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Wave Function
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Wave form  y(X) 2 Wave function Y(X,t) = °
ave 10rm — ave tuncuon , - 2\ 2
1+ X? 1+(x- 3Q)

time-dependent shift: X- X- vt

General formof anywavefunction: |Y(X,t) = f(X- V1)
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Sinusoidal waves

velocity of the wave:v=1 /T A v=/ Cf
(travels distance | intime T)
T Wave function
l«—>| — Y/
m &2p 9
. . X,t1)= Asin; X- VI3
VAV AN diision TRl
e, ax ta
X,t)= AsingZpae- - —
= - y(x,t)= PP - T
wavenumberk 1 % angulafrequencyw? 2t :%

y(xt)= Asin[kx- Wt]

Prof. Dr. Reinhard Sigel PHYS 202, 2013



Reflection of a wave
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Reflection and transmission of a wave

Two ropes withm, m, connected. Constant tensioi; =T,

(2)M<m (a)m>

e [ cident - [ cident
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—p-  Transmitted

pulse ;
AS Reflected < Transmitted ——
' 4 - pulse pulse .
Reflected mm— MM
pulse
(b)
Rope 2 heavier Rope 2 lighter

M aAYAT I NI 2 NBFEtSOHARAYARKI NRAESEGRNBFRSOI

Prof. Dr. Reinhard Sigel PHYS 202, 2013



Energy transfer by waves
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Reminder:harmonic Oscillator
kinetic  energy inx K = % mxu?A2sinut+F)> (e mass per unit length

potential energy in X U = % moxw? A cogut +F )

Y total energy in X E=K +U :%/‘IDXWZAZ
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Energy transported by waves

total energy in X E=K+U = % DX A°

wave propagates with speedds neighboring segments are set into motion
A energy moved per unit timeA power

A ¢ amplitude, K - mass per length

1 Dx 1
P= E /T’E W2A2 - E /NWZAZ w- angular frequency, vvelocity

DE _
DX
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Sound Waves: Some Engineering Applications

- Ultrasonic sound: testing of building blocks

- Electreacoustic 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)

Wavelength = 143 m

Frequency Speed= 331.0 m/s
232 | Hz

(LRI
50 100 150 200 250

start
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What are sound waves?

A vibrating solid in an elastic medium causes:
Longitudinal waves travelling through that medium as:
Periodicchangedan densityandpressurethrough the medium.

Types of Sound Waves:
Single vibration: one travelling sound pulse,

Sinusoidal vibration of the sour@e sinusoidal sound wave
travelling through the medium.

Ranges of Sound Waves:

w AudibleSound Waves: f from 20 Hz to 20 kHz
w Infrasonic waves: f < 20 Hz

w Ultrasonic waves : > 20 kHz
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Sound Wave Magnitudes

average pressure: P=1.013 x 10Pa
pressure amplitude normal speech at 1m distanp®=0.1Pa
pressure amplituddearing limit (f=1kHz): nP=2 x10~Pa

pressure amplitudesound pain limit: NnP=100Pa
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Speed of sound waves

How does the sound wave propagate?

Piston compresses the air. Denser air packet acts on t——

next air packet to the right in order to relax

X @ propagation of the compressed region.

Velocity of sound waves v depends on density and i —

compressibility(elasticity) of the medium:
The stiffer the medium, the faster it tends toward

(b)

relaxation (normal densityl, higher speed —

) |

— Y
(c)

—

= .|z il " amarmonic w=
m .
Inertial proper g%scillator Q) —

Sound speed . \/ elasticproperti' symiar to K §

i

v= |— B - bulk compression modulus
I r - density

(d)
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Speed of sound in different media

Speed of sound in air is
temperature-depending

vz%?alm

¢

S

i

T

Cc

273C

Material v (m/s)

Air (20AC) 343
Air (OAC) 331
Hydrogen (0AC) 1286
Helium (OAC) 972
Water 1493
Seawater 1533
lron 5950
Copper 5010
gold 3240
rubber 1600
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Periodic Sound Waves in a Tube

displacement wave [S(X,t) =S, COS(KX- ut)| * Pl
s(x+Dx)- s(x) , bs s AO
0o 22 ¥ g(x+Dx)° s(x)+Dx— —
Dx X X oB(X) gB(X+ax)
change g of the volume V=Agx DV = Als(x+Dx)- s(x)]o ADx>
S LX
v A
change gPof the pressure P DP=-B—°-B— ¥ =-_B2
Y; ADX LX
(B: bulk modulus) =Bs,  ksinkx- ut)
*/'
pressure wave =Vrvns,ksinkx- nt) = rvis,,,sin(kx- ut)
DP(x.1) = DP__sin(kx- nt) / \ 1
_|B v— =f
amplitude _\EY B=vY /
P — VQ :%[j
DI:)max_ rVWSmax |/ W

K
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Periodic sound waves

s(x,t) =s,., cos(kx- ut)

DP(x,t) = DP,__ sin(kx- wt)

Pressure wave haS/R) phase difference
with the displacement wave!

Maximum pressure amplitudeP,,.,and the
displacement amplitude S, are related as:

DPm ax = rVM/Sm ax

r = density (1.292 9/ . for air),
v i speed of sound,
w - angular frequency = 2" f

Smax \

max

(b)
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Soundwaves In a tube: instruments
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Area=A

Area
/
-

|
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v
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Energy in the wave: kinetic + potential energy b<
s(x,t) =s, cos(kx- ut) s

wavelength | , cross section A, period T

Intensity of sound waves (K
{ -
> \\ \>§

1

V(X,t) :3—? =-us,,,Sinkx- mt)

1 1 : :
kinetic energy in volume Aa: K, ZEmVZ 25 r AQus,,,sin(kx- ut))’
potential energy in volume A< U =1, A codkx- ut)?
(equal magnitude, phase shifted) 9 CQW%ax i ))
_ 1, v
total energy in volume Aa; E =K, +U, —Ef AQus,.,)
energy per periolg_DE_ji'(rA/dmm\g)é_rl:Av( ¥
(volume Aarmoves on the distance &-in T) Dt 2 T "9 FAV\WS,,
| ntensity of the wave [ Power pe.l
DP 2
|1E=£/’V(W5max)2 > I:( o
A 2 DP...=rvus, ., 2rv
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Intensity of sound waves

In the tubethe cross section is constaAt power is constant

Propagation of a sound waue free spacérom a point source:

spherical wavewith speed v.
A Power is distributed over the surface ar@ar?)

P =

A Ao’
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