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GENERATION OF TSUNAMI BY OSCILLATIONS
OF A SEA FLOOR SECTION

M. A. Nosov
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The problem of generation of surface waves In a layer of homogeneous heavy
liquid by steady-state harmonic oscillations of a sea floor section is treated on
the basis of the linear potential theory.

In most cases tsunami waves originate from vertical movements of the ocean floor over large areas
during large-scale submarine earthquakes. Actually, the time behavior of these movements is described by
quite a complicated law [1], but any of these movements can be represented as a superposition of a linear
trend leading to residual displacements of the sea floor, and oscillations with diverse frequencies. Tn this
connection it is of interest to investigate the problem on the generation of surface waves in a tayer of Honid
by steadv-state harmonic oscillations of a section of the sea Aoor.
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Fig. 1

We shall consider a laver of a homogeneous heavy liquid having a constant depth & . The origin of an
orthogonal coordinate system X0Z will be placed on the unperturbed free surface of the liquid (Fig. 1). The
position of the free surface is described by the formula

z=E(z, ).
and the position of the floor is described by the formula
z=nlz, t)-H.

Let the floor move in accordance with the law

n{z, t) = n{z}exp{iwt},
where

nz) = { Tl <d,

0, [z|=b.
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We can find the position of the free surface of the liquid, (=, t), by solving the problem with respect to the
velocity potential F(z, z, ¢): -

AF =0, (1)
Ftt="'gFZJ Z=0, (2)
F, = iwn(z) exp{iwt}, z=-H. (3)
The solution of the problem defined by Egs. (1)~(3) is sought in the fogm of an expansion in a Fourier wtegral
with respect to the wave numbers &: R
Flz, 2, t) = f exp{i{wt — kz)}(A(k) cosh bz + B(k)sinh kz) dk.
~oR

Using the boundary conditions (2) and (3) and applying inverse Fourier transform, we find
B(k) = A(k)w?/gk,
tw

&) e: ket da.
27k({(w2)gk) cosb kH — snb kH ) / niz) exp{ike} do

pu b}

Alk) =

Taking into account that [2]
E(I‘ t) = “g_lFt(;U: 0- t)*

we finally obtain
2

E(z, 1) = m expli t}ﬁf sin kb cos kx
z, 1) =0 XPURL 0 | LR R k) cosh kB — sinb B H)

dk. 4}
-0
Before calculating the integral in (4), it will be convenient to carry out the following de-dimeusionalizing

transformations:
B=kH, a=bH"' y=uwwll, w= 2r(g H)Y 2t

The integral in (4) s calculated with the help of the theory of residues. Finally the solution is represented n
the form of a superposition of waves on the liquid surface prepagating in the positive and negative directinns
of the 0.V axis, with the amplisude defined by the formula

872+ cosh z¢sin azg
o zo(sinh zg cosh zg + z9)'

Ale, 7)) =no

where zg is the positive solution of the following transcendental equation
zp tanh zg = 47%9% /a’.

Figure 2 shows the dependence of the absolute value of the wave amplitude 4 as a function of the ritio
v/e for different values of the parameter a. An analysis of this dependence suggests that not auy escillations
of the floor can effectively generate surface waves.

First of all, it should be pointed out that oscillations of a floor section with linear dimensions smaller
than the depth of the liquid laver will manifest themselves rather weakly on the surface. The existence of
a set of frequencies at which no waves are emitted from the region of wave generation. is counected with a
particular spatial distribution of the amplitude of floor oscillations. Furthermore, it is possible to determine
the upper and lower limiting frequencies vmayx and Vpin, outside which the amplitude of the wave emitred
from the region of wave generation will be considerably smaller than the amplitude of floor oscillations. We
shall determine the limiting frequencies as solutions to the equation

Alv) = no/l0.
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Fig. 2

The frequency vqa., s determined by the ratio 7v/a:
‘,-'j‘Ll' = Vmax[H/ﬂI})”E ~ 1.3,

This ratio does not depend on the size of the region of wave generation b. The freqnency i, s deternined
by the value of the parameter v and depends on the size of the region of wave generation i

2y = 27minb(gH)~H? ~ 0.1,

Assuming the ocean depth to be H = 4 000 m and the width of the wave generation region 6 = 10 000 m,
we obtain vmayx ~ 1072 Hz, v ~ 107% Hz. Thus, the spectrum of real tsunami waves must lie within this -
range, and this conclusion is well supported by the literature data [3].
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