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Chapter  : Conservation of momentum in two dimensions  1

Conservation of momentum in two dimensions

(Extension material for Level 2 Physics Study Guide, ISBN 978-1-927153-37-6, page 133)

Momentum is conserved in all directions. If one object moves at an angle to another 
object, then that angle must be taken into account. A momentum vector diagram can be 
drawn for problems involving momentum in two dimensions.

Example
A bowling ball, A, of mass 1.5 kg and travelling to the right at 3.0 m s–1 hits an 
identical ball, B, which is stationary. Ball A moves off at 2.0 m s–1 at an angle of 90° to 
the direction in which B moves.
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a. Find the speed of ball B after the collision.
b. Find the direction of ball A after the collision.
c.  Find the direction of ball B after the collision.

Solution:
a. The total momentum before the collision is 1.5 × 3.0 = 4.5 kg m s–1 to the right.
 This is equal to the total momentum after the collision since momentum is 

conserved.
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The vector diagram shows the 
momentum vectors of the two balls 
after the collision added together as 
vectors. They should be equal to the 
momentum before the collision.

 The magnitude of the momentum of ball B is:

 pB = 4.52 − 3.024.52 − 3.02  [using Pythagoras]

  = 3.35 kg m s–1

 and the speed of ball B is: v = pm
p
m  [rearranging p = mv]

   = 3.35
1.5
3.35
1.5

   = 2.2 m s–1  [2 sig figs]
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b. Ball A, after the collision, moves at angle θ anticlockwise from the ‘rightwards’ 

direction.
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 θ	= 48° (approximately)

c.  Ball B moves at an angle φ clockwise from the ‘rightwards’ direction but 
φ = 90 – θ, as φ is also an internal angle of the right-angled triangle.

 So, φ = 90° – 48°
  = 42°
In this example, a vector diagram of velocities would form a similar triangle to the 
momentum triangle shown. This only happens when the two objects have the same 
mass.

When two colliding (or exploding) objects have unequal mass, momentum will be 
conserved but velocities will not be conserved.


