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Design and Operation of an 'Improved Counting Rate Meter 

A. F. W*, A. G. Bous~ur.~t, R. D. EVANS*, AND W. N. TUTTLE~ 
*Departwmt oj Physics, ,l!msachirs~tts lnstitwte oJ Technology, Cambridge, ~T~assachusetts 

+Engineering DeparLment, G a e r d  Radio Company, Cambridge, M ~ s r a c h a ~ e t t s  

The count in^ rate meter is an  electronic amplihcr and conlputing circuit whose output is a 
11.c. current or voltage proportional to rhe nunhwr of pilises fed into the circuit. The inpui 
pulses may be either uniformly spncetl or distrilluterl randomly in time, as in the most common 
use of the in s t r~~mcnt  as an  amplifier a w l  recorrler for use with Geipr-Miiller counters. The 
eIectronic design and operation is discu~sed for each of the circuit components: ampIihers, 
pulse equalizer, integrating circuit, degenerative vactrum-tube voltm~eter, and the stnbil i /rr l  
high vcltage and llov voltage st~pplies. The statistical interpretation of thecounting rate nieier 
ou tp i~ t  rendin- clue to the ranrlurhly tfistriliuted pr~lscs From radioactive sources rcq~rircq ii 
special statistical theor). herause nn i n i e ~ r a i i n ~  and nve raa in~  circuit p r d ~ ~ c c s  an cxpotlcnria! 
in terrlepentlence of successive ol~servrt tions on all prcccding nl>servations. I'ractiml mcthorls, 
with curves, arc clwrlopcrl for rletcrmining (he mean counting rate ant1 the probablc crror of 
the mean rate tlirectly from the output records. 

1. INTRODUCTION 

T HE counting rate meter is an amplifier for and tested over thc past four ?cars h!. the con- 

llse with ~ ; ~ i ~ ~ ~ - ~ l ~ ~ l l ~ ~  counters, Or tini~ous ltse of some twenty instruments of thc 

other random or pendic. counting instruments+ type' described for phys ica l ,  biological,  a n d  

1 inclurlcs  a simple electrical computing circuit me ta l lu rg ica l  r c sea rch  us ing  radioactive isotnpcs. 

such tile output rearis the average counting The statistical analysiss of counting rate mctcr 

rate directly. T h e  instrument has heen improvedl data, especia l ly  the direct observarion of the 

in a number ways it AVas first r]oscrihed,2 ~"b"ble error of the average counting rate, i s  

Simplified forms of the basic c i r c u i t s  I~ave been "'s" 

rlcscribed for ust: as r-ray dose mcters,a I t  is the AS in the or ig inal  design, the lrrlit cons i s t s  KIT a 

p u r p o s e  of the present paper to discass t h e  im- volta~e s u p p l ~  assoc ia t ed  circuit  f')r 
operating a Gcigcr-RIiilIcr counter, amplifiers, 

t R, D, EVlns ar,d L. Rev, Sci, I,,,.,. and B p t ~ l s e  equalizer for insuring that  all pulses 
332-336 (19.39) ; It. ij. kIvnns nnrl R.  h,Tcaahcr, Ticv. Sci. from the  a m p l i f i e r  snnlc shape and size. 
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V - l  6 J i  or ( I C ~  R-19 i0 n i e ~  f watt  R-5.3 n 
1 . 2  fhSJ7 h'-ru 10 mrg : wotl  H.5.I 1 m r ~ :  t wntt \,ariahlr 
1'4 0517 h'-?I 10 nirb: : watt  I<-55 I mrc ? w a ~ t  rm;iriahlc 
V-4 6>17 lI.22 .50.(HHI 1 rr;ltt vari.tblc H- ih  0.75 rricn : utratt vari:tblc 

tr-5 OSJ 7-6T/G I:-21 0 H - 5 :  tl.i5 nlrp : ~ a t t  varlahle 
V-0 b h C i l l A 5 1  K-14 L 5 , W  1 wat t  I-ariahle Ii-.5R O.i.5 mct: i wnlt !'arinl>lr 
L'-7 6x5 li-'I..? I i.000 1 w.t[t variahlc. K-59 0.75 mcc 4 watt  
V-8 2 S 2 / S i 9  I<-,!(, I ,; ,l>OO 1 \r.~:t \r:br~:~l)l<h X - ~ I I  0.75 rnrmp : n .>I t sariahlr  
1'-Y hC'5 R-27 R.3M) 1 \\,;it t I<-thl 0,75*tt1c< ? !\-;+tt vari:kl)!? 
I'-!n fit:& 1C-19 l .<,trWl 1 rv;htt vnrj;lhlc K-<,? 11.7.5 1;Icg 1 lxr;ltt ~1rl ; l l )Ic  
V-t 1 \ : wat t  neon hulh?. Ix~yotjct h;kw ~vit l>nut  h'-?*r lS,ljtjtr I watt  vnrlaldc h'-03 1 rnrp Ilncnt. 1 watt  v.~rinhlr* 
V-121 i n t ~ r n a l  rrelbtoru /<-3O 1.<,[ltlO 1 ~ x - d t  L vari;~h!(* hb-0,l ZIMIO Ill watts  
\'-I3 VKl05-311 H-,;l 3nn I watt irnri:khlr. N-05 o.? mep 1 axtt v:iriohlc 
\'-14 \:litoS-:~~~ N-37 I ? . o c i n l o ~ ~ ~ i t  I 0.5 ri lOoO \ o t t s  p;~nrx 
?'-! 5 fikfb<;'r;(G I<-r.! 11m $ u a t t  2 5nppi311CIOr.ollrrrr,!niic 
T-1 C;K-.3(>542R or KCA S o .  33.3'Hl 1LZ.l lOO!k 1 \vact C.3 r1.01 gt <><lo vnl:.r pilpcr 
R - l  Irl mrp l wat t  I:-35 2l l r~ l  1 r w t t  vnrinhlr: C-4 u tKI2 p l  ii>ica 
R-L 5 meg 1 wat t  II-3(, l.il* b wnt! varinhl- I:-S 0.2.5 w: p:xwr 
3 b mcfi (201H) v )  X.37 10110 t l t  u n t t s  \-;~rl;hblc t . 0  5 gr t  nlrr:) 
H-Q 1 mrr: 1 \trait 11-3s A ; I ~  l U i ~ - , > t t a ~ ~ a r ~ o l ~ l c  C-7 O.:, p l  p:1p~r;1W I 'O~IS 
I -  U.S f wat t  It-:cQ l[j.lMlh 10 rv;itta I-;lrrablc C - R  U.WKI1 1,; Iritca 
&a z(K~ .o~K)  wat t  N..lo .?11:1,11IM 2 ~ r : u t s ~ ' a t i ; ~ l ~ l ~  C-9 O,ll{Hll gi rn1c:k 
H-7 31XI.tH)O 1 t w t t  R-41 0.1 rrlcfi f watt  varinl)lr! C-10 D.2.i #f paper 
Ii-8 1 mcr: t watt  N-4-2 0 . 2  mrr  watt  vilriat>lc C-1 l O.INW? U T  1:lira 
R-O 100.000$1r,att X-43 0.3 r n r ~  : >watt var1nt)lc C-I2 2 pi  ~ o l y r t y r m c  
R-10 250.1M10 1 wutt R-4.1 0.3 mcc A w a t t  vari~iblr  . C-1.3 20 ri e l c c t r ~ l ~ ~ t i c  
X-1 l 300,11[10 4 w a t t  K-45 0.25 nick watt r.ari.>hlc C-14 20 pf clcrtrotytic 
R-12 250,11110 1 watt  Xlh 0.25 rrlrc i i tmatt  v ; i i~ ;~h le  C-10 20 pf elcctrnlytic 
R-13 1(Hl,OIlO i wat t  11-47 11.25 I I I C ~  ?. ~ r r ~ t t  ~ i t i . , x ~ ~ ! v  r-i? 0 . 2 ~ I p ~ p e r 2 n u 0 v o l t  
K-14 2WYI I w ' a t t  varint>le /I-4s 2.25 n~(.;: ; wat t  \-ari,>hic C-IK 0 . 2 2  PI f law? ?#HI0 v?)[t 
R-15 0.5 mcg : wat t  X-4') 1M) IIWK IRC ~nc.tnli~r.?l C-1') SO ppt nlic.1 
X-1Tr 331K1 111 wat t  X-511 10 mpg 1 \ ~ . i ~ t t  C-20 50 p p t  fnica 
R-17 30.000 1 matt  A R-5 1 1 met: wm>htt C-21 (1.1 p i  pawr 
X-18 1M.OHJ ? n s l t  R-52 0.5  sir^ t \\.;!it , I.'-1 $3 zmpcrn fir~r 

The equalized pulses are fed into a tanl; circuit n-icnsured by a clegenera tive vacuum-tube volt- 
consisting- of n condenser anrl resistance. The meter whose output is read on a panel mctcr 
witage developed acrnss this condenser is pro- calibrated rlirectIy in terms of counts per minutc. 

portional to the  average rate at w h i d ~  pulses The vacuum-tube voltrncter circuit increases the 
come from the coutltcr, and thus is proT>ortior~al available full scale currcnt 50-folcl, from 100 pa. 

to the activity of the radionctivc sarnplt.. to 5 ma, allowinc thc use of rt corn~r~ercial pen 
Changes have been made in t.he voltage sup- 2nd ink recorcling rnillia~ntnrtt.rr in place of thc: 

plies, all batteries have becn climinnted , and thc photographic techniql~e requirerl lor recording 
counting-rate range of the  instrunicnt has bee11 with the earlier tlesigns. Thr  vacuum-ttrbc volt- 
increased. I n  the present design the voltage dc- rncter circuit has also made it  possible to it~crease 
wloped across t he  intrgrating  condense^. is the rcsisratlcc in the RC integrating circuit with n 



~ ~ ~ . r ( ~ s p o n d i  tlg rlccrcnse in  capnci t!. frotn 100 to 
2 J L ~ .  'I'he wiring diagram is givcn in Fig. 1. 

2. THE AMPLIFIERS 

~l'he Gciqer-JT iiller counter tube and n X\;chcr- 
PickcringVypc preamplifier, modified to elimi- 
nate thc scrccn-grid battery, are built into a 
single sl~icldccl container-. Spart requir~mcri t s  arc 
small. T h e  countt5r a11cl prcamplifier nsam~bll; is 
connecteri to flip rounljng-mtc ~netcr  ~ ~ r o p c r  by 
means o l  n slii~~ltlecl cablt. and a standard six- 
terminal plug, rnorlificcl by t~sing mical-ta brackt~ts 
and shorter nleurlting screws so as to increase thc 
leakagc path, since this plug carries the high 
voltagc to the countur. 

.-I srconcl amplifier stage has bccn introtl~rct.rl 
I)ct~v<>cra ~ h c  prcarnplifi~s and t h y  pilTsc cqualizct. 
This ins~~res  that .-i minimum sizcrl plrlsc from 
cvcn a verjb small helium-fiIIccl counter will be 
sufficient to acttiate t h ~  PIIISC cqualizer. I t  also 
r.duces the pttlse width to less than thc relasation 
timc of tlie p ~ ~ l e e  equalizer7 (ca. 6X 1OU5 set., by 
Eq. (1.5 la)  nf rvfcrencc 7 ) .  Thus in no case will a 
single p~rlse allow h ~ r  cqt~nlizrr to givc more than 
one pulse. 

The prcamplifier is couplcr! to thc second 
amplifier stage through a small condenser (C-2) 
~vhich has t Elc lull courlter vol tagc (400-2000 
volts) xcmss it. Hence the conclcnsrr nlrrst I>e 
rlcsi~ncd to ivit11s;tancl thc high voltaye r:virhout 
introclucing spurious disc11argc.s hccausr: of 
Ivnka~e. 

3. THE PULSE EQUALIZER 

'The equalizer is a conventionat multivibrator, 
ns descriI>ed earlier for this circuit ,2 hiasrtl belnw 
cul-off. I t  is insei.tecl in thr circuit to insure that 
all thc pulsrs from the counter arc. rnarlr uniform 
in size and shape bcforc  the?^ rear11 thr inte- 
qratinq circuit. l letal tubes (7--3, Tr-4) shoulcl he 
usecl, or adequate shiclrling employecl i f  glass 
~ U I J C S  must bc substituted. 'Z'l~e number nncl time 
clintrihution of thc pulses from thc mtrIti-vibratar 
i s  rlctcrminrd by the pulses from the Grigcr- 
3liiIlrr counter. I ' rntod~ tubes are 11,scrl mlhrr 
than triotles in nrrlrr to obtain a maximum plntc 
currcnt anrl hc.11rc charge olitptit per ~ L I ~ P C ,  3t ( 1 1 ~ :  

samc tinw r r ~ l ~ r c i t ~ ~  t the resolving tinlc. 

c IT. \-. N e l ~ ~ r  xnrl \V. IF. P i c l r ~ r i n ~ ,  Phvs. Rcv. 53, 
31hL (193R). 

' I:. 14. Shenk, I-3ect ronics 17. 1.18 ( 1  944), see p. .350. 

4. INTEGRATING ClRCWIT 

'J'hr equnlfzcrl pulses arc of pnsitivu 11nlal-it y 
and, when irnprcss~l on thc gricl of a trrl~c ( l--S), 
cauw corrtaspondinq pulses of rurrcnt to flnw 
rnorncotarily through a resistor (R-19, 2 0 ,  2 1 )  in 
ihe plate circuit of thc trrhr, t h ~ ~ s  buildins 111' n 
r l . t r .  vo l tag~ across a C O ~ C I ~ I I W ~  ( 1512 )  in  pal-iilltal 
with the resistor. 'l'lris ~.ulrxgc: is ~~ropnrtionnl t i )  

the averace pulsc rate.s .\ 4.r. vncui~m-tuft 
volt mctcr arross this in t cqra l in~  tank  circuit 
meastlres this voltiiqc nrlcl is cnlihrntcrl to indi- 
ratc dircctly the pulse-ratu in counts per rninr~tr:. 
'fhr- voltn~etcs ~leflcction lor n givrn coi~ntit~;: 
rate is rletcrrninccl I)!. ~ h c  sizt: arltl sIlnpc ol tht- 
pr~lsrs from the cqualizer, the upemtint. chanu-- 
tcristics of thc t11be s~lpplying t h e  tnnl: circ-~til, 
the rcsistxnrc in thc tank circuit, anrl ~ l i r .  

voltmeter scnsitivil!.. once the control p11lsc.s 
Iravc lwen cqunlizef I ,  thrrcfore, pc.nrlnncncc nF 
the countinp-rate catihration of t hc  voltn~clcr 
rlcpcnrls or1 the generation of charginq pulscs of  
constant mngnituclc b?* thc trlhr ( I * - > )  and nn thc 
rnuintcr~nncca of constant scnsiti\,ity or thc volt- 
T ~ ~ : I ( T  rirruit. 

I'hc ;+rnplit u d ~ .  of t hc char~jnq  p1rlst.s rlcprnrls; 
on 1hp I ~ i a s i n ~  c-rlntrol-grhl voltxgta of thr tulrc 
( 1'5) nnrl alsn v~.r-y ~rcntl?-  o n  the scrcurl  vt~ l  t;~qc. 

130th vnlfngcs arc ohtainetl from volta~c. rtivirlcrs 
across the 1'R 105-30 rcgulntnr t ~ r l ~ u  ( 1'-11). T;t~r 

111asirnum tuhc life R-16 shor~lrl Ijc arijztstcrl I t )  

civt. 10.5 volts ncgativc ~ r i r l  bias. 
\'ariation nf the s c r e~n  voltaqe has pso~rcr! t!lc 

171(1~t sat isf;lrtnrv mr t  hort nf r.nryii?g the cnr~ ntinq 
rate rang? of t l i e  rnctc.~ scafc, thr vnlhnotcr 
srnsiaivity hcing hclltl rnnstant. 7'0 ~>rnvidc f111l 
scxIr outptit. dcfr.crion for n ~vi r l r ,  sanw nf 
rounting mtcs, spvrn cliscrrtc \';L!UPS for rhl' 
scrci,n- rid voltace an11 appropriatr \.alz~cs for 
t h r  rlischxrKe resistance of the intcgr:~tinc: circuit 
31-c provitled h!, 111c rountinc-rangr srlrctor 

switch (S-2). Vsii~g x soul-ce nf 1~1sr:s .of knnn-11 
f rrquenc>,, surblr as from the pulse gencr:l tor 
dcscrihect in Sectinn 3, 111r sr~ecn-<rid pntcnti- 
nrnrhlers IR-22 In R-30) nrr i~ltli\-itlunil!- nrlju~tcrl 
t o  givcb ftlll-~cnl(~ output  for thc countiny ratw 
~l in \ rn in -l'nl,lc I .  This p~ilsc ~vnr-mtnr car1 
incnrpr~rxtctl i n  t lip silmc rhxssis n11tl ci~ri use tllc 
samc p o ~ i  er supply as the corintinq ratr mc tet.. 

'The rlisc11xr~1- resistn~icc (R- 10 t r, Ji-21) tal;cs o11 



. . IAIIT,I< I. Countin: r ; ~ t r $  for full scak r.; inn) output. 
;in(] iritr.pr:~i,iny cirr~~il t i~nr, constants RC, [or ~ h c  sevrn 
I~II;II~IL< T,III:CG. 
- - .- - ---- 

hlaximurn 
m~rnti~rc 'Tin~r 
r a t e  [lrr rn#lst;~nt 

H;ulrc i n i i ~ ! ~ l v  secoild:: 

1 20,000 20 
) .I n ~ o n  4 o 
7 5fioil 10 
4 2noo 40 
> 1t100 110 
(1 ,51~0 fro 

I LOO 00 
- . . -- - - . . 

I l l r r ~ ~ .  1.n1~1r.s (30,  215, or 10 ~ncgohms) as t l ~ c  rangcs 
;Irrb chnngvd ( 4 )  pro\rirlc an aclcquntr: input to t h e  
\.oltmct cr stncr. \Yith thc tar~l; conc1ense1- (C-12) 
liscrl a t  2 p1 thr.se cllangcs in t h y  clischargc 
I-rbsistnncc also nutomntir;llly change the time- 
constn~l t  rtf  t l ~ c .  intcjiratin~ circuit From 60 
sccorltls for Ion, co~~rltitig ratcs to 40 sccnrltls for 
intcrmcrFiatc r:ltc,s 2nd 20 scconrls for the l~igl ics~ 
co~~n t ing  mtrs. [TI  Fig, I ,  tZlc top contact in both 
portions of 3 - 2  i s  for the lo~vrqt rouni ing  ratc, 
rangs 7 .  

l'llc tnnli condonsr~r l ~ n s  pulyst~.rcno rliclc~rtric 
to avoir l polarf~at ion. .411y g01x1 paper conrlc~rscr 
may l,c arscrl , l1111 al~prrcinhlrb h!.stcmsis cffitcts 
r-nust-rl 11y 11ol;lriz;1 lion \rill hc foiintl ; that is, r v c n  
i f  t lrr r11xr:tarl conde~~ser is shostml for somo timc, 
111c cl~argc is not co~nplctcly rlissipatcrl : \\hen thc 
short i s  rcrnnv.r.rl, a voltage will graclunlly appeal- 
across thc conrlenscr tvrnminals. 'Thc spccinl con- 
tlrnscrs ~lscd i n  tlrc prrscnt rIesig11 were ~vountl 
with poI!.st>,~-cr~c tape in s t  rat1 o f  pnpcr tl iolcct rir. 
They show no I~ystcrcsis orCcct, rven ~ v h e n  thr 
rcsistancr arross thenr is innrle as high as 30 
rneqohms. 11 push-butt011 switch (3-1 l is provided 
to p ~ r m i t  rnonicntarii!- sl~lintinq the tank circuit 
condenser wi tl-t a 1110,000-ohm resistol-. 'l'his is 
vrry risefttl io accclcrntc the procedure hct~vecn 
rncasurrments, sinct thc ronrlcns~r can hc par- 
tially disrhargcct to thc  approuirnate value for thc 
ncxt nrcasuremcnt or it ~ 3 1 1  hc frilly rlischargerl. 
I f  the contlcnscr llscd cZoes not I~n\,c polystyrene 
dielectric nnrl r x h i b i ~ s  Iiystercsis. thr  shunting 
resistor shoulrl h r  scrl~lcerl to, sav, 300 ohms, anci 
~ h c  shunt in^ slviltrh sllo~zlrl be rIoscrl fnr at !east 
30 seconds. In illis cnsc it is prcfcr;thlc tr, usr: an 
on-of switch ra thtr tlran the  push-button typc 
for shunting thc condenser. The tank condenser 
shnuId be well pratcctcd against humidity. 

I f  the t ~ t b e  ~iseti in thc  intcpratinq circuit is 
rcplacecl , the screen-grid vol tx~cs rllust bc rcb- - 
arl justcrl. 'The recaIibrat ion shoultl he rlr~.laycl 
until thr  tube has becn rlgcrl i n  thr  circuit a t  
Icast 24 hours. 

The minimum valutb of the gricl rcsistor R-15 i s  

c'tlosun to be sufirirntl!. high to prcvrrlt thc 

cxcessivc loading of the rnuItivit31-ator o z ~ t p ~ t  
circuit. 

5. VACUUM-TUBE VOLTMETER 

?'he V ; I C ~ I U M - ~ U ~ ~ C  voltnlct~r cm plo!.s tat hr)rlc- 
circuit dcgcncr;ttion to stal3ilizc tire scnsi tivi ! !.. 
\llith this t?.pc of circzzit thc chanqc. it1 [~ la tc  
ctlrrcnt, li, hecausc of a changc in t l ~ c  npplictl 
x-ol tag~~ 3 E .  is 

wl~crc p is thc rrrnl>lification far-tor, and C; thc 
trnr~sconductnnrt~ nf the tub?. X is the c l e g c ~ ~ ~ ~ r -  
nt iw rcsistnnrc. In Fig. 1 ,  it cnnsists of t l ~ c  
resistivc circuit from the cuthotlc nf the \,oltn~cter 
tuhv ( 17-61 to grounrl, since this circuit is common 
to 110th the plate x11rl the qritl circuits. ' l 'hc 
vnltmcter t~ tbe  is a (i;lC7-1yls{~ r~pclalud a:: rl 

trinrlr (screen and suppressor grids cnnncctcrl lo 
thc plate). I n  addition to w~ppli,ing suficirnt 
output to opcratc n 5-ma rccnrilrr, t'tlc i t  hc 
Iias a hiqh nmplific;~tinn fnc~or and h i r h  trnnscotl- 
tl~~ct;ince. The platc currrnt change ~Flcn bccomr.~ 
vcry nearly 

As il result, the vacuum-tabc \.oltrncter is 
lincar ancl is quite independent of thc tube 
characteristics. 

Since the vol tnlctcr must measure the vol t a ~ e  
of the tank circuit, ~vllich is at n high potenlinl 
above grouncl, the voltrnricr ancl integral in s  
circuits arc conibinerl in n configuration devisctl 

' T u t t l ~ ~  ill ~vhich the cathorlc clc~eneration 
network raiscs the cathorlc. of the voltmeter tube 
above ground by the plate voltaqe of the inte- 
grating tube plus the dcsirccl control-grid hias, 
ant1 I ~ P  vnltagr of the regulator tuhc supplyinn 
the electrorIc vnl tngw of the  in tearator tu bc also 
provitlrs flit h~~cl;ing voltngr: for tlic mctrr  
circuit. 



Tllesc conncct inns also baIance out in the lnetcr 
circrrit thc r r i cc t  of rr:sirlual fluctuations in thc 
pnivvr suppl!., riving a pnrticulnrl!- stnhle nrctcr 
inrliration. .\ny small I l~~ctuat ion in the voItngt. 
of the rc~i i ln tor  ttibc (['-11) nppcar:: in r.~.rirs 
\vith the. voltxgr nf the intccmtirlg cond~nscr  in 
tht. qritl circuit PI t h c ~  volttnctcr t ~ h c .  Rrcausc of 
the  tlogenrrativr rffccf, it lollonrs fro111 (1) that  
this SASTlr vnltnge, rc(l~~r.c(l only in tfw ratirk 
I +l jp+ 1 'GR,  ;ippmrs 1 >clnvi=on t h ~  mthorlr of 
ttiv vo1tmrtc.r tiilrc ancl ~ r m u ~ r l  ant1 i l l  a srnsc lo  
oppose th r  curr-cLnt thror~gh 111r mctcr* rcs~rltinq 
from the nriyinnl clisturhnncc nrross T1-14. lI'it11 
the constnrrts of the prcscnt cirruit, flurillfitinns 
arc  rc(lucrhtl in a i*atic) nf ;thnut P:25. 

I I ~ ' ~ i i r n i ~ i ~  the nirtrr  tn thca rcqulalca- tuhc 
g'i~nttion alsn provi(lcs n Iol\. rr~istnncc s o ~ ~ r c r ~  or 
11 11cl;ilat: ~02tn,qc, and t hr tntnl cIc,qoncra tivc rlh- 
sistanru I,c.corn~s R-32 i r ~  pnrallcl with thc 
nrsistanrr. of t h r  m ~ t r r  hmnch of the circt~it: 
\\'ith tlic prcscilt rircuit the clcgcnrm[ivt~ rra- 
sist;~ncccan rcnrlily he mndc low cnnugll to obtain 
tlic rlcsil-ccri srnsitivitg and still rnxintnir~ ~ h r  
cnthmlr at. tlrc rcql~irerl potential. .I good corn- 
prrmmisr I ~ c t ~ ~ c c n  scnsiti\*ity and s tnldi ty  is 3 

\-oltmctcr scnsitivit5r of ahnut 16.5 volts on 111c - tank t.onclcmsci+ (G 12 3 fnr lull-scnlc (5 ma) 
cldlflr-rtinn of tlrc o~t tpi i t  mrtcr ( . l f - l  1. 

'I'hc s~nnll  resistor (X-31 1 at tlrrc mthodc is 
provitle(l for arIjt~sting tllc zcrn nf thc voltrnctcr. 
nnrl is small cnnugh to hnvc n nr~liyihle cffect nn 
thc. calihmtinn. 'l'lir 6.\C7 vnltmetrr tuhc slioul(l 
I)c. i-cldl;~vrd ~vl icr~ it is nn Iongcr ~)nscil~lr to 
ndjll.it tlw valtrnctcr zcro with N-31. 

6 .  THE RECORDER 

I:nr r o ~ i t i n ~ ~ o ~ ~ s  routinc n p c m t i o ~ ~  nnrl fnr 
I~iglicst ;I.r-r-urnry i L is tnnsid(nrctl eqsv~~tinl I o h ; ~ v r  
;I rnct hntl nf corrtinun~lsly rtacarrlinc I hc  ~-cnrlir~g 
of thc rountine ratc mrtr r .  Phnroyrapl~ic rccnrtl- 
i n q  fmm a ~ n l v a n n m c ~ n .  may  hc u ~ c r l ,  Ixit tht* 
usr: of a 5 - r n ~  cnmmcrcinl pcn nnrl inli rc- 
corttirlg millifimlnctrr o h r s  n urncrnus ndvnn taacs 
nvrr tlir, ~ll~otorraphirr mr!horl. In  p;rrtiriilar, tl~r 
:r\+ilir!. tn nl~r;rr\-c tlic rtxrrrrci nt ~hra time nf 
r ~ ~ n n i n t :  tlic snlnplc is nf ut~rlost ~ ~ t i l i t y ,  ant\ thcrr 
is also a sxvinq in tiille I~rmusc of tl~t! c l imina t io~  

Icrla. :I pnprr spcrrl of 6 inches pur hour Elas h c ~ n  
iounrl satisfactor!. fur  rnc)sl o'f>.;t.r\atinnq. 

Tlrr: rthcortler is conr~rnctcrl in srrivs zi~itll t l ~ r  
rnrtcr. I n  thc prcscnt rIcsiqn iz is insrrtc.tl II!. a 
p l u ~  a~irl jack n r r a t ~ ~ r r l  wit 1-1 n rnn11r:r-t inr:  cnhlrl. 
\\'lien th r  recorrlcr is rcrnovctl. 11ir jack act ~l;irrs 
n sivi~rlt to  introduce a r rs is tnncr  (R-33)  t11:1t 
supplat~ts  the rcsistnrlcc nf thc rrrnl-dcr. 

7. ACCESSORY CmCUITS 
. . I hc output ni the pulsc cqunlirrr is mnclc 

nvnilnl~lr for apcratinq an cxtcrn;~l st:nlin:: circuit, 
i f  rlcsircrl, throuql~ t h ~  jacks ninslirrI ' ' n ~ ~ t p ~ l t "  cln 
Fig. I. 

. i t  t l ~ r  sanlc point i n  rhv rircuit. n murlitorirl~ 
nnlpli!it.r tvhicl~ fcetls n 1011~ly>~;iLcr is ir~xbrt~rF. 
'fhc sign;ll Icad to  t h v  spc-nkrr ~holilr1 1,c shit~ldt~rl 
to  prevcnt 3lr!l coupl:ng with thr o ~ i t p u t  rircuit. 

.\ signal input plriq mar-l;rrl "mlilx-nt(~ ir~plll" 
is provirlccl wllich fcrtls intn t hc st-rontl ; ~ t n  1llific.r. 
'1% is is uscfz~l for cnnn~.r-t  in^ n v n t - i ; ~ l ~ l ~  Ircq~~cnr-y 
gvncrxtor For cnlihml in< thc  aJvtw c-nllnl inq 
r~nqus .  (Srr Srct ion 8.) 

;\ calihra(ion wirch (S-3j conrlthcts n sirnxl 
fronl rhc litlr voltayr to tllra scconrl ;~rnl>litirr 
throtigh n conr\rl~lscr. '1'his i s  l l ~ l ~ f l l l  1r:rt inq lhtb 
ralibmtinn of t h r  npp:lrali~s ;lt ;I ~)zilsc. r,rtr> 
cletrrmincrl h y  thc  !in!- frrqiict~~ry (3611CI r)rrlst~s I)clr 
rninl~tr  fnr ;I 60-r-!.rlc pcr st~cnncl pc'r\vcr l i i i ~ '  

frrqli~=nr!.\. l "s~i ;~l ly ,  i f  I liis ~- i~l i I ra i inn is folind 
to hc cnrrcrt, the ntflcr rarlqrbr ,-lrr. alst3 s:11 is- 
factory, prqvirle(1 thv:, l i ; ~ v ~  Flcr,n c<~l ihra  ti%( l 
prrviousP\- ~ I (~s r r j l~ r ,~ I  in S I ~ I - ~ ~ C I I ~  4. 

8. ACCESSORY CALIBRATING SIGNAL GENERATOR 

.\n accumtc and ;nnr.cnicnt ~ r ~ r t h n r l  of r,jli- 
hrnting tlrc instrument nn(1 pcrinrIir:~ll~, c*lit.rkinq 
thc rxlillration i s  hy n~~b; l r l s  of n 1~~~il t iv i1~r; l for  
p~ilsr  Crrlcr;l tor. a?.ircl~ronixrrl :r t \.;~rinr~s ratios, 
nf thr  6C)-r!~-lc lint. fr:.qucnc:\ ." Tht- c.irt-uit s11ori.11 
in Fig. 1.1 has l,rrn rn~~>ln!.rtl i r ~  ~vliicli ;I 60-cyt.lc 
synchronizitlg siynal is f r d  into t h r  g-iris of the 
miiltivlhratnr. This signal lorks thc n l r~ l r iv i f~ r r~ tn r  
on tn Frcqtlrncics nF 11311, 4.50, I)On, 1800, 3hOC1, 
7200, nnll 14,400 pul+c.s Ilcr n l i ~ ~ ~ ~ t c ,  lo ~vhich i t  i:: 
tuncrl hy c h a n ~ i n q  X an(l C in 1 hr. cirt-11i1. In 
onlrl- to iriruril 1 lixl t llr sipri;tl qc:?trr;l t or i~ 
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Torking onto thc  apprnpriate freqtlcrlcy, it is 
ncrcssary to monitor the sicnal and comparr it 
rr*i I 11 n h0-c?-c-lc siynal on ;in oscilloscnpt~. 

9. LOW VOLTAGE SUPPLY 
- - I h r  Ion voltngc poIvcr supply is of stanilnrrl 

~lrsiqrl. 7'hc a r - m n ~ c m ~ n t  s11on.n was clroscn 2 ~ -  
c-;~~rsc of reason:lblu cost ant1 sn~all spacc requirc- 
rnr.71 IS. The three 20-n~f filter conde~~sers (C-13, 
C-14, C-16) arc in one s~nnll roritilincr. Two 
\' I i  105-30 rcgulntor tubes provitlc st;~\~ilizetl Ion 
voltngr (210 voltsj to all circriits except the 
n~onitor.  'fhc monitor supply d~oulcl he isolntcil 
a s  shown to n\-oicl possiblc in tcrcouyjli11-1 

-\IT vacuum tubc hcxtrrs arc s~lppFictl 13y thc 
same transformer w ind in~ ,  except for tllc high 
~poItaqe rcctificr cubc, which is on a scparatc 
nintling, and the prcnmplifier tube anrl high 
\.oltaxc st nlilizcr tulw (6C5), \\-hic-h sharennntl~cr 
srpxmtr  wind  in^. 

10. HIGH VOLTAGE SUPPLY 

Stabilizctl hiqh voltage is pmz-irlrtl wl~ich is 
rnnstnnt tn hcttcr lhxn =t.i \rolts at 2000 volts  
fnr  i n p ~ ~ t  \~nFtagc.s of 105 to 125. '1*I1c internal 
rcsistancc nf the  stahilizrr is Ion,, sn that r-hanging 
Innrl, wit hit] t l ~ c  rnnqr of lonrlq rnrol~rl l  tbrtvl, has  n 
nrqliqil~l~. rdl-(bri on t 1 1 t h  vnlt;~,ty.. 

'I'ho high lroltngc stabilizer i s  of the rle- 
gcncmti\-c fcctl back t?.pe, i11 which a signal 
vol ta~c  is titkcn off the output resistor (R-52 In 
R-63) and icrl hack rhrotlgh an amplifier (1'-10) 
to n control tube (V-9). In this type of stahilizrr 
the  stnl)ilizntion ratio depends on the over-all - 
amplification l ~ e t ~ r e c n  the o~l tput  voltage and thc 
control t u l r  ancl on the constanry of the rvfer- 
cncr: or hixs voltage. T h e  illput voltage rnngr 
nvcr \\-liich stabilization is maintninrtl rlrprnrls 
on thc nrorlrinq ranre  of the vacuum tlllws 
(especially thc  platc voItagc of 1'9) nntl thr 
range over rv-hich the refcrenrc \pol taw (cnthotlc 
Iias of F-10) is constAnt. 

For the values of resistors given, the high 
voltaye rrransformcr sho~tltl pivc ahou t 2400 volts 
after rectification. This will give ovrbr 2000 volts 
rnxxim~um stabilized output. The high voltaqtb 
input filter conc1cnst:r (C-17) can bc as low as 
0.15 mf, nncI can be thrcc 0.5 pf, 1000-voIt pxprr 
rondcnscrs in scrips, tapprtl into R-41 to R-48 to 
maintain voltage divisior~. Thc 6n-cycle ripplc in 
thc h i ~ h  voltage ou tpul dcpcnds somen~llxt on the 
hltcr conclena~r hut is ~nair~l!. suppressed by t h ~  
stabilizer tubcs. il'ith 0.1 rnf nl C-1 7 ,  thc ripplc is 
only of the ordcr of 1 volt a t  all output \ - o I t n ~ r ~ .  
Thr  use of tlic 2x2 rectifier tuljc, ~vh ich  has n 
Iicatcr c;llhorle, nvoirls thc ncccssit>~ nf a t imr 
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delay switch in tlic s~tpply voltage line. \I?hcn 
propcrly adjtistcrf for rnasiniunl stahilizatioii, thc 
vdtagc drop in the 6C5 regulator ttihc (1 '4 )  
varics From 150 to 600 volts. 'fhc two-gang tap 
s.i\z itch (5-5) providrs stal~ilizcd vol tngcs ranging 
from 400 to 2000 volts, i n  200 volt steps. Thc 
potentiornctr3r (R-6.7) uwrl as a vcrnicr control on 
this voltagr shoultl I l r .  liilcar to providc linear 
vol tagc r n n  trr~l Irtn.c.otz vol tngc steps. r lnc~thcr 
potcntinn~ctcr (R-54) is loratc{l I~chinrl 1hr1 pxncl 
for arljustinq thc maximum vn l t a~c  ooutput of t h c '  
stilbilizcr. \T i~h  R-54 acl j u~ tcc l  to provirlc n 
m a s i m u ~ n  of 21350 volts, thcr-rrnics R-6.3 provitlcs 
cnnugli variation to makc tlic voltage ranges o i  
the scl~crnr  switch S-5 ovcrlnp. 1Ey rcarljusting 
R-54, stnbilizctl o ~ ~ t p u t  Ilipher than 2 100 volts 
can I)c at taincrl. T h c  plate resistance of 100 
mrgolinis in the 6C6 amplifier tube, 1:-10, is the 
nrnsimum  hat may be used. For Ilighrr values i t  
was  fnund that a Inrge proportion of thr  6C36 
t~~lrrcs csiiihitr.rl i n  t ~ m a l  Irakagc whir11 ~ipsr-t 
stnhilization. 

Tlic f ~ a c  inr1icatt:rI in Fig. 1 hut\~ccn the  
tri~nsformer ~ r i ~ l d i n g  2nd tlic hiqh voTtngc rectifier 
t ulre ( 1'4) is nvcvssnry to protcct the  transformer 
in thc r\,cnt that thc rectifier tube brcomcs 
qnssous and draivs escesaivr current. "-2 A- - 
nrnprrc fusr ma!. bc t~secl but a {i-amprrc fust- is 
I )c.t 1t.r ins~rrnncca. 

11. REFERENCE VOLTAGE FOR HIGH 
VOLTAGE STABKIZATIO N 

?'hr cathntlr: of thc 6C6 tube is conncctccl to 
the low c-oltngc supply tlrrou~h ;I two stagc 
stnhilizcr circuit 1vhic11 p~.oviclcs the vrry con- 
stan r: ref~rcncc. voltage ~+equircrl. "The first staqe 
nf this stabilization iq supplied lly the two voltage 
r~'g1113tor tiihts (1'-13, I'-14) ancl I he  spcontl 
stage bv t w o  nron billhs (17-1 1 ,  7'-12,. 

'I'lir iwe of neon bulbs for proxrirlin~ a constant 
n,fcrr:ncc vo l t ag~  in placc of batteries is conrrnon 
in many vacuum tube stal-rilizers. In orclcr to get 
rninirnrlin tlrprndencr on inpttt voltage, great 
carc must hc tnlwn to oprralc the ncnn hulh in its 
most fxvorahlc rurrel-tt range, anti oftcn a ~umlhcr 
of l ~ u l h s  must he trirc1 to 6ntl one ~ ~ h i c h  is stal-rlc 
nntl at the same time cives the rcquirctl constancy 
of voltagc through a wtficient r:urrcnt r n n p ,  :In 
n t trmpt to s t ~ l ~ s ~ i l t ~ t c  T'R t!.pr rc~lllator tubes 
Cnr rwon Lulbs slinwtd that, while the nutpzrt 

v o l t a ~ r  (cn. 10.5 volts) of tl~csta tuhrs is inde- 
pcncicn t or current over a much I\-idcr ra ngc than 
in the  cnsc of ncon bulbs, thcrc is a n  instability of 
1 to 2 r-olts which makcs thcm unsatisfactory for 
use ns rcfcrcnrc \.oltngc in n high voltagr stn- 
I~iliztv-. This instability ir: causecl L?. t he  fnct that 
tile "a(:tiveyhrea of tlic cathocle mnv vary 31: 

random lvith crmstant cilrrcmt, and this  affects 
1 1 1 ~  vol ta~c  slightly. On thtn other hand, i f  a ncon 
hull> carrics cnoi~gh currcnf t a activate thc entire 
cathode, it is vcry sti111lc (ca. 55 volts) a t  constant 
rurrcnt', since the activc nrra canrlot vary. 
I [DIVCVC~,  when operatrd i n  t h i s  fashion the ratr: 
of rhang-c of 1-oltage wit11 c h a n ~ i n g  current is too 
gwxt tn allow its use in the conventional mannpr. 

In orrlcr to get thc excellent rcaulat;on against 
input voltage change previrlcrl by the IfR t y p e  
~i ihcs  nnrl a t  tlre same tinlc avoid t h e  small 
Iltlctun tions ~ ~ - l i i c l ~  the!; introrlucr, thc circuit 
shown was tlcvclopctl. I r i  this circui t  tlrc input  
~'oltngr In tllc ncon I>uIl>s is rnaclc constant  to 
tvitliitz 1 or 2 volts against very large changes in 
thc power supply r~oPtaqt. SJ. the I-!? typc tubes. 
.\ftrr this prvliminary 5tat)ilization. thr neon 
hulhs, supplier1 through a rcsistor (R-40), rcmnvr 
the small random varirltinns introd uocrl by the. 
L7R typc tal>es, I\-i thout inrroducit~g furtt~er 
tluctuations. sincc they are rlin with their cntirc 
c;~t \ l c~ lrs  "activc." i t  should bc notell that  th(. 
tlcon bulbs require a ~ i n ~  of about tivo weelis 
llcforc thcy t>ccomc constant in voltn~e. 

12. ADJUSTMENT AND CALIBRATION 

'rhc Inllo~ving ndjustmcnts must br: madc nrlicn 
the  coun tiny I-ntc nlctcr i s  first piit in opcra~ion : 

(1) The hiqh tpolln~e arljusting pntcirt inn~ct~~l* 
(R-54)  slior ~lrl be ncl j iistetl for satisfnctnry con trnl 
on all \-dtxgc ranqcs. 

( 2 )  Thc pulse oqunlizer bias (R-t4)  sliautd bc 
adjuster1 for rnnximrrrn sensitivity, taking care tn 

licrp it ~vell away from the point mlirrc t h ~  
n a ~ ~ i  ~ivibrator has any tcnclcncy to go into 
nscilixtinn. This is usually tlonc by applying thc 
3600 pulses pcr minutc ant! ndjrrstiri~ thc multi- 
t*ibrator b!~ rar until it i s  just  belo~i~ the point 
fvhcrc a scronil harmonic can hc hearrl. 

(3)  Thr! vacuum ttzhe x-oltmrtcr shorllrl I I P  
atljiistrrl (R-31) to r rad  zero wllrn no ~ignnl  i c  

npplirtl. 
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~c r~n in ing  thc error of thr mean clo not apply 
hecause of the iiztcrdcpendencc of s~~cccssive 
points on  the  outptrt curve. 'rl'i tli ripprnpriate 
n-ciqhting factors to account for this intcrde- 
pcndcnce it  can hc shn\vn that" 

Figure 3 is a pIot of r(T)/rl  as a function of the 
tlurntion T J R C  of the continuous ot)serv;ltian. 
'The ratio r ( T ) / r ,  is always less than (ZRCITJI 
hecause of the statistiral infor~nxt in11 storrrl in 
the tank circuit hcforc t h r  1)cyinnin~ of tlir 
c~bservation, jvhilr cqr~ili briurn was hrcomiirg 
cstablishcci. Figurc 3 shows ithat to rcducc thc 
probahlc crror of tlie average value r(T) to Icss 
tlrnn half of thc prohaljlc error of a sirlKlr: ohscrv-a- 
lion Y E ,  the rli~ration Tof the ohsrrvntion must br 
h.6RC; 117hiIr if g ( T )  is to he a qunstcr of rl 111c 
observation rn ust be 3 1 RC l o n ~ .  

Thus to annI!,zc a11 O L I ~ P I ~ ~  record we (a) clc- 
tersninc s hy the "cqual a~*cn'>ct\nsts~lction, 
(h) dctcrmine 71 from thc "~vidth" of t l ~ r  
fluctuations, ancl (r) rlrtcrrninr r ( T )  from r l ,  T ,  
and Fig. .?. I ' I I P  r t ' s~i l t  of t I 1 ~  n ~ c a s i ~ r ~ ~ i i r n i ,  is thcn 
x f r ( T ) -  

'IYhcn xn in!; rccnrtling rnillinrnmctcr is used fnr 
rcgistcrinc thc  o l l tp i~ t  of thc coi~nting rate meter ,  
t hc drag of thc pcn on t l ~ c  rrrorrling p:iprr tcr~tls 
to suppress tllc 1;lrgcst fluctuations in  thc o~itplrt 
current, csptcially sitlcc these usoallj, Iiave n 
short duration. I n  orcler ro determine the qirnnti- 
talive effert of the pen-paper friction on esti- 
mates of rl we have comparcrl tlie rvidth of the 
fluctuations nbscrv~cl xvliilc sinlz~ltancousl> re- 
cording thr output photogmphirnlly from n 

critically damped 6-scconrl ga:alvnnnmctcr, and 
from a .%ma. Esrerline-.4na1rs recortling milli- 
ammeter. Tests v7\.ere macIe at counting ratcs of 
60, 150, 900, ant1 4500 counts per minute, using 
the rangcs anrl tank-circuit time canstants as 
sl~ozvn i n  Tablc I ,  and with the galvar~ometer 
adjustcd ro give the snnrc ahsolutc X - ~ E L I P  of tlir 
average (deflection s ns the ink rerorclcr. TPIC 
width of thc phetoqrapl~ic rcrortl is in good 
ngrccmcnt with thc tlrrorcticxl ivitlth givcn I)? .  
Eq. (S ) ,  ancl the ink rcco1.d is 78f X porrcnt of tt~r 

FoIlo\vs from Eq. (5) of reference 5. 

 tieo ore tical ivicl  th. Thus for ink rrcortling wc tnlw 
the "half-width" of the record as 0 .78X3r t  = 2. .3~ , ,  - 
instead of 37,. 13ut for visual obscrvnlions from 
the pancl rnctrr, or for pliotnyraphic recorclinq, 
from a g n l ~ ~ x n o m c t c r  whose periorl is rn~tcll Icss 
than RC, we take thc "half-width" of rhc 
fluctuations as 3rr .  

-4s the count in^ rntc mc=tcr m n  pnsscss nrl 

ahsolute vxlihmtion in terms of rounts pcr 
minute x ,  an inclcpcndcnt cstiniatc may hc marlc 
of t l ~ c  probable crror r ( T ) .  This is ntinloeous to 
the '11sua1 Poisson relation itivolving thc total 
numhcr of counts observed, 1 ~ 1 t  foIIows rlirct-(I!. 
from 131. (6), which reducrs to 

zirhcrc ~ h c  it~ctlunlit!. rcfcrs to slirlt-t rrllxc,r\-;tt io~is,  
nnrl thr: r,qualit>. to T>>RC. C'c,lnl,i~lir~,q n i l 1 1  

83q. ( 5  ) , KC lravc : 

ivhich nppmachrs thr: Poisson vnl~lc as T>> RC. 

16. STATISTICAL EQUILIBRmM TIME 

.\ fliiitc ~timc iq rccl~~irt-rl fnl- thr  rountinq r.~tc~ 
I I I ~ ~ I  pr  mit 1 ~ 1 t  TO I - V ; I ~ I I  a ~ i v u  vq  u i l  ~ I I ~ ~ L I I I I  v:~111t~ 
whci1 thr ;u7craiic count in^ raLtb i s  rh;tngcrl 
surldcnly. IVc rcganl tlic T I C ~ H .  cquiliht-il~m as  

cfCectivcly rcachcd \\-hcn thc tlrc.orcticnl instnri- 
tanenus o r ~ t p u ~  current r1ifCc.r~ Froin the f i r ~ n l  
xvcragc o u t j l ~ ~ t  114. rl or less. Starting \ \ . i ~ h  zero 

FIG. 3. Dependence Eq. (6) ul the ratio o l  rhc probahlr 
crror r (T)  of the average value x ,  to the probnlllc error 7 1  
of an individual ohsewa~ion for continuorrs,nl~~crvation~ 
of  various di~ration 1 ' /HL:  
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X ;  CWNT5 PER MINUTE 

I:lr,. -I. 'l'i~r~c to  rerpircd for the o u t p ~ ~ t  to r i s p  from zero 
to \ q i t l ~ i r ~  ul o l  the final cquilil)rilrm value, tur various 
W ~ I I I ~ I I ~ C  rates z* and lime constanis JiC. 

out put cnrrcx~lI, this equilibrium Iinse f u  is5 

1:igurc 4 shoivs plats of 1:q. (9) fo r  tank circuit 
time constants RC of 10, 20, 30, 40, and 60 
scconrls, and counting rates of 10 t o  2 X lo4 pcr 
minutt:. On the low count ranges ( 5 ,  6, 7) thc  2 pf - tank cnntlc.nserof Fig. 1 involvcs an cquilihriurn 
timc of SCV~I-a1 minutes. I f  desired, th is  can be 
riiorc than halvcd b?. using only 1 pE, thus 
alltaininy: time constants which arc half of thosc 
shown in 'hRle I. .Is manual sample changing 
often rrquiros a fcw minutes, tllc subsequent 
equilibrium time usually involves little rclacive 
delay even in routine mcasuremcnts, especially 
sincc an experienced operator, listening to fIlc 
counts i r ~  t h c  louclspcakcr monitor, call usuxlly 
sct the ou tp~ i t  nearly on  its equilibrium valuc at  
thc outsvt hj. using 3-3 and 3-1 to raise and lower 
thc mtltcr rcrtrling. l<x~cn wit11 a~rlomatit: saniplc 
cl~ar~ging cqtrip~ncnt" d~hc cquilihrium tinlc del;~y 

adds only s l i ~ h t l y  to the fraction of timu clnpscd 
hetween samples. 

17. LINEARITY OF RESPONSE 

7'11~ linen~;?'fy of rtasponse of the counting ralc 
rnetcr, if supplied with infinitely short pulscs 
from thc preamplifier, would hc clet~r~nincd 23y 
thc largest rime constant in the seconii arnplificl- 
and multivibrator stngrs. 'This is the relaxation 
time of the niultivil~rator ~vliic-h is abo i~ t  r = h 
X lW5 s~conrl. Pulses spacccl rncirc. rlnscly than r 

1vo~11cP not he recorclcd, and thc fraction of rnunts 
rnissrtl n-oultl he gix~cn bs* thc interval law.15 
T h r n  thc ratio of truc ro to ol)sr.rverl .r (:0111iti11g 
rate ~voulcl he given closcly b!. 

.-\t 20,000 c o u n t s  por minutr,, mr has thr \-;11~1(: 

0.02, showing that only 2 pcrccnl of thc counts 
~vould he missed. Thus thc amplifier can t x h  

consirfesed ussen tially linear ~ I [ I  to its hiqhus t 
availablr! cntzn ling spccds. 

I-Io~vcvcr, Geiger-11 iiller countcrs themselves 
may have in J-esolving time which is sornrwl~al 
greatrr  than 1 OWi second. Significaii t vxrintions 
from linearity ma:. therefor? hc cncom>tcred a t  
rates considcmhly below 20,000 pcr n i i n l~ t c .  Thr 
behavior of vnriorrs t!.pcs of countel-s nnrl pi-to- 

amplifiers i s  oftcn compIc?c,~%~id a n  t,mpiric;ll 
lincarit!, test shoulrl always he carrird olrt oil 

cvcry cotinter rlserl. This can be clone most 
readily by measuring the y-ray activity of zt 

series of samples a, b, c, - + and comparing thcsc 
inrlividual vaIues with a direct measurcrncnt oh 
(n+b), (a+b+c), etc, Thc r-ray s t a n ~ l a r d s ~ ~  
rlistributed Ily the National I3urcnrl of Stnnciarrls 
are idral for this purpose. 

la L. T .  SchitT, Phys. Rcv. 50, 88-96 (1036). 
'"1. Rol,ert~, I'\cv. Sci. Tnst. 12, i l  -76 llrl40, 
l7 1,. F .  Curtis?, eE nl., P11v+. Rcv. 57, 4.i7C (1940). 


