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CHAPTER I
INTRODUCTION

A, BSelf-quenching Counters

Whenever a Gelger counter is opersted in the plateau
roglon,l pulses are initially quenchned by the formation of
a positive lon sheath around the center wire which reduces
the eleoctric intensity in the vicinity of the wire, If the
filling gas consists entirely of monatomic or dlatomic mole-
cules, extra counts will in general be initiated by thoe
liberation of electrons from the cathode by the positive
ions.

A guenching mechaniem must be intrcduced to prevent
these extra pulses in a counter. Self-quenching counters
employ an internel cuenehing process. This is usually ac-
complished by including a small percentage of polyatomic
molecules with the filling mixture. Tubes fllled partielly
or entirely with an organic vapor have been used extensively
as self-quenching counters. These fillings generally result
in counters which have comparatively large pulses with a low
percentage of spurious counts and & relstively long plateau.
Unfortunately, the useful life of orgenic vapor counters 1s
usually limited to about 108 or 109 counts, compared to

10
lives of more than 10 ocounts for counters using an inorganic

¥ A list of definitions is given in the following
section,
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quenching gas. Come experiments to determine the relative
importance of the factors limiting the life of alcohol-argon
filled counters will be described in this thesis.

Counters in which an inorganic gas is used as the
quenching gas generally have a shorter plateau than those
employing an organic vapor. However, the lives of counters
using an inorganic quenching gas may be considerably longer
for some mixtures than those found for organic vapor counters.
Experiments on the life of counters filled with ammonia and

argon are described,
8., Notation and Terminology

The following i1s a list of derinitionc of terms used
in this thesis:

V The potential difference aspplied across a counter.

Vs The loweat potential at which counts are observed
with the equipment employed. In these experiments the start-
ing potentisl was determined by visual observation on an
oscillograph with constaent amplification.

Vg The lowest potential at which all pulses are of
equal size regardless of the number of ions oroduced by
the primary ionizing particle.

Ve The potantial at which the counter glves continuous
or self-sustaining countas.

Vu The overvoltage which is equal to V minus Vg.
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Plateau The Potential reglon in which the counting

rate in nearly independent of the applied voltage.

Platesu Slope The change in counting rate for one
hundred volte change in supply voltage while the counter is
operated in the plateau region.

Gelger Region The Potential reglon of Gelger counting

eotion, i.e., Vo minuse Vg.
C. Definition of Counter Tube Life

The 1life of a Geiger-Mueller counter is the number of
events which cean be counted without changing certain chsrac-
teristics of the counter in such & wey as to meke it useless.
These cheracteristics are the length and slope of the platesu,
the normal operating voltage and the background counting rate.

Some causes of counter fallure sre common both to ex-
ternally and to internally quenched counters, for example,
pitting of the center wire. However, the changes in counter
characteristics discussed in this thesis, will in general
apply only to the self-quenching type since most of these
changes are connected with the dissoclation of the gquenching
gas used,

The amount and rate of change which can be tolerated
in any of the listed characteristics depends on the applica-

tion of the counter. If the length of the plateau deoreases

with use of the counter 1t eventually becomes impractical to
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regulate the voltage applied &across the tube so as to re-
main in the platesu reglon. This constitutes the end of
the useful life for such a gounter. Incresse in plateau
slope or fluctuation in background counting rate will also
limit the useful life.

D, Purpose of Experiment

Because of the several superior properties of counters
containing organic vapor as a guenching agent, it is desir-
able to extend the life of such counters., It is, therefore,
of interest to determine the relstive importance of factors
which limit their ‘useful life. It is also worthwhile to
furtner the investigation of counters containing an inor-
ganlic gas as the quenching agent.

In these experiments life tests were conducted with
counters filled with different percentages of alecochol vapor.
One counter was glven a life test while supplied with a con-
stant alcohol vapor pressure. In some cases, counters were
refllled and in other csses new center wires were installed
to determine the major factors limiting counter life. Tests
were also conducted to determine the useful life of counters

filled with ammonia and argon.







CHAPTER II

THEORY AND PRESENT STATE
OF EXPERIMENTAL EXPERIENCE

A. Genersl

A, Ehmert and A, Trostt in 1936 and A. Troatz in
1937 described experiments concerning vepor-quenched counters
and proposed a thsory of the counting mechanism. O. G.
Montgomery eand D, D. Hontgomor73 in 1940 and H. G. stoveru
in 1942 extended thls theory for nonself-quenching and self-
quenching counters respectively. Korff and Proaent5 (1944)
described the role played by the polyatomic molecules in a
self-quenching counter,

As explained by Korff eand Present, the process of
self-guenching must involve the dissoolation of polyatomic
molecules. The initisl avalanohe, after spreading along
the ¢ntire sensltive portion of the counter in the Geliger
counting reglon, is stopped by the action of the poslitive
ion sheath which is formed during the avalanche, Ions of
& monatomic or diatomic gas upon resching the cathode
liberate electrons and thus initlate extra counts, Poly-
atomic molecules, on the other hand, heve a large probability
of predissocistion, i.e., dissoclation before radistion,
and thus have & small probability of liverating electrons

from the cathode after being neutralized., In a filling
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mixture composed of sbout ten percent polyatomic molecules,
the monatomic or diatomic lons produced in a discharge are
neutralized by collision before reaching the cathode pro-
vided the ionization pnotentisl of the polyatomic gas 1is
lower than that of the other gasses present. The polyatomiec
ions are neutrslized at the cathode and dlissoclate so that
the counting action ceases.

A property of the guenching gsas which 1s essential
for proportional counters is the absorption of ultraviolet
photona emitted by the gas molecules durlng an avalanche.
Such an absorption prevents the initisl avalanche from
spreading tnroughout the entire volume of the counter for
an apprecieble range of applied voltages. The absorption
of these photonas results in ad?itional dissociation of the

polyatomic molecules.

5. Life of Self-quenching Counters

Dissocletion of the polyatomic molecules sets a limit
on the life of self-quenching counters, assuming no recombina-
tion of those moleculea. Korff and Proeont5 calculated &

life of sbout 1010

gounts for a counter containing ten per-
cent alcohol vepor as limited by dilssocistion.

When an organic vapor i1s used as the guencalng agent
the dissoclstion oroducts form & deposit on the electrodes,

When sumonlia 1s used a8 the cuenching agent tne dissoclation
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products are geses only. In either type counter, the con-
tinuous potential will be lowered 1f the center wire becomes
pltted with use.

6

Korff end SArumbein” report recombinstion of the mole-
cules in a counter filled entirely with ammonia, However,
these authors report an increase in the background counting

rete with use of this counter.







CHAPTER III
DESCRIPTION OF EXPERIMENTAL APPARATUS

The Geiger tubes used for these experiments were de-
slgned for cosmic-ray research. The cathodes were of two~-
inch diameter brass tubing with 1/32 inch walls. The anodes
were of 0.005 inch Kovar wire. The tubes had an overall
lengta of twenty-four inches and a sensitive volume of about
nineteen inches in length. Complete detalls of the cone
struction of these counters end of the filling procedure are
given in an article by Regoner.7

The equipment used for measuring counter character-
istice during the life tests is indicated in Figure 1. A
gource of Gamma redistion supplies & constant high rate of
counts. The oscillograph wae used to determine the values
of Ve and Ve and to make visuel observsetions of multiple
gounntz. The scaling circults were used to measure the slope
of the plstesu during the 1life tests of some of the counters.

The potential messurements are limited to an acouracy
of ebout two percent by the measuring eguipment. However,
the value of Vo is somewhat arbitrary since multiple counts,
hignh beckground and the charscteristic of breaking in and
out of & selr-auatalnlng'disonargo make it difficult to
repeat resdings.

The Gamma source was calibrated at a large distance
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from the counter with the ald of sceling circuits and a
mechanical recorder. The solid angle subtended by a CGeiger
counter at the Gamma source wae calculated for the smallest
distance actuslly uaedl and en estimaete was made of the dead
time of the counter. The calculated counting rate for the
sepsretion used taroughout the life tests was 500 per second.
These experiments were intended to compsre livee of different
fillings rether than to messure absolute life times accu-

rately.

i A calculation of the solid angle subtended by a
Geiger counter at a point source is given in the appendix.
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CHAPTER 1V
EXPERIMENTAL PROCEDURE AND RESULTS
A, General Procedure

Three sets of experiments will be described in this
chapter. (1) Starting and continuous potentisals were
measured for different mixtures of gesea. (2) Sterting and
continuous potentlials were measured during the life of several
counters., Measurements were made of the counting rete versus
supply voltage during the life test of some of these counters.
(3) A variation in starting potentisl with supply voltage
wes measured for "used" counters,

All tubes used were first cleaned, and a new center
assembly was installed. The cathode surface was ground,
pollshed, and cleaned with ethyl alcohol. After having
been fllled the tubes were given gbout a day for their
characteristics to reach a constant value before beginning
& 1ife test., The initial values of starting and continuous
potential were recorded and a visual check was made for
multiple counts. In some cases the counting rate with
respect to the supply voltage was recorded ueing the scaling
circuits. The counter was then exposed to a counting rate
of about five hundred per eecond by plscing the Gamma source
&t a distance of 15 cm from the center line of the tube,

The testing procedure described above was repeated at intervals
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of 20 hours or 0.36 x 108 counts during the life test. The
average pulse height ovserved on the oscillograph was kept
ebout thne same for all the tests by adjusting the supply
voltege. The average pulae had an amplitude of eight volts
with the equipment used.

The sterting and ocontinuoue votentials hsve been de-
fined in Chspter I. After & counter hss been "used" however,
these potentlals become somewhat erbitrary. The continuous
potentisal will be further specified for the data recorded
in tals thesis as the potential at which pulses are seen
along the entire oscillograph trace. In some csses this
condition persists only nonontafily at intervales of sbout
& second., It may be necessary to incresse the potential
by as much as one hundred volts before the condition of con-
tinuous counting becomes vermanent. The starting potential
waa observed in moast cases after a counter had been counting
at 1ts background rate for a few minutea st the same poten-
tlal &t winlech the test was belng conducted.

Some measurement: were made of starting and continu-
ous potentlisals for different percentages of guenching gas.
Final readinge were taken gbout forty-five minutes after
filling since Turther changes in charscteristics with time
were sbout three percent as observed for seversl fillings.
Hegsuremente of starting and of continuous potentiales were

made for mixtures of alcohol with argon, ammonia with argon,
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and ammonia with nitrogen. The observed vealues of these
potentlials together with the gas pressures sre listed in

Tables I, II and III.

B, Tests With Alcohol-Argon Fillings

Two counters, each filled with pressures of 10 mm
Hg of alcohol vapor and 90 mm Hg of argon were given life
testes as described in the preceding section., Values of Vs
and Ve versus total numober of counts for one of these coun-
ters are plotted in Figure 2, The other counter gave es-
sentlally the same results with some values differing by a
few volts from thoese plotted. Figure 3 shows the correspond-
ing curves for a counter filled with pressures of 15 mm Hg
of alecohol and 85 mm Hg of argon.

The veluea circled in Figures 2 and 3 were teken at
the end of the tests after the counters hed been disconnected
from the supply voltage for a few days. In subsequent life
teste the counters were given "rest' periode of one dey dur-
ing which the values of Vs and Ve were checked several times.
The value of Vs generally increased and that of Ve generally
decreased during these "rest" periods becoming nesrly con-
gatant with time after one day.

Immedistely after counting for some time &t & normal
background rzte with an overvoltage of about one hundred

volts, the messured sterting potential was higher than after
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TABLE I

STARTING AND CONTINUOUS POTENTIALS
FOR COUNTERS FILLED WITH MIXTURES OF ALCOHOL AND ARGON

C————
-

Alcohol Argon Starting Continuous Ve Minus
Vapor Pressure Potential Potentlal Vs
Pressure Vs Ve
(mm Hg) (mm Hg) (Volts) (Volts) (Volts)
5 95 800 1125 325
10 90 1025 1500 k75
15 85 1190 1800 610
20 80 1310 2000 690
5 145 - 850 1150 300
15 135 1275 1975 700

— S ———
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TABLE II

INITIAL STARTING AND CONTINUOUS POTENTIALS
FOR COUNTERS FILLED WITH MIXTURES OF AMMONIA AND ARGON

Amronia Argon S8tarting Continuous Ve Minus
Pressure Pressure Potential Potential Ve

(mm Hg) (mm Hg) (Volts) (Volts) (Volts)

100 0 2100 2240 140

60 Lo 1525 1715 190

50 50 145 1635 190

ko 60 1330 1525 195

30 70 1245 1440 195

20 80 1105 1325 220

10 90 875 960 85

100 50 1715 1960 245

30 120 1310 1545 235

20 130 1150 1430 280

20 180 1175 1485 310







16
TABLE III

STARTING AND CONTINUQUS POTENTIALS FOR
COUNTERS FILLED WITH MIXTURES OF AMMONIA AND NITROGEN

Ammonia llitrogen Starting Continuous Ve Minus

et R o R g - R
90 10 1400 1435 35
80 20 1430 1500 70
60 40 1485 1555 70
50 50 1510 1575 65
20 80 1715 1790 75

130 20 1715 1780 65
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Fig. 2. Starting and continuous potentials during the life test
of a counter filled with 10 mm Hg of alcohol and 90 mm Hg of argon.
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a subsequent rest of only & few minutes, This rapid varia-
tion in Ve waes not observed for "new' counters. It in-
creaseG with the age of the alecohol counters to about one
hundred volts in some cases. Seversl counters which had
been "worn out" while counting cosmic rays gave the same
result. WVWhen the supply voltage was increased from zero to
about one hundred volte overvoltsge, the smplitude of the
pulses decreased to about fifty vercent of their initlal
value within a few minutes.

Figure 4 1s a plot of starting potential versus supply
voltage for & counter filled with 10 mm Hg of aleohol and
90 mm Hg of argon wnich had counted 2 x 108 counts, After
a "rest" of several hours, the supply voltage wae lncreased
until counts were first observed. This gave the lowest
value of staerting potential in Figure 4. The supply voltage
(V) was then incressed to 1150 volte and left constant for
two minutes. V was then gqulckly lowered and again increassed
untll counts were first observed. The new value of starting
potential thus obtalned was plotted ebove the supply voltage
V = 1150 volts. The seme procedure was repeated for V = 1200
to V = 1300 volts.

The values plotted for Vs in subsequent tests were
taken efter a counter hed counted 2t 1ts normsl background
rate for & few minutes with the same overvoltage as that

being used in the life test. This procedure greatly reduced
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the fluctuation in successive resdings of Vs for & counter.

A counter wes supplled with & conetant alcohol vapor
pressure equal %o 12.2 mm Hg by connecting the counter to &
reservolr of liquid alcchol as indicated in Figure 5. The
reservolr of alecohol wae submerged in e bath of dry ice &nd
ethyl alcohol while the counter was evacuated and filled with
argon to & pressure of 88 mm Hg. . The reservoilr was then
submerged in & bath of crecked ice in water while alcohol
vapor diffused into the counter. After 48 hours the values
of Ve and Ve became constant with time and approximately
equal to the values indicated in Table I for a pressure of
elcohol vapor equal to 12 mm Hg #nd & total pressure of 100
mu Hg. The &loohol reservolr was kept in the ice bath
taroughout the subsequent testing veriod. Values of start-
ing and continuous potential observed during the life test
for this counter are given in Figure 6. The circled valuees
indicate readings teken after one day's "rest" following
the 1life test. No further change in these potentials was
observed after an additional day.

The changes in physical properties of & counter with
use listed in Chepter 1I, Section B oan be classifled as
cnenges in the filling mixture and chenges in the condition
of the electrode surfsces. In the experiment Just described,
the pressures of the mejor fllling components remained oon-

stant taroughout the life test. Further tests were performed
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2h
to determine the relation between physicsal changes and the
changes in electricsl characteristics observed,

Two counters which had counted sbout 2 x 108 counts,
Figure 2, were evacusted and refilled with 10 mm Hg of
alconol vapor and 90 mm Hg of argon., Teable IV gives the
velues of starting and continuous potentials before and
after the refilling. A drop of approximately thirty-five
volts in both Vs &nd Ve is indlcated as due to the change in
compositlon and pressure of the filling mixture during the
1ife teat.

New center assemblies were installed in these two
countera, They were ageln filled with the same mixture of
geses., The resulting values of Vs and Vo were nearly equal
to the original values when the tubes were "new.” The num-
ber of spurious counts wes also comparsble to that found
for "new" counters. The vealues of Ve &end Ve during the life
teat of one of these counters are shown in Figure 7. The
values observed for the other counter were the game within
experimental error,

Two counters which had been worn out at a normal
cosmic-ray end basckground counting rate gave comparable
results when new center wires were installed, Figure &
gives values of Ve and Ve during the 1ife test of one of
these counters after refilling. The history of these two

counters was not known except thet they had been filled
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TABLE IV
VALUES OF STARTING AND CONTIKUOUS

POTENTIAL FOR TWO COUNTERS BEFORE AND APTER

REFILLING WITH 10 M¥ HG OF ALCOHOL AND 90 MM HG OF ARGON

Counter Starting Potentisl Continuous Potentisl

{(Volts) (Volte)
Before After Before After

Refilling Refllling Refilling Refilling

1 1120 1070 1260 1225
2 1155 1120 1295 1260

w
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Fig, 9, Plateau curves taken during the life test of a counter
filled with 10 mm Hg of alcohol and 80 mm Hg of argon. Curve (a) was
taken after a life of 0.4 x 10" counts., Curves (b) and (c) were taken

» .'1 . »
after a life of 1.4 x 10" counts, Curve (b) was taken immediately after
exposing the counter to a high counting rate. Curve (¢) was taken after

a ""rest" of one day.







32
2,6 x 10% counts the plsteau hed dlssppeared due to the high
background count. lio significant recovery was observed after
several days "rest.”

The third ammonis-argon counter tested showed an in.
crease in both starting and continuous potentials of about
forty volts per 108 counts, This increase was apparently
due to an air leak since the potentiasls continued to in.
crease at the same time rate with no counts being recorded.
Although this counter counted a total of 3.2 X 108 counts,
there was no noticable increase in its random background
counting rate. There was an inorease in the number of
multiple counts toward the end of the test. An 1lncrease
in multiple counts was observed whenever & few mm IHg pres-
sure of air or oxygen was sdded to the filling mixture of

a sounter.
D. Discussion of Hesults

(1) Alcohol~Argon Fillings

All the alcohol-argon fillings tested had a useful
life of approximately 2 X 108 counts. The slightly longer
livees indicated by Figures 2 and 3 were primarily due to
the method of measuring the atarting potential for those
counters and becsuse no rest periods were given during the
life tests. Since no substantial difference in 1life was

found for the counter suppllied with constant alcohol vapor
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Fig. 10. Starting and continuous potentials during the life test

of a counter filled with 20 mm Hg of ammonia and 130 mm Hg of argon,
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Fig. 11, Plateau curves taken during the life test of a counter
filled with 20 mm Hg of ammonia and 130 mm Hg of argon. Curve (a)
taken after 0.94 x 108 counts, curve (b) after 1.6 x 108 counts and curve

(c) after 2 x 10° counts
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2.6 x 10° counts the pleteau hed dlsappeared due to the high
background count. lio significent recovery was observed after
several days "rest.”
The third smmonie-argon counter tested showed an in-
crease in both starting snd continuous potentials of about

forty volta per 108

counte, This increase was apparently
due to an s&ir leax since the potentials continued to in-
crease at the same time rate with no counts being recorded.
Although thie counter counted a total of 3.2 x 10a counts,
tnere was no noticable increase in its random background
counting rate. There was an inorease in the number of
multiple counts toward the end of the test. An 1lncrease

in multiple counts was observed whenever & few mm IHg pres-
sure of air or oxygen was added to the filling mixture of

a counter.
D. Discussion of Results

(1) Alcohol~Argon Fillings

All the alcohol-argon fillings tested had a useful
life of approximately 2 x 108 counts. The slightly longer
lives indicated by Figures 2 and 3 were primarily due to
the method of measuring the starting potentlal for those
counters and becsuse no rest perlods were given during the
life tests. 3ince no substantial difference in 1life was

found for the counter supplied with constant alcohol vapor
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pressure, the decrease in plateau for these alcohol-argon
counters wes not orimerily due to the normeal decrease 1in
nunver of alcohol molecules.

The result of refilling two counters with the seme
mixture of gases as they contalned originelly was & decrease
both in starting and in continuous potentials so that the
length of the plateau remained nearly the same, This re-
sult indicates an increase in total pressure with use as
observed by Spatz.8

The results found upon replacing the center wire show
its condition to be a major life factor for the tubes tested
in these experiments. These last results agree with those
reported by Hagen and Loushridgo9 who used the same flll-
ing mixtures and tube construction, Shepardlo reported
nearly original charscteristics for some "used" counters
after electrically glowing the center wire for ten seconds.
These counters conteined a tungsten center wire in an
atmosphere of alcohol and argon.

The inerease of the starting potential after an in-
crease in the supply voltage could be due to an insulating
deposit on the electrodes as mentioned briefly by Loob.11
Korff and Preaent5 148t a hydrocarbon deposit on the
electrodes as a cause for failure of organic vapor countera,
It is difficult, however, to trace the decrease in contlinuous

potential to the same csuse. A more plausible explanation
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for the decrease in the continuous potential would be pit-
ting of the center wire due to overvoltage.

Spatza reports lives of 109 to 10lo counts in a
geries of life tests on alcohol-argon counters. He used
an overvoltege of sixty volts., Thus the lives found in
these experiments are low by a factor of ten or more from
the values predicted by Spatz. This discrepancy could be
due to pitting of the center wire at the overvoltage (150
volts) used in these experiments. Also, the counters were
opersted at their continuous potentials for a few seconds |
while Ve was measured.

(2) Ammonla-Argon Fillingse

The ammonis-argon filled counters showed an essen-
tially constant eterting potentisl for at least 2 x 108
counts, The continuous potentlial was also nearly constant
but showed more fluctustion between readings. The over-
voltage used during the tests was about one hundred volts.
Values of Ve were initially lower and the total pressure
higher then for the aloohol counters, so that one would
expect less damsge to the center wire during the life test.

These counters showed en inerease in background
counting rate beginning after sbout 2 x 108 counts. No
subatantial decreasse in this bsockground rate was observed
after a rest as observed by Korff and Krumb01n6 for ammonia

filled counters.







A counter which had & small lesk did not show a

noticable increase in random background counting rate
after J.2 x 108 counts, It did show an increase in multi-

ple counts, apparently due to the contamination with air.







CHAPTER V
SUMMARY OF THESIS AND CONCLUSIONS

Yeasured values of starting and continuous potentials
for several mixtures of argon with aleohol, argon with
ammonlsa, and nitrogen with ammonie are listed.

Grephs of starting and continuous potentials recorded
during the life tests of counters filled with ergon and alco-
hol, and with argon and emmonia are given. Graphs are also
plotted walch show changes in the plateau with use of the
counters,

Tne similsr life charscteristice obtained with the
counter supplied with a constant pressure of alcohol vsapor
compered with those filled in the normsl way shows that the
mejor factor limiting the life of these counters 1s not a
lack of quencning vepor., Testa in which "used" tubes were
refilled and teste in which new center assemblies were in-
stalled indicate that the condition of the center wire 1is a
major factor resulting in the failure of alcohol-argon coun-
ters.

Replacement of the center wire after 2 x 108 counts
in four counters resulted in characteristics comparable to
new tubes. It seems probable that the worn out condition
was due lsrgely to a deposit of hydrocarbons on the

electrodes and to pitting of the center electrode. It
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cannot be conecluded from these limited data that replacing

the center wire would result in counters with uniform char-
acteristics. However, the length of the plateau oan be
substantially increased by replacing the center wire and the
gas mixture. The condition of the cathode had a minor effect
on counter characteristics after a few times 108 counts.
These concluesions assume no contamination of the cathode
surface while replacing the center wire.

A longer life oan probably be obtained by using as
low an overvoltsge as posaible and avoiding potentisls as
high &a Ve,

The ammonie-argon fillings tested became useless be-
cause of an 1lncrease in background counting rate.

In conclusion I wish to acknowledge the advioce and

asglstsnce received from Dr. V. H. Regener during the oourse

of these experiments. Valuable ald was also given by Mr,

Munson Tuaorpe in the preparation and filling of the counters.
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APPENDIX

The solid angle subtended by & Ceiger counter &t a
point source was caloulated using sphericsl polar coordinates.
The solid angle subtended by the eylindrical counter is &p-
proximately equal to that subtended by a rectangle of sares
Zeb where a i1s the radius and b the length of the sensitive
volume.

As indicated in the following diagram, the rectangle
1s oriented perpendicular to the x axis. The source is loocated
at the origin. The distance from the origin to the center

of the rectangle 1s A.
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The expression
4 7
Gl = '{/Mﬁa SinoB (1)
R e

where b and

3 AT T Tam d,= 5

gives the sollid angle subtended by the rectangle within 0.5
percent for the values of &, b and A in the present experi.
nents. Using the above values for §, end ¢, in eguation (1)

gives for the solld sngle subtended Dy the reotangle &t the
origin:

W = SN '1?15?’-§EL

- T

The sensitive volume of a counter extends beyond the

(2)

enda of the rectangle as indlcosted in the following dlagran

where the counter ia drewn as & eylinder.,

Ax
&

i

NI

|
!
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|
|
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The solld angle subtended by the shaded Volume is very nearlys

w/_ 7 a*b
T 2(R+E)s

This correction 1s approximately 5 vercent of the totel solid

angle.

The finsl expression for (W) is

U":_Z'L{‘TM-'-J—'”
AR 2A‘+Jé‘-)

This 1s within one percent of the correct value for a =

one inch, b = 19 inches and A = 15 em.
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