Overview of a Physics Game Engine.
If we want to make a game that has basic movement and animation look more realistic then we need to accurately simulate all object interactions.  We use ideas taken from rigid body dynamics to do this.
In physics, rigid body dynamics is the study of the motion of rigid bodies. Here we assume an object can move in 3 dimensions and can also rotate. For the time being we will focus on linear movement in three dimensions and we’ll consider rotations later on.  The motion we model is not simply velocity (change of position with respect to time) but also changes in velocity over time, i.e. acceleration.
Also, when objects collide they change their velocity and we will need to consider this too.  We look at one approach to dealing with this problem later on when we discuss collision detection and collision response. 
Basic Newtonian Physics
All objects are affected by forces, for example gravity; the ground (pushing up) ; a rocket engine pushing a projectile; one object pushing another; etc. 
· Forces come in pairs (recall action and reaction)
· Force determines acceleration
 			F = ma 		eqn. 1
where m is the mass of an object, a is acceleration and F is the sum of all forces acting on a object.    
· Acceleration changes velocity (acceleration,   ,   is often written v’ )
· Velocity changes position ( velocity,  )
If we assume acceleration is constant, then 
And so

where c is the constant of integration.  If we know the velocity is v0 at time t=0 then we can substitute into the equation above to get:
					eqn. 2
Similarly 
And substituting for equation 1 

Integrating we get
			eqn. 3
Key Equations are:-
1. F=ma
2. 
3. 
This gives us an approach to modelling systems where the acceleration is constant, that is at each time step we:-

1. Compute all forces on object by adding them up.  Forces are vectors since they have a magnitude and direction so make sure you use vector maths.

2. Compute acceleration by dividing the total forces on an object by the mass of the object, a=F/m – see equation 1.

3. Compute new position based on old position, velocity, acceleration using equation 3.


4. Compute new velocity based on old velocity and acceleration using equation 2.
These equations provided work only if acceleration is constant over the simulation period but they will produce errors if acceleration changes. In the real world acceleration can change continuously for example  the spring force:  Fspring = –kX; and  drag force:   Fdrag = –mv equations both cause acceleration to change as velocity or position change.
In order to cope with such problems we adopt an iterative method (known as numerical integration) that allows us to perform the integration of (i.e. solve the differential equations)     and     in a numerical way that does not assume that acceleration, a  is constant.  It deals well with any integration and copes with discontinuities.  There are several numerical integration methods, the simplest is called Euler’s Method after the 18th century mathematician.  
Euler’s Method
First we start with an initial value and follow a step-by-step (stepwise) approximation of the function we want to integrate (in our case the functions are the relationship between acceleration and velocity, and velocity and position) – see the diagram below.


The idea is, we have the slope  = v  or    = x 
· We follow slope to find next values of x or v 
· We start with x0, v0  and assume a time step of h seconds (typically 30ms or 60ms).


Here F(xi,vi) is the applied force, F which may be proportional to either current position, xi or current velocity, vi or neither.
We repeat this forever. 
It has problems.
· It expects the slope at the current point is a good estimate of the slope on the interval (see previous diagram).
· The approximation can drift off the actual function (see diagram below for extreme example as well as the previous diagram) – it actually adds energy to system!
· It gets worse the farther we get from known initial value
· And it’s especially bad when time step gets larger.

Example of drift.
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