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Our first laser scanning microscope at Oxford University was operational in January 1974 [1].
In the subsequent years, the Oxford Group investigated confocal microscopy in transmission,
reflection, fluorescence and interference modes [2]. The first images from scanning second
harmonic generation microscopy were published [3]. We also developed differential phase
contrast (DPC) microscopy. In my final year before moving to Sydney, I proposed what is
now known as image scanning microscopy (ISM), which achieves confocal resolution with
greatly increased signal level [4].
The theory of imaging in different types of partially coherent microscope including
confocal microscopy with a finite sized detector, and the spinning disk microscope was
developed. The special cases of imaging of weak and slowly varying objects were identified,
and the resultant weak object and phase gradient transfer functions (WOTF and PGTF) for
brightfield, DPC and differential interference contrast (DIC) microscopes presented. The
theory of three-dimensional (3D) imaging in confocal and conventional systems was
investigated.
From 1977, we investigated the application of Bessel beams in confocal microscopy.
The propagationally invariant nature of Bessel beams was identified, and the Bessel-Gauss
beam introduced [5].
In Sydney (1989-2003), activities included investigation of the 3D transfer function,
fibre-optic confocal microscopy, and signal-to-background and signal-to-noise ratios in
microscopy. A theory of confocal reflection based on scattering by the sample was developed,
and applied to fractal objects. A full-field OCT system was built.
In Singapore (2003-2012), a full-field version of DPC was developed. Phase imaging
by the transport of intensity equation was investigated. A theory of imaging in partially
coherent microscopes based on the Wigner distribution function was studied. The focal
modulation microscope (FMM) was developed, extending the penetration depth of confocal
microscopy [6].
In Genoa (2012-2017), work has continued on ISM. Application of the 3D transfer
function to optical propagation has been investigated. The theory of polarization, and its
application in microscopy, has been studied.
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