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A Theoretical Consideration of Radioactive Infensity in the Air -

by
Kiyoshi Seya

Radioactive intensity in the air varies its value with altitude above terrain and is influenced
by topography or by geology in the vicinity of the point below the measurement point. ,

If there are no topographic influence and no geological influence, it is known that the
relation between radioactive intensity and altitude follows the theoretical curve for the semi-infinite
homogeneous distribution of radioactive material. But we found the existence of abnormal relations
between radioactive intensity and altitude above terrain .in the “airborne radiometric surveys
carried out by the Geological Survey of ‘]apan,‘ in March and in September, '1957, in the southern
part of Yamaguchi prefecture. o

In this paper, at first, the methods of the evaluations of radioactive intensity for topographic
and geological influences are discussed and secondly the existence of abnormal relations is pointed
out, further the causes of the existence of these various abnormal relations are researched. Finally
as the results of our considerations it is mentioned how the altitude correction should be performed.

More detailed abstract of this paper is as follows : ‘ ’

(1) Expressions of radioactive intensities at a point in the air by inner and outer cylindriéal
distribution of radioactive material are introduced from the fundamental equation (eq. (1)) by

neglecting the fringe effect. For the inner cylindrical distribution

I, o) =I,-@ (¥, o¥) eq. (6)
where g . o C
D(I*, o*)=h* SZ; ¢ d eq. (7)
and for the outer distribution v _ .
Ix (7%, o*)=I, @*(h*, o*) eq. (8)
where . )
/5 . .
o w*, p)="x00E) eq. (10)
and @ (r¥ ) is the Rolle’s function defined by the equation
. . . . e,w s
O(e Y=h* | Sdo eq. (4)

These expression are very useful when the numerical calculations or the' theoretical treatments are
performed. ‘

(2) As the topographic influence, we consider the following two cases :
a) amount of influence of inclined ground plane can be evaluated as the following equation

AL: 4l - .
=1+ +pu7)ﬁ sin ¢ for ‘ dlsin o< H.  eq, (12)

b) In the case of conical protuberance as shown in Fig. 4. amount of influence of this ground mass

is approximately given by
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Ih*, p=FK - I(H*, R*%

where
(1 ) BT o )
K=o 1794 [1 L B (see 0 — 1] eq. (13)

(3) As the practical convenient methods of numerical calculation of geological influence,
following methods are proposed :
a) If a figure of distribution of radicactive material has a mean radius ( gy), amount of its

influence to measurement point is estimated with good approximation by the equation

IS=1I,- & (H*, p*) (5) . eq. (15)
g
b) If a figure of the distribution has a shape near the circular trapezoidal shape (see TFig. 8), its

influence is given with gobd approximation by

5 .

D)5 . ea o)
i o

¢) In the case of distribution of radioactive material as illustrated in Fig, 10, a numerical calcula-
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tion can be performed by dividing the figure to small parts as shown in Fig. 11. In this case
ep. (8) and eq. (10) are used, namely,
i O (%
I= iﬂ Y 0, 20

In the case of band distribution of radioactive material similar method is used. Tig. 12, Fig, 13
and Fig. 14 arc obtained by using this method.

(4) Abnormal relations between radioactive intensities and altitudes above terrain are indi-
cated in Fig. 17 and Fig. 18, The gradients (diminution coefficients) of the lines of I-I relations
in the range of the altitude in actual flight are different from the normal gradient which is
theoretically calculated in the case of semi-infinite radioactive body. The values of these diminu-
tion coefficients are tabulated in Table 2,

existence of diminution coeflicients g, and g, it is discussed in Section 4. 1, As the

a) On the
result of this consideration, it is clarified that the existence of these diminution coefficients
is explainable by assuming the existence ol the constant contribution Ie. Fig. 19 illustrates the
appearance of this phenomena.

As another cause of the existence of small diminution coefficients, the cases illustrated in Fig.

e

b
20 are researched. In these cases the appearance of "abnormal diminution coefficient g, 'is

5.

recognized for the values of # above # =
As the suitable practical examples of the cases above considered, we obtain the records
indicated in Fig. 17 (d) for the case of a) and in Fig. 17 (e) for the case of b).
As the resulis of above-mentioned considerations it is concluded that the process of the .
treatment of the records obtained by survey should be performed as follows :
a) The altitude correction should be performed generally by the theoretical curve of the case of
semi-infinite distribution.

For the record seemed in anomalous region we should examine its -1 relation.

)

b

¢) In this I-H diagram, if the group ol these plotted points have g, g, or g,, we should reduce
the intensities of these points to the intensities on the standard altitude us-ing the diminution
coeflicient of the respective case. k

d)

If necessary numerical caleulations are performed by using above-mentioned methods or equa-
tions.

e) After these procedure we can determine the existence of anomalous regions if there are.
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Table of Rolle’s function
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0.2 0. 5742 1.1 0.1283
0.3 0. 4601 12 0. 1111
0.4 0. 3804 1.3 0. 0964
0.5 0. 3266 1.4 00839
0.6 0. 2762 1.5 0. 0731
0.7 0. 2349 1.6 0.0638
0.8 0. 2009 1.7 0. 0558
0.9 0.1724 1.8 0. 0448
1.0 0. 1485 1.9 0.0428
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