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Reading

• Required:
– Witkin, Particle System Dynamics, SIGGRAPH ’97 

course notes on Physically Based Modeling.
– Witkin and Baraff, Differential Equation Basics, 

SIGGRAPH ’01 course notes on Physically Based 
Modeling.

• Optional
– Hocknew and Eastwood. Computer simulation using 

particles. Adam Hilger, New York, 1988.
– Gavin Miller. “The motion dynamics of snakes and 

worms.” Computer Graphics 22:169-178, 1988.



What are particle systems?

• A particle system is a collection of point 
masses that obeys some physical laws (e.g, 
gravity, heat convection, spring behaviors, …).

• Particle systems can be used to simulate all 
sorts of physical phenomena:



Particle in a flow field

• We begin with a single particle with:

• Suppose the velocity is actually dictated by 
some driving function g:



Vector fields

• At any moment in time, the function g defines 
a vector field over x:

• How does our particle move through the 
vector field?



Diff eqs and integral curves



Euler’s method



Particle in a force field



Second order equations



Phase space



Differential equation solver



Verlet Integration

• Also called Størmer’s Method

– Invented by Delambre (1791), Størmer (1907), 
Cowell and Crommelin (1909), Verlet (1960) and 
probably others

• More stable than Euler’s method (time 
reversible as well)



Forces

• Each particle can experience a force which sends 
it on its merry way.

• Where do these forces come from? Some 
examples:

– Constant (gravity)

– Position/time dependent (force fields)

– Velocity-dependent (drag)

– Combinations (Damped springs)

• How do we compute the net force on a particle?



Gravity and viscous drag



Damped spring



derivEval



Bouncing off the walls



Collision Detection



Normal and tangential velocity



Collison Response



Discussion


