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Calorimetric study on ionizing radiation (I)
(On the energy flux of 100-300 kVp x-ray beams)
By
T. INADA, K. KAWASHIMA, Y. TAKAKU, K.HOSHINO
and H. MATSUZAWA.

Physics Division, National Institute of Radiological Sciences

A method on the calorimetric determination of x-ray energy flux from 100 to 300 kVp

is described with some results (Table 1).

This method gives an absolute unit measure-

ment. Therefore it seems to be more reasonable to estimate the effective energy of x-ray
from the energy flux Ef, because there are doubtful points in the effective energy deter-
mination based on the half-value layer. Fig. 6 shows the corrected relation between them.

Then, the attenuation of x-ray intensity through muscle equivalent material is discu-
ssed. In non-filtered x-ray range, Ef changes with material thickness, but in medium
filtered or more hard range, such a change is not found.
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Fig. 1. Constructional view of Pb-absorber.
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Fig. 2. Thermostat and experimental arrangement.
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Fig. 3. Typical curves during calibration and
x-irradiation runs. (1) Calibration by heating
the resistor (2 mA, 2. 18 k2). (2) Irradiation
of x-ray (300 kVp, 10mA, 0.5 Cu 4+ 0.5 Al

filter)
2 1) (2)
Ll S
2 S —_—
e84
S ‘_,/\
25208 \ s E
e T
Eer " \,__‘
= 10 1 1 1 AL 1 1 1

1510 4 50 155101 58 0

Time (minutes)

Table 1. Energy flux per r etc.
FSD: 56c¢m, Tube currents: 25mA ( 100-— 200kVp), 10mA (300kVp).

Tube Filter" HVL Effective |Calorimeter| Exposure Beam  |Energy flux
potential reading dose rate | intensity® per r
kVp i nm energy? kV| div/10min r/min | pW/em®-mA | ergjem®-r

100 — 2.9 Al 34 10.0 52. 4 4. 67 1330
2.0 Al 4.1 Al 39 6.25 30.8 2.92 1420
— 4.5 Al 41 26.2 107 ilighed) 1780
150 2.0 Al 5.9 Al 48 23.5 73.7 11.0 2230
0.5 Cu 0.7 Cu 71 12. ¢ 28.7 5. 98 3150
— 5.3 Al 45 52.0 169 24.3 2130
200 2.0 Al 7.3 Al 53 47.5 121 28.2 2760
0.5 Cu 0.86 Cu 77 33.2 63.5 15.5 3660
0.9 Cu 123t 88 22.8 45.1 10.6 3540
— 1.15 Cu 86 22,2 59.2 26.7 2620
300 0.5 Cu 2.23 Cu 120 18. 3 38.6 22.2 3320
1.0 Cu 2.63 Cu 132 14.1 30.9 17, 1 3170

1.5 Cu 2.94 Cu 141 o b 26. 2 14. 2 3130

1) 0.5mm Al filter was added to Cu filter.
2) The effective energy was estimated by the usual relation between HVL and effect:ve kV.
3) The beam intensity is evaluated at 56 cm from x-ray target, per unit mA of tube currents.
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Fig. 4. Energy flux per roentgen as a function

of photon energy.
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Fig. 5. Attenuation of x- -ray beams through co-

pPper.
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Table 2. HVL for unfiltered x-ray.

Tube . (HVL mm)
potential ror iwe
(kVp) calorimetry ionization
0.18 Cu
150 0.48 Cu ( 4.5 AD
w 0.28 Cu
B 200 0.72 Cu ( 5.3 Al)
300 1.80 Cu 1.15 Cu

HBAREZMARESME B21% %35

Fig. 6. Relation between HVL and effective en-
ergy of X-ray.
—; Curves of general use.
; Curves after correction.
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Fig. 7. Attenuation of x-ray beam through Mix. P and energy flux per roentgen.

—; obtained by calorimetry.
(1) no filter (2) 0.5 Cu+0.5 Al filter
(5) no filter (6) 0.5 Cu+0.5 Al filter

Thickness of Mix.g (cm).
6

---; obtained by ionization method.
(3) no filter

(4) 0.9 Cu+0.5 Al filter
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