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Lecture 36: Wave motion




What's a wave?

e A wave Is a traveling disturbance that transports energy
but not matter.

 Mechanical waves are disturbances of a material medium.

e The medium moves briefly as the wave goes by, but the medium itself
Isn’t transported any distance.

* The wave propagates as the disturbance of the medium is communicated
to adjacent parts of the medium.

« Electromagnetic waves, including light, have no medium.
* Nevertheless, they share many of the properties of mechanical waves.
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Longitudinal and Transverse waves

Longitudinal wave on a
mass-spring system:

 Ina longitudinal wave, the MMM I IV
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wave motion. MWW

Transverse wave on a
mass-spring system:
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* Some waves, like surface waves iy, ey
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Properties of waves

* Wavelength A is the
distance over which a
wave repeats In space.

e Period T Is the time for a @)
complete cycle of the ~
wave at a fixed position:

 Frequency f=1/T y
« Amplitude A is the peak ®)

\lQll in nfF tho \wiavn This one-wavelength
VAIUCL Ul LIIU VYVWAavoy o &

disturbance. )= MT

» Wave speed is the rate at =0 %
which the wave

propagates: SURTRY
V — ﬂ//T — ﬂ/f E/\/(“”.“:':omoves to

| .
——A—» here in one
period T.

Position, x

Displacement, y
(—]

Time, ¢

Displacement, y
—

Slide 36-4




Simple harmonic waves

* A simple harmonic wave has a sinusoidal shape.

« A simple harmonic wave Is described by a sinusoidal function
of space and time:

y(X,t)=Acos(kx—at)

y measures the wave disturbance at position x and time t.

k =271 1s the wave number, a measure of the rate at which the wave
varies in space.

o =2xf = 24T is the angular frequency, a measure of the rate at which
the wave varies in time.

The wave speed isv = Af = w /k. m

These two waves have the same
speed. How do their wavenumbers,

angular frequencies, and periods compare? /\/\
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Waves on strings

* On strings, fibers, long springs, cables, wires, etc.,
tension provides the restoring force that helps transverse

waves propagate.

e The speed of such waves is

V=,[—
U

where F iIs the tension and
4 1S the mass per unit

length.

A pulse moves
to the right.---...

v
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In the pulse’s (a)
reference frame,
the string moves
left, up,and
over the pulse. ¥

_ﬁg/ %\%:
The top of the (b) .
string undergoes The length of
circular motion. 2 the segment
Y 3 is 26R.

™. .. while here
it’s down and
to the right . ..

The string™”
tension here
is down and
to theleft...

... giving a net
downward force.
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Wave power and intensity

e The power carried by a wave Is proportional to the wave
speed and to the square of the wave amplitude.

 Detalls depend on the type of wave; for waves on a string, the
average power is P = % uw’A'v.

The plane wave doesn't
spread, so its intensity

 Wave intensity is the power per unit ™"
area.

* Inaplane wave, the intensity remains -~ g \
constant. T
@ 5O =

* The plane wave is a good approximation to

real waves far from their source. e iﬁ?;i?iﬁfﬁfﬁﬁ?ﬁiﬁgf’;
A spherical wave spreads in three I B
dimensions, so its intensity drops as *iﬁiif:ﬁ:ﬁ_ |
the inverse square of the distance from RN ¢ .
its source: |_P__P @
A Axr’
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guestion

Two 1dentical stars are different distances from Earth. The

Intensity of light from the more distant star is only 1% that

of the closer star. How far away Is the more distant start
compared with the closer star?

A. 100 times farther away
B. 10 times farther away
C. V10 times farther away

D. twice as far away
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