
Lyot Test (Zernike Phase Contrast) 
 
Ref: Kingslake, Vol IV, p. 67 
 
The figure below illustrates how the Lyot test, or as it is commonly called, the Zernike 
phase contrast test, can be used to measure surface roughness.  If the sample is tested in 
reflection, the back surface is often coated to eliminate light from the second surface.  
The sample can also be tested in transmission. 
 
 
 
 
 
 
 
 
 
 
The Lyot mask has an intensity transmittance of a2 for the region within the first dark ring 
of the Airy disk focused on the mask and essentially 100% transmittance for the region 
outside the first dark ring of the Airy disk.  The mask also retards the phase of the light 
falling within the first dark ring of the Airy disk 90o (positive contrast) or 270o (negative 
contrast).  If z(x,y), the height variation of the test sample surface, is a small fraction of a 
wavelength of the light used, the amplitude of the light reflected from the sample can be 
written as 

 
For unit magnification and positive contrast the irradiance distribution, I(x,y), in the 
image plane of the sample tested in reflection at normal incidence is given by 
 

 
 
where to

2a2 is the observed irradiance for a perfectly flat surface.  Therefore, if 
4πz(x,y)/λ<<a, the irradiance is linearly related to the height variations of the surface.  To 
increase the resolution and the amount of light, the light source and mask are often 
annular. 
 
As an example let z =10 Angstroms and λ=633 nm.  Density, D, is defined as 
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D 0 0.5 1 1.5 2 
a 1 0.56 0.32 0.18 0.10 
 1.04 1.07 1.13 1.22 1.40 

 1.04 1.07 1.13 1.24 1.44 

 
 
Figure 1 shows a diagram of a typical phase-contrast microscope. 
 

 
 
Figure 1. Phase-contrast microscope (ref: R. Kingslake, “Applied Optics and Optical 
Engineering”, Vol. IV, p. 68, (1967). 
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The following three results obtained using the Zernike phase contrast (Lyot test) are from 
the “Atlas of Optical Phenomena”, Vol. 1 by Cagnet, Francon, and Thrierr. 
 
 

 
 

Figure 2.  A pitch polished lens surface. 
 
 
 
 

 
 
 



For the following two results the phase mask is made opaque.  In this case the 
measurement method is called the Schlieren method.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.  Inhomogeneities in glass – Schlieren method. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Inhomogeneities in glass – Schlieren method. 


