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Exact model (no air resistance) using constant acceleration motion 
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Initial x and y velocities 

The only acceleration is g downwards! 

i.e. an inverted 
parabolic trajectory 



No air resistance model in Excel:  XUVAT equations in both x and y directions! 

x xv u
y yv u gt 

= $c$9*cos( $c$8 * pi()/180 ) 

= e5 + $c$13 

1n nt t t   

= $c$9*sin( $c$8 * pi()/180 ) - $c$11*e5 

= sqrt(f5^2 + g5^2) 
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x yv v v 

xx u t
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2yy h u t gt  

=  

= $c$9*cos( $c$8 * pi()/180 )*e5 

= $c$10 + $c$9*sin( $c$8 * pi()/180 )*e5 – 0.5*$c$11*(e5^2) 

Need to convert angles 
into radians   



xv
m

v

2mkv
mg

Model which incorporates air resistance 

Newton II 
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Air resistance always 
opposes the direction 
of velocity 



Model which incorporates air resistance 
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For no air resistance:  0x ya a g  
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Mass x and y 
accelerations 

x and y 
accelerations 

x and y 
velocities 



Model which incorporates air resistance 
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Initial conditions 

Finite time step (e.g. 0.01s) 

x Acceleration 

y Acceleration 

Constant acceleration 
motion between the time 
steps (the “Verlet” method) 
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Air resistance factor 

i.e. how x,y, vx, vy 

change between 
time steps 
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=-(N5/P5)*$C$18*(P5^2) 

=-$C$11 -(O5/P5)*$C$18*(P5^2) 

=$C$9*COS($C$8*PI()/180) 

=N5+$C$16*L5 

=$C$9*SIN($C$8*PI()/180) 

=O5+$C$16*M5 

=SQRT(N5^2+O5^2) 

=Q5+$C$16*N5+0.5*L5*($C$16^2) 

=R5+$C$16*O5+0.5*M5*($C$16^2) 

Air resistance model in Excel – constant acceleration motion between each time step 

2x
x

v
a kv

v
 

2y

y

v
a g kv

v
  

21
1 2n n x xx x v t a t     

21
1 2n n y yy y v t a t     

2 2

x yv v v 

( 1) ( )n n

y y yv v a t   

( 1) ( )n n

x x xv v a t   

1
2 Dc A

k
m


 =0.5*c12*c13*c14/c15 



Investigate the effect 
of air resistance using 
the model! 

Maximum range 

Apogee 










