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Waves
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Wave Motion

A wave travels along its 
medium, but the individual 
particles just move up and 
down.

Waves carry energy from 
one place to another.

A wave may start with a single pulse -- figure. 
Cohesive forces between adjacent sections of 
the rope cause the pulse to travel outward. It is 
similar in other media.

Continuous or periodic waves start with 
vibrations too, but they are continuous. 

The source of any wave is a vibration.

If the vibration is SHM, then the wave will have 
a sinusoidal shape.
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Wave Motion

Wave characteristics:

•Amplitude, A: maximum height of a crest or depth of a trough

• Wavelength, λ: distance between successive crests, or any two successive 
identical points

• Frequency f : number of crests (or complete cycles) that pass a given point 
per unit of time.    Period T: time elapsed between two successive crests

• Wave velocity: velocity at which wave crests move. A wave crest travels a 
distance of one wavelength in a time equal to one period. fTv ll == /
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Wave Motion

Wave velocity: velocity at which wave crests move. A wave crest travels a 
distance of one wavelength in a time equal to one period.

The speed of a wave on a stretched string or cord depends on the the tension 
in the cord as

CAREFUL: wave velocity is different from the velocity of a particle in the 
medium!

fTv ll == /

Lm
Fv T

/
=

Ex. 11-11 A wave whose wavelength is 0.30 m is traveling down a 300-m-long
wire whose total mass is 15 kg. If the wire is under tension of 1000 N, what are
the speed and frequency of this wave?

v = 140 m/s    and   f = 470 Hz
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Transverse and Longitudinal Waves

The motion of particles in a wave can 
either be perpendicular to the wave 
direction (transverse) or parallel to it 
(longitudinal). 

Sound waves are longitudinal waves:



Click to edit Master title style

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

7

Click to edit Master title style

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

7

Click to edit Master title style

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

7

Click to edit Master title style

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

7

Click to edit Master title style

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

Sinusoidal Wave
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Angular Wave Number
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Angular Frequency
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Phase Constant
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Wave Speed

Wave moves to the right: +v

Wave moves to the left: -v
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Reflection and Transmission of Waves

A wave hitting an obstacle will be reflected 
(a), and its reflection will be inverted.   
(action and reaction)
A wave reaching the end of its medium, but 
where the medium is still free to move, will 
be reflected (b), and its reflection will be 
upright.

When a wave strikes an obstacle or come to 
the end of the medium it is traveling in, at least 
part of it is reflected. Echo is an example of 
reflection
http://www.kettering.edu/~drussell/Demos/reflect/reflect.html

A wave encountering a denser medium will be 
partly reflected and partly transmitted; if the 
wave speed is less in the denser medium, the 
wavelength will be shorter, because f does not 
change

fv /=l
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Interference;Principle of Superposition

The superposition principle says that when two waves pass through the 
same point, the displacement is the arithmetic sum of the individual 
displacements.

In the figure below, (a) exhibits destructive interference and (b) exhibits 
constructive interference.
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Interference
These figures show the sum of two waves.                                                              
(a) they add constructively, the two waves are said to be in phase;                        
(b) they add destructively, the two waves are said to be out phase;                     
(c) they add partially destructively.

If the amplitudes of two interfering waves are not equal, fully destructive 
interference does not occur.
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Interference
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Interference
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Interference
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Standing Waves, Resonance
If you shake one end of a cord and the other is 

kept fixed, waves will travel in both directions. 
If you vibrate at the right frequency, the two 

traveling waves will interfere in such a way that 
a large-amplitude standing wave is produced.

Standing waves do not appear to travel.

Nodes are points of destructive interference, 
where the cord remains still all the time

Antinodes are points of constructive interference, 
where the cord oscillates with maximum 
amplitude.

(a) Lowest frequency
(b) Twice the lowest frequency
(c) Three times the lowest frequency
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Standing Waves, Resonance
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Standing Waves, Resonance

The frequencies at which standing waves are 
produced are called natural frequencies or 
resonant frequencies.

The lowest frequency is called fundamental 
frequency. It corresponds to one antinode (or 
loop). The next mode of vibration has two loops. 
See wavelength in figure. 

Natural frequencies are also called harmonics. 
First harmonic = fundamental 
Second harmonic or first overtone = twice the 
fundamental; etc

For a vibrating string overtones are whole-
number (integral) multiples of the fundamental.
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Standing Waves, Resonance

Therefore, the wavelengths and frequencies of standing waves are:

,...3,2,1
2

== nnL nlIn general we can write:

Because a standing wave is equivalent to two traveling 
waves moving in opposite directions, the concept of wave 
velocity still makes sense Lm

Fv T

/
=

Ex 11-14  A piano string is 1.10 m long and has a mass of 9.00 g. (a) How 
much tension must the string be under if it is to vibrate at a fundamental 
frequency of 131 Hz? (b) What are the frequencies of the first four 
harmonics? (a) 679 N       (b) 131, 262, 393, and 524 Hz


