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_ABS'TR'ACTv

The design of a séint’illotion counter for rneasuring the radioactive
contamination of hands and feet is descnbed . This simple, compact, and
‘reliable unit has many advantages over gas filled proportional counters and -

Geiger counters for v_thxs ,applxcatxon.
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INTRODUCTION

After making extensive studies into the problenis of designing an
adequate counter for measuring radiocactive corita.mihation of hands and feet
an entirely new approach to'the problem was decided upon.

The following goals were set: The counter had to view a wide area
with high uniform sensitivity, be capable of measuring alpha, beta, and gamma
contamination of wide energy ranges, be easy to maintain and adjust, be diffi-
cuit to contaminate and easy to decontaminate, be insensitive to shock and line
disturbances, and be usable for long periods without probe replacement. Gas
filled proportional and Geiger counters failed to meet all of the above mentioned
requirements. Geiger tubes had poor life time characteristics, failed to view
a wide area with high sensitivity and are normally useless for counting alpha
particles. Gas filled proportional counters were sensitive to shock, sensitive
to line noise pick-up, were difficult to maintain as regards to voltage break-
down trouble and window replacement, and did not have uniform sensitivity over
their entire window area. Upon exarhination into the possibilities of using scin-
tillation counters, however, it was found that they would satisfy all requirements
for a good usable hand and foot contamination counter. -

The resulting hand and foot contamination coﬁnter consists of a
probe unit, containing photomultiplier tubes, phosphors, light tight window,
balance controls, guard screen, photo tube circuitry, and the required me-
chanical assembly, and a main chassis containing pulse amplifiérs, pulse
shaper, pulse rectifier, metering circuitry, speaker, and regulated power

supplies.
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DESCRIPTION OF APPARATUS *

" Probe Unit

Starting at the input we find the probe unit. (See Figs. 1 and 2.)
This unit consists of:four 5819 photomultiplier tubes Viewiné a 25 square inch
phosphor consisting of a thin layer of anthracine flake crystals, covered with
a thin second layer of silver- actlvated zinc sulflde The anthracine flakes
form the beta and gamma detect1ng phosphor and the zinc sulfide forms the
alpha detectlng phosphor Between this phosphor and the multiplier tubes 1s
an inch thickness of 1uc1te bonded to the phosphor on one side and to four
'photomultlpher ‘tubes on the other side, allowing for good 11ght d1sper51ng and
good light transfer characteristics between phosphors and photomult1p11er tubes.
Beneath the phosphor is a 11ght tight 1/4 mil. a.lummum window protected on
,1ts undermde from contammatlon and mechanical damage by a guard screen.
Th1s entire assembly is mounted in a hght tight aluminum box having sockets
for the photomu1t1pl1er and‘balancmg pots for the photo tubes located in its
upper structure | '_ : ‘ A | _ - - |

The probe unit c1rcu1try is somewhat unconventlonal in that all
four photomultiplier tubes are operated from a singledynode supply, high
voltage and signal are both conveyed by one: single conductor coaxial cable;
and photomultiplier tube sensiti,vi_ty’-ba‘lancing. is acc‘omplished by varying the
voltage on the third dynode of each photomultiplier tube. There are numerous
advantages to the- aforementioned circuitry. ‘

Signal and.high voltage can be.very conveniently conveyed by means
of a single conduetor coaxial cable since the very high d.c. impedance of the
resistor R2 and thedynode supply does not excessively load the signal circuit:
The signal path is fromdynode No. 10 of each photo tube through capacitor Cl-
and then down the cable into the main amplifier. -The d. c. .path is from the -
main chassis, through the cable .and through resistor R2 to the top of the dinode
supply. Capa‘citors C-4 and C-5 form a low impedance signal path to ground,
thereby keeping signal voltages off of thedynode supply. Capacitors C-4 and
C-5 are series connected to provide the prdper voltage rating, while still using
compact inexpensive capacitors, since most high voltage condensers are bulky

and expensive..
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Control of the third din’od;ééff\ioit—age“-tﬂé o‘btain balance of the photo-
multiplier tubes proirided a solution to many pf'oblems. It provided a system
of balancing with absolutely no interlocking, allowed a single dinode sup'ply"to"
be used for all photomultiplier tubes and eliminated the necessity of 1nsu1at1ng

the balance potentlometers from ground. .
Amplifier

From the output of the probe unit the s1gnal is apphed to the 1nput |
of a two loop 1nverse feedback amp11f1er hav1ng a ga1n of 5000, See F1g 3 h
This use of inverse feedback was necessary to prov1de adequate stablhty b7
inverse feedback were not used amp11f1er ga1n would vary w1th 11ne voltage and
tube aging, thus produmng poor stablhty ' ’ S
) Both amphﬁer loops ‘consist of two, two tube 1nverse feedback loops
with 1nverse feedback be1ng apphed from the anodes of VZ and V4 to the cathodes
of V1 and V3. Slnce no block1ng capac1tor was used between the anode of V2 and
the cathode of V1 it was necessary to prov1de ashghtly pos1t1ve b1as on the gr1d
of V1 to compensate for additional current flowing through the feedback re51stors
R8 and R9, one of which appears in the cathode of V1. ' o

Pulse Shaper

" From the output of V4, the ampli‘fi'ed pulses are -applied to a one -
shot multivibrator, using tubes V5 and V6, which has been designed to give, "
even height, even width, output pulses independent of the shape and height of "
the input pulses. This provision is absolutely necessary for ‘stable operation
of the count rate ‘metering circuit. - The following arrangement was used with
very stable results: a cathode follower having low anode voltage, ‘as a trigger -
‘tube (V-5A) driving the grid of V-6A, 'and another cathode ‘follower, V-5B,
having a comrmon cathode connection with V-5A and switching in and taking over
the driving operations to tube V-6A after pulse initiation:. Tube V-6 in conjunc-
tion with tube V-5B forms the one shot multivibrator with cathode follower -
drive to the grid of V-6A through V-5B. This arrangement provides exc'ellent‘
stability by isolating the input signal from the multivibrator after triggering

occurs, thereby removing ‘the possibility of interference by the input pulse.



- L b | UCRL-2088

The multivibrator sensitivity is controlled by adjusting potentio-
meter-R35, which varies the voltage on the .cathode of:V-6; thereby controlling
the grid-cathode bias. of V.-6A whigh, .in ;turn,. determinesi the triggering sensi-

tivity. L eedwnows anil oo, i S S P £

Rectifier and Compressor

Some sort of meter scale compression was consideréed desirable

i

air:;range -of e-ount-ing rates:without the necessity of manual

80 as. to.,_mea'.s;'ur—:_’~

range switching. : The scale. .decided: upon was a linear:scale from 0 to.100 for:
‘the bottom half of the meter scale and a linear scale.of from 100 to 1000 for the
| top half of the meter scale. This scale was chosen because of the simplicity
and reproducibility- of the accompanying relectronic circuitry. Operation of the
‘circuit is as follows: Shaped positive pulses are applied to the anode of V-7A
and rectified producing, a voltage.across.resistor R38 proportional to the count
rate, Wi-th:-C?Réc;ij¢9:lf=t;CJr7- p}rovig}ii_hg—;t_he.p.r,-rop,ex-j time.-constant in.conjunction with

R38. .Tube V-:?Basezrves as.a.coupling tube and is biased to beﬂinoperati-ve for

voltages producing less than half-scale meter deflection., For voltages producing

greater than half-scale meter.deflection, .diode V-7B. conducts, clamping resis--

. tor R39, e ffectively.in parallel with resistor-R38,- thereby .reducing the count

rate sensitivity of the pulse. r e_gti,ﬁe;g,,gﬁir_ghit by.a factor. of ten. : This. gives the
desired compression f or ,the:_ upper half.of the meteriscale and makes the
metering re Is ponse practically independent-of-tube characteristics, allowing.
for replacement of V- "Z.._w;ith_gut,;.z_;:_e calibration. .. .

W oepn oA

Metermg C1rcu1t

3

| The meter1ng c1rcu1t 1s qu1te conventmnal and con51sts of a br1dge.
metermg 01rcu1t w1th an 1nd1cat1ng meter attached in ser1es Wlth the calibra-
tion potentmmeter R43 between the cathodes of V 8A and V 8B Potentlo-__ A
meter R43 1s for the purpose of compensatlng for gr1d current drawn by tube

V8A
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Loud Speaker

In order: to providé audible indi'c.'ait'ion of fcont’"amin'atio"n aloud “
speaker is provided behind the front panel of the main chassis.” ‘This speaker
is driven by an audio amplifier which, in turn, is driven by the output of thé"

pulse shaper.

Power Supplies

. In order ‘to obtain‘stable operat1on it was also necessary'to prov1de
excellent voltage regulation of both low and high- voltage supplles, both" of these

supplies hav1ng complete electronic regulators
' OPER’A’TION’ '

Through many months of operations these scintillation hand ahd
foot counters have proved to be very satisfactory, with a minimum of main-""
tenance. The contamination problem-is practically "’elirninated"hy'the'uz‘sm'e of
.+ easily replaceablé screén 'guarcls and the use of overhéad sersitive windows.
‘Excellent stability, sensitivity, and uniform efficiency to a wide range of alpha,
beétd, and gamma emitters are obtained. - Due to the ‘arrangement of the metetring
circuit, fast metering response is attained, making for quick contamination de-
termination'and reducing the reluctance of some personnel to using hand and foot
contamination meters. The apparatus is also irnmune to microphonic troubles’
and to line voltage d1sturbances present-in many types of contam1nat1on meters.
Figure 4 shows the front panel view of the sc1nt111at1on hand and
foot counter main chassis. It will be noted from the photograph that the front V
panel contams only one meter a speaker a push button, and a p1lot lamp
Since any controls placed upon ‘the front panel may be tampered w1th, 1t was
decided to place only controls and devices upon the front panel necessary to -
determine the contamination level of hands or feet. These devices consists of
a speaker giving audible indication, a meter giving visual indication, a p1lot

lamp showing that the unit is in operation and a zero set button for periodic
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checking of the rheter zero by the Health Chemistry Monitor. This indicating
meter shown in the photograph has not had its calibrated scale attached.

| Figure 5 shows the assembled and blown up views of the scintilla-
- tion probe unit. THis unit can be used 1n an inverted poéition as a foot counter
wh'eﬁ' used ‘wii.:h a different mouhtiné "fra.'rm‘a‘.  The fnoﬁh’ci:ng frame shown in the

pr_obe unit photograph is used only for hand counter use.
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Fig. 1 Scintillation Hand Counter Probe Unit Schematic
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Fig. 2. ,S'Cinfi'ilatipn- Ha‘;rid».vCounter Probe Unit Assembly
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Fig. 3 Scintillation Hand Counter Schematic



‘ Fig. 4 View of Scintillation Hand and Foot Counter Main
Chassis, Showing Simplicity of the Front Panel.




Fig. 5 View of Probe Unit Assembled for Use as a Hand
Contamination Probe.

(2)
(b)
(c)
(d)
(e)

()
(g)

Assembled Counter

Soc :ets and Balancing Fotentiometers
Four Photomultiplier Tubes

Phosphor on Lucite Block and Lucite Block
Light Tight Aluminum Box and 1/4 mil
Aluminum Light Tight Window

Hand Counter Mounting Frame

Guard Screen



