MECHANICAL WAVES

Mechanical waves orginate from a disturbance in the medium (such as a stone dropping in a
pond) and the disturbance propagates through the medium.

Mechnical waves are further classified in two categories such that:

1. Transverse waves (waves on a string)
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If the disturbance ftravels in the x direction but the particles move in a direction,
perpendicular to the x axis as the wave passes, it is called fransverse waves.

2. Longitudinal waves (sound waves)
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Longitudinal waves are characterized by the direction of vibration (disturbance) and wave
motion. They are along the same direction.

NON-MECHANICAL WAVES

These are electromagnetic waves. The motion of the electromagnetic waves in a medium
depends on the electromagnetic properties of the medium.

PARTICLE VELOCITY AND ACCELERATION




ENERGY CALCULATION IN WAVES Part |l

The velocity of string element in transverse direction is greatest at one mean position and
zero at the extreme positions of waveform.

The Elastic potential energy of the string element results as string element is stretched during its
oscillation.

The average power fransmitted by wave is equal to time rate of tfransmission of mechanical
energy over integral wavelengths.
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SUPERPOSITION AND STANDING WAVES

PRINCIPLE OF SUPERPOSITION

When two or more waves superpose on a medium particle then

acement of that medium particle is given by

the resultant disp
the vector sum of the individual displacements produced by

the component waves at that medium particle independently
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INTERFERENCE OF WAVES

@ If the two waves are exactly in same phase, that is the shape of one wave exactly fits on to the
other wave then they combine to double the displacement of every medium particle as
shown in figure (a). This phenomenon is called as constructive interference

@ If the superposing waves are exactly out of phase or in opposite phase then they combine to

cancel all the displacements at every medium particle and medium remains in the form of a

straight line as shown in figure (b). This phenomenon is called as destructive interference

{- Figure (a) Constructive Interference }
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{ Figure (b) Destructive Interference }
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SUPERPOSITION AND STANDING WAVES "
ANALYTICAL TREATMENT OF INTERFERENCE OF WAVES

Whenever two or more than two waves
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REFLECTION AND TRANSMISSION BETWEEN TWO STRING

If a wave pulse is produced on a lighter string moving towards the friction, a part of

the wave is reflected and a part is transmitted on the heavier string. The reflected
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wave is inverted with respect to the original one
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y = A sin(ot + K x) i v y=A:sin(ot + kix + )

On the other hand if the wave is produced on the heavier string which moves toward

the junction. a part will be reflected and a part transmitted, no inversion
shape will take place
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SUPERPOSITION AND STANDING WAVES

STANDING WAVES
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STATIONARY WAVES IN STRINGS

WHEN BOTH ENDS OF A STRING ARE FIXED
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SUPERPOSITION AND STANDING WAVES

© When one end of the string is fixed and other is free

Note- Free end acts as antinode
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1. These waves advance in a medium : .
_ : between two boundaries in the
with a definite velocity
¥ medium
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medium oscillate with same but different amplitudes. Amplitude

frequency and amplitude is zero at nodes and maximum at

antinodes

At any instant, the phase of all
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PROPAGATION OF SOUND WAVES

Sound waves propagate in any medium through a series of
periodic compressions and rarefactions of pressure, which is
produced by the vibrating source.

COMPRESSION WAVES
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{ When a longitudinal wave is propagated in a
gaseous medium, it produces compression
and rarefaction in the medium periodically.
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General equation of wave is given by O O

VELOCITY OF SOUND/LONGITUDINAL WAVES IN SOLIDS

i Y ) - velocity of sound
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_ dv _ P = Pressure

P = Density
V =Volume
T = Temperature
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LONGITUDINAL STANDING WAVES

Two longitudinal waves of same frequency and amplitfude, fravelling in opposife directions
interfere to produce a standing wave.

If the two interfering waves are given by:

P, =P, Sin (ot —kx) and p, = p, sin (ot + kx + ¢)
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WAVES IN A VIBRATING AIR COLUMN

;&_otg Mbe _(;.Mg Fundamental frequency of oscillations of
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This is an apparatus used to determine the velocity { l
of sound in air experimentally and also to l

compare frequencies of two tuning forks.
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Thus, sound velocity in air can be given as

V=no}"=2no“2_ 1)

:




DOPPLER EGFFECY

v = Speed of source
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« The shift in frequency of a wave emitted by a source moving relative to an observer as perceived by the observer:
* the shift is to higher frequencies when the source approaches and to lower frequencies when it recedes.
f = Original frequency f = Apparent frequency v = Speed of observer

v = Speed of sound in air
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Whenever source moves towards observer.
then do substraction in denominator and vice-versa,

Whenever observer moves towards source,
then do addition In numerator and vice-versa.



