1. In 1897 Berthelot proposed a small modification to Van der Waal’s equation for one mole of a non-ideal gas:

A
(P - —TV2) (V —b) = RT,

where A and b are empirical constants, and R is the universal gas constant. Following the approach in class
for van der Waal’s equation, find expressions for the critical volume, temperature and pressure.
[Give your answer in terms of A, b, and R.|
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2. The linear approximation for the equation of state of fresh water near room temperature (7Tp) and atmospheric
pressure (pg) is
p=po[l —ar(T —To) + ap(p — po)),

in which pg is the density at temperature Tj and pressure pg, a7 is the thermal expansion coefficient (assumed
constant), and a, is the isothermal compressibility (assumed constant).

A fixed mass, M, of water at pressure pg and temperature Tp is compressed isothermally from a volumc W to
a slightly smaller volume V; = V5 — AV, with AV < V4.

a) Find an expression for the external work required to compress the water, accurate to (AV)2.

b) Find an expression for the heat that left the system during the isothermal compression.

[Give your answers in terms of pg, Vp, AV and a,,.]
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3. Suppose an ideal gas operates in a heat engine whose triangular cycle on a P

PV diagram is shown to the right. The pressure and volume at B and C B

are related by P,V; = P Va. P,
a) What is the total work performed by this engine? P m
b) What is the total heat input to the engine? : A C

c) Evaluate the efficiency of this engine.

[Give your answers in terms of any or all of P;, Vi, V> and the adiabatic
constant .|
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4. For a mole of graphite, the heat capacity at constant pressure is well represented over a wide range of temper-
atures by

1
Cp=a+bT—Cﬁ,

in which a, b and c are constants.

Suppose a mole of graphite is heated at constant pressure from temperature T; to temperature T>. Find an
expression for its increase in entropy during this process. [Give your answer in terms of a, b, ¢, T1, and T5.]

Use 157 Law 20 TERMS of Eamary |

AH s S& +Véf = TdS

-
=T1dS 2O rwsoBArrce

Aso  JH = C,,ClT

So- S

H

CP:‘,'-AT

:(a+bT“C'1’:z ﬁL-AT

i

(%+ b_c#,,)ch’

T L
9 AS - (r-;+h'°1'3 - ‘é‘”"*’br*ic#z

T2

-

5 JAS~ ale(n/m) + b(n-T) +he (2,7 1))




