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� Wave Phenomena
� Classes of Waves
� Types of Waves

� Traveling wave parameters
� Amplitude, phase, frequency, period
� Propagation speed of a wave

• Wave representations

� Principle of superposition of waves
� Wave interference 

• Constructive and destructive interference
• Wave addition with phasors

� Activity - Wave Applets
� Explore wave parameters with computer simulations
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A waveis defined as a disturbancethat is self-sustainedand 
propagatesin space with a constant speed.

Wave PhenomenaWave Phenomena

� Classes of Waves
� Mechanical waves (Governed by Newton’s Laws)

• Exist only within a material medium such as air, water, rock, etc.  
• Common examples are sound waves, seismic waves, etc.

� Electromagnetic waves (Governed by Maxwell’s Equations) 
• Do not require a material medium to propagate
• Common examples are radio waves, light, x-rays, gamma rays, etc

� Matter waves (Many Governed by Schrödinger’s Equation)
• Associated with all microscopic particles
• Common examples are electrons, protons, neutrons, atoms, etc.

� Types of Waves
� Transverse waves

• Disturbance is perpendicular to the propagation direction
� Longitudinal waves

• Disturbance is along the propagation direction

Newton

Maxwell

Schrödinger
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If the disturbance associated with a particular wave is 

perpendicular to the wave propagation velocity, this 

wave is called " "  An example is given 

in the upper figure, which depicts a mechanical wave 

tha

transverse.

t propagates along a string.  The movement of each 

particle on the string is along the -axis; the wave itself

propagates along the -axis. 

y

x

Transverse WavesTransverse Waves



Adapted from Halliday, Resnick and Walker; © Michael Jay SchillaciUPII Slide UPII Slide 55 of 18of 18 RR I TI T

Longitudinal WavesLongitudinal Waves

A wave in which the associated disturbance is parallel to the wave propagation

velocity is known as a " "  An example of such a wave is given 

in the lower figure.  It is produced by a 

longitudinal wave.

piston oscillating in a tube filled with

air. The resulting wave involves movement of the air molecules along the 

axis of the tube, which is also the direction of the wave propagation velocity .v
�
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Consider the transverse wave propagating along 

the string as shown in the figure.  The position of

any point on the string can be described by a 

function  ( , ).  Further along in the chapter

we shal

y h x t=

( )

l see that function  has to have a specific

form to describe a wave. One such suitable 

function is ( , ) sin - .                           

Su
m

h

y x t y kx tw=

ch a wave, which is described by a sine 

(or a cosine) function, is known as a

" "harmonic wave.

Harmonic or Traveling WavesHarmonic or Traveling Waves
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( )

( )

The   is the absolute value of the

maximum displacement from the equilibrium

position.  

The  is defined as the argument 

of the sine function.

The   

( , ) sin

is the

m

my

kx

y x t y kx t

t

w

w

l

-

-

=

amplitude

phase

 wavelength  shortest distance 

between two repetitions of the wave at 

a fixed time. 
Since the sine function is periodic with period 2 2

A   is the time it takes (with fixe

2
.kk

T

p l p
p
l

® = ® =

period

( ) ( ) ( )

d  ) for the sine function to complete 

one oscillation.  

2

We take 0 (0, ) (0, )

sin sin sin 2 .m m m

x

x y t y t T

y t y t T y t T T
T
p

ww w w w w p

= ® = + ®

- = - + = - + ® = ® =� �� �

Traveling Wave ParametersTraveling Wave Parameters
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In the figure we show two snapshots of a harmonic wave

taken at times  and . During the time interval 

the wave has traveled a distance .  The wave speed

.  On

t t t t

x

x
v

t

+ D D

D

D
=

D
e method of finding  is to imagine that 

we move with the same speed along the -axis. In this

case it will seem to us that the wave does not change.

v

x

( )Since  ( , ) sin   this means that the argument of the sine function

is constant: constant.  We take the derivative with respect to :

0 .      The speed  .

A harmoni

my x t y kx t

kx t t

dx dx dx
k v

dt dt k dt k

w

w
w w

w

= -

- =

- = ® = = =

( ) ( )
c wave that propagates along the  -axis is described by the equation

( , ) sin .  The function ( , )  describes a general wave that 

propagates along the positive -axis.   A gene
m

x

y x t y kx t y x t h kx t

x

w w= + = -

 negative

( )
ral wave that propagates along the

 -axis is described by the equati (on , ) .y x t h kx tx w= +negative

 v
k
w

=

Speed of a Traveling WaveSpeed of a Traveling Wave

Phase Velocity of Wave
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Traveling Wave RepresentationTraveling Wave Representation

� Represent wave in terms of k
and � and � …

� Represent wave in terms of �
and T and � …

� Represent wave in terms of k
and v and � …

( ) ( )fw +-=� tkxytxy m sin,

( ) �
�

�
	



� +-=� f
p

l
p

t
T

xytxy m

22
sin,

( ) ( )[ ]f+-=� vtxkytxy m sin,

l
l

p
pw

fv

f
k

v

=�

==
2
2

*Note: the fundamental 
definition of the wave’s 
phase velocity may be 

written in terms of f and 
� as follows:
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1 2

Consider two waves of the same type that overlap at some point  in space.

Assume that the functions ( , ) and ( , ) describe the displacements

if the wave arrived at  alone.  The displacement at 

P

y x t y x t

P P

1 2( , ) ( , ) ( , ).

 when both waves

are present is given by  

 Overlapping waves do not in any way alter each other's travel.

y x t y x t y x t¢ = +

Note : 

The Principle of SuperpositionThe Principle of Superposition
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Consider two harmonic waves of the same amplitude 

and frequency that propagate along the -axis.  The 

two waves have a phase difference .   We

will combine these waves using the p

x

f

1

rinciple of 

superposition.  The phenomenon of combining waves 

is known as  and the two waves are 

said to . The displacement of the two waves 

is given by the functions:  ( , )y x t y=

interference,

interfere

( )
( )

( ) ( ) ( )

( )

2 1 2

sin

and  ( , ) sin .  

, sin sin

The resulting wave has the same frequency as

the original waves, and its a

, 2 cos sin .

mplitude is

2 2

m

m

m

m

m

m

y x t y

kx t

y x t y kx t y y y

y x t y kx t y k

t

x t

kx

y

f f
w

w

w f

w w f

� � � �¢ = - +	 �� 
� � 


-

¢= - + = +

¢ = + - +

�

¢

-

= Its phase is e2 cos qual.     
2

to .
2my

f f

Interference of WavesInterference of Waves
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General Wave AdditionGeneral Wave Addition

� Consider two waves with differing phases only:

� Use double-angle formulae:

� Use half-angle formulae:

( ) ( ) ( )��� ���� ����� ���� ��
2

2

1

1 sinsin,'
Wave

m

Wave

m tkxytkxytxy fwfw +-++-=�

� � �

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( )[ ] ( ) ( ) ( )[ ]{ }2121

222

111

sinsincoscoscossin'

sincoscossinsin

sincoscossinsin

ffwffw
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Note: This is still a 
harmonic wave!
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( ) [ ]

The amplitude of two interfering waves is given by

2 cos .  It has its maximum value if 0.
2

In this case,      

The displacement of the resulting wave is

, 2

2 .

s

m

m

m m

m

y y

y y

y x t y

f
f¢ = =

¢ =

¢ =

in .
2

This phenomenon is known as 

kx t
f

w� �- +	 �

 �

fully constructive interference.

Constructive InterferenceConstructive Interference

( ) ( ) ( )��� ���� ���� ��� ��
21

sinsin,'
Wave

m

Wave

m tkxytkxytxy fww +-+-=�
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( )

The amplitude of two interfering waves is given by

2 cos .   It has its minimum value if .
2

In this case,      

The displacement of the result

0.

ing wave is

, 0.

Thi

m m

m

y y

y x

y

t

f
f p

¢ =

¢ = =

¢ =

s phenomenon is known as 

fully destructive interference.

Destructive InterferenceDestructive Interference

( ) ( ) ( )��� ���� ���� ��� ��
21

sinsin,'
Wave

m

Wave

m tkxytkxytxy fww +-+-=�
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The amplitude of two interfering waves is given by

2 cos .  When interference is neither fully
2

constructive nor fully destructive it is called

An 

m my y
f¢ =

intermediate interference.

( ) [ ]

2
example is given in the figure for . 

3
In this case,     

The displacement of the resulting wave is

, sin .
3

 Sometimes the phase difference is 

expressed as a diffe ence 

.

r

m

m m

y x t y kx t

y y

p
f

p
w

=

� �

¢ =

¢ = - +	 �

 �

Note :

in wavelength .

In this case, remember that

 2  radians  1 .p

l

l«

Partial Wave InterferencePartial Wave Interference

( ) ( ) ( )��� ���� ���� ��� ��
21

sinsin,'
Wave

m

Wave

m tkxytkxytxy fww +-+-=�
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( ) ( )1 1

A phasor is a method for representing a wave whose 

diasplacement is   , sin .

The phasor is defined as a vector with the following

properties:

Its magnitude is equal to the wave's am

my x t y kx tw= -

1. 1plitude  .

 The phasor has its tail at the origin  and rotates in

the clockwise direction about an axis through 

with angular speed .

my

O

O

w

2.

PhasorPhasor DiagramsDiagrams

( ) ( )2 2

A phasor diagram can be used to represent more than one 

wave. (see fig. b).  The displacement of the second wave is

 , sin .    The phasor of thmy x t y kx tw f= - + e second

wave forms an angle  with the phasor of the first wave, 

indicating that it lags behind wave 1 by a phase angle .

f
f

Note: A Phasor may 
be thought of  as 
rotating vector…

Picture credits: http://en.wikipedia.org/wiki/Phasor_(electronics)
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( ) ( )1 1

Consider two waves that have the same frequency

but different amplitudes.  They also have a phase 

difference .  The displacements of the two waves

are       , sinmy x t y kx t

f

w= -

( ) ( )

( )

2 2

   and

, sin .  The superposition  of the two

waves yields a wave that has the same angular frequency 

and is described by sin .  Here  is the

wave amplitude and  is the phas

m

m m

y x t y kx t

y y kx t y

w f

w

w b

b

= - +

¢ ¢ ¢= - +

e angle. 

To determine  and ,  we add the two phasors representing 

the waves as vectors (see fig. c).  

Note: The phasor method can be used to add vectors that 

have different amplitudes.  

my b¢

Wave Addition with Wave Addition with PhasorsPhasors
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Activity Activity –– Wave AppletsWave Applets

� Explore wave parameters
� Amplitude
� Direction
� Superposition
� Interference

Your Name (Print ):         Date:    
Group Members:                 
                  Group:    
 
 

Traveling Wave Functions 
 
A linear (non-dispersive) traveling wave keeps a constant shape as it travels. The text makes the claim that 
all such waves must have the form y(x,t) = f(x - vt) or y(x,t) = f(x + vt).  
 
In the space to the right of each function, write it in a traditional form (as shown for the first and last 
functions).  Predict which of the following will be linear traveling waves and write “yes” on the line; for the 
ones that are not linear traveling waves, write “no”. After you have made your predictions, use the physlet at  
 
http://people.rit.edu/vwlsps/312_s03/Physlets/pulse.html  
 
to check whether each function is a wave or not. (Hit ‘enter’ not ‘return’) 
 

(a)              Y = 3*cos(( (x/2) - (5*t) )*( (x/2) - (5*t) ))    
�

�� � � � ��	 

�
�

� � �
� �� �
	 �= -	 �	 �
 �
 �

 

 
 
(b)              Y = 3*cos(( (x/2) - t )*( (x/2) + t )) 
 
 
 
(c)              Y = 3*cos(( (x/2) - t )*( x - (2*t) )) 
 
 
 
(d)              Y = 3*cos(x/2 -t)*sin(2*x-t) 
 
 
 
(e)              Y = 3*cos(x/2 -t)*sin(2*x+t) 
 
 
 
(f)              Y = 1*exp(-sqr(pi*x/2 - pi*t + 3*pi)/2)* (pi*x/2 - pi*t) 
 
 
 
(g)              Y = 1*exp(-sqr(pi*x/2 - pi*t + 3*pi)/2)* (pi*x/2 + pi*t) 
 

(h)              Y = 3*cos(pi*x/2 -pi*t)/(2+sin(pi*x -2*pi*t))  
( )( )

� ��	
�

�� � �
� 	�� �

�
�

� �
� �

p

p

� �� �
-	 �	 �


 �
 �=
+ -

 

 
Note: In case you haven’t seen this computer notation, exp(…) mean e to the power of the argument, and 
sqr(…) means the argument squared. 


