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ABSTRACT.

The paper describes & versatile counting circuit employing only three tubes and & com-
mercial telephone call counter. It can operate as a plain recording circuit, & circuit with a
scaling ratio of ten, as well as & counting rate meter. The resolving time of the circuit is 1-6
milliseconds.

INTRODUCTION.

The Geiger Miiller counter tube represents one of the most simple and widely
used apparatus in the nuclear physics laboratory. A large amount of valuable
data may be collected by simply counting the number of particles or photons that
activate such a counter tube or tubes in a given time, under different experimental
set-ups. When a particle or a photon passes through such a counter tube, it
produces ionisation leading to the generation of an avalanche of charge which
collects on the central wire. A suitable pulse counting circuit is therefore necessary
to record the number of pulses that are delivered by and the number of particles
that are passing through the counter tube.

The passage of a particle or photon through a counter tube being a random
phenomenon, a pretty good fraction passes as a close cluster of doublets, triplets,
etc. and are missed by the counting systems (Volz, 1935; Schiff, 1936). Most
circuits use a telephone call counter or similar electromechanical device as the final
counting element. With such systems, serious errors (Ruark and Brammer, 1937)
usually come in because of the relatively large operating time of these mechanical
devices, during which time they will register only one count even though two or
three may actually be passing through. Considerable improvement in accuracy
is obtained, if by some electrical means, the counting rate is scaled down, before
applying the signal to such electromechanical devices. This improvement in
accuracy results from the decreased randomness of the scaled down signal.*

A versatile counting circuit that has been developed and. is in use for some
time in this laboratory is described below. It can operate as a plain recording
circuit without scaling down of counts or as a circuit with a scaling ratio. which
may be easily adjusted to the convenient value of ten, For very high counting
rates, the circuit may also be used as a counting rate meter.

The circuit is simple, employs only three tubes and is quite reliable. The
performance was thoroughly tested with the help of a pulse generator-oscillograph
arrangement. It is an adaptation and improvement over the circuit given by
Johnson (1938).

PriNcIPLE oF THE CIRCUIT.

The circuit diagram is given in Fig. 1. The counter pulses are applied to the
control grid of T';. T, together with T’y forms a multivibrator type trigger circuit,
the multivibrator interconnection being through the screen grids. Such a trigger
circuit delivers an output pulse of duration, size and shape independent of those
of the input pulse. As a result T3 draws a pulse of current of constant duration,
shape and size through the condenser C. Thus for every pulse applied to the grid

* See paper by Devault (1941) for discusaion and references.
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of T'y, a fixed quantity of electricity is drawn through ' and so C is charged through
a definite step of voltage. When the voltage of the condenser € exceeds the ignition
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Resistances.
By = 3 Meg; R, = } Meg;

Ry = Ry = R, = Ryy = 50,000 2
Ry = 100,000 Q
Ry = } Meg; Rg = 20,000

By = 30,000 2 (Volume control) potentiometer; sets the sealing ratio.
Ry = 5,000 2 potentiometer.
Ry = Ry; = } Meg.
Ry3 = 70,000; By, = 500 Q
Capacities.
Cy = 005 uf mica.
Cy = 0-1 uf, 600 V Wkg.
Cy = 50 puf mica.
G4 = 10 uf or more, 450 V electrolytic.
C = 2 uf, 500 volt low leakage paper condenser.
Call counter.—A.T.C. Telephone Call Counter with windings of 2,500 £ resistance.
H.T.+1—320 volts or more.
H.T.+8—170 volts.
G.B.— —33 volis.

voltage of the thyratron T3 connected across, the thyratron ignites and the con-
denser voltage drops to the extinction voltage. The condenser discharges through
the call counter and so it is operated. A count is registered when a number of
counter pulses are received by T';. The number may be easily adjusted to be equal
to ten or any other value. -

The circuit differs from Johnson’s circuit in that it uses a thyratron as a dis-
charge device in place of the neon. Contrary to the observations of Johnson, neons
available in the laboratory were not found to maintain sufficient constancy of the
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ignition and extinction potentials to make a Johnson circnit successful. So a
thyratron was tried and was found to be convenient and satisfactory. The desire
for simplification led to the attempt of operating the call counter direct by the
condenser discharge which was ultimately successful. Jobnson uses an amplifier
tube, actuated by the resetting of the scaling condenser potential, to operate the
call counter.

DETALs oF THE CIRCUIT AND DEsIGN.

The circuit had to be designed round the call counter. The charge available
C(V;—V.) from the scaling condenser discharge is not very large and so a high
resistance counter, capable of responding to a relatively small amount of charge,
is necessary. An A.T.C. high resistance (2,500 §2) counter was available and this
on experiment was found to operate satisfactorily with about 300 micro-coulombs
of electricity discharged through it. The scaling condenser capacity must therefore
be large. Further, such a charge is not easily collected from ten short-duration
multivibrator pulses. Johnson obtains about 10 micro-coulombs in his circuit.
So the circuit constants of the multivibrator had to be selected properly. On
inspection, it will be found that they represent a drastic modification of the values
given by Johnson. The most important of these is the proper selection of the tube
Ty which must be capable of drawing a large anode current at a low screen voltage.
6V6 tubes are satisfactory and require the relatively small grid bias of —33 volts
to cut off * completely.

The grid of the thyratron 885 is returned through the } Megohm grid leak
(R1y) to the 30,000 £ potentiometer (Ry) which controls its grid voltage over the
range of 40-65 volts. As the scaling condenser charges up, the thyratron cathode
voltage drops in steps from the H.T.+1 voltage of 320 volts. When the cathode
voltage drops to a value sufficiently close to the grid voltage, the grid bias becomes
insufficient and the thyratron ignites. The 30,000 £ potentiometer therefore
sets the ignition voltage of the thyratron and so the voltage up to which the con-
denser will be charged before discharge. Hence it controls the scaling ratio..

The ignition of the thyratron takes place at the beginning of the last step.
For at the beginning of every output pulse, the thyratron grid voltage rises sharply,
a positive pulse being fed through the 50 puf condenser (Cg). As the amplitude of
this positive pulse is somewhat greater than each voltage step, the firing takes place
at the beginning of the last step, instead of being at the middle or at the end.

Such an operation is advantageous because it allows a greater charge to be
available for the call counter, without increasing the scaling condenser voltage.
The voltage available for charging the scaling condenser is limited as it must be
smaller than the voltage available from the power unit. Besides, the 50 ppf con-
denser is necessary for still another reason which is discussed below.

SEL¥-STOPPING RECORDER CIRCUIT.

When points 2 and 3 are joined together, the thyratron cathode gets connected
to the variable arm of the 5,000 Q potentiometer (By,) and receives a voltage ad-
justable over a range of 80-100 volts. In this condition every pulse at the input
fires the thyratron. A negative pulse at the input applies a positive pulse to the
885 grid through the 50 puf condenser together with a negative pulse at the cathode.
The thyratron fires under the influence of both.

As before, the firing of the thyratron discharges the condenser C through the
call counter, which thereby registers a count. When the condenser voltage drops
and the thyratron current goes below a certain critical value, the arcin the thyratron
is extinguished under the influence of the high negative grid volt age.t 'The arrange-

# The flow of & gmall anode current in this tube will cause periodic flashing of the thyratron
and consequent register of counts even though no counter signals are actually received. With
the —33 volts bias on the 6V6 tube flashing occurs less often than once in 15 minutes.

+ See Reich, Theory and Application of Electron Tubes, p. 443, McGraw Hill Book Com-

pany.
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ment therefore acts as a self-extinguishing recorder circuit and becomes ready to
register another count as soon as the condenser voltage rises up sufficiently. The
time constant is determined by the condenser capacity C and the resistances 20,000
2 (Rg) and 50,000 £2 (R,3) in parallel.

CoUNTING RATE METER.

A milliammeter connected across the terminals 2 and H.T.41 will measure
the average current taken by the tube 75. Used in this manner, the circuit becomes
a counting rate meter of the type similar to that described by Gingrich, Evans and
Edgerton (1936). High counting rates are measured with better accuracy in this
arrangement. The theory of the counting rate meter is given by Schiff and Evans
(1936).

DEerEcTs AND LimMITATIONS OF THE CIRCUIT.

The condenser charging type of scaling circuit, in which pulses charging the
condenser are equalised with the help of a multivibrator type trigger circuit, suffers
from thé disadvantage that the amount of charge delivered per pulse depends upon
certain supply voltages, circuit components which determine the relaxation time
of the multivibrator, and tube * constants. In the circuit described in this paper,
the most important of the supply voltages are the H'T.+8. and the grid bias of T',.
H.T.+8. is stabilised with the help of a ncon stabiliser and 7' derives its grid bias
from dry batteries. So the circuit is adequately protected against normal mains
voltage fluctuations. The variation of ¢ with mains voltage amounts to 429 ¥
for £10 volts over a 220 volt supply.

The variation of the circuit components and tube constants that have taken
place in the last three months was found to be smaller in magnitude than what
would be required to produce a change in scaling ratio from the previously adjusted
value of ten.

The most serious limitation of the circuit comes about because of the relatively
long discharge time of the scaling condenser. . It was about 30 milliseconds. Thus
if the tenth and the eleventh pulse come closer than 30 milliseconds, the ecleventh
will be missed completely. The discharge time could be reduced by reducing the
scaling capacity. Reduction of the scaling capacity demands increased charging
voltages, as otherwise the call counter is not energised satisfactorily. There is small
room for improvement in this direction inasmuch as the maximum rated ignition
voltage (peak forward voltage) of the 885 tube } is 300 volts, while we are at present
using about 200 volts. A greater reduction in the discharge time may be secured
if a more sensitive call counter of lower resistance is available.

The trouble may be avoided altogether if the call counter is energised by a
separate thyratron, trigger circuit or amplifier actuated by the condenser discharge,
as in that case, the discharge time may easily be made as small as the duration
of a single multivibrator pulse. As the existing circuit gives sufficiently good
performance for most requirements, and can be used as a counting rate meter in

which this limitation does not arise, this complication was not considered worth
while.

EXPERIMENTAL ARRANGEMENT FOR PERFORMANCE TESTING.

The performance of the circuit was tested with the experimental arrangement
shown schematically in Fig. 2, Pulses, single or double, repeated in a regular sequence
were applied from the pulse generator (Banerjee, 1945) to the counting circuit.
The electrical changes that take place with time, in the different parts of the circuit
when the pulses were impressed on it, were observed with the cathode ray oscillo-

* Changes in the tube 6V6 will produce the most pronounced effects.

+ Varies with pulse frequency; + 39, for 50 pulsesfsec; +29, for 100 pulses/sec.

1 Of course a thyratron with a larger peak forward voltage may obviate the difficulty but
in that case & high voltage power pack, a not quite ordinary thyratron, etc. will be required
and the apparatus cannot truly be called a simple one,
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graph. The time base of the oscillograph was synchronised with the pulse frequency
and the pulse generator was ‘locked’ with 50 c.p.s. frequency of the power supply
mains, at suitable frequency ratios.

COUNTING CO5SOR MODA
CIRCUIT 339.A
OSCILLOGRAPH

L

SYN
WWV\
s0¢/s A.C

SHIELDED PULSE
TRANSFORMER GENERARTOR

—_

FlG. 2,

Experimental arrangement for performance testing.

In order that the variation with time, of the current thfough * or the voltage
across any two points of the counting circuit, may be observed, these two points
must be connected to the input terminals of the oscillograph. As one of the input
terminals of the oscillograph was grounded, the counting circuit got a ground
connection at this point. So the chassis of the counting circuit was left floating
as otherwise two points of the circuit would get the ground comnection and thus
would be connected together. Such an interconnection is not permissible in general
and in some cases may mean a short circuit of the H.T. supply of the counting
circuit. However, keeping the chassis of the counting circuit floating resulted in
the appearance of stray voltages across the input terminals, particularly when at-
tempts were made to connect the same with the pulse generator. These stray
voltages triggered the circuit in the same manmer as counter pulses. They are
disturbing in the sense that besides being irregular, they are beyond control. So
they were removed by using a transformer to transmit the pulses from the pulse
generator to the counting circuit. This transformer had an electrostatic shield
round the secondary which was connected to the chassis of the counting circuit.
The details of construction of this transformer are shown in Fig. 3. Such a trans.
former working from a source of 400 ohm internal resistance will transfer pulses
of duration less than 20 microseconds almost unchanged in shape. With pulses
of duration greater than 20 g-sec. a back surge appears. Also because of the large
capacity to the shield (about 200 uuf) the amplitude of the pulses falls off progressively
ag the duration is diminished. These, however, were found to be of no great conse-
quence in the testing of the circuit.

The synchronisation of the time base of the oscillograph was achieved by
feeding either the 50 c.p.s. signal from the CAL terminal of the cossor 339A oscillo-
graph or by the synchronising pulses from the pulse generator. The synchronising
. pulses from the pulse generator afford better synchronisation and were used whenever

ossible.
P For locking the pulse generator, the 50 c.p.s. voltage available at the CAL
terminal of the cossor oscillograph was used. It was applied through a variable

* Measured as a voltage drop across a 50 ohm resistance connected between the two points.
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geries resistance of one megohm. This allowed a control of the amplitude of the
locking voltage injected into the circuit. Control of the amplitude of the injected

EMPIRE
CLOTH SECONDARY

t
TIN-FOIL PRIMARY
SHIELD

FlG. 3.

Details of construction of the shielded Transformer. Both Primary and Secondary contain
& total of 550 turns wound with No. 42 S.W.G. enamelled wire. Resistance approximately
100 ohms.

voltage is desirable inasmuch as with a high locking ratio, say 8 : 1—the voltage
injected must be small. A large locking voltage will drag the pulse generator
frequency closer to the 50 c.p.s. locking frequency. So a high ratio cannot be
obtained if the injected voltage is large. Stronger injected voltages are, however,
desirable when the ratio is small as that permits of less critical adjustments and
more positive locking.

PErFORMANCE FIGURES.

Recording circuit—self-stopping circuit with a resolving time of about 1
second. If two pulses come closer than 1 second the mechanical counter registers
only one pulse. .

Sensitivity—responds to all pulses of an amplitude greater than 0-3 volt;
depends on the relative settings of the grid voltage and the cathode voltage poten-
tiometers.

Scaling circuit—resolving time 1-6 milliseconds. If two pulses come closer
than 1-6 milliseconds, the second pulse is missed completely.

Resolving time between the tenth and eleventh pulses is 30 milliseconds. The
eleventh pulse is missed completely if it comes within 30 milliseconds after the
arrival of the tenth pulse.

Sensitivity—responds to all pulses of an amplitude greater than 0-3 volt. The
pulse duration should be less than one millisecond. The scaling ratio is independent
of pulse duration and amplitude.

Counting rate meter—resolving time 1-6 milliseconds. If two pulses come
within an interval shorter than 1-6 milliseconds the second pulse is missed com-
pletely.

Sensitivity—same as in the scaling circuit. Calibration chart in Fig. 4.

ACENOWLEDGMENTS,

The authors wish to thank Prof. M. N. Saha, D.Sc., F.R.S,, for his keen interest
and acknowledge their indebtedness to Prof. 8. K. Mitra, D.Sc., M.B.E., for the loan
of the oscillograph camera from the Ghose Laboratory of Physics.



A VERSATILE PULSE COUNTING CIRCUIT. 179

S
1

©
¥

CURRENT IN MILLIAMPERES =

! l I ] 1 | ] ] I ] I 1 j
20 40 60 80 /o0 /20 I40 160 /80 200 220 290 260
PULSES PER SECOND

Fia. 4. Calibration curve of the counting rate meter.

REFERENCES.

Banerjee, B. M. (1945). A new pulse generator circuit. Ind. Jour. Phys., 18, 75.

Don Devault (1941). Simplified scaling circuit. R.S.I., 12, 83.

Gingrich, N. 8., Evans, R. D., and Edgerton, H. E. (1936). A direct reading counting
rate meter for random pulses. R.S.1.,7, 450.

4. Johnson, T. H. (1938). Circuits for Geiger Miiller counters and for scaling and recording

their impulses. R.S.7.,9, 218.
5. Ruark, A. E. and Brammer, F. E. (1937). The efficiency of counters and counter circuits.
Phys. Rev., 52, 322,

Lo

6. Reich, H. J. (1944). Theory and application of Electron Tubes. McGraw Hill, 443.

7. Schiff, L. 1. and Evans, R. D. (1936). Statistical analysis of the counting rate meter.
R.S.1.,7, 456,

8. Schiff, L. I. (1936). Statistical analysis of counter data. P.R., 50, 88.

9. Volz, H. (1935). Uber die Trennschirfe von Zéhlanordnungen. Zeits. f. Physik., 93, 539,

EXPLANATION OF PLATES.

Oscillograph Records.

Plate I.

Taken from Coasor Model 339A Double beam oscillograph using the standard oscillograph
camera and Kodak super X X panchromatic film. Exposure time about ten seconds.

Fig. 1.—TIllustrates the step-wise rising of the scaling condenser potentisl. The sharp fall
is due to the flashing of the thyratron and consequent discharge of the scaling condenser. Dis-
charge passes through a 500 ohm current limiting resistance. It is to be noted that the discharge
takes place right at the beginning of the last step and is complete within a small fraction of a
step, the rest coming off after the discharge. Fifty pulses were applied to the counting ecircuit
per second. Scaling ratio of the circuit was adjusted to eight. Photographs could not be
taken with higher scaling ratios, because the smaller time base frequencies required could not
be obtained from the oscillograph (Cossor Model 339). The lower siné-wave represents the 50
cyclea/sec.-timing wave on the second beam.



180 B.M.BANERJEE, A.K.SAHA & A. GHOSH: A VERSATILE PULSE COUNTING CIRCUIT.

Fig. 2.—Also illustrates the step-wise charging of the condenser. Discharge through the
call counter windings. It is to be noted that the condenser voltage falls slowly occupying a
space more than one ‘50 cycle’ wave. Besides there are two kinks indicating an abrupt rise.
These are due to charges delivered due to two pulses—one just at the beginning of the discharge
and the other during the discharge. Tho latter (and the corresponding step) is missed by the
counting circuit. Pulse frequency and scaling ratio same as in record I. .

Fig. 3.—The small, white dots represent multivibrator output (current) pulses set off by
input pulses comprising a complete cycle of operations. It will be seen that the amplitude of
the successive pulses diminish slightly. So the multivibrator pulses in one set are not exactly equal
although the corresponding ones of different sets are exactly equal. The discrepancy in size
betwoen the smallest and the largest is about 109,

Fig. 4.-—Shape (rectangular) of the multivibrator output pulses.

Fig. 5.—Discharge current through the call counter. The current builds up slowly, rises
to a maximurm, falls off gradually and dies out sharply. The sharp fall at the end producing a
break in the trace is due to the abrupt extinction of the thyratron under the influence of the
negative grid. Measured discharge time-—32 milliseconds.

Plate II.

Fig. 1.—Voltage across the call counter winding during discharge. Sharp rise at the
beginning is due to the abrupt breakdown of the thyratron. The small rise at the end is the
pulse that comes during the discharge and is missed by the circuit. The sharp fall below the
zero line is the back e.m.f. due to the abrupt extinction of the thyratron. Indicates a discharge
time of 28 milliseconds.

Figs. 2 and 3.—Illustrate the measurement of resolving time by feeding close pairs of
pulses. The pulses that trip the circuit are superimposed and come just at the beginning of the
output pulses as small protrusions in the opposite direction. Record VII illustrates two pulses
just resolved. It will be seen that the second one is of appreciably shorter duration than the
first one. Record VIII shows that the second pulse is just missed.

Fig. 4.—Showing ‘locking’ of the pulse generator for accurate measurement of scaling ratio.
One pulse is generated by the pulse generator for every seven 50 cycle waves. The pulse generator
could be locked satisfactorily at ratiosof 1:1,1:2; .. ... upto1l:9.



BAXNERJEE, SaHA AND GHOSH. Proc. Nat. Tust. Sei. India, Vol X1I. Plate TF



BANERJIEE. SAHA AND (GHOSH. Proc. Nat. Inst. Sci. India, Vol. XTT, Plate ITX





