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ABSTRACT 

and C0BPftri80n8 of X-r«y interaction parañeters for a 
nunber of materials are presented so that possible dosimetric media may be 

eViiUftt!d Vith 8everal 8elected radistion effects media. 
The photon energies considered range from 0.01 Mev to 100 Mev. The calcula- 

nal approach as well as the resultant tabulations are presented in detail. 
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SECTION I 

INTRODUCTION 

Two materials, A and B, may be said to be dose-equated for ionising 

radiation if the amount of energy deposited by the radiation is the same in 

a unit mass of A as in a unit mass of B. In particular, it is not necessaril. 

required that the flux and ener«r spectrum of secondary electrons be the smne 

in A and B, but only that the absorbed doses (reference 1) be equal. Thus, 

although the materials A and fi may be entirely different in microscopic 

structure (e.g., molecular constituency, ciystalline configuration, solid, 

liquid, or gas phase) or in atomic composition, an absorbed dose measured in 

A may be the same or nearly the same as the dose delivered to B. 

Experimental and theoretical studies show that for a certain large class 

of radiation effects, the important parameter is not the ionizing particle 

flux or energy, but the absorbed dose delivered to the affected material. 

The absorbed dose is the first-order parameter, at least, for this class of 

effects. It is therefore of considerable Importance that suitable Instruments 

be constructed to give unambiguous measurements of absorbed dose. From the 

practical standpoint, there are inherent difficulties in making such a 

measurement. Indeed, since the greatest interest in present research is the 

study of deviations from the "absorbed dose-eradiation effect" correlation, 

it is not possible to use the effect being studied to determine dose (such 

a method is obviously circular). In practice, the two most satisfactory 

techniques are (l) a measurement of the heat generated in an irradiated 

specimen, and (2) a measurement of the ion pairs produced in a gaseous 

medium. In each case, it has been possible to show that the enerfy deposited 

is directly propox-tional to the measured quantity, within allowable tolerances, 

for almost all ionizing radiations. Ihe devices for such dosimetric measure¬ 

ments are the calorimeter and the ionization chamber, respectively. In 

these dosimeters, the material in which the measured energy deposit occurs is 
the dosimetric medium. 

1 
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In general, the physical state of the irradiated material renders it 

unsuitable as the dosimetric medium, h substitute material must therefore 

be utilized. The problem thus becomes one of relating the absorbed dose in 

the dosimetric medium to that in the experimental material. 

Using a dose-equated material in the dosimeter removes this problem. 

This, also, is not always possible. It is the purpose of this report 

to present calculated values of radiation interaction parameters (scattering, 

absorbed dose, etc.) to coqpare possible substitute materials (dosimetric 

media), and compare these with the same parameters for selected radiation 

effects media. 'The radiation considered is energetic photons (soft and 

hard x rays, and gaama rays). 

2 
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SECTION II 

CALCULATIONS 

The calculations are accomplished for the various materials from the 

photon cross sections of the elements (references 2-1«). The composition of 

muscle and bone as recommended by the International Committee co Radiological 

Units (ICRU) is given in table I. For a compound, the photon attenuation 

coefficient, u, is given by 

u ■ N ftVi 
0 Vl*! 

2 
where u is in cm /gm 

Nq * Avogadro's number 

n^ ■ number of atoms per molecule for the ith element 

A^ ■ atomic weight of the ith element 

* photon cross section of the ith element (cm2/atom, 

For a mixture, the percent by weight, w^, can be used Instead of values of n^ 

nlAl 

EiniAi 

and, therefore. 

u ■ N £ 
0 

Vi 

The photon absorption coefficient for a given element is given by 

where 

abs 
u .. ♦ 
photo 

fu ♦ 
comp 

I.02] 
E J u , 

pair 

uabs * absorption coefficient 

3 
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Table I 

COMPOSITION OF ICRU MUSCLE 

Atomic 
Element number 

Atoms/ 
molecule 

Percent Atomic 
by weight weiffrt 

H 
C 
N 
0 
Na 
Mg 
P 
S 
K 
Ca 

1 
6 
7 
8 

11 
12 
15 
16 
19 
20 

10.11905 
1.02fcl5 
O.2U986 
fc.55625 
0.003^8 
0.00082 
O.OO6U6 
0.01559 
O.OO767 
0.00017 

10.20 
12.30 
3.50 

72.90 
0.08 
0.02 
0.20 
0.50 
0.30 
0.01 

1.01 
12.01 
1U.01 
I6.OO 
23.00 
2U.33 
30.98 
32.07 
39.11 
1*0.09 

COMPOSITION OF ICRU BONE 

Atomic 
Element number 

Atoms/ Percent Atomic 
molecule by weight veight 

H 
C 
N 
0 
Mg 
P 
S 
Ca 

1 
6 
7 
8 

12 
15 
16 
20 

6.31*91 6.1*0 1.01 
2.31U7I* 27.80 12.01 
0.19275 2.70 ll*.01 
2.5625 1*1.00 16.00 
0.00822 0.20 21*. 32 
0.22599 7.00 30.97 
O.OO628 0.20 32.07 
O.36677 ll*.70 1*0.08 

U 
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u . . * attenuation coefficient for photoelectric effect photo 
u * attenuation coefficient for Compton scattering ("incoherent 

comp scattering") 

f * fraction of the photon energy given to the struck electron 
(on the average) in a Compton process (see, e.g., reference 
5, p. 89) 

Upair * attenuation coefficient for pair production 

E ■ photon energy in Mev 

The term |l - --‘y-j comes in because the two 0.51-Mev positron-annihilation 

gamma rays are not considered to be locally absorbed. 

In the tables of sections IV-IX, computation: for various coefficients 
are given for tvo materials. The first material corresponds to an irradiated 

specimen (A); the second to a possible dosimetric medium (B). Certain of 
the coefficients of the tvo media are compared by calculating the deviation 

in percent. 

% deviation * 

The most imp rot ant comparison is that of the absorption coefficients (last 

column) since the dose in the tvo media is directly proportional to 

absorbed dose(rad) * • ■ Ku^I 

vhere 

I * photon intensity (nev/cm2) 

dx « a small distance in the medium (gm/cm2) 

K » I.60 X 10"® gm rad/Mev 

The percent deviation of u^g is a measure of the extent to vhich one can 

consider material A dose-equated to material B. 

5 
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SECTION III 

ARRANGEMENT OF RESULTS 

The results have been reproduced directly from the final computer printout, 

The name of the test material appears at the top of each page immediately 

above its composition both in atoms per molecule and percent by weight. If 

the test material is a mixture and not a true chemical compound, the percent 

by weight of each element in the compound has been converted to a ratio which 

would be equivalent to the number of atoms per molecule if the mixture had 

been a compound. 

The unit of square centimeters has been printed with the power on the 

same line as the unit, as is indicated below: 

cm cm2 

The three columns on the right side express the percent deviation from 

the test material of the attenuation and absorption coefficients. The total 

absorption is most significant for dose equivalency. These three columns 

have been limited to printing a maximum of five digits. As a result, the first 

digit on percent differences which exceed 999.99 percent is omitted. 

The information which is printed in each column is outlined below. 

Photon energy (Mev) Column 1. 

Column 2. 

Column 3. 

Column U. 

Column 5. 

Column 6. 

Attenuation coefficient for photoelectric effect in 
medium A 

Attenuation coefficient for Compton effect (incoherent 
scattering) in medium A 

Attenuation coefficient for pair production (nucleus 
plus electrons) in medium A 

Total attenuation coefficient for medium A: photo¬ 
electric effect plus Compton effect (incoherent 
scattering) plus nuclear pair production plus 
electron pair production 

u . in medium A 
abs 

6 
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Coluans 7-11* 

Coluan 12. 

Column 13. 

Column Ik. 

Correspond to coluans 2-6, but for medium B 

Percent deviation for u_^__ comp 

Percent deviation for the total attenuation coefficients 
given in coluans 5 and 10. 

Percent deviation for u . 

The data are divided into several sections. Section IV contains the 

results of comparisons of I CPU anísele (reference 1, p. 31) with the common 

elements. Section V compares ICRU muscle with a multitude of plastics, 

compounds, gases, etc. Sections VI and VII are analogous to the previous 

two sections, but for ICRU bone (reference 1, p. 31). Sections VIII and 

IX contain comparisons of several aiaterials with silicon and silver bromide. 

7 
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SECTION IV 

ELEMENTS VERSUS MUSCLE 
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