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Calculation of the absorbed doses of primary X-ray

By

Chikara Takei
Department of Radiology, Nagasaki School of Medicine
(Director : Prof M. Tamaki)

By means of scintillation spectrometry the author (1959) measured spectral distributions
of the primary and secondary x-rays from a therapy machine of Greinacher circuit.

From these data, the tables in NBS Handbook 62 and Radiological Health Handbook, he
has calculated absorbed doses f (in terms of rad/r for various half value layers) of primary
x-ray for water, muscle and bone. These calculated values wers compared with those pu-
blished in NBS Handbook 62 and the report by Allisy and Astier.
data published by others was fairly good in the absorbed doses for water and muscle, consi-
derable discrepancy was found in those for bone, probably due to the fact that relatively
f values of low-energy x-rays in bone is greatly influenced by different spectral forms of x-

While coincidence with

rays from different generators and filters.

Consequently, absorbed doses for water and muscle may be obtained without gross error
from the curves of absorbed dose-half value layer relationship published in NBS Handbook
62. However, absorbed doses for bone should be calculated from data obtained from mmeasu-

rements of energy spectrum or ionization of equivalent gas.
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Fig. 1 Gamma flux equivalent to one roentgen
hour as a function of gamma energy (from
Radinlogical Health Handbook).
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photon ‘ (mgte~) medium 7 1
energy f=0.87 ?[ (m#{n) air
MeV waterfan ’ rnusc]efalr ‘ bomﬂa]r
0.00 | 0.92 0.993 3.58
2 . 887 . 925 4,27
3 . 877 . 919 4. 43
4 | . 887 .928 | 4,18
5 | .900 934 | 3.61
6 .913 . 937 2.94
# 7 .927 924 2. 43
8 . 940 . 948 1.93
* 9 | . 949 . 953 1.62
0.10 i 0. 957 0. 957 1.47
# 1 . 961 .959 1.35
* 2 . 964 . 960 1.26
* 3 . 967 . 961 1.19
* 4 . 969 . 963 1.12
5 .971 . 964 1. 06
# 6 973 . 965 1.02
* 7 . 976 . 967 0.998
| = 8 . 978 . 968 0.995
* 9 . 980 970 0.991
0.20 0. 982 0.972 0. 988

# value calculated by interpolation

Table 1. f(E) : Absorbed dose (rad) per roent-
gen as a function of photon energy (from
NBS Handbook 62)
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| stcer ! HVL f radjr

! kvp | : ) w_a;:er,l’ muscle/ -

i | mm !mm Cu by i €% bone [air|

90 |10 Al o2 | .06 | .e28 | .35
120 |93 &) 070 | 926 | .93 | 2.61
160 | 2O Al 105 | e o2 | 2.
160 | 194 145 | 03 | owr | 1m
180 | 3O A 115 | o0 | 046 | 2.04
180 |} A& 165 | o8 | .o51 | 1.7

i hoto hoto
!gnlerzgg npumbe?r dose f rad/r
Mev | 2rbitre, arbitra, water/ -:}g selel bone fair
R |
0.05| 14| 17.8| 16.0| 16.6| 627
6| 26| 347 37| 325/ 1022
7 ‘ 281| 30.1| 32| 3.1 ’ 95. 2
8| 85| 43| 38 ‘ 39.1| 79.8
9| 25| 32| 343 | 34.5| 58.7
0.10 H 198| 330 316| 31.6| 485
1 H 180 33.4| 321| 320] 418
2| | 3] a0 | 39| w6
3| 15| 345| 33.4 | 32| a1
) | 86| 21.7| 215 ‘ 32,2
5 | 68‘ 17‘9| 17.4‘ 17..2‘ 19.0 |
6| 2| 77 75| 749 7.88
7| 8| 24 2 3% 23 o 41i
1] I 1
I 361.9| 343.1| 344.0| 636.1
f water/air =343.1/361, 9=0. 943 i
T musclefair=344. 0/361. 9=0. 951 |
fbonefair =536.1/361.9=1.76 !

Table 2. An example of the f value calcula-
tions: 180 kVp, filter 1.0mm Al+1, 0mm
Cu, HVL 1.65mm Cu.
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Table 3. Average absorbed dose(rad/r)in water,
muscle, and bone, for various primary x-
ray spectra.
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Fig. 2. Plot of the values of f water/air rad/r
intergrated over the primary x-ray spect-
rum, as a function of the copper HVL
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Fig. 3. Plot of the values of f muscle/air rad/r
integrated over the primary x-ray spect-
rum, as a function of the copper HVL.
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Fig. 4. Plot of the values of f bonefair rad/r
integrated over the primary x-ray spect-
rum, as a function of the copper HVL.
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