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CHAPTER I
GEIGER COUNTER THEORY

The essentials of a Geiger counter are: (a) two
conductors separated by a dielectric which can be lonized;
(b) a means of establishing a potential between the two
conductors; (c) a device capable of detecting changes of
this potential. To have a counter that 1s at all flexible
the three elements above should be adjusted so that
different types of radiation can be detected under various
conditions. The geometry of the two conductors can vary
but concentric cylinders are most used. The composition
of the dielectric can be easily changed and the potential
across the dielectric should be variable. A detecting
mechanism should be designed that will give a record of
the number of counts the counter has produced. This may
be a very complex electronic device or a simple circult
depending on the eventa to be counted.

Cylindrical construction was used in this work. This
type of construction consists of a metal cylinder with a
taut wire down the axis of the cylinder. The cylinder
serves as a contalner for the gas used, and may be referred
to as the cathode. The central wire will be referred to
throughout this work as the central wire, the wire, or the
anode. In most of the literature on counters a standard

terminoclogy is used in describing counters and counting



action. Korff

3 has supplied the following list of terms

and definitions suitable for discussion of Gelger counters

which have cylindrical construction.

"Ionization. The act or the result of any process by
which a neutral atom or molecule acquires & charge of
either sign, or by which electrons are llberated.
Radiation. FElectromagnetic or corpuscular radiation
Pelng detected.
Ionizing Event. Any event in which ionization 1s pro-
duced, such as the passage of a charged particle through
the counter.
Primary Ionizing Event. The ilonizing event which initi-
ates the count,
Pulse. A change in voltage of the central wire system
of the counter., This change in voltage is usually abrupt
and is a result of the collection of ilons produced in
the gas of the counter.
The Characteristic Curve of a Counter. The curve of the
counting rate agalnst voltage, all pulses counted being
greater than a certain minimum size, determined by the
sensitivity of the detecting circult.
Plateau. The more or less horizontal portion of the
curve of counting rate as a function of voltages.
2‘”‘t§§E Volt e. The voltage at which a counter is
operat a the voltage across the counter
measured betweon the cathode and anode. 5Symbol V.
Starting Potential. The voltage which must be applied
to a counter to cause it to count, with the particular
recording circuit which may be attached. This potential
is not necessarily the same as, and indeed is, in gen-
eral, not equal to the Gelger threshold. Experimentally,
this potential is that at the foot of the "plateau"
curve of & Gelger counter and has often been called the
"threshold” in the literature. <..
Threshold Voltage for Celger Counting Action. The lowest
voltage at which all pulses produced in the counter by
any ionizing event are of the same size, regardless of
the slze of the primary ionizing event. Symbol V
Overvoltage. The difference in voltage between tﬁe oper-
ating pctential and thes threshold for Gelger counting
action. (Over-voltage = V, =V .)

PPe.

1 Serge A. forff, Electron and Nuclear Counters,
14-17.




"The Gas Amplification in a Counter. The number of
additional Ions produced by each electron produced in
the primary ionizing event as it travels to the cen-
tral wire. 3ymbol Ai.

The Proportional Reglon. The part of the character-
Tstic curve ol pulse size versus voltage in which the
pulse size 1s proportional to the number of ions formed
in the initial ionizing event. In this region, 4 is
constant for all pulses at any one voltage.

The Region of Limited Proportionality. The part of the
characteristic curve ol pulse size versus voltage in
which A depends on the number of ions produced in the
initial ionizing event, and also on the voltage.

The Celiger Region. The part of the characteristic

curve of pulse size versus voltage in which the pulse
size 1s independent of the number of lons produced in
the inittial ionizing event.

Spurious Counts. A spurious count 1s one which is caused
by any agency whatever other than the entity which 1t is
desired to detect, or the normal contamination or cosmic-
ray background.

Life (Time) of a Counter. The 1life or 1life time of a
counter is the number of counts which that counter is
capable of detecting before becoming useless due to
internal fallure for any reason (e. g., gas decomposi-
tion or wire pitting, etec.). The 1life is not a time

but a measure of the amount of use.

quenching. The process of terminating the discharge in
a counter. A quenching circult is a circuit which
causes the discharge to cease, and the ters "selfquench-
ing" as applied to counters refers to those in which the
discharge ceases due to an internal (atomic) mechanism
within the counter.

Avalanche., If an ion produces another ion by ecollision
and the new and original ions produce still others by
further collisions, an avalanche of ions (or electrons)
is said to have been produced. The terms "cumulative
fonization" and "cascade" are also used to describe

this process. .
Predissociation. Ordinarily an atom, or simple molecule,
IT It absorps radiation, and is not immediately involved
in a e¢ollision, will lose the absorbed energy by re-
radlation. A complex molecule (four or more atoms) will
usually predissocilate before 1t has an opportunity to
radlate,

Cross Section. The cross section of an atom or molecule,
usually expressed as an area in square centimeters, 1is
the area obscured by that particle. The cross section
of a process (e. g., a collision cross section or capture
cross section) 1s a measure of the probability that that
process will occur, "




The theory of counter action is relatively simple from
a qualitative standpoint. The quantitative rigorous mathe-
matical explanation i1s long and difflcalt. A book> develop~-
ed by the U. 5. Atomiec Fnergy Commission in connection with
the present atomic energy program presents a treatment of
this subject, The gualitative explanation is adequate for
this work and will be used.

Consider a free electron, which was produced by an
ionizing event, just inside the counter wall: This electron
will be accelerated toward the central wire by a field that
varies inversely as the distance from the wirse,

E = v/r Log ro/rg,
where r 1s distance from the central wire, Te is radius of
cathode, ry 1s radius of anode, and v is applied voltage.
If a gas is present in the counter there is a probablility
of the electron's colliding with a gas atom or molecule and
as more gas is introduced in the counter the probability of
such a collision inereases. When the collision ecross section
is equal to, or greater than, 1 a collision will take place.
This collision will result in ionization of the gas atom or
molecule 1if the electron has acquired sufficient energy
through acceleration toward the central wire. The energy
acquired by the electron will depend on the field intensity
and length of the path travelled before the collision,

2 Rossi and Staub, Icnization Chambers and Counters.




Since the [ield inside the counter increases more
and more rapidly as the distance from the wire decreases,
an electron which has enough energy to ionize an atom &t
a point x from the wire wlll acquire more than enough
energy to ionize in each subsequent mean free path, which
lies between x and the wire. When the point of the first
ionization is one mean free path from the central wire, the
gas amplification factor 1s 2 and the pulse on the wire will
be twice as large as a pulse due only to the electrons form-
ed by the primary lonlzing event. As the voltage, V,, 1s
increased the elsctron which has come from the reglon near
the counter wall wlll start the avalanche farther out and
the pulse will be larger. The pulse size will depend on
the total number of electrons which the original electron
starts toward the central wire. Furthermore, a primary
fonizing event which produces more ions will give a larger
pulse. This means that the pulse will be proportional to
the energy of the radiation entering the counter.

Increasing the voltage will cause the [irst loniza-
tion point to move farther and farther out and a point will
be reached where the electrons will have acquired more than
enough energy to ionize an atom while traversing a mean
free path and the excess energy will be used to excite the
atom or even doubly ionize it. If an ion in an exclted
state drifts toward the wall of the counter an electron may
be pulled from the wall and a new avalanche will be formed.

A less likely situation would be for the metastable atom or



ion to radiate, giving off a photon which would eject a

photo-electron on striking the counter wall.3'4 Still

another method of emitting electrons is the possibility of

recombination with the emission of a high energy photon.s’6

Montgomery and liontgomery7 sugrest that these high energy

photons may e ject photo-electrons from other atoms as well

as the metal parts of the counter. The recombln;tion

theory seems to be the most likely when considering that

the mobility of an electron is about 1,000 times that of

a positive lon and that in the case of fast counters the

pulse 1s of about 10> seconds duration, along with the

pulse shape which has a very sharp rise, indicating that

within the counter considerable ionization is produced in a

very short time, This time 1s of the order of 10~% secondaa.
If no provision was made to stop this discharge it

would continue indefinitely. Either by lowering the impress-

ed potential or by absorbing the photons the discharge can

be quenched. To lower the voltage & large resistor may be

placed in series with the central wire so that a pulse

S Serge A. Xorff, op. cit., p. €6.
: James M. Cork, Radioactivity and Wuclear Physics,
pe 40.
° Pollard and Davidson, Applied Huclear Physics, p. 27.
6

James M. Cork, op. cit., p. 40.
AR
Ce Go Nontgomery and D. D. Montgomery, Physical
Reﬁe‘. Vol. 57’ (1940)’ P 1050.

8 Serge A. forff, op. cit., p. 87.



flowing through the resistor causes the voltage across the
counter to drop by the amount RFi. The photons may be both
absorbed and eliminated at the source by adding an organie
vapor, such as aleohol, which has a low ionizing potential
(about 11.3 volts) and broad absorption bands. The argon
ions, whose ionization potentlals are 15.7 volts with radia-
tion potentials of 11.57 volts, collide with the alcohol
molecules and excite the alcohol., The difference between
the ionization potential for argon (15.7 volts) and the
11.3 for aleohol is radiated as a photon and then absorbed
by the alcchol. The same is also true if an exclited argon
atom with 11.57 volts transfers thls energy to the alcohol
except the photon will be of longer wave length. To neutra-
lize, the alecohol dissociates Into smaller organic moleculesg,
rather than radiates, and guenches the discharge. Many
other gases accomplish the same purpose. The quenching gas
molecules upon dissociating are no longer of much value for
quenching. The 1ife of a counter using an organic vapor has
been found to be 1limited to about 10Y countslo.

The positive ion space charge will be nearly &ll
organic ions due to the collisions and as these ions move
to the anode they will recombine with any electrons that by
chance still exist in the volume of the counter, so that upon

the outward sweep the positive lon sheath will, in effect,

9 Serge A. Korff, op. clt., p. 99,

10 Serge A. Korff, op. cit., p. 100.



"gweep" the counter of &ll electrons lsaving a charue free

space ready for the next count.



CHAPTER II
CORSTRUCTION

The problems of Gelger counter construction are not

always readily apparent. To elaborate on this view, I

quote:l

"It is in place here tc dilscuss the practical side

of Ceiger-counter construction. Frobably no apparatus
in modern physics has had more study from the tech-
nical side or appeared in more diverse successful
forms than the Ceiger counter. At the Wassachusetts
Institute of Technology the visitor is shown a Gelger
counter consisting of a fork and spoon in a partially
evacuated space. It works! On the other hand the
reader may well intentlonedly make up a Gelger counter
after the best instructions and fail to make it work,
In the first place there 1s, particularly for the in-
experienced, a considerable amount of trial and error
about counter construction., Of three similar counters,
one may completely fall to operate for no clear reason.
If, however, one thinks of the manner of operation of
the counter this behavior is to be expected to some
extent, for the counter must be such that it will dis-
charge at a certain voltage when "tripped" by an enter-
ing electron and yet extinguish when the applied
voltage falls by a hundred volts or so. Since the
nature of the discharge in the counter depends greatly
on the surface of the electrodes any dirt may or may
not change the behavior of the counter in a radical
way. Moreover, the gas used for fllling plays an
important role and must be chosen with care. There
is, therefore, in the authors' opinion, no infallible
set of rules which when followed will guarantee
perfect operation of a counter. ... In several labora-
tories as many as fif'ty counters are in operation at
one time, giving no trouble, so that they are not
uncontrollably temperamental."

The counters built for this experiment were constructed
as econcentric cylinders. The central wire was 5 mll tung-

sten. The only preparation used on this wire was flashing

1 rollard and Davidson, op. cit., pp. 28-30.
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in a gas flame to eliminate any dle marks and assure a
smooth surface. The springs used on four of the counters
were made of the same wire., The outside cylinder in the
first four cases was made of hard drawn brass tubing of
032" wall thickness and 131" diameter. .020" would have
been slightly better for Beta ray activity but this tublng
was not available at the time. 5teel wool and emery cloth
were used to remove irregularities and to polish the in-
side of the tube. The inside polishing was done with a
turned piece of oak with a 3" strip cut lengthwise out of
the center and each of the rounded sections covered with
fine emery cloth.

nd plugs were made out of cold rolled brass and
fitted with Stupekoff insulators for electrical connections.
The tube, wire, and plugs were cleaned with warm nitric and
hydrochloric acld to remove any oil on these surfaces. They
were then rinsed with dilute hydrochloric acid and flushed
with distilled water, An attempt was made to use sllver
solder to secure the plugs and the insulators but the heat
necessary to work the silver solder caused the insulators to
crack. This necessitated the use of soft solder. The plugs
were machined to a pres= (it and there was very little need
for great mechanical strength. The method of securing the
wire was different in each set of counters. Plates I, II,
and III demonstrate how the wire was connected. In counters
1, 2, 5, and 6 a spring was used to hold the central wire

taut. After trying tungsten, phosphor bronze and stainless
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stesl, tungsten was selected. It's elastic quslities were

adequate and sealing 1t to the pyrex bead In counters 1 and
2 wag easier., "hen scoldering ﬂﬂv?bDF speclal care muét be
taken to malke a vacuum tinht connection. & 104 solution of

hydrochiloric acid makes an adeguste flux. In this expsri-

&

ment a high z2oldering temperature produced the best seals,

The pumping tube was gulte a ﬁyaolem. The methnod used

smaller diameter. This leaves 8 small hele lined wlth

solder which can be ninchesd of U with a blunt nliers and
heated to form a vacuum tight seal. On ﬁhe last two counters
his tube was atiached to The insulator snd pumned fhrough
the insulator tube.

amercial

The gazes used Le 11l ths counters were

varz, and 990 pure sthyl alcohol. Une purpose

of this project beiny to

airn, 2 pumning manifold of slass was constructed s8¢ that

<% AR B £,

8l counters could be filled independently or

time. & manometer in the system gave & constant check on

with & bunsen burner to out pas trhem thres tigses.

were fiunsh

with gsrgon, which was pumped ount after about
elght hours, and refilled wlth various pressures of arson
and alcchol to determine the opportune values for & long

plateau and low voltapes.
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The power supply was constantly variable from + BCO to
+ 1600 velts. It was regulated first by a conatant volt-
age transformer and after rectil fjcaﬁi,n by a seriss of
voltage regulator tubes. It was muide by the desearch and
Trevelopment Deparbtment and was a very satisfactory viecs of
gquipment.

The vacuum was produced by a mechanical pump, which was
connected Lo a2 swall dry ice trap, through a rubver pressurs
tube., 7The dvy lee trap weas cennected throuyh a flexible tube
to a pyrex pumping ranifold, which hsad sto nperad conneétiens
for two types of gas, four counters andg the manomster. This
arrangenent nade 1t easy to fill or exhaust the counbersz at
the same time but still allowed them to be controllsd one
at 2 time. The manifold itself was made of a "
tubing 2 fi. long.

An oscilloscope was used Lo stuay tne action ol the
counters. It was connected to the negative end oif a 1 meg.
opm resistor through a 20 miero farad ceramic condsnser.

Flgwre I 18 a schematic drawing of this c¢ircuit.
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CEAPTER IIT

CALIBRATING THE COUNTERS
the counters were illed to varlous pressures and the
voltape increused until the counters began tc count. The
voltage was increased by about BQ volts, (ses {raph Ho. D),
until the counters sither began to oscillate or o into &
continuous discharge. The applied voltage as recorded is
the voltage Indicated by the bullt In voltrmeter and should
be corrected by use of Grarh ho. 5 for tmue voltage. 4t
each increase in the applled voltage the average counts per
minate was taken. The following 1s a rscord of this pro-
cpoure:
Harch 26, 1850

Counter MNo. 1 - 4%t & pres
1.5 em. Bz

€22

sure of 1é em. hg of argon and
of aleohol vapor.

“rksl

&

Yoltage Gounts per ¥Winute nem
1200 1i
1220 24

Chl B

124G =8
1260 35
1280 , 40
1300 ol
1E20 54
13540 71
1360 T3
1580 74

:‘-‘.l & .'.»;Jl
1. The pulse size varieca by a factor of about 100
bet i largest sud swallest pulse.

2. Tie pulee size varied by a lactor of about 2 be-
tween largest and smallest pulae.

2 [

Se The pulse zize varled b
between largest and swa

z
£

o 52

a factor of about 1.25
leat pulse.
e

¥o number indicates pulses were all the sams height.
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¥arch 26, 1950 (Continued

Counter ¥o. 1 - At & pressure of 1% cm. Hg of argon and
1.8 em. Hg of aleohol vapor.

Voltage Counts per Finvte Hemaris
1400 75
1420 76
1440 A%
148C 86

sarch 24, 1850
Sounter Ho, 1 - 4t

a

Counts per Mimite Remarks
14

Veoltare

20

AN

Ko ¥
o8
'
1,)44’ 3 56 &
128G &3

1250 55

136” 68

26, 1840
Counter dHe., 1 - 4t & pressure of 11 cm, ¥Hg of argon and
1.1 em. Hg of alecohol vapor,

E3
v
N

&

Yoltage Counts per ¥inuts Hems
1100 12
11 Lt 21
1140 38

:wr—aw
I

LR

XN s A DD D¢

i S #

X

ﬁﬁ?@ﬁ?@3€ﬁ LN (R
i

et




Harch 27, 1850

Counbter Ho. 1 - At

Voltage
1040

1360
oan

1200
i:::f."‘r\;

1240
1260

April 1, 1950
Counter Ho, 1 - AL
- T O

Voliage
1000
10680

1040

1080

1@ J’“\

115

11230

1140

1180

~
»

a pressurs af ¢

- TV oo g [ s,
ssure of . g of argon and

Teounts ner ¥inute Remarss
9 1
24 1
S 1
49 2
58 &
60

Gty

af alechol vapor.

(oY e
B
Counts per ¥inute B

18

21

&8

40

51

B0

61

-
.5

0
78

April 1, 1950
Counter Ho. 1 = A4t & pDresaure of 2 cm. aprgoen and
«3 em, Hp of alcohol va

founts ver Hinute

w

=3 3 o g
DT LN P O






March 20, 1980
Counter Io. 2 - it e pressure of 13 cm, Hg of argon and
1.5 cm. Hg of alcohol vapor.

Voltage Counts per linute Remarks
12006 16 1
1220 25 1
1240 35 1
1260 59 2
1280 45 S
1300 53 ‘
1320 65
1340 71
1360 7S
1380 ' 75
1400 78
1420 78
1440 g0
1460 112

tarch 20, 1900
Counter lo. 2 - At a pressure of 12 em. Iig of argon and

1.2 em. Hg of alechol vapor

Volfa& Counts per dinute Hemarxs
1160 : 8 1
1180 25 1
1200 29 1
122 o8 S
1240 o6
1260 » 7o
1230 71
1300 69
1320 78
1340 7S
1380 : 74
1580 23

%arch 26, 1850
Counter ¥o. € - £t & pressure of 11 om, “; ol argoen and
1.1 em. Bg of aleohol vapor

Yeltage Counts per Binute Remariks
1160 a 1
1120 18 1
1140 2 1
116G &6 2
1180 58 3
120G _ 80

1220 62

1240 62

1260 64

1280 ' &6

1300 : 70

o %

1320 86



mapeh 27, 1850
Counter Ho. 2 -« /At a pressure of 10 com. Hg of argon and

1 em. Hg of aleohsl vapor.

Yoltage Counts per ¥inute HSema
1040 7 1
166 18 1
168G X1 1
1100 55 2
11206 45 5]
1140 5%

1180 &0
1180 3
12C0 ' 18
122C 74
1245 74
1260 859

April 1, 1250
Counter Ho. 2 - At & preszure of 2 ecm. Hg of argon anag
«82 cm. BHg of aleohol vapor.

Voltage Gounts per Hinute Hemarics
980 4
1000 28
1020 S8
1040 5
1060 o
1080 o
11GC 21
132G 83
1140 66
1lac 74
1180 839

LR B

-

Yo, @ - At & pressure of & cm. Hg of argon and
.3 om. Heg of aleochel vapor.

Voltage Tounts per Uinute Hemarks
240 3
960 26
280 : S8

1000 51
102 58
1640 59
1060 60
1080 61
110G TR
1lz0 83

G 1
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2%

pressure of 12 cm. g of argon and
cme g ol aleochol vapor.

Lounts pew Fimat e Hemarss
i )
55
G4
510

120
14%
1546
15¢
161
1ée

164

€0 B bl o bt

Wapreh 25, 1lgan
counter Ho. & -~ 5t a pressure of 11 cm. Eg of argon and
He of slcehol wvaro

3

G G DS b e e

3
<%
©w

¥inute

e
de
«f
V]

g+
73
beg
ey
2

Y

£
LSRN I

O < ‘:‘3

T e T O Yl SN R
e OB 0D

3

Bt b b e b

(et RArRe
w

sure of 10 eci. [ig of argon and
T slcohel vapor.

Yoltage Sounts nute
1400
1420
1440

450
lawp
1 V\— >
18520
1540
1660
1580
1800

l‘,

;

-,

RN §




Warch 2
Qounter

Voltage
1240
1260
1280
1300
1320
1340
1360
1480
1400
1420
1440
1460

5, 1950
Yo, 3 = At a pressure of ¥ cm. Hg of argon and
.9 cm. g of aleohel vapor.

Counts per Winute Remarks

G010 B0 - B

of alcohol vapor.
Counts per Pinute Fagig!
24
43
87
102
14e
158
158
180
82
163
164

180

1
2
S
3

t & pressure of 7 cm. Hg of argon and
.7 em. Hg of alechol vapor.

Counts per ¥imte Ramarvs
g 1
31 1
57 2
184 2
121 5
186

158
158
188
160
168
179

19
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Counter Wo. 4 - &t a pressure of 12 cwm. Hg of argon and
1.2 cm. Fg of aleohel vapor.

Yoltage Counts per ¥inute Hemars
1440 24 1
1460 41 1
1480 5 1
1800 11z 2
1520 140 &
1540 156
155G 1558
1580 180
1800 52
1620 158
1840 184
1680 170

liareh 25, 1950

Counter Ho, 4 sure of 11 cm. Hg of arpgon and

- AT 8 press
Hg of alcohol vapor.

1.1 enm.

Voltage Counts per Pinute Hemarss
1350 16
1400 356
1420 71
1440 116
1480 141
1480 158
1500 161
1526 1583
1340 165
1560 169
1530 170
1600 188

1
1
2
2

Hareh 28, 1980
Counter ¥o. 4 - At a pressure of 10 cm. Hg
1 enm. Hp of alcohol vapor.

Yoltage Counts inute
1400
1420
1440
1460
14
1500
1520
1540
1260
15450
1800
1820




- A4t & pressure of © e, Hg of arpon and
.9 cm. Hg of aleohol vapor.

2
[

Yolbage Counts
1540
1360
1380
14G0
420
1440
14860
1480
1800 16¢
1520 162
13540 ' 174

€2 20 00 b = @

N D RO DN

Y LR G £ 00 0 0 i
S

et e

April 1, 1650

Counter Noe. & =

ssure of 8 om. Hg of argen and

€

i of aleohel vapor,

Yoltage Counts per Finuate
1266 1&
1280 36

1260 7o

t a pressure of 7 cm. Hg of argon and
«7 cn. Fg of alcohol vapor.

Yoltage Gounts per Hinute Remarks
1286 11
1240 .26
1260 538}
1280 114
1300 144
1320 152
1340 157
1380 152
1580 188
14560 164
1420 170
144G 186

[ IRV
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CHAFPTER IV
CHLORINY ARGOR COUWTERS

The last two counters were made out of &/4" stainless
steel tublng of .0Z0" wall thickness., Polishing and clean-
ing was ldenticsal with that for the brass counters. The wire
was & mll, btungsten wire as in the Tirst four counters.
Flashling to remove sharp points was the only treatment used on
trnis wire. 1In each of these counters the lnsulator used st
one end was large enough so that it could serve as the end
plug. The other ends were fitted with stainless steel plugs

which in turn were fitted with small iansulateorz. The countbsars

bia

i
=3

o

were pumped through the large Insulators ng the same
metnod as before. The argon gas was the same as in the

other counters but the quenching gas was chlorinc. The theory
of these counters 1s the same as that of the first four ex-
cent that the chlorine molecules disscclate into chlorine

1 5 . . w
atomas . The chlorine atomy reconmbine to form ehlorine

molecules in a short tlme. The detecting device and the

¥

t

procedure of calibration were the same as that used con the
larger counters.
The chlorine argon counters theoretically have s longer

life than the alcobol arpgen counters, whose life 1s limited

by the dlissociation of the alcohol. The only 1ife limitsa -

1 3. H. Licbson ana

Filled Counters", The Revie:
{Way, 1848)

. Friedman, "self fuenching Halogen

i ol Jelentific Instruments,

1

o




tions of the chlorins argon counters would be »itting of
the central wire and chemical resactions between enlorine

and any reactable material within the counter.

April 23, 1BEC
oyneee . .

. Counter lo. 5 - £t a pressure of 85 cm. Hg of
&+ em. Hg of echlorine,.

argen and

Yoltage GCounts per Minute
1440 g
1460 iz

1480 16
1500 1&
1520 ' 24

Counter Ho. 5 - AL a pressure of 60 ew, fg of argon and
&. cm. Hg of ehlorine.

Yoltage Counts per {inute

520 10

1340 , 14

1380 21

1380 39

Counter Ro. & -~ At a pressure of B5 erm. ¥g of argon and
9.5 em. Hg of chlorine.

Voltage ‘ Counts per Nimate
1080 11

1100 i9

1120 2%

1140 43

Counter Ho. &5 - AL & pressure of 50 em. Hg of argon ang
5. cm. Hg of chlorine.

Voltage Counts per ¥inute
1000 1&
1026 14
1040 19
1080 - 20
1680 40

Counter Ho. 6 - At & pressure oi 35 cm. of arcon and

3.5 om. g of c¢hlorine.

Voitage Gounts per Winute
1480 13
1500 18
1520 19
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1850 (Continued)

Tounter io. 6 - 4t a pressure of 30 cm. Hg of arzon and
3. ¢ms By of chlorine,
Yoliage Sounts per Hlinute
1420 14
1440 15
1480 18
1480 52
Counter ¥o. 6 - At & pregzure of 25 em. lig of argon and
2.5 cn. Hg of chlorins.
Voltage cunts per ¥inube
1580 18
1;.,“8\.) 19
1400 21
1420 41
Sounter Mo, 6 - A%t a pressure of 20 em. Hg of argon and
2. cm. Hg of chlorins.
Yoltage Gounts per Hinute
1260 15
1280 17
1300 19
1320 25
1340 39
The data gathered on the chlori apgon counters does
not warrant a graph. Flve points bardly determine a curve,

The laclr of

T

To
be
no
nelght.

observed on the scope.

limited by the detecting device rather

produce acceptable
replaced by welded

proporticonal region; all pulses were about the

range may be due to the soft sclder connecticn.

resulits soldered joints might have to
Joints. 7These counters seemed to have
same
Before they began to count a 51llght grassiness was
This may Inaicate that the range was
the

bhan counters

themsaelves.



CHAfTER v

HCLUSION

- The performance of these counters 1is not satisfactory
for prscise work. The curves do not follow the accepted
pattern for Geiger counter curves. The giate"us ars not
long encugh or as flat as they should be. In Counters Ho,
1 and 2 there seems to be tweo plateaus. Those at the lower
voltage may be dus to asccidental characteristics of the wall
surface. 7They can nobt be atiributed to the gas because they
@2 not show up in the other two courters. Refore careful cosmic
ray work can be done the counters will havse to be improved. It
is my opinlon that glsss counters weould be more s&tisféatgrg
if they could be made to stand the rough treatment they ére
likely to receive. Conszsidering the many razped devices used
that depend on glass vacuum tabes this should hot be a pro-
hibitive drawback, The metal counters have 1limlited dura-
bility due to the insulators and the rather fragile central
wire. a4lass construction would eliminate the nesd [or soldered
Joints. B3uch counters coulc be more thoroughly cleaned and
out gassing could be more complete. They could be used aldgo
as beta ray counters. The intericr of the counter would be
visible to the operator and this may be of advantage in
locating imperfections, if any exlst.

Bhould more work be done on metal counters there are some
.points vhich should be given speclal sttention. %he surfaces

of both the walls ani the central wire should be very smeooth.



Any lrregularity is an irvitatian to trouble. I the irvegu-

Fax)

lJarity is on the central wire, unpredictable fields result

4

%

whiich will maie one part of the counter function differ-
ently from another. Irregularities in the wall, &s a rule,
are not as likely to cause trouble but they can result in &
varied work funetion for the surface formed by the cleoaning
processes. Thne solder area exposed to the interiocr of the
counter should be 48 small as pos&ibla; Careful machining
will help hers. Any water vapor in the counter Impairs the
functloning and precsutions should be taken to dry the gas
used to 1l1 the counter.

The recording device used in this ztudy iz not adem ate

for further work., All the connecting wires should be shielded,

This would regulire a type of shilelded wire that will with-

stand a higher voltage than that of the wnower supplvs. Ths pulses

charge the condenser which acts in serles with the power sup-
ply thereby increasing the potential to a point that would

rupture a dielectriec only strong enough to withstand the volt-

~

age of the power supply. Tor large counters the counts per
second 18 great enough to make visual reeopding uncertain. A

sealing circuite or & mechanical counter would be needea if
countors with active cross sectlons of 100 sg. cm. or larger

are to be used.

- .
“ serpe A. Corff, ov. cit., p. 171.
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