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Measurement of Absorbed Dose of High Energy Radiations Using an Ionization Chamber

-—Theoretical Considerations—-

K. Kawashima and 1. Koyama
Physics Division, National Institute of Radiological Sciences, Chiba, Japan
5. Sato
Roentgen Center, Gunma University Flospital, Maebashi, Japan
(Director: Prof. T. Tobe)

The exposure standard for Co-60) gamma rays using the cavity ionization chamber has been alre-
ady well established. Virtual ex;'Jeri:ments for calibration against the exposure standard are proceeded
with air wall, lucite wall and water wall chambers.

Following equations for absorbed dose at a point in a water phantom are deduced from the experi-
ments.

For x-rays,

Duyater (hy) = 0.822e[ (Sm) X2 ,,eNpeQ
For electrons,

Dyater (Ee) = 0.822¢[ (Sm) Y] geeNgeQ

Initial distribution of electron energies and spectral distribution of slowing down electrons in water
are calculated for 25 MV x-rays filtered with 10 mm of aluminum. And also, the mean mass stopping

power ratios of water relative to air are investigated for the electrons produced by 25 MV x-rays.
Values of 0.822 [ (Sm) 3]s are in good agreement with Ci’s in HPA’s code of practice for the

high energy dosimetry.
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Table 1. Energy degradation of electrons

electron energies after passing |
initial energy through a 60 mg/cm? absorber

of electron lucite air water
MeV| MeV MeV

0.5MeV 0.38 0.39 0.38

1.0 0.89 0.90 0.89

2.0 1.89 1.90 1. 89

5.0 4.89 4, 89 4,88
10 9.88 9.88 9.88 |

20 19.88 19.87 19. 88

30 29. 88 29. 87 29. 87

FEHRETFES L FhiEET v, Lo,
MV I D == & 1 F — ikt Lt LR ofiE
Nt Ehbs b0 sHinT o ENTE 5,
IV {5#sEEs

1.3MeV oBFoREIL, K, vya 1, 42
Lok L, 0.589, 0.512, 0.670g/cm® Th%
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5 35 il v v Tl WMHEEEDCD LT
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BRA, EEB, EBRCELTERThK, ¥4
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CEL by, BEiTOFAL LThEh Qu,
Qs, Qc(esu/cc) i@ BhDHTHH5. Lo
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Ry=NaQa=NpQp==NcQc (1)
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Ne=fy « fg « f3ir (2)
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Fig. 1. Curve a: Spectral distribution of 25
MV x-rays filtered with 10 mm of aluminium.
Curve b: Initial distribution of electron ener-
gies in water produced by x-ray spectrum of
(a). Curve c: Spectral distribution of slowing
down electrons in water irradiated with 25
MV x-rays.
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FELT, afo DEIED=FALF—2EFTE 2
7 b vBEFREILETSH. Sm LTz b) M
Ui & BIB40
ENEZBRB.

LiciioT ko 1), i), iii) & a), b), ), d)
EOMERELTRARRDTNRSEH, 20>
BERANIL, D—a), i)—b), ¥ =% i)—c)
NEM g ThD. LasLilifiisskdlE LT
i, ii)—d) ARLMETHED. Lo
4, beam flattening filter |z ) % X & o8 02
Bkt HERIIA B\ 0%, B EHARR -
bhaE=3AF XL, Fo¥kEdL, Bibx
I~ OB FEEN 2B IE LR R/ % S e
Bicd, TH L7742 ueiBLichoxFIE
LTWab. & o0& 5 itk s il ofEME rei Bk
LHEB LT EOBEOZERE LS b o MET
H5H5.

B. FEM

Pl EwBiL T, 25MV X#gTK2 B LcSa
T, ((Sm)RE b RDTHD. FT25MV
XBDOAR7 b & LTHEHEL A ER LI E
=7y } OHHEOHERATH S Hisdal oXH
Aw5®, Zhpi10me Al 2588 Lo A<
7 b Fig 1R (2) Wil ZoOXiE%y
Az B Ui-Bfiz 4 U % Initial Electron Energy
oL R AR (b) wiRlics, (2) »b
(b) ~pitEiix Johns %25 — & 2FfH
Liz. &6z (b) 5 slowing down electron
D= FOVF — AR RS By, BT EEST LEE
(cs.da) X oT stepwise CHE LIz, Fio
ZoBEK,

NGB = srpbs (N - a1 (2
X BEER LoThRDI, MEOHEE
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DU TIEmM) G gsmy KD TR, £ OFER%
Table 2 wwimlic. () Po=x1¥ {3,
ZhEho FRERMHEIEER w /5% BEF0
=FRANF—TH5D. FHAOPNEF=F1¥—6
MeVHi#icsd L, Bl LR FEo 2 kBT
=R AF - 2Mev RFLRTVSH, Fig. 2 &
EXAEbRE TR IBR—FE V25, BEME
BEDIEART — % —%, Berger® L Nelms'®®
T 100KeVE ETixthig E&Exi (Fig.2%
fR) o', monoenergetic initial electron energy
X b4 3 % equilibrium electron  spectrum
x4 5 FHEREMHIELED 7 — % —pE B ER
T&% Nelms DFEAHFM L.

C. BTFRo%a :

B—= i ¥ — By OBEFHEIKFCAS Lic
Ff, BEEdbim=FAF—ARZ P ALMHEEL
TV ED & 5 KBLL T L h B+ 55
BB TR 7o WO 2 ¥, Dolphin
48 ¢y narrow beam OFEFRZ L5 L, most pro-
bable energy¥, #E&2%1 cnid-izoh T 2 MeV
DO LT ERgF o EnTE D, EH
&, TDO¥EMRE =x ¥ Bl ex LT
(M) LE D1 B3 ETH D, Licno

BAESFHERESMERS H20% K6

Table 2. The mean mass stopping power
ratios of water relative to air for
the electrons produced by 25 MV
X-rays.
(i) (ii) (iii)
1.101 — —_
@ | (2. oMev)| — -
— 1.094 —
(b - 1 ( 5.8MeV) —_
(c) — ! 1.089 1.104
= | ( 6.5MeV)| ( 4.6MeV)
- — 1.088
() = — | (6.1MeV)

T, ToXiindawriy, BEdamcki) sl
DEF=31L¥— Ee %

Ee(MeV)=(E,—2d) (MeV) (13)
ELTHD, FOBR—=3AF —cii35 Smz
P OoTCERMIFERILE T LTS,

L Licai s, EFEFAOEA I KBHE©
Do IR DA A8 S JoddiT, scattering foil
#{HEH LTk b, narrow beam DfERA LD E ¥
TFRATB - L Ly, F-9E, HEEP
I 5513, broad beam T scattering foil %~
FALBET, E=frF—f~onit Bl
WARZ P AT ERBRIIE R T B,

Mass. stopping power ratios of water to air.
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NTW5%. & OEMORBIZHENJIE ORI ©
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BEMEEE e LT FEsh s 812N e,
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BIERC I X BLE, EREIEEL S 5P
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D. HEMILEOET VT HLE 2 5 fax
DAXCEDT FEE & T, Berger &9 p
Nelms*® 5 — 2 —flic 135 IR ED £ 13-
%3, NBS Handbook No.85'” )5 — & — & Nelms
o7 =z -z 2 FoErds (Fig. 2). %
7o Spencer-Attix O &SR BHAR oL
& JTHMIEP 2 IMZ B & ERoRE L
HLUTIL 0.5%BETIEHHIMIE 28 LE T H
%. S HIXEOBHE 0T E R IEAE 2 P
T 4B Table 2 izh b b X 5 iF OFHliE: o
WIZ XD Th 1 BHEOENRTTL . WwTFThie
LA, fHEREDF — 5 —ip iy, YA
TRHE L7ch DTHHh, FoEic X 27T, k
FBREDRENNATE Z L BB LT % < 5
Eabh s, FEw s FAo B HE e 0.822
(Sm)E Yo ffig Nelms OF — 2 —%d L
T LIcd 0% Fig. 3 B e/R Lizal, HP A
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Fig, 3. Values of 0.822 [ (Sm) "], which

correspond to C;’s in H.P.A.’s code of practice
for the high energy dosimetry. '
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