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properiies per unit mass, are intensive properties, e.g., specific volume, specific
energy, density, etc.
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1.4 Homeogeneous and Heterogeneons Systems

A quantity of matter homogenecus throughow in chemical composition and
physical structure is called a phase. Every substance can exist in any one of the
three phases, viz., solid, liguid and gas. A system conststing of a single phase is
called 2 hAomogeneous system, while a system consisting of more than one phase
is known as a Aeterogeneous systent,

1.5 Thermodynamic Equilibrinm

A system is said to exist in a state of thermodynamic equilibritum when no change
in any macroscopic propemy is registered, if the system is isolated from ils
surroundings.

An isolated system always reaches in course of time a state of thermodynamic
equitibrinm and can rever depart fram it sponfareousiy.

Therefore, there can he no spontunecus change in any macroscopic properily
if the systern exists in an equilibrivm state. Theomodynamics studies mainly the
properlies of physical systems that are found in equilibrium states.

A systern will be in a stale of thermodynamic equilibrium, if the conditions for
the following three types of equilibrium are satisfied:

{a) Mechanica! equilibrium

{b) Chemical equilibrium

{c) Thermal cquilibrium

In the absence of any unbalanced force within the system itself and aiso
between the system and the surroundings, the system is said to be in a statg of
mechanical equifibrium. 1 an unbalanced force exists, either the system alone or
both the system and the surmmoundings will undergo a change of state till
mechanical equilibrium is attained.
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If there is no chemical reaction or transfer of matier from one part of the system
to another, such as diffusion or solution, the system is said to exist in a state of
chemical equilibrivm.

When a system existing in mechanical and chemical equilibrium is separated
from its surcoundings by a diathermic wall (diathermic means 'which allows heat
te flow") and if there is no spontaneous change in any property of the system, the
system is said 1o exist in a siate of thermal equilibrium. When this is not satisfed,
the system will undergo a change of state till thermal equilibrium is restored.

When the conditions for any one of the three types of equilibrium are not
satisfied, a system is said Lo be in a monequilibrium state. 1f the nonequiltbrium
ofthe state is dne to an nnbalanced force in the interior of a system or betwveen the
system and the surrounding, the pressure varics from one parl of the system to
another. There is no single pressure that refess to the system as a whole. Similarly,
if the nonequilibrium is because of the temperature of the system being different
from that of its surroundings, there i a nonuniform temperature distribution set
up within the system and there is no single temperature that stands for the system
83 a whole. It can thus be inferred that when the conditions for thermodynamic
equilibrium are not satisfied, the states passed through by a system cannot be
described by thermodynamic properlies which represent the system as a whole.

Thermodynamic properiies are the macroscopic coordinates defined for, and
signilicant to, only thermodynamic equilibrium states. Both classical and
statistical thermadynamics study mainly the equilibrium states of a system.

1.6 Quasi-Static Process

Let us consider a system of gas coolained in a cylinder (Fig. 1.7). The system
initially is in equitibrium state, represented by the propericspy, v, t;. The weight
on the piston just balances the upward force exeried by the gas. Il the weight is
removed, there will be an unbalanced force between the system and the
surronndings, and under gas pressure, the piston will move up till it hits the stops.
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Fig. 1.7 Transition between twn equilibrivm states by an unbdalanced foree






