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Entropy
. For a reversible ideal gas Carnot cycle:
Efficiency =2 -1+ %m _1 L
Grev % A

= ﬂ_i_ﬁzo = Cﬁdq'evzo
T T

The efficiency of any reversible engine has to be the same as
the Carnot cycle:

Ty (hot) L)
i ' % 9
W w!
Some Assume & >¢ (left
reversible/ o oK T~ Camot engine less efficient
engine T, (cold) cycle  than Carnot cycle)

Since the engine is reversible, we can run it backwards. Use the work
(-w) out of the Carnot engine as work input (w) to run the left engine
backwards.

Total workout =0 (- = w>0)

LW L WSW W g<-g since ¢ <0, ¢>0
¢

4 9 9 G

But ¢'>¢ =

4
= —(¢d+¢)>0

This contradicts the 2" law (Clausius). This says that we have a net
flow of heat into the hot reservoir, but no work is being done!

The efficiency of any reversible engine is s-1-L

-~
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. We can approach arbitrarily closely to any cyclic process using
a series of only adiabats and isotherms.

For any reversible cycle ng% =0

. This defines Entropy, a function of state

dqr'ev qurev
ds==r= = A5=52—51:LT

Note: Entropy is a state function, but fo calculate AS requires a
reversible path.

. An irreversible Carnot (or any other) cycle is less efficient
than a reversible one.

P a 152

ireversible
. —wW). <(—w = W, > W,
isotherm with pext = P2 ( )Wev ( )f‘eV irrev rev

AU = q/r‘r’ev + M//r'r'ev = qrev + Wrev

isotherm (rev.) 3 S Girev < Grev

**  Anirreversible isothermal expansion requires less heat **
than a reversible one.

rev

9>

rev

Eipey =1+ =<1+ f]zm =&, (g, <0)
4 g ’
dqm‘ev dqf'ev dqir‘r‘ev
also - <—7_ = cﬁ—T <0
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d @dq/‘ev — O

« Leads to Clausius inequality cj>—qs O| contains T
7- Cﬁdq/rrev <O

T

The entropy of an isolated system never decreases

(A) imeversiple (A): The system is isolated and
14, 32 irreversibly (spontaneously) changes
(B) reversible from [1] to [2]

(B): The system is brought into contact with a heat
reservoir and reversibly brought back from [2] to [1]

Path (A): G,e, =0  (isolated)

Clausius cﬁd?qso = %ﬁ:d%go

jl—d% -5-5=-05<0
2 T

AS=5,-52>0

This gives the direction of spontaneous change!

AS >0  Spontaneous, irreversible process
For isolated systems AS =0 Reversible process
AS5 <0 Impossible

1,/——>—\.2 AS=5,-5 independent of path

But! AS.

surroundings

reversible or irreversible

depends on whether the process is
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(a) Irreversible: Consider the universe as an isolated system
containing our initial system and its
surroundings.

A‘Sl..lniverse = A‘Shsys’rem + A‘S > O

surroundings
AS,,.. >—-AS,

surr sys

(b) Reversible:

AS . =AS..+AS! . =0

univ sys surr

AS,,.. =—-AS,

surr sys

Examples of a spontaneous process
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Connect two metal blocks thermally in
an isolated system (AU=0)

VIV
BUAREE

Initially 7 =7,

d d -7
ds - ds s, - 998 ag D) (ag - ag)

ds>0 for spontaneous process

= if T,>T, = d¢ >0 | inboth cases heat flows
L<T, = dg <0 ] from hot to cold as expected
INIERRIER RN,
| gos ivae. | = Joule expansion with an ideal gas
— % vV —
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adiabatic

1 molgas (V,T) = 1molgas (2V,T)
AU=0 g=0 w=0

AS =-AS

backwards

Compress back isothermally and reversibly
qrev i O

1molgas (2V,7) = 1 molgas (V,T)

dqg., dw v RdV 1
A‘S;mckwards = J‘ Z— = _J. 7— = 2!/7 = Rln_
A5 =RIn2>0 spontaneous

Note that to calculate AS for the /rreversible process, we needed to

find a reversible path so we could determine dg,, and j%





