Basic I nterference and
Classes of I nterferometers

* BadgcInterference
—Two planewaves
—Two spherical waves
—Planewave and spherical wave

e Classesof Interferometers

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

E =B+ E = B&d(at+a) + Exdpd(wit+az)

I = Constant| Ex + Eo°
= Constant[E¢? + B2 + 2E1E2(& (o) cod (1 — aon)t + a1 — 2]

[ =101+ + 2Jli2(& ) cos(an — wo)t + a1 — ag)

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

IT=li+h+ 2@(&1 @g)cos[(a;l -t +ar - 0'2]

Let a1 = wo

[ =1, +1,+2{TT(4 By)coday - a))

Bright interference fringe [Dark interference fringe

1
aL— Qa2 =271 01—02:277511+§E
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| nter ference of Two Plane Waves

EI. - E]_é (li—a,t+¢l)é1

y EZ — Ezé (Iélf[—wtwpz)éz

K = k(cos@lf+sin 6’1})

klﬁez X Ez:k(cosegﬁsinegf)

” F=xi+yj =27
a=m-am=kd-kd+a-¢ Let a=@
Bright fringe Dark fringe

a =2mm — 1
= k[ x(cos ;- cos92) + y(sind1 - sind2)] 7= 27T(m " 2)
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Fringe Spacing

(=1, +T, + 21T, (3 Bp) cos(ay - )

Bright fringe
a=m—az=2rm=Kk[x(cosé — coséh) + y(sin6L —sin&)]

Straight equi-spaced fringes

Look in x=0 plane
Fringe spacing

A

AY = gng—sn
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Fringe Vighbility

l1+ 12+ 2(& ﬁe)m-\\ /P<AC /
\ e \/

1+ 12

l1+ 12 = 2(& B)Vlil2 1

Ay
Fringe Visibility = V = :ﬂgxx;_:ﬁffﬁ
if & B =1
v =2J/ll2 _ AC
lhLh+1> DC
s s et 26

Basic Interference and Classes of Interferometers - James C. Wyant
Page 3




Fringe Spatial Frequency

(@) )

A=633 nm

\_¢/2|¢/2: ¢

0 @)
2si /12 sin

VS:%) VS: /‘¢ -'.___,_.(2)

Vs e

(I/mm) 1000 ,”’
¢ (Degrees)
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Moir é Pattern - Two Plane Waves
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Effect of Polarization Direction
Ep

y A

-\02
%

Es

Ep &

Es

Dependence of & @&, on angle for sand p polarization
s polarization & [& =1for dl angles
p polarization: & [& depends upon angld
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| nter ference of Two Spherical Waves

IF —rl

S
= -5 Bl d[KF-Al-at+a
=] &g el ]
B = 22 glkr-ri-at+q]
[r—r2
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Two Spherical Waves - Fringe Shape

B = a2 dlkr-i-attg] V= \r”i ~ Constant

\f—f’ﬂ _rﬂ -
E = 4 B2 d[kr-rl-awt+g] . B
B aQ\r—rz\e \/E—W~Constant

a=20r-rl-Ir-1} +a- @
= Constant for given fringe

Hyper bolic Fringes
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Moiré Pattern - Spherical Waves

NDRIN

NN \
NN
NN

T
I "

i
i ——— N
[ i

w
\ \\\\\\\\\\\\\\\\\\\\\\\\m\

A
\\\\\\\\\\‘\\\x\\\\\\\\

e
e
W
e
e

Il

i
W
\\H\\m\\\nu

aw

AW
\
\\\\\\\\\
\ \\\\\\\\\\\\\\\\
N

S
\\\\\\\\\\ S
AN A
N\ \
AN \
NN

Optics 505 - James C. Wyant Page 12 of 26

Basic Interference and Classes of Interferometers - James C. Wyant
Page 6




Spherical Waves - Special Case #1

Ir —r

2c

Ir —r2l

Yy

if Xxo>>2cthen

_ 2y
Xo

m

Same result 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 mA =F —ri=|F -
0 2+ 2
® :20_()(—"'2)0
2c o

To

Fringes are concentric circles

r=y2m™ vy, spatial frequency = % = yin\r

Optics 505 - James C. Wyant Page 15 of 26

Concentric Circular Fringes
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| nterfer ence of Plane Wave and
Spherical Wave

\
< X Y

If[Xo| >>|y| and |7 then

2492
a-z/]” sng- Xo§+u%

2 2
If 8= 0 bright fringe when Lg(Tz = —(MA + xo) =i A

Circular fringes of radiusr =+/2xoni A |
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Two Basic Classes of | nterferometers

» Division of Wavefront

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

) —
) )

Source

Two Pinholes I nterference of two

spherical waves

Optics 505 - James C. Wyant Page 19 of 26

Division of Wavefront
(Lloyd’sMirror)

S

Mirror

- - Interference of
e - .
Lo - two spherical
PR waves

2=

S,e~
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Division of Wavefront
(Fresnel’sMirrors)
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Division of Wavefront
(Fresnel’s Biprism)
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Division of Amplitude
(Beamsplitter)

)

Beamsplitter "
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Division of Amplitude
(Diffraction)

I

| 0

| .
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Diffraction Grating
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Division of Amplitude and
Division of Wavefront

Polarization

Lateral Displacement Angular Displacement
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Savart Plate Wollaston Prism
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Division of Amplitude and
Division of Wavefront

Plane Parallel Plate
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