
Chapter 3

The second Law of 
Thermodynamics



3.1 Introduction

The first law: ΔU = q – W
: Work and heat determine the change in U.

Is there a way to do maximum work during the change of state?
Answer: reversible or irreversible process

Introduction of a state function, entropy, S, for 
the quantification of the degree of irreversibility of a process



3.2 Spontaneous or natural processes

A system (1) remains in the state or (2) tends to move toward equil’m.

Spontaneous = natural = irreversible process
- Movement of a system from a non-equil’m state to an equil’m state
- Needs the application of external force to go back

eg., the mixing of two gases, the equalization of temperature

In thermodynamics, the determination of the equilibrium state is an 
important issue. 



3.2 Spontaneous or natural processes

And the reaction proceeds in a certain direction until it reaches 
equil’m.

The capacity of the system for further spontaneous change 
decreases.

As a result of the spontaneous
process, the system becomes 
degraded.(useful work to heat) 



3.3 Entropy and the Quantification of 
Irreversibility 

Entropy is to describe the extent of degradation.

When the weight-heat reservoir system undergoes a spontaneous 
process which causes the absorption of heat q at the constant 
temperature T, the entropy produced by the system, ∆S, is given by

(eq.3.1)



Lewis and Randall* considered the 
following three processes:

1. The heat reservoir in the weight-heat reservoir 
system is at the temperature T2. The weight is 
allowed to fall, performing work, w, and the heat 
produced, q, enters the heat reservoir.

2. The heat reservoir at the temperature T2 is placed 
in thermal contact with a heat reservoir at a lower 
temperature T1, and the same heat q is allowed to 
flow from the reservoir at T2 to the reservoir at T1.

3. The heat reservoir in the weight-heat reservoir      
system is at the temperature T1. The weight is allowed 
to fall, performing work, w, and the heat produced, q 
enters the reservoir.

3.3 Entropy and the Quantification of Irreversibility 

Figure 3.1 A weight pulley-heat 
reservoir arrangement in which 
the work done by the falling 
weight is degraded to heat, which 
appears in the heat reservoir



3.3 Entropy and the Quantification of Irreversibility 

T2

T2 >T1

+q (= w)

T2 +qT1 T1 +q (= w)

Which one is more irreversible?

(1)

(2) (3)



3.3 Entropy and the Quantification of Irreversibility 

T2

T2 >T1

+q (= w) T1 +q (= w)
(1) (3)

Process (3)= Process (1) + Process (2)
Process (3) is more irreversible than (1)

q/T2 < q/T1 (= ∆S) and the irreversibility can be expressed solely by T & q.
This coincide with the magnitude of irreversibility.

Thus, q/T is taken as a measure of the extent of irreversibility for a process



3.4 Reversible Processes

The magnitude of irreversibility depends on a process.

Then, there should be a way for the  process to beconducted with min. 
Irreversibility.

If irreversibility=0, no degradation.       the limit is the reversibe process.

Thus, no spontaneity, the system is at equilibrium.

A reversible process is one during which the system is never away from equilibrium



3.4 Reversible Processes

If there is a reversible process from the state A to the state B, 

(the path of which go through a continuum of equilibrium state +this is imaginary, 
but possible by proceeding it under the influence of an infinitesimally small 
driving force: the system is an infinitesimal distance away from equilibrium.)

If the minute external influence is removed, the process  ceases.

If the direction of minute external force is reversed, the direction of the process 
reverses.



3.5 An Illustration of Irreversible and Reversible Processes

Figure 3.2 A thermo stalled 
piston and cylinder containing 
water and water vapor.

Equilibrium

(1) Pext = PH2O & 
(2) T of H2O(l) & H2O(g) = T of reservoir

When P=Pext - ∆P 

(1) Pext is suddenly decrease by ∆P
(2) evaporation of water (=V), causing temp.
gradient between piston and reservoir. 
(endothermic rxn)
(3) heat flow from reservoir to get back to the 
equilibrium



3.5 An Illustration of Irreversible and Reversible Processes

Figure 3.2 A thermo stalled 
piston and cylinder containing 
water and water vapor.

When P=Pext+∆P 

Condensation of water, exothermic rxn, temp.
gradient, heat flow from the cylinder.

The difference in work 
= 2V∆P (V= molar vol. of water)

If ∆P= δP(small), the diff. = 2δP*V ≒ 0

The process can be conducted reversibly, 
maintaining equilibrium.

Reversibility is approached when the evap. 
or condensation are carried out infinitesimally.



3.6 Entropy and Reversible Heat

Consider only the evaporation process.

(reversible during the evap. of 1 mole of H2O)

(irreversible)

∆U is independent of whether the process is carried out  reversible 
or not.

From the 1st law
If it is reversible, max. amount of heat, qrev, enters the cylinder 
from the heat reservoir. qrev = ∆U + w max

If irreversible, q= ∆U +w.  q < qrev



3.6 Entropy and Reversible Heat

The difference between the works obtained in the reversible & irreversible 
Process, (w max – w), is the mechanical energy degraded to the thermal
Energy (heat) in the cylinder as a result of irreversible process.

Disturbance in water molecules- molecular interaction-push-pull, kinetic energy

(q rev – q = w max – w) explains the heat produced by degradation
(less heat is absorbed by the cylinder from the heat reservoir during the irrev.
Process than is absorbed during the reversible process.

(i) The rev. evaporation

No degradation



(ii) the evaporation is carried out irreversibly

3.6 Entropy and Reversible Heat

q < qrev

Total heat appearing in the cylinder = q from the reservoir + heat 
produced by degradation of work due to the irr. nature of process



(iii) If reversible condensation occurs, Wmin (work done on the system has
a min. value)      qrev = Wmin (heat leaving the cylinder)



(iv) for an irreversible condensation, w= (Pext + ∆P)V and V∆P is 
degraded to heat in irre. process

(eq.3.3)

The left sides of (eq.3.2) & (eq.3.3) are constant.



(eq.3.4a)

(eq.3.4b)

∆Ssys between the initial and final states- indep. of whether the process is 
conducted reversibly or irreversibly.

Thus, S is a state function!
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