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NOTE ON ABSORPTION AND SCATTERING OF
X-RAYS BY ARGON

By S. H. Yu (R #)
Department of Physics

Recently A. H. Compton® has shown that the intensity of X-rays scat-

tered by an atom at an angle @ to a distance R is given by

_ Ie*(1 + cos*®)

_42
[, = [ +cos’®) (1, Z —FZ

[14+ 8(1 —cos®)]®

o RImict (1
where I is the intensity of the primary beam, F is the atomic structure fac-
tor,8=h/mc A and Z,e,m,c,h and A have their usual significénce. Woo? has
actually compared Eqn. (1) with the experiments of Barrett®, Scherrer and
Staeger* and Wollan®. The agreement seems to be quite satisfactory. It ap-
pears therefore that by means of Compton's formula the scattering coefficient
of monatomic gas can be evaluated numerically. In the present note a calcula-
tion is made of the scattering of X-rays by argon and the results are dis-
cussed with the absorption measurements made by Colvert®.

By definition,the atomic scattering coefficient o, is given by
S A
o, = TZNR sin®@d® (2)

In order to evaluate this integral,it is necessary to find the F-curve for the
scattering atom. In the present work the F values are calculated according to
the Thomas-Fermi method, which has been recently discussed in detail by
Debye” and Woo®. Following the notations employed in Woo's paper, the
writer has evaluated accurately the values of ¢ for the interval 0 ;<{3. 85«

and the results are tabulated in the Appendix.
« 2.



Using the values of F obtained from the Appendix by the relation F =
Z¢,the atomic scattering coefficients of argon for wavelengths ranging from
0.148 A to 2.288 A are evaluated graphxcally according to Equ. (2). The the-
oretical values of o, together with the atomic absorption coefficients found by
Colvert® are given in Table 1. It is seen that the atomic scattering coefficient

is an increasing function of the wave-length,a result which seems to be de-
manded experimentally®.

Table 1.

BiK; | BiK. | WK, | WK. | AgK; | AgK. |MoK;|MoK. | CuK; | CuK. | CrK.
0.142{0.163|0.184|0.211{0.496|0.561|0.613|0.710|1.389|1.539|2.288

0, X 10% (cm?) 0.938|1.018|1.100|1.200]|2.280|2.540| 2.843[3.176|5.944|6.588|9.121
2a X 102 (cm?)

ACA)

(Colvert) - - - - 33.3 | 45.3 | 64.5 | 85.4 564 750 | 2233
7, X 10% (cm?)

= (pta—0,) (cm®) s = = = 31.0 | 42.8 | 61.7 | 82.2 | 558 743 | 2224

By plotting the logarithms of the atomic scattering coefficients against
the logarithms of the wave-lengths,it is shown that in general there exists
no simple relation between ¢, and A. However,for wave-lengths between 0. 35

A and 2.00 A the relation between o, and A is well represented by the ex-
pression

= 0. 044 X 1072 A%

When correlated with the total atomic absorption coefficients of argon deter-

mined by Colvert,the true atomic absorption coefficient 7, is found to be rep-
resented by the equation

= 2.20 X 107 &8

Thus for wave-lengths between 0. 35 A and 2. 00 A the absorption for mula
for argon acn be written as

Mo = 2.20 X 102 A%8 4 0. 044 X 102 A*-94



where g, is the total atomic absorption coefficient. This indicates that we
should not attach too much physical significance to the empirical ébsorption
formula refered to as Owen's law.

In conclusion the writer wishes to express his thanks to Prof. Y. H.

Woo for his suggestions and encouragement.

Appendix
j ¢ ¢ J ¢ ¢ J ¢ ¢

0. 007 1. 0000 | 1.0000 || 0.70x | 0.2248 | 0.0505 || 1.45x | 0.0964 0. 0093
0. 0257 0.9760 | 0.9726 | 0.75x | 0.2132 | 0.0455 | 1.50x | 0.0948 0. 0090
0. 05x 0.9240 | 0.8538 | 0.80r | 0.1964 | 0.0386 | 1.55x | 0.0908 0. 0082
0. 107 0.7944 | 0.6311 | 0.85x | 0.1824 | 0.0333 | 1.60x | 0.0876 0. 0077
0.15x 0.6816 | 0.4645 || 0.90r | 0.1704 | 0.0290 | 1.65x | 0.0820 0. 0067
0. 20x 0.5864 | 0.3439 || 0.95x | 0.1600 | 0.0256 | 1.70x | 0.0792 0. 0063
0. 257 0.5240 | 0.2746 | 1.00x | 0.1520 | 0.0231 | 1.75x | 0.0764 0. 0058
0. 307 0.4696 | 0.2205 | 1.05x | 0.1448 | 0.0210 | 1.80x | 0.0736 0. 0054
0. 35« 0.4184 0.1751 1.10x 0.1356 0.0184 1. 85x 0.0712 0. 0051
0. 40x7 0. 3756 0.1411 1. 15« 0.1296 0.0168 1. 907 0. 0672 0. 0045
0. 457 0.3372 | 0.1137 | 1.20x | 0.1224 | 0.0150 | 1.95x | 0. 0656 0. 0043
0.50x 0.3100 | 0.0961 [ 1.25x | 0.1192 | 0.0142 | 2.00x | 0. 0644 0. 0041
0. 557 0.2840 | 0.0807 || 1.30x | 0.1112 | 0.0124 | 3.85x | 0.0256 0. 0007
0. 60z 0.2608 | 0.0680 || 1.35x | 0.1036 | 0.0107

0. 657 0.2400 | 0.0576 || 1.40x | 0.0984 | 0.0097
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