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Optical Sciences Centre

The Optical Sciences Centre was bornin 1988, al-
though it had existed as an independent entity within
the Department of Applied Mathematicsfrom 1983.
Led by Professor Allan Snyder (who had also been
Head of Applied Mathematicsfrom 1980 to 1983),
ably supported by Professor John Mitchell, Dr John
Love, Dr Nail Akhmediev and a team of interna-
tional researchers, the Centre has been substantially
supported, significantly honoured and widely re-

ported for itsachievements. It hasworked actively
and fruitfully with a very varied range of collabo-
rators, including the School’s own Laser Physics
Centre.

From a base of research in vision and visual per-
ception, the Centre has expanded its activities into
awiderange of optical projects, from sophisticated
mathematical analysesto very practical optical tech-
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nologies. Some examplesfollow.
Global strategiesfor brain and machine vision

The focus here is the manner in which the brain
incorporates prior knowledge of thevisual environ-
ment to accel erate visual information processing in
general and object recognition in particular. This
research is performed in collaboration with visual
biologists and computational scientists. The most
recent approach to these questions probes the ex-
traordinary capabilities of autistic child artists.

Light guiding light

Guiding and manipulating light by light itself, with-
out any intervening fabricated structures, isthe cen-
tral aim of thisexciting research; atopic revolving
around the physicsof dynamic spatial solitons* and
one relevant to futuristic all-optical devices (eg
without optical fibres). This research has been a
passion at the Optical Sciences Centre since 1990
and wasfeatured in New Sientist, (Vol. 12 January
1991, p. 14.) Various theoretical predictions have
now been realised collaboratively with the experi-
mental program of the Laser Physics Centre.

*a soliton is a solitary wave that travels long dis-
tances without substantial dissipation (e.g. a tidal
wave at sea). A light soliton is then an appealing
potential carrier of information in optical circuits.

Unification of linear and nonlinear waves optics

A new conceptual approach, whereby nonlinear
opticsisviewed from the perspective of linear phys-
ics, isthe basis of thisproject. This philosophy not
only unifies nonlinear waves but it has also been
the crucial inspiration for several discoveries of
major significance, including dynamic solitonsand
the universal stability criterion of nonlinear guided
waves.

Nonlinear dynamicsof multi component solitons

Research in this area covers several modern prob-
lemsin optics. short pulse propagation in birefrin-
gent optical fibres, solitary wavesin non-linear cou-
plers, and spatial and temporal vector solitons in
nonlinear media. The theory of Hamiltonian dy-
namical systemswith an infinite number of degrees
of freedom is developed to describe these type of
phenomena and to predict novel effects.
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Nonlinear waves and solitons in higher dimen-
sions

The aim here isto observe and identify spatial and
temporal solitons in experiments, with the higher
dimensions effects being analysed in detail. This
includes two and three-dimensional spatia (dark,
grey and bright) solitons aswell as soliton-like ob-
jects(“light bullets”) in waveguide structures. One
of the purposesisto establish alink betweenredis-
tic physical models and exact integrable equations.

Optically written photonic circuitry

Thisproject involvesthe collaborative devel opment
of the direct uniting of light-processing elements
onto a sandwich of transparent material, thus mak-
ing three-layer optical fibres obsolete. The tech-
nique depends on the “light guiding light” princi-
ple outline above, and involves the use of ahighly-
focussed and controlled laser beam modifying the
central, doped layer of the transparent sandwich.

Planar waveguides and devices

Novel planar optical devices, such as mode
combiners, separators and transformers, multiport
couplers, multilayered guides, grating assisted de-
vices and integrated-optics interfaces, are being
devised for a broad range of applications, includ-
ing optoelectronic circuitry, telecommunications
networks, optical sensing and confocal microscopy.

Major developments

Thediscovery of an optical fibrethat transmitsover
an extended distance only light of afixed polarisa-
tion led, in 1983, to the formation of the Australian
Optical Fibre Research Co., recently sold by BHP
to alarge American company.

In 1991, the Centre was a key player in the award
to the ANU of a Cooperative Research Centre
(CRC) for Optical Fibre and Photonic Technology
(photonics being the control and storage of infor-
mation using the elementary units of light called
photons). The CRC is expected to have $100 mil-
lion at its disposal over seven years and to focus on
developing new optical devices and technologies
for communications, information processing, sens-
ing and industrial applications.

In addition to the award of advanced degrees to
members of the Centre, Professor Snyder was made
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a Fellow of the Australian Academy of Sciencein
1985, of the Australian Academy of Technological
Sciencesin 1987, and of the Royal Society of Lon-
don in 1990; he was awarded the Lyle Medal of
the Academy of Sciencein 1986, the Sutherland of
the Academy of Technological Sciences in 1991,
theA.E. MillsOration of the Royal Australian Col-
lege of Physiciansin 1996, and the Harrie Massey
Prize of the Britishand Australian Institutes of Phys-
icsin 1996. In 1995, the CSIRO Externa Medal
for Research was awarded to Professors Snyder and
Mitchell.

Milestone discoveries

The first prediction of optical vortex solitons and
proof that they are stable.

Demonstration of light guiding light, aswell as self-
induced optical components using dark spatial
solitons, in collaboration with the Laser Physics
Centre.

Thediscovery of ‘dynamic solitons' - animportant
and ubiquitous new class of solitons whose inten-
sity isuniform but whose el ectric field changeswith
propogation.

A universal criterion for the stability of fundamen-
tal nonlinear waves, including solitons, modes of

nonlinear waveguides, and waves at nonlinear in-
terfaces.

Thefirst analytical method for describing interact-
ing (bright and dark) solitons of planar and circular
Cross-sections propagating in an arbitrary medium.
The development of a new conceptual framework
whereby nonlinear waves are approached from the
perspective of elementary linear physics (the phi-
losophy of this approach underpinsthe above theo-
retical discoveries).

The discovery of temporal soliton states that are
the key objects governing a variety of switching
phenomena in dual-core and multi-core optical fi-
bre arrays.

Passive optical devices that multiplex between the
modes of afew-moded waveguide and an equiva-
lent number of single-mode waveguides, thereby
enabling superposition between information chan-
nels.

It has been shown that any multiport coupler com-
prising an arbitrary number of fibre coresin an ar-
ray has an equivalent planar coupler comprising a
planar array of buried channel cores.

The discovery of a new class of motion illusions
that could influence theories of human motion per-
ception.

Allan Snyder




