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Abstract. In the present paper, a study of the deep-sea water wave caused by an os-
cillatory wind stress due to the atmospheric depression, resulting in spiral cyclonic wind
pressure on the surface of the sea is made. It has been observed that the motion of the
water wave in the case of wind stress exhibits a greater elevation on the sea surface as
g the acceleration due to gravity decreases and maintains the oscillatory nature with the
increase of time. For the case of spiral cyclonic motion for which the sea surface expe-
riences the elliptical pressure on the surface, the motion diminishes as g diminishes and
oscillates with the variation of time. The motion also diminishes asymptotically as the
radius vector of the elliptical pressure approaches unity.
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1. Introduction

The study of deep-sea waves has long been regarded as a subject of study in oceanog-
raphy as well as in theoretical physics.

Different mechanisms are available in nature for the generation of the wave mo-
tions in sea and ocean. Among these, the most common mechanism is the wind
stress distribution due to the atmospheric depression, resulting in spiral cyclonic
wind pressure on the surface of the sea.

Regarding the wind stress of oscillatory motion, it exhibits a greater elevation
on the surface of the sea as g the acceleration due to gravity decreases and the
oscillatory motion with the increase of time, leaving behind the highest elevation
initially.

On the other hand in case of spiral cyclonic motion for which the sea surface
experiences the elliptical pressure distribution, the motion diminishes as g the ac-
celeration due to gravity diminishes and oscillates with the variation of time. It
also diminishes asymptotically as the radius vector of the elliptical distribution of
the pressure approaches unity.
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The formation of waves in deep sea water by local disturbances on the surface
was investigated in classical treatises by Lamb [1] and Stoker [2]. Kalisch et al [3]
in their recent work, studied the formation of wave in deep water. Zakharov [4]
has done some significant work on the theory of gravity and capillary waves on the
surface of the fluid.

Two forms of the problem may arise: we may start with an initial elevation of
the free surface without initial velocity or we may start the surface undisturbed,
prescribe an initial distribution of surface impulse.

The motion is generated originally from rest by the action of forces or an impulse
admits of a velocity potential.

Asymptotic expressions for the surface elevations are obtained by the applications
of Kelvin’s method of stationary phase.

Snedden [5] has considered the propagation of the surface waves in two dimensions
by initial elevation

¢=f(r)
when (7, z) are cylindrical coordinates with origin in the free surface, for the case
of symmetry about z-axis.
In the present context, a study has been made on the wave motion produced by
oscillatory wind stress in the form [6]

f() = ——e e,

ENT

Our second consideration is the function of the form [7]
fir)=e(1—=7r*/a®>)"; 0<r<a whenn> -1,
= 0; r > a.
A symmetrical function confined over elliptical region, is represented in the case of
spiral cyclonic motion for which the sea surface experiences the elliptical distribu-
tion of pressure.

The elevation of the surface and velocity potential are obtained in explicit forms
by the applications of zero order Hankel transform.

2. Formalism

The equation of motion in cylindrical polar coordinates (r,z) in the case of sym-
metry about z-axis is given by

0%¢p 1 0¢ 8%_
o T rar T 0 1)

where ¢ is the velocity potential and ¢ denotes the elevation of the free surface at
time t.
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The boundary and surface conditions are

o —0 as z— —o0,

0C/0t = —[0¢/0z] ,=0.
Hence, for z = 0, we must have
0*¢/0t* + g[09/0z] = 0.

For the solution of (1) we introduce zero-order Hankel transform

&@ﬂﬁ%=£mrdnmﬂkﬁﬂdr

and get

d?¢/dz* — £2¢ = 0.
Therefore

6= A(E t)et.
From (5),

d?A/dt* + g¢A = 0.
Let the initial conditions be given by

(= f(r) whent=0, z=0,

¢=0 when t=0.

From (8) we have, A =0 when ¢t = 0. From (2),

gf(r) = <%>ZO-

Therefore

gf(&) = <%> =dA/dt when ¢t=0.
z=0

From (9) we get

A = a(€) cos /gt + B(€) sin \/gEt.

Since A =0 when ¢t =0, a(§) = 0.
Therefore

A = B(&)sin\/gét.
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From (13) and (14)

B(E) = (9/€)'*f(9). (15)

Therefore

= (9/)"? f(¢)sin /g€t et~ (16)

Hence, by Hankel inversion formula we get

b= / " (962 F(6) sin /gto(€r) o€* d. (17)

And from (2),

¢= /0 £F(€)Jo(€r) cos \/gEtde.

Let
fr)= e
Then [8]
(¢)2=0 = (g1) /8\FZ )" (gt*)"/(2n + 1)!(2/e)"
(n/2+ 1)1F1(n/2+ 1,107 /%) (18)
and [9)]

¢ = 1/ey/Tcosy/2gt/c - te "/ za:F(n/Q + 1)1 Fi(—n/2;1;7%/2).

_ (19)

Equation (19) represents the explicit form of the surface elevation, consisting of the
transient and the steady states.

Let ¢ = fi(t)xfi(r) when
fi(t) = 1/ey/mcos/2g/e -t
and
A(r) =e 7S (=1)" T (/2 + 1)1 Fy(—n/2; 1,12 /€2).
n=0

The motion has been studied under the circumstances of variation of ¢, variation
of r/e and t, r/e simultaneously (figures 1-3).
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Figure 2.

3. Discussion of the result

Equation (19) which is a solution of the problem is characteristic with the two
independent variables ¢ and r. It also experiences with the variation of g the
acceleration due to gravity. The motion exhibits greater elevation as g decreases
and oscillates with the increase of time, keeping the highest elevation, initially at
t=0.

It also reveals the fact that when the sea surface experiences the oscillatory wind
stress, the surface does not exhibit the same elevation throughout the sea surface.
It experiences greater elevation on places where the value of g is comparatively less
then where g has the maximum value of 980 c¢m/s?.

It has also been observed that the surface elevation diminishes asymptotically as
r/e = 1 and oscillates with the variation of ¢, /e simultaneously.
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Figure 4.

Our second consideration is the function of the type [7]

fr)y=e(l-=7r*/a®)", 0<r<a whenn>-1,
:0; r>a, (20)

which follows the elliptical distribution of perturbation due to spiral cyclonic wind
stress and also quickly assumes a constant pressure at 0 < r < @ when n = 0.

Here f(¢ fo r(1 —r?/a®)"Jo(er)dr. Putting r/a = sinf, r — 0, § — 0,
r—a,f —) z Therefore (&) = ea?2"T(n + 1)(€a) " ' J,s1(€a). From (17) we
get

o_eth r ot D e ey [ e niene e

=c g/ZSin(M)ZwZ Fi(n/2+41;-n/2;1;7%/a®)  (22)

n=0
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and
—(n+1) 2/ 2
¢ = ecos(+/2gt) E T?Fl((n/Q) +1;,—n/2;1;7%/a”). (23)

Equation (22) represents the explicit form of the velocity potential, which also
has the transient and steady states. As the problem has been considered of forced
gravity wave, the motion varies with the variation of g, the acceleration due to
gravity. It diminishes as g diminishes, that is, it reveals the fact that when the sea
surface experiences the elliptical distribution of force due to spiral cyclonic wind
pressure of the atmospheric depression, the sea surface does not experience the same
wave motion throughout the surface. It experiences greater wave motion in places
where the acceleration due to gravity is maximum say 980 cm/s?. The motion
oscillates with the variation of time. It has also been observed that the motion
diminishes asymptotically as = — 1 when a = 1, in its steady state. The motion
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has also been studied when both r and t vary simultaneously, when it exhibits the
oscillatory nature (figures 4-6).
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