Classical Physics I (PHEN 121)

Projectile Motion with Air Resistance Algorithm


We will determine the trajectory of an object that is experiencing air resistance.

Start with kinematics.

Below are the constant acceleration equations for two-dimensional motion.
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Air resistance is a variable force.  Consequently, the acceleration will be variable.  How do we apply constant acceleration equations to a non constant acceleration?  What if we watch it for a really small time interval?  If the time interval is small enough, then the acceleration won’t change by much.  The acceleration can then be treated as a constant for this small time interval.
If the time interval is small (one percent of the total flight time), the constant acceleration equations become the Euler equations of motion.
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Notice that the delta t squared terms no longer exist.  If delta t is small, delta t squared is smaller.
Our goal now is to apply dynamics to get the acceleration.
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The projectile experiences two forces:  the drag force and the gravitational force.

The drag force acts on the object while it is in the air.  The drag force is proportional to the speed squared.
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The proportionality constant (B) depends on the drag coefficient (C), the density of air (ρ) and the cross sectional area of the projectile (A).
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Find the x and y components of the drag force (see the diagram above).
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Find the x and y components of the gravitational force.
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Find the x and y components of the acceleration using Newton’s Second Law.
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Substitute the acceleration equations into the Euler equations of motion.
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PUNCH LINE

Given
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, one can use the above equations to find 
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.  The outputs can then be treated as inputs.  This cycle can be repeated several times to determine the trajectory of the object at discrete time intervals 
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