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COLUMBIA SCALING CIRCUITS

By H. A. Glassford and J. R. Dunning

ABSTRACT

The advantages of high scaling ratios in counting random pulses are discussed. The mechanism of
the basic circuit used in the Columbia University scaling circuits is described. The difficulties ex-
perienced in the performance of the earlier circuits are indicated and modified circuits to eliminate
these difficulties are given. Precautions that must be observed in carrying out the constructional
details are suggested. The complete circuit and specifications are given in detail for a Scale of 128
for use with linear-amplifier systems.

INTRODUCTION

In the counting of random pulses at moderate rates, it is of advantage to employ a scaling circuit
before the mechanical register for several reasons.

1) Since the best available mechanical registers have a practical operating speed of 120 counts/
sec or slower, the action of the scaling circuit permits operation at higher input rates for a given aver-
age counting rate to the register.

2) For a given input rate the scaling circuit reduces the counting rate of the mechanical register
and thus greatly prolongs its period of dependable service.

3) For a given counting rate by the mechanical register the action of the scaling circuit
"regularizes" the distribution of pulses to the mechanical register and thus greatly reduces the prob-
ability of missing counts during the counting action due to spacing of subsequent pulses closer than the
resolving time of the register. If the counting rate at the register becomes an appreciable fraction of
its maximum counting rate, there is also considerable advantage in the extra "regularizing" action of
high scaling ratios over moderate ratios in addition to the obvious advantage of further slowing the
register input rate.

In considering the counting losses due to the input resolving time of a scaling circuit, it should
be noted that typical input devices such as Geiger counters or ionization chambers forming the pulses
usually have dead times in the region of 2 x 10-4 sec or greater, so there will be no loss due to the
scaler resolving time if it is faster than this value. Resolving times of 10-1 sec or better as are ob-
tained with the circuits described in this paper thus have a large safety factor over any value of prac-
tical significance for normal counting applications.

Early scaling circuits, usually employing a basic scale of 2 circuit, employed gas filled triodes.
These were found to be critical both to tube characteristics and to circuit values due to the trigger
action of such tubes and to the mechanism of the recovery process involving the deionization time.
Furthermore, broad pulses of large amplitude could cause oscillation when the control grids were held
too long above the triggering point while pulses arriving too rapidly could cause simultaneous firing of
both tubes resulting in a jammed circuit. The inherent limitations of poor stability and resolving speeds
of scaling circuits employing gas filled tubes led to the investigation of scaling circuits using hard
vacuum tubes. A circuit of the latter type was developed at Columbia University in 1937. This circuit
had a fast resolving time and was sufficiently stable and positive in operation to make the use of higher
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scaling ratios practical. The basic scale of 2 circuit employed two 6J7 tubes in a multivibrator type
circuit having two stable states. A number of units were constructed employing five such scale of two
circuits in series to give a scale of 32. These early models using hard vacuum tubes were considerably
superior to the circuits employing the gas triodes. The resolving time was greatly shortened and less
frequent adjustments were required. Furthermore, there was no condition analagous to the simultaneous

firing of the two gas triodes to block the circuit.
In 1940 the circuit was redesigned by replacing the 6J7 tubes by 6SJ7 tubes and changing some of the

resistor and capacitor values. This circuit proved to be quite satisfactory for the applications consid-

ered and was used for counting pulses from Geiger counters and ionization chamber linear amplifier
systems. Twenty or more units using this design were constructed for use at Columbia University
and also at various other universities and industrial laboratories. The work done at that time rarely
required extreme precision and relatively few samples were measured at any time. A temporary
interruption caused by scalers going out of adjustment was not too serious and the defective unit could
be readjusted and the run repeated without serious delay.

During the past three years applications have arisen where routine counting of samples to 0.2% or
better was to be carried out, usually by less experienced personnel. This involved unusually severe
requirements for stability and insensitivity to stray effects such as power line surges when other de-
vices were turned on or off. Since routine measurements were to be carried out to extreme precision
on a basis of continuous operation over long periods, it was important that there should be a minimum
of interruptions caused by circuit failure. While the adjustments were usually of a minor nature and
could be made in a few minutes, the faulty operation was not always immediately apparent and consid-
erable time could be lost before the trouble.was observed and definitely traced to the scaling unit. Also
the faulty operation might be of an intermittent or occasional nature difficult to locate. A stringent
analysis of the operational requirements for this type of service and the maintenance records of the
units brought out certain faults in the scaler designs and suggested further studies leading to a con-
siderable improvement of the present circuits over the earlier models.

ORIGINAL CIRCUITS

The basic scale of 2 circuit originally employed used two 6SJ7 tubes in the direct coupled multivi-
brator type circuit shown in Figure 1. To illustrate the mechanism of operation of this basic type of
circuit, the approximate voltage relations existing when Vl is conducting have been shown. The circuit
has two stable positions corresponding to one of the tubes conducting and the other extinguished. The
action of an input signal is to force the circuit into the intermediate unstable condition after which the
action of the cathode condenser C2 causes the circuit to change to the opposite stable condition from
that which it had occupied. The positive feedback relations are obtained by coupling each plate to the
screen grid of the opposite tube. The control grids are tied to ground and are also utilized in the reset
action at which time a signal is applied to one of them in each scale of 2 stage of a complete scaling
circuit. The input signal is fed from the preceding stage, or from the input circuit, through C1 to the
suppressor grids. The amplification of these grids is such that a negative signal of 10 volts or greater
is required to trip the circuit. A positive signal to this grid has no effect so a square wave from the
plate of one of the tubes in the previous scaling pair will only cause a triggering action as it changes
negatively.

In this circuit the operation requires that the average conditions of the two halves of the circuit

be symmetrical within reasonably close limits. Then when an input signal is applied and the circuit is
forced into an unstable state, the condenser C2 maintains the cathode voltage inequality until the applied
pulse recovers sufficiently so that the circuit is able to choose its direction of recovery. If the un-
balancing effect on the cathode voltage due to C2 is greater than any normal circuit unbalance in opposite
direction that may be present, recovery will occur in the desired direction. It is thus seen that the
choice of the cathode resistors R5 , R, and R9 are important in obtaining the optimum performance of
the circuit. It is also necessary that an approximate initial balancing of circuit conditions be obtained

and this is normally obtained through the control R2 . The usual test for the stability of the circuit is
thus given in terms of the range over which R2 may be varied without disturbing the scaling action.
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The form of the input pulse triggering any scaling circuit is normally of considerable importance.
In feeding pulses from one scaling pair to the next the trimmer capacitor C 1 is employed. This capaci-
tor very seldom required servicing adjustment but its initial adjustment was important. Its range was
from 10-40ty f. Any smaller capacitance than 10 i f would not pass a signal large enough to trip the
following stage while values larger than 10 g p f. would often cause "doubling" or other unsatisfactory
action. The most frequent servicing requirement involved only adjusting R2 which was easily done by
varying it over its operating region and then leaving it at the center of the range of operation. Aging
of tubes and resistors were usually responsible for the changes in these settings.

In the complete scale of 128 circuit a selector switch permitted the choice of scaling ratios of 2,
4, 8, 16, 32, 64 or 128 by switching the input of the register circuit to receive its firing pulse from the
desired pair. Changing the position of this switch sometimes led to trouble as the effect of the loading
action of the output circuit was to shift the normal balance condition of the scaling pair affected. If
the adjustment of R2 was not sufficiently far from the appropriate end of its normal range of operation
this extra loading would shift the circuit into an unstable position and action would be erratic. Thus
reliable operation was at times impossible on certain earlier stages while on others, including the 128
scale, it would be stable.

In the earlier circuits there sometimes occurred another difficulty mentioned above. Sharp nega-
tive pulses on the AC lines such as those resulting from sudden loads being switched on elsewhere
would sometimes cause spurious counts in the register.

These faults have now been eliminated by certain changes and improvements in the circuits.

REVISED CIRCUIT

The revised circuit in use at present is shown in Figure 2. The basic circuit is the same as before
and the previous explanation of the operation will apply to the present circuit. The suppressor grids are
now connected through R8 to the cathode of V2. The resistor values in the cathode circuit were lowered
to the value shown in Figure 2 after a complete investigation of the many possible combinations had
been carried out. The test of a given combination was always taken as the range over which R2 could be
adjusted with proper operation being maintained. For the original combination this corresponds to 3000
ohms, whereas the present values permit a range of 20,000 ohms or more. The widening of the working
range of this potentiometer enables the tube characteristics and resistor values to change over much
wider limits before failure of the scaling action occurs.

The plate resistor of V-1 has been split and in Figure 2 becomes R1, RN. The output signal for the
mechanical register circuit is taken from the midpoint of R and R\. This partially decouples the load-
ing action from the plate, and, tapping off the register circuit signal from the opposite tube, divides the
loading effects to give better symmetry. The coupling capacitors are not critical and can be fixed values
in the range of 100 to 200 f. This larger coupling capacitance is associated with a lower surge im-
pedance in the input circuit which is thus more insensitive to signals which may be fed to it from other
stages, through stray capacitance introduced by the wiring, etc. The grid resistor R in Figure 1 has
now been replaced by two resistors R4 and R\ in Figure 2. This change reduces the sensitivity of the
input circuit to spurious signals. Whereas only high quality well matched 6SJ7 tubes were suitable in
the previous circuit it is now possible to pair tubes of considerably different characteristics. Thus the
circuit will scale properly, over a slightly reduced range, with one 6SJ7 and 1852 which have consid-
erably different transconductances.

INPUT CIRCUITS

The circuit for a scale of 128 with pulse selector and normalizer circuit, register circuit, and
power supply is shown in Figure 3. The input circuit will depend on the type of Geiger counter or ioni-
zation chamber amplifier system. Figure 3 shows the form of pulse discriminator and normalizer
circuit employed in the application described above. In practice it was found most satisfactory to in-
clude .he portion separated to the left in Figure 3, with the amplifier, so scaling units could be inter-
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changed without a change in the overall calibration of the system. The pentode input to the scaling unit
then produced the negative pulses of desired shape for the scaling stages. The scaling circuit has also
been successfully used with more simple input circuits in Geiger counter service. A more detailed
description of these input circuits will be given in a later report.

If a different input circuit is used it should provide the scaler with a sharp negative pulse of from
10 to 100 volts. If the size and shape of the input pulse can be controlled it is recommended that the
pulse size be about 50 volts with a sharp negative wave front and a total duration at the input capacitor
of 1/500 seconds or less. Although the circuit does not seem to be critical to the input pulse size over
a wide range, the form of pulse described above lies well within the safe limits and is to be recom-
mended if a particular value may be chosen.

MECHANICAL REGISTER CIRCUIT

The circuit normally employed with the mechanical register is a simple biased multivibrator type
circuit. The sensitivity of the circuit used in the earlier units to line surges has been eliminated in the
present form of the circuit using V , V, and V , shown in Figure 3.

CONSTRUCTION SUGGESTIONS

In Figures 4, 5, 6, 7 and 8 are shown photographs of four Scale of 128 units, mounted in a single
cabinet. The panel layout is shown in Figure 4. The neon bulbs are mounted in a vertical line with only
those used for interpolation exposed. The reading of the residual counts in the circuit can be made
quickly, even by inexperienced operators. The scale selector switch control, attenuator control, signal,
power and reset switches are conveniently located. Jacks are provided for connecting an Oscillograph
to the signal input, the output of the pulse selector and the scaling circuit. Figures 5 and 6 show the
tube and wiring sides of the complete unit. Figure 6 shows the tube side of one chassis. The potentiom-
eters are provided with dial plates and indicator knobs so that their settings can be recorded in the
maintenance records.

In the construction certain principles have been observed which are necessary for the satisfactory
operation of the circuits. These are mainly concerned with the problems of stray capacitances. The
basic operation of the circuit involves operations in moderately high impedance circuits at high tran-
sient frequencies. At such frequencies the couplings introduced by stray wiring capacitance may be-
come comparable to the main circuit elements. Thus extreme care should be employed to see that such
stray capacitive coupling, particularly between plate circuits and suppressor grid circuits, be kept to
a minimum. Two specific suggestions may be given. The neon bulbs are usually mounted on the front
panel some distance from the tube sockets. One of the series resistors, R should be introduced on the
plate side of the circuit as shown and mounted near the tube sockets. Any signals fed between the neon
bulb leads from different stages are then twice decoupled from the plate circuits by the 1 megohm re-
sistors. The other series resistor R6, should be mounted close to the neon lamp, in order to prevent
oscillation.

Figure 8 shows the layout and constructional details found to be most satisfactory. Resistors and
cathode capacitors are mounted on bakelite panels, close to the tubes with which they are associated.
Plate and suppressor grid leads are well separated. All other leads are short and direct as possible
and kept close to the chassis. The leads to the selector switch are directly connected to the plate cir-
cuits so it is particularly important that these different leads be separated. The selector switch is
mounted in a central position, with respect to the scaling pairs. Well separated bus wire connections
are used from this switch to the plates, thus keeping the capacitance between these leads to a very low
value. The photographs show adjustable coupling capacitors. These have been replaced by fixed capaci-
tors in later models.

In connection with the operation of the neon bulbs, it should be noted that the firing of these bulbs
is an abrupt occurrence which generates a sharp negative pulse of appreciable amplitude. In the earlier
versions of the scaling circuits there was some evidence that neon bulbs which were uncertain or abnor-
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mal in operation would sometimes disturb the scaling action. No such effects have as yet been observed
with the revised circuit with its excellent record of trouble free service, but it is wise to select uniform
neon bulbs originally and to replace any neon bulbs that do not seem to operate normally.

As an additional precaution it is customary to operate the units continuously for a few days to obtain
an initial aging before the-final adjustments are made and the units placed in service.

CONCLUSIONS

1) The revised circuit is not critical to tube aging or to small changes in the circuit values.
2) Satisfactory operation may be obtained over the range from 150 to 400 volts plate supply.

The objection to the higher voltage involves the increased screen power dissipation.
3) The interstage coupling capacitor is larger and less critical. Fixed values from 50 to 200 y'i'f

may be used.
4) The circuit is relatively insensitive to spurious signals fed through stray wiring capacitances

unless these are made unusually large due to gross neglect of simple precautions in arranging the cir-
cuit wiring.

5) The adjustment of the balancing potentiometer has a wide range over which stable operation
may be obtained.

6) The register circuit does not respond to large line disturbances.
7) The output circuit may be coupled to any scaling stage without disturbing the scaling action.
8) A scale of 128 circuit permits continuous input rates up to 60,000 counts/min without exces-

sive wear on the register.
9) A high scaling ratio is desirable because of the mechanical difficulties encountered when

registers are operated at fast rates. The scale of 128 assists in prolonging the intervals between re-
pairs and adjustments required by the register, thereby contributing to the overall reliability of the
complete counting system.

The reliability of the revised circuit may best be shown by the maintenance records. Four scale
of 128 units operating continuously 24 hours a day in routine counting service required only two service
calls of a minor nature in a period of 4 months. These scalers were used in conjunction with ionization
chamber-linear amplifier systems where an overall accuracy of better than 0.2% was required and reg-
ularly obtained. Continued checking against standard samples showed a constancy of counting rate within
a statistical accuracy of 0.1% over extended periods.

It is concluded that tne revised scaling circuit as shown by its excellent service record provides a
very satisfactory operating unit for counting applications.
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Figure 1. Columbia University scaling circuit (original).

Referring to Figure 1.
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Figure 2. Columbia University scaling circuit (revised)

Referring to Figure 2.

Ri 50,000 ohms

R2 25,000 ohm potentiometer

R3 .1 megohm

R4 .25 megohms

R5 50,000 ohms

R6 1. megohm

R7 1. megohm

R8 .1 megohm

R9 800 ohms

R10 800 ohms
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1/25 watt neon bulb
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Referring to Figure 3.

R1 .1 megohm IRC Type BT-1/2
R2 800 ohm IRC Type BT-1/2
R3 500 ohm IRC Type BT-1/2
R4 800 ohm IRC Type BT-1/2
R5 1. megohm IRC Type BT-1/2

(At neon lamp)
R6 1. megohm IRC Type BT-1/2

(At neon lamp)
R7 .25 megohm IRC Type BT-1/2
R8 1. megohm IRC Type BT-1/2

(At tube plate)
R9 1. megohm IRC Type BT-1/2

(At tube plate)
RIO 50,000 ohm IRC Type BT-1
R11 50,000 ohm IRC Type BT-1
R12 25,000 ohm Clarostat
R13 .1 megohm IRC Type BT-1
R14 1. megohm IRC Type BT-1/2
R15 .5 megohm IRC Type BT-1/2
R16 10,000 ohm IRC Type BT-1
R17 .1 megohm IRC Type BT-1
R18 1. megohm IRC Type BT-1
R19 .1 megohm IRC Type BT-1
R20 .1 megohm IRC Type BT-1/2
R21 12,000 ohm IRC Type BT-1
R22 25,000 ohm Clarostat
R23 50,000 ohm IRC Type BT-1/2
R24 .1 megohm IRC Type BT-1/2
R25 750 ohm IRC Type BT-1/2
R26 25,000 ohm IRC Type BT-1
R27 .1 megohm IRC Type BT-1
R28 15,000 ohm IRC Type DHA
R29 1. megohm IRC Type BT-1/2
R30 50,000 ohm IRC Type AB
R31 .25 megohm IRC Type WW-4
R32 10,000 ohm IRC Type DHA
R33 1. megohm IRC Type BT-1/2
R34 50,000 ohm IRC Type AB
R35 10,000 ohm IRC Type AB
R36 25,000 ohm IRC Type AB
R37 .1 megohm IRC Type BT-1/2
R38 .1 megohm IRC Type BT-1/2
R39 .5 megohm IRC Type BT-1/2
R40 10,000 ohm IRC Type DHA
R41 10,000 ohm IRC Type DHA
R42 1,000 ohm IRC Type BW-1
Ci .1 yf 600 V. Paper
C2 150 if Mica
C3 100 yf Mica
C4 5 0  Mf Mica
C5 .05 f 600 V. Paper
C6 .1 f 600 V. Paper
C7 .1 if 600 V. Paper
C8 2 f200 V. Paper
C9 100 i f Mica
C10 .03 if 400 V. Paper
C11 .005 f 400 V. Paper
C12 8 f 600 V. Oil

C13
C14
C15
V1
V2
V3
V4
V5
V6
V7
V8
V9

8 yf 600 V. Oil
8 p f 600 V. Oil
8 f 600 V. Oil
68J7
6SJ7
6SJ7
6SJ7
6F6
6SJ7
VR150
VR150
5Z4

T1 Power Trasformer-Thordarson No. T17R30
370-0-370 v 280 ma
5 v 3. amp
6.3 v 7 amp

CH 1 Filter Choke-Thordarson No. T16C07
32 Henries 85 ma 375 ohms

CH 2 Filter Choke-Thordarson No. T16C07
32 Henries 85. ma 375 ohms

CH 3 Filter Choke-Thordarson No. T16C07
32 Henries 85 ma 375 ohms

CH 4 Filter Choke-Thordarson No. T67C49
12 Henries 200 ma 80 ohms

S1 11 point selector switch
Mallory No. 1315L

S2 Push Button Switch Mallory No. 2006
S3 S.P.S.T. Toggle Switch
CS1 Cannon Socket No. RWK-4-31SL
J1 Banana Jack

J2 Banana Jack
J3 Banana Jack
J4 Banana Jack

N 1/25 Watt Neon Lamp No. NE-15

PULSE SELECTOR & NORMALIZER

R1
R2
R3
R4
R5
R6
R7
R8
R9
R10

R11
R12
R13
C1
C2
C3
V1
V2
CS1

50,000 ohm IRC Type A8
.25 megohm IRC Type WW-4
2,000 ohm IRC Type AB
.25 megohm IRC Type WW-4
50,000 ohm IRC Type AB
.2 megohm IRC Type WW-4
50,000 ohm IRC Type AB
50,000 ohm IRC Type AB
10,000 ohm IRC Type DHA
25,000 ohm IRC Type AB
50,000 ohm IRC Type AB
.5 megohm IRC Type BT-1
10,000 ohm IRC Type DHA
.01 i CD Type 4 600 V.
8 f 600 v. Oil
.0001 if CD Type 4 600 V.
6837
6V6
Cannon Socket No. WK-M2-32SL
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