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PRESIDENT’S REPORT

(This Report, with some amendments, was presented at the
Society AGM held at NML in October)

There were a number of highlights for the Australian
Optical Society over the past year, including the hold-
ing of the Tenth AOS Conference in Brisbane and the
inaugural award of the AQOS Medal.

AQOS Conference:  The strength of the optics
R&D community in Australia was demonstrated at the
Tenth AOS Conference in Brisbane, with over one
hundred and fifty delegates and fifteen industry
exhibitors. Bill McGillivray and his team performed a
superb job in organising the meeting.

AOS Medal: The AOS initiated this award in
1994 to recognise outstanding contributions to the
field of optics in Australia by a member of the AQS.
The first recipient of the Medal was Bill James of James
Oprics, whose skills in optical manufacture, especially
of aspheric surfaces, have produced many fine astro-
nomical optics for Australian telescopes over the past
thirty years. The Society has now called for nomina-
tions for the AOS Medal for 1996.

Postgraduate Prize: This award, to David Balaic
of the University of Melbourne, provided travel assis-
tance for him to attend the Annual Meeting of the
Microbeam Analysis Society and present an invited
talk. David talked on the use of tapered glass capillar-
ies for X ray optics.

You ng Optical Worker: This award was made to
Mr Ron Bulla of the CSIRO Division of Applied
Physics for his work on polishing silicon spheres for use
as density standards and in experiments to determine
Avogadro’s number. Ron attended AOS X and pre-
sented a report on his work.

The Society was pleased to hear that the ARC has
decided to make optics a priority research area. A doc-
ument profiling optics in Australia coordinated by Ken
Baldwin during his term as President was a key factor
in this decision. There does not seem to be any way,
unfortunately, that optics research can be recognised as
such in the ABS classification scheme used by the
ARG, so the impact of the decision is weakened.
Discussions are underway with the ARC to address this
issue.

With this year’s Annual General Meeting two
Councillors who have played a major role in Society
activities have indicated their desire to stand down.
George Smith from the Department of Optometry at
Melbourne University has been our longest serving
Councillor with eleven terms. In addition to his duties
as Councillor, he has compiled the Optics Suppliers
Index which appears regularly as a supplement to the
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News. Bob Oreb from CSIRO is not far behind
George, with ten terms. Bob has also worked as an
Associate Editor for the Newsletter. On behalf of the
Council and all Members, I thank George and Bob for
their efforts.

Kieran Larkin from the Physical Optics Department at
the University of Sydney is standing down as Treasurer
after three terms. His contributions in keeping the
financial accounts of the Society running smoothly
have been invaluable. I would like to thank Kieran for
the excellent job he has done. As outgoing Treasurer,
Kieran will remain on Council.

You will have also seen in the last AOS News an invi-
tation by our present Editors, Judith Dawes and
Martijn de Sterke, to take over their duties in 1996.
(We have now found an editor, Duncan Butler from
CSIRO [ex Melbourne]). Judith and Martijn have
continued the fine traditions of our previous editor
Phil Wilksch in providing to the membership what
must be one of the best value for money society jour-
nals anywhere. I thank Judith and Martijn for their
efforts and wish them all the best in the upbringing of
their Junior Editor.

The Annual Meeting this year was moved forward in
the year (in conformance with constitutional provi-
sions) so that by 1996 and for all years thereafter the
AGM can be held around the AGM which which are
to be enacted the following fiscal year. The most obvi-
ous of these is a change in membership fees. At the
AGM a motion was put by the Treasurer that fees for
ordinary and corporate members be increased. At pre-
sent the ordinary member fee of $20 barely covers the
cost of producing the Newsletter and for the last sever-
al years the Society’s accounts have been running at a
loss. The new membership rates, which were approved
at the meeting, are shown elsewhere in the News.

In conclusion I wish to thank all members of the out-
going Council for their efforts over the past year.

Chris Walsh.

FROM THEEDITORS

This issue contains a membership list and a list of
Australian optical suppliers. We thank Kieren Larkin,
as well as George Smith and Chris Chantler for com-
piling them.

With the issue before you our term as Editors of AOS
News has come to an end. In all there were 7 issues
we took care of. We thank the authors who con-
tributed articles in this period. We are also grateful to
the Associate Editors, many of whom made our life
considerably easier. We wish Duncan Butler, who will
take care of the upcoming issues the best of huck.

Judith Dawes
Martijn de Sterke
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SPECTROSCOPY WITH PULSED TUNABLE OPOS

Glenn Baxter, John Haub, Matthew Johnson and Brian Orr
School of Chemistry and Centre for Lasers & Applications,
Macquarie University, NSW 2109

Introduction

This article concentrates on recent developments in the
design, operation and spectroscopic applications of
pulsed optical parametric oscillators (OPOs), that oper-
ate as broadly tunable laser-like sources of coherent radi-
ation in the nanosecond regime. The spectroscopic
potential of OPO devices has long been recognised [1,
2], with their solid-state character and high efficiency
offering substantial advantages over the ubiquitous dye
laser. Moreover, the wide tuning range of an OPO opens
up prospects for laser spectroscopy in otherwise inacces-
sible spectral regions, such as the near- and mid-infrared.

Despite some significant early progress more than twen-
ty years ago [1], the spectroscopic potential of OPOs has
not readily been realised. Numerous research laborato-
ries have dark recesses to which their early OPO systems
have been relegated, either optically damaged or used
occasionally as “one-wavelength-at-a-time” instruments,
rather than the continuously scannable spectroscopic
workhorses that they were originally intended to be.
This is attributable to several critical factors: low opti-
cal damage limits and high oscillation thresholds in
commonly available OPO gain materials; the relative
complexity of OPO cavity designs necessary to achieve
narrowband, continuously tunable operation; the need
for intense, pulsed lasers with adequate temporal and
spatial coherence for use as OPO pump sources.

Within the last five years, these problems have tended to
diminish [2], with the availability of new OPO materials
and high-quality pump sources (particularly single-mode
Nd:YAG lasers). An increasing number of tunable OPO
systems is becoming commercially available and spectro-
scopists are now exhibiting intense interest in the cost-
effectiveness and practical potential of such systems. We
leave it to the laser manufacturers (one of whom adopt-
ed the motto “Good-bye to Ti: and Dye” to announce a
new tunable OPO system) and their customers to deter-
mine the balance between the various forms of tunable,
nanosecond-pulsed lasers over the next few years, both
in the market place and in the laboratory.

The emphasis in this short article is on OPO devices
that are continuously tunable, with optical bandwidth
sufficiently narrow (~0.1 em”!, ~3 GHz or less) to gen-
erate rotationally resolved molecular spectra, with pulse
durations of a few nanoseconds, and with moderately
high output energy (0.1 — 100 m] per pulse) [3, 4}. The
radiation from such devices is sufficiently intense and
coherent for several forms of nonlinear-optical spec-

troscopy, as well as efficient nonlinear-optical wave-
length extension into otherwise inaccessible spectral
regions. We use this domain of operating characteristics
to limit the extent of our survey, but it should be borne
in mind that there has been much complementary
progress on developing both CW and ultrafast-pulse
optical parametric devices [5].

How a pulsed OPO works

An OPO is not a laser: the intrinsic process that allows
an OPO to operate is nonlinear-optical in nature, rather
than one involving population inversion (as in the case
of a laser). Nevertheless, much of the terminology of
lasers is also applicable to OPOs. In conventional opti-
cal parametric generation, coherent pump radiation
interacts with tl(me third-rank nonlinear-optical suscepti-
bility tensor %'’ of a suitable non-centrosymmetric
crystal and generates two additional radiation fields.
These are referred to as the signal and idler waves, with
circular frequencies Wg and @y , respectively (where it is
customary to take wg 2 wy); the corresponding wave-
lengths are Ag and A} . The pump, signal and idler waves
in an optical parametric device are subject to two con-
servation conditions, the first of which corresponds to
energy (or frequency) conservation:

wp = g + O, ... (1)

where @p is the frequency of the pump wave. If this is
narrowband, as from a single-mode pump laser, then the
sum of signal and idler frequencies is tightly constrained.
The second conservation condition is essentially
momentum conservarion and takes the form of a phase-
matching condition. This is expressed in terms of the
three wave vectors k; , with j = B, Sor [; these have
magnitudes kj = n; ; Jc=1n n; | A, where nj is the
refractive index at vacuum wavelengti\ ?uj and ¢ is the
speed of light. The wave vectors combine vectorially, as
follows:

kp = kg + k; + Ak, . (2)

where Ak is a (typically small) phase-mismatch incre-
ment. This causes the signal and idler waves to have an
inuinsically broad bandwidth: even if the sum frequency
(wp) is fixed by eq. (1), their difference (wg — @) is not
fixed and g and @y are not separately well-determined.Jf
it is assumed (as a crude approximation) thar the three
waves are collinear and that Ak is zero, then the signal
frequency can be expressed simply in terms of the refrac-

tive indices n; :




-ATION AND TESTING = NONLINEAR OPTICS = YISION « BIOMEDICAL INSTRUMENTATION © LITHOGRAPHY o COMMERCIAL/INDUSTRIAL/OEM PRODUCTS/COMPONENTS © IMAGING © LAS

Resume

INSURTNCE

L]

A

——
ELECTRONIC

s

PROBUCTS

’
’

I.inking»-RIéseurch and
Applications Through:

’

-

~ Technical Groups and

4

Application Areas

Membership Services
Meefings and Exhibiis

Publications and
Electronic Products

See us on 0SA OpficsNet at

URL http://www.osa.org

OR contact us at:

0SA

2010 Massachusetts Avenve, NW
Washington, DC 20036-1023

Phone: 202-416-1430 or 800-762-6960
Fox: 202-416-6130

E-mail: osamem@osn.org

A STORAGE ® BIOMEDICAL OPTICAL SPECTROSCOPY o HOLOGRAPHY o INFORMATION DELIVERY/COMMUNICATION SYSTEMS © GOVERNMENT/DEFENSE  COLOR * ATMOSPHERIC AND OCE




1996 REGULAR MEMBERSHIP APPLICATION

NAME Phone
Last First Middle
Fax
MAILING ADDRESS Home Business
E-mail Address
Company
Street Network Code
A - PINET; B — BITNET/EARN/JANET; G- GTE
LG TELEMAIL/NASAMAIL/AURANET; |- INTERNET/ARPA/
i 3 NSFNET; M- MCIMAIL; N - USENET;
City Sk = P-PSI; §-SPAN; U- UUCP; X - TELEX;
Province Country Postal Code Z - Other (specify),

EMPLOYMENT

Technical Group Interests

Type of Employer
Industry (IND)

8n

Technical Groups Nenlinear Optics (QN) Application Areas :

Active & Adaptive Optics (T8) Optical Communications (PC) Biomedical Instrumentation {AB) _____Academic (ACAD)

Applications of Visual Science (VM) Optical Computing (1A} Commercial/industrial/OEM Products/ Governmental (GOVT)
Astronomical, Aeronautic, and Space Optics (TA) Optical Data Storage (1B) Components (AA) Non-Profit Research Laboratory

Atmospheric and Oceanic Optics (SB)
Biomedical Optical Imaging (O1)

Biomedical Optical Spectroscopy (OS]
Color (VC) |
Fundamental and Applied Spectroscopy (SH) |

Optical Design (TF)

Optical Fabrication and Testing {(TM}
Optical Physics (SR)

Optical Sensors and Detectors (PW)
Optical Thin Films (TG)

Education (AE)

Govemment/Defense (AD)

Cansumer/Entertainment Products (AC)

Environmental Monitoring/Instrumentation
(AG)

(NPRL)
Other (OTH) (specify)

Primary Job Function

Holography (IH) Optoelectronics (PZ) Information Delivery/Communication O Applied Research
Image Processing (ID) Systems and Instrumentation (TE) Systems [Al) O Basic Research
Integrated Optics and Micro-Optics (PE) Ultrafast Optical Phenomena (QY) Manufacturing & Process Engineering (AP) O Consultant
Laser Materials Processing (QL) Vision (VK] Metrology Instrumentation (AM)
Lasers (QE) X-Ray and X-UV Physics (SX) Quality, Reliability & Inspection (AQ) O Corporate General Management
Lithography (TJ} O Education
(Insert fetter code from above} | Enginegring Design & Development
First Choice Second Choice ___Third Choice Fourth Choice  ____Fifth Choice g mgﬁkfg?fnissliianu i
I have previously been a member of OSA O Yes [ONo O Technical Management
O Other (specify)
Subscription Orders (Number of issues per year) Domestic _Canada/PUAS Europe/Asia Amount
Applied Optics: One division (12) (specify) $ 54 $76 $114/114
Two divisions (24) (specify) & $ 81 $123 $197/197
Three divisions of Applied Optics (36) $ 93 $150 $ 263/263
The divisions of Applied Optics are Optical Technology & Biomedical Optics;
Information Processing; and Lasers, Photonics, & Environmental Optics
Optics Letters (24) $ 61 $ 86 $119/119
Journal of Lightwave Technology (12) $ 51 $ 51 $111/151
Journal of the Optical Society of America A: Optics, Image Science, & Vision (12) $ 51 $ 74 $111111
Journal of the Optical Society of America B: Optical Physics (12) $ 51 $ 74 $111/111
Journals of the Optical Society of America A & B (24) $ 90 $134 $210/210
Optics and Spectroscopy (12) $106 $127 $150/150
Journal of Optical Technology (12) $ 96 $109 $1221122
1996 Membership dues ($80 per year; $45 after June 30, 1996—Membership is based on the calendar year)........ $
Tl dues Al SUBEETTIEIONES uusmsssssssommeirmom oo e s s AT PR S e A S R $

I hereby certify that this information is correct and that the journal(s) | subscribe to are for my personal use and personal library only.

Date Signature

Membership and journal subscriptions are based on the calendar year
in which application is made, and journal subscriptions begin with the January issue unless the
applicant specifies that membership and subscriptions begin January 1 of the following year.

Please complete for payment by personal credit card

O ViIsA O MasterCard O Diners Club O American Express

Credit Card Number Expiration Date

Authorized Signature
Please call for special student, corporate, or teacher applications.

Make check payable to Optical Society of America.
PAYMENT IN U.S. DOLLARS, BY DRAFT ON A U.S.
BANK, IS REQUIRED. DO NOT SEND CURRENCY. IF
YOUR PAYMENT IS MADE BY TRANSFER, DIRECT IT
TO: NationsBank NA, 1501 Pennsylvania Ave. NW,
Washington, DC 20013, ABA #054-00-1204, OSA Acct.
20-867-84-287. PLEASE INCLUDE A COPY OF THE
TRANSFER ORDER.

Domestic subscription rates apply to United States
and its possessions ONLY. Canada, Mexico, and PUAS
are served by foreign surface mail. Members in all other
countries receive journals by air freight.

Membership information will be mailed in 34 weeks.
Magazine and Journal subscriptions will start in 6-8 weeks.

Return to: Optical Society of America, Member Services Dept., M5 112 ¢ 2010 Massachusetts Avenue, NW, Washington, DC 20036-1023
(800) 762-6960 = (202) 416-1475 * FAX: (202) 223-1096 = E-mail: osamem@osa.org

Call for a Student, Teacher, or Corporate Associate application.



Wg = 0p (np—-nI)}'(nS—nI) s {3)
As = Ap(ng-np)/(np-np). (4

These relationships (3) and (4) are generally only
approximate in practice, but they help us to see qualita-
tively how the signal and idler waves can be forced to
tune simply by changing one or more of the refractive
indices (for instance, by rotating a birefringent crystal,
by variation of temperature, or by applying an electric
field). Control of the phase-matching conditions in the
nonlinear-optical gain medium of an optical parametric
device therefore determines the output frequencies 0g
and @y. It also critically influences other performance
characteristics such as the single-pass optical gain, the
threshold for parametric oscillation, and the corre-
sponding signal and idler optical bandwidths.

The choice of nonlinear-optical crystal for optical para-
metric devices depends on various factors [1, 2], includ-
ing: the symmetry class of the crystal, since only non-
centrosymmetric crystals (also f%?able of piezoelectric
response) can have non-zero !4/ tensor components;
the magnitude of x4/, to ensure a sufficiently big opti-
cal nonlinearity; the capability of growing large crystals
of high optical quality, to maximise path-length in a
wide-aperture, blemish-free nonlinear-optical medium;
the transparency of the material at all three wavelengths
(Ag, A1 and Ap) to enable the device to operate over as
wige a tuning range as possible; the optical damage
threshold, particularly at the nominated pump wave-
length, but also at signal and idler wavelengths in high-
gain devices; the refractive indices, dispersion and bire-
fringent properties of the crystal, which need to be suit-
able for phase matching to be established; low thermal
coefficients of refractive index, to minimise temperature
sensitivity. Two other critical factors influencing the
choice of a particular nonlinear-optical material for a
given purpose are the cost and availability of crystals of
suitable size and quality; such factors are quite volatile
in the case of some of the newer materials which are in
high demand for OPO applications. Much recent work,
including our own [2 — 4, 6], has concentrated on the
crystal B-barium borate (BBO), which has proved well
suited to OPO applications covering the wavelength
range 0.4 — 2 um. A set of OPO output tuning curves
for this material is shown in Fig. 1, demonstrating
remarkably high conversion efficiency [2, 3].

In its simplest form, a pulsed OPO comprises just three
optical elements: a nonlinear-optical crystal (such as
BBO) that can be oriented to control the phase-match-
ing condition and a pair of mirrors to form an optical
cavity that is resonant at either Agor A] . Special mir-
ror coatings, with suitable broadband reflectivity/trans-
mission characteristics and high damage thresholds, are
intrinsic to satisfactory OPO operation. The tuning
curves in Fig. 1 were obtained with three interchange-
able sets of cavity reflectors, to cover the full spectral
range of the OPO, and with a BBO crystal (7 mm x 7
mm x 15 mm, 30° cut for Type-l phase matching)
pumped at 355 nm by an injection-seeded single-mode
Nd:YAG laser, with an incident pump energy of ~315
m] per 5 ns pulse. For optimal OPO performance, it is
vital for the pump laser to have good shot-to-shot sta-
bility and beam quality, with no “hot spots”.

100

T

OUTPUT ENERGY (mJ/pulse)
S

* SIGNAL -
1k 3
i ! ] 1 ! ]
0.40 0.50 0.67 1.0 2.0
WAVELENGTH (um)

Figure 1 : Tuning curves for the signal and idler outpurs of a free-running BBO
OPOQ, with observed pulse energies displayed on a logarithmic scale. The tun-
mg curves were generated by varying the BBO crystal angle and comprise three
pairs of plots (solid, short-dashed, and long-dashed lines), corresponding to sig-
nal and idler outputs for each of the three caviry mirror sets, Pump conditions
stated m text.

A number of factors determine the effective spectro-
scopic bandwidth of radiation emitted by such a “free-
running” OPO (containing no wavelength-selective
elements) based on a given nonlinear-optical medium
such as BBO [1, 2, 6]. These include: the wavelengths
Ag, Ajand Ap; the type of phase matching; the refrac-
tivity, dispersion and absorption of the OPO medium;
the crystal dimensions; the cavity reflectivity and effec-
tive number of passes of the resonated wave; the band-
width, divergence, pulse duration and pulse energy of
the pump radiation. The signal and idler waves are
found to have optical bandwidths that are wavelength-
dependent, increasing markedly as the degeneracy point
(2 Ap=Ag = A1) is approached. Under normal operat-
ing conditions well above oscillation threshold, the
optical bandwidth of a pulsed BBO OPO is found to be
greater than at threshold [6], owing to the oscillation of
transverse modes within a finite pump-beam diameter.
This gives rise to a substantial trade-off between min-
imising the oprical bandwidth of a free-running OPO
and maximising its output power.

In most spectroscopic applications, where the narrowest
possible bandwidth with the highest output power is
desired, such a trade-off tends to be counter-productive.
However, there are some multiplex spectroscopic situa-
tions [4] where broadband OPQ operation is an advan-
tage and others [6] where medium-band operation of a
free-running OPO can be contrived by exploiting the
spatio-spectral properties of the OPO output beam. In
the latter case, it has been possible to narrow the optical
bandwidth of broadband OPO radiation by almost a fac-
tor of five, simply by spatial filtering; this approach (and
its potential for industrial diagnostics) has recently been
demonstrated by recording a degenerate four-wave mix-
ing spectrum of the D-lines of sodium in a flame [6].
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Injection-seeded OPO operation

The optical bandwidth of a simple free-running OPO is
typically tens of ecm™, depending on the operating
wavelength and other factors, and is unsuitable for many
spectroscopic applications. Operation of a nanosecond-
pulsed OPO with narrow optical bandwidths approach-
ing the transform limit can be achieved by means of
wavelength-selective elements, such as intracavity grat-
ings and etalons [1, 2, 7], and this approach has been
employed in various commercial OPO designs. An
alternative approach, on which our work has concen-
trated [2 - 4, 6], is to employ injection seeding with nar-
rowband, tunable radiation from a low-power external
source used to control the wavelengths and optical
bandwidth of the OPO output. Injection seeding sepa-
rates the wavelength-control function of the OPO from
that of power amplification, and greatly simplifies OPO
construction.

The mechanism of injection seeding of a pulsed OPO is
understood qualitatively in terms of oscillation thresh-
old effects: modes of a singly-resonant OPO cavity with
which the frequency of the seed radiation coincides
tend to oscillate first, depleting the pump wave so that
no other modes are able to build up appreciably for the
duration of the pump pulse [2, 3]. Narrowband injection
seeding of an OPO by low-intensity tunable laser radia-
tion can therefore substantially reduce the optical band-
width of the OPQ outpur radiation and facilitate con-
tinuous tunability. Such OPO wavelength control falls
into two categories: narrowband amplification of the
seed radiation (at either g or @f); narrowband up-
conversion (if the seed is at o) or down-conversion (if
the seed is at @g) of the seed radiation.

In early work [2 — 4], we employed injection seeding by
pulsed tunable dye lasers (some of them bigger and more
elaborate than the OPO itself) to achieve continuously
tunable, narrowband operation of a pulsed BBO OPOQ;
this approach has been applied with optical bandwidths
of ~0.1 em™ (~3 GHz) to actual spectroscopic prob-
lems. More recently [6], we have used low-power, CW
radiation from a single-mode external-cavity diode laser
(ECDL) to injection-seed a passive ring-cavity BBO
OPO at its idler wavelength. The intrinsically narrow
bandwidth of a CW ECDL seed source enables the
pulsed OPO output wavelengths to be scanned continu-
ously with optical bandwidths of ~0.01 cm-! (~300
MHz), approaching the transform limit for the pulses.
The efficacy of this ECDL-seeding approach is demon-
strated in Fig. 2. Trace (a) is a typical spectral profile for
the signal output from a free-running linear-cavity BBO
OPO at an angle-tuned wavelength of 607 nm. This
broad spectral curve, recorded in a single shot of the
OPO by a monochromator equipped with a diode-array
detector [2, 6], has a FWHM optical bandwidch of 15
cm'I, too large for many spectroscopic applications.
Traces (b) and (c) are coherent anti-Stokes Raman
(CARS) spectra of nitrogen gas at low pressure. As will
be explained in the next section, such CARS measure-
ments require tunable radiation at 607 nm. This is gen-
erated by a BBO OPQ, with its optical cavity arranged
in the form of a triangular “ring” and injection-seeded at
its 855-nm idler wavelength by light from a single-mode

ECDL [6]. The uppermost CARS spectrum (b) is plot-
ted on the same optical frequency scale as the broad-
band spectral profile (a) of the free-running OPO, while
the lower CARS spectrum (c) is expanded ten times;
each CARS spectrum comprises a continuous scan of
the OPO output of >1 cm’! (>30 GHz). The
linewidths in these CARS spectra are consistent with
an optical bandwidth of 0.01 em”! (300 MHz) for the
OPO signal radiation, so that ECDL-seeding of an OPO
is seen to narrow the spread of its output frequencies by
a factor of 1000 or more. This is consistent with our
recent fluorescence-detected measurements [6] of
Doppler-free two-photon absorption in rubidium vapour
with 780-nm idler radiation from an ECDL-seeded BBO
OPO.
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Figure 2: Evidence of the spectroscopic characteristics of signal output radi-
ation from a pulsed tunable BBO OPO ar a wavelength of 607 nm. Trace
(a) corresponds to a free-running linear-cavicy BBO OPO, showing a
broad spectral profile with a FWHM oprical bandwidth of 15 em™L. Traces
(b) and (c) are CARS spectra of nitrogen gas ar 300 K and 75 Tor,
recorded with g ring-caviry BBO OPQ injection-seeded by an ECDL; this
demonstrates spectral narowing of the continuously tunable QPO radia-
tion by a factor of 1000 or more.

In using narrowband injection seeding to achieve con-
tinuous tuning of an OPO without mode-hopping, it is
usually considered necessary to vary the OPO cavity
length actively as the seed frequency is scanned.
However, our experiments [6] show that it is possible to
avoid such instrumental complications if the OPO ring
cavity is slightly misaligned (by tilting one of the mirrors
by 5 — 10 mrad in the horizontal, phase-matching
plane), thereby reducing its effective finesse and
smoothing out the sharp, widely separated resonances
that occur when the cavity is well aligned. In addition,
piezoelectric “dithering” of the OPO cavity length can
be useful in reducing the effect of minor intensity fluc-
tuations that are sometimes observed as the seed wave-
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length is scanned. The OPO signal and idler wave-
lengths can then be scanned continuously by tuning the
single-mode ECDL seed radiation, as is necessary to gen-
erate spectra such as that in Figs 2 (b) and (c). A key
feature of our technique is that the OPO cavity is oper-
ated passively, such that it is not necessary to lock the
QPO cavity length to the seed laser wavelength.

Example: OPO CARS spectroscopy

We conclude by considering briefly an area of molecular
spectroscopy, OPO CARS, in which OPOs assume the
role traditionally played by tunable dye lasers. This
serves to illustrate the type of application to which the
coherence and spectroscopic characteristics of pulsed
tunable OPO radiation are suited.

Coherent anti-Stokes Raman spectroscopy (CARS) is
well established as an industrial sensing technique, par-
ticularly for combustion diagnostics [8]. It comprises a
coherent four-wave nonlinear-optical process, in which
two laser beams — the Raman pump and Stokes waves,
with freql_lencies ©OPump and OStokes respectiv_ely -
interact with a Raman-type resonance in the nonlinear-
optical susceptibility ¥(3) of an optical medium, at a dif-
ference frequency ®ORaman = (("Pump - g 01}%5). This
generates a coherent anti-Stokes wave with frequency
®CARS = (Zuc)!pum = WG okes) and directional proper-
ties determined by p ase-matgﬁmg conditions.

It is customary to record a CARS spectrum by fixing the
Raman pump frequency ®p, -, and scanning the fre-
qUENCY WG, kes Of the Stokes radiation, normally gener-
ated by a mnggle dye laser. OQur research [2, 4] shows
that pulsed tunable OPOs provide a viable alternative to
dye lasers as sources of tunable coherent Stokes radia-
tion. An experimental schematic diagram for various
forms of OPO CARS measurement is shown in Fig. 3.

Three distinct approaches to OPO CARS are practica-
ble. In each case 532 nm radiation from the single-mode
Nd:YAG OPO pump laser forms the fixed-frequency
Raman pump beam, while various forms of OPO opera-
tion are used to generate the accompanying Stokes beamn
that is overlapped temporally and spatially with the
Raman pump beam in the sample of interest. The result-
ing CARS output beam is separated from the co-propa-
gating Raman pump and Stokes beams by means of opti-
cal filters and a monochromator. We have demonstrat-
ed these various forms of OPO CARS technique in the
context of rotationally resolved Raman spectroscopy of
nitrogen and oxygen in air at various temperatures [2, 4].

The scanned CARS approach depends on continuous
narrowband tuning of the signal wavelength of an injec-
tion-seeded OPO (as described above), with a photo-
multiplier used to detect the CARS light transmitted by
the monochromator. Qur original scanned OPO CARS
measurements [2, 4] were performed on nitrogen gas
with an effective optical bandwidth of ~0.1 ecm"!, the
Stokes beam being provided by tunable 607 nm signal
radiation from a pulsed BBO OPO injection-seeded at
the same wavelength by a tunable dye laser. More
recently, higher-resolution scanned OPO CARS spectra
of nitrogen have been measured with 607 nm tunable
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ARS
kAR CARS | MONOCHROMATOR
e G (PMT or array)

CARS beam

TUNABLE
BBO OPO

INJECTION-SEEDED SINGLE-MODE Nd:YAG LASER

Figure 3: Schematic of a spectroscopic system for OPO CARS measure-
mens, using a pulsed tunable BBO OPQ. Radiation from a single-mode
Nd:YAG laser system is the source of 355 nm QPO pump adiation and
also of the narrowband 532 nm Raman pump beam for the CARS process.
Visible OPO signal radiation (wavelength }‘sigml) serves as the Raman
Stokes beam, combined collinearly with the 532 nm Raman pump radiztion
and focused into the sample zone, while the accompanying OPO idler radi-
ation (A;gj.,) is rejected. The ant-Stokes beam generated by the CARS
process is filtered, passed through a monochromator, and detected by a pho-
comultiplier (in the case of scanned CARS) or photodiode array (in the case
of multiplex or two-colour CARS). For scanned CARS experiments, the
BBO OPOQ output wavelengths are conzrolled (see dashed portion) by injec-
tion seeding at the signal wavelength, with narrowband radiation from a
low-intensity dye or diode laser; i the case of two colour CARS, a second
seed laser is needed.

Stokes radiation from a pulsed BBO OPO that is injec-
tion-seeded at its idler wavelength with 855 nm light-
from a single-mode ECDL. The resulting spectra, such
as those in Figs 2 (b) and &c), are continuously scanned
over intervals of ~1.5 cm™ (45 GHz) and are well sim-
ulated by a CARS computer code that allows for
Doppler and pressure broadening. From this simulation,
we infer that the optical bandwidth of the Raman
Stokes radiation from the ECDL-seeded BBO OPQ is
~0.01 em-! (<300 MHz), approaching the transform
limit of the pulsed radiation itself.

Another approach to OPO CARS employs a free-run-
ning BBO OPO (with no injection seeding) to generate
broadband Stokes radiation for single-shot multiplex
CARS measurements [2, 4]. Here, a gated, intensified
diode array is used to detect the full dispersed CARS
spectrum in the exit focal plane of the monochromator
andfx detector-limited Raman spectral resolution of 0.35
cm™* (1.0 GHz) has been realised. The ability to record
an entire CARS spectrum instantaneously in a single
laser shot avoids complications due to turbulence and
other temporal fluctuations, compensating for the
reduced sensitivity and spectroscopic resolution of the
multiplex technique relative to scanned CARS.
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A third OPO CARS variant comprises two-colour
CARS, which relies on the ability of a free-running
OPO to be injection-seeded at two (or more) indepen-
dent optical frequencies falling within its intrinsically
broad optical bandwidth. In the first realisation of this
technique, we have employed two separate ECDLs oper-
ating around 855 nm to seed idler wavelengths of a sin-
gle BBO OPO; these were adjusted to generate two sig-
nal wavelengths around 607 nm corresponding respec-
tively to low- and high-] features in the rovibrational
CARS spectrum of nitrogen gas. The two-colour CARS
beam thereby generated was dispersed by a monochro-
maror and captured by an array detector. The relative
intensities of the two OPO CARS features thus moni-
tored can be used for temperature measurements of
nitrogen in air inside a furmace.  As in multiplex
CARS, two-colour OPO CARS spectra (and corre-
sponding temperatures) can be collected within a single
laser shot, so that the technique is amenable to investi-
gations of reactive, turbulent or dusty combustion media
and should enable studies of temporal or spatial fluctua-
tions in temperature. This combination of OPOs and
ECDLs generates a two-colour coherent light beam that
is spectroscopically tailored for single-shot monitoring of
two distinct features of a spectrum and offers the possi-
bility of an instantaneous laser-based “thermometer” for

air and other critical species in industrial environments.

'‘Optical analysis & design
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A BEGINNER’S GUIDE TO THE
FRACTIONAL FOURIER TRANSFORM

Part 2:
A Brief History of Time Frequency Distributions

Kieran G. Larkin
School of Physics
University of Sydney 2006

Earlier this year (Vol. 9, Issue 2) I presented a potted his-
tory of the fractional Fourier transform (FractFT from
hereon) and promised the “nitty gritty” in Part 2. A lot
has happened since then; I've lost count of the new
papers appearing with Fractional Fourier Transform in
the title. Also my attention has been drawn to addi-
tional publications which further complicate the histo-
ry of the FractFT!7. Readers interested in specific details
of the mathematical analysis are advised to consult the
references given at the end of this article. The objective
now is to present the main ideas behind the FractFT and
discuss some applications.

The Fractional Fourier Transform
& Propagation in GRIN Media

The FractFT arises most naturally in the analysis of opti-
cal propagation in graded index (GRIN) media. The
well known SELFOC lens has an axially symmetric qua-
dratic variation in refractive index. Ray propagation in
such 2 medium can be shown to consist of periodically
refocussing sinusoidal ray paths as shown in figure 1.
One way of understanding this effect is to consider the
GRIN medium as a series of thin lenses which gradually
focus a diverging group of rays.

Two full periods over axial distance 8L

Figure 1 Ray propagation in a GRIN medium

Moving on now to the propagation of an optical field in
such a medium. . . The self-modes of a quadratic GRIN
medium are Hermite-Gaussian (H-G) functions. In fact
these modes are the same as the familiar modes of a laser
resonator. Conveniently, these modes can be shown to
form a complete orthogonal set. In other words, any
function can be represented as a summation of the H-G
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functions. Hence any distribution of the input field can
be represented using H-G functions” . The propagation
of this field can then be reduced to the simpler problem
of the propagation of the individual (self-mode) H-G
functions. High order modes propagate more slowly
than low order modes so the field changes with axial
position. A periodic re-imaging of the field occurs
exactly as predicted by the ray propagation model.

A little mathematical notation can be used to sum-
marise the situation. Firstly the propagation of each
mode along the axis can be shown to be of the form

Ejm(x,5,2)="¥j,(x,3) exp(iBj,2)

The field of each mode is Ej,,,. The basic H-G mode is
¥, where | and m represent the order of the mode. A
propagation factor for each mode is ff},, which repre-
sents the different speed of propagation as a function of
! and m. There is clearly a periodic re-imaging over a
distance z=4L such that 48},,L=27. It can be shown
that over a distance z=L the input field is Fourier trans-
formed. Over multiples of the axial distance L the input
field is modified exactly in accordance with multiple
applications of the Fourier transform. A possible defin-
ition of the FractFT is now apparent: the FractFT is the
transform corresponding to propagation of a field along
axial distances a fraction of the length L. Such a defin-
ition automatically satisfies the basic requirements sug-
gested in Part 1 of this article, namely additivity, identi-
ty and commutativity. These three properties do not
uniquely define the FractFT!8, however, propagation in
GRIN media corresponds to the most interesting and
useful definition. An equivalent property of the
FractFT can be specified to ensure uniqueness. In the
next section rotation of the Wigner distribution will be
considered as such a property.

# Interestingly the H-G polynomial representation
includes an arbitrary scale factor in the Gaussian width.
This scale factor re-emerges as a complication in the
FractFT scaling property.




Australian Optical Society NEWS

In summary, the FractFT can be defined analogously to
the propagation of an (optical) electric field in a GRIN
lens/fibre. The order of the FractFT here is directly pro-
portional to the propagation distance. Propagation over
successive increments is equivalent to propagation over
the total of those increments. This behaviour is paral-
lelled by the additive and commutative properties of the
FractFT operator. Finally it is worth mentioning that
Gauss-Laguerre polynomials are more convenient for
studying propagation in systems with axial symmmetry,
but most FractFT papets concentrate on H-G modes.

The Fractional Fourier Transform
and the Wigner Distribution
Function

The Wigner distribution function (WDF) is a concept
which occurs naturally in the study of quantum
mechanics. The Wigner distribution has also been
found useful in the analysis of optical propagation prob-
lems 19.20. But, perhaps, the most important application
of the WDF is in signal processing where the time and
frequency analyses are required simultaneously.
Conventionally a signal can be represented as function
of time, and alternatively represented as a function of
frequency (via the Fourier Transform). In certain situa-
tions, such as speech analysis, sonar, and radar, for exam-
ple, the change in frequency spectrum over time is of
interest. Strictly speaking, the frequency spectrum can-
not be a function of time because Fourier analysis
requires integration of the signal over all time. To get
around this major difficulty a Short Time Fourier
Transform (STFT) has been proposed with limited suc-
cess?l. The WDF presents another way of viewing time
and frequency properties simultaneously with the added
benefit of several mathematically tractable properties
(which will not be considered here). The WDF of aone

dimensional function is defined as follows:

W(x,u)= ] g(—x/2) g (x'+x/2) exp(—2miux’) dx’

—c0

So x is a measure of the overlap of a function g with its
complex conjugate g™ The parameter u is, as before, the
spatial frequency. In signal analysis the corresponding
parameters are time and frequency rather than position
and spatial frequency. Time varying spectra can have
very distinctive signatures when viewed in terms of their
WDEs. The classic example given is a linear chirp — 2
tone with a linearly increasing frequency over 3 given
time period. Figure 2 shows the WDF of a linear chirp.
Some care and practice is needed for the correct intet-
pretation of WDFs but in this very simple case the
change in frequency with time is clear. Also shown in
figure 2 are the WDFs of a single, pure tone
a(x)=exp(— 2miugx) and a single impulse g(x)=8(x-xp).
It can be readily shown that the definition of the
FractFT developed so far has a very simple interpreta-
tion in terms of the WDE Simply stated, the WDF of a
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EractFT is identical to the WDF of the original function
except for a rotation in the x—u plane. The amount of
rotation is proportional to the fractional order. So, for
order a = 1 the WDF is rotated 7/2 radians; for order 2 =
4 the rotation is 27 (or 360°). Using the WDFan order
a FractFT can be visualised as a (m a/2) radian rotation.

A potential use of the FractFT can now be seen. By suit-
ably rotating the WDF of a chirp signal, the WDF can
be made either a delta function in variable x or in vari-
able u. In the former case a FractFT of suitable order
converts a chirp signal into an impulse with a location
related to the chirp parameters. Three immediate appli-
cations are obvious, i) to de-chirp signals, ii) to chirp
signals, and iii) to compress Ot decode certain categories
of signal. The GRIN media of the previous section pro-
vide a way of optically implementing such signal pro-
cessing strategies. Optical processing can avoid the sig-
nificant computational effort required to numerically
evaluate either the FractFT or the FFT (Fast Fourier
Transform), so very fast processing speeds may be
attained.

(frequency) u

ﬂs
— /

B{u-us) ‘ /

y

J

0 (position) x

Impulse
8(x-xa)

Figure 2 Wigner Distribution Function

The Fractional Fourier Transform
and The Fresnel Transform

The Fresnel Transform is a little known transform??
which can be defined using Eresnel diffraction in the
same way that the Fourier transform can be defined
using Fraunhoffer diffraction. Essentially, the Fresnel
transform predicts the field in any plane parallel to the
focal plane of the optical system shown in Figure 3. It
has been shown that the Fresnel transform is equivalent
to a suitable scaled version of theFractFT multiplied by
a quadratic phase factor’3. The equivalence is limited to
a range of fractional orders typically 0 < a <2 (a=1 can
be a problem!). This is just another way of stating the
obvious; that Fresnel diffraction does not exhibit peri-
odic refocussing typical of GRIN media.




A single lens system can be used to realise some proper-
ties of the FractFT. In many cases the additional qua-
dratic phase factor associated with the Fresnel transform
is not important because it is the intensity (modulus
squared of the field) which is detected. When the qua-
dratic phase prevents direct evaluation of the FractFT,
additional lenses (one at the input plane , one at the out-
put plane) can be added to counterbalance this phase.
Alternatively measurements may be limited to spherical
surfaces which exactly counterbalance the phases again.
An added difficulty in the FractFT interpretation of the
Fresnel transform is that the fractional order is a monot-
onic but nonlinear function of axial distance.

A number of systems have been proposed for the optical
implementation of the FractFT. Just two design criteria
(apart from nominal focal strength) have to be
addressed. These are i) the scaling factor, and ii) the
quadratic phase factor. Both of these are related to the
chosen fractional order. Readers interested in optical
systems for FractFT processing should consider a num-
ber of references!4 24-31,

Fourier Fresne|
transform transform
Lens plane plane

.

[

Figure 3 Fraunhofer and Fresnel Diffraction

Generalisations of the Fractional
Fourier Transform

Just as the FractFT is an extension of the Fourier trans-
form, the special affine Fourier transform32: 33 or SAFT
extends the FractFT. Here again the Wigner space
viewpoint is most enlightening and calculus free (unless
you want to prove it!). If the FractFT corresponds to a
rotation in Wigner space then the SAFT corresponds to
an arbitrary combination of shear, shift and rotation in
Wigner space.

As mentioned earlier, free space propagation of field
corresponds to a positional (or x) shear in Wigner space
whereas the action of a lens corresponds to a frequency
(or u) shear. A combination of three shears, such as
X-U-X, can produce a pure rotation and hence a simple
lens can produce a FractFT.

The SAFT may be useful as an alternarive way to view
and interpret field Propagation in more general optical
systems.  Such an alternative may provide insight into
seemingly intractable problems.

15
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The Fractional Fourier Transform
and Ray Propagation: The
Fractional Legendre Transform

Propagation of a ray through an optical system can be
represented - in a plane at least - by the ray position (r)
and the ray angle (s). In figure 1 the ray height follows
a sinusoid while the ray angle follows a cosinusoid as it
propagates in the z direction. If the propagation of a ray
bundle is plotted in a -5 diagram (figure 4) then propa-
gation in a GRIN medium is seen to produce a rotation
about the origin. The analogy with propagation and the
WDF is strong.

The actions of a lens and free space propagation are
shears in the s and r directions, respectively, further
strengthening the analogy. The FractET allows a func-
tion of position to be represented as a function of posi-
tion and spatial frequency. In a similar way, a construc-
tion now called the fractional Legendre transform3+
allows a function of ray position to be represented as a
function of a new parameter. This New parameter is a
linear combination of both position and angle.

The useful application of such a transform occurs in the
Hamiltonian optics of certain optical systems which
exhibit singularities of both the point (ie position) char-
acteristic and the angle characteristic. The fractional
transform allows a new intermediate characteristic type
some where between the point and the angle character-
istic to be defined so thar a singularity is avoided.

Applications of the Fractional
Fourier Transform

The two main applications mentioned so far are:

A)  Alternative interpretation of optical propagation
in both GRIN media and conventional optical
systems, and

B)  Processing of signals with specific time-
frequency and space-frequency signatures.

In many cases the FractFT is just used as a conceptual
aid to help visualize certain aspects of propagation. It
should be mentioned that the FractFT is based on a
paraxial scalar approximation not unlike that of the
Fresnel transform. So, in systems with high numerical
aperture (such as microscopes) the approximation is
invalid.

Recently some computational aspects of the FractFT
have been investigated10, 35, [¢ seems that the discrete
FractFT can be used for the efficient caleulation of the
FFT of sparse datasets!!. The well known trick of zero
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Figure 4 Ray height-angle (r-s) diagram

padding a dataset to get improved resolution in the FFT
can be modified so that all redundant zero multiplica-
tions are avoided. The method also allows the calcula-
tion to be confined to a selected region of frequency
space, further improving efficiency. Ironically this may
mean thar the calculation of Fresnel diffraction in opti-
cal systems can be speeded up considerably allowing
improvements in calculation time and/or accuracy.

Finally...

Observant readers may have noticed that a mathemati-
cal definition of the FractFT has appeared nowhere in
this article. The omission is deliberate.

Cynical readers may have noticed that the FractFT is a
surefire method of generating periodic citations. I
believe, as might less cynical readers, that the rapid dis-
semination of these ideas will have a beneficial effect.

Anagrammatical readers will surely have noticed the
connection between FRACTIONAL FOURIER TRANS-
FORM and ASTRONOMIC NARRATOR FLUFFIER as
well as REFRACTION AFFIRMS LUNAR ROOT.

Most other readers will have completely missed this arti-
cle. If, by some chance, you have read this far please
confirm my hopesfworst fears and email your comments
to: K. Larkin@physics.usyd.edu.au
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Facts and Figures
About the AOS
Membership

By Esa Jaatinen, Hon. Treasurer AQOS

At the AOS annual general meeting held on Thursday
the 12th of October, at the CSIROs Division of Applied
Physics, | had the privilege of being elected as the hon-
ourary treasurer for the society. As such I am enthusias-
tically looking forward to the challenge of keeping the
society’s finances in order for the next year, or failing
that a really good holiday in Bali.

With the end of year drawing near the first task before
me, as you will all already know, is to mail out the 1996
subscription renewal notices. To do this I first had o
- familiarise myself with the AOS database and all of its
mysteries. While playing with my computer and the
database 1 became aware of some facts and figures
regarding the AOS membership that 1 thought others
might also be interested in.

On the Lst of November 1995, there were 355 financial
members of the society compared to 270 in 1994 which
represents a growth of around 30%. By financial  mean
that these members have paid their 1995 subscription
fees. Of the 355, 210 have regular membership, 14 are
corporate, 5 are life members and only 40 are students.
The remaining 86 members joined at AQOS 10 in
Brisbane and their membership type will not be known
until they, hopefully resubscribe in 1996. From these
figures it seems that the number of student members is
disproportionately low. Particularly as the generous
prizes that the AOS offers should provide the incentive
for students to join. Perhaps then we need to advertise
our presence and benefits of membership more widely
than we currently do. We can all play a part here by
encouraging friends and students to join.

Apart from the paid up members there are those from
the ‘other’ side - the unfinancial members. On the lst
of November there were 55 members in all who still had
not paid their 1995 subscription fees, 42 of which are
regular members, 3 are corporate and 10 are students.
This group represents close to 15% of the entire mem-
bership and, for a non-profit organisation like the ACS,
a sizeable chunk of the annual income for 1995. The
financial situation is exacerbated by the fact that in
1995 our subscription fees, even if all of them had been
received, would not have covered our expenses. A full
treasurer’s report for 1995 will be published in a later
AOS Newsletter but in rough terms the expenditure for
1995 was close to $30 per member which is well in
excess of the $20 and $5 subscription fees charged of
members and students respectively. Fortunately this
year was an AOS conference year and the profits from
AOS 10 helped significantly to balance the books.
However conference profits are an irregular form of
income and cannot always be relied on. Therefore as
subscriptions are the only regular source of income for
the society, it is important that we all pay them as
promptly as possible to enable the society to function
properly and maintain all the services it provides for its
members.
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IUMRS Membership

The International Union of Materials Research Societies
(TUMRS) has agreed to offer full membership of the
TUMRS to Australian materials societies including the
Australian Optical Society through affiliation with the
Australian Materials Research Society (A-MRS).

At a cost of just Aust. $75 pa., full membership of this
prestigious society will guarantee receipt of twelve issues
per year of the MRS Bulletin from January-December
together with JMR Abstracts. The MRS Bulletin is a
glossy, superbly presented and informative edition
which is a “must read” for all materials scientists and
those researchers with an interest in materials. This
cost represents approximately 25% of the cost for non-
members.

To avail yourself of this terrific offer to be placed on the
A-MRS membership list and to receive the MRS
Bulletins, please complete the application form shown
below and send it immediately to:

Toni Purdy
Executive Officer

Department of Electronic Materials Engineering
Research School of Physical Sciences and Engineering
Australian National University

Canberra ACT 0200

Tel: (06) 249 0362

e-mail: Toni.Purdy@anu.edu.au

[ wish to join the Australian Materials Society and, as
an affiliated member of the International Union of
Materials Research Societies thus receive the Materials
Research Bulletin and JMR Abstracts at the special rate.
Please include my name on your membership list, details
follow:

Last Name:

Given Name:

Title:

Address:

Fax:

e-mail:




The Eyes of the Future are Here Today -
from EG&G Reticon

With unequailed image resolution, speed and
sensitivity that's so easy-to-use, Reticon provides
everything electro-optic for any line scan or full
frame matrix imaging requirement.
Sensors and the cameras they're in, interfaces
for the PC or VME platforms, image processing
in hardware or software, power supplies, cables,
lens adapter mounting brackets, Reticon delivers
-it all from one source.
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This is Our Best Counter Offer - from EG&G Canada

EG&G Optoelectronics Canada's new Photon Counting Module offers more photon
counting in the same compact package. It has a 500% higher maximum count rate of >10
Mc/s, with IMPROVED ease of use, requiring a single 5 V supply. There's a NEW gating
feature with or/off time below 100 ns, and BETTER photon detection efficiency - 70% at
650 nm. And it's FASTER - active quench reset in 50 ns. Applications inciude:

- Fluorescence and luminescence
« Lidar

_{'5; _l—!_l—l_ = Photon Correlation Spectroscopy
s L. Picowaﬂ to attowatt light levels.

Total IR Detecfion Within Your Grasp - from EG&G Judson

Specialising in Germanium (Ge), preamplifier electronics for operation at
Indium Arsenide (inAs), Indium cryogenic temperatures. Judson's design
Antimonide {InSb), and Mercury services include specialised IR detectors,
Cadmium Telluride (HgCdTe) detector liquid N, dewar, JTC and closed cylce
materials, Judson's technology and cooler systems, and muiti-element arrays.

products span the IR spectrum.
EG&G’s initiatives in research and

These products range from simple development have routinely resuited
photodetectors in TO style packages to in new technology, in response to
sophisticated integrated assemblies evolving optoelectronic needs of
containing detector, dewar, and Industry and Research.

AVAILABLE NOW FROM: \

WARSASH PTY LTD

ACN 001 070 29
PC Box 1685 Strawberry Hills NSW 2012 - tel:(02) 319-0122 - fax: (02) 318-2192
Unit 7 The Watertower - 1-9 Marian Street Redfern NSW 2016

Serving Australian Scientific Research & Industry
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Why Research Moves In Our Direction

Piezotechnology Nanopositioning Solutions in x,y,z

XY PZT Stages w/Capacitive Sensors +

SubNanometer Accuracy

The new Pl P-730 and P-731 monolithic XY
piezoeiectrically driven, EDM cut flexure stages
offer S0x50 and 100x1C0 ym ranges
respectively. Model P-730.20 boasts
SUB-NANOMETER accuracy.

These high precision stages find use in near
field scanning , X-ray scanning , and atomic
force microscopy, precision mask and
semiconductor wafer alignment and other
applications where single plane, high precision
XY motion is required.

S-340 Two Axis Piezoelectric Tilting
Platform

The new Pl S-340 tip/tiit piatform can
accommodate mirrors and optics up to 3" in
diameter, and operate in step or continuous
mode. Twe piezo actuators and 2 LVDT
displacement sensors per axis (in differential
mode) guarantee maximum temperature
stability and <1 prad resolution/repeatability.

Capacitive Displacement Sensors <0.1
Nanometer Resolution

The new Pl D-015, through D-100 capacitive
displacement sensors offer <0.1 nanometer resolution
and 0.05% linearity, the best in the industry.
Displacement ranges are 15 to 100 pm (up to 300 pm
with slightly reduced specs). Sensors and electronics
are compatible with P!'s line of piezoelectric
micropositioning systems. For micropositioning of
optics & fibres, micro-lithography, scanning
microscopy, interferometry.

AVAILABLE NOW FROM:

ey
WARSASH PTY LTD

ACN 001 070 293
PO Box 1685 Strawberry Hills NSW 2012 - tel:(02) 319-0122 - fax: (02) 318-2192
Unit 7 The Watertower - 1-9 Marian Street Redfern NSW 2016
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ICO XVII set for Taejon, Korea

Submission deadline: January 31, 1996

Every three years, the International Commission for Optics holds a
major conference on optical science and technology. ICO XIV, held
in 1987 in Quebec (Canada), was followed by ICO XV in 1990 in
Garmisch Partenkirchen (Germany) and by ICO XVI in 1993 in
Budapest (Hungary). In 1996, the location is Taejon, Korea and the
dates are August 19-23, 1996.

The theme of ICO XVI is “Optics for Science and New
Technology.” Topics include: Imaging and Non-Imaging Optics,
Optical Technology and Surface Characterization, Optical Physics,
Information Optics, Lasers and Laser Spectroscopy, Non-Linear
Optics and Quantum Optics, Opto-Electronic, Astronomical and
Atmospheric Optics, Medical Optics and Biological Optics, and
Sensors and Metrology.

ICO XVII will be organized by the Korean Optical Society on
behalf of the International Commission for Optics. Co-sponsor-
ing organizations include the National Academy of Science of
the Republic of Korea, the Korean Science and Engineering
Foundation, the Korean Federation of Science and Technology
Societies, the Optical Society of America, SPIE -the International
Society for Optical Engineering, the IEEE Laser and Electro-
Optics Society and the International Union of Pure and Applied
Physics. Support has been granted by Samsung Electronics Co.,
Ltd., Hyundai Electronics Co., Ltd., LG Electronics Co., Ltd.
(Gold Star), Daewoo Heavy Industry Co., Ltd., Samsung Camera
Industry, Hyundai Camera Industry and Anam Optical Industry.
ICO XVII will consist of plenary sessions, invited and con-
tributed oral communications, combined oral and poster presen-
tations, and panel discussions. A table top exhibit is being orga-
nized. All participants will take part in a full day excursion to the
historical site of Kyongju.

The recent ICO Prizes and ICO Galileo Galilei Award will be
presented at the award ceremony and the recipients will give an
invited lecture about their works. Invited speakers confirmed at
this stage include S. Chi (Taiwan), S. Chang (Korea), ]. Ojeda-
Castaneda (Mexico), C.H.B. Cruz (Brasil), E. Desurvire (France,

CONEWSLETTER
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ICO Prize 1994), A.K. Ekert (UK), K.M. Johnson (USA), S.
Kawata (Japan), T. Kamyia (Japan), H.]. Kong (Korea), Q.
Kocharovskaya (Russia), J.H. Lee (Korea), C.M. Lee (Korea), L.
Liu (China), D. Maystre (France), A.L. Mikaelian (Russia), M.
Namgoong (Korea), S. Odoulov (Ukraine), H.M. Ozaktas
(Turkey), J. Perina (Czech Republic), D. Psaltis (USA), A. Rebane
(Switzerland, ICOPrize 1993), G.C. Righini (Italy), C. Gomez
Reino (Spain), T. Szoplik (Poland), H. Thienpont (Belgium), H.].
Tiziani (Germany), J. Turunen (Finland), and B.Y. Zel'dovich
(USA).

The second announcement and call for papers is being mailed
by all ICO Territorial Committees and is available from them.
Additional copies may be obtained from the ICO Secretariat or
from the ICO XVII Congress Secretariat, Prof. B.Y. Kim, Dept. of
Physics, KAIST, 373-1 Kusong-dong, Yusong-gu, Taejon 305-
701, Korea, fax  +82-42-869 5527, e-mail
yoonkim®@sorak.kaist.ac kr.

Taejon is approximately a two-hour drive south of Seoul,
Korea. Taejon is located in the central part of Korea and has tradi-
tionally been a center for commerce and transportation. In recent
years, it has emerged as a major city for Science and Technology.
Many university, government, and industrial laboratories are
located in Taedok Science Town. Together with the nearby
Taejon High Technology Industry Area, Taedok Science Town is
one of the most important science and technology complexes
responsible for the industrial development of the growing nation-
al economy of Korea. The world Expo’93 was held in Taedok
Science Town and attracted 10 million visitors. For the trans-
portation of participants in ICO XVII, a shuttle bus service will be
arranged from Seoul Kimpo Airport One and Two to the meeting
location. Train and regular express bus service is also available,

The International Commission for Optics cordially invites
you to seize this unique opportunity to discover Korea and inter-
act with the fast growing Korean optical community during a
widely international event covering virtually all of optics.

OC'96 to be held in Sendai, Japan

The International Topical Meeting on Optical Computing is held
biennially under the auspices of a steering committee established
by the International Commission for Optics in conjunction with
the European Optical Society, the Optical Society of America,
and SPIE - the International Society for Optical Engineering. The
previous meetings were held in Minsk in 1992 and Edinburgh in
1994. In the even years, topical meetings on Optical Computing
are usually organized by the Optical Society of America.

OC’96 will take place at the Sendai International Center,
Sendai, Japan, 21-25 April 1996. Sendai can be reached in an
hour and 42 minutes by the Tohoku Shinkansen “Bullet” train
from Tokyo. OC’96 will be held in parallel with the International
Topical Meeting on Photonics in Switching, P$'96, and a joint
session will be planned. The OC’96 chairpersons are Y. Ichioka

of Osaka University for the Organizing Committee, T.
Kurokawa of NTT for the Steering Committee with M. Ishikawa
and K. Kubota as co-chairs, M. Takeda of Electro-
Communications University for the Technical Program
Committee with T. Hara and T. Yatagai as co-chairs, and H. Ito
of Tohoku University for the Local Arrangement Committee.
The submission deadline is November 1995. For a copy of the
call for papers and for all other questions, please contact the
OC’96 Secretariat, c/o Japan Convention Services Inc., Nippon
Press Center Building, 2-2-1 Uchisaiwai-cho, Chiyoda-ku,
Tokyo 100, Japan, fax +81 3 3508 0820, e-mail oc’96@csl.ntt.jp.
Information is also available on the World Wide Web through
http://www.csl.ntt.jp:oc_ps96 and by anonymous ftp from
ftp.cl.ntt.jp, directory /pub/oc_ps96.
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INTERNATIONAL COMMISSION FOR OPTICS
GALILEO GALILEI AWARD FOR 1996

Award Nomination Form

Full name of nominee :

Nominator’s name and address :

Nominator’s signature: Date

Date of birth of nominee:

Business Address:

Academic background

College or University:
Location: Major field:
Degree: Year awarded:

Academic Honors:

Position

Employed By:

Dates:
Duties:

Publications
(attach a separate sheet)

Patents, unpublished reports, papers presented at meetings, etc. (attach a list of those you deem pertinent)

Honors and Awards
Outstanding contributions for which the candidate is nominated for this award (attach a separate sheet) with consideration of the circum-
stances under which these were achieved.

Return this nomination form, together with supporting information, no later than March 15, 1995, to:
Prof. M.J. Yzuel
Chairperson of the ICO Galileo Galilei Award Subcommittee
Department of Physics, Edificio L&)
Universidad Auténoma de Barcelona
08193 Bellaterra (Barcelona), Spain
fax (34) 3 581 2003

Notes:
* The Rules of the Galileo Galilei Medal are included elsewhere in the present Newsletter.
* The nominee’s contributions should be documented, as well as the circumstances that justify the award (see sections 2.2. and 2.3 of the Rules).

* The recipient will be invited to give a presentation based upon his/her achievements at the next appropriate 1CO General Meeting.



INTERNATIONAL COMMISSION FOR OPTICS
ICO INTERNATIONAL PRriZE IN OPTICS
(1996)

Award Nomination Form

Full name of nominee:

Nominator’s name and address:

Nominator’s signature: Date:

Date of birth of nominee:

Business address:

Academic Background

College or University :

Location: Major field:
Degree: Year awarded: [
Academic honors:

Position

Employed by:

Dates:
Duties:

Publications
(attach a separate sheet)

Patents, unpublished reports, papers presented at meetings, etc. (attach a list of those you deem pertinent)

Honors and Awards
Scientific achievements for which the candidate is nominated for this award (attach a separate sheet).

Return this nomination form, together with supporting information, no later than March 15, 1996, to:
Prof. T. Asakura, Chair
ICO Prize Committee, Research Institute for Electronic Science
HokkaidoUniversity
Sapporo 606, Japan
fax (81) 11 758 3173

Notes:

* The Rules of the ICO Prize are included elsewhere in the present Newsletter.

The nominee’s contributions should be documented according with these Rules.

Nominators are encouraged to generate supporting letters; each supporting letter must come from a different country or ICO
Territory and bring additional information on the case. The number of supporting letters will not be a selection criterion.

The recipient will be invited to give a presentation based upon his/her achievements at the next appropriate ICO General Meeting,

*

*



ICO Prizes and Awards

The calls for applications for the ICO Prizes and Awards are nor-
mally issued every October with a deadline of March 15 of the
following year. This issue of the ICO Newsletter therefore com-
bines the two calls for applications for the “ICO Prize” and for
the “Galileo Galilei Award” for 1996. It is appropriate to repeat
here the rules applicable and point out to the sharp distinction
that exists between the two.

ICO Prize Rules

ICO has established in 1982 the ICO Prize, to be given each year
to an individual who has made a noteworthy contribution to
optics, published or submitted for publication before he or she
has reached the age of 40. (Specifically, the Prize winner must not
have reached the age of 40 before December 31 of the year for
which the Prize is awarded). The character of the work of succes-
sive Prize recipients should preferably alternate between predom-
inantly experimental or technological and predominantly theo-
retical. The “noteworthy” contribution in optics is measured
chiefly by its impact (past or possibly future) on the field of
optics generally, opening a new subfield or significantly
expandingan established subfield in research or technology. The
Prize consists of a citation and a cash award of US § 1000. Carl
Zeifl have agreed to donate in addition the Ernst Abbe medal.
Every year, the ICO Prize Committee issues a call for nomina-
tions that is published in the ICO Newsletter, receives the nomi-
nations and selects the recipients for approval by the Bureau at its
next meeting, The award needs not be made each year if the Prize
Committee so chooses. The Prize is preferably given to an indi-
vidual, but it can be shared by two persons. Eligibility for the
Prize is not excluded by previous prizes awarded to the individ-
ual. The selected Prize winner is then announced in the 1CO
Newsletter and, if possible, in one or more optics journals. The
prizes are presented at each ICO General Meeting and the Prize
winner is asked to deliver an invited talk at that Meeting,

About the ICO Prize
The ICO Prize was established in 1982 ; previous award
winners are :
1982  Antoine Labeyrie, France
1983 James Fienup, USA
1984 . Christopher Dainty, Great Britain
1985  Sergei I. Stepanov, USSR
1986  Kensuke Ikeda, Japan
1987  Alain Aspect, France
1988  no prize (The 1988 prize was changed 101989
in order to coincide with the year of award).

1989  Demetri Psaltis, USA
1990  Rosario Martinez-Herrero, Spain
1991  David A.B. Miller, U.K.
1992  Wolfgang Peter Schleich, Germany
1993  Aleksander K. Rebane, Estonia
1994  Emmanuel Desurvire, France and USA.

The ICO Prize Committee, consisting of T. Asakura, Chair,
K. Chalasinska-Macukov, ].W. Goodman, A.W. Lohmann, D.
Malacara, is now seeking nominations for the 1996 Prize.

Rules applicable to the Galileo Galilei Award

1. The Galileo Galilei medal of ICO is awarded for outstand-
ing contributions to the field of optics which are achieved
under comparatively unfavorable circurnstances.

2.1 The outstanding contributions in the field of optics should
refer to :
& fundamental scientific questions or problems, or
& research or development of optical methods or devices,
or

@ scientific or technical leadership in the establishment of
regional optical centers.

2.2 “Comparatively unfavorable circumstances” refers to diffi-
cult economic or social conditions or lack of access to scien-
tific or technical facilities or sources of information.

2.3 The outstanding contributions must be documented by
internationally acknowledged publications.

Exceptionally, reports can be considered, provided that they
are made available to the Award Committee.

3. The award is normally given to one person. Exceptionally,
however, if a collective contribution is judged to be worthy
of the award a team of several persons may be selected.

4. Every year, the ICO Committee for the Regional
Development of Optics issues a call for nominations that is
published in the ICO Newsletter, receives the nominations
and selects the winner for approval by the Bureau at its next
meeting. The award need not be given every year if the
Bureau so chooses.

5. The award consists of:

a) the Galileo Galilei Medal,

b) funding of registration and approved local expenses at
the next ICO General Meeting, where the winner will give a
presentation based upon his/her achievements,

c) special attention and appropriate measures of ICO to
support the future activities of the award winner.

About the Galileo Galilei Award

The award was established by the 1993 General Assembly of ICO
and will be awarded annually from 1994 onwards. The Italian
Society of Optics and Photonics, SIOF (Societa Italiana di Ottica
e Fotonica) has agreed to support ICO’s initiative and donate the
silver medal with the portrait of Galileo Galilei to be given to the
recipient.

The Award will contribute to one of the missions of the
International Commission for Optics: it will recognize the pro-
motion of Optics under difficult circumstances.

A subcommittee of the ICO Committee for the Regional
Development of Optics has been established for the Galileo
Galilei Award. It consists of M.J. Yzuel, Chair, H.H Arsenault, T.
Asakura, G.G. Mu and J. Perina. The 1994 and 1995 recipients
will be announced shortly. The Galileo Galilei Award subcom-
rnittee herewith invites readers of this Newsletter to nominate
candidates for the 1996 award. It is convinced that there are
many outstanding possible nominees and is looking forward to
receiving the nominations.

International Commission for Optics
International Commission for Optics. Bureau members:
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