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Abstract: We have derived an analytical expression for the field components in the focal region 
of a high-numerical-aperture imaging system using the so-called extended Nijboer-Zernike 
diffraction theory. It will be shown that the transmission function of the imaging system and its 
aberrations can be derived from the through-focus intensity map.  
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Summary 
In a recent publication the authors have presented a formalism that, starting from the complex field in the entrance 
or exit pupil of the optical system, enables an accurate forward calculation of the field in the focal region produced 
by a high-numerical aperture beam, including the vectorial aspects. The analysis is a further extension for high NA-
values of the extended Nijboer-Zernike theory of aberrations [1] and is capable of representing the field vectors in 
the focal region of a high-NA objective with the aid of a well-converging series expansion in Bessel functions. 
For the scalar diffraction case, the starting point is the semi-analytic result for the diffraction integral, yielding the 
following expression for the complex amplitude in the focal volume, 
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and the approximated expression for the intensity according to 
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which is valid when the amplitude variations and aberrations introduced by the optical system are small; r, f, andϕ  

are the cylindrical co-ordinates in the focal region and (in general complex-valued) are the Zernike coefficients 
describing the amplitude and phase distribution of the field in the exit pupil according to 

; the V-functions are obtained from the extended Nijboer-
Zernike diffraction theory.  
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In this presentation we will discuss aspects of the inverse problem [2], viz. the reconstruction of the complex field in 
the exit pupil by collecting a set of through-focus intensity measurements. We also address the extra complications 
that arise when the fully vectorial situation is treated in the case of high-NA imaging.      
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