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Mechanical Waves

• Waves and wave fronts:

4

Wave Motion
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Two Kinds of Waves
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Reflection of Waves

• When a wave reaches 

the wall of the container 

or the end of the Slinky 

or rope, it reflects off the 

end and moves in the 

opposite direction. 

– When a wave encounters 

any boundary between 

different media, some of 

the wave is reflected back.
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Mathematical Description of Waves

• A wave can be created in a 
rope by a motor that 
vibrates the end of a rope 
up and down, producing a 
transverse wave.

• The displacement is 
described by a sinusoidal 
function of time:

� = �	 cos
2	



	�
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Mathematical Description of Waves
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Mathematical Description of a 

Traveling Sinusoidal Wave

• We know the source oscillates up and down with a 

vertical displacement given by:

� = � cos
2	



�

• We can mathematically describe the disturbance y(x, 

t) of a point of the rope at some positive position x to 

the right of the source (at x = 0) by:

� �, � = � cos
2	



� −

�

�
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Wavelength
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Mathematical Description of a 

Traveling Sinusoidal Wave
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Wave Speed

• The speed of a wave on a string depends on

– The mass per unit length (µ): waves propagate 

more quickly on a light string

– The tension (T): waves propagate more quickly 

when the string is tight

� =
�

�
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Amplitude and Energy in a Two 

Dimensional Medium

• A beach ball bobs up 
and down in water in 
simple harmonic 
motion, producing 
circular waves that 
travel outward across 
the water surface in 
all directions. 
– The amplitudes of the 

crests decrease as the 
waves move farther 
from the source.
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Amplitude and Energy in a Two 

Dimensional Medium

• The circumference of 
the second ring is two 
times greater than 
the first, but the same 
energy per unit time 
moves through it.
– The energy per unit 

circumference length 
passing through the 
second ring is one-half 
that passing through 
the first ring.
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Two-dimensional waves produced by a 

point source
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Three-Dimensional waves produced by 

a point source

• The area of the 
second sphere is four 
times the area of the 
first sphere, but the 
same energy per unit 
time moves through 
it.
– The energy per unit 

area through the 
second sphere is one-
fourth that through 
the first sphere.

17

Three-dimensional waves produced by 

a point source
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Wave Power and Wave Intensity

• The intensity of a wave is defined as the 

energy per unit area per unit time interval 

that crosses perpendicular to an area in the 

medium through which it travels:

Intensity =
Energy

Time	 ∙ Area
=  =

∆"

∆� ∙ �
=

#

�

• The unit of intensity I is equivalent to joules 

per second per square meter or watts per 

square meter.
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Reflection and Impedance

• If you hold one end of a rope whose other end 
is fixed and shake it once, you create a 
transverse traveling incident pulse. 

– When the pulse reaches the fixed end, the 
reflected pulse bounces back in the opposite 
direction. 

– The reflected pulse is inverted—oriented 
downward as opposed to upward.

• What happens to a wave when there is an 
abrupt change from one medium to another?

20

Reflection and Impedance
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Impedance

• Impedance characterizes the degree to which 

waves are reflected and transmitted at the 

boundary between different media.

• Impedance is defined as the square root of 

the product of the elastic and inertial 

properties of the medium:

Impedance = & =	 (Elastic	property)(Inertial	property)
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Amplitude of Reflected Waves

• The amplitude of the reflected pulse depends 

on the impedance of the two media:

�* = +	�,

+ =
&- − &.

&- + &.

(when incident from medium 1 into medium 2)
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Ultrasound

• Ultrasound takes advantage of the differing 
densities of internal structures to "see" inside the 
body.

– The impedance of tissue is much greater than that of 
air. As a result, most of the ultrasound energy is 
reflected at the air-body interface and does not travel 
inside the body. 

– To overcome this problem, the area of the body to be 
scanned is covered with a gel that helps "match" the 
impedance between the emitter and the body 
surface.

24



12/3/2016

9

Superposition Principle

• We have studied the behavior of a single wave 
traveling in a medium and initiated by a 
simple harmonic oscillator. 

– Most periodic or repetitive disturbances of a 
medium are combinations of two or more waves 
of the same or different frequencies traveling 
through the same medium at the same time. 

• Now we investigate what happens when two 
or more waves simultaneously pass through a 
medium.
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Superposition Principle

• Imagine we have two 

vibrating sources in water, 

each of which sends out 

sinusoidal waves.

– Consider point C in the 

figure.
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Superposition Principle

• Imagine we have two 

vibrating sources in water, 

each of which sends out 

sinusoidal waves.

– Consider point D in the 

figure.
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Superposition principle for waves

• The process in which two or more waves of 

the same frequency overlap is called 

interference. 

– Places where the waves add to create a larger 

disturbance are called locations of constructive 

interference. 

– Places where the waves add to produce a smaller 

disturbance are called locations of destructive 

interference.
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Huygens’ Principle

• We can explain the 
formation of the waves 
using the 
superposition 
principle, first 
explained by Christiaan 
Huygens (1629–1695).

– Each arc represents a 
wavelet that moves 
away from a point on 
the original wave front.
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Huygens’ Principle
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Loudness and intensity

• Loudness is determined primarily by the 

amplitude of the sound wave: the larger the 

amplitude, the louder the sound.

– Equal-amplitude sound waves of different 

frequencies will not have the same perceived 

loudness to humans.

• To measure the loudness of a sound, we 

measure the intensity: the energy per unit 

area per unit time interval.
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Intensity Level

• Because of the wide variation in the range of 
sound intensities, a quantity called intensity 
level is commonly used to compare the 
intensity of one sound to the intensity of a 
reference sound.

• Intensity level is defined on a base 10 
logarithmic scale as follows:

0 = log.1

 

 1
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Intensities and Intensity Levels of 

Common Sounds
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Pitch, frequency and complex sounds

• Pitch is the perception of the frequency of a 

sound.

– Tuning forks of different sizes produce sounds of 

approximately the same intensity, but we hear 

each as having a different pitch.

– The shorter the length of the tuning fork, the 

higher the frequency and the higher the pitch. 

• Like loudness, pitch is not a physical quantity 

but rather a subjective impression.
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Complex sounds, waveforms and 

frequency spectra

• An oboe and a violin playing concert A equally 

loudly at 440 Hz sound very different. 

– Which other property of sound causes this different 

sensation to our ears?

– Musical notes from instruments have a characteristic 

frequency, but the wave is not sinusoidal.
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Beat and Beat Frequencies

• Two sound sources of 
similar (but not the 
same) frequency are 
equidistant from a 
microphone that 
records the air 
pressure variations 
due to the two sound 
sources as a function 
of time.
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Beat and beat frequencies
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Standing Waves on Strings

• You shake the end of a 

rope that is attached 

to a fixed support. 

– At specific frequencies, 

you notice that the 

rope has large-

amplitude sine-shaped 

vibrations that appear 

not to be traveling.
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Standing Waves on a String

• The lowest-frequency 

vibration of the rope is 

one up-and-down shake 

per time interval:

2. =
1

4
=

1

25/�
=

�
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• This frequency is called 

the fundamental 

frequency.
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