
Physical Mathematics



Why am I teaching this class?

Michael Brenner

A point of view that changed my life

Solving arbitrarily hard mathematical 
problems with confidence

Combining searching for approximate 
solutions with numerical solutions

Can you solve any problem?

The idea of DOMINANT BALANCE has 
become my philosophy of science



Why is this particularly relevant these days?

Artificial Intelligence vs/and Mathematical Models 

Physical and Quantitative Theories can predict the outcome of 
experiments or observations that HAVEN’T been seen before

Physical and Quantitative Theories can provide insights into causes

Examples: 

1. Schrodinger’s Equation (semiconductor, photonics, optical 

fibers, computation, quantum computation)

2. Newton and Einsteins equations: Space travel, satellite launch 

and navigation, GPS

3. Navier-Stokes equations: Fluid flow, aerofoil design, weather 

modeling

4. Diffusion equation

5. Solid mechanics….

Goes on and on…the modern world is based on these equations 
that are used to help dream, design, and test every piece of 
revolutionary technology we have



But there’s a problem

Real world problems are complex. 


Even if you can write down a mathematical model (say of the spread of a virus in 
a city network) solving the model or getting any kind of insight is incredibly hard!

Why? Why is it hard to solve complex models?



Just simulate…use computers (its so easy)

Simulations of complex models are hard to get right

How do you know when you’ve got it right? 



What’s wrong with how problem solving is taught?

An emphasis on exact analytical solutions

What does an exact solution even really mean?!



Exact solutions means looking up tables



Problems that are “hard”

No exact solutions

BUT



I believe that:

The ability to invent simple (approximate)
formulas is much more valuable than exact ones.

Exact formulas are basically useless. (nothing is exact)
the only uses for them i know is that they sometimes
give insight into approximations (2d ising model)

On ALL types of mathematics problems that come up
in practice, one can figure out what is going on and 
develop such formulas.  This is the goal.

Computers help tremendously: they allow us to
figure out what is going on! 

Why is the solution to an equation what it is?
This is much like experimental science:

what does it mean to understand something?



The goal of this course is to teach you how to take an
arbitrarily hard math problem, and understand its 
essence.

To do this, you need to learn how to actually calculate--
this requires learning what should be calculated and what
should not be.

You should also learn how to use a computer and learn
from the solutions it generates.


