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DESCRIPTION AND INSTRUCTIONS FOR ORNL__186
Q-762 Scale of 64

Cs Go Goss, K. N, Forrestal

GENERAL

The Q-762 scale of 64 is designed, primarily, to be used with counting
tubes operating in the Geiger region, but dependable oneration is obtained
for other purposes within its design limitations, It features a 6AK5 cathode
follower preamplifier at the glass G.M, tube, a 6SN7 Schmitt trigger input
circuit with a pulsc height selector, a 6BG6-G shunt regulated, high voltage
supply, unregulated B plus supply, Higinbotham scaling stages, and a 230 V,D.C.,
resettable, panel-mount Wizard register driven by a 6SN7 tube, A 6J6 difference
amplifier is used with mica-window G.M, tubes, bccause, since the pulse height is
a function of anode length, they produce smallecr pulses than the conventionally
used glass and brass tubes,
B PLUS SUPPLY

A Chicago transformer Mo, 11821 roted at 680 volts, center-tapped, at 120
ma, furnishes 50 ma at 400 volts to the scaler, For the scaling and input
stages, this is dropped to 275 volts with = resistor, Three ampercs of cxcess
6,3 V,4,C, is available at tcrminzl No. 5, One miniature and three octal spare
sockets are supplied,
HIGH VOLTAGE SUPPLY.

The high voltage sup»oly is added to the B plus supply to give better
regulation of the high voltage., A4 6BG6-G (6L6 with plate cap) is used in
a shunt regulator circuit, Its rcference voltnge is furnished by = VRE=75
which is fed by a Vr-150 supplied from B plus, A4 line variation of 100 to
115 V.4.C. changes the high voltage output less than 0,5 volts out of 1200,
a regulation of 0,003% change per percent change of line voltage, The oute
put is adjustable from below 700 to above 1400 volts at less than one micro-

ampere, Ripple is below 0.1 volt on the plate of the 6BG6-G and spikes of
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0.1 volt may be expected on the connectors at 1500 volts and 90% humidity,
A filter in the preamplifier recduces the 60 cycle ripple by a factor of
seventy-five and practically eliminates the spikes,
PREAMPLIF IER

At present, two circuits cre in use, and two chassis arc available
for supporting each circuit, One is a 64K5 cathode follower (G=762-4)
used with glass G.M. tubes, and the other is a 6J6 differcnce amplifier
(g=762-L) uscd with mica window G.M. tubes,

The portable probe model ((G=762-F) has the 64K5 cathode follower
mounted in a cylinder 1% inches in dismeter by 6 inches, attached to the base
of the glass G.M. tube holdcr, For use with glass G.M, tubes in horizontal
shields of 4 inches diametcr by 9% inches, the 6LK5 is mounted as per Q-762-J,
Mounting the cathode follower adjacent to the G.M. tubc allows the combination
to deliver pulses of approximately 20 volts to the scaler at the G,M. tube
operating voltage,

One modcl of the 6J6 difference amplificr fits into the vertical mica
window G,M, tube shiecld of five inchcs interncl dismeter, and the other fits
into the horizontelly-mcunted counting pipette shicld (6-459) whose internal
diameter is three ond thirteen-sixtecenths inchcs di-meter., Both supports
are shown on Q-762-K, L4t the Geiger threshold, the 6J6 amolifier will
deliver pulscs of about three volts to the scaler, 4t 50 volts above, 15
to 20 volt pulses arc dclivered., This information may be used te detormine
the operating voltage, but the use of o scope is to be preferred, Dus to
the distribution of opulse sizes in a mica-window tube, it is important
that the pulse height sclector be set well below the maximum pulse size,
Also, the Geiger threshold of a mica window G.M, tubc may increase about
20 volts during the first hour of oncration, and about 10 volts more during
the next few hours, For maximum stebility, the mics window tube should be

kept in operation continuously. And the high voltage should not be in-
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creased over 100 volts above the Geiger threshold. ORNL_186_

The high voltage filter mentioned beforc is formed by a 20 meg. ohm,
resistor and a 0,01 microfarad condenser., The pulse length to 63% re-
duction in size is of the order of 30 microséconds.

INPUT STAGE

h five volt pulse is necessary to operate the input stage, but a
ten to twenty volt pulsc is to be preferred, The input stage uses a 6SN7
in a Schmitt trigger circuit with & pulse height selector, This P,H,S.
is not recommend:d for accurate measurements, but serves os an input stage
adjustment, TFor ~cncral purpose work using over ten volt pulses of 2 micro=-
seconds or longer duration, the error in cslibration will be less than 5%
plus the percentage variation of the 4.C. supply. Line voltage changes do
not shift the zero point of the P,H,S, Pulses to plus 100 and minus 58
volts may be excluded, The upper limit of nulse rise time is set by the
0.0l microfarad-470,000 ohm input circuit. The kickb-ck of long pulses is
not recorded as an extre count, but where a damped, oscillatory wave train
is encountered whosc "rins" friqueney is of the order of 200,000 cycles or
less, one count will be recorded for every cycle the voltage exceeds thé P,H.S,
setting., Using 0.25 microsecond pulses, the resolving time is 10 microseconds
for positive nnd 5 microseconds for negative pulses, When used vwith an 4=l
linear amplifier, the A-1 shculd be modified accorcding to (-=541-F to produce
20 volt, 0,25 microsecond negative pulscs, This modification involves one
condenser anc two half-watt resistors, The Schmitt trigger circuit involves
a D.C. regenerative feedback (with shunting condenser for high specd operation)
with a net gain of slightly more than unity (for stability) through the two
triode sections, This gives two conditions of equilibrum cdepending upon
which triode is conducting, and the change of conduction from one tube to
the other occurs in aporoximately onc mierssecond, As the P.H,S3, dial is

varicd from plus 100 to 0, the potcntial of tube #1 varics from Q to 100
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volts, the cathode voltagc remains at 112 V, tube #2 is concucting and

tube #1 is cut off, Aftcr the dial hns been moved past zero, tube #1
conducts, an’ a ncgative pulse that reduces the instantaneous grid potential
below 100 volts produces & nogative output pulse, This introduces one count
into the scaler., Similarly, with the P,H.3. set at plus 25, the grid
potentinl of tube #1 is cut=-~ff, If, say, a 30 volt positive pulsc is

added to the D.C, grid potential, the equilibrum point is passed and o
pogitive pulse is produced, This pulsc does rot pass through the dindes,
but the kickbrck c¢oes, introducing rne count into the scaler, Since the
gain of the stage is more than 1,00, if one tube in eonducting, the PJ.HL.S,
must be moved & few volts post zcro to cause tho ther tube o conduct, hnd
when the socond tube is condncting, the P H.S. must be moved o few volts
past zero in the npnosite dircetion to chonge the first tube to concuct
again, This effect is culled hystercsis and is very importont, for if the
hysteresis is zero (the gnin equ1ling 1,00 or less) the input stape will
nscillate when the P H.S. is o juested to gern, and if the oscillation is
stepped by sctting the PJH.S. dinl eway from zers to the proper operation
point, the strss may give several output pulses for cach input pulse, The
hystcresis should be from two to four volts and may be checked in several
ways (more than four velts recuircs larger input pulscs and upsets the dial
calibration excessively for nulsce with long risc time), Rocking the P,.H.S.
finl back and forth past zero is cquivalent to a slow pulse, which introcuccs
one count per cycle of rotation inte the sealer, One ecdre of the hystersis
may be determined by the flashing of the first stage interpolation light,
while rototing the P.H,S. in the nerative direction, and the other edge by
the amount that the dial may be rotnted in the positive “irectisn ~nd not
have the light flash when the original flashing point is passcd. This moy
be more easily obscrved by conrceting a voltmeter across the 8,2 K resistor

from pin 5 of the 6SN7 to B plus,
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L 60 cycle test switch is provided that conncets the input grid to the
6.3 V.h.C} filament suoply, which for o 110 volt 4.C. supply (rare at ORNL)
provides a pulse of 1,414 times 6,3, or 8,9 volts positive and negative,
Record the positive P,H.S. @ial setting that just gives operation, record
the negztive dizl setting similarly (will be same as positive if Yzero set®
is properly adjusted), add the two, subtract from 17.8, and the result will
be the hystersis, If the hystersis is less than two volts, repair before
using. Check in order: B plus, P,H.S. diel zero, "slope set", "zero setV,
cathode voltage at a positive dial setting, the tube, cathude resistor, and
plate resistor to pin 2, Changing tubes may be cxpected to change the
hystcresis by onc-half to one and onc~half volts, but the Wzero set" must
be readjusted (use 60 cycle test) before rechecking the hystersis, If the
tube emission is not low 2nd the transeconductance remains constant, the
cathode resistor is sooroximite, and the 100 K direect coupling resistor has
not changed so that the zero set chnnnt be made on the potentiometer, the
most effective method of inereasing the hystersis is by incrcasing the plate
load resistor to pin 2, This is NOT to be used as a crutch for a tube in
the process of emission failure., A long time, accurate, onerational check
of the input, scaling, anc output stages may be perforrmed by the 60 cycle
tcst switeh, The time elapsed during 2 count may be measured by a 110 V,A.C.
timer connected to the plug marked “Timer™,
OUTPUT STAGE

In the output stage a single 6SN7 drives a 230 V.D.C., rescttablc, panel-
mount Wizard register., A switch allows nn external 230 V.D.C, “izard to be
use¢ if it is preferred, Aalso, a 2D21 thyrotron, whose orid is in parallel
with the outnut tube, may be used to drive an Edwards tyne 560, 110 V,h.C.
bell, an Esterline-ingus opersticnal recorder (110V, 4,C. elements), or a

110 V,A.C, Wizard register at 600 cvenly spoced register counts per minute,
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The 230 V.D.C. register will reeord 1200 evenly spaced register counts
per minute, The high voltage inductive kick of the revister vhen coperating
at high speeds 1s absorbed by nonelinear rcsistances (thyrite), whose resistancc
decreases with increasing voltage,

Orisinal plans called for the use of a 1N39 germanium cinde in the
output stage bias supply, but since they are nnt available, 1N38's are
being used with a lowered safety factor, If difficulties are exnerienced,
these should be rcplaced with a 6H6 or 64L5 dinde in a spare socket located
nearby,

OPERATION:
1, Connecet power cable and timer,

# 2, Turn master switch on (wait =t lemst 30 ascennds before turning HoV.
on).

3, Set P,H.S. ¢irl at zer> ~nd meke a 10 minute, €60 cycle test., Results
should be 36,000 »lus or minus 30 counts, The allowable error is

due to inocecurate tiix mensurenmcnt and will be a constant number of
counts incurrcd at startin: ond stooning if a synchronous clock is
uscd,

4Le Rotate Hich Voltage acdjustment control to left., Turn H.V, switch on,
5., If H,V, is bclow 800 volts, connect probe or prezmplifier,

6o Check hysteresis (2 to 4 volts) ~nc zero set by 60 cycle test switch
(Sec descrintion, Input Stare,.

7. Connecct scope to output of preamplifier using a 0,01 Microfarad
condenser,

8, Increcse H.V, until Geiger threshold is renched (all nulses are »f
same height), Iner=wasc H.V, 60 volts and record as operating volte
are for rlass G,M. tubes. Comnare with voltage snecified for tube
by manufacturcr, For mice window G.HM, tubes, sce deserinticon, Pre=-
amnlifier,

9, The nulse heirht, by the P H.3, ial, shruld now ko approximately
minus 15 to 20 volts,

10, Clamp P H.S. ¢inl at minus 5 to 7 volts an¢ the instrument is ready
for use,

11, Check maximum pulse heirht perindieally, perticularly during the
first few hcurs operaticrn of micn window G.M, tubcs, This is
cquivalent to a check of the Geiver threshold, if the preamplifier
is still working,.
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# 12, To shut down instrument, turn High Voltage off, rotate High Volt-ge
to left, wait 30 seconds, then turn Master Switch off,

13, After initial set-up, eliminate steps #5, #7, and #8,

* NOTE:
The delay in steps two and twelve is to prevent placing overvoltage

surges on the counter tubes, In step two, the cathode of the control
tube should be at operating temperature before the high voltage is
apnlied tn it's nlate, In step twelve, the hirh voltapge input
condenser (0,1 Mfd,., 3000 volt Glassmike) shoulc be partially dis-

chargee before the control tube's heater is turned off,
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