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From anatomy to water

The project aimed to benefit sufferers of 
fecal incontinence, something Archibald 

thinks “is really worthwhile even though it’s 
not dinner-table conversation”.

“Within medicine there wasn’t a great 
understanding of the mechanisms of 
incontinence – there are often several 
contributing factors. People don’t die of it, 
but it makes huge problems in their lives, 
and most are too embarrassed even to tell 
their doctor.”

Developing the model was complex – 
“even surgeons struggle to identify on an 
image where different muscles start and 
stop. We spent hours looking at preserved 
tissue, cadavers, MRI scans and slides 
from the Visible Human Project (VHR) to 
develop three 3-D models – a male and 
female model based on the VHR slides and 
a female model based on MRI images of a 
healthy female volunteer.” 

“We used axial (horizontal), sagittal (left 
and right) and coronal slices (front and 
back), placed dots around the edges 
of each anatomical element, and used 
mathematical fitting procedures to create 
a mesh connecting all the dots. It took 
months to triple-check all the edges.”

Then she used kinematics to model two 
transformations, a bearing down push 
in the Levator Ani muscle and squeeze 
pressure in the anal canal. Shannon Li has 
since used the model in her PhD model of 
childbirth, and another Auckland researcher 
is using it to investigate incontinence 
related to childbirth. “There’s loads of 
future work to be done, this just set it up. If 
I did a PhD, I’d do it on this.”

Archibald handed in her thesis the day 
before the national hockey trials in 2007, 
after which she was selected into the 
Blacksticks team. She juggled part-time 
work at the Auckland Bioengineering 
Institute with international hockey 
commitments, and in 2008 was a member 
of the New Zealand hockey team at the 
Beijing Olympics. 

Afterwards, she played a semi-professional 
season with Hockey Club Rotterdam 
and juggled this with her first engineering 
job outside the university. She managed 
projects for Crosslinks, a small Dutch 

bioinformatics data analysis company, 
including a European Union project on mood 
disorders.

Back in New Zealand, she is an optimization 
engineer with Derceto, a local company 
which customises its Aquadapt software to 
save electricity costs for water utilities which 
have to use pumping stations to distribute 
water. This includes Greater Wellington 
Water and companies in Australia, North 
America, South Korea and the UK. The work 
includes detailed feasibility studies, design, 
implementation and support. 

All her projects have used programmes that 
“do a lot of the maths for you, although you 
have to understand it. If Derceto didn’t have 
the supercomputers, we’d spend hundreds of 

years trying to solve one equation.”

“I did bioengineering because I really 
like the idea of improving people’s 
quality of life. My cousin was born 
with spina bifida and I’ve seen how 
technology has helped him interact with 
the world, so anything that can alleviate 
problems like that is really good.” 

For her NZIMA-funded Masters, Kim Archibald (or Noakes as she was then) 
made one of the first three-dimensional anatomically-based computational 
models of the human pelvic floor. 

ARE THERE INFINITELY MANY  
PERFECT NUMBERS?

Simply: A positive integer n is a perfect 
number if  it is equal to the sum of  all of  its 
positive divisors, except for n. For example, 
6 is the first perfect number because 
1+2+3=6.  The first four perfect numbers 
were known before 100 AD. Most number 
experts think there are infinitely many, but 
there is no proof.  And no odd perfect 
numbers are known at all.
Discipline: Number theory.
Progress: around 300BC, Euclid proved 
that if  2p−1 is prime, then 2p−1(2p−1) is 
perfect, and in the 1700s, Euler proved that 
every even perfect number has this form. 
Prime numbers of  the form 2p−1 are called 
Mersenne primes (after the 17th century 
French monk Marin Mersenne), but it is still 
not known if  there are infinitely many. 
The Canadian mathematician Donald Gillies 
used statistical theory in 1964 to argue (but 
not prove) that there are infinitely many 
even perfect numbers. Since 1996, the Great 
Internet Mersenne Prime Search (GIMPS) 
has harnessed idle computer power to hunt 
for Mersenne primes. The 35th to the latest, 
the 47th known Mersenne prime, were 
discovered as part of  GIMPS. 
Incentives: In 2008, GIMPS won the 
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$100,000 Cooperative Computing Award 
for the 45th Mersenne prime, which has 
12,978,189 digits. There is a $150,000 prize 
for the first hundred-million digit prime, and 
a $250,000 prize for the first billion-digit 
prime.
Contributions: The search has led to new 
and faster ways of  multiplying large integers; 
prime programmes are regularly used to 
test computer processing units such as the 
Pentium II and Pro chips, and identified the 
Pentium bug. 
Unusual aspects: Except for 6, every even 
perfect number leaves remainder 1 when 
divided by 9. 
Every even perfect number is represented 
in binary as p ones followed by p-1 zeroes: 
6=110, 28=11100, 496=111110000, and 
8128=1111111000000.
The University of  Illinois mathematics 
department changed their postage meter, 
below, to reflect their discovery of  the 23rd 
Mersenne prime in 1963.


