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16 Waves
a brief repetition
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Wave Function
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Sinusoidal waves

velocity of the wave: v = l/ T Ą

(travels distance lin time T )
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Reflection of a wave

Fixed end of the rope

ĄαƛƴǾŜǊǘŜŘ ǇǳƭǎŜά

Loose end of the rope

Ąαƴƻƴ-ƛƴǾŜǊǘŜŘ ǇǳƭǎŜά
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Reflection and transmission of a wave

Two ropes with m1 m̧2 connected. Constant tension: T1 = T2

(a) m1< m2
(a) m1> m2

Rope 2 heavier 
Ҧ ǎƛƳƛƭŀǊ ǘƻ ǊŜŦƭŜŎǘƛƻƴ Ϫ ŦƛȄŜŘ ŜƴŘ

Rope 2 lighter
Ҧ ǎƛƳƛƭŀǊ ǘƻ ǊŜŦƭŜŎǘƛƻƴ Ϫ ŦǊŜŜ ŜƴŘ
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Energy transfer by waves

Reminder:harmonic Oscillator
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Energy transported by waves

total energy in ͅ x 22
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wave propagates with speed v Ą neighboring segments are set into motion

Ą energy moved per unit timeĄ power

A ςamplitude, µ - mass per length
w- angular frequency, v - velocity
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http://www.space-images.com/wallpapers/apollo/index.html

Ch 17: Sound Waves I
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Sound Waves: Some Engineering Applications

- Ultrasonic sound: testing of building blocks
- Electro-acoustic devices, sound transformers
- Sonar
- Building Acoustics
- Noise damping for buildings
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Content

Sound waves

Speed of sound waves

Energy transfer by (sound) waves

Intensity and Sound level

Doppler effect
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Sound wave in a cylinder (1702)
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What are sound waves?

A vibrating solid in an elastic medium causes:

Longitudinal waves travelling through that medium as:

Periodic changesin densityand pressurethrough the medium.

Types of Sound Waves:

Single vibration: one travelling sound pulse, 

Sinusoidal vibration of the source Ą sinusoidal sound wave 
travelling through the medium.

Ranges of Sound Waves: 

ω AudibleSound  Waves: f from  20 Hz to 20 kHz  

ω Infrasonic waves: f < 20 Hz

ω Ultrasonic waves : f> 20 kHz
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Sound Wave Magnitudes

average pressure: P=1.013 x 105 Pa
pressure amplitude normal speech at 1m distance:ɲP=0.1Pa
pressure amplitude hearing limit (f=1kHz): ɲP=2 x 10-5 Pa
pressure amplitude sound pain limit: ɲP=100Pa
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Speed of sound waves

How does the sound wave propagate?

Piston compresses the air. Denser air packet acts on the 
next air packet to the right in order to relax

ΧΦĄ propagation of the compressed region.

r

B
v= B - bulk compression modulus

r - density

property inertial

property elastic
=v

Velocity of sound waves v depends on density and 
compressibility(elasticity) of the medium: 

The stiffer the medium, the faster it tends toward 
relaxation (normal density) Ą higher speed
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Speed of sound in different media

Material v (m/s)

Air (20ÁC) 343

Air (0ÁC) 331

Hydrogen (0ÁC) 1286

Helium (0ÁC) 972

Water 1493

Seawater 1533

Iron 5950

Copper 5010

gold 3240

rubber 1600

Speed of sound in air is 

temperature-depending
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)sin(max tkxksvv wwr -=
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Periodic Sound Waves in a Tube
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Periodic sound waves 

maxmax svP wr=D

r= density  (1.292 kg/m3  for air), 

v ïspeed of sound, 

w- angular frequency = 2 f́

Pressure wave has (̄/2) phase difference
with the displacement wave!

Maximum pressure amplitude ɲPmax and the 
displacement amplitude Smax are related as:

)cos(),( max tkxstxs w-=

)sin(),( max tkxPtxP w-D=D



Prof. Dr. Reinhard Sigel PHYS 202,  2013

Sound-waves in a tube: instruments

brass instruments

woodwind instruments
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Intensity of sound waves

Energy in the wave: kinetic + potential energy
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Intensity of the wave ſ Power per unit area

energy per period T Ÿ power:
(volume Aɚmoves on the distance ɚin T)
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Intensity of sound waves

Propagation of  a sound wave in free spacefrom a point source: 
spherical wavewith speed v. 
Ą Power is distributed  over the surface area (4pr2) 

In the tubethe cross section is constant Ą power is constant
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