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Introduction

When the cylindrical counter ordinarily used is operated under the
threshold of the Geiger-Miiller region, there is a certain range of
voltage in which the charge accumulated on the central wire ig pro-
portional to the primary ionization.  This is called the proportional
counter and can discriminate the nature of the incident particles by
the amount of ionization. It has recently been used widely because

of its various advantages.

I. «a-Proportional Counter

The cylindrical proportional counter was investigated by several
workers,’ but it had a serious disadvantage that the amplification
factor is very sensitive to the small change of the applied voltage.”
. It was, however, found by Korff and Rose® that the amplification
factor became a slowly changing function of the applied voltage when
the comparatively large amount of methane or other complex gas was
used and the proportional counter coukl be successfully used if the
applied voltage was sufficiently stable.

This counter hag the following advantages:

(1) Tt has a small pulse-width and accordingly a better resolving
time than the ionization chamber of an ordinary Wynn-Williams
type owing to its higher applied voltage.

(2) In the proportional counter, a certain amplification is performed
in the counter itself and therefore the pulse heighi on the collector
is greater than in the Wynn-Williams ionization chamber. Accor-
dingly the large counter can be used without making the pulse
height too small by "its large capacity which is very convenient for
the observation of very rare events.

(3) Furthermore, the amplifier can be simplified and that of four stage

is sufficient.
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We have investigated for these several years the various photo-
nuclear effects by the 7-rays from the (Li—p) or (F—p) reactions.* In
these cases, the very rare events must be counted under the intense 7-ray
background.,  The large proportional counter was found suitable for
such investigations and so its properties were investigated.

Construction

The details of the counter are shown in Fig. 1. The counter wall

W is made of aluminium of 1

mm in thickness and has the

Amp == inner diameter of 6.25 cm and
R e O : , the length of 26 cm.  The colle-
= thaste ¢tor C is a tungsten wire of

Fig. 1. 0.15 mm in diameter and is sup-

' ported at both ends by the

cupper-poles P of 3 mm in diameter which jet out about 3 cm into the

inner tube. 8 is an outer aluminium ecylinder of 10em in diamcter

which is grounded to shicld the counter from the outer clectrical dis-

turbances. There is the gnard ving G between the central wire and

the counter wall on which the negative high tension is applied so that

the surface leakage from the counter wall may always be earthed not

so as to reach the collecting wire.  The other constituent parts are
gimilar to those of the Geiger-Miiller counter.

Amplifier Circuit

The amplifier adopted is a four stage resistance capacity coupling
“type and is shown in Fig. 2. It
is a simplified form of the linear

amplifier nsed with the ionization
chamber.”  The central wire of the
counter is connected dircctly to

the control grid of the first valve BT
6C6 or 68J7, which is carthed Fig. 2.

through a high resistance of the Ro= 1080 Ry= 1Ko
order of 10°~10" ohms and a small o= 20K Ry=10Ka

bias cell.  The second and third f:*_f_?)ég ;f: " MI;OE;:MWMN
valves are also 606 or 68J7 and AI:’::‘;’)O Ka (:'.;;0})60] e

the fourth one is a power valve f= 7Ka Cy= 0.001 pF
UZ 42 or 6F6.

The amplification factor is controlled by the slight change of the
screen grid potential of the first or second valve. It is desirable to
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control both potentials complementarily in order to avoid the unwanted
digburbances of linearity.

Each stage of the amplifier is mounted in a separated iron case in
order to climinate the clectric disturbances.  The lincarity of the
amplifier was tested by the pulse of known voltage from a pulse
generator.

The high voltage supply of an ordinary Gingrich type® was used
which was capable of giving a very stable voltage up to 5000 volts.

Characteristic Curve

According to Rose and Korff,”

it i3 necessary to adsorb the photo-
quanta and suppress the photoclectric effect in the counter by filling
it up with a certain amount of complex gag such as methane, in order
to obtain a reliable proportional counter. We have adopted the mixture
of methane and argon gas and investigated its counting propertics for
different mixing ratios and various values of total pressure under an
intense 7-ray background.

Ag an a-ray source, we used a picce of pitchblende or active deposit
from Tn placed at a given distance from the counter. The a-particles
were introduced into the counter through a thin aluminium window
of 2mg/cm® in thickness. The intense 7-ray background was produced
by a 5.4 mg Radium in a lead case of 6 mm in thickness placed at a
distance of 7.1 ¢m from the center of the counter. The number of the
incident 7-ray quanta was estimat-
ed to be of the order of 43X 107
per sec.

Ay Zom v (Hy 198 co

A typical characteristic curve
was shown in Fig. 3 o for the case
of Ar 2emHg+CH, 19.8cmg.

in abitrary unit

It is seen from the figure that - 1 /
. . £ o

the counting rate increases rather ¥ P
apidly at first and then the rise € e

: E ,
becomes gradual in some region //
of applied voltage.™  In this T T R S B eyt
region, the rate of rise is about Courty  Volfage in  volts
15~20% and therefore the Tig. 3a.

counter can be practically used,

This region can be called “plateau™ as in the case of the Geiger-Miiller counter,
although it is not so flat as that of the latfer case.
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Counts /min in orbifrary unil

Counter Volfage in volts
Fig. 3b.

contrary,the amount of methane
must be greater than a certain
lower limit (about 2 cmg).
These are shown in Figs. 4
and 5. Fig. 4 gives the relation
between the plateau and the
total pressure when the partial
pressure of argon is maintained
at 2 and OcmHg (no argon)
respectively. Fig. 5 shows the
plateaun against the mixing ra-
tio of both components at the
total pressure of 10 and 7cm-
Hg.
as the cross and the dotted line

The 7-point is indicated
in both figures. As is seen,
the 7-point falls on the region
of plateaun for a high pressure
and therefore the relatively

smaller pressure is preferable

to detect a-particles or protons
{ under such intense 7-ray back-

ground.

360 ﬁio° 2300 2‘900 Tar Gl s
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if the high tension supply is
sufficiently stable,  The arrow
indicates the voltage at which
the counter beging to become
gensitive to the pile-up of the
7ray quanta. We will call this
point the 7-point hereafter.

The plateau is displaced
as a whole to the higher voltage
for the greater value of the total

pressure.  Argon ig not always
necessary. It seems, however,

that the plateau region becomes
wider and the operating voltage
decreases when a small amount

of argon is added. On the

Ar = 2em Ve

244
o
p
He PR
-
-
-
" . [
- P
.
v . - e
& - e
# e
3 - P
= P .
-~ ’T L
" ] . R
"‘E’ // "".‘4 //
3 e . Lt -
il
e l L
-~ T
-
TR TR T e w22 24 26 28 39
total Pressure in o itg
TH, onlr
230y
e
o) P
////
. 29 ///f B
d - —
£ -7 PR
= /1 Pt
- PR 3
e o L
£ e -
5 e -
KL PP
-
ﬁw%:"f"’
P B S I TR R T S T Bl
tolal  Pressure  in emiy

Fig. 4.



On the Proportional Counter. 189

The methane gas can be re- ol
placed by the vapor of alcohol. N [ [ s
Although similar characteristic £ ™ I ;
curves are obtained in this f L T }i ,,,,,,, %;ri proety
case, alcohol vapor is not so 3 —
convenient as methane gas, since ” i,
its vapor pressure is very sen- Percentage of  Fethane ’
gitive to the room temperature. Tig. 5.

1I. a—Proporﬁonal Counter of Flow Type

Recently J. A. Simpson” devised the a-proportional counter which
operated at the atmospheric pressﬁre, the methane gas having been
flowed through the counter from the commercial bomb at the atmos-
pheric pressure. Since it has no need of evacuation, it is convenient
especially when the counter wall must be coated with various samples.

The properties of this counter were also investigated by us. The
construction of the counter Was similar to the one shown in Fig. 1,
except that the gas inlet and outlet were provided in this case, through
which the methane gas flowed into and out from the counter. The
diameter of the central wirc is smaller and namely 0.1 mm in order
to diminish the operating voltage.  The method of operation will be
described in detail in the next section.

The characteristic curve is shown in Fig. 3b. The rate of rise in
the plateau is smaller than in the case of the ordinary type.

III. B-Proportional Counter of Flow Type

We have applied Simpson’s method to the B-proportional counter
and obtained the satisfactory results. This B-ray proportional counter
of flow type has the various advantages. Since it has no need of eva-
cuation, it can be used immediately after putting together. The window
can be made extremely thin or, if necessary, can be removed entirely
and the sample to be measured can be directly put on the aperture of
the counter. Thus we can measure the B-particles of very low energies.
The counter of this type will be very convenient for the tracer of
low energy B-activity such as C** or 8%.*

* The energies of B-rays are 0.15 and 0.16 MeV respectively.
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Construction

The details of the counter are shown in Fig. 6. It is an end
window type. A brass tube of
2 mm in thickness, 2 ¢m in dia-
meter and 4em in length, is
mounted by an chonite insnlator
in an outer cylinder. The onter

cylinder is 4.4 em in diameter and

pate 0 €m long, and is grounded in
s Order to prevent the clectrical dis-
Fig. 6. turbances from imposing on the

central wire.  The central wire

used is so fine that we can diminish the operating voltage as possible

and namely 0.075 mm in diameter. It is supported at one end by a
small brass pole of about 3 mm in diameter which is put 1em into
the inner tube. A small glass ball of about 0.5 mm in diameter was
attached to the other end of the central wire to climinate sparking
andd situated 3 mm beneath the end plane of inner tube to minimize
the end eoffect of the clectric feld.  This value was experimentally
determined after several tests.  The window is a thin collodion foil
of O.L‘%mg/(’:m2 * and 3.5 em in diameter, and 3 mm apart from the
end plane of the inner cylinder.

The chonite insulator which supports the inner tube and the one
through which the high tension lead ig commected to the counter tube
must have the large surfaces as possible in order to minimize the
leakage. I and O are the gas inlet and the gas outlet respectively. The
holes through which the gas flows into and out from the counter are
situated on the sides of the inlet and outlet pives to avoid the probable
impairment of the cbonite surface cansed by the direct impact of the
stream of gases. Jareful attentions were payed to every constituent
part as deseribed in the previous papoer on the T-ray counter.

QOperation and Characteristics

The manner of operation is schematically shown in Fig. 7. The
methane gas flows into the counter through the inlet T and out from
the outlet O, T is a g¢lass bottle filled with vacuem pump oil at the
height of about 2 em through which the methane gas is bubbled and
serves as a simple flow meter which indicates the flow rate of the gas.

This thickness corresponds to the f-ray energy of 7.6 KeV.
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8 is the same botéle as F, but
containg more anountof oil, namely
at the high of sbout 10em. €,
C., C; and Cy are the cocks. In
the state of operation, all the
cocks are opened and the methane Fig. 7.

flows through the counter and the

flow meter. The bubbles are scen in the flow meter I but not in the

bottle 8, because the higher pressure is necessary to bubble through 8.

—
CHy b

If the pressure of the methane gas rises suddenly by an accident, the
gas will flow through 8 and the thin foil of the window will be pro-
tected from breaking.  Namely, S is a simple safety valve.  In the
actual operation, the amount of oil in 8 and F must svitably be ad-
justed, taking account of the strength of the foil.

Before operating, the counter must be cleaned for about one hour
by flowing methane gas so rapidly that the air in the counter may be
prefectly removed. We see that the threshold voltage decreases gradually
after the beginning of the How and finally it becomes to a constant
value.  Then, during the operation the flow is diminished to o rate
of 20 or 30 bubbles per minute through a hole of Inun in diameter.

The characteristic curve obtained is shown in Fig. 8, when 1mg

‘ Radium source within o 6 mm

- lead shield was placed at the

// distance of 1067 ¢cm  from the

- counter. It is not affected by

¥
\

- the atmospheric conditions such
as the pressure or the temperature.

Counts por monale
’
¥

The curve rises at first more ra-
L pidly and thea the rise becomes
. gradual in the voltage range from
Comeder Voliege 3600 to 3800 volts in our case.

Fig. 8. In this range the rate of rige is

about 15% and therefore the

counter can be practically useful if the high voltage supply is suoffi-

ciently stable. The natural background is about 11.4/min at the middle
of the platcan. The amplificr is the same as that shown in Fig. 2.

Finally, the author wishes to express his cordial thanks to Prof.
B. Arakatsu and Prof. K. Ximura for their valuable discussions
during this work,
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