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Calorimetric study on ionizing radiation (2)
(On the energy flux of Cesium-137 gamma-ray beams)
By
Y. Takaku, T. Inada, K. Kawashima, K. Hoshino

and H. Matsuzawa
Physics Division, National Institute of Radiological Sciences.

The gamma-ray beam power from Cesium-137 teletherapy unit is measured by the
calorimetric method. Using a Wheatstonebridge circuit with four matched thermistors,
the detection sensitivity of the calorimeter is improved to be about 3x10-5°C.

The energy flux per roentgen, E:, and the photon flux per roentgen, ¢, ane found to
be 3030 ergs/cm?r and 2.86x10° photons/cm2-r respectively.

At the same time, the gamma-ray attenuation through copper and muscle equivalent
material, Mix P, is measured by the calorimeter. Unlike the heterogeneous x-rays, these
results are found to agree with that obtained by the ionization method.
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Fig. 1. Construction of Pb-absorber.
The Pb-absorber is a 5 cm ¢ x 8 cma cylinder
which consists of two lead blocks.

Lead absorber

Bead thermisfors Copper con-
necting wires

Fig. 2. Horizontal cross section of calorimeter

construction.

A,: Lead cylinder which is used to absorb
Cs!* y.rays.

A,: Lead cylinder which does not absorb Cs'*"
y-rays.

R,, R.: Temperature detection thermistors.

R;, R,: Control thermistors.
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Fig. 3. Diagram of bridge circuit for twin calo-
rimeter system.

A: Resistance box to balance the bridge
currents.

B: Chopper amplifier.

C: Recorder.

V: Battery (1.3 V).

R,-R,: Thermistors. R, and R, are temper
ature detection thermistors which are
embedded in a lead cylinder A, of Fig.
2. R; and R, are embedded in another
lead cylinder A, of Fig. 2.
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Fig. 4. Typical curve during y-ray irradiation
run.
1. FSD: 62 cm
2. D.C.amp: 200 pV range
3. Resistance box: 103. 88 2
4. Irra. Time: 10 minutes
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Fig. 5. Variation of recorder’s reading with the

electric power dissipated in the heater em-
bedded in Pb-absorber.
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Table 1. Calibration of calerimeter.

&Y (2) 3* (4) @
Electric Time of Dissipated Recorder Energy for
currents heating power reading one div.

(mA) (sec) (ergs) (divisions) (ergs/div)

0. 40 300 10,46 x10° 6.0 1. 74 x 108

0.50 600 32.70 x10° 20.2 THB25108

0.50 600 32.T0x10° 19.¢6 1367105

0. 60 300 23. 54 %108 14.2 1. 66 x10°

0.60 600 47.09 %105 27.5 11105

0. 60 600 47.09x 10° 28.0 1. 68 x10°

0. 70 600 64, 09 x10° 38.9 1. 65 x10°

0,80 300 41.86x10° 25.3 1.66 x10°

0. 80 600 83. 71 x10° 50.0 1. 67 x10%

0. 80 600 83. 71 x10° 49.8 1.68 x10°

1. 00 300 65. 40 x10°% 41.0 1. 60 x10°

mean:- --1. 66, >10°%

* The dissipated power gives 2.18x (1)‘X (2)x10* ergs, because the resist-

ance of heater is 2.180 kQ2.
** The mean value of column (5)

(standard error) for recorder’s reading of one division.

Sl 1 T

is estimated as 1.67x10° ergs +0.7 %
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Table 2. Experimental data of Cs'*' y-rays.
1.FSD: 62cn.
2.Field size: 7cm ¢ at the surface of Pb-
absorber.
3. Time of irradiation: 10 minutes.
4. Resistance of resistor box:103. 08~105.0042
5. Volt-meter range: 200 pV.
6. Recorder reading (divisions/10 minutes) :
52.9
52.1
53.2
53.1
52.9
52.'T
51 9
20T

mean  52.740.163 (standard error)
7. Exposure dose rate: 14.8 r/min in air at
€2cm from the source (Radocon dosimeter).
8. Intensity of '*"Cs ~-rays (energy flux den-
sity) : F =4.46x10¢ ergs/cm*-min.
9. Energy flux per roenfgen:
E; =3.03x10° ergs/fcm?r.
10. Photon flux per roentgen:
?=2.86%10° photons/cm?-r.
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Fig. 6. Attenuation of Cs'*” v.rays through

COppEr.
oo

T
\. e, ]Ccllarim'slry ==
80 g - Calculated

€0 b,

50 =

40 1 \\

30

Percat transmission

0 2. 4° 6 .8 10" 12 1 e "8 l20
Thickness of Cu (mm)

Fig. 7. Attenuation of Cg'*" -rays through
Mix P.
100

T T
\\& » Calorimetry Jr———|
80 \\ « lonization chamber

IR
\

60

D\
N

w
-
<

N

]

5y
o

e

Percent transmission

n
o

I AT Gl e 0 2
Thickness of Mix P (cm)

Lt gf L



AE#N364:11 9 25 0

LOMEO LN S, B—x 2 V¥ —yiiTIXE: @
ERME L FHER R —F (£ 1.5%) §5BZ¢L
BB T, EH ALY —OREENREL
SRS X AT H L T EEE B TFEe A RR T
3.
X BV HZBRIE & FHAME & 0 BT —BaX, SR
FET X o oMEET BTy IRA b B (Fig.
6). il Z VR RUEE 2 0.072em2/g® kLT
B 7224081310, 8mmCu &7z B R, ARERT
1310. 7mmCu 2345 & 7-.

Table 2 OFHEDOIEIZ, LY P F YU hoNTF
HreHFn, “hi E: # BCs g D3N
X —662 keV THO/-{ETH 5.

Fig. 7 13RS E Mix POz X 3 ¥Cs v
HOMEETH DA, Wk L BEFELR L3R
—B L, EEXHTADNS X YARBE&ITLS
E: LV 3B Z 572w,

IV. % &

181Cs ZRFEVARCEE )M b O o f5H 7 % #EaE
ETHIE L7, Z OBEBEHORER BT 5729
XY —3IRF—4EDOTY » FEGKEDLY, #

805

3RI-SCOMEKELHBAZ LR TE. Hfir
Vb F vl 220X —R Er B X URETEER
Dy, FhFEh3030ergs/em?-r, 2. 86 X 10°photons/
cm?r ThAB.

D EV, B & URRSEME Mix P2k 3
B7Cs o FROMBFFWRE L, BHEk: T3
EREO7, ThIERXAEEELEHTH S,

361 Rk

1D AREAD : BStE o BEGHE CHT AR (£
o1). HEERK:E, 21, 197 (1961). —2) E. Hay-
ward and J. Hubbel: The albedo of varicus ma-
terials for 1 MeV photons. Phys. Rev. 93, 955
(1954). —3) J.S. Laughlin et al.: Calorimetric
evaluation of the roentgen for 400 kV and 22.5
MeV roentgen rays. Am. J. Roentgenol. Radium
Therapy Nuclear Med. 70, 294 (1953). —4) P.
N. Goodwin: Calorimetric measurements on a
cesium-137 teletherapy unit. Rad. Research 10,
6 (1959). —5) Report of ICRU 1959, NBS Hand-
book 78 (1961). —6) A= AME “ BUHERT
— & — 7 o 2 10584 K " s AT 1T (1958). —7)
N b : & SmeE oRRfE, BARERXSE 20,
2460 (1961).

— 33 —



