|

) <

The University of Osaka
Institutional Knowledge Archive

Title MeVE F48 - X{R DR E0E

Author(s) | [, ®; B, ZF; ¥R, FX

Citation %g&iﬁ&%ﬁ%ﬁ% . 1968, 27(10), p. 1315-

Version Type|VoR

URL https://hdl. handle.net/11094/19557

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



IR 1434 1 A25A 1315

MeV BTt - X ROBREWE

AR @ AT R 2 B S
| R W E| F OB R E X

(g f424E 3 290 &)

Dosimetry of Megavoltage X-rays and Electrons
by

Takeshi Hiraoka, Takashi Habu and Hideo Matsuzawa

Division of Physics, National Institute of Radiological Sciences, Chiba, Japan

When the ionization is measured in an air-filled cavity placed at a point in the irradiated medium,
the absorbed dose in the medium may be estimated by means of the Bragg-Gray relation. In order to
measure the cavity ionization, a thimble ionization chamber (cavity wall: 0.5 mm lucite, cavity volume:
0.681 cc) has been developed at our laboratory. The performance test for the chamber has been carried
out for Co-60 7y -rays, 20-30 MV x-rays and 10-30 MeV electrons. It has been confirmed that the stem
leakage of the chamber is less than 0.2%, of the cavity ionization, and the effect of 0.5 mm lucite wall
upon the cavity ionization is negligible in water phantom. Since the conversion of the cavity ionization
measured by the chamber into rads in the medium can be made by theoretical calculation, this chamber
may be serviceable for practical use.

The response of several commercial dosemeters (R-scale) has been investigated, and the rad-“R”
conversion factor, that is the ratio of the absorbed dose as measured by this chamber at a specified point

in the medium to the scale reading as measured by “R”-dosemeter, has been estimated for water.
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COWTETH, X 5 RE A ERInC#
Al RRLEARLTE, N—X—trvhb
4t E h 510~30MeV FFHE, X o broad
beam RS hick7 7 v r 2o EHIER
DTS,

2. BEHE

BT, XtReBsshiciEhossHanc
BT A WIREEE D rad 1317 Zicffi\ o air cavity
o EEEFEEQ esu/0.001293 g air % {HIZE T h
W, BRI X o TRKTELLRBY,

D=0.869Q «Sm (¢))

Fetil, Sm X FIT 0T B o E R IEEE
oxd HEVE O BERHLIERED I CFHE) T H
b, FERICE~RSD.

QuEPES 5 fo IR EHEFE 2 SR E LTz,
FofhE#w Fig. 1 1ItRd. air cavity pBRIEX
0.5 44 + (727 VAR »HEEh, K
EIL7 H &Y 2RSS T\Wa . Zhid[@ih
=7 NDiE @R TRAL D) XA T TE
i (120V) g s h s . IUEBRBITIER 0.5mm
DTN =228 THBHN, ZhixREr -7
DORLEED LD THS . stem o OfRiER
Y)=F vvihicin b, ToR iR
SEoMTELh 5. BEREL LTHVbHh
% air cavity fFFH%L 0.681em® Thbh, WE
DEZIIMREETRKZICE LTS
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SRR AR RN A T A B A B

AAEFREMESER B2TE 5105

WL = vF v (1001.2pF) . REXE, *
O B LR IREZE B EAET (Applied Physics
Co. Model31) —CHlE Liz. = OFEREIENSE
Gl CERAEERTH B A, BEEECHTS
WEXThRER LR, £ 2T, *Cok v~
ZHWT, ZoJjEs Townsend balance % -
BB L2, BHESEoORENI S THE - &
&ﬂoh LT ofESRciEciiEomig 2
> WEE 3 ZofIER R Lz, ik, BLHEZE
ﬁ: vFUHORhICAFe —a vF R
WTHERCIET 2 oW EBRTERD BRI,
(b) FEHEfE stem leakage
RSB o Rl W R TR, —ihe air
cavity LA 4> b Hhtig @ BA Sh 30 TRt
i stem leakage 2341519, RVELCEMAED
Stem leakage Z{fEPd Aoz, Fig. 1 L[/ UHE
Eo stem FHEfED, Fig. 2 R HEIE TER
wi7ot:. ThbbFig. 2 (a) 3@ W
{4, Fig. 2 (b) 1% Fig. 2 (a) o stem
DALEFAE Uiz stem §530 Zok E - To 4,
Fig.2 (c¢) (% stem TOEFELE air cavity @
B L OREFST AR A5 H0RETSH
%, FHgEReE LEE o BEE o4 b ocap
P EEACE S, Th e ko BEERI E
bhbXdiliz. A4 b+ cap DEEDJEX 1%
4mn (*°Cor i), 25mm (10MV X#5),50mm (30M
VXE), 10mn (10MeVE T, 20mm (30MeV

T TH5.

Fig. 1. Diagrma of thimble ionization chamber (longitudinal section).
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Fig. 2. Arrangement of ionization chamber and

stem for radiation beam.
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Table 1. Comparison ot electric currents measured
in cases (a), (b) and (c¢) shown in Fig.
2, for 10p¢m % 10¢m field.

Experimental set-up
shown in

Radiation Fi(gz;)Z l Fig. 2 (b)1| Fig. 2 (¢)
ratio of electric currents
Co v-rays 1.00 [2.0x107% ~ 1.0
10MV =x-rays 1.00 | 1.4x107% ~ 1.0
30MV x-rays 1.00 | 2.0x107% ~ 1.0

10MeV Electrons | 1.00 | 0.5x10°% ~ 1.0

30MeV Electrons | 1.00 | 0.4x107% ~ 1.0

Table 2. Change of measured electric charge
with field size, for ““Co gamma-rays.

Experimental set-up

Field size (b)/(a)

Fig. 2 (a) | Fig. 2 (b)

(em?®) (coulomb)

5% 5 5.15x107* | 8.3x107*% | 0.0016

1010 5.42x10°% [10.7x10-** | 0.0020

15x 15 5.64x107% | 12.3x107*2 | 0.0022
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Bt EFA310cm x 10emd ¥4, Fig. 2 (a) To
HEEex+% Fig.2 (b), (c¢) TolEE
D% A Table 1 R4, = ofERiL, stem
leakage A1 air cavity tha) BEFEIO# 0.2%5L
TCERERBE TRV L, ¥z stem 215
ALy B TE 5 = LERT. hoFEfhcouwT
3 EEOREEIE S hich, —flE LT %Co v
IOV ToOHERRE Y Table 2 joiid.

(¢) A FBEDIEE

BB o PR RFIRC (DR S h 5 7w
i, BEHHO air cavity HEEBEEICH % R
Twinlhudicbda., L L EFLE BigiEo
air cavity |32 & 0.5mo A4 FEETHERT
WHDT, ZoREEEYKPIC AR TQRINET
HEENEBE A1 FEEOHELZ T 50 LM
.

A FBE o7\ air cavity i BEETE R Q
EHEET BIcdRD & 5 BRIz, T
Tedoh, 40cmx 40cm X S0cnd K 7 7 v b A ch i
3 (BEFHoOBE) Fictk6em (°Cor, MV
XoGa) oMECEREEYEEL, o hickE
JEo 5 B4 b cap e TQRAIE LEEE
EEEHEMOBIRE R, Z OFEREERN S,
2mEL FOEEECIIEMER QN —~ETHH &
Dotz Lizd2T, 0.5mod 44 FEED S
Bh - 0B CHIE S h 5 Qi (DXl
xHhLEZLRS.

3. BFHEEMIEREE rad BERE

(a) BT

Wi, K, &% o BFEEMELAE 2w T
Berger EFHME R F AL, Ze&iesd+ %K% &
Ui OB R I-REL Sm Z3 Rt B—=Fb
F - | ~30MeV TEFHiwf3 % Sm % Table
3T, &P Sm 0.869 % U7 b DI QM
B rad %5 % fod DIRFIFRETH b, Table
3nfEReRmEhs.

T, BEHA O air cavity %53 5 E O
=R L — P — TR B1E, Table 3 o fifiix
FTOFFHPTED. LHLI o LirER
CIFBAED Y B, B—=3 A F-DETH
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Table 3. Mass stopping power ratios, Sm, relative to air, and absorbed dose per esuper

0.001293 g air for water and muscle.

Sm Rads per esu per 0.001293 g air
Radiation )
water muscle Water J| muscle
Electrons;
1 MeV 1.131 1.116 0.983 0. 984 0.970 0. 964
3 MeV 1.084 1.071 0.942 0.931
5 MeV 1.055 1.042 0.917 0. 924 0.905 0. 904
10 MeV 1.011 1.000 0.879 0. 894 .869 0. 87d
20 MeV 0.968 0.958 0.841 0.832
30 MeV 0.944 0.934 0.820 0. 834 0.812 0. 814
Co r-rays 1.1352 1,133= 0.9862 ().9852
X-rays;
1MV 1.113 1.130¢ — 0.967 0.974 — 0. 954
15MV 1.104» — 0.959 -
20MV 1.098 1.100¢ — 0.954 -
28MV 1.092v 1.086 — 0.949 —
30M W 1.087 1.082 — 0.944 0. 944 — 0. 924

a : ICRU Report 1962, NBS Handbook 85, b : Mean mass stopping power ratios were
calculated by using the measured x-ray syectra for 15MV and 25MV x-rays.

¢ : Greene’s calculation®, d :

Schinz and Wideroe™.

Fig. 3. Variation of rad/esu/0.001293g air with depth in water, for

electrons.
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MeV it % % Cic1.89cm (=4.88—2.99) ks
EEZD. TOHECISTRPDOLERES TOE
F=2NF—FHIEL, FRICKTS Smis ot
rad SR A R T, BE—=F A F—0 10-,
20-, 30-MeV TN Kic AS L34, &b
DS & rad WREHKORIR % Fig. 3 1R

(b) X

I5MV, 25MVXEDA-27 b A% Nal oy
FU—YIYART P A —F— THIE L =9
(Fig. 4). Z D#EREAVKpD 2 KBF A2

Fig. 4. Spectral distribution of photons for 15MV-
and 25MV- x-rays from a betatron.
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PAREEL, ZoBFRECoWTELIHT S
IROFGE R IEREI'® R odte. BHhi: Sm
fEIX15MV T 1.104, 25MVC 1.092Th%. =
NHDER XU ®Co 1 OEDY EsdhEEe S
o =Rk AF—DXEiIew T 5 Sm & HTE L
to. KD Sm 35 X Of rad RERE % Table 3 1Rk
3. 10~30MV I Tix Sm o Xt = 3 ¥ — (K7
BRI, FRXBEARS A SBERTHRA L
Eoi\WTHAH S5, Lichi>T Table3 itipxh
% rad BERKIIER ERIOLELL R 5.

4. EFBETOBELSE
(a) %Co 7 ifticshd 5 R
Table 4 \WiRTEMHREE (REL) oOfF=x
AF X, BFRCHT5REY B3 T 5§
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2, %Co viRIC DWW T AREFT DB R IE LT
RIBOBEER (ot 71240 | BIEEE (B
MR T— 2,000) &AW, 7 #REA H75em0Ze
iz R R B X 10em x 10em o BEHTF © 25 L
7z. = = TH\ 7~ Baldwin-Farmer sub-standard
dosemeter MK2 ¢ 2 MV X{z 535 B IE s
(multiplying factor) |3 NP L2 2*>C1.08¢ 5

Table 4. Response of dosemeters for ©°Co gamma-
rays (source-dosemeter distance: T75cm,
field size: 10cmx10cm).

Scale readings| Correct-] Multi-
» of dosemeter atjed expo-| plying
Dosemeter 22C, T60muHgjsure factor
(R)
Baldwin-Farm-
er Mk. 2 21.5 1.08a)
Victoreen R-m- N
eter(Model 553) 24.4 0.951
Victoreen R-me- p ey
ter (Model 621) 24.4 23.2a)| 0.951
Radocon (Prob , .
e: Model 606) 2.1 1.05
Siemens Unive- o

' rsal (Midget 19.5 1.19
thimble)

| Philips(Probe: o5 "

| 87486/10) 5.9 0.89

a) The response of Baldwin-Farmer dosemeter
has been calibrated at NPL, England. The
multiplying factor is 1.08 for 2MV x-ray
s. Assuming that this value may be adapted
to *°Co gamma-rays, the corrected exposure
will be determined to be 23.2R (=21.5x
1.08).

ZBRTWZEOT, %Cor iz & DE X
NBERELE. chiXiE: LTRO 2R
AT OBZIE fR¥ 13 Table 4 ¢ multiplying factoro |
RAShBh, REOCERIEYEWTES.

fibfy, PRAIEEMERECEEE 4und L4 1 F cap &
HRATRC & F— DB LAETQEAEL, ke
LD TRIER FRE Li?.

Z_Qe—n@i’r—-x S lucite f
. (pen/p)1ucite Sm) i *xfxQ

= 1.052Q (2)
yrad PR
(enf0)aic/(pren]p) 1ucite=0.93028,  (Sm)licite
= 1.109%,
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a4 P BEC X5 7o RS T 5 51E
T1.02&+5%19,

Q=22.1esu/0.001293 g air & JAIFE T i D
T, (2) Rk HREII23.0LHTE X h .
Baldwin-Farmer dosemeter |z X % fil5%E{EIT23.2R
ThHHEMD, MEO—HIIRIFTHS.

(b) MeV FEF4, XFHcx3 2 RE

_— % b e b Eh BT X
E— A & 40cm X 40cm X 50emm K 7 7 v b A A

(40cm X 40emD ) DB AFERD. 7TV F A
EHMO MRS EIL10cmx 10en, € — & el -
OHEOFLCEEIC AL T 5. E—aflcinvA
B2 b 2 on (BFROEE) Fluksan (X
OBE) PEE O K FEEHERY BT Q
EEL, (DR L oTKOBINFERD % RD
fo. R, RUAECERRE2E W TRE

(*°Co v RT3 H B IEFRBCE MR 0 T AT H
Uichd) %fwic.

2T, F—MBEE&HFETCH ORI RIEE DED
I R/D 2FERBETFOREEL ThE, Thiik
OB S GAT TR 1rad ThH L ELC
CEAREHEBETEMRERT A EERTS.
FREEET ORE o\~ T, EEEER % TFig. 5
it CORRRERBINL, RTOBERHM
06Co ¥R LCH—o RIEEX 52 % & 5 KE
EhT»Th, MeV HoBEFRLXHI LT

AARREZHMHESME 82186 H10%

IXThZh oAt TRV RS . o, £HE
AT O R X RS = R A F — O BIMCRED T <
75 . flzi¥ Baldwin-Farmer dosemeter ¢,
0Cor fRsT+ 5 REIE L 30MV X THS5
%, 20MeV BT TH15%, 30MeV BETHCH
DL RERHINT D . L2 T, EBEOHEHR
BRCEWTRIEY BRET5H  Si#T 5 <&
ThH%.

R{f2 & rad % GFlli-3- 5 7o b O IRFARBU L 457
EHe o WCitREOUE T5 L bh b . EE
DF A Uik i s o\ C o B R %x Table 5
iz d . Baldwin-Farmer dosemeter =2\ (%
Bewley®, Greene® BHofhEE B —F L.

ERME R R—rad @R B0 HEET
RDLIhDA, ToHELBEFO/EC X >T
BB EXEBRERETHS. i, vy Y
B S hc WG RO ENEC v v by
vEROUERER S & L3R E LTy
TH S, BLRCTHE L SR I R 1 2 22 AR
EREHEARATLLTHA Y.

(c) Fricke dosemeter & o [#7 (28MeV EEF
&Y

ETHeouT Fricke doseraeter % ffif &3
Sk o H A EEEE T 1B (TAEA)
DEMTEREINLDOT, ZhicBmLi (1965
F4 ). I AEADBERRTH 3 o MixD

Fig. 5. Response of conventional dosemeters for 20-30MV x-rays and 10-30MeV
electrons. 1; Baldwin-Farmer, 2; Radocon (606), 3; Victoreen R-meter (621),

4; Philips, 5; Siemens Universal
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Table 5. Roentgen-rad conversion factor in water for conventional dosemeters

. rads in water per R for conventional dosemeters
Incident R -
radiation . Baldwin-Farmer .(acé%go)n R-zle(éte?:(eegm) Philips Siemens
' 0.907 0.933 = 0.903 0.886
X-rays:
%0 MV 0.9002
0.878v
30 MV 0.905 0.908 — 0.904 0.882
0.883¢
Electrons:
10 MeV 0.864 0.826 0.844 0.853 0.765
20 MeV | 0.828 0.812 0.821 0.824 0.749
30 MeV | 0.775 ] 0.761 0.766 0.789 0.718

The tabulated values can be applied to the dosemeter placed at a depth of 2cm in water
(for electrons) or at a depth of 5em in water (for x-rays).

a : Bewley (calorimetry)®. b :

77 ¥ rA (1lemx10emx 5¢m) o 5%, 2fHic
11 Fricke dosemeter HidE A X Tz, flio 1
o7 7 v snhREREDTTHhhbh o
SEEREF A A L, 28MeV EFHL 1T 2 W T
Fricke dosemeter j= 4. % A E 2l Lz (2=
S OWIE). F—04MH CTHEZ2 077 v+ A
ZHREHLTIAED~EXL. TAEDTIX
Fricke dosemeter ¢ G (Fe?*) (% 15.45 £ LT
MELFEI L2 ZofEick Lz 0BT X
% SHl#R AN L P 2.5 Kk Cholc. HEAOE
FARZ F Ak LOETHI-EECBET 2 ER T —
ENRZLDT, LEEoERE) SmEoE e X
LEHErTA0REETHES .
5. #% W

MeV o E T8, XfEodmillEcERT5
HRYC, fREEBEEERI 2 3(E L. air cavity
OEHEBMMEL = v 7F v IEBEC X2k, Wl
FEECBIE T stem leakage o ks X OVHREEF
7T Vb AICE & & 0 ZEREE (0.5mm
A b)) ORI EPERLERTES L
ARG, RiT, ZERFEER XS TR EY
FHI3 5 B BB Rl C & 5 B E AbE IR RELL
A L, WEEEED: B rad R EEIT 5 o 0l
FitREcE Rte. Eic, REREMECL O KRZ 7
Vb ARORIEREZFHE L, Zhiekd s &5

Greene(calculation)®.

AR (RER) OBELHE LIz, Zhbof
BEOREIR, “Corig CR—REXIERTH X
HITHEIE T\ B IThdds b3, MeVELCrig
HATOMBIC LOTEREDD &, i
=RAF —DRMEKT K LTS & L7 EHMD
hic. Rorad MR HER Tables Ry, o
& 5 BRI DT, —EHED esu WEE
HEENEREhD Z EN Y ENB.
x |
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