General Physics |l

Sound

Sound...

...a longitudinal wave in air caused by a vibrating
object.

Large scale - swinging door creates macroscopic
currents

Small scale - tuning fork creates sound waves
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Series of condensations (increased pressures) and
rarefactions (decreased pressures)

Compressions
Speaker
diaphragm
Rarefactions
Range of Sound
infrasonic

frequencies < 20 Hz

ultrasonic
frequencies > 20,000 Hz

human hearing range
frequencies between 20 Hz and 20,000 Hz
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Speed of Sound
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Interference of Sound Waves
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DOPPLER EFFECT

» A change in the frequency experienced by an observe  r due
to motion of either the observer or the source.

"Wheeeeeeeeeeee....... 0O0000000000000”

Examples:
moving cars and trains
moving buzzer in a ball (in class demo)
rotating whistle

Higher frequency: Object approaching
Lower frequency: Obiject receding

STATIONARY MOVING
SOUND-GENERATING OBJECT SOUND-GENERATING OBJECT
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Waves are created at point Although the frequency of the
source and radiate outward sound generating object remains
creating a wave front with the constant, wave fronts reach the
same frequency as that of the observer at Point B more
source. frequently than Point A.
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http://iww.kettering.edu/~drussell/Demos/dopplepioler.html

Doppler Effect, Moving Observer
' f=v//
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If observer moves away:
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The Source in Motion
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Doppler Effect:
Both Observer and Source Moving
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Observer A has velocity V ,>0 and has position X ,>0.
Observer B has velocity V >0 and has position X <0.
Observer C has velocity V <0 and has position X >0.
Observer D has velocity V ;<0 and has position X <0.
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Standing Waves

Standing Waves:

Resultant wave created by the interference of two waves
traveling at the same frequency, amplitude and wavelength
in opposite directions.

Standing Waves have Nodes and Antinodes

Nodes:

Points in the standing wave where the two waves
cancel — complete destructive interference—
creating a stationary point!

Antinodes

Point in the standing wave, halfway between the
nodes, at which the largest amplitude occurs.

Standing Waves on a String
Wavelength, |

Only certain

frequencies of
l,=2L vibration produce

standing waves

for a given string
l,=L length!!!

The wavelength of
each of the
standing waves
depends on the
string length, L

I, =2L/n

|, =2L/3

AN ML =204 0r L
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Only certain frequencies of vibration
produce standing waves for a given string
length!!!

f,=nvi2L n=1,2,3, ..

Where,

v is the speed of waves on the vibrating string
(NOT the speed of the resultant waves in air!!!l)

L is the portion of the string that is vibrating

Standing Waves on a String
A Frequency, f
Fundamental

fo=v/l, Frequency or
1st Harmonic

2"d Harmonic
S~ - fz = 2 fl

R 3dHarmonic
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Standing Waves in an Air Column

A node for displacement is always an antinode for pressure and vice
versa, as illustrated below. When the air is constrained to a node, the air
motion will be alternately squeezing toward that point and expanding
away from it, causing the pressure variation to be at a maximum.
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Alr pressure
wariations _ -

ol Open end
Closed end is pressure
Is pressure iy
antinode.
N
Tube Closed at One End
Wavelength, | Frequency, f
Fundamental
l,=4L f,=v/l, Frequencyor

1st Harmonic

[;=4L/3 f;=3f,  3<Harmonic
| s =4L/5 fs=5f,  5"Harmonic
I, =4L/n f,=nvi4L n=1,3,5,..
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Tube Open at Both Ends

Wavelength, |

Frequency, f

| ,=2L/3

Il,=2L/n

Fundamental
fy=v/1{ Frequencyor
1st Harmonic

f,=2f,  2"Harmonic

f;=3f, 3dHarmonic

f,=nvi2L n=1,2,3, ..

End of
Sound

Lecture
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