Lecture Outline

Chapter 19:
Vibrations
And Waves

Part 4
Interference
and
Resonance
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Wave Interference T

4 A

- Wave interference occurs when
two or more waves interact with
each other because they occur in
the same place at the same time.

« Superposition principle: The
displacement due the interference
of waves is determined by adding
the disturbances produced by each
wave.
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Classwork: Answer the question on a new sheet:

15. What is the superposition principle?
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Superposition: Result=A+B
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Figure 1(a)

Constructive Destructive
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Wave Interference, Continued

Constructive interference :
When the crest of one wave
overlaps the crest of another, their
individual effects add together to
produce a wave of increased
amplitude.

Destructive interference: When
the crest of one wave overlaps
the trough of another, the high
part of one wave simply fills in the
low part of another. So, their
individual effects are reduced (or
even canceled out).
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Classwork: Answer the question on a new sheet:

16. Distinguish between constructive interference and
destrucrtive interference.
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Example:

— We see the interference pattern made when two
vibrating objects touch the surface of water.

— Where a crest of one wave overlaps the trough of
another produces regions of zero amplitude.

At points along.
these regions,
the waves
arrive out of
step, I.e., out
of phase with "
each other,

and cancel.
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Noise Cancellation Headphones

* The protect workers from loud
sounds or eliminate distractions.

« How?

How Noise €ancellation Works:

1
Incoming Ambient Sound
(Plane-, train- or bus engine)

/N

orm cancel each other out

Sound is picked up by microphone
and sent to noise cancellation circuitry

bient sound and newly added

BB t back to headohone speaker
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* Headphones create
a wave opposite to
the original wave.
The 2 waves
iInterfere and cancel.



Light waves can interfere:

Light travels
in waves

light passes
through 2
slits, which
act as 2
sources.

22uaiajiajuj

~Screen

Singla-slit pattern

Different patterns
are produced by
different slits.
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Water wave interference:

Rogue waves:

Waves traveling across the ocean do so If they are traveling in the same direction they last

CREATING A MONSTER ,f
therwise they can be

at differing speeds and directions. longer, perhaps minutes, o
Sometimes their crests and troughs short-lived. g
line up, creating larger waves. = i

Rogue waves can
reach up to 200
feet in height

Fast waves collide
with slower ones,

creating a double,
much larger wave.

Storm waves that run
counter to a current
canalsojoin and
create large, steep
faces.

The energy of a wave can 3

alsobe focused by bottom ————*
topography that creates a
crescent shaped wave.

OTHER WAYS ROGUE WAVES ARE CREATED
Directional focusing: The focusing of this energy creates a particu-
larly steep breaking wave in front of the assemblage. These waves are winds heading straight into powerful ocean
also characterized by a deep trough preceding the breaking wave that currents may cause a surge of water to rise
feels like a hole has opened out ofthe deep. A
up in the ocean. - Strong winds and waves i 4

Wind can also create rogue waves. Waves and

5 ifw‘ Waves coming o i~
= from different Ocean current

: > directions merge
M"m T~ e creating larger waves
gy = headed in one direction.

ASources: National Geographic; Numerical Modeling of Extreme Rogue Waves, Science Direct, Christophe Fochesato, etal; Mational Ocean Service; How Stuff Works.

< . FRED MATAMOROS/GATEHOUSE MEDIA

Constructive
interference
leads to

destruction.



Rogue Wave damage
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Classwork:

17. Whart kinds of waves can show interference?
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Standing Waves

* If we tie a rope to a wall
and shake the free end up :
and down, we produce a g/?Vi
train of waves in the rope.

(null poiqt]

« The wall is too rigid to @ ’ %
shake, so the waves are
reflected back along the
rope.

* By shaking the rope just
right, we can cause the
incident and reflected
waves to interfere to form
a standing wave.
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* Nodes are the regions of minimal or zero displacement,
with minimal or zero energy.
- Antinodes are the regions of maximum displacement and

maximum energy.
Nodes

* Antinodes and nodes occur equally apart from each other.
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Classwork:

18. Whart is a node? What is an antinode?
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Standing waves of sound

Wind instruments create standing waves of pressure.
The patterns depend on whether one end is open or

nOt- (a) the fundamental

Standing waves ><

have frequencies
that are multiples Of (b) the second harmonic

the lowest, M

fundamental f.

These are Ca”ed _(c) the third harmonic
harmonics. >/\><><

a pipe open at both ends
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" Closed Pipes

m Ends are opposite
m Odd Harmonics

Pan Pipes

Clarinet \

7

Trumpet
s S

nttp
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Standing waves of light
Lasers amplify light by creating standing waves of
light and releasing the energy from one end.

srsonance  YWhat is a Laser ?

frequencies !

Resonator + Gain Medium

n = "effective” refractive | o |
index inside resonator

E

e 0 % 0 Bern University of Applied Sciences
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Classwork:

19. Can standing waves be formed of transverse waves,
longitudinal waves, or both?

© 2015 Pearson Education, Inc.



Standing Waves, Continued-1

« Tie rubber tubing to a firm
support. Shake the tube from HO\_’V many n_OdeS N and
side to side with your hand. antinodes A in each?

 If you shake the tube with the
right frequency, you will set up
a standing wave.

 If you shake the tube with
twice the frequency, a
standing wave of half the
wavelength, having two loops
results.

 If you shake the tube with
three times the frequency, a
standing wave of one-third the
wavelength, having three
loops results.
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Standing Waves, Continued-2

« Examples:
— Waves in a guitar string
— Sound waves in a trumpet
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 Forced vibration

— Setting up of vibrations in an elastic object by
a vibrating force

— Examples:

— factory floor vibration caused by running of
heavy machinery

— tuning fork forces entire table to vibrate

\
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Classwork:

20, \':'-Fr'rh}f does a struck tuning tork sound louder when it is
held against a table?
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Guitar and violin bodies:

The strings force the body to vibrate.
More air is moved.
Louder sound results.
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* Natural frequency

— Own unique frequency (or set of frequencies)
that an object vibrates at most easily

— Dependent on:
« elasticity (springiness) of object
 shape and size of object

* The natural frequency
of a pendulum
depends only on its

#_ length (not mass):

- Bob (or load) of mass m o LO n g e r |e ngth 9
lower frequency

. T'hread of length L
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Mass on a spring

The natural frequency of
a spring and mass
depends on:

1. how stiff the spring is
2. the mass

equilibrium
position

Stiffer spring = higher frequency
More mass > lower frequency
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Classwork:

21. Give at least two factors that determine the natural fre-
quency of an object.
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Resonance

* A phenomenon in which the
frequency of forced vibrations
on an object matches the
object's natural frequency

* As a result, the amplitude of
the vibrations increases
dramatically.

Example:
Even small pushes on a swing at the swing’s natural
frequency can produce large amplitude swings.
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Classwork:

22. How do forced vibrations relate to resonance?
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Resonance

© 2015 Pearson

Examples:
* Troops marching in rnythm with the natural

frequency of a bridge (a no-no!)

* Breaking a wine glass by singing the correct note

* NMR (nuclear magnetic resonance)
Electromagnetic waves cause nuclei to resonate

« Tuning a radio station to the "carrier frequency" of
the radio station makes the radio resonate

Education, Inc.



Classwork:

23. When you listen to a radio, wh}' do you hear crnl}' one
station at a time rather than h:aring all stations at once?

24, How did wind—gcncrar:d rcsonancc_al:ﬁ:ct the Tacoma
Marrows Eridgc in ﬁ'ra,shingmn in 1940z
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Resonance, Continued

« Dramatic example of wind-generated resonance

» The bridge was forced to resonate by the wind.
» Large amplitude vibrations destroyed the bridge.
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Classwork:

24. How did wind—gcncrat:d r:sﬂnancc_ affect the Tacoma
Marrows Eridgc in 1IIJli?a,'s-l'li1'151:n::|rt in 19407
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