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Dosimetry of High-energy X-Rays and Electrons (Estimation of Absorbed
Dose in Water from ““r *’-readings of Practical Dosimeter)

By

H. Matsuzawa, K. Kawashima. T. Hiracka, T. Inada,
K. Hoshino and S. Sakata
Physics Division National Institute of Radiological
Sciences, Chiba, Japan

Numerical values of conversion factor available to estimate rad from “r” were
<determined for several dosimeters when they were put in Lucite or water exposed to 6-30
MV X-rays or 10-30 MeV electrons. Six dosimeters which indicate *“r " were emploved
for experiment. For radiation of a definite energy, each dosimeter measured R “r” in
Lucite at the depth where occurs the maximum of the depth dose distribution. Under the
'same condition, the ionization density Q esu/cc was also measured by a parallel-plate
ionization chamber. In this way, the conversion factor from ““r” to rad in Lucite was
-determined through the ratio of R to Q. Then, the conversion factor in water was
-deduced. As shown in Fig. 4, it may be concluded that the conversion factor from *r”’
to rad depends on not only the construction of dosimeter but also the type and the energy
-of radiation.
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A : Victoreen condenser chamber, No. 553

B: & E No. 621

C : Radocon 575% (Probe No. 606, 607)

D : FERERR R
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Table 1 Sensitivities of r-dosimeters ex-
posed to the same *°Co y-ray beam.

Dosimeter A | B N C [l D I] E|F
Readings, R g ¢ | :
(roentgen) 29.2 29._5@6.024..6?'1;226.0
Calibration s | !

Bctor & 0.89%) 0.8811.00 1.06(2.82(1. 00
True exposure,

R«k 26.0 —
(roentgen)

A : Victoreen condenser chamber, No. 553. B :
Victoreen condenser chamber, No. 621. C : Ra-
docon dosimeter, probe No. 606, 607. D : Tosh-
iba dosimeter. E : Philips dosimeter. F : Fluo-
roglass rod (Toshiba, FD-PS.1. )

*) Dosimeter A was calibrated for standard 0Co
»-rays at National Electro-Technical Laborato-
ry of Japan, and k was estimated at 0.89 for
dosimeter A. Calibration factors of other dosim-
eters were determined as compared with that
of A for y-rays emitted from ®Co teletherapy
unit.
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Fig. 1. Variation of F with electron energy
for Lucite and water. Curve 1: calculated
from § i of Melms®. Curve 2: calcu-

lated from )" of ICRU Report".
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Fig. 2, Variation of F with photon energy
for Lucite and water. Effective energy of
3 MV x.rays were assumed to be equal
to *“Co +-ray energy.
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Fig. 3. Schematic diagram of the experimental
arrangemnt.

Table ] Ratio of “r” to esufecc (Rk/Q) Measured in Lucite,

o ‘Ejgit;,m Rk/Q for Dosimeter, |'
«| Radiation
cm A ‘ B ’ c D E F |
©Co y-ray 0.5 —_— 1.0d —
6MV Xray | 1.0 1.06 1.00 1. 00 1.10 1.05 — i
10MYV  ~ 2.0 0.98 0.92 1.05 = 1.05 — '
15MV  ~ 3.0 0.97 0.92 1.04 - 1.03 == ;
20MV 4.0 0.95 0.91 1.04 - 1. 04 - |
2BMV  ~ 4.5 0.95 0.92 1.05 = 1.05 - :
IMV  ~ 5.0 0. 96 0.91 1.04 = 1.04 =
10MeV electron 1.0 0.99 — 0.96 0.81 1:12 —
15MeV  ~ 1.5 0.97 — 0.95 0.80 1.28 0.80
20MeV  ~ 2.0 1.03 1. 00 0.97 0.85 .26 | 0.81
25MeV 2.5 1.03 1. 00 0.96 0.87 1. 26 -
30MeV ~ 3.0 | 1o 1.04 0.99 0.91 1.25 0.87 |

A: Victoreen condenser chamber, No. 553, B: Victoreencondenser chamber, No. 621. C: Radocon
dosimeter, probe No. 606, 607. D: Toshiba dosimeter., E: Philips dosimeter. F: Fluoroglass rod

(Toshiba, FD-PS.1).
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Table [ Conversion Factors f and F for Lucite

f (rad/*r”) for Dosimeter, F,
Radiation
A ‘ B ‘ C | D ‘ E ‘ F (radfesufcc)
%“Co y-ray — 0.945 ——— ; 0.985
6MV X-ray 0.90 0. 96 0. 96 0.87 0.92 —_ | 0. 96
10MV 0.97 1. 03 0.90 —_ 0.91 = 0. 95
TIBMV  ~ 0.97 1.02 0.90 - 0.91 = 0.94
20MV  # 0.98 1. 02 0.89 —_ 0.89 — 0. 93
25MV  # 0. 96 1.01 0.88 — 0.88 — 0.92
MV~ 0.95 1.0 0.88 - 0.88 — 0.92
10MeVelectron  0.87 —_ 0.88 1.05 0.77 - 0. 86
15MeV  » 0. 86 S 0.88 1.04 0. 65 1. 05 0.84
20MeV 0.80 0.82 0. 86 0.97 0.65 1.01 0.82
26MeV  » 0.79 0.81 0.84 0.93 0. 64 s 0.81
| 30MeV ~ 0.77 0.78 0.81 0.8 | 0.64 0. 92 0.80
X-Rays Electrons
Ll l W
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1L.Ol— r’/ o= Fmom —Omris L NN
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Fig. 4. Variations of f in water with energies and types of radiation for
different *‘ r ’-desimeters. A: Victoreen condenser chamber, No. 3533.
B: ditto, No. 621. C: Radocon dosimeter, probe No. 606, 607. D: Tosh-
iba dosimeter, E: Philips dosimeter. F: Fluoroglass rod (Toshiba,
FD.PS.1). 1: Newbery®. 2: Batcheler”. 3: Laughlin®. Baldwin-Farmer:
Hospital Physicist’s Association, England®.
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Vv 2 7 v BROKE Tz { BEEE EEesu/cc
RERINIBREAJUERR DN, TOHA
WCF 25 U TRIGRE A RD bh % 0 coEE LE
FITHA5. Zof, F4viieslrz Ion dose
DREED 3R LE~FEBbh 3. KL, TX
BIEGEOM B2 RS L340 L T 5K
RN RT3, Thik, ZoOWSTERT S
NI TE D72 HAEAERN S 2 BE 2 BHSE T
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Rek/Q tx, 7z ZARIERBEAE—TH, Fh
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OHEE (ME TR - REILE) DBNTE D
tRbh3. i, EECRDSAOBS (Bl
X stem ) @ leakage 20Tk SBT3
FETH D, iz Rek/Q 13fddinoisic d k&
Ty 3. %E°T, BB bh7: {EXRLD
AR CE oMY b bIGHRERFEL 53 L5
IFERE Ao, ThIiE, FHSEESROERE
K, RBE®Wge: & clRIGRE 2356 555
BRUEHRSEETREFR L Ebh 3. M4 1213,
Tz OF — % — il Newbery 56, Batcheler?,
Lrughlin®, Hospital Physicist Association

HAR B AR S35 w2de w4

GO Z LD 7. Newbery big~—7
T4 VEVEEERE Y SV Y ATCEIIEL, 8MVX &
YZxFL0.93rad/*‘r 7, Batcheler i 8 MeV g5~
FRITOWT0.865 rad/“r” ki L T3,
Laughlin 1} Victoreen-25 r Condenser chamber
¥ Benzoic acid oER(b & H# L, 6~20MeV
ETHRIC O E R 0.79rad/“ 77 #4ET w3 5.
¥ 7-#:[E ¢ Hospital Physicist Association =i
Baldwin-Farmer % 7-iX Victrometer chamber
VL, 0.95 rad/“r” (2MV X)), 0.94 (5Cao
), 0.94 (4 MV X#), 0.93 (6 ~8MV X#2)
ZHCBZ LRI L T3,
BHBEZOZEC B TEECEIh 301
ROV TORIGRE TH Y, EEKOF §
R ETHS S, KL, TOILEES oG-
W ar Y, I QoM Lo mEEz
HEIDT, EHREMOT 2 f 2kOB2 20
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D EZHEE L.
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