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Principle of Superposition

When two or more waves are simultaneously
present at a single point in space, the
displacement of the medium at that point Is the
sum of the displacement due to each individual
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Constructive and Destructive

Interference

4 C O n Str u Ctlve . superpastion of plane waves in oppozite direction with f=0.00° and p1/pz=0.5
amplitude of the 2 e
waves Is of the same -
sign
Destructive — o
amplitude of the 2 N AVAVAVA!
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Standing Wave

Two waves traveling In
the opposite directions
with the same
amplitude

The two waves
Interfere and create a
standing wave

Superposition of plane waves in opposite direction with =000 and p1/p2=1.0
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Displace-
Nod
ment o Antinode

4

The intensity 1s maximum
at the antinodes.

The intensity is zero at the nodes.
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Nodes and Antinodes —
longitudinal waves

Nodes and antinodes
can be defined as
pressure or velocity.
Text book defines as
pressure — other
sources define as
velocity of particles In
the medium

superposition of plane waves in opposite direction with f=0.00 and p1/p2=1.0
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Reflections

When a wave meets a
boundary it is reflected.

A hard boundary will invert
the reflection, a soft
boundary will keep the
original sense

Animation courtesy of Dr. Dan Russell,
Kettering University
http://paws.kettering.edu/~drussell




Reflection at a discontinuity

« At a discontinuity in the
medium — e.g. passing from
higher to lower density, we

get partial transmission and
partial reflection.

* From low to high density we
also get an inversion at the
reflection
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Applications

« Stringed Instruments — we
know the velocity of the
wave In the string Is:

* To keep the tension on
stringed instruments the
same, the strings linear
density, u Is changed
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L asers

The laser has a full reflector and partial reflector.
The light produced in the cavity is leaked at
one end by a mirror that is only 99% efficient.

Laser cavity
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\\ Laser
\ Standing light wave \ beam
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Standing soun

* A closed end pipe
will reflect the wave

* An open end pipe
will partially
transmit and
partially reflect the
sound wave — it is a
discontinuity in the
medium

d waves In pipes

Superposition of plane waves in appasite direction with =000 and p1/p2=1.0
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Sound waves In a pipe

* The open end of a
pipe will be a pressure
node — the pressure Yo oo dus
will constant

» A closed end of the P F//\\
pipe will be a pressure
ey e e eI
pressure fluctuates }

from minimum to
maximum value LA




Sound wave modes In a pipe

Representation of longitudinal waves in open-open,
closed-closed and open-closed pipes

(a) Open-open

< m=1

X oS
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(b) Closed-closed
L

(¢) Open-closed
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Standing waves Iin an open-closed
pipe

We can get one quarter wavelengths in an
open-closed pipe:
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Physics of the human ear

Sound travels into the ear, vibrates the ear
drum, which amplifies the sound, and sends it
down the cochlea

4. ... where vibrations in the fluid
of the cochlea drive vibrations in

the basilar membrane.

Basilar
membrane

Eardrum R
. 3. ... to the
. Sound waves i :
‘ **=s.... cochlea, the
enter the ear and

esee.. SR sensing area of
¢

cause the eardrum

¢ 1 the inner ear . . .
to vibrate.

2. Vibrations in the eardrum pass

through a small series of bones . . .
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Physics of the human ear

The sound resonates hair
. To analyze the cochlea, we imagine the spiral
Ce I IS I n th e COC h I e a slructul:e unrolle‘d.. wilh the basilar membrane

separating two fluid-filled chambers.

.
0y

(0.5nm) to fire neurons Sy o i
ﬂuid_'in the cochlea.

¥

I
As the distance from the S
stapes increases, the ¢ g ,'
basilar membrane becomes / ! I
wider and less stiff, so the ; ,'
resonance frequency of ..., 300 200 100 50
the membrane decreases. HZ\ H% H\Z Hz
Oscillation
amplitude of
basilar membrane

T
0 35 15 25 35
.-"'Distance from stapes (mm)
Sounds of different frequencies cause
different responses in the basilar membrane.
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This peak is the
fundamental
frequency.

These peaks are the
higher harmonics.

v

Relative intensity

2625247861048 1572 2096
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The sound wave is periodic.

>
| 3.81 ms |

The vertical axis is the change in pressure from
atmospheric pressure due to the sound wave.
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Interference

Two wave sources
operating at the same .
frequency will add

(constructively and f "o "
destructively) and lead (@ | )
to interference patterns. 4
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Constructive interference
- Amplitudes will add

* This happens when

What is the sound
at this point?

the path length
difference is a whole

d2

number of
wavelengths.

when the waves are .
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Destructive Iinterference

 Amplitudes will cancel The et of one wave r aligncd
when the waves are S el
out of phase )

Wave 1

* This happens when |
the path length
difference Is a half L

What is the sound
at this point?

d

wavelength off. A

| S| )
1 s <* A
Ad = I I | + ﬂu The two speakers - 3

2 wavelen ‘

[he superposition

produces a wave

|

with zero amolitude
Wil Z€10 amplitude.
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Destructive interference in head

phones

* Active noise reduction Is
when the incoming sound

IS Inverted and rebroadcast speakm.l[(

« Commonly used on air
flights.

» Selective frequency
response.

— ) |
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Beats

e Consider two waves of
slightly different frequency

 The amplitudes add and

cancel and give rise to beats.
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Two sound waves of slightly dlfferent frequency

| V\NWWW\  ,

2 2

At this point, the waves Here, the waves are out At this point, the waves

are in phase. There is of phase. There is are back in phase. There is
constryctive interference. destructive interference. constructive interference.

" Y
h

Superposition of the two sound waves
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The medium oscillates
rapidly at frequency f_ .

Loud Soft Loud Soft Loud Soft Loud
One beat

The amplitude is slowly
modulated at frequency f, .
earson Education, Inc., publishing as Pearson Addison-Wesley.
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Homework problems

Chapter 16 Problems
41, 54, 56, 61, 62, 67
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