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Former NZIMA PhD scholarship holder Dion O’Neale enjoys seeing the same 
mathematical patterns in completely unrelated fields. 

O’Neale rock climbing at 
Mt Arapiles in Victoria in 2009. 
Photo: Chris Tuffley.

O’Neale has applied mathematical modelling methods to fields as different 
as astronomy (Saturn’s rings), electricity generation (geothermal reservoirs), 

physics (laser light oscillation), chemistry (nano crystals), and economics (research 
investment). 
He didn’t expect to specialize in mathematics, but got hooked by a university research 
project that used maths to solve an astronomy problem. “I looked at whether sunlight 
hitting the particles in Saturn’s rings affects their position, and it does!” He majored 
in maths and physics for his BSc, and for his MSc at Düsseldorf  in Germany he 
developed numerical integrators to solve differential equations describing relativistic 
interactions between lasers and charged particles.
The scholarship from the NZ Institute of  Mathematics and its Applications meant 
“not having to use tutoring to get by at Massey, otherwise I would have taken much 
longer to do the PhD”. He was also awarded NZIMA travel funding to attend part 
of  the six-month programme on highly oscillatory problems at the Newton Institute 
in Cambridge, and the International Conference on Scientific Computation and 
Differential Equations in France. 
Highly oscillatory problems involve light, sound or other elements that oscillate 
very quickly. “If  you’re doing a laser experiment, you want a simulation to predict 
what might happen over longer periods without having to worry about every little 
wavelength.” 
This background in geometrical numerical integration, Hamiltonian systems and 
differential equations enabled him to develop mathematical models for many 
different fields as a research scientist at Industrial Research Ltd. “If  an electricity 
company wants to set up a new geothermal power station and has reports of  what’s 

under the ground, a 
mathematical model 
tells them they’re 
likely to be able to 
make this much 
electricity for this 
many years before 
the field stops being 
viable, as well as how 
much water they 
have to re-inject into 
the ground to avoid 
subsidence.”
His latest project 
attempts to “bring 
some hard numbers 
to the innovation 
ecosystem”. He 
has examined 
how patents are 
distributed between 
companies in New 
Zealand and overseas 
and the relationships 
of  research and 
development funding 
to patents, as part of  

Finding the underlying patterns

an IRL project led by Professor Shaun Hendy.
“We found that the model followed a power law, 
and could describe the relationship of  the spread of  
patents in a population of  companies with a single 
number. The more you spend on R&D, the higher 
your rate of  return in patents up to a threshold of  
about three percent of  GDP. New Zealand only 
spends about 1.3 percent, so there’s plenty of  room 
for improvement.”
Government innovation policies and the level of  
collaboration among scientists also affect the rate 
of  return on R&D. The major difference between 
New Zealand and other OECD countries is the 
low investment by New Zealand businesses – they 
contribute 0.5% of  GDP in R&D investment, 38 
percent of  the total, compared to two-thirds of  the 
total in other OECD countries.
O’Neale borrowed this model from biology, where it 
described the spread of  species in different genera. 
“I like being able to take the same piece of  computer 
programme and use it in an entirely unrelated area; 
seeing the underlying patterns in things, looking a 
little deeper into the world than you could without the 
mathematics.”

See also: http://frontlawn.blogspot.co.nz/
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A detail from a patent network 
for some companies in Denmark; 
companies are dots and lines are 
shared patents or inventions.


