Physics 1C
• Lecture 13B

Speed of Sound
Example values (m/s):

Description of a Sound Wave
A sound wave may be considered either a
displacement wave or a pressure wave
The displacement of a small element is:

s(x,t) = smax sin (kx – ωt).
Here k is the wavenumber, ω is the
angular frequency of the piston.
The variation ΔP in the pressure of the gas
about its equilibrium value is also
sinusoidal: ΔP = ΔPmax cos (kx – ωt)
The pressure wave is 90o out of phase
with the displacement wave.

Doppler Effect
Why does an ambulance siren moving towards
you sound different than when it is moving away
from you?
It is the wave property of sound.
Let’s say there is a stationary source that is
emitting sound at a certain frequency.
Observers on either side of the source measure
the same frequency (also λ is the same for both).
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But what if the source is moving to the left?:
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Observer 1 believes that the wavelength has
decreased (compared to before):
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A bit of Math
• Imagine the source coming towards you:
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• The distance between peaks shrinks by
the distance the source travels in one
period.
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Doppler Effect
We find that for a source moving:
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where fo is the frequency the observer detects, fs is the
frequency the source emits, vs is the velocity of the source,
vsound is the velocity of the sound wave.
Use “–” if the source is moving toward the observer and
use “+” if the source is moving away from the observer.
We always assume that the air is stationary and measure
all velocities relative to this stationary medium.
Next, we look at the observer moving instead of the
source.

Doppler Effect
We find that for an observer moving:
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where vo is the velocity of the observer.
Use “+” if the observer is moving toward the source and
use “–” if the observer is moving away from the source.
For cases were both, source and observers, are moving use:
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" v sound ! v s % Just remember: top sign (toward)
bottom sign (away)

Example Doppler Effect
Two submarines are underwater and
approaching each other head-on. Sub A
has a speed of 12.0m/s and sub B has a
speed of 8.00m/s. Sub A sends out a
1550Hz sonar wave that travels at a
speed of 1520m/s. What is the frequency
detected by sub B?
Answer
Define a coordinate system (choose observer
and source).
Choose the sub A as source and sub B as the
observer.

Doppler Effect
Answer
Since they are moving toward each other use top sign:
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The frequency has increased, according to the observer.

Concept Question
Karla and Max are both listening to
the source of sound waves that is
moving to the right at 10m/s.
Compare the frequencies each
hears.
A) fKarla = fMax
B) fKarla < fMax
C) fKarla > fMax
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Wave Interference
Assume two waves are traveling in the same
direction, with the same frequency, wavelength and
amplitude, but the waves differ in phase.

y1 = A sin (kx - ωt); y2 = A sin (kx - ωt + φ)
y = y1+y2 = 2A cos (φ/2) sin (kx - ωt + φ/2)
The resultant function is also sinusoidal and has
the same frequency and wavelength.
The resultant amplitude: 2A cos (φ/2), phase: φ/2
If φ = π, then amplitude = 0 (destructive)
If φ = 0, then amplitude =2A (constructive)

Interference

Sound waves from different sources can
interfere with one another.
Let’s assume that the sources of the sound
waves start the same (i.e. are in phase).
The cause of this
interference is path
length difference
(Δr = r2 - r1).
Your location
determines what
sound you hear.

Interference
If the path length difference between
the two waves is zero or some integer
multiple of wavelengths then you will
get constructive interference (loud
sound).
!r = n"
n = 0, 1, 2, …
If the path length difference between the two
waves is an odd half number of wavelengths then
you will get destructive interference (little or no
sound).
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Sound Interference
Example
Two loudspeakers are 2.0m apart and are
driven by the same oscillator. Both speakers
emit 700Hz sound waves into a room where
the speed of sound is 341m/s.
A listener stands 5.0m in
front of the speakers and
2.0m to one side of the
center. Does the listener
experience constructive
interference, destructive
interference, or neither at
this location?

Sound Interference
Answer
We need to calculate the path length difference, Δr.
So we should calculate the difference between r2 and
r 1.
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Sound Interference

Answer
Next, we should see how many multiples of the
wavelength this path length difference is (integer, halfinteger, or neither).
So we should calculate the wavelength of this sound
wave.

Comparing this to the path length difference gives:
<- Rounding to
three places
The path length difference at this location is a halfinteger wavelength, so we should have destructive
interference.

Standing Waves
When you have waves reflected back (such as on
a rope or in air), these waves can interfere.
At proper frequencies you can create standing
wave (which have nodes and anti-nodes).
Nodes are parts of the medium that do not move.

Anti-nodes are
parts of the
medium that will
vibrate between
A and –A.

Physics of Instruments …
• … is an exercise in standing waves.
• Mental Model guitar:
– A string with fixed boundaries at both ends
that vibrates at it’s resonance frequency.
– This frequency can be changed by
reducing the length of the string.
– The body of the guitar serves as resonator
to increase the sound amplitude.

For Next Time (FNT)
Start reading Chapter 14
finish working on the
homework for Chapter 13
All the material of chapter 13
is fair game for the quiz.
For chapter 12, we exclude:
Forced and damped oscillation
Physical pendulum

