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INTRODUC TION 

The function of a t ime analyzer In count ing c ircuits Is to sort the 

pulses that meet some criteri on In their time with respect to other 

pulses. There are numerous exper imental situa tions requ iring some means 

of t ime discri minat ion. The requ irements for a part icular time analyzer 

des ign are determined by the experiments to be performed . 

In recent years , the use of t ime analyzers has been widespread In 

reactor and nuclear phys ics . They have also been used In various forms 

for the generation of marker pulses In radar(4) . 

The singl e channel time anal yzer described herei n has been des igned 

and construc ted as part of the counting equipment to be used In conjunc• 

t lon with the 250 kev Cockroft-Walton accelerator to perform pulsed-

neutron-source experiments. 

The purpose served by th is t ime analyzer Is to activate the reg ister 

c ircu i ts at a defin ite time after a reference pulse from the ta rget has 

been rece ived . All pulses that occur within a certai n known t ime Inter-

val, or gate , wi ll be recorded by the register. Both the t ime of delay 

and the count ing In terval, or gate , are vari able . The t ime of delay, or 

Delay, Is cont inuously vari able over a range from 10 microseconds to 100 

mil l iseconds . The coun ting Interval , or Gate , Is continuously variable 

over the range from 10 microseconds to 10 mt11iseconds. These wide 

ranges In t ime are des irabl e, as may be seen from a typical experiment 

In which the pulsed-neutron-source technique has been appl ied to studies 

of neutron diffus ion In graph i te. 
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In this experlment(2), several graphite piles of varying dimensions 

were pulsed with a small 250 kev accelerator ~Joying the H3(d n)He4 re-

action, and the decay rates of the neutron flux were measured with a 25 

channel time analyzer. Measurements of the flux decay rates extended 

from a few microseconds to beyond 10 mllllseconds. From this Information, 

the author obtained the values of the transport mean free path and dif-

fusion length of the neutrons. 

Gate widths of less than a few microseconds are not required because 

Input pulses from the detectors are about one microsecond In duration. 

Gate widths of over 10 milliseconds would result In no significant dis-

crimination of the time dependence of events. 

Both single and multichannel time analyzers play a vitally ln.,ortant 

role In pulsed-neutron-source Investigations of reactor and nuclear 

physics. With this technique, a pulse from some periodic oscillator Is 

applied simultaneously to modulate the beam of the accelerator and to 

Initiate time analysis of the Information from the detectors. Pulses 

from the detectors that have been delayed due to nuclear processes, 

times of flight, or diffusion processes are analyzed In the time analyzer 

circuits and sorted according to their delay times. 

Related waveforms are presented In Figure 1 to Illustrate the prin-

ciple of time analysis. A more con.,lete discussion of time analysis Is 

found in the Jlterature(6) . 

The pulses shown at A and 8 are from separate sources, the target 

and detector respectively. Th• pulses at A-1 and A-2 are derived from 

the pulse shown at A. When the gate and the detector pulses are applied 
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In proper manner to a coincidence circuit, the output pulses will appear 

as shown at c. If times t1 and t 2 are variable, It Is evident that the 

Information at C may be recorded for a wide range In time with respect 

to t 0 • 

Within the past few years, much emphasis has been placed upon the 

design of multichannel time ana lyzers which permit a complete time spec-

trum to be recorded for each pu ls Ing of the beam. A I though these mu 1t 1-

channe 1 time ana lyzers are structurally different from the single channel 

type, the pri nci ple of operation Is the same. Mul tichannel analyzers 

are, in genera l, single channel analyzers operated In sequence. 
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It was decided to construct a single channel analyzer since only 

a limited number of scaling and recording circuits were available. 

The operation of a single channel in a 10 channel time analyzer 

Is discussed by Elmore and Sands(]) . 

A 10 channel t ime analyzer has been designed for determining half-

Jives of radioactivities In the range from a few microseconds to one 

second(9). Other Investigators have discussed similar determinations 

of half-Jives In th is range(12). 

A 40 channel time analyzer Is discussed in detail by Von 

Oardel (14). Multichannel analyzers of this type have been employed by 

other Investigators for diffusion studles(2). 

Multi channel analyzers of 1000 time channels have been designed 

for use with neutron choppers capable of delivering bursts of Jess 

than one microsecond in duration(5). 

In 1955, two single channel time analyzers were used to study 

the diffusion process by the pulsed-source technique()). A somewhat 

different method was employed by Ramanna(ll). Extensive investigations 

and the time analy~ls employed in the experiments at the vak Ridge 

Nationa l Laboratories may be found In Campbell(3). 

The method of time analysis employed with the impulse technique 

to determine reac tivities aro discussed In King(lO) . 
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THEORV OF OPERATION 

General Descr iption: 

A block diagram of the single channel time analyzer circuit Is 

shown In Figure 2. Oott d lines indicate the circu i ts contained within 

the time analyzer Itself. Appropriate waveforms are I llustrated for 

each stage of the operation when a reference pulse is presented to the 

input. 

Operat ion of the single chann 1 t ime analyzer is as follows. 

The pulse of current in the accelerator causes the target potent ial 

to Iner ase. This ch nge In potential is transmitted to the Reference 

Pulse Input . The pu lse shown i s a positive going square wave with t 0 

designating the Instant that the pu lsed beam strikes the target. The 

Incoming pulse Is coupled through a Pulse Shape switch, a differenti ator 

and clipper, and Is presented to the ampllflor. Direct coupling to the 

ampl ifier is achieved with the Pulse Shape sw itch in the OFF position . 

Direct coupling to the amplif ier is des i rable when the reference pulse 

ls one of fast rise time and a duration of the order of one microsecond . 

When the pu lse of current on the target is longer than this, it is nec-

essary to shape the reference pulse Illustrated in Fi gure 2 to ach ieve 

an accurate t ime reference. 

The amplified pulse is coupled to the first of two linear delay 

univlbrators in the time analyzer circuit. The square wave output, or 

delay, of this first univibrator i s continuously variable In duration 

throughout a range of 10 microseconds to 100 milliseconds by means of 
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delay controls on the front panel of the time analyzer. 

The time of the trailing edge of the delay output is denoted by 

t1, the delay in time with respect to the reference pulse from the 

targ t. This tral11ng edge of the delay forms the trigger pulse for 

the second l inear delay unlv lbrator , and the output of this unlvibrator 

Is the gate . The gate pulse is continuously variable in duration 

throughout a r ange of 10 microseconds to 10 milliseconds by means of 

gate controls on the front panel of the time analyzer. 

It is desired to count all the pulses from some detector tha t 

occur within the gate , after the beam has struck the target. The 

coincidence circuit serves this purpose. The detector pulses are, 

after suitable amplification, coupled through an attenuator and In-

verter to one input of a coincidence cl rcu i t. The gate Is coup 1 ed to 

the other input of the coincidence circuit through a cathode follower. 

Output pulses will occur through the discriminator only for those 

detector pulses that occur within the specified time interval. These 

are coupled to the Output through a cathode follower and are trans-

mitted to a counting circuit. The circuit Is designed to accept 

pulses from the pulse height selector of a linear amplifier. It can 

easily be modified to accept other pulses. 
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Power Supply: 

A circuit di agram of the power supply is shown in Figure 7, The 

power supply Is a conventional electronic voltage regu lator circuit . 

The operat ion Is typical of the supply circu i ts discussed in Elmore and 

Sands (S). The output of the power supply Is well regulated and is with-

in 3% of 250VDC for an input vari a tion of from 95 vo lts to 135 vo lts. 

Delay Circuit: 

A clrcul t diagr am of the delay clrcui t is shown in Figure 5, The 

del ay c ircu it receives the timing pulse from the target at the Reference 

Pulse Input. The pos iti ve go ing square wave Is differentiated by Cl and 

RJ and the negative going portion Is clipped by the diode CRI . The 

choice of the leading edge of the beam current pulse as the reference 

time was arbitrary. The circuit could eas ily be modified to accept the 

tr a 11 i ng edge as the reference t,I me . 

The major component of the delay circuit Is the l i near del ay uni-

vi brator. The schematic of a simple linear delay un lvibrator Is shown 

in Figu re 3. The theory of operation of linear delay univ l brator s Is 

discussed in detail by Seely ( J3) . 

The operation of the cathode coupl ed delay un ivi brator Is as follows: 

the d-c bias potent ial, E, Is adjusted such that Tl wiJJ be cut off and 

T2 will be conducting. The ca thode biasing resi stor Rk Is large enough 

so that Tl is held at cutoff by the voltage due to the p late current in 

T2, Tube T2 conducts until a pos itive trigger arrives at the grid of 

Tl causing a decrease in the plate voltage of Tl. This vo ltage drop Is 

transmitted by the capacitor, C, to the grid of T2, thereby reducing the 

current in T2. 
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Regeneration through the cor,mon cathode causes the plate voltage 

at Tl to further reduce. 

This process continues until T2 is cut off and Tl is conducting . 

Thi s transfer of conduction from T2 to Tl occurs in such a short time 

that there is no change In the potent ial of the capacitor. The capacitor 

discharges through the series pa th consisting of Rl and Rg2• This dis-

charg causes the T2 gr id potential to Increase exponenti a lly toward 

a fina l value equa l to the plate supply voltage. When the po tential, 

with respect to the ca thode, reaches such a v~lue that T2 aga in con-

ducts, the reg9neration causes the conduction to transfer very rap-

id ly f rom Tl to T2 . 

I t is shown in Seely( l3 ) that the time during which Tl conducts is 

given approximately by the following expression 

(1) 

where : 
a and bare constants determined by the circuit parameters . 

It Is seen from this expressi on that the delay time Is propor t ion-

al to the d-c bias E which Is controlled by the hetipots . 

The range of vari~bi l ity of E is limited, and the pulse duration 

Is pr lnc fpally determined by the values of C and R92 . 

It was, however, possible to desi gn this time anal yzer so that the 

vari ability of E would permit adjustment of the delay t ime and gate by 

a factor of 10 for several different values of the product CR92 • This 

permits calibrat ion of the instrument so that Its contro i setting may 

be lnmedlate1y converted to time . 
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The linear delay univibrator incorporated in the time delay 

circuit of this time analyzer is identical in principle of operation 

to the one just described. 

The delay univibrator is a twin triode 6SN7, V6A and V6B , Figure 

8 . The values of Care determln d by the position of a three section 

multiple throw switch S2. The switch couples through a ganged con-

nection, to a ten-turn hellpot which controls the d•c bias voltage E. 

Wi th the switch S2 In the position for delay times in the range from 

10 to 100 microseconds, the bias £ Is determined by the calibration 

potentiometers R6 and R9 and the IOOK hellpot. With S2 set to the 

longer delays, the bias Eis determined by R7, RIO, and the IOOK 

hellpot . It is n cessary to provide separate adjustment of the bias 

E in the shortest del ay range to achieve a linear response . A de-

tailed circuit diagram of the selector switch is shown In Figure 9, 

The crystal diode CR2 In the input circuit of the delay uni-

vibrator serves to disconnect the delay unlvlbra tor from the trigger 

source until the next positive tri gger arrives. 

Ga te Circuit 

A circuit diagram of the gate, or counting interval, circuit is 

shown in Figure JO. The trailing edge of the output delay pulse, which 

occurs at a known time t 1 after the beam has struck the target , Is the 

trigger for the gate circuit. The gate un l vi brator circuit is Identical 

in desi gn to the delay circuit , with the exception of the clipping 

polarity, the phase inverter V7, and va lues of the resistors and capac• 
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itors throughout the circuit. There are three gate intervals pro-

viding continuous variation throughout the range from 10 microseconds 

to JO milliseconds. The controls are located on the front panel and 

are marked Gate . 

Coincidence Circuit 

The purpose served by a coincidence circuit is to produce an out-

put pulse only when suitable signals occur siaultaneous1y at the in-

puts . A schematic of a simple diode coincidence circuit is shown In 

Figure 4. The operation Is as follows 

In the quiescent condition, Tl and T2 are both conducting . The 

potential at the common plate Junction, Vp• Is given by the following 

expression 

V (2) 
p 

In deriving this expression, the small forward resistance of the 

diodes has been neglected. If a positive signal appears at either of 

the Inputs, one of the diodes Is cut off, ~mlch doubles the potential 

at the common Junction . If large pos i tive pulses occur simultaneously 

at the Inputs, the rise In cathode potentlal Is large. Both diodes 

will be cut off, and a large pulse will be produced at the common 

plates. The signal, smaller In voltage of the two pulses , determines 

the voltage of th is pulse . Its duration Is determined by the duration 

of the shorter pulse . 
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This diode coincidence c i rcuit as Incorporated in the t ime 

analyzer is shown In Figure JI . The coinc idence output Is eas i ly 

discriminated by Vl2 which is biased to pass only the coincident 

pulses. The coincident pulses are inverted in Vl2 and coupl ed through 

the cathode follower Vl3 to the Output connect ion . 

The detector pulses are externally ampl if ied and arrive at the 

Amplifier Input connection of the s ingle channel time analyzer. The 

time analyzer i s designed to accept pulse-he ight-selector pulses from 

the Model A-1 Linear Amplifier . These pul ses are 60 volt negat ive 

pulses and are attenuated and then inver ted In VIIB. The output of 

the phase inverter applied to the cathode of CR2 is a f ast ri s ing 

positive pulse of a few microseconds duration. 

The pulses at the Output of the t ime analyzer are negat ive pulses . 

This Is desirable since some of the available scaler s are des igned to 

accept only negat ive pulses and others are designed for input pulses 

of either polar ity. 

Performance 

The singl e channel time analyzer Is constructed as a single un i t . 

The c0q>leted Instr ument is shown in Figure 12. Vacuum tubes are 

oriented and located on the chassis to acconrnodate shor t gr id connec-

tions. Filament leads are twisted and routed to prevent noise , and 

the high voltage and ground connect ions are distr ibuted on busbars. 

Voltages throughout the analyzer c ircu i t are listed In Table I. 

Table II contains measurements of the delay t ime , and gate t ime , as a 
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function of Delay duodial setting for each position of the 

selector switches . Figure 5 shows the Delay time as a function of 

duodial setting. Figure 6 shows the Gate time as a function of 

duodial setting. Both the Delay times and the Gate times are shown 

for each position of the switch and throughout the range of the 

duodials, to be superimposed. The largest variation between points 

on the several curves is less than the width of the l ine . Figure 13 

shows waveforms at the critical points of the circuit. 

Delay times were measured by visua l comparison with the sweep 

times of Model 545 Tektrvnix oscilloscopes . No means of more accu-

rately determining delay times In the single channel analyzer Is cur-

rently ava il abl e. 

The time jitter; I.e . , the variation In delay time of the uni-

vibrators at a fixed position of the controls; In outputs of Delay and 

Gate Intervals needs to be measured with better accuracy. The oscil-

loscope observations indicate that jitter Is not roore than a few per-

cent of the delay time at any delay setting. 
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TABLE I 

Voltages Throughout the Circuit 

All voltages measured with VTVM to ground . 
Pi n numbers In pa rentheses . 
All vaJ~es listed are volts d-c . 

Power Supply 
Control 

Tube Grids Plate Cathode 
VI (3)246 400 (4)250 
V2 (4)68 (8)246 (5)82 
V3 (5)82 (2)0 

Delay CI rc:ult 
Control 

.I!l!:?! Grids Plate Cathode 
V4 (1) 0 (5)225 (7) 3.5 

V5A (2) 0 (I) 165 (3)5. 5 
VSB (7) 55 (6)250 (8)67 

V6A (1 )29 (2)250 {3)55 
V68 (4)55 (5) 160 (6)55 

Delay Duodlal 
100msec. to 
100mlc:rosec . IOOmicrosec . 

Duod ial Hel I pot Ranges Range 

10 Wiper 29 31 
Bottom 21 22 
Top 29 31 

Wiper 22 . 5 24 
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TABLE l (Cont'd) 

Gate Circuit 

Tube &rids Plate Cathode 
V7 (2)0 (1)230 (3) 15 
vs ( 1 )0 (5) 190 (7) l 5 

V9A (2)0 (1)115 (3)5 
V9B (7)52 (6)250 (8)63 
VIOA (1)33 (2)250 (3)62 
V108 (4)62 (5) 165 (6)62 

Gate Duodla1 
lOmsec. to 100 IOOmlcrosec. 

Ouodla1 He J leot mlcrosec. Ranges Range 
10 Wiper 33 38 

Bottom 23.5 24 
Top 33 38 

Wiper 28 29 

Coincidence Circuit 

Grids Pla te Cathode 

VI IA (7) )6 {6)250 (8)21 
\I 11 B (2)0 (1)180 (3) 3 

Vl2 (1 )0 (5)250 (7) 19 

Vl3 (7)0 (6)250 (8)250 

CRI (P)2l (C)21 
CR2 (P)2 I (C)2 l 
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TABLE 11 

Delay Time and Ga te Time as a Function of Ouod ial Setting 

Range: 100 msec. Range: 10 msec . 

Ouodial Delay Ti me(msec) Ouod ial Delay Tlme(msec) 

9. 90 1 1.0 
2 19 . 9 2 2. 0 
3 29.9 3 3.0 
4 40 . 0 4 4. 0 
5 50.0 5 5. 0 
6 60 .0 6 6. 0 
7 70 .0 7 7. 0 
8 80 . 0 8 8.o 
9 90,0 9 9. 0 
10 100 JO 10 

Range : lme c . Range:!00 microsec . 

Duodial Delay Ti me Duodlal Delay Time 
(microsec.) (mlcrosec . ) 

1 100 1 JO 
2 200 2 20 

300 3 30 ., 
4 406 4 40 
5 510 5 50 
6 610 6 60 
7 710 7 70 
8 8)0 8 80 
9 910 9 90 
10 1000 10 100 
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TABLE ll (cont'd) 

Range: 10msec. 

Ouodlal Gate Tiri.(msec.} 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1. 0 
2.0 
3.0 
4 . 0 
s.o 
6. 0 
7.0 
8.0 
9.0 
10 

Range: 100 microseconds 
Gate Time 

Ouodlal (microseconds} 

1 
2 
3 
4 
s 
6 
7 
8 
9 
10 

10 
20 
30 
40 
$1 
61 
71 
81 
91 
101 

Range: 

Ouodial 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1msec. 

Gate Tlme(mlcrosec .) 

100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
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CALIBRATION PROCEDURE 

Calibration of Delay Ouodial 

1. Connect a square wave generator to the Reference Pulse Input and 

use an oscllloscope to trace the waveforms at each stat.1 of the time 

analyzer. 

2, Measure the power supply output with a VTVH . lhis should be 250 

voe. The HIGH VOLTS ADJUST potentiometer is located on top of the 

chassis. 

3. Connect oscilloscope probe to pin 5,V6B, to obtain the delay wave-

form. 

4. Set the Delay controls as follows and note the Delay Time 

indicated on the scope TIME/CH dials . 

Ouod ial Switch Position 

10----------- ----- IOOmsec. ------ - ----
1---------------- 100msec. --- --- - - ---

10------ ---------- JOmsec. ------ - ----
1---- - - ----- ----- lOmsec. -- 4

--- ----

10---------- ------ lmsec . ----- - -----
1------------ --- - lmsec . --·---- ----

10-------------- -- lOOinicrosec . -----------
1----- ---- - ---~-- lOOmicrosec.----- - - - ---

Delay Time 

JOOmsec . 
10msec . 
IOmsec . 
lmsec . 
Jmsec . 

JOOmlcrosec. 
lOOmicrosec. 
lOmicrosec. 

5. Should the delay ranges be out of adjustment, It will be necessary 

to adjust the d-c bias voltage Eby the following procedure. Set the 

Delay DuodlaJ at 10 and the Delay Selector switch at 100msec . All 

Delay range calibration potentfometers are located on top of the 

chassis and labeled DELAY ADJUST. It Is not necessary to adjust Rl7 

unless the 6SN7 , V6, Is replaced. Adjust R7 so that Delay Time Is 



100msec . Set Duodial at 1 and adjust RIO so that Delay Time i s 10 msec . 

Repeat this procedure unt i l Delay Time is with in 1% of Ouodial sett ing 

th roughout the range of the dial . 

6. Set Ouod lal at 10 and switch at 100 mlcrosec . Adjust R6 so that 

Delay Time i s 100 mlcrosec . Set Duod la l at 1 and adjust R9 until Delay 

Ti me is 10 microsec . Repeat unt i l Delay Ti me is within 1% of Duod lal 

sett ing throughout the range of the dial . 

] . Plot th O Jay Time ver sus Duodlal Read ing throughout the range of 

the Ouodlal for each of the sw i tch pos i tions . The Instrument i s cal ib-

r ated wh n the curves Indicate that the Delay Time Is , within 1%, a 

l inear funct ion of the Ouodlal Sett ing . 

Cal ibrat ion of Gate Ouod lal 

The cal ibrat ion ad~ustments for the Gate c ircu i t are located on top 

of the chass is and are market GATE ADJUST. 

Connect oscilloscope probe to pin 5, VlOB , and obtain the gate waveform. 

2. The calibrat ion potent iometer s for Gate Ti mes in the range from 10 

to 100 microsecond are R6 and R9 , For Gate Times In the range from 

100 microseconds to 10 milliseconds adjust R7 and RIO . The same con-

dit ions govern the adjus tment of R17 as are set forth in step No . 5 in 

the calibrat ion proc;edure for the delay c ircu i ts with the except ion that 

R17 In the GATE ADJUS T should be adjusted to give a 62vo1ts on the VTVM 

at pin 3, VIO . 

3. Except for cond itions set for th In steps 1 and 2 above, the 

cal ibration procedure for the Gate Ouod la1 Is the same as for the De lay 

Ouodia 1. 
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ABSTRACT 

The Virginia Polytechnic Institute 250 kev Cockroft-Walton 

electrostatic accelerator is being constructed under the direct ion of 

Or . A. Robeson . The emphasis of the exper iments to be performed with 

this machine wl11 be placed upon those experiments which involve the use 

of a pulsed beam. 

This thesis descri bes the author's contribution to the Cockroft-

Walton project through the design and constructton of a single channel 

time analyzer . 

The time analyzer will detect the pulse of beam current on the 

target and, after a fixed delay time, wll1 open a channel to record the 

pulses from a detector. 

The delay time Is continuously variable from 10 microseconds to 100 

milliseconds. The duration of the counting interval Is continuously 

variable from 10 microseconds to 10 milli seconds. 

When the time analyzer Is operated In conjunction with other equ ip-

ment, it wlll be possible to per form such experiments in nuclear or 

reactor physics as measurements of the decay rate of neutron flux in 

moderators or other materi als . 
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