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I. INTRODUCTION.

Geiger-Maller (G.M.) Counters are of two types: (a) those in which the
discharge is extinguished by means of an external resistance put in series with
the G.M. counter or by some other external device such as the Neher-Harper
circuit, and (b) those in which the extinction is brought about by an internal
mechanism. For an efficient use of counters of the first type the series resistance
has to be quite large (~10° ohms) in order to keep the current during the
discharge below a certain minimum value. It is only for very small values of
the current that the discharge is unstable and is quickly stopped after its
initiation, whereas if the current be higher than the minimum, the discharge
is self-maintained and stable.

Apart from the difficulty of producing such a high resistance, its use in
series with the counter puts a limitation on the maximum rate of recording
as the recovery time of the counter-circuit after the discharge is directly
proportional to the series resistance. In fact if £, denotes the time for which
the discharge lasts, the counter will not be ready for response to another in-
coming particle for an interval ¢,+1,, after the initiation of the discharge,
where ¢,. is the recovery time depending directly on both the series resistance
r and the capacity ¢ (made up of the capacity of the counter and other stray
capacities) of the counter-circuit. In other words if two particles enter the
counter at an interval less than f,+4¢,. they will not be appreciated as two
distinct particles but only as one.

The second type (internally-quenched) of G.M. counters were first of all
introduced by Trost (1937). Instead of filling the counter with some dry gas
as nitrogen or hydrogen he used argon to which was added a certain percentage
of alcohol vapour. The extinction of the discharge in such counters is brought
about primarily by the mantle of the positive space charge produced around
the wire by the ionisation of the organic vapour molecules. Since here the
extinction is essentially due to an internal mechanism, the series resistance
need not be large and can be just of the order of a megohm. Thus ¢, is con-
siderably reduced and the counter becomes a faster one.

Trost investigated the behaviour of counters filled with argon and some
organic vapour. In certain types of work, however, it may not be desirable

VOL. VIII—No. 2. [Published August 13th, 1942,



27% H. R. SARNA, P. L. KAPUR AND CHARANJIT: STUDIES ON

to use argon-filled counters, as argon becomes radioactive under neutron
bombardment. So that if in any experiment involving neutrons an argon-
filled G.M. tube is used, the number of counts recorded will be quite misleading.
One is thus led to investigate the behaviour of counters in which gases other
than argon are used. Curran and Petrzilka (1939) have investigated counters
filled with He, Ne, Hy, O and N using in all cases an admixture of 1 cm.
ethyl alcohol in a total pressure of 10 em. They find that helium and neon
are as good as argon except that with helium a slightly ascending plateau
is obtained. In certain cases the use of neon is open to the same type of
objection as the use of argon; helium on the other hand is very stable against
radioactive changes and should be very suitable (from the above point of view)
for counter fillings. Moreover, helium is more easily available than other
inert gases and so an investigation of the behaviour of helium-filled counters
with admixtures of various organic compounds was taken in hand.

To make the study of helium-filled counters more detailed it was decided
to investigate the effect of different types of organic compounds in a serial
manner. [n the present paper we report the behaviour of the counter when
different percentages of the common aliphatic alcohols and ethyl ether are
introduced in the G.M. counter atmosphere. In addition to studying the
effect of different types of cylindrical surfaces it is also proposed to study
the influence of the geometry of the counter on its behaviour and also to study
the effect of time on a counter filled suitably. When the entire series have
been finished we hope to throw some light on the mechanism of self-extinguish-
ing counters.

II. ApPARATUS.

The counter.—The tube counter is made from pyrex glass and has tungsten
clectrodes. The central wire is of nickel, 0-1 mm. diameter, and is held along
the axis of the tube by means of tungsten electrodes. The cylinder is of thin
copper and is 2:3 em. in diameter and 126 em. in length. After the assem-
blage the copper surface of the cylinder was prepared according to the following
treatment .—

The counter was first cleansed successively with six normal and 0-1
normal nitric acid, then washed with distilled water about ten times and dried.
With dry air inside, the counter was next heated in a flame till the copper
oxide turned brownish black in colour. It was then filled with dry nitric oxide
gas and heated till the cylinder surface turned a dark velvetty colour. The
counter is then ready to be filled with the desired mixture.

Filling of the counter.—The apparatus used for this purpose is shown
in fig. 1. By operating the stopcocks 8; and S; organic vapour from the
container B (which was surrounded by ice or some freezing mixture) was
first introduced into the counter C and then evacuated, the process being
repeated a number of times before finally filling the counter with the requisite
pressure of the organic vapour. Then helium from A was introduced to
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make a total pressure of 10 em. in the counter as indicated by the mercury
manometer. The helium used had been previously purified by connecting
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Fi1a. 1. Schematic diagram of the filling apparatus.

the flask A to the activated charcoal trap D, which was kept surrounded by
liquid air for several hours.

Voltage supply and recording.—The stabilised high voltage for the counter
wire was obtained from a circuit due to Evans (1934) and later modified
by Gingrich (1936). It consists of a neon-sign transformer, an R.C.A. 866
rectifier, a suitable choke, condensers and a stabilising pentode (R.C.A. 47)
tube. It is entirely mains operated and yields potentials up to 2,200 volts.

The electrical pulses from the counter were amplified by a circuit due to
Gingrich (1936). Tt comprises an (R.C.A. 57) pentode tube as first stage
amplifier, the plate-voltage changes of which flash a neon bulb and alter
the voltage on the control grid of the output tube. Tt was noticed that with
many of the common types of neon bulbs more counts were obtained in light
than in darkness but with the Mazda neon-lamp, which was used ultimately
in the apparatus, no such difference was observed.

For registering the amplified pulses we employed a clock recorder. An
electro-magnet with a mumetal core was fitted on to a timepiece clock from
which the hair-spring had been removed. To one end of the ratchet a small
piece of the mumetal was attached, a spring of adjustable tension being fixed
to the other end.

The arrival of a pulse in the output circuit energises the electro-magnet
which attracts the mumetal piece attached to the ratchet, thus disengaging
the toothed wheel which turns through one tooth. As the pulse dies out the
ratchet moves back due to the action of the spring attached to its other end
thereby again moving the toothed wheel through one tooth. Thus every
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incoming pulse makes two clicks or in other words moves the seconds hand
through one second. The sensitiveness of the arrangement depends upon
the tension in the spring, the strength of the electro-magnet per unit current
and upon the movement of the clock. In our case it was found that a current
of only ten milliamperes in the output circuit was sufficient to actuate the
elock recorder.

III. REsuLTs.

In the graphs of figures 2 to 5 are represented the number of counts per
minute (N) against the potential (V) applied on the wire of the G.M. counter
for different atmospheres in the counter. For each of the various organic
vapours studied graphs have been drawn for increasing proportions of the
vapour starting with a partial pressure of 0-5 cm. in a total of 10 e¢m. and
going in steps of half-a-centimetre to 3-5 cm. or to a vapour pressure attain-
able at the room temperature. In all cases the container (B, fig. 1) with the
liquid alcohol was surrounded with ice or some freezing mixture. If at this
temperature the vapour pressure was not enough the container was kept at
the lowest temperature consistent with the required pressure. This pre-
caution was taken to keep the vapour pressure of water in the counter as small
as possible, in any case negligible as compared to the vapour pressure of
alcohol.

For comparative purposes graphs (fig. 6) are also drawn for mixtures
of helium with methyl, ethyl, isopropyl alcohols and ethyl ether respectively at
the same partial pressure of 3 cm. in a total pressure of 10 em. The graphs
show that helium-methyl alcohol mixture (7 em. + 3 cm.) is best suited for
G.M. counter fillings. Helium-ethyl alcohol mixture also gives an equally
good plateau, though the threshold potential is higher.

It is a common feature of all the atmospheres studied that the quality
and size of the plateau improves as the partial pressure of the organic vapour
is increased up to a certain value usually 2-5 cm. to 3 em. beyond which it
again deteriorates,

A study of the time variation of the impulse from the counter by means
of a cathode ray oscillograph revealed that the resolving time of the counter
with its circuit was ~10-5 sec. A detailed account of the study of the
impulse characteristics of the counter by a cathode ray oscillograph will be
published later on.

Helvum-ethyl alcokol.—The results are shown in fig. 2. Curran and Petrzilka
observed that for He-alcohol filled counters the plateau was a slightly ascending
one. They attributed it to the fact that the helium used by them was only
commercially pure. We have used helium that was purified by being left
in contact with activated charcoal at liquid air temperature but we find the
same slightly ascending plateau for 0-5 cm. and 1-0 cm. of ethyl alcohol. As
the partial pressure of alcohol is further increased the plateau, however, becomes
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horizontal and increases in size becoming about 400 volts in length at a partial
For higher concentrations of alcohol the platean again

pressure of 3-0 cm.
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Fia. 2. Volts-counts graphs for ethyl alcohol at various partial pressures.

The threshold potential increases with increasing

becomes an ascending one.
percentages of the alcohol vapour present in the counter atmosphere.
3. For all partial

Heliwm-methyl alcohol.—The results are shown in fig. 3
pressures of the vapour up to 3 cm. the plateau is horizontal. The region of
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F1a. 3. Volts-counts graphs for methyl alcohol at various partial pressures.
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constant counting increases with increasing concentrations of the alcohol

admixture and is largest, extending over 400 volts for 3 cm. (for 2-5 cm. it

extends over 325 volts). For concentration of and higher than 3-5 cm. the

plateau becomes an ascending one, thus rendering such concentrations of alcohol

unsuitable for counter filling.

The threshold potential increases with increasing percentages of the
vapour in the counter atmosphere but for concentrations of the vapour greater
than a partial pressure of 2 cm. the threshold potential values are consistently
lower than their respective values for the case of helium ethyl-alcohol mixture.

Helium-isopropyl alcohol.—The results are given in fig. 4. Here also a

satisfactory plateau is obtained for a partial pressure of 3 em. of the alecohol
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Fia. 4. Volts-counts graphs for isopropyl alcohol at various partial pressures
vapour. For lower partial pressure, the points are scattered about, although
As before the size of the plateau increases

for 2:5 cm. the scattering is less.
and the value of the threshold potential rises with increasing proportions of

the vapour.

Helium-N-butyl and helium—amyl alcohols (laboratory).—With these only
three concentrations of 0-5 em., 1-0 cm. and 1-5 cm. vapour pressure were
tried, as at ordinary room temperatures their vapour pressure is small.
Of course, higher concentrations could be used by using a temperature bath

for the G.M. tube counter, but no useful purpose would have been served as the
object of these investigations was to find the best helium-organic vapour

10B
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mixture for G.M. counter fillings for Indian climates. The results are shown

in fig. 5.
.
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Fie. 5. Volts-counts graphs at various pressures for (¢) N-butyl alcohol,

(b) Laboratory amyl alcohol, (c) Ethyl ether.

Helium-ethyl ether.—With ether pressures of 2-0 em., 2-5 ecm. and 3-0 em.

were tried. The plateau, though flat, is not so good as for helium-methyl
alcohol or helium-ethyl aleohol.  The threshold potentials also are rather high.
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IV. DiscussioN.

In all the cases studied it is observed that the value of the threshold
potential goes on increasing with partial pressures of the vapour admixture in
helium.  Werner (1934) and Trost (1937) have both shown that the change
of threshold potential with pressure in the G.M. counter can be expressed in
terms of certain cquations. Trost treats the counter as a coaxial eylinder
and writes for the field at any point distant 7 from the axis of the wire,

|4

=
" rnr,fr;

where Vs the potential on the wire and 7, 7; the radii of the cylinder and the
wire respectively.  The field inside the counter is not uniform radially, being
stronger near the wire. At a certain potential (threshold potential) the ions
produced in the counter atmosphere acquire sufficient energy to ionise other
atoms or moleules by collision and thus a discharge is started. The free path
in which the clectrons have to aequire this energy depends inversely on the

pressure, i.e. A = ]]—i Now if we suppose (as is found experimentally) that

the minimum field Ey corresponding to a potential Vg on the wire is propor-
tional to pressure, i.e. By, = pey, we get

V
By = pey = 70—
r~+ZL "
p T
or Vo = (pr,~+nk)ln:—‘feo,

where n is the number of collisions which the electrons make from the position
of minimum field to the wire, and ¢, and % are constants. This gives a
linear variation between Vg and p.

Trost varied the pressures for known concentrations of the mixture and
found that the threshold-potential increased linearly with the pressure. We, on
the other hand, have carried out all our investigations with a total pressure of
10 cm. in the counter, though the proportion of the organic vapour present
was altered regularly from one set of observations to the next. OQur experi-
mental observations suggest a linear relationship between the threshold
potential and the relative proportions of the organic vapour inside the counter.
Trost has studied the characteristics of counters filled with argon and ethyl
alcohol at different pressures and for different proportions of argon and aleohol.
In any one run of observations he varied the total pressure inside the counter
keeping the relative proportions of argon and ethyl alcohol the same and found
the threshold potential to increase with increase of pressure. This he repeated
for different proportions of the mixture. If from his observations we find the
values of the threshold potential for different proportions of the argon-ethyl
alcohol mixture at the same total pressure, namely of 10 cm., we again get a
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linear relation between the threshold potential and the percentage of the
aleohol vapour inside the counter. We are of opinion that this increase in
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Tia. 7. Relation between partial pressure and threshold potential
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threshold potential is due to the fact that greater amounts of the organic

vapour inside the counter decrease the effective mean free path for the ions by

increasing their size considerably. In other words, the linear relationship
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obtained by Trost between pressure and threshold potential is due to a super-
position of two causes, namely (i) an increase of total pressure, and (ii) an in-
crease in the quantity of the alcohol vapour inside. Moreover, the ionisation
potential of the organic vapour being lower than that of the inert gas, it is the
organic vapour atoms or molecules which will be easily ionised by collision and
consequently if in any counter atmosphere the amount of the organic vapour
present is smaller than a certain quantity, the threshold potential should
increase even though the total pressure be decreased. This in fact was found to
be the case by Trost. To determine, however, the exact relationship between
threshold potential on the one hand and the percentage of the alcohol vapour
on the other we require further study and analysis which we hope to under-
take in the very near future.

The relationship between the threshold potential and the ratio of the
alcohol vapour for the various mixtures studied is shown in fig. 7. The argon-
ethyl alcohol curve is taken from Trost’s observations. It is to be noticed
that the threshold potential with helium-alcohol mixtures is consistently lower
than that for argon-alcohol mixture and that for helium mixtures the curves
are steeper.

We wish to express our gratitude to Professor J. B. Seth for the facilities
given to us, to Dr. P. K. Kichlu and Mr. Balmokand for the supply of helium
and to Mr. B. D. Chhabra for the use of the cathode ray oscillograph.

SUMMARY.

The characteristics of Geiger-Muller Counters filled with helium in mixture
with vapours of organic alcohols have been studied with a view to finding the
best proportions of the mixture for counter fillings. The counter consisted of
a pyrex tube containing a thin oxidised copper cylinder (2-3 cm. diameter,
and 12-6 cm, length) with a nickel wire (0-1 mm. diameter) running along its
axis. Determinations of the threshold potentials and the nature and size of
the platean have been made. Vapours from ethyl, methyl, normal butyl,
isopropy! and laboratory amyl alcohols have been used. The helium used
had been previously purified by means of activated charcoal at liquid air
temperature, and a total pressure of 10 em. was kept in the counter. Starting
with a 0-5 em. admixture of alecohol vapour in a total pressure of 10 em. it
was found that the threshold potential increased with increasing proportions
of the alcohol vapour, the length of the plateau also increased but as the vapour
pressure increased bevond 3 cm. the plateau no longer remained horizontal
but became an ascending one. As a result of our investigations we find that
methyl and ethyl alcohols are the most suitable and that best results are
obtained with them at 3 to 2:5 cm. partial pressures. The values of the
threshold potentials for increasing proportion of the vapour have been compared
with the formula given by Trost and a satisfactory agreement is noticed.
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