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CHAPTER I
INTRODUCTION

As ever more sensitive and preecise experiumxis are being performed
with Geiger Counters, especially in cosmie ray research, the resolving
power of these instruments assumes an ever inereasing ch. With
the present perfection of electronic cirewitry, this resolving time has
beooms largely a function of the dead time of the Geiger eounter tube
itself. It was therefore proposed to invest.igata methods of reducing
this dead time. Only self—queudung cmterhmmdto ha oqna&dmd
in this mmotimaimethedudtineotmoﬂwrmes ofﬂed.ger

gounters is inherently longer.

1, CAUSE OF DEAD TIME

After the passage of any ioniming particle eauaingapn?.seina
Geiger counter tube, the tube will not produce Mher pulse, however
amall, until a certain amount of time, the dead time, has elapsed., This
dead tine is of the order of 102 to 103 mieroseconds for cowtter tubes
of the usual dimensions, After the end of the dead time, pulses of in-
ereasing magnitude may be produced wnkil the counter tube has completely
- regovered, Then pulses of noymal size appear againe - The dead time is
due to the faet that during the discharge electrons are rapidly collected
on the positive central wire of the cowunber tubej this removal of elee~

trons from the gas leaves behind a sheabh of positive ions around the







2
eentral wire where most of the ionization oceurss This sheath modifies
the eleetrie field inside the counter mt prevents any further pulse.
Sincethembﬂityofthepoﬁimlmuwm&malermtm
of the cleetrong, this sheath drifts comparatively slowly toward the
cathode, m@m;mmamaﬂm‘ﬂmm
themmm,ampﬂmmpmwg,mmumﬁmm
side the tube has nob yet returmed to nommel, only a small pulse caa be
produceds Aftor the field roturns to nowmal, pulses of full sise may
again be produced, However, with high gain amplifiers even very small
pulses ean be registered so that the recovery time is comparatively un-
important in determining the resolving time of the counter tubes

possible ways of reducing the dead time aftha mm: WM
Flectramically it is possible to use the ‘sbeep lsading edgs of the
pulse from the counber to actuate some deviee which will reverse the
eloctrie field inside the tube, This causes the positive ion collection
tota}mp]ﬁmmthewr&lm. S8ince most positive ions are formed
" very close to the central wire, this method of collection is wexy much
‘more rapid than collection by the wall of the tube.: md@&mﬁtdﬁv—
cuit for this purpose, with an effective dead time of 10 microsegonds,

has been described by Simpson.t For an avrangement of this type the

15, A, Simpson, "Reduction of the Natural Insensitive Time in G-
Counters,” Bysical Review, August 1 and 15, 19hk, Vol, 66, Hosa 3 and ki,

DD 39-117 .
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dead time becomes largely a function of the cleetronie circuits. How-
ever these eirouits are quite complieated and the reversal of the field
in the counter tube may ecause new complications,

Thedeadtimcanbemorbanedmmmatherbymgthe
pliysical dimensions of the counter tube, or by decreasing the gas pres-
sure in the tube, It is to be expected that a deerease in tho dismster
ofwewmtm,lyahoﬂmmdim}theithmto
move, will result in a decrease of the dead times Reducing the gas
pressure on the other hand increases the average speed of the positive
ions and should thus have a similar effect.

To investigate these two effects, three counter tubes of mm
dead time of each of these at varying gas pressures was then measurod
Ly the method developed by Stever.® The results were expected to pro-
vide an indication as to the desivability of using any particular size
of ecounter tube for a given experiment.

“He G, Stever, "The Uischarge lechanism of Fast G-l Counters from
the Dead Time Experiment," %sical Review, Jamary 1 and 15, 192,
VOlo 6]., NOS. 1 wd 2, ppo ®







CHAPTER IX
THEORY

The theory of Ceiger-iueller counter omration has been deseribed
£airly complotely by several writers.3?> No atbempt will be made
hore to give a complote quantitative analysis of Ceiger counter operg-
tione Imch of this analysis is based on the theory of electrical dis-
charges in gases discussed in detail by Loeb, Many of the constanta
involved, such a8 ion and electron mobilities, are ad.thar not Imom a-
depend so eritieally an the presence of slight amounts of Dapuribties,
that such an analysis doos not pemmit the prediction of the operation
of any perticular Geiger counter, However, a move thovough qualita~
tive diseussion of Geiger cownbter operatiom, as well as a quantitabive
development of formilas relabing tho dead bime to variables of the
counter tube will be given. V ' i :

1. GEIGER COUNIER OPERATION

The characteristiec which distinguishes the Geiger-ileller counter
fron other electrie counters, such as iomizabion chambers or proportional

jc&.mmmyandn.i}.' %Mmmmax

- Geiger-iueller Counters,” Physical y 1 June 1940, Vole 57, Noe 1L,

PPe 1030-‘10&90
hB Ge Stever, loc. eibe

5D, He Wilkinson, Ionization Chambers and Counters, Caubridge, &18.,
Carhridge University Press, 1950, Phe

(’L. B, Loecb, Fundamental Processes of Electrical Diad:m'@ in Cases,
Hew York: John Wiley and Sons, 1NGsy 1930
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countersy is the fact that, al least theoretically, every time an iom-
izing particle produces as much as a single ion pair anywhere within the
sensitive volume of the counber tube, a pulse of them mlitm will
be produced.

For the produection of a pulse, both a process of miltiplication and
one of limiting the number of ions produced in the counter must exist,
The multiplication of the mumibor of ions talkes place through ioniszation
of the counter tube gas by ecollision with electrons accelerated Ly the
clectrie field which exists in the counter tube. Since for the usual
cylindrical geometry the field is strongest near the central wire, most
of the ionization takes place in a comparatively small part of the
mummtmmmmmlmmmm'm;um
meummamwmmwmmmmmmm
the pulse in a proportional counters &motwrwdwm,w
mmzmummwmwmmm

mmwmwmtmmmwﬁpm&hm— |
crgatic alobbiue § GSLLIRS oAbl Ao gha e A SR ks s
omuse tho emtssion of photoslectrons probably by the polyatomic nole-
cules of the quenching gas. MM@MMMW
and oause the diseharge o spread a1l alang the central wive, The ex-

' Antienss of i e bk . it Bk 35 4 it Ak dhais
very close to the central wire are best shown by Steverts exporiments
with counter tubes bearing swall glass beads on vhe central wire.!

7H. G. S‘bﬂaﬂ:‘, _lﬁt _cj__—;b_t
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These beads localize the discharge to any given segbion of the couter
tube even though the diameter of the beads is only a few times that of
the central wire.

What limits the total ionization produced in the counter tube and
prevents a eontimuous discharge through the tube is the reduction of
the electric field by the positive ion sheath mear the counber wire to
a value lower than that necessary for the production of avalanghes of
ions, Since the mobility of electroms is so much larger than that of
the positive imns, the positive ion sheath ean be considered as staw
tionary during the collection of the electrous by the cemtral wires The
positive ion sheath then drifts to the cathode. In non=self-quenching
comters the arrival of the positive ions at the eathode will cause the
ejection of cleetrons from the cathode and thus produce a new discharge
pulse unless this is prevented by some external mechanisue

mmwmmwummmuw.
medwmprmatmasmww %mnm
mammmmmmmmmcmmumw
the cownter, so that the ions reaching tho cowter tube wall are all
polyisaiti gas Sun - i Lonk SieataRTRe 4 Ml i b mdanin
rather than causing electron emission, This quenching aetion has been
tmmmmmwmmmma &
' ‘mmmﬁmmmammdm
“gowiter tube, it also limits its useful life since thé quenching agent
is contimuously being used upe

8. . Korff and R. De h-aseut., “mtheﬁoleofPo}yBMoGamm
Fast Counters,” Physical Review, 1 and 15 May 19kl, Vol. 65, los. 9 and
10, ppe 27h-282, .







DEAD TR

Todarivemwaimfwtmmtimorthedeadﬁmuith
counter tube variables, a basic expression for the behavior of the
positive ion sheath must first be developeds’ We assume that the po-
tential of the central wire remains substantially constant during the
discharge, If we consider a counter tube of radius b with a centrel
wire of radius a whieh is initially charged to a charge per unit length
Qo» omtaining a positive ion sheath of charge g por wnit length at a
distance x from the eentral wire, the effective charge Q on the central
wire will be given by the expression

Qe Qo-Q(#) ' ()

log /a
and the ion sheath is in & field

p ?i{% -4 ( bk)} s (2)
where the lgst tom is the self-force of the ion sheath, From this ex-
pression we can derive an expression toz? the time t(x) which the ion
sheath will need to reach a distance x from the eemtral wire, assaming
that all. the positive 1mshmt§iemmﬁdliwz. ﬂnemaﬂmmr
- 4(x) is quite complicated but emn be simplified by esswuming ‘bhat xis
many tines larger than g, the wire raddus, &(x) then becomes

e R g Zm )

7Dy 1s Willdnson, opa Gibey Dpe206-207
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where V is the potential applied to the eounter tube and n stands for
the ratic q/Q e For Geiger counter action to take place at the wire,
the field at the wire must be as large as that produced by the threshold

potential for Geiger counter action Vge Therefore the charge per wmit
length on the wire must be

Vg

T Tog 575 ()

By combining expressions (1) and (L) we can find an equation for the

Q, -q lgb | V¥, (5)
xg wb o~ = Volrit] 05 v/a (6)

o = [(W -2V, )/aW| log b/a
g = o e [ ;) ] ) {7)
2k (14 ) %

Experimentally it was found thatlO
m= V-V ¢ ‘ (8)

vhere C is a constant eharacteristie of each cownter tube and V must be
~ sualler than Vy, an experimentally determinable voltage above which the
expression for m ehanges. Wmaﬁp@mﬁiﬂaﬂu@ﬂ?i\h&mvﬂ .
.suhabi‘butmg (8) into (7), '
. ~{200/7C)log b/a

2w (1 ‘2265!“)

ty = ~ log bfa, (9)

mD. Ge Willkdinson, ope Cite, pe 182,







and at the threshold potential Vg the dead time tg, beoomes

o ~(200/¥C)log b/a
tgo = S log b/a (10)

ﬁaedaadtimabawpomtmmnmﬂththecmmermiablu;n
a mannor gimilar to tg4e Simothedaﬁﬁmwmmnlyaa!,
whichintmvm‘iaaimradyuthem,mwtmmbe
lowered by reducing the counter gas pressure, W,ﬁﬁldfeﬁh
comnteracted by the decrease of V with pressure, although this effest
is seller, The b% in the mmerater of (10) shows that the dead time
mmmmmwammmommmw
teralaothcmhialimmtli@ﬂyugmm'mtd
doesnotdemmumpidlyaabz.

Tmmgdimmmmmmm
pl@ewwmmmmma ?wWMWMMs
mmtwtm,mdmwmmmﬂmwawm -
mmgmmmmath-mm nﬂumm
sult in a reduction of the dead time as was first shown by Mielhause
and Friedman,<l However this effect bosones important only at vy
MWWMWM&M&&WW&%
dead times of various cownter tubes ab similar sounting rates,

6, 0o Melhause and H, mmn, "Yeasurements of High Inben—
gities with the Geiger-lueller Counter,"” Review of Seientifiec Thetwu-
monts, November 1946, Vols 17, Hos Ll, ppe SOG-510s







CHAFTER IIT

EXPERIMENTAL PROCEDURE

1, TUBE CONSTRUCTION

ﬁmm&rt@a,iiﬂ&.%iﬂﬂh;M1winﬂma
respectively, and 12 inches in length were used in this investigabion.
They all had 4005-inch diameter Kovar central wire and were essentially
of the all-metal construstion deseribed by Ve Regener,® Due to the
anall diameter of these counter tubes separate exhausting tubes were
impractiesble, Instead a single Kovar-glass seal with a glass branch
tube for exhausting was used. On the other end of the tube the central
xﬁmmmmtoammﬂ%&mmota
spring. Taubness of the central wire was inswred by clamping the
counter tubes vertically and stretching the eembrel wire by means of a2
weight while it was being sealed to the glass seal. |

Temtam‘ofﬁhem.dmwmﬂm.m
in the £illing mixbure, the counter tubes werc never sealed off com~
gletezymmtmmmtomammwrmm. »
After each Pilling, the rubber tubing wes closed by & pinch clamp.
 Since al1 measurauerits Wore made Within a tWelve hour peried after
£11ling the tubey no gerious leakage of air into the tube- could take
place during this tinme. For each tube, mixbures of 10mm of argen with

j%’. Regener, "All-letal Fast Geiger Counters for Commic Ray Re-
search," Review of Scientific Instruments, May 197, Vole 18, Nos 5
PDe 267-2750
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90mm of aleohol, 1llmm of argon with 103mm of alcchol, 12ma of argon with
115mm of alcohol, 13mm of argon with 127mm of alccholy and Mpm of argon
with 10mm of alechol were used.

2o ELECTRONIC CIRCUITS

To measure the dead time of the counter tubes under various condi-
tions the method developed by Stever'> was used. This method consists
in dlsecommating Lhw ncowkl Anberwsl iewdesnsistion 62 Wk S
and usingtmpnuenmthemmtmwmmwamnmm

coincidence of the beginning of each cownter
ummamﬂm'ﬂwmmmumm»wwmmw;
pomition of the irregularly oceuring pulses on the oscilloseope screciis
mmmwm@mmmmmmwm
wmmmmwummw%mwmaw
mmammmmaff@f ‘ne ean clearly
aemummmamuumnaemrmm,,
ummm&l,towintheemmbarmmrwewwm
original pulse. &mam;mmmmmmm
this ruling with a sine wave of lmowm Proqueney; the dead time of the
counter may be found,

Tnstead of modifying an ordinary oscilloscope to provide the ayn-
chromization of the oscilloscope Sweep with the counter tube pulses, a
HWestern Electric 78-3L/AP oscillosecope was used, This inﬂnm Pro=

mgmemwsmmmwwﬁm‘m.by@-dm

1331. (re Steever, loce cils
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incoming pulse. A 100,000 ohm load resistance was used with the counter
tube, and the counter tube was coupled to the oseilloscope by means of a
S50-micromicrofarad coupling condenser. The sweep of the oseilloscope was
calibrated with a Hewlett Packard Audio Oseillator.

3. MEASURERENTS

For every tube filling, the plateau for Geiger counting was first
determined, Measurements of the pulse height and of the dead time were
taken at an overvoltage of fifty wolts., DBy using the same overvoltage
throughout, the effect of the dependence of the dead time on the over-
voltage was eliminated, It was also found that the operating characteris—
tics of the tubes changed within the first few hours after filling, an
effecct previously mentioned by Regeneron* However, no appreciable nbangas
in the dead bime occured after the first few hours, All of the measure-
ments were made ab least thwee hours after filling the counter tube.

V. Hegener, loce cite







CHAFTER IV

Although the ‘bheereticgl congiderations given in Chapter III
involve many approximations, the results of the experiment tend to
bear them oub, Table 1 and Graphs 1 and 2 show the results,

Graph 1 shows the variation of the dead time of each ecounter
tube with the total gas pressure in the tubes All of the curves on
Graph 1 show that the almogt linear relationship predicted by the
theory is followed in pragtice. muy ag the pressure isg W e
vewconsidmhlydoesthedeadtimbemtqdemmm
slowlye mviwotthismatawltheiminmﬁwﬁﬁa
sounter tubes at lower pressures, there is probably little benefit
to be derived fram reducing the pressure below 100mme







TABLE I
TUBE I 3+ Tube diameter 1 ineh
alechol argon starting  discharge
pressure pressure volbage voltage
10 mm 90 mm 1210 v 1360v
11 mm 102 mm 1230 ¥ 1370 v
12 m 115 m 1290 v 1420 v
13 ma 127 mm 1350 v 1520 v

voltags  _voltage
90 mm 900 v 970 v
102 mm e o E - 1050 v
DS5em | 100 | IX20v
127 mm 1075 v 150 v
10 m N10 v 1190 v

1062 ¥
10:2 ¥
1062 ¥
1042 v
1042 v

110 «s
1175 ws
1.25 -
10 .8

time
13.8 8

Webus

. a3 s
1899/‘3

204748
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Graph 2 gives the relationship bebtween the dead time and the comter
tube diameter for various gas pressures, These gurves are of substantial-
1y the same form regardless of the filling mixtwre. The relationship
between the dead time and the eounter tube diameter comes closer to being
linear than the theoretical equation predicts. It is difficult to deduce
mech from these graphs as the various parameters cannot be varied indi-
vidually to permit an accurabe examination of the influence of each of

there
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As the results show, substantial reductions in the dead time cam
be aghieved by the reduction of the tube diameter, However, the data
on the plateaus of the various counter tubes given in Table 1 show that
as the diameter is reduced the plateau of the counter begomes danger-
ously smalls Very stable power supplics would be required to operate
aimmmmw. It may, on the other
hand, be possible to improve the operating characteristiecs of such a
small tube by using & thimer central wire, |

It must also be considered that when banks of smaller diameter
tubes are used to replace one large diemeter tube, the resolving time
of the ecombination is automabtically lower than the dead time of the
individual tubes, The mmiber of counts for each tube is smaller and
the stetistical probability of two successive incoming particles trav-
erging the same counter tube is slight. Thus the resolving time is
simmltancously reduced by two facbors, and very large improvements may
be obtained,







CHAPTER V

SUMMARY AND CONCLUSICHS

1, SUMBARY

The need for a reduction in the resolving time of the Geigex-
leller counters led to a theoretical examination into the possibilities
of redueing the dead time of Geiger counter tubes, Two of these possi-
bilities, the reduction of the dead time by decrcase in the counter gas
pressure or by decrease of wmmmm investigated
by means of three Geiger counterse ﬂmmwwam
eber and were filled with various gas mixtures, Using the triggered
oseilloscope nethod of measuring the dead time, data on the performance
of these counter tubes ab various pressures were cbtained, The experi-

' ions made with the

rwmmmmwmmmwmw
counber is of eritical importance, the two :tms&u&w nethods of ve-
Gueing the doad time of the counter tube were shown to produce good
results, The pressure can be reduced up to a eertain point with only &
slight loss of stabilily.
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Even larger reductions in the dead time may be obtained by reducing
the counber tube diameter. However, in this case there are several dis-
advantages such s the added cost of the larger mmber of smaller counter

tubes and the shorber plateaus of the smaller counter tubes.
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