
Chapter 8 
Waves



water waves, sounds, light, radio and 
TV broadcasting
ecology problem
nerve impulse 
infections or rumor spreading
wave, ripples, tide, surge

Wave is propagation of oscillation or field



8.1 Waves and their classification

Mechanical waves       medium
electromagnetic waves 



longitudinal

transverse

water wave
mixed 

Rayleigh
surface waves
mixed

directions of the displacement and propagation



Dimension
• 1D (along a string)
• 2D (surface wave, ripple)
• 3D (bulk)

Wavefronts
• planar 
• spherical    (point source)
• cylindrical  (linear source)



Wavefronts
• planar 
• spherical    (point source)
• cylindrical  (linear source)



Shapes
• wavetrain

• pulse

• packet



Wave-particle duality

•travelling
•standing waves

Wave equation
•linear 
•nonlinear waves 

(shock waves or solitary waves)



Example: Seismic waves

Body waves
P wave (primary wave) 

S wave ( shear or 
secondary wave)

Surface waves
Rayleigh wave

Love wave

•



Love wave



8.2 Wave equation



)()0 ,( xfxu 

0t snapshot 

?) ,( txu

In S', moving along with the wave

)'() ,( xftxu 

For a left-traveling wave

)() ,( vtxftxu 

For a right-traveling wave

vtxx  )() ,( vtxftxu ,



)() ,( vtxftxu 
)() ,( vtxftxu 

)(

)()(

vtxfu

vvtxfu

x

t








)velingright  tra(0   xt uvu

traveling wave equation

)elingleft  trav(0   xt uvu

xt uvu   



02  xxtt uvu 0
1
2

 ttxx u
v

uor

Wave equation
Wave speed

xt uvu   

xttt vuu  txvu  xxvuv  xxuv2



transverse wave on flexible string
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longitudinal wave
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Young’s modulus (杨氏模量） also known as the elastic modulus 
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8.3 Simple harmonic wave and their superposition
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amplitude phase
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Phase speed (point of same phase)
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superposition of waves (Fourier analysis)
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the phase speed of the envelope
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phase speed  vs.  group speed



Light or x-ray in solids
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The phase speed exceeding the speed of light 
in vacuum does not indicate any superluminal 
information or energy transfer.
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(a)  n(w1)=1.4 and n(w2)=1.35; w1>w2(a)  n(w1)=1.4 and n(w2)=1.35; w1>w2 ng>1



(b) n(w1)=1.3 and n(w2)=1.4 w1>w2 1>ng>0



(c) n(w1)=1.2 and n(w2)=1.4; w1>w2 ng<0



In the circumstances of anomalous dispersion, the 
group speed no longer represents the speed at 
which information or energy propagates. 

front velocity

“New information is communicated only when 
there is an unexpected change, such as a 
discontinuity, whose arrival time cannot be 
inferred from the past behavior of the wave.”

RY Chiao and AM Steinberg, Tunneling times and 
Superluminality, Progress in Optics ed. by E. wolf, 
XXXVII, p345, 2002.



It is well known that the group velocity vg of a light 
pulse can exceed c in an anomalously dispersive medium. 
As discussed many years ago by Sommerfeld and 
Brillouin, a group velocity greater than c does not violate 
causality because it is not the velocity of information 
transmission. They noted that the "frontal velocity," the 
velocity at which an infinitely sharp step-function-like 
disturbance of the light intensity propagates, can serve as 
a velocity of information transfer. We suggest here an 
operational definition of the signal velocity and apply it 
to the recently observed superluminal propagation of a 
light pulse in a gain medium.

Kuzmich, A. Dogariu, A. Wang, L.J.







Assignment: 8.1, *8.2, 8.14, 8.15



Standing wave
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fundamental 
first harmonics
一次谐波

second harmonics
first overtone
二次谐波

third harmonics
second overtone
三次谐波
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From high speed 
to low speed (low 
density to high 
density) 
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density) 
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Examples of two-dimensional standing waves

right figure--two nodal lines(节线)crossing at the 
center



Energy transport
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Energy transport
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8.4 Interference and diffraction
干涉与衍射
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gasoline on water opals  (猫眼石)

butterfly wings pigeon feathers



Diffraction





  sin 
N

n
a

N

n
kxk 

Phase difference

 


















 



1

0 

1

0 

 cos

  

N

n

N

n
n

N

n
tkxA

uU





 tkxNAU  cos0 

measured amplitude

diffraction

 tkxA  cos0 



   
1

0=  




N

n
nuU 1

  ytkxAy    cosd 0

1

0

    tkxtkx
A

 sin sin0 










 






N

n
tkx

N

A
n

N

n

 cos
1

0 

0







 













N

n
tkxA

N

nN

n

 cos0

1

0 



    tkxtkx
A

 sin sin0 




 
 2

2

0
2

2sin




II   sinka







 








2
 cos

2
sin

2 0 


tkx
A







 










2

 cos

2

2
sin

0




tkxA






ma

m




sin

2

The minima occur at

3,2,1 m

?

 
 2

2

0
2

2sin




II 

 sinka



8.6 Doppler effect
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if  T happens to be the period of a wave in 
source frame.
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Thus, in the observer frame, the period is
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Inverse Doppler Demonstration 
Ends a 60-Year Quest

SCIENCE VOL 302 28 NOVEMBER 2003

“To make that happen in reverse, the U.K. researchers 
needed to clear two big hurdles. First, they had to put a 
material into a state called anomalous dispersion that 
could support the specialized waves needed to produce 
an inverse Doppler effect. Then they had to generate a 
moving barrier within that material to reflect waves.”











pS vv  supersonic speed    Mach cone
超音速

Mv

v 1
sin

S

p 

Mach number
in aerodynamics





‘Sonic boom’

shock wave



When the speed of a source equals the speed of 
sound , the resulting pile of waves forms a large 
amplitude "sound barrier"  or "sonic barrier" .



FA-18F Breaking Sound Barrier 

Prandtl-Glauert condensation cloud  

N-wave



Cherenkov radiation
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This view looks down on the 
fuel rods at Penn State's 
Breazeale Reactor. The 
reactor is a TRIGA model 
manufactured by General 
Atomics. The blue light 
surrounding the fuel is 
known as Cherenkov 
radiation, produced when 
charged particles travel 
through matter (in this case, 
water) at speeds greater than 
light. 

Sources: the Penn State Radiation 
Science and Engineering Center 



Optical Doppler effect (chapter 9)
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source and 
observer separating



11


