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Abotract 

The subject matter of the thesis is concerned 

with the design and construction of a double pulse 

generator and an associated calibrating pulse marker 

generat or. 

The double pulse generator is to be used for 

cslibrating the resolving times of three specific 

paralysis circuits to be used by ?rofesscr C. H. 

\Nestc ott in counting eXlJeriments. It has ÎJe en buil t 

to perfon:1 tbis function for the range from about 

twc microseccnds te about fifteen milliseconds to an 

Dccuracy of about one percent. 
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Introduc~icn 

The finite resolving tirao of a ny electrcnic cl evice 

introduces lC'l c:J '33 in t he countinf, r a te. E'ollowinc; D 

r e cc rcl8J. count, the counting ievice r equires a c e rtain 

ti!:18, variously known as resolving ti:!1e, )8 ralys iz ti':18 , 

Dr de3i t i:.18 , bef or e a nothe r count !Yl a;y be rec oried. 

Dll..r in~: this i n t e rv81, cne cr mor e ccunts J:1ay have occurre cl 

a 1:(1. not been recGrcl.. ed. These are the counting losses. 

081cu1 3 ti ons for t.b :~ pl~ O ~JD b l e lasses in the c ount-

ing of particles from a source of constant intensity 

were done by Loche r (19::3) , Volz (1 9~: f) ), Skinner (1 92;5), 

a ne'. Ru.srI: 2121 :S r2';1 ~:~8 r (1937). These 8r:~üi e i ta Geiger­

HuIler cDunters 'Vlhich have a relatively long iec i time, 

of the order of one hundrei micros ec onis, and \"Jhich 

possess the property th8t the dead t ime follows aIl 

counts whether recorded or note 

(:;ui te different expres si ons for the counting losses 

are obtained when the source is pulsed as it is from a 

high energy accelerat or such as the c;YTclotron. The 

prcbable loss rates in the ccunting of pa rticles from 

such a source have been calculated by Professor C. H. 

7estcott of McGill University. The reaier is referred 

to hi s paper "A Study of Expected Loss Rates in the 

Counting of Particles from Pulsed Sources", Proc. Roy. 

Soc. A Vol 194 1948. 

AFpara tus, as shawn in block diagram apT,endix l, 

h8s been built to verify these expressions in the 

Radiation Laboratory at hicr!1Il. The arrangement requires 



~he use of two variable parnlysis uni ts and. a variable 

resolution coincidence unit. The paralysis circuits each 

appear in a channel in which coincid.ent c ounts may be 

simulated. and. are t 0 provide 8ccurately known dead times. 

The variable delay coincidence unit will provide a means 

of determining the real and apparent coincidences be­

tween the two channels. 

It was for the purpose of calibrating the circuits 

that the double })ulse generator, which forms the subject 

matter of this thesis, was designed and constructed. 



Rea Uirel:'lents 
ô 

The function of the double pulse generator is to 

produce pairs of pulses similar in size and shape to 

those which normally operate the paralysis circuits. 

The pai rs are fed. int 0 a. paralysis unit and the t ime 

interval between the two members of the pair is reduced 

until only the first of the ~lO is recorded. 

Since the resolving time of the paralysis circuits 

depends upon the average counting rate, the pulse pair 

recurrence frequency must be variable. 

The particular requirements to be metby the double 

pulse generator are determined by the experimental 

arrangements shawn in black diagram of appendix 1. 

Alpha particles from a weak source of polonium 

provide a slow counting rate, which is to average be-

tween fifteen and one thousand counts per second. 

The pulsed nature of the source is obtained by 

means of an aperture in a rotating disc which expos es 

the proportional counters once during each rotation. 

Pulses which appear in the proportional c ounters 

due to ionization by an alpha particle, are amplified by 

linear ampli fiers and. then appear in a mixing circuit, 

which operates such that a pulse from the centre channel 

is fed into both channel l and channel 2 in order to 

simulate coincidences. liccurately known iead times, 

long compared with that of the remainder of the circuitry, 

are produced in each channel by means of the paralysis 

circuits. The signaIs from this are then fed into scalers 

and c ounted. 
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Goincidences \,",' hich ma;:,! occur betVJeen any t"v70 pulser-­

cf channel l and channel 2 may be found by feeding both 

paralysis circuits into the variable rescluticn coin­

cid.ence unit and then te a scaler. ':ï:he counts lost may 

be obtained r)~/ subtracting the number observed after the 

paralysis circuit from the l1UP.lber observed befere the 

paralysis circuit. This arrangement is particularly use­

fuI for finding ceunting Ics Bes which may be enceuntered 

in scattering experiments in which two ceunters are used 

in c oincidence. 

Since the resolving time of the paralysis circuits 

depends upon the counting rate, the pulse pair recurrence 

frequency must be variable over a range of from about 

fifteen to about One thousand. per second. Similarly, 

since the paralysis units to be calibrated are required to 

produce dead times anywhere from one or two micrcseconds 

up to about fifteen milliseconds, the time interval be­

tween the two members of the pairs of pulses must also 

cover this range. 

Each pulse of the pair 1s te be separately variable 

in amplitude from about five te fifty volts, and. at most 

the rise time may be 0.5 microseconds and the Qecay time 

5 micrcseccnds. This latter will provide pulses similar 

te thos e at the output of ".co line8 r allplifiers. 

The accuracy of the pulse pair recurrence frequency 

is not critical, but the pair time interval should be 

accurate to within one percent for good results. 



Jhcice cf Method 

For time intervals greater than a few r.1icros oconds, 

tuere are t'wo methods of obtainlng a delay between an 

input pulse and a delayed output pulse. 

The first is by means of a sawtooth generator which 

is couplei to an amplitude discriminator. A unit is re­

quired for the basic recurrence rate of the pair of 

pulses, normally a multivibrator, which will furnish a 

gating signal te 8 s8wtooth generator, which in turn, 

will feed two discriminators adjustei to fire at differ­

ent points on the s8wtooth. The two pulses thus obtained 

are fed into separate gain units and from there to a 

mixing circui t. 

One of the most lineer sa~tcoth generatcrs is the 

Miller integrator which generates B negotive sawtooth, 

requiring that the positive supply line for the iis­

crimirntor, a Schmiit trigger circuit, be placed at a 

vol tage s omewhat higher thon that for the taller inte­

gratcr. A methoi which v.' ouli obviate the necessity for 

the two positive supply lines is one in which a positive 

sawteoth is generated by SDme circuit such as that pre­

sentei in Elmore (p. 73). The Schmidt trigger circuit 

also requires a weIl regulatei negative supply line. 

Fror.l the construction point of view, the above method 

requires one reguleted negative sUIipl;y'- line and. either one 

or two regulated positive supply lines. Also a separate 

winiing in a transformer would be necessary for separate 

heaters for the Schmidt circuits since their cathOdes would 

be sitting et about 300 volts above ground. 



':l:he second methoi, chosen as éln alternative to the 

first, makes use of the properties of the univibrator. 

It 1s capable of providing an output pulse delayed for 

ccntrollable times over a wide range sfter the occurence 

of a trigger pulse. It will also provide negative 

rectangular voltage pulses for gating a pulsed L-O 

oscillator, which in turn, provides calibration pulses 

over the range between the pairs of pulses. With its 

incorporation in the final circuit, it i8 necessary to 

buili only one weIl regulated positive power supply. 

The small negative voltage is suppled by a reversed dry 

celle 



---_ ... _----._--_._-----------------------------------

Operation of the Circuits 

Double ::!ulse Generator (refer to Block diag ram appendix 2) 

The relaxation oscillator provides the basic re­

currence rote for the pairs cf pulses. It is a free runn­

ing thyra tron oscillator which genera tes triggering 

signaIs for the univibrator at a controllable rate from 

about fifteen per second te about eleven hundred per 

second. 

The univibrator, upon receipt of a trigE:ering signal, 

passes over into a quasi-stable state and remains there 

for a time determined by circuit constants. During this 

periad one plate is positive relative to its stable state, 

the ccmpanion ~late negative relative to its stable state. 

'rh us , two rec t8ngula r voltaGe waves, one posi ti ve and one 

negative, are initiated by the triggering signal. It is 

the duration of the quasi-stable state, variable from about 

two Dicroseconds to about fifteen milliseconds, which 

deterl~lines the pulse p~ ir time interval. 

The fcsitive and nef.ative rectangula r VJ8ves are fed 

into separate channels, each ccnsisting of El differentiator, 

an amI:llifi er and. a thyra tron. 

In one channel, the process cf iifferentiation and 

amplification provides a positive pulse corresponding to 

the leading eige of the negative rectangular W8ve. In the 

other channel, the sarne process provides a similar pulse 

ccrresponding t 0 the trailing eige of the positive rec­

tangular wave. These pulses, in turn, trigger their 
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respective thyratrons. The result is that for each pulse 

produced by the relaxation oscillator, two are produced 

at the output, one at each th;rratron, separated by an 

interval determined by the quasi-stable perioi of the 

univibrator. 

Each pulse may be vieped separately at its own 

thyratron, or the pair together at the output of the mixer. 

Pulse Marker Generator 

The calibration of the pulse pair time interval is 

performed by the associated pulse marker generator circuit. 

This provides a series of evenly spaced pulses, separated 

by accurately known t il:'1eS, which appea r cnly bety/een the 

two nuIses of the pair from the double pulse generator. 
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Double Pulse Generator (refer te Circuit diagrDm 2ppeniix 4) 

Relaxation Oscillator 

The perioi of cscillation is very nearly proportional 

to the value (Rl+R2) (Cl~C2). Various values of Cl can be 

selecteël. by means of a multiple position switch Range l'ulse 

Recurrence. For a given setting of this, the perioi of 

oscillation may be continuously varied by the Fine Control 

potentiometer RI. 

Five values of Cl were chosen so that the range from 

sixteen C;!lcles per second. to eleven hundred c;)rcles per 

seconi is coverei in overlapping steps. The frequency of 

osoillation is not sa stable as that for a sinus aidaI 

oscillator. This point is not critical however, since 

there is no need for great accuracy in the pulse recurrence 

rate. 

The signaIs are taken from the cathode which proviies 

a low impedance source. The coupling condenser Cf7, was 
v 

chosen quite large (0.1 microfarads) in order to praduce 

signaIs large enough to fire the univibratcr. The signaIs 

which appear at the grii of the univibrator are about 

sixteen volts in magnitude with arise time of a few tenths 

of a micrcsecond and Cl decay time of 0.5 microseconds. 

This latter value is determined by the time constant C2R3. 

Univibrator 

The luration of the quasi-stable state is roughly 

proportional to RIIC5, for a given setting of the gril Tl. 

Hence, with suitable values of C5, using a multiple position 



svlitch labellecl Ranc e Control Pulse :3eparation, together 

with the pot8ntio~eter Rgt the duration of the quasi­

stable state may be variei continuously over a wiie 

range from about two micrDseconds to sixteen miliseconà.s. 

In the stable candi ti on, tube T2 is c onclucting and 

~l is eut off. This is obtainei by means of the large 

resistcr R33 which draVis g rid. cnrrent from T2• Thus T2 

draws about 6 milliamps ani si ts at about 210 volts or 

so. Plate Tl sits at li.T. or 280 volts. The voltage 

range of the potenti ometer Rg is arranged s 0 that at i ts 

maximum value, it is consiierably less than the cathode 

voltage of Tl (or T2). This maintains the univibrator 

in a stable state in the absence of any posi ti ve trigrer­

int.-',' signal on the grid of Tl. 

The circuit possesses the property that the duration 

of the quasi-stable state 1s dependent upon the relative 

voltage of grid and cathode of Tl. Hence the resistors 

R13 (ca thode ci rcui t) and R6t R7t and RIO in the voltage 

divider circuit are aIl cracked carbon. For the same 

reasont Rg is a precision wound potentiometer. Similarly, 

the duration of the quasi-stable state 1s a function of 

RIIC5, sa Rll 1s also of cracked carbon. 

;7ith the univibratcr initially in El st8ble state, 

the receipt of a positive pulse at the grid of Tl triggers 

the tube Tl so that it conclucts. This reiuces the voltage 

plate Tl in a step-function, which in turn reduces the 

voltage on the grid of T2 via C5. This state i8 maintain­

cd until the condenser C5 has time to recharge exponentially 



7.hrough RII to a point where erid ~2 is high enough ta 

allow T2 ta begin conducting again. ilt this point the 

circuit res~es its original stable condition. It is ta 

be not ed that the rec overy t 0 normal i8 not sa rapid. as 

the change over from normal ta quasi-stable. This may 

be éLue to the fact that the signal trigs'ering the tube 

Tl te the quasi-stable state is a large pulse with a 

comparatively small rise time, giving the circuit a 

"hard fast punch" as it were; whereas, at SOr.le point 

in the recovery of 05 to its normal state, the grid. T2 

reDches a value vJhere i t just begins to c onduct again. 

There is an absence of a sudden large postive swing in 

the erid of T2 ta force i t back rapidly ta i ts stable 

state of conduction. 

In arder ta speed the rapid recovery of the grid 

T2, the diode t6.tlL5 VlDS added to the circuit as shown. 

Its cathode voltage must be 80 arrDnged that during the 

stable period, it is non-conducting. The cathode voltage 

of the "-iode deterr.1Ïnes the grid voltage of 1'2 which in 

turn deter~ines the range of variation over which the 

grid of Tl is operative, since it i8 limited on the upper 

side b:: the lew setting of grid T2 and on the lower side 

by the size of the input trigE'ering pulse. The low grid 

settings also limit the current and thus the size of the 

rectangular waves. 

From experir:J.ents, i t vIas found. that the optimum sett-

ing for the cathode of the diode turned out to be about 

seventy volts. This provided. the la rges t al.lpli tude 0 f the 



rectangultlr waves, and the largest operative raIl[:e for 

the grid of ~l. 

The voltag e regulator tube VRI05 i-: rovides a con-

stant voltage at C. 

Stability depenis upon voltage changes cf sUJ?:Ply 

and upon changes of c omponents. These were r:1inimized. 

by using a weIl regulated positive supply line and 

cra cked caro on res is t ors as shown in the c ircui t diagram. 

Differentiator ----_ . .. _--,- - _ ... 

'The pulses }:rcduced by the differentio ti on of the 

rectangular vvaves are from four t 0 fi ve volts in magni tude, 

teo small to fire a thyratron. Their small size is due 

to the relatively long rise and decay times of the 

rectallgular W8V8S. 

~ Iii'· _~mp l~r 

Amplification of the differentiated pulses to about 

50 volts distorts them consiierably giving a long decay 

time of the orà.er of 6 microseconds. The long decoy time 

makes these pulses not sui table for mGeting the 1'ec~ ui1'e-

ments. However, they may be used as tri f;gering signaIs 

to fire a thyratrcn v:hose output i8 not à.epenà.ent upon 

the triggerinG signal wilere the latter is le8s thon ten 

micrcseccnds iuration. 

Th;:,rratron 

~he thyratron proJuces large fast uniform sicnals in 

response te il1) ut signaIs of undersirable shape. 

R23 and R31 are inserted in series with the input on 

the g rids of the thyratron circuits in order to prevent 

exc8Esi ve grid current 'Jeing dra-rm during a discharge. 
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The main consideration ?ith this circuit i8 th~ 

choice of R22 and CIl (and R26 and 014). The time con­

stant R2201l must be small compared vIi th the minimum 

time between signals in arder to allow the circuit 011 

to rec'over after discharging. The values chosen were 

1.5 megohms and 500 }?icofarads or a tine constant of 

about 250 microseconds. The fastest repetition rate is 

about 1100 per second or about cne per 1000 microseconds, 

s 0 that the condenser becomes charged satisfact orily be­

fore receipt of another signal. Another property of the 

thyratron TIhich must be considerei is its relatively 

1 one: dei 011iz8 ti on t i me. ~cr the !)srticuls r tube chosen i t 

is rec oi:lmended that signaIs b e separa ted. by net less than 

500 microseconds so that -lihe requirer:1ent is :net. Thi s is 

one resson for having ~JO thyratrons instead of one. 

This output is tal':8l1 from the cathode of the thyratron, 

providing a low ir.1pedance output. li 81[51181 of any desired 

magni tude up t 0 180 volts may be ta1-:en cff via the cathode 

potentiometer. The rise time of the pulse f' ra duced i s a 

few tenths of a microsecond, and the decay time about one 

microseconde 

Eixer 

Proviies a co r:J.ill Ol1 10V] i!:!lpeda nce output for 1) Dth puls es. 

Pulse I,=arker Generator (refer to block diagram a:9pendix 3) 

Since this i s to provide evenly spa ced pulses which 

will a ppear only between the two pulses cf t he pair from 

the double puIs e zene rat or, i t is l1ecessary t 0 use the 

negative rectangular wave of the univibra tor as a gating 

si[5na l v/hich will allow an L-O ciTcui t to oscillate during 



(14 ) 

the time between the pair of ~ulses. These oscillations 

are then "s haped" by two staees of amplificati on. each of 

which is overloaded. so that square waves are produced. The 

square waves are then differentiated by a negatively biased­

off differentiation circuit so that only the positive 

pulses appear. These are then fed into a cathode follower 

and out. So for each oscillation, one pulse appears out. 

The frequency of the oscillator can be adjusted in order to 

obtain the required time spacing betTIeen the pulses. 

(Refer to circuit diagram appendix 5). The ordinary 

method. of producing oscillations for a time determined by 

the width of the gating sigl18l is shown on page 65 of 

Elmore. This uses a variety of the well-known Hartley 

circuit to provide current feedback. It requires the use 

of centre-tapped. r.f. chokes for the frequencies 4 kc/sec. t 

20kc/sec., and. 100 kc/sec. A modification of this method 

as shown in the circuit diagram for the pulsed oscillator 

does not reQuire centre tapped r.f. chokes. Here, the 

feed-back is regenerative through the condenser 05. This 

arrangement is ess entially an 81nplifier wi th no phose 

shift. The conditions for oscillation is for the gain to 

be 3 (G-3)-3lmore p. 64. In practice, however. it i8 found 

that with approximately that gain, the condenser 05 must be 

large enough to provi 1.e enough feedback wi thout distorting 

the oscillations of the L-O circuit. 

The remainder of the circuit consists of two amplifiers 

for shapine the sine waves into square waves. and finally 

a differentiator and cathode follower. 

The action of the negative rectsTIé"ular gating wave is to 
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cut off the g;3 te tube and allow an L-C circuit ta oscillate. 

For frequenc:l stabili ty, the losr:es in the inductance L 

should be sôall, that is the Q of the oscillator sheuld be 

high. 

The negative rectangular wave from the univibrator into 

the pulsed oscillator is somewhat modified by serving as a 

gating signal. As the trailine edge travels back te a 

posi tive value, a point is re:J ched where the grid draws 

current f rom the cathode, sorne of the oscillations thus 

getting fed onto the trailing edge cf the negative gate. 

These in turn are fed back into the univibrator plate Tl, 

and are amplified, differentia ted \~;i th the neg:a t ive rec­

taneular wave. However, this signal which varies sinusoidally 

with the width of the square wave appears only with the 

second pulse and. i8 sr.lall in c Œl}?aris on, having a maximum 

value of SOJ:1e 3 volts cr s o. 

In crder te make certain that the 6SF5 i8 off during 

the gating signal, the resistor RI i8 tied to about 12 volts 

by a voltage divider from the 100 volt su~ply. This time 

constant is long enough ta acce~Jt the fJaximw:::J. 15 milliseccnd 

'\1EJve wi thout distorting i t sufficiently so that i t cannot 

cut off the tube 6SF5 for the \7hole 15 ôillisec cnds. 

Keeping the pulsed oscillator leads separated fran the 

double pulse generator leads to the output plugs reduces 

cross-talk to a negligible amount. 

Also, by tying aIl ground leads to the input ground, 

spurious oscillations via ground loops are kept fran 

getting into the double pulse generator. 



Calibra ti on 

Pulse LIarker Generator adjustment of osci11ator freq~ency. 

Using t\110 scslers to count the free running pulses 

from the pulsed oscil1stor, the adjustment of the 

freguencies is done by adjusting the condensers of the 

L-C circuits with trimmers. Wïth the trimalers adjusted, 

the fo11owing observati ons were tsken: 
d D /0 ev. 

Freg. 
Desired Time Counts 
kc/sec secs 

. Av.1Io. 
Counts 

Av. 
Freg. 

from Freq • 
Desired 

4 

20 

100 

60 

60 

20 

240503 240279 
239973 
240360 

1198771 1200469 
1201216 
1201421 

2007764 2006971 
2014928 
1998322 

4.004 1/10 of 1% 

20.008 1/10 of 1% 

100.348 3/10 of 1% 

In aIl three cases three measurements ~ere taken 

upon adjustôent of condensers until at least one of each 

set vas be10w the requirei frequency. 

The error given is the mean deviation. ~he per-

eentage error in the last case is highGr sinee the tiale 

interva1 was shorter and the rate higher. The reason 

for the shortened time interv81 is that at this rate, 

the mechanical counter is being run at its maximum speed, 

naalely ten [aover:1ents per second. and i t is aclvisable 

not to r:laintain this rate too long if at aIl. 

The values are aIl sbove the requirecl frequencies 

but only by a very smal1 percentage. More accurate 

adjustments may be made if reQuired by successive1y 
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taking B series of a large number of readings and. ad just­

ing the trimmer condensers. By this L1Gthod i t sbould 

be possible ta obtain a high d.egree of accuracy. 

'The three oscillat a rs thus provide a choice 0 f 

calibration pips with any one of the intervals 10 micro­

seconds, 50 microseconds, and. 250 microsecond.s. 

Due to D distortion in the initial part of the sine 

wove generatei by the oscillator at the bebin.::ing of the 

gate, the first of pulses of the series is abnormally 

displaced. This, tao, has been measured. on the lineer 

part of a CRO as folloVls: 

10 microsecond pulses--first pip occurs 11 + 0.5 r.1ic rosec onds 

50 Il "48 ... 

250" "200 + 
0.5 

2 

This is taken into account in using these pulses for 

calibration purposes. 

Double Pulse Generator 

Pulse Pair Recurrence Rate Adjustment ani Calibration 

l\ny one cf fi ve c ondensers on a lTlul tiple l)OS i tion 

switch ôDy be used on the Range Pulse Recurrence. 

The choice of condensers for Cl i8 sllch that for the 

five positions of the Ranse Control Recurrence Rate, 

TT 

" 

there is a complete coverage of frequencies from si::teen 

cycles yer second ta eleven hur~red cycles per second. 

Each successive range centrol setting: allows for an over­

lap of from about one-third to about one-half of the range 

of the previous setting. In this way, there 1s no gap 



(18) 

in the c ontinui ty, 0 nd. s or.le f reguenci 8 S mDY b e obta 1neo.. 

in two range settine:s. 

The calibration curves for the Pulse Recurrence 

Rate are g iven in the appendix. 

This calibration was done with an audio oscillator 

which may be accurate te vii tllin 5';;) cr so, sufficiently 

accurate for the pulse recurrence freguency. 

Pulse Pair Interval 

The calibration was done for a R.T. voltage of 280. 

This is criticsl since the condenser C5 recharges tc-

wards tIlis value during the quasi-stable state of the 

uni vi bra ter, thu8 o..etermining the length of that state 

or the interval betwean the pair of pulses. 

The condensars C5 en the multiple position switch 

Ranf; e Control l'ulse :t'air Int erval arc CbCG ·:; l~ '.-:i th the 

volt2ge ran~e caverai by the Fine Control potentiometer 

Rg to give a continuous coverage of pair intervals from 

about 2 microseconds to about fifteen r::.1illis8ccnds. 

~he calibration curves for the puls e }oir interval 

are given on the graphs in the appendix. 

The overlal1 fro!"a one T2nge te another i8 snch thst 

avery pulse pair intervGl from fifteen microseconds to 

7.5 millisecond.s ïJsy be obtainai by using ôore than one 

ran.ge control setting. 

In general, it is obs e rved. that fD r th::; 13 rg'er 

cond.enser values of C5 required. ta give coôparatlvely 

long pulse pair intervals, there 18 guite a noticeable 

variati on in interval wi th recurrence freC!~lency. ()ver a 
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lone }Jeriod of time, the vcltoge on 8 plEite of t.l::e 

univibrator has the sorne average value regardless of 

the recurrence rate. Thus, et iiff erent frequencies of 

recurrence, for settings othervlÎse the saue, the width 

of the rectangular 7JaVG varies somewhat. 

This is a weakness of the circuit, particularly 

where large values of C5 are used in order to get 

re12ti vely long tir:1G intervals. ~.7here there is variat-

ion with recurrence frequency, a ca libration has been 

done for two repetition rates, 

rate. For intervening repetition rates, it was found 

that linear interpolation is c~uite satisfactcry. It was 

only for the sake of neatness that two curves are given. 

Overshoot of Calibration Error • 

.A char.ge of the setting of the grid of Il of the 

uni vi orat or mea ns that the sc: uare wave vIil1 not reach a 

stable state i~mediately. If the criterion that the 

Bver2ge voltage on the plate must remain constant over 

a long pe ri od of t ime i8 t 0 h cId t then i t follows tha t 

a change in the width cf the square wave will meall a 

shift in the voltage on the plate. A c ertain time is 

reQuired for it to be restored te the average value. 

~his time, even for the I:1BXimVIll shift cf the grid Tl? 

should not ncrmally exc eed one second. 

liowever, another phenomena which cannet be explained 

by the above discussion, appears when time intervals mak-

i118 use cf the 0.001 mfd cond.enser and larger on the 

univibrator are useel. For an incret:l se in the width of' the 
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rectangular wave, it tends ta initially go beyond the 

value ta which it finally settles down. For this 

reaseu , let us calI it an avershoot. For large time 

intervals, this overshoot amcunts to as much as 60 

micrcseconds and requires about one minute to settle 

down to a steady value. 'J:his phenomene aP:geared only 

after the output thyrotrons were incorporated into the 

circuit. It may be necessary to shield the thyratrons. 

However, aIl calibrations were done for the steady 

ste te. 

The maximum recurrence rate is determined by the 

time interval èetween the two pulses of the pair. In 

arder to get correct results for fïnding paralysis 

times, the operator must be careful to see that the 

pulse separation is less than half the time interval 

bet',".' een the first pulse cf two succeeding pairs. 

~stimate of Probable Srror 

There are t hree factors to be considered: 

a- The error in the marker pulse intervals, estimated 

to be about a few tenths of one percent. 

b- The error introduced in the ~easure~ent cf a length 

t 0 determine the int erval oetvleen the tViO meô:lers of 

the pair ',Id th the marker pulses :present. ':;:his error 

may be of the s ame order of maGnitude 8S the error 

intrcducei by a-, about a fe~ tenths of one percent. 

c- The error introduced by the phenomena cf overshoot 

which may be reduced t 0 a very small Quanti ty aIs 0 

by allowing enough time to elapse before a measurement 

is tal:en. 
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d- Variation of resistor values in timine; circuits 

due to temperature changes. Wherever this is likely 

te oceur, crocked csroon resistors have been used which 

will va ry no more than liS. Thus, the instrument 

should be capable of measuring resolving ti~es to an 

aeeuracy of ap~roximately 1%. 

It is suggested that the best way of measuring a 

partieular resolvil~ time is to average several independ­

ent readings. 

Conclusion 

The iouble pulse ~ener3tor built under this design 

meets the requirements, but possesses two outstaniing 

weak points: the pulse pair time interval varies v:.ri th 

reeurrenee fre~ueney for relatively long time intervals, 

and the phenomenon of overshoot oeeurs for relatively 

long time intervals. .t!.lthough this latter weakness may 

be eliminated b~7 the shielding of the thyratrons, the 

first weakness is a weakness of the design. It is there­

fore submitted that this design is not so suitable as it 

tnieht be for ~)rodueing pairs of pulses separated by times 

much larger than 100 microseconds. 
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~\Pi)-e-ndix- -5 

List of Components 

Double Pulse Generator 
Resistors 

RI Hi 

R2 330K 

R3 IK l ~!att 

R4 22K 

R5 7K 4 '.Vatt 

R6 37.5K (cc) 

R7 7.5K (cc) 

RS 22K 

~ 20K 

RIO 50K (cc) 

RII lOK ( cc) 

Rl 2 6.SK 

Rl3 10E: (cc) Utatt 

R14 3.3Id (cc) 

R15 22K 

R16 50K 

Rl7 2JO 1 ?fatt 

RIS loE: l Watt 

Rl9 22K 

R20 220K 

R21 IK 

R2 2 O.5U l Watt 

R23 lOR 

R24 5K 1 '.7att 

R25 lOK 1 Watt 

Potentiometer 

Precision Potentiometer 

Potentiometer 



.tl.ppendix 5 continued 

Doubl e l'ulse Genera tor 

Resistors 

R26 0.51-1 l :Jatt 

R27 50K 

R28 200 l Vlatt 

R29 220K 

R30 l K Potentiomet e r 

RZI 10K 

R32 500 

(cc) - Cracked. C8 rbon 
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~:ppendix 6 

Condensers 

Variable in steps by the Range Pulse Recurrence 
Switch. 

Swi tch Setting Condenser 

1 0.05 uf. 

2 0.02 

3 0.01 

4 0.005 

5 0.0015 

500 Pf. 

0.1 uf. 

C4 S uf. (electrolytic). 

C5 Variable in steps by the Range Control :t'U1se 
Separation Switch. 

Switch Setting 

1 

2 

3 

4 

5 

6 

7 

s 

9 

C6 0.01 uf. 

C? 0.5 uf. e1ectro1ytic 

Cs la pf. 

Cg . 8 uf. electrolytic 

CIO 0.003 uf. 

Cond.enser 

Ho condenser 

150 pf. 

410 pf. 

0.001 uf. 

0.003 uf. 

0.01 

0.02 

0.04 

lIo condenser 
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j ppendix 6 - continued 

011 500 pf. 

C12 10 pf. 

C13 0.003 uf. 

C14 500 pf. 



Gate Oscïlla+oT 

• ~rC 
R3 Rs 

R'2,. 

:c. 
~LI -L-------r-

-""Lr -+ 

_t _i~~. 

__ r bSN~ -!-

R~o 

PULSE MARKER GENERATOR 
# 

Circvit D.o1rarn 

Appendix 1 

AmplifieT 

{,SH7 

~'I1 

R7 R" 

Amplifie l 

c,o 

Rn. R,'t. 

Rib 

bS~7 ' ~'3 

T 

TC" 

Cathode Follower-

(oS:J7 

RI, RIS 

'-- -'7V 

+2aov 
-0 
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