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Preliminaries 

Course material

Prof Haynes' lecture notes  
http://www.damtp.cam.ac.uk/user/phh/mathbio.html

Prof Gog's lecture notes 
http://www.damtp.cam.ac.uk/research/dd/teaching/
MB17Gog.pdf

Slides and lecture notes for this course 
Will be available on my DAMTP webpage

http://www.damtp.cam.ac.uk/user/phh/mathbio.html
http://www.damtp.cam.ac.uk/research/dd/teaching/MB17Gog.pdf
http://www.damtp.cam.ac.uk/research/dd/teaching/MB17Gog.pdf


Preliminaries 

Example sheets 
http://www.damtp.cam.ac.uk/user/examples/

Prof. Gog's lecture notes contain short supplementary 
exercises. You are strongly encouraged to work them 
out, after each lecture. 

Prof. Haynes' page has Matlab codes for numerical 
solutions of the models studied in the course. Numerical 
solutions are not part of the course but provide insight 
where analytical solutions are not available. 
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Hierarchy in the sciences 

Physics  

Chemistry

Biology

Neuroscience

Psychology

Social science

Increase in complexity 
Increase in contingency 
Decrease in quantifiability



Mathematical Biology

"Unreasonable effectiveness of mathematics 
in the natural sciences"

E. P. Wigner

Physical phenomena are governed by a small number of 
physical laws, with concise mathematical statements.

F = maClassical mechanics

Electrostatics r ·E = ⇢

Thermodynamics dU = dQ+ dW

Laws summarise and predict, through the use of mathematics.



Mathematical Biology
There are no "laws" in biology, in 
the same sense as there are laws 
in physics. Charles Darwin

The "law" of evolution has a retrospective character, it  
cannot predict. 

The mathematical description of biological phenomena  
has to proceed differently from that of physical phenomena. 

We build mathematical models directly from observation 
of phenomena, rather than relying on the intermediary of 
laws. 



Deterministic models 
without spatial structure

Deterministic models 
with spatial structure 

Probabilistic models 
without spatial structure

Deterministic 
Probabilistic

Spatial 
Non-spatial



Population density of UK, 2011
n(x, t) is population density

Question: what is the size of  
the population T years ahead ? 

N(t) =

Z
n(x, t)dx

N(t+ dt) = N(t) + f(N)dt

We need to model f(N); the 
result will be an ODE.

ODE models



Population density of UK, 2011

Question: What will the age 
structure of the population  
be ? 

n(x, a, t) density of population 
with age a. 

N(a, t) =

Z
n(x, a, t)dx

Two independent variables, time 
and age. Need partial differential 
equations. 

PDE models



Population density of UK, 2011

Question: How certain is 
your forecast ? 

P (N, t) probability that the  
population is of size N 
at time t.  

N and t are independent  
variables. Partial differential 
equations for probabilities. 

Mean and variance, latter is 
a measure of uncertainty. Stochastic models 



Population density of UK, 2011

Question:What is the size of 
the population of Cambridge 
T years ahead ? 

n(x, t+ dt) = n(x, t) + growth + flux

Growth depends only on x, but 
flux depends on neighbouring 
populations. 

Partial differential equations in 
space and time. 

PDE models



Deterministic models 
without spatial structure

Deterministic models 
with spatial structure 

Probabilistic models 
without spatial structure

ODEs, PDEs,  
Delay DEs 10 

PDEs 8 
ODEs 
PDEs 6
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