
We have defined a spontaneous process as one that proceeds on its own without any external

influence. The reverse of a spontaneous process is always nonspontaneous and takes place

only in the presence of some continuous external influence. Consider, for example, the

expansion of a gas into a vacuum. When the stopcock in the apparatus shown in Figure is

opened, the gas in bulb A expands spontaneously into the evacuated bulb B until the gas

pressure in the two bulbs is the same. The reverse process, migration of all the gas

molecules into one bulb, does not occur spontaneously. To compress a gas from a larger to a

smaller volume, we would have to push on the gas with a piston.

When the stopcock is opened, the gas in bulb A expands spontaneously into evacuated bulb B to fill all the 
available volume. The reverse process, compression of the gas, is nonspontaneous.









Criteria for spontaneity



Criteria for spontaneity





The signpost of spontaneous

change: we look for the

direction of change that leads to

dispersal of the total energy of

the isolated system. This

principle accounts for the

direction of change of the

bouncing ball, because its

energy is spread out as thermal

motion of the atoms of the floor.

The reverse process is not

spontaneous because it is highly

improbable that energy will

become localized, leading to

uniform motion of the ball’s

atoms.











Entropy and the Second Law of Thermodynamics 

Limitations of the first law of thermodynamics

1. It puts no restriction on the direction of flow of heat

2. Gives no idea about the spontaneity (feasibility of a process)

3. The First law states that energy of one form can be converted into an equivalent amount of

energy of another form. But it does not tell that heat energy cannot be completely  

converted into an equivalent amount of work.



Entropy and the Second Law of Thermodynamics 



Carnot cycle





























Unlike energy, entropy is not necessarily conserved; it

increases whenever a spontaneous process takes place. In

fact, the entropy of an isolated system will continue to

increase until no more spontaneous processes occur, in

which case the system will be in equilibrium (Figure).

Thus, we conclude that the entropy of an isolated system

is a maximum when the system is in equilibrium.

Consequently, d S = 0 at equilibrium. Furthermore, not

only is d S = 0 in an isolated system at equilibrium, but d

S = 0 for any reversible process in an isolated system

because, by definition, a reversible process is one in

which the system remains essentially in equilibrium

during the entire process.

A schematic plot of entropy versus time

for an isolated system. The entropy

increases (d S > 0) until no more

spontaneous processes occur, in

which case the system is in

equilibrium, and dS = 0






































































