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Section A: Recall
1. A1. For a closed system with no external resultant force, the total momentum before an interaction equals the total momentum after.
1. A2. In an elastic collision both momentum and kinetic energy are conserved. In an inelastic collision momentum is conserved but kinetic energy is not.
Section B: An inelastic collision
1. B1. Momentum: 3.0 × 4.0 + 2.0 × 0 = (3.0 + 2.0) v, so 12 = 5.0 v and v = 2.4 m s⁻¹.
Section C: An explosion
1. C1. Total momentum before = 0. After: 0 = 0.010 × 400 + 2.0 × v, so 2.0 v = −4.0 and v = −2.0 m s⁻¹. The gun recoils at 2.0 m s⁻¹ in the opposite direction to the bullet.
Section D: Elastic or inelastic?
1. D1. (a) Momentum: 0.20 × 5.0 = 0.20 × 1.0 + 0.30 × v, so 1.0 = 0.20 + 0.30 v, giving v = 0.80 / 0.30 = 2.7 m s⁻¹.
1. (b) Kinetic energy before = ½ × 0.20 × 5.0² = 2.5 J. Kinetic energy after = ½ × 0.20 × 1.0² + ½ × 0.30 × 2.67² = 0.10 + 1.07 = 1.2 J. Kinetic energy is not conserved, so the collision is inelastic.
Section E: Reasoning
1. E1. The lost kinetic energy is transferred to other forms: heat, sound and the energy of permanent deformation. Momentum is still conserved because the forces between the colliding bodies are internal and, by Newton's third law, equal and opposite, so they cannot change the total momentum of the system.
1. E2. During the collision each body exerts a force on the other. By Newton's third law these forces are equal and opposite and act for the same time, so the impulses are equal and opposite. The changes in momentum are therefore equal and opposite and cancel, leaving the total momentum unchanged.
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