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Wave Motion & Velocity

2.1 Intmducrion

Wave i medium might be characterized as the d'tsturbagcz tral‘lle'lmg tthugh
medium withoyt the difference in structure, for {nstar;]c s Wf: ln‘Water Shy !
because of dropping a stone in water. A? the pomi Wthzn é; rfl' olne in droppe(f(
Water, it moves some portion of its kinetic energy to 'bp . C1eS of w,
Which it comes to contact. These particles are set into i lation, Pr_esenﬂyt i
Vibrating particles give their energy tf) the nelgffjbor Ing Partic]eg. en;
neighboring particles are set into vibrations. Therc_e ore eve Molecy), .
cnergy from Past molecule and passes it to the following molecyle, SUbSeq
Wave move energy from one point to the next.

A wave motion can pe defined as a disturbance whl'Ch. travels ‘in the Matey
medium and jg due to the repeated motion of the medium particle

: about
Mean position, the motion being holded on from one particle to next afy
regular interya] of time.

Characteristieg of Wave motion:

1) The particles of the medjum are hot carried along the wayeg
1) It is the disturbance which moves and forms the wave

) All the particles of the medium perform Simple Harmonic Motion

V) As the disturbance reaches different particles g
Succeeding particle lags behind the previous particle in g phase

V) Wave motion is both periodic in space and periodic in
is a double periodic phenomenon,
1) The wave velocity is
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The wav
ave travels > I o e
chanoe but the ﬁlc‘fr()m one mlcdlum to another, the wave Spccd and wave
juency remains the same because the frequency 1S dugr‘n L
geb s determu

the source.

Terminology of wave motion:

1) Period of wave: Ti
beriod Ofuw‘dw. Tm@ taken to compete one cycle or oscillation is called
i B ic }NaVC. It is denoted by “T’. Its S.1 unit is second.
(mc]w%:;]ydqt wzlllvcilz }'hc number of cycles or oscillations performed by a w
S is called the frequency of the w i
) v > > .. ¢ 2 L
) is hertz (Hz) y ave. It is denoted by *f" or 'n-. Its |
1 Amplitude - . : :
) plitude of wave: The maximum displacement of medium particles fron
ve. It is denoted by ‘a’. Its S1

mean positions is called amplitude of a wa

meter.
econd is call

1v) Velocity of wave: The distance travelled by a wave in one s

velocity of the wave. It is denoted by ‘v’. Its ST unitis m/s.
V) Wave Length of wave: The distance between two successive particles of a W

the same phase is constant. It is denoted by “A’. It STunit is meter.
Wave Number of wave: The number of waves passing through a distance is ca
wave number of the wave. Reciprocal of wavelength is called as the wave numn

wave. It is denoted by ¢y’. Its ST unit is m™.

Vi)

2.2 Classification of waves

Mechanical waves Non mechanical waves
{Medurn does not required]

Teaum | kequred]

pased on Energy transfer

g aced on vibration of

particles of the medum
/—/

) * Standi Progressive waves
Transverse Waves Long tudin al _____rﬂ__-——wav&‘ /['.,m — ua:‘\s-rer: =2
WNE [without Energy
mamentun]

[Partile vbrates
[Partcles vibrates transfer of

perpendicular to
direction of waves
parallel direction energy and
propagaton) of wave mormentum]
propoqation]
Fig. 2.1: Classification of waves
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Waves & o‘gg’_cg‘//

: ired
e On the basis of necessity of medium require
o Mechanical Waves
o Electromagnetic Waves rticle
e On the basis of mode of vibration of thep
o Transverse Waves
o Longitudinal Waves

o Surface Waves

2.3 Mechanical Waves ) .
. ' turbance travelin

RTINS . -ation of a particular dis . Tg
Mechanical Waves behave as a propagatl dl; perio dic motion of particles,

through a material medium as a result of the stea e next
Under this, the disturbance is moved from one particle to the next.

Specifically, energy and momentum transmit by the motion of particles hmn.th(;
medium. Mass transfer impossible in this case. It should be noted that mechanica
fferent examples of mechanical

waves cannot propagate through the vacuum. The di
waves are the vibration of a string, the surface wave generated on the surface of a

liquid and solid, tsunami waves, ultrasounds, earthquake P-waves, oscillations in

spring, and waves in slink, etc.

There are two types of mechanical waves:

1. Transverse Wave
2. Longitudinal Wave

2.4 Transverse Waves

(,? pr?_gresswe vx(/jave is a wave in which the medium particles are vibrating in the
irection perpendicular to the direction of the '
wave is called a transy
erse wave, for

example, the wave produced in a rope b lyi
: in ..
and jerked at the other end. Pe by ying the rope at one end to a rigid wall

T] a N .
¢ convex part formed by the wave dye to upward displacem

the medium js called
e crest. The convex p- :
displacement of the particles of the me X part formed by the w
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Fig. 2.2: Transverse waves

Characteristics of Transverse Waves:

1) When transverse waves pass through a medium, the medium gets divided into
alternate crests and troughs.

11) A crest and trough form a transverse wave.

111) The crests and troughs follow each other in rapid succession, i.e., crests and
troughs are produced alternatively at the same point of the medium.

iv) Every particle of medium performs SHM of the same amplitude and period.

v) Every particle lags behind the previous particle in a phase.

vi) The distance between two successive particles in the same phase is constant and it
1s called wavelength of the wave.

vii) Consecutive crest and trough constitute one cycle of a transverse wave.

viii) The transverse waves are produced in a medium, which undergoes a change of
shape. Hence transverse waves can be propagated only through solids.




The speed of transverse waves (v) on a string depends on-
: ; . : ring (m
a) lincar mass density of the string, i.e., mass per unit length of string (m)

b) tension T in the string

The mas is required so that the vibrating element can have kinetic energy. Further,

without tension, no disturbance can be propagated in the string. We can use the
method of dimensions to derive the expression for the speed v.

Let

v &« meTb
Where a and b are the dimensions,
~ v = kmarT? (i)

where k is the dimensionless constant of proportionality.
Now, v = MO1T-1

o mass _ M _ [M~11-1]
length L

T = tension = force = [M'LIT~?]
Note that in dimensional formulae for v and tension, T represents time.

Putting equation (i) , we get -
[MOLIT‘IJ - [MIL-IJa[MILlT—Z]b — Ma+bL—a+bT-2b
Applying the principle of homogeneity of dimensions, we get

‘thb=0and-q+p=1 (if)



A

w =2b= —-1lorb=1/2

v=km 1/2T/2 = e
m

Using other
g methods, we can show the dimensionless constant, k = 1

From equation (ii), we get -

:
]
T

ched string depends only on the tension

g. The speed does not depend upon

Thus, speed of a transverse waves along a stret
lid is given by

(T) and linear mass density (m) of the strin
hat the speed of transverse waves in a so

frequency of the wave. Now t
v= |
p

where 7 is the modulus of rigidity and p is density of material of the solid.
ons of Transverse Waves
s is dependent on both ends whether they
that are fixed at both ends:

eflected from a fixed end.
flected, but inverted. This

2.4.2 Reflecti
_The way in which a transverse wave reflect
are fixed or not. F irst we will look at waves

3 illustrates an image of a transverse wave that is r
wave meets at fixed end, the wave is re

When a transverse |
h the troughs and the troughs with the peaks.
at meets a free end.

swaps the peaks wit
verse wave on a string th
fixed end, it is not

Fig 2.4 illustrates an image of a trans
The wave IS reflected, but unlike a transverse wave with a

inverted.

Fig 2



