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Part 1 Part 1 -- Basic Interferometers Basic Interferometers 
for Optical Testingfor Optical Testing

•• Two Beam InterferenceTwo Beam Interference
•• Fizeau and TwymanFizeau and Twyman--Green interferometersGreen interferometers
•• Basic techniques for testing flat and Basic techniques for testing flat and 

spherical surfacesspherical surfaces
•• MachMach--Zehnder, Zehnder, ScatterplateScatterplate, and Smartt , and Smartt 

InterferometersInterferometers
•• Shearing InterferometersShearing Interferometers
•• Typical InterferogramsTypical Interferograms
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TwoTwo--Beam Interference FringesBeam Interference Fringes

I = I1 + I2 + 2 I1I2 cos(α1 −α 2 )

α1 −α2 is the phase difference between 
the two interfering beams

α1 −α2 = (2π
λ

)(optical path difference)
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Sinusoidal Interference FringesSinusoidal Interference Fringes

I = I1 + I2 + 2 I1I2 cos(α1 − α2 )
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Pioneer Fizeau InterferometerPioneer Fizeau Interferometer
18621862
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Typical Interferogram ObtainedTypical Interferogram Obtained
using Fizeau Interferometerusing Fizeau Interferometer
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Relationship between SurfaceRelationship between Surface
Height Error and Fringe DeviationHeight Error and Fringe Deviation

Surface height error = (   )(  )λ
2

Δ
S

S

Δ (x,y)
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Fizeau FringesFizeau Fringes

Height error = (λ/2)(Δ/S)

For a given 
fringe the 
separation 

between the 
two surfaces is 

a constant.
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Fizeau Fringes for ConcaveFizeau Fringes for Concave
and Convex Surfacesand Convex Surfaces
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TwymanTwyman--Green Interferometer Green Interferometer 
(1918)(1918)

(Flat Surfaces)(Flat Surfaces)
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TwymanTwyman--Green InterferometerGreen Interferometer
(Spherical Surfaces)(Spherical Surfaces)
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Typical InterferogramTypical Interferogram
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Fizeau InterferometerFizeau Interferometer--Laser SourceLaser Source
(Flat Surfaces)(Flat Surfaces)
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Fizeau InterferometerFizeau Interferometer--Laser SourceLaser Source
(Spherical Surfaces)(Spherical Surfaces)
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Testing High Reflectivity SurfacesTesting High Reflectivity Surfaces
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Mach-Zehnder Interferometer

Testing samples in transmissionTesting samples in transmission
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Laser Beam Wavefront Laser Beam Wavefront 
MeasurementMeasurement

Pinhole

Reference Arm

Test Arm
Detector Array
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Scatterplate InterferometerScatterplate Interferometer

• Scatterplate has inversion symmetry
• Scatterplate is located at center of curvature of test mirror
• Direct-scattered and scattered-direct beams produce fringes

Source

(Near center of curvature of
mirror being tested)Interferogram Mirror Being

Tested

Four Terms:
Scattered-Scattered
Scattered-Direct
Direct-Scattered
Direct-Direct
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High magnification image
of a scatterplateReference
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Microscopic Image of ScatterplateMicroscopic Image of Scatterplate
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Scatterplate InterferometerScatterplate Interferometer
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Scatterplate InterferogramsScatterplate Interferograms
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Smartt Point DiffractionSmartt Point Diffraction
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Lateral Shear InterferometryLateral Shear Interferometry
Measures wavefront slopeMeasures wavefront slope
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Lens
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Shear = Δx
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Lateral Shear FringesLateral Shear Fringes

Measures average value of Measures average value of 
slope over shear distanceslope over shear distance

ΔW x,y( ) is wavefront being measured

Bright fringe obtained when
ΔW(x + Δx,y) − ΔW(x, y) = mλ

∂ΔW x,y( )
∂x Average over

shear distance

⎛

⎝
⎜

⎞

⎠
⎟ (Δx) = mλ
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Collimation MeasurementCollimation Measurement

No wedge in shear plateNo wedge in shear plate

Vertical wedge in shear plateVertical wedge in shear plate

Not collimatedNot collimated Collimated (one fringe)Collimated (one fringe)

Not collimatedNot collimated CollimatedCollimated
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Typical Lateral Shear Typical Lateral Shear 
InterferogramsInterferograms
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Lateral Shear InterferometerLateral Shear Interferometer

Measures slope of wavefront, not wavefront shape.Measures slope of wavefront, not wavefront shape.

Two diffracted Two diffracted cones cones 
of rays atof rays at slightly slightly 
differentdifferent anglesangles

TwoTwo--frequency grating frequency grating 
placed near focusplaced near focus

SourceSource

Lens under Lens under 
testtest

Two sheared Two sheared 
images of exit images of exit 
pupil of systempupil of system
under testunder test
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Interferogram Obtained usingInterferogram Obtained using
Grating Lateral Shear Grating Lateral Shear 

InterferometerInterferometer
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Rotating Grating LSIRotating Grating LSI
(Variable Shear)(Variable Shear)
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Rotating Grating LSIRotating Grating LSI
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Shearing InterferogramsShearing Interferograms
(Different Shear)(Different Shear)
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Radial Shear InterferometryRadial Shear Interferometry
Wavefront is interfered with expanded 

version of itself

S1

S2

Radial Shear = R = S1
S2

LaserLaser

2S2S222S2S11
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Analysis of Radial Analysis of Radial 
Shear InterferogramsShear Interferograms

Wavefront being measured
ΔW ρ,θ( )= W020ρ2 +W040ρ4 +W131ρ3 cosθ +W222ρ2 cos2θ

Expanded beam can be written
ΔW Rρ,θ( ) = W020(Rρ)2 +W040(Rρ)4 +W131(Rρ)3 cosθ
+W222(Rρ)2 cos2 θ

Hence,  a bright fringe is obtained whenever
ΔW ρ,θ( )− ΔW Rρ,θ( )= W020ρ2(1− R2) +W040ρ4(1 − R4)
+W131ρ3(1− R3)cosθ +W222ρ2(1− R2) cos2 θ

Same as Twyman- Green if divide each coefficient by (1- Rn)
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Radial Shear InterferogramRadial Shear Interferogram

•• Variable Sensitivity TestVariable Sensitivity Test

•• Large shear Large shear -- results same as for results same as for 
TwymanTwyman--GreenGreen

•• Small shear Small shear -- Low sensitivity testLow sensitivity test
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Interferograms, Spherical AberrationInterferograms, Spherical Aberration
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InterferogramsInterferograms
Small Astigmatism, Small Astigmatism, SagittalSagittal FocusFocus

Tilt
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InterferogramsInterferograms
Small Astigmatism, Medial FocusSmall Astigmatism, Medial Focus

Tilt
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Interferograms, Large Astigmatism,Interferograms, Large Astigmatism,
SagittalSagittal Focus, Small TiltFocus, Small Tilt

Tilt
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Interferograms, Large Astigmatism,Interferograms, Large Astigmatism,
Medial Focus, Small TiltMedial Focus, Small Tilt

Tilt
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InterferogramsInterferograms
Small Coma, Large TiltSmall Coma, Large Tilt

Tilt
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InterferogramsInterferograms
Large Coma, Small TiltLarge Coma, Small Tilt

Tilt
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InterferogramsInterferograms
Large Coma, Large TiltLarge Coma, Large Tilt

Tilt
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InterferogramsInterferograms
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InterferogramsInterferograms
Combined AberrationsCombined Aberrations

All wavefronts 
have 1 λ rms
departure 
from best-
fitting 
reference 
sphere.

Spherical    

Coma

Astig Coma + Astig

Sph + Coma

Sph + Astig Sph + Coma
+ Astig


