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Physics 101: Lecture 22
Waves

Waves Overview
● Types of waves

● Speed or a wave

● Harmonic waves

● Superposition and Interference

● Standing waves

Bottom line for today: Lots of definitions to remember, 
and some algebra/trig to do, but material is not difficult

Types of Waves

● Longitudinal: The medium oscillates in the 
same direction as the wave is moving
➨Sound
➨Slinky demo

● Transverse: The medium oscillates 
perpendicular to the direction the wave is 
moving.
➨Water (more or less)
➨Slinky demo
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Harmonic Waves

l
Wavelength

Wavelength: The distance l between identical points on the wave.
Amplitude: The maximum displacement A of a point on the wave.

Amplitude A

A
20

y(x,t) = A cos(wt – kx)   or  A cos(kx – wt)

Angular Frequency w: w = 2 p f = 2 p / T

x

y

Wave Number k: k = 2 p / l

Remember:  f = v / l or f l = v 

f is simply called the Frequency

Period and Velocity
● Period: The time T for a point on the wave to undergo one

complete oscillation.

● Speed: The wave moves one wavelength l in one period T
so its speed is v = l / T.
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Harmonic Waves Exercise
Plot wave at a fixed position as time passes

y(x,t) = A cos(wt – kx)
Label axis and tic marks if the graph 
shows a snapshot of the wave
y(x,t) = 2 cos(4t –2x) at x=0.

Recall: T = 2 p /w 

t

+2

-2

T = 2 p / w

= 2 p/ 4

= p/ 2

p / 2p/4 3p/4
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Interference and Superposition
●When two waves overlap, the 

amplitudes add (sign important).

➨Constructive interference:
increases amplitude
➨Destructive interference: 

decreases amplitude
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Practice Problem 11.3 Another Harmonic 
Transverse Wave

A wave is described by y(x, t) = (1.2 cm) sin (10.0p t + 2.5 p x), 
where x is in meters and t is in seconds. (a) Sketch a graph 

of y(t) at x = 0. (b) Sketch a graph of y(x) at t = 0. (c) What 
is the period of the wave? (d) What is the wavelength? 
(e) What is the amplitude? (f) What is the speed of the wave? 
(g) In what direction does the wave move?

Example 11.3 continued

   11.7  PRINCIPLE OF SUPERPOSITION 
  Suppose two waves of the same type pass through the same region of space. Do the 
waves affect each other? If the amplitudes of the waves are large enough, then particles 
in the medium are displaced far enough from their equilibrium positions that Hooke’s 
law (restoring force ∝ displacement) no longer holds; in that case, the waves  do   affect 
each other. However, for small amplitudes, the waves can pass through each other and 
emerge  unchanged.  More generally, when the amplitudes are not too large, the principle 
of superposition applies: 

Principle of Superposition

When two or more waves overlap, the net disturbance at any point is the sum of 
the individual disturbances due to each wave.

  Figure 11.11  illustrates the superposition principle for two wave pulses traveling 
toward one another on a string.    The wave pulses pass right through one another without 
affecting one another; once they have separated, their shapes and heights are the same 
as before the overlap  ( Fig. 11.11a ). The principle of superposition enables us to distin-
guish two voices speaking in the same room at the same time; the sound waves pass 
through each other unaffected.     

Figure 11.11 (a) Two identi-
cal wave pulses traveling 
toward and through each other. 
(b), (c) Applying the superposi-
tion principle at two different 
times; in each case, the dashed 
lines are the separate wave 
pulses and the solid line is the 
sum. If one of the pulses (acting 
alone) would produce a dis-
placement y1 at a certain point 
and the other would produce a 
displacement y2 at the same 
point, the result when the two 
overlap is a displacement of 
y1 + y2.

(a)

y1 + y2

y1

y2

y2

(b)

y1 + y2

y1

(c)
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Standing Waves Fixed Endpoints
●Fundamental 

n=1  (2 nodes)

●ln = 2L/n

● fn = n v / (2L)

44

Standing Waves Example

f1 = fundamental frequency
(lowest possible)

L = l / 2

f = v / l  tells us v if we know f (frequency) and l (wavelength)
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A guitar’s E-string has a length of 65 cm and is stretched to a tension of 82N. If it 
vibrates with a fundamental frequency of 329.63 Hz, what is the mass of the string?

v = l f
= 2 (0.65 m) (329.63 s-1)
= 428.5 m/s

v2 = T / µ
µ = T / v2

m= T L / v2

= 82 (0.65) / (428.5)2

= 2.9 x 10-4 kg

! = #
$

Summary
●Wave Types
➨Transverse  (eg pulse on string, water)
➨ Longitudinal (sound, slinky)

●Harmonic  
➨y(x,t) = A cos(wt –kx) or A sin(wt – kx)

●Superposition 
➨Just add amplitudes

●Reflection (fixed point inverts wave)
●Standing Waves (fixed ends)
➨ln = 2L/n
➨fn = n v / 2L 50


