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PHEFACE 

The advent of World Tar II b r ought about technol ogical ad

vances comparable to no other era. Among these advances, the 

development of radar and associated pulse techniques is para

mount . 

iii 

The migration to higher frequencies , with a consequent in

crease in bandwidth, made the development of pulse communication 

systems practical . Several systems were developed during the war 

and intensive commercial research and development is now under 

way. 

However , the presently developed systems ere designed for 

use at 1000 mes . or higher, utilizinB a system of ne.rrmv beam 

relay stations . 

This study was begun with the idea of investigating the 

possibilities of modulated pul se co?mDunication at lower frequen

cies with transmission over existing coaxial cable systems . 

With this thou5ht 1n mind, the writer and I4r . C. W. Merle 

began a period of investigation into previous work in the fie l d 

ln February, 1949 . 

Mr . Merle left ~tillwater in June , 1949 , but considerable 

pr ogress had been achieved on the transmitter at this time . Ur . 

Thomas King then joined the writer in continued development of 

the transmitter . 

A three channel demodulator is currently under development 

to complete the system . 
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A 'lhAN~t I'l'TER 1''0n t;XPEhii!ENTATlON ·.r'l'H MODULATED POLSE 
CO .iMIJlUCA'l' ION 

Pl,hT 1 - FA lLIARIZA'I'ION 

1 

The ever 1ncreasin0 congestion on the present day amplitude 

modulated broadcpst band and existing wire fscllities , together 

with the possibilities for technical improvements st higher fre 

quencies, has been the principal motive in directing attenti.on to 

methods of utilizing these higher frequencies to supplement com

munication systems now in existence . The rapid growth of freq,1en

cy modulation is an indication of the advance in this direction. 

k continued advance 1n means and metnods of communication is a 

necessity for continued world progress . 

The customary method of transmitting intelligence by elec-

tric~l mesns involves the conversion of sound pressure waves into 

electric91 impulses . These impulses have indlvidual identifying 

characteristics consisting of amplitude , frequency , or phase , in 

accordance wltb the individual sound woves . Ordinary methods of 

transmission utilize prlnciples of continuous power flow typical 

of the individual so,mas involved in the tronsmission process . 

In recent years a new system of transmission has been pro-

posed prim~rily for utilization at high frequencies . The scheme 

grew from a desire to take advsntage of the wlder bondwidths per 

channel availabl e in the upper regions of the radio frequency 

spectrum . This system proposes that the transmission o:f intelli-

gence on any particular channel be restricted to a p1ilse of eloc

trical energy , which occuples but a fraction of the total time , 

say a micr·osecond, ( 10- b second) and recurring at a suitable rate . 

~everal methods of achieving this result have been proposed end 



are classif led under the genera l heading of "Pulse odulation. " 

An advanta e of pulse modulation is that it is not neces-

s ry to transm t converted sound i vein its entirety. It is 

sufficlent tot ke succ s ivo samples of the i vein th c annel 

at separate time interv ls and to transmit the informatlon gained 

by sampling as a series of pulses . fa wave represented by a 

function f { t) contains no frequencies higher than w cycles p r 

second, it is completely determined by givinB ordinates at 

serie of points spaced w;2 seconds apart.1 

A mathematic 1 proo£ of this fact , to prove that it is not 

only approxim tely , but exactly , true, is included int e cited 

reference . Ho ever , intuitive reasoning will in ic te that if 

f(tJ contains no frequencies hlgher than w cycles per second, it 

cannot change to ne:v vale in a time less than one - half cycl 

of the highest frequency . 

In the geometricel representetlon of signals nd messages , 

a used by ~ban.non , lt is pointed out that the h an ecr is in-

sensitive to cert in amount of phase distortlon. 2 This fact , 

coupled with the reduction in frequency discrimina ion of the 

hum r as the freq ency increases , reduces the nmnb r of noc-

essary rnossege dimensions . This reduct on n necessary intelli-

gence dimensions for equate transmission ~ 11ot genPral; in 

fac, lt does not exist in television , but c~n be use to dvan-

tago in the consider tion of voice tr nsmission. 

1 C. b . ::ihannon, 11 Comruunic tion in the res nee of Noise , " 
Proceedings of the Institute of Hadio Engineers , XXXVII 
(January, 1949) , 10. 

2 
Ibid ., p . 13 . 

2 
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Early work in pulse modulation dates from about 1924, when 

patent as assigned to one • A. leising . This system grew out of 

an attempt to incre se the po er eff· clency of th transmission 

systeJn . ecently, much attention has been given to the system as 

a method of multiplexing telephone channels end for multichannel 

microw ve radio relay systems . A great advance to this method of 

transmission ill result from tho r~cently announce development 

of tho electrostatically focusse radio beam t be . 3 , 4 In con-

tr at to its predecessor , th magnetically focussin type , which 

is limited in rotat i onal speed by losses in the ma netic struc-

ture , this tube is limited onl y by the capacity bet een t be 

ele. ents . 'l'his tube provides an inertia.less d strib1.ttor of prac-

tically infinite speed , ith definite applications in the field 

of time ! vision multiplex. Tubes of this type h ve been devel-

oped ,1th t elve grid leads nd single node lead for multi -

plex input and a single grid and twelve pl te leads f or multiplex 

decoding. The tubes are no larger than an ordin ry rec lving 

tube . Notes in the references indicate th ta thirty element 

tube is being developed e.t the Js.tionol Union d io L bor tories . 

At this time there are five methods of pulse modulation 

under development . Tho different types are dist nguished by the 

manner in hich the modulation is made to vary a char cteristic 

of the pulse . The modulating signal may be m de to vary: 

3 A • i:Skellet , "Electrostatically Focussed adio Beam 
Tube , " Proceedlne;s of the Institute of dlo Engineers , XXX 
(November , 1948 ), 1354 . 

4 • D. Gr ieg , A. • Levine , 11 ulse Tlme odula.ted . ul tiplex 
adio el y System -- Terminal Bquipm nt , 11 El ectr c 1 Communi 

cation, XXIII {June , 1946) , 159 . 



1. The hel t of the pulse . 
2 . The duration oft e pulse . 
3 . The rcpeti ion rate of the pulse . 
4 . The timing of the pulse .1th respect to a marker pulso . 
~. cowbin tion of (1) and ( 4) ~bove . 

Ench type of p· lse mo ulation listed bove ls classified by 

name 3nd ill be so refer ed to in this •erk as follo s: 

1 . 
2 . 
3 . 

lulse 
l so 

Pulse 
ulse 
ulse 

11.mpli tude Modul t on ( P AJ ) • 
.idtb Modulat o {P .. ) • 
r quency ·odul,,,ti n ( rJ:.'M) . 5 

Time odul tion ( . 'l 0 6 PPM ) . 
Code od 110.tion ( er ) • 

In pulse smplit de moculotion, the sampling pulses vn.ry 1n 

amplltuae to follo. the mnpli udes oft~ ,,e e n... sampl d . 

This system ls rel tively eff ' cient in b nd,idth ut lization and 

is receivi_ sttention from t e Br t sh . 7 If pules w1ic have 

slop:.. s es re used ln t s Lyst , no only the height of the 

pulse but also he width w 11 v -r'Y 11th he modulo ting s 

stee p~ls 1 tleref re neces 0 r . Of course, ~ nf1n1t ly 

teep (i . e . , rect ng ler) pulse is l ~o·most advant geous f or 

noise red ct ion. l.o rnver , n this type of pulse module.t on, the 

req rement for vari tion in pule he ght, coupled ith the 

r ndo . noise v 1£tions w ch in ps.rt culor affect the le ding 

e ge n · ~e top of the sampling p lse, caused 8lgn 1 - no se con-

A 

si r tlons which dre. ttention to ctr.er possible types of pulse 

modulation . The cross talk problem is modified in other t pe s of 

5 A. H. 1eeves, French Patent 833 , 929 , filed, 18 June, 1937 
and U. &. Patent 2,266 ,401, filed 9 June, 1938 . 

4 

A. H. Revs, 'rench P tent a· ,183, filed , 3 Octob r, 1938 
and lJ. ::i . P tent 2,272,070, :flled 22 November , 1939 . 

7 • F . Roberts , J . C. 8 on s, 11 ultichannel Communication 
;:jys ms , " '"11reless 11ng-ineer, XXII (No mber , 1945) , 538 . 



pulse modul tion by amplitude limiter circuits which would obvi

o sly h ve little applies .ion in pulse amplitude modulation . 

une of the first methods to receive attention in the attempt 

to improve on pulse aropli ude mod la ion w s pulse ~idth modula-

tion . As the name implies , the pulse dth is incre sed or de-

5 

ere sed in accordance 1th the variations of the mo~ulatin signal . 

This yetem is ~ore expensive in b ndwidth requirement than pulse 

a~plit de modulation . The addition to this ystem of a pulse of 

fixed amplit de causes s_gnificant improvement in signal - noise 
' 

ratio • .lio ever, t e pertinent inform&t ion to be trans1 itted may 

be accurately reproduced if only to dimensions, namely , the ti.m

ing of the beginning and end of the individu·l pulses , are accu-

rately known. be determination of these minimum requirements 

for de uate i gnal samplin as made by ::ihannon and others . 8 

These discoveries made pulse idth modulation expensive from the 

standpoint of power requirements and led to further investig tions 

in p lse mod lation. 

lmother method of pulse mod lat on w s suggested in ~hich 

the pulses rrnuld be of constant mnplit de and curat~on., as .1cll 

as time pos · tlon, but wo d var in carri3r fro uency . This 

system is known as pulse fre ency modulation. The transm sslon 

fac l t es or this s stern became vailable tb.ro h vcriation in 

the carrler fre , ency of each individ al pulse vhi ch ism de to 

ch n e propo1tionally to the plitude smnple at h time . A 

signal- noise improvement ls available in the tilization of this 

system due to the fixed dlmens ons of the p1lse ., b t add ton 1 

8 ~bannon., l oc . cit . 



bandwidth r quirements are necessary . The utilization of the 

total b ndwidth improves, however, beca se the number of channels 

is increased. 9 This ls du to the fact t t the additional band 

required for frequency modulation 1th a given signal-noise r tio 

improvement become a smeller fract ion of the bandwidth required 

for the correct transmission of the puJ.se shape. 

A furth r development in pulse modulation technique is kno 

as Pulse Code odulation. In this system the transmission of 

information is characterized by the presence or absence of a 

pulse . The absence of a pulse is transmitted s zero; the 

presence of a pulse is transmitted as the figure one . A five 

unit b1.nary code is ost often used, giving 25 or 32 discrete 

levels or steps . For example: 

~yste s 

Tr nsmitted 

00000 
00001 
00010 
01001 
11111 

Received as 

0 
1 
2 
9 

31 

ve b en devised 1th numero s unit codes varying fro 

to to seven, givi four to one hundred twenty-eight d serete 

level or steps . It is a characteristic of the system th t the 

input ave is not sampled exactly in BD1plitude, but r ther to 

within one-h 1~ step of its actual vale t the instant the sam-

6 

pling is acco plished. Consequently, quanti z tion noise, which 

is a function of the number of steps sed in the sampling proc-

ess, is created. This quantization noise c n be decreased by 

9 E •• Delor ne, "Pulse odulation," Proceed ng Q!. ~ 
Institute .Qf. Had1o Engineers , XXXVII (June , 1949) , 702 . 



utilization of the proper number of sampling steps. It she ld be 

understood that an incre se in the number of sampling levels as 

7 

deterrent to the ere ting of uantizing noise requi res an increase 

in the number of pulses to be transmitted, end consequently in

creases the band ldth req ired. Ho ever, a 1 rge sign l-no1se 

ratio is attainable and the signals may be compress din trans

mission b ndwidth to the extent of ppreci ble carry-over from 

one pule to the next ithout affecting th transmission c p -

bilit1es . In the case in hich the communic t1on link includes a 

number of rel ys, this type of modulation sho s striking advan

tage ov r other types hen se ism de of regenerative repeater •10 

~ever 1 novel circuits have been devised to improve the 

capabilities of the pulse code method . Of these, the introduc-

tion of the t ircase transduc rand the non- linear tapered quan

tizers are worthy of note. The tapered quantizers are utilized 

on weak s gnals much s a volume compressor-exp nder circuit .11 

uantizers re placed on b oth sides of the transducer, one for 

compression of large signals nd the other for expansion of eak 

signals by apply! a larger number of steps to the we er signals . 

The arrangement of the to non-linear quantizers provides line er 

combination. 

In pulse time modul tion system the channel pulses are of 

constant amplitude , idth, nd dur tion, varying only in time of 

lO A. G. Cl vier, P. • Panter, • Dite, "Si al-noise atio 
Improvement in a PC System," Proceedings of the Institute .Q!: 

ad1o Engineers , XX.XVII (A ril , 1949) , 355 . 

11 • • Bennett, "~pectra of uanti zed l:>1gnals," Bell 
~ystem Tecbnic 1 Journ 1 , XXVII (July, 1948), 446. 



occurrence ~1th r e spect to a common m r ker pul s e . A m rker pulse 

is transmitted once for e ach f rame as 1llustr ted in Figure 1 . 

I rrame 

-~ 

;t,14rker /11 ~du /;,ted 
_ Pu ls e M edn i?J,;t;~,, Channel Pu lse 

of' Pu l.$e / / 
I I I I I 
I I I I I 
I I I I I 

I 
I I I I 

I I I I I 
I I I 

I I I 
t 

1 I I 
I I 

I I I l.L_ I ~ '---

r ,gure /. Pt1/se 7)rne /V/oclu!Jt /on 

A typical five channel system is illustrated above . Each 

frame contains one marker pulse which may be dist i nguished from 

the channe l pulses by increased idth or amplitude . The frame 

recurrence rate may vary; ho ever , typical systems utilize frrune 

recurrence rates in the vicinity of 10 KC . The modul tion volt

age of any one channel varies the timing of the corresponding 

puls with respe ct to the marker . A positive modulating voltage 

produces an advance in pulse position with respect to the mean 

position of t he pulse; a neg tive modul ting voltage retards the 

pulse in time . The displ acement of the pul se in time is propor

tional to the amplit1de of the moaulating volt ge nd the number 

8 



of cycles of deviation per second s equal to the frequency of 
I 

the modulating signa.1 . 12 A typical syste, cited from the refer-

ence, lists a marker pulse hicb is 4.«B . (microseconds) long, 

and channel pulses hich are l.,us . long . A 15Ms. space is re-

served for the positive and negative variations of the pulse . 

This allows a variation of ! 6 ..us ., and a 2 ,t<s . interval to avoid 

carry- over betl een adjacent channels . The frame recurrence rate 

is 8 KC . , and the audible si al produced thereby is removed by 

filters . Therefore, in this system the modul ting signal is 

s pled by pulses eight thousand times per second. 

Another system is that utilized in the AN/TRC 6. 13 In this 

case, the multiplex unit generates a 4A.A.s . marker pulse ta 

recurrence rate of 8 KC., thus providing a 125...«s . frame . There 

re eight lMs . channel pulses evenly spaced in the fr e with a 

positive modul ting voltage producing a ret dation of the pulse 

in time position and a negative modulating volt ge producing an 

advance of the p lse from the mean position. Each channel ha.a a 

15,,(,(s . space including 3..«s . channel separation . The duty cycle , 

def ned as the ratio of the tot 1 time per frame to the length of 

time the trans itter is operati during that frame , is 125/12 or 

about ten. This equipment as used 1n the later stage of the 

w r in the European The ter of Oper tions under co bat conditions 

to provide eight channel voice communic tion of hi h quality . A 

particular installation operated over three hundred miles sing 

12 A. B. Bron ell , • E. Bemn, Theory and Application .Qf 
crowaves, PP• 245- 246 . 

13 R. E. Lacy, "To ultichannel icrowave elay Equipments 
for the United ~tates Army Connnunic tion etwork , 11 Proceedings of 
the Institute .Q£ R dio Engineers , XXXV (January , 1947) , 65 . 

9 
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two terminal and three relay st tions . 

A system of pulse time mo ulat1on of broadcast qu lity has 

been designed ond tested by Federal Telecommunication L bor to

ries . 14 Thia unit as designed for eight channels. Twent -four 

thousand pulses per second are used t ·O sample each chann 1 . This 

is approximately three times th highest audio frequenc to be 

tran itted. The sampling pulses are one- half microsecond wide 

at an amplitude ten per cent above the base and have a . 15 micro

second rise time . Them ker pulse 1s composed oft ·o adjacent 

channel pulses hich are clo er in time than any channel pules 

under extrem modulation conditions end thereby identify each 

frame . Tb.ts system, operating at 930 Cs . , has proved satisfac-

tory for and progr s , teletype , f csi ile , and photo tran -

mis ion. 

~everal pulse modulation systems have been designed in for-

e1gn countries . Of those reported, the most note orthy are the 

Britisb. pulse plitude system and the French system of frequ6ncy 

division channel modulation 1th a frequency modulated cG.I'r1~ 

er . 15.,1 No refer nee las found on foreign systems ut111z1ng 

puls tie modulation. Ho ever . the original exper ente.l equip

ents making use of the time division theory were constructed in 

the Paris end London laboratories of the International Telephone 

14 A. G. Kandaian, • • Levine , "E~erimental Ul tra- High.
Fr en~y ultiplex Broadcasting System , " Proceedings Qf... ~ 
Institute of Radio Engineers , XX.XVII ( June ., 1949) ., 694 . 

15 • F . oberts, J . C. Simmonds ., .212.• ~ ., XXII , 538. 

1 A. G. Cl vier , • Phelizon., 11 Paris- ontrnorency 3000 ega-
cycl eouency adulation adio Link, " El ectrical Corrnnuni c tion., 
XXIV ( June , 1947 ), 159. 



and Telegr ph Company.17 

It has been stated that p lse modulation increases the ef

fiei ncy of band idth utilization. In order to clerif st te-

ments end prevent ambiguity, fe definitions e presented. 

r ctiv bandwidth is defined as the total ban width times the 

11 

fr ction of time used . Obviously, 1th a continuous wave type of 

transriission the effective band.idth 1s the total band 1dth. In 

an fficiently designed puls time system, the fraction of timo 

used woul d approach one as the ef~icienoy of time ut111z tion 

increased. Considor , for example, a series of ten convent onal. 

amplitude modulated broadcast transmitters. 1th an allo ance of 

20 KC . per tr emitter- the band 1dth consmned is 200 f C. In the 

current amplitude modulated broadcast band this is pprox1m tely 

forty per cent of the lowest frequency available . 1th vestigial 

sideband transmission, the utiliz tion of band 1th is theoreti-

cally doubled. However, the necessary frequency space or band

width for present needs has not been acquired. Examine & pulse 

time system. Again ten channels 1111 be used. 40,000 pulses per 

second 111 be tr smitted, corresponding to an dio band of 

16 KC . and frame duration of 25 microseconds. This 25 micro-

second frame is entirely sufficient, lthough not necesa r-y, for 

the proper sampling of ten high fidelity channe ls, ncluding 

guard time bet een channels . The Fourier analysis of the partic

ular pulse shape obtained for the conditions indicated sho that 

the required ban idth for the compl ex pulse multiplex series 

17 E •• Delora1ne, E. Labin, 
Electrical Communication, XXII ( 

n- se 1.l'ime od lation, 11 

ch, 1944), 91 . 



would be e.pprox:1:mately 2. 5 megi1.cynl0s.18,l9 'l'his spec:trum :re ... 

If this complex slgnal is used for conventional amplitude 

modt..tlntiori of' the csrr·ie1", n frequency spectrum of 5 :megacycles 

width would be neee:rns:i:·y. Vestigi@.l atdeband tra.nsrniss:lon oou.ld 

· be used here with obvious· advantages. 'l'urning to the btmd.width 

compa:r•1son, it becomes evident thitt t'he 2.5 megacycle spectrum 

ne-eded for pulse time modulat,ion :ts 250 per cent of the lowest 

brosdcast frequency. Re-examination of pulse time in the higher 

frequency region., say nt 100 megacycles, where the .ratio becomes 

2~5 per cent, shows definite improvement.. .At 1000 m.egacycles, 

which is within the optimum spectrUltl .for this system, the fra.c;.. 

tion becomes insigni:f:tcsnt. 

It is therefore obvious that pulse time raodulation offers a 

rom~.1°1<:able improvement in bandwidth utilizatton, provided, that 

it is used in a region where itE', bandwidth requ.irement is rela

tively insignifici1nt, compared to the bandwidth ava:lla.ble.. The 

12 

fact tha.t a specific number of channels was used in the foregoing 

bandwidth comparison might lead one to believe that the tote.l 

band-vddth in. this system is a f'unctlon of the m.unbe:t"' o-f channels., 

This is not tl'U(h In a pulse modulation system, the total band .. 

wid.th is essentially independent of the number of channels,. 20 

The bandv1ridth is determined by the build-up time of' the pu.lses, 

18 D. D. Grieo>, ulvlultip1ex Broo.dc~.stl.ng," Electrical Q.Qlli .. 
mu .. nica:tio:n., X.XIII (We.rch, 1946), 19. _.....,..__ __ ""_~---

19 .J. C .. Lozi0r, 0 snectrum Ana.lysis of Pulse Modu.12.ted 
Vfoves,lt Bell S:ystem 'l'echnical Journal, XXVI (April, 19417), 360. 

20 E. ii. Deloraine, E. Labj_n., loc. ill.• 
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Bnd not by the number of channels used. Also worthy of note is 

the f Rct that :pulse time mc,dulation requires m-ore band'l,\Jidth than 

does pulse amplitud.e modulo.ti.on. The pulse time system he.s o.ften. 

been ch.-a.ra.cterized as one which exch~ed bandwidth for Sig?'..a.1-

noise ratio. This lends directly into s.nother primary e.dv~ntage 

o.f tho system. A aig--nal-noise imp1 ... ovemen~ ratio of 20 db. over 

amplitude modulated tra.l'J.s:m!ssion is. easily achieved. 1ldd:ttion&l 

ad.vantrtges o:t: the pulse time s-yatem are siz.e e.nd si.mpl:icity of 

ecruipment, econo1ny of' power, high q-aal.it-y ... lov: noise reeeption• 

anq traproved stability. 

It is interesting to note that the principal efforts in 

utilization of' this t71pe of modulation have been directed. toward 

the microwave relay field. The mig:i•ation of the broade:ast serv

ices to the higher frequency-shorter w~ve length portion of the 

Ifortzian spectrum is anticipated by many engineers. In this :field 

st c-omplete new c.o:neept of' broadcasting, utilizing pulse ti1Tie 

modulation, is envisione-d.21 This tee.bnique oi' eOM1.Uunieation 

appears destined to talrn its place among the teebnienl. ad.vanoes 

of' this decade. 

<>1 . 
,.,· Grieg, loc. cit. 
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P lJ.\T 2 ,.. 'l'HE SYSTEDI 

The oveI"J.rhelming adV&..."ltages o:f this system, compared to oth-

er systems of trans:mission yet conceived, will force its Hdoption 

b • t" • . ..,..J mr:ny cmn.'nlL"IU.ca .ion services. By this means the transmiss:ton 

wmild not be restricted to Ufil' point to point multiplex relay or 

multiplex bros,dca.sting, but would include coaxial transmiss:'Lon. of 

all typ~)s of intelligence. 'fhis concept of the possibilities of 

pulse modulation in general, and pulse time modulation in par-

ticular, led to the study B.nd design of the system described 

here. 

'I'he system is intended to be one of m2ny variables. This 

choice vms dictated by a desire to flllow study and testine of' 

severP.l forms of pulse :modulation, 3-s t'1ell as the effect of 'tJari-

ations in ee.cb.. The over-all study is to be ciirried out over a 

r-elati vely long period. A period of research and. study of the 

peculiarities of pulse modulation was iu1dertaken by the writer 

and t[r-. C. w. :Merle early in l:i'ebruary,. 1949, and shortly there-

after,.desie,n and construction of the experimental syetem begRn. 

Early stu.dy indicated tlwt the pulse tili'le type of modu.lation ;}1n1s 

the more s:bnple, yet most efficacioufi, device~ 'l1berefore., P. pulse 

tin1e syster,1 1,11 th numerous ve_riables was decided unon. - " . 

A consideration of the necessary size and complexity of the 

equipinent required for vr.riatlon of be.sic parameters such as 

pulse duration, mnplitude, and recurrence rate obvif:ll.ted the pos

sibility of making thew Vi;?;.rlr::1:,1~ at the pulse source. 1 However, 

1 W. ~"· ·Pigffo~t., "Producing Hectangule,r .;: •• F .. Pulses of 
Knorm /l.mpli.tude, 1 ~Hreless Engineer, XXII (Unrch., 1945), 119. 
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the 1,mpl:lt;u.d0 and dl:tY'@rtlon (within nn.rro1:1 limits) could be 

cht1ngecl by simple c:trcui t variv.tlo:nB in other st£tge s of the cqu.ip-

·wi-;;.s d.icte,ted by several ccnsldcrs.tions., but primHrily becnu.se a 

st8b1e pulse so'\.U'ce was necessary... oeveral methods of proflucing 
,..., 

the pu1sss were r,.vsil12.ble. '1.'he following were considered:,::; 

~?,. i,i:mi ting of m sinuso::ldal voltage vuave of lt1r3e 
mnplitude. 

Discharge of a cHpaci tor through an incl.·1.ctt1nce .. 

4.. Dif:ferenti9.t ion of a squnre wave. 

5. Blocking oscillator. 

6. Ifon-linear inducttmee. 

::Jirnplicity and efficiency directed the choice of the limit-

ed slne wave oscillator.. 0ever8l factors we:i: .. e involved in the 

deter:_min~.tion of tho oscillator frequency,, since this frequency 

deterrnines the pulse recllrrence r2.te, which in turn affects the 

nudio bandwidth which rnay be ht:1:ndleda Also, the pulse recu.rrence 

rate determines the length of the fr2m0, and consequently, the 

nu:mber of possible chmmels without cs.r0 ry-over between pulses. 

~101.Lnd eng:l.:r1eers have shovm that f:', s·y-stem ca.pa.ble of tr~ms:mi tting 

2500 cycle t,ud:to bi:md is necessstry fo:c eighty per cent speech. 

intelligibility. 3 .For l'.:tdequGtte 1•adio reception., e. 5,000 cycle 

band is desirable, and improvement :i.s noticeable up to the limlts 

of audlbil1:ty. This liml t f'@.lls between 15,000 rand 20., 000 cycles 

2 
Ii'. if'.. H.oberts, J. C. ;s1mmonds, loc. ~. 

3 H. Fletcher, ~peeg. .fil1.1 Jlea:ring., pp. 280-281. 
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A high f:tdelity system 

was desired in this case. 

Study of previouB research in this field indicated that a 

very sharp pulse of' rudio fre:,quency e.nerg-y vrns :o.ecesse.ry if a 

sittisf'actory si2J1ril-no:'Lse ratio improveri'.lont over ex5-stin:; systems 

was to be faChiE::ved. 1!\lso, since the system wns to operate on a 

time br1se X'ecl,roned ln raicroseconc1s and :frgctionfJ thereof, the 

utiliz1:1.tion of a common pulse signal sou.rce would simplify r1eces-

sary c1.rcu.l try. 'l'herefore, a system using 1:1, co:m:mon sig:n£,l source 

\·Ji th suitl.'.1.ble varlg1)10 dolo.y networks to provido indivic.hwl chen-

nel pulses separated in ti:me vHis considered convenient.. 'I1he 

combination of ,rnr-y sharp pulses and delay networks suggested the 

posi3i.ble applicatlon of' radar principles to the development of 

the sys tern. 1I'his possibility was investi,':!llted and found s&,tis-

factory. Consequently, the system consists of ii. recombirn,"ttio:n of 

rad~r chnractcx·ist:tcs 8W:1 principles into St pulse time system .. 

Since desieJ'l of the pulse generator was begu.n w:i.th a desire 

for a h:l.gh fidelity c\ystem 8.nd fidelity tests were to be ca.rried 

out on the completed unit, the pulse generator was selected to 

give nwximurt1 quality, by p:eoviding ,9.n audio banctisldth of 15 kilo-

cycles. 

;,h,tmorm.rn deln:y~ systems were e.vail~ble and since no difficul-

ty ·with this part cf the ci:rcui t was nnticipat.ed, consideration 

w1;1.s directed to the delay circuit input. ~Che pulse recurrence 

rnte vrn.s fixed at r4. minimmn cf 30 KC by the requirement that it 

be at least tvrlce the h:i.ghest audio frequency to be transYaitted. 

Pulse forming networks were selected to .sbape the llmi ted sine 

wave oscillator output. 
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'fue originc_l syste:rn vms intended to utilize a :modified radar 

circuit. for the pulse :modulator·. It was determined that pulse 

time 111odulntion could be n.chieved by the insertion of 2. I-Hiller 

effect renctsnce tube botv1ecn grid anr.:1 plete of a var:i:?cble width 

multi vi.brator.. The multi vibrator pulse width would ,HH'Y as the 

eff'octi ve cr:,,pacita11ce between grid and plate ( the reactance tube) 

v1as chnnged. 'l'his chi:-mge could be m1:1de to occur s.t rm audio rate 

by the application of nn audio s:tgrn1l to the grid of the re!wt

ance tube. 'l'hc effective input capacitance of this ty:pe react

ance tube would ve::ey in o.ccordunce with the changes in arnpli tude 

of the incorning audio sign!S'.le rrhis mnpli t-ucle vrtriation would be 

held belov:r 13, speclfied limit by tu1 a:9proprinte mnpli tude lirni ter 

circuit in order to prevent excesaive modul11t:ton deviation r:md 

consequent crirry-over betwoe:n pulses. ''I'he multivibrator variable

width square wio1ve pulse output is in effect pulse 'Nid.th modula

tion. RovJever, pulse time rnodulI1tion Cf'J'.l be ochieved from this 

by simple differentiation of this multi vibrritor square vmve pulse .. 

'11he unmodulr::,tecl portion of the differentiator output :ts removed 

by clipping. 'l'he modulated portion is rete.in.cd ~md fed to a 

channel mixer.. Here pulses from all channels are mixed rmd fed 

to a ced:;hode :follower in order to r,m.tch the impedance of tbe 

transnJission l:tne., 

The trarnnnis::_i1on line will consist of approximntely 220 feet 

of HG8/u coaxial cable. 'I'his Cftble is msdo up of' a seven strand 

coppe::c conductor surrom1.d,:,;d by a concentric \"JOVBn copper sheath. 

The 1:1.:ne is an out side diameter .of • 405 inches and a nominal 

impedance of 52 om-11s. 'l1he c1ielectr:1.c is polyethylene.. Although 

consid0ration is no:rnmlly [:iven to the attenugtion characteristics 



of solid dielect:r•ic cof!.X, such. consideration is not · warranted in 

this came, du.e to the low frequencies used. However, later in-

vestie;ations to 1Je conducted on this system may well 1:ndicate 

that trm:1.smlss:Lon losses will occur because of the ba:ndvJ:ldth 

. . 

'l'he demodulation system is required to separate eachindi-

vidu:11 ctu,mnel, as well as to recover, the original modulating 

signal. 'I'he following demodulation systems are suggested.. In a. 

pulse t i;:n0 system, it is obviously necessary that the receiver be 

synchron:lzed uith the transmitter~ This nJr)..y be achi.eved. with a 

multi·gibr~.tor trigger circuit actuated once each f'ranJ,e by a mark-

er pulse of in.creased amplitude. 'I'he receiver could stt>..rt oper-

ation, ther·ef'ore, only on the ?11arl.cer pulse, since that is the 

requisite of p:r'oper SyJ."lctironization. As an alterm:i_tive, it is 

posslble to employ a negatively biassed triode and R positive 

min•ker pulse to operate as a syncbronizer under tho impulse of 

the incrcs.sed nmplitude marker pulse. However, the positive 

action of the one shot multivibrator circuit deserves consider-

ation :for this function. 

After the marker pulse has served to synerironize the receiv-

er, it rn:3.y be removed by e. :mark01"' discriminator. It is interest-

ing to nott) that the mnrker pulse .might also be modulated., say 

'li'li th frequency m0CElation., and thereby provide imother cru:tn.'l"lel. 

tJ: Ii'. A. Cm7an., flBro~d Band Carrier a_nd Coe.xitil Cable Net- . 
vmrks, 11 Proceed .... i.lli,.~~ of l'Jations.l Electronics Conference, (1944)., 
159. 

re 
"

1 ,J. E. He~'Tiil ton., n:::h;stcms f'or ~1;ide :3and Trt1ns:mission Over 
CoaxiHl Lines, 11 ~ t>vstem Technical Journal., (October, 1934). 
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1t!ith :;i, pulse time system, it is possible to recover the 

modulating sign.tJ.l by :menns of low p~.ss .filters, providing a sp.e-

c.i3l sopP-,:r>11tor pulse sh2,pe is employed.. B0v1ever, spurious fre-

qu.encie8 v,r:111 exist, to the detriment of this system, depending 

upon the rel£t.tio:n. between pulse repetition :frequency n:.nd t:1.udio 

modulnti11.5 frequency. 6 This phenomenon ha.s been encoun.tered in 

early tests o:n the equipment and is not continuous as :might be 

expected, but rather, occurs in steps. 

AnotheJ:' scheme ls suggested which is reported as more satis

factory from the standpoint of slgnal.-l'loise ratio.7 The ~.udio 

signal 1IH:1y be recovered by charging a capacitor 1..1hich discharges 

tbrous;h G res:tstor. Sy proper time constant adjustment the volt-

age Rcross the resistor :may be ca.used to follow the audio signal 

closely. 

"l'he :method of separating a germane pulse chain at the re-

ceiver might be accomplished \1Jith a multivibre.tor :for eaeb chan-

nel.8 The entire pulse.sequence would be impressed at the cir-

cuit input te:.t"•.minals, but the unit would operate only on the 

s0lectcd. pulse, once each frarne, depe11.ding on the intern1,tl time 

constants a This syste:rJ could be nrrru'lged to produ.ee channel 

separation and amplitude translation as v:ell. A low pass filter 

syste1n would complete the demodulation p~ocess. 

It wcmld be possible to use s. d.ela.y network fol., channel 

6 JP. IY. iloberts, J· .. C. Sinnno:nds., loc. cit ... -~ 
? Ibid • 

. 8 .JJ' .• j)'' 
"' I • Grieg, A. M. Levine, 1:.2.£.. cit. 



demodulm.tion, as was used in this unit,. f'or producing separate 

channel pulses f'or the moduliited pulse sequence. An alternative 

scheme would be to utilize a mu.l ti vibre.tor to remove the m~.rker 

pulse @md produce e. pedestP..l pulse delayed to the proper• channel 

:tn t.he. sequence. Tb.is pedestcl pulse me.y serve to separ8te the 

approprit).te channel p'ulse w:J..th the ped-este:.l pulse slope utilized 

to tr~.nslrite the time moduli'o'lted pulses into ampl:1.tucle modu.lated 

pulses. ;;;uits.bly timed pedestal pulses would be required for 

9 eD,ch channel in the sequence. 
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!Any commerc.ial utilization of' the pu.lse time system would. of 

nece::rnity achieve even gree.tcr thf..\n inherent simplicity and ef-

ficiency by the use of the newly dovt,loped special purpose multi ... 

plexinr, tubes previously mentioned. The necessity for demodu ... 

lation schemes discussed here and the modulation devlces discus.sed 

previously nre either removed or greD.tly modified by the advent 

of these tubes. 

In line with the foregoing discussion on de:module.t:lon, it 

should be pointed out tb.B.t ~.c1vs.ntageous use cnn be made of limit-

er t?.nd differentiator circuits in the demodulator. An important 

measure of the prote-_ction against noi$e lnterfere:nce offered by 

time modul£1.ted pulses results from the h:tgh re.tio o:f.' peak to 

a.vers.ge power used. In terms of the pulses, the improvement. is 

pr·oportiornil to the time raocl-o.lat:lon displacement and. inversely 

proportio:r:1.al to the build-up or decay time, ·whichever is the 

smaller. 'i'he threshold of improvement :ls roached ·when the pes.k 

pulse Bniplltude is about twice the effective noitH3 pea.ks. The 

9 
Ibid.. D • 165 • -""' 



gI'cater:it degree of' noise suppression :t::s obtained when successive 

ste.geB of' limiting and differ0 e11"ti0.tion are i:n.corpore_ted in the 

l. flmpli tude :mod.ulntio:n of pulses ... 

3~ Noise between pulses. 

11,. Displacemcmt in tlmc o:f leading or tro.iling ec'tge of' 
pulses. 
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Hoisc D,rising from (1) and (3} above r..n.Ry be removed by prop-

er limiting if' input signal-noise is greater than 6 db. lt dif-

fere:ntiutor niay extract the prope:r' pulse edge r~nd remove noise 

from ( 2) above. 'I1:b.is action mny not be complete, due to the 

edge-slope varintion and the process may be repe&,ted.. 1'Ioise 

f'rom ( tl) above is of the same form as the modulating signal !?.nd 

although in..here:n.t in the system, it is f'ortune.tely slight. How-

ever, it may be reduced by decreasing the build-up or decGry time, 

i.e., increasing the bandwidth.. The limiter applic1it:i.011 also 

provides constancy of signal independent o.f fading ~nd other• 

transmisn::l.on ve,garies. 



PAHT 3 - 1Nm UNIT 

The bnsi,c timing source is a 100 KC •. qu.s.rtz crystal con

trolled osc:lllRtor. The circuit with constants ts illu.strated. 

in J?igure 3. This circul t wa.s removed from an A./ APN-4 Lore.11 Indi

ca.tor. In its original a.pplicsttion, this oscille.tor was made 

var-:lable within narrow l:bnits by mee.ns of a 5-50 -<.,u..tf. variable 

.capa.ci tor between grid and ground} In this appl:tc~tion of ,t;he 

circuit, the v~wiiible capaci.tor was replaced by a. fi:xe'd mica 

capacitor of 37. 5 MM. f. ':Phis fixed eapa.cito:.t"' provided the neces

so.ry frequency correction to 100 !CC. 

13inee it is :anticipated tlw.t adclitional oh~i.nnels will le.te:r 

be added to this unit, an oscillator with. stable load che.racter-

istics is :a necessity, "because any l"eactunce that the load couples 

into tl1e cireui t will at.feet the f'1"equency.. Also, any resistance 

refle.cted fro:m the load· into the oscillator ci:rcui t orcUns.:rily 

vdll modify the generated frequency by af'f'ectin.g the phase re-

lationship .. This frequency sensitive ·1oad condition may _be re

moved by using a buffe.r or isolating amplifier between the oscil .. 

la tor and the load. f.rhe buffer amplifier will provide a. constant 

load on the oscille.tor circuit.. This tube provides a slight 

sraplification of tlie sine wave input., as well as isolating the 

oscillator. However, the prime.ry purpose O·f this signal is to 

provide sharp, large axnplitude trigger pulses to a one shot multi-

vibr•ato1·. Wave shaping circuits e..re therefore necessary. ri1he 

.first of these is a limiter circuit to remove the positive and 

1 Dona,ld G. Pink, i-1Loran Receiver Indicator, n B.1.ectronlcs, 
XVIII (December,, 1945), 110. 
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:ln. th:ls triocle. The c:1.rcuit, ut:1.lizing the seco:rid half of l?l. 

6SN7 ie ill~strsted in Figure 3. The limiter is operRted with 

?,ero fixed bias, r::nd develops .:.:;rid le['k blas, due to the flow of 

grid current. 'i.'he 3:'SO rn:i.cro:microf i'.l.rad coupling cop8cl tor is 

cht::;I'gecl duri.nc; the posl tive si:vlng by tbe flOY'f of current through 

the 3Z,K rosi sto:r and thr-011gh the int6rnal :cesistHnce of the tube. 

V:11·:'J.ng the negf:~ti ve sv:fing, the nccmr111lD ted cherge on the coup line; 

cnpnci tor, leaks off through the 3Z,K rcsi stor. ·1I1he rel"liste.mce of 

the discbarge path of tbo coupling condenser is grf.;nter trmn the 

resistance of the ch£rge pnth~ with the result that a residual 

ch0rgc i:s built up on the c011pling condenser.. 1Ihis residual 

chnrg~-, acts i1.s a negstlve bi~s between grid and crithode of the 

l:i.rniter. 'I'his results inn slight nego.tive clamping or d.c. 

restoration effect. In other vrn:cds, the effect of tbe inJ)Ut 

sign9l in driving the grid positive is reduced. 1be residual 

charge on the coupling cspacitor provides e more negative 2ver0ge 

about -?1hlch the input sin1..tso:i.r1 1,teve ·vl?:ric s.. As the, input i'JaVe 

swings negative, the plate current is reduced ~nd ceases to flow 

when the combin8tion of signal and bias reach tbs cutoff value. 

Y:hon constru.ct:ion hnd proceeded to this point, c frequency 

chedc nas im?de. ii BC 221 second.nry frequency stand2rd wa::1 used 

:i.n conjur.1.ction VJi th rci .Dudont 208B oscilloscope.. Dy rne11ns of 

LissD.jous p1::;tterns~ the frequency of the oscillf"".tor w~.s found to 

remr:in vd.thin ~ seven cycles of 100KG under various londs on the 

bu.ffer nxnplifier lirnitor., 11:his was satisfactory, encl. construc

tion proceeded. 
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Only an approxi:mste squaring of the \'JrAVe is achieved in the 

limiter e:trcuit. The sides of the wave are not vertical., as ls 

des:i.red foic. the production of si-uu'p tr:ie;ger pulses. Also, tb ... ~ 

sbort time constimt coupling circuit c:tmrges [tnd cUscherges very-

rnpidly tJncl the s:verage bias produced :l. s small. 'l'h.erefore, the 

a.pprox:tmrJte squar·e vmve output of the limiter tube is o,ppliecl to 

". ·-·r· ...-:,. ,1 r ·1,.-an ovcrnr:i .. ven ~wap.L:i · 1.er, £ i 6ure. ".J:, ..: or ·cJ.1e purpose O
.p 
J. steepening 

the sides. Tho overdrl ven rnnpl:ifier is 11 circuit wherein sntu-

r~.tion li:mi ting is employed in conjunction ·~vith cutoff limiting 

to produ.ce ~l square w2ve .. 

In order to produce a sh8rp trigger pulse from the squ2.re 

wave output of the overdr:t ven 1:u1Jplifier, the time constexi.t of the 

coupling circuit to the ne:xt stage, a peaker 21nd pu1se amplifieri 

Figure 5, is mf!.de very short. In this case, the HC ti:me const~nt 

ls npprox::tmately one microsecond. lf'he coupling capacitor charges 

ru1d discharges very rapidly, producing negligible bitrn tmd the 

grid is therefore essentially at ground potential. ·rhe grid 

sign1:tl is a series of' sluirp positive and neg:1tive pulses from the 

cUfferentitttor. The tube is bh1sed considerably beyori.d cutoff 

to remove the negative pulses as well as the broad lower portions 

of the positive pulses. ''.rhe positive pulse pe~ks driYe the grid 

very positive with respect to the C13.thode, causing a large plate 

current f'or the duration of the pulse. This large plate current 

proau.ces 0 large, sharp drop in plate voltnge so that the output 

is & higb. ampli tu.de negat l ve pulse of approxim2.tely one micro-

second duration. ':l.1hese trigger pulses recur every ten microsec-

onds or at a repetition frequency o1~ 100 KC. 



In this unit a common osc:lllator-li.miter circuit provides 

the clrl ving voltage :for the pulse for:mlnf; net·works. From the 

oscillstor0-limi ter to the o·'.1tput :mix(:,r 9 fl dupl:1 cote circuit is 

1:equired for es.ch chtrn.nel. It was decided thr:it the assigned 

functions of the 1.m:tt could be csrr:i.ed out rdt,h n tbree channel 
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t:r•1cm:;:1ni tte:r-" 1rherefore, er:1ch ci:rcui t from the oscillntor-limi ter 

to the output :m:txer oxclusi ve., when sstisfactorily designed., 1?2s 

executed :i.:n tripl:'LcG1.te. l1 sep:-1.rHte pulse formi:n.g netvrork., :!.(Jen

tice:l ;;,1:'l. th thi:..t de scribed except for add.it ion of e.n r:nl'lpli tude 

controlling potentiometer, v1as. used. :for the mr:1.rker· pulse .. 

This 1Ywrker pulse is fod directly from the pulse forming 

netvwrk into the output mixer. rrbe three chf'J1I1el :,::mlses, :'Ldenti-

cr:,l in t lme and .sb0pe, are fed to re, pulse delny network.. I:Iany 

deley systexns have been devised, 21.nd the ertificial transmission 

line, of'ton called D rridel2:y l:lrn:~ 11
, is probo.bly the most co:mmon. 

1:lihis device utilizes inductc1nces 1;1 th cnp&cltcnces in shunt and 

Timst be terminBted in its char2cteristic impedence. 'The delay 

&.vrdl:r;ble fron'l this device is equ.al to the squ2re root of the 

product of L rmd C per sect.ion. Therefore, if' si z~.ble deltFy· 

( e.bove n fe,rJ microseco:nds) is to be :reallzed, rnrmy identlcal 

sections must be utilized. F2ilure to recognize t~is feet will 

result in excessive nttenuation and :r,ulse :}trn.pe deterioration. 

The difficulty in obtaining precise values of inducte..nce rcqu:!.red 

use of ::mothGr system in this unit. 

He course was hRd to a system of delay, using vacuum tube :3 as 

delay elements. ~lnce this is 2.n E)X})Brimentnl unit., tbis delay, 

~\S it determ:1.nes the relative occurrences of the ch~.nnel pulses, 

must be manue,lly variable. It must Blso be continuou.s thrm.1ghout 



its r~inge &md great enough. to e.llow complete separation of chan

nels plus guard time between channels under 100 per cent modu

lation. ':i.'he circuit is illu.strated in :F'igu:re 6. 

1The cRthode of the triode delay tube is connected directly 

to ground, ~md the tube is therefore nornmll·y conducting. 'I'he 

high 2.mplitude :n.egntlv-e pulse froxn tbe pealrnr-s:mplifier circuit 

drives tho delay tube into cuto:f'f lnsts.:ntfn'leously, since there 
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is no resistance in the chnrige path o? the ca.pacitor between grid 

and eround.. 1:'he d:lsch8.rge time of th.e parallel RC netv10rk be

tweet1 grid end ground determines the ~mount of the del~.y by fix

ing the tiroe the tube is held cut off. The outpu_t is a pos:1 ti ve 

going squt:;._re 1J1Ie.ve vlith variable trailing edge as determined by 

the setting of th.e potentiometer 111. the RC network. 

In the original co:nte:mpl1ation of the unit, this dele:yed 

pulse ws.s to control di.rectly the action tilne of the mod:1lato1 .. · 

fed one shot :multivibrators .. However, experimentation proved 

that this resulted in loading back 1·rom the nmlti Vi1)rntor into 

the delay circuit 3nd interaction between circuit time constants 

which seriously :modified the delay output wave form. 'I'he deli,y 

tctbe output was therefore coupled out through a ce.thode follo,,rer~ 

J?igure 6, into the one shot multi vibri3.tors, Pigure 7. 

'l'he first 6AC7 (;111} is normally conducting since its cathode 

is tled directly to grom1d. T2 is nor-raally below cutoff. The 

necessary bias for this condition is provided by thf:'l voltage 

divider rnade up of the 150 K and 12 K r0s:lstors. Tri....e grid of T1 , 

since it is connected to the plate of the res.ctance tu:be, tends 

to be positive. Grid current f'lm1 charges the effective capaci

tance presented by -,:.}:.o retrntance tube, holding the grid. of T1 c.t 
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grouml potenti&l.. £-.. positbJ0 pulse is s~pplied frorn the delay 

c::ithode follow(;:r througb. the coupling c:ondenser to th0 grid of 

'l\;,... The :rnul ti vibrator action causes ~P2 to conduct and dri ve.s the 
"-' 

grid of T1 bel,:nv cutcf:f. Tho charge rcwc.u:mulated in the reactance 

tube capacitance begins to lec.k of'f through the.ronistor n1~ 

Du.e to thls let:{lrage, the potentio.1 at the grid of T1 @.pproaches 

that at 'c.he plGte o:f 11

2 &t nn exponential r8.te determined bY tb.e 

discl1arge path tirne constant. This time eonstrlnt ls a coruplex 

prtrameter, ve.r:i.able 1.i1i th the res.ctrrn.co tu.be audio input !md will 

the:r·efore be discussed. i:o. conjunction with the reactn.nce tu.be. 

t~l1en the potential nt the grid of' •r1 raises this tube Bbo1re 

cutoff, T2 is cut o:ff', the reactance tube effectlve cRpacitnnce 

ls again charged lJy gTid current flow and the ~.ctio:n repents. 

1:i..'he .,.... __ ositive pulse o.u..tp. ut~ ts.ken from thA &rio of ·r is cHf.Pe-"-
"' - r - 6 .,. . l' ·- ..1. L 

entiatGd, the leading edge pulse is clipped., and tho pulse frmn 

the trailing edge is fed to a mixer tube whore th.e indi vid.unl 

channel outputs a:ce nmltiplex.ed. 

'l'he va:rirt'ble ti:i:ne output is achieved by the multivibrntor. 

The multivibrator is an sctaptatlon of a radar circuit for pro-

ducing a movable range :marker .. originnl RpplicD.tion, the 

delay uaz rmmualJ.y controlled by means of a var:i.able 320 .,.(.,(..A.{, f 

cnpacitor in shu.nt 'tJ:lth a 630 K fixed resisb,1nco which deterr:1ined 

the t:1.rne consti:mt of the discharge path between the grid of T1 

This tl:me constnnt controls the width of 

the multivibrator output pulse by controlling the time required 

£or the g2°id of ':P1 to rise above cutoff. In the preser1t appli-

eation, s time constant is co.used to vary electronically e.t an 

audio rHte by meRTI.s of 1:1 reaeto.nce tube. 'l'he cirmJ_l t ls illus-
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t:rated in Pigure 7 in conju.nction with the variable 'Hidth mu.1tl-

vibr1;;ttor. It may be classified as a i,IilleI' Effect reactance 

In this. a.pplicatio:n, the alternating pln:te volto.ge u:ppetn's 

series cmnl;i:natlon of' C1 and R1 1~tr1d the grid voltage hns more 

effect upon the pl:ri.te current. th0.n doos the plate volti.?.gG, the 

plo.te current leads the plnte voltage.,. .rrhe tube, then·ef'o:r·e, ~wts 

ns 11n impedance vri th capnciti vo re2.ctance effect. Between the 

input terxninals., cathode esnd plate, the c:1.rcui t appears ns a 

shunt co:mbirn1tion of eape,ci ti ve reaeta1'1ce anC. reei stan.ce. :Ph:ts 

circuit., 01' .~" variation thereof, nw.y therefore be substituted 

in place of the ·nrnnue,lly controlled react~.nce in the origlrull 

applica:t:lon of' the circult to produce the sr>..:c'Tie resu.1t electron-

ically. 

he:ich shovrn thsd:; the maxi:mu.m effective capaci tsnce :ts di-

1•ectly proportional to tho transconductaI"'lce and inversely pro

port:Lonul to tw:tce the angular frequ.ency. 4 This relationship 

brings several considerations to mi:na.. Primarily, since the 

trrmsconducte.nce is dependent upon the grid bias, the effective 

capacitance, and hence the tirne constant of the discharge path 

betwe,)n gr.id a..n.d plate of thO multi vibrator., can be vs..ri.ed by the 

grid b:J.e.s. I 1he grid. bias is var.led at un audio rate by the nudio 

2 E,, 
., 

heich, 'J.1heori ~ ApJ)licsi.t.ions of ;i!legtron Tubes. ·). 

3 j?' (I 

·, Smith., ~ He.diotr.Qll Designer •·.s. Han@?oq.}£ • . \~.:, •· 
~ 
"' E. J .. He.ich, 12£. ~. 
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input to the reactance tube . Also , the inverse dependency of the 

effective capacitance on the angular frequency will cause the 

time constant of the discharge path to vary with the frequency of 

the audio signal. ~ince both ~litude and fre~uency of the 

audio signal produce effective capacitance variations in the 

reactance tube and thereby vary the width of the multivibrator 

output pulse , this method mny be used to produce modulation by an 

audio signal on a pulse of radio frequency energy. 

Also ~ the relationship indicates that in order to provide a 

lar•ge effective capacitance , it is necessary to use a tube with 

high transconductance . However , the effective shunting resistance 

varies inversely with the transconductance . This causes an op

posing effect in the time constant since a.n increase in trans

conductance increases the effective cnpacitance and decreases the 

shunt resistance . The net result is a smaller change in time 

constant than would otherwise be available . This may be construed 

as an advantage or a disadvantage , depending upot the ser.sltivity 

of the detection system • 

.Another consideration based on this relationship is the 

allowable audio frequency variation. It is# of course# necessary 

to provide an amplitude 11Jn1ter between the audio source and the 

reaetance tube to remove the peaks which would cause objection

able carry- over and possible cross talk between pulses . 

liovrnver, the fidelity requirement must be compromised if 

true unit efficiency is to be achieved. Transmission of a 50 

cycle audio signal will cause twice as much effective capacitance 

to be presented t o the time constant circuit e.s a 100 cycle sig

nal or four t lmes as much as a 200 cycle signal . Obviously, a 



limit must be s0t cm the loYJ frequency reprodJ..1.ction if. the best 

use is to 1Je D12td0 of the available time space.. IJ.1his limit·; of 

C()u.r3e, 'i.701:tld be va.riable dependent on the type of intellig,ance 

to be trans:ml tted. i" 50 cycle tone is of no adva:nt£,ge in speech 

t::re.nsmission., yet is hir;llly do~ir~ble if :rr.rusio is to be r·01>ro-

due ed. 

ifhe :multi vibrator pulse width, controlled by the· electron

icto\lly V;!'.'.rh1d t:i.:me constant, 'J,ill change 21t ~n au.dio rate. At 
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this point, pulse w:Ldth YiJodulation has been ncJ:-.deved.. 'Phis pulse 

,,;Jld.th :moa.ulated ou.t.put rnay ba co:nve:rted to pu.lse time I:1odu.lat:ton 

by diff'c3rent,ieJ:;ion UJ.'1.d clipping,. .Actually, the trailing edge of 

the multi vibrator• output car1"ies thEl majority of the moc1uli:i:tion,. 

since the leading edge ts conr1ta11t in time. Howeverit some mod·u

lation is apparent on the top .of the output pulse. The vlidth 

modulated output is dii'ferentiated and the pulse from tho trail-

11 double-diode clipper circuit rewoves the posit! ve pulse as well 

as tho objectionable modulation on the top of' the negative pulse. 

'flh:ts system therefore pro-c1ides a pulse Vfl.l'iable directly in time 

in accot·clance w:lth a.n HudJ.o modulo.ting voltr1ge applied to the 

reactance tube input terminals .. 

'1'he time r110du.lis>3.;ed pulses fro:m each channel are multiplexed 

in a mixing stag-e [md then fed to a ce.thode f ollov;er for proper 

m2,tchi11.g to BG8/u coaxie,1 tranBmission l:inc. '.r.1hese circu.i ts are 

illustr~ted in Figure 8,. 
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PllJL'I' 4 - U:CILIZA'I'IOH 

The purpose of this in:vcstige.tlon is. to conduct a prelimi

nary study of the advantages of pulse tecbnique s.pplied to '.!'lire 

cormrrunication. Tbe immediate B.im of the project, subsequent to 

necessary pl"e1i:minru"y research, has been tho construction of a 

vrorkine model. l 1he working model is to consist of' th0 trs.nsm:i.t

ter, herein described, intercol'mecting cos.xie.1 cs.ble, t:ind a de

coder or receiver f'or each clw.m1el. One of the bas le require

ments of the unit is that it lends itself readily to testing :for 

fidelity, required bema.wid.th, cross talk, signal-noise ratio, s.:n.d 

other pertinent tr{'l-J1smission chr1racteristics.. }i!a.ch of' the chc.r

acteristics is to be considered from the viewpoint of obtaining 

the ma.xi:mu:m possible transfer of intelligence in a. given :frequen

C:t spectrum. 

A unit designed for a compreh0nsi ve testing procedu.re must 

necessarily contain many variable parameters. rl'his unit has been 

designed to provide a workable pulse time :multiplex system where

in all practicable parameters are variable within limits. The 

delay, or gusrd time, between cll.annels is independently vari8.ble. 

Both the eJnplitude and the shape o:f the modulated pulse are vari

able. '1'he repetition: r~te of this pulse is also easily made 

variablr;;. 1rl-1.e unit will the1•efore readily lend its elf to a com

prehensive te:r:\ting program to d0terr11i:ne the optimum pulse shape, 

repetition rate, and number of' chnnnsls for a specific transmis

sion requirement utilizing the pulse time sche:mo. Also, if' the 

output of th.e modulated :multi vibrator is not dlff erentiated and 

clipped before mixing, a similar study might be conducted. into 

the po~sibilities 01 pulse width 111ultiplex., since the pulse is 
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origins.lly width modulated m1.d then converted to a time modulated 

pulse. Other types of pulae multiplex mny be tested with Slight 

modification of the present unit,. 

The trnns:mi tter hns been tested on one channel... 220 feet o:f 

hGe/u coaxif!.1 cable has been laid betv1ee11 test benches in roons 

406 and 401 of the Engineering Building .. A field phori.e system 

was installed &.long vJith the coaxial cable to por.mi t rapid eom-

n1m1_ication during tests... This test was not comprehensive and was 

in.tended only to prove the workability of the system~ Both audio 

g(3nerator input and one vc::Lce channel were iwpressed and a sa.tis-

factory reproduction was obta,ined. Eff'ort has therefore been 

directed to the construction of ~l sc.tisfactory three channel 

decoder • 

.As 2 result of ini'orrnation gained through the design of th:ts 

unit, a :more simple trru:ismitter is considered :practical. The 

present system operates with a required trnnsmitter complement of' 

eight tubes per channel including the marker generator,t In the 

.more recentl-y conceived system, this requirement would be reduced 

to approximately three a.:nd one-half tubes per channel, inclu.ding 

the :marlcer generator. This figure compares favorably with inf'or-

m&1.tion available on current models util1.zing special purpose 

multiplexing tubes, cleveloped f'or comme:r.'cial exploi ts.tion. 1 The 

existing system has proved tha.t it wil.1 lend itself to :many and 

vaPied studies in the field of pulse comi:ntmication. 

l 'D n· GI! • .. rieg., 



BIBLIOGRAPHY 

Bennett , w. ft . "~pectra of Quantized Signals . " Bell ~ystem 
Technical Journal , XXVII (July, 1948) , 446 . 

Bronwell , A. B., Beam, h . E. Theory !ill£ Appl ication of .ticro
wo.ves . New York: JcGro.w- Hill Book Company, Inc., 1947 . 

Clavier., A. G., Panter ., P. F • ., Dite ., W. 11::,ignal- Noise Ratio 
Improvement in a PCM system. 11 Proceedings of ~ Institute 
.Qf. Radio Engineers , XX.XVII (April , 1949 ), 555. 

34 

Clavier, A. G., Phelizon., G. 11Paris- .filontmorency 3 , 000 Megacycle 
Frequency ;,fodulation Radio Link. n El ectrical Communication, 
XXIV (June , 1947) , 159. 

Covmn., F' . A. "Broad I.sand Carrier and Coaxial Cable Networks . " 
Proceedings of National Electronics Conference ., (1944} , 159 . 

Deloraine , E . 1.:., Labin, E. "Pulse Time Modulation. 11 Electrical 
Communication, JU.II Of.arch, 1944) ; 91 . 

Deloraine , E. M. 11 Pulse Modulation. " Proceedings of .tD& Insti
~ .Qf. nadio Engineers , XXXVII (June , 1949) , 702 . 

Earp , C. .. • "Rel ationship Between tlate of Transmission of Infor
mation., Frequency Bandwidth., and ~ignal- to- Noise Ratio . 11 

Electrical Communication, XXV (June , 1948) , 178. 

Fink, Donald G. uLoran Heceiver Indicator . 11 Electronics , XVIII 
(December, 1945) , 110. 

Fl etcher , H. ~peech and Hearing . New York: D. Van Nostrand 
Company, Inc ., 1929 . 

Goldberg, H., Bath, c. C. ".,lultiplex Empl oying Pulse- time and 
Pulsed- Frequency t,fodulation . " Proceedings of the Institute 
of hadio Lngin~ers , XXXVII (January, 1949 ) , 22 . 

Grieg , D. D. ":.iultiplex Br oadcasting. 11 El ectrical Communica
~ ' XXIII (March, 1946) , 19. 

Grieg, D. D. , Gallay, H. 11Pulse- Time- ruodul ated .Multiplex Radio 
Relr>y System -- Radio- Frequency Equipment . " Electrical 
Communication, XXIV (June , 1947} , 141 . 

Grieg, D. D. , Levine , A. M. 11Pulse Time Ifodulated L1ultipl ex 
Radio Relay System -- Terminal Equipment . " Elect rical Com-
munication , XXIII ( June , 1946) ., 159. -

Hamilton, J . R. 11::;ystems for Wide Band Transmission Over Coaxial 
Lines . 11 Bell System Technical Journal , XIII ( October , 1934) . 



:35 

Kandoian, ,t. G. , Levine, A. M. "Experlment11l Ultra- High J:i'reqn.en
cy ,ultiplex Broadcastinr; system . " Proceedln,.rs of the Insti
~ of Radio hnrineers , XXXVII (June , 1949) , 694 . 

La.bin , r.. . 11 ~1crowave Radio Reloy ::systems . n Electricul Communi -
c~ t~on, Axrv {June, 1947} , 131. 

Lacy , R. E . "Two Multichnnnel 1.ilcrowave x{ela« Eq1l.ipmcnts for the 
United States Army Co,municatlon ~etwork . Proceedin7,s of 
the Institute of Radio Engineers , XXXV {January, 1947) , 65 . 

Levine, lJ. 11hesponse of hC Circuits to Multiple Pulses . " Pro
ceedings of ..tl:!£ Institute of ladlo Engineers , ..axvrr (ucto
bor, 1949} , 1207 . 

Lozier , J . C. 11 ':>pectrum Analysis of Pulse Modulated ,aves. 1' 

Bell S:,stem 'l1ecrmical Journal , XXVI ( April , 1947} , 360. 

Macfarlane , G. G. "on the Energy- ~pectrum of an ~lmost leriodic 
succession of l: ulses . · l roceedings of ~ Institute of .dadio 
Enr;ineiers, XX.XVII {uctober, 1949) , 1139 . 

14oskowi tz, ~., Grieg, D. L . 11 Noise - ::.suppress ton Chnracteristics 
of' Pulse Time ,fod.J.lation. 11 T,lectr1cal Comr1unication, XXVI 
(~arch, 1949} , 46 . 

Piggott, ' • H. 
Amplitude . " 

11.t'roducing hectvngule.::-- H. :? • • ulses of Known 
,ireless Engineer , X.A.CI C.1.1arch, 1945), 119 . 

Reich, H. J . rheory .!1!11 Applicetlons of ~lectron Tubes . New 
York: .Ac Graw- Hill Book Company, Inc . , 1944. . 

Roberts, tt"' . F . , .:>immonds , J . C. 0 t~ul ticha.nnel Communication 
...,yste'lls . " Wireless 1'.ngineer , XXII (..:ovember , 1945) , 538. 

:Shannon, C.. I:: . 11 Co'T!municatlon 1n the Presence of lfoise . 11 Pro -
9~edln~s of th~ Institute of Radio EnRineers , XX.XVII (January, 
1949) , 10. 

okellett , A . .... , . "Electrostaticnlly !i ocussed hadla.l Beam Tube . " 
Proceed1n, s of~ Institute of hadlo Engineers, XX.XVI (No
vember, 1948), 1354. 

::.smith , .t'' . L. The Radiotron Designer ' s Handbook . ,:,ydney, Aus
tralis: Radio Pr1ntin0 Press Pty . Ltd. , 1945. 

Tuller , Vi . G. "Thcoretlcol Limitations on the Rvte of TrE1ns
mission of Information. " Proceedln,;s of the Institute of 
l<adio Lngineers, XXXVII ( .Jay, 1949) , 468 .-- -

i.ar DepertmPnt Technical Manual . 'l'; 11- 467 . "n.ador ~ystem .Funda
mentals . " (April , 1944). 



APPENDIX 

Figure 3 - oscillator- Buffer Amplif'ier 

Figure 4 - uverdriven Amplifier 

Figure 5 - R- C Peaker- Pulse Amplifier 

Figure 6 - Delay Tube , Cathode Fol lower 

Figure 7 - Modulated Mult1vlbrator 

Figure 8 - Clipper , Cathode Follower 
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