_ HRW-Ch20
First law of thermodynamics dQ =dU +dA

Second law of thermodynamics

NO YES NO YES
Tl Tl Tl Tl
TQ TQl lQ lQl
A O Q_A.
A
T N TQZ le
T, T, T,
Clausius definition Thomson definition

energy we get

efficienc = _
Yo energy we pay for n= A :Ql Q_1_Q

1 <100 %

Q Q Q,



HRW-Ch20

Entropy
ds > 49
T
2
d
=5, = jTQ reversible processes dQ =dU +dA
1

dS :d—Q:nCmV dT +£dV=nCmV dT +n&dv
T T T T V

2
SZ S nCmvj?+n j—anmV In—-l—nR InV—

1 T, V,

I‘C!I_—Q+1‘Cil_—Q= de =0



HRW-Ch20
Adiabatic gas expansion free expansion
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If an irreversible process occurs in a closed system, the
entropy of the system always increases; it never
decreases. In the steady-state, the entropy of the system

reaches the maximum.

d
jé?Q >0 = 0 for reversible processes

second law of thermodynamics — mathematical expression
AS =S, -5, =kInW Boltzmann law

multiplicity of the microstates W
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Carnot Engine
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Third law of thermodynamics

It is Impossible for any process to reduce the entropy of a system
to its absolute-zero value in a finite number of operations.



Refrigerators and Heat pumps
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Phase transitions
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first-order phase transitions = discontinuous change of density
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