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1. Introduction

In his previous papers,” the writer, under the same title as above,
discussed theoretically the mechanisms of radiations of earthquake
waves from a seismic origin, assuming their shape to be spherical.
Should the pressure in the volcanic vent change, or should faults be
newly formed or activated by certain endogenic forces, earthquake
waves would emanate from these origins. In these cases, it is pre-
ferable to regard these waves as having originated from line sources
than that they did so from spherical origins. Moreover, if, generally
speaking, we regard the elastic waves as having originated from fissures
opened in the earth’s crust by the action of certain forces, it would
seem to the author that all that is sufficient as a first step is to assume
that they originated as the result of certain changes in the normal
and tangential stresses at the boundaries of the line sources.

In the following paragraphs, the writer discusses the foregoing
problem in two dimensions only, leaving the cases for three dimensions
to a future opportunity.

2. FElliptic Origin

The equations of motion in an isotropic homogeneous elastic body
in elliptic coordinates are given by
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where
§, p=curvilinear coordinates related to Cartesian coordinates (z, ¥)
in the form,

1) W. INoUYE, Bull. Earthq. Res. Inst., 14 (1936), 582; 15 (1937), 90.
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where
u, v=components of displacement referred to curvilinear coordinates,
€ and 7, respectively,
p=density of isotropic solid,
2, p=Lame’s elastic constants. .
According to Prof. K. Sezawa® the solutions of these equations are
expressed by
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where q= 32’ = 32 7 142 =, & fk’
H,(& q), H,( ¢) are the solutions of the following equations,
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Whencé the components of displacement of the dilatational wave
that answers to 4 and satisfies w=0 in (1) are given by
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2) K. SEzAwA, Bull. Earthq. Res. Inst., 5 (1928), 59.
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The components of displacement of the distortional wave that
satisfies 4=0 are given by '
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Since on the surface, §=£,, the two equations
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must hold.
3. Line Origin
If now we consider a line origin, we may put £,=0, and for sim-
plicity, put 1=g.

The mnormal sti’ess at the origin is then glven by
normal stress (=?(y) e*)
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The upper equation of (2) for a small value of § may be 'written

in the form,»
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Putting H,(&, ¢) in the expanded form,

H,,(E, q) =a0+a1§+a2§2+ A

and neglecting small quantities of the second order, we obtain,

Hn(g’ q) — e-n/mcz-?ﬁ 3
In the same manner we obtain,
H,(§, ¢)=e ¥R,

Thus the normal stress at the boundary reduces to
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3) K. SEZAWA, Bull. Earthq. Res. Inst., 2 (1927), 29.
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where
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The tangential stress at the origin is given by
tangential stress (=%'(y)e™")
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1

7= Ti2c?

Since we cannot proceed further in the general manner, we must
content ourselves by solving the problem approximately. We accord-
ingly use Mathieu functions of the Oth to 6th orders, and, neglect the
higher terms in q. ’

The Mathieu functions® are then given by
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4) Bvan der PoL and M.J.O. STRUTT, Phil. Mag., 5 (1928), 18;
M.J.O. STRUTT, Ann. d. Phys., 84 (1927), 485.
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Introducing these equations into the boundary conditions given above,
the normal and tangential stresses at the origin are expressed by

normal stress (__ao+ Za,, cos nq)
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If now we consider the case in which uniform pressure changes
periodically with time within the line origin, we may put the normal
stress at the boundary of the origin as a,e” and the tangential stress

as zero. Moreover we may put for symmetry,

B,=B,=B,=C,=C.=C,=0.

We thus obtain the following simultaneous equations:

€080+ €:By+ €, 4By 4 &, Bo+ v, 5C: 4+ v, O+ v, Co=0
0B+ &;.B; €, B+ €, Bs+0C+v; ,Cy+ v, Co=0

e, oBo+es:Bst+€,,By+€,Bs+0C.+0C,+ 0C,=0

0B, + €1 oBo+¢€1 B+ ¢ oBg+ 11 Cot 41 ,Ci+ 21 Co=0

OBO + e;’tng + E;,4B4 + eg,cBg + V;’oCn + V;AC“ + D;,GC = 0

’ ’ ’ ’ ’ ’
Ea,oBo + & 0B, 4¢3 B+ &5 B+ "'3,202 + ”:'5,404 + "'3,60 =0

' a,
El,oBu + el,?.BQ =+ €1,«1B4 + 61,636 + Vl,fzce + 1’1,404 + V:,GC = ‘;10“

(3)

We obtain B,, B,, By, B, C,, C,, and C,; from these equations.
Now when & is large, the asymptotic solution of Mathieu’s equation

(2) is obtained in the form®

5) K. SEzAwWA, loc. cit.
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Hence the radial component of the dilatational wave at a distant
point is given by
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where A,’,+iB,’,=B,, and R stand for the distance from the origin.
As an example, we put v
q=0003333, ¢'=0-01,
whence we have h2c2=01066, k2c2=032.
We thus obtain from the equations (3),

LS
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prA= - 0:01065q,, #By=—0-0001858a,
prA;= +0007775a,, pB.= +>0'00‘3>823av,0
A= +0-001666a, pBi=—0004619q,
pA;=—00009628a, pB;=+0:001551q,

The azimuthal distribution of the radial component (at a distant
point) of the dilatational wave in this case is shown in Fig. 1. As
will be seen from the figure, at the
same epoch only one kind of wave,
- namely, either pull or push wave, may - {
be observed throughout the azimuth at
places equally distant from the origin.

We may here mention that in the
case under consideration, the wave
length of the dilatational wave is 9:64

Fig. 1. The azimuthal distribu-
tion, at a distant point, of the

times greater than the linear dimension radial component of displace-
of the origin, that is 2c. If we change ment of the dilatational wave,
the wave length, we may obtain dif- the wave length of which is 9-64

ferent distributions of the displacement times greater than 2e.

of the radial component of the dilatational wave in azimuth.

The case in which the tangential stress at the boundary of the
origin undergoes periodic changes will be treated in a future paper.

In conclusion, the writer’s cordial thanks are due to Prof. M.
Ishimoto, Prof. Ch. Tsuboi, Prof. R. Takahasi and Prof. F. Kishinouye
for their kind advices.
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