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A NJ!:!N COUNTING RATE. RECORDER 

H. o. Anger 

Radiation Laboratory and Division of Medical Physics 
University of C~~fornia, ~erkeley, California 

August 30, 1950 

Introduction 

There are many applications of G-M and scintillation counting where a 

suitable recording counting rate meter can. be very useful. When doing certain 

in vivo biological tracer exp~riments, for instance, the counting rate from 

one or more counters must be followed closely for hours, resulting in a quan-

tity of data which requires much routine labor to record, compute, and plot 

by hand. 

Most of the counting rate meters used in the past have been of a particular 

· type in which the influence of any given count on the indicating meter decreases 

vnth time at an exponential rate after the occurrence of the count.1 • 2 An 

instrument of this type has the disadvantage that when a large change in the 

counting rate occurs 6 a relatively long time is necessary for it to reach 

equilibriUm. and thus· indicate the new counting rate correctly.. A special 

statistical. theory is necessary to evaluate the statistical errors and transient 

response of an instrument of this type. 3 

A. new type of recording counting· rate meter which has the following ad-

vantages is described in this paper. First, the recorder plots a series of 

point.s, each point of which represents the arithmetic mean of the counting 

rate during a gi van fixed interval of time. The regular statistical theory 

is then valid. In addition, the instrument uses a chart which has straight 
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rectangular coordinateso The c:ounting rate is plotted as a linear function of 

the input counting rateo Instrument er:rcr 0 exclusive of the fluctuations 
·. . ' - -~ 

., ') ., . . • ' ) • . . ~ ' • ',;_ r • • • •' ' . ;t . ~- ~. I ~ 

caused by random variations.·in ~Ouil:ting 1 rate~ is.less than 2 percent of full 

scaleo Tt has the additional advantage that three or more curves from differ~ 

ent G~M tubes or scintil.i,ation counters can. be plotted simultaneously on one 

char-t ~f desired~ 

Principle of Operation 

Nea.r·ly all G=M and scintillation counting at this time is done with scaling 
. :. .~ 

ci:rcuit:s combined with mechanical registerso These scaling circui t3 are widely 

use.d and fairly reliable in operationo They were used as a part of this i~stru­

ment since the use of them makes p~o~si ble the design o.f a simple and highly 

a.ccurat;e type of counting rate. cirdui to 

The instrument consists· of a standard type ?f g=oM scaler 0 a Leeds arid 

Northrup Speedomax Recorder 6 and a. relay circuit shown in·Figo lo The principle 

of operation is a.s foilowsg The pu{ses f~om the G=M tub'e or a. scintillation 

counte:(' go to the input of the s'c~.ler circuit in the usual manner- 0 They are 

scaled down and then 9 instead ~f operating the mechanical register in the 'scaler 0 

.they operate the high speed relay sho~ in· Figo lo The relay is a.· single pole 

double throw type with a small condenser c
1 

connected between the relay arma~ 

ture and groundo W:l th the relay a.rmature at its rest posltio~ 0 C~1 is fully ... 
. cl{~rged hy th~ fixed voltage El connected to contact noo 4o With eaGh regis= 

ter pulseg the armature of the-relay.moves momentarily to ~onta.ct noo 2 and 

,the condenser cl d~scharges •. into the .. ~arge t~.k .condenser This causes the 

vol ta.ge across c2 to J,.ncrea.se, by. a. _cqnstant increment vr1th ea!lf:l relay .cliok • 

. A.ft~r a fixed.~nte.rval ,ol time. tl}e _,s-wi,tchJ~l closes and :=-:onneots a2 

t.hrov.gh a vo.l ta.ge divider tq the ,i.nput ter;I\l.:ipa..l,s of tb,e Leeds & Northrup 

·, ;~ ' .,. 
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Speedom~x recorder • :SWitch s1 is operated by a cam which is added to the Speedo­

max recorder a After the voltage across the condenser is plotted by the Speedomax., 

the cam moves to the next position and c2 is completely discharged by s2• Then 

the cam rotates f':lrther, s2 is open~ad, ~d c2 begins to integrate the relay clicks 

as before., This cycle of operations is. repeated continuously, ori.e point being 

plotted on the chart for each cycle. Yhe position of each point is directly 

proportional to the number of relay cli.cks which have occurred and therefore to 
'. ' . 

the counting rate during each interval of time. 

The range of this instrtiment is changed simpiy by switching the s·ca.ling 
. . . 

factor of the scaler. A scale of 64 is used for a full scale indication of 

40 11 000 counts per minute, 32 for 20,000 counts per minute, etc."' down to a scale 

of 2 for 1,250 counts per minute. Still lower ranges can be had by retaining 

the scale of two and sWitching. in larger value condensers for c1. 

An example of the record obtained by this.recorder from a scintillation 

counter is sho1JVll in Fig. 2., In this record,· a point was plotted every 48 

seconds~ so each point represents the average counting rate of the counter over 

a 48 second period. Full scale is 40,000 counts per minuteo The sample was 

first placed close to the counter for about an hour after which it was suddenly 

moved further_awayo It was moved several seconds after the beginning of a time 

period. It will be not~d that when the counting rate changed,· a point was plotted 

that is located between the for.mer and iatter counting rateso The reason, of 

course, is that the instrument always plots the average counting rate during 

each 48 second interval without regard to whether there are any variations wi. thin 

that; period a To follow more rapid variations in counting rate, the printing time 

interval must be made shorter., or course, the statistical variation of the points 

will then be greater. The time interval can be changed to 24 6 12, or 6 seconds 
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by substi t.uting different cams with the proper m.nn.ber of teetho other inter-

vals can. be obtained by making changes in the original Speedamax mechanismo 

Detaiis of ~sign 

In the system built here.~~ a Nuc~ear Model 163 Scaler and a Speedomax 

Model G.~~ 6 pointD b-10 Millivolt Recorder are used. The crun and cam~operated 

sw:i tches whi.ch were added to the Speedama.x are shown in Figo 3 0 · The cam posi-

tion must 8 of course 9 be adjusted so that its operation is synchronized with 

the switching of the recorder between its six input terminalso 

It will be noted that .the ·accuracy and stability of this circuit is de­

pendent primar~ly upon the ·value of, the resistors R1 and R2.9 the condensers C1 

' and c2" and the voltage E1a a~sum?-ng that the scaler and Speedomax are operating 

normally., The accuracy is not particularly dependent on the charactedstics of 

any vacuum tubes or of the relay 8 as long as the reg:l,ster pulses do not arrl ve 

at such a high rate that. the relay is not able to make contact for each pulseo 

The length of time the relay makes contact is not impqrtant since c1 discharges 

completely into c2 in a very short time., According to the manufacturer8 the 

relay has been designed to f'oilow a uniform pulse rate of 100 pulses per second 

which is much higher than necessa~J .. 

It is a characteristic of mercury re!ays 8 .such as the Western Electric 

275C, that the armature Ill8.k<?s. contac~ mcmentarily wi.th the ne-w contact before 

it breaks with the previous oneo This means that current from the voltage • 

source E1 can flow for a short time directly into the tank condenf,er C2., For= 

t~ately 8 the length of time during which current can flow in this way is small o 

The resistor R3 is used to iimit the magnitude of this currento R3 should not 

be made too large or :l. t will prevent c1 from charging fully when the relay arma­

trure is in the rest position., A trial of sever~1 relays showed that the charge 
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transferred to d2 by the momentary short circUit Vias constant for each :rel8.y; 

although the amount ~aried. with different relays. The charge transferred by the 

momentary short circuit was in the order of oniy a few percent., 

The net effect of this momentary short Circuit is that c2 gets a 'small. 

extra charge 'With each relay click~ As long as ·each short circuit lasts the 

~am.e length of time .. the. overal+ ae~uracy of the instrument is not impai:r.ed., This 

seems to be the case in actual practice., The mercury relay was used. in spite 

of this characteristic because of its high speed and quietn·ess of operation., 

Linearity 

There are several things which must be considered in the design of this 

instrument in order for it to be linear. First ... the value of c1 should be very 

small in comparison with c
2 

so that the voltage built up across C2 in each time 

period is only a small fraction of the supply voltage E1 • otherwise the charging 

curve :f'or c2 and the indication will .begin to be appreciably non-linear., By 

using the circuit values given in Fig. 1, the deviation from linearity is less 

The linearity 'Will be affected a].so ~if R3 and R4 are too large 8 because 

there will not be enough time for c1 to charge a.nd. discharge completely· during 

the cycle of operation of the relay., If the values given in Fig., l are used8 · · 

' . '' 

however 8 the non-linearity introduced b;y this effect is completely negligible., 

Calibration of the instrument is accomplished by adjustment of R2• Once 

this is set for one sensitivity range, it will be just as accurately set for 

all the ranges as long as only the scaling factor is changed., If the value of 

C1 is changed in order to provide more sensitive ranges, means should be provided 

·to switch in different values of R
2 

to compensate for slight. inaccuracies in the 

values of c
1

., 
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Summary 

This paper describes .. 8; z:t~w 1?~e ~~r ,C?o~ti~g rate recorder in which a 

· s.er;-ies ·of', poi!l-ts is ;plotted .o~. ~ ~~h~r,~, ,'~he, pp#:tiPn .()f e~o~ .Poini?_.being .. , .· 
' . . . .• '·- ' . 

directly proportional tothe arithmetic mean of' the counts received during . . ' . . . . : ~ ·, ·:·~ ·.. . ·: -~ . . . ~ . . . 

fixed intervals of time., It, 9911si ~. s of .a G~M ~ca,ler 11 a Speedomax recorder, 

and an integrating circuit consis~ing of a.~ercury r,elay, conde.nsers. and two 

switches operated by a cam which is added. to the Speedamax recorder., 
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SCALING MECHANICAL 
CIRCUIT 1--.----l REGISTER 

R1 =10M G.M. SCALER 
Re =2.5M 
R3 =0.5M . 
R4 =51Q 
c, =0.004 
C1 = 16pf. SPEEDOMAX RECORDER 

SPEEDOMAX INPUT 

FIGURE I 

rFig. 1 

MU 724 

WESTERN 
ELECTRIC 
RELAY 275C 

Wiring diagram of the counting rate recorder. 
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This is an example of the record obtained. 
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F,I,G. 3 PiHOIOG'RAPH OF MODIFIED' SPEEDOMAX RECORDER SHOWIN.G INSTALLATI·ON 
OF SWITCHES 5 ,1 AND S 2 AND CAM. 
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