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What is computational 
physics?

‣ A branch of physics in its own right and an important 
bridge between theory and experiment

‣ Concerned with the development and implementation of 
numerical algorithms that can simulate complex physical 
behaviour

‣ Employed extensively in almost every physics discipline
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‣ Computers are just another 
a tool in the service of the 
existing paradigms



The purely instrumental view
‣ Contact between theory and experiment relies on our 

making quantitative comparisons

‣ The computer plays a supporting role:

‣ treat by numerical methods models that cannot be 
solved analytically

‣ manipulate experimental data (background 
subtraction, Fourier analysis, etc.)

can we solve any models by hand?!

is it always necessary to perform an experiment?
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A richer view
‣ Computational physics seen as a co-equal branch of 

physics, complementary to theory and experiment

‣ Draws on lessons from computer science and applied 
mathematics but applies insights from physics

‣ Many problems can be addressed by no other means: 
Wigner crystals, plasma near fusion ignition, stellar interiors, 
colliding black holes, galaxy formation, undiscovered elements, 
climate models, ...



Important issues
‣ How do we make physics come alive in the machine?

‣ How do we construct algorithms?

‣ What are the key considerations for efficiency of storage 
and execution time?

‣ How do we apply insights from physics?

‣ What degree of realism is necessary?
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Algorithmic scaling
‣ How do the storage requirements and execution time 

scale as the size of the simulation grows?

‣ For 

‣ particles ... 

‣ time steps ... 

‣ lattice spacings ...

N



Algorithmic scaling
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Degree of realism
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e.g., Ising model

e.g., DFT quantum 
chemistry
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