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Abstract

A Study on Scattering Distribution in Metal of Ir-192 Gamma-Ray

Gwang Tae Joo

Korea Industrial Testing Co, LTD., Seoul, Korea

The metal - plates ( Aluminium, Copper, Lead) of change the variation thickness ha-
ve been penetrated by the collimated beam (450mm X 4mm#) of Gamma-ray from 1927y,
Then, the scattered 7-ray dose in variable angle and the directly transmitted 7-ray
dose were measured using the electrometer of ionization chamber.

The results were summarized as follows :

1. Obtained the mass attenuation coefficients of Al ; 0.0937cm?2 g~! Cu; 0.0937cm? g!
pb ; 0.244cm?g"1,

2. Total intensity of front scattered 7r-ray follow the order of A1) Cu) pb,

3. The scattered r-ray intensity with the lager angle of scattering was saturated af-
ter increase rapidly, and the scattering angle of the more larger was decreased.

4. The scattered 7-ray intensity through plates of aluminium or copper was saturat-
ed after increase with thicker scatterer, and the intensity was decreased at the mo-
re thicker. But the variation of scattered 7-ray dose in the lead plate made the
fewest than Al and Cu.

5. The ratio of the scattered 7 -ray dose and the directly transmitted 7-ray dose
was saturated after increase with the thicker scatterer, and the scatterer of the
more thicker was decreased.

Degree of total intensity in these ratios was followed the order of Cu > Al ) Pb.
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BErA %

M &% # Energy

(MeV)

# OE I s

r

B7(95.5%) 0.672 (46 % )
0.536 (41% )

0.24 ( 8%)

EC (4.4 %)
8+

0.24(1.5x 1078 %)

0.1363 (+0.27), 0.2959 ( +31.9), 0.3084
(+35.5), 0,3165 (+100) , 0,417 (+0,91)
0.468 ( +57.7), 0.5886 ( +5,34), 0.6044
(+9.70), 0.6124 (+5.84) , 0.885 (+0.33)
1.063 (+0.054)

0.2013 (+4.7), 0.2507, 0.2834, 0.3744
(+0.7), 0.4847 (+4.25), 0.4891
(other 7y -rays)

0.110, 0.1560, 0,173, 0,2815(+0.33),
0.320, 0.401, 0.438, 0,745, 0,768,
0.785, 1.056, 1.090, 1.157, 1.200,
1.360, 1.380
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Fig.1, Basic Circuit of Electrometer

22 ZASA A4 7ol sl iont® EHE
Qicl &

+ 273 - P (Torr)

- 760

X(r) - V (o)
3 x 109 T(k)

2 vepdiet, o] K& oh4 AR (dx/dt) = &
mlI) = Kpshd,

Qlcl =

dx/dt (r/hr) - V {cA) - 273+ P (Torr ]
3%x10°x3600 - T (k] - 760

1Al =

= o,
Fig.1 ¢ [l A SN RS
R=Re Rc/ (Re + Rc)
7t 5lH GIRER Cx
C=Ce + Cc
7t #lel, Electrometer ¢ AJ] B VS EEE
B I ke Afelel &
dv
RC —— +V=RI
dt

o BitR7E AL o AR S B I ol A
Bid A el v

_t
V=RIZ _R( Il - Iz)e RC
= #rdeh 74 Ret o] HEES FHEH (time
constant) o) . FREBE ) BILREEH, 10:16,19)

3. y#Rat MEDe| WAEEA
Ir192 rie] MESS BBY W= F2 BFA

WS oko HEFEMC st Bk =& HEl=d =
A E gEet 194
I WA A4ded Ayl MHS AR
Aol yMBEE Jo, B BT £ WES I o I
I=Toe "

= HZRsEH 2EE d%%f

b "ok 8 oS BB = HRIKERK Y AA B
KRBT MBS EE PR Urddsl  HERKFREER
b7t RIS c} 5,8,14,16)

Ir-192 7 ## o= fagd e EFHER 3o
EE HERKEE &, BEHZRES Compton #HE
o A ¥ MY RKFEE §oE ol Foxn obg K
o2 FiRsv}5,10,%)

By = £_ (g)fc+ (E)fr
[4 e Y

o714 ¢+ Compton WKEE, 7 bHEBRIKGER
olm fc ot fre Aft y# vl hood fraction
-+ Jehd & Compton Z559 ¥ERIHE] dimesion ¢
A= BFel.

(%)fc{- W22 Wi E e % Klein- Nishna
9 &ﬁus,w,u,w,u)o“ oA sk

a
(—)fc=ﬁ=

g 9
L Y 2 )

._65_



7t Rel, g4 Tayv KEKETFY FHd =, .0, =% ga
+ REEF 2 R FHHAEE TS, .0+ Compton myc? '
HRE BT BMERFERS b= o BECT R .
srabeh Compton £ 2 alsted HEE riRe g 8 AS
fie
» 7d(eoq) )
efs = O-—dQ———Zir sinf- d d(eo) d(.0) 2% sin cm?
d T do sin electron - radian
= appfinlfza) 2(1ta) (2 —2a-1) ot 10) g
0 o3 @2 (112a) 2 o2 #REH 10 r iR Al v hoy 7t 3MeV
sa? cm? ola #Rls 671 20°2AH A B HALER HE

EAZ S5 ho b W AGE MEE oS AW S0
E% hop o HlL 78 A ho 2] Apolel &

+ ]
3(1+2a)2 " electron

_on d( o) .
ea—Io io 27 sinf - d oo hvg
l1+a (l—cos §)

— 202 | l+a 2(1+a) 1In(l+2a)

=2y ] 2 ST hop o KBEETF oluA Tohe tole &

1+ 2« «@
In(1+2a) 1+3a cm? T=hol 1~ ! ]
+ - 1+a (1—cos 6)

2a (1+2a)? * electron

2 ORRAR S0 KEYRE AT frE
2(1+a)? 1+3a

eda = 0 = oOg =2zr?(

0 a2 (142a) (1+2a)? fr = 2% " Be
hUo
_(1+a) 2a?~2a-1) 4a?
2 (1120 Tirza) 1% o474 Bet XWIA WFE ¥ sl s)
Ao ol val 24 BB Auger BFE Mgt
1+ 1 1 2 £
(=~ =) In(+2a))—=
o 2a 248 electron ERE W
2
A7NA yo=—7 =2.818 x 10 2omol fr = %0 ~#Be
mycC hUO

Table 2, Attenuation coefficients calculated from graph of Evans (Unit : ohg™!)

Al Cu Pb
Attenuation factor
0.3MeV [0.4MeV | 0.3MeV | 0.4MeV | 0.3MeV| 0,4MeV
Photoelectric absorption (z/p) 0.011 | 0,004 | 0.263 | 0.131
Compton absorption (a,/p) 0.028 | 0.029 0.027 | 0,028 | 0.025 | 0.025
Compton scattering (a5/p) 0.076 0.064 0.070 | 0.060 0.066 0.052
Rayleigh scattering (o,/p) 0.004 | 0.002 |0.024 | 0.012
Total absorption coefficient (#,/p) 0.028 0.029 0.038 | 0.032 0.288 0.156
Total attenuation coefficient (#/p) 0.104 0.093 0.112 | 0.094 0.378 0.220
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2) BEHE RALtE 5 Ir-192

Activity : 3Ci
Focus : 0.02" x 0.1"
3) #ALEE (Bukes) s
Material Z| A o Thickness
ALUMINIUM |13( 26,98 | 2,7| 5m TO 80mm
COPPER 29| 63.54 8.9 |4.7m TO 47 m
LEAD 82(207.21 |11.3 [ 0.1zn TO 11,.4mn
4) ERR WS

Model ; VICTOREEN ELECTROMETER500
Precision ; Within 0,01% of full scale,
Accuracy, Current & charge measurements
» Within 0.5 % of full scale,
Input Impedance ; Greater than 10%Q
Input off set current ; Less than 3x1071°A
Amplifier Gain ; ) 10°
Response Time 5 2.3 #s
Decay Constant of Integrating Capacity 3
2 X 106 ps
EHER F2RE 5 Coaxial Cylinder
FEHERY 838 5 33cc for directly transmitt-
ed 7y-ray.
330 cc for Scattered y -ray.

RADIATION
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Fig. 2. Scattering apparatus & arrangement
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Table 3. Ir-192 %5k HE X@atel H#
T : - PHE | HREEKRGER | AS 78 energy¥ 4

e
X ® {om) (oh/g) (MeV )
DUPONT CRONEX NDT Al 4.75 0.054 1.0 ~ 15
HANDBOOK (USA) Pb 0.475 0.0578 0.5 ~ 0.6

Al 2.4 0.107 0.2 ~ 0.3
HEEREEE (BX)

Pb 0.12 0.511 0.2 ~0.3

Al 2.75 0.0937 0.3 ~04
AEKE R Pb 0.25 0.244 0.3 ~04

Cu 7.5 0.0973 0.3 ~ 0.4
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Fig. 4. Relation between the detection angle and
the scattered y-ray dose through aluminium

ol 7] oA B Hdsle Ir-1929 EHEHSE
HEE I FgeuA Hed sigge & F A

2. HELGx SHOl THE AREL MEEe| A

HELE A = mEEEA A% AY /FHES
330 cc &) EBEHE (EAste AlET HRE Fig. 4,5
6 7 7},

A4 GAEES A QB g A Al D
Cu)Pbel o2 Hol HRMEFE 452 #
gligmo) motod H3 Pbt A%s 2gg uE
v g,

BESe] BE BE 9 47 dEe o= A
=9 AE S BE 43 BT T S A
o] Aol wWel WASE FAE BolL Jom BE
BEEEA AL AEE Al oA 157318, Cut 10° &l
%, Pbx 7.5 noh.m & FelA vehta ek,

#HELse) TAN AN web WA BEE
A7) skl MRS ol ® ¥ EddE FAE o
Bhl o gELES] B AEY A Al L 30 mi
80 m7t=, Cu+x 15m Hi%, Pb< 1.8 mol A 3.2
m E| A PFES ol Fx U$ MK AR =
o aEe S mme ol WMAstE ATl A
W ol A& HMEMEMSE WHEY MmE AT Bk
ghobx] 7] ol Eolw Tl Biftel] Wb ME Wit A
AR E AL AuASt T Aol F2 A=

Folh.1,2)

0.20- X 4.7mm
Cu ® 104
= o 14.1
3 A 188
£ 0159 A 235
< ah—y ® 376
Qé O/O\ a 47,
3 0104 £~
=} qu
B
p \.\.
g 0.051 "'“'\"\x\
47]
a4 A
~. .
a -“.\.
+ \;D\"? +
10° 20°  30° 40° 50°

Detection angle

Fig.5. Relation between the detection angle and
the scattered y-ray dose through copper

0.20 +
,@ X 1.5mm
g o 1.8
3 Pb & 3.2
S 015t o 64
E A 05
9 e 09
[=]
<
o 0.107

§
g &x

[1]

Q
)

0.05¢

\i':" %
20° 30° 40°
Detection angle

4+

10° 50 °

Fig. 6. Relation between the detection angle and
scattered y-ray dose through lead

3. FEByIR BEN et BE MEe K(S/D)

HALEE B A #Bbel el HE BEY 8B
27 HEl snEae Mo Fig.3 Y HEMRez Y-
B it o3l AL Do Fig. 4,5,6 9 #AEl
mEl #E A oME S K2 K FR: Fig.
7,8,99 e,

-69 -~



0.71
0.61 X 75°
® 15
Al o 225
0.51 A 30
| 45
0.4
NS
S
0.3 x
0.21
0.1~1
s

10 20 30 40 50 60 70 80
Thickness {(mm)
Fig.7. Relation between the thickness of scatterer
and S/D ratio for aluminium (S ; Scatter-

ed y-ray dose, D; Directly transmitted »-
ray dose)

Fig. 7,8,9 ¢ 8}% #@lfe] 3 & XA T4
7 $AYALE S/DE wmsh AEsE §930° B
rog AxE Ago: Fash @A 4458 st
of BIFHES o153, Cut A7 J¢+% S/D
9 2 EasEE AANEA FAL For Bt 8l
o BEME LY A et A S48l Bt
L A% wyreh, PbollAE TAL A T F
Bosh Al oldt Cuxch A9sl BE &g vhebd
T Qo] EEER yEEd fHeld HAR A%l
A vierybet,

A &8 HEe s S/DHY =Z7lE CurAl D
Pb9 +A4olzlom E HAL BES ez e
AEAAY S/DEe 21 HAE FAE FANA
Z 9ok, Al 3 Cudl #HELE TAA J FA4H
e §/DEE o T FE el A BREE JE
3 HoE Aoz d&He 3tsk F4E Cusl Al 2
o} A% Aol

V., # ®

Ir-192 ol A B=l € 7 el Al, Cu, Pb &K

0.7

7.5°

6

0.5

0.41

S/D %

0.34

0.2

01

10 20 30 40 50
Thickness (mm)

Fig.8. Relation between the thickness of scatterer
and S/D ratio for copper (S; Scattered r-
ray dose, D;Directly transmitted y-ray dose)

03]

ombdroex
[N
[S)

Pb
0.21

S/D %

0.17

1 2 3 4 5 6 7 8 9 10

Thickness (mm)

Fig.9. Relation between the thickness of scatterer
and S /D ratio for lead (S ; Scattered pr-
dose, D ; Directly transmitted y-ray dose)

_.70._



L BT BY i BEY HHE BEE Elect-
rometer 2 HIE Hadd v} oS3 2L HHRd o
At

1.

3. MHN BstsYEE, B, p87~ 106,1979.
. BRIEBERARS | FmEva BY, ORI

7.

. BRERE® | HHHETE,

ERHFERE Al 0.09370hg™! | Cus 0.0973
ohg™l, Pbi 0.0244chg™! 9] & A},

. BIAHRL 78R BEL DRSS Al > Cu > Pb

2] o] o,

. BIGHEL A Al el Al BEE 55 W

tnsked fAFIEE ol® ¥ sttt

. Al 3 Cux #iElege] 7ot Al HElR BE

+ Winste] SES ol & F B
Pb = #i#l BES 7t Ao,

st

. EEEE y 8 R BT E BEe ke

=
A7t ARl uhel fnste] WHES ol ¥
Pt e 2 27+ Cu > Al ) Pb 9 2
53t

2EXM

. HES—8 "ALRICK 2B BT ROBRE, BAKE

BEGRE, 25105,
AR, HELER D HELT L vzl fik, BA3E
MG A, F20535, B2 59%.

¥Romt, p134,202, 1975,

L BEFAVN-THE . 74 b TEE, ALEE

HK&it, p8l~90, 1977.
FHE BRI (80)
p37,38,403, 1971,

ASM : METALS HANDBBK VOL 11, Ameril-

10.

11,

12.

13,

14,

15.

16,

17.

18.

16

__.71_.

an metals society p.111, 1976,

. D.]. REES : HEALTH PHYSICS, Butterworth,

p. 81-82, 1967.

. DUPONT : CRONEX NDT HANDBOOK, p.49,

1979.

FRAMK H. ATTIX : RADIATON DOSIMET -
RY, ACADEMIC PRESS, NEW YORK, p. 139,
140, 142, 104 -112, 125-127, 1968,

GREEN : Nuclear Physics, Mc GRAW HILL
BOOK Co, p. 260, 1955,

GREEN F. KNOLL : RADLATION DETECT-
ION AND MEASUREMENT, JOHN WILEY
& SONS, p. 125, 1979

HARALD A, ENGE : NUCLEAR PHYSICS,
ADDISON - WESLEY PUBLISHING Co, p. 243,
1966.

IRVING KAPLAN : NUCLEAR PHYSICS, AD-
DISON- WESLEY PUBLISHING, p, 44, 68, 235,
405 ~ 407, 417, 1969.

LEONARD I SHIFF : QUANTUM MECHAN-
ICS, HCGRW-HILL LTD, p. 422,530, 1968
RALPH E. LAPP HOWARD : NUCLEAR RA-
DIATION PHYSICS, PRENTICEHALL INC,
p. 13, 235, 239, 241, 1972.

ROBERT C. MCMASTER : NON - DESTRU-
CTIVE TESTING HANDBOOK VOL 1, 1977.
U.S. DEPT OF H.E & WPHS : Radiologic-
al Health Handbook, REVISED EDITIAN, p.
137, 1970.

Willian J. Price : Nuclear Radiation Detect-
ion, Mc Graw- Hill Book Co, p. 165, 171, 187,
1964 .



