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The North Pole: Ice-free this summer?

Scientists studying climate change have found 
further evidence supporting global warming. 
Recent observations show the North Pole con-
sisting mostly of  first-year or thin ice, which 
typically forms during the winter months. Given 
the right conditions, such ice could melt by the 
end of  this summer. One disquieting factor is 
last summer’s 65 per cent decrease in ice in the 
Northern Hemisphere. “We didn’t even think it 
was possible...to lose so much ice at once,” says 
David Barber from the University of  Manitoba 
in an article published in National Geographic News. 
He further suggests this loss was due to an atypi-
cal combination of  warm ocean currents, sunny 
weather, and fluke winds. The North and South 

Poles are of  special interest to climatologists 
who expect to witness temperature increases in 
these zones three times as fast as the rest of  the 
globe. This is due to the ice albedo feedback ef-
fect, in which newly exposed water absorbs more 
heat that helps accelerate further melting of  ice. 
Estimates point to an ice-free arctic during the 
summer as early as 2013 to 2030. 

Twin births and your diet

The rate of  twin births has tripled in the last 
30 years. Known contributors include in vitro 
fertilization and a preference for having ba-
bies later in life. Recent studies by Steinman 
and colleagues of  Long Island Jewish Medical 
Center, however, also implicate the diet as being 
involved. The suspect is believed to be bovine 
growth hormone (BGH). This hormone allows 
the release of  insulin-like growth factor, which 

increases ovulation and also seems to increase the 
chance of  giving birth to twins. A recombinant 
form of  the hormone (rBGH) is sold in many 
states as a way of  increasing cow milk produc-
tion. However, it is banned in both Canada and 
the U.K. due to its controversial nature. 

Leukemia virus — and protection

Human T-lymphotropic virus type 1 (HTLV-
1) is known for causing leukemia, but a recent 
study in Japan implicates the virus in protecting 
us against stomach cancer. Matsumoto and his 
colleagues of  Narao Hospital in Nagasaki, Japan 
sampled a population known for its high rate 
of  infection with HTLV-1, but was just as likely 
to be infected with the bacterium that causes 
stomach cancer. The study found a three-fold 
increase in the incidence of  stomach cancer in 
those virus-free versus those carrying the virus. 

This might make HTLV-1 the first known virus 
with possible protective effects.        

Supermosquitoes...an end to malaria?

Millions of  people continue to die every year 
from parasite-containing mosquito bites, 
despite the availability of  mosquito nets and 
insecticides. Once inside the human body, the 
parasites lodge in the liver, where they feast and 
replicate before moving on to attack the body’s 
red blood cells. Scientists in the UK have created 
mutant mosquitoes that carry genes resistant to 
malaria, but their application is of  much debate 
as these mutants may disrupt the ecosystem with 
unintended consequences. Still, some believe the 
benefits would outweigh the risks.   

—  with files from Scientific American, National 
Geographic News, and Newscientist.com
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Maybe you’re an 
avid traveler. 
Maybe you’ve 

tried to order a Big Mac combo 
in English in Quebec. Maybe 

you’re just a student who makes 
his way around this multicultural 

campus enough. One way or the 
other, you know that in every place 

where there are people, language is the 
key to communication.

So what if  there was one language that 
enabled you to communicate with people 
of  every tongue? In an interview with his 
research team, Dr. Edward Vrscay, a professor 
in the department of  applied mathematics, 
gave Imprint a glimpse of  just that. Beyond 
mere multilingualism, Vrscay and his graduate 
students have uncovered the secret to universal 
communication — images.

“The images speak for themselves,” 
Vrscay said very simply.

And it’s the mathematics behind the 
.jpg that allows it to be universally inter-
preted.

“When you download an image from 
the internet,” Vrscay explained, “that 
.jpg is based on what’s called the Fourier 
series.”

The Fourier series is a branch of  
mathematics involving the decom-
position of  periodic functions into a 
sum of  simple oscillating functions, 

such as the sine and cosine. The 
discrete cosine transform al-

lows images to be compressed 
— which is how we see them 

on the Internet — reducing 
file size without sacrific-

ing too much of  the 
quality.

Still, Vrscay 
and his team 

are not just 
talking 

the 

language — they’re developing it, too. Com-
bining theoretical models with applications, 
his graduate students are finding concrete 
ways to make use of  their math.

Nataliya Portman, a graduate student 
under Vrscay’s supervision, has been model-
ing biological growth based on image data, 
a sequence of  images depicting a growing 
organism. The ultimate goal, she told Imprint, 
is to classify the observed growth pattern 
as either healthy or unhealthy.

“For this, I need quantitative character-
istics of  growth,” Portman said. “And that 
requires calculations of  changes in the area 
or volume of  a growing organism, [both of  
which] can be extracted from images.”

Later, Portman elaborated on the math-
ematical basis of  such an extraction and its 
ability to actually give an idea as to the actual 
cell location of  abnormal growth.

“We are trying to figure out the location 
of  this active cell that has caused the change 
that we observe,” she said.

She said it is the inverse problems based 
on shape changes that tell something about 
the source of  the change.

“What has caused this change? It’s a hidden 
source basically. We do a [grey-scale value] 
seed in an image, and based on this grey-scale 
information, as well as the shape of  the organ-
ism, [we can extract the shape information] 
from the image using image-processing tools,” 
Portman said. “The locations of  these cells 
are being modeled as random seeds, and if  I 
see one is active, that basically means that this 
gene is turned off  at this location and causes 
a certain structural change.”

In terms of  biological accuracy, the 
beauty of  Portman’s model lies in its ability to 
demonstrate the one-to-one correspondence 
between gene expression pattern and the ob-
served shape change. The probabilistic model 
also takes into account genetic variability.

“If  you’re looking at the development 
of  a mouse brain, you don’t look at just one 
brain in particular. You look at a family of  
brains at a certain developmental stage,” she 
explained. “The shape of  the brain is subject 
to variability. The brains are not identical.

“This variability is taken into account in 
our model [and is] the stronger point of  

our model.”
Greg Mayer is also a gradu-

ate student under 

Dr. Vrscay’s supervision, and is on what Vrscay 
calls his “super-resolution team”. Like Port-
man, Mayer’s research in mathematical models 
is also versed in medical applications. His work 
focuses on image processing algorithms, work-
ing on various spatial resolution enhancement 
algorithms to improve the image quality of  
Magnetic Resonance Imaging (MRI) data.

Explained Dr. Vrscay: “Greg wants to 
work with the raw data that comes out of  
the machine, which is frequency data, as 
opposed to the already-altered image that 
comes out of  the MRI machine.”

“In MRI, you have limitations on what 
the machine hardware can do in terms of  
resolution,” explained Mayer. “And there’s 
only so much time and so much the machine 
can produce in terms of  spatial resolution.

“There are only so many pixels that can 
be put into these digital images, and what 
we’re trying to do is get more pixels.

“Without the understanding of  how the 
physics determines [the creation of] the im-
age, you lose a lot of  information,” stressed 
Mayer. “In just treating it as a general image, 
without that knowledge of  where it’s coming 
from, you throw out a lot of  information 
and constraints that you can use to deter-
mine whether or not an algorithm is even 
going to work.”

Ultimately, from modeling biological 
growth to improving MRI data quality, 
Portman spoke to the need to develop 
mathematical models that “serve a certain 
purpose.”

“For biomedical research it is impor-
tant to diagnose a certain developmental 
disease, a deformed pattern, a pathology,” 
she emphasized. “How is it possible to 
recognize pathological growth based on 
imaging? We are addressing this ques-
tion.”

“[As applied mathematicians],we have to 
understand pure math but we also have to 
find a concrete application, proving theo-
rems, finding algorithms,” said Dominique 
Brunet, applied mathematics graduate stu-
dent and new addition to Vrscay’s team.

“We’re straddling the line between theory 
and application,” said Vrscay.

And Vrscay’s team is well aware that 
this straddling is not immune to 
difficulties.

“One of  the 

challenges in ap-
plied math, is that 
you’re either speak-
ing to people who are 
experts in the mathemat-
ics, not necessarily in your 
application, or vice versa, 
the application but not the 
mathematics,” said Mayer. “So 
you have to prepare your pre-
sentation in a way that people can 
understand.”

For Portman, the challenges lie in 
“choosing an appropriate language of  
communication that both sides under-
stand really well.”

“I make big efforts to communicate 
with biologists and I’m still learning how 
to do this in an effective way,” she said. 
“But mostly, I can feel the distance between 
another professional biologist. There’s still 
a long way to go.”

Still, Vrscay’s team remains optimistic 
about the future.

“The thing that’s good with imaging is 
that you can at least show the image you 
get,” Brunet pointed out. “If  you do pure 
math, abstract math, then it’s really impos-
sible to show what you are doing.”

“Mathematics is really the language of  
science,” said Vrscay. “A picture speaks 
a thousand words. An image speaks a 
thousand theorems.”

Contact Dr. Edward Vrscay:
http://www.math.uwaterloo.ca/
AM_Dept/members/vrscay/

Read all about Greg May-
er’s exciting adventures 
(mathematical and non-
mathematical):
http://www.math.
u w a t e r l o o . c a /
~gsmayer/in-
dex.html

A thousand theorems
Ongoing research seeks concrete 

applications of mathematics for image interpretation


