
Three dimensional
optical transfer functions
for hi gh aperture systems
with non-symmetric pupils

Matthew R. Arnison, Colin J. R. Sheppard

Physical Optics Laboratory, School of Physics, and
Key Centre for Microscopy and Microanalysis

http://www.physics.usyd.edu.au/physopt/
mra@physics.usyd.edu.au



High aperture Fourier optics

x

z

Point spread function



High aperture Fourier optics

m

s

x

z

FT

Ö

• Frieden (JOSA, 57, p56, 1967) scalar 3D OTF assumed paraxial rays

• Sheppard (JOSA A, 11, p593, 1994) assumed a radially symmetric pupil function

• Sheppard (Optik, 107, p79, 1997) was vectorial but results were 2D projections
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Why asymmetric?

• Vectorial focussing is not radially symmetric.

• Aberrations are modeled as phase functions across the
pupil which are often not radially symmetric.

• We therefore need to generalise the 3D transfer function
integrals to deal with arbitrary pupil functions.



Fourier optics
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Fourier optics
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Correlation of 2D pupil functions
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Correlation of 3D pupil functions
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Correlation of 3D pupil functions
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Correlation inte gral
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Correlation inte gral

Projected
pupil

Auto-
correlation

PolarisationDeclination Apodisation Complex pupil mask

Normalisation



Correlation inte gral

Projected
pupil

Auto-
correlation

Circle
of
intersection



Widefield vectorial OTF
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Widefield vectorial OTF
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VOTF: axial slices
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What does it all mean?

• The vectorial OTF is simply the frequency spectrum of the
vectorial intensity point spread function: perhaps “transfer
function” is a misnomer

• For weak scattering or fluorescence imaging, if the object
response is insensitive to polarisation, you could use this for
accurate modeling

• Might also be useful for analysing high NA polarisation
microscopy

• Another way of exploring the symmetries of vectorial focusing



Conclusion

• We have developed a general vectorial 3D OTF for
arbitrary pupil functions.

• It’s straightforward to calculate for any point in
frequency space - no massive FFT arrays required!

• So we have a Fourier version of vectorial focusing
theory, suitable for high aperture analysis.

Stay tuned to Optics Communications for details.


