TAP 221- 2: Student Questions

Elastic Collision Questions

1. 
A trolley of mass 1 kg rolls along a level, frictionless ramp at a speed of 6 m s-1. It collides with a second trolley of mass 2 kg which is initially at rest. The first trolley rebounds at a speed of 2 m s-1.

a) 
Find, by conservation of momentum, the velocity of the second trolley after the collision.

b) 
Compare the energy stored kinetically before and after the collision. Is the collision elastic?

2.
 A bowling ball of mass 5 kg strikes a skittle of mass 1 kg.  The bowling ball is travelling at 3 m s-1 before the collision, which is elastic. Find the velocity of the ball and the skittle after the collision. (NB in this question ignore the rolling motion of the ball – assume it is sliding).

Practical Advice

These are quite advanced and may not be appropriate for all specifications.

Answers and Worked Solutions

1. a) 
Let us use the initial direction of the first trolley as the positive direction. Then momentum before = m1u1 = 1 × 6 = 6 kg m s-1. Afterwards let the velocities be v1 and v2 and the masses are still m1 and m2. Then:

6 = m1v1+m2v2
6 = 1 x (-2) + 2 x v2
v2 = 4 m s-1 (Note the care with the signs)

    b) 
Energy stored kinetically before = ½m1
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 = 1/2 ×1 × 62 = 18 J

Energy stored kinetically after = ½m1v12 + ½m2 v22 = ½ × 1 × (-2)2 + ½ ×2 × (4)2

= 2 + 16 = 18 J
So energy stored kinetically is conserved and the collision is elastic.

2. 
Conservation of momentum: mbub = mbvb + msvs where the subscripts s and b refer to the skittle and the ball. This gives:

15 kg m s-1 = 5vb + vs
Conservation of energy stored kinetically: ½mbub2 = ½ mbvb2 + ½ msvs2
½ × 5 × (3)2 = ½ × 5 × vb2 + ½ × 1 × vs2  

22.5 J = 2.5vb2 + 0.5vs2
To solve this we use the first equation to eliminate vs, vs = (15 - 5vb), and substitute in the second equation:

22.5 = 2.5 vb 2 + 0.5 (15 - 5vb)2
We’ll multiply through by 0.4 to keep the numbers easy:

9 = vb2 + 5(3 - vibe) 2
9 = vb2 + 45 + 5vb2 - 30vb
6vb2 - 30vb + 36 = 0

vb2 - 5vb + 6 = 0

(vb - 3)(vb -2) = 0

vb = 2 m s-1 (or 3 m s-1 but that was the original value)

Substituting back in the first equation, vs = 1 m s-1
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