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Energy and Matter
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MP Week 8 - average score 77.7%  Average time 25 min
(last year 78.7%) (last year 25 min)
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A1. 1L of water is heated from temperature T; = 17 °C to temperature 7, = 90°C
in a pan placed on a heating element (taken as a heat reservoir) at Ty =
500°C. Assuming negligible thermal expansion and that the heat capacity
remains constant at c = 4.18 kJ K- kg', find

(a) the entropy change in the water during this process,
(b) the entropy change in the heating element,

(c) the total entropy created. Does your result comply with the second law of
thermodynamics? What sort of process is this? [5]

A1. Consider mixing together a mole of a chemical species A and a mole of a
chemical species B:

(a) Define, in words, what the activation energy of a chemical reactionis. [2]
(b) Define the Gibbs free energy of a reaction. [2]

(c) State what condition needs to be met for a reaction to occur sponta-
neously. [1]



B3.

(a) Explain what it means to say that entropy is a function of state. Write down
an expression for the differential change dS in the entropy of a system to
which heat dQ is transferred in a reversible process at temperature T.

(b) Derive an expression for the internal energy of 1 mol of an ideal gas whose
molecules have f degrees of freedom. State any theorem that you use and
define degree of freedom.

(c) Derive an expression for the increase in entropy AS of the gas in (b)
when its temperature is raised from T, to 7> at constant volume. Explain
qualitatively why AS is larger for gases with more degrees of freedom.

(d) Suppose that the same gas undergoes a free (Joule) expansion from
volume V; into volume V;; no work is done pushing on a piston in this
process. Explain why the temperature of the gas stays the same and its
entropy increases in this process.

(e) By considering a reversible process that will take the gas between the
same initial and final states as the free expansion of part (d), find an
expression for the increase in entropy AS’ that accompanies the free
expansion. Explain why AS’ does not depend on f.
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