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

2.1 Q = ∆U + W; Q is the heat supplied to the system, W the work done by the system.

2.2 W = P∆V = 2.0×105 × 5.0×10−3 = 1.0×103 J.

2.3 ∆S = −600/300 = −2.0 J/K – the reservoir loses entropy.

2.4 Isovolumetric (constant V), isobaric (constant P), isothermal (constant T), adiabatic
(no heat exchange).

2.5 η = 1 − 300/500 = 0.40.

3.1 ∆T = 60 K; ∆U = 1.5 × 2.0 × 8.31 × 60 = 1.496×103 ≈ 1.5×103 J; at constant V,
W = 0, so Q = ∆U = 1.5×103 J.

3.2 η = 200/800 = 0.25; ηCarnot = 1−300/600 = 0.50; the engine runs at half the Carnot
limit – allowed, since Carnot is an upper bound, not a requirement.

3.3 The second law applies to isolated systems; the refrigerator plus its power source
and surroundings form the relevant isolated system; the heat pumped out and the work
consumed raise the surroundings’ entropy by at least as much as the interior’s decrease.
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