Basic Classical | nterferometers

* PlaneParallel Plate
* Fizeau
 Michelson
 Twyman-Green
 Mach-Zehnder

o Lateral Shear
Radial Shear
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Plane Par alldl Plate - Point Sour ce

Non Localized fringes
S P

Y

By symmetry, fringesin plane parallel to
plate arecircular about normal SN
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Plane Parallel Plate - Extended Sour ce
(Path Difference)

Optical path difference

Al = (AB +CB)n-nAD
—rp-_d

AB=CB=cp

AD = ACsin@; AC =2dtan@
=2dtandsin &

nsné =nsné

—2nd _5,qSNn@nsinb
AI‘cos@ ancosE? n

IAl = 2nd cosd =20d 11 g2
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Plane Paralld Plate - Extended Source
(Haidinger Fringes)

S Fringeslocalized at infinity
P

N
0 / n

0= 2/\—772ndcos<9i 71
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Haidinger Fringes
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Plane Paralld Plate - Extended Source
(Transmitted Light)

S
A
d N 0 n
]

Fringeslocalized at infinity

0= ZA—Han cosd

P

Low reflectance surfaces give low visibility fringes.
Transmitted and reflected fringe patterns are complimentary.
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Fizeau Fringes - Point Source
(1862)

S Non localized fringes P

ny
thin — n
film
N
o= ZA—nancosei 71

d isfilm thickness (function of position)
0 isangle within film (function of position)
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Fizeau Fringes - Broad Source
(1862)

thin — — n
film

ny
Fringeslocalized near film
Near the film rays from source points see approximately samed

Variationsin cos 0 reduced if
a) camerahas small aperture focused on film
b) if 8 =0, cos 0 = 1 for moderate spread in 6
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Classical Fizeau | nterferometer

AHdium Lamps

[ 7
Eye O O groung glgsﬁ_l_Withd
round Side Towar
RN / Lamps

Part to be
Tested

Test
Glass
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Typical Interferogram obtained
using Fizeau | nterferometer
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Relationship between Surface
Height Error and Fringe Deviation

A (Xy) —=[ |-

/ /

Surface height error = (% ) (%)
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Fizeau Fringes

Bump

()

Top View Top View
ERefere?%% For agiven fringe
o=t the separation [ Test ]

. between thetwo 445
2T surfacesisa 2
constant.

=
=

>lsle>|lea  Heghteror =@  >|sle>lea

Interferogram Interferogram
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Newton’s Rings

d —

Tﬂ\ |

-« p —>

For m th dark fringefrom center

dn=ml{  [om=VMIR
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Soap Bubbles and Oil Films

For bright fringe

2/]—’T2nd cos@+ 1= m27T

If d>>A, mvaries greatly for changein A.
If d=few A, mvaries slowly with A.

Therefore, with thin films see color fringes.
Color changeswith variationsin thicknessand 6.
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Michelson I nterferometer
(1881)

M,
Extended Sour ce

AL

N

\vf Compensator Plate

B
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Michelson I nterferometer
(Fringes of Equal Inclination - Haidinger)

L, M, _ M, L

_—1 ]

NiE S
M

B

- 2d L~
P 2d
<d> Bright fringe when
Cos g 2d cos 0 = mA
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Michelson I nterferometer
(Fringes of Equal Thickness)

L
L, L, M, M,
P
\P’\
Fringe
L ocalization
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Michelson Interferometer Fringes

Upper row - Fringes of Equal Inclination

Lower row - Fringes of Equal Thickness
Path differences increases outward from the center
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White Light Fringes

J

Blue Red

W
i

\
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Twyman-Green Interferometer
(Flat Surfaces)

Reference
Mirror
L aser ] Test
] Mirror
Beamsplitter
Imaging Lens
Interferogram
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Mach-Zehnder | nterferometer

Sample

Imaging Lens

Interferogram

Beamsplitter

Testing samplesin transmission
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Lateral Shear Interferometry

| M easur es wavefr ont slope|

Shear Plate
Sour ce o
Collimator YY
Lens
Interferogram
o9 —> I(— Shear = Ax
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L ateral Shear Fringes

AW(x,y) is wavefront being measured

Bright fringe obtained when
AW(X + AX,y) = AW(X,y) =mA

Chnw(x, O
EdT(y)Average over E(AX) =mi

shear distance

M easur es aver age value of slope
over shear distance
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Collimation M easur ement

=

No wedgein shear plate @

Not collimated Collimated (onefringe)
@Vatical wedge in shear plat@
Not collimated Collimated
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Radial Shear Interferometry

Wavefront isinterfered with expanded
version of itself

A s 2*52
/ 4
7 ”
Laser
MG
Radial Shear =R =&
& & S,
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Analysis of Radial Shear
| nterfer ograms

Wavefront being measured
AW (p, 6) = Wo2002 + Woago* + Waz103c0s 8 + Waopp2 cos? 6

Expanded beam can be written

BW(Rp,6) = Wezo( Ro)? + Woso(Ro)* + Whaa(Ro)3c0s6
+Who2(Rp)2cos? 8

Hence, abright fringe is obtained whenever
AW(p, 8) - AW(Ro, 6) = Wo2002(1 - R2) + Woso0*(1 - R4)
+Wi3103(1 - RB) cos 8 + Wa2o02(1- R2) cog? 6

|Same as Twyman+ Green if divide each coefficient byf1- R")|
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Radial Shear Interferogram

* Variable Sengitivity Test

» Largeshear - results same asfor Twyman-
Green

« Small shear - Low sensitivity test
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