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INSTRUCTION MANUAL

1. GEMERAL DESCRIPTION

1.1 INTRODUCTION:

Thig insrrument 15 @ portable survey meter using a g{fi‘{;er rhe as che decector.
The geiper mbe is mounred inoa probe on the end of o thirge-six inch cable,
The encire inscrament and i accessorics comprise a cirouit box, a probe, a
headphone and 2 careying scrap; a radioactive sample s mounted under che
lscrimene nameplate,

1.2 THE PROBE:

The probe comprises 4 chrome plated brass shield wicdh o window which may
be opened in arder to admir beta radiacion. Within the probe is mounred a
plug-in rype geiger tohe which s sensitive to moderare and high energy beta
racdiation and to gamma radiation down to [ow enerpies. Becanse the peiger
tube is frapile, shiclke mounrs are provided on both ends of the mbe. In addirion
rubber é,dﬂ{-:.l:]ﬂg., i used o oseal against meismure. A ring nucoar the base of

5
the probe permits casy access fur exchange of the peiger mbe

1.3 THE CIRCUIT BOX:

The circuit box comprises the supply barceries, an elecoronic high voltage
supply, an elecrronic pulse shaping and  metering eircnit and o radiowctive
semple. The sysrem is shockpenof and warerproot and is secured with rapid
rakedown clamps in order e make access wery simple The encire bastery
complemene is mounced with press clamps for rapdd removal and replacement,
The entire clectronic cirguic s mounted on a single card with connections
poing to the probe, the phone connecror and o the merer.

1.4 THE HEAD PHOME:

The head phene is & single picce magneric sepe device wirh 2 cannector suitable
for the sealed jasck mounted on rhe circuic bose

1.5 THE CARRYING STRAP:

The carrying strap, made of vinyl for easy decontaumination ix provided with
ensily operared spring clips

2. THE THEORY OF OPERATION
2.1 INTRODUCTION:
Operationally this instroment comprizes o gicger tube radiation derecror, a

regulated high voltage supply, o pulse shaping and merering circuic, an indis
cating meter and headphone for audible deection of activiny,

)
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2.2 THE GEIGER TUBE:

The geiger tabe (See Figure 2) i 2 gas filled device which deiects the
presence of ionization within its gaseous vplwing, The ioniwarion results lrom
the passage of ionizing type radiarion through the gas The primary type of
radiation fr detecrs is beta rays (high speed electronsy. These are prouced
as o primary breakdown product of radioaclive subsrances and in addition
are produced within the geiger mbe and within the walls of the probe by
gamma radiation. A shield 15 provided which stops exrernal betr radiation,
thus making the detector sensitive w gunma radiation ooly, but a window in
the probe may be opened o make the system sengitive o bete vadiacion also,
The priger wube operares ar 1000 volis which is esscocially the center of a
plarean extending from abour 830 volts abour 1150 volts.

2,2 THE HIGH VOLTAGE SUPPLY:

The high volrage supply s a relasacion oscillotor driven “Fy-back” tvjpe clrouit
in which pulses are generacer] by @ relaxuion oscitlator comprising W ype ME-T
glow tibe, V-3, o high valued resiscor R-11 and 2 small condenser C49. 'The
bartery supply is 100-153 volts and the mean operating voltage of the glow
ke 18 60-65 volis. The pulse amplicude 15 of rhe order of 18 o 23 vols;
the pulses are capacirively coupled theough -8, inm the grid of a curoff
pentode-diode type TAKS, tube V-4, Posicive pitlses operating the grid of this
rube instantaneousky causes che tube w draw carrent through o high impedance,
specially designed, high voltage coil, I-1. Tnrerropeivn of the current through
the coil produces a ficld-collapse potential of over 1000 wolts. I'his L0 vl
pulse is capacitively coupled into the diade of the tube, producing approsi-
mately 950 volts DO with a negative porential. This pulsating DU is fed back
through & series of resistors, R-124 chrough R-22, o the grid circuit of the
tubse and e the oscilleting glow tibe which serves as g crandard sgainst which
the high volrage is compared. In this way variacion in filament and plate
voltage of the generating mbe are gredly compensated by che geid bis on
the generating tule.

2.4 THE PULSE SHAPING AND METERING CIRCUIT:

The pulse shaping and melering circuir comprises two type CKG4LE vacuum
cubes, V-2 and V-3, These are conneered i a cathode contpled enc-shot b
wibrator circuit with the integrating and metering circniv in the plae ol the
V.3, Under sready scue conditions the V-2 draws approximarcly 250 micco
amperes, which current passing through the common cathode resistor of
18,000 ohms R-10, provides a bizs of buween A and 45 vols an V-3 thereby
cflectively enring it off. Whenever & negarive ptlse of greacer than 0.3 volts
operates the grid of W-2, this wbe's plare current i3 sufficiently cut off =0
that the combination of increased plate w_rIT:;][r,ﬁ af W-2 aned decreased cathode
voltage om V-3 causes rhe laccer o stare to draw curcent, Under these eondi-
viome the cirouic “fires” drawing an instantancous curreal of approximarely
1-1.7 milliampeees through V-3, This carrene pulse constimates an increased
charpe on the intergrating of time-ronstane condenser €7 ‘'his condenser
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dischiaeges dheough the series combinacien ol merer M-T and resiseor R-SH
with a tme constng ol approdmately doee seconds, When pulses arrive ac
the grid of the ficse tube ac o piven race, the averpge rate Is indicated by ihe
amonal of currenc flowing from e chacge stored in the integrating condenser
-7 in the plate ciccnit of V-3,

2.5 SCALE RAMNGES:

Three ranges of aperanon are provided, The first range X-1, requices 500
pulses per minre for full seale indicarion: che secnnd range X-10, 3000 pulses
per minuce, and the rhied sange, W-THL 30000 pulses par minote. These
correspond  respoctively oo (03 millumf-n:gﬁ;m per hour, 3 milliroenegens per
hir and 30 millirocacgens per hour of sadiume-squivalens radiarion,  Scale-
changing s cffecred by sawicching condensers thus changing the “on-rime”
at the muleivibracor.,

2.6 THE HEADPHOME:

The audio device i n headphone which deceas the pulses from the carhde
of the wigger circuic An solating resistor B-5 and condenser €02, are used
sta that the presence ol the headphone bas o eflecr upon the operaction of
the system.

3. INSTALLATION
3.1 INSTALLING THE BATTERIES:

The wstevments are shipped wich the bareries eemoved. In oreder o porr the
wstrument oda gperadion .
a Open che circaic hox by releasing che clamps ar borh ends
k. Remove the barteries fram cheir package, taking care noo to shore-circuic
the rerminals of rhe "B barrenies,
¢ Place the "1 cells o posiion with thelr center weminals ac the cenrer
contact sty of their recess. Observe polarity markings in "I barceey
compareinent. Press the remining clamgp in place, waking care thar the
negarive contacr clip fe properly cenrered within the boawery shelf.  (See
Fipure 3.3
d. Press the "B bacteries inwo dheir wreminals, These rerminals clamp very
ighely and it is difficule 1w press i boch contaces simulranecusly,. The
hest method is o cile the base of the "B battery up (See Figure 33,
press i the upper contace and dhen lower the base of che "B barrery and
press in the lower conrpet. These baveries are firmly held in place by
the rubher pad in the borom of the civcuit box when it is clamped mperher,

4. OPERATION
4.1 OPERATING THE CIRCUIT THE FIRST TIME:
Clamp the cireuic box hack togerher and torn die switch o the 310 scale.

Make cortain thar rhe sliding ber sondow of the probe s dlosed. Sair thiery

5]
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seeonds for the sysremn to reach swability, The indicawr sheald remain snh-
statdally ar zero,

Open the window oo the probe and present it w the cenrer of the nameplare
under which is o beta radiation sample (see Figpure 430 The indicatar
should fall berween 15 nu/hr and 2.3 mr/hr, averaging abour 2 mr/hr,

4.2 CALIBRATIORNM:

NOTE; The beta source vnder the nome plote must consfifule fhe sole source
of rodiation when colibrotion Is perfarmed. Callbration must not be
undertaken when the bockground is above normol or in o rodiafion
fiald othor thon thot produced by the known beta source wnder the
name plate,

If the indicarion falls above or below this range, it may be corrected by the
serew-driver adjusement inside (he box under dhe rear pillie of che handle.
To pain access ta this adjuscment, loosen both clamps, tle up the rear end of
the lid of the box and the screw will be seen chrough a hole in che inner
frame. Advancing rhe screw clockwise increwses the reading, rotating i
counter-chockwize decreases the reading. (See Figuie 4

4,3 SCALE RANGES:

There is only one conteol on this lastrunen: for che operater mouse Tr 48 the
eange conttol, comprising an "OFF” position and three ranges labelled, "3-1007
TR0 and YK These are sespectively Dotk 100 times, 10 dimes and | rime
the scale reading in mullicoentgens per hour and Counts per minuce shown oo
the meter. This seale is (L3 milliroeatgens per hour and 500 Counts per minuce
respectively with the major divisions all indicated cm o 50-division scale,

4.4 USING THE HEADPHOMES:

Tf the operator choose to use o hesdphone with the instwnene, it s screwed
inee the connector provided immediately o the left of the rear post of the
handle. The red plasric protection cap is removed. In using the headphone,
the operator will nore rthar each pulse arciving ac the fosteument s nclicated
by a distincedy audible "click” in the headphones.

4.5 NORMAL BACKGROUND:

Since nermal background of redicactivity is of the arder of 0.01 10 002 milli-
rocntgens por hour, lirle activiey will normally be overheard. Under back-
ground conditions only abour 2 per minure of these clicks ooour and they
are rncomly spaced so char one may wair for several seconds before any click
i observed and then there may be owo or rhres,

4.6 CHECKING CALIBRATION:

The operacor should pericdically check the calibrarion of the instroment o
verily theat it is worrecr. This operation is described in patagraph 42, Lle may
confidently mske an adjusement of the sensirivity wherever necessary, “U'his
operation is calculated so thar any ane should be able rooadjuse the instrn-
ment correctly,
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4.7 USING THE CARRYIMG STRAP:

The insrrument may be carried in the hand or by u strap over the shoulder,
The scrap anchers ate arranged i such a way that e neeer 15 visible when
warricd ower the righe shoulder.

5. OPERATORS MAINTENANCE
5.1 BATTERY REPLACEMENT:

Ta replace the "LY" cells, open the circuir box by relessing the clamp ar either
end. press che base of the clunp thay bolds the "D cells until ic springs open
at the ceater support and remove deplecal gells,

Place the aew "I cells in posinon, observing polarily mackings e D7
barwery compartment, with their center rerminals ab the center congach strip
uf their recess, Pross the remining clamp in place, taking cere that the negacve
contaet ip s propery concered within the harrery shelf,

To remove "IV batceries il the base cud of cuch cedl forward o relepse the
tear contact fiest, Then pull baltery ou,

Position rhe new battery with rerminals properly aligued, Tit the base
forward and press down securing the front contace, then lower the base of
the bacrery, prossing down on the hase gc the same time until the contace prips.

&. PREVENTIVE MAINTENANCE

&.1 BATTERY LIFE:

CAUTION,: MAKE CERTAIN THE INSTRUMENT 1S TURMNID OFF AT
ALL TIMES THAT 1T 18 SET ASIDE, wherwise the barceries will certainly
be deplered and the inscrument rendered neflective. The shortest lived hatrery
in the instroment is the "7 cell, This bas o oormal life of 200 hoves of
cntinuons apetation ar approsimacely 300 hours at six hours per day. ‘The
“B” hateries in rthe instrument have continuous life of sbour 400 hours, or
ahour GO0 houres in intermittens duty There is oo iadication thee the insoee
menr s wened on excepring the posivion of the control lever, clicks in he
beadphones and the merer indication. The lerrer two are oot obvious ac any
distance from the inscrumenc so char the operator should become sccustomed
op ueting thae the operating lever is in che "0OFF” position when (he instru-
ment 15 set aside,

6.2 STORAGE:

Var srarage purposes i is best, wherever possible, o keep the instrument in
o moderstely cool area ws this will provide greater shelf life far the bacteries,
Ar all nmes one should arcempr o prevenc radiological contamination of he
ingrrnmene and parricolarly of the probe,

7
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7. CORRECTIVE MAINTENANCE

7.1 REPLACING THE BATTERIES:

Whenever ibe lnstriment fails o respond o the ber sample rhe conditian
of the bacteries must be checked as indicared above, The "D cell will deplere
first o the fnsowmens amd should be replacced cvery 200 o 3000 hoers of
operation.  Replacing the "DY colls wlls for opening che case, pressing the
base of e clamp thae holds the "I cells unel i springs open ar the cenrer
supporr, removing the depleted "1 cells e replacing them wich fresh ones,
Frery second time the "7 cells wre replaced, the "B” batieries should probabiy
be replaced. It 15 recommended dhar che opermor nsall the "DY cells wich
the fabel diown the first time they are put inoand with the lubel up the seoond
time they are pue in, so that whenever the "D cells wie ooy for replace-
men: and rhe lahel is up, de ds an indicanion char i s Ume w replace the “B”
barreries alse TE 4 meter 48 handy, one can check che "1 cells 1o show that
they have reached their wseful end poinr, Wik the cirenit terned on, the
end point fer "D wells is approwimarely | vole. ‘They will operate at a lower
voltage than ihis i the "B bameries are in pood condinon bur if the "B
batteries and the "IF cells buoth are deplered, one vols i the end poinc For
the "7 cells and thirvy-three volts 35 the end poinr for each of the "I hatteries,

7.2 REPLACIMG THE GEIGER TUBE:

The chicf maintenzoce an chis inscrumient is replecing the bacery {see para-
graph T.LY, however, the geiger ube alse expends iself with use and st
be repliced vocasivoally but vne cioner predicr precisely che life of o geiper
tube since the wial number of Counts it s accomnlared and the operating
conditions of temperature, voluge and Joad characreristics are very important.
Whenever fresh batceries are nstalled ino she inscrumene and the instroment
does not work correctly, in s wise Hest 1o oy replading the geiper tihe hefore
making any further arrempis ac civcuic checking,

7.3 CHECKING THE HIGH VOLTAGE SUPPLY:

in order to check the high voluge supply onc should nse, where possible, an
electrostate voltmeter operating beoween the wse poine indicared 0 Figure 2.
The normal voltage will be 1020 vols plus or minos 20 valts, This wallage
miay be read with an electostdic voluneter, Ag an alrernarive ane may cest
with a 20000 ol per volo meter operaung oo the (000 volr scale hetween
the points shown in Figure 20 The proper reading will be berween 300 and
A3 volrs, Shonld the voltage uvoder these condiclons read low, check again
thar the barrery sopply volrage is correct, il it is, chuk from screen (pin 72
of ¥ed) of the high volmge generating tube to ground. This should read
berween 33 and 700 volts on the 20000 olun per volt merer. 1 this reads
carrectly and the high volrage is low it sugpests that something s incorrecr in
the recrifier svscem and the TAKS should be replaced. T1 oo the orher hand,
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this valrage reads low, it suggests that o may be either a bad TARS wlbe ur
a bad NE-7 glow tube Check the volrage from the NE-T glow tube oo ground,
np[:r.lr[nj_t an the 23 valt scile of @ POO00 ohm per vale meter and the voli-
age should read berween 60 and 630 The most Iikely conses of failore of the
high voleape supply arc: | A defecrive TARS ke 1 A defective NE7
slow lamp; or 3 A defective choke, T-10 The larrer should be rested for
resistance and should properly shew from 100 @ 4300 ohms depending upon
tennperniure, When the high volrage reads low, ic mav be the result of & detecr
e probe cable, snd acourdingly one should remove the black wire of the
chassis endd ol the probe cable from i terminal on the crouic board and
recheck the high valige woverily whedher leaknge o the able has reduced
the hipgh volage,

7.4 CHECKING THE PULSE SHAPING AMD INTEGRATING CIRCUIT:

I ondder 1o cheek the pulse shaping and dnegracing cirewir, one shoald connece
the head plione wnd Hsenows it while e oouches the inpuc cisouir (pin 4 of ¥-2)
with an insulaled screwdriver. This should Create sporadic dicking in che
headphone and should canse the meter 1o resd when operating on che -1
seale, B this does nor occur one should check fhe Lilunen w ground volage
af the trigger circot (see Figure 7). This voliage should be beoween 208
and A0 wvals reading on che 10 wolr scale of & 20,000 oluusvolr meter
depeading upan e condinon of the hatteries and cubes Should the merer
read conrimmsly wirhont gnoinpat signal, ooe should short-circult pin 4 of

'b“»’vﬂ, o pround thus preventing palsing of the mnlovibraorn 10 e reading
still shows, ir almosc cerrainly indicares that the second CKO418 Vo3 05
defvotive aod should be replaced.

7.5 NORMAL VOLTAGE RANGES:

Llader gocmal conditions when cewd wigh o 20000 chm volr meces nperating
o rthe 230 wvolt scale, the voltage readings shown in Figure 2 will be indics-
tive of the condition of eperation ol the droeit, If the cathode wolrape is low
and the plare voltege s high on V.2, ic probably fodicares a deplered Filamen:
and zhe tithe shonld be replaced. “This same condivion can catise conrinuons
runaing of the rigeer circnic producing an offscale reading of the meter.
Grounding the prid of the second half of the cirouic as indicnred above will
correet this. Remember e wais for the comparatively long toe consoint of
the ioregrating cirewds oo corvece iself o wern,

7.6 CHECKING FOR HIGH VOLTAGE PULSING:

Shovld the indiciring meter read oll-scele contnuously and i the Ffirse
CRO418 seems to he correcr, remove the "D cell from the high volrage supply
in order o eliminare the high valtage and see if this correces the condinion.
1f ic does, ir probably indicares a defective cable, Tf the defecr is ar che probe
e, the enrire cable assembly mose be replaced in one section for the earire
vennector is filled with an epoxy resing rhus eliminating one ol the chicf sources
ol Jutlure of probe tvpe ingcrumenrs,

L 9
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