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Chapter 35 - Interference
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INnterference

https://www.youtube.com/watch?v=UMKAXVWIRY4
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INnterference

Wave fronts: wave peaks in a wave

separated by one A Interference:
Waves overlap in space

\ T / Coherent sources: Same frequency (or
<t (@) )+PH wavelength) and constant phase relationship

/ ,l \ (not necessarily in phase).

|
|
|
|
J
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=< The Principle of Superposition
When two or more waves are superimposed, the instantaneous movement

The sum of the displacement from the individual waves
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INnterference

Contructive Interference
d=1r,—1r, =mA
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Destructive Interference

T 3
b=rn—nn=(m+=)A ,
2 rz%r1=(m+5))t (m =0, £1, =2, =3,...)
—_ =

Vincent Hedberg - Lunds Universitet 4




INnterference

Antinodal curves = Constructive Interference
. 2 y '

Suppose in one point:

E\= Emaxcos(%ﬁr1 — wt + @)

E,= Emaxcos(zf r, — wt)

E=E1+E2 r.].:r.l-'-}\' .: /

— SAAAA AR LT — X
Increasing ry with one wavelength \
gives the same change of E as
increasing the phase angle ¢ by 2nx: ¢
b o
21 A Destructive Interference
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INnterference

Coherent wave

Cylindrical fronts from two slits 7

wave fronts \

Monochromatic ||

light

Actual geometry (seen from the side)
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U d sin 6 Screen
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https://www.youtube.com/watch?v=9UkkKM1TkK
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INnterference

Geometry: I'; —TI; = dsin(6) R
521 _dsine Screen || m—" e |
7|( ml N T T =el |
d no y
J S tan(0) = R sin(8)
o —— ¥

m=3 I‘2 = 1‘1 — d E

Constructive Interference:
I —1;=m A
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Interference: Intensity

A path difference of one
wavelength corresponds to
a phase difference of 2x

rg — I

Path difference
8: Iy — I &= dSiI’lQ
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Interference: Intensity

«... | Introducey in the formula
"""""""""""" 2ard
~~~~~~ — sin 6
¢ =
P
< R >
v
Yy —
— ~ a1 =
tan(0) =y /R = sin(0) 2mrd 27rdy
/ P = Tsm@ ~ R
small 6
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Interference: Intensity

Screen
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Interference: Intensity

screen with wave destructive interference pattern  intensity
cbublle slits front  interference on screen distribution curve
. k _\\\,‘. ‘ \ dark
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destructive interference & constructive

constructive interference interference

Constructive Jr2—r1=dsin(0) =m A Intensity:

interference: ym=m e« (R A/ d)
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Interference: Thin Film

Thin film interference
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Interference: Thin Film

After a reflection with one phase shift

N, < N,
Phase shift = O (n, > n,) the following is true:

Constructive reflections:

bz
\% 2t=(m+%)/\ (m=20,1,2,...)

s y Destructive reflections:

_ Ve |@ 2t = mA =0 )

— .

A ’ ” This is the opposite of what we normally have
n, > n, without a phase shift (or after two phase
Phase shift = TC shifts).
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Interference: Non-reflecting coating

Ngr < Mg \ Non-reflecting coating

ks
Phase shift = TC \% Destructive interference:
| 20=(m+3)A  (m=01,2,...)

7\‘air 5
“Nonreflecting™
Rglass = Afjim =~ Rair film
Air /
: 1 . .
il Asim $7=2%  Film thickness: t = Ay / 4

Glass f i I ] .
Film refractive index: ng, < ny o

Nfilm < r‘glass / @

Phase shift = TU Destructive interference = No reflections
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. Interference: The Michelson interferometer( =

The Michelson
interferometer

Vincent Hedberg - Lunds Universitet 15 ¢



Movable mirror

Y The compensator plate
compensates for this

L,
M,

A z
2
Monochromatic light | Fixed
> / mirror
P P
e y D

Beam Compensator

splitter plate
< L, >

The observer will see an
interference pattern with

rings.

The fringes in the pattern
will move when the mirror

is moved.

The number of fringes (m)
can be used to calculate

y or A:
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Interference: The Michelson interferometer

Moving the mirror changes
the positions at which the
light constructively and
destructively interferes

https://www.youtube.com/watch?v=j
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Interference: Summary

SUMMARY

Interference
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Interference: Summary

S = r. — r = dsiné Constructive in'rerferz.nce:
S> | | dsin @ Screen dsin@ = mA Vg = RmT m=20,+1..
il: Destructive interference:
Young's 1
: inf = + 3 =0,+1....
double-slit Y dsind = (m + 3)A| m
experiment [ = [OCOS2E
B 2ard ol = 27Tdy
> =5 e AR
Constructive reflections:
Thin film ~ 1
& Phase shift = 0 & Tt 2= (m+3)A  (m=012..)
Newton's B = Destructive reflections:
rings : 20=mx  (m=01,2,...)
19
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Non-reflecting
coating

Film

Hglass = Hjim
Air

Interference: Summary

\% t= }"film /4

“Nonreflecting”

P A gir = Mitm Nilm

= My

PhOSe Shif'l' = TC & TC Glass

M,

Th e M i C h e I So n 4 Monochromatic light

Movable mirror

Y
M,
o)
Fixed A

> mirror )/' — n’l_
2

Interferometer L d L
wliter | plate
W Eye
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