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Principle 11 - Solid drawing



From kinematics to dynamics
Compute positions, 
velocities, angles 
and angular 
velocities as a 
function of time 

Integration of 
Newton’s equations 
of motion



Important concepts in dynamics

Forces 

Center of mass 
and moment of 
inertia 



Newton’s Law and Euler integration
Euler method, named after 
Leonhard Euler, is a first-
order numerical procedure 
for solving ordinary 
differential equations (ODEs) 
with a given initial value.  
It is the most basic kind of 
explicit method for numerical 
integration of ordinary 
differential equations.

Start at x0 
Compute 
acceleration from 
f = ma (Newton) 
Update velocity 
and position



Ordinary differential equations



Ordinary differential equations



Ordinary differential equations



Euler’s method



Euler’s method



Midpoint method



Other integration methods



Verlet integration  
Verlet integration was used by Carl Størmer to compute 
the trajectories of particles moving in a magnetic field 
(hence it is also called Störmer's method) and was 
popularized in molecular dynamics by French physicist 
Loup Verlet in 1967. 
It is frequently used to calculate trajectories of particles 
in molecular dynamics simulations and video games.  
Stability of the technique depends fairly heavily upon 
either a uniform update rate, or the ability to 
accurately identify positions at a small time delta into 
the past. 



Verlet integration 
Current position 
is x 

Remember 
previous position 
x*  
Update x and x* 

Advantage : velocity 
cannot go wrong ! 
Applications to 
particle systems, 
mass-spring models, 
rigid and soft 
bodies 



Runge-Kutta integration



Physically-based animation
Vertex x with mass m 
and forces f 
Newton’s equation 
F = m a 
Integrate to find 
x(t+1) given x(t) and 
v(t) or x(t) and x(t-1)

Applications to 
mass-spring systems, 
cloth animation, 
fluid animation 
Smoothed Particle 
Hydrodynamics 
(SPH)



Integrating Newton’s laws of motion



Second-order motion equation



Phase space



Particle structure



Forces acting on a particle



Rigid body motion



Rigid body motion



Rigid body motion



Moment of inertia



Torque



Rigid body equation of motion



Paper 10 - Artist-directed dynamics


