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

2.1 PV = Nk_BT (N molecules, Boltzmann constant) and PV = nRT (n moles, gas
constant).

2.2 At constant T: P1V1 = P2V2; P2 = 1.2×105 × 3.0×10−3/1.0×10−3 = 3.6×105 Pa.

2.3 n = N/N_A = 1.2×1024/6.02×1023 = 2.0 mol.

2.4 U = 3/2 Nk_BT = 3/2 nRT.

2.5 High temperature and low pressure (low density) – molecules far from condensing.

3.1 P = nRT/V = 0.20 × 8.31 × 200/6.0×10−3 = 5.5×104 Pa; U = 1.5 × 0.20 × 8.31
× 200 = 5.0×102 J; constant V, P ∝ T: P2 = 5.5×104 × 400/200 = 1.1×105 Pa.

3.2 Molecules rebounding from a wall reverse momentum component, so each collision
gives the wall an impulse; hotter molecules move faster, arriving more often and trans-
ferring more momentum per collision; since P = 1/3 ρ⟨v2⟩ and ρ is fixed at constant V,
the larger ⟨v2⟩ raises P.

3.3 A smooth hyperbola falling from upper-left to lower-right (P ∝ 1/V); from PV/T =
constant with T fixed, PV is constant, so P = constant/V; points farther along the curve
mark smaller V with proportionally larger P, all at the same T.
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