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Depth-Dose Measurements of High-Energy Electrons by Different Methods
by

Yoshio Onai, Teizo Tomaru, Toraji Irifune and Isao Uchida
Department of Physics, Cancer Institute, Tokyo
Yoichiro Umegaki and Shusaku Matsukawa

Division of Radiology, National Cancer Center Hospital

Depth-dose measurements of electron beams by the Siemens 18-MeV betatron were made with dif-
ferent dosimeters and phantoms. The dosimeters used were shallow and thimble chambers, photographic
films, ferrous sulphate dosimeter, and radiophotoluminescent glass rod, and materials of the phantom were
-water, polystyrene, acrylic plastic, and MixDp.

The results obtained are as follows:

1. Measured values of effective density, which is defined by Loevinger ef al. as the ratio of the pen-
etration in water to the penetration in a given substance, are shown in Table 1. Polystyrene and MixDp
are the nearest to water equivalent.

2. The polarity effect was observed in a shallow chamber as shown in Figs. 2 and 3. Readings
with the ionization chamber should be made with both polarities and a mean taken, as electrons which
.come to rest in the collecting electrode and in lead give rise to a greater observed current with negative
polarity.

3. The ionization chamber seems to be less suitable than the ferrous sulphate dosimeter for measuring
‘the depth-dose curve of an electron beam, because of its greater dependence on the energy spectrum of
the electrons. However, if the corrections for density effect are made for the chamber readings on the
assumption that the average electron energy at a depth d is Ey (I-d/R;), where E; and R, are initial
electron energy and extrapolated range of electron, respectively, the results are in good agreement with
those from the chemical raethod (Fig. 7).

4, The parallel film gives a density too low in the build-up region, as shown in Fig. 6, and film do-
simetry seems to be less accurate than by other methods. However, if some technical precautions are
taken, films can give useful indications for the routine clinical dose distribution studies.

5. Depth-dose curve varies with the incident electron energy, field size, scattering foil, and others,
“but the variation of the surface dose relative to peak dose may be less than 109, provided that the incident

«electron energy is the same, even when different types of betatron are used (Fig. 11).
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6. Absolute absorbed dose at the peak was determined with the Fricke dosimeter, using a G value

of 15.5, assumed to be independent of energy. Conversion factors obtained for the Baldwin-Ionex cham-

ber are shown in Fig. 12.  These conversion factors are in good agreement with the factors for the Baldwin-

Farmer dosimeters obtained by Almond et al. and by Matsuzawa ¢t al.
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Table 1. Effective densities for various substances.

Loevinger ef al. 5A5Uihl%r‘°:’2 |
10--45 MeV "MeV |
‘ Effective Effective I
Material Mass Electron Experi-

Calcd. Exptl. mental |
MixD 0.97 0.9 0.95 T0.94 -
MixDp 1.00 —_ — — 1.01 t
Polystyrene 1.04 1.01 0.97 0.965 0.99 f

Acrylic plastic ~L18 1.15 1.12 1.11 1.13
Water 1. 00 1.00 1. 00 1.00 1. 00 ‘

Calculated and experimental densities relative to water by

Loevinger el al. are also shown.

Fig. 1. Depth-dose curves for electron beams in the four substances
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Fig. 3. Polarity effect at the peaks of depth-
dose curves
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Fig. 4. Polystyrene phantom for photographic
dose measurements
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Fig. 5. Depth-dose curves for electron beams measured with shallow
(10mm¢ x 2mm) and thimble (6mmgx 6mm) chambers
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Fig.12. Conversion factor for Baldwin-Ionex
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