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THIS YEAR HAS BEEN AN EXCITING and busy year with a major
refurbishment project undertaken to provide new laboratories and
office space to better support our growing numbers. We were pleased
to welcome 15 members of staff and graduate students from the now
closed Optic Fibre Technology Centre; they are all now fully integrated
into the School of Physics. Our undergraduate student cohort
continues to increase, but the most spectacular rise is with our
Honours class and postgraduate student numbers. Together with our
success in the competitive grants schemes (we were awarded $15.9M
in total research funds for 2008) and a very impressive publication rate
(more than 430 papers in 2008), these demonstrate that this School of
Physics has an outstanding profile both nationally and internationally.
The downside is we are very pressed for space. Our 1924 heritage
listed Main Building, designed by Professor Leslie Wilkinson, is
beautiful but there is an urgent need for a new building, with world-
class nanofabrication facilities, if we are to continue to attract top
researchers and teachers and the best students. A proposal for a
precinct jointly with Medicine is being planned and we are very keen to
have this proceed.

New appointments to the Research and Teaching staff include Dr
David Reilly who joins us as a Senior Lecturer, from a research position
at Harvard University. His research into mesoscopic physics will see a
new laboratory established in the School’s basement for experiments
that probe quantum objects at ultra low temperatures. David features
on the front cover of this issue. We are also pleased to welcome a new
Lecturer, Dr Pulin Gong, from the RIKEN Laboratory for Perpetual
Dynamics in Japan. Pulin is working in biomedical physics studying the
organised behaviour of time-varying signals in neural circuits and how
the brain processes information. Dr Roman Kompaneets is our third
exciting new appointment, joining the School as the Harry Messel
Research Fellow. His research is in complex theoretical plasmas,
working with Professors Don Melrose and Sergey Vladimirov. A full staff
list can be found in this report.

The School congratulates our outstanding staff and students who
received awards in 2008. Professor Peter Robinson was awarded his
second Federation Fellowship – the only one awarded to the University
of Sydney in 2008. Professor Robinson is the Leader of the Complex
Systems Group, which undertakes research in Brain Dynamics, Waves
and Space Physics among other topics. Professor Benjamin Eggleton
was awarded the NSW Science Prize for Physics & Astronomy; PhD
student, Christopher Hales won the 2008 Bok Prize, awarded by the
Astronomical Society of Australia for the best Honours thesis
completed in the previous year; Dr Amanda Karakas has been
awarded a University of Sydney Postdoctoral Fellowship to work in
Astronomy with Prof Tim Bedding. I also warmly congratulate Drs
Shami Chatterjee and Stuart Jackson on the award of their ARC QEII
Fellowships and the three staff members who were awarded Citations
for outstanding contributions to student learning, Drs John O’Byrne
and Joe Khachan and Associate Professor Manjula Sharma. 

Congratulations to those staff who received promotion during the
year: Drs Dennis Stello, Laszlo Kiss and Boris Kuhlmey, Associate
Professors Scott Croom, Andrew Hopkins, Manjula Sharma and Michael
Wheatland and Professor Geraint Lewis. This is an excellent result for
the School. The promotion process is rigorous and recognises the
outstanding achievement of these members of the academic staff. 

Head of School Report

PROFESSOR ANNE GREEN
HEAD, SCHOOL OF PHYSICS

It was a very exciting year for particle physics with the Large Hadron
Collider in CERN beginning operation. Three of our physicists, Drs
Kevin Varvell, Aldo Saavedra and Bruce Yabsley, of the High Energy
Research Group, have been part of the international team of 35
countries collaborating on this massive project. In September, when
the first beam was produced, there was huge media and public
interest – a School of Physics public talk excited over 800 responses.
Dr Karl Kruszelnicki (the Julius Sumner Miller Fellow) and Dr Kevin
Varvell gave an enlightening and informative talk to an enthusiastic
crowd. Free public talks are part of the School’s outreach activities and
continue to be popular with both alumni and non-alumni.

The Science Foundation for Physics supports the activities of the
School of Physics and works to raise the awareness of science in the
wide community. The Foundation provides up to $100,000 in untied
funds to assist special projects. During 2008, support was provided
included the following projects:
● High definition screens and teleconference facilities for the Remote

Observing Centre Sydney, to enable remote observing at optical
interferometers in Narrabri and the USA.

● The upgrading of audiovisual and presentation facilities for two areas
now regularly used for seminars and events such as 'Physics
Research Bites'.

● Contribution to museum cabinets for the refurbishment of the
heritage Foyer of the Main Building.
The School of Physics provides a vibrant and productive research

and teaching environment for staff and students and it is encouraging
to see the enthusiasm translated into success and ongoing effort to
continue to improve our performance across all the diverse activities
undertaken here and in collaboration with the Faculty and other
disciplines in the University.

Finally I would like to take this opportunity to thank the Dean of
Science, Professor David Day, for his continued support of the
research, teaching, outreach and other activities of the School of
Physics throughout 2008.
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ARC Federation Fellows
Marcela M Bilek, BSc PhD Camb MBA Roch
Joss Bland-Hawthorn, BSc AU Birm PhD
Sus & RGO
Benjamin J Eggleton, BSc PhD
Bryan Gaensler, BSc PhD
Peter A Robinson, BSc PhD
Catherine Stampfl, BSc PhD LaTrobe

Australian Professorial Fellows
Iver H Cairns, BSc PhD
David R McKenzie, BSc PhD NSW
Ross C McPhedran, BSc PhD Tas
Elaine M Sadler, BSc Qld PhD ANU
Sergei Vladimirov, MSc PhD Mosc

Professor in Theoretical Physics and
University Chair
Donald B Melrose, BSc Tas DPhil Oxf

Professor in Medical Physics
Clive Baldock, BSc Sus MSc PhD Lond

Professor in Theoretical Physics
Martijn de Sterke, MEng Delft PhD Roch

Professors in Astrophysics
Timothy R Bedding BSc PhD
Richard W Hunstead, BSc PhD

Professor in Sustainability Research
Manfred Lenzen, PhD Dip Bonn

Professor in Astrophysics, Head of
School and Director, Science Foundation
for Physics
Anne Green, BSc Melb PhD

Adjunct Professors
Russell Cannon, BSc MA PhD Camb
Matthew Colless, BSc PhD Camb
Robert Robinson 

Associate Professors
Geraint Lewis, BSc Lond PhD Camb
Serdar Kuyucak, BSc METU PhD Yale
Peter G Tuthill, BSc Qld BSc(Hons) ANU
PhD Camb

Adjunct Associate Professors
Roger Fulton, PhD UTS
Andrew Hopkins, BSc PhD

from November 
Lyn Oliver, MSc Lond PhD Camb
Natalka Suchowerska, BSc Birm MSc UTS
PhD
Robert Wilkins, BE MEngSc PhD

Teaching Management
Dr Richard Tarrant, BA MSc PhD
Richard Thompson, BSc PhD

Postgraduate Teaching Fellows
Po-chia Chen
Myles Covers
Bejamin Fulcher
Christopher Hales
Christine Lindstrom

Senior Lecturers
Stephen Bartlett, BSc Waterloo MSc PhD
Toronto
Seyed Reza Hashemi-Nezhad, MSc PhD Birm
Joseph Khachan, BSc PhD NSW
Zdenka Kuncic, BSc PhD ANU
Nigel Marks, BSc PhD

until June
David J Moss, BSc Waterloo MSc PhD
Toronto
John W O'Byrne, BSc PhD
J Gordon Robertson, BSc Adel PhD
Manjula D Sharma, MSc DAPh SPac
Kevin E Varvell, BSc WAust DPhil Oxf
Michael S Wheatland, BSc PhD

Adjunct Senior Lecturers
Shamibrata Chatterjee , BTech IIT Madras
MSc PhD Cornell

from December 
Lois Holloway, BSc Woll PhD NSW

Lecturers
Pulin Gong, BS PhD Xi’an Jiaotong
Christian Karnutsch, Dip Ingeniewr MSc
Karlsruhe

ARC Queen Elizabeth II Research Fellows
Scott Croom, BSc PhD Durham
Andrew Hopkins, BSc PhD

until November  
Kostyantyn Ostrikov, DSc Kharkov

until July
Alexander A Samarian, MSc Kiev PhD RAS
(Mosc)

ARC Postdoctoral Research Fellows
Christian E Grillet, MSc Montpellier II PhD
Ecole Lyon
Boris T A Kuhlmey, PhD
Christelle Monat PhD LEOM, CNRS
Nelson K L Ng, PhD
Dr Bruce Yabsley, Research only, ARC
Research Fellow, High Energy Group

Research Fellows
Helen M Johnston, PhD CalifIT BSc
Vasili Lobzin

Dr Aldo Saavedra, Research only, Post
Doctoral Fellow, High Energy Research Group
Snjezana Tomljenovic-Hanic

Senior Research Fellows
Christopher Dey, PhD
Laszlo Kiss, DPhys PhD Attila
Alexey Kondyurin, PhD Perm
Qinghuan Luo, BSc NIHM MSc Heilongjiang
PhD
Eric Magi, BSc ANU PhD NSW 
Joy Murray, 
Oliver Warschkow, BSc PhD Toronto
Yongbai Yin, MSc Nankai PhD

Professor Harry Messel Research Fellow
Roman Kompaneets, BSc Moscow State
PhD Munich 

Denison Research Fellows
Cenk Kocer, BSc Monash PhD
Dixon Kwok, BSc PhD Camb

until February

Postdoctoral Fellows
Julia J Bryant, PhD
Qijin Chen
Lisa Harvey-Smith
Jong Won Kim, BS MS Soel PhD Maryland 
Sunnie Lim, BappSc PhD RMIT
Peter Loxley, BSc Murd PhD UWA BSc

until September 
Bo L Li, MSc Nankai PhD JCUNQ
Tara Murphy, PhD Edin BSc
Stephen Ng
Lai Chun (Cat) So
Eduard N Tsoy, MSc St Petersburg PhD
Tashkent

until December 
Jeanette I Weise, BSc PhD Melb

Research Associates
Hans Bruntt  PhD Aarhus
Xiangyuan Carl Cui
Damien Carter
Katawat Chuasiripattana
Aisling Clark
Peter Drysdale, BSc LLB PhD
Xiangmei Duan
Alex Judge
Feng Luan
Neil Nosworthy
Swarma M Patra

until November 
Mark Pelusi
Rebecca Powles

until June
Vincent Pureur, 
Aloysius Soon

until February 

Staff
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Xingqiu Yuan
until April

Victor Zhou

Julius Sumner Miller Fellow
Karl Kruszelnicki, BSc MBioMedE NSW
MBBS

CUDOS Chief Operating Officer
Chris Walsh, PhD

CUDOS Laboratory Manager and
Assistant
Jeremy Bolger, BSc UWA PhD Heriot-Watt

until June
Joseph Zheng

CUDOS Administrative Assistant
Wendy Espinoza

from July 
Emily Higginson

on leave from July
Kali Madden

Teaching Laboratory Support Staff
Nathan Apps
Marek Dolleiser
Brian Ford
from August 
Amelita Napthali
Barry Napthali
Myo Win

Computing Staff
Sebastian Juraszek, PhD
Anthony Monger, PhD
Guoliang George Shan, PhD
Xue (Sue) Zhang

Senior Technical Officers
Robert Davies
Phil Denniss
Andre Kyme, BSc(Hons) UNSW MMedPhys
Wollongong

until February   
Barbara Piestrzynska

School Manager
Paul Harbon, MBA DipMngmt Deakin
DipMath SQld BSc

Science Communicator (Physics)
Phil Dooley, BSc PhD ANU
Lara Davis

from November

Student Support Office
Hyacinth Alfonso
Verdi Arli

until June
Eve Teran, BSc

Finance
Nelly Leh Hwa Liew
David Young

Human Resources Personnel and
Administrative Officer
Chindy Praseuthsouk, DipHRMngmt SIT BA

on leave from October

Human Resources and Administrative
Assistants
Sang Huynh
Jean Pierre Cheaib

Science Foundation for Physics
Executive Officer
Adam Selinger BSc Grad Dip (Science
Comm) ANU

Science Foundation for Physics
Community Relations Manager
Alison Muir

Science Foundation for Physics
Education and Administrative Officer
Alex Viglienzone

Physics Workshop Technical Officers
Michael Paterson
Terry Pfeiffer

Molonglo Telescope Manager
Duncan Campbell-Wilson, BSc ANU

Molonglo Technical Officers
Roger Ashwell CertIV Electronic Eng N Syd
TAFE
Adrian Blake
Tim Hubbard

until June 

Emeritus Professors
Richard Edward Collins, BSc PhD NY
John Davis, BSc PhD Manc
Harry Messel, AC CBE, BA BSc Qld BMilSc
NUI DSc
Bernard Mills, AC BSc BE ME DScEng FRS
FAA

Honorary Professors
David J H Cockayne, MSc Melb DPhil Oxf 
Lawrence E Cram, BSc BE PhD
Kostyantyn Ostrikov, DSc Kharkov
Colin JR Sheppard, MA PhD Camb DSc Oxf
Barry S Thornton, AM, MSc PhD NSW DSc

Honorary Reader
Graham Derrick, BSc Qld PhD

Honorary Associate Professors
Dale L Bailey, BAppSc NSWIT MAppSc UTS
PhD Surrey
Rodney C Cross, PhD DipEd
Robert G Hewitt, PhD
Brian W James, BSc PhD 
Ian D S Johnston, BSc Qld PhD
Brian McInnes, BSc PhD Qld
Lawrence S Peak, PhD
Murray Winn, BSc PhD Birm

Honorary Senior Lecturers
Roy Allen, BSc PhD Manc 
Peter Barnes, BSc PhD
Ian M Bassett, MSc PhD Melb
G Fergus Brand, MSc Otago PhD
Neil F Cramer, BSc PhD
David F Crawford, BSc PhD
Ian S Falconer, MSc NZ PhD ANU
Bruce McAdam, MSc NZ PhD Camb
James B T McCaughan, MSc PhD
Rosemary Miller, BSc Qld MEd

Richard Morrow, BSc Adel PhD Flin BA
Ian Sefton, MSc
Robert Shobbrook, BSc StAnd PhD
William J Tango, BSc Calif PhD Colorado
Anthony J Turtle, BA PhD Camb
Juris Ulrichs, PhD

Honorary Associates
Martin Abendroth
Dimitri Alexiev
Roy Allen
Dale Bailey
Andrew Bakich, MSc PhD
John Boldeman
Jeremy Bolger
Jeremy Booth
Alexander Buryak
Jenkins Charles
Gerald Cecil
Ian J Cooper, BSc MPhys DipEd NSW
Graham Derrick, PhD
Ludovico De Souza
Martijn van Eijkelenborg, MSch PhD Leiden
Mark Englund
Robert Fletcher, DipEd UTS BSc MSc PhD 
Richard Grey
Julienne I Harnett, BA Macq DipT Tas CAE PhD
Christopher Howard
Alexandra Hugman
Natalie James
David L Jauncey, PhD 
Simon Johnston, BSc Edin PhD Manc
Dixon Kwok, BSc PhD Camb
from February
Tim Langtry, BS PhD NSW MAppSc UTS
Maryanne Large, BSc PhD Dub
James K Lowry, BA Richmond MA William &
Mary PhD Cant 
Robert Lucas
Roy Macleod 
Pamela McNamara, BSc Swansea (Wales),
MSc Sheff PhD Bangor (Wales)
David R Mills, BSc PhD NSW
Graham Morrison, BE PhD Melb
Bhaskar Mukherjee, BE Calc MSc PhD
Technisch
Julian North
Andrew R Parker, BSc JM Liv, PhD Macq
John Piggot
Rebecca Powles
Mark Reinhard, BSc PhD Woll
Christopher Rennie, BSc ANU MBioEng NSW
Michael Scholz, BSc Tuebingen MSc PhD
Hamburg
Peter Shaver
Geoff Smith, MSc Witw PhD NSW
Lindsey Smith
Jeff Stanger, PhD
Michael Steel PhD
Ravi Subrahmanya
Thomas Wiedmann
Theo Armand ten Brummelaar
Jocelyn Towson, BSc UWA BA Camb MSc
Lond
John Tuthill
Mark J Wardle, MSc Auck PhD Prin
Kinwah Wu, BSc HK MSc PhD Louisiana



SCHOOL OF PHYSICS ANNUAL REPORT 2008
4

Undergraduate student numbers rose a little in 2008 because
of increased enrolment in several Junior Physics units. Two
new continuing Teaching and Research staff joined the School
– Drs Pulin Gong and David Reilly. Retired staff and some of
our research-only staff continue to make significant
contributions to the teaching program of the School. In
addition, in 2008 for the first time, five postgraduate students
were employed as Postgraduate Teaching Fellows. These first
and second year PhD students were selected from a pool of
applicants for one or two year appointments. They worked
one day a week in first and second year teaching and
assisted in other teaching development roles.

Another significant change was the improvement in lecture
demonstration arrangements and the development of a new
database of lecture demonstrations. The database provided
demonstration information on-line and allowed lecturers to
select their demonstration requirements or recall and edit a list
from the previous year.

Numbers in each teaching year were approximately as
follows:

Unit Semester 1 Semester 2

Junior Physics
Mainstream units 897 555

COSC Junior units - 38

EDUH 1017 Sports Mechanics 75 -

EDUF 1017 Science Foundations2 - 108

PHYS 1500 Astronomy - 146

AFNR 1002 Climate and the Environment - 117

Intermediate Physics
Mainstream units 115 113

PHYS 22 13 

Physics 2EE - 56

Senior Physics
Core units only 82 86

COSC Senior units 9 -

Honours 27 26

Postgraduate coursework (full time equivalent) 27

Postgraduate research 94

Junior (1st year) Physics:  
The numbers in Junior Physics mainstream units in semester 1
were significantly higher than in recent years, largely because a
change in Civil Engineering requirements brought around 130
extra students into PHYS 1001.  Astronomy student numbers
rose by 50% in response to an email advertising the unit to a
wide range of students across the University.

After a trial in the Environmental unit in 2007, the
MasteringPhysics web-based tutorial and assignment scheme
was extended to both the Fundamentals and Environmental
units in 2008.  This puts all assignments in mainstream Junior
units into MasteringPhysics.  In addition, the Astronomy unit
used MasteringAstronomy. While eliminating the marking load

Teaching Highlights

PROFESSOR RICHARD (DICK) HUNSTEAD
CHAIR, ACADEMIC PROGRAMS COMMITTEE

of assignments, the primary benefit was to provide on-line
assistance and timely feedback on assignments to the
students. This change was accompanied by the adoption of
new textbooks in the Fundamentals and Environmental units
and Astronomy.

Intermediate (2nd year) Physics:
Student numbers in Intermediate Physics were down by
around 15% in 2008. In addition, the take-up of the optional
second semester unit dropped below 60%.  The
Advanced/Normal ratio was very close to 1:1.
MasteringPhysics was used again for some assignments in
the main second semester unit, while the first year Labrat
system for recording marks was introduced into the second
year laboratory.

Senior (3rd year) Physics:
The numbers in Senior Physics were down very slightly in
2008 but remain rather higher than several years ago. The
Advanced/Normal ratio was around 2:1.  The laboratory once
again operated three days a week to cope with the large
number of students.  A smaller number of students did special
projects within research groups in place of lab, 21 in semester
2 2008 compared to 35 in semester 2 2007.

Honours:
The numbers in Honours were similar to the previous year, at
historically high levels.  Four students completed honours in
semester 1, while another 22 completed in semester 2.  Four
received the University medal: Andrew Darmawan, Tom Grujic,
Alessandro Tuniz and Joel Wallman.

Postgraduate Coursework:
The numbers in Postgraduate Coursework were relatively
steady.  Medical Physics continued to attract students, with 9
new enrolments for a total of 27 students (some part-time).
This includes 4 enrolments in the new Masters and Graduate
Diploma in Applied Nuclear Science.  Some units were in
common between the two programs and some Honours
students took units associated with the coursework Masters
programs.

Postgraduate Research:
The numbers in Postgraduate Research were relatively steady,
at a level 50% higher than they had been 6 or 7 years ago!
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The Talented Student Program (TSP) is an initiative of the
Faculty of Science aimed at introducing high-achieving
students to research in their first years at University. The
Physics TSP experience in 2008 consisted of weekly research
seminars by staff, research fellows and postgraduate students
on topics ranging from the "Death Star" to tests of general
relativity, radiation oncology to microstructured optical fibres,
complex plasmas to brain dynamics.

Research groups across the School offered mini projects in
second semester to Junior and Intermediate students in the
Talented Student Program. These projects were done in place
of part of the regular experimental physics program.  The
response was excellent, with 43 students opting to do project
work. The student talks and reports were of a uniformly high
standard, and many of the TSP students continued with their
research projects as summer vacation scholars. Six of the
TSP students came on a short excursion in the September
mid-semester break to observatories at Molonglo, Mt Stromlo
and Tidbinbilla, as well as visits to research labs at the
Australian National University.

Talented Student Program

[clockwise from left] TSP at MOST; TSP on Excursion – The TSP excursion group at
Tidbinbilla with our guide, Dr David Jauncey (CSIRO); TSP at Parkes – Group in front of
the 70-metre antenna at Tidbinbilla
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Degree Name Degree Level Name Student Supervisor
Ph.D. Phd (Research) Scott Young Allan David Mckenzie
Ph.D. Phd (Research) Gemma Elizabeth Anderson Bryan Gaensler
Ph.D. Phd (Research) Kevin Matthews Aquino Peter Robinson
Ph.D. Phd (Research) Andrew Das Arulsamy Kostya Ostrikov
Ph.D. Phd (Research) Neil Jeffrey Baker Benjamin Eggleton
Ph.D. Phd (Research) Keith William Bannister Bryan Gaensler
Ph.D. Phd (Research) Matthew James Barton Peter Robinson
Ph.D. Phd (Research) Daniel William Bennett Joseph Khachan
Ph.D. Phd (Research) Jennifer Mary Bennett Oliver Warschkow
M.Sc. Masters By Research David Nicolas Bennie Clive Baldock
Ph.D. Phd (Research) Lindsey Jordan Bignell Reza Seyed Hashemi-Nezhad
Ph.D. Phd (Research) Jacob John Borger Reza Seyed Hashemi-Nezhad
Ph.D. Phd (Research) Brendon James Brewer Geraint Lewis
Ph.D. Phd (Research) Jess William Broderick Richard Hunstead
Ph.D. Phd (Research) Regina Mary Bromley Clive Baldock
Ph.D. Phd (Research) Sam Campbell Martijn De Sterke
Ph.D. Phd (Research) Kin Wa Chan Clive Baldock
Ph.D. Phd (Research) Parry Chen Ross C Mcphedran
Ph.D. Phd (Research) Po-Chia Chen Serdar Kuyucak
Ph.D. Phd (Research) Alan King Ip Chiang Peter Robinson
Ph.D. Phd (Research) Aaron Paul Chippendale Anne J Green
Ph.D. Phd (Research) Gwi Ae Cho Clive Baldock
Ph.D. Phd (Research) Jonathon Mark Clearwater Peter Robinson
Ph.D. Phd (Research) Ryan Cooke Zdenka Kuncic
Ph.D. Phd (Research) William Peter Corcoran Benjamin Eggleton
Ph.D. Phd (Research) Christophe Cornet David Mckenzie
Ph.D.(Cotutelle) Phd (Research) Lenaic Gael Herve Fabien Couedel Alexander Samarian
Ph.D. Phd (Research) Myles Francis Cover Marcela Bilek
Ph.D. Phd (Research) Felicity Mary Cox Maryanne Large
Ph.D. Phd (Research) Justin Bryan Davies Clive Baldock
M.Sc. Masters By Research Garth De Visser Joseph Khachan
Ph.D. Phd (Research) Stephen Alan Dekker Marcela Bilek
Ph.D. Phd (Research) Aliz Derekas Timothy Bedding
Ph.D. Phd (Research) Peter Byron Dobbie Zdenka Kuncic
M.Sc. Masters By Research Francis James Farvis Clive Baldock
Ph.D. Phd (Research) Stephen Louis Beral Fine Scott Croom
Ph.D. Phd (Research) Michael Jeffrey Fitzgerald Joseph Khachan
Ph.D. Phd (Research) Matthew James Francis Geraint Lewis
M.Sc. Masters By Research Benjamin David Fulcher Peter Robinson
Ph.D. Phd (Research) Hugh Brownlee Garsden Geraint Lewis
M.Sc. Masters By Research Daryl Max Gibson Clive Baldock
Ph.D. Phd (Research) Ryuichiro Goto Simon Fleming
Ph.D. Phd (Research) Nathaniel Groothoff John Canning
Ph.D. Phd (Research) Mathew Charles Guenette Marcela Bilek
Ph.D. Phd (Research) Christopher Hales Bryan Gaensler
Ph.D. Phd (Research) Paul Jacob Hancock Elaine Sadler
Ph.D. Phd (Research) Hal Henke Peter Robinson
Ph.D. Phd (Research) Robin Freddie Hill Clive Baldock
Ph.D. Phd (Research) Dean Spencer Hillan Iver H Cairns
M.Sc. Masters By Research Jonathan James Hindmarsh Clive Baldock
Ph.D. Phd (Research) John Murray Hornibrook David Reilly
Ph.D. Phd (Research) Daniel Huber Timothy Bedding
Ph.D. Phd (Research) Andrew Jacob James Robertson
Ph.D. Phd (Research) Benjamin Timothy Jelliffe Scott Croom
Ph.D. Phd (Research) Erin Jolley Zdenka Kuncic
Ph.D. Phd (Research) Irina Kabakova Martijn De Sterke

Postgraduate Students
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Degree Name Degree Level Name Student Supervisor
Ph.D. Phd (Research) Cliff Clark Kerr Peter Robinson
Ph.D. Phd (Research) Madhura Killedar Geraint Lewis
Ph.D. Phd (Research) John Kipritidis Joseph Khachan
Ph.D. Phd (Research) Juliana Kwan Geraint Lewis
Ph.D. Phd (Research) Andre Kyme Roger Fulton
Ph.D. Phd (Research) Jamil Lambert David Mckenzie
Ph.D. Phd (Research) Michael Robert Elsdon Lamont Benjamin Eggleton
Ph.D. Phd (Research) Richard Reade Lane Geraint Lewis
Ph.D. Phd (Research) Felix James Lawrence Martijn De Sterke
Ph.D. Phd (Research) Jason Sang Hun Lee Kevin Varvell
Ph.D. Phd (Research) Michael Whalen Lee Benjamin Eggleton
Ph.D. Phd (Research) Christine Lindstrom Manjula Sharma
Ph.D. Phd (Research) Sahand Mahmoodian Martijn De Sterke
Ph.D. Phd (Research) Elizabeth Kate Mahony Elaine Sadler
Ph.D. Phd (Research) Mamdouh Matar Ian Bassett
Ph.D. Phd (Research) Aimee Louise Mcnamara Zdenka Kuncic
Ph.D. Phd (Research) Samuel Thomas Mconie Kevin Varvell
Ph.D. Phd (Research) Andrew Mark Michie Ian Bassett
Ph.D. Phd (Research) Amaal Mohamed Iver H Cairns
Ph.D. Phd (Research) Pourandokht Naseri David Mckenzie
M.Sc. Masters By Research Patrick Reinhard Christian Neumann Marcela Bilek
Ph.D. Phd (Research) Katherine Joanna Newton Mcgee Anne J Green
Ph.D. Phd (Research) Hong Chuyen Nguyen Benjamin Eggleton
Ph.D.(Cotutelle) Phd (Research) Ondrej Novak Marcela Bilek
Ph.D. Phd (Research) Stephen Michael Owens James Robertson
Ph.D. Phd (Research) Matthew Craig Palmer Stephen Bartlett
Ph.D. Phd (Research) Andrew John Phillips Peter Robinson
Ph.D.(Cotutelle) Phd (Research) Jerome Poulin Maryanne Large
Ph.D. Phd (Research) Kate Elizabeth Randall Andrew Hopkins
Ph.D. Phd (Research) Amanda Evelyn Rider Kostya Ostrikov
Ph.D. Phd (Research) William Robbins Bryan Gaensler
Ph.D. Phd (Research) James Andrew Roberts Peter Robinson
Ph.D. Phd (Research) Roberto Sangines-De Castro Marcela Bilek
Ph.D. Phd (Research) Alexandr Sergeevich Stephen Bartlett
M.Sc. Masters By Research Anthony Graham Smith Andrew Hopkins
Ph.D. Phd (Research) Cameron Smith Benjamin Eggleton
Ph.D. Phd (Research) Vello Tabur Timothy Bedding
Ph.D. Phd (Research) Eugene Tam Kostya Ostrikov
Ph.D. Phd (Research) Anant Tanna Bryan Gaensler
Ph.D. Phd (Research) Mark David Tucker Marcela Bilek
Ph.D. Phd (Research) Sacha Jennifer Van Albada Peter Robinson
Ph.D. Phd (Research) Alix Laura Verdon Iver H Cairns
Ph.D. Phd (Research) Matthew William Verdon Donald Melrose
Ph.D. Phd (Research) Philip John Vial Clive Baldock
Ph.D. Phd (Research) Duc Trung Vo Benjamin Eggleton
Ph.D. Phd (Research) Scott Allen Wales Geraint Lewis
Ph.D. Phd (Research) Hsiao-Chuan Wang Simon Fleming
Ph.D. Phd (Research) Anthony Terence Waugh Kevin Varvell
Ph.D. Phd (Research) Kathy Willowson Dale L Bailey
Ph.D. Phd (Research) Richard Wood Manfred Lenzen
Ph.D. Phd (Research) Henry Christian Andreas Woodruff Peter Tuthill
M.Sc. Masters By Research Kjetil Wormnes Iver H Cairns
M.Sc. Masters By Research Darran Kin Chun Wu Benjamin Eggleton
Ph.D. Phd (Research) Huiying Wu Peter Robinson
Ph.D.(Cotutelle) Phd (Research) Zhengwei Wu Sergue Vladimirov
Ph.D. Phd (Research) Daniel Yardley Bryan Gaensler
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AWARDS TO STAFF
The following School of Physics staff
received awards in 2008.

Dr Kostya Ostrikov
Kostya Ostrikov won the Australian
Academy of Sciences Pawsey Medal
for his experimental and theoretical
work in plasma nanoscience. Kostya
joins an illustrious group of scientists
who have been recipients of the
Pawsey Medal, which recognises
outstanding research in physics by a
scientist under 40 years of age for
research conducted in Australia.

Since its establishment in 1967 there
have been 42 medals awarded, with
Professor Lord Robert May of Oxford,
OM AC FRS being the inaugural winner.
We now have eight medallists currently
in the School of Physics – this is an
Australian record! Our stars are: 

Professor Kostya Ostrikov (2008)
Professor Ben Eggleton (2007)
Professor Marcela Bilek (2004)
Professor Sergey Vladimirov (2002)
Professor Martijn deSterke (1999)
Professor Peter Robinson (1995)
Adjunct Professor Richard 

Manchester (1978)
Professor Don Melrose (1974)

Professor Joss Bland-Hawthorn
Shared the Muhlmann Award of the
Astronomical Society of the Pacific with
Professor Karl Glazebrook (Swinburne
University of Technology), a
distinguished prize for achievements in
astronomical instrumentation.

Associate Professor Manjula (Manju)
Sharma, Drs John O'Byrne 
& Joe Khachan
The Australian Learning and Teaching
Council gave a citation award to
Associate Professor Manju Sharma, Dr
John O'Byrne and Dr Joe Khachan for
their long-standing contribution to the
quality of student learning. John, Joe
and Manju won a team award for
ongoing development and
implementation of a program that
encourages collaborative and

interactive learning in large first-year
physics classes.

Manju, John and Joe were also
awarded a Faculty of Science Citation
for Excellence in Teaching.

Professor Ben Eggleton
Professor Eggleton was awarded a
NSW Government Science Prize
(organised through the Office of
Science and Medical Research) in the
category ‘Physics and Astronomy’. 

Professor Bryan Gaensler
Professor Gaensler was honoured with
a Young Tall Poppy Award at
Parliament House. Bryan was one of
four academics at The University of
Sydney to be given such an award for
NSW.

Bryan uses the static and crackle of
the radio waves produced by stars and
galaxies to study magnetic fields in the
universe. The Tall Poppy Campaign
was created by the Australian Institute
of Policy & Science to recognise and
celebrate Australian scientific and
intellectual excellence and to
encourage younger Australians to
follow in the footsteps of our
outstanding achievers.

Bryan has also been appointed to
the Anglo-Australian Telescope Board
(AATB). His appointment runs from 1
January 2009 until 30 June 2010 (when
the current AAT Agreement ends).

Professors Marcela Bilek and Bryan
Gaensler
Marcela and Bryan were both selected
as delegates to the Australia 2020
Summit in Canberra in April 2008.
This Federal Government initiative
aimed at harnessing the best ideas for
building a modern Australia ready for
the challenges of the 21st century,
inviting 1000 plus leading Australians to
the national Parliament to debate and
develop long-term options for the
nation across 10 critical areas. 
Bryan was in ‘The Productivity Agenda
_ education, skills, training, science and
innovation’. Marcela was in ‘Population,
sustainibility, climate change and
water’.

Dr David Moss
Dr Moss was awarded a Fellowship of
the Optical Society of America (OSA)
for significant contributions to the
theory of semiconductor optical
nonlinearities and quantum-well
optoelectronics and to experimental
demonstrations of integrated optical
signal processing, as well as for
developing commercial devices for
optical communications. 

AWARDS TO
UNDERGRADUATE
STUDENTS
The following students were awarded
prizes or scholarships in 2008 based on
their academic achievements in 2007.

JUNIOR PHYSICS

The Levey Scholarship No. 1 for
Physics
Laura McKemmish

School of Physics-Julius Sumner
Miller Scholarship No. 1
Martin Seneviratne
Blake Churton

Science Foundation for Physics
Scholarship No. 1
Jason Ting
Andrew Danos
Graham White
Matthias Wong
Katherine Leong

Smith Prize in Experimental Physics
(shared)
Michael Su
Martin Seneviratne

Sky and Space Prize for Astronomy
Francesca von Braun Bates

INTERMEDIATE PHYSICS

School of Physics-Julius Sumner
Miller Scholarship No. 2
Cameron Cuthbert
Colin Tuft

Prizes and Scholarships 2008
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Science Foundation for Physics
Scholarship No. 2
Xin Zhang
Timothy White
James Colless
David Williams
Anna Wang

The Slade Prize for Practical Physics
(shared)
Alexandra Graham
Xin Zhang

The Geoffrey Builder-AWA Prize
(shared)
James Colless
Konstantinos Diamantis-Spanos

SENIOR PHYSICS

Deas-Thomson Scholarship (shared)
Thomas Grujic
James Henderson

The Walter Burfitt Scholarship No. 2
for Physics (shared)
Thomas Grujic
James Henderson

School of Physics-Julius Sumner
Miller Scholarship No. 3
Thomas Grujic & James Henderson
(shared)
Andrew Darmawan

Science Foundation for Physics
Scholarship No. 3
Joel Wallman
Michael Delanty
Andrew Layden
Murad Tayebjee
Brett Layden

The School of Physics Honours
Scholarship
Hannah Kennelly
Matthew Nichols
Daniel Graham
Mohammad Rafat
Nikhul Patel
Maki Takahashi
Timothy Giles

The W.I.B. Smith Prize
Aaron Hayward

The Malcolm Turki Memorial
Scholarship
Daniel Graham

PHYSICS HONOURS

Shiroki Prize for Best Honours
Project in Physics
Tom Griffin

The Australian Institute for Physics
(NSW) Branch Prize
Tom Griffin

Henry Chamberlain Russell Prize in
Astronomy (shared)
Christopher Hales
Juliana Kwan

AWARDS TO
POSTGRADUATE
STUDENTS
CISRA Postgraduate Physics Prize
(shared)
Julian North
Cameron Smith

The School of Physics Postgraduate
Alumni Prize
Paul Steinvurzel

Winners of Physics Scholarships and Prizes
Awarded in 2008 for achievements in 2007

1. Dr John O’Byrne - Chair, Academic Programs
2. Mr Trevor Danos - President, Science Foundation
3. Dr Julian North
4. Dr Kieran Larkin - Canon Systems Research Australia
5. Emeritus Professor Harry Messel 
6. Joel Wallman
7. Hannah Kennelly
8. Brett Layden
9. Daniel Graham
10. Maki Takahashi
11. Andrew Layden
12. Xin Zhang
13. Konstantinos Diamantis-Spanos
14. Anna Wang
 

15. Matthew Nichols
16. James Colless
17. Timothy White
18. Colin Tuft
19. Thomas Grujic
20. David Williams
21. Alexandra Graham
22. James Henderson
23. Juliana Kwan
24. Christopher Hales 
25. Cameron Cuthbert
26. Laura McKemmish
27. Francesca von Braun-Bates
28. Dr Karl Kruszelnicki - Julius Sumner Miller Fellow

29. Michael Su
30. Mr Ted King
31. Andrew Danos
32. Blake Churton
33. Mohammad Rafat
34. Katherine Leong
35. Graham White
36. Murad Tayebjee
37. Andrew Darmawan
38. Timothy Giles
39. Mrs King
40. Nikhul Patel

For more information see www.physics.usyd.edu.au/current/scholarships.shtml

41. Michael Delanty
42. Professor David Day - Dean, Faculty of Science
43. Professor Anne Green - Head of School & Director, 
Science Foundation
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Overview
Julius Sumner Miller Fellow – Dr Karl Kruszelnicki and Dr Kevin
Varvell, who leads the High Energy Group within the School of
Physics, gave an enthralling free public talk about the purpose
and functioning of the Large Hadron Collider located at the
European Organisation for Nuclear Research (CERN)in
Geneva, Switzerland. The RSVP list for the public talk grew
from 80 to over 800 in the space of three days.  

Dr Karl was also featured in an episode of ABC TV’s
Collectors program talking about the collection of the Physics
Museum. In the program paid particular relevance to Julius
Sumner-Miller and the equipment he used in science
demonstrations, some of which was even ‘autographed’. The
program was produced after The Collectors visited the ABC
Ultimo and saw the Why Is It So? exhibition held in its foyer
during National Science Week. The Exhibition and the
Collectors program were organised using the resources of the
Science Foundation for Physics.

The Science Foundation for Physics also hosted four
Science in the 21st Century lunches. The format of the
lunches is that a Federation Fellow presents on his or her
recent research, followed by general discussion. Attendees at
the lunches have included the Vice Chancellor, the Deputy
Vice Chancellor (Research), the Deputy Chancellor, the Dean
of Science, NSW Government Ministers, the NSW Chief
Scientist, ISS alumni and some of the country's most senior
business executives.  

These activities showcase the Foundation, the School and
the University and provide an excellent opportunity for high
level networking and targeted fundraising, as well as
reminding the leadership of the University of the Foundation's
relevance, worth and contribution (an important consideration
when there are 40 or so other foundations competing for
their attention and support). These activities also reinforce the
Foundation's role and value in the minds of the School and
its staff. The roll out of these and similar activities will
continue in 2009.

Science Communication within the School of Physics
Dr Philip Dooley, Science Communicator and Ms Lara Davis,
Outreach Officer, communicate physics to secondary school
students through University of Sydney initiated Kickstart
Program (including Kickstart on the Road), Gifted and
Talented Workshops, Degree in a Day and Science in the City. 

Kickstart workshops give HSC students a chance to do
experiments and demonstrations of key ideas in the syllabus
that are difficult to do in the classroom. Over the last four
years Physics has hosted thousands of Year 11 and 12
students in our labs.

Kickstart on the Road is a Physics initiative and for two
weeks in 2008 Phil and Lara, along with several young
physics demonstrators travelled to regional New South Wales.
Led by Dr Phil Dooley the crew managed to pack in a Science
Teacher's Workshop, two modules of Kickstart, a Nobel Prize
talk and a Great Physics Airshow for kids into a combined

program that saw
300 NSW Higher
School Certificate
students and 44
teachers. 

Thanks to the generous sponsorship of IBM Australia,
Kickstart is also able to take physics equipment out to
regional parts of NSW. 

The 'On the Road' program bases itself in three regional
centres, Wagga Wagga, Dubbo and Armidale. Schools travel
up to 200km to attend Kickstart sessions. It also gives remote
schools with only one or two students access to workshops
that we run in Sydney for large metropolitan schools.

For the students, a day usually consists of two three-hour
sessions in the lab using equipment such as induction coils,
AC and DC motors, and the all-important liquid nitrogen-
fuelled superconductors. Over lunch they are treated to a
detailed, interactive talk all about Relativity. This year we also
took a large discharge tube, which wowed the students with
its striped purple glow long before they even began their 
lab sessions.

Gifted and Talented held in Spring 2008 had a radioactivity
theme in recognition of the Large Hadron Collider launch and
Degree in a Day in Summer starts ramping up to the
International Year of Astronomy with telescope activities. The
School enthused Year 8 and 9 high school students with the
NSW Office of Science and Medical Research's Science
EXPOsed; primary school children in Giant Science, and
Science in the Bush visits the Hawkesbury and Albury for
Flying, Floating, Freezing Physics shows. As far as the kids
are concerned too much physics is barely enough!

As well as these activities, which aim to encourage an
enthusiastic interest in students studying science, Phil and
Lara organised and promoted public talks. During 2008 The
Science Communication team were involved in a staggering
622 outreach activities.

Above: Dr Philip Dooley, Science Communicator and Ms Lara Davis, Outreach Officer;
below: Eli Matar demonstrating physics to high school students as part of Kickstart on
the Road 

Science Outreach and Communication

DR PHIL DOOLEY
SCIENCE COMMUNICATOR, SCHOOL OF PHYSICS
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Untied Funds
Each year, the Science Foundation for Physics provides
between $50,000 and $100,000 in untied funds to assist the
School of Physics in areas where conventional funding is
difficult to obtain. Foundation funds have been used in the
past, for example, in the renovation of the School's
Computational Science computer labs. The Foundation was
once again pleased to be able to transfer the full amount of
$100,000 to the School in 2008.

The School identified several projects to make use of this
funding during 2008. These are:

1. High definition screens and teleconference facilities for
the Remote Observing Centre Sydney (ROCS).

2. Upgrading audiovisual and presentation facilities for
Physics Tea Room, now used for seminars and School
events such as 'Research Bites' and 'Astro-Tea'.

3. Contribute to museum cabinets for the refurbished Main
Foyer currently being restored by an expert conservator.

4. Audio visual upgrade (new console) for Tutorial Room
414, which is not under the University of Sydney's
management.

Science Foundation for Physics
SUPPORTING THE SCHOOL OF PHYSICS
PROFESSOR ANNE GREEN
DIRECTOR, SCIENCE FOUNDATION FOR PHYSICS

Alumni Relations
The School of Physics, with support from the Science
Foundation for Physics, keeps in touch with two groups of
alumni: Physics graduates and scholars from the International
Science School established in 1962 by Professor Harry
Messel. In 2008, Ms Alison Muir again managed the School’s
alumni activities, working with Dr John O’Byrne and the
University of Sydney’s Alumni Relations Office. 

The School of Physics Alumni News is distributed widely
each year. Alison also edits this biannual newsletter, which
updates readers on the research, events and activities of the
School. The Science Foundation for Physics pays for the
design, printing and distribution of Alumni News.

During 2008 the monthly one-page newsletter, Alumni
Update, was emailed to over 1600 alumni. Alumni Update
helps keep alumni informed about with news, research
developments, events and activities of both the School of
Physics and the Science Foundation for Physics.

Above: The annotated first edition of Sir Issac Newton's Principia (one of four copies
in the world—estimated value A$8million) on display as part of Rare Science, held by
the Science Foundation for Physics in the Fisher Library during 2008



SCHOOL OF PHYSICS ANNUAL REPORT 2008
12

In 2008 the School of Physics had six ARC Federation Fellows
each working on diverse areas of research. 
Federation Fellow Professor Joss Bland Hawthorn’s research
area, Astrophotonics, is an area of research that Bland-
Hawthorn has been pioneering for 20 years and which links in
with research into photonics and optics. The optical fibres
developed for telecommunications have narrow cores and
work in single mode, and have been the basis of many
exciting new devices built into the fibres. In astronomical
applications, where light is scarce, fibres are much thicker to
allow more light to pass down the fibre to the detector. As a
result, astronomical fibres are usually multimode. Research in
astrophotonics aims to develop new applications of photonic
devices, originally developed for telecommunications, to
important tasks in astronomy. In 2008 the first Astrophotonics
workshop within the University of Sydney was held.

Federation Fellow Professor Ben Eggleton, Research
Director of CUDOS, received both national and international
media when the photonic integrated chip – the next
generation of high-speed communications – was developed
a year ahead of schedule. In 2008 Eggleton was awarded
NSW Scientist of the Year the Office of Science and Medical
Research. Eggleton received the award for his research into
physics and astronomy, for the pioneering work of CUDOS
under his directorship, as well as acknowledging work done
while at Bell Labs – congratulations to Professor Eggleton.

Also part of the Astrophotonics group is Federation Fellow
Professor Bryan Gaensler from the Institute of Astronomy.
Gaensler's current research focuses on the origin of
magnetism in the Universe, and on the demography of
neutron stars and black holes in our Milky Way. Until 2007, he
held the position of International Project Scientist for the
Square Kilometre Array, a next-
generation radio telescope and he still
takes a keen interest in this project.

Celestial phenomena are also on
the agenda for Federation Fellow,
Professor Peter Robinson, whose
Complex Systems group continued
theoretical studies of Plasmas,
including those in the gas clouds
between stars and galaxies. At the
other end of the scale Professor
Robinson’s group also models
plasmas to create nanotechnology,
and, to complete an extraordinarily
breadth of research, Professor
Robinson continued his extremely
successful theoretical modeling of the
brain, through his collaborative Brain
Dynamics Centre.

The intersection of physics and
biology is also the subject of research
by Federation Fellow Professor
Marcela Bilek, who has invented

methods for manipulating ionised matter (plasma) by means of
electric and magnetic fields in order to create uniform, high-
performance surface coatings. She has developed techniques
of treating materials with high-energy ions and thereby
reducing their intrinsic stress and improving adhesion. This is
the key to the production of robust, high performance
coatings required for demanding applications such as
implantable medical devices and high speed cutting tools.
These methods are being used both in Australia 
and internationally.

In contrast to the experimental research of Professor Bilek,
Federation Fellow Professor Cathy Stampfl studies the
properties of materials from a theoretical standpoint. Her
Condensed Matter Theory group strives to achieve
fundamental understanding of the processes and reactions
occurring at the surfaces of materials, with a view to improving
the manufacture of complex materials such as electronic,
magnetic and optical devices, sensors, catalysts and hard
coatings. Stampfl’s research interests include adsorption on
metal surfaces, chemical reactions at surfaces,
oxidation/corrosion of metal surfaces, surface phase
transitions, superhard nitride-based materials for hard coatings,
dilute magnetic III-Nitrides, doping and defects in III-Nitrides.

2008 Federation Fellows

Three Federation Fellows: Professors Ben Eggleton, Joss Bland-Hawthorn and Bryan
Gaensler who presented the Universe at Light Speed event in March 2008
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ARC DISCOVERY PROJECTS FOR
FUNDING TO COMMENCE IN 2009

Primary RFCD 2401
ASTRONOMICAL SCIENCES

DP0988751 Prof J Bland-Hawthorn,
Prof KC Freeman, Dr SC Keller, 
Prof M Asplund
Project Title: Galactic Archaeology: a
Challenge for the Cold Dark Matter
Paradigm
2009: $ 170,000
2010: $ 170,000
2011: $ 170,000

DP0987072 Dr S Chatterjee, 
Prof BM Gaensler
Project Title: Snap, Crackle, Pop:
Opening the Window on the Variable
Radio Universe
2009: $ 190,000
2010: $ 190,000
2011: $ 170,000
2012: $ 166,000
2013: $ 160,000
including QEII Fellowship for 
S Chatterjee

DP0987331 Dr AM Hopkins, 
Prof J Bland-Hawthorn
Project Title: The mass assembly of
galaxies and structure in the universe
2009: $ 130,000
2010: $ 80,000
2011: $ 80,000

Primary RFCD 2402 
THEORETICAL AND CONDENSED
MATTER PHYSICS

DP0984389 Prof CM Stampfl, 
Dr S Piccinin, Prof MR Scheffler, 
Prof AJ Freeman
Project Title: First-principles engineering
of advanced multicomponent materials
for clean, energy efficient thermoelectric
and catalytic technologies
2009: $ 150,000
2010: $ 100,000
2011: $ 120,000

Primary RFCD 2403 
ATOMIC AND MOLECULAR
PHYSICS; NUCLEAR AND PARTICLE
PHYSICS; PLASMA PHYSICS

DP0986853 Dr F Zare, Prof PJ O'Shea,
Prof GF Ledwich, A/Prof BW James, 
Dr RJ Carman, Prof H Akiyama, 
Prof F Blaabjerg
Project Title: Improving the efficiency of
silent discharge plasma systems
through an effective high voltage power
converter design match

2009 : $ 85,000
2010 : $ 85,000
2011 : $ 60,000

Primary RFCD 2404 
OPTICAL PHYSICS

DP0986503 Dr GJ Pryde, 
Dr AC Doherty, Dr SD Bartlett, 
Prof HM Wiseman
Project Title: Approved Quantum limits
in measurement and communication
2009: $ 150,000
2010: $ 130,000
2011: $ 130,000

Primary RFCD 2917
COMMUNICATIONS
TECHNOLOGIES

DP0986960 Dr SD Jackson
Project Title: Microfibre photonics:
function densification on a wavelength
scale
2009: $ 160,000
2010: $ 85,000
2011: $ 85,000
2012: $ 120,000
2013: $ 130,000
including QEII Fellowship for 
S Jackson

DP0987515 Dr DJ Moss
Project Title: Silicon All-Optical
Nanophotonic Devices for 160Gb/s
Systems
2009: $ 150,000
2010: $ 100,000
2011: $ 120,000

Primary RFCD 2999 
OTHER ENGINEERING AND
TECHNOLOGY

DP0986237 Prof SC Fleming
Project Title: Compact Tunable Visible
Lasers - New Approaches to Phase-
Matching
2009: $ 170,000
2010: $ 120,000
2011: $ 120,000

Primary RFCD 3008
ENVIRONMENTAL SCIENCES

DP0985522 Prof M Lenzen
Project Title: Developing a global
environmental, social and economic
information system
2009: $ 125,000
2010: $ 95,000
2011: $ 95,000

ARC LINKAGE PROJECTS 

Primary RFCD 2917
COMMUNICATIONS
TECHNOLOGIES

LP0989752 Prof BJ Eggleton, 
Dr S Frisken (with Optium (Australia) inc)
Project Title: Approved Tailoring
ultrafast pulses for Tb/s transmission
with advanced modulation formats
2009: $ 96,000
2010: $ 95,000
2011: $ 90,000

NHMRC PROJECT 

569211 Dr PB Greer, Prof C Baldock,
Dr K Kuncic, Prof JW Denham
Project Title: Investigation of a new
imaging device for radiation therapy
dose delivery verification
Total Budget: $393,441

NATIONAL BREAST CANCER
FOUNDATION PROJECTS

SL Kilbreath, LC Ward, KM Refshauge,
C Baldock, D Bailey, B Giuffre, MJ Lee
Determination of the clinical correlates
of lymphoedema: a pilot study
Total Budget: $118,424

Z Kuncic, R Hill
Towards more effective radiotherapy
treatment of breast cancer
Total Budget: $105,000
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PHYSICS GRANTS & FELLOWSHIPS
AWARDED 2008

ARC LIEF GRANTS

Prof Marcela Bilek – $750,000
Comprehensive Analysis Facility for
Thin Films and Surfaces  

This was one of ten grants awarded to
the University in 2008, and the second
largest funded.

UNIVERSITY OF SYDNEY GRANTS
FOR MAJOR EQUIPMENT

Professor Ben Eggleton – $61,900
PicoSolve optical sampling oscilloscope
PSO 101A

INTERNATIONAL VISITING
RESEARCH FELLOWSHIPS

A/Professor Ole Bang – Department of
Photonics & Engineering, Technical
University of Denmark, Lyngby,
Denmark

Dr Theo ten Brummelaar – Centre for
High Angular Astronomy, Georgia State
University

Professor Moshe Elitzer – Physics and
Astronomy Department, University of
Kentucky, Lexington, Kentucky

Professor Craig Kletzing – Department
of Astronomy, University of Iowa, Iowa
City, Iowa

Professor Walfhard Moeller –
Department of Physics, Technische
Universitat Dresden, Dresden, Germany

A/Professor Jeremy O’Brien – Centre
for Quantum Photonics, University of
Bristol

Professor Matthius Scheffler – Fritz
Haber Institute, The Max Planck
Society, Berlin, Germany.

UNIVERSITY OF SYDNEY
POSTDOCTORAL RESEARCH
FELLOWS
The School of Physics hosts two of
seven University fellowships awarded 
in 2008:

Dr Florian Girelli 
formerly The International School of
Advanced Sciences, SISSA, Trieste,
Italy. Research field: Quantum reference

frames in quantum gravity and
quantum information theory

Dr Gregory Madsen 
Formerly the Anglo-Australian
Observatory, Sydney.
Research field: Interstellar Ionised gas
and the evolution of galaxies

LEARNING AND TEACHING GRANTS
2008

Staff in the School of Physics were
awarded 5 grants for work in 2009:

O’Byrne, J.W., Thompson, R,
‘Just in Time’ teaching in Physics
● Faculty SciFER grant – $5,000

Wheatland, M.S. and Hudson, T.S.
Subject retention rates in physics and
chemistry
● Faculty SciFER grant – $2500

O’Byrne, J.W., Thompson, R., Tarrant, R.,
Video presentation of first year physics
concept maps
● Small TIES grant – $5,108

O’Byrne, J.W., Meikle, S, Robinson, J.
A new approach to teaching Medical
Radiation Physics
● Large TIES grant – $46,500

MD Sharma, Les Kirkup (UTS) and
project team.
Australian Learning and Teaching
Council – Forging New Directions in
Physics Education in Australian
Universities
● $130,000 over 2008-2009. 
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APPLIED AND PLASMA PHYSICS
The Applied and Plasma Physics research group led by
ARC Federation Fellow, Professor Marcela Bilek, and
Professor David McKenzie, undertakes research into
exciting new areas of physics that have practical 'real
world' applications in industry, medicine and the
environment. The research group currently has major
projects underway in the areas of:

● biointerfaces and interactions of biosystems for
medicine;

● novel plasma deposition and processing methods to
create new materials;

● the development of thin film materials for application in
the microelectronics and manufacturing industries;

● materials and processes for renewable and sustainable
energy including fusion; and

● materials for novel applications such as quantum
computation.

THE SYDNEY UNIVERSITY PHYSICS EDUCATION
RESEARCH (SUPER) GROUP 
The Sydney University Physics Education Research
(SUPER) Group was founded in 1992 to undertake physics
education research (PER) in the School of Physics. The
SUPER group is led by Associate Professor Manju
Sharma.The SUPER group is made up of physicists with
common interests in the issues of teaching and student
learning. 

In 2008 the group focused on completing various projects
with eight journal publications capturing various facets of
student projects. Dr Derek Muller graduated and Ms
Christine Lindstrom continued her PhD studies. Mr Nigel
Kuan completed a third year special project with the group.
Three overseas students worked with the SUPER group in
2008. Mr Apisit Tongchai, from Mahidol University, Thailand
completed 18 months of his PhD candidature in October
investigating student understanding of mechanical waves.
Mr Sait Gokalp and Ms Nurgul Duzenli-Gokalp from Middle
Eastern Technical University, Turkey worked on WebQuests
and mathematics education respectively. 

THE INSTITUTE OF ASTRONOMY (IOA)
Led by Professor Richard (Dick) Hunstead, the Institute of
Astronomy (IoA), based within the School of Physics is a
leading centre for astrophysical research in Australia. IoA
research spans a wide range of theoretical, observational
and instrumental programs and is conducted in many
exciting, frontline areas including stellar astrophysics,
plasma astrophysics, cataclysmic variables, black-hole
binaries, masers, pulsars, supernovae and their remnants,
the interstellar medium and the Galactic centre. Beyond our
Galaxy, studies include normal galaxies, the Magellanic
Clouds, clusters of galaxies, active galaxies and quasars,
gravitational lensing and cosmology.

COMPLEX SYSTEMS 
The Complex Systems Group draws together researchers
with interests in complex natural or artificial systems
including:

● Brain Dynamics
● Space & Solar Physics
● Plasma Theory
The Group's research in these areas is primarily

theoretical and computational, with strong interactions with
experimentalists, observers, and industry. It typically
involves investigating physics at scales ranging from
microscopic to whole-system, then integrating these into
overall theories that can be applied to understand real
systems. 

Much of the Group's work involves nonlinear and random
processes, and emergent phenomena that exist only when
large systems are assembled from their constituent parts.
Interdisciplinary interactions are also a key feature of our
research, spanning a wide array of areas, including
astrophysics, brain dynamics, complex and dusty plasmas,
critical phenomena, nonlinear dynamics, space physics,
and solar physics. ARC Federation Fellow, Professor Peter
Robinson leads the Complex Systems Group.

QUANTUM PHYSICS
The new field of quantum information science aims to push
the boundaries of our understanding of quantum mechanics
and to develop powerful new technologies based on the
unique properties of quantum systems. The Quantum
Physics Group at the University of Sydney undertakes
research in quantum information theory and carries out
experiments on nanoscale devices with the aim of learning
how to engineer complex quantum systems. The Group is
led by Dr Stephen Bartlett (Theory) and Dr David Reilly
(Experiment).

Topics of interest include: quantum measurement and
control of spin qubits, few biomedical technology based on
quantum systems, foundations of quantum physics and
quantum gravity and Quantum Information Theory (QIT).

CONDENSED MATTER THEORY
Professor Cathy Stampfl leads the research in Condensed
Matter Theory, which focuses on ab initio investigations of
materials and surface science phenomena. First-principles
electronic structure calculations are used in conjunction
with high performance computing to probe chemical
reactions at interfaces and explore the energetics, atomic,
electronic, and magnetic properties of polyatomic systems.
Our goal is to acquire a detailed understanding of the
fundamental science to engineer and design complex
materials.

Research Highlights 2008
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CUDOS
ARC Federation Professor Ben Eggleton is the Director of
CUDOS which has a vision to be an international leader in
nonlinear photonics and microphotonics and a mission to
demonstrate all-optical processing applications and devices
for ultra-high bandwidth optical telecommunications
systems. These derive from fundamental research in the
most exciting and vibrant areas of photonics science-non-
linear optical materials, photonic crystals, micro-structured
optical fibres and micro-photonics. CUDOS@Sydney is a
major centre of the national CUDOS Centre of Excellence
which combines the expertise of researchers at the
University of Sydney, ANU, Macquarie University,
Swinburne University, the University of Technology Sydney
and CSIRO.

HIGH ENERGY PHYSICS
Dr Kevin Varvell  leads The Sydney University High Energy
Physics Group. High Energy, or Particle, physics involves
the study of the world of subatomic particles by observing
the collisions of particles accelerated either naturally (as in
cosmic rays) or using accelerators. The group is currently
involved in several main areas of research in collaboration
with various universities. In Australia, we are collaborating
on the Belle and ATLAS projects with the Experimental
Particle Physics Group (EPP) of the University of
Melbourne. High Energy Physics areas of research are: 

● The search for Higgs Bosons at ATLAS, CERN, Geneva,
Switzerland.

● The search for CP-violation at Belle, KEK, Tsukuba,
Japan.

● The development of accelerator-driven nuclear reactors.

THE INSTITUTE OF MEDICAL PHYSICS
The Institute of Medical Physics is led by director Professor
Clive Baldock and provides a focus for all research and
teaching activities within the School that are related to
Medical Physics. Research activities include: Radiation
Physics and Dosimetry; applications of PET/CT and SPECT;
Monte Carlo Radiation Transport; Radiotherapy verification;
Radiobiology and Radiation Biophysics; and Bio-acoustics.

THE INSTITUTE OF NUCLEAR SCIENCE
The Institute of Nuclear Science, led by Dr Razi Hashemi-
Nezhad, acts as an umbrella for all research and teaching
activities within the School that are related to nuclear
science. Many of these activities are undertaken
collaboratively with the Australian Nuclear Science &
Technology Organisation (ANSTO).

INTEGRATED SUSTAINABILITY ANALYSIS (ISA)
The Centre for Integrated Sustainability Analysis (ISA)
develops leading-edge research and applications for
environmental and broader sustainability issues, bringing
together expertise in environmental science, economics,
technology, and social science. ISA, under the direction of
Professor Manfred Lenzen, has developed a carbon
footprint, which was featured on ABC TV’s Catalyst
program during 2008.

SPACE AND SOLAR PHYSICS
Led by Professor Iver Cairns Space Science covers
everything from Earth’s surface to the Sun and then out into
the galaxy. The range of space physics studied at the
School of Physics is from Earth's ionosphere to the Sun's
surface to the outer boundaries of the heliosphere and solar
system, where the Sun's ‘solar wind’ interacts with the local
interstellar medium. As such it includes the solar corona
and solar wind (sometimes called the interplanetary
medium), the ionospheres and magnetospheres of Earth
and the other planets, and the ‘Space Weather’ that results
from interactions between the Sun and Earth. 

Space physics is essential for understanding humanity's
local environment and solar system. It is also crucial for
modern astrophysics, since space plasmas are the only
extraterrestrial plasmas available for detailed in situ study
and comparison of theory with data. Plasma physics is the
basic underlying sub-discipline of physics. The reason is
that these regions all contain plasmas, the so-called ‘Fourth
State of Matter’, in which atoms are either partially or fully
ionized into electrons and ions, thereby being strong
influenced by electromagnetic waves and vice-versa.
Research areas include:
1. Space Physics Phenomena – development and testing of

theories for space phenomena, especially related to solar
activity (e.g., flares and coronal mass ejections/CMEs),
radio emissions, and the outer heliosphere. 

2. Instruments and Space Missions.
3. Prediction of Space Weather – especially radio and

particle signatures.

THEORETICAL PHYSICS
Professor Don Melrose heads the Theoretical Physics
Group. Theoretical work occurs in all research groups,
spanning many areas of Physics. The Theoretical Physics
group concentrates its research on the physics of
astrophysical plasmas. Research in Plasma Theory
concentrates on various theoretical topics such as particle
acceleration and heating, non-linear wave processes and
complex dusty plasmas. Most members of this group are
also affiliated with the Institute of Astronomy (IoA).
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with the stately Archimedian spiral
appearing to rotate on the sky. The
image depicted in Figure 1 shows a
dozen individual frames of data, each
rotated to follow the motion and then
stacked together.

In nature, beauty and danger can go
hand-in-hand, and there is just a
chance that this remarkable structure
could be something more than an idle
curiosity tucked away in a corner of the
constellation Sagittarius. The Wolf-
Rayet star at the heart of the system is
at the end of its life, and will explode as
a supernova within a few hundred
thousand years. It is believed that
events like this can sometimes
generate a gamma-ray burst, in which
beams of energy erupt along the polar
axis of the star. Going by the images, it
could be that Earth lies uncomfortably
close to looking down the barrel of this
particular system; a spectacular but
risky vantage point which could even
impact life on Earth. 

However, many processes are also at
work, which can defuse this particular
type of bomb, and the chance that this
star system could pose a credible
threat to Earth's biosphere is extremely
remote. However, while Tuthill and his
colleagues used to simply admire the
system for its elegant physics and
striking appearance, now there is just
that little hint of danger lurking beneath
the surface.

A NEW YOUNG SUPERNOVA
REMNANT
Postgraduate student Anant Tanna and
Prof. Bryan Gaensler used ESA's
orbiting X-ray observatory XMM-
Newton to re-discover an ignored
celestial gem. The object in question,
known as "G350.1-0.3", is incredibly
small and young in astronomical terms,
only eight light years across and about
1000 years old. “Only a handful of such
young supernova remnants are known.
So even having one more is important”
said Tanna. That is because young
supernova remnants are highly
luminous, with the newly formed
chemical elements glowing brightly,
making them easier to study.  Its
shape, age and chemical composition
will allow astronomers to better
understand the violent ways in which
stars end their lives.  The results were
published in May 2008 in The
Astrophysical Journal Letters.

INSTITUTE OF
ASTRONOMY
AWARDS AND HONOURS
In 2008, Professor Joss Bland-
Hawthorn was the recipient of the
inaugural Group Award from the Royal
Astronomical Society (UK) for his role in
the Two Degree Field Galaxy Redshift
Survey. He also received the Muhlmann
Award (shared with Glazebrook and
Cuillandre) from the Astronomical
Society of the Pacific (USA) for his
invention of the nod and shuffle
technique, which has revolutionized sky
subtraction in astronomical data.

Professor Bryan Gaensler was
selected as one of 1000 delegates to
the "Australia 2020" summit held in
Canberra in April 2008, and
participated in the stream on "The
Productivity Agenda".  Gaensler was
also appointed by Governor-General
Quentin Bryce to the Board of the
Anglo-Australian Telescope, for the
term Jan 2009 to Jun 2010, and was a
keynote speaker at the National
Congress of the Australian Institute of
Physics, held in Adelaide in December
2008.

In a ceremony at NSW Parliament
House in October 2008, Gaensler was
named a 2008 "Young Tall Poppy" by

the Australian Institute of Policy &
Science, for his work on studying
magnetic fields in the Universe. The
Young Tall Poppy awards are presented
annually for excellence in academic
achievement, community engagement
and promotion of science.

PhD student Chris Hales was
awarded the 2008 Bok Prize for
outstanding research in astronomy by
an Honours student at an Australian
university, for his honours thesis
"Cosmic Forensics: A Study of the
Pulsar Wind Nebula G359.23-0.82,
'The Mouse'". The Astronomical
Society of Australia (ASA) awards the
prize annually. Chris received his award
and gave an oral presentation on his
work at the July 2008 annual scientific
meeting of the ASA in Perth. Julian
North shared the CISRA Postgraduate
Physics Prize, for the best refereed
publication.

WR 104: THE DEATH STAR?
New images produced by Associate
Professor Peter Tuthill's astronomical
imaging work have revealed the elegant
spiral plume being cast from the
extreme Wolf-Rayet star system WR
104.  At the heart of the system, a pair
of stars in a binary system orbit every
eight months, and their dance is woven
into the form of the surrounding nebula

Figure 1:  The spectacular Pinwheel Nebula, WR 104.
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DOUBLING THE SIZE OF THE MILKY
WAY
It took just a couple of hours using
data available on the internet for Bryan
Gaensler, Greg Madsen & Shami
Chatterjee from the School of Physics,
along with Harvard PhD student Sui
Ann Mao, to discover that the Milky
Way is twice as thick as previously
realised. The team found that our Milky
Way Galaxy is 12,000 light years thick,
not the 6,000 light years that had been
previously thought. The team's results
were presented in January 2008 at the
211th meeting of the American
Astronomical Society in Austin, Texas,
and were published in late-2008 in the
Proceedings of the Astronomical
Society of Australia.  "Some colleagues
have come up to me and have said
'That wrecks everything!'" said Prof.
Gaensler. "And others have said 'Ah!
Now everything fits together!'"

THE STRUCTURE OF DISK GALAXIES
Prof Joss Bland-Hawthorn's group
continued to work on the outer disks of
Sculptor galaxies. With PhD student
Marija Vlajic, he has now shown that
the heavy element abundances in NGC
300 decline with radius, but then flatten
off in the outer disk, an effect that was
completely unexpected but was
recently detected in the outer disk of
the Milky Way Galaxy.

Measuring super-massive black holes
PhD Student Stephen Fine, together
with his supervisor, A/Prof Scott
Croom, used the dynamics of the high
velocity gas at the centre of over
30,000 quasars to infer the masses of
the black holes thought to power these
enigmatic objects.  More importantly,
this work tested some of the
assumptions used to make such black
hole mass estimates.  A surprising
conclusion was that the broad spectral
lines (which are velocity broadened)
emitted from the gas near the black
hole show remarkably little variation
from object to object.  This calls into
question the standard techniques for
estimating black hole masses in
quasars which relies on combination of
luminosity and line-width
measurements.  In their paper,
published in the Monthly Notices of the
Royal Astronomical Society, Fine and
Croom also used geometric arguments
to demonstrate that the high velocity
gas emitting the broad emission lines
cannot lie primarily in a disk, but must
have a substantial spherically
symmetric component.

GRAVITATIONAL ASTROPHYSICS
In 2008, the Gravitational Astrophysics
group continued its strong research
output, with a number of significant
results. Brendon Brewer, in
collaboration with his supervisor, A/Prof
Geraint Lewis, Dominik Riechers (MPIA)
and Prof Chris Carilli (NRAO) used his
powerful Bayesian reconstruction
technique on the gravitational lens PSS
J2322+1944. Radio observations of
this system show a distorted ring
(known as an Einstein Ring), and the
reconstruction reveals the source to be
a huge rotating disk of cold molecular
gas, the fuel for star formation and
nuclear activity (Figure 2). This provides
one of the most detailed views of a
galaxy in formation and received
substantial international press attention,
with the results appearing in the
Astrophysical Journal.

Through 2008, the Gravitational
Astrophysics group continued to
explore the theme of fundamental
cosmology, by addressing whether the
expansion of space is an observable
effect. Our discussion of this issue
forms an important pedagogical basis
for understanding the basic model of
our universe. It is published as an
article in the Monthly Notices of the
Royal Astronomical Society, titled
"Cosmological radar ranging in an
expanding universe", and features the
following members of the group, A/Prof
Geraint Lewis, Dr Matthew Francis, and
Juliana Kwan.

Microlensing represents one of the
most computation challenging aspects

of the phenomenon of gravitational
lensing, and typically the range of
scientific questions that can be
addressed has been severely limited by
the lack of a supercomputer
implementation of the computational
tool. PhD student, Hugh Garsden, and
his supervisor, A/Prof Geraint Lewis,
have developed the first true parallel
approach to the question of
gravitational microlensing, allowing us
to take full advantage of a
supercomputer environment. Using the
Green Machine in Swinbune, we have
so far considered scenarios a thousand
times greater than those typically
addressed (Figure 3), opening up a
new regime for study.

Figure 2: Reconstruction of the huge molecular gas disk in PSS J2322+1944. The right-hand panel presents the
observed radio ring formed by a distant source being gravitationally lensed by a nearby galaxy, with the colour-
coding representing velocity. The left-hand panel is the distribution of gas in the high-redshift source, revealing a
massive rotating disk.

Figure 3: A gravitational microlensing magnification
map, formed by the presence of a billion lensing stars.
The detailed revealed in this map would not have been
possible with previous approaches.
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The School hosted OzLens2008, a
major international conference, which
attracted 80 participants from over 30
institutes around the world. The week-
long conference invited the lensing
community to share their recent
research activities, ideas and theoretical
& observational results within a variety
of fields; the topics covered included
microlensing, galaxies & strong lensing,
galaxy clusters, gravitational
telescopes, cosmology, lens surveys,
time-delays, weak lensing & large-scale
structure and CDM substructure. Our
visitors also enjoyed the conference
dinner at the QVB Tea Room, as well
as the university surrounds and the
attractions of Sydney city. The meeting,
led by the School's Prof. Geraint Lewis
in collaboration with Marusa Bradac
(UCSB) was an undeniable success,
and provided the School's Ph.D.
students with the opportunity to
present their research to the
international audience.

NEW AND NOVEL ASTRONOMICAL
INSTRUMENTATION
The group lead by Prof Joss Bland-
Hawthorn has been working closely
with the AAO on two new instruments.
Research Fellows Simon Ellis and
Torgny Karlsson have developed the
science case for HERMES, a multi-
object echelle spectrograph for the AAT
devoted to galactic archaeology. The
group has also worked on the GNOSIS
instrument, a new OH suppression
spectrograph for AAT/Gemini using
photonic technologies developed by
the group and demonstrated at Siding
Spring Observatory in December 2008.

MOLONGLO RADIO OBSERVATORY
With the completion of the SUMSS and
MGPS2 surveys, the major
development work at the Observatory
during 2008 involved SKAMP, the
Square Kilometre Array Molonglo
Prototype.  This involved simultaneous
observations with the SKAMP1
correlator and the existing MOST
backend to debug and correct baseline
errors.  Progress was hampered by
persistent strong interference arising
from mobile phones, which also
compromised ongoing observing
programs. At the same time software,
firmware and hardware design of
SKAMP2 proceeded, with installation of
new racks and a complete redesign of
the main control room.

A 2-day pulsar conference was held
on site in March, attracting 27
astronomers from Sydney and

interstate.  Observatory staff also
hosted visits by students attending the
National Youth Science Forum, as well
as visits by students from local schools
and special interest groups.

SYDNEY UNIVERSITY STELLAR
INTERFEROMETER (SUSI)
The Sydney University Stellar
Interferometer (SUSI; see Figure 4)
group was busy during 2008, with a
number of scientific results being
released, and commencement of a
major upgrade of the instrument's
beam-combiner system as well as
preparations for remote observing.
Mike Ireland, Peter Tuthill, Gordon
Robertson, John Davis, Bill Tango,
Julian North and Andrew Jacob from
the School were all involved in the
project, and Theo ten Brummelaar
(CHARA array, California) made a
major contribution to the remote
observing work.

SUSI observations of the star beta
Virginis were used to measure an
accurate angular diameter, which was
then combined with published
observations of the oscillation
frequencies of the star to calculate a
mass accurate to 4%. Accurate stellar
masses are vital to understanding the
structure and evolution of stars, but in
the past were available only for stars,
which are members of well-observed
binary systems. Beta Vir is the second
isolated star for which the SUSI group
has been able to overcome this
limitation, by using combined
interferometry and asteroseismology. In
another study (led by Hans Bruntt),

SUSI observations were used to find
the angular diameter of the rapidly
oscillating peculiar A star alpha Circini.
This was the first interferometric study
of such a star, and allowed its
fundamental parameters (radius and
effective temperature) to be found,
thereby constraining models of the
atmospheric structure and pulsation.
Analysis of SUSI observations was
concluded for the Cepheid l Carinae,
for which the distance was directly
measured by combining interferometric
angular diameters as a function of the
pulsation cycle and radial velocity
measurements. In another completed
study, the binary orbit and masses of
the stars in the unusual system delta
Scorpii were determined. The results
show the effects of an outburst of one
of the stars.

Instrumental development was
centred on the commissioning of the
new PAVO beam combiner for SUSI.
Taking full advantage of the availability
of fast photon-counting CCDs, PAVO
will observe multiple simultaneous
wavelength channels, thereby greatly
increasing the sensitivity and flexibility
of the instrument. It also will improve
data quality through subdivision of the
optical pupil.

Full exploitation of the scientific
potential of the upgraded PAVO system
will require observations on a large
fraction of the clear nights, over a
period of years. With no permanent
staff member stationed at SUSI, this
has not been possible in the past. To
overcome this bottleneck, the group is
implementing remote observing.  

Figure 4: The Sydney University Stellar Interferometer at twilight.
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2008 saw the refurbishment of a
room in the School of Physics as the
Remote Observing Centre Sydney
(ROCS), from which it will be possible
to operate SUSI, the CHARA Array in
California, or other telescopes. Work
was started at SUSI to facilitate remote
operation, including the installation of
motors to move the siderostat station
roofs and modification of the control
system so all essential functions are
controlled through computers. This
work was ongoing at the end of 2008.

COMPLEX SYSTEMS
The Complex Systems Group focuses
primarily on research on real-world
systems that involve interactions across
many scales in space and time.
Research thus ranges from studies of
fundamental physics of subsystems to
issues surrounding the integration of
interacting subsystems to yield new
emergent behaviors at the global level.
The systems of interest range from
neurons and brain oscillations, to
complex and dusty plasmas in the
laboratory and space, to wave and
wave-particle dynamics, chaos,
nonlinear dynamics, criticality, and
stochastic processes. Theoretical,
computational, and experimental
approaches are thus employed to
investigate such phenomena in
numerous physical situations.

The group maintains a wide variety of
interdisciplinary interactions both
internally and with a broad range of
research partners around the world.
These include local and international
universities, research institutions,
hospitals, government agencies, and
technology companies, as detailed
below.

Complex Systems is one of the
largest research groups in the School,
accounting for nearly one-fifth of the
School’s, research activity, publications,
grant income, and postgraduate
enrolments. In 2008 it involved one
Federation Fellow, two Australian
Professorial Fellows, two QEII Fellows,
one Lecturer, 10 Research Fellows,
over 20 Postgraduate and Honors
students, and several other members.
In 2008 the group published one book
and approximately 100 refereed articles
in its main areas of Brain Dynamics and
Computational Neuroscience, Complex
Plasmas, Plasma Nanotechnology,
Space Plasma Physics, and Theoretical
Astrophysics, detailed below. 

BRAIN DYNAMICS AND
COMPUTATIONAL NEUROSCIENCE
The dynamics and information
processing pathways of the brain are of
intense research interest. A key window
on these functions exists because the
cerebral cortex exhibits spatiotemporal
patterns of activity (“brain waves”) that
are detected by
electroencephalography, magnetic
resonance imaging, and other
techniques. Our work focuses on
developing quantitative models of how
these dynamical patterns and
observations relate to the underlying
physiology and structure of the brain,
and to their functions. These models
yield excellent agreement with multiple
classes of experiment.

During 2008, work continued in a
number of directions in areas ranging
from pure theory to data analysis and
experiment, in conjunction with
psychologists, psychiatrists, signal
analysts, medical staff and others in the
Brain Dynamics Center at Westmead
Hospital, RPA Hospital, and elsewhere,
and with industry partners, including
Brain Resource Ltd. 

Some 2008 research highlights were
that we
● Developed and published improved

methods for extracting brain
parameters from noninvasive
electrical measurements, including
electroencephalograms and
responses evoked by stimuli.

● Used our brain model to study the
spreading and possible control of
epileptic seizures.

● Extended and used our quantitative
model of the sleep-wake switch in the
brainstem to analyze jetlag, fatigue,
sleep deprivation, and a variety of
other phenomena. Excellent
agreement with experimental work
has been found.

● Developed new models for evoked
responses and their modulation by
large-scale brain networks. 

● Used physical principles to constrain
the types of brain networks that can
exist, consistent with brain stability
under dynamical changes in brain
connectivity required during
information processing.

● Investigated transient synchronized
dynamics using high-density EEG
recordings and found the functional
relevance of these transient periods in
perceptual grouping tasks.

● Developed a novel information
processing paradigm of the brain,
termed distributed dynamical
computation, in which information is

communicated by propagating
waves, and processed in their
interactions.

● Published a major review of neural
field theory of brain activity.

● Continued our work with Brain
Resource Ltd on development and
commercialization of brain function
measures, and began development of
new software for sleep analysis.

COMPLEX AND DUSTY PLASMAS
In 2008 the research highlights were:
● Small clusters of dust particles with

variable charges were studied to
analyze mode spectra of dust particle
oscillations. It was demonstrated that
the main effect related to the charge
fluctuations was a splitting of the
spectrum modes. The splitting
depended on the value of the charge
variance. It was discovered that the
most affected mode was the
fundamental pure rotational mode
while the least affected modes were
the pure translational ones. Other
modes demonstrated mixed response
to the variance of the charge
fluctuations. Furthermore, particular
attention was paid to the influence of
correlated and uncorrelated charge
fluctuations on the mode spectra of
these clusters. It was found that the
main signature of the correlated
charge fluctuations was the shift of
the lowest-frequency (shear) mode;
other modes were split/shifted
according to their mode number and
the weight of the shear and
compressional parts in their oscillation
pattern. The obtained results are
useful for plasma diagnostics as the
character of dust charge fluctuations
extracted from the analysis of the
cluster mode spectra provides
important information on the plasma
characteristics.

● Studying fundamental properties of
dust in a plasma, the stability and
arrangements of two dust particles
were investigated in terms of the
Hamiltonian of the system. It was
shown that the Hamiltonian
description of a non-Hamiltonian
system can be used to predict
qualitative features of possible
equilibriums in a variety of
confinement potentials and can
provide useful plasma diagnostics.
The results obtained compared
favorably with those of simulations
and were used to create experimental
hypotheses. In particular, the
symmetry-breaking transition of the
particles as they leave the horizontal
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only on the collision frequencies and
the plasma magnetization but also on
the angle of magnetic field
orientation. The size of the sheath
layer decreased with the increase in
the angle between the magnetic field
and wall. The grain inside the sheath
acquired a more positive charge
when the magnetic field was
perpendicular to the wall in
comparison with the parallel to the
wall case. This resulted in the different
levitational equilibriums of the grain.

● The nonlinear wave propagation in
collisional dusty plasma was
investigated, with application to
astrophysical dusty plasmas. It was
shown that when electrons and ions
move approximately with the same
bulk velocity, the large amplitude
waves can be easily excited in such a
collisional dusty medium and they can
be described by derivative nonlinear
Schrödinger equation. These soliton
solutions may be useful in explaining
the parsec scale structures in the
astrophysical plasmas.

● When studying motion of a small
charged absorbing body (micrograin)
immersed in a stationary weakly
ionized high pressure plasma
environment, it was discovered that
the total frictional (drag) force acting
on the grain can be directed along its
motion, causing the grain
acceleration. Moreover, it was found
that at some velocity, the forces
associated with different plasma
components can balance each other,
allowing free undamped superfluid-
like motion of the grain. The
conditions when such behavior can
be realized and the possibility of a
superconductive grain current were
discussed in the context of complex
(dusty) plasmas.

● The wake behind conducting objects
in a supersonic plasma flow with a
directed photon flux was studied
numerically. The electron emission
leads to a positive charge on the
object. It was discovered that the
resulting plasma wake differs
significantly from the case without
photoelectrons. This wake was
studied for different photon fluxes and
different angles between the incoming
unidirectional photons and the
plasma flow velocity. Furthermore, the
potential distributions surrounding
elongated insulating objects being
charged by supersonic plasma flows
were studied using the particle-in-cell
method. The plasma flow introduced
an asymmetry in the charging of the

body. This resulted in a complex
surface charge distribution on the
object, and to ion focusing in the
wake region. It was demonstrated
that the charge and potential
distributions on the surface and the
wake behind the object depended on
the rod length and its inclination angle
with respect to the flow. The role of
the surface charge distribution in the
interactions between insulating rods
in a plasma was discussed. The
simulations were carried out in two
spatial dimensions, treating ions and
electrons as individual particles.

● The theory of magnetorotational
instability (MRI) in a rotating plasma
was further developed as a result of
extensive international collaboration
effort (including Russia, Ukraine,
Georgia, and Brazil). Furthermore, the
effect of immobile dust on stability of
a magnetized rotating plasma was
analyzed. In the presence of dust, a
new instability of the magnetized
rotating plasma called the dust-
induced rotational instability (DRI) was
shown to develop. It was shown that
in contrast to the MRI in an ideal
plasma, requiring the decreasing
radial profile of the plasma rotation
frequency, the DRI can appear for an
increasing rotation frequency profile.

● For plasma technological
applications, the growth of carbon
nanocone arrays on metal catalyst
particles by deposition from a low-
temperature plasma was studied by
multiscale Monte Carlo/surface
diffusion numerical simulation. It was
demonstrated that the variation in the
degree of ionization of the carbon flux
provides an effective control of the
growth kinetics of the carbon
nanocones, and leads to the
formation of more uniform arrays of
nanostructures. It was uncovered that
a higher degree of ionization leads to
a better uniformity of the metal
catalyst saturation and the nanocone
growth, thus contributing to the
formation of more height-uniform
arrays of carbon nanostructures.

PLASMA NANOSCIENCE
In 2008, the Plasma Nanoscience group
continued computational, theoretical,
and experimental studies of plasma-
specific effects on the synthesis and
post-processing of a range of nanoscale
objects of different dimensionalities that
find numerous uses in optoelectronic,
photonic, nanoelectronic devices, ultra-
sensitive sensors and other applications.
This research involved major

plane admits a Hamiltonian
description which is used to elucidate
the wake parameters.

● It was shown that in a multi-
component low-temperature plasma
containing electrons, ions and dust,
the complicated dependence of the
ion viscosity on the ion temperature
gradients leads to a plasma
equilibrium state with anisotropic
pressure. This pressure anisotropy
can be of the order of the ion
pressure in some limiting cases, in
which the ion Larmor radius or the
ion mean free path are of the order of
the characteristic length of the
plasma nonuniformity. For a
sufficiently large dust number density,
they contribute to the plasma
pressure anisotropy and to its spatial
dependence. It was predicted that
under certain conditions, convective
plasma flows can arise in confinement
devices. 

● When investigating effects of dust in
the plasma sheath, the linear
screening of a point non-absorbing
charge in homogeneous collisionless
plasma with cold ion flow was
studied. The potential in the direction
perpendicular to the flow was found
to have an attractive part (i.e. two like
charges aligned perpendicular to the
flow can attract each other
electrostatically). This is relevant to
the screening of charged dust
particles levitated in the plasma-wall
transition layer. By using the Bohm
collisionless sheath model, it was
shown that in certain cases electrons
do not contribute significantly to the
screening of dust particles: deep in
the non-neutral sheath the electron
density is much smaller than the ion
density, and in the quasineutral pre-
sheath (well above the sheath
entrance) kinetic energies of ions are
small as compared with the electron
temperature. The model proposed
was shown to be in agreement with
existing measurements of the
interaction potential between two
dust particles aligned perpendicular
to the ion flow in the plasma-wall
transition layer of a radio-frequency
discharge. Furthermore, the structure
of a plasma sheath in the presence of
an oblique magnetic field was
investigated. The effect of plasma
magnetization, plasma ionization and
plasma–neutral collisions on the
sheath was examined for different
orientations of the magnetic field. It
was demonstrated that the width of
the plasma sheath is dependent not
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Langmuir waves into electromagnetic
radiation in nonuniform plasmas,
leading to improved estimates of
conversion efficiency.

● Development of tools for automatic
detection of solar radio bursts, in
collaboration with the Ionospheric
Prediction Service.

● Simulation of collisionless shocks and
application of shock theory to a
variety of space plasmas.

THEORETICAL ASTROPHYSICS
The theoretical astrophysics activities of
the Complex Systems group are largely
focused on high-energy phenomena
associated with magnetized plasmas in
strong gravity environments. Some of
the most powerful sources in the
Universe are driven by the process of
accretion, whereby matter is driven
inevitably towards a strongly gravitating
object, such as a white dwarf, neutron
star, or black hole. Enormous amounts
of energy can be released by this
process, especially in the case of
accretion onto a black hole.

In 2008 Dr Kuncic presented an
invited talk at the 18th International
Congress on Plasma Physics (ICPP), in
Fukuoka, Japan. She presented work
on modeling MHD turbulence and
outflows from accreting black holes in
active galaxies that is being undertaken
by PhD student Peter Dobbie, with
collaborators at the ANU and at the
University of Chicago. The ICPP invited
talk, which was published in a special
issue of Plasma Fusion Research,
highlighted the analogy between solar
physics and the inner regions of active
galaxies (see figure below). 

Dr Kuncic also continued to make
significant progress on her projects
involving modeling high-energy
astrophysical sources and in particular,
polarization of cosmic X-rays. This work
is being conducted by PhD students
Aimee McNamara and Erin Jolley in
collaboration with University College
London and Oxford University. 

CONDENSED MATTER
THEORY
HIGHLIGHTS OF RESEARCH 2008
Our research involves first principles
quantum mechanical investigations into
the properties of materials and their
surfaces for systems of high relevance
to technological applications, as well as
of fundamental interest; for example:
1. Heterogeneous catalysts for energy

production, manufacturing, and
emission control

2. Engineering nitride-based dilute
magnetic semiconductor interfaces
for potential spintronics applications

3. Fundamental investigations into the
physics of gas-surface interactions
and adsorption  
Below are some highlights of work

done over the last year:

Understanding Iridium-based
catalysts on the atomic scale
Obtaining a detailed knowledge of the
surface structure and stoichiometry is
crucial for understanding the physical
and chemical properties of advanced
materials such as those used in
heterogeneous catalysis, corrosion
resistance, electronic devices, sensors,
and fuel cells. This knowledge is also
central for enhancing the performance
of existing catalysts as well as
developing new ones. Many current
industrial processes involve catalytic
oxidation reactions, where the catalysts
are typically transition metal particles
dispersed on oxide supports. The
importance of transition metals (TMs)
for such reactions has motivated large
numbers of studies on oxygen-metal
interactions at low index surfaces of
TMs with the aim of obtaining a better
understanding of the underlying
mechanisms on the atomic scale.

As a late 5d transition metal, iridium
shows potential in a great variety of
applications, particularly as a
heterogeneous catalyst in various
industrial chemical reactions. With the
increased demand for clean alternative
energy, iridium is seen as a potential
catalyst for COx-free production of
hydrogen from ammonia and gasoline
to be used as fuel in automobile fuel
cells. In addition, it is also considered
as an improvement to the automobile
catalytic converter because of its
unique ability to decompose NO as well
as reduce NOx in the presence of
hydrocarbons. Clearly, an atomic-level
understanding of the interactions of
these gas phase species with Ir
surfaces would be very valuable, and
could lead to improved Ir-based
catalysts.

We have initially focussed on the
interaction of oxygen with the (111)
surface of Ir, and through first-principles
calculations we determined the
pressure-temperature phase diagram
(see Figure 1) for conditions extending
from ultrahigh vacuum to those typical
of technical catalysis. 

collaborations with Nanyang
Technological University (Singapore),
University of Michigan (USA), The
George Washington University (USA),
Shanghai Jiao Tong University (China),
and Josef Stefan Institute (Slovenia, EU).
Several important results that improve
control and predictability of a number of
present-day nanoscale processes have
been obtained; these results significantly
advance modern nanoscience and in
particular, in the area of nanoscale
assembly under strongly nonequilibrium
conditions, such as on solid surfaces
exposed to thermally nonequilibrium
low-temperature plasmas.

SPACE PLASMA PHYSICS
The Space Plasma Physics group
studies the physics of plasmas and
their applications to solar system
phenomena and objects. As such, its
interests range from Earth’s tropopause
(the top of the cloud layer) to the Sun
to the local interstellar medium. Its
primary focus is the plasma physics of
particle acceleration and growth of
waves and radio emission in the solar
corona and interplanetary medium. 

During the most powerful events on
the Sun, such as solar flares and
coronal mass ejections (CMEs),
energetic electrons produce radio
emissions via linear and nonlinear
processes in the solar corona and
interplanetary medium. These events
are the major sources of space weather
and can profoundly influence the
terrestrial environment. Type II and III
solar radio bursts were discovered
almost 60 years ago and are now
known to be associated with CME-
driven shocks and beams of energetic
electrons ejected from sites of solar
flares. During 2008 the Space Physics
group continued to advance the
quantitative understanding of type II
and III bursts. This is particularly
relevant to the STEREO spacecraft, on
which two of the Group are Co-
Investigators for theory and
interpretation of data from its radio and
plasma waves instrument, SWAVES.

Some 2008 research highlights were:
● Publication of two major papers on

the theory and instrumentation of the
S/Waves experiment on the STEREO
spacecraft.

● Analysis of the requirements for
testing stochastic wave growth
theories in laboratory plasmas.

● Extensive simulations of increasingly
realistic scenarios for type III solar
radio bursts.

● New analyses of mode conversion of
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Figure 1: Surface (p,T) phase diagram showing the
stability range of the lowest energy structures.

Such phase-diagrams predict the
stable surface atomic structure and
composition for a given oxygen partial
pressure and system temperature. Our
results show that there are  only three
thermodynamically stable regions,
namely, the clean Ir(111) surface, the
ordered (2x2) oxygen adsorption
phase, and bulk iridium oxide.
Interestingly, our study reveals that a
thin trilayer (O-Ir-O) surface oxide-like
structure (see Figure 2) is rather low in
energy and is metastable in the region
that the bulk oxide is predicted. This
suggests that should the formation of
the bulk oxide be kinetically hindered
(e.g. due to the presence of energy
activation barriers) then, this latter
phase could be present on the Ir
catalyst surface under technical
conditions close to those of the real
catalysts.  This prediction, was in fact
recently verified by experimental work.

desired spin orientation of carriers and
to transport them in a semiconductor
to an active region of a device with
minimum loss of spin-polarization.
Traditionally, spin-polarized electrons
have been created in semiconductors
simply by illuminating the materials with
circularly polarized light so that spin-
polarized electrons with a preferred
spin direction are excited, following the
optical selection rules, enabling the
generation of a spin-polarized current.
For practical spintronic device
applications, however, electrical spin
injection is required. Electrical spin
injection requires a contact material as
the spin source, or spin aligner, and a
corresponding interface that facilitates
the transport of spin-polarized carriers
into the semiconductor. 

The search for efficient spin injection
contact materials falls broadly into two
categories. One natural approach is to
use ferromagnetic (FM) metal
electrodes, such as Fe, which have a
high Curie temperature (Tc). The other
approach is to use diluted magnetic
semiconductors (DMSs). Recently we
have carried out extensive first-
principles density-functional theory
calculations to investigate the feasibility
of using Cr- and Mn-doped wurtzite
polar AlN/GaN(0001) heterostructures
for efficient electrical spin injection
systems (see Figure 3). 

To overcome the formation of
detrimental embedded clusters, we
propose digital ?-layer doping
perpendicular to the growth direction
so as to realize enhanced performance
at room temperature, and achieve the
desired half-metallic character with
100% spin-polarization. We
investigated the formation energy,
electronic and magnetic properties, and
the degree of spin polarization for both
neutral and charged valence states for
various dopant concentrations. Our
results show that under both metal-rich
(Al- or Ga-rich) and N-rich conditions,
Cr and Mn dopants prefer to segregate
into the GaN region and reside close to
the interface. Spin injection channels
are constructed via the hybridization
between dopant 3d and surrounding
host atoms, up to a few monolayers
around the interface, where the spin-
polarized t2 electrons are injected into
the AlN region (see Figure 4).

Significantly, for the energetically
favorable configurations, the built-in
electric field in the AlN/GaN(0001)
heterointerface serves as a driving force
for efficient spin injection through the
interface and spin transport in the AlN
region (see Figure 5). Also importantly,
the electronic properties of the
heterostructures (half metallic,
semiconducting, or metallic) are found
to depend sensitively upon the doping
concentration and valence charge
states. In general, charged valence
states can destroy the ferromagnetic
half metallicity for both systems,
particularly in n-type materials. These
results will be useful with regard to the
practical fabrication of desirable
heterostructures for optoelectronic and
semiconductor spintronic devices

Trends and understanding of rare-
gas atom (He, Ne, Ar, Kr, Xe)
adsorption on the Pd(111) surface
It was recently found from ab initio
investigations [J. L. F. Da Silva et al.,

Figure 2

Built-in electric field assisted spin
injection in Cr and Mn ?-layer doped
AlN/GaN(0001) heterostructures from
first-principles
Recently, there has been a rapidly
growing interest in the field of
semiconductor spintronics, which aims
to add spin-dependent functionality
and enhanced performance to the
existing principles of electronic device
operation. One of the crucial
prerequisites, and still a challenge, for
successful implementation of this
concept is the ability to create a

Figure 3

Figure 4 (below): Total and atom-resolved band
structures for Cr- (upper panel) and Mn-doped (lower
panel) AlN/GaN(0001) heterostructures at the
concentration of 1/2 ML. Red denotes majority bands,
and blue denotes minority bands.
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Phys. Rev. Lett. 90, 066104 (2003)] that
polarization effects and the site
dependence of the Pauli repulsion
largely dictate the nature of the
interaction and the site preference of Xe
adatoms on close-packed metal
surfaces. It is unclear if the same
interaction mechanism occurs for all
rare-gas atoms adsorbed on such
surfaces. To address this question, we
performed all-electron density functional
theory calculations for He, Ne, Ar, Kr,
and Xe on Pd(111). Our results confirm
that polarization effects of the rare-gas
adatoms and Pd atoms in the topmost
surface layer (see Figure 6), together
with the site-dependent Pauli repulsion,
largely determine the interaction
between rare-gas atoms and the

surface. Similar to our earlier ab initio
study mentioned above, the on-top site
preference is obtained, which was
hitherto completely unexpected based
on early understanding.

CUDOS
Background: One of two Australian
Research Council Centres of
Excellence administered by the
University of Sydney is headquartered
in the School of Physics. Under the
direction of Federation Fellow Professor
Ben Eggleton, CUDOS (the Centre for
Ultrahigh bandwidth Devices for Optical
Systems) commenced operation in
2003 and by 2008 had over one
hundred researchers, students and
administrative staff spread over six
Universities, three in NSW, two in
Melbourne and one in the ACT. The
node in the School of Physics
represents approximately half the total
output of the Centre. 

The Centre’s research focus is
primarily on integrated photonics,
where a multiplicity of optical functions
are integrated onto one photonic chip.
See the figure for an illustrative
example, where light is transported
from optical fibres into a planar
structure. Using lithography and
etching similar to that in the electronics
industry, we modify the planar surface
to produce waveguides, spectral
dispersers, dispersion compensators,

splitters and couplers. We aim produce
all the optical components that one
might expect to find in a normal optical
communications system, but on a single
chip rather than a whole series of discrete
components connected by fibres.
Research highlights: During 2008 we
demonstrated that the photonic chip is
a reality. University of Sydney
researchers achieved national and
international attention for their work
done in collaboration with the CUDOS
group at ANU and with a research
team at the Danish Technical University
in Copenhagen to demultiplex data
from a 640 Gb/s signal using an all-
optical switching technique. 

The success of this experiment lay in
an innovative application of a nonlinear
optical phenomenon called four wave
mixing, where light at two different
wavelengths co-propagating through a
nonlinear optical material parametrically
excites light at new wavelengths shifted
by the difference frequency between
the two optical inputs. The efficiency of
this process dramatically increases with
the intensity of the two mixing beams. 
The nonlinear mixing element was a
planar waveguide around 50 mm in
length fabricated in chalcogenide glass.
Light at one wavelength carrying the
640 Gb/s data stream and a
demultiplexing signal with a clocking
pulse at 10 Gb/s carried on a second
optical wavelength were coupled into
the waveguide. When pulses from the
two signals overlap in time, the intensity
of the two beams will parametrically

Figure 5: Nitrogen 1s core-level binding energies in
pure and Cr and Mn-doped AlN/GaN(0001)
heterostructures, demonstrating the presence of the
build-in electric filed. The arrows indicate the
energetically most favorable ?-layer doping positions.

Figure 6: Difference electron density distributions for He, Ne, Ar, Kr, and Xe (from left to right) adatoms on the Pd(111)
surface in the on-top (upper) and fcc (lower) sites. Yellow, gold, and orange (cyan, sky blue, and blue) indicate
regions where the electron density increases (decreases).

Professor Ben Eggleton with Dr Jeremy Bolger and 
Dr Mark Pelusi in the CUDOS Labatory



chaired the Congress of the
International Commission for Optics
(ICO), a triennial event attended by
optics researchers from all fields. The
meetings were co-located at Darling
Harbour with over 700 attendees.
Commercialisation: The School of
Physics through CUDOS has hosted a
Linkage project with Finisar, originally
an Australian start up but now part of
an international company. The
Australian group developed novel
wavelength-selective switching
technology with application to optical
communications networks. 
The Linkage project used the high
speed optical test facilities built up as
part of the Centre of Excellence and
the expertise of CUDOS researchers to
develop an entirely new product based
on Optium technology. This is now
being marketed world wide, with the
Company paying the ultimate
compliment by recruiting the
postdoctoral Fellow (Dr Michael
Roelens) working on the project.

HIGH ENERGY PHYSICS
The High Energy Physics group is
involved in large international
experiments at CERN near Geneva,
Switzerland and at KEK in Tsukuba,
Japan.

2008 proved to be an exciting if
ultimately frustrating year for the ATLAS
experiment at CERN in which the
School of Physics is involved. ATLAS is
one of the giant detectors on the Large
Hadron Collider (LHC) which will study
proton – proton collisions at an energy
approaching an order of magnitude
higher than has previously been
achieved. Its aim is both to complete
the so-called “Standard Model” of the
fundamental particles of nature by

finding a particle called the Higgs
boson, linked to the question of why
particles have mass, and to look for
new things beyond the Standard
Model, such as supersymmetry,
evidence for extra dimensions, and
mini-black holes. 

September saw the first beams
injected and circulated in the LHC,
amidst a phenomenal wave of interest
from the media. Group members found
themselves doing radio and television
interviews, giving highly oversubscribed
public lectures and generally getting
immersed in the hype. Unfortunately a
problem occurred with one of the
superconducting magnets in the LHC
ring when the circulating proton beams
were being ramped up to full energy. A
number of magnets were damaged in
the incident and operations were forced
to cease for the year whilst repairs
were begun. First collisions will now
occur in 2009, and our group remains
busy preparing the necessary
strategies we will use to analyse the
first data when it arrives.

During the startup the ATLAS
detector, which had previously been
recording cosmic ray interactions, was
switched to recording interactions that
occurred when a proton beam was
directed at a target just near the
detector. ATLAS worked just as
expected and the Figure on page 26
shows a splash of particles from one of
the collisions lighting up the detector.

Meanwhile, in Japan, the other
experiment in which the School of
Physics participates, Belle,  continued
to collect data and also received some
exciting recognition for its efforts over
the last decade. Belle utilises the KEKB
accelerator, the most luminous colliding
beam accelerator ever built, to study B
mesons, which are composite particles
containing a bottom quark and a lighter
antiquark (or vice versa). Many
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excite, by four wave mixing, new
optical wavelengths. Data from the 640
Gb/s signal is therefore clocked at 10
Gb/s onto one of these new carrier
wavelengths which can be spectrally
filtered to isolate it.

The team presented results showing
optical demultiplexing of a 10 Gb/s
signal from a 640 Gb/s data stream
with minimal system penalty. The result
was reported at the OECC Meeting in
Sydney and a press release associated
with this presentation attracted
international media attention, including
an in-depth review on Channel Nine’s
Sunday program.

This ability to tightly confine light,
thus creating very high intensities which
in waveguides of nonlinear material like
chalcogenide or silicon can excite
nonlinear optical behaviour, has led to
some startling experimental
observations that have been reported
in Nature Photonics. One of these was
the observation of frequency tripling,
from 1.5 ?m to 0.5 ?m in silicon (see
figure). This completely unexpected
result (as silicon is opaque to green
light) was due to the slowing of the light
in a photonic crystal, increasing the
strength of the nonlinear interaction
between the light field and the
nonlinear waveguide material. The
dispersion in the waveguide enabled
the fundamental and third harmonic to
be phase matched, an essential
condition for parametric excitation.

International Conference
Organisation: The largest meeting in
optics and photonics to be held in
Australia for at least ten years was held
at Darling Harbour in July 2008, with
CUDOS staff playing leading roles in
the organisation. Ben Eggleton chaired
the Opto-electronics and
Communications Conference (OECC),
Asia’s most prestigious meeting in this
area, while CUDOS COO Chris Walsh
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hundreds of millions of B-anti-B meson
pairs have been collected to the end of
2008. These have been mostly used for
the study of an effect called CP
symmetry violation, which is essentially
a difference between the behaviour of
matter and antimatter. Belle first
demonstrated differences between B
mesons and their antiparticles in 2001,
and further results from the experiment
since have confirmed that the Standard
Model provides a good picture of what
is going on. The exciting news for us in
2008 was that the theoretical physicists
who developed the Standard Model
picture which we test, Kobayashi and
Maskawa, were awarded the 2008
Nobel Prize in Physics. This would not
have happened without the beautiful
verification of their ideas which our
experiment has provided.

At the beginning of the year the
group welcomed back former graduate
student Dr Bruce Yabsley, who took up
his position as an Australian Research
Fellow. Bruce joined the ATLAS effort to
primarily study bound states of heavy
quarks, whilst maintaining a significant
role in Belle as well.

INSTITUTE OF NUCLEAR
SCIENCE
Current members:
Dr Reza Hashemi–Nezhad (Director),
Prof. J Boldeman; From the Sydney of
University.

Drs D. Alexiev and Li Mo; From
ANSTO, Ionising Radiation Physics
Group, and the Sydney of University
PhD students: Lindsey Bignell, Jacob
Borger, Claude Le Comte and Katia
Peceros.

The Institute of Nuclear Science (INS)
was founded at the end of 2007 with
the aim of acting as a focus for high-
quality nuclear science research and
education in the University. Building on
the signing of the Memorandum of
Understanding between the University
of Sydney and ANSTO and
administratively hosted in the School of
Physics, the Institute of Nuclear
Science brings together research and
teaching expertise from across the
University, and capitalises on Australia’s
renewed status as a leader in nuclear
science by virtue of the OPAL research
nuclear reactor.

Approval was given by the University
in 2007 for the introduction of the
Master of Applied Nuclear Science
degree (MApplNucSci) and Graduate
Diploma of Applied Nuclear Science
(GradDipApplNucSci) in the Institute of
Nuclear Science, School of Physics.
The first enrolment of students was
started in Semester 1, 2008.

The research activities of the INS
cover a broad spectrum and involve
national and international research
collaborations. These are currently
Ionising Radiation Physics Group,
ANSTO, Accelerator Science Group,

ANSTO and Neutron activation Group,
ANSTO

INS has close and productive
international research collaboration with
the following institutes:
● Institut für Physikalische, Kern- und

Makromolekulare Chemie, Philipps-
Universität, Marburg, Germany. 

● Nuclear Physics Institute, Rez, Czech
Republic.

● Joint Institute for Nuclear Research,
Dubna, Russia.

● Joint Institute for Nuclear and Power
Research, Sosny, Minsk, Belarus.

● Institute of Theoretical and
Experimental Physics (ITEP), Moscow,
Russia.

● Aristotle University of Thessaloniki,
Greece. 

RESEARCH INTO ACCELERATOR
DRIVEN SYSTEMS 
Dr. Reza Hashemi-Nezhad and his
students Jacob Borger, Lindsey Bignell
and Claude LeComte conduct research
into Accelerator Driven Systems (ADS).
ADS refers to subcritical nuclear
assemblies in which fission chain
reaction is sustained by spallation
neutrons produced in interaction of
energetic nuclear particles (such as 1
GeV protons) with extended heavy
targets such as lead. ADS hold the
promise not only of a safer and less
expensive way of generating power
than conventional reactors, but also a
means of transmuting long-lived
radioactive waste into shorter-lived or

Cross section of the ATLAS detector showing particle collision



transmutation of the nuclear waste
isotopes such as 238Pu, 239Pu,
237Np, 241Am and 129I is investigated
experimentally and by Monte Carlo
methods.

The target blanket assembly when it
is outside of the Energy plus
Transmutation experimental setup. The
radiochemical sensors and nuclear
waste samples on the blanket can be
seen.

RESEARCH INTO GENERATION IV
REACTORS
Molten Salt Nuclear Reactor (MSR) is
one of the generation IV reactors which
could be fuelled with thorium. Reza
Hashemi-Nezhad and Claude LeComte
conduct research in neutronics of the
Accelerator Driven Molten Salt
Reactors (ADMSR).

NUCLEAR MATERIALS SIMULATION
INS is strongly involved in Monte Carlo
simulations of the Accelerator Driven
Systems, Molten Salt Reactors,
spallation neutron sources,
transmutation of nuclear waste

SCHOOL OF PHYSICS ANNUAL REPORT 2008
27

even stable isotopes which can be
easily dealt with. 

The fuel of accelerator driven
subcritical reactor is bred from natural
thorium. Investigations in the thorium
fuel cycle are part of our research into
accelerator driven systems (Australia
has world’s largest thorium reserves,
300,000 tons).

SPALLATION NEUTRON PRODUCTION
IN INTERACTION OF 1 GEV PROTONS
WITH A CYLINDRICAL LEAD TARGET. 
Simulation was carried out using the
Geant4 Monte Carlo code.

This research is carried on the basis
of the 'Energy plus Transmutation
(EpT)' international collaboration. The
EpT experimental setup is composed
of a lead target surrounded with 206.4
kg of natural uranium blanket. The
target of the EpT is irradiated with
protons and deuteron ions of energy in
the range of 0.5 – 4 GeV using the
Nuclotron accelerator of the Joint
Institute for Nuclear Research (JINR),
Dubna, Russia. In these studies the
neutronics of the ADS and

materials, particle detectors, radiation
dosimetry and nuclear safeguards. In
these studies MCNP, MCNPX and
Geant4 Monte Carlo codes are used.  

LIQUID SCINTILLATION NON-
LINEARITY MODELLING
All scintillating materials exhibit a non-
linear response for a given energy
deposition event due to quenching at
high linear energy transfers to the
scintillant and different cascade
processes. It is important to account
for such processes when calculating
the energy deposited into the scintillant
necessary for absolute activity
measurement and to aid in the design
of improved scintillation detectors. This
project aims to use simulated and
experimental data to characterise the
scintillation process from energy
deposit to photon transport and to
improve existing models.

A model of the LS-TDCR system has
been developed, a paper on the

INS-ANSTO collaboration’s beam-line at the ANTARES
accelerator. 



SCHOOL OF PHYSICS ANNUAL REPORT 2008
28

gained using existing company
registers and making sure everyone is
using the same standard for reporting.”
(Australia 2020 Summit – Final Summit
Report, 2008: 85). 

Late 2008, ISA was invited to
participate in the technical working
group for the World Resources Institute
(WRI) and the World Business Council
for Sustainable Development (WBCSD)
Greenhouse Gas Protocol’s Product
and Supply Chain Accounting and
Reporting Standard development
process. This represents the
international standard for the
development of complete reporting.
Governments around the world,
including Australia’s have largely
adopted he methodologies of previous
protocols.

To find out more please visit the GHG
Protocol website at: www.ghgprotocol.org

ISA E-NEWSLETTER
In January 2008, ISA launched its first
quarterly e-newsletter which was
distributed to over 445 subscribers; by
October 2008, ISA’s e-newsletter
readership increased by almost 25%.
The readership consists mostly of
researchers, industry, government and
environmental consultants. 

ACADEMIC JOURNAL OF THE
INTERNATIONAL INPUT-OUTPUT
ASSOCIATION 
Since October 2008 ISA has been the
Editorial Office for the journal,
Economic Systems Research (ESR).
ESR is a double-peer reviewed
scientific journal dedicated to the
furtherance of theoretical and factual

sensitivity and uncertainty analysis of
the system model has been accepted
for publication, and a study to quantify
the effect of multiple scintillant
interactions in a given decay process
on scintillant non-linearity is underway.

NUCLEAR DATA 
The development of Accelerator Driven
Systems (ADS) requires accurate
models to assist in the study and
design of such reactors. This project
will involve studies at ANSTO’s
ANTARES accelerator to calibrate track
detectors in proton and neutron fields
expected in larger experiments. The
ANTARES work will also provide useful
information on the fission fragment
momentum distribution asymmetry
associated with direct thorium fission
by ~15 MeV protons and neutrons. The
larger experiment, to be conducted in
collaboration with the Joint Institute for
Nuclear Research (JINR), Dubna,
Russia. This study will involve the
irradiation of the EpT setup with 4 GeV
deuteron using the Nuclotron
accelerator of the JINR. This
experiment, in conjunction with the
calibrated track detectors, will allow
useful data to be acquired which may
then be used to benchmark simulated
results. This research work is part of
Doctoral student studies. 

INVESTIGATIONS INTO REACTOR
NEUTRON SPECTRA 
The determination of neutron flux in
facilities within the past HIFAR reactor
and the present OPAL reactor were
previously undertaken using the
neutron activation of gold wires either
bare or with a cadmium shield.  Two
separate measurements were therefore
required to record thermal and
epithermal flux in a particular position.
Investigations are underway into other
techniques and isotopes for neutron
activation to allow the determination of
a broader variety of neutron spectrum
parameters such as the neutron
temperature, the thermal and
epithermal flux parameter and a
spectral shape parameter.  The use of
zirconium in combination with gold
allows the determination of these
parameters without the need for a
separate cadmium covered irradiation.
Combining these measurements with
simulations using the MCNPX code will
provide further insight into the ability of
different techniques and isotopes to
reproduce the proportion and shape of
reactor neutron spectra.
Further to this, the adoption of

zirconium as a flux monitor at OPAL
has positive implications for the ability
of staff to assure quality in NTD
(neutron transmutation doped) silicon
irradiations by providing more
information about the neutron flux than
is possible with bare gold.

INTEGRATED
SUSTAINABILITY
ANALYSIS (ISA)
ISA – GROWING UP FAST
In 2008 sustainability reporting
emerged as a central challenge from
the Australia 2020 Summit. One of the
ideas developed was for “a set of
national environmental accounts,
including carbon and water accounts,
to inform government, business and
community decision-making. These
could be linked with the current
national economic accounts.” (2020
Interim Summit Report, 2007: 14). This
increased focus had brought increased
demand on the ISA team’s sustainability
reporting expertise. The team increased
by 75% to assist with furthering its
research.

ISA – 2008 OUTREACH
EDUCATION & TRAINING
ISA had delivered six Triple Bottom Line
(TBL) workshops.  These workshops
cover: what's "carbon neutral" and how
do we know what's to be neutralized;
what’s a carbon/ecological footprint
and how does it fit into the TBL; and
sharing responsibility along the supply
chain.  Participants also work on their
own TBL case study using the ISA
developed BL? software
(www.bottomline3.com).  This exercise
helps participants with data collection,
data input, BL? software functionality,
output analysis and reporting the
output accurately.

CONFERENCES & SUMMITS
Professor Marcela Bilek from the
School of Physics attended The
Australia 2020 Summit. Marcela’s
support resulted in some important
inclusions in the discussion: “Regular
company reporting of sustainability
indicators: a low-cost option could be
to mandate triple bottom-line
accounting for companies, using
‘balancing act’ methodology–
developed by the University of Sydney
and CSIRO – to map resource inputs
and areas of wastage in different
sectors. Additional information could be

The ISA team – Dr Joy Murray, Dr Chris Dey (left) and
Professor Manfred Lenzen.
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knowledge about economic systems,
structures and processes, and their
change through time and space, at the
sub-national, national and international
levels. The journal contains sensible,
matter-of-fact tools and data for
modelling, policy analysis, planning and
decision-making in large economic
environments. It promotes
understanding in economic thinking
and between theoretical schools of
East and West, North and South. The
journal is non-partisan, factual and
problem-oriented.

ISA – 2008 COMPLETED
CONSULTANCY PROJECTS
In 2008 the ISA team completed
approximately five consultancy projects.
These projects used the ISA framework
in various tools and reports for Federal,
State and Local Governments, NGOs,
Industries and small to medium
enterprises (SME).

Highlights from the 2008 completed
consultancy projects:
● The Department of Climate Change

released the Carbon Pollution
Reduction Scheme Green Paper in
July 2008. ISA’s methodology in
sustainability measurement was used
to produce detailed emissions
breakdowns by industry sector for the
Federal Government’s emissions
trading policy development: “The
following table is based on analysis
conducted by the Centre for
Integrated Sustainability Analysis
(CISA), University of Sydney using the
Australian Bureau of Statistics’ (ABS)
Australian National Accounts Input-
Output Tables 2001–02, the National
Greenhouse Gas Inventory 2002 and
various industry-specific sources. The
data includes all national emissions,
other than those from deforestation.”
(Carbon Pollution Reduction Scheme
Green Paper, 2008: 497)

● Energy Australia – Launch of new
‘Carbon Emissions & You’ website to
educate customers on their impact in
energy use. See website:
http://www.energysave.energyaustrali
a.com.au/carbon_emissions_and_you
/learn/ 

● The Department for Environment,
Food and Rural Affairs (Defra), who
commissioned Integrated
Sustainability Analysis (ISA), CenSA
(formerly ISA-UK) and partner the
Stockholm Environment Institute (SEI)
at the University of York, to research
the carbon footprint of UK trade,
published a report which identifies the
CO2 emissions created by goods and

services imported into the UK. It
found that carbon dioxide emissions
associated with UK consumption
increased by 115 million tonnes
(18%), between 1992 and 2004. A
ground-breaking new modelling
approach, called multi-region input-
output analysis, was developed
specifically for the UK and thoroughly
tested for its robustness. Visit this
website for the full report:
http://randd.defra.gov.uk/Document.a
spx?Document=EV02033_7331_FRP.
pdf

ISA – 2008 RESEARCH PROJECTS
The ISA team submitted five journal
article papers and two book
chapters[CJD1], and had written two
reports.

Highlights from the 2008 completed
research projects:
● The University of Sydney has

incorporated the ISA methodology in
the University of Sydney’s Triple-
Bottom-Line (TBL) Project.  The
results can be read on pages 10 to
12 of the University of Sydney Annual
Report 2008:
http://www.usyd.edu.au/about/public
ations/annual_report/2008/annual_rep
ort_2008.pdf.

QUANTUM PHYSICS
Staff:  Dr Stephen Bartlett (Senior
Lecturer), Dr David Reilly (Senior
Lecturer), Dr Yeong-Cherng Liang
(postdoc), Dr Owen Maroney (postdoc),
Dr Hans Westman (postdoc)

The new field of quantum information
science aims to push the boundaries of
our understanding of quantum
mechanics and to develop powerful
new technologies based on the unique
properties of quantum systems.  The
Quantum Physics Group within the
School of Physics undertakes research
in quantum information theory and
carries out experiments on nanoscale
devices with the aim of learning how to
engineer complex quantum systems.  

Some highlights of 2008 include:

A NEW RESEARCH EFFORT IN
EXPERIMENTAL MESOSCOPIC
PHYSICS
In 2008, the School welcomed the
addition of Dr David Reilly as a new
Senior Lecturer (Teaching & Research).
David is developing a new experimental
laboratory to explore mesoscopic
physics:  matter on scales below a
micron, where quantum effects

become important.  Low temperature
experiments will probe quantum
objects such as single electron charges
or spins, often on nanosecond time
scales.

Figure 1: James Colless and Maaike Witteveen in the
Mesoscopic Physics Lab. 

RESEARCH FUNDING AND
COLLABORATIONS
Dr Stephen Bartlett is sole CI on a new
ARC Discovery Project starting in 2008
to explore quantum-enhanced
reference systems.  We are developing
new theoretical methods for performing
ultra-precise metrology using single-
photon optics or cold atoms. Our
ongoing collaboration with the
Quantum Information group of Dr Terry
Rudolph at Imperial College London
(UK) has been strengthened with the
award of an International Program
Development Fund (IPDF) grant from
the University.  This project will increase
the number of student and postdoc
exchanges between our two groups.
Also, funded via the University’s
International Visiting Research
Fellowship scheme, Prof Jeremy
O’Brien from the University of Bristol
(UK) visited the Quantum Physics
group at Sydney for an extended
period in November/December 2008.

PERIMETER INSTITUTE – AUSTRALIA
FOUNDATIONS (PIAF)
The Perimeter Institute – Australia
Foundations (PIAF) collaboration,
between the premier international
research institute in quantum
foundations (PI) and three Australian
universities including the University of
Sydney, aims to promote quantum
foundations as a subject to be studied
and researched in academia. In 2008,
the School of Physics (jointly with the
School of Philosophical and Historical
Inquiry) have welcomed two new
postdoctoral fellows under this initiative
– Dr Owen Maroney and Dr Hans
Westman.
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ACHIEVEMENTS BY RESEARCH
STUDENTS IN QUANTUM PHYSICS
Three students completed their
Honours research projects in quantum
physics in 2008, with two of them –
Andrew Darmawan and Joel Wallman –
receiving University Medals for their
outstanding performance.  In addition,
Joel Wallman was awarded first prize
for his poster presentation on his
Honours research at the AIP Congress
in Adelaide, December 2008.

SYDNEY UNIVERSITY
PHYSICS EDUCATION
RESEARCH (SUPER)
In 2008, the Australian Learning and
Teaching Council funded project
‘Forging New Directions in Physics
Education in Australian Universities’
was successfully completed with
Assoc. Prof. Sharma as one of the
leaders. The project consisted of three
strands – Service Teaching,
Undergraduate Experimentation and

Graduates in the Workforce – with
School of Physics staff contributing to
all three. The Graduates project, led by
Dr O’Byrne, surveyed graduates and
employers nationally to identify
graduate destinations and employer
expectations and explore the suitability
of current course learning activities and
outcomes. The project website is
http://www.physics.usyd.edu.au/super/
ALTC/.

In terms of research, the group
focused on completing various projects
with eight journal publications capturing
various facets of student projects. Dr
Derek Muller graduated and Ms
Christine Lindstrom continued her PhD
studies. Mr Nigel Kuan completed a
third year special project with the
group. Three overseas students
worked with the SUPER group in 2008.
Mr Apisit Tongchai, from Mahidol
University, Thailand completed 18
months of his PhD candidature in
October investigating student
understanding of mechanical waves.
Mr Sait Gokalp and Ms Nurgul Duzenli-
Gokalp from Middle Eastern Technical

University, Turkey worked on
WebQuests and mathematics
education respectively.   

Drs O’Byrne and Khachan, and
Assoc. Prof. Sharma were awarded the
Faculty of Science Citation for
Excellence in Teaching in the School of
Physics and an Australian Learning &
Teaching Council Team Citation for
Outstanding Contributions to Student
Learning.
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