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ABSTRACT. An int rval analvzer circit for studying the origin of spurisus pulses
in G-M counter tubes has been deseribed. The method of delaved count vs delay time has
been employed in studying their t.me dixtv:ihution. Au expression fur the probability
that a real discharge creates an after discharge has heen derived.  The present investiga-
tions give : '

(i) An exponential decrease of dead and recovery times with avervoltage,
(i) T'he lifc of the petroleum cther filled counter and

(iii) The values of coefficient of secondary emiscion  The coeflicient of secondary
cmiission seems to increase exponentially with overvoltage

1t is conclnded that the alieration of the optimum gas composition by deterioration
with nce i« the main cause responsible for the high values of this coeflicient.,  The
possibility ot negative ion formation by nleenlar dissoeiation is alvy suspected,

INTRODUCTION

The platcau of a Geizer-Miiller countcr is defined as the voltage range
over which the counting rate.ta c.nstant intensity of irradiation is subs-
tantially independent of volta e No Geiger counter exhibits an ilealy
flat platcau characteristic for any consid 1ab’e range about the thieshol d
voltage. “I'he mcrease in the counting rate with overvoltage is due to the
increase in scnsitivity but mainly to the occurcnce of s.urious counts,
Sitice accurate measurciments with Geiger counter re juire an essentially flat
plateau, it was considered worthwhile to make a study of the s.u jous
pulses.

Spurious counts result as a conscquence of an earlier dischirge and have
been defined by Korff (1943) as thoe caused by any agency whatever other than
the entity which it is desircd to detect, or the normal contamination or cosmic
ray background. When these spurious counts are few in number it is very
difficult to distinguish them from genuine counts lhe only method by
which sputious counts are recognised is by studying their time distribution,

Were there no spurious counts, we would expect the counter to deliver
randomly distributed pulses in time, modified only by the absence of intervals
shorter than the dead time of the counter. ‘The spurious counts, if present,
may arise from a number of causes [Wilkinson (1950). Spatz (1943), Sanborn
and Brown (1948), Sanboru et al i1950;] In that case they will not be
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randomly distributed but their times of occurence will be related
svstematically to those of the pulses which caused them. ‘Thus an excess
of intervals of a particular range of the order of 107¢ sec shows the presence
of spurious counts (Curran and Ciaggs, 1950). The delay of occurence of a
sputious pulse from a genuine onc depends on the mechanism responsible
for its production.

The method of time-in‘crval analysis has been employed by a number
of workers [Medicus (1036) ; Driscoll et al (1940) ; Roberts (1941) ; Ward
{1942-43) ; Curran and Rac (1947) ; Putman {1048} ; Wiliard and Montgomery
(1950) ; Guimaraes and Sampaio (1949) ; Kupperien et al (rgs1); Picard
and Rogozinski (1953)]. In the present study the principle is sunilar to that
employed by Curran and Rae (1947). but the rcsolving time of the coincidence
circuit has been rendered discrete by the introduction of two shaping circuits,
onc in each of the two channels. Xupperian et al (1951) employed a
multistage delay line for a similar investigation. ’The delay line has the
disadvantage of its bulk and presents unavoidable distortion. In the present
investigation a univi':rator was used since its delay could be varied over wide
limits, (Elmote and Sands, 1949). ‘T'he circuit is simpler than the previous
ones, but is based on the same principle as thal of Curran and Rae (1947).
The values of dead time and recovery time agiee in a general way with those
reported by earlier workers {or a counter of these dimensions.

The circuit is extremely uscful in studying the origin of spurious
pulses. An eguation has been developed for calculating the value of the
coefficient of sccondary emission caused by the impact o° positive ions on
the cathode surface, and it is shown that the value of N incieases exponen-
tially with overvoltagr.  This would be expected since the in:crease in
overvoltage incrcascs the number of positive ions per impulse and the
probability that thesc ositive ions will release secondarv clectrons at the
walls becomes greater, (Stever, 1942). ‘The results of the present paper
show an ecxponential decrease of the dead and 1ecovery times with
overvoltage.

THE PULSE INTERVAL ANALVYZIER

The block diagram of the whole electronic circuitry is shown in
figure 1. )

The negative impulses from the counter are amplified by the pulse
amplifier. These negative impulses from the ampiifier feed simultancously
the shaping circuit I in the direct channel and the grid of the deley
univibrator, which in its turn produces a square wave of variable duration.
‘I'his gating pulse is differentiated into a negative and a positive part from
its leading and trailing edges respectively ; the positive part gives rise to a
negative pulse at the plate of the inverter, which triggers the shaping
circuit IT in the delay channel. Thus the series of pulses from the shaping
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circuit II has no pulses spaced mor:closely than the time occupied by the
gating pulse, which obviously depends &1 the setting of the fine and coarse
controls of the delay multivibrator. iI'ncse two series of pulses, one direct
and the other from the delay channel are fed to the diode coincidence circuit.
By measuring the rate of coincidences between a direct count and the delayed
count as a function of delay, the time correlations in the ionizing events
in the tube were determined.

I. Cathode Input Amplifier, Cathode input amplifier employs two
(7C7) tubes, the first functioning asa cathode follower (power amplifier)
and the second as voltage amplifier, with cathode coupling in between.
The chief function of the amplifier is to increase the sensitivity of the
apparatus and consequently the precision of measurement. Its input
sensitivity is 0.2 volts and it furnishes very sharp negative pulses, which are
fed simultaneously to the delay univibrator and the shaping circuit I.

II. Delay Circuit. ‘The delay circuit also consists of two 7C7 tubes,
which are cross-coupled to each other by condensers. In the normal condition
the first 7C7 is conducting whereas the transconductance of the second is
zero, since its , rid is at a voltage beyond cut off, i.e. —15v.

As soon as it receives a negative pulse from the trigger amplifier, the
circuit goes to a quasistable state whose duration is governed by the
discharging time of C, through R,; which can be varied conveniently from
50 microseconds to 80oo microseconds.

The negative rectangular signals (figure 3) of present duration are taken -
from the plate of the second 7C7 tube. Once the delay univibrailor is
flipped into operation, it is insensitive throughout the time occupied-
by the wave.

111. Differentiator and Inverter. ‘The mnegative rectangular signal
from the delay circuit is differentiated into negative and positive parts from
its leading and trailing edges respectively. The negative pulse does not
trigger the selector, since its grid is at —1i5v far beyond cut-off, thus it is
the positive part which gives a negative pulse at its plate.| It is in this
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manner that a pulse whose delay is Ta is realized from the pulse from
the counter.

Half of 6H6 has been used as coupling e'ement, so that the operation
of the next trigger circuit may not feed a signal back to the source.

1V. Shaping Circuits 1 & I1. Two identical univibrators I and 1I
are employed to put into form the direct and the delayed pulses respectively.
‘The positive rectangular signals of duration ¢, and t; depend on the time
constants R,C, and R;C,;,. ¢ and t; can take all the values from 2
microseconds to 25 microseconds respectively, thus the resolving time of the
succeeding coincidence circuit can be varied from 5 microseconds to 50
microseconds.

In order to render this time accurately determinate, it was thought
necessary to incorpoiate these pulse shaping circuits both in the direct and
delay channels ; and it is an advantage over the previous circuits.

V. Coincidence Circuit. Two diodes are used to make a circuit which
produces an output pulse only if its two .input terminals are simultaneously
excited by input pulses. The schematic diagram of the whole assembly is
shown in figure 2.
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F16. 2. Circuit of delayed coincidences. The valuesof components are listed

below :

R]IMn C| -C4=C5=C3=C.=Cu T1=T—'2=T"5=T—6
R3=Ry=Ry=Ryu=Ry =50pf =T—~7=7C7
=Rg=Ry=Rgyg=100K C; =10pf - T—3=1-4=T~9=T~-10
Rg=Ry=Rp=Ry=RB,  C3 =Cy=Cyy=s000pf =}6SLy

= Rgy= 50K Cy =3500—>1000pf, variable T-8=}6H6 ...
Ry =Ry =100K, variable C;4=2000pf T-11=6H6 -
Ry=0 33K Cja=1000pf T—12=6ACy
Ry=Ryg= Ry, Ryy=35K
Ryg=10K
Ry=Ry=sK

Ryy=Ry=47K &,
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3. THEORY OF THE METHOD OF RETARDED
COINCIDENCES

Let , be the real number of particles entering the counter per sec,
n,’, the average number of particles recorded per second by the counter,
n,, the average number of particles at the output of the amplifier
per sec,

7, the dead time of tiie counter,
’, the recovery time of the conventional amplifier. 1t is the minimum

time interval that must clapse so that tbe amplifier amplifies
the next pulse after the discharge of the G-M counter.
Then the loss of counting rate, incuried by the counter due to its finite
dead time is n,” n, 7.
Therefore ne=ny'=n'n,
so that ne=n_(1+n,7)
Therefore the efficiency of the counter
mio 1
Ny  LT4NT (z)

Now consider an interval of time 7° following an amplifier pulse at
time zero. ‘There can be no additional pulse from the counter within its
dead time 7. 'The probability that none occurs in the interval r to ¢ can

be computed as follows:

sl
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Let the probability that no pulse occurs in time 7/—r=7" be P(").
The probability that the amplifier will receive a pulse in additional time
97" is n,O" ; therefore the probability that no pulse is received in time
or" will be (1—n,07"). ‘The probability of not receiving a pulse in 7"+ 07"
is (7" +Br7),

P(r" + o =p(,.ll){I - n,.ar”}

Applying Taylor’s theorem P(r")= =P(")n,

therefore P(ely=Ce=mr",
But when t=o, Plr")=1
Therefore C=1

Hence P(rl) = g=ml=0)

This then is the probability that the amplifier receives a next pulse
after 7. Hence the efficiency of the amplifier is
By o gmnren . 2
n

K/ ’
Therefore n,= r__g=nlr'=n) e '2a)
1+n,

For small counting rates, n,(r'—7) &€ 1, therefore, expanding ¢~*{'=7) in
power series and neglecting the higher terms

Ny ’
ny= -.- ft+nr=n,r
Y I ! ol
f N7 \
ne T — .
'? 1 +n,‘rﬂ (3)
But from (za)
_____’3_"____ = nlen,(r'-r)
1+ NyT
Substituting it in eq. 3, we obtain
wy=n,{t—7'n,en =0}
and since m(z'=r &1
‘ LY PR Y | l
m=n, 1—7n,| 1+ n.(v'—17) + bt N
/ 2! !
=ndr—n,7 —nno(s'—1) ... }
=n,{1 - n,7'} e {g)

Furthermore, these n, pulses are fed to the delay univibrator whose
recovery time is Tq, which is the duration of the square wave, Stiictly
speaking, the recovery time of the delay circuit is slightly longer' than T4
since C; is to get recharged through R,; with the consequence that the
trailing edge of the pulse 1s not very sharp (figure 2), - :
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If n, impulses per sec are given as output by the univibrator, then the
efficiency

T PR PR

ny
“Therefore = nplr=n,r)e" M=)
2prp 1\
=1lr(I - 7}17’)§ 1- nl(T —-r') + "i__,(.,!_‘! _f_) — L
? 2! )
Substituting from eq. (4) we get 5
n —111{t-<~nl(ld—-r’;} we (5)

If ¢, is the duration of the direct pflsz after it has been put into form
by the shaping circuit [ and ¢, the Quration of the retarded pulse from
shaping circuit 1I, then the coincidencefrate . is given by

He=n,1,(t, + &) . :
=n, {1 ~n,{Ta—7"} RN ()

The two series of impulses, direet and retarded, are fed ‘into " the
coincidence circuit, whose resolving time is ({;+1{,). Since no pulse can
occur during the dead time of the counter, no coincidence will be observed
for time Tgless than 7/. Such a circuit 1s ideal for the rapid determination
of 7’

1f any parasitic effect does not disturb the quasistatic distribution of the
two series of pulses, the average frequency of coincidence n. reduces to

ne=n2(t, + 1)
which is the frequency of the coincidences for 7w > 7',

From the above equation n. should have a coustant value if there
were no spurious effects present, ‘I'he circuit detects the presence of the
spurious pulses, if there is an excess of the intervals of short duration of
the order of 10™* sec. The circuit can be used for :

(i) measuring the dead-time and recovery time of the counter.

(#1) analysing its variation with overvoltage.

(iii) detecting spurious pulses if present, and indicating their origin, and
(iv) detecting and measuring the half life of a radio clement of large
disintegration constant, half life 50 x 107° sec. to 107" sec.

EVALUATION OF K, THE COEFFICIENT OF
SECONDARY KEMISSION

The after-discharges are systematically related in time to the impulses
which generate them. The interval at which spuriousness occurs is roughly
equal to the recovery time T of the counter in case of secondary emission
caused .by the impact of positive ions on the cathode, and is equal to 2T in
case of negative ion formation at the cathode as in case of carbon ledee-
‘filled ¢ counters.

Let r be the rate of genume dlscharges. n,, the observed rate and K, the
probablity that any dxscharge creates an after-discharge. '

'
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Then
n=r+Kr+K*r+LK*+ ...

T
p— ()

If np is the frequency of parasitic impulses [Curran and Rae (1947) ;
Picard and Rogozmskl (1953)],
npy=1K+rK*+1K* + — .~ (8)

1K
1-K

Let us proceed to calculate the probability of the formation of the first
peak, supposing there is a sequence of several parasitic impulses separated
from each other by an interval of time T.

Actually the recovery time of the delay unmivibrator is more than T
the imposed delay, a direct pulse giving a coincidence with a delayed
pulse cannot itself initiate a delayed pulse. Consequently the coincidence
will be between the alternate parasitic impulses.

For Ta=T, the probability of the formation of the first peak

K,=K+K*+K%+ ...

_ K
I-K? v (9)
But, of the u; counts 7 are random, thus the frequency of rea] coincidences
re=7t, + ¢;) wee (10)

The area A, under the first peak represents the contribution of the
parasitic impulses whose probability of formation is K,. Normalizing this

peak

Ay=1K,(t, + t.) eee (11)

» 4_1 = I\' '
Thus . )
But r=mn,(1 - K) vide eq. (7)
Therefore

AL = K

Te n,(1=K*-K+K?%)
which reduces to A,=7¢§— (where k € 4)

‘ny

Thus K= 4 n, e {12)

Te

Putting the values of n,, 4, and 7, which are read out from the experimentsl
curve, the coefficient of secondary emission and of any other tnechlmsm
which gives spurious couat at Tu=T can be evaluated.



Analysis of G-M Counter Impulses, elc. 103

OBSERVATIONS

1. Determination of Dead and Recovery Times. Figure 4 represents the
plateau characteristic of the counter having a diameter of 1.5 cm and 13 cm
long. The central wire had .003 inch diameter. The copper cathode was
oxidized. It was filled with spectroscopically pure argon to a pressure of
9 cm of mercury, mixed with 1.1 cmm of petroleum ether vapour {B. P.
40=60°C). It had already furnished 5% 10® counts i its previons rua and
showed a slope of 7.04% per 100 volts.

150
130 | § {
o |

o

7 r

Counting rate per minute

50 | I .|

goo 10c0 1100 1200 1300 1400
Voltage
TFIG, 4. Plateau characteristic of the counter investigated

L. 55

.40

‘Delayed coinidence_rate ; counts per minute

LS

O 20 9 60 00 mo w0 Mo 00 Mo 220 240 260 O 300 O 3N D60 300 90 4N See Ko oM

. Delsy in microseconds

F1G. sa Curves I, IT and HI represent the coincidence vs delsy time for over-
voltages of 30, 150 and 230 volts respectively. In each case the
resolving e is fy+£f3=40.50 microseconds. The counting rates
used for curves I, IT and IIT were 9478, 9940 and 13, 120 per minute
respectively
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In figure 5 curves (I), (1I), (III) represent the delayed coincidence rate
(counts per minute) vs delay time for three different overvoltages of 3o,
150, and 230 volts réspectively. Ceunting rates of the order of 10,000
counts per minute were employed so that the spurious effects, if any, may
become pronounced ynd thus afford a greater accuracy of measurement,
‘I'he coincidence rate was recorded with a statistical accuracy of 4%.-

In a counter with cffective dead-time 7/, no interval less than 7' is
found and there will not be any coincidence. The dead time 7° can be
casily measured, The observed values of dead and recovery times are
of the order of previously reported values, (Korff, 1946) for counters of
these dimensions. 'The rccovery time, that is, the time required for the
transit of the positive ions from the central wire to the cathode can be
read out under the peak of the curve, since it is at this value of T4=T,
thal the maximum effects of the secondary emission from the cathode
are expected. .

Curves of figure 6 give plots of the variation of dead and recovery times
with overvoltage. An expenential decrease with overvoltage is indicated.
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X X
20 3 - T4
- T a
o
50 T
,g R
0 -
g 4 r
3
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20 |
14 T
L
10 [ R TR WU NS R W TR (SUU JRUNU KU N (SO NN NS SR AU (RS WU AU JUNN SN U S I |
40 8o 120 160 200 240
Overvoltage

F1G. 6. Variation of dead and recovery times with over vollage. The curves may
be represented by T, =117 ¢ =.0107(¢~v,) and T, =152¢—~.00107(v 1,

2. Investigution of Spuriousmess. Curves (I), (1I), (III) of figure 5
represent coincidence rate vs delay time. All the three curves show a
pronounced maximum which occurs at the time of transit of positive ions.
The peaks show a shift towards the origin at higher overvoltages. This
shift is due to the increased mobility of the positive ions with the increase
of overvoltages and consequently less time is required to reach the cathode.

The values of K, the coefficient of secondary emission, as calculated
by employing equation {12}, give pretty ‘high -values for it. This would
mean, that G-M tube, will give more and more spurious counts with -higher
and higher overvoltages.- As a result a correction must be made to the
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counting rate while carrying cut precision measurements.

The values of K ssem to increase exponentially with overvoltage (see
figure 7). Curves (I) and (II) show that the spurious counts occur at the
time of recovery whereas, curve (III) shows that some of them also occur
at a later time, Ta=192 microseconds, There is, however, an indication
of sccond maxima in curve (II) as well. The counter under investigation
was nzariug its end, since it had fumnished about 4% 10" counts by the
end of the present investigation. At tl:c end, it was found to have the
following characteristics : i

(i) that threshold had gone up by rBo volts.

(ii) the plateau length diminished t;ﬁ about 40 volts only.

1.00 [ B
o {
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i 5
20 | \
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0 50 100 150 200 250
Overvoltage

Fic. 7 Variation of coefficient of secondary emission with overvoltage. The
curve may he represented by K= 198 ¢.0042R(r~r,)

DISCUSSION

The ecxponeittial decrease of dead and recovery times with overvoltage
fits in with “‘Stevers’’ analysis of the motion of the positive ion sheath.
As the overlension increaszs, the drift velocity of the sheath must increase
and consequantly the times required o travel to the critical radius and
the cylinder must decrease. It is exponential, because the distributed
capacity of the counter is to get recharged through the leakage resistance
to the threshold from the starting voltage. 1f the final voltage to which
it is to get charged is higher, as is the case at higher overvoltage, the time
to reach the threshold falls exponentially.

Since the average life of a petroleum ether G-M tube is between 10’
and 10® counts, it is concluded that the deterioration is due to the combination
of two processes :

(i) Alteration in the optimum gas composition resulting from de-
composition of petroleum ether into hydrogen, which is non-self-quenching
and saturated and unsaturated hydrocarbons [Farmer and Brown (rg48) ;

Vaddanapalli (1942)]. ' .
(ii) The deposition on the cathode and anode of dielectric polymers

formed from unsaturated hydrocarbons.
8--1891P—2
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It is also cvident from figure 5 that the spurious counts occur at the
recovery timz of the counter (Montgomery and Montgomery, 1940).

The high value of K may be arising from a number of causes. The
most important cause seems to be that the insufficient amount of the self-
quenching constituent is not acting as a complete trap for the vehicular
gas positive ions. Only very few charge transfer collisions occur, with
the conscquence that some vehicular gas ioms reach the cathode, Since
the quenching resistance employed is only r meg, the secondary electrons
resulting from the impact of positive ions on the cathode will re-ignite
discharges and thus cause spurious counts.

In the case figure 5 curve (III), the presence of a second peak of spurious
counts at Ta=192 microseconds which is almost twice the recovery time is
evident. ‘I'he mechanism for the production of this peak may bhe :

{i) the cathodic emission and

(ii) the formation of negative ions as dissociation fragments at the
wall or in the gas discharge and if formed will reach the vicinity of the
wire after time 2T,

The petroleum ether had not been subjected to its ionization and
dissociation study by electron impacts, but in the case of methane, which
is the parent hydrocarbon of petroleumm ether, the negative ions had been
detected (Smith, 1937).

The presence of spurious discharges cannot be explained by assuming
the survival by a few metastable ions, of the dead-time; and ionization by
positive ions, since both these hypotheses are unlikely and improbable for
the observed effect.
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