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1. INTRODUCTION

This Instrument has been designed in the Radlometric
Laboratory of the Bureau of Mineral Resources, to meet the
needs of those uranium prospectors who wish to build Geiger
counters,

The clrcuit has been designed so that it can be adjusted
with a minimum of test equipment.

Indication of the count rate is provided by a ratemeter
with three ranges; O - 200, O - 1,000 and O - 10,000 counts
per minute., Earphones also provide an audible indication of
the count rate,

The following rote describes the operation of the circuit
and the procedure to be adopted to adjust the voltage at
various points in the clrcult for correct operation., A
achematic circuit dilagram is also provided and several points
concerned with the mechanical design of the instrument are
ment ioned.

2. OPERATION OF THE CIRCUIT

The operation of the circuit can be described by
reference to the schematic circuit diagram (Plateils)

(a) The Gelger Tube

The GlO0H Geliger tube shown iIn the circult 1is a low
voltage halogen-quenched tube which 1s sensltive to gamms
radiation only. This tube operates at approximately 400 volts
but any type of low voltage Geiger tube could be used in the
¢circuit. For survey work there 1s no point ir using a beta
sensitive tube, since all the beta radlatlion from the surface
of the ground would be absorbed before reaching the Gelger
tubes, Moreover, the beta-sensitive tubes are far more fragile
than the thick-walled tubes, which are sensitive to gamma
radiation only.

When a photon (or particle) of gamma ray energy
is absorbed by the cathode (outer electrode) of the gelger
tube, electrons are ejected from the cathode, the gas in
the tube becomes lonised and a small current passes from
the anode (centre electrode) to the cathode., The passage of
this current through the 10 megohm load resistance (R6)
produces a negative pulse of a few volts at the point "D",
each time a gamma photon enters the geiger tube.

(b) The E,H.T, Power Supply

The high voltage supply (400 volts) for the geiger
tube is called the E.H,T. supply to distinguish 1t from the

90-volt supply (H.T.) required to operate the ratemeter circuit.

The E,H.T. supply 1s obtained, in part, from the
"B" battery and in part from a radio frequency supply.

..The valve V3 1s operating as an R,F. osclllator,
the output voltage of which 1s stepped up by the transformer
actlon of the R.F. coil (L, Ly, Lz)« The R.F. voltage
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appearing across 12 is then rectified br the diode section
of Vo, so as to produce a nerative D.C. potential of about
-300 volts ot tne,001nt_“0“ This v2ltare can he wvaried
by changing the screen resigtor (Rp) in the oscillator,
This negative voltage is applied to tbe cathode of the
geiger tube, the anode being returne C 5o the »nouitive

gide of the 2% Dbattery Whibh iz =t

"earth"
tube is

(e)

N

L

th 105 volts above
notential. The total volt*“ aw 1iel to the geiger
therefore about U405 volts.

Ratemeter

The valvesg Vo and Vz make up & conventional uni-

vibrator circuit. The rrid of V3 ig returned to the H.T.
line through 1,5 me:;ohms so that” this valve is normally
fully conduct¢ng.

i

The crid of Vo is rocturnel through.a 1 megohm

resistor to a bias voltasze of spuroximately -20 volts, The

grid of Vo is also returned to #90 volts through a resistance
- of about meg omau, resulting in a voltage at the grid of
about =15 volts This valve i therefore normally cut off,

a gJucces

. "D“.

when the geiger tube is exnosged to gumma radiation,
gion of mnegative voltage pulses occurs at the point

The effect of a gingle pulse 2t the grid of V3

is to reduce the conduction in this tube; this, -in turn, raises
the voltace at the gril of Vo, cauging it to conduct. As Vo
‘begins to-pass 01““ at tne potential at the plate ol Vo falls,

.further

lowering the voltage at the Lr¢u of V3. The final

result is that V3 is ra uldly cut off and Vo becomegs fully
conducting. The valves remain in th1~ state until the coup-
ling condenger, Co, discharges (taxou oh Ry ) sufficiently to
allow Vz to sgtart drawing current ap Lln, whe ‘eunon both

valves

‘ig then

rariflj raturn to their initinl state, The circuit

ready to e trw*gered by the nex* »ulse from. the

gelﬁer tube,

- The metering circuit congists of a O - 50 inicro-

amp, meter (Ml) a oeW1es resistor (Rg) and & large condenser

(C3) in

parallel with M and RG Tu¢u comibination ig nlaced

in" the plaﬁ@ c;rcult of V2 g0 that current Clowe into the
condenser O% each time the valve V2 is "turned on" by a
h

pulge Pron

e pelgew tvbe. The notential difference which

is CGevecloped acrowcs G producés a current, throurh My, which
is prowortlou 11 to the rate at which mulees are being produced

N

by the geiger tube, Thig ic in turn proportional to the inten-

gity of the racdliation to which the geiger tube is exposed,

The counting rance of the meter is determined by

tne time constant Ry x Cp. In this circult three ranges can

be selected by means of the switch Sp which adds additional
-contengers in parallel with C., The rangcs provided are 10,000,
1,000 and 200 counts per minubte Ffor full scale deflection of the

meter,

(Rg x C3

so that

The time constant of the ratemeter circuit
) is changec automrtically with the ranpe switch
the accuracy is e prozimately 10% (in full scale

def 1eot10n) on each range; This is necessary bccause the
rendom nature of redio ot1v1tJ causes 1aﬂr*rm fluctuations
in the meter reaiin;s on the low rance (low count rates)

than on

therefore lax

the hirher anfuu. The meter time coustant is
rrest on the lowest rauge - the time rejuired
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for a reading to be taken being about 2 minutes.

3. CIRCUIT ADJUSTMENT

When the circult has been wired up and carefully checked
against the clrcult dlagram, the E,H.,T., H.T. and Blas volt-
ages must be adjusted to theilr correct values.

These adjustments can be made without the aid of any
test egqulpment by following the procedure outlined below,.

(1) Place all valves in their sockets (except the
gelger tube) and turn So to "FIL." position., The meter
i1s now operating as a volt-meter (5 volts full scale)
connected across the fillament supply and should regilster
1.5 volts when S3 1s turned to the "ON" position.

(11) Set Rz to obtaln maximum blas (as indicated 1in
the circuit dagram),

(111) Turn the switch (Sg) to "H.T." position and adjust
Ri until the meter indicates 90 volts (full scale deflection
corresponds to 100 volts).

(1iv) Turn So to "X200" position, The meter should show
no deflection or at the most 2 or 3 micro-amps, If the
meter 1s showlng a large deflection, there 1s some fault
in the wiring or else the blas control (R3z) has not been
set to obtain maximum bias.

(v) Turn S, to the "OFF" position, remove the shorting
bar between terfiinals A ard B and disconnect the meter My
from the ratemeter cilrcuit, Connect M; across the termlnals
A anmd B, the +# meter terminal to A and the - meter terminal
to B, The meter is now operating as a voltmeter (1,000 volts
full scale) and is measuring the voltage between the point
"Cc" and earth,

(vi) Turn 8, on agaln and adjust the variable condenser
Cy to obtaln a maximum reading on the meter.Mj.

(vil) Adjust Rg until the meter indicgtes a voltage
which 1s 100 volts less than the operatling voltage of the
particular gelger tube to be used. For example 1f the
operating voltage of the G.M, tube 1ls 400 volts, set Rg
to obtain -300 volts at the point "C". Since the anode
of the G.M. tube is returned to the point "D", which 1s
at +1Q0 volts approximately, there will be a total of
400 volts applied to the geiger tube when it 1is connected
to the circult. -

(vi1l) Turn S; off and return the meter M} to the rate-
meter circult. Replace the shorting bar between A and B
and connect the gelger tube.

(1ix}) Turn Sq on and switch So to "H.T." position., If
necessary re-adjust the H.T. to 90 volts by means of Rj,

(x}) Turn So to the "X4" position and reduce the bias
(by means of Rs% until the ratemeter begins to count. If
there 18 no source of radioactivity close to the tube &
background count rate of about 90 counts per minute should
be obtalned with a GlOH tube,
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If the bias is reduced too much the univibrator
will oscillate and a large meter deflection will be
obtained on all ranges even with the gelger tube
removed from the circuilt.

4, MECHANICAL DESIGN

The following points should be noted in connectlon
with the mechanical layout of the circult,

(1) The following components should be mounted on
the front panel -

) The meter My

) The on-off switch Sy

) The meter selector switch S,

) .The "H.T. Adjust" potentiometer, R;
) The 'phone jack!'.

PN S S~ P~~~
oo TP

(11) The terminals A and B and the adjustable components
Ci, Rg and Rz should be mounted inside the case.

(111) The geiger tube should be mounted close to the
bottom of the ratemeter.

(1v) In order to reduce eddy-current losses the R.F,
coil (L should be mounted as far away
as possible from the sides, top and bottom of
the case.

(v) This circult has been built into a case measuring
approximately 10" x 63" x 4&", However, careful
plan-ing was required to reduce the instrumert to
this size, amd in general a somewhat larger case
1s recommended.

September, 1955
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