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My Journey

Pre-uni interest: “pure” maths, maybe theoretical physics, curious about 
mathematical-biology

Applied maths → Optimization → Probability/applied analysis → 
Summer research project in mathematical biology (population dynamics) → 
Quantum Mechanics → General Relativity → 
Summer research project in theoretical cosmology → 
Part III: theoretical physics courses + “physics-epidemiology” essay?! →

Next: PhD at DAMTP in mathematical epidemiology



Why mathematical biology?



Now, seriously...





History...



What sort of maths?

● Applied maths
○ Systems of differential equations
○ Partial differential equations
○ …

● Dynamical systems and chaos theory
● Applied Probability
● Statistics
● …
● Biophysics / biomechanics / fluid dynamics...



Population Dynamics



Exponential growth: model formulation

population at time t

b birth rate (per capita)
d death rate (per capita)



Exponential growth: solving the model

 Geometric Growth = Discrete exponential growth
t=0,1,2,3….



Continuous analogy

N(0)

(b-d) is the growth rate This is called Malthusian growth



Analysing the solution

● If r>1
growth

● If r<1
decay

● If r=1
constant 



Limiting behaviour

● If r>1

● If r<1

● If r=1

Infinite exponential growth

Extinction

Constant size in the 
population



Biological interpretation

We’ve seen that the evolution of the population depends on r

 recall r=1-d+b
● So r<1 if and only if (iff) b<d...more deaths than births...eventual extinction
● Similarly, r>1 iff b>d… more births than deaths… growth
● Finally, if birth rate = death rate… population stays constant

So analytical results make sense with biological interpretation… do they?



Infinite growth?

If r>1, we’ve seen that the population grows exponentially (ie very fast)...
to infinity?

Can populations grow that much?

Only if they have infinity resources...this never happens in practice…

At some point, they have to start competing…



Solution?

Can’t do the same trick as before…

But can we say something?

Fixed points: 



Logistic growth continuous version
s=b-d, K = “carrying capacity”

fixed points by setting the time derivative to 0: N=0 or N=K



Can we study the trajectory?

Iterations of the logistic map



Chaos!



Bifurcation diagram



Fibonacci’s Rabbits

Number of k-months old pairs of rabbits at time n
Number of pairs of rabbits at time n



Solution

This is a second order difference equation

Need two initial conditions to fully specify the answer

Try a solution so 



Initial conditions

The resulting sequence is 1,1,2,3,5,8,13,... 
Fibonacci numbers (found in nature)



Golden ratio



Any questions?

Thank you for listening <3

Feedback form

https://forms.gle/99miFMJJgKm2Ugk29

https://forms.gle/99miFMJJgKm2Ugk29

