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Quadratic Air Resistance: projectiles
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Coupled differential equations!

TRICKY to deal with.
Solve numerically!
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Maple with numerical solutions 
to differential equations

You have to give Maple some 
numbers for all the constants!
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Drag: linear vs. quadratic

• Linear

• Quadratic
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3b D D   (D = Stokes diameter; η = viscosity)

4 21.6 10 /x Ns m  for sphere in air at STP

2 21

2 dc D C D   (D = Stokes diameter; ρ = fluid density; Cd = drag coefficient)

2 40.25 /Ns m  for sphere in air at STP

The Simple Harmonic Oscillator

• Differential equation:

• Solutions:
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A test for linear independence:

• Two functions f(x) and g(x) are 
linearly independent when 

a f(x) + b g(x) = 0 

iff a = b = 0.

• The Wronskian determinant: If 
the Wronskian does not 
vanish, the functions that 
make up the Wronskian are 
linearly independent

1 2

1 2

( 1) ( 1) ( 1)
1 2

( ) ( ) ( )

( ) ( ) ( )
( )

( ) ( ) ( )

n

n

n n n
n

f x f x f x

f x f x f x
W x

f x f x f x  

  





   


here, primes note derivatives with respect to x


