CHAPTER - 14

WAVES

WAVE

It is a disturbance through which transfer of
energy takes place without any actual transfer
of medium particles.

Types Of Wave On The Basis Of Medium

Mechanical Wave

Non-mechanical
wave

It requires medium

It does not require me-
dium.

sound

Light (electromagnetic
wave)

Types Of Wave On The Basis Of Motion Of
Particles Of Medium

Property | Transverse Wave Longitudinal Wave
Movement | Perpendicular to the di- | Along the length
of particle | rection of propagation. | of the direction of
propagation of wave.
Which Crest and trough Compression and
structure rarefaction
get formed
E.g. Wave in stretched string | Sound
Light
Speed Speed of a Transverse | Speed of a Longitu-
Wave on dinal Wave in air
Stretched String _ /K
\/I Vo
V=
# Speed of a longitudi-
nal wave in the bar
e
Vo

Essential Properties Required By Medium
For The Propagation Of Wave

(i) Inertia: So that particle overshoots its mean
position.

(iiy Elasticity: So that particle returns to its
mean position.

(i) Minimum friction: So that disturbance
propagates through a longer distance.

Note :

(i) Transverse waves can propagate only in

those media which can sustain shearing stress,
such as solids and strings, and not in fluids.

(ii) Fluids as well as solids can sustain com-
pressive strain; therefore, longitudinal waves
can propagate in all elastic media.

(iii) In a medium like a steel bar, both trans-
verse and longitudinal waves can propagate
while air can sustain only longitudinal waves.

Travelling Or Progressive
Wave

Stationary Wave or standing
waves

A wave in which the po-
sitions of maximum and
minimum amplitude travel
through the medium is
known as a travelling wave.

When two waves of same
frequency and amplitude
travelling in the opposite
direction superimpose each
other then there is no trans-
fer of energy from one point
to another. This resultant
wave is known as the stand-
ing wave.

1. Ripples
2. Waves in slinky

1. Wave produced in

sonometer wire.
2. Wave produced in reso-
nance tube.

Equation Of Plane Progres-

sive Wave

The displacement of particle

at a distance %’ is given by

y =asinw(t-t') = asinw(t
X

=)

y Zasin (wt - kx)

Equation Of Stationary Wave
or standing waves

The displacement of particle
at a distance X’ is given by

¥ = 2a sinwtcos kx

NODE

ANTINODES

Those points on the station-
ary wave which always re-
mains at rest and no transfer
of energy takes place through
them.

Pressure and density are
maximum at nodes in sta-
tionary waves produced by
sound.

Distance between two con-
secutive nodes is A/2

Those points on the station-
ary wave which vibrate with
maximum amplitude and
speed.

Pressure and density are
minimum at nodes in sta-
tionary waves produced by
sound.

Distance between two con-
secutive antinodes is \/2

Note: Distance between a node and an antinode

is M4




° Speed Of Sound In Air

SPEED NEWTON’S FORMULA
OF FOR SPEED OF SOUND
SOUND [IN AIR

IN AIR

Laplace correction

Assump- | Newton’s Assumption: Laplace Assump-

tion: Propagation of sound tions: Propagation
in air is an isothermal of sound in air is an
process. adiabatic process

speed Speed of sound in air, Speed of sound in

v=, /£
L

air,

v= |7E
e)

calcula- |[AtSTP,P=1.01x10°N
tion m?, air density p = 1.29
kgm= Using this in (ii) we
have v= 280 ms.But actu-
al value of speed of sound
at STP is Vactual= 331
ms. Therefore, there is a
difference of almost 15%
in the calculated value and
experimental value.

For air y=1.4, P=
1.01 x 10° N m?,
density of air p =
1.29 kg m™

Using this in equa-
tion (iv) we have
v=331.3ms™ which
is close to practical
value.

i Factors Affecting Velocity of Sound: -

1 Effect of Since velocity of sound in air is direct-
Temperature | ly proportional to square root of temp
_/YRT | Hence with increase in temperature
v= M | the velocity increases & vice versa.
2 Effect of no effect (change) on velocity of
Pressure sound due to change in pressure.
v= L
o
3 Effect of Velocity v so with increases in density
Density of air velocity increases & vice versa.
1
Ve ——=
Vo
4 Effect of Water vapours (Humid air) have a
Humidity | density less than the density of dry air.
Hence velocity of sound in humid air
is greater than the velocity in dry air
& vice versa that is why we can hear
distant sound in the rainy season.
5 Effect of If wind is blowing along the direc-
wind tion of sound wave velocity of sound
increases & vice versa.

SUPERPOSITION PRINCIPLE

When two or more waves move through a
medium at the same time then the resultant
displacement of a particle of medium at any
instant is the vector sum of displacement due
to each individual wave and after that each
wave travels as an individual.

REFLECTION OF WAVE

If a wave reflected from a denser medium
then its direction becomes opposite and
phase changes by .

If a wave is reflected from a rarer medium
then its direction becomes opposite and no
phase changes.

Displacement equations for a plane proges-
sive wave
(i) In forward discetion
y = asin (kx - ot + ¢)
or, y=asin (wt-kx+ ¢)
(i1) In backward discetion
y = asin (ot + kx + ¢)
where,

k= 27” propagation constant

w=2ny= ZT” angular frequency

¢ = phase Constant

t = time

y = Particle displacement

x = wave displacement
Displacement Equation for standing wave

y = 2a cos kx sinwt



STATIONARY WAVE IN STRETCHED STRING
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STATIONARY WAVE IN A CLOSED ENDED AIR COLUMN (Organ pipe)
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MULTIPLE CHOICE QUESTIONS:
a'gﬁr«d’r:r T9T:

What type of wave does not require a
medium to propagate?

a. Transverse wave

b. Longitudinal wave

c. Electromagnetic wave

d. Standing wave

T yaR A W F TAT F AT Aegw H
a. JAIY TR |

b.  3eeed T |
c. faega grah awr |
d. &R o]

Which of the following is an example of a
transverse wave?

a. Sound wave b. Light wave

c. Earthquake wave d. None of these
?)mﬁﬁa H @ Pl AIET TWT FT &G0
a. wafd a3 | b. WepTer e |

C. &Y HT I | d. 58 ¥ PIS AT |

In a wave, the distance between two

consecutive identical points is called:
a. Wavelength b. Amplitude

c. Frequency d. Period

TF a9 H &l HAPT AW o3 & & $ir
FAT HgaTl &7 h =
a. T gEy b. 3maTHA

c. 3mafa d. 3afer

(4

The time taken for one complete cycle of a
wave to pass a given point is called:

a. Wavelength b. Amplitude
c. Frequency d. Period
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a. oer &ed b. 3maTH

c. g d. 3m@fer

C
The maximum displacement of a particle
from its equilibrium position in a wave is
called:

a. Wavelength b. Amplitude
c. Frequency d. Period
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