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’ Abstract

Before a Gelger tube can be used, it is

necaessary to calibrate it or plot a curve show-

ing its plateau of operation. This report de-

scribes a means of plotting the plateau of a

Gelger Tube automaticallye.

* UNCLASSIFIED

APPQOVED FOR PUBLI C RELEASE




B
e

APPROVED FOR PUBLI C RELEASE
CUNULAXIEILY

s Recordiné_ijo Automgbio‘Géiger Tube Calibrator

y .

5,}-. The Goiger-Mueller tube counter operates by the pro-

'duotion of an electrical discharge in a gas. The counter 1s

extremely sensitive, and a discharge may be produced when a

single ion pair 1s'producéd elmost anywhere within the tube.,

‘It is distinguished from other discharge counters by the large

—.'voluma over which ths formation of an ion pair will produce

a discharge., » o K

It ia highly impossible to guavantee that a counter,
oarefu]ly made to any specification, will be satisractory in
all respecta. The extremo sensitivity of the counter renders
it liable to apparently spontaneous discharges, the origin of
whioh is uncertain. Furthermore, the characteristics of the

disoharge are also often found to change with time.

Sugpose, for the present, the growth and subsequent g

' extinction of the discharge are taken for granted. Evidence

about the- initiation of the discharge 13 mainly obtained from

’ "characteristic curvos of the types shown in Fig. 1 which shows

Ithe number of discharges per minute plotted against the volt-

age applied to the counter under the action of a constant weak

sourcs of 1onization. '
The Various ourves of Fig. 1 refer to ionization

sourcas of different strength. Thoy have the form which is

.‘claimad to be the ideal charactoristic for a Geiger-Mueller

'QNQ_!-AS,:S,‘”ED —
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' ceuntef; As the voltage is increased, the number of oounts
18 first Zero, then rises steeply to a flat portion where

.the rate of counting 1is 1ndependent of the voltage.

After eqnstruetion and evacuation of a Gelger-Mueller

_ tube, it has to be calibreted. The standard method of call-

'.;brating a Geiger-%ualler tube employs a known radioactive eource,

+

'a scale of 64, a varieble power supply and a stop watoh. As

-Jetated earlier, the GeigervMueller tube works on a flat plateau.
vTo find th;s plateau, the powersupply is changed in différent
’valtege eteps and counts ‘are, taken for a predetermined time.

A curve 13 then drawn uith the number of counts per mlnute plotted

againet the veltage change. This method of calibrating requires

a technlcian's full time to take readings and plot a eurve for

.each tube.

“&n automatic Geiger«Mueller tube calibrator has

'been designed which makes 1t possible to relieve the investi-

gator Qf the tedious recording and calibrating job. The record-
ing type AGTC (Automatic Geiger Tubse talibrator ) will plot the
calibratien of e.tube'in.a series of 10 to 15 voltage steps

(See Fig. 2), The iength of ti&e is predetermined for each step
between 0 and 60 seconds by the employment of an adjustablls timer.

Ti:e voltage differences on the Geiger tube are obtained by

‘setting the scaler volbage to a fixed high value (lead to ¢enter elec~

trode of ueiger tube) and applying to the shell of the Gelger tube
a veriable (in 20 volt steps) plus voltage from a voltage regulated
power'euppli; Eaeh step represents a different successive voltege
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&8 indicated by the difference of scaler and controller voltage.

3

The height of the steps-indicate the counting rate which will
be.éssontiallyHCOnstant on thé plateau.

The operation of the AGTC is relatively simple, To
start the operation, 1t is necessary to press a button; at the
end of the calibration, the counter will stop automatically un-

less 1t is required to start another'calibration of the same tube

" or of another tube. A safety circuit is also provided to shut

off tﬁe AGTC when the counting rate increases above the normal
operating range.
"The following equlipment 1s required:
(1) A scaler and counting rate circuit. The scaler
and counting rate circuit used are modified slightly
from the Kodel 400 scale of 64 designed by the Electron-
1csvdroup. The scaler modifications ére principally in
the provision of an R. F. high voltage power supply
wiﬁh a safety relay for guarding against high counting
rate, and the following leads .or sockets:
#. Leads to recorder
' b. High Qoltage"to AGTC controller and ground
: Cs Saféty relay switch leads '
~ d; 110-v0olt power lead
(2) 4n AGTC controller consisting of the following
relays and’ devices:
a. Timer, adjustable from O to 1 minute, and

associated relays.

~"b. An 1l-3tep relay covsring 20 volts in ten
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20-volt steps, the extra sbep being usad
ito stop the oalibration.‘ '

Te A reset relay used to stop end start the
calibration and as an on-eff switeh in the
high voltage circuilt of ‘the tube.

d. A delay relay, adgustable type, used to allow
a mechanical arm (springiretqrn) of the timer
to return to starting posdition,. |

e. Other relays used for making and breaking
eircuits in aesociated equipment. |

{(3) A power supply (for example; the Model 50 design~
ed by the Electronics Group) provided with a meter to
indicate voltage steps. , | o

(4) & reoording micro—emmeter (G.Es or equivalent) 10
or 100 micro-amperes, depending on the output of the
counting rate metef;‘vThe papér traeeeeheuid'pe“ab the
rate of sbout 2 min./div. 'An.electriéally driven're- .
corder is preferable inasmuch as it can be easily

shut off at the end of thre calibpation run.‘

‘The advantagesof’the Automatic Geiger Tube Counter are._

(1) Permanent visible recdnrd
(2) Automatic safety switeh device for pretection

against high counting rate which may be: incorporated

in any oounter.

(3) Technician's full time unneeessery.‘
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For a more detailed description~of the AG?C:refor:
to Fig. 3, a block diagram, and Fig. 4, a schematic diagram.

As shown in Fig. 5, the center electrode of the Geiger
tube 1s connected to the Model 400 scalsr and thevR-F. high
;oltage supply. We willlaaaUme’that the R.F, high voltaéa
supply 1s at 1500 volts., The shell of the Gelger tube is con-
nected directly to step relay which glves a.voltage change of

20 volts for each step up to 200.volts. The voltage '1s supplied

by the Model 50 power supply with a bleeder in its output taﬁped

- at every 20 volts. The output of ‘the Model 400 scalor is conw

nected directly to the atapping relay of the AGTC for pecording
on ten registers.' Timer and relay assembly for control and
operation will ‘be explained in more detail in the description :
of Fig. 4. - ﬂ H' . i
Fig. 4 1s a. schematic ‘disgram of the AGTC with con-:
nections to associated equipment.. Starting with relay l, a -
normally open relay 13 not actuated until a. momentary contact '“
is made by pressing-push button F.- The activation of relay l '
oloses the contacts, activating relay 7. which is a step relay;l
end at the same time actuatea relay 4. Also, when push button

F. 18 ‘pressed, a lock on relay 2. is released allowing its contacts

’

between the high voltage of the scaler and the Geiger tube as

shown by H and He On the same relay, a separate pair of contacta_

»
~

b .V \“
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to closa.' With the contacts made on relay 2, oontinuity is made
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are closed connecping one side of the 11lC volte, through
contacts on relay 3, to the industrial tiwer 6 activating

it when the §ontacts on relay 2 remain closed through the
calibration of the Gelger tube, except for the last step which
will be explained later.

Relay 3 1s actuated by the time delay relay 5 which
can break the connection to the industrial timer for a short
time allowing contac; arm to return to its original position.
Relay 3 also starts and stops a Genersl slectric paper drive
recorder (indicated by M )} which may be either 10 or 100 micro-
amperes. '

Relay 4 is momentarlly actuated for each change in
the step relay, breaking its contacts and taking the poténtial
off of relay 5 allowing its contacts to close and actuating re-
lay 3 which has been explained.

Relay 6, an industrial timer, can be set befors making
contact, from 0.5 minutes to 5.5 minutes. The relay contacts
are connected to the same points as puéh button F. The timer is
set for a predetermined time allowing readings to be recorded in
* tkis time: At the end of the_predetérmined time, the contacts
are made actuating relay 1.

Relay 7 1s an ll-contact step relay with one set of

contacts on the drlver relay. When the’ push butten F 1is pressed,

.
’r

the step relay agsumes its first position. For the following 10

.‘ e

3
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steps, iﬁ is actuated by relsys 6 and 1. A Model 50 power \\
supply with a 300 volt output is connocted across relay 7
which has a resistor between each step from 1 tc 10 to give
a voltage step of 20 volts for each advance step. The voltage
steps are taken through a connector to the shell of the Geiger
tube. A meter is employed to read directly each voltage step.
Contact 11, the last step relay, makes contact activating relay
2 allowiﬁg a lock to keep its contacts open., when the contacts
of relay 2 open, the industrial timer will no longer operate and
the high voltage is broken between the Geiger tube and the Model
400 scaler. |

A safety relay is employed Iin a counting rate circuit
which, when closed, will actuate relay 2 and also stop the
opsration. The safety relay is employed toAstop the operation
when the counting rate increases above the normal operating
range.

- The instructions for operating the AGTC are:
(1) Connect leads to the Geiger tube.
(2) Connect leads to output of scaler,
a. High voltage lead from scaler to center
of Geliger tube. ¢
b. Low voltage lead from AGTC to shell of
Gelger tube.

(3) See that all assoclated equipment is connected to

C -
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its proper terminals.

(4) Set scaler voltage to fixed value (depending on

type of Gelger tube and the voltage range expected),

such as 1ooo'or 1200 vﬁlts.

(5) Set Industrial timer for period of counting

desired. |

(6) Read and record values on the ten registers of

the AGIC.

(7) Press starting button on AGTC, which starts the

process and continues through for a 200 volt‘cali-

bration, and then stops automatically.

Referring to Fig. 5, a set of two curves with scsale
of 64 counts versus voltage, have been plotted from a Geiger
tube., The curve indicsted by a solld line was plotted by the
0ld method (hand calibrated). Thg‘curve indicated by the dotted

line was plotted from the AGTC in two separate operations,

APPROVED FOR PUBLI C RELEASE ‘:-\
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Discussions:

Errors and Stability -
(1) Counting érrors
The timer 1ncon$istencies offer an error of 1 (X64)
count i1f the timer is off 1 sec. (if the counting
rate 1s aboui 60 (X64) per minute ).
Another error of 1 (X64) count may be obtained by
not having the scaler reset after each counting
period. (This reseting is possible to do, but means
adding extra leads to scaler).
The addition of errors will give a total error of 2
(X64) counts which when ¢ompared to a total count of
not less than 150 (X64) is acceptable,
(2) Voltage stability
The voltage stability of the Model 50 power supply
is'very good. The voltage will not vary more than
a couple volts. Voltage stagility of the scaler 1is
fairly good (especially if a R.F. power supply exists),
but drifts are sometimes noticed,
(3) Stability of AGTC )
In spite of the many relays eiisting in this unit,
only one relay (the delay relay) and the timer with
its relay are actually energilzed while counting. All

others.are momentarily energized.
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The AGTC has been operated several dozen times

with failure or relay Jamming occuring only once.

(Springs of relays should be adjusted).
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