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C !APTER I 

G GER COUITER THEORY 

~he essent1 ls of a Geiger counter are: ( ) to 

conductors separat d by a 1olectr1c which can be ionize; 

(b) eans of establish1 a potential bet een the to 

conductors ; (c) a device capable of etec ting changes of 

this po tential . "'o Love c unt r t hat ls at &.11 flexible 

th three el nts above sh~ l d be adj std so t hat 

diff er nt t p s of radiat ce.n be detecte nder v r ous 

c '.>ndi tions . 'he eoll'!.etry o t he t wo conductor~ can v r•y 

but c Jncentric c ylinders are most use • '!'he eom O::il ti on 

of t he di ec tric can e cu 1 • change .. nd the pot nti ' 1 

across th dial ctr1c should be va~i ble . aeteccing 

mochanls shoul be des inie th t 111 give a r ecord of 

then . b r of co nts t e c unter has producea . ~his my 

be very complex electronic device or si 1pl circuit 

depend1f16 on the event:1 to b e count d . 

Cylindrical construction was used 11 this ~rk . This 

typ of construction consiats of a met 1 c ylinder 1th 

tat ire do.m the xis o the cylinder . ( be c 11nd r 

serves as container for th gs use d , and M v be roferred 

t o as t he e thode . ho c entral lre !i ll be re£ rre to 

t oughout this ork s t he cen tral ir , the ire ~ or the 

anode . In most 01· the 11 tero.turo on counters a a t dar· 

t rmi nology is used in describing counters and counting 
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ac tion . ~orf 1 h s supJlie th. follo\ n list of terms 

and definit ons suitable fo discussion of Gelger counters 

hich have cylindrical eonstructlon . 

"Ionization. Tho a c t or th result of any proces b 
hlch neutral atom or molecule acqu res clar ge of 

either sin, or by hlch electrons are liber ted. 
adi tion. lectromagnet c or corpuscular radiation 

bel detected . 
Ionizi E •vent. A y event in h ch oniza:t.. n i s ro
duced , such as the passa@e or a charged p rticle thro gh 
the counter . 
. ri ri · ry Ionizin. Event . 
ates the count . 

fl ionizit g event ch ini ti -

uls . ch nge in volt e of the central ·ire sy te: 
of the counte • ,is change i n voltage is usu· lly abrupt 
and s a result of the collection of ions produced 1 
th s of the cou ter . 
1he rhar cteristic Curve of Counter . The curve of the 
counti . rat a alnst vo1-r-ge , all pulses cou ted be ng 
gr ter than a cert n mintmum. 1z , dete ned by the 
sensitivity or th detecti circuit . 
Pl te u . Tho more or 1 ss ho 1zont 1 port on ,f the 
curve of counting rte as function of voltages . 
Op rating Volt ge . he volt.a at hich counter is 
operated . This ls the vol ge across t e count r 
mea urcd bet een t e c· thode and node . wymbol V0 • 

t rting Potential . The volt ge hich ust be ppl ed 
to counte to cause 1 t to count , 1th the p rt cular 
r cord n circuit hlch ma.y be a t tach d . Thi potential 
1 not necess rily th s me s , and indeed is, n gen-
ral, not eq al to the Ge ger thre hold. xp~rimPntally , 

tliis pote t al s tbat t th. fo...,t of th "plateau" 
curve of -ei r counter an has often been call the 
"threshol '' in the 11 tera ur • 
hreshold •101 age 1."or C'e i , 

volta:e t hich l ul3es ,r 
any i~niz n g event re of th s 
the iz of the r ry on z n 

The lo est 

Overvclt ge . The d1frer nee in voltage bet,een 
atiDt, pC',ti=m l. 1 and th thr nold for ieig r eo 
actl n . ( v r-volt ge = V0 - g•) 

1 erge 
pp . 1 -17 . 

• .orrr , lectron and uclear Counters , 

by 
of' 
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"The Gas mpl1ficat1on n a Counter . The num er of 
-aclitional 1 ns produced oy each el ctron prod ced in 
the primary ionizing event as it travels to the cen
tral ire . Symbol 

he Proportion 1 Region. The part of the c r cter
'Istic c rve of pulse size versus volt ge i n hich the 
p lse siz is proportional to then r of ions for ed 
1 the initi 1 ionizing event . In this region, is 
constant for all puls sat any one voltage . 

eg on of L1 tod 'Proportional! ty . 'fhe part o the 
character!st!'c curve of pulse size versus volt ge 1n 
hich . dep nd on the nuni>er of ior: produced in the 

initial ion Zillc, event , an also on the volt e. 
The Gel r eglon . hen rt of tho characteri stic 
curve o pulse size versus voltage in ch the pulse 
size is independent of then ber of lons pro uced n 
the n ti 1 ion zing event. 
Spurious Counts. sp r ous 
by an a ency wh tever other 
deu red t~ detect , or then 
ray bac !of round. 

co tis one ~hich 1 · c used 
tlan the entity h1ch lt is 

1 contam.in tion or cosmic-

Lif (1'1"'.le) of Co nter. -11"" 1 1'e or 11 e t e of' a 
cm~ntor .s the number of counts which th t counter is 
c p ble of detect ng befor bee 11 seless due to 
intern 1 rail e for any reason ( • g ., gs deco posl 
t on or ire p ttln, etc.). ~he 1 fe 1~ not tie 
b t re of the a Ol.Jnt of use . 

The process of te inat n the disoh rge in 
. quenc 1ng circuit is a circuit ,h ch 

causes the di charge to cease, an tho ter "selfq, ench-
ing" s ppl ed to counters refers to those in l ch the 
discharge ce se due to an int rn 1 (atomic) mechanis. 

tr.in the count r. 
Av lanche . If ion roduce i::f.DOther ion by coll ion 
and the ne and ori nal ions oroduce still others by 
furth r colli ions, an valanche of i ons (or electrons) 
is said to have been pro , ced. he ter "c1 .ul tive 
ion z t1on" and "cascade ' are also use to d scrlbe 
this process. 
Predissoc1 t on . Ordin ri l ·, an tom , or sl ple molecule , 
tit absorbs rad! tion , and is not immediate y involved 

in a c 11 sion, 111 lose the absorbed energJ by r -
r d tion . i c omplex molecule ( four or more atoms} ill 
sually pr d1ssoo1 te before it has an opport nity to 

rd at . 
Cross ect on . The cros section of an tom or molecule , 
us 1 ye pressed as an ar$a n s 1ar centi eters , 1s 
th area obsc rd by that p rticle. The cross ction 
or process (e • • , collis on cross action or capture 
cross section) is rneasur of the p ob b lity that that 
proc ss ill occur . " 

3 



he theory of counter action is relatively simple from 

a qualit tlve stan~polnt . The q1aut1t tive rigorous mathe-

m t-1.cal explan tion ls long and d1ff1c·11 t . . '0 2 
~ 0 de clop-

ed by th tJ. • tomic Fnerg C rtlf'1 ssion in connect on ith 

the resent tom c energy rogr nresents R treatment of 

t s subject. ?he qua ltat1ve explanation is adequate for 

this or and 111 be us d, 

Consider a free el ctron, hich as produc ed by n 

1oniz1n event , i st ns dP. ta counter wall . ~his electron 

·ill be accel.rat d to ard the central wir by a f_ l d th t 

varies 1nvers ly as the d tance from the ire , 

S = v/r o r 0 /ra , 

where r s d stanc fr m t:i central re , re is r dius of 

cathc e , r is ra.di s of anode, and vis anpl1e1 voltage. 

If a gas s present 1 tb counter thee is robab 1 ty 

r the electron's colliding th a gas atom or molec,l an 

as more gs · s introduced in th~ cont r the probability of 

such a coll s.on 1ncre es . hen th, coll ion cross section 

is equa1 to, or gr at r than , 1 a coll l ~1on ill t&ke pl ce . 

?his collision ill rosult in ion1z ton of the gs atom or 

molecule if the electron has cqu!red uffici .nt energy 

thr ough ace 1 r tion toward the centr 1 1 e. Thee orgy 

acquired by t electron 111 depend on the field inton ity 

and ngth of the path travelled before the coll sion . 

2 Rossi and taub , Ion zation Chambers and Counters . 
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~i.ace th field inside the counter increases ore 

and more rapi l B th st nee from tho ire decre se , 

an electron h ch h 

a o nt x fro the 

enough n rgy t ionize an atom t 

re iill acqu re rnore tr n enough 

energy to ionize in each subsequent e .free p th , ihi ch 

lies bet· en x and the ire . ·hen the point of the .first 

ionization is one mean free path from the centr 1 ire, the 

g u a plif cation r ctor is 2 and the pul on th ire 111 

bet ice as l·rge as pulse due onl to the · 1 ctrons form-

ed byte pr nary ionizing event. s t} e vo 1 t , e , 0 , i 

increas d the electron h ch has come from the re i~n near 

the cou ter 11 11 st rt the v lanche farther out nd 

the pulse ,111 bo 1 rger . The pulse size 111 depend on 

the tot 1 nw.1ber of electrons hicn the ri in 1 electron 

starts to ar the centr l re. "ur thermor~, prln ar 

1ontzing event which ro uces more ions 111 gi v a 1 r ger 

pulse . This a ans that the pulse ,111 be prooortiJnal to 

the energy of the radtatio ontorin the c unter . 

Incre s i g t e voltag ill cause th ·1rst loniza-

tion ooint to move farthe1' and farther out and a point •111 

be re ch d here the el ctrons ill huve acquired ore than 

enough ener y to ionize an ato hi le traver..,i Of a mea 

free pat ano the xcess en rgy ill be use to ex.cit the 

ato or oven doubly ionize it . If n ion in an exc tad 

state d!'ifts to ard the 11 0 th co nter an electron may 

be pulled from the all and a ne avalanche ,·ill be .formed. 

fl less likely it a on ould be for the et table atom or 
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ion to rad! te F giving off a p oton which ould jct 

photo-elect on on str king the counter -1 . 3 , 4 .3till 

another ethod of e uting electrons is tho pos. ibili ty of 
b 6 rec bin tion th the emission ot' a high energy photon. ' 

ant y and 7 ome fontgo ery sugf_ ost that these ht h energy 

hot ns ay e. ct phot - e ctrons rom other atom as ell 

as the metal narts oft e counter. Th recombination 

theory sel'!m to b the most likely . hen cons deri that 

the mobil t of an electron is abo t 1 , 00 t es th tot' 

a OS t ve on an that n t.h C so f f t count rs the 

p loe 1 s o:t' about 10-5 s cons duration, along 1th the 

pulse shape which h s a very sharp r1.8e , ind eating thut 

1thln the co nter considerable ioniz t on is proctucecJ. in a 

ver shot ti~e . is tim0 S 0 t1e ord r of 10 - 6 seconds 8 • 

If no orov sion as made to stop this di~char e it 

ould continue indcfin tely. ither by lo ering the imp ess -

ed potential or by bsorbing the photons t e ischarge can 

be enc ed. ~o lo or t e voltage a lar~e res stor ma be 

place~ in rieG v t the c ntra "1.re so that a pulse 

4 

p . 40 . 

6 

7 

8 

rge • orff, .22. · £......!·, p . 66 . 

J mes 

Pollard and -:>avidson , . p lied .l uclear Phy ics , p . 27 . 

1ame3 • Cor~ , .2E.• ci . , p . 40 . 

c. C. 'ontgomery and _ .• D. ·ontgomery , 
Vol . 57, (1940) , p . 1030 . 

Ser ge • orff , 2.E.• cit., p . 87 . 
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flo ing through t e resistor c~u s t he volt e cross the 

c ou ter to drop by the unt R . The hoton~ ay b both 

absorbed and li inat d at the so rce b dd nt an organic 

vapor , sch s alcoh . J, h1c h s · lo on z n . po nt1al 

(but 11. 3 volts) and bro d absorpt on bands . Th argon 

ions, hose onlzat1on pot ntial are 15.7 volts 1th radia-

tin otentials of 11. 57 alts, coll w1 h the alcohol 

molecules an xcitc t alcohol . The d fference bet een 

th 1oniz t ~n pot tial for argon (15.7 v lts) ad t e 

11. 3 !'o lcohol 1 r diated as photon and th~ a orbe 

b y th alcohol. hes 1 a.ls t if an exc t d ar·o 

atom · 1th 11.07 volts tr ns1ors t s n r gy to the lcohol 

exc pt the photon Jil b 01· longer ·ave fl th . ·o ne tra-

ltzo, the le hol dis o te~ lnto s a ler or anlc mole 9 ulcs , 

rath r than rad a es, an q enches the dischar e . ,any 

oth r gases c co nl sh the sa e purpo e. he que1 chln gas 

~ lecul s upon is oc ating are no longer of much vale for 

qu nch ng. h lif 

been found to be 1 

of a coun+eI usL,g an organic v 

te to about 1010 counts10 • 

The pos tive · ion space c r 11 be ne rly ull 

or has 

or an1c ions due tote c 1 is on~ and s these ons move 

to the no~ h y il recombine th an lee tron· t o.t by-

chance t x st 1n th vo ume of t .e coun r, so th t upon 

the o t r eep t e posit ve on sh ath 111 , ln erect, 

9 

10 

'-er ge A. (orff, o • clt., p . 99 . 

eree . • Korff, op. cit., p . 100 . 
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Hsweepn the counter of all electrons leaving a charge !'ree 

space rcr::.dy for the next count. 



CH PTER II 

..,QI T CTIOt 

The problems of Giger eo nter con tructi n are not 

al ays re dily appa .nt . jO elaborate on this vi e , I 

quote: 1 

"It is in place here to d scuss the rt:i.ct cal side 
of Cei r-countcr construct on. Probably no anpar tus 
in odern physics hash d ore study fro1 tl tech
nic l side or pp· red in more d"v,rse -ucce s~ul 
.forms th n thP. e1ger co nter . At the a..s.rnchusetts 
In·titu e or ·eclnoloLY tho v itor is a o;n a G lg 
counter cons st n o a forK and spoo1 in ti partially 
evacuated s ace. It orks J On the other rana the 
re der may ell intent o. adl~ m ~ up To iger cunt r 
fter t e b st instruc 1 ns anr1 fail to m ke 1 or k • 

• • • 
In th f .rst place thero is, partic larl forte in
ex.per enced , a. con.-> der ble a ~ount nf trial an error 
arout counter cons rue ti 'r. Of tl.ree a r-:ilar co nters, 
on ms.y completely fa t.o operate .tor ni:> clear reasrm . 
If, ho ever, o e thin' a of the mo.nner of operation of 
th. com ter t .ls bell vlor is to be cxpec · e • to some 
xt t, fo. t. t. counter mus be uc_. t at it 111 Jis

chhr e a. t cert in volt a e . h n "tri: od n by an n t.er 
lng elP.ctro and yot extinguish . h n the ap•Jlieu 
voltage fall by a hundred vo ts or so . ~inc t1e 
n tur of tho disch r e in e co1mter euends greatly 
o the surface of the el ct.rodes any d rt a or ma 
not chan tho b hav or o the counter in a r dical 

y. . oreover , the g s use,. .for f1 llinL pla s n 
1 po.t nt role an r.ust be chosen th care. There 
1 , tt.erefore , in the a tr ors' opinion , no in 111 ble 
set of ri1les hich ,l.cn follo ed w111 guarantee 
perfect operation of co ntsr •• •• In several lab ra
t rles as ~ 11:v as f11'ty counters are in opor tLm at 
one tii, , giving no trouble, so tna t they u.re not 
uncontr.,11 bly temper. ent l . " 

he cont rs built for tl sex cr1.ent ere constructed 

as c ~ncen,r cc~ in ers. The c ntral 1tre ~ s 5 l t ng-

s ten. 'l'he o preparation use on tl s re ,vo.s flas lng 

1 ?ollar nd vtdson~ o, • .£.....!• , pp . 28-30 . 
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in a s rla e to oli nate any d~e mar¥~ an assur a 

smooth su face . he s. rin·•s se on four of t e counters 

1er e of the sa e ~ re . 7 outsld e ltnd r in the 

fir t for c s s d of h rd d an bas b ng f 

. 032" all t 1c ,nes and 1 11 diam t .r. . 020 uld bav 

been sl gl tly better for eta r y cti v ty b t this tub n · 

·as not av lable t the time . te~l ool an em r cloth 

.ere use to re ove irr. la 1 1 sand to polish tn in-

s ne o.f the • he ns . rol sh ug a don 'th 

turn~; c of o· k 1th a~" trip cut 1 

tho center and each f e rounded sectio 

fina e e clo th. 

th.ls out of 

cov red , 1th 

~nd p gs re e de out of cold olled bruss and 

f1 tt th ,t11pe.koff insul · ors fo electr cal connections . 

he t 1bP. re , an , lug er clean d 1 t r n trtc and 

hydroc lor cid to ~Prnov any oil on thee surf ces . hoy 

ere t1en r n e d l h dil te h drochlor c acid and tlu hed 

ith d still d . ater . attempt s o.d.e to se s lvor 

solder to s cure the plus and th in ol tors but th heat 

necessar to or the silver soltJer c se,• U-.c insul ors to 

crac'!{ . ,..,,h s necess t te t e u e of sof't solder . 'l'he plu gs 

er ,ac1 ned to a pr s~ fit ad there c very little need 

for gr at mechanical str n,t . The method of securint the 

ire .as dlff re tin ch set or counters . Plates I , I I, 

and III d nonstr te ho\ th · 1 e .,, s conn c tea . In c0unte .s 

1 , 2 , 5 , nd 6 a spr g .a ua d t o hod t~ central w re 

taut . After try ng tun~ ten , p ospbo ronze and stai l~ss 

1 
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steel, tungsten was selected. It's elastic 0un.lities were 

adequate and sealing it to the pyrex bead in counters 1 and 

hydrochloric acid :makes an arlf:iquAte .fl n:::t. In this expp,ri-

was to drill out a :1rna11 b:t'af,s tube unt:U the ~'lalls w0r0 

very thin, thf-Hl fill the: hole vllth soL~.e:r tmd redril1 to a 

solder· rihlch can be p.inched oi''i __ · ,cri th a blunt pliers a.nd 

heate,l to form a vacunm tight se1-ll. On ti:B last tvm counters 

this tube was a.ttached to the tnsulator through 

the :tnsula to1• tube. 

rl'he gases used to fill tt e '.!ounter8 vrnr-e crnxi:cnt'.<t"e:ial 

arr;on., 99. et pur~, an:t 99 · pure ethyl alcohol. Jne purpose 

of ,,lasfi was ccns true te6 so 
',j 

that, 

tlme. ,;: manomf,tcr in thB syst;e.m gave a corL3tant check on 

for 48 hours. Burin[ this time, the counters wore h~ated 

7li th a buns en burner· to out gas thorn tLree ti r;:es. 'Then they 

eight houx•a, and rcfi1J. cdi with var.i '.nm pressures of arr.on 

and alc0ho1 to dater:mlno the opportune values for & long 

plateau and lo,, vol tag es. 



The power ;Supply was constantly variable i'rom + 800 to 

+ 1600 vol ts. It was r>e1!.ulated first by a constant volt

age transformer and art.er rect1f'.1.c&.ti on by a S<':ries of 

vol ta.go :t"eg:,ulator tubes. It v:as 1r.IU de by the iiesearch and 

Development Department and was a very sati sfuctory· piece of 

equipment. 

The v&.cuum was produced by a mechtrn:1.ca.l pump, which ~.as 

connected to a S!J'iall d:ry 1ce trap, throug:r: e:1 :rubber pressure 

12 

tube. ':'he dY'J lee trap ,1as connec tecL throu:.,,:,h a flexible tube 

to a p;yrE'X purnplng ma.nlfold, vihich had stoppereci connections 

for t-:lo types of gas, four counters and the rn.anometer. 'l1his 

arrangement rr',ade it easy to fill or exhmrnt the counters at 

the same time but still aJ.lowed them to be controlled one 

at a tlme. rr'hH mantf'old itself 'i>"i&s made of a i 11 pyrfJX glass 

tubing i:; f't. long. 

An oscilloscope ,¥as used to study tho acti.:;n of the 

counters. It wa::,. connected to the negati.ve end. of a 1 rneg. 

ohrn resisto1~ through a 20 micro 1"'arad ceramic c0::.1ciens0r .. 

Figure I is a sch.=m:mtlc drtudng of this circuit. 



1 Meg. Ohrr. 

20 µ)) 
r~ar~d 

FIGURE I 

+ to rower L____ sunnly 

J cllloscope 



CEllPTER III 

Cft.LIBRATING '11:rIE COUN'l'ERS 

·.rhe counters were filled to various pressures and the 

voltage increased until the counters began to count. 'fhe 

voltage was increased by about 20 volts, (see Graph Ho. 5), 

untll the counter-s either began to oscillate or t;O into a 

continuous diseha1"'ge. The applied voltage as recorded is 

the voltai:e indicated. by the built in voltrrieter- and should 

be corrected by use o.t Crr·aph fao. 5 fen:, true voltage. At 

each increase in tha apµlit1d voltage the a veragE-; counts per 

minute ·.vas t&ken. The .following is a recorri o:f this pro-

cedure: 

1'.'iarch 20, 1950 
Counter No. l - i. t a presr;ure of' 13 cm~ Ilg of argon and 

alcohol vapor. 

Voltage 
1200 
1220 
1240 
1260 
1280 
1300 
1320 
1340 
1360 
ltBO 

1 

l ·~ -·.:; cm. 5g of 

Counts per 'f{inute 
11 
24 
28 
33 
40 
51 
64 
71 
?3 
74 

L1:?(1l~l~D- OF~ l(J~;{AJiKS: 

. . . 1 
nemar.x:s 

1 
l 
2 

1. The pulse size varie<i by a factor of aboiJ.t 100 
between largest and stt1allest pulse. 

~}. The pulse size varied by a faotor of about 2 be
tween largest and smallest pulse. 

3. '"l'he pulse size varied by a .factor 0£ about 1.,.25 
between largest and smallest pulse. 

13 

No number indicates pulses were all the same height. 





I,tia.rch 20, 1950 ( Continued) 
Counter• l'Yo. 1 - At a prostnn•e of 13 cm. Hg of argon and 

1.3 cm. Eg of alcohol vapor. 

Voltase 
1400 
1·120 
1,go 
146G 

;iiarch 24, 1950 

Counts per rr:tnute 
75 
76 

96 

Gaunter Ne. 1 - /1.t a ,;:n .. essure of 12 crn. of argon 

Voltage 
1160 
1180 

1220 
1240 
1260 

130C· 
1zi20 
1z,40 
1360 
1Zl80 

Voltage 
1100 
1120 
1140 
1160 
1180 
1200 
1m=>o 
1240 
l26C 
1280 
1300 
1320 

1940 

1.2 cm. 0£ alcohol vapor. 

Count,3 per r::tnute 
14 
20 
'')>0, 
,t.,..~+' 

6 !5 
68 
69 
?O 
7? 
f33 

1 
1 
1 
3 

i\t a pres::1ur•1::: of 11 ere. F,t, or argon 2.nd 
1.1 cm. Br: of alcohol vapor-. 

Counts per ~inute 
12 
21 
~,) 
"-~ G,. 

!JO 
5(1 
59 
62 
63 
64 
68 

91 

l 
1 
1 
2 

14 



March 27, 1950 
Counter !lo. 1 - At n. pressure of 10 c:.r::. Eg of argon and 

1 cm. Hg of alcohol vapor. 

Voltage 
1040 
1060 
102() 
1100 
1120 
1140 
1160 
11SO 
1200 
1220 
1240 
1260 

April 1, 1950 

Gounts per ~inute 
9 

24 

49 
58 
60 
61 
64 
65 
6H 
'79 
86 

Remarks 
1 
l 
l 

Counter No. 1 - At a pressure of 9 cm. Pg of drgon and 
.9 cm. hg of alcohol vapor. 

Voltage 
1000 
1020 
1040 
1060 
1()&30 
1100 
1120 
114:0 
1160 
1180 
1200 

AIH'i l 1, 1 \: 50 

Counts pt3r iiinute 
B 

16 
21 

40 
51 
60 
61 

70 
7l:3 

hem.arks 
1 
1 
2 
2 

Co·ur1tE~:r Nc1 • 1. - iit a p1~es3t1re oJ: <.3 Ci:n. of~ arr~o11 and_ 

Voltage 
960 
980 

1000 
1020 
1040 
1060 
1080 
1100 
1120 

.8 cm. Ht of alcohol vapor. 

,)01mt,'3 per' i':::tnute 
3 

29 
54 
62 
63 
69 
76 
89 

:·.emarks 
1 
l 
2 

15 





March 20, H?50 
Counter l'io. 2 - At e. pressure of 13 err. Eg of argon and 

1.3 cm .• Hg of alcohol vapor. 

Voltage 
1200 
1220 
1240 
1260 
1280 
1300 
1320 
1340 
1360 
1380 
1400 
1420 
1440 
1460 

:warch 20, 19fi0 

Counts pe:r Ndnute 
H5 
25 
35 
39 
46 
53 
65 
71 
?3 
75 
76 
78 
~)0 

112 

Hemarks 
1 
1 
1 
2 
3 

Counter> Ifo. 2 - At a pressur.:c of 12 cru. Bg of argon and 
1 .. 8 crn. Eg of alcohol vapor* 

Voltage 
1160 
1180 
1200 
1220 
1240 
1260 
12BO 
1300 
1320 
1340 
1360 
1~380 

:1arch 26, 1950 

Counts per 1.1inute 
8 

25 
29 
3t3 
56 
7 r, 

V 

71 
69 
73 
73 
"7 4 
Ha 

Hmnarks 
1 
1 
1 
3 

Counter }'o. 2 - i,t a pressure of 11 cm. Hg of a.r>gon and 
1.1 cm .. Hg of alcobol vapor. 

Vi)ltage 
1100 
1120 
1140 
1160 
llEJO 
1200 
1220 
1240 
1260 
1280 
1300 
12'20 

Counts pBr i;1lnuto 
8 

10 
28 
36 
56 
60 
62 
62 
64 
66 
70 
86 

Remnrks 
1 
1 
1 
2 
3 
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r,1arch 27, 1950 
Countrtr No .. 2 - ;\t a pressure of 10 cm. Hg of argon and 

1 cm. Ilg ot: alcohol. vapor. 

Voltage 
1040 
1060 
1080 
1100 
112C 
1140 
llGO 
1180 
1200 
1220 
1240 
1260 

G oun ts per 1dnu t e 
7 

16 
31 

48 
5-fJ 
60 
6~3 
68 
74 
76 
89 

l 
1 
l 
2 
3 

April l, 1~050 
G<)1.mter i~o. 2 - il.t a pressur& of' 9 crn. Hg of argon and. 

.9 cm. Hg of alcohol vapor. 

Voltage 
980 

1000 
1020 
1040 
1060 
1080 
1100 
1120 
1140 
1160 
1180 

/<ri 11 1 .. 050· · .. ,~r. - - lJ J_.,.._ 

Counts per Minute 
4 

28 
36 
51 
59 
60 
61 
63 
66 
?4 
89 

Hemarks 
1 
1 
2 
3 

Counter Ho. 2 - At a prensurc of' 6 crn. Hg 01' argon and 
.8 cm. Er of alcohol vapor. 

Voltage 
940 
960 
980 

1000 
1020 
1040 
1060 
1080 
1100 
1120 

Gaunts per Minute 
8 

26 
39 
51 
58 
59 
60 
61 
??: 
83 

Hemarks 
1 
1 
2 
3 

17 





1950 r~arc.t1 2·5 ~ 
Counter • 3 - :tt a pressure. of 12 cm. J!g o:f 

Voltage 
1460 

150() 
15f:O 
1540 
lb60 
1580 
1600 
16:20 
1640 
lt)G() 

March :25, 10~50 
Counte,1" 1'Jo. 3 -

\r <) 1 t: afJ f;; 
1 -~:{\() ..,.fi.~v 

1·~20 
1440 
lt:160 
14:60 
lSOC 
152:0 
1540 
1560 
1580 
160() 
1620 

Karch 20, 1950 

1.~2 cm. of ~.lcohol v11r,or' •. 

IJO 
120 
14:f} 
l.5f; 
159 
161 
l.(}.2 
164 

1 
1 
l 
2 
3 

ht a pressure oi' 11 cm. Hg oi' argon and 
1.1 cm. of alcohol va~or. 

86 
125 
148 
15~ 

161 
1(13 
164 
lf:l5 

l 
1 
l 

co .. m.t.er i01<:). 3 - l,t a pressure of 10 cm. Hg of i:tr'[.;On and 
l cm. Hg of alcohol vapr;>r- .. 

Vol tagci 
1400 
1420 
14•10 
14-50 
1480 
1500 
1520 
1540 
1560 
1580 
1600 

Gounts p.s1., '2inut e 
22 
44 
43 

130 
150 
160 
159 
16::S 
164 
180 

1 
2 
2 
3 
3 

18 



1950 ti arch ~~ts, 
co"unter .. 3 - At a pressure of 9 c:m. Hg o:!'." argon and 

.9 cm. Eg of alcohol vnpor. 

Vol tag~ 
1360 
138G 
140C 
1420 
l(_JAO 
1 1:i:60 
14BO 
1500 
1520 
1540 
1560 

April 1, u;a) 

Counts per :,;~tnute 
6 

27 
39 
71 

119 
149 

161 
lfi'.2 
164 
175 

Hemarks 
1 
2 
2 
3 
3 

Counter l::o.. ~'5 - ic t a prFssu.re of 8 cm. Ht of arf;on and 

Voltage 
1300 
1320 
1340 
1360 
13!:JO 
1100 
1420 
1440 
1460 
1480 
1500 
152{) 

A•··r11 1, 1950 

• 8 cm. of' alcohol vapor. 

Cct1n ts t) err· r~111.rtt-e 
24, 
45 
67 

102 
148 
156 
158 
160 

163 
164 
180 

1 
l 
2 
3 
3 

f't,,t.J, ~,J... .,,..,.., ~\ r~· -..,OULt,e1. ,\o. v - At a pr•esGU!'e of 7 cm. o.f ar3on and 

\r;)ltagG 
1240 
1260 
12ao 
l~iOO 
132() 
1340 
1360 
1680 
1400 
1420 
1440 
1460 

.. 7 cm. Hg of alcohol vapor. 

Gounts pet' 7.finut e 
0 
V 

~n 
57 

1B6 
121 
15{) 
158 
158 
159 
160 
162 
179 

1 
1 
2 
2 

19 





March 25, 1950 
Counter Ho. •l -

Voltae;e 
1440 
1 1,wo 
1480 
1500 
15:,?0 
1540 
1560 
1580 
1600 
1620 
1640 
1660 

ifa.rch 25, 1950 

of U~ cm. Hg of 
alcohol vapor. 

Counts per ~inute 
g4 
41 
6f:1 

11;2 
140 
156 
15B 
160 
16~~ 
lt)9 
164 
170 

counter Lo. 4 - At a pressure of 11 cm. Hg of 
1.1 cm. Hg o.f alcohol vapor•. 

Voltage 

1400 
1·(20 
1440 
1460 
11180 
1500 
1520 
1640 
1~160 
1560 
1600 

crn1nts per Vinute 
10 

'71 
110 
1"'±1 
158 
161 
163 
165 
169 
170 
188 

argon ru1d 

1 
1 
1 
2 
3 

h'.ernar:rn 
1 
1 
2 
2 
3 

March 28, 1950 
Counte:r> No. 4 - At a presi,mre 0f 10 cm. :sg 

1 cr,1. Hg of alcohol vapor. 
of are;o n and 

Voltage 
1.400 

1440 
1460 
1460 
L1500 
lfi'.ZO 
15110 
1560 
1sao 
16()0 
16lc0 

Counts per Yinute 
1,3, 
;:.")6 
59 
9f3 

133 
158 
161 
159 
160 
162 
166 
lf32 

l 
1 
2 

3 
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Voltage 
1~;4G~ 
1360 
1380 
1400 
1420 
1440 
1460 
1460 
15(JC) 
1520 

Counts per l;lnute 
12 
32 

09 
12'8 
150 
154 
156 
1(50 
162 
l?tl 

l 
l 
2 
2 
3 

April 1, 19:50 
o'cunter· Fo. ,1 - At a rn:ies1rnre of 8 cm. Hg of argon and 

.O c~. Fg of alcohol vapor. 

Voltage 
12GO 

1320 

1360 
1380 
140() 
1428 
14:t() 
1~rno 
1480 
1500 

APri 1 1, 1950 

Counts per Vinute 
1 '.<, 
_t..J' 

104 
1,1-~) 
1513 
1.6() 
161 
H.:2 

165 
171 
196 

l 
1 
2 
3 

--::ouP..ter J\o. 4 - At a presimre of' 7 era. Hg of' argon and 

Voltage 
1220 
1240 
1260 
12B-'.) 
1300 
1320 
1340 
1360 
1380 
1400 
1420 
14110 

.7 c,n. Eg oi' alcohol vapor. 

Counts per tdnute 
11 
29 
59 

114 
14H 
152 
157 
159 
15(} 
164 
170 
188 

.]ertarks 
1 
1 
2 

21 
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CHAPTEH IV 

CHLO RI m< ARGON COUNTERS 

The last two counters were made out of' 3/4" stainless 

S'teel tubi.ng o:f' .020" wall thickness. Polishing and clean-

ing was identical w:i.t,h that for the brass counters. '!'he wire 

was 5 mi 1. tungsten wire as in the first four counters. 

Plashing to remove sharp point.a was the only treatment used on 

this vdre. In each of the.se counters tha insulatoJ.• used at. 

one end was large enough so that it could serve as the en.cl 

plug. The other ends were fitted with stainless steel plugs 

which in turn were f:t tted with s:11a.11 insulators. The oounte1 .. s 

,-vere pumped th:r·ough the largo insul& tors u.si ng the same 

method as hefor.e. Th<J argon gas was the same ~u1 in the 

other counters but the quenching gas wa.s chlorine. i:rhe t.he)ory 

of these counter.a is th•j same as tha.t of the f'i rat four ex-

cept that the'-; chlorine :molecules d:tssoclate into chlorine 

1 atoms • 'I'he chlorine atom~s recombine to form chlorine 

molecules 1n a short t.ime. ri'he detecting devtce and the 

procedure of calibration were the same as that used on the 

larger counters. 

'11he chlorine argon counters theo.retlc a1 ly have a longer 

life than the alcohol argon counters, whose llfe is limited 

by the dissociation oJ' the alcohol. 'l'he only life lim1 ta -

1 5. E. Liebson and B. li'I'ied.man, 11 ;:;;el.t' ,:iue.nchi.ng Halogen 
Pilled Counters'', The ievi1:.n:i of Scientific Instruments, 
(!flay, 1948) 



tions of the chlorin€ a1•gon counte;rs would be pitting: of 

the c1;mtral vr:tre and ohe1:nlcal reactions between chlorine 

and any reacta.ble material 1nl thin the counter. 

1\pril 23, 1950 
Counter No. 5 - l\.t a pres;:;;ure of' 65 c:n. Hg; of argon and 

6.5 cm. Hg of chlorine. 

Voltage 
144:0 
1460 
1480 
1500 
1520 

G ount s per rt:.lnu te 
9 

12 
16 
18 
24 

Counter l;;o. 5 - At a pres::n.1re of 60 cm .. Hg of aI•f;on and 
6. cm. Hg of chlorine. 

Voltage 
1320 
1340 
1320 
1~~80 

Counts per Yi'linute 
10 
14 
21 
39 

Counter No. 5 - At a presrmre of 55 er:,. Hg of t~rgon and 
5. 5 cm. Eg; of chlor•i ne. 

Voltage 
1080 
1100 
1120 
1140 

Gounts per f17inute 
11 
19 
2}2: 
43 

Counter- !<Jo. 5 - At a pressure of SO cm. Hg of argon and 
5. cm. Bg of' chlorirn:i • 

Voltage 
1000 
lOZ) 
1040 
1060 
1080 

GQunts pe:c ;1f:lnute 
13 
14 
19 
20 
40 

Counter I~o. 6 - At a pressure of 35 cm. Ng of art:,on and 
;--s.5 cm. I;g of c1:, 1.orine. 

Volta.re 
14eo 
1500 
15:ZO 

Counts ner ,I:' 

1 -~ V 

16 
19 

ranute 

23 



APril 23, 1'950 (Continued) 
Counter ?Jo. 6 - At a pressare of 30 cm. Hg of' argon and 

3. ere~ Hg of chlorine. 

'llol to.ge 
1420 
14110 
1460 
1480 

Gounts per l.:'inute 
14 
15 
18 
32 

Counter Ho. 6 - At a pressure of 2,5 c.ri-1. Eg of argon and 
2.5 cm. Hg of cblorlne. 

Voltage 
1360 
1380 

1420 

Counts per IHnute 
lfj 
19 
21 
•11 

!Jounter Ifo~ 6 - At a pressure of 20 crI1. L:g oi' are:;on and 
2 .. cm. Fig of chlorine. 

Voltage 
1260 
1280 
1~00 
1320 
1340 

Counts par Minute 
15 
17 
19 
23 
39 

'I'h~ data gathered on the chlori.ne argon counters does 

not warrant a graph. Five points hardly d0t01•mtne a curve. 

':Phe la.cl~ of range may be dUE) to the soft solder connection. 

'I'o produce acceptable r•(1sults sol.dc"J'."'ed joints m:ight have to 

be rerJlaced by 1.velded Joints. 'T'hese cou11tors se6merl to have 

no propo1•ttonal region; all pulses Vl{:H',e about the ~;1ame 

heJ.ght. :Gefore they began to count a slight grassinsss was 

observed on the scone... ~Phis may inaicate3 that the range v;as 

lim:l ted by the de tee ting device ratbe r than the counters 

the1!1:::rnl ves. 

24 



CHAPTER V 

CONCLUSION 

'l'he perfor•mance of these counters is not satisfacto:Py 

for precise work,. '.:Phe curves do not i'o llow the aecepted 

pattern :for Gelger counter curves. The plateaus are not 

long enough or as fl&t as they should be. In Counters 1',Zo. 

1 and 2 the1·e seems to be two plateaus. Those at tbe lower 

voltage may be due to accidental characteristics of the wall 

surface. 'l'hey can not be: attr:1 butod to the g1a.s because they 

25 

do not show up in th$ other two counters. Ee:f'ore careful cosmic 

ray wo.rk can be done the co1mt.er•s wi 11 have to be improved. It 

:is my opinion th&t glass counters 'Nould. be mor•e satisfactory 

if t:b.ey could he made to stand th~ rough tr·ea.tment theJ are 

likely- to receive. Considering, thc!;l many rugged devices used 

that depend on glass vacuum tubes thls should not be a pro

hibitive drawback. rrhe metal counter•s have limited dura-

bility due to the insulators and the rathf~r fragile central 

wir•e. Glass const1•uction .ivould elimina tc the neE';d .f'or soldered 

joints. Such counters could be more thoroughly cleH.ned and 

out gassing could be more complet1:;1. They could be used also 

as beta ray counters. The interior> of the counter ,,.ould be 

vislble to the operator and thi.s ma.y be of advantage in 

locating imperfections, ii' any exist • 

. 3hould more tH)r'k be d{)ne on metal countE.,:cs there are some 

points which should be given special at ten ti .::in. The surfaces 

of both the walls an:l. the central wire should be very smooth. 
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Any irret;ula:rity ia an invitat:ton to trouble. If the irreru-

lari ty is on the ·central wire, unpredictable i'ields result 

which will make one part of' the countcn-. rune tion dlffer-

ently from another. Irregularities in the wall, as a rule, 

are not as likely to cause t1~ouble but they can result in a 

varied work 1'unc t1on i.'or the sur1'ace .fo:i:•m.efi by the clot1.ning 

processes. 'The solder area exposed to the interior of the 

counter should be as small as pos~ible. Caref'ul :mach:ln.ing 

will help hore. Any water vapor in the counter impairs the 

functioning and precautions should be ta~en to dry the gas 

used to fill the counter. 

The reco:r•ding device user:' iTl this study i~ not adequate 

f'or .further work. All th.r: connectlng ~ires sho!lld be shielded. 

'l'his would require a type of shielded wire that will with-

stand a higher voltage than that oi'. the po:t"er· ::n{pply. Th,i-.; pulses 

charge the condenser which acts in series with the power sup-

ply thereby increas:tng tho potential to a point that would 

rupture a dielectric only st:r•ong ern.'ittf,h to wi th~t.a:nd the volt-

age .of the power supply. For large counters the counts per 

second is great enough to make vi.sual recording uncertaln • .A 

scaling circuit2 or a mechanical counter W;:>uld be needed i!' 

counters with active cross sections of' 100 sq. cm. or larger 

are to be used. 

2 Serge A. rtorf:f, on. c:t t.,. p. 171. -
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