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School of PEMS 
The School of Physical, Environmental & Mathematical Sciences (PEMS) is the science 
school at UNSW Canberra. 
 
We are a multi-disciplinary school with the following broad teaching and research areas: 
 
Physics 
 
Oceanography 
 
Mathematics & Statistics 
 
Geography 
 
Chemistry 
 
 



School of PEMS 
We have over 35 professors, associate professors and lecturers, and over 15 support staff 
including skilled workshop technicians. 
 
PEMS supports over 60 higher-degree research (HDR) students in PhD and research 
Masters (MSc, MA, MPhil) programs, who are studying across all the research areas of 
the School. 
 
Our research student cohort is highly international.  
 
Our largest cohort (>20) comes from China, some supported under the CSC scheme, 
most by UNSW scholarships.  
 
We also have students from Singapore, Egypt, India, Pakistan, Bangladesh, Indonesia, 
Malaysia, Iran, UK, USA, Fiji, Vietnam, Switzerland, Spain, Nigeria, as well as Australia. 



UNSW Canberra – part of UNSW Australia 
UNSW Canberra is the Canberra-based campus of UNSW Australia. 
 
UNSW Australia is one of Australia’s leading research universities. 
 
• Member of the Australian Group of Eight (Go8) research intensive universities. 
 
• In 2015, UNSW Australia ranked 46th in the World in the GS ranking, and 82nd in the 
World in the Times Higher Education ranking. 
 
• UNSW consistently ranks #1 in Australia in areas such as Business, Engineering, and 
Mathematics. 
 



Physics research areas 
 

Condensed Matter & Materials Physics 

 

Meteorology 

 

Astrophysics 



Examples of Condensed Matter and Materials 
Physics (CoMMaP) research: 



• Characterisation of the electronic properties of novel 
multiferroic materials using electrometer and frequency 
dependent dielectric properties studies with in house 
equipment. (Temperature dependent (4-300 Kelvin) and 
magnetic field dependent (0- 7 Tesla) studies). 
 
• Synthesis and characterization of multiferroic materials. 
 
• We collaborate with an international team of scientists and 
perform state of the art experimental research including 
neutron and x-ray scattering experiments at national and 
international facilities in Australia and overseas. 

CoMMaP: Multiferroics 
Prof Sean Cadogan and Dr Wayne Hutchison 
Email: s.cadogan@adfa.edu.au w.hutchison@adfa.edu.au 

Multiferroic materials are a new class of materials exhibiting both 
ferroelectric and ferromagnetic properties. Multiferroics are very 
attractive candidates for spintronics and information technology as 
a magnetic field can change the polarization state or vice versa.  
 
The details of the magnetic and electric properties and their 
coupling are currently not well understood and this program aims 
to enhance the understanding of these materials.  

Magnetic neutron diffraction study 



• Explore the structural and magnetic properties of novel 
magnetocaloric materials and related aspects in magnetic 
cooling. 
 
• The synthesis and characterization of magnetocaloric materials. 
 
• Perform state of the art experimental research at large facilities 
in Australia and overseas, in particular neutron scattering 
experiments at national and international neutron sources. 

CoMMaP: Magnetocaloric Materials 
Prof Sean Cadogan and Dr Wayne Hutchison 
Email: s.cadogan@adfa.edu.au, w.hutchison@adfa.edu.au 

 
Our research is aimed at advancing our understanding of the 
principles that govern the behaviour of various types of magnetic 
materials, including layered structures which exhibit a large 
magnetocaloric effect - the effect that underpins magnetic cooling.  
 
We use this knowledge to design new materials and contribute to 
the search for improved magnetic refrigeration materials and the 
development of this emerging and increasingly important cooling 
technology. 

Magne&c	  neutron	  diffrac&on	  experiments;	  	  
Wombat,	  OPAL	  Reactor,	  Australia	  

Magnetic-refrigeration cycle  
http://esciencenews.com 
 
 
 



• Use pulsed ESR at very low temperatures to explore spin 
coherence to extreme values and use electrical detected magnetic 
resonance to explore high sensitivity detection. Research is carried 
out at UNSW Canberra. 
 
• We have workshop facilities to make devices and samples. 
 
 
• We collaborate with national and international facilities including the 
Centre for Computing at the UNSW Sydney campus. 

CoMMaP: Magnetic resonance for quantum computing 
Dr Wayne Hutchison, Email: w.hutchison@adfa.edu.au 
 
One of the attractions of a spin based quantum computer is the 
prospect of very long coherence times. The electron spin system 
based on phosphorus doped silicon (Si:P) is predicted to have 
extremely long coherence times.  
 
We use pulsed Electromagnetic Spin Resonance (ESR) measured 
obtained at very low (millikelvin) temperatures to explore 
experimentally the maximum extent of spin coherence. Very sensitive 
electrically detected magnetic resonance will also be used in the 
quest for sensitive spin detection. 

Millikelvin pulsed ESR resonator 
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Examples of Meteorological research 



Meteorology: Tropical cyclones 
Assoc. Prof Liz Ritchie, Email: e.ritchie@adfa.edu.au 

1980-2013 Landfalling Tropical Cyclone Tracks 

Blue:  < 34 knt      Green: 34-63 knt        Orange: 64-96 knt           Red:  > 97 knt    



Meteorology: Tropical cyclones 
Assoc. Prof Liz Ritchie, Email: e.ritchie@adfa.edu.au 

Americas Asia Oceania 

• Land-falling tropical cyclones have increased in 
frequency since the 1980’s.  
 
• The number of TC’s declared ‘disasters’ shows 
a steady increase in Asia and the Americas. 
 
• The average damages cost of TC’s have 
increased from ~ $100 million in 1980 to ~ $500 
million in 2010. 



Examples of Astrophysics research 



Astrophysics: Young nearby stellar populations 
Prof Warrick Lawson, Email: w.lawson@adfa.edu.au) 

Two young, nearby star clusters have 
been discovered at UNSW Canberra. 
These are ideal laboratories for 
studying the early evolution of stars 
and their planet forming disks, 
including how stars are ejected into 
the galactic field. Surveys using 
telescopes in Australia are aimed at 
locating dispersed members and 
investigating their properties. Stars in 
these clusters have been extensively 
observed using space-based 
telescopes such as NASA’s Spitzer 
telescope, to study the chemistry and 
structure of the disks. 
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• Studying young stars informs us about 
the history and possible future of our 
own Sun and solar system. 

The η Cha star cluster is only 300 
lights years from the Sun, and is a 
compact grouping of ~ 8 million 
year old stars. They contain some 
of the oldest known examples of 
proto-planetary disks. 



Astrophysics: FunnelWeb project 
Prof Warrick Lawson and Dr Simon Murphy 
Email: w.lawson@adfa.edu.au, s.murphy@adfa.edu.au 

An ambitious project commencing in 2016 to obtain 
spectra of the brightest 2 million stars in the 
Southern Sky to search for young ‘late-type’ M-
dwarf stars as candidate exoplanet host stars.  
 
We aim to produce a brightness-limited survey of 
young stellar objects in the solar neighbourhood. 

• Image candidate host stars using current 8-m class 
telescopes and future 20- to 40-m class facilities for 
exoplanets.  
 
• Take advantage of the reduced contrast between 
young M-stars and their potential gas giant planets 
compared to older systems like the Sun–Jupiter 
system. 
 



PEMS Priority Research Areas 
The School of PEMS currently has five priority research areas: 
 
Applied and Industrial Mathematics 
 
Condensed Matter and Materials Physics 
 
Environmental Science 
 
Molecular Design 
 
Theory, Place and Society 
 
but we research in many other areas as well, and often in conjunction with staff in other 
Schools at UNSW Canberra, and at the UNSW Sydney campus. 



Applied and Industrial Mathematics 
We apply a range of mathematical and statistical techniques, supplemented with 
extensive computing methods including the use of national supercomputing facilities, to 
the analysis of real-world problems.  

We conduct research in areas including: 

• bushfire modeling 

• combustion physics  

• reactor engineering 



Condensed Matter and Materials Physics 
PEMS has a long-standing reputation in condensed matter and materials physics 
research, principally using atomic and nuclear techniques such as neutron scattering.  

Applications include: 

• magnetic, electronic and optical signal processing and storage 

• ionising radiation dosimetry and imaging 

• magnetic refrigeration 

• orthopaedic prostheses 



Environmental Science 
Environmental scientists in PEMS make important contributions towards contemporary 
international environmental challenges in areas such as: 

• climate change 

• physical oceanography 

• coastal management 

• statistical ecology 

• cyclonic systems 

 

PEMS hosts the Sino-Australian Research Centre for Coastal Management, a joint 
initiative between UNSW Canberra and the Ocean University of China in Qingdao. 



Molecular Design 
Our research focuses on the design, synthesis and study of novel molecules, the 
simulation of chemical reactions, supramolecular structures and materials for biological, 
environmental, pharmaceutical, and industrial applications.  

Current research directions include: 

• classical and quantum simulation of chemical reactions 

• anti-cancer and anti-microbial drugs 

• functionalized supramolecular building blocks 

• water quality and purification 



Theory, Place and Society 
Human geography research in PEMS develops and employs a range of theoretical 
perspectives to understand social and cultural phenomena.  

Current research areas include: 

• theories and practices of perception 

• food security and urban development 

• sustainable transport 

• energy sustainability 

• development geography 


