PURDUE DeparTMENT OF PHysics

4/10/2016

Physics 42200
Waves & Oscillations

Lecture 36 — Interference

Spring 2016 Semester

Optical Path Length

E(z, t) = EO cos(kz — wt)
* What is the phase after propagating a distance d?

5= kd = 2nd
= =
— Ap is the wavelength in vacuum
— In a material with index of refractionn, 1 = %“
— Phase is now
5= Kd 2nnd
= =

Optical Path Length

* Consider light with wavelength 4 in vacuum that is
split into two optical paths.

¢ Phase advance over each path:
2nn,d
6, = _,1; * P
¢ Phase difference between two paths:

2
A6 = ——(nydy — nady)
Ao

_ 2mn,d,
= 7

« Constructive interference when
ndy —nyd, = mi, wherem =0,1,2,...
* The optical path length is defined £ = nd.




Michelson Interferometer
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Michelson Interferometer

Beam splitter
- - o Phase reversal:
] o (M, *
Beam splitter
///
// g

Compensator plate

:“'ﬂ[ Difference in path length:

—
% | dy —d,
4y Destructive interference:
¥ dy —d, =mi
Constructive interference:
M, 1
dy—dy = <m+i)l

Michelson Interferometer

* Equivalent optics:
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Michelson Interferometer

« Bright fringes occur when

6=2 2d +1 =2
=M\ Xcosg "2) T
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Michelson Interferometer

* How does the position of a fringe change when the
path length changes?

2d 1
Acos6 =m+ 2
2d = Acos@( + )

2Ad = —Asin 6 < )

E ( )Asm@

Michelson Interferometer

* Application: Consider two closely spaced
wavelengths, 2 and A/

* Bright fringes from one wavelength occur when
2d
7= m
¢ Bright fringes from the other wavelength occur when
2d
7 =m'
* The two fringes will coincide when
2d 2d

7 77




Michelson Interferometer

* Adjust the position of the movable mirror so that the
next set of fringes coincide
2d" 2d N1
2 T + N+
* Subtract these:
2d" 2d 2d" 2d

T
Y= AL _ A2
T 20d T 2Ad
* For the yellow sodium line,
A =588.991 nm
2’ = 589.595 nm } AL = 0.604 nm

Ad = A2/2A) = 287,472 nm = 0.287 mm
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Michelson Interferometer
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Multiple Beam Interference

* Previously we considered only two interfering beams:




Multiple Beam Interference

* In many situations, a coherent beam can interfere
with itself multiple times

* Consider a beam incident on a thin film

— Some component of the light will be reflected at each
surface and some will be transmitted

Each transmitted beam
will have a different
phase relative to the
adjacent beams.

Incident light

N

What is the total
\ intensity of the reflected
« light?
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Multiple Beam Interference

« All transmitted and reflected rays will be parallel
* They can be focused onto points P and P’ by lenses:
< Incident light

=,

-~ What we need to know:
y * Transmission and reflection coefficients
/ * Path length of refracted rays in the film

Multiple Beam Interference

» Reflection coefficients:  and r’
* Transmission coefficients: t and t'

Eotr'? Egtr'* Egtr'®




Multiple Beam Interference

» Reflection coefficients: r and '
» Transmission coefficients: t and t’
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Multiple Beam Interference

¢ The additional phase in the film is always the same:
5= 2nkd
" cos 6,
« If the initial phase is zero, then
E,, = Egrel®t
Eyp = Egtt'r'el(@t=8)
E3r — Eottrrr?,ei(a)t—Z&)
E4r — Eottrrrsei(a)t—38)

* Ingeneral:
ENr — Eoelmtttr 7,.12N—3e—L(N—1)¢$

. . S N-=2
— Eoe—lmtttlrre—us(rlze—lé)

Multiple Beam Interference

* The total electric field on one side of the film:
E, = Ege'®tr + Eqel®ttt'r'e 0 x
[1 26 4 (Trze—is)z + (Trze—is)i’* + ]
¢ This is in infinite sum of the form:
1
o2t = P~ (when |z| < 1)
* Total electric field:
. tt'r'e”
E, = Eje'®t [T‘ + 1= 72,5 r’ze‘w]




Multiple Beam Interferometry

¢ Simplifications:

r'=-—r
tt' =1—r?
* Total electric field:
. (1—12)e®
_ iwt _
E,. =Eye r[l 120
_2,-06 _ ,—ib 2,-i8
_ ity 1—re e +rce
0 1 — y2e-i6
1—e7i6
— iwt
= Eje r[l —rze‘ia]
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Multiple Beam Interferometry

* The intensity of the light is I, « |E,.|?
1—e® 1) 1—e0
=) )
(1—e®)(1—e"¥)
(1 — rzei‘s)(l _ rze—is)
_ 2r2(1 — cos 8)
= 1o (1+71%) —2r2coséd
* The intensity of the transmitted light is I, < |E.|?
B 1-r?
£ IO(1+T4)—2r2c056

)
= Iyr

I

Multiple Beam Interferometry

* One more identity will clean this up a bit:
cosd =1—2sin%(6/2)
* Reflected intensity:
F sin?(8/2)
=l T Fsin26/2)
Transmitted intensity:

I

Iy

1
=l
¢ 701 + Fsin2(6/2)

2
2 . .. "
_:2) is called the coefficient of finesse

¢ The parameter F = (1

* Noticethatly =1, + I,
— We assumed that no energy was lost in the film
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Multiple Beam Interferometry

The function
1 .sa

=
AO) = ——— 7 e
1+ Fsin?(6/2) «x&‘:@@;
. . . 0 e
is called the Airy function. @@c“".c@"@
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Multiple Beam Interferometry

* In practice, some fraction of the light will be absorbed

* Absorptance, 4, is defined by:
T+R+A=1

¢ This modifies the transmitted intensity:

L=n[1-—2] @

* Example: silver film, 50 nm thick, deposited on glass

R=1094,T =0.01,A = 0.05
A 2

[1 - ﬁ] =0.0278
F = 1044

Multiple Beam Interference

Width of one line:
y =4/VF
Ratio of line spacing to the width:
2n mVF
F=""2 il
V4 2
“Finesse” F, not to be confused
with the “coefficient of finesse” F.

Previous example: F =~ 50




* Phase difference:

Amng
= dcosB; =2mm

Ao
may = 2nsd cos 0;

* Differentiate: m Aly + Am A, =0
Am Al

m A
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Fabry-Perot Interferometer

Ay 2mm
Ay~ AS
* Smallest resolvable wavelength difference:
Ao (A8)
(A2 min = Wmm

¢ Minimum resolvable phase shift:
(Aa)min ~Y = 4’/\/F
¢ Chromatic resolving power:

Ao
~Fm=F
(A/.to)min 4o

and

R =

Fabry-Perot Interferometer
* Typical values:
F =50
ngd = 1cm
Ao = 500 nm
_2><50><lcm_2x106
~ 500mnm

Diffraction grating | | l
Michelson
interferometer

Fabry-Perot
interferometer




Fabry-Perot Interferometer

* The effective gap between the surfaces can be
adjusted by changing the pressure of a gas, or by
means of piezoelectric actuators
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