Lecture 8

Sinusoidal waves

Wave speed on a string

2D/3D waves

Sound and Light




(a) A history graph at one point in space

P Sinusoidal waves (graphical)

Period T

—

NANAN,
AVAVAVAVA

(b) A snapshot graph at one instant of time

D

Wavelength A Crest Wave
speed v

generated by source in SHM

snapshot and history graphs
sinusoidal/periodic in space, time

Wavelength ()\): spatial analog of T,
distance disturbance repeats

In time T: (one oscillation for
point) wave (crest) moves )\

_ distance _ ) _
VU= "tme ~ T Af
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Sinusoidal waves:mathematical

Snapshot graph at = 0

//\ /\ / D(x,t) = Asin(kx — wt + ¢)
x  (sinusoidal wave traveling in the positive x-direction)
b + 2\
D Hlstory graph at x,

D(x, t—O) Asin 277 + ¢, \
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® Set wave in motion by €T — (x — Ut) If xis fixed, D(x,. 1) = Asin(kx, — wf + ¢)

gives a sinusoidal history graph at one
point in space, x,. It repeats every 7's.

D(x,t) = Asin [2# (32— %)+ ¢o}

D Snapshot graph at 7,

wave number, k = F; w = vk A/\ /\ [\ [\
NAVAVAVAVE

If t 1s fixed, D(x, t.) = Asin(kx wt, )

ST ‘L . gives a sinusoidal snapshot graph at um
¢O Sets lnltla’l Condltlon' instant of time, 7,. It repeats every A m.
D(z=0,t=0) = Asin ¢q
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VVaves on a string

The velocity of the wave -

The velocity of a
particle on the string

- y(x,t) Asin (kx — wt + @)
Vs —wAcos (kx — wt + ¢g)
ayY —w?Asin (kx — wt + ¢g)

At a turning poi‘nt, A parli‘clc’s velocity

the particle has 1S maximum at zero

zero velocity. displacement.

A small segment of the string at the crest of the
wave. Because of the curvature of the string, the
tension forces exert a net downward force on

Newton’s laws applled to this segment.
string
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(Fnet)y — Tndy — (MALC) Uy
(Fnet)y —2T.sinf ~ —k*AT.Ax
(evaluate slope of y = Acos(kx))

|
—%Ax 0

Copyright © 2004 Pearson Education. Inc.. publishing as Addison Wesley

= v = % (independent of A/shape)




(a)

2D/3D waves
Wave fronts are the crests of the wave.

They are spaced one wavelength apart. (b)

Very far away from
the source, small
A i

fronts appear to be
straight lines.

Copyright © 2004 Pearson Education, Inc.. publishing as Addison Wesley
Very far from the source, small segments of
spherical wave fronts appear to be planes. The

" F.' . . . .
8 wave 1s cresting at every point in these planes.

The circular wave fronts move
outward from the source at speed v.

v
q L
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2D circular waves: wavefronts (lines
locating crests), small section

g
appear as straight lines far away ' A
3D spherical waves...appear as /

< S

planes far away, described by D(x, t)

A

(same at every point in yz plane)
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2D/3D waves

D(r,t) = A(r)sin (kr — wt 4 ¢g)
with A(r) decreasing with r

Phase and phase difference

phase, ¢ = kx — wt + ¢g
D(x,t) = Asin¢

® wavefronts are surfaces of same
displacement constant phase

phase difference, A¢p = 277%
A¢ = 21 between adjacent wavefronts
separated by A




Sound waves

Vsound 1N air at 20° = 343 m/s

(larger in liquid /solid)

® human ears: 20 Hz to
20 k Hz

® ultrasound: > 20 k Hz

Rarefaction Compression

Loudspeaker . /

A

Molecules Individual molecules oscillate
back and forth. As they do so,
the compressions propagate
forward at speed v_

yund®
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Electromagnetic (EM) waves

oscillations of EM field, can travel in vacuum
e.g. light from stars
Viight = ¢ = 3 X 10% m/s in vacuum A tansparent mateial in which
(> Vsound) T
visible spectrum: 400 nm (violet/blue Vacuumn =1 Indexn  n=1
to 700 nm (orange/red) - A=A

«—> «—

Y Asound = flight > fsound

EM spectrum: visible + higher frequencie .
(UV/X ra)'S) T Iower frequenCIes The wavelength i‘:nsidc the

material decreases. but the

(IR/micro/radio waves)

frequency doesn’t change.
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index of refraction (light slowed down):

speed of light in vacuum
speed of light in material

frequency does not change (e.g.,  f,.. (: c

vac.

sound wave hitting water): = A\a < Avae




