PURDUE D) EpaRTMENT OF Physics

Physics 42200
Waves & Oscillations

Lecture 35 — Interference
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Interference

Electric field:
E® t) = E,cos(k - % — wt)
Light intensity:
)
I = ce<‘E| >
T

Two electric fields:
E,(%,t) = Eyqcos(k - % — wt + &)
E,(%,t) = E,ycos(k - & — wt + &)
Light intensity:

I = VE(lEl + EZ|2>T



Interference

I = UE<|E)1 + EZ|2>T

|El + E')zlz — (El + E')z) * (E')]_ + E')z)



Interference

— 2 - 2 — =
= ve(|E)|) +ve<|E2|> + 2ve(E, - By),
T

=1+ + 1
112 — UEEOl EOZ CcoSs O

Phase difference: 6 = k1 X — kz X+ & — &
 Why didn’t we care about I;, when discussing
geometric optics?
— Incoherent light: (I;,) = 0
— Random polarizations
— Path lengths long compared with A: (I{,) = 0
— Many possible paths for light to propagate along



Interference

Another way to have I;, = 0 is when the electric
fields are orthogonal:

I = 11 + 1, + 145
112 — UEEOl EOZ CcoSs O

If the two electric fields correspond to opposite
polarization, then there is no interference

If the two electric fields are parallel (same
polarization), then

112 —_ 2 1112 COS5
Interference depends on the phase difference




Interference

Two point sources:

[=0L+1,+2,/[1I,cosd

Constructive interference: cos 6 > 0

Total constructive interference: cos 6 = 0, +2m, ...
Destructive interference: cosé < 0

Total destructive interference: cos 6 = +m, +3m, ...

Special case when Ey; = Ejys:

I =21,(1+ cos &) = 41, cos? °

2



Conservation of Energy

Energy should be conserved...

The intensity is greater than the incoherent sum in
some places, but less than the incoherent sum in
other places:
I = 11 + 1, + 1,
I, = veE()l Eoz Cos O
Positive definite: I; and I,
Positive and negative: I,

Spatial average of I, is zero



Interference Maxima and Minima

I = 2I,(1 + cosé6) = 41, COSzg

(When EOl — Eoz)
 Recall that § = l_c)l -55—/?2 X+ & =&,

e Consider the following case:

— the sources are at different positions
= |ky| = [ka| = K

— the sources are in phase, §; — &, =0
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Interference Maxima and Minima

S=k, X—k, %+& —&,

=k(r, —13)
20 21
I = 41, cos 5 = 4], cos Ek(rl — 1)
. 2Tm
* Maximum when (r; — 1) = — = mA m=0,+1,+2,...
 Minimumwhen (r; — 1y) = n;n = nzl A m =+1,+3, ..
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hypef'boloid of revolution



Young’s Double-Slit Experiment

A

¥
I The rays start in phase,
and travel the same
Single source of distance, so they will
monochromatic light 4 arrive in phase.

2 slits-separated by a
Screen a distance s from slits



Young’s Double-Slit Experiment: Screen
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Path difference changes
ssssss the screen:

Sequence o f minima and maxima

At points where the difference in
path lengthis 0, +A, = 2A, ...,
the screen is bright, (constructive).

At points where the difference in
path length is i%, i?;—/l, ... , the
screen is dark, (destructive).



Young’s Double-Slit Experiment

<

L -
Path length difference = a sin 6

Constructive interference d sin@ = mA

o . 1
Destructive interference agsiné =| m+— ﬂ
2

where m =0, +1, %2, ... Need A < g for distinct maxima



Example

Two slits 0.46 mm apart are 500 cm away from the screen. What would be the
distance between the zero’th and first maximum for light with A=532 nm?

T !

A m=1
y
v m=0
asin @ = mA Geometry:  sin@ =tanf = y/s
| (for small 6)
ay/s=mA
}
mAs -7
y = _ (1)(532 x 107" ¢cm)(500 cm) _ 0.58 cm

a Y (0.046 cm)



Young’s Double Slit Experiment

Far from the source, s > a,

’ )
/ I = 4] 2 _
s o COS >

a
2 k(rl o TZ)
= 4], cos
2
. ay
rn—71,=asinf ~atanf =~ —
/ S
~ 5 , Ta
I = 41, cos“ —— = 4l cos“ ——
0 2S sA
I = 41, o0s? )i,n
a < ] ‘ ( S/ )
41,
_ —
ri=1 X | .
2As As As 0 As 3A 2As y



Coherence Length

(a)
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1. Spatial coherence: wave
front should be coherent
over distance a

2. Spatial coherence:

ri—1, <l

3. Waves should not be
orthogonally polarized

Lasers have very long
coherence lengths

White light is coherent only
over short distances: [.~34



Other Interference Experiments:
Fresnel’s Double Mirror Interferometer




Other Interference Experiments:
Lloyd’s Mirror Interferometer
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Other Interference Experiments:
Fresnel’s Double Prism Interferometer

 The general approach with many interference
problems is to figure out how a particular system
is equivalent to a double-slit experiment.



Fresnel’s Double Prism Interferometer

* First, what is the spacing between the two equivalent

light sources?
— Where is the image of the light source?

NI QN Q

0, =0; — a(n — 1)
Solve for 8; when 6, = 0°...

a
§:d9=da(n—1)




Young’s Double Slit Experiment

Far from the source, s > a,

’ )
/ I = 4] 2 _
s o COS >

a
2 k(rl o TZ)
= 4], cos
2
. ay
rn—71,=asinf ~atanf =~ —
/ S
~ 5 , Ta
I = 41, cos“ —— = 4l cos“ ——
0 2S sA
I = 41, o0s? )i,n
a < ] ‘ ( S/ )
41,
_ —
ri=1 X | .
2As As As 0 As 3A 2As y



Interference From Thin Films

Important result: P—— 8, =m
E; =Ny —
Tl = {5, =0
(Ei>l n+n, |

— external reflection introduces a phase shift of
Wavelength in a material with index of refraction n:

A= 2/n
Number of wavelengths in thickness 2d:
B 2dn
— 7

Phase difference: 6 = 27 (N + %)



Interference from Thin Films

0

] [

Phase difference for normal incidence:

5= 2 2nd 1
=~ T2

Phase difference when angle of incidence is 0:

P 2nd +1
- AgcosO 2

For monochromatic light, bright fringes have 6 = 2mm and are
located at

nd

o (m =)

cos @ =



Interference from Thin Films

5 — 9 2nd N 1
= ATT —
AgcosO 2 9
Ao = 650 nm (red light)
d =0.3mm
n = 1.333
s=1m y

004 005 006 007 0.
y (m)




Coating a Glass Lens to Suppress

Reflections:
180° phase change at Air MgF, Glass
both g and b since ny =100 ng=138 ng=1.50
reflection is off a more @

optically dense medium @

How thick should the coating be
for destructive interference?

What frequency to use?
Visible light: 400-700 nm



Coating a Glass Lens to Suppress Reflections:

For A= 550 nm and least thickness (m=1)

A
4n
~ 550 nm
 4%1.38

[

=99.6 nm

e Note that the thickness needs to be different for
different wavelengths.

* If the light reflected off the front and back surfaces
interferes destructively, then all the energy must be
transmitted



Newton’s Rings
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Quasimonochromatic
point source

> \ Beam splitter
Collimator lens (glass plate)
(R—d)

Optical flat n

Black surface

Why is center dark?

X2+(R—d)2 :R2
|
x> =2Rd

maxima: 2d = (m+%)A

xzz(m+—

|
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