Image by Dimitris Vetsikas from Pixabay

2304103 GEN PHYS |

: el T Lt . Update Sep 21,2021
Wave motion and sound waves
‘ e Propagation of a disturbance and types of
™M mechanical waves
e Wave function & wave equation
e Sinusoidal wave
e Superposition of waves, Standing wave, Beat
e Rate of energy transfer by sinusoidal wave on
string
e Sound wave
e Speed of sound wave
* Intensity of periodic sound wave
o Doppler effect
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aauna (Mechanical wave)
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ARNAINDINN (Transverse wave)
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Adun1Ne12 (Longitudinal wave)
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The hand moves forward
and back once to create
a longitudinal pulse.

As the pulse passes by, the

displacement of the coils is parallel to
the direction of the propagation.
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Before the piston moves,
the gas is undisturbed.

The gas is compressed by
the motion of the piston.
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When the piston stops, the

compressed pulse continues
through the gas.
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AdUNN2 (Surface waves)
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The elements at the surface move
in nearly circular paths. Each
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. . The back-and-forth motion produced as P waves travel
element is dlsplaced both along the surface can cause the ground to buckle and fracture.
horizontally and vertically from its

equilibrium position.

Velocity of
propagation
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S waves cause the ground to shake up-and-down

and sideways.
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Weanzuadu (Wave function)
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pulse is given by y = f(x).
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At some later time ¢, the shape
of the pulse remains unchanged

and the vertical position of an T 1
element of the medium at any
point Pis given by y = f(x — v?).
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dun1sAau (Wave equation)
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dun1sAau (Wave equation)
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(a) y(z,t) = In[b(x — vt)]
(b) y(z, t) = @)
(C) y(ﬂf,t) — 2 4 242
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ﬂﬁ'ugﬂlﬁﬁ (Sinusoidal wave)

The period T of a wave is the
time interval required for the
element to complete one cycle
of its oscillation and for the
wave to travel one wavelength.

The wavelength A of a wave 1s
the distance between adjacent
crests or adjacent troughs.
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adusl oy (Sinusoidal wave)
NTUNLIAT T = O

The wavelength A of a wave 1s L .
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adusl oy (Sinusoidal wave)
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ﬂﬁ'u;sﬂ'lﬁﬁ (Sinusoidal wave)
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ﬂﬁ'u;sﬂ'lﬁziﬁ (Sinusoidal wave)
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N193INNUADIAAY (Superposition of waves)

y(ma t) — yl(ajv t) + y2($7 t)

e
»

)1 Yo

When the pulses overlap, the
wave function is the sum of

the individual wave functions.

Y1t Yo

When the crests of the two
pulses align, the amplitude is
the sum of the individual
amplitudes.

Yit)e

When the pulses no longer
overlap, they have not been
permanently affected by the
interference.

e

Yo )1
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Y2
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When the pulses overlap, the
wave function is the sum of
the individual wave functions.

Y1t D)o

When the crests of the two
pulses align, the amplitude is
the difference between the
individual amplitudes.

Y1t)e

When the pulses no longer
overlap, they have not been
permanently affected by the
interference.

-

Yo
)1




N193INNUADIAAY (Superposition of waves)
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N193INNUADIAAY (Superposition of waves)
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N193INNUADIAAY (Superposition of waves)
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) The individual waves are in phase
Y and therefore indistinguishable.
X Constructive interference: the
5= 0° amplitudes add.
N Yo ) The individual waves are 180° out
) of phase.
X
Destructive interference: the
*‘ ‘¢ waves cancel.
¢ = 180°
b b M This intermediate result 1s neither
Yo constructive nor destructive.
X
+\ \¢
¢ = 60°
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AANEDR/AAULY (Standing wave)
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Aauann/AaNUs (Standing wave)
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Aauann/AaNUs (Standing wave)

Fundamental, or first harmonic Second harmonic
A N A N A N
N N
N Jo
n=1 L= 1 A n =2 L=\
51 )

Third harmonic
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M228749
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Udan (Beat)
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wavel = Plot[0.2*Cos[20*t], {t, O, 5}, PlotStyle -> Red];
wave?2 = Plot[0.2*Cos[22*t], {t, O, 5}];
f beat — |f 1 — f 2 ‘

Show[wavel, wave2]
Plot[0.2*Cos[20*t] + 0.2*Cos[22*t], {t, O, 10}]

T — R

U
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Traveling wave Standing wave
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Before the piston moves, ﬂ ,] ﬁﬂ Sgéuﬂ qq ﬂ ’] ﬁﬂ Sgé’}ﬂ Gci q

the gas is undisturbed.
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The gas is compressed by : I
the motion of the piston. s ! :
!
y ' '
| Smax I |
I
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When the piston stops, the \
compressed pulse continues

through the gas.
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Bulk Modulus

Vi
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| /
|
— . | X
Ffront v_/ _____ . |, 7 Vz + AV
SN
Fbottom

The cube undergoes a change in
volume but no change in shape.
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volume stress AF/A
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volume strain
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Undisturbed gas
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ANNLBNLEBNLazLagUa (Intensity & Decibel)
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apyilans (Doppler)
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Doppler: Source is moving
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Doppler: Observer is moving
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Doppler: General case

Moving source
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Supersonic speed
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More on doppler
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