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1. Introduction

In my previous paper,” I gave a method for determining the subter-
ranean structure directly from the distribution of magnetic anomalies
on the earth’s surface, due to the subterranean anomalous mass distri-
bution. So long as we assume that the earth’s surface is nearly a
horizontal plane, the method proved valuable in analyzing actual local
magnetic anomalies. If, however, the undulation of the earth’s surface
cannot be taken as a horizontal plane, it may not be possible to apply
the method directly to the results of observations on the surface, in
which case, the observed values must be reduced with the aid of a
suitable correction formula to those on a horizontal plane.

A method of height correction has been proposed by A. Tanakadate®
for calculating, with the aid of the conditions of “Divergenzfrei” and
“Rotationsfrei” in the magnetic field, the normal values of the earth’s
magnetism on sea level. Tanakadate’s method, however, may not be
sufficient for reducing local magnetic anomalies in which the vertical
gradient of the magnetic force is not independent of the height of the
. station, because the source of the magnetic anomalies lies near the
earth’s surface.

In this paper, the writer describes a method for reducing the ob-
served values on an undulating surface to those on a horizontal plane
with the aid of Fourier’s analysis of the undulation in two-dimensional
cases. .

2. Theory

‘ In my previous paper, the vertical and horizontal components of
the magnetic force due to the subterranean magnetized body in a two-
dimensional case were given by

1) T. NAGATA, Bull. Earthq. Res. Inst., 16 (1938), 550.
T. NAGATA, Proc. Imp. Acad. Japan, 14 (1938), 176.
2) A. TANAKADATE, Journ. Coll. Sci. Toliyo Imp. Univ., 14 (1904), 1.



412 _ T. NAGATA. [Vol. XVIL,

00 oo
Z () =273 A6 cosne — 27> B e~ = sinnx
n=0 =1 .

oo oe
H(x) =2nEF,,e"’<d‘z> cosnx 42754 e7 " sinnx , 1)
n=1

M-

where A, and B, in the cases of a magnetized plane and a magnetized
infinite dyke respectively are

A,=n(0,sind +0b, cosd),

~=n(a,cosd —b,sind),
A, =cos¢{a,sin(0+ ¢) +b,cos(0+¢)1,
‘B,=cos¢{a, cos(0+ ¢)—b,sin(d+ ¢)}, (2)

where a,, b,, 0, and ¢ are the Fourier coefficients of the distribution
of the magnetic intensity on the subterranean elementary plane, the in-
clination of the magnetic force, and the dip angle of the dyke. Equa-
tion (1) holds also in the case of a horizontal magnetized layer or of
a magnetized dyke of finite depth, etc., though the mathematical ex-
pressions of A, and B, are more complex in these cases than in the
foregoing two.

Since the formulae of Z(x) and H(z) are similar, the Fourier co-
efficients A4,, B, being merely exchanged, we shall, in what follows,
mainly study the case of the vertical magnetic force Z(x).

We take the heights of undulation of the earth’s surface, measured
from a suitable horizontal plane, as a function of =z, that is,

z=f(x).
If then putting )
_ F(z) =/, 3)
we take z=0 to be the horizontal plane on which we desire to know

the distribution of Z(«) (on which plane all the relations described in
my previous paper are based), we get '

Z (%) =2n§A,‘,e"?"lF”(w)cosnx—zniBne'”"F “(g)sinnx®. - (4)
n=0 n=1
We further assume that (4) is expressed in Fourier’s series of x, that
is
Z(x) =§am cos mm-l-i}ﬂm sin mzx , (5)

m=0 m=1

while, as is well known from the theory of Fourier’s series,

3) If F(w) is larger than one, F»(x) diverges when m becomes larger. We can,
however, make the right-hand side of eq. (4) converge, provided we change the zero
position of z coordinate so as to make f(x) negative throughout the whole region of x.
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If F~(x) is also expressed in Fourier’s series as
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Putting the relations given by (9) into (8), we get

@ =75 A0 S Sy S| — 5B 50, — 2

J l m+n =1 + Ln 7n]J
ﬂm i; -7ul {tcnz'n tP}L) n]= t‘ 71-»:]} - rZB € —na { SS??HL + SE::) 2] + Spn m]J ’
(11)
while by calculating (6), we obtain
a’O - ZTAO -+ TEA e—mlS(n) TZB“e-mltg:z) . (12)
n=1 n=1

Since the constant term of the Fourier coefficient given by (12) is
not suitable for our method of analysis, we shall not discuss (12) any
further.

If we let
a'?n_'2‘TA e-?ml ﬂ?n,:zn-Bm,e-?ﬂ!l R (13)

the distribution of vertical component Z(x) on the z=0 plane is given
by

Zy(x)= Za” cosmx+2ﬂm sinmx + const , (14)

while from (11) and (13) we get

1 had Cor
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In a special case of f(x) =0, that is, where there are no undulations of
the earth’s surface,

Sy=1, SP=0 (p=1),

1°=0 (¢=0),
whence
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Thus it is proved that e, and 8, given by (15) agree in the special
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-case with Fourier coefficients on the horizontal plane, @?, and /5, given
by (14).

In (15), @,,, £, S and {5 are known values, seeing that ,, and
A, are given by Fourier analyses of the observed values on the earth’s
surface, while S%° and (¢ are also given by Fourier analyses of the
function of the undulation of the surface, i.e. e*’.

Theoretically speaking, therefore, we can obtain the values of the
unknown quantities af, /), by solving the infinite simultaneous equations
of the first order involving infinite unknown quantities that are given
by (15). Although it seems to be difficult to obtain rigorous solutions
of (15), we can estimate the values of these unknown quantities with
the aid of successive approximations, because 'in many of the actual

problems, the absolute magnitudes of S§ are much larger compared Wlth '

the other terms of S%” and t{”.

Hence, the values of @) and /3, in the first approximation are given

by ' ' ,
Llsewros)ar =a— L syafom,+ 5. 500

nFEmM

1 n k12 n,
—5 E ﬂn { tSmZH + tE'm,)—n] + 1En2-m]} ’
7 (16)

1{ SE:::>+2s<m>1ﬂ,,, ﬁ,,,.——;— zw,,{ 192, o+ 190 — 102 m}

_%,Z’;,,,ﬁm { —Sg,??m"' S(" | + S/;’?—m]} .

' Taking the values of af and 3 instead of e, and j3, on the right-

hand side of (16), we can obtain sufficiently accurate values of these

quantities. In many cases of actual calculations, however, the foregoing

second approximation is not always necessary; details of the practical

treatment will be discussed in connexion with the calculation of an ac-
tual example in the following paragraph. v

3. Amn actual example

In order to check the feasibility of the present method, it will be
applied to a case in which the subterranean structure is already known.
Fig.”1 shows the. subterranean structure and the undulation of the
earth’s surface. We assume that the dyke shown in the figure is mag-
netized in the direction dipping 45°, while the distribution of Z () on
the undulating earth’s surface is given as a functions of a2 alone, as
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shown in Fig. 2, the heights of the undulation of the earth’s surface
being measured from the z=0 plane.

Analysing Z(x) with the aid of practical Fourier analysis of the
twelveth degree, we get the values of the Fourier coefficients a,, (.,
as shown in Table I.

Table 1.

»"
n 1{2]'3}4)567 12

8“ 9 |0 | 1

an -117‘i +22:6/+27-3 —35'61+45~7 —20:7|+ 64| — 29/ +12,1|— 84|+ 0-8’— 0.5

Bn |+191-6|—107-2| +78:3| —50-8| +21-3| — 0-8|—15'2|+15-5|— 53| —13-5| 4+ 5.8/ —

On the other hand, we express ¢/ also in Fourier series, where
f(x) is the undulation of the earth’s surface, the coefficients S{, ¢
being given in Table II.

As will be seen from this table, S{® is usually much larger than
the other quantities of S{ and £, at any rate in the lower degree
of n. Hence, putting these values of S¢° and £ into (16), it is pos-
sible to get sufficiently accurate values of ! and . In the case of
a higher degree of n than 0, the following relation may give a suffic-
iently reliable approximation,

> s +28.)

21
N = N
"‘am—};zao [S%n'i‘ SS:?-N] —_1‘ 2 an{SS:?Zn—l' Sa(:oml
l I 2 n=m+1 J
~ e -1 S p e s,
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1%+ 25)
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=f,— > Sla] 5,1’2,,+t$;'>,.}—- 31 @] 62— 62 ]
n=1

'n m+1
1 n =1 )
—‘2‘80 SS;')"‘”-*. S'(’:l')'" - 2 2 ltgn Sg::in’*' ngn)mj
n=1 n=m-+
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The values of @’ and 3, thus obtained and the distribution of
Z,(x) on the horizontal plane calculated from these values are shown
in Table III and Fig. 2 respectively.
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Fig. 1. Undulation of earth’s surface and magnetized subterranean body.
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Fig. 2. Z(«x); Vertical Magnetic Force on z=7(x) ‘
Zo(x); Vertical Magnetic Force on z=0, reduced from Z(x).
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Fig. 3. Z{(x), Vertical Magnetic Force on z=0, directly calculated from

subterranean mass.

It has already been proved that it is possible to estimate the sub-
terranean mass distribution from these reduced values of ! and 73,
‘with the aid of analysis — the method given in my previous paper.

On the other hand, the distribution of Zj(x), calculated directly
from the given mass distribution, is shown in Fig. 3. Comparing these
two curves shown in Figs. 2 and 3, we notice that these two are in

good agreement.

The Fourier coefficients «?, 5, obtained from Fourier analysis of
Zy(x) given in Fig. 4 are shown in Table III.

Table III.

n &y d?, d?: B n 2» 9:
1 —-117 —-135 —137 +192 +216 +216
2 + 23 + 35 + 39 =107 —139 —154
3 + 27 + 37 + 40 + 78 +91 | + 98
4 - 36 — 54 — 48 - 51 - 47 — 38
5 + 46 + 53 49 + 2 + 8 + 1
6 - a1 - 12 - 15 -1 + 16 + 14
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Although the coefficients @;,, ), obtained from these two different
methods differ somewhat, a part of the difference being due to the error
in the calculations of Z(z) and Z,(x) directly from the given mass
distribution with the aid of numerical integration, we may say that the
effect of the difference on the general tendency of the distribution of
magnetic anomaly consisting of these values is very small. Thus, we
may conclude that the present reduction method is quite practicable in
actual problems, provided we do not discuss the small quantities of the
order of the error in the calculation above mentioned.

4. Conclusion

_ As the Fourier coefficients a.,, £, of fhe distribution of horizontal
magnetic intensity are related to «,, and B, by

r_. ’ !
a’?n"_'ﬂm’ n —am ’

exactly the same reduction method can be applied to the case of hori-
zontal magnetic intensity.

The present method can be applied only to two-dimensional problems.
The similar method for three-dimensional problems is so complex in ma-
thematical expressions that the actual calculations are very laborious.
I hope that a more simple method applicable to both two and three
dimensional cases will be discovered in the near futiire.

In conclusion, the writer wishes to express his sincerest thanks to
Dr. C. Tsuboi and Dr. R. Takahasi for much encouragement received.
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