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MODEL 100 COUNTING-RATE METER 

By James Gallagher and Matthew Sands 

ABSTRACT 

A counting-rate meter is described which provides for the operation of a pen-writing device so 
that a continuous and permanent record of radiation intensity can be obtained. A control of the 
"averaging time" or electrical damping is provided, so that the time necessary for the instrument 
to reach equilibrium need be no longer than that required for the desired statistical accuracy. This 
control is calibrated in terms of the statistical probable error in any given instantaneous indication. 
The instrument also contains a limit device which may be used to operate an alarm system. 

INTRODUCTION 

In the operation of a sustained but variable source of high-energy radiation, it is convenient to 
have a continuously indicating instrument for monitoring the strength of the source. Ionization 
chambers with sensitive DC amplifiers have been used for this purpose, but they cannot differentiate 
between the various types of radiation which may be present. A counting-rate meter, on the other 
hand, which indicates continuously the average rate of occurrence of electrical pulses, can be used, 
in combination with a pulse amplifier and a suitable detector, for monitoring a neutron intensity, 
for instance, without being affected by gamma rays which may be present. The counting-rate meter 
described in this article has been used for many months as part of the control and monitoring equip- 
ment of a slow neutron chain reactor. The instrument is, however, suitable for use as a counting 
device in the more conventional pulse-detection techniques. 

Several electronic counting-rate meters have been described previously,1'2 and the statistical 
theory of the operation of such instruments has been worked out in detail.3 The instrument described 
here possesses some properties not found in the earlier instruments and has an essentially different 
type of circuit. 

The Model 100 Counting-Rate Meter was designed specifically to provide for the operation of a 
pen-writing device, so that a continuous and permanent record of the radiation intensity could be ob- 
tained. Five sensitivity ranges are provided, so that full-scale deflections are obtained on a one- 
milliampere meter for counting rates from 2,000 to 50,000 counts per minute. A control of the 
"averaging time" or electrical damping is also provided, so that the time necessary for the instru- 
ment to reach equilibrium need be no longer than that required for the desired statistical accuracy. 
This control is calibrated in terms of the statistical probable error in any given instantaneous indi- 
cation. The range of relative probable errors from 1 to 15 per cent is covered in five steps. The 
probable error and sensitivity controls are independent. The instrument contains, in addition, a 
limit device which operates when the counting rate exceeds some chosen value and which can be used 
in connection with an automatic control or alarm system. A power supply is included for operation 
from the 115-volt alternating-current mains. 
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DISCUSSION 

A block diagram of the instrument is given in Figure 1. Pulses, normally from an amplifier, 
are applied to the input terminal. An amplitude discriminator selects for counting only those pulses 
larger than some chosen value. The discriminator provides pulses of uniform amplitude, which 
trigger a pulse shaper, or, in reality, a circuit which generates signals suitable for operating the 
pulse counter. The counter produces a slowly varying potential whose instantaneous value is pro- 
portional to the average rate of occurrence of the input pulses. The constant of proportionality be- 
tween the pulse rate and the derived potential, i.e., the sensitivity, is adjustable, as is the averaging 
time. A vacuum-tube voltmeter produces a current, proportional to the derived potential, for oper- 
ating indicating and recording meters. A safety circuit operates from the output of the counter when 
the counting rate exceeds some specified value. 

The discriminator, pulse shaper, vacuum-tube voltmeter, and safety circuits are adaptations of 
well-known circuits. The pulse counter, which is the heart of the instrument, will, however, be 
discussed in detail. 
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The Pulse Counter 

A simplified diagram of the pulse counter is given in Figure 2. For the purpose of this discus- 
sion, the diodes Dj and D2 are assumed to be ideal unilateral elements. The input signal consists of 
a negative rectangular pulse of amplitude E and of duration T. One such signal appears for each 
pulse which is to be counted. At the leading edge of the input signal the capacitor Cj is charged to 
a potential E through the diode Dj and is discharged through the diode D2 at the end of the signal.* 
The amplitude, E, is assumed to be the same for all signals. The duration, T, need not be exactly 
the same for all signals, provided that it obeys the inequality 

1/n > T > 5 RJCJ, (1) 

where n is the average counting rate and Rj is the internal resistance of the input-signal source, 
the following inequalities hold, 

If 

C2»C! (2) 
and 

E » e (3) 

where e is the instantaneous value of the output potential, then each input pulse causes a charge 

q0 = CjE (4) 

to be deposited on the capacitor C2. The capacitor C2 is discharged continuously through the re- 
sistance R2. Under equilibrium conditions, the average current through R2 will be 

nqQ = nCxE 

and the average value of the output potential will be given by 

e"= nCj ER2 

(5) 

(6) 

Since the vacuum-tube voltmeter indicates the instantaneous value of the output potential of the 
counter, the average indication is proportional to the average counting rate n. The sensitivity of the 
instrument, defined as the counting rate required for full-scale deflection of the meter, is con- 
veniently controlled by switching in various values of R2. 

* Diode circuits of this kind have long been used in electronic peak voltmeters and, more 
recently, as counting devices in radar circuits. 
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When randomly occurring pulses are being counted, the potential at the output of the pulse 
counter will be continually varying in accordance with statistical fluctuations in the counting rate. 
It can be shown, however, that the instantaneous value of e is a measure of the true average counting 
rate n, with a probable error which depends on the time constant R2C2. It can also be shown that the 
relative probable error, for a given average output potential e, depends only on the capacitance C2. 

It is evident that the output potential resulting from a single input pulse at the time Tx will be 

Qoe- (t-ti)/(R2C2) = £lE e - (t-ti)/(R2C2) (7) 

c2 c2 

Application of Campbell's theorem4 to this result yields for the mean square deviation from the mean 
for random events* 

9     ,—^,0   nCl2E2R2 a2 = (e-e)2 = — (8) 

Substitution of equation 6 in equation 8 gives us the relative statistical deviation 

a 
e    (2nR2C2)1/2 

which is the relation obtained by Schiff.3 Further use of equation 6, however, gives us 

(9) 

e   \J 
tlE_V/2 (10) 
2eCj 

which is independent of R2 for a given value of e. This allows us to choose the fractional statistical 
error in any given instantaneous indication of the instrument by a suitable choice of C2. Any varia- 
tion in R2 will change the counting rate at which this indication occurs, but the fractional deviation 
will be the same. It will be remembered that the sensitivity of the instrument is independent of C2, 
so that we have independent controls over the sensitivity and the statistical error. The most probable 
fractional error is 

The Complete Circuit 

The circuit diagram of the complete Model 100 Counting-Rate Meter is given in Figure 3. The 
diagram shows the power supply used, as well as the elements indicated in Figure 1. The tubes T-l 
and T-2 with their associated components comprise an amplitude discriminator which will accept 
only positive pulses and whose bias setting can be varied continuously from 0 to 100 volts. The 
operation of this circuit is described in a paper on the Model 200 Pulse Counter. The positive pulses 
from the discriminator trigger the pulse shaper, Tube T-4, via the triode T-3a. A push-button switch 
in the cathode circuit of T-3a allows its bias to be increased momentarily, so that the pulse shaper 
is not triggered. This effectively disconnects the input to the counter, so that the zero adjustment of 
the vacuum-tube voltmeter can be checked. The pulse shaper is a trigger circuit which produces for 
each triggering pulse a rectangular signal of 15-microsecond duration and about 100-volt amplitude. 

* It should be mentioned that the signals which are obtained from a chain-reacting system do not 
in general conform to the usual criterion for randomness. In these cases the fluctuations are some- 
what greater than is predicted by the present discussion. 
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Circuits of this type, sometimes called delay multivibrators or Univibrators, are discussed in the 
literature.5 The variable resistor, P2, in the cathode circuit of the pulse shaper serves as a fine ad- 
justment on the amplitude, E, of the output signal, and is used as a means of calibration in accordance 
with equation 6. The degeneration in the cathode circuit of the pulse shaper maintains the value of E 
reasonably constant. The pulse shaper can be triggered by each of two pulses, separated by 20 mi- 
croseconds or more. 

The pulse-counter circuit is essentially the same as that shown in Figure 2. Since electronic 
diodes are used which have an appreciably low resistance with zero anode potential, it was found 
necessary to supply a "back" bias of about three volts to achieve linearity. This does not make any 
essential change in-the considerations of the previous section. The capacitance Cx has been made 
variable so that an initial rough calibration can be made to compensate for the variations in the 
wiring capacitances of the individual instruments. Various values for the resistance R2 can be se- 
lected by means of the switch SW2. The values shown give full-scale indications for 2,000, 5,000, 
10,000, 20,000, and 50,000 counts per minute. The range of the instrument can easily be extended 
to lower rates by increasing the value of the capacitance Ci and the time T. Extensions to higher 
rates involve more drastic alterations of the circuit. The capacitance C2 consists of two parts, a 
real capacitance (0.05 /if) directly across the output of the counter and a virtual capacitance which 
consists of the capacitors selected by the switch SW3 in combination with an amplifier based on the 
tube, T-3b. This amplifier has a voltage gain from grid to plate of 13 times and effectively "multi- 
plies" the capacitances by this factor.* With the circuit components shown, values of 1.0, 1.5, 2.0, 
5, 10, and 15 per cent can be selected for the probable error in half-scale deflection of the indi- 
cators. Actually, at the highest counting rates, an upper limit to the statistical error is set by the 
mscnanical damping of the indicating meters. 

The vacuum-tube voltmeter circuit based on T-6 is of a conventional type, in which case of 
centering and stability against heater-temperature variations are obtained by the use of a symmet- 
ric arrangement. The circuit will operate simultaneously a 0-1 milliampere recording meter,t a 
Micromax Recordert (C-5 millivolts), and an ordinary panel-type meter (50 ohms). The voltmeter 
circuit provides a current of one milliampere for an input potential of two volts, and is quite linear 
up to that value. Variation of the zero position of the vacuum-tube voltmeter with changes in the 
value of R2 may occur unless a tube with reasonably low grid current is selected. 

The vacuum-tube voltmeter and the counter circuit are calibrated as a unit. Sine waves at a 
frequency of 167 cycles per second (and amplitude greater than ten volts) are introduced at the input 
of the counting-rate meter. The discriminator bias is set near zero, and the range switch is set at 
the 10,000 counts per minute position. The meter is set to read zero while depressing the "Zero 
Check" switch. The switch is released and the recording current meter is brought to full-scale de- 
flection by manipulation of the "Cal. 1" control. (If the range of the control is not sufficient, a 
readjustment of Cj can be made.) After this, the Micromax Recorder can be brought to full scale by 
an adjustment of the "Cal. 2" resistor. No further calibration is necessary. The other ranges will 
be correct within the accuracy to which the resistors used for R2 were measured. 

The safety circuit, based on the tube T-7, is a Schmitt trigger circuit.7 It has the property that it 
will be triggered to a new state when the input signal rises to some positive potential (with respect to 
ground), say 2.5 volts, and will return to its original state when the potential falls to some lower value, 
say 1.5 volts. The "Safety Set" control (P6) enables the circuit to be adjusted so that it wUl trigger 
when the output of the counter circuit becomes greater than that required for full-scale deflection of 
the indicators. The control P5 determines the potential at which the circuit returns to its original 
state, and is normally adjusted so that this occurs only when the meter reads some value on-scale. 

♦Actually by 14. See, for instance, a discussion of the Miller effect.8 

t Esterline-Angus Co. (internal resistance 1250 ohms). 
% Leeds and Northrup. 
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The output of the trigger circuit is normally at -20 volts, but when triggered rises to + 25 volts. 
These values were chosen so that the output of the circuit could be connected directly to the grid of 
a thyratron in an automatic alarm device. The neon lamp, which indicates the state of the safety 
circuit, is normally on, and is extinguished when the circuit is triggered. It should be emphasized 
here that a counting-rate meter is not to be recommended as a safety device without other instru- 
ments. The nature of a pulse amplifier is usually such that it will block if the source intensity 
suddenly increases by a large factor. Under these conditions the counting-rate meter will fail to 
operate. An ionization chamber used with a DC amplifier does not exhibit this undesirable property. 

The diagram of Figure 3 shows also the stabilized positive and negative supplies which are used 
to operate the counting-rate meter. It would be possible to modify most of the circuit so that a nega- 
tive supply would not be required. In view of the added complication, and because of the bias re- 
quirement for the output of the safety circuit, this was not thought advisable. The present arrange- 
ment also insures operation of the external safety devices if the power to the counting-rate meter is 
interrupted. 
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