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SPH4U: Energy and Momentum 

Conservation of Momentum in 2D 

Recall the following from our discussions of momentum in 1 dimension: 

Net force in system is zero (Newton’s 3rd Law). �⃗�1 𝑜𝑛 2 = −�⃗�2 𝑜𝑛 1 
Total momentum of the system is equal to sum of the 
momentum of its parts. 

𝑝𝑡𝑜𝑡𝑎𝑙 = 𝑚1�⃗�1 + 𝑚2�⃗�2 + ⋯ 

Momentum is conserved within the system 𝑝𝑖𝑛𝑖𝑡𝑎𝑙 = 𝑝𝑓𝑖𝑛𝑎𝑙  
𝑚𝐴�⃗�𝐴1 + 𝑚𝐵�⃗�𝐵1 = 𝑚𝐴�⃗�𝐴2 + 𝑚𝐵�⃗�𝐵2 

 
These facts are true as we move into higher dimensions but with some conditions. Momentum must be 

conserved in each direction of motion 

𝒙 − 𝒅𝒊𝒓𝒆𝒄𝒕𝒊𝒐𝒏 𝒚 − 𝒅𝒊𝒓𝒆𝒄𝒕𝒊𝒐𝒏 
𝑝𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑥 = 𝑝𝑓𝑖𝑛𝑎𝑙 𝑥 

𝑚𝐴�⃗�𝐴1𝑥 + 𝑚𝐵�⃗�𝐵1𝑥 = 𝑚𝐴�⃗�𝐴2𝑥 + 𝑚𝐵�⃗�𝐵2𝑥 

𝑝𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑦 = 𝑝𝑓𝑖𝑛𝑎𝑙 𝑦 
𝑚𝐴�⃗�𝐴1𝑦 + 𝑚𝐵�⃗�𝐵1𝑦 = 𝑚𝐴�⃗�𝐴2𝑦 + 𝑚𝐵�⃗�𝐵2𝑦 

 

Sample Problems:  

1. Last summer Miguel and Jena were playing shuffleboard. Miguel only had one shot left in order to score 

points or else Jena would win the game. He slides puck #1 towards the other two at a velocity of 25 m/s 

directly Eastwards. Upon making a great shot, puck #2 was sent off at an angle of 53° North of East, with 

a velocity of 12 m/s/. [Assume that the masses of puck #2 and puck #3 are 2 times that of puck #1]. If 

puck #3 leaves the collision with a velocity of 17 m/s [23° South of East], determine the magnitude and 

direction of puck #1 after the collision.  

 

2. A small car (𝑚 = 813 𝑘𝑔) travelling at 82
𝑘𝑚

ℎ
 [𝑁] collides with a larger car (𝑚 = 1242 𝑘𝑔) travelling at 

91
𝑘𝑚

ℎ
 [𝑊]. After the collision both cars stick together. What is the velocity of both cars immediately 

after the collision? 

3. A 72 𝑘𝑔 student is standing on a 46 𝑘𝑔 trolley that is travelling at 3.0
𝑚

𝑠
[𝑆]. The student steps off the 

trolley at a velocity of 2.5
𝑚

𝑠
[𝑆 25° 𝐸] relative to the ground. What is the final velocity of the trolley? 

4. A billiard ball travelling at 4.0
𝑚

𝑠
 makes an off centre collision with a stationary identical ball. The first 

leaves the collision with a velocity of 3.71
𝑚

𝑠
 at an angle of 18° from its original path. What is the velocity 

of the second ball after the collision? 

 


























