
The imminent launch of MOST, Canada’s

first orbiting space telescope, has Mis-

sion Scientist Jaymie Matthews eager to

start collecting data. The suitcase-sized

satellite will give astronomers glimpses

into the hidden hearts of stars and the

atmospheres  of  p lanets

beyond our solar system.

In space astronomy, bigger
tools are not always better. Since
the inception of the Microvari-
ability and Oscillation of Stars
(MOST) project in 1997, Prin-
c ipal  Inves t iga tor  Jaymie
Matthews and his international
team of scientists from UBC,
Toronto, Montreal, Halifax, Har-
vard,  and Vienna have made

headlines with their ingenious and cost-effective “Humble” tele-
scope. At a cost of Cdn $10 million, funded primarily by the Cana-
dian Space Agency, MOST will be able to achieve what a network of
a half-dozen 20-metre earthbound telescopes could not. 

“I think the name ‘Humble Telescope’ is aptly Canadian,” says
Matthews. “As a people, we are often too modest about our achieve-
ments,  particularly our abil i ty to be innovative with l imited
resources.” Conventional space missions to study the same phe-
nomena could cost up to US $100 million. What his team has pro-
duced, and the science that will result, is far out of proportion to
the budget spent. The satellite is scheduled to launch this June, as
part payload on an SS-19-based Russian “Rockot”—a former ICBM. 

Matthews and the MOST team will study infinitesimal surface
vibrations, or oscillations, in sun-like stars. “Imagine looking at a
streetlight a kilometre away, and then moving your eyes a half-mil-
limetre closer—that’s how subtle the change in
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When not teaching or directing space
projects, Physics and Astronomy
Associate Professor Jaymie Matthews is
involved in astronomy outreach, sits on the
Board of the H.R. MacMillan Space Centre,
and is a member of the Canadian Gemini 8-
Metre Telescope Science Steering
Committee.

Background image: Canada Space Agency
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I n  t h e N e w s

ASTRONOMY PROFESSOR HARVEY RICHER LEADS AN INTERNA-
tional team of scientists which is using the Hubble

Space Telescope to measure the brightness and temperature of white dwarfs—the
burnt-out remnants of the oldest stars in our galaxy. In 2001, their work was
awarded 123 orbits of the Hubble around the earth, nearly three percent of all
available time. Richer’s team determined the age of a globular star cluster in the con-
stellation Scorpio—6,000 light years from Earth—to be between 12 and 13 billion
years old. Since the earliest stars formed less than a billion years after the Big
Bang, their work confirms the age of the universe to be between 13 and 14 billion
years.

This approach provides a completely independent dating measurement and is con-
sidered more reliable than previous methods, which either rely on the complex mod-
elling of nuclear fusion, or are based on the rate of expansion of the universe, which
is not constant. Richer’s work supports the theory that the universe is not only
expanding, but accelerating. Scientists now accept the existence of dark matter, the
phenomenon that keeps galaxies from spinning apart. However, in the past ten years
they have discovered that this accounts for only 30 percent of all matter in the uni-
verse. Baryons, from which humans, planets and galaxies are formed, account for
only a few percent. The rest, nearly 70 percent, is called dark energy, and acts like
anti-gravity, repulsing the universe away from itself at an ever-increasing rate. “The
universe is expanding against the gravity of all this mass and should be slowing down.

Instead it is accelerating,” Richer says. “If we know the age and mass density of the universe, then
we can ask: ‘What does that tell us about the way it evolves?’” 

White Dwarfs and Dark Energy

CANADA RESEARCH CHAIR IN ASTRONOMY, BRETT

Gladman’s research on solar systems, gas giants
and irregular satellites has led to the discovery of three new moons around Neptune, increasing the
planet’s number of satellites to eleven. For the past 18 months, he has been tracking their eccentric
and elliptical orbits. Detecting these irregulars was difficult, due to their small size (30 to 40 kilo-
metres in diameter) and their distance from the Sun, which limits their brightness to about 100 mil-
lion times fainter than can be seen with the naked eye. Tracking them is just as tricky, and this is Glad-
man’s area of expertise. The satellites’ irregular orbits are difficult to extrapolate,

Discovering Neptune’s New Moons

UBC’S NEW HEAD OF MATHE-
matics Brian Marcus has

returned to academia after nineteen years at IBM’s Almaden Research Centre. His reasons were sim-
ple: erosion of the research mandate in the private sector, government support of Canadian researchers
through NSERC, CRC and CFI funding, and the opportunity to head a department that he feels is one
of the strongest in the country. Prior to IBM, Marcus was associate professor of Mathematics at the
University of North Carolina, Chapel Hill. 

Marcus is deeply committed to graduate education and research in all areas of mathematics. His
own research is both abstract and applied—from information theory and constrained coding to
holographic data storage, which involves storing data throughout the volume of a medium. He wrote
the textbook Introduction to Symbolics and Coding. He also holds several patents with IBM.

Marcus’ vision as head of Mathematics includes strengthening ties with other departments and fac-
ulties. With the Faculty of Applied Science he is exploring curriculum changes, including integrated
programs in which second-year mechanical engineering students would be co-taught by mathemati-
cians and engineers. Marcus notes that the Pacific Institute of Mathematics (PIMS) at UBC and the
Institute of Applied Math (IAM) both have strong mandates for interdisciplinary work. 

“One of the things that I am bringing here from industry is the understanding of how mathemat-
ics can contribute to practice, and also how practice enriches the mathematics,” Marcus says. He
encourages students who want to study theory, but notes that with the need for mathematics in all areas
of science and industry, it is a good idea to learn some applied tools as well. 

New Math Head Melds Theory with Practice

cont'd on p. 3
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particularly when they disappear behind the planet. They are also retrograde—trav-
elling in the opposite direction of the planet’s revolution around the Sun—and are much farther away
from the planet than regular satellites. 

Until 1997, only ten of these “irregulars” were known in our solar system. Gladman and colleague
J. J. Kavelaars of the NRC discovered the first two irregulars around Uranus, using the Hale 200-inch
telescope at Caltech’s Palomar observatory. Working with colleague Matthew Holman of the Harvard
Smithsonian Centre for Astrophysics, they discovered the Neptune moons using the 4.0-metre Blanco
Telescope in Chile and the 3.6-metre Canada-France-Hawaii telescope in Hawaii. Gladman used the
Very Large Telescope (VLT) at the European Southern Observatory to track their orbits.

“As with the satellites of Saturn and other gas giants, the Neptune moons appear to be clumped
together,” says Gladman. His findings indicate that these small moons are probably fragments of a large
satellite that had undergone a collision—likely with a comet—after capture. Studying these irregu-
lars will help scientists understand how satellites are captured, and what celestial collisions occur
in the process. Gladmann was recently awarded the Urey Prize from the Division for Planetary Sciences
(DPS) of the American Astronomical Society in recognition of outstanding achievements in planetary
science by a young scientist.

Brett Gladman; cont'd from p. 2

M o r e N e w s

brightness is,” says Matthews. These oscillations give researchers a signature
of a star’s size, composition and age. They are not to be confused with how a star “twinkles,” or varies
in brightness as its light passes through the atmosphere of Earth—a difficulty the “Humble” will soar
above. “In order to distinguish these extremely small differences in stellar frequencies, we need to
get above the turbulence of the earth’s atmosphere,” says Matthews. 

They also need to be able to track a star for weeks at a time. MOST will orbit pole over pole in a
sun-synchronous trajectory, above what is called
the terminator of the earth, which positions the
Sun at the satellite’s back and the telescope’s view
out into dark space. This will allow Matthews and
team to track a target star for up to eight weeks.
The orbit also helps to maintain thermal stability
by preventing the shrinking and expanding of
solar panels, which is a problem in larger satel-
lites that cross over from the light to the dark side
of the earth. The satellite’s diminutive size limits
the space for solar panels required to power
equipment, so locating panels on the “Humble’s”
back ensures the constant sunlight necessary to
maintain power. 

Matthews is clearly proud of the ingenuity and
accomplishment of MOST’s mission team. He cred-
its researchers and technicians at UBC—Instru-
ment Scientist Rainer Kuschnig (originally from
Vienna), optomechanical engineer Rob Johnson,
software consultants (and UBC alumni) Andrew
Walker and Greg Burley, and planet-hunting pio-
neer Professor Emeritus Gordon Walker—with
being the unsung heroes of the project. “The
Physics and Astronomy shops, headed by Beat
Meyer, built the structure of the ‘Humble Space
Telescope’ with typical Swiss precision and atyp-
ical speed, making us the envy of most of our
industrial aerospace partners,” boasts Matthews.
“MOST will be the first instrument on Earth or in
space to make these measurements.” 

Jaymie Matthews; cont'd from p. 1

Making the Most of MOST 
Weighing in at just under 60 kilograms, Canada’s MOST space

telescope will not only be able to capture minute brightness oscil-
lations in stars, it will be able to detect reflected light from
recently discovered planets outside our solar system—detected
indirectly via techniques pioneered by UBC astronomer Gordon
Walker and former UVic astronomer Bruce Campbell. This
research will shed light on the size and atmospheric make-up of
these planets. “Even our team, who recognized the value of small
telescopes when applied to the right kind of problem, underesti-
mated what this humble little telescope could do,” says Mission
Scientist Jaymie Matthews. “We really know very little about new
planet systems discovered in the last few years. If successful, we
would be the first humans in history to detect light from a planet
beyond our solar system.”

MOST technology may have already found another applica-
tion: hunting potentially dangerous asteroids. Matthews (left, in
the lab with the satellite) is part of a proposal called Near Earth
Space Surveillance Project (NESS), being considered by the
CSA and the Department of National Defence. He and scien-
tists Alan Hildebrand from U. of Calgary and David Balam from
U. Victoria are working with Dynacon Industries—the prime

contractor for MOST—to modify the technology to track aster-
oids. “This will allow us to detect asteroids coming towards us
from the direction of the Sun, and that we have difficulty spotting
from Earth because of the glare in the twilight sky,” says
Matthews. A secondary function could involve tracking other
high-orbit satellites as part of Canada’s obligations to the North
American Aerospace Defence Command. “UBC would be in
charge of modifying the MOST instrument design to change it
from a precise stellar light meter to an asteroid hunter.” 
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TREES, LIKE ALL PLANTS, TAKE PART IN ELABORATE BIOCHEMICAL

interplay with other organisms in order to communicate,
reproduce and defend against attack. Assistant Professor Jörg Bohlmann studies the terpenoid com-
pounds that drive these ecological interactions. “The trouble in our forests today is that a few insect
and microbial specialists have learned to overcome trees’ very effective chemical defences.” These
“specialists” include bark beetles, weevils and spruce budworms that prey on conifers, and tent cater-
pillars that ravage poplar forests. 

Trees respond to attack and wounding in much the same way that humans do, by activating inflam-
matory processes. Bohlmann is working with the NRC Canadian Forest Service and the BC Ministry of
Forest Research to develop systems that will pre-activate a tree’s chemical defences against insects
and other pathogens. He is also one of four co-directors, along with Brian Ellis, Carl Douglas and Ker-
mit Ritland, in a project with Genome Canada and Genome BC. The group is undertaking large-scale
sequencing of poplar and spruce to identify the genetic blueprint that determines features such as wood
quality, wood formation and forest health, including mechanisms of induced defence and resistance
systems in forest trees. 

Bohlmann and his group have found that the terpenoid molecules
emitted when a poplar or spruce tree is suffering insect stress are
different from those occurring normally. Opportunist insects or
predators recognize the chemical signals that tell them when a
tree is harbouring an insect that is tasty prey. Understanding the
sophisticated chemical communication network between trees,
herbivores and their enemies, could lead to new, envi-

ronmentally safe methods for plant
protection. 

For  example,  under  normal
growth conditions, resin accumu-
lates in ducts in the bark and sap-
wood of a conifer tree. After an
insect attack or fungal invasion,
new traumatic resin ducts are formed
in the tree’s developing wood, or xylem. “We are
investigating the biochemical processes involved
to describe the genes activated when a tree grows
under normal conditions, and when it is under
stress,” says Bohlmann. He is using a natural,
single-molecule compound to pre-activate the
inflammatory reaction to an insect attack. “We
are still in the early stages of this research,” says
Bohlmann. “If we can stimulate the tree’s natural

defences prior to insect attacks, we might be able to out-race
Nature’s insect specialists.”

Researching this web of interactions requires considerable
sleuthing skills—and a multidisciplinary approach. As assistant pro-
fessor in UBC’s Biotechnology Lab, with cross appointments in the
departments of Botany and Forest Sciences, Bohlmann’s work spans
three faculties—Science, Forestry and Agricultural Science. In his
association with Agriculture, Bohlmann studies the biochemistry of
wine aroma and floral scents, which are very similar to conifer
defence chemistry. 

“Each plant must find its ecological niche, and much of that is
chemically defined,” says Bohlmann. “The question is how have
these systems evolved, and what is the next stage?” 

B i o c h e m i s t r y ,  B o t a n y  &  M o l e c u l a r  B i o l o g y  

Arboreal Survival Strategies

Bark and Beetle—
the Biochemical Connection

The conifers’ chemical arsenal con-
tains between 50 and 100 different resin-
based terpene defence compounds.

Most are repellent, or toxic to
insect pests. However,

some may actually
attract these enemies.

“In the evolution of tree-
insect interaction an origi-

nal chemical defence
compound can also be

exploited by insects to iden-
tify a suitable host,” says Assistant Pro-
fessor Jörg Bohlmann. Bark beetles, for
instance, have learned to cue in on the
specific terpenoid fragrance of their
hosts in the same way that bees locate
flowers. However, trees can actively
change their odour and send out new
messages.

Bohlmann is collaborating with
Steven Seybold, an entomologist at the
University of Minnesota, with interna-
tional funding from the Human Frontier
Science Program. “Steven studies the
bark beetle’s capacity to use the tree’s
terpenoid compounds to help it get the
best attack on a tree, and our lab looks at
how a tree makes and uses these com-
pounds for defence,” says Bohlmann.
Surprisingly, they have discovered that
bark beetles have a similar biochemical
capacity to make some of these chemi-
cals on their own. “The better we under-
stand these processes, the closer we will
be to developing mechanisms to protect
trees.”

Botanist, biochemist and

molecular biologist Jörg

Bohlmann is exploring

the role of terpenoid

compounds in conifer

and poplar trees.

Understanding their

complex chemical

communication and

defence mechanisms

could lead to more

sustainable management

of Canadian forests.

Jörg Bohlmann’s
multidisciplinary
research has
earned him a 
Young Investigator’s
Award from the
European-based
Human Frontier
Science Program
and a Peter Wall
Institute Early
Career Fellowship. 
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ALTERING THE PROPERTIES OF

matter may sound more like
alchemy than chemistry, but new faculty member Moshe Shapiro’s pioneering work uses the wave-like
nature of matter, as postulated by quantum mechanics, to control a variety of phenomena. He has shown
that everything from electronic motion in solids to optical properties, molecular dynamics, and even
the yields of chemical reactions can be manipulated by varying the phase between different laser light
sources.

“Light is a very gentle way of manipulating molecules,” says Shapiro, who holds a joint professorship
in the Departments of Chemistry and Physics. He recently came to UBC from The Weizmann Institute
of Science in Israel, where he was awarded the Israel Chemical Soci-
ety Prize for his work. As Canada Research Chair in Quantum Con-
trol, he will be setting up an ultra-short pulse laboratory at UBC with
funding from the Canadian Foundation for Innovation (CFI).

In collaboration with Paul Brumer of the University of Toronto,
Shapiro has also been able to orchestrate electrons in either a
forward or backward direction, depending on the relative phase
between light fields—in effect, creating a current without any volt-
age. “If you have a thin enough sample, you can detect the electrons

being emitted, and this has huge implications for
industry.” Shapiro recently co-authored Principles
of  the Quantum Control  of  Molecular
Processes with Brumer, which will be pub-
lished by John Wiley and Sons
this year.

Shapiro has made impor-
tant  advances  in  the area of
quantum computing, where atomic-
scale circuitry and the laws that gov-
ern “qubits” of information are based on quantum
mechanics rather than classical physics. He has
shown how a molecular system existing as a given
combination of quantum states can be converted
to another combination of quantum states. This
transmutation is important for pattern recognition.
“Conventional quantum computing still mimics
ordinary computers, because it performs a set of
logical, digital operations,” he says. “This sys-
tem is more like an analogue computer, or neural
network, because it is not really computing, but
recognizing patterns—and it does so in a single
laser pulse.” 

Shapiro has also shown that in a model system
coherent control can suppress spontaneous pho-
ton emission and other decay processes of atoms.
“Spontaneous emission has always been detri-
mental to systems that could be used as sources

for lasers. If we could stop or delay these emissions we would
have the potential for many new sources for laser light.” 

Although his research could lead to exciting applications,
Shapiro is a basic scientist at heart, and quantum mechanics is
clearly his passion. “We are not used to thinking of molecules as
matter waves, but we may now start getting used to this idea.”

C h e m i s t r y  &  P h y s i c s

New faculty member and joint
Professor of Chemistry and
Physics Moshe Shapiro is doing
research that takes quantum
mechanics a quantum leap
forward—from theory to practice. 

Coherent Control: Altering Matter with Light

Quantum Control 
of Chiral Molecules

Chiral molecules are nonsuperimpos-
able mirror images of each other—
described as either right-handed or left-
handed. One of the most exciting
discoveries to come out of physical
chemist Professor Moshe Shapiro’s
research is a method to control this chi-
rality. The consequences are dramatic,

since our bodies require molecules
of a specific handed-

ness for different
functions. For

example, all biologi-
cally active amino acids

are left-handed and all bio-
logically active sugars are

right-handed. A left-handed sugar simply
wouldn’t taste sweet, and it could be
harmful. (Thalidomide is a well-known
example of a chiral molecule that is a
beneficial drug “on the one hand”—and
detrimental on the other).

By manipulating the relative phase of
two lasers and transferring this light field
to a mixture of chiral pairs, Shapiro has
suggested a way of altering the phase of
the molecules themselves, thereby trans-
forming them all to one type of handed-
ness and eliminating the other. For exam-
ple, Shapiro and colleagues have shown
theoretically that chiral pairs of the D2S2
molecule (above) can be purified solely
by optical means. This work has major
implications for the pharmaceutical
industry. Most current chemical purifica-
tion methods produce a 50-50 chiral mix,
and since half of the compound must be
discarded, they are expensive and ineffi-
cient. “One of the things we hope to
demonstrate in the new lab is that we
can purify a mixture of right-handed and
left-handed molecules to yield 100 per-
cent of the desired type,” says Shapiro. 

Physical chemist Moshe

Shapiro’s pioneering

work has led to a new

field in theoretical and

experimental chemistry.

Coherent Control uses

methods based on

quantum mechanics to

change the dynamics of

matter and control

chemical reactions.
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C o m p u t e r  S c i e n c e

COMPUTATIONAL PROB-
lems, unlike mathe-

matical ones, are hindered by limits in running time and disk space. When the potential number of
solutions grows exponentially with the complexity of a problem, it is said to be NP-complete (or NP-
hard). The most cited example is the “travelling salesman” or Hamiltonian path problem, which involves
finding a flight path between several cities so that each city is visited only once. In 1994, Len Adel-
man solved a seven-city version of this problem using DNA. Inspired by his research, Computer Sci-
ence Professor Anne Condon works at the cutting edge of DNA computing, bioinformatics and com-
putational complexity.

“One of the goals of my work is to design molecules we can compute with,” says Condon. Just as
binary strands of data are encoded with ones and zeros, a DNA string is encoded with four bases, or
nucleotides (A,T,C,G). DNA provides a very dense data source, and representing information at the
molecular level allows millions of strands—or potential solutions—to be studied simultaneously.
Because DNA is double-stranded, each sequence of nucleotides has a complement (where the
nucleotide string is reversed) and the two attach to form base pairs. In a succession of hybridization
operations (see sidebar), complements are introduced that identify and eliminate strands that are not
solutions to the problem.

In early DNA computing processes, the strands were simply floated in a test tube. Condon’s col-
laborators, chemists Rob Corn and Lloyd Smith at U. Wisconsin, have tethered a set of encoded DNA
“solutions” to a tiny, flat surface (imagine a nanoscale patch of
grass). DNA computing on surfaces has several advantages over

using test tubes, notes Condon.
“You can’t lose strands in dif-
ferent stages of the chemical
procedure, and you have more
control when doing mult iple
steps.” 

Condon is co-founder of UBC’s
Bioinformatics and Empirical &
Theoretical Algorithms Lab. Her
work in bioinformatics includes
designing molecules with the
particular properties required
for nanostructures—which have
applications in biosensors and
bioactive optoelectric devices—
and molecules that can be used

as “bar codes” for chemical libraries. She also designs algorithms
to try to predict the folding pattern of RNA molecules, another
inherently intractable problem that scientists are keen to solve. “We
are interested in the secondary structure of the molecule, which tells
us what bases will form bonds with other bases to gain insight
into what happens when it folds.” 

As a theoretician who works at the intersection of mathematics
and computer science, Condon spends a lot of time thinking about
randomness and probability. Mathematical models called “ran-
dom walks” (see Synergy 7.1) are another tool used to study the
apparent haphazard folding pattern of long-chain molecules. Con-
don is searching for properties in sets of random walks that can be
applied to models of computation. “When we look at these prob-
lems from a computer science perspective, we raise a whole new
set of questions,” she says.

Unravelling Computational Complexity with DNA

Computer scientist Anne

Condon mutates and

manipulates strands of

DNA molecules in an

effort to reduce

computational

complexity, or the time

and space it takes to

compute complex

algorithms and solve hard

combinatorial problems.

Anne Condon is a member of
the Institute for Computing,
Information and Cognitive
Systems, the international
Committee on the Status of
Women in Computing
Research, and UBC’s SWIFT
(Supporting Women in
Information Technology). 
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DNA Word Design
As with traditional computing,

DNA computing requires writing
code; but instead of binary numbers,
DNA word design uses the nucleotide
alphabet A,C,G, and T to encode short
DNA strands with information. These
words must be of equal length while
satisfying certain combinatorial con-
straints. “Unfortunately, there are no
efficient algorithms for DNA word
design,” says computer scientist
Anne Condon. 

Designing a good set of words is
not quite an NP-hard problem, but it is
difficult enough, notes Condon. She
and colleagues Dan Tulpan and Hol-
ger Hoos use heuristic (trial and
error) search methods involving ran-
domized decisions to develop algo-
rithms for DNA word design. Solu-
tions to problems are found by a
molecular elimination dance, where
minor modifications, or mutations, are
made in the DNA strands in a random
fashion, taking the researcher
through a kind of maze that eventually
leads to an optimal solution. “Some of
these mutations might actually take
you a step backwards, but if we allow
that to happen in a randomized fash-
ion it turns out that these methods
work better than other, more deter-
ministic, methods.” 



IMAGINE

the ulti-
mate Nintendo game: instead of intergalactic spaceships battling it out, you have black holes and neu-
tron stars, with masses equivalent to the sun but condensed to a few kilometres across, whipping around
each other at the speed of light, and colliding in a rupture of radiation. And all this happens in a mil-
lisecond. Matthew Choptuik is one of a rare breed of theoretical physicists who study these extreme
gravitational events. He is a member of the Canadian Institute of Advanced Research (CIAR) Cosmology
Program, and the founding—and so far only—member of its Numerical Relativity group. 

Simulating black hole and neutron star collisions sounds like the extreme sports of physics, but
Choptuik insists that his work is “relatively” conservative. “Most of my research is really quite clas-
sical in the sense that Einstein’s theory of general relativity is nearly a century old. In many ways it
remains the establishment theory, but it is still not very well understood.” 

Choptuik has been making waves in the cosmology and gravity community since 1993, when he
demonstrated that, under extreme conditions, certain models of gravitational collapse
would form black holes of infinitesimal mass and infinite gravitational force. These
“naked singularities” are single points in space-time that remain visible at

large distances because they are not hid-
den inside an event horizon. The
results helped resolve a bet
that Caltech researchers had
previously made with Stephen
Hawking, who had wagered
against  the occurrence of
naked s ingular i t ies .  F ive
years later, when his Cam-
bridge colleagues actually
conf irmed “ the Choptuik
effect,” Hawking conceded
the bet.

Choptuik’s  in teres t  in
extreme gravity has led to
collaborations with experi-
mental physicists to help pre-
dict and detect elusive grav-
itational waves (see sidebar).
It has also taken him into the
esoteric area of five-dimen-
sional black strings. (Imag-
ine four-dimensional black
holes laid out end-to-end and
stretching infinitely in both
direct ions).  Both areas
require equally extreme com-
puting power. 

A cross-disciplinary group
of 250 scientists, including
Choptuik, will benefit from
WestGrid, a $34-million pro-

ject to build an advanced computing infrastructure network in
BC and Alberta. The initial $12 million in funding came from the
Canadian Foundation for Innovation (CFI), with matching fund-
ing from the BC and Alberta governments (roughly
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Physics
Professor
Matthew
Choptuik is a
recent recipient
of the Rutherford
Memorial Medal
from the Royal
Society of
Canada and the
CIAR Young
Explorers Prize. 

Naked Singularities, Black Strings and Cosmic Collisions
Numerical relativity is

one of the smallest

research areas in physics,

but the events that

Matthew Choptuik and

roughly 30 colleagues

worldwide study are

among Nature’s most

phenomenal and

cataclysmic.

Forecasting 
Gravitational Waves

One of the side effects of supernovae
and cosmic collisions is the emission of
gravitational waves. If we think in terms of
Einstein’s theory of gravity, says physicist
Matthew Choptuik, the effect of these ripples
in space-time would be to alter the distance
between objects that they interact with. Two
people in a room, for example, would move
closer together then farther apart, in a peri-
odic manner set by the frequency of the
waves. However, by the time these ripples
reach the earth, the gravitational radiation is
so weak that it is nearly impossible to detect.
Experimental physicists are in the very early
stages of trying to capture the signals from
these extreme cosmic events.

“Obviously, we can’t do the terrestrial
experiments to generate or detect gravita-
tional radiation the way we can electromag-
netic radiation,” says Choptuik. His work in
simulating the events that cause gravita-
tional waves should help colleagues at the
Laser Interferometer Gravitational-Wave
Observatory (LIGO) in Hanford, WA to detect
them. “Since these wave signals are so
weak, it helps to know what you are looking
for,” he says. Choptuik’s detailed calcula-
tions can also predict what type of radiation
will be seen, so that gravitational signals can
be extracted from the din of background
“noise.” His simulations could also help
determine the nature of the event that cre-
ated the waves.
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THE HEADLINES HAVE BEEN ALARMING. OVER THE PAST TWO YEARS, THE

deadly fungus Cryptococcus neoformans has claimed the lives
of two BC residents and made 57 others seriously ill. Most disturbing was that many of the infected
people had healthy immune systems. C. neformans, which causes cryptococcosis, is one of the most
serious fungal pathogens worldwide. Until recently, it was thought to infect predominantly immuno-
compromised individuals, such as those suffering from AIDS. With the outbreak on Vancouver Island,
that has changed, and Jim Kronstad, a Professor in UBC’s Biotechnology Laboratory, is working to under-
stand how and why.

Kronstad studies fungal pathogens of plants and humans. These include species that infect corn
(Ustilago maydis) and small-grain cereals (Ustilago hordei), as well as Cryptococcus. What is
remarkable is that even though these fungi infect very different hosts, they share many similarities.
“In a Petri dish, the mating between Ustilago sexual partners looks very much like the mating
between Cryptococcus sexual partners,” says Kronstad. “They both form filamentous colonies, even-
tually producing air-borne spores that infect new hosts.” The spores of C. neoformans, when inhaled
by humans, begin to grow in the lungs, where a polysaccharide capsule is produced that protects the

fungus from our immune system. In addition to lung infections, Cryptococcus is capa-
ble of causing lesions on the skin and bones, and can spread to infect in the brain.

By characterizing the role of the cyclic adenosine monophosphate (cAMP) sig-
nal transduction pathway in both
the corn pathogen U. maydis
and the human pathogen C. neo-
formans ,  Kronstad’s  group
found that mutants defective in
these pathways lose virulence
and change mor-
phology.  Kronstad
received the presti-
g ious  Burroughs
Wel lcome Fund
Scholar Award in
recogni t ion of
the contr ibu-
tions he and his
group made to
the s tudy  of
signalling and
of how fungal
pathogens respond to the host
environment.

In collaboration with Drs.
Marco Marra and Steven Jones
of the Genome Sciences Centre
in Vancouver, Kronstad uses ser-

ial analysis of gene expression (SAGE) to exam-
ine various serotypes of C. neoformans. Serotypes
A and D tend to infect immunocompromised peo-
ple, and serotype B affects healthy people. 

The fungi’s sexual behaviour also plays a piv-
otal role in host infections. For example, sexual
development of the Ustilago species only occurs
inside the infected host. For Cryptococcus, the
alpha mating type (MATα)is more

B i o l o g y

Fighting Fungal Pathogens
Professor Jim Kronstad’s

search for clues to the

genetic makeup and

mysterious habits of

fungal pathogens could

lead to an understanding

of why some fungi are

particularly virulent and

dangerous.

Jointly appointed in the Faculties
of Science and Agricultural
Science, Biotechnology Professor
Jim Kronstad received the
Burroughs Wellcome Fund Scholar
Award for his work in fungal
pathogens.

cont'd on p. 11

Physical Mapping of 
Fungal Genomes 

In the quest to quell the virulent fungal pathogen C. neo-
formans, which can lead to a fatal form of meningitis, Jim
Kronstad and his group have constructed physical maps of
various strains. “We are working on two types of maps: the

genetic map, which identifies positions of
the genes based on

mutation
and known

genes, and
the physical

map, which
involves

breaking the
genome down

into cloneable
pieces—100,000

base pairs at a
time,” he says.

These maps are a valu-
able tool in the generation and assembly of genome
sequence information. Working with the Genome Sciences
Centre, Kronstad’s group has already mapped genomes from
serotypes A, B and D. Colleagues at The Institute for
Genome Research (TIGR), the Whitehead Institute, Stanford
University, and Duke University in the US are using these
maps as part of a program to sequence the genomes.

Until three years ago, there had been no major outbreaks
of serotype B strains anywhere in the world. “In addition to
sequencing the genome of the serotype B strain, we have
completed a physical map of the Vancouver Island strain,”
says Kronstad. “For serotype B, we are taking the lead in
annotating the genome to characterize the function of all the
genes in order to find crucial differences between
serotypes.”

Image: J. Kronstad
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C o m p u t e r  S c i e n c e

COMPUTERS ARE SUPPOSED TO MAKE OUR

lives easier. But do they? Never mind the
more pressing philosophical question, who—or what—is in control? “Computers now force certain
modes of behaviour on us,” says Alan Mackworth, Canada Research Chair in Artificial Intelligence.
“We are slaves to our e-mail and our keyboard, and we get repetitive stress injuries because of bad
design.” He is working to develop intelligent systems that respond, adapt and interact with humans
and the environment to facilitate the design of better technological tools. 

Applying the maxim that intelligent systems “should be as simple as possible—and no simpler,”
is easier said than done. Mackworth and his colleagues at UBC’s Laboratory for Computational Intel-
ligence believe that the defining characteristics of an intelligent agent—whether robot, animal or
human—is that it has goals, and acts accordingly (both proactively and reactively) to achieve them. 

Take soccer-playing robots, for example. The Dynamo project was developed by Mackworth and
colleagues with funding from The Institute for Robotics and Intelligent Systems (IRIS). The “Dyna-
mites” are an example of a hybrid system that incorporates both con-
tinuous and discrete components, with a number of different states.
Velocity and steering are lower-level continuous variables that are
controlled with standard control theory. Scoring goals or defend-
ing against attack are discrete states, and this brings much more
complexity—and excitement—into play. 

“Each robot has to reason
about the other robots, both at
the physical and cognitive lev-
els,” says Mackworth. They must
determine where the other
robots are in space, and whether
they are planning to attack or
cooperate .  Scor ing goals
involves teamwork—or reason-
ing about joint intentions. 

Robots have come a long way
since the early days of GOFAIR
models (below), developed to
work as single agents in a con-
trol led,  s tat ic environment.
Mackworth bel ieves that  the

future of  computat ional
intel l igence is  leading
researchers down two
paths, which he hopes will
converge.  On the 

theoretical level, he is
involved in developing

an emerging theory
of CI that can be used

to understand existing
intelligent systems and to design

better artefacts. From an engineering perspective, he
acknowledges the desire for more embedded systems that could

ultimately become as invisible and ubiquitous as the electric motor. 
Along with David Poole and Randy Goebel, Mackworth co-

authored Computational Intelligence: A Logical Approach, a sem-
inal text on the science of CI and its engineering

“We are working to
understand human
capacities and human
needs in order to
design tools that
serve humans, rather
than the other way
around,” says Alan
Mackworth, a member of
UBC’s Institute for
Computing, Information and
Cognitive Systems.

Simplifying Computational Intelligence

Computing 
with Constraints

Traditional AI’s GOFAIR robots are
proactive in nature; they perform tasks in
a static, controlled environment and are
modelled on the “belief, desire, inten-
tion” theory of cognitive, symbolic intelli-
gence. Emerging insect AI is reactive;
these biologically inspired robots use
low-level reasoning to act or react in
their environment, and are based on the
theory that you don’t need fully devel-
oped symbolic reasoning to act intelli-
gently in the world. 

“Both approaches are important, but I
don’t believe we can understand or
model human intelligence with either a
top-down or bottom-up approach,” says
computer scientist Alan Mackworth. His
focus is on situated AI and multi-agent
systems that are both proactive and
reactive. These require software that
integrates a hierarchy of control sys-
tems, from the robot body and low-level
motor control, to high-level controllers.
Mackworth and his students developed
Constraint Nets, a software system that
considers the agent body, its controller
and the environment as interacting
together in a dynamic system, where out-
put affects input in a closed loop, and
where constraints are changing as the
system is trying to satisfy them. 

Overcoming constraints is a passion
outside the lab. Mackworth is an avid
sailor, a sport that involves constant
adaptation to the changing constraints of
wind and weather. “I think what evolu-
tion is doing is essentially compiling the
constraints of the environment into the
structure of the organism,” he says. 

In the emergent field of

computational

intelligence (CI),

computer scientist Alan

Mackworth believes

theory and simplicity are

key elements in

developing intelligent

systems as tools that

support—rather than

manipulate—human

activity.
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N e w  F a c u l t y  A p p o i n t m e n t s

MONA BERCIU ,
Physics and Astro-

nomy. Research: Strongly correlated electrons, mag-
netism and photonics. “As a theoretical physicist, I’m
trying to understand some of the puzzling behaviour of
various systems, and to figure out how one can tailor

various magnetic or optical properties to suit
our needs. I’m also con-
templating an experimen-
tal investigation of gravity
effects by taking up ski-
ing.”

ANDREA DAMASCELLI ,
Physics and Astronomy.

Research: Electronic struc-
ture of complex systems
and nanostructured mate-
rials. “Delving into the

world of nanoscience creates
major challenges for scientists and engineers in fields
as diverse as electronics, telecommunications, com-
puter science, and biomedicine. One key to overcom-
ing this challenge is understanding the electronic struc-
ture of complex systems and nanostructured materials.”
CHEN GREIF, Computer Science. Research: Scientific
computing. “Many mathematical problems can be
solved numerically by using powerful computers. I am
interested in investigating and implementing efficient
solution techniques, particularly methods for solving

UBC’s Science Brain Gain large-scale linear systems that arise in various appli-
cations in computer science, mathematics and engi-
neering.”
ELIZABETH HEARN, Earth and Ocean Sciences. Research:
Geophysics. “I am interested in the dynamics of crys-
tal deformation, particularly along tectonic plate bound-
aries. Numerical models based solidly on geophysical
and geological observations are invaluable for probing
the architecture of the earth’s crust and for charac-
terizing earthquake hazard—for example, how earth-
quakes trigger or suppress subsequent shocks.”
FELIX HERMANN, Earth and Ocean Sciences. Research:
Reflection seismology. “Being hooked on understand-
ing the complexity of the inner earth, I am addicted to
transferring the latest imaging and modelling tech-
nique to seismology. Even with my tempered Dutch
outlook, I plan to send some waves through the field.
To escape my complicated life with Rachel K., I hope
to do some exploring on my bike once I get used to the

mountains.”

RACHEL KUSKE, 
Mathematics. Research: Stochastic and non-linear
dynamics. “Seemingly unrelated processes, observed
in optics or biology or finance, have striking similar-
ities when their complexity is studied with a mathe-
matical model. Keeping up on these diverse projects
complements my love of travel, my support of women
in science internationally and my complicated life with
Felix H.”

Stephanie van Willigenburg

Joanna McGrenere

Andrea Damascelli

Tamara Munzner

Chen Greif,

Mona Berciu

Francis Ouellette

Elizabeth Hearn

Mark Van Raamsdonk

Felix Hermann

Ingrid Stairs

Rachel Kuske

The Faculty of

Science welcomes

thirteen new

faculty members

with a glimpse

into their research

and their passions

outside of the lab.
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C o n t i n u i n g S t o r i e s

VLADA LIMIC, Mathematics. Research: Probability. “I
study asymptotic properties of several stochastic
processes that model phenomena appearing in nature
or natural sciences.”
JOANNA MCGRENERE, Computer Science. Research:
Human-computer interaction. “From desktops to lap-
tops, PDAs, cell phones, and embedded devices—all
this technology was supposed to make our lives easier
and yet even I am often flummoxed by it! My goal is to
factor the human element into the design of technol-
ogy.”
TAMARA MUNZNER, Computer Science. Research: Infor-
mation visualization. “I build systems to help people
understand large datasets using interactive computer
graphics. To unwind I read several novels a week,
mostly science fiction.”
FRANCIS OUELLETTE, Biotechnology Laboratory. Direc-
tor of the UBC Bioinformatics Centre. Research: Find-
ing genes and annotating genomes to understand the
parts that make up an organism. “Our lab is involved

in building systems that allow us to inter-
pret any genome. When
not in the ‘lab’ I spend
time with my spouse
Nancy, our three-year
old daughter Maya, two
dogs, and our cat Dar-

win.”
MARK VAN RAAMSDONK,

Physics and Astronomy.
Research: Fundamen-
tal physics via string
theory. “I’m thrilled to
be working towards

understanding the universe here in the beautiful cor-
ner of it where I grew up.”
INGRID STAIRS, Physics and Astronomy. Research:
Radio pulsars. “I study these products of supernova
explosions in order to tackle several different physical
problems, from neutron-star properties to binary stel-
lar evolution to tests of general relativity. This involves
searching for new pulsars at several large radio tele-
scopes and working on new instrumentation to improve
the precision of my long-term timing observations.”
STEPHANIE VAN WILLIGENBURG, Mathematics. Research:
Algebraic and geometric combinatorics. “Essentially, I
count things requiring more than fingers and toes.
Some objects are quite abstract, such as Specht mod-
ules, others are more concrete—for example, the
number of different card shuffles you can obtain if
you cut a deck and riffle shuffle three times. A keen
patissier, I rarely count calories.”

Vlada Limic

virulent than the “a” mating type
(MATa) possibly because it forms the filamentous cells, which pro-
duce spores that can be inhaled. The strains causing the infections
on Vancouver Island appear to be predominantly of the MATα
type.

With a major Genome Canada/Genome BC Award, Kronstad and
his collaborators at the Genome Sciences Centre are working to
sequence the genome of the lethal Vancouver Island strain of
serotype B. “We are hoping that bioinformatics approaches can help
us quickly find the important genes,” says Kronstad. “We can then
examine the key findings and use the information to fight this dis-
ease.” 

Jim Kronstad; cont'd from p. 8

applicat ions. “For me the
most exciting thing is working right at the edge between theory and
practice,” says Mackworth, citing a favourite quote he attributes to
Kurt Lewin. “Nothing is more practical than a good theory.”

As a theorist, whose work is steeped in the philosophy of tech-
nology, Mackworth cautions against going too far. “I think unmedi-
ated human interaction is the best kind, so I don’t really want
these systems to become totally ubiquitous.” 

Alan Mackworth; cont'd from p. 9

$6 million each), plus nearly
$10 million from industry and university partners. The infrastruc-
ture will be capable of processing the massive amounts of data
involved in computational modelling and numerically intensive
research. Choptuik is also streamlining techniques to improve the
efficiency of strong-gravity calculations. He notes that in his line of
work, the more computing power, the better.

Will physicists ever come up with an “ultimate theory of every-
thing” that will include gravity and extreme gravitational events in
the universe’s multi-dimensional board game? While Choptuik’s
work may help provide a missing link, he says he would place his
bet on the universe continuing to stymie us. “History has shown that
whenever it looks like we understand something, another discov-
ery reveals additional layers of structure.”

Matt Choptuik; cont'd from p. 7

Withers, Fleming, Brion and Legzdins Win Chemistry Awards
Steve Withers received the 2002 Roy L. Whistler Award from the
International Carbohydrate Organisation in recognition of his
contributions to carbohydrate chemistry and biochemistry. Donald
Fleming won the John C. Polanyi Lecture Award from the Canadian
Society for Chemistry. Chris Brion was awarded the 2002 Chemical
Institute of Canada Medal. Peter Legzdins received a Killam Memorial
Faculty Research Fellowship.

Finlay Receives UBC’s Top Honour
Brett Finlay, Professor of Biochemistry and Molecular Biology and of
Microbiology and Immunology, has been named the Peter Wall
Institute Distinguished Professor—UBC’s most prestigious academic
honour—in recognition of his career achievements in bacterial
disease. He has recently developed a cattle vaccine to prevent the
growth of E. Coli. 

Bits & Bytes; cont'd from p. 12
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Earth and Ocean Scientists Oldenburg, Clowe and Bustin Garner Awards
Geophysicist Doug Oldenburg received the BC Science Council’s $25,000 Synergy Award for outstanding
university-industry R&D partnership with INCO Exploration and Technical Services Incorporated.
Oldenburg is director of the UBC Geophysical Inversion Facility. GIF drill codes played a significant role in
defining drill targets for the major “Prominent Hill” copper/gold discovery in South Australia. Geophysicist
and director of Canada’s massive Lithoprobe project, Ron Clowe was recently awarded the Queen’s Golden
Jubilee Medal. Marc Bustin received the 2002 International Committee for Coal and Petrology (ICCP)
Thiessen Medal for his work in sedimentology and organic petrology.

Zoologist Milsom Receives Fry Medal, Smith Wins Brewster Award
Professor and Head of Zoology William Milsom received the Fry Medal from the Canadian Society of
Zoologists. The medal is presented annually to an outstanding Canadian zoologist in recognition of his
contribution to Canadian science. Jamie Smith received The Brewster Award, given for the most important
research published in the last ten years on birds of the Western Hemisphere.

Mathematicians Perkins and Brydges—Prizes and Appointments
A world leader in probability theory, mathematician Edwin Perkins is joint winner of the 2002-2003 CRM-
Fields Prize for Mathematics. David Brydges, an expert in quantum field theory and statistical mechanics,
was recently elected President of the International Association of Mathematical Physics (IAMP).

Physicists Receive Awards and Accolades
Marcel Franz won an Alfred P. Sloan Research Fellowship for his research in high temperature
superconductors. Jeff Young won the BC Science Council’s New Frontiers in Research Award for his work
in the field of optics, microelectronics and planar photonic crystals. Vesna Sossi, who uses positron
emission tomography to study brain function, has received a Career Investigator Award from the Michael
Smith Foundation. UBC postdoctoral fellow Ralf Schützhold’s work in quantum computing was noted in New
Scientist. 

Sawatzky Elected to the Royal Society of Canada 
Condensed matter physicist George Sawatzky, a leading expert in materials science and nanotechnology,
was recently elected to the Royal Society of Canada. 

Five New Canada Research Chairs for Science
Andre Damascelli (condensed matter physics), Rachel Kuske (applied mathematics), Wayne Maddison
(biodiversity and bioinformatics), Moshe Shapiro (theoretical physics and chemistry), and Dominique Weis
(earth sciences) were recently named Canada Research Chairs.

Zoology’s Rundle and Braun Win Top Prizes
Zoology postdoctoral fellow Howard Rundle was awarded the 2002 Dobzhansky Prize by the International
Society for the Study of Evolution. It is considered the most prestigious award available to young
evolutionary biologists, and only one winner is selected each year from a pool of nations that includes the
United States, Europe, Canada, New Zealand, and Australia. Rundle also won the Young Investigators’ Prize
from the American Society of Naturalists. MSc student Marvin Braun received a Gates Cambridge
Scholarship to pursue his PhD in Zoology at Cambridge. The international award is given to scholars who
display outstanding academic merit and leadership.

Did you know…
UBC Faculty of 

Science hosts 23 of 64
Canada Research
Chairs.


