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Introduction

1v There are many applicgtionsrqf G-M and scintillation counting where a
suitaEle_recordiné éounfiﬁg rate meter can be very useful, When doing certgin
ig z;gg biologicel tracer experiments, for instence, the counting rate from
one or more counters must be followed closely for hours; resulting in é quan—'
tity of data which requires muoh'routine labor to fecord,léom?ute, and plot
by hand, |

~Most of the coﬁnting rate meters used in the past hevé been of & perticular

 type in which the influence of any given couﬁt on the indidating metér decreases
with time at an exponentigl rate after the occurrence of the o_ount,l’2 An
instrument of this type has the disadvantage that when e large change inzthe
counting rate occurs, a.relatiﬁely long time is hécessary for it to reach
equilibrium and thus indicate the new counting rate correctly, A special

" statistical theory is necesséry to evaluate the statistical érfors and transient

response of an instrument of this ’cype_.5

A new type of_recofding_couhtiﬁg‘rate méter which has the following ad-
vantages is dgscribed in this paper.- First, the recorder plots a series of
points, each point of whichvrepreéents the arithmetic mean of the counting
rate during a giveﬁ.fixed interval of time, The regdlar:stati;tidal theory

is then valid, In addition, the instrument uses & chart which has straight
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rectangular coordinates, The counting rate is plotted as a linsar function of
the input counting rate, n«trumen errcw exclusmve of the f;ucta&tlons .
saused by random varlatloee ;Alceuhﬁihg rate is‘less ‘then 2 percent of full
scale, It has the additional advantage that three or more curves from differ-
ent G-M tubes or scinéiiietionveeuﬁfere een_beﬂpieeﬁeaiSimulteneoes1y on one
cshart if desired,

Prinsiple of Operation

Nearly ell G=M and‘sclnt111a+1on countlng at this time is done with SQaling
circuits comblned w1th ﬁechenlcal regls‘terso Thess scaling clrouzhaare w1de1y
M;uced and falrly rellable in operatlona They were used as & parf of thls instru-
ment since the use of them makes poss1b1e tne d931gn of & sunple and hlghly
> accuraﬁe +ype of ﬂountlng rate Glr”u‘t o |

 The inSﬁruﬁeﬁt cbneists of é standa?d £y§e ef‘GQM SQeier e‘Lee&e and
Northrup Speedamax Recorder end a relay clreult shown in Flgo 10' The.briﬁciple
of operatlon'ls as folloWS° The pulses from the G=M ube or a eeiﬂtiilation
| counter go to the 1nput of the scaler clrcult in 4'he usual memnero Ihey are
caled down end then, 1nstead of oéeratlng the nechanlcal reg.xstem in the Scaler
‘?they ope“ate the hlgh speed relay shown in Flgo 1; The ‘relay is & s1ng;e ﬁole
double throw type with a sma;l condenser C1 conneetea between the rel&y &IMA-
ture and ground With the-relay'armature at itc rest posmﬁien Gl 13 fully
hawged by the flxed voltage El conneeted to contact no° 4;. WithAeaeh regls=
ter pulse, the armature of the - relay moves momentarlly o contavt nc, 2 and
Ythe condenser Cy dischargesuinﬁo.theﬂlarge.tank condenser Cp. This causes the
voltage aecross Cz to 1ncrease by a cons*ant increment with each welav eli

- Arter a.fixed,interval;gfﬂtigeltheigwitehgsl-oloses and eonneets 62 

through a voltage dividep”tg ﬁhevinput-temmina}s_of?the Leeds & Northrup
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Speedomax recorder, Switch“31 is opérated by & cgm'which i's added to the Speedo-
mex recorder, After fhe vclﬁage across the cgndeﬁsef is plottéd‘by‘thé Speedomax,
“ the cam moves to #hé next pos%tién:gnd 02 is completely discharged by 83, Then
the cem rotates further, Sé is oﬁanéd, and C, begins to integrate the relay clicks
as before, This cycle of operatioﬁs ié-repeéted continuously, ore point being
plotfed on the chart for each cycle, The position of each point is'directiy
proportional to the numbef of relay clicks which‘have occurred and therefore to
the éouﬁtiﬁg rate dufing'éééh interval of:time;l |

" The range of this instrunent ié chenged Simpiy’by switching the scéiing
factor of the scaler, A scale of 64 is used for a full scale indication of
46;000'coﬁnfé per mihute,Sé for 20,000 éounts'pef minuté, ete,, down to a scale
of 2 for'l;ZSO coﬁnts;per minute, Still lower iangés can be had by retaining
the scale of two and sWitching:in larger velue condensers for Cj,

An example of the record obﬁainéd by this recorder from & scintillation
cowber is shown in Fig. 2, In this fecbrd,-a poinf wﬁs plotted every 48
secoﬁds, so each éoint répresentS”ﬁhe'average counting rate of the counter over
é 48Vsecond period," Full sceale is“40,0605¢ounts per minute, The sample was
first placéd'cloée to the>c°unter for about sn hour after which it was suddenly
moved fdrﬁﬁer_away; It ﬁas moved several Séé@n&s'after'thé beginning of & time
pefiod. It will be noted ﬁhgt when the cbunting.rate changed, & point was plotted
that is located betweenfthe former and latter counting rates, The reascn, of
course, is that thé instrument always plots the average counting rate during
each 48 second interval without fegard to whether there are any variations within
'thétbpefiod."To follow more rapid‘vgridtibns_in counting rate, the printing time
"iﬁterQai must be made shorter, Of”¢ourse; the statistical variation of the points
will then be greatef.. The time iﬁtervai cen be changed to 24, 12, or 6 seconds

N
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by substitubting different cems with the proper number of teeth, Other intere
vals can be obtained by making changes in the original Speedomax mechanism,

Details of Design

In the'sygtem-built‘here,va Nuclear Model }63 Scaler and a Speedbmax
Model'G, 6 point, OniO'Mil}ivolt Recorder are used, The cam and cam~operated
switches which were added to the Speedomax are shown in Fig, 3, The cam posi~
tion must, of course, be adjusted so that its operation is syﬁghronized with
the switching of the recorder between its six input terminals,

It will be noted that the accuracy end stability of this circuit is de=
»pendent primarily upon the value of the resistors Ri and Ry, the condensers Cj

and C.

90 and the voltege E,, assuming that the scaler and Speedomax are operating

normally, The'aécuraCy is not particularly dependenf on the characteristics of
any vacuum tubes or of the relay, as long as the register pu;Ses do ngt arrive
at such a high rate that the relay is not able t; meke contact for each_pulse°
The length of ﬁiﬁe the reley mekes contact is not importent sincé Cy discharges
éompletely into Cé in a very short time, According‘to the manufacturer, the
reiay has been designed to folloﬁ a uniform pulse rate of 100 pulses per second
which {s much’highérlthaﬁ‘ﬁecessary,

| It is & characteristic of'meréury‘ré}ays,“sueb as the Western Electric
275C, that the armature ﬁakgégqbntgoy mcmenfa;ily with fhe new contacf before
it breeks wi£h<the previous one, ?his meens that current from the voltage
source Ey cen flow for a shgrt time directly into the fank condenser £s, For-
tupatelyahthe length of time during which current cenf low in this way is small,
The resistor Rs:is used to limit the megnitude of this durrénﬁo  R5 should not
be made too large or it will prevent C; from cherging fully when the relay arma-

ture is in the rest position, A trial of several relays showed that the charge

*
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trensferred to Cy bysthe'ﬁomentarywshdft_bif¢ﬁif was constant for each relay,
although the aﬁbunt‘ﬁafiedlwiﬁh different relays, The charge transferred by the
momentary short circuit was in the order of only a few percent,

The net effect of this mc.méntary short circuit is that Cp gets a sméil :
extra charge with each relay click, As long as ‘each short circuit lasts the
seme length of tiﬁe, thélbﬁgrall sccuracy of the instrument is not impaired, This
seems to Dbe the case in actual praétice; The mercury relay was used in spite
of this chafactefiéticiﬁeéause of its high speed and quietness of operation,
Linearity

There are several things which must be considered in the design of this
instrunent in order for it to be linear, First, the value of Ci should be very
small in comparison with'02 so that the voltage built up across C, in each time
period is only a small fréction of the supply voltage E,, Otherwise the éharging
curve for C, end the indication will begin to be appreciably non-linear, By
using the circuit values given in Fig, 1, the deviation from linearity is less
than 0,8 percent9

The linearity will be affected also if R; end Ry are too largésibecau3¢
there will not be enough time for Cy to charge and discharge completely during
the cycle of operation of the relay; If the values given in Fig, 1 are used;"
however, the non-linearity introduced by this effect is complefély negligible,

Calibratién of the instrument is accompiished by adjustment of Ry, Once
this is set‘for one sensitivity range, it will be just as accurately set for
8ll the ranges as long as only the scaling factor is changed, If the.value of
Cl.isvchanged in ordér to provide more sensitive ranges, means should be provided
to switch in different values of R2 to compensate for slight,inaccuracieé-in the

values of cl°
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. Sumary
Thi_s_ paper desgr.j‘i:bg_s__a; new typeof counting »r.'a:te‘ wzi"ecorc‘ievr in VZW.}}iQh' B
“series of points is ;plotted ona f;c’ihe}?‘;fsq?iﬁhe;'éé,sifci@r% .of each point being. ' ..
directly proportional to. the, ,a;rj.th_:'.r}etj:q_ m.e‘a?nfof’ the co'un’_cs;received during
fixed intervéuls of time, ._'It/l c;?z;‘si‘s‘}iﬁ‘:ipfﬂja:(}em scaler, a Speedomax recorder,
and an integrating clircui.t'con_si.s:l_:iz‘;g of a (gerqury:;jela,y, aondgngerg , and two
switches operated by a éa.m w-h‘i..ch. is added to the Speedamax rgé_order, .
.;Agkngwledg _en't: , ‘ v |

. The gu_thor wishes to thank Dr, C, A, ‘Tofﬁigs for his interest in this work,

This work was performed under the auspices of the Atomic Energy Commission,

Information Division -
~ scb/9=6=50 |
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Fig, 1

Wiring diagram of the counting rate recdrder,
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This is an example of the recorad obtained,
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