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Lecture 12 The 2nd Law of Thermodynamics
(Sec.3.6 of Hess — 2" Law of Thermodynamics)
[For classical equation editor: (dg =0)]

> Claim: In a Camot cycle, 4,/ ¢, =1, /Tl.

a @ Adiabatic expansion
\‘L\ ) / Isothermal expansion at T
Tz ~ ..\:‘.\. i '\:_\-.‘- -

S s Isothermal compression at T

P T,

Adiabatic compression

Proof:

Applying the first law of thermodynamics (dg=c,dT+pda) to the
isothermal processes a => b and ¢ => d leads to

b b RT
qu = J, pda = [~ tda =RT;in" (12.1)
d d RT: c
42 = — [, pda = — [~ *da = RT;In ¢ (12.2)

Equations (12.1) and (12.2) gives

4z _ RTxln (ac/aq) _ (2) In(ac/aq)
q1  RTiin(ap/aq) T,/ In(ap/ag)’

Therefore, in order to have g,/ ¢, = T»/ T\, it requires
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Ze_2 (12.3)

aq aq
Applying the equation of state,

pa=RT

to the initial and final states of the isothermal processes a => b and d
=> g and the Poisson's equation,

pa’ = constant

to the adiabatic processes b => c and d => a gives

Palq = Pp&p = RTy (1)
ppaj, = peay 2)
Pcc = Paq = RT, (3)
pa) = paay, 4)

Eq. (3) gives

% _pa
adq Pc (5)

Egs. (2) and (4) gives
P = Py(ay/al)
Py = Py(ag/ag)

Substituting p. and p4 into (5) yields

% _ (Pa aM)
ag (Pb) (aZaZ ' (7)




Eq. (1) gives
Pa/Pp = Ap/q (7)
Substituting (7) into (6) leads to

Ze_2 (12.3)

%] Qq

which proves 92/ ¢1 = T2/ Th.
» The Second Law of Thermodynamics

The above claim leads to the 2™ Law of Thermodynamics,
which concerns about the maximum fraction of a quantity of
heat that can be converted into useful work.

From the expression of the efficiency of heat engine:

91 I

Therefore, in order to have a 100% efficiency (7= 1), T, must be zero
(7,=0 K). Is it possible? The answer is “no”. This leads to the Second

Law of Thermodynamics: “it is impossible to make an engine that has
a 100% efficiency.”

The 2nd law of thermodynamics (Kelvin-Planck statement):

It is impossible to construct an engine which operates in a cycle and
which produces no other effect than the extraction of heat from a heat
reservoir and the performance of an equivalent amount of work.

Alternative statement:

Heat cannot of itself (i.e., without the performance of work by some
external agency) pass from a cold to a warm body.
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