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Thermodynamics

Oxford Dictionary defines Thermodynamics as,

the science that deals with the relations between heat and other forms of energy

Encyclopaedia Britannica in its foreword on Thermodynamics states,

It is the science of the relationship between heat, work, temperature, and energy.
In broad terms, thermodynamics deals with the transfer of energy from one place to
another and from one form to another. The key concept is that heat is a form of energy
corresponding to a definite amount of mechanical work.

Thermodynamic System

Thermodynamic system is a certain quantity of matter or a region of space which is considered
distinct and separated from everything else which can have an influence on it. This is referred as
a thermodynamic system or simply a system. The basic schematic is shown in figure (1a).

(a) System, Surroundings and Boundary (b) Compression of Gas in a Cylinder

Figure 1: Thermodynamic System

Every such system is enclosed by an arbitrary surface which is called its boundary. The boundary
may be real or imaginary, either in rest or in motion and may change its size or shape.
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The region of space that lies outside the boundary of a system is called its surroundings.
The system is embedded in its surroundings or environment; it can exchange heat with, and do
work on, its environment through a boundary, which is the imaginary or real wall that separates the
system and the environment. In reality, the immediate surroundings of the system are interacting
with it directly and therefore have a much stronger influence on its behaviour and properties.
If we consider compression of gas inside a cylinder, as shown in figure (1b), the cylinder is the
thermodynamic system. The piston and air outside form the surroundings of the system. The
boundary then consists of the inner surfaces of the cylinder and piston.

Classification of Thermodynamic Systems

Figure 2: Classification of Thermodynamic Systems

The classification of thermodynamic systems is shown in figure (2). Thermodynamic systems can
be classified as,

a. Closed System: A closed system consists of a fixed amount of mass. It is also known as
control mass. In this system, no mass can cross its boundary but energy can cross
the boundary and the volume of such a system need not be fixed. It is shown in figure
(2a).

b. Open System: An open system is a properly selected region in space which has a fixed vol-
ume. It is also known as control volume. Both mass and energy can cross its boundary.
It is shown in figure (2b).

c. Isolated System: An isolated system is that system in which there is no interchange of
energy and matter with the surroundings. It is shown in figure (2c).

Classification of Thermodynamic Boundaries

a. Diathermal Boundary: If the boundary is such that heat can flow between the system
and its surroundings, then it is said to be diathermal or thermally conducting and the
system is in thermal contact with the surroundings. A metallic tea pot provides a diathermal
boundary to its contents.
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b. Adiabatic Boundary: If the boundary is such that it does not allow any heat flow across
it, then we refer to it as an adiabatic boundary and the system is said to be thermally
isolated. The walls of an ideal thermos flask are adiabatic and a filled thermos is an example
of a thermally isolated system.

c. Rigid Boundary: If the boundary is such that it cannot be moved, on application of an
external force, it is called rigid. A system having such a boundary can neither be compressed
nor expanded. An ideal rigid boundary does not exist in reality. The surface of a heavy
spherical ball (used for shot put) is a close approximation to a rigid boundary.

d. Permeable Boundary: If the boundary allows exchange of matter, it is called as perme-
able.

e. Semi-permeable Boundary: The boundary which permits some components to pass
through and stops others is known as semi-permeable. For example, hot quartz allows
helium to pass but stops other gases.

Thermodynamic State and Thermodynamic Variables

In thermodynamics, a system is described by specifying its physical properties such as pressure,
volume, temperature, mass, density, etc.
The condition of a system at any given time is called its thermodynamic state and the physical
properties or parameters, on which the state depends, are called thermodynamic variables.
e.g. the state of a gas is characterised by the value of its temperature, pressure and volume while
the state of a stretched wire is specified by its length and tension in it.
The value of the thermodynamic variable is always fixed and depends on the condition of the
system at that particular instant at which the property is being measured. These variables can
be measured directly using calibrated devices i.e. they can be perceived by our senses. These
properties which represent the gross characteristics of the system are called macroscopic properties.

Intensive and Extensive Variables

Thermodynamic variables are of two types, intensive and extensive. Table (1) summarizes the
intensive and extensive variables in different thermodynamic systems.

System Intensive Variable(s) Extensive Variable(s)

Gas in a Cylinder

Pressure (p) Mass (m)

Temperature (T ) Volume (V )

Density(ρ)

Paramagnetic Solid Flux Density (B) Intensity of Magnetization (M)

Stretched Wire Tension (F ) Length (L)

Surface Film Surface Tension (s) Area (A)

Electric Cell e.m.f (E) Charge (q)

Table 1: Thermodynamic Variables
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An intensive variable is one that does not depend on the volume of the system, and an extensive
variable is one that does. Intensive variables are sometimes called the bulk properties of the
system. Intensive variables have the same values when the system is sub-divided or multiplied in
size but in case of the extensive variables, the values are altered.

Equation of State

Any thermodynamic variable, say α, can be expressed as a function of other variables, say β and
γ. It can be expressed mathematically as,

α = f1(β, γ) (1a)

Equation (1a) can be solved for β in terms of α and γ and can even be solved for γ in terms of α
and β. Hence we have the relations,

β = f2(α, γ) (1b)

γ = f3(α, β) (1c)

Equation (1a), (1b) and (1c) can be represented as,

f(α, β, γ) = 0 (2)

The equation (2) defines a group of quantities as function of one or more independent variables
called parameters. Such an equation is called as parametric equation.
But the equation of state of a thermodynamic system is exact. The equation of state is a funda-
mental characteristic of a substance which makes possible the application of the general principles
of physics to particular physical objects. It mathematically relates the values of thermodynamic
variables of a given substance in thermodynamic equilibrium.
The equation of state for a substance provides the additional information required to calculate
the amount of work that the substance does in making a transition from one equilibrium state to
another along some specified path.
The basic concepts apply to all thermodynamic systems, but we will consider ideal and real gas
to understand. The thermodynamic variables on which a gas depends are pressure (p), volume
(V) and temperature (T).
The parametric equation of both the gases is,

f(p, V, T ) = 0 (3)

But the equations of state for ideal and real gas are given by equations (4a) and (4b) respectively.

pV = RT (4a)(
p+

a

V 2

)
(V − b) = RT (4b)

where, R is the gas constant and a & b are the Van der Waals constants.
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