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mTheme Music: Sonic Mayhem
Interference

mCartoon: Pat Brady
Rose is Rose
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Outline

®m Quiz 5: Lenses
m Preparing for the wave model:
Back to springs
Recap: Critical issues

Sinuisoidal waves
Beats

m Light as waves
Huygens® Principle recap

Interference
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Foothold wave ideas:
Huygens’ Principle

m The critical structure for waves are the lines or
surfaces of equal phases: wavefronts.

B Each point on the surface of a wavefront acts
as a point source for outgoing spherical waves
(wavelets).

m The sum of the wavelets produces a new wavefront.

B The waves are slower in a denser medium.

m The reflection principle and Snell’s law follow
from the assumptions of the wave model.
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Analogies for the Wave Model

® Waves can be + or - so adding more can
cancel — like our pulses on a spring.

m Since we can’t “see” light* we have to
rely on analogies to make sense of
what’s happening.

Waves on a string/spring

The ripple tank

* Of course, in another sense,
31411 we can't "see” anything but light!

Foothold principles:
Mechanical waves — The physics

& Ney concept: We have to distinguish the motion
of the bits of matter and the motion of the pattern

| Pattern speed: a disturbance moves into a medium
with a speed that depends on the properties of the medium
(but not on the shape of the disturbance)

u Matter speed: the speed of the bits of matter depend on
both the size and shape of the pulse
and on the pattern speed.

W Superposition: when one or more disturbances overlap,
the result is that cach point displaces by the sum of the
displacements it would have from the individual pulses
(signs matter)

& Mechanism: the pulse propagates by cach bit of string
pulling on the next
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Foothold principles:
Mechanical waves — The math

(tension = 7, mass density = 4 = m/L)is V, =

m The speed of a signal on a taut string \/?

B The displacement of a bit of string (at position x)
is described by a function of two variables, y(x,?).

| If the shape at time 7= 0 is given by y(x,0) = f(x),
then a moving pulse of that shape looks like

y(x,f) =fix-vyt)  (moving right)
y(x, ) =fixtvyt)  (moving left)

~
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Continued waves — multiple pulses

m If we want to describe a continually
oscillating system, we need repeated pulses.

m It’s convenient to choose a simple
oscillation — like sin or cos.

m Take the string to look like sinat 7= 0
and set it in motion.

y(x.0)= Asin(kx)
y(x, )= Asin[k(x—v1)]
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Terminology

m One full oscillation in space = A
(the wavelength)

m One full oscillation intime = T
(the period)

m Frequency = f=1/T

v(x,1)= Asin(kx — @r)

2r 2
k=— W=—
A T
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Making sense of it all "T,\,

m If you are wiggling your hand up and down
to send a sine wave onto the long string,
the time it takes you to make one full
oscillation is the period, 7.

m The distance the disturbance moves out on
the string in this time will be a full
oscillation — the wavelength,

m These are related by A= vu(%J o Af=v,
A=vT 2n\_ (2¢ _
0 (T)—vo[;) or %—vc
3114111 Physics 122 10

Prof. E. F. Redish 3



Physics 122 3/14/11

Superposition from two sources

® If we are at a particular point in space and two
traveling waves, y = Asin(kx - wi), reach us
coming from different starting points, we are at
different “x™ values for the two waves.

® The result looks like the sum of two waves with
different phases:

v = Asnlhy, = o)+ Asindhx, = ax)

VEASING, =GN )+ Asin(Q, = 0¥ )
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Beats
® When we add two waves
of the same frequency,

if their phases differ by
0, 2z, 4=, .... they add
(constructive interference).

if their phases differ by
®, 3=, 5x, .... they cancel

e ——
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Phase difference and path difference

o Our two waves y = Asin(kx, — wt) + Asin(kx, — ot)
from different y = Asin(¢, - ot) + Asin(g, — ot)
sources have a phase difference, ¢.-¢.
because we are different distances
from the two sources.

B The phase difference depends on the path
difference:

¢1—¢2:|<><1—k><2=k(x1—x2):kAD:2n%
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Ripple tank with 1 source
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Path difference

m The critical issue is how far is the point
under consideration from each of the
sources.
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Path difference

W The critical point is how far is the point
under consideration from each of the
sources.

3.50 4\
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Ripple tank with 2 sources
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Path difference
B When AD = na. the waves add.
25, 4.
" \ 1
+ : v A
w_‘ ’l \\ J, Y 7/ '
® When  AD = (n+1/2) 4, the waves cancel.
.\ .'/”‘\\ 2 \ !
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A First Test: Interference
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A First Test: Interference

T

AD

3. 1C

When AD = nj,
waves add.

When AD = (n+1/2)A,
- wives cancel
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y=Ltan@ = L0O
Y
- L »
28
| _jé o 6
“ap
AD = asin@ = ab
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Slits are really much, much closer than shown
so this point is almost all the way to the left,

‘mum when
AD =nA

Minimum when
AD = (n+ YA

For small angles, AD y
=14 =
sint~4, tang~8 a L
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