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President's Report

The Visibility of Optics

The theme of my first President's Report this time last
year was that we as opticists should have a special
advantage in communicating our branch of science to
the general public, because
most people have an
elementary mechanistic
feeling about phenomena
such as light propagation,
vision, colour, and so on.
However, as in many other
areas of science, much of
what we all take for granted o
today is a relatively recent _ ; i
development.

The textbooks say that the Arabian mathematician
Alhazen is thought to be the first person to have
recognised clearly that the light that we see travels from
the object to the eye, rather than in the reverse direction
as the ancient Greeks before him had supposed.
Alhazen's work was first published as recently as 1000
years ago, and was not introduced into European
scientific culture for another 400 or 500 years when it
was translated into Latin during the Italian
Renaissance. Alhazen's concepts were then taken up by
artists in their use of perspective to make their pictures
more realistic, but largely ignored by "scientists" of the
day. Indeed, science had to wait another two centuries
before Isaac Newton in 1704 published his classic book
(based on his research of the preceding 40 years, some
of it suppressed because it offended the philosophies
other physicists of the day, notably Robert Hooke) that
could be regarded as the birth certificate of modern
optics. (Incidentally, putting on my chemist's cap for a
moment, I read with interest recently that John Dalton -
often regarded as the father of modern chemistry -
discovered that he was colour blind and in 1798 wrote a
systematic account of his observations, based on some
of Newton's concepts and experimental methods.)

Now, almost 300 years later, we approach the end of a
century that has been quite spectacular in terms of
advances in optical science and technology. Armed at
the outset with Maxwell's equations and many
important experimental observations from the 19th
century, this century began with the profound
conceptual advances of Planck and Einstein, leading to
myriad subsequent developments in theory, experiment
and technological spin-off. Today we are accustomed in
our daily lives to recent innovations such as colour
television, compact discs, barcode scanners, laser
printers, fibre-optic  communications, computer-

controlled fabrication of spectacles, high-resolution
imaging from satellites, "Star Wars" weaponry,
holography, advanced medical procedures (such as
endoscopy or laser diathermy, angioplasty and
microsurgery), instant photography (with Polaroid film
now being challenged by digital media), and many
more. These are all products of optical science and we
face the challenge of bringing that fact to the public's
attention in order to gain support for our pursuit of
further advances. We also need to remind the
Australian Research Council of the importance of
optics as a central discipline at the frontier of physical
science, so that it is retained as one of the ARC's
Priority Areas for the forthcoming research funding
triennium.

And what are today's optical frontiers that could lead
on to tomorrow's commonplace technologies? I am sure
that we shall hear about plenty of them at the Society's
AQOS XI conference in Adelaide on 10 - 12 December
1997.

For one notable frontier, we need look no further than
the recently announced Physics Nobel Prize award to
Steve Chu, Claude Cohen-Tannoudji and Bill Phillips -
each well known to some of us in the Australian optics
scene. The laser-based methods that they and others
have developed to cool atoms to microKelvin
temperatures are part of a wider range of optical
techniques that rely on momentum transfer between
radiation and matter, including optical tweezers that
can manipulate biomolecules and selective deflection
methods that enable isotope separation. Beyond these
lie the dramatic recent advances in gas-phase Bose-
Einstein condensation and the "hot" topic of atom
optics. These provide interesting flashbacks to the first
quarter of this century, when quantum statistics was in
its infancy and the wave-particle duality emerged as a
major conceptual triumph.

You can read more about the "laser coolers" in an
invited article by Ken Baldwin elsewhere in this issue.
Incidentally, I gather from Ken's opening paragraph
that the Canberra media were more attuned to the
announcement of their Nobel prize than were those in
Sydney: the only thing I saw in the Sydney papers (and
I knew when and what to look for, because I receive
Nobel Prize news releases by email) was a few days
later when some Russian scientists claimed that the
Prize should have been theirs. So much for "the
visibility of optics" when it comes to public awareness
of the true frontiers. Perhaps we have not advanced all
that far since the days of Alhazen or Newton, in terms
of reception of new ideas!

— Brian Orr
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ADS MEDAL

Q)

AUSTRALIAN OPTICAL SOCI

The Australian Optical Society is seeking nominations
for the fourth award of this medal, which is for an
outstanding contribution or contributions to the field of
optics in Australia by a member of the Australian
Optical Society.

Previous winners of the medal have been:
1995: Mr Bill James
James Optics, Melbourne;
1996: Dr Parameswaran Hariharan
University of Sydney and CSIRO;
1997: Professor Jim Piper
Macquarie University.

This Medal is the most prestigious award of the
Australian Optical Society. It would normally be
presented only to 2 nominee at an advanced stage of his
or her professional career and with a strong and
sustained record of authority, enterprise and innovation
in the field of optics in Australia.

Nominations for the 1998 AOS Medal Winner should
include brief personal details and a curriculum vitae
emphasising the main contributions made by the

nominee to Australian optics.

Two letters of recommendation should also be provided.
Nominations may be made either by or on behalf of any
eligible candidate. The selection panel reserves the
option to seek additional information about candidates
for the award.

It is hoped that the person selected to receive the medal
will be able to do so at the 1998 AOS Conference,
which is planned as part of the Australian Conference
on Optics, Lasers and Spectroscopy (ACOLS'98) in
Christchurch, New Zealand in December 1998.

The closing date for nominations is 15 May 1998.
Nominations should be sent to the AOS Secretary:

Dr Clyde Mitchell
CSIRO MST
Private Bag 33
Clayton South
Victoria 3169
Fax: (03) 9544-1128
E-mail: C.Mitchell @mst.csiro.au
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AUSTRALIAN OPTICAL SOCIETY

AOS XI

Adelaide

10-12 December, 1997
See the preview on p26-31

Editorial

In this issue I have included a preview of the
AOS XI conference to be held in Adelaide, 10-12
December. I sincerely hope that you receive your copy
before then!

The December issue traditionally contains the
membership list for the AOS, and this year is no
exception (p40). Also included is a review of the 1997
Nobel Prize in physics, which was awarded this year to
some of the pioneers of atom trapping (p17).

Duncan Butler

Nobel prize in physics

The 1997 prize in physics has been awarded to Professor
Steven Chu, Stanford University, Stanford, California,
USA, Professor Claude Cohen-Tannoudji, Ecole
Normale Supérieure, Paris, France, and Dr. William D.
Phillips, National Institute of Standards and
Technology, Gaithersburg, Maryland, USA. The prize
was awarded for the recipients' contributions to laser
cooling and trapping of atoms (see review p17).

An Introductory Course in Computer-Aided Optical
Design is a one-week course by Kidger Optics. The
course will be held in Sydney in March.

OSA manuscript tracking system

The Optical Society of America has started a manuscript
tracking system on the World Wide Web. Manuscripts
submitted to the OSA journals JOSA, Applied Optics,
etc, can be tracked once the OSA manuscript number is
known. This system is an excellent way to make sure
your article is on track to publication. Some example
results for a manuscript status inquiry are shown below:

MS#: B7800

RECV: 9Sept.95

Title: Fluorescence spectroscopy of kryptonite based
compounds

List of Authors: L. Lane, C. Kent, F. Sitcom
Corresponding Author: Dr. L. Lane

Address:

Univ. of Trallee

EEC Dept.

5289 Merriment Dr.

Tinsel Town, CA 2651-3104

Phone: 214 576 3200

Fax: 214 576 3201

E-mail: fsitcom@utrallee.edu

Manuscript History/Actions

16 Sept.95 Sent to referee #1

20 Sept.95 Sent to referee#2

13 Cet. 95 Reminded referees

15 Oct. 95 Response recv #2

16 Oct. 95 Response recv #1

21 Oct. 95 RR1 letter to Au

5 Jan. 96 Revised manuscript received
g Jan. 96 Sent to referees

15 Jan. 96 Response recv #1

23 Jan. 96 Reminded referee

26 Jan. 96 Response recv #2

5 Feb. 96 Manuscript accepted 16
Reminders:

Ne Transfer of Copyright has been received. No
Manuscript Submission Form has been received. We must
have signed copies of each before a manuscript can be
accepted for publication.

Submission in electronic form

Many scientific journals now accept manuscripts in
electronic form. Applied Optics, for example, allows you
to submit articles in postscript form via email.
Metrologia invites submission in any of the common
word processor formats, also via email. In most cases,
the journal also requires printed copies to verify that
figures, equations and fonts have been interpreted
correctly. However, the possibility of electronic
subrnission is certainly attractive from the point of view
of speed and the direct submission of figures containing
digital information.

The AOS on the World Wide Web
http://www.dap.csire.aw/OPTECH/Optics-Radiometry/aoshome.htm

— OO T~
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KIDGER OPTICS

SIGMA-2100 Release 2 Optical Design Program
now with ISO 10110 component drawings,
the new Kidger Optics Macro Language,
Presentation graphics, Non-sequential ray tracing
and much more

ISO 10110 component drawings
Kidger Optics Macro Language
Presentation Graphics
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segmented surfaces, lens arrays,
multiple-pass systems, and more

e
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et

Introductory Course in Computer-Aided Optical Design
Sydney, March 1998

Following from our successful course in Singapore, for the third time in Australia, we are
holding one of our courses in Optical Design. This one-week course is at an introductory level,
and is ideal for those starting in optical design, and wishing to have a clear understanding of: -

Paraxial optics Effective ways to use lens design software
Ray tracing Design of simple objectives

The effects of aberrations Design of visual systems

The principles of aberration theory Design of thermal imaging systems

The performance of different lens types Reflecting and catadioptric systems
Methods of calculating lens performance Optimisation in optical design

FILM-2000 Thin-Film Design Program

FILM-2000 is our program for thin-film design with many practical features such as: -
Importing of measured data from spectrophotometers, tolerancing, admittance diagrams.

Visit our web site at WWW.KIDGER.COM, or call us, for more details

Kidger Optics Ltd
9a High Street, Crowborough,
East Sussex, TN6 2QA, England

Telephone (+44) 1892 663555, Fax (+44) 1892 664483
E-MAIL: SALES@KIDGER.COM
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A Tale of Two Conferences

Tanya M. Monro
School of Physics A29, University of Sydney, NSW 2006
Australian Photonics CRC, Australian Technology Park, Eveleigh NSW 1430

I recently returned from two conferences: the Optical
Society of America Annual Meeting (Oct 12 - 17) and
the Bragg Gratings, Photosensitivity, and Poling in
Glass Fibers and Waveguides: Applications and
Fundamentals meeting (Oct 26 - 28). The sponsorship
provided by the 1997 AOS Postgraduate Student Prize
helped to make it possible for me to make this trip. Here
1 present an overview of what were for me some of the
highlights of these conferences.

The 1997 Annual Meeting of the Optical Society of
America was held at the Long Beach Convention
Center, California. The OSA Annual Meeting is a very
general optics conference, which covers a wide range of
topics from geometrical optics to Bose-Einstein
condensation. Due to a nasty bout of food poisoning, the
first talk I managed to see was an excellent review by
Marty Fejer (Stanford, [Monday 2pm MNN1]) on the
advantages of using Periodically Poled Lithium Niobate
(PPLN, pipplin) waveguides for nonlinear optics
experiments. Fejer reported the fabrication of PPLN
devices with 7 um wide domains.

Later that day, still a bit wobbly on my feet, I gave a talk
titled “Self-written waveguides in photopolymers and
photosensitive glasses’ (MNN3), which got a good
response. This talk was primarily about new theoretical
work on self-writing processes. 1 was fortunate enough
to have a postdeadline paper on my recent self-writing
expeniments accepted (PD13), and this paper was also
well received.

An excellent overview of the possible applications of
photonic band gap materials was given by Ekmel Ozbay
(Bilknet University, Turkey WI4). Ekmel was the
winner of the Adolph Lomb Medal, 1997, awarded for
contributions to Optics made before the age of 30.
Ekmel's talk focussed on the applications of photonic
crystals in the microwave regime, and in particular to
antenna and detector applications.

In postdeadline paper PD8, Koroteev et al. (Moscow
State) presented a cute idea for using a cw femtosecond
laser to write data in a 3-D optical data storage scheme.
A prototype of this type of optical memory was
constructed using alternate photosensitive layers and
inert pure polymer layers for spatial separation (typical
layer separation = 30 um). Information is written bit-by-

bit using an electro-optically gated cw Ti:sapphire laser.
The information can be read by using a CCD camera to
detect the fluorescence excited using an argon-ion laser.
Reading speeds of 10 Kbytes per second have been
achieved using this prototype.

In the following paper, Davis et al. (Lucent, PD9)
outlined a new, highly controllable technique for
fabricating long-period fiber gratings using direct
exposure to CO; laser pulses at 10.6 pm. The main
advantages of this technique are that neither hydrogen
loading or ultraviolet exposure are required. The
technique uses an amplitude mask, rather that the more
conventional phase mask approach, and Davis et al. find
that this allows control of the grating properties on the
scale of the grating period.

One thing I particularly noticed at the OSA Annual
Meeting this year is that the optics job market seems to
be booming. At the OSA employment center, many more
jobs (both postdocs and industry positions) were
advertised than last year. It is definitely a good time to
be a finishing PhD student in the optical area.

After a week visiting the UK, I then went to
Williamsburg, Virginia for the second conference:
Bragg Gratings, Photosensitivity, and Poling in Glass
Fibers and Waveguides: Applications and
Fundamentals (BGPP). The setting was beautiful; I
spent a day wandering around colonial Williamsburg
before the conference began. As it turned out, the
weather was in cahoots with the conference organisers,
because as soon as the conference started, so did the
rain.

The BGPP meeting was co-located with the Glass and
Optical Materials Division meeting (GOMD), and there
were a number of joint sessions on such issues as the
nature of defects in glass, particularly germanium-doped
glass. These sessions were useful, although the jargon
used by the GOMD audience was quite different to that
used by the BGPP fraction, which led to some fun at
question time. I was surprised by the large numbers of
people attending the BGPP meeting, and it was clear
that the organisers were surprised too, as many of the
talks needed to be relocated to larger rooms.

The meeting opened with a good review by Linards
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Skuya (Univ. Latvia, JSuAl) about the nature of
optically active defect centers in silicon dioxide. He
highlighted the fact that there is a powerful analogy
between bulk and surface defects, and that a good
understanding of bulk defects can be obtained by
studying surface defects, which are much easier to
control. He explained that the main problem currently in
the study of defects is the difficulty of finding good
structural models for the absorptions relating to the
different types of oxygen vacancies.

This was followed by a review of topological modelling
of glass by Linn Hobbs (MIT, JSuA2). He described how
crystal structures can be generated using local rule sets.
In particular, he demonstrated using computer
simulations how the different polymorphic types of
quartz can be generated. Amorphous structures such as
glass can also be created using this technique, using
information about bond-angle distributions.

One topic which surfaced repeatedly at this conference
was long period gratings. (BSuBl, BSuB2, BSuD2,
BSuD4 BMG17 and PD3) Long period gratings (period
>> 1 pum) couple light from the guided core modes to
the cladding modes of an optical fibre, and are often
used to provide wavelength dependent losses in fibre
systems. Because light is coupled to the cladding modes,
long period gratings are sensitive to perturbations in
temperature, pressure and refractive index. Although
this leads to useful sensor applications, this sensitivity is
not always desired. A number of techniques have been
successful in reducing the temperature sensitivity of
these gratings, including novel refractive index designs
or doping the fibre core with ByO3, which has a
negative thermal expansion coefficient.

Raman Kashyap (BT, BSuB5) gave a presentation about
novel liquid and liquid crystal-cored fibre Bragg
gratings. Here the grating is written in a photosensitive
inner cladding layer. Such a structure has a negative
temperature coefficient of Bragg wavelength shift, and
also is potentially tunable by the application of an
electric field. Also, the liquid used in the core region can
be chosen to give very low insertion losses when coupled
to standard single-mode fibre.

A new interferometer design was proposed for the
fabrication of Bragg gratings, where the fringe period
can be varied simply by altering the position of two
mutually attached  mirrors (Fonjallaz, BSuC3).
Currently, this interferometer can produce gratings with
resonant wavelengths between 900 nm and 1600 nm.

Another topic of great interest at the BGPP meeting was
the fabrication of gratings using near-UV (330 nm) light
(Starodubov et al. [BMEI, PDI1] and Grubsky et al.
[BME3]). At this wavelength, gratings can be written
through the polymer coating, and so the resulting fibre is

much stronger, as it does not need to be stripped and re-
coated, and also is much more efficient to make. With
hydrogen loading, strong index gratings (An > 10-2) can
be formed. One postdeadline paper (Espindolam PD2)
showed that gratings can even be written through the
fiber coating at 257 nm.

At the opposite end of the UV range, germanium-doped
waveguides were shown to exhibit photosensitivity at
157 nm, in the Vacuum-UV range (VUV). This was
described in the paper by Herman et al. (Univ. Toronto,
BME4). The principal motivation for using this
wavelength is that relatively large index changes (An =
10-2) can be achieved using low fluence in materials
with low germanium-concentrations.

Phillip Russell presented an all-fibre Bragg-grating
based acousto-optic modulator (PD4) which is capable of
modulation efficiencies of up to 90 %. This is done by
coupling forward and backward propagating Bloch
modes in the grating, and operates in reflection. The
high efficiency has been achieved by etching away the
fibre cladding, and hence increasing the acousto-optic
overlap.

In the Planar Waveguide Devices session (BTuB), a
number of papers were given highlighting the
advantages of photolithography techniques to form
planar devices over more conventional techniques such
as reactive ion etching. My talk on self-written
waveguides (BTuB3) fitted in well here as an even less
conventional technique!

I would like to thank the Australian Optical Society for
awarding me the Postgraduate Prize, which made it
possible for me to attend these conferences. Not only did
I learn a great deal about current research in optics, but I
also had the chance to meet people working in related
areas. In addition, it gave me a chance to tell a much
wider audience about my research, which has resulted in
a few possible international collaborations.
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Three-Dimensional Optical Data Storage

Min Gu, D. J. Day and S. P. Schilders
Optoelectronic Imaging Group, Department of Applied Physics
Victoria University of Technology, PO BOX 14428 MCMC, Victoria 8001

Optwal memory, or optu:al data storage, is a new field
which has been listed as part of the optics priority
research area by the Australian Research Council. In
this article, we describe a rhree-dtmenswnal 0pttcal
data _storage method ‘based on the )
excitation process in a phato-polymer In this method, |

a two-photon fluorescence mtcroscope ;s used to read

and write three-dimensional data.

1. Introduction

In optical data storage, a laser beam is focused by an
objective onto a recording material to produce a spot
where physical or chemical properties of the material
are changed (Figure 1). Information such as images,
words, data, music and so on is modulated with the laser
beam, so that an array of spots, determined by the logic
state of the information, is formed in the recording
material.

2-D data bits

3-D data bits

(a) (b)
Figure 1: Schematic diagram for (a) 2D, and (b} 3D optical
data storage.

Essentially, the size of the focal spot and the resolution
of recording media determine the storage density.
According to the diffraction theory of light in a "far-
field" region (such as the focal region of a lens), the
shorter the illuminating wavelength the smaller the spot
size. In conventional two-dimensional optical data
storage, where bits are recorded on the surface of a
medium (Figure 1a), the best storage density achieved
so far has been 0.1 Gbit/em? for a given visible
wavelength. This density is close to the limit imposed by
diffraction by a circular objective lens. In order to break
this limit, one can perform optical data storage in the
region where the eftect of diffraction is not dominant.

This idea has led to a new method for optical data
storage involving a near-field probe [1]. However, this
method poses difficult engineering problems, mainly
due to the close working distance required to circumvent
diffraction effects.

An alternative way to achieve a high storage density in
the far-field region is to record information in 3D space.
Currently, there are two classes of methods for doing
this. The first is based on 3D volume holography and
the second is to record the bits information in a 3D
array. The latter method, called 3D bits optical storage
hereafter (Figure 1b), has an advantage of high signal-
to-noise ratio, and the corresponding system is small in
size. It is expected that a 3D storage density as high as
Tbit/cm> can be achieved.

For 3D bits optical storage, a localised physical and
chemical reaction is needed at a certain depth of a
volume recording material. A number of materials
including photochromic materials [2], photorefractive
crystals [3], photopolymerizable materials [4], and
photobleaching materials [5] have been employed for
3D bits recording. If a visible-wavelength laser beam is
focused deeply into a material, light scattering is so
strong that the intensity in the focal spot reduces
appreciably. Accordingly, information cannot be
efficiently recorded at a deep position of a volume
material. To solve this problem, we have used a two-
photon (2-p) process excited by an infrared ultrashort
pulsed laser beam. In this article, we describe a 3D
optical data storage method using a photobleaching
material. In this method, 3D data are recorded as a
photobleached pattern under 2-p excitation and read by
a 2-p fluorescence microscope.

2. Two-photon fluorescence microscopy

The two-photon (2-p) process occurs when two incident
photons are simultaneously absorbed by a sample to
excite an electron transition from the ground state to an
excited state (Figure 2). The excited electron first jumps
to a metastable state and then returns to the ground state
by radiating a photon having energy approximately
twice as large as that of the incident photons. Because
two-photon absorption is a nonlinear process, an
ultrashort pulsed laser is required to produce a high
peak power.
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Excited states

I \“ Non-radiative relaxation

® Metastable state

Ground state

Figure 2: Energy diagram of the two-photon excitation
process.

If the fluorescence light from a sample under 2-p
excitation is imaged, this imaging technique is called
two-photon fluorescence microscopy [6]. Figure 3 shows
a pattern recorded in a photobleaching polymer matrix
using a two-photon fluorescence microscope.

Figure 3: Two letters, "O" and "I" (for Optoelectronic
Imaging), recorded in a photo-bleaching polymer using two-
photon excitation. Image size: 30ium X 201m.

With 2-p absorption, one can achieve a virtually
ultraviolet (UV) photon excitation without using a UV
source. This will help to reduce the light scattering and

perform imaging through a thick sample, which is
necessary in 3D optical storage. In general, a small
confocal pinhole is needed to perform 3D imaging of a
thick sample, which is called confocal microscopy [7].
Due to cooperative 2-p excitation, the fluorescence
intensity is proportional to the square of the incident
intensity, leading to a diffraction spot of an objective
smaller than that by single-photon excitation. This
property means that 3D imaging is possible without a
confocal pinhole [6]. If one does use a confocal pinhole
in 2-p fluorescence microscopy, then axial resolution
can be improved by approximately 40% [7]. Another
advantage in 2-p fluorescence microscopy is that the
generalised (ie. away from the focal spot)
photobleaching associated with single-photon excitation
is avoided. Because of these advantages, 2-p
fluorescence microscopy has become an important tool
in biological studies.

If, on the other hand, photobleaching does occur in a 2-
p material, it happens only in a small region near the
focal spot of a high numerical-aperture lens. This novel
feature indicates that the photobleaching property under
2-p excitation can be used for 3D bits optical data
storage if bleached spots can be kept for a long time.
Thus information may be recorded in a material as a
series of photobleached patterns or spots. A
photobleached spot cannot produce any fluorescence
when it is excited by the laser beam of the same
wavelength as employed in the recording process.
Therefore a recorded 3D photobleached pattern can be
read out using the same 2-p fluorescence microscope as
used in recording. For example, the black region in
Figure 3 corresponds to the photobleached area while
the bright region is generated by the fluorescence under
2-p excitation.

In Figure 4, a schematic diagram of a 2-p fluorescence
confocal microscope is depicted. The incident laser
beam is from an ultrashort pulsed laser. The laser beam

is focused onto a small

pinhole (P;) which acts as a
point source needed for
confocal microscopy [7].
The beam is collimated by a
lens (L) and then focused
by a high numerical-
aperture objective (O) onto a
recording material controll-
ed by a computer (C). A
modulator (M) is inserted in

Xyz scanning

M P,

laser .} .
|

0 L

1 DB\

C front of the laser and
controlled by the same
computer, so that the
information to be recorded is
modulated with the laser

stage computer

[

Figure 4: A nvd-photon confocal microscope for three-dimensional data writing/reading.

beam. In the recording
process, the laser peak
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power should be high enough to reach the threshold of
the 2-p photobleaching process. A recorded 3D bleached
pattern is read by measuring the fluorescence under 2-p
excitation by the same laser, in which case, the peak
power of the laser should not be so high that no 2-p
photobleaching occurs near the focal region. The
collected 2-p fluorescence is reflected by a dichromic
beamsplitter (DB) and focused onto a detector (D).
Because the wavelength of the 2-p fluorescence is
approximately half the wavelength of the excitation
laser beam, a short-pass edge filter (F) is inserted to
reject the residual signal of the excitation beam.
Although it is not necessary to use a pinhole in front of
the detector to read a recorded 3D pattern, using a
pinhole (P2), ie using a confocal geometry, does provide
a tool for reading a recorded data of a higher density.

3. Research on 3D optical data storage at VUT

Research work on 3D optical data storage at Victoria
University of Technology (VUT) started at the
beginning of 1997 and is being conducted in the
Optoelectronic Imaging Group (OIG) within the Optical
Technology Research Laboratory (OTRL) in the
Department of Applied Physics. To perform 3D optical
storage experiments, a 2-p confocal fluorescence
microscope, depicted in Figure 4, has been set up on an
optical table for flexible operation. An ultrashort pulsed
laser (Tsunami, Spectra Physics) was coupled into the
microscope. The pulsed width of this laser is
approximately 80 fs. The laser wavelength is tunable
from 695 nm to 1000 nm with an average power of up
to 600 mW.

It should be pointed out that our microscope is an
object-scanning  system, which avoids off-axis
aberration. A recording material is fixed on a scanning
stage (50 nm resolution). For the results shown in
Figures 3 and 5, the peak power in recording and
reading processes was approximately 7 mW and 0.7
mW, respectively. The numerical aperture of the
objective was 0.75.

The recording material was a solid polymer matrix
doped with a new dye which has a high cross-section for
2-p excitation (the details of the dye are not described
here for reasons of confidentiality). The strong 2-p
photon absorption peak of the polymer was found at the
wavelength of 798 nm and the -corresponding
fluorescence was measured approximately at 500 nm.
Two letters "0" and "I" recorded as a bleached pattern
in such a polymer are displayed in Figure 3. To explore
the possibility of 3D data storage in the polymer, we
recorded two letters "V” and "U" at different layers
along the depth of the polymer. A typical result is
shown in Figure 5. The distance between two adjacent
layers was 10 um. This result clearly demonstrates the

feasibility of 3D bits optical storage in a photobleaching
polymer under 2-p excitation.

Figure 5: Two letters, "V" and "U" (for Victoria University),
recorded at different layers in a photo-bleaching polymer
using two-photon excitation. Image size: 20um Xx 20um x

40um.
4. Conclusion

3D bits optical data storage is currently an active
research area around the world. In principle, a 3D
recording density of Thbit/cm? is possible in a volume
material (however, the current densities are far below
this limit). Future work in this area at VUT is being
carried out in the following aspects:

1). Development of a super-resolving imaging system.
To obtain a Thit/em? recording density, the diffraction
spot of an objective should be reduced. To achieve a spot
smaller than the normal Airy spot, we are designing a
super-resolving spatial filter based on the principle of
apodization [8].

2). Compensation for spherical aberration. Because of
the mismatching of the refractive indices between the
recording and immersion materials, spherical aberration
occurs in the recording and reading processes. This
aberration can increase appreciably the size of the
diffraction spot of the objective for recording and
reading. A new method for compensating the spherical
aberration in a practical system is being designed.
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1997 Nobel Prize in Physics Goes to

Atom Coolers

by Ken Baldwin

Its not often that you wake up in the morning to
newspaper headlines announcing the award of a Nobel
prize to three colleagues in your field.

Past experience shows that Nobel prizes are usually
awarded to people who have generally done their work
many decades before. The last time a Nobel prize was
awarded in an optics related area was in 1989, when
Dehmelt and Paul were recognized for their work in a
similar field (the development of ion traps), along with
Ramsey who invented the oscillatory fields technique
which has been applied to atomic clocks.

It is refreshing to see that this year the Nobel Prize in
Physics has gone to three pioneers of laser cooling and
trapping of atoms who have done much of their work in
the last decade and a half. The joint recipients were [1],
Professor Steven Chu, Stanford University, Stanford,
California, USA , Professor Claude Cohen-Tannoudji,
Ecole Normale Supérieure, Paris, France, and Dr.
William D. Phillips, National Institute of Standards and
Technology, Gaithersburg, Maryland, USA

The 1997 Nobel Prize
Winners

Claude Cohen-Tannoudji

e

Steven Chu William D. Phillips

The first two are well known to the Australian optics
community. Steve Chu visited Australia in 1991 as a
plenary speaker at the ACOLS conference held at the

ANU in Canberra. More recently he attended the
International Quantum Electronics Conference (IQEC)
'96 in Sydney.

Similarly, Claude Cohen-Tannoudji was a plenary
speaker at the ACOLS '93 meeting at Melbourne
University when he visited Australia as a Frew Fellow
of the Australian Academy of Science. While we have
been trying to persuade Bill Phillips to visit Australia
for a number of years, now his schedule will make this
even more difficult in the near future!

A new field in optics

Since the early '80s, these researchers have made an
enormous contribution to both the realisation and the
understanding of the way that light forces can be used to
cool atoms to unprecedented low temperatures. The new
methods of investigation they developed have
contributed greatly to increasing our knowledge of the
interplay between radiation and matter. In particular,
they have opened the way to a deeper understanding of
the quantum-physical behaviour of gases at extremely
low temperatures.

As importantly, their work has spear-headed the
development of a new field of optics. Known as "atom
optics”, it is the direct analogue of light optics - except
for matter [2]. Atom optics realises the true
complementary nature of light and matter, with atomns
being manipulated - both as particles and as de Broglie
waves - through their interaction with “optical”
elements made from light or matter.

These techniques have led to applications such as the
design of more precise atomic clocks for use in
navigation and global positioning systems. Chu, for
example, has constructed an atomic fountain in which
laser-cooled caesium atoms are launched upwards from
an atom trap like jets of water. When the atoms turn at
the top of their trajectory and start falling again, they
are almost stationary. There they are exposed to
microwave radiation that measures the caesium clock
transition with great accuracy. Using this technique, it is
believed that it will be possible to build atomic clocks
with a hundredfold greater precision than at present.

Another significant development is the creation of atom
interferometers. Here the de Broglie wave of an
individual atom is split coherently, then sent along two
different pathways before being recombined to measure

17



AOS News Vol 11 Number 4, 1997

the phase difference experienced while travelling along
the two interferometer arms. Such devices can be used
to make very precise measurements of accelerations,
gravitational forces, electric and magnetic fields, and
atomic interactions.

Doppler cooling and optical molasses

The simplest light force exerted on matter is the
radiation pressure force, which arises from the transfer
of photon momentum to the atom when it absorbs the
radiation. The atom ultimately re-radiates isotropically,
and thus receives a net momentum gain in the direction
of propagation of the photon, typically changing the
atomic velocity by a few cm/s. If the light source is a
counterpropagating laser that is detuned below the
atomic resonance (to allow for the Doppler shift), then
after many such absorption emission cycles (lasting
typically much less than a microsecond), atoms can be
slowed with massive decelerations (up to 103 times that
of gravity!). This type of cooling was named Doppler
cooling.

Doppler cooling forms the basis for a powerful method
of cooling atoms with laser light. The method was
developed further around 1985 by Steven Chu and his
co-workers at the Bell Laboratories in Holmdel, New
Jersey. They used six laser beams opposed in pairs and
arranged orthogonally in three dimensions. Sodium
atoms emerging in a beam in vacuum were first stopped
by an opposing laser beam and then conducted to the
intersection of the six cooling lasers. The light in all six
laser beams was slightly red-shifted from the sodium
resonance transition. The result was that whichever
direction the sodium atoms tried to move they were able
to absorb photons with the appropriate Doppler-shifted
frequency and pushed back into the centre of the
intersecting laser beams.

At the intersection of the laser beams, atoms mMoOVe as
though they are in a thick liquid, so the name "optical
molasses" was coined. To determine the temperature of
the atoms cooled in the optical molasses the lasers were
switched off and the atom cloud was allowed to expand
ballistically. It was found that the resulting velocity
distribution corresponded to a temperature of about 240
pK. This corresponds to a sodium atom speed of about
30 cm/s, and agreed very well with the theoretically
calculated temperature - the Doppler limit - which is
essentially defined by the linewidth of the atomic
transition, since the scattered photons {on average)
differ in energy by the linewidth. The Doppler limit was
then considered the lowest temperature that could be
reached with laser cooling.

The atoms in the above experiment are cooled, but not
captured. Gravity causes them to eventually accelerate
and fall out of the optical molasses in about one second.
To truly capture the atoms, a trap is required with a

relatively deep potential well in which the atoms can be
contained.

Atom traps

Magnetic fields had already been used at the beginning
of the 1980's by Bill Phillips and his co-workers in a
method for slowing down and completely stopping
atoms in atomic beams. Phillips had developed what
was termed a Zeeman slower, a coil with a varying
magnetic field that exactly compensates the Doppler
shift of the slowed atoms, thereby keeping them in
resonance with the laser. Thus the atoms could be
retarded by a red-detuned laser beam opposing the
atomic propagation direction.

With this device Phillips had, in 1985, stopped and
captured sodium atoms in a purely magnetic trap-
Enclosure in this trap, however, is relatively weak, for
which reason the atoms within it must be extremely cold
to remain inside. When Chu managed to cool atoms in
optical molasses, Phillips designed a similar experiment
and started a systematic study of the temperature of the
atoms in the molasses. He developed several new
methods of measuring the temperature, including one in
which the atoms are allowed to fall under the influence
of gravity, the trajectory of their fall being determined
with the help of a measuring laser.

A highly efficient trap was constructed in 1987 called a
magneto-optical trap (MOT). It uses six laser beams in
the same sort of array as in the optical molasses
experiment, but with opposing right- and left-hand
circularly polarised light. In addition, two magnetic
coils with opposing currents produce a radial magnetic
field gradient with a minimum at the point where the
beams intersect. The magnetic field shifts the atomic
energy levels by the Zeeman effect, thereby keeping
atoms in resonance only with the polarised laser light
opposing their motion over a range of velocities. The
force thereby developed is greater than gravity, and
pushes the atoms into the middle of the trap. The atoms
are then truly contained, and can be studied or used for
experiments.

Doppler limit broken

In experiments on atom (raps Phillips found in 1988
that a temperature as low as 40pK could be attained.
This value was six times lower than the theoretically
calculated Doppler limit! The reason for this was that
the Doppler limit had been calculated for a simplified
two-level atomic model that had previously been
considered sufficiently ~realistic. However, Claude
Cohen-Tannoudji and his co-workers at the fcole
Normale Superieure in Paris had already studied
theoretical models of more complicated ~cooling
schemes. What happens in these schemes can be likened
to the character Sisyphus of Greek legend who endlessly
rolled a stone up a hill, but on reaching each crest finds
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that the slope beyond is also an uphill one. This
comparison led to the process being termed Sisyphus
cooling. Chu and his colleagues also developed a similar
model independently at the same time.

The explanation for Phillips' result lay in the more
complicated structure of the atomic energy levels which
interacted with polarisation gradients in the laser light
field. Atoms moving in these polarisation gradients
were constrained always to move in the direction of
increasing potentials, and constantly lost energy. The
reality is that such gradients are nearly always present
for non-idealised atoms in such multiple-laser cooling
systems, with the result that the Doppler cooling limit is
almost invariably broken.

The limitation to the Sisyphus cooling process lies near
another fundamental limit - the recoil velocity that an
atom gains when it emits a single photon. The recoil
limit corresponds to a temperature which for sodium
atoms is 2.4 uK, while for the somewhat heavier cesium
atoms it is about 0.2 pK. In collaboration with Cohen-
Tannoudji and his Paris colleagues, Phillips showed that
cesium atoms could be cooled in optical molasses to
about ten times the recoil limit, i.e. to about 2 pK.

It first appeared from these experiments that it was
generally possible to reach temperatures only about ten
times higher than the recoil limit. In a later
development both Phillips and the Paris group have
shown that with suitable laser settings it is possible to
trap the atoms so that they appear at regular intervals in
space, forming what is termed an optical lattice. The
atomic positions in the lattice occur at multiples of the
light wavelength from each other. Atoms in an optical
lattice can be cooled, as has been shown, to about five
times higher temperature than the recoil limit.

Recoil limit also broken

The reason that the recoil velocity sets a limit to laser
cooling is that even the slowest atoms are continually
being forced to absorb and emit photons. These
processes give the atom a small but non-negligible
recoil velocity and hence the gas has a very low but
finite temperature. If the slowest atoms could be made
transparent to the photons in the light field, then
perhaps lower temperatures could be reached. One
mechanism through which a stationary atom can be
caused to assume such a "dark” state in which it does
not absorb photons, was already known. But the
difficulty was to combine this method with laser
cooling,

Claude Cohen-Tannoudji and his group between 1988
and 1995 developed a method based on placing atoms
into dark states at zero velocity which prevents the
atoms from being further perturbed by the light field. He

and his colleagues showed that the method functions in
one, two and three dimensions. All his experiments use
helium atoms, for which the recoil limit is 4 pK. In the
first experiment two opposed laser beams were used and
a one-dimensional velocity distribution was achieved
which corresponded to half the recoil limit temperature.
With four laser beams a two-dimensional velocity
distribution was achieved, corresponding to a
temperature of 0.25 pK, sixteen times lower than the
recoil limit. Finally with six laser beams a state was
attained in which the whole velocity distribution
corresponded to a temperature of 0.18 pK. Under these
conditions helium atoms crawl along at a speed of only
about 2 cm/s!

Laser Cooling and Trapping in Australasia

Australia and New Zealand have traditionally possessed
considerable strengths in atomic and optical physics, so
it was natural that laser cooling and atom optics would
develop rapidly in this environment [4]. Following the
first experiments involving the ANU and the University
of Melbourne in 1988, a number of centres have
established research activity in these areas. An atom
trap using sodium atoms was developed at ANU, cesium
atom traps were established by CSIRO and the
University of Melbourne and later at ANU and Otago,
and a rubidium trap was built at the University of
Queensland.

A millimetre size ball of trapped sodium atoms glows at the
intersection of six laser beams in the magneto-optic trap in
the Physics Department at ANU.

An ion trap at CSIRO in Sydney is also being used
(along with laser cooling methods) to develop a highly
accurate frequency standard. Other atom optics
experiments are also established at Melbourne, Griffith
and Auckland Universities, with theoretical studies
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taking place at all these locations as well as at
Macquarie University.

Future Developments from Laser cooling and
Trapping

Intensive development is still in progress on the
fundamentals and applications of laser cooling and the
trapping of neutral atoms. These techniques have
recently led to yet another milestone in physics - the
demonstration of Bose-Einstein condensation [5] - a
phenomenon that has attracted great interest. The
realisation of BEC has yielded a new state of matter -
the macroscopic quantum state - and has produced the
coldest known temperatures in the universe (in the
nanoKelvin range). These developments have also
yielded a rudimetary atom "laser" [6], which may be
used in future for precision interferometry or to act as a
coherent atomic source for various applications. This
discovery - by other teams of atom coolers - may lead to
further Nobel prizes in the future.

Dr. Ken Baldwin is a Fellow at the Research School of
Physical Sciences and Engineering at the Australian
National University where he heads a research program
in atom optics. He is grateful to Dr. Peter Hannaford
for helpful suggestions with the manuscript.

Further reading

[1] For further information on this (and past) years Nobel
Prize winners, consult the Nobel web page (on which this
article is partly based) at:

http://www.au.nobel.se/announcement-7/physics97.html
and http://www.nobel.se/cgi-bin/laureate-
search?physics=on&silent=on

[2] For reviews on atom optics see:

Adams, C.S., Sigel, M., and Mlynek, J. (1994), Physics
Reports 240, 143 - 210.

Balykin, V.I., and Letokhov, V.S., Atom Optics with Laser
Light, Laser Science and Technology vol. 18, Harwood
Academic Publishers, 1995.

[3] For general articles on laser cooling and trapping see:
Cooling and Trapping Atoms, W.D. Phillips and H.J. Metcalf,
Scientific American, March 1987, p.36.

New Mechanisms for Laser Cooling, C. Cohen-Tannoudji and
W. D. Phillips, Physics Today, October 1990, p. 33.

Laser Trapping of Neutral Particles, S. Chu, Scientific
American, February 1992, p. 71.

Experimenters Cool Helium below Single-Photon Recoil Limit
in Three Dimensions, G. B. Lubkin, Physics Today, January
1996, p. 22.

[4] For more information on atom optics applications and on
Australian activity in this field see:

Experiments in Atom Optics,

K.G.H. Baldwin, Australian Journal of Physics 49, pp. 855 -
897 (1996).

[5] For recent articles on Bose-Einstein condensation see:
Anderson, M. H., Ensher, J.R. Matthews, M. R., Wieman
C.E., and Cornell, E.A. (1995), Science 269, 198-201.
Burnett, K. (1995), Science 269, pp.182-183.

Bloom, F.E. (1995), Science 270, 1901-1903.

[6] Physics Today, March 1997, pp. 17 - 19
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AUSTRALIAN OPTICAL SOCIETY
LINKS TO KINDRED SOCIETIES

The AOS maintains its own site on the World Wide Web, at:
http://www.dap.csiro.au/OPTECH/Optics-Radiometry/aosinfo.htm
We also have links to the sites and services of other kindred societies, particularly the following.

Optical Society of America (OSA)

Look at the range of information available through OSA's OpticsNet: http://www.osa.org

SPIE - The International Society for Optical Engineering

SPIE maintains the following Web site: http://www.spie.org

FASTS - Federation of Australian Scientific and Technological Societies

Many items of interest concerning Australian science and technology policy and related political developments are
accessible via the FASTS Web site: http://www.usyd.edu.au/su/fasts/

Australian Institute of Physics (AIP)

The AIP home page, with links to AIP state branches, is at : http://www .physics.usyd.edu.au/aipaust/index.html

The AIP also maintains a helpful electronic bulletin board through the efforts of John O'Connor [Email:
phjoc@cc.newcastle.edu.au] at the University of Newcastle. See below for further details.

Australian Institute of Physics - Physics Mailing Lists

A series of mailing lists have been created to service the communication needs of physics in the Australian
community. This can facilitate the communication of material to members of the physics community interested in
receiving information in designated areas. The lists are not just for listeners - if you find useful information then
share it.

* How do I subscribe to a list?
To subscribe to a particular list called PHYSICS-XXXXX (where XXXXX is replaced by one of the topic areas
listed below - e.g., PHYSICS-OPTICS, PHYSICS-LASERS-AND-QUANTUM-OPTICS, etc.), send an email
message to the address:
MAILSERV @CC.NEWCASTLE EDU.AU
and include in the body of the text the line:
SUBSCRIBE PHYSICS-XXXXX [address]
The [address] is an optional parameter specifying your email address. If no address is specified, the "From:"
address in your message will be used (i.e., your address).

* How do I cancel my subscription to a list?
If at some stage you no longer wish to receive messages from that mailing list, then send an email message to
<mailserv@cc.newcastle.edu.au> and include in the body of the text the line:
UNSUBSCRIBE PHYSICS-XXXXX [address]
* How can I get help?
If you are unsure of what you can do, send a message containing the word "help” to
<mailserv@cc.newcastle.edu.au>.

* How do I send a message to be broadcast to people on a particular list?
To send an email message to everyone on list PHYSICS-XXXXX, send or forward the message to:
PHYSICS-XXXXX@CC.NEWCASTLE.EDU.AU
and it will immediately bounce out to all subscribers to the list,

* How do I contact people in the optical physics community?
Please subscribe to the list PHYSICS-OPTICS, and use it to receive and send information of general interest to
opticists.
Please note that, unless the aptics community starts to use this service more regularly, it is likely to be withdrawn!

* What other AIP mailing lists are there?
Apart from PHYSICS-OPTICS, there are another two dozen AIP mailing lists.
Ones that may of particular interest to AOS members include those with XXXXX replaced by:
PHYSICS-LASERS-AND-QUANTUM-OPTICS, PHYSICS-OPTICS, PHYSICS-PLASMA, PHYSICS-
SOLID-STATE, PHYSICS-THEORETICAL
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FAST ACCURATE LASER BEAM PROFILING MADE EASY

With BeamPro from Photon Inc.

With a host of features BeamFro provides the ultimate in
flexibility and ease of use with a quantum leap in laser
beam profiling technology:

® Built-in variable attenuator for safe use over a wide
incident power range for pulsed or CW beams.

® Plug-in PC card for flexibility in any R & D, QA, or

process control setting.

Slim-line head allows placement inside optical systems.

Measure beamwidths down to 95 um. Better than any

camera based product previously available.

® Powerful MS-Windows based software.

TUNABLE PULSED ALEXANDRITE LASERS
From Light Age, Inc

Fundamental tunable from 720-800 nm.

190-2400 nm range with frequency conversion options.
10-300 mJ pulses over entire UV / VIS / IR range.

100 ps - 2 ps pulse widths available.

Diode laser injection seeded for 5-100MHz linewidths
Solid state replacement for pulsed dye lasers and
excimer lasers

Also Available: CW UV lasernUVo with 5 - 10 mW output at 360 - 400 nm

All Solid State Industrial Laser Systems
from Cutting Edge Optronics
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50 and 100 W CW, 100 and 200 mJ pulsed models.

All solid-state diode pumped ruggedness and reliability.

Nd:YAG slab and rod models to suit the most demanding high

power applications.

® Full range of options including Q-switching, frequency conversion
and fibre coupling.

® Applications include marking, micro machining, percussion
drilling, cutting, coating removal, micro welding
and scribing.

® Compact and efficient design.

PHOTON ENGINEERING
Postal: PO Box 10269, Gouger St Shipping: 1st Floor, 123 Wright St
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Tel (08) 84104599 Fax (08) 8410 4544
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« Custom Pulsed Holography Systems
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Laser head Size........cceeeeeevveeseeecreeernrnnen, 1100x450x250 mm
Laser head weight...........ccccoveeviveivvrnennen. 30 kg
INCLUDES:

* 3 Power suppliers

» Water / water heat exchanges
* Cables, internal water pipes

* Accessories

For more information please contact:

Svetlana Karaganova
A.H.Studios P/L

P.O.Box 160

Kangarilla S.A. 5157

Australia

Tel: 08 383 7255
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AOS XI - Conference Preview

This a provisional list of presentations (both oral and poster) entirely independent of the final sorting for AOS XI, and,

10 be delivered at the AOS XI conference in Adelaide. This list since they are based only on the talk titles, are probably of
was compiled on the 13th of November, and does not coniain limited value in determining the content of a presentation.
all of the modifications requested at that time. The Please also note that author lists have been truncated in
presentations have been divided up into several topics which certain instances 1o save space.

are intended to make the list readable. These topics are

3D Data storage

Two-photon-absorbed photopolymerization for three-dimensional microfabrication ...........cuess O Nakamura, S Maruo and § Kawata
Three-Dimensional Optical Memory in Two-Photon Bleaching Material .......coooveviunerones D.J. Day, S.P. Schilders and Min Gu
Atom optics

A detailed study of velocity selective coherent population trapping using a bright atomic BEAM cee..cvrrisessermassemeseinensse D. Milic et al
A Magnetic Waveguide for COold AtOMS cccaerveearrrmsssnaresss S, Nic Chormaic, J. A. Richmond, B. P. Cantwell and G. I.Opat
A variable feedback tunable diode laser £OT ALOM OPHICS <.oveuereesoecssssrmsesmsnssasmssasees P. Fox, M. Walkiewicz, P. Farrell & R. Scholten
Applied atom optics: a bright metastable helium atomic beam.....cocoevuenns M Hoogerland, D Milic, W Lu, K Baldwin and S Buckman
Atomic Coherence Effects on an Optically Pumped Rubidium Vapour in Static magnetic field.......oovcimsncnes JW Jun and HS Lee
Atom Lithography for the Production of Nanoscale Structures............. W. Lu, K.G.H. Baldwin, M.D. Hoogerland and S.J. Buckman
Correct description of pumping and damping fOr an AtOM 1aSET w..vwwrcevsiimmmmmsrseniss oo J. Hope, G. Moy and C. Savage
Magnetostatic optics for UlTAcold ALOMS .eveemssesrrrssamamnmsesnassseness Al Sidorov, DC Lau, GI Opat, RJ. McLean, WJ Rowlands et al.
Manipulating Microkelvin Cooled Caesium Atoms using evanescent light fields....B.D. Cuthbertson, D. Gordon, J.H. Eschner et al
Mirors and diffraction gratings fOr MALEr WAVES ...ttt o e Chris Westbrook
Nonlinear dynamics of a laser-guided atomic fleld ..ccvnciimsireeiensees __B. C. Sanders, Weiping Zhang, S. Dyrting, Weihan Tan
Optical detection of atomic superfluid state in a degenerate FEIMNI Z8S cvveeerirmnssesssensnssassssssssonss W Zhang, RG Hulet and CA Sackett
Quantised circular motion of a trapped condensate in laser Fields coveee i rrnreanene e -P Marzlin and W Zhang
Transverse Laser Cooling of a Rubidium Beam.....oocceserrormsariraseer M. Walkiewicz, P. Fox and R. Scholten
Spinning a Bose-Einstein condensate by Laguerre-Gaussian laser beams.... e K-P Marzlin and W Zhang

The Theory Of the AOM LASET «..c.vurrrmssssimmmsssmssssensssessesmmassesss oo s e G. Moy, C.M. Savage,

Using the Quantum Coherence Between Bose-Einstein CONAENSALES eerveeverrerennsreneenens C- M. SAVAZE, J. Ruostekoski and D.F. Walls
Laser induced Fluorescence from Single Atoms in Several Wave Packets irereessineenn J. AL Richmond et al
Ground state and quasiparticle Excitations of 2 AOUBIE BEC ouvcuiimressreresssusrnssssss s sasisas s sseess D Gordon and CM Savage
Detectors

A wide band photo-thermoelectric contactless YBCO:BiSb thick film bolometer : design considerations M.M.Kaila and G.J.Russell
Optical radiometry with a trap T — e J. L. Gardner

Optical wide band thick film YBCO DOIOMEIET . eneecernaesmassinmsermsssissss s st sisasssasesasess

Fibre optics and waveguides
Characterisation of D-fibre and Tapered Fibre Sensors using scanning near field optical microscopy and atomic force microscopy ...
Shane T. Huntington et al
Efficient Coupling of a Laser to a Waveguide Using a Taper Designed by Conformal Mapping .A.E. Ash, M. W. Austin, & J.D. Love
Fabrication of Optical Fibre Bragg Gratings using a Frequency-Doubled copper vapour JASET.oocsserecesiiasiirinanessunsres CJ Paddison et al
Energy level processes in heavily-doped Er3+: flUOTOZIrCONALE ZIASSES ..ivereireciiirernereesarnnaseses
Fibre and waveguide Refractive Index Measurements with AFM Resolution........ v..Shane T. Huntington et al
Imaging concentration profiles in Pr3+ Nd3+ codoped ZBLANP Fibre.......ocoooeet iereessiiseesenes LR, Miitchell et al
Modelling of multiline Brillouin/erbitm fIBre JASEIS .. ocuiuisrerscmsstrassasssssrm s s D Yu. Stepanov and GJ Cowle
Observation of self-written WaVegUIdES....rmrrerermemmssinsseesmeee s TM Monro, D Moss, M Bazylenko, CJ de Sterke and L Poladian

Optical fibre temperature sensing based on the fluorescence intensity ratio from neodymium Md3+ doped silica fibreJ.C. Muscat et al

Production of wavelength-tunable chirped in-fibre Bragg gratings with a simple prism interferometer.....M Vasiliev, DJ Booth et al

Thermalisation of the 4F9/2 and 4115/2 Levels of Dy3+Doped Silica FiBIE ., ssivcsmssverinss SCOH Wade, Gerard Monnom, el al
Waveguide devices made with ion microbeam technology ..e.coovimvesereneane: M.L. von Bibra, M. Bromley and A. Roberts
Grazing-angle scattering of optical waves in PEriOdic BIagg AITAYS...oovvusssrcssssrsmassssssssmsssssss st o) D.K. Gramotnev
Extremely asymmetrical scattering of optical waves in non uniform periodic Bragg arrays.............. D.K. Gramotnev and D.F.P. Pile
Filters

Construction of high-quality narrow-band holographic filters i AY Tikhomirov, J. Munch, T Mckay and J.Staromlyska

Faraday Anomalous Dispersion Optical Filter in Rubidium......ccccoeiieiine
Recent developments in tunable narrow band filters......cccceeines

DL, Phelps, C.J. Vale, H McKee and P.M. Farrell
.C.H Freund, RP Nerterfield, DJ Drage et al

Liguid Crystal Tunable Lyot Filters: Design and APPlICALIONS .o.cvvvevirrismmi i J.Staromlynska, S.M. Rees and M.P. Gillyon
Determining the properties of a Fabry-Perot cavity using radio frequency LeChIIQUES ..o Karl Baigent et al
26
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Imaging and holography

Experimental and simulated studies on the performance of an ATR system against imagery containing extremely cluttered natural
scenes.. P Miller, M Royce P Virgo M Fiebig and G Hamlyn
Dlaphragm rupturc in space test facrhty vrsualrzed by holography we...M. Wegener and M Sutcliffe
Interferometry and coherence effects

A 300mm Aperture Phase-Shifting Fizeau Interferometer..........cc.cccovevvennenn., P.S. Fairman, B.K. Ward, B.F. Oreb and D.I. Farrant
A description of the quantised nonlinear Mach-Zehnder interferometer. . ...........coooveeeeeeeeeeevnnnn, Barry C. Sanders and Dien A. Rice
A tracking interferometer for large dynamic range, high scnsitivity applications.....M. Gray, H-A Bachor and David E. McClelland
An 8m suspended power recycling interferometer ................ ...C Zhao, M Notcutt, Y Yang and DG Blair
Experimental demonstration of resonant sideband extraction in a Sagnac mterferomctcr ..D.A Shaddock er al
Multiple Beam Plane parallel plate shearing interferometry for differential interference contrast.... K. Matsuda et al
Phase-shifting algorithms for an interferometer with a liquid-crystal phase modulator-.................... Kenichi Hibino and Bob F. Oreb
Real-time high-precision measurement of strain with a digital phase-stepping speckle interferometer ...... PA Wilksch and H Sakulin
Spectral modulation - A new approach to path matching in absolute interferometric sensors................... Al Stevenson and DJ Booth

Tolerance of Michelson and Sagnac-based laser interferometric gravitational wave detectors to mirror tilt and curvature errors........
Boris Petrovichev, Malcolm Gray and David McClelland

Jagged backscattered signal in optical low coherence reflectomerry ..........ooveuiorieeieecereeeiees s sess s sas H. Hu and PL Chu
Coherent transients formed due to double inhomogeneity mechanism............cccceveeveeecereeevieesioesesseseeeernnr. LN, Shakhmuratova
Lasers

A low-cost, reliable, 100W, near diffraction limited visible SOUrCe..........coevvovvcveevreecrneen. RP Mildren, DR Jones and DJW Brown

An Injection-Seeded Lithium Niobate Optical Parametric Oscillator: Operating Characteristics and Spectroscopic Applications.......
Glenn W. Baxter, Hans-Dieter Barth and Brian J. Orr

Avoiding frequency shifts in lasers frequency locked by saturated absorption spectroscopy.................. Esa Jaatinen and Nick Brown
Compact, efficient, stable Nd: YAG laser sources for gravitational wave interferometry ... ..D Onaway et al
Comparison of the 'pulse stacking' performance of a solid state laser for three different pump pulse repeunon rates. S E. French et al
An eye safe source of imaging laser radar applications............ . J. Richards and V. Devrelis

Comparisons of the Bifurcation Scenarios Predicted by the Smgle Mode and Mult[mode Semlconductor Laser Rate Equations...

K. A. Corbett & M.W. Hamrlron
An injection-seeded, pulse-stretched Nd:Y AG laser for use in pulsed coherent laser radar..... Y. Maryagin, P.J. Veitch and J. Munch
Controlling Chaos in the Optically Pumped Far Infrared Ammonia LaserRobert Dykstra, D.Y. Tang, A. Rayner and N.R. Heckenberg
Deep ultraviolet by sum-frequency generation of a frequency-doubled copper vapour laser and a diode-pumped Nd: YLF laser

............................................................................................................................................................. RI Trickett and DJW Brown
Copper bromide master oscillator power amplifier 1aser SYStem .........c.ooceveeeiererererscesrnnns P Foster, P Davis, W-H Qr‘n, D. McCoy
Enhanced optical locking of a diode laser to an external cavity............ ..RM Lowe
High-power Diode-Laser-Pumped CW Nd:YAG Laser using a sLable—Unstable Rcsonator D Mudge etal
Improved diode laser frequency stability and linewidth ............. ...A.G. Truscott, N.R. Heclcenberg and H Rubmszrem -Dunlop
Measurement of the average wavelength of 2 1aser diode ......o.ovoiieicceeeeececeeceee e D. Butler and E. Jaatinen
Laser Frequency Correction Using Phase Sensitive Detection of Stimulated Photon EChOes..........o..ccovveieveververennen. M.J. Sellars et al
The multimode laser as a nonlinear 0scillator AITaY .......o.oveviemiecieeeeeeeeei e ...L.Stamatescu, T.Hill and MW Hamilton
Metastable chaos in the ammonia ring laser............................ " R G MCDuff R. Dykstra, J.T. Malos, .R. Heckenberg
Power Scaling In Diode Array End-Pumped Lasers .. ettt ee e Justin L. Blows, Judith M. Dawes, James A. Piper
Improved output power performance of a phase conjugate oscrllator ...l. Yu Anikeev, J Munch,

Polarization effects in injection locked lasers.. C O'Bnen EH Hummgron H A Bachor and TC Ralph
Single frequency operation in external cavity laser dlodes wuh pla.ne extemal reflector......cccovccivininnennn J Lawrence and DM Kane

Simultaneous Excitation from Alkali Hyperfine Ground States by Two Laser Modes ..... M Shurga[t’n, P.M. Farrell et al
Stimulated Light Emission in an Atom-Surface System... .. .A.V.Lugovskoy
Ultra-short pulses generated by mode-locked lasers with clther slow or fast saturable absorber response... ....Akhmediev N. etal

An all frequency model of optical pulse train NOISE SPECITA .......vueeeereeneeeeeeeeeeee e lan G. Fu.rs and Kenneth J. Grant
Laser ablation

Ultrafast Ablation of Carbon with High-Pulse-Rate Nd:YAG laser.................c............. A. V. Rode, EG Gamaly and B Luther-Davies
Techniques and applications of uv micromachining using high prf sources.......................... Elizabeth Ily, JM Tocher and JA Piper
Materials

Judd-Ofelt parameters in Pr3+ and Nd3+ Co-Doped ZBLANP... -..AR Mitchell and PM Farrell

Multiple near-IR Emission and Assignments in the Laser Materlals Cr4+/YAG and Cr4+/YGG ...... wwe..M. Riley, E. Krausz, etal
Linear and nonlinear optical properties of poly(p- phenylenevmy[cnc)(PPV) in a polymeric matrix .. wsressanessssesnssc Ao Scime et al
Measurement of the separation of the 4D levels in 85Rb......cooovverveeen .. ..GA McRae, CJ Vale PM Farrelt and RE Scholten
Oxygen: Isn't that what ozone is made from?..........cocooiiiinnnnnn, K. Warmg, PM Dooley, BR Lewis, ST Gibson and KGH Baldwin
Laser performance of alexandrite-pumped thulium-doped Y3AIS012, Lu3AI5012, and LiYF4 crystals ar 2.4 mm....V. Sudesh et al
Complex Index Response of Type 1la Grating Growth in PECVD-Based Glass.........ooovoooeveoeoeooooeeooeo, John Canning et al
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Measurements of the hyperfine structure of the D1 and D2 lines Of POLASSIUM. curerrveriecaiimnansresaresnsenses CM Suilivan and PM Farrell
Spectral properties of the novel laser material Yh:YVO4 c..oonuoiimeimnimmiinsasssnsssnins e P Wang, JM Dawes, H Zhang.X. Meng
Tm: La2Be205 as a laser medium for 1.84 um: An evaluation ..........occeeeeeeer V. Sudesh, E.M. Goldys, .JA. Piper and R.S. Seymour
Absorption by Nd3+ [ons in YVO4, ZBLAN and Silica bulk samples in the wavelength range 540-640nm............ MC Vergara et al

Microscopy

A simplified method for aberration measurement in cONFOCAl THCTOSCOPY «vrvveeeriseinrsssmsrrsmmnsstsasssnssssssnsas H Zhou and CJR Sheppard
Image improvement using adaptive optics on a confocal MicrosCOPe. .......... P.W. Fekete, C.J. Cogswell, M.R. Arnison, J. W. O'Byrne
Detecting aberrations using wavefront curvature sensing on a confocal MICTOSCOPE wvxeuuciurrrrressesmurmasmmsesssesssasiserees M.R. Arnison et al
Electromagnetic imaging in confocal MICTOSCOPES cuvvrvererrusssasmimnsess st J. Felix Aguilar & C.J.R. Sheppard
Construction and Characterisation of a Fibre-Optical Double Pass Confocal Scanning MicCroscope ........covmmecnisnianes D. K. Bird et al
Frequency Response Characterisation of a Confocal Microscope scanning stage using a knife edge optical techniqueP.J. Cronin et al
Probe response in near-field optical MICTOSCOPY «.wusuusresseemsssnsssmsmassensssimsansmssnsssar s A.K. Horsfall, K.A. Nugent, A. Roberts
A sub-wavelength investigation of vector diffraction effects in focal regions........ S.K. Rhodes, A. Barty, K.A. Nugent and A. Roberts
Characterisation of enhanced evanescent waves from a double-layer stack using a fibre probe........... J. Mukerjee, C. Ke and Min Gu
Fabrication of Sharpened Optical Fiber Probe for Photon Scanning Tunneling MiCroSCOPe......oconmwnssisssmssesusssseaess T.Okayama et al
Analysis of beam quality by using the MA?2 factor and the KUrtosis Parameter ..o muiemensenssenisassmsnsssnneas S.Saghafi & CJR Sheppard
Effect of particle size and concentration on microscopic imaging through a turbulent medium....S.P. Schilders, X.S. Gan and M. Gu
Phase-shifting techniques linearise the differential interference contrast (DIC) microscope phase response .............. N.I. Smith et al
Quantitative Optical Phase-Amplitude Microscopy e seassesesssssnennnsA. Barty, D. Paganin, KA. Nugent and A. Roberts
Super-simple infrared surface [ef1ECtANCE TIHCTOSCOPE evoucurirraresesmesetssisnsmsssnanssbaassansesassssas P.B. Lukins, S. Rehman and G.B. Stevens
Intensity of conventional and elegant higher order modes in near and far-field ... oo S.Saghafi & CJR Sheppard
Characterisation of trapping force for trapped particle optical microscopy ......... issisreseseassesnnPu Chun Ke and Min Gu
Analysis of laser trapped PhOLOSENSTEIVE SAMPLES ovvcveecisirreiressmsimss s s K Kerr, MK Livert, KW Nugent, TR Mackin
The optical torque on a microscopic wave-plate ............ T A. Nieminen, M.E.J. Friese, N.R. Heckenberg and H. Rubinsztein-Dunlop

Nonlinear optics

"Constants of MOtON" in NONIMEAT OPHCS v.vverrsiersusieriressssssssissssss s sesiassssssss st son s s oo Colin Pask
A variable pulse length laser used for continuous tuning through nonlinear optical mechanisms.......o..... P. Klovekorn and J. Munch
Bright spot observed in the transmission of a strongly nonlinear optical absorber nd A, Hermann, T. McKay and R.G. McDuff
Efficient frequency conversion of a standard 1064nm NA:YAG 1a5er 10 580NM..veemrreeceerereeecsssnsssrersenes FM. Pask and J.A. Piper
High average power Q-switched second harmonic generation with diode pumped Nd:YAG laser revesresesemasesssneresee. PK Lam et al
Saturation effects in thick optical limiting media ..o o vieresee JA Hermann and PB Chapple
Second Harmonic generation imaging using Femtosecond PUlSes .......ooeereesenasnneecnss Ko Gauderon, P.B. Lukins, C.J.R. Sheppard.
Third-Order Nonlinear Optical Properties of "Rigid Rod", "Hairy Rod", "Ladder” and "Picket Fence" Polymers......... M Samoc et al
Experimental evidence of generalised chaos synchronization .............. D.Y. Tang, R. Dykstra, M.W. Hamilton and N.R. Heckenberg
Numerical study of stochastic intensity fluctuations in stimulated Brillouin scattering..........S. Afshaarvahid, J. Munch , V. Devrelis
Experimental Investigation for the reduction of Intensity and Phase instabities in Stimulated Brillouin Scattering....V. Devrelis et al

Optics in medicine

Dye-assisted diode laser ablation of carious dentine and enamel ..........cooerercereenenn. K.M. McNally, B.R. Gillings and J.M. Dawes
Laser-activated protein solder microsurgical tissue repaHKM McNally, A. Lauto, J.M. Dawes, et al
Time-resolved med. diag. imaging with passively quenched avalanche photodiode and mode-locked semiconductor laserG Voevodkin
Vision screening with digital photorefraction st onnnennens REMUS DoOTIMANS and Jesper Munch

Optical instruments

Development of a laser tracking interferometer system for measuring three dimensional coordinate ............ Toshiyuki Takatsuji et al
Development of an analysis system for low-rank coal using laser-induced breakdown SPECITOSCOPY -..cvivrecvcsesesasinennss FJ Wallis et al
830nm transient absorption of photosystem LL: evidence for structural distortion of the water-splitting centre of core complexes.......

P.B. Lukins

An Analysis of the time-dependent response for absorption signals with rise, decay and instrumental terms: application to
PhOtosYStEI L1 oot s . Ciiiiiiiin.G.B. Stevens and P.B. Lukins
Temperature compensated optical reference Cavily ...oveireeeneesrceerennsnsnnnennenn. EK Wong, TP Brown, M Notcutt, AG Mann, DG Blair

Optical fabrication and testing

Characterisation of thin liquid and solid films on rough metal surfaces using ellipsometry ............. R.P. Netterfield and C.H. Freund
LIGO optics fabrication i AL Leistner, J.A. Seckold, M.A. Suchting, R.W. Bulla, E. Pavlovic, P.J.Lennox, etal
Metrology of LIGO cOre Oplics......cooavimmeaviissneneaes B.F. Oreb, D.I. Farrant, C.J. Walsh, A.J. Leistner, F.J. Lesha and P.S. Fairman
Particle Removal from Glass using Laser Cleaning s nesssieenessnnn- David Halfpenny and D.M. Kane
VIRGO Mirrors: Wavefront control............... J.M. Mackowski, L. Pinard, L. Dognin, P. Ganau, B. Lagrange, C. Michel, M.Morgue
A Prototype Bimorph Mirror developed for the Anglo-Australian Telescope........ Huawei Zhao, Pal W. Fekete and John W. O'Byrne
Light deflecting behaviour of angle cut JASET CUL PANEIS. c.cvrvcmuiimiscrsremesnreec st st J Reppel and I Edmonds
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Propagation

Accuracy of scalar diffraction by a dielectric CYlNGer. . .........ovveveevveceec et Duncan Butler and Greg Forbes
Beyond the Fresnel approximation for focused waves ...A.A. Asatryan, G.W. Forbes and DJ Butler
Constructing wave fields from ray information... .. Miguel A. Alonso, Greg W. Forbes
Theory and applications ofquam-one—dlmcnsmnal Eomography s e e eenenees 1 GUHTFEYEY and R Evans

Quantum optics

Absolute quantum electrodynamics measurements on the NIST electron-beam ion trap ............. ; ...C.T. Chantler et al
Coherent lightwave detection with an amplitude-squeezed local oscillator......... P Edwards P Lynam Y Q La L Barbopoulos, H Xu
Quantum aspects Of 1aSer NOISE ..........c.ccovvvreerereressessssereressessnenns TC Ralph, CC Harb, BC Buchler, EH Huntington and H-A Bachor
Quantum electro-optic control of light..........cccocooevverrvrerrnnen, PK Lam, TC Ralph, EH Huntington, DE McClelland and H-A Bachor
Quantum phase shift caused by spatial confinement.............c..oco.coeevvvevvveseverceeennnn, BE Allman, A Cimmino, S Griffin, AG Klein
Quantum state engineering of AOMS ..........coccvevrsevrrevrnensenne. B.V.H. Varcoe, R.T. Sang, W.R. MacGillivray and M.C. Standage
Tomography of classical HEht... . i J Wu, PK Lam, M Gray, D McClelland and H-A Bachor
Triply dressed states, driving the Rabi of the Rabi .........cocoooivoiieieeeeeeeeseeeee e eee e se oo ASM Windsor and NB Manson
Phase and adaptive optics

Sub-wavelength phase imaging of focussed Gaussian beams .............ceveeveeueermerreneeeeneenrenss J. Walford, R.E. Scholten and A. Roberts
Non-interferometric phase imaging with partially coherent radiation ... David Paganin & Keith A. Nugent

Millimetre=wave beams with phaseSIIEULATIHES s e i e T T e ssre v e G.F. Brand
Aberration correction with liquid crystal phase and amplitude modulators.......... Thu-Lan Kelly and Jesper Munch
Adaptive single-shot phase measurements: the full qUANtUm theory ........veveevevvveeereeeeeerereeeen ..H.M. Wiseman and R.B. Killip

Remote sensing

Modelling of polarized light in laser remote sensing of ocean water.......................... A. Kouzoubov, M.J. Brennan and J.C. Thomas
Performance of the RAN Laser Airborne Depth Sounder in Turbid Waters: Simulation ......M.J. Brennan, A.M. Nolan & R.H. Abbot
Use of polarized light to construct high resolution image through a turbid medium........................X. Gan, S.P. Schilders and M. Gu
Stochastic simulation of termrain IMAZES .......cocoeieruireimeereiieeee e ereeesssssssseesenesemeseeesenesssenenesensneenee PB Chapple and DC Bertilone
Sensors

Laser flow tagging for velocity measurements... .. B. Littleton, A. B:shop, P. Barker, T. Mcintyre, H. Rubinsztein-Dunlop.

Fluorescence-based optical temperature sensor schemes using rare earth materials... .S.F. Collins and G.W. Baxter, et al
Solitons

Collision of photorefractive spatial SOILORS. .........o.vceeeiiueiieieeireeereeeee e e s erans W.Krolikowski, B Luther-Davies, SA Holmstrom
Bright and dark pulses in fibre lasers and optical transmission lines ... A. Ankiewicz, N Akhmediev and J.M. Soto-Crespo
Generation of spatial solitons from nonlinear guided MOAES ...........coovoveiueeeieeeeeeeeeee s oo eee oo Robert W. Micallef, et al
Optical spatial solitons in saturating nonlinear media...................... ... B Luther-Davies
Spatial Solitons due (0 Second-Harmonic GERETAION .........covuivemmireeereeeeeeeeseeaceeesssstenesestetees st eneteeseeseseeeseseeseseessess Yuri Kivshar
Spectroscopy

Coherent light beating spectroscopy. ........ccoev.... AT Sukhodolsky
Finite detection window in photon c01nc1dence spectroscopy o L Horvath BC Sanders and BF Wielinga
Transient Hole Burning and Intromolecular Excitation Transfer in the Excned SLates of Sclectwc]y Deuterated [Ru(bpy)3]2+.........

..H. Riesen and E. Krausz
Tlmc—resolved IR UV doub]c resonance Iaser spectroscopy of symmetry-breakmg processes in accty]ene molecules ..B.J. Orretal
UV-laser spectroscopy of van der Waals molecules in supersonic beams .. yasd Koperskz cmd M Czajkowski
High-resolution diode laser spectrometer for studies of lodine Atoms and (HF)2 Molecu]es .. Yabai He
Relative line intensity fluctuations in saturation spectroscopy due to low magnetic fields ...................... ...WK Hensmger etal

Spectroscopy of far-red transitions in Sml with Littman-Metcalf external cavity diode lasers.................... S Y Lee and MW Hamilton
Theoretical Calculation of Saturated Absorption for a system of multilevel atoms ................... T. O'Kane, P. Farrell and R. Scholten
First observation of the He 1180 - 2180 transition: a new measurement of the ground state Lamb shift ............... S.D. Bergeson et al
Light emission from fractional-dimensional excitons.. crvreneenensesnenenen A Thiligam
Resonance Fluorescence Intensity Variation with Magnct:c Fle]d for the D2 transition in Rubldlum seanaCal, Vale et all
Resonance shifts in the doubly dressed atOM.......c.ovvuiueeiveeeesreieseeeeeee AD Greentree, CJ Wei, SA Holms:rom and NB Manson
Thin films

lon-assisted deposition of optical thin fllms.......co.oooviviiiiiiiccccccececcceeveesesnerennenDavid J. Drage and Roger P. Netterfield
Global optimisation in optical thin film deswn ...DG Li and AC Watson
Laser Acceleration in a Thin Metal Film; Numencal Analy51s ...................................................... A V Lugovskoy and A.V. Zinoviev
New birefringent optical coatings - will they replace or complement CTYStal OPLCS .oeeeeceii e I.J. Hodgkinson

Plasma Impulse Chemical Vapour Deposition (PICVD) - Potential for Automated Multilayer Deposition of Optical Coatings. . :
.................................................................................................................................................... R.P. Netierfield and E.W. Pres.rorz
Reflection properties of thin CdS films formed by laser ablation under total internal reflection of light ...................N.Dushkina et al
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Frequency response of the anomalous absorption of electromagnetic waves in an ultra-thin film............c.... D.K. Gramotnev, J.Ross
Anomalous absorption of electromagnetic waves by an ultra-thin layer with imaginary permitivity ......cococovevnecnns D.K. Gramotnev
X-ray optics

An x-ray spectrometer for precision tests of QED: Calibration and SYSIEMAUCS........coivaueunmmimnsmans s .... D. Paterson et al
Metal Arrays for collimating and focusing X-rays and Neutrons...........cc.ceceve- R s B.E. Allman, A. Cimmino and A.G. Klein
Precision X-ray optics for fundamental interactions in atomic physics resolving discrepancies in the X-ray regimeC.T. Chantler et al
The Physics of X-ray production by electron bombardment: new understanding and experiments ............ C.Q. Tran & C.T. Chantler

AOS Xl Provisional Timetable
for invited and oral presentations

Please note that the following timetable is only tentative at this stage. Check the conference web page for poster
papers and updates to this timetable. Note that invited talks are 45 minutes and oral presentations are 15 minutes.
The dimensions of the poster boards are 1800 mm (horizontal) x 1200 mm { vertical) with the bottom edge about
600mm above the floor.

Also, don't forget the associated workshops which will take place before the conference (on the Monday and Tuesday).
* Quantum Coherence and Information Processing
* Propagation and Imaging Science
* Thermal Noise Limitations in Gravitational Wave Interferometry

Wednesday
8:30 registration
9:00 Opening and pesentation of AOS Medal
9:15 1997 AOS Medal Lecture
Engineering gain -- developments in high-power, high-beam-guality
copper lasers
Prof. Jim Piper. Macquarie University
10:00 Coherent Scientific Plenary Lecture
Mirrors and Diffraction Gratings for Matter Waves
Dr Chris Westbrook, Institute d'Optique, Orsay, France
10:45 coffee
11:00 Magnetostatic Optics for Ultracold Atoms
Dr Peter Hannaford, CSIRO
Atom optics Lasers
Using the Quantum Coherence Between Bose-Einstein Cond, t Power Scaling In Diode Array End-Pumped Lasers
C.M. Savage. J. Ruostekoski and D.F. Walls Justin L. Blows. Judith M. Dawes, James A. Piper
Spinning a Bose-Einstein condensate by Laguerre-Gaussian laser Efficient frequency conversion of a standard 1064nmNd:YAG laser to
beams 580nm
K-P Marzlin and W Zhang H.M. Pask and J.A.
Applied atom optics: a bright metastable helium atomic beam High average power Q-switched second harmonic generation with
M Hoogerland, D Milic, W Lu, K Baldwin and S. Buckman diode pumped Nd:YAG laser
PK Lam, DE McClelland and H-A Bachor
12:30 lunch
13:30 Concepts of NMR in nonlinear and quantum optics
Dr Neil Manson, ANU
Quantum optics Spectroscopy
14:15 Adaptive single-shot phase the full theory Light emission from fractional-dimensional excitons A Thiligam
H.M. Wiseman and R.B. Killip
14:30 Quantum aspects of laser noise First observation of the He 1S - 2S transition: a new measurement of
TC Ralph, CC Harb, BC Buchler, EH Huntington the ground state Lamb shift
and H-A Bachor Dr. Ken Baldwin
14:45 Quantum state engineering of atoms Time-resolved IR-UV double resonance laser spectroscopy of
B.V.H. Varcoe, R.T. Sang, W.R. MacGillivray symmetry-breaking processes in acetylene molecules
and M.C. Standage Brian J. Orr, Mark A. Payne and Angela P. Milce
15:00 posters
{concurrent trip to local laser industries 2hrs)
19:30 Public Lecture
Trapped ions, Schridinger's cat, and quantum computation
Dr. Dave Wineland. NIST. USA
30
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Thursday
8:30 Modern Femtosecond Lasers: Spectral provision from X-rays to T-
rays
Prof. Wilson Sibbet, St Andrews University
915 Optical Spatial Solitons in Saturating Nonlinear Media
Prof. Barry Luther-Davies, ANU
Lasers/Nonlinear Optics Microscopy
10:00 Ultra-short pulses generated by mode-locked lasers with either slow or Image improvement using adaptive optics on a confocal microscope.
fast saturable absorber response P.W. Fekete, C.J. Cogswell, M.R. Amison, J.O'Byme
Akhmediev N., and Ankiewicz, A
10:15 Controlling Chaos in the Optically Pumped Far Infrared Ammonia Quantitative Optical Phase-Amplitude Microscopy
Laser A. Barty, D. Paganin, K.A. Nugent and A. Roberts
R. Dykstra, D.Y. Tang, A. Rayner and N.R. Heckenberg
10:30 coffee
10:45 title to be announced
OSA representative
Nonli Optics General Optics - components
11:30 Second Harmonic generation imaging using Femt, d pulses. A Prototype Bimorph Mirror developed for the Anglo-Australian
R. Gauderon, P.B. Lukins, C.J.R. Sheppard. Telescope.
Huawei Zhao. Pal W. Fekete and John W. O'Byme
11:45 Collision of photorefractive spatial solitons New birefringent optical coatings - will they replace or complement
W.Krolikowski, B Luther-Davies, SA Holmstrom crystal optics
1J. Hodgkinson
12:00 A variable pulse length laser used for continuous tuning through Global optimisation in optical thin film design
] optical hani DG Li and AC Watson
P. Klovekorn and J. Munch
12:15 An Injection-Seeded Lithium Niobate Optical P: ric Oscillator: lon-assisted deposition of optical thin films
Operating Characteristics and Spectroscopic Applications D. Drage and R. Netterfield
Glenn W. Baxter, Hans-Dieter Barth and Brian J. Orr
12:30 lunch
13:30 LIGO and the Optical Chall in the Detection of Gravitational
Waves
Prof. Barry Barish. Caltech/ Principal Investigator of LIGO
Nonlinear Optics Interferometry - Gravitational waves
14:15 Observation of self-written waveguides The VIRGO interferometer
‘TM Monro, D Moss. M Bazylenko. CJ de Sterke and L Poladian Adalberto Giazotto VIRGO collaboration, Pisa
14:30 Metastable chaos in the ammonia ring laser Experimental demonstration of resonant sideband extraction in a
R.G. McDuff, R. Dykstra, J.T. Malos, .R. Heckenberg Sagnac interferometer
DA Shaddock, MB Gray. H-A Bachor and DE McClelland
14:45 Three-Dimensional Optical Memory in Two-Photon Bleaching L1GO optics fabrication
Material A.J. Leastner, J.Seckold, M.Suchting, R.Bulla, E. Pavlovic, P.Lennox, J.
D.J. Day, S.P. Schilders and Min Gu Schmidt, G. Davis and W. Stuart
15:00 posters
Friday
8:30 Invariant pattern recognition:scale and out-of-plane rotations
Prof. Henri Arsenault, Universite Laval
9:15 Photoscreening the young and the elderly — detecting refractive errors and
mapping cataracts
Prof lan Hodgkinson, Otago University
Medical applications General optics - imaging
10:00 Laser-activated protein solder microsurgical tissue repair Experimental and simulated studies on the performance of an ATR
K.M. McNally, A. Lauto, J.M. Dawes, R.L. Trickett, A.E. Parker and J.A. system against imagery containing extremely cluttered natural scenes
Piper P Miller, M Royce, P Virgo, M Fiebig and G Hamlyn
10:15 Dye-assisted diode laser ablation of carious dentine and enamel Effect of particle size and concentration on microscopic imaging
K.M. McNally, B.R. Gillings and J.M. Dawes through a turbulent medium
S.P. Schilders, X.S. Gan and M. Gu
10:30 coffee
10:45 Optics and lasers in the preservation of vision
Prof. Doug Coster, Flinders University
Nonlinear Optics General Optics - interferometry
11:30 Laser Frequency Correction Using Phase Sensitive Detection of Muitiple Beam Plane paraliel plate shearing interferometry for
Stimulated Photon Echoes differential interference contrast.
G.J. Pryde, M.J. Sellars, T.R. Dyke and N.B. Manson K. Matsuda, M. Roy, P.W. Fekete, T. Eiju, C.J.R. Sheppard and J.W.
O'Byrne.
11:45 Linear and nonlinear optical properties of poly(p- A 300mm Aperture Phase-Shifting Fizeau Interferometer
phenylenevinylene)(PPV) in a polymeric matrix P.S. Fairman, B.K. Ward, B.F. Oreb and D.I. Farrant
A. Samoc, M. Samoc, B. Luther-Davies,D. Fotheringham, R.M.
Krolikowska and M. Woodruff
12:00 "Constants of Motion" in Nonlinear Optics Accuracy of scalar diffraction by a dielectric cylinder
Colin Pask Duncan Butler and Greg W. Forbes
12:15 Imaging concentration profiles in Pr3+ Nd3+ codoped ZELANP Fibre Ultrafast Ablation of Carbon with High-Pulse-Rate Nd:YAG laser
LR. Mitchell, B.P. Petreski, S.P. Schilders, P.M. Farrell, G.W. Baxter A.V. Rode, EG Gamaly and B Luther-Davies
andM. Gu
2:30 lunch
13:30 Improvement of ground-based telescope resolution using micro-
electro-mechanical deformable mirrors
Prof. Michael. Roggemann, Wright-Patnerson/ Michigan Technological
Univ.
14:15 posters
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Coherent ScientifiC

Suppliers of high quality products and service to the Australian
and New Zealand laser and opto-electronics communities.

Products include:

. Nanosecond Pulsed Lasers
« Ultrafast Lasers
« CW Lasers
. OPO and OPA Systems
. Industrial Laser Systems
« Medical Laser Systems
. Laser Accessories, Components and Consumables
. Laser Workstations
« Laser Diagnostics
. Vibration Isolation Systems
« Mechanical Components
+ Fibre Optics
« Optics

. Educational Kits

. Electronic Instruments
. Imaging Systems

. Spectroscopy Systems

Coherent Scientific Pty Ltd 116 Burbridge Road, Hilton SA 5033
Phone: (08) 8352 1111 Fax: (08) 8352 2020
E-mail: cohsci@cohsci.com.au Web: www.cohsci.com.au
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Coherent

® Newport Tables
Outperform All Others.

Newport Here’s Why....
1. Proprietary Tuned Damping
2. Self-damping Side Panels
3. Lighter Tables for Superior Rigidity
4. Precision Platens for Superior Flatness
5. Proprietary Bonding Technology
6. Patented, Corrosion Proof Sealed Mounting Holes
7. Non-resonant, Free Standing Legs

8. Exclusive Hybrid Chamber Isolator Design and
Performance

9. Unrivaled Technology Leader

10. Proven Performance; >25,000 Systems in >25 years

Please contact Coherent Scientific for more information:

Neil McMahon neil @ cohsci.com.au cohsci@cohsci.com.au
Margaret Skipworth margaret@cohsci.com.au Ph: 08-8352-1111
Bill Petreski bill@cohsci.com.au Fax: 08-8352-2020



Piezoelectric Microscope
Objective Positioner

Warsash is proud to
announce a new device from PI,
that offers the ultimate in fast,
accurate microscope focussing.
The compact P-722 and P-723
PIFOC microscope objective
positioners feature 350mm
piezoelectric travel, a resolution of
Inm (open loop), the straightness
of travel < 5 arcsec and a fast
settling times of only 20-30 ms.

The PIFOC is compatible
with standard microscope
objectives and can be mounted on
almost any microscope by simply
screwing the units between the
turret and the objective. The
optical path is increased by only
13mm (¥ path length microscope
required). Standard threads are
W 0.8X1/36", other threads are
available on request.

The positioners are
equipped with low voltage
piezoelectric drives (0 to 100V)
integrated into a sophisticated
flexure guiding system. The force
exerted by the piezo drive pushes
a flexure parallelogram via an
integrated lever mechanism. The
wire EDM cut flexures and levers
are Finite Element Analysis,
modelled for zero stiction/friction
and extraordinary guiding
precision. The LVDT (Linear
Variable Differential
Transformer) displacement sensor
equipped versions, can be
operated in closed loop providing
repeatabilities of 20 nm.

Applications for this
Piezoelectric Microscope
Objective Positioner
include confocal microscopy,
scanning interferometry, surface

structure analysis, bio-technology,
semiconductor test equipment.

Uniform Light sources

Labsphere, the world's
leader in integrating sphere and
diffuse reflectance technology
have extended their wide range
of uniform source systems. Used
as radiometric standards, their
product line has grown from
standard white light sources to
include high-intensity, colour and
sensitometer sources. System
hardware and software are
designed to support applications
in remote sensing, electronic
imaging and thermal imaging.

Integrating sphere uniform
light sources provide perfectly
uniform scene illumination for
imager calibration. Large
aperture uniform sources are
standard equipment for calibrating
aerospace remote sensing
radiometers and imagers. Smaller
aperture sources provide
illumination for correcting CCD
camera response, back
illumination in film digitisers and
for front illumination in document
scanners.

White light sources
provide exceptionally uniform
luminance over the full exit port
diameter of the integrating sphere.
Luminance ranges are from 5 to
125,000 foot-lamberts depending
on the sphere size, with uniformity
greater than 95%. '

Red Green Blue colour
sources allow the user to generate
a virtually infinite variety of

uniform spectra for colour
displays, materials degradation
research and human vision
research.

Sensitometer Sources are
designed for test and evaluation of
photo-sensitive materials
including colour, infrared and
black and white films. System
options accommodate white light
applications, infrared applications
and spectral analysis. Labsphere
Uniform Source System
demonstration software is also
available.

Ultra High Resolution
PZT Translator

The P-410 Plco from
Physik Instrumente is a new series
of closed loop Piezo actuators that
combine the advantages of
piezoceramic actuators and
capacitive sensors in a small
package. They provide the best
combination of resolution ,
linearity, bandwidth and response
of any linear actuator on the
market today.

Plco translators were
developed for research and
production engineers who want
higher resolution than the standard
strain guage sensor equiped PZT
where able to provide, but without
the need for the sophistication of
the Capacitive Sensor Equiped
PZT flexure Stages.

uniform colour output at the
sphere exit port. Systems are
ideal for calibration of colour
instruments, architectural
lighting studies, simulation of

- WARSASH Scientific
PO Box 1685 Strawberry Hills NSW 2012
tel: (02) 93190122 fax: (02) 9318 2192
__email: warsash@ozemail.com.au




New development from
Physik Instrumente

Miniature Piezo Flexure Positioner and
Scanner

The P-751K001 Piezo Flexure Stage is an
extremely compact and fast device, providing for a
positioning and scanning range of more than 15 um
with very fast settling time and extremely small
rotational errors.

Originaly designed for disk drive testing
applications with loads of a few 100g, it is equipped
with a capacitive feedback sensor providing sub-
nanometer resolution and stability.

The P-751K001 is continuing to find new
areas of applications including nanometrology,
nanopositioning, scanning microscopy, fiber optics,
scanning interferometry, bio-technology,
micromanipulation etc.

Versatile instrument from

International Light
IL 1700 Research Radiometer

International Light's 1700 Research
Radiometer is one of the most versatile curent
measurement systems in the world.

Designed specifically to measure
photodetector currents, the device maintains
unmatched linearity over 10 billion to 1 dynamic
range.

Because of its unique current measurement
circuitry, the IL 1700 is the only radiometer that
can autorange during exposure integrations, over
its entire 10 decade dynamic range. Expansive data
registers allow dose integration spanning a 40 decade
range and lasting up to 18 years.

The IL 1700 maintains complete compatibility
with a multitude of different detectors, each with a
distinctive spectral responsivity and overall
sensitivity.

Applications include human eye response
photo- metry, radiometry, phototherapy, solar UV,
laser power measurement, photoresist, underwater,
etc.

A range of accessories including attenuators,
filters, diffusers, spectroradiometers and input optics
are also available to meet custom requirements.

The IL 1700 comes complete with a N.I.S.T.
traceable electrical calibration and an automatic
zeroing feature completed by an automatic 100%
function for simple measurements.

The device also maintains 10 calibration
factors in constant memory, for fast and easy detector
head changes. The capability for remote unattended
data logging and computer control of the four
primary operating functions provides added
versatility.

WARSASH Scientific

tel: (02) 9319 0122 - fax: (02) 9318 2192
email: warsash@ozemail.com.au - http://www.ozemail.com.au/~warsash
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....... s Naking light work!

LASERS - Spectra-Physics Lasers
Opto Power Corp
Schwartz Electro Optics
Omnichrome
Aerotech
Lexel

LIGHT SOURCES - Oriel Instruments

SPECTROMETERS/MONOCHROMATERS -  Oriel Instruments

OPTICAL DETECTION SYSTEMS - Oriel Instruments
CCD CAMERAS - Photometrics
Oriel Instruments
OPTICAL MOUNTS - Aerotech
Oriel Instruments
New Focus
ThorLabs
OPTICAL TABLES - TMC CleanTop™
MINIATURE SPECTROMETERS - Ocean Optics
ELECTRO OPTICS/ACOUSTO OPTICS - Conoptics
Cleveland Crystals
Isomet
LASER OPTICS - CcVI
Spectra-Physics
DETECTORS - UDT Sensors Silicon photodiodes
Sensors Unlimited In Ga As Photodiodes
GENERAL OPTICS - Oriel Instruments
cvi

Edmund Scientific

LASTEK PRODUCTS - Software for spectroscopy
Custom power supplies
Custom systems and consulting

FIBRE OPTICS - Spectran Specialty Fibre
Oriel Instruments

LASER POWER METERS- Spectra-Physics Lasers
Scientech

LASTEK Pty Ltd - Head Office: Thebarton Campus, 10 Reid St, Thebarton, SA 5031
Adelaide HQ tel: (08) 438 668 fax (08) 438 427 e-mail: lastek@www.saschools.edu.au



Advanced Thin Films

oating applied using ion-assisted deposition (IAD) technology have

advantages which will give tyc>ur product the edge. lons bombard the
surface producing a dense film:

 High durability
« Consistent optical properties
= Smooth surface suitable for lasers

IAD produces tough films without the need to heat the substrate.
Temperature sensitive materials can be coated :

= Plastics » Fire optics
» Infra-red optics = Large optics
= Semiconductors = Crystalline material
Consult Avimo’s staff to discuss how IAD can benefit your products
ATF 1000 Series Anti-reflection Coatings ATF 1000 Series  Metallic Coatings
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1. Single layer MgF2; a historic standard. 1. First surface aluminium protection with SiO2.
2. Board band multilayer in the wavelength range of 2. First surface silver with multilayer protection.
your choice. 3. Enhanced first surface aluminium.

8. V-coating; nearty zero reflectance at a specific Avimo metallic coatings are protected to withstand

wavelength. environmental extremes. Second surface reflective
coatings are also available.
ATF 5000 Series  Dielectric Edge Filters ATF 6000 Series Dielectric Bandpass Filters
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1. Short pass filter. 2. Long pass filter. Avimo will design and produce filters to meet your
The primary wavelength, the slope of the edge, the requirements for central wavelength, the full width at half
blocking properties and the transmitting properties can all max and blocking properties.

be designed and controlled to suit your requirements.

The manufacturer has a policy of continuous improvements and reserves the right to make changes to this product without prior notice.

As a “Center of Coating Excellence” for precision optics, Avimo has developed conventional physical vapor deposition as well as ion-
assisted deposition (IAD) technology to produce high performance optical thin films. Choose from our lists of proven coating designe nr

have our thin film team design a coating to meet your specific needs. For further details, please contact : E
Avimo Electro-Optics Pte Ltd .
A Subsidiary of Avimo Group Ltd /.'l\\‘\/ [‘\ /} O

W

14 Fifth Lokyang Road . Singapore 629763
Tel : 2655122 . Fax : 2651479 . E-mail : aeo@pacific.net.sg




REQUIRE . OF

Optics Scanners
Optical Accessories Beam Analysers
Acousto-Optics Electro-Optics
Gas Lasers Solid-State Lasers
Detectors Power Meters
Spectroscopy Radiometry/Sensing

THESE ?

Filters
Protective Eyewear
Energy Meters t
Semi-Conductor

Lasers

Rods & Crystals

Power Supplies

We represent all the above items (& many more)

PRODUCT ENQUIRIES .. 1800 07 4450

Laser Electronics (Operations) Pty Ltd ACN 010 679 115



JUNG PRECISION OPTICS PTY. LTD.
Adelaide

. PRECISION OPTICAL COMPONENTS

. RENOVATION OF PERISCOPE OPTICS

. LASER ROD REFURBISHMENT

. INFRA RED OPTICS

® PORTABLE INFRA RED TEST EQUIPMENT
o INTEGRATED SURVEILLANCE SYSTEMS

scientific OPTIS software

Contact: Michael Rossiter direct on 08 8379 4601

OptiCalc
Price $470

For first order layouts and choice of optical components
......... this is not just another optical design software......
This Is The First Interactive Optics Calculator
Telephone for demo disc with the complete software free for 30 days trial

SOLSTIS PHOTONICS DESIGN SOFTWARE
3D optical design/ photometry and radiation calculations
Modelling of sources (incoherent and coherent), multi-source arrays
Powerful simulation of light propagation, laser pumping and propagation
Prisms, faceted reflectors, light guides, light pipes, Fresnel lenses, grins,
diffractive optics, binary optics, etc.

A.C.N. 008 151 513
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