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Recap: properties of waves
« Wavelength A is the

o
I

2
distance over which a » Position,
wave repeats 1 space. |l o
* Period T is the time for a ®
complete cycle of the T
wave at a fixed position: : :
E I Time,
* Frequency f=1/T g |\ ’
—A-
« Amplitude A is the peak ®)
tvr?llue Of ‘the wave ;‘l;}(l:itsioolilfi:\i‘/avelength
disturbance. G, ve=wT
« Wave speed is the rate at =0 %
which the wave 5
propagates: t=T /\/
V= i/T — ﬁf : i .. “moves to
——A—n here in one
period 7.
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Sound

* Sound waves are longitudinal mechanical waves that
propagate through gases, liquids, and solids.

* Sound waves 1n air involve small
changes 1n air pressure and density,

associated with back-and-forth motion

of the air as the wave passes.

* Sound intensity levels are measured in

decibels, a logarithmic unit based on
comparlson with a reference 1nten51ty

l,= 1012 W/m?:
e The human ear
responds to a
broad range of
sound intensities
and frequencies.

p=10log(1/1.).
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Molecules converge in this legwn, making
the pressure a maximum. Since the
molecules come from both directions, the net
displacement at the center of the region is
zZero. b v
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Here the air has its
maximum displacement,
but the pressure is
unchanged from its
equilibrium value.
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Wave interference

« Unlike particles, two waves can be in the same place at
the same time.

* When they are, they interfere.
 In most cases, the waves superpose, or simply add.

 When wave crests coincide, the interference is constructive.

« When crests coincide with troughs, the interference is destructive.

Their crests coincide,
Two waves approach. resulting in a larger wave.

(a) (b)

They go their separate ways.
Now the waves cancel.

(©) (d
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Interference phenomena
 When waves of slightly different

frequencies interfere, they alternate /\/\/WW\A/\N\N\/\
between constructive and destructive

Constructive interference here...

interference. @)
e This results in beats at the difference of
their frequencies. " 4 ‘ ,. ‘ [\ Y
A w
amplitude.
Nodal lines: Large amplitude:
* Interference from two closely spaced destroctive constenctive

interference interference

sources results 1n patterns of high-
and low-amplitude waves.

» The photo shows such an interference
pattern with water waves.
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Here comes Here comes the pulse. j

Wave reflection k A

o L~ B End is free to slide." "' |
« Waves reflect at an interface End is clamped.~
with a different medium. N A
* The outgoing wave interferes 10 beginnin ..
with the incoming wave. |
Now the
Y The reﬂected WaVe IS inverted, Incident and . interference/

reflected pulses is constructive. ..

depending on properties of the g
second medium.

N

e The diagram shows waves on a — ﬂlw e
string reflecting at clamped and s tumertad, emerges upright.
free ends.

|

<
4\ / And away it goes.

And away it goes.

The incoming wave travels
along the lighter string.

&’ >
* More generally, a wave 1s partially reflected A
and partially transmitted at an interface — -~
ecause the string on the right is

between dlfferent medla heavier, tI?e reflected wave is inverted.

B
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Standing waves

Waves on a confined medium reflect at both ends.

* The result is standing waves that oscillate but don’t propagate.

* The length of the medium restricts the allowed wavelengths and

frequencies to discrete values.

On a string
clamped at both
ends, the string
length must be
an integer
multiple of a

half-wavelength:

L =mA/2,
with m an
integer.

L

A
2

) Antinodes— 7L

3

Nodes

=2 =

On a string
clamped at one
end, the string
length must be
an odd integer
multiple of a

half-wavelength:

L = mA/4,
with m odd.
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Standing waves in musical instruments

 Stringed instruments are analogous to the strings of the

previous slide: The string length determines the allowed

wavelengths and, together with t

allowed frequencies.

 Wind instruments are
analogous, with
sound waves
1n their air columns.

 Wind instruments
are typically open
at one end or both.

(a)

(b)

ne wave speed, the
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guestion

A string 1 m long 1s clamped down tightly at one end and 1s
free to slide up and down at the other. Which one of the
following values 1s a possible wavelength for this string?

A. 4/3 m
B. 3/2m
C.2m
D.3m
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The Doppler effect

* When a wave source moves through the wave medium, a stationary
observer experiences a shift in wavelength and frequency.

* The frequency increases for an approaching source.

* The frequency decreases for a receding source.

B perceives longer
wavelength,

lower fr equenc\ A perceives shorter
________________ " " wavelength,
higher frequency.
"
/ a Toac

Source--

Y

» The shifted frequencies are given by f'=f / (1 + u/ V)
* Here U is the source speed and v is the wave speed.
» A similar effect occurs for a moving observer, but there’s no wavelength shift.

» The Doppler effect for light 1s similar but slightly different because light has no
medium. The formula above applies only for speeds much less than light.
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Shock waves

Shock waves occur when a wave source moves through
the medium at greater than the wave speed.

Examples include sonic booms from aircraft, wakes of boats,
and astrophysical bodies moving through interplanetary and
interstellar gas.

Wave crests from all source
locations pile up along this

line, making a conical
l .k g This is the distance vT that the
10ck wave.

e wave crest moved in one period.

This is the Mach angle. Its sine
is vT/uT, or viu.
/ﬁ& '..’.

I

Rig ht now the source is here,
about to emit a wave crest.

1 his is the distance uT that the
source moved in one period.

Ilcra s where the source
was one wave period ago,
H when it emitted the circular
Here’s where the source was  .va crest shown.
two wave periods ago. The
crest it emitted then has had
more time to expand outward,
so it's larger.
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Summary
* A wave is a traveling disturbance that carries energy but not matter.
« Mechanical waves involve the disturbance of a material medium.

 These include sound waves.

- Electromagnetic waves, including light, have no medium.
 Simple harmonic waves Aﬁl—hﬂj_

Position, x

are sinusoidal in shape.

Wave disturbance y(x) at fixed time ¢ = 0

T =27lw

S
]

y(x,t)'& Acos (kx — a)t)

Wave disturbance, y

Time, t

Wave disturbance y(¢) at fixed positionx = 0

* The speed of a wave follows from its frequency and wavelength or from its
angular frequency and wavenumber: v = Af = @ /K.

* Important wave phenomena include
o Reflection and refraction

""""""" Nodes
* Interference Moving source
« Standing waves
* The Doppler effect " .
B A

 Shock waves
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