
Solutions
Original-task marking: M1 method, A1 accuracy, B1 reasoning.

2.1 τ = 25× 0.40× sin 60° = 8.7 N·m.

2.2 I = 0.500× 0.502 + 0.300× 0.702 = 0.125 + 0.147 = 0.272 kg m2.

2.3 τ = Iα = 0.20× 4.0 = 0.80 N·m.

2.4 L = Iω = 2.4 × 8.0 = 19.2 kg m2/s; Ek = 1
2
× 2.4 × 64 = 76.8 ≈ 77 J. Check

L2/2I = 368.64/4.8 = 76.8 J ✓.

2.5 v = ωr.

3.1 Left: 120× 0.80 = 96 N·m counter-clockwise; right: 90× 0.60 = 54 N·m clockwise;
not balanced – net 42 N·m counter-clockwise. Balance needs 42 N·m clockwise at 0.50
m further right: force = 84 N → mass = 84/9.8 = 8.6 kg.

3.2 α = (0− 20)/25 = −0.80 rad/s2; τ = Iα = 3.0× 0.80 = 2.4 N·m opposing the spin;
L0 = 3.0× 20 = 60 kg m2/s.

3.3 No external torque: L = 5.0× 3.0 = 15 kg m2/s conserved; ω′ = 15/3.0 = 5.0 rad/s.
Ek: from 1

2
× 5.0 × 9 = 22.5 J to 1

2
× 3.0 × 25 = 37.5 J – up 15 J; her muscles do work

pulling her mass inward.
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