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The efficiencies of ion collection in ionization chambers exposed to pulsed radiations were measured
using a Fricke dosimeter, and the results were compared with those obtained by theoretical calculation
according to Boag.

The collection efficiencies experimentally determined for Ionex, and JAPM substandard dosimeters
did not completely agree with those calculated theoretically unless an additional factor was introduced
in the theoretical formula or the value of p. in the theoretical formula varied from 750 to 1000 V.cm.
esu! for charge densities ranging frorn 0.1 to 5.0 esuscm'® per pulse. These results were confirmed
in the study of collection efficiency by varying the polarizing voltages of a JAPM dosimeter. As the
charge density of pulsed radiations in medical use is generally lower than 1.0 esuscm™ per pulse, the
value of 750 Vecmeesu™! was appropriate in the theoretical calculations. However, it was found that
this theory could not be applied to the chambers of complex geometry, such as the Radocon

575-602 chamber.
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Fig. 1. Size and polarizing voltage of the cham-
bers used.
V: Polarizing voltage, a: Inner radius of outer
clectrode, b: Radius of central electrode.
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Fig. 2. Collection efficiency of an Ionex 0.6 cm?
chamber plotted against charge density colle-
cted. Collection efficiencies were normalized
to that for 0.1 esu. em™ per pulse.
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Fig. 3. Collection efficiency of an Ionex 0.2 ¢cm?
chamber plotted against charge density colle-
cted, Collection efficiencies were normalized
to that for 0.1 esuscm™ per pulse.
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Table 2 Collection efficiency of a Radocon 575—

602 chamber by comparison with an Ionex 0.6
cm® chamber
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Table 1

1

comparison with an Ionex 0.6 cm® chamber

Collection efficiency of a Radocon 555—100 MA chamber by

Charge density collected
(esusecm™ per pulse)

Charge density
collected Charge density corrected for
(esuscm™ recombination
per pulse) (w = 750 Vecmeesu™)
Ionex Radocon lonex Radocon -
Cylindrical Spherical
0.101  0.093  0.103 0.095 0.103
0.143  0.131 0.146 0.134 0.148
0.566 0.477  0.612 0.533 0.792
0.657 0.512  0.720 0.579 0.888
1.13 0.619  1.33 0.998 2.04
Calculated collection efficiency Radocon/Tonex

(1 = 750 Vecmeesu™)

Corrected for

Tonex Radocon  Radocon/Ionex Ionex Radocon recombination
0.516 0.529 1.03 0.95 0.97 1.00
0.704 0.722 1.03 0.92 0.96 0.99
0.901 0.940 1.04 0.89 0.94 0.99
1.21 0.85 0.92 1.00

1.31

1.08
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Table 3 Collection efficiency of a JAPM dosimeter

by polarizing voltage and charge density

(Tharge: densit“y li-berateél

Pgﬁi;zgigg (esuscm™ per pulse)
(V) 0.35 0.74 1.67 3.62
50 072  — 040 026
203 0.93 0.86 0.72 0.56
404 0.96 0.93 0.85 0.73
600 0.98 0.95 0.90 0.82
800 0.99 0.97 0.93 0.87
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Fig. 4. Value of p calculated according to expe-
rimental data, plotted against collection effi-
ciency-JAPM dosimeter

nicHasiiREsRch D, & ORIENHE & BEER{E
F—F S B Fdiciy Boag OB EHFICHIEED
DETHS., ZOMIEEY plTgEei, HZntt
Lo pfERHRUMBESRCT LTS » F L
DHEF AR TH S, ERECHLOLEEIA BR
50, WThOBMRBEICIS\TH, MHERIED

759—-(57)

o
]

o
w
7
.

=
o
g

4
Vi

RELATIVE COLLECTION EFFICIENCY

06} ‘\\\\
2.5 \". . \\\‘:* s

\ o '\2 k“'ﬂ:.
o4} I Lo, w
0.3 ~

h"’*&" .

Fa

0 A L 1 1 1 L 1 1 L 1

0 05 10 15 20 25 30 55 40 45 50
CHARGE DENSITY COLLECTED{esu-cm *per pulse)

Fig. 5. Collection efficiency of a JAPM substan-
dard dosimeter plotted against charge density
collected. Collection efficiencies were norm-
alized to that for 0.1 esu.-cm™ per pulse.

Table 4 Effect of pulse repetition rate on recorn-
bination in an Ionex 0.6 cm?® chamber

Pulse
repetition ~ Charge Average
rate density exposure Ratio of
(pulse per (esu.em™ rate collection
second) per pulse) (“R”/min) efficiency
15 0.12 110 1.00
15 0.64 580 0.93
15 1.33 1200 0.84
60 0.64 2310 0.93

60 1.33 4790 0.84

Table 5 Effect of pulse width and beam current on
recombination in an Ionex. 0.6 cm-chamber

gth:::?f; Relative collection
Pulse Beam  collected efficiency
width current (esu-cm™
(1 sec) (mA)  per pulse) Measured Calculated
1.0 320 0.48 0.98 0.99
1.6 160 0.40 1.00 1.00
3.3 80 0.46 0.99 0.99
1.6 320 0.77 0.95 0.95
3.3 160 0.81 0.94 0.94
3.3 320 1.48 0.83 0.83
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