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Entropy Approach to 2" Law for CM

o Start with existence of entropy as a thermodynamic
property (measure of microscopic disorder of system,
or better, energy states of system)

— S=5(U,V) function of two indep. variables

* |Imagine two systems, A and B, separated
by rigid wall (V ,, V5 constant), only
exchange is heat transfer, 6Q C

e Combined system C isisolated F;Q A

— no Interaction with surroundings ]
— total energy U fixed w

d ~ _
— 2 Law, Scfina—Scinitia = =0
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Equnlbrlum at Maximum Entropy

Assume A and B not in equilibrium with each other

Since entropy Is extensive property m
— Sc=Sa(UaiVa) + S5(Ug, Vi) w
—validif A, B individualy in equilibrium
—aso, Uc = U, + Ug=pUc + (1-p)Uc

As interaction occurs, S- will increase until

equilibrium achieved (S¢ 4, Sc,

SinceV,, Vg and U, fixed, S /\
only freevariableis Ua=U,
— maximize S, dS./du=0 OUB:UC i o
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Thermodynamic Def’ n. of Temperature
« Taking derivative (using chain-rule)

dS: _ :lGSA | dU, HGSB dUg

du U H,  du "Fou, oy

:_?SA o UC+_?SB % (_UC)
_UUAZQA PUg .

* Equalszero, when 199 E/ = ‘?SB E/
PU A oUg

e 50, two systems are in thermal equilibrium when they
have same (0 oA U)V

 But, same T also implies thermal equilibrium
 Therefore, let||T= (show reason for 1/ next)
(S0
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Ther modynamic Def’n. of T (con’t)

Need to show thermodynamic def’n. of T consistent
with 0" Law of Thermo. (Q from hightolow T)

dSc _ [0S, U %GSB
du U, ) © Ug Sy

i, =S
dSc T cau U,=U.

Us=U
1 1 B -C L 5
B

A

2" Lawd dS->0, so du>0 energy flowing from B to A
For dS-/du to truly be maximum, then d*S./du?<0
— result, @Z%Uz@/ <00 (aTau)V >0 U increaseswith T
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Heat Transfer as Entropy Transfer
e |dedize, Thermal Energy Reservoir (TER)

— CM with fixed volume, only exchanges TER
energy as Q, uniform and (nearly) constant T 1y el
— Since fixed volume, dS/dU=1/T 15Q

— From 1% Law, dU=38Q, sO dS; = 6Q/T ___________________________
* Now consider two interacting TERS,

Isolated from surroundings TTEAR

— 2 Law, 37:=0(S,+Sp) T T
=0Q(L/T,-1/Tg)>0 TER

— entropy production associated with | ™

Q across finite temperature difference
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Second Law for Control Mass
o Control massinteracting with TER and M echanical

Energy Reservoir (MER)

— CM with no microscopic disorder (no entropy),
can only exchange energy as reversible work |

e Together, form isolated system

o 20d | aw

— 8= d(sTER%ER +S)

=-5QIT

+dS

dS=6Q/"

Ty

— Interms of inequality

dS> 5QIT

_______________________________

AE3450



