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Study on the measuring method of skin contamination by
pu compounds, using multi-hole-collimator for a-raydetection.
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by Susumu ITO; Syozo HONGO, Eiichi TANAKA; Masashi SUZUKI

Theoretical and experimental studies on the multi-hole-collimator for a-ray detection are
described. By using the collimator of lucite in 2mm thickness having a great number of holes
of 0.5mm diamater directly in front of scintilation detector, it has been found possible to mea-
sure a-rays passing through the absorbent layer up to 95% of its range (about 40z in tissue)
with constant efficiency of 0.3%. In addition, by measuring a-ray spectrum, it is possisle to
determine the distribution in depth of the source material. The resolution in this case is about
5% of the range of a-rays(about 2¢) in full width at half maximum. The measuring efficiency
in using the multi-hole collimator, the resolution for the distribution of thickness in absorbent
layer, and the maxmum thickness in which constant efficiency for measuring is obtained are
analysed and solved theoretical as a function of variables determined by ratio of the diamater
of the hole and thickness of collimator, and was identified in experiments good agreement in
values. The less the ratio of the diameter of hole and the thickness of collimator, becomes, the

longer maximum allowable absorbent layer for counting with constant efficiency become, and

the better the resolution become, but the less in the efficiency of measuring are obtained.
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Fig. 1 a spectrum without collimator.
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Fig. 3 a spectrum using collimator.
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Fig. 4 Relation between absorber thickness and
full width at half maximum.
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Fig.5 Detector assembly.

af@ri=F ¥ —ECRIHBICADILEALD, B
BhTHBRIND aRDO=RAF¥—, ARZ FARHE
Lo AZ<LEn ThHbbahTFrHBCERLL
WSS YR, F(E)dER=)AF— A7 o,
f(z2)d ZXRHUBIC Z TABLGROF/ETH L,

F(E)dE=-—f(z)d Z
WRXy

F(E),:%f(hx—g) ................................. (2)
Thho f(2)¥HETHIAZKE, OfETEED
BB Y Eofc=kAF—~+ ARZ FAF(E)d EAR
%, RPOHBELERTDL

2amr?r 2y /S . Y
(@22 -2/ 2] 21 ins JoE

0
y°=gi.&' Z2=1+Y? Z:=1+Y ............... 3)
To; 39 A — X —DROER
THBo QRYHEMHBL ERLHB6RTH 5,
AZKEDHE, HFeaz), kb
! zSE"_A F(E)dE
2z (m'o) Eo—AZ,

Ee =

* BRANE—OBACRBROBIRHC LB,



584 aﬁﬂ:ux—ﬂ—&ﬁb&#»r:¢A&AﬁkWﬁ&Om%

1(z)
415

12 115 11 105 10
z

Fig. 6 Theoretical @ spectrum with collimator.
=——¥L——$1 Lezy-adaz)
2”(7"02) ZoA

1 cZe
=27!(To')sl @A) ) RS @

@WR X HAZLEDBAE, #HE e BRIV EBETH B
Z Edbhns,
ORT(Z)dERy =0, TibbZ=1TRAKK
S0 LA2ioT(), @QRELVE<=E—ATxir¥— -
A7 bAFEMEREY— stk B, chitE—2 - =
FAF¥—EHA, DF) aOBE - RIVEDOES Tic
HALTEPL, =31 #~ . 2<2 A F(E)EN a
REDOEISMCHIEL TWBE & & &kT 5,

£ o04f

Z &

£ 5

Z S/ =

2‘ 0.03r §

= &

= 0.02} &

< <

= 3

%

£

~ 001}
0 2 n L "
0 02 0.4 0.6 08

Hole diameter/thickness y,

Fig. 7 Relation among efficiency, full width at half
maximum and y,.

005+

=4

<

=
|

Efficiency

0.031

1 ! 1
0 0.01 0.02 0.03

Full width at half maximum

Fig. 8 Relation between efficiency and full width
at half maximum.

OXLBEHEL TRDLGREZRMDO ARSI +
D¥EEBWz IO TF ey b LE-OMBBTRTH 5,
HS LY R T X - BB DL L HROMET, EHRE
BIRCH Do AR2Z b VOBRKOWBZo— 1 L ¥ EEDOH
BRBEAE—ETHBDT, AX7Z FADALYIC L »
THELVELRWZ LN %, ChHOHERERNS

ROEURLBHRh B,

Wz=0.157(2°- 1)

€e=0.275(Zg— 1) +ereeererrerecmnemriniiiiiiniiiiinians (5)
dE=Ald] THHDT, =FA¥—Thbi LI L{HE
* WEL $hug

We=AW;=0.157A(Z,— 1 )
it %o HBOFHME OB L ERE (XH)) 12587
RZRT X5 IE-KT 5. MELLSREL= Y 2
— - DORRELRHNBOSREDSKTEEZDCH
BB TR0, BRIUBSHINT 5 & RIS X 5%
fEEINE 5T BDTaY 2~ 2 —DHREDSE
ErEstenic#lmTs (B4R,

LRy L R, KEEOBIR 7o& XTI L b



o #, Fx B B = @\  HF —

THRY—FTH 5 LARLODILKRE

dE
[T("TE) b+ (_%)air .23 — @)
PREIRDL X THDo REWEDL S L
Eo/(TdE +E°/ LdE gé- ............... (8)
2 -Sm (D &

KieBo =k ¥ —EeD a ROBIMS, BHHORE

EZREhRe, Rard 33 LEQNMCKRORIKITD,
T, L _1
R“ + Ra" éz—a ............................................. (9)
E¢=5.14MeV 12724 L T Raey>3. 7cm, BINA % KR

ETBER=0uTH D, L =2mmi 13 L BEhD
B EBOKT 2 p ORI E EMHTH B, Lix L DX
{FT32e08TCEBD0T (ORPC I/Rur 1XEHTES
EEZOLND, LIhinsT

T _Z, 1

< i, (10
Ro=17 /14y

PR & N R BEL I B, T/Ra= 17 /14 y:

70 v FLEDOYKEIRTH S, FIROMBIOT
DWIHWREREL T 5,
1.0

Rab

0.5

A A A A 1 A A A
0 0.5 1,0
YO:HOLE DIAMETER/COLLIMATOR THICKNESS
Fig. 9 Maximum allowable absorber chickness for

counting with constant efficiency as a fun-
ction of y,.

4 HLhE

aY £—F—DEXLAROK yo HKEL LB L,
BE, HEEIFAEL D, HBEE—EORNBOME
XL T Do YDMHIZ AR X 5T, TR, HREE
HEE—EDOBRIRBOEEDOhhH\H b Ebicltiut
Iebitvo AT STV 2T, BEOEISHLH/ND
B, SREXYRTHHI yo /XL, HEEY
HET AR BEL P THLDI yo ¥ RKELL

Bk E 585

TeHMRR L,

2Y X=X —~DRDOILVITC a BRFEH D 5 BETRH
BICFHE I hicy, 2F H PR ORILD, LicdiaT
RIFEOPRE I Dt BRT, REARDMOMBEY
PNES LW EHROBENRKEL D, o) £ —
E—~DROBLEPTCORDO=FNLF—DRIRNEP LTS
Tedica) £ — 5 ~DEXP/PNEXL LFARRV £h
"onE=2~-L LTHEATHIBEOL L5 L 5
&, 1TKeVX REMBBICRET 50T, *$0FZBERD
MBI s, ThHDZ Ehb, BREILRO®NSL
W) a -2 — R ENMEY R ST I I NS
WiERERL, RFESHEVREFFTHHZ Mg
60

Apendex,

Fig 1

APENDEX

f(2)DFHBFIOWT (TEKLE#ELD)

d o :FEREOHZAP (1, ¢) »HLRFEOEBAEIC
HLTODAEXL, RIBORECT=Y £ —
£—OFRLEE AP S UTPECN L ToDME
L OAQRAST AR TFONGA

dQ: AP OEREOERFECH LTI DBEL
{ o TRHBRC A BRI FO A,

Q(9) : BRELBCHLTODHEY L > TR
ABRLF OO BT,

T /P EaY x—x—ofLiliho Rl
4 : APLrhticTAAE

1
f (z)dE=Q(9)do Hw=9@m¢ﬂ



586 ARAaYV A= 2B AL =0 AR LERANCEOHR

dw=Sin g dodg
27—y
dQ=S dw=S Sin g do dp=2(r—¢o)Sin 9 do
[ Po

L 0<Ltang<ro—r DrE g=0
ro—rZLtang<r+ oL

A [To®—12—Ltang
$o=Coo l( 2rLtand )
rotriltang <2r, DL E go=x

PORAOEME 1dg drc 5 b
9 _ _ A I =Ty
(8) Srg¢dn X 1 d4 dr=42Sing doS:(:o— do)dr

\ ¢
= 24Sin § do (xrt— 2(rgy dr)
0

To
S(r)¢o dr> BHEI120<Ltan ¢ <or® ot

r
4V #o—Litang ~2roSin-‘Lt§,';  rnw

2 2y — .Y
f(x) =‘2%"[7t—‘)%'21/lo'—22-— 2Sm'1;‘;]dz

%5,

$ B XMk

(1) R. J. Epstein, E. W. Johanson :
Monitoring #%u in Wounds,
Health Physics, Vol. 12, P. 29 (1966)

(2) D. W. Engelkemeir, L. B, Magnusson : Resolu-
tion Pulse Analysis of Collimated Samples,
Rev. Sci. Instr. Vol. 26, P. 295 (1955)

(3) R. Beno it, G. Bertolini, G. B. Restelli : Colli-
mation of Alpha Particles in an Ionization Cha-
mber, Nucl. Instr. and Meth. Vol. 29, P. 149

(1964)

Apparatus for



