8.2 WAVE MOTION : . : . _

Any physical entity which varies both 1n Sl;ac?v:‘?:i;laz tls rSEgd to

consti{uge }; wave. The most commorn e};amplﬁnoitaHere the displl)a(?EIiCEd
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on the surface of water by dropping 4 ace and time. If we taknt

: . i both sp
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at one patticular space point we get the variation of displacement with
time. If these variations are periodic we speak of periodic wa
Mathematical theory of wave motion begins with periodic waves Whm-};
do not change its shape as it travels through a medium. Such a W&
is called periodic wave of constant type. - - i
Let the ‘disturbance’ be a function. of space coordinate ¥ and
t and be represented as. .. = .. .o o
E 2 st E e Paaseis o
Here we are considering one dimensional wave.
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Now assume that 1.:he wave copfigura}tion moves along positive
girection with a velocity v. So in time ¢ it moves through a distance
¢ but in all other refspect the wave profile remains unchanged
(Fig 8.2-1). Let us now introduce a coordinate system S’ moving with
e wave ab the speed v. At S-time ¢ = 0, let the origins O and O’

coincide. |
with reference to S frame the wave profile appears to be stationary
with the same functional form as Eq. (8.2-2). Thus in S’ frame
Vo= LY _ ..(8.2-3)
Now at any time ¢, the coordinates of any point P on the wave profile
with respect to S and S’ are related by o

_ X =x -t | | e ...(8.2-4)
Thus with reference to stationary S-frame we can write
Yx, D)= fle =vt) = - ...(8.2-5)

This represents the most general form of one dimensional wave
propagating along the positive x-direction. e '
Similarly, a wave propagating along negative x-direction may be
represented as et Raai o maiane = =
' Syl B = fletu) T A .2-6)

Differential wave equation :- SR e |
From the arbitrary wave function vx,t) =fkF vt) we can derive
* the one dimensional differential wave equation. Writing x” = x + vt we
get y(x,8) = fx) s -
s s df By df s

o dx' &x  dx'
2y d¥f o dYf ‘
and . g =22 A gl _ ..‘._(8.2-7)

oy df 70 ___-C.ff_.(@)

Similarly, -Et-'-—a—xj o dr
. e L R L R ot
o
Cc mbining Egs. (8.2-7) and (8.2-8) we obtain
. @='?1:q--3—2;£ " ..(8.2:9)
an® v ot

o ; : i tial wave equation. It is a
which is the one dimensional differen lon.
linear homogeneous differential equation. Hence the principle of
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o i If v, and v, are
ition 1i licable here. 1 2 two .
sﬁﬁf;?lgs;ﬁ;nﬂ linzgf combinatim; e w%‘a?nsihlff?iolf .’ wa:: S\ l.f;.ferent
. ' ene o :
is also a solution. AccordmgIY most & q. f8,2.9)°2\,!,

!
ing form: ha&
the following = ¢ f, (e-vt) + cfylx vt

ll’ : L ‘a
stants and the functions are twice diffe, '2"]01

d ¢, are con : J
where ¢, anc ¢ waves of constant profile movin entlahle

The solution represents two wa gin gp,
directions with the same velocity v. However, the waves negq nolipnsltﬁ.

the same wave profile. |

Harmonic waves : | o
The simplest kind of vibration that a particle of the Medyy,

execute is the simple harmonic vibration: Ip such a case the assog;

wave profile is a sine or cosine curve. This is known as sinyg; ol u’jltﬁd

or harmonic wave. Such a wave propagating along positive x‘direct(-we

can be represented as ; lop
y(x, £) = asink(x -vi)

or, ' y(x, ) = acosk(x-uvt) | (8.2

ngp a represents maximum disturbance and ig known g4 t
amplitude of the wave. The wave is periodic both in Space and i;im&E
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| Yix, t) = Vix + A, 8
This requireg that £}, =
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. yn. Egs. (8.2-11) may also be expr® s

used form as
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ylx, t) = asin(ka.c—cot)' or, y(x,t) = qcos(kx — wt)
= Im ae ithx - wt)

= Re qeilkx-o) _ (8.2-12)

The entire argument kx—. @t is known as the phase of the wave.
It rel;,resents the state motlon of any particle at any position x and
at any Hme t. Let o(x,2) = kx — wt. Suppose at any later instant ¢ + d¢
ihe same phase occur at pomt X + dx. Then,

ox,t) = ol +dx, t+db

i - kx-ot = kx+dx) - o+ dt)
or, kdx —wdt = 0

- dx o
or, dr. TR T

Thus v represents the velocity of propagation of the condition of
constant phase. It also represents the. velocity of propagation of an .
unchanging wave form. It is called the phase (or wave) velocity.

Wavefront :

A wavefront is a surface upon which the phase of disturbance is the
same at any given instant of time. It is the loci of points of constant *
phase, A wave travels in a direction normal to the wavefront. In case -
of a point source in an isotropic medium the wavefronts are spherical
surfaces, Such waves are called spherical waves. For linear sources
Wavefronts are cylindrical and corresponding waves are called cylindrical

Waves, When the loci of points of constant phase lie.on parallel planes.
the wavefronts are called plane and the associated waves are cglled- plane
Waves, At a sufficient distance from a source 2 small portion of the
Vavefront may be taken as plane. In many optical devices we produce

ilght resembling plane waves. Thus the study of such waves Is
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