The Second Law of Thermodynamics



4

Ao )3 (550 sl 8 AS 0d Gadidlie Jg) G #E o
osdle 4y 5 S e Jae G s dn 4y (Saalind s i sl
59 i 4 48 Sa s SO )3 Gl a5 IS Gl i

) el 25 (e sy e (AR (5551 g alss Gl £
bl sa i 5l gl 3 ) sa 53 DY g (A 40 Fuly

0 O s 058 Al Hy 48 Gl saaa P8 4 Hl

.Jj.ﬁ:



A ol Gl (Soloa 3 5 DS il s S )2
PR pada Gyl 5 S jlie g aiia el e
52 i a8 Al QB IS aas 38k Jlie ol sic 4
Cuw) s 2l dagat Gl a Jlatl a8 Sl

L

1gd o JEie Iy sla a Sl S @) a e



AN L_m.A j.l °

e« w=0andg=AU"
e g=0andw=-AU"



IV
if g # 0 and w # 0,

J9d a7 e (5 5 g @
39 (on pladl e o 534S 5 IS Gl e sl s2a Ul
A g



el g paia by b Gl L s g ) 4 b 6l e
0 OS5l @3 S s aSla Camia 48 0 48
_J:\S .

3od o Gl el CdS 5L 5 d & 5l gla LRSI

Entropy



CPR PR YR PL INLRYRRPR S I PO WV P+ [P VE PR

Sialind g 5 4 g 51 (6 0 8 5L jlwa -]

Al S Dlua ol w0 (om0 (i )Y -2 e

S anbh G ypad Sl a jise ph QIS L

S o0 o2l (g A WS (pl A8 3l ] (Sl sa



Saalind sa fia g0 (8 (5 ) A pme b Jiad sleiil o
Cana g bl Jol el L (388 LaS 00l o (3 j2a
_J.'\SGAQ:\:\:E\JM\.AJUBJ



SPONTANEOUS OR NATURAL PROCESSES
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Spontaneous = without any external influence e
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Spontaneous
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ENTROPY AND THE QUANTIFICATION OF IRREVERSIBILITY
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Lewis and Randall® considered the following three processes:
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REVERSIBLE PROCESSES
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ILLUSTRATION OF REVERSIBLE AND
IRREVERSIBLE PROCESSES
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REVERSIBLE IDEABATIC EXPANSION OF IDEAL GAS

FREE EXPANSION OF IDEAL GAS
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The Reversible Isothermal Expansion of an Ideal Gas
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AU =qg—w

AU =0, and thus, g = W
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1 mole of

1 mole of
an ideal gas
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Heat bath at constant temperature, T Heat bath at constant temperature, T
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which is also a positive quantity.
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The Free Expansion of an Ideal Gas
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AU =0 and w = 0, which by the First Law means thatg =0
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FURTHER DIFFERENCES BETWEEN REVERSIBLE
AND IRREVERSIBLE EXPANSION
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AS,.., =0 when the process is reversible.

total

AS, ... > 0 when the process 1s irreversible
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COMPRESSION OF AN IDEAL GAS

Reversible Isothermal Compression
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THE ADIABATIC EXPANSION OF AN IDEAL GAS
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which 1s negative. The internal energy of the gas decreased by the amount of work
that the gas performed.
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THE PROPERTIES OF HEAT ENGINES
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Heat reservoir at high
temperature t,

b

Heat
engine

Work, w

d,

Heat reservoir at low
temperature t,
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First Law gives
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The efficiency of a heat engine 1s given by

work obtained w

Efficiency =1 = ‘ =
energy input ¢
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(Nicolas Léonard Sadi Carnot, 1796—1832).
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A pressure vs. volume depiction of a Carnot cycle.
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The efficiency of this cyclic process (which is known as a Carnot cycle) is given by

Efficiency =m=—= -1
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spontaneous transfer of thermal energy up a temperature gradient
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1. It is impossible, by means of a cyclic process, to transfer thermal energy from a hot ®
reservoir and convert it to work without, in the same process, transferring thermal
energy to a cold reservoir. This is known as the principle of Kelvin and Planck
(Lord Kelvin, aka William Thomson, 1824—1907, and Max Karl Ernst Ludwig
Planck, 1858—-1947).
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Clausius statement e

2. It is impossible to transfer thermal energy from a cold to a hot reservoir without, in
the same process, converting a certain amount of work to thermal energy. This is
the principle of Clausius (Rudolf Julius Emanuel Clausius, 1822—1888).
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THE THERMODYNAMIC TEMPERATURE SCALE
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Carnot cycles operating between t, and t,, t, and t;, and t, and .



il X CERy Jt.15) _ 4 = f(1.13)
{?3 q2 f(fg.f;] q:

S Coal t3 J\ LJS-\MA VAGRZY, UP °

F(t,)
(t. 1) =——
(.1 s
F(t,
Fltyty) = 2)




oyl 12 511 QBB fiy 1)) e

q _ F(1)
- F(F;}

a4l 55l o) (Aladal ajh aS ala Algidiyn (S e
Wk p) D) pa




hw\}‘}y‘)\Sd&.\qu‘)\qJM\‘)d o

G~ _ I, -1, — L (3.5)

Efficiency =
q> I T




absolute thermodynamic scale of temperature
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State A to state B. Reversible 1sothermal expansion at 7,:
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State B to state C. Reversible adiabatic expansion:
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State C to state D. Reversible isothermal compression at f,:
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State D to state A. Reversible adiabatic compression:
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The total work done on the gas=w =w, + w, + w; + w,
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. V.
The thermal energy transferred from the hot reservoir = ¢, = Rt, ln{—H ]
A

It can be shown
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Finally,
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THE SECOND LAW OF THERMODYNAMICS
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Pressure ———

Volume ———

A cyclic process broken down into a large number of Carnot cycles.
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For the loop ABA,
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The Second Law of Thermodynamics can thus be stated as follows:
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dsS. gy'stem = 8?(] +d Sifrr

and. from the First Law,

0q = dUyem + OW



Thus.,
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oW = TdS;ystem —dU ;}'stem - TdSi’rr
and finally,
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ENTROPY AND THE CRITERION FOR EQUILIBRIUM
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Equilibrium

Entropy

(A+B) Composition —— (C+D)

Schematic representation of the entropy of a closed system containing A + B + C
+ D as a function of the extent of the reaction A + B = C + D at constant internal
energy and volume.
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3.15 THE COMBINED STATEMENT OF THE FIRST
AND SECOND LAWS OF THERMODYNAMICS
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dU" = 0q — ow

ds’ = % or 0g = TdS’



adh.ueiu..p.u‘_g\ﬁ o

For a simple system,

ow = PdV’
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. That the system is closed—that is, does not exchange matter with its surroundings

during the process

. That work due to change in volume is the only form of work performed by the system



S ie 4 U Glla ali a8 2K o L 12-3 Alalas o
jw‘w‘jVJS(M
U'=U'(S".V’)

U’ 7’
(!U’(, ) dS’+(a{ ] A (3.1
vV av S



13-3 512-3 4abea 4nlaa o

aS’

olU’
Pressure = P = —( J
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S'=5"(U.V’)

gives

dS’:(aS,) dU’+(aS,) av’ 3.
o ), v’ ).



dU’ =TdS" — PdV’ (3.12)

Rearranging Equation 3.12 as

o dU” PdV
T T

dS’:(aS,) dU’+(aS,) dv’ (3.14)
o’ ), v’ ),

and comparing it with Equation 3.14 shows that
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Plot of entropy vs. internal energy. Note that as U approaches its minimum value,
S also approaches its minimum value.
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Thermal entropy
Configurational entropy
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