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Abstract

A function @ which was first introduced by Tsuboi and Tomoda
and which gives surface mass density at square grid points over a
horizontal underground surface at a depth D below the earth’s
surface corresponding to unit gravity at (x=y=0) and zero anomaly
at all other grid points on the earth’s surface is given by (1) below.
This double integral is transformed to a single integral and then
evaluated for D=0.01, 0.02, ---, 0.99 and 1.00.

The surface mass density at square grid points (%, ¥ = integer),
over a horizontal underground surface at a depth D below the earth’s
surface which will produce unit gravity at (x=y=0) and zero gravity
at all other conformal grid points on the earth’s surface is expressed by

11 —_ '
D= 21G S S eVmtal D% cog maw cos nyndmdn , (1)
7T 0J0

where G is the Newtonian gravitational constant and the depth D is in
unit of the grid distance (Tsuboi and Tomoda, 1958). Evaluations of
® were made by Tsuboi, Oldham and Waithman (1958) for D=1.00 and
D=0.50, i.e., for the cases in which the mass planes are assumed to
be at depths equal to whole or half the horizontal grid distance,
respectively. The evaluations were made by using a double Fourier

* Communicated by T. Hagiwara.
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series which is a good approximation to (1). In the present paper, by
transforming a double integral (1) to a single integral and then evaluating
the single integral numerically, we shall produce 2:G® tables for D=0.01,
0.02, 0.03, ---, 0.98, 0.99 and 1.00.

The transformation is made as follows. Putting

m=rcosf , n=rsind, (2)
into (1), we get
=/2
4ﬁG¢=S do Se”’(cos kyr+cos kr)rdr , (3)
0
where
ky=xcos0+ysingd , k,=wcosf0—ysind , (4)

and for brevity, «, ¥ and D are written in place of @z, yr and Dr,
respectively. We can make the 7 integral in (3) and get

Ee”’ cos kr rdr :ﬁ[{DT(DL{—E) — Dk }cos kr

+k{r(D*+ k) — 2D} sin kr]s 1.6, 7 k) . (5)

The r integral must be made from =0 to r=1/cos @ for 0<60<n[4 and
from 7=0 to r=1/sin6 for =/4<#<=/2. By putting 0'=z2—60, we can
reduce the integrals for z/4<0<=/2 to those for 7/[4>60'>0 and get

47:G(D=S:“{fl(0, secd; k) +fi(=[2—0, secd; k)

—f1(0, 0; k) —fi(=/2—6, 0; k)
+£1(0, secl; k.)+fi(=/2—0, sec; k,)
=110, 0; k)—fi(=/2—0, 0; k.)}do . (6)

At our grid points (¢, y=integer), we have sinaz=0, sin yn=0, and

47rG¢=S:/4 f0)ds

J(0) =e>([{g,(F,) - g,(k-)}cos (y tan 6)
+1{g.(%,) — g.(k.)} sin (y tan 6)] cos &
+[{g.(%,) + 9,(.)} cos (x tan 0)
+{g.(k,) + g.(E.)} sin (x tan 0)] cos )
—{g:(k)) + g5(E,) + g5(K.) + gs(ﬁz)} ’
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Dr(D*+ k) — D*+ 1

k)= ,
(k) D 1y
2 2y
gz(k):k{r(D —1—k)2 2D} ’
(D
kr—D?
ky=——""—, =secl,
9:(k) D LIy r=sec
k,=xcos0+ysinf , k,=xcosf—ysind ,
k,=wxsinf+ycosf, k,=xsinf—ycosl, (7)

where @, y and D must be replaced by #z, yz and Dr in actual calculations.

(7) is the fundamental equations making use of which we evaluate
22G®. In doing so, we divide the whole interval 6=0—=/4 into 80 and
160 equal intervals for D=0.01—0.50 and D=0.50—1.00, respectively,
and use the Simpson’s method of numerical integration. The results
obtained are shown in the attached tables. By repeating numerical
integrations using finer integration intervals, we check the results in
the table to be accurate to the last significant figures. Thus small
disagreements between the results here and those by Tsuboi, Oldham
and Waithman, especially for D=1.00, may probably be due to inaccu-
racies in their method of calculation. Applications of the results in the
present paper to practical gravity interpretations will be made in a
fortheoming paper.
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