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A PORTABLE ALPHA SURVEY METER

By

Wa: Mw Ear’at
Go 5. Hurst, and
B. McDonald

Abstract
This srticle describes & porishle alrhes survay msbter baving a spescific

applicetion to Health Phy&i g survey work where the objeotive ia detechion
and semi-quantitative messurement of alpha redistion. The total welght of
the instrumert iz Pour pounds, anﬁ Ineludes = proportional counbsr, smplifisr
with thyratron oobpot ¢mbe, hesdphonas Por sural courting, snd batteriss to
supply ail the resgulrsd vyi+ag 2, The background count iz approximstsly

1 count per minute, and am.alpha goares of 100 disintsgrations per minnte in

an ares appreciably lzes then the proportionsl counter window can ba detected

bt

with appr@ximaﬁely 15 @/m iz the headphonss. Lower values of conbamination are

detacted pr sportionately. The proporticmal coucter innludes = desiccant

whereby the Instrumsnt can b2 ussd In sn apblent @f 95% relative bumidity.
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A PORTABLE ALPHA SURVEY METER

Introduction

Alphs particles are’heavyg lonizing particles emitted from radiomctive
materisl with energies ranging from 2 Mev to approximately 9 Mev(l)o Although
they produce a denre path of ion pairs throughout their enbire range in matter
alpha emitters are a heglth hazard oﬁly when ingested or otherwise placed with-
in living tissue. The range in tissue of a 7 Mev‘alpha iz sbout .065 wmm which
is leas ﬁh@n the thicknesgs of the humsn epidermis. However, besause of the
denge ion tracks they produce, alphe emitters when fixed in living tissue
are extremely hazardous. In fact, for equal sbsorbtion of energy per gram of
tissue, alpha particles have a Relative Biviogical Effecwiveness of 20 cm &
gcale where the beta-gamua-x-ray value ig baken as unity{h .

Thug 1%t is clear that the Health Physicist must be able to detect and
measure low levels of alpha contamin@tion vhere the possibility of ingestion
exists. Where alpha contamination is detected, the problem of what to do
about it depends among various considerations on the contamination activity
which can be measured in termg of diéintegrations per minute. TFurthermore,
thege memsuremsnts must discriminate against the beta-gasmme radistion which
is often present,

Added requirements are imposed by the necessity of scanning a variety
of cbjects under various weather conditionsa. .Alsa, in order that very low
activities of alpha contaminant may be mesgured , it is necesgsary that the

ingtrument's background count be maintained as low as possible. (Ome count

(1) Sesborg, . T., and Pey 2o Fhys., 20, 505 (1048)

I

(2} The Chalk River Ummferenze Ior Establishing Radlatlon Yolesrsynoes,
Septerber 29, 30, 1949,
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per minute is considered resscmable). Achisvememt of sensitivity with
low background count means that s present technique of contamination
neasurement by the "smear" method céﬁ be modified by examining the smears
in the field without recourse to a counting laboratory.

Proportional Counter Method

For the portable alpha survey mster application, proportional
counters are better than pulse ionization chembers becauge 'hl’ie proportionsl
counter pulses are many times larger than ionization chamber pulses, hgnce
they provide a better signal-to-noise ratio and reguire less amplification.

The proportional counter used in this spplication has aé the gas,air
st the ambient atmospheric prespure. The disadventages of using awbient air
are’ nany, p@rticularly: (1) 1t is highly electironegative and, (2) the counter
characteristics depend on the particular atmosphere in which it happens toy
be,thus & pressure change because caf elevation differences (also normal
barometric variations) changes the gas amplification factor. However, the
advantage afforded by making it poaisible to use a very thin window for alpha
entry compensstes for these disadvantages.

Bo attempt is mz(usi? here to ciislmss propo?%onal cownter theory. 8Standard

references are Korff = and Corson and Wilson . Air proportional counters

{5y (€31,
have been treated by Borkowski and Simpson and have been

(3)Kor?f, 8. A., Electron and Nuclear Counters, (D. V-n Nostrand Co., Inc.,
New York, 1946). |

(4)Corson, D. R. and Wilsom, R. R., Rev. 8ci. Tmst., 19, 207 (1943)

(5)Borkowski, C. J., and Marsh, C. R., "Poppy-Pulse Type Detactor for Alphas,
Betas, GCammas and Neutrons, ARCD-2410, Osk Ridge Naticmal Laboratory, 1945.

(6)Simpson, J., Jr., "Alr Proportional Counters", MDDC-1315 {Technical
Information Division, Oak Ridge, Tennessee, 1047).
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usged by Dandl(Y) and others for porteble alpha counters.
The instrumernt to be described here uses essentially the method of Dandl,

vhich employs a puise amplifler to magnify the pulses formsd by thse proporticonsl

counter to a level sufficient to fire a thyratrom oubtput clrcuit. Gamwa discrimins-

tion is inherent in this method in that the pulses caused by gamma are of smaller

height than the alpha pulses; hence the amplifier gain may be adjusted so that the

gamma pulses are less than the "firing" potential of the thyratron. A desirable

feature of the thyratrcn ocutput is the uniform pulse size an& shape which leavesg

no doubt in the mind of the cperator as tQ whgther s "elick" in the headphones

has been heard.

General Descripiion

The complete instrument (See Figares 1 and 2) zoneists of three items,
as follows:

A. Heed phones (magnetic preferred, about 4,000 chms) for aural scunting
connected to the battery box by a phone cord, plug snd Jack. Weight is
about 6 cunces.

B. Battery box, containicg 1.5 volt (Burgess number 2FBF), 3 volt{Burgess
number B2BP), 45 volt (Burgess number XX30E), and 300 volt (Eveready
number 493) batteries for amplifier filements, thyratron bias, plate
and screen, and propertional counter high voltage source, respectively.
It is to be noted that the bettery box contalns wunly low lmpedance com-
ponents, The total weight dncluding a belt for strapping thisz wit to
the waist of the surveyor is three pounds. The battery box is connected
to the foullowing hand unit (item C) by a shielded 6 condustor zeble and
cable clamp, tested to withstand a stralght pudll of 85 pounds.

€. The alpha detector hand unit, consisting of a proporticmal counter and
dessicant, high voltage push-button switch and condenser assewbly, and
amplifier, is couplete relative to containing all of the high impedance
componente and circuitry. Preliminary congideraticns given *o the
problem of (1) reducing the free flow of air into the dessicant and the
high voltage switch compartmentsz and, (2) meiataining an almost zero
air pressure differential at the thin window of the probes, resulted

(7) Dandl, R. A. "Walkie Poppy - A Portable Battery Operated Proportiomal
Type Alpha Burvey Counter”, MDDC-1331, Oak Ridge Natiomal Leboratory,
QOak Ridge, Teunnessee, 1945, :
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in the use of gasketing except for the push-button switeh pensi
mounting which also functions az an air bleseder. The smplifisr {See
Figure 3) is connected to an off-on switch located st thr “aktery box.
The high voltage push-button switch providing s nominsl 1,800 vélte for
the proporticnal counter 1s located on the rear panel of the hand unit.
Depressing the push-bubtton switch connects five comdenssrs in parallel
acrogs the 300 volt battery, and relessing the switch resconnects the
five condensers in series with the 300 volt battery, Charging the coa-
densers every 10 minubtes while In operstion will be sufficisnt for most
survey work. Adjustment of the high voltage 1s not provided for as the
instrument will operate satisfactorily over a wide range of sir preasure
without voltage adjustment. (See Filgure 4). Total weight of the hand
unit is ome pound.

Operation

Assuning that the operstor has the bstiery box strapped Ho hils walst, has
(See Figure 2) headphonss on, and is ready to survey an object for slpha con-
taminetion; the off-cm awitch at the vattery box 1s turned on and the high voltage
push-button switch at the hahd unit in fully depreased and released. A click in
the head phomss will be heard as the high voltsge switch is releasedo For normel
survey work at this moment it is convenient to have 8 small alphe source, sbout 100
to 500 disintegrations per minute, to test for probes semsitivity and over-all
operation of the instrument.

Where the operator desires to do semi-quantitative msesurements 1t is necessary
to have both & source of known activity and a timeplecs to count minutes. Changes
in atmospheric pressure {See Figurs 1) and geometry sc alter ths counting efficlency
even if moderately, as to require a background count and calibration at the time of
measﬁremento Ambient tempersture variations of as mach ag 20°C do neot change the
counting rate significantly.

Proportional Counter

(8)

In the probes the collector wire im L0005 inch diameter stalinlesz steel;

this dismeter permits proportional region operation at 1,800 volts (in air) and the

(8) Sigmund Cohn Corporatiom, 4% Gold Street, New York, N. Y.
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material availeble is considerably smocther than our supply of tungsten, thereby
providing a wore uniform volﬁage field end a corresponding uniform sensitivity over
the length of thz probe. The wire may be replased &niy by wire of the same diameter
and materisl, from straight sbock not pr&viwugly'def@rmed since a sharp bend or
kink in the wire when straightened will leave microscopic projectioms which will
sQriously alter thé elactrostaﬁic field, making the counter insensgitive over most
of the length. When brazing or spot welding the collector wire, thé Joint is t@’
be finished smooth snd free of sharp projectiome by painting with a conductor such
ag aguadag or neclube %o farm a gmouth wvéreaatingu

One end of the collsctor wire iz hﬁlﬂ’by & machined or molded Tlusyrothene
or polyethyieng‘inﬁulator (9), these materisls having the degirable property
of minimum comtribution to background "noise” or spuricus counts vhen subjected to
high voltage and bumidity. The effective inselation surfaces from the probe coliector
vire to ground must not be touched by han&o The pertz thus sffected are the ceramic
coupling condenser and the fluorothene insulator, and they mugt be handled by clean
tweezers, pliers, etc. Unplasticized polysierene may be used with éxcellent regults
providing it is injection molded with unusual and particular care being given to
highly polighing the mclds. éhe insuvlstor muet have no scratches or fine linﬁs,‘
however small they msy be, hécause of the difficulty of removal of water a&sarptienglo>
in an interstice. Such a requirement does not appesr Lo &@ 80 neceggary in the case
of fluorothene and polysthylens. If a polystyrene insﬁiatmr is touched with uncovered
hands, it shoulid be dipcarded. Pmlyethyiéne and filncgrothene may be repestedly cleaned

with sppropriate solvants fmilcwed by distiiled water and alcohol; however, an

(9) Glass, 7. M., Rev. Bci, imst., 20, 239 (i

I ol

vy AR Y e, T AT 5F . ety
g LS. FD. L s AL g ey Loy g AMAD

(1C) Ledoux, E., Vapor Adecrption




-9 CORNI.-602
1 February 1950

insulator is at itz best when freshly macﬁined or molded. The other end of the
collector wire is attached, through a helicel spring for compliance, to the H. V.
blocking copdenger made of ceramis and treated\g) for "noige" reduction. The
blocking condenser iz supporbed at the grid connection end so as mot to add
the leaksage path of the support to the collector vmltagea

A departure from conventional design is in the substitution of a staianless
steel wire screen in place of sclid meteriasl fér the eylindrical electrode (stainless
stéel is a preferred metal because it iz relatively low in natural 5ipha emigsion).
Between the screen siectrode asnd the sali& gheet outer shell iz space Tour O grams
of scresened {for wuniform size) silica gel frﬂe of duat. This design permits thé
mogt rapid rémwval of water vapor from the counting region and the insulastors,
iheréby permitting the operation of the propurtionsl counter inm a 95% R. H. aMbiént
without spuriocus counts. The silica gel in the probe should be replaced svery two
mopthes, or when the cobalid chloride coloring hes changed from blue to pluk. The
gilica gel sheunld not be dlscardsd, as 1t may be reacilvated by baking abt o temperature
of 130°C until it hes changed back to the blue color. :In.refilling‘the probe with
dugt-free fresh silice gel, care should be taken to completely fill in crder that
dust caused by mﬁvraniﬂai &Erasian of looge pellets vol l*ng arutgsl ﬁay be avoided.
Dugt in the probe results in a higher beakground court and et thefef@ra be guarded
against. ' |

The thin window, fmamaparent to alpha rediaticn (absorption iz reughly equivalent
to 0.5 cm alr) is 0.0002 ineh thick rubber hydrochloride (pliofilm), weight sbout
0.66 mg/em?, and was chosen as the result of comparative tests of waterials {plic-
film end uylon) relative Lo the diffusiveness of water vapsyr. The pliofilm surface
ingide of the counter is made conducting (thiz iz not mandstory, since the counter will
opérate satisfactorily with a plain window) by btrushing or spraying with nsolube

(See Appendix A). The absorption fastor of the graphite is offset by eatsblishing
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a normal Tield Intensity at the probe window, resulting in alightly:higher count,
seﬁsitivity(()) . |
Amplifier

The smplifier {See Figure 5) comsists of three RU coupled Raytheon type CK “12
AX gubminiature pentodes, with the cutput of the final stage applied to a Raytheon
type RK-61 subminiature thyratron. The pﬁlse from the thyratron is sufficlent to
produce a loud click in a pair of carphon#s.

The aoupling time comstants between the stages are'rmlativaly ghort, beling
1.8 microgeconds. This serves a twp fold purpose. By degrading the low freguency
regponsgs of the suplifisr, microphonice sffects are greatly reduced glince most of the
microphonic gignal energy is at frequencies well below the effective pass band
of the awplifisr. Seccondly, the differenﬁiating eztion of the fasgt time constant
tends to prevent pulses dus to beta or grume, fadiati@n‘fr@m "piling up” and producing
s pulse large encugh to trigger the thyraﬁrm . The pulse ghape in the suplifier is
& sharp rise, fallawed by an exponentisl decay. If a gamma {or beta) pulse follows
e simiiar preceding pulse before the exponential decay has sassntially been completed,
the second pulse will add to the rammining level of the first pulse. This build
up proces can result in an overall pulss'ae large ag that dus to the alphs and
therefore a spuricus count 1if the gamma {(or beta) level iz so high that pulses
are gufficlently closely spaced in time.  The time cogstant uged in this pesrticuler
gystem will allow survey of alphe contamination in thmkpresanea cffgamma fields of
up to 0.1 r per hour without False counte due to the gamma.

The high frequency regponse of the system is limited by the normel consideration
of required g&iﬁ and tube complement. The upper halfl power polnt BCTArS at appréximate~
1y 70 RC. The overall fregusupcy responss characteristic of the amplifier is shown

in Pigure 6.
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The CK 512 AX filament requires 0.625 volts at 20 milliamperes, so that two
1ntseries shoul§ operate from & nominal source of 1.2% volts. From the standpoint
of long time performemce of battery with decreasing filament battiery voltage, it
was found best to use a 1.5 volt sourcs, énd connect two CK 512 AX's in series
directly to the 1.5 volts rather than use s series dropping resistor (a variable;‘
resistor is considered to be an unnecessary added contfol) to bring the potential
of a fresh 1.5 volt battery down to 1.25-§olts. The third CK 512 AX is connected
to the 1.5 volt source in series with a 33 ohm resistot. The RK-61, requiring a
nominal filament supply of 1.4 volts is connected across the 1.5 volt line. The
total filament drain is approximately 100 milliamperes. With thege filament |
connections, the instrument can function as long as the potential of the filament
source doeg not drop to 1esa‘than 1.0 volf.°

In order té minimize surface leskage and spuriouS‘counts, the input capscitor
(Centralab type 850 NPO) which blocks the probe voltage from the first amplifier grid,

(9)
must be specially processed .

High Voltage Supply
The high voltage neceasary for the proportional counter is furhished by &
special two position push-button operated switching mechaniem, condensers, and

(11) ,
2 battery. When the push-button is fully depressed, five Fagt condensers (.0L mfd

Number A7878DA) are placed in parallel across a 300 volt battery (Everesdy aurber 493)
charging each condenser to 300 volts. When the push-button ls released the condensers
are reconnected into series with the 300 volt battery to furnish approximately 1800
volts. (See Figure 7).

This switch includes a condenser mount made of fluorcthene (See Figure 1) on

(11) J. E. Fast Company, 3123 North Pulsski Road, Chicego, Illinois
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on which are placed the non-movable contgcts comnected to lugs which hold the five
Fast Condemsers. Slots betﬁeen ad jacent contacts inorease the leakage path. A
fluorothene slide, upon which spring contacts ars mounted, fits inﬁo the condensger
mount. 4 flat’spring for restoring force holds the agsembly with the condensers
comnected In a normal series relation.

Certain precautions (See Appendix B) should be taken during the machining aﬁd
agsembly operations involving the fluorcthene. Particular care ha&ybeen exerciséd
in the design of thie switch +0 keep 1eakage paths ag lmng ag possible with the result
that the leakage rate of the system when charged to 1800 volts is something less
than one volt ﬁer minute.

This unit will operate the instrument for extended periods of more than one
hour without regharging the cordensers. In field usage, howeveyr, it is recommended

that the condensers be recharged at intervals of sbout 10 minutes.

Instrument Service and Repair Notes

Several fileld test models have been in uge for five monthes by the Survey
Monltoring Secticn in order ﬁhat e could:catalog the various reasons for
instrument failﬁrey gnd poseibly make some degired corrections before quantity
production of the survey meter was started,

The return of instruments for servicing or repsir was as follows:

1. Filament and plate supply baitteries needed replacing (3 returns).

2. Bilica gel needed replacing te reduce vackground count (3 returns,
2 of which coincided with battery replacements).

3. Prcbe wms contaminated, thereby causing a hlgh background count
(2 returns).

k. Probe window was broken {1 return).

5. Off-on switch wasz broken (1 fetarn)u
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Failure of the CK 512 AX tubes or the RE-61 thyratron while in service has
“not veccurred, ag yet. However, it wms'notiﬁed'duriﬁg the aggembly and testing
. of thege field instrumzntg that gome CK 512 AX tubes had broken filasments,
shorted tubekelements, or too high a gain.
| If an amplifier strip has ‘oo high a gain (or too low) and 2t the sanme
time has tubes within rated limite, thﬁ overall gain is eagily adjusféd by

appropriate changes in the grid resistor value of tubs Ko. 2 {szee Figure 5).
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Appendix A
Pliofilm Preparation

Note: The following procedure for prepafing the rubber hydrochloride film
and attaching it to the proportional counter should be carefully cbserved
in detail. |
1. Stretch pliofilm {.0002 inch thickness)lightly over a frame and backing such‘
that the film is flat end free from wrinkles. The backing is required when
the film suiface is rubbed during processing.
2.° Apply ome even coating of Neclube(lg)fwith 2 goft camel hair brush and let
dry. Drying time is approximately two minutes and’the coating will then
© appear dull.
3. Vhen dry, rudb off loose material with & clean cloth or paper‘toweling.
After rubbing, the resistance will be about 20,000 to 30,000 chms
betwsen two points spaced one cm apart. This is approximately 1/30th

the repistance of the unrubbed coating. The coating will now appear

glossy.
(13)
L. Apply a coating of aquadag to the mating surface (do this in a
high humidity ambient) of the proportional counter and clamp the pliofilm
window in place with the Heolube coated surface against the pro‘beo
5. After drying approximately two hours (in a low humidity amblent),
trim off excess film and apply a costing of Pliobond adhesive to the

‘contact edges of film and probe.

(12) Huron Industries, Port Huron, Michigen.

(13) Ackeson Colloids Corporation, Port Huron, Michigasn.
7 B
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Appendix B
Notes for Machining and Handling Fluorothene Insulators

The following precuations must be exercised in processing parts made of

fluorothense:

1. Clean all cutting tools in a hot vapor degreaser.

2. Ringe In distilled water.

3. Rinse in ethyl alcohol.

4. Air dry {do not use air hose).

5. After cleaning, cutting surfaceskof tools magt not contact foreign
material other than the fluorotheme.

6. After machiﬁing and during assembly, fluorothene must not be touched
with hands, but should be hsndled only with cétton gloves which have
been:

(a) washed with hot water and socap,
(b) rinsed in distilled water,
(¢) rinsed in ethyl alcohol and

(4) air dried.
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CAPTIONS

Portable Alpha Survey Meter ’

Surveying ;a Laboratory Teble for Contamination
Amplifler Strip

Counting Réte Variation with Air Pressure

Circult Diagram for Alpha Survey Meter
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Schematie of High Voltage Switch
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AMPLIFIER STRIP
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