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Optics 513 - Optical Testing and Testing 
Instrumentation Lab 

 
 

Lab #8 – Shack-Hartmann Test 
Smartt Point-Diffraction Interferometer 

 
 
The purpose of this lab is to 
• Become familiar with the use of a Shack-Hartmann Test. 
• Understand the use of a Smartt point-diffraction interferometer (PDI) for testing 

optics. 
 
 
Procedure: 
 
Shack-Hartmann Test 
 
• Use the Shack Hartmann-Hartmann test to evaluate the lens.  Move the lens 

longitudinally and determine the defocus introduced.  Turn the lens around and 
measure the amount of spherical aberration.  Tilt the lens and measure the resulting 
aberration. 

 
• Test the parabolic mirror provided.   
 
 
PDI 
 
• Place the PDI near the focus of the lens system supplied to you.  Using the x-y-z 

adjustments on the interferometer adjust the interferometer so some light is 
transmitted through the pinhole.  Place the ground glass screen after the 
interferometer and observe the fringes.   

 
• Either sketch or photograph the fringes and note how the fringes change as the 

pinhole is translated in x, y, or z.  Also, note how the fringe contrast changes as the as 
the pinhole is moved. 

 
• Tilt the lens and note how the fringes change. 
 
 



Optics 513L - James C. Wyant (2008) 

-2- 

Questions: 
 
Shack-Hartmann 

1) Estimate the accuracy of the Shack-Hartmann test. 

2) How much longitudinal displacement of the lens is required to introduce one-wave 
of defocus? 

3) How well do the Shack-Hartmann measurements of the parabolic mirror agree with 
your previous Twyman-Green interferometer measurements of the same mirror? 

4) How could the Shack-Hartmann lab be improved? 
 
 
 
PDI 

1) Why does the fringe contrast depend upon the amount of tilt, defocus, and 
aberration? 

2) Would the PDI work easily with a white light source?  Explain. 
 
3) What determines the optimum pinhole size? 
 
4) What is the optimum transmission of the coating around the pinhole? 
 
5) How far should the pinhole be displaced to introduce 5 fringes of tilt? 
 
6) How could you modify the PDI so it could be used as a phase-shifting 

interferometer? 
 
7) Sketch a setup for using the PDI to test a spherical mirror. 
 
8) How would the test results change if the pinhole were elliptical instead of circular? 
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Shack-Hartmann Test 
 

 
Shack modified the classical Hartmann test by replacing the screen containing holes with 
a lenslet array.  In typical use the beam from the telescope is collimated and reduced to a 
size of a few centimeters and impinges on a lenslet array that focuses the light onto a 
detector array as shown in Figure 1.  The positions of the various focused points give the 
local slope of the wavefront.  Figure 2 shows photos of a Shack-Hartmann lenslet array.   
 

 
 
Fig. 1.  Shack-Hartmann lenslet array measuring slope errors in an aberrated wavefront. 
 

 
Fig. 2.  Photos of a Shack-Hartmann lenslet array. 

 
 

Point-Diffraction Interferometer (Smartt) 
 
The point diffraction interferometer (PDI) is basically a two-beam interferometer in 
which a reference beam is generated by the diffraction from a small pinhole in a 
semitransparent coating.   
 
 
 
The major disadvantage of the PDI is that the amount of light getting through the pinhole, 
and hence the amount of light in the reference beam, depends upon the position of the 
pinhole.  That is, the contrast of the interference fringes depends upon the amount of 
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aberration and upon the amount of tilt introduced into the interferogram.  Typically, the 
amount of tilt in the interferogram can be changed by 5 to 7 fringes before the fringe 
contrast becomes unacceptable. 
 
 
 
 

 
 

Operation of Smartt point diffraction interferometer. 
 
 
 
 
 
 
 
 

 
 

Point diffraction interferometer used to test a lens. 
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Typical test setups. 

 


