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Superposition & Standing Waves

* Superposition of Waves

* Standing Waves
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Wave Interference
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Constructive
Interference
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Destructive
Interference

N
QUMY

\‘:\‘ 7.
a2 Q

O\
(a) Overlap begins

g \'\_b
/
oVAUARNAARURANANAA ".-l'H'-\f}\j-l'ﬁ-l‘l-‘u_'ﬁf‘u_"-‘_".-l'-"'.D'}?l’l’.l'll-"u’l’.i’}"'msiﬁ'.%'.=l’ﬁ=1f'-l".-'f.-"uf}‘:'f‘uf.- )
gt /
AN

(b) Total overlap

e%‘
Wi, \\\s.'.t.\\_nu.'.\\\"\\ ’/’muw
‘ %\\\\*

(¢) The receding pulses

MFMcGraw-PHY 2425 Chap 17Ha - Superposition - Revised: 10/13/2012 5



Acoustic (Sound)
Wave Interference
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Sound Wave
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Constructive Interference
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Common source to maintain phase
relationship in both speakers.
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Destructive Interference
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Detailed Interference Geometry

@ Constructive O Destructive
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Interference 1n a Ripple Tank
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Interference & Diffraction
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B wave Interference (1.05)
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Beats
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Beat Frequency Example

Destructive Constructive Destructive Constructive

Small piece
of putty

440
Hz

T3 By placing a small piece of putty on
Hz one of the tuning forks the increased

mass causes its frequency to
decrease slightly.
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Beat Frequency

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Yo | Lh i/ f Two waves of
P 0 | : 7 different
o | V VUV % frequency
Ty 21, AT 6T, 8T, 107,
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The beat frequency is A =f,— f,
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Standing Wave on a String

Support rod |« L >

/

Wire or string Pulley

Mechanical
driver

Waves in a string or a wire
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Tunable Standing Wave Generator
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1st harmonic

Frequency = f (fundamental)

(@)
,— Antinodes ﬁ
2nd harmonic
Frequency = 2f; (1st overtone)
(b)
3rd harmonic
Frequency = 3f @% (2nd overtone)
(c)
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Fourier Analysis
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Fourier Analysis

Every waveform can be broken down 1nto its frequency
components.
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Fourier Analysis - Square Wave
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Frequency Component Amplitude

An
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Wave Components in Frequency Space

Fourier Analysis

Complex pressure pattern

Time

Air pressure

Amplitude

1 2 3
Harmonic number
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Musical Instruments
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Pressure Variations in a Pipe
Lo (&) ff‘iaszu Lo (&) FSYHI
Y Y Y Y

L] ] L]
", &, * fgan " @ mpaty ¥ ® _& -8
I . F e "0 il gt Gl o maet .
s . = - vutly
o : . e LI
i . ® . g . . e
- T . . o e .
. - . # . "y
- ' - . .- . " -
. i T " e
- . = [T .
- - . )
. v L3 -
- L] L -, L L]
. ¥ rd
- - - e
Bra . . . .

High Condensation —

Amplitude

Distance

Air pressure

Low Rarefaction

Atmospheric
pressure

MFMcGraw-PHY 2425 Chap 17Ha - Superposition - Revised: 10/13/2012 29



Open Pipe Resonator
=

‘© Frequency = f

—

> —

_y Frequency = 2f

MFMcGraw-PHY 2425 Chap 17Ha - Superposition - Revised: 10/13/2012

30



Closed Pipe Resonator

/

Frequency = f

-

Frequency = 3f
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Open and Closed Pipes

Resonance States

A N A N A

fundamental frequency f, fundamental frequency f,
1st harmonic 1st harmonic
A N A N A N A N A

2nd harmonic f, = 2f 3rd harmonic f, = 3f

A N A N A N A N A N A N A

3th harmonic f, = 3f, 5th harmonic f, = 5f,
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Pipe Resonator Calculations

Natural frequency dependent on length of pipe

For closed pipe - no "even harmonics”
Fundamental frequency is a half-loop or V4 L.
Since every harmonic represents the addition of a complete loop, which
contains two half-loops, we can never add just one more half-loop.

Thus, we cannot generate even harmonics in closed pipes.

L=V, ——
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Pipe Resonator Calculations
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Open Pipe Resonator

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Closed Pipe Resonator
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Closed end (pen end
{pressure antinode) (pressure node)

(displacement node) W (displacement antinode)

Displacement
variations

n=1
(fundamental)

A=3L_y4r

n

Compression
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Musical Instruments

Frequency Components
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Fundamental Wave and the 4th Harmonic

fundamental:
amplitude
= 3 units

frequency
= 1000 Hz

overtone:
i ! amplitude
= 2 units
1 X v v v /| frequency

Vo — “1’000 HZ

n resultant
’ V wave form

Figure 11-14

MFMcGraw-PHY 2425 Chap 17Ha - Superposition - Revised: 10/13/2012 38



Musical Instrument Waveforms

Violin Trumpet Clarinet

William B. Joyce

(a) (6) (c)

Figure 11-13 Wave forms of musical sounds. (a) Violin; () trumpet; (¢) clarinet.
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Frequency Component Structure

1.0
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Fia. 13-14. Sound spectra of some musical instruments. (Courtesy of Dr.

Harvey Fletcher.)
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Typical Musical Overtone Structures

CLARINET FRENCH HORN
Frequency, Relative Frequency, Relative
Hz intensity, % Hz intensity, %
400 36 100 3
800 0 200 27
1200 34 300 24
1600 9 400 44
2000 17 500 3
600 2
700 15
4000 3
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Musical Sound Waveforms

Tuning fork

Clarinet
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Musical Sound Frequency Spectrum
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Fourier Analysis
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File Options Help
| Discrete r Wave Game r Discrete to Continuous |

A A A Ay A Ag A Ag Ay o B Freset Functions
100 Jo.0o] [o.00] [o.00] [o.00] [0.00] [0.00] [o.00] [o.0o] [o.00] Jfo.00 Fun[:‘tinn:

w0
@ 14 Harmonics: 11
o : L
= o5l
= 1 3 5 7 9 11
o o n 2 T
= f Function with infinite
< 0.5 number of harmonics

1 Drag me

Craph controls

a ® sin ) cos
o 1 Measurement Tools
o j
= 05 [] wavelength tool:
E o [] Period tool:
E |
=00 Math Mode

-1 T T T [ Math form:

-0.5 -0.25 0 0.25 0.5 =
a ] Expand sum...

Sound controls
1 [] Sound 4 IZC: *)))
£ o
=
O X (mm)
-0.5] 1 I I A
- @3]
-0.5 -0.25 0 025 Giog=lduo=zcaie

http://www.austincc.edu/mmcgraw/simulations/fourier.jar

MFMcGraw-PHY 2425 Chap 17Ha - Superposition - Revised: 10/13/2012 44



Standing Wave Patterns

MFMcGraw-PHY 2425 Chap 17Ha - Superposition - Revised: 10/13/2012 45



Ringing Bell - Resonant Modes

- 111

523.Hz 1569 Hz 2532 Hz 2819 Hz 3104 Hz
3866 Hz 8957 Hz 4709 Hz 5323 Hz 5435 Hz 8137 Hz
6263 Hz 6571 Hz 6892 Hz 7962 Hz 8002 Hz 8639 Hz
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Guitar - Resoant Modes
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