Part 2
Classical Interferometry

 BasicInterference

—Two plane waves
—Two spherical waves
—Plane wave and spherical wave

» Classesof Interferometers
—Division of wavefront
—Division of amplitude
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Optical Detectors Respond to
Square of Electric Field

E =B +E = Bad6t+a) + Eipe(wt+a,)

I = Constant| & + I?2|2
= Constant[E12 + B + 2E1Ex(& @) cod (a1 — ap)t + a1 - 0’2]]

[ =T+ I+ 24 l2(& [Be) cod(an — aa)t + a1 — a7

Irradiance at each point varies cosinusoidally with
time at the difference frequency
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I nterference Fringes

[ =i+ + 2@(&1 [B)cos|(ar — @)t + a1 — a2

Let a1 = wo

I =1+, +2\[1T,(4 By)cosla; - ay)

Bright interference fringg [Dark interference fringe

1
aL— a2 =271 571‘0'2:277(”“’5)
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| nter fer ence of Two Plane Waves

E = Eé (lzl—@t+¢1)él

y EZ — Ezé (Rz—ax+@)éz
ke = k(cos@f+sin6ﬁ)
a . R :
K & X ke =k(cos& i +sin &)
d r=xi+yj =27
a:al—azzlzﬂ’—lzzﬁr+¢1—¢2 Let g = ¢
Bright fringe Dark fringe
a =2mm 1
. . a= 5
= k[ x(cos 8- cosd) + y(sind1 —sind»)] Zﬂ(m * 2)
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Fringe Spacing

T =Ty +1, + 2131, (&4 [y) cod(ay - as)

Bright fringe
a=m—ax=2m=k[x(cosék - cos&p) + y(siné —sin &)

Straight equi-spaced fringes

Look in x=0 plane
Fringe spacing

A
sinég —sin

Ay =
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Fringe Visibility

I A

1+ |2+2(31E52)\/W-\ /I)<AC /
\S e \/

1+ 12

l1+ 12 = 2(& [B)Vhl2 T

\ ]

:<—Ay—>'
Fringe Visibility = V = :—amgx%m
if &4 B =1
v =2k _ AC
lh+1>, ~ DC
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Fringe Spatial Frequency

D @)

#o|¥> p A=633nm
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_2sin(¢g/2) _sing¢
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Moiré Pattern - Two Plane Waves
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Effect of Polarization Direction

Ep

y A

N

Ep &

Es

J .

Dependence of & (& on angle for sand p polarization

s polarization: & [& =1 for all angles
p polarization: & [& depends upon angle
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| nterference of Two Spherical Waves

Ir—r

Ir —rol

2000 - James C. Wyant

dlkir-ril-at+aq]

B2 dikr-r-at+q]
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Two Spherical Waves - Fringe Shape

E = al_Bl_l gk —Fi-at+ @] VI = =BL = Constant

r—r F-r
F> = 4 Te‘[kw—l"ﬂ—ﬁ"’@] = —BZ =
E Ly NID -1 Constant
=270 _Fl—IF - T: -
a=5{r-n-r-r}+a-e
= Constant for given fringe
Hyperbolic Fringes
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Moiré Pattern - Spherical Waves

2000 - James C. Wyant Part 2 Page 12 of 26

Interference and I nterferometry - James C. Wyant
Page 2-6




Spherical Waves - Special Case#1

Ir —rd
-
2c
Yy IF—r2l
-« XO >
if Xo>>2cthen
= 2_CY
m Xo

Sameresult asfor two plane waves
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Moiré Pattern - Straight Line Fringes
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Spherical Waves - Special Case #2

AY
> For bright fringe
l y X =Ir -l -Ir -2l
o 24 72
2c 0

Fringes are concentric circles

2 20
= &=y, spatial frequency = Ar y2/1
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Concentric Circular Fringes
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| nter fer ence of Plane Wave and
Spherical Wave

If 1%l >>[y] and |7 then

Y X%

A

ot

2
If 6= 0 bright fringe when % —(M] + %) = mi A

Circular fringes of radiug =/2xom A
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Two Basic Classes of I nterferometers

* Division of Wavefront

e Division of Amplitude
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Division of Wavefront
(Young's Two Pinholes)

3 g

Sour ce

Two Pinholes Interfer ence of two

spherical waves

2000 - James C. Wyant Part 2 Page 19 of 26

Division of Wavefront
(Lloyd’sMirror)

Mirror
- _ - Interference of
e .- two spherical
PRI e waves
z -
S
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Division of Wavefr ont
(Fresnel’sMirrors)
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Division of Wavefront
(Fresnel’s Biprism)
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Division of Amplitude
(Beamsplitter)

b

Y

Y

Beamsplitter
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Division of Amplitude
(Diffraction)

dsnd=mA
I

Diffraction Grating
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Division of Amplitude and
Division of Wavefront

Polarization

Lateral Displacement Angular Displacement

{V*O‘) N $OA /

ol E

Savart Plate Wollaston Prism
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Division of Amplitude and
Division of Wavefront

Plane Paralle Plate
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