplyo An RC decoupling circuit is used whenever necessary 

to help remedy this situationo 

The pulse amplifier output is coupled through ?4 to V2 9 an amplitude= 

discriminating sync-separatoro The cathode of V2 is kept at a positive 

potential determined by the tap on the voltage divider, Rll and Rl3o 

Only the larger amplitude master pulse drives the grid of V2 into the 

conduction region, causing a negative output signalo The output of V2 
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TABLE I 

RECEIVER PARTS LIST 

FOR ONE COMPLETE CH.ANN.EL 

Oapaoi to rs (All capacitances are in micro faradso All eapaci tors 
are paper unless otherwise spec i:fi ed o ) 

01 · 0000005 eeramieon 026 0000005 oeramioon 
02 Ool 027 Ool 
03 Ool 02B 0,,1 
04 0000005 ceramioon C29 Ool 
05 Ool C30 0000003 air variable 
cs· OoOOl C3l 0000003 air variable 
07 00005 032 0000003 ceramic variable 
ca 0000005 ceramieon 033 0000005 ceramioon 
C9 0 .. 1 034 .Ool 
ClO Ool 035 
011 0000005 ceramicon 036 0000005 ·eeramicon 
012 000005 mica c·37 Ool 
013 OoQ0005 ceramioon 038 Ool 
014 Ool C39 0~00005 oeramicon 
015 Ool 040 Ool 
016 0000005 ceramioon 041 0000015 mica variable 
017 Ool 042 0000015 mica variable 
018 Ool 043 Oo002 mica 
019 OoOl 044 00002 mica 
020 Ool 045 Oo003 moulded paper 
021 Ool 046 00003 moulded paper 
022 Oc00005 oeramicon 047 Ool 
023 Ool 048 51125 Vo electrolytic 
024 Ool 049 Ool 
025 Qq00005 eeramieon C50 51125 Vo electrolytic 

Induotors 
Ll 16 mh air oo re L3 8 mb air core 
L2 408 mh powdered= L4 8 mh air core 

iron variable 

Resistors (All resistors are in ohmso K represents 10009 mego 
represents megohmso ,411 resistors are l/2 watt carbon unless 
otherwise sp eo i :fi ed o ) 

Rl 50 
R2 10 K 
R3 40 K 
R4 25 K 
R5 2o5 Ko 
R6 10 K 
R7 40 K 
RB 25 K 
R9 · 2o5 Ko 
RlO 3o3 mega 
Rll 3 K potentiometer 
Rl2 50 K 

Rl.3 
Rl4 
Rl5 
Rl6 
Rl'1 
RlS 
Rl9 
R20 
R21 
R22 
R23 
R24 

30 K9 2 watt 
100 K 
50 K 
1 mego 
600K 
50 K 
2.,5 K 
50 K 
10 K 
15 K 
150 K 
50 K 

potantiomet er 

19 



20 

TABLE I 

( Conti nu.ad) 

Resistors 
R25 1 meg. potentiometer R5l 200 K 
R26 600 K R52 200 K 
R27 50 K R53 20 K 
R28 2o5 K R54 10 K 
R29 50 K R55 5 mego 
R30 10 K R56 10 K 
R31 15 K R57 1 mego 
R32 150 K R58 2o5 mego 
R33 50 K R59 10 K 
R34 25 K R60 25 K 
R35 2o5 K R6l 2o5 K 
R36 5 K R62 40 K 
R37 150 K R63 150 K 
R38 10 K R64 500 K 
R39 25 K R65 l K 
R40 2o5 K R66 10 K 
R41 40 K R67 1 mego potentiometer 
R42 2 K R68 1 mego potentiometer 
R43 10 K R69 25 K 
R44 2 K R70 500 potentiometer 
R45 10 K R71 500 K 
R46 2o5 K R72 1 K 
R47 25 K R73 50 K 
R48 40 K R74 500 K 
R49 5 mego R75 400; 5 Wo wire wound 
R50 20 K R76 5; 5 Wo wire wound (see text) 

Transformers 
Tl output transformer, 

pl.ate to speaker 

Tubes 
Vl 6AC'7 Vll 6SN7 
V2 6SN7 Vl2 6SN7 
V3 6SN7 Vl3 6A07 
V4 6AC7 V14 6AL5 
V5 6AC7 Vl5 6SN7 
V6 6AC7 Vl6 6SN7 
V7 6AC7 Vl7 6J5 
vs 6AC7 V18 6AC7 
V9 6A07 Vl9 6SN7 
VlO 6A07 V20 6SN7 

V2l 6V6 
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is used by all three ehannels as reference in channel pulse separation. 

From the plate of V2 to the audio output, the various channel oirouits 

are identical. 

A channel pulse is separated from the composite signal by a channel 

selector, as discussed in Chapter Il 9 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 grid. 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 sereen·voltage. Selection 

of any particular channel is accomplished by varying the occurrence time 

of the rectangular pulse. The rectangular pulse must be of sufficient 

duration to cause amplification of the particular channel pulse even 

when 100% modulation is applied. An index of 100% was chosen to be when 

At, the t :ime between maximum delay and minimum delay, equals twice the 

channel pulse width. With l p second pulse width, the rectangular pul--: 

ses must be 2 p seconds or longer in durationo Indication of suffi­

cient rectangu.lar pulse duration is obtained by observance, on the 

osoilloseope, of the channel selector's output. The plate signal will 

be a complete reproduction of the channel pulse 9 as seen in the composite 

signal, when proper selection is made. 

The output from the sync-separator is used as the reference in 

generating the variable-positioned, variable-width rectangt1lar pulse 

needed by the channel selectoro V4 9 V5 9 V6, and V7 are two delay mu.1-

tivibrators in cascade. The first multivibrator, V4 and V5 9 is trig-

gered by the sync-separator's output. The width of the resulting 

rectangular pulse can be varied by Rl6, and the pulse is differentiate~ 

so the trailing edge triggers the second multivibrator. 011 and 
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R24 form the RC differentiator and C12 serves for pulse coupling to Vo 

and V7o The output from the plate of Vo is a rectangular pulse whose 

width is determined by the resistor9 R25, and whose occurrence time is 

controlled by R16o 

A rectangular pulse generator of this type is used for each channel 

selectoro The master pulse from the sync-separator is needed for syn­

chronizing all rectangular pulse generators 11 but a simple condenser 

coupling to each multivibrator is unsatisfactoryo A buffer amplifier that 

does not invert the required negative-going output from the sync-sepa­

rator is necessaryo The special grounded-grid amplifier9 discussed in 

Chapter 11 9 is used and eliminates interaction between rectangular pulse 

generatorso On the circuit diagram this is V3 and associated oomponentso 

The generated rectangular pulse 9 seen at point x~ is directly 

coupled to the screen grid of V9 9 the channel selectoro V8 is a neg:ative 

pulse amplifier for f~eding a positive-going composite signal to the 

control grid of the channel seleotoro The positive composite signal is 

coupled from the plate of V8 to the control grids of corresponding tubes 

of the other two channels and to Vl7 9 a syne-separatoro The signal seen 

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 control. grido 

' VlO is a negative pulse ampHfier to invert the negative-going 

channel pulse from the plate of V9o The output of VlO will be a large 

amplitude positiva=going channel pulseo 

The positive-going composite signal from V8 is integrated by R56 

and C33o 

C34 and R57 supply Vl 7 with grid=leak biaso Only when the longer= 
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duration master pulse is integrated by R56 and C33 will the grid of Vl7 

be driven into the conduction regiono The grid of Vl7 quickly draws 

grid current and charges C34o Tbis charge 51 leaking off through R57, 

causes a bias sufficient to make Vl7 non-conductive~ except at the time 

of the master pulseo R58 and 035 form an RC charging circuit across 

the B supplyo At the tirne of the master pulse 9 Vl7 conducts and dis~ 

cba rges 035; then it begins to charge again toward the value of B+o 

The signal at the plate of Vl7 will be a sawtooth wave with the discon­

tinuity occurring at the time of the master pulseo The differentia­

tion of the sawtooth wave fonn, a negative-going master pulse, will be 

found at tbe grid of Vl8 due to the short RC time of 036 and R59o Vl8 

is a negative pulse amplifier to invert the negative-going master 

pulse for application to V12 in the pulse mixer cirouito The positive= 

going master pulse at the plate of Vl8 is point Y on the circuit dia­

gramo The signal at point Y is coupled to corresponding tubes in 

pulse mixer circuits in the other two channelso Vl7 is the type of 

sync=sepa.rator shown in Chapter 11 0 Page 9 

Vll and Vl2 9 a pulse mixer cireuit 9 combine the separated channel 

pulse with a separated master pulseo The channel pulse selected by 

V9 is coupled to the grid of Vll 9 and the rre ster pulse is coupled to 

the grid of Vl2o The output signal seen across the common cathode 

resistor9 R43~ will be the master pulse and the channel pulse elee= 

tronically mixedo Tbe master pulse and the channel pulse have the 

same repetition rate 9 but occur at different times; therefore, the 

electronically mixed signal will consist of alternate master and 

channel pulseso This is the basis of a detection system which is 

almost independent of pulse amplitudeo 
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There are other methods which could be employed to detect the modulation 

contained in the positioning of a channel pulseo One method of detection 

is to su.per=impose the channel pulse on a sawtooth wave form 9 and as the 

pulse is advanced and retarded in its position9 the resulting output will 

be a pulse varying in amplitude 1 proportional to the modulating signalo 

By simple RO integration the modulation rr:ay be recoveredo This method is 

simple 11 but it defeats the purpose of pulse=time modulation in intro= 

ducing a low signal to noise ratio 9 typical of ordinary pulse=amplitude 

modulationo 

Any noise on the pulse signal or variations in its amplitude will 

be received along with the modulating signal 11 and harmonic distortion 

will be introduced if the sawtooth is non=linearo To obtain a high 

signal to noise ratio== that should accompany pulse=t1me modulation== 

a system of detection is necessary that is insensitive to pulse ampli­

tude variationso This is accomplished by using the pulse train11 con­

sisting of alternate master and channel pulses 9 to trigger a flip=flop 

multivibratoro The amplitude of the resulting rectangular wave is 

nearly constant, even though the triggering pulses may vary· in ampli= 

tudeo RC integration of the oo nstant=ampli tu.de~ rectangular wave from 

the multivibrator recovers the modulation contained in the channel 

pulse., Vl59 V16 11 and associated components form the flip-flop multi= 

vibrator~ which was discussed in Chapter 11 9 Page llo 

The positive=going pulse train from the cathodes of the pulse 

mixer is amplified and inverted by Vl3o The dual=diode~ Vl49 acts as 

a uni=directional coupling device for coupling the triggering pulses 

into Vl5 and Vl6~ but prevents the resulting rectangular wave of the 

multivibrator from coupling back into Vl3o The output from the 



plate of Vl6 is the constant amplitude rectangular wave, whose width 

varies as the triggering channel pulse varieso R63 and C39 perform the 

RO integration and 040 couples the integrated wave to the grid of Vl9o 
. 1 

V19, an ordinary cathode follower 9 is able to accept the high ampli-

tude wave without being over-driveno It also furnishes a low output 

impedance to drive a filter networko Integration of the rectangular 

wave produces a triangular wave of the pulse repetition frequency 9 75 

KC 9 whose amplitude varies proportional to the modulating signalo The 

75 KC triangular component must be eliminated and only the audio modu­

lating component retainedo With 100% modulation? the ratio of tri= 

angular wave to modulating signal is 14 dbo 

A simple low-pass filter is insufficient in eliminating the high-

amplitude fllndamental and harmonic components of the triangular waveo 
2 

The Fourier analysis of a triangular wave shows it to be composed of 

the fundamental and an infinite number of odd harmonicso The third 

harmonic is 1/9 the amplitude of the 75 KC :fu.ndamental 9 which is quite 

large in comparison to the audio component o Twin "T" filters were 

quite adequate in suppressing the triango.lar wave 9 but the overall 

audio frequency response, using RO filters, could not be extended past 

about 12~000 cycles per secondo The attenuation of 6 db per octave 

accompanying RC filtering caused the audio frequency response to be 

pooro 

A combination of several bridged "T"3 circuits proved best for 

1 Reich 9 ~ .Q..!.h. 9 ppo 170=1 '740 

2 Russell Mo Kerchner and George Fo Corcoran9 Alternating=Ourrent 
Circuits 9 ppo 150-1510 

3 Frederick Emmons Terman 11 Radio Engineers O llandbook9 ppo 918-9190 
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triangular wave suppression and in obtaining an extended audio frequency 

responseo The bridged "T" consists of a parallel resonant oircui t with 

the condenser divided in two equal sectioBs; the center tap is connected 

through a resistor to groundo A bridged "T" for suppressing the 75 KC 

fundamental is L2 9 043 9 and 044, and R68 on the circuit diagramo When 

the value of R68 equals 1/4 the impedance of the parallel resonant cir-

cuit -- L2 9 043, and 044 =- there will be an extreme amount of attenua= 

tion at the reso?JBnt frequencyo R68 and the resonant LC circuit were 

made variable so best results could be obtained in suppressing the 75 KC 

eomponento Ll 9 041 9 042 9 and R67 form another bridged "T" ·for suppress-

ing the third harmonic, 225 KO, which was still of undesirable amplitude 

in comparison with the audioo L39 L49 and C45~ and 046 form a low-pass 

filter4 having a cutoff frequency of 75KCo This low-pass filter fur-

nishes sufficient suppression to the smaller-amplitude 9 higher-frequency 

componentso C45 and 046 were used in series to obtain the correct value 

of oapacitanceo R69 and R70 form a load for the filters and cathode 

followerg The junction between R69 and R70 can be used to obtain the 

audio signal with an output impedance of 500 ohm.so This point was used 

for tests of' frequency response, intermodulation~ and signal to noise 

ratio o 

V20 is an ordinary triode audio stage5 driving V21 11 a 6V6 power 

amplifiero 6 Tl is an output transformer for matching the plate of V2l 

to the 5 ohm load resistor11 R76o R76 can be replaced by a speaker with 

4 William Littell Everitt 9 Communication Engineering9 ppo 1900 

5 Reich 11 ~ ci to 9 ppo 149=16lo 
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a voice coil impedance from 5 to 8 ohmsa 

Only two control knobs for a channel selector are brought out to 

the front panelo Once the receiver is in operation only the rectangular 

pulse generators need be adjusted to select any one of the three ehannelso 

Unti 1 one is experienced in adjusting the two knobs 11 an oscilloscope 

may be placed on the plate of the channel selector to aid in selection .. 

If the channel selector is properly adjusted all other circuits function 

properlyo This system was made versatile so numerous tests could be 

perfonned. A working system could be designed with only one control for 

channel selectiono If th is system were used commercially for. transmis­

sion9 a single control would be very desirable .. 
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SUMMARY .AND CONCLUSIONS 
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A pulse communication system utilizing pulse-time modulation was 

designed and constructed for experimentation at a 75 KC pulse repetition 

rateo The receiver described herein is the final unit necessary to 

complete the systemo The special pulse circuits employed are separately 

illustrated and discussed in order to simplify presentation of the unito 

The complete receiver consists of three identical pulse channels so only 

one channel illustration is necessaryo A brief discussion of the trans­

mitter is also presented 9 along with the nature of the transmitted signalo 

Results of Tests on System 

A Barker and Williamson Model 400 Distortion Meter was used for 

distortion, signal to noise 9 and intermodulation testso 

Distortion was eheoked at numerous fre~encies in the range of 

200 to 15 9 000 eycleso The total distortion was less than 2%o The 

principal distortion in this range of tests was due to the incomplete 

attenuation of the 75 KO triangular wave experienced in the detection 

systemo 

Signal to noise :ratio was checked throughout a four=hour period 9 

remaining continually at +45 dbo This consistency was mainly the re= 

sul t of the detection systemo The noise 9 reoei ved along with the 

pulse 9 is eliminated by use of the trigger circuit detection systemo 

All noise present at the receiver output is a result of only tbe circuits 

past the flip=flop multi vibrato ro Pulse=time modulation should give 

good signal to noise ratioso 

Intermodulation tests at several frequencies show it to range 
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from -38 to =42 db., As the spacing of channels is decreased 11 the inter= 

modulation increaseso Tests were made when channel pulses were just suf= 

ficiently separated so satisfactory selection could be made at the re= 

ceivero 

The arbitrary mo.dulation index of loo% was maintained throughout 

the frequency response test .. The receiver output remained essentially 

constant to 25 9 000 cyeleso The modulating signal was sampled only three 

times per cycle at 25\)000 cycleso Distortion increases as the modu= 

lating signal approached the high frequency 3 db point 11 due to the low 

number of samples taken per cycleo 

A hetrodyne effect between the modulating signal and the pulse 

frequency exists at all timeso The filters remove all the undesirable 

sum and difference frequencies, when the modulating signal frequency is 

below the 25 9 000 cycle, 3 db pointo Sampling a 37 0 000 cycle signal 

produces an effect the same as when a 1 9 000 cycle signal is sampledo 

This is the result of hetrodyning; the sampling frequency believes a 

19 000 cycle signal is actually being transmitted~ due to the few samples 

taken per cycle of the modulating signalo To eliminate undesirable 

introduction of frequenc:les 9 not present at the transmitter input~ a 

low=pass filter should be employed to limit input frequeneiaso 

! square wave was u.sed as the modulating signal 0 and satisf'acto:r;v 

reproduction resulted up to approximately 1~000 aycleso Satisfactory 

reproduction of a square wave results when frequencies up to the twenty ... 

first harmonic are presento The system adequately supplied transmission 

of the necessary harmonics for the 1 9 000 cycles square waveo Above 1!1)000 

eye les an insufficient number of harmonics are transmitted to give de= 

sirable reproductiono 

Further tests of the equipment could be made to prove experimentally 
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the theoretical limits to the number of channelso Also 9 :further exp~ri-

mentation with the system and its limitation would prove valuable and 

interesting .. 

The maximum ratie of modulating frequency to pulse frequency ob-

tained in this system is lg3o A higher ratio has been obtained in 

systems employing low pulse repetition frequenoieso 1 Fu.rther experi= 

mentation with the filters in the detector would possibly improve 

this ratioo 

A purpose of this project was to obtain the practical number of 

channels that could be employed without adjacent channel interfereneao 

With the modulation index chosen, the theoretical maximum number of 

channels is 5.,56., T.be pulse repetition frequency is 75 KC, which 

gives 13033 p seconds between master pulseso The master pulse is 

2 )l seconds in duration~ leaving llo33 p seconds available for the 

ohannelso The channel pulse is l)l second in durationo The 100% 

modulation index permits the channel pulse to be advanced and re= 

tarded by an amount A t 11 equal to twice pulse widtho Under 100% mod­

ulating conditions the channel pulse would ooeupy 2 p seconds of the 

time between suceeeding master pulseso In the llo33p. seconds 

available 5o56 :fully modulated channel pulses could be placedo It 

is not possible to obtain this in practice because a definite break 

must be left between channel pulse extremities 11 so proper selection 

can be made at tb e recei vero 

It is interesting to note the theoretical maximum if pulse-am= 

plitude modulation were employedo llo33 p seconds is available 

l Roberts and Simmonds 9 loco ci to 
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between Sllcceeding 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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