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Abstract:

The study concernsthe evolutions of wave ianeters in a slowly varying
medium, for example,ideal fluid medium. It re-estalises that the group
velocity tends to modulation velocity as both theréquency and wave number
spectral bandwidthstend to zero.

Further, in the slowly varying medium, it is estabished that both the wave
length and period are governed by quasi-linear paral differential equation
for the hyperbolic system.A rather more generalised concept of group
velocity is also suggested.



Introduction

The parameters in this study are (i). wave lengthelated to the wave number Kk,
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in the form, L:?, (r = 22/7); (i) wave period T, related to the wave

frequencyw, in the form, T %E The combined forms in (one way or the other)of

the two parameters (L and T), give rise to: (i)gtease velocity ¢, which defines
the movement of each waves component briefly aidtiie group velocityc,,
associated with envolving wave group.

The activities of these parametersgige to the foundation on which
some important marine physical processes are bAiilivery educative detall
description of the above may be found in Kundu [¥gi [2], and Lighthill
[3].Indeed, these parameters play remarkable andn@amding part in such wave
activities as wave energy fluxes and breaking.

Okeke and Asor [4] and Asor and K&kpb] introduced the theory of low
wave numbers and related high phase velocity coemsnn the energy spectrum
for the gravity induced water waves. These comp@nehgravity waves spectrum
resonate identical components in the layered sdadms thus,excite microseismic
oscillations on seabed.[2,3].

In the previous studies, the s&vgyarameters were assumed to be
constantin space and time[1]. We intend to analliese parameters affected by
slowly envolvingsurrounding environment. Conseqlyebhbth wave number and
frequency will be spacial and time dependent, sapplies to the related
parameters (wave length, frequency, phase and getagities).

The modulation velocity

Consider two dominant componentgrgvivaves with equal amplitudes, A, but
with different wave numberk( k,) and frequencyd;,w,), respectively. These
componentsy; (x,t) andn,(x,t) move in the same direction along x axis at time t.
It is assumed that they are unidirectional. i.e
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n1(x,t) = Acos(kix — wqt), ny(x,t) =A cosf,x — w,t),
The interference patterns

The interference patterngx, t) is given by
n(x, ) =n1(x, 1) +12(x,1) = 2P(X,HQ(X,1)
Where
P(x,t) = co$(Ak/2)x — (Aw/2)t](1)

= cos[t; X - wyt) — (6 - )]
= €08 [fe,X - w,t) — (& - £2)]
Ask, - k, - kandw; = w, » w, then
Q =cos t [kx wt(2)
Because, k >‘$- a)>>—

The term 2AP is the modulation amplitude.

Ak = k- k,, Aw = wq- w,. Thus,

n(x,t) = 24 cos - [xAk — tAt] cos(kx wt) (3)
The phase velocity fé/k, modulation velocity =5A\(%).
The wave length of the interacting componentar\ﬁa\?{7£ and

Period Tr%r, that of the carrier wave (modulation) is givenihy= i—z :

2T
Ty = —
m  Aw.

L and T respectively.

. Thus, becausk, - k, andw; = w,, L,, andT,, are much larger than

Finally, the modulation velocity,, = AA—‘:, and a?\w —» 0 and



Ak - 0,¢,, = ¢4 (the group velociy).

. Aw _dw _
Thusim,,_,, T cy(4)

Implication of eqn (4)

From (4),
g ==t - o1& Butk =2
dk dk dk L

Thus,c, =c- L —Z)(S)

In non- dispersive medium, = c(k), thusc, = c, forg—LC =0.

In dispersive medium,
= kg(tankh)R, g is the acceleration of gravity.

R=1+n6% +n%6* & =khy, h, = water dept scale.

Thus, kK, is the non-linearity parameters. In marine physics- 0.08

, henceg? is small compared to unity, thus, R = 1 (approxatha and
= kg tanh (l,)(6)

From (6), 25> = g tanhkh + khg séékh and

= J1ankR | Khgsech?kh
dk 2w
C
—tanhkh [1 +—S - (Zkh)] =N (7)
1 2kh
n=3 [1+ Sinthh] (8)



h = constant fluid depthh,in this case.

The slowly envolving wave parameters

In this consideration, k =k( x, &,= w( X, t), ¢ = c(x,t). so with other parameters
related to them such as wave length, L and peflod,In the slowly varying
environment, higher differential coefficient of gfxwill be neglected. i,e.

0%c _ 19dc

—_— <l

0x2 LAL’

If follows that if the velocity at (x,t) is ¢ = cff§, and this defines the spacial
position of a wave crest height and (x + L, t), ffasition of the adjacent crest
height corresponding to the phase velocity is % tonsequently,

DL ac
=12+ o(; = L2(9)
Bu ta—i —Z—CZ—L and, the total derivative provides that
DL BL BL ac oL
o S5+ G = o= Lo from (9)
Thus
oL oL ac, _
LetV, = (c - L 11
= -5 (11)
And, thus,
oL oL _

Thus,the present model, suggest that the totalgghafL is constant in any frame
moving with velocity.l,. From (5), and (11}, =V}

Further, L = cT and eliminate L from (12), Weobtain
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a d .
g(CT) +1y g(CT) = 0, this gives

dc oT oT ac
— 4+ Cc— + —+ |—
Tat Cat Vg[cax Tax]

Thus,
dc dc oT oT
—+V =]+c[—+V,—] =
T Vg ]+ ey + 155,150 (13)
dc _ 0c 0T dc _ 0c 0T
But, ot aT ot '  ox  OT ox

dc dc OcoT 0T Odc 0T oT
ThenE+V = + =

93—t Vosr T ar o T Voox (14)

(13), reduces to
dc oT Ty _
[T +cl5, +V;5] =0
oc _ dc _ 0T _ - — i
If, T~ =-C, oF-=—, thenlog.(cT) =log.(L) = constant or L = constant. This

contradicts the physical meaning of slowly envaimmave form in time and space,
because L = L(x, t). Thus

aT _ ., dT _

i/l 0 (15)

Equations (12) and (15) appear to suggest thatnmgtysicsts sailing with speed
V; will record no change in wave length, L and peridd This is a remarkable
result, mathematically.

Further Developments

d(®/i) _ 1 d@/p)

Itis recalled that c2/, , L =%” : consequentl% = 3@y " 2w dl/y

1 dw k dw
=—|\k—— w)=—(c— —
27 dk 2T dk

From (7),



% :%[c-cn] :I;—;[l-n] = (1-n)2%(16)

From (5),

_ dc
Vp=c¢ LdL

And (16) is here introduced (5) to give
=c—-L(1- nZ— c =2 + n—
wL
Butc =%/, =——.ThusJ; = nc =,

This is also a remarkable result. In brief, itssathat varying wave parameters in a
slowly and continuously changing environment presgid new definition to the
group velocity concept.



Conclusion

This investigation suggests strongly that inavsf varying medium, both wave
length and period belong to the quasi linear hypleghwvave group. Thus, in such a
medium such as ideal fluid, they may be analysedguthe partial differential
equation governing the evolution of such group. phegsical implication is that an
observer moving in the medium with group velocityl wbserve no change in
wave length and period as already stated. Furghemre general concept of group
velocity is provided by the model ofspacial andeiwarying wave parameters and
this development does not depend on the numberavevwomponents in the

group..
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