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1. INTRODUCTION 

This instrument bas been designed in the Radiometric 
Laboratory of the Bureau of Mineral Resources, to meet the 
needs of those uranium prospectors who wish to build Geiger 
counters • 

The circuit bas 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; 0 - 200, 0 - 1,000 and 0 - 10,000 counts 
per minute. Earphones also provide an audible indication of 
the count rate. 

The following note describes the operation of the circuit 
and the procedure to be adopted to adjust the voltage at 
various points in the circuit for correct operation. A 
schematic circuit diagram is also provided and several points 
concerned -Nith the mechanical design of the instrument are 
mentioned. 

~. OPERATION OF THE CIRCUIT 

The operation of the circuit can be described by 
reference to the schematic circuit diagram (P18te.i.l~) 

(a) The Geiger Tube 

The GIOH Geiger tube shown in the circuit is a low 
voltage halogen-quenched tube which is sensitive to gamma 
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 is no point ir using a beta 
sensitive tube, since all the beta radiation from the surface 
of the ground would be absorbed before reaching the Ge Iger 
tube. Moreover, the beta-sensitive tubes are far more fragile 
than the thick-walled tubes, which are se~~itive to gamma 
radiation only. 

When a photon (or particle) of gamma ray energy 
is absorbed by the cathode (outer electrode) of the geiger 
tube, electrons are ejected from the cathode, the gas in 
the tube becomes ionised and a small current. pa~ses 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 ttD", 
each time a gamma photon enters the geiger tube. 

(b) The E.H.T. Power SUEEll 

The high voltage supply (400 volts) for the geiger 
tube 1s called the E.H.T. supply to distinguish it from the 
90-volt supply (H.T.) required to operate the ratemeter circuit. 

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

.... The valve VI is operating as an R.p. oscillator, 
the output voltage of which is stepped up by the transformer 
action of the R.F. coil (Ll , Lz, L3). The R.P. voltage 
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appearing across L2 is then rectified bJ the diode section 
Of' V21 so ciS to Ylrocluce 1.'1 nC~l:DtrveD .. C. -~)ot!:::nt:!_[,l of about 
-300 volts ~tt the, J)oint lIOll" This \ Jltc:--,:e C811 ;)0 varied 
by' changinG the 80r'een resi;jtox' (R2) il1 t cw. 080il1a tor. 
ThJ."s ner'otiv(] voltaf'e is a,,;,)lie(~ to the c'.:ithode of the 

L·. ,-J L "-

geiger tube, the anode beiDC returnee. ~o tbe ']o:Jitive 
side of the ItI):lbatterv v.hich is c,t C\-UOU.t 105 volt,s above 
II earthl' i)otontial. The to tC::ll vol taL'e a'~;~ lie:~~ to tho ge ige!' 
tube is therefore about 405 volts. 

The valves V2 aJ.10. V3 uc;l;:e up &, cOllventional uni­
vibratox' cir"cuit. rrhe C"I'Ht of V3 is l"ctm'ne.l to the B.T. 
line through 1.5 me:'ohus so that this v:}lve is normally 
f'ully conduc t in9;. 

The erid of V2 is rr.::turneL. throt:.gha 1 megohm 
resistor to a bias voltase of apDroximately -20 volts. The 
grid of V2 is also re turned to ~90 volts throl1[l;h ci resistance 
of about 6 mer:;;ohll1s, resulti::1B in a voltage at the grid of' 
about -15 volts. This Vcllve is therefore normally cut off. 

v{hen the geiger tube is eX:losed to gumma radiation, 
a success/ion of l"lec~c:tive voltt~ce pulses occurs at the point 
"Dit • 

Tlle er:rect of n sincle 'pulLeet the g1"'ic1 of V3 
is to re(uce the conduction in this tube; this, ·ill turn, raises 
the voltase at the grL:. of V2, cO.112iJ.1C: it to condu.ct. As V2 
begins to -pass curre:lt tile potential a t the 'DIn te 0:1:' V2 falls, 

-further lowerinG ti.le voltage at the Grid. of V3- The final 
re13ult is tha t V3 is ra~lic11y cut off and. V20CCome[] fully 
condnc tin::;. r:f.1he v ~\ 1 ve S l'emC'l in in this s tfl te un til t i'le coup­
lin[~ condenser, 02, dischaI'ges (thl'ou[,:h R7) l3uf:C'iciently to 
allovlj V3 to st~n~t c"':.l"3winc cU~'1rent Dcain,· whel'eU)On both 
valves rapir':ly I'C!turn to theil" initLll Dtnte. The circuit 

. is thon rea l.3.y to ';Je tri.~·:Gered by the; lle:;ct~)ulse :~rom. the 
geicor tube • 

. The me tering circui t consi.s ts of n 0 - 50 tnicro-
·amp-_ me tel' eMl), a serie s l"osis tor (RQ) c;ncl [< larGO condenser 
(03) in ~)tU'(~11el wi ttl Mland. R8. Thi~ cor.ioillC: ti on is place(1 
in the plate Cil'cuit of V2 so thcd:. curl'ent :LlmJE.: into the 
conc1enser 0.3 each til~le the vt=>lve V2 is ".t·lJ..rned on lt ~:W a 
pulse fr0 1",1 the [;ei[;Ol' tube. The lJote:,1tiDl difference whj.ch 
is clevoloped acro;:.;s 08px'oclucos c'l cUl"rent, through Ml, which 
is lJro'~)ortional to tho 1'C! to 1) t \7hich ~Julsos arebei:nc: produced 
by t he Geiger tube. ThiD is in turn l)l~oportional to t he inten­
sity of the rc.c-:'iAtion to which the Geiger tube io- exposed. 

The· countint'" r8DC:e of' the me ter is determined by 
thG time constnnt R7' .x: 020 In thi;3 circuit three ranges can 
rJe selected. lJY rnouns of the r-;1iiJi.tch 82 wh5.ch adds adcUtione..l 
con~ensers in parallel with O~~ The ranEos provided are 10,000, 
1,000 and 200 counts 1;er r,d::lute f'or :['u1l sCFlle deflection of the 
meter. 

The timG constant. of the ratemeter circuit 
(R8 x 03) is chanseC. autdt;lct:Lcally with the ranee switch 
so tha t the accuracy ir:J 8'~~;J)ro::'~imCl te 1y l()~~ (in full scale 
deflection) on e~:ch I'o.nCe. This is necessaI'~r beeause the 
I'c;ndom nature of J:',,:;'iobctivity causes la!:'gel' fll".ctu8tions 
in the metellreaC~in~)j Ol1 the 10l:iT. r·o.Il~;e (low cou:,:lt rates) 
than on the hiEher rane0s. The meter time constant is 
therefore lal'c:cst on the lO'dost r'c'cDce - the tiEle re.::.:.:uireo 
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for a reading to be taken being about 2 minutes • 

~. CIRCUIT ADJUSTmNT 

When the circuit has been wired up and carefully checked 
against the circuit diagram, the E.R.T., R.T. and Bias volt­
ages must · be adjusted to their correct values. 

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

(i) Place all valves in their sockets (except the 
geiger tube) and turn S2 to "FIL." position. The meter 
is now operating as a volt-meter (5 volts full scale) 
connected across the filament suppll and should register 
1.5 volts when Sl is turned to the oN" position. 

(ii) Set R3 to obtain maximum bias (as indicated in 
the circuit ~agram). 

(iii) Turn the switch (S2) to "R.T." position am adjust 
Rl until the meter indicates 90 volts (full scale deflection 
corresponds to 100 volts). 

(iv) Turn S2 to "X200" position. The meter should show 
no deflection or .at the most 2 or 3 micro-amps. If the 
meter is showing a large deflect ion, there' is some fault 
in the wiring or else the bias control (R3) has not been 
set to obtain maximum bias. 

(v) Turn S to the "OFF" position, remove the shorting 
bar between ter~inals A and B and disconnect the meter Ml 
from the ratemeter circuit. Connect Ml across the terminals 
A and 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 
"C" and ear'h. 

(vi) Turn 31 on again and adjust the variable condenser 
Cl to obtain a maximum reading on the meter.Ml. 

(vii) Adjust R2 until the meter indicates a voltage 
which is 100 volts less than the operating voltage of the 
particular geiger tube to be used. For example if the 
operating voltage of the G.M. tube is 400 volts, set R2 
to obtain -300 volts at the pOint ftC". Since the anode 
of the G.M. tube is returned to the point "D", which is 
at +lQO volts approximately, there will be a total of 
400 volts applie~ to the geiger tube when it is connected 
to the circuit. 

(v1li) Turn 31 off and return the meter M1 to the rate­
met er circuit. Replace t he short ing bar between A and B 
and connect the geiger tube. 

C ix) Turn Sl on and switch S2 to "R.r." posit ion. If 
necessary re-adjust the R.T. to 90 volts by means of Rl' 

(x) Turn 32 to the "X4" position and reduce the bias 
{by means of R3J until the ratemeter begins to count. If 
there is no source of radioactivity close to the tube a 
background count rate of about 90 counts per minute should 
be obtained 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 geiger tube 
removed from the circuit . 

.1.. MECHANICAL DESIGN 

The following points should be noted in connection 
with the mechanical layout of the circuit. 

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

( ii) 

( iii) 

( iv) 

( v) 

(8) The meter ~~l 
(b) The on-off switch Sl 
(c) The meter selector switch S2 
(d) . The ftH.T. Adjust" potentiometer, Rl 
(e) The 'phone jack'. 

The terminals A and B and the adjustable components 
Cl, R2 and R3 should be mounted inside the case. 

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

In order to reduce eddy-current losses the R.F. 
coil (Ll' ~, L3) should be mounted as far away 
as possIble from the sides, top and bottom of 
the case. 

This circuit has been built into a case measuring 
approximately 10" x 6~ x 4~. However, careful 
plan~ing was required to reduce the instrument to 
this size, and in general a somewhat larger case 
is recommended. 

September, 1955 
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