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Thermodynamic Equilibrium

Let us consider three cases,

1. Let us have some water at a temperature higher than room temperature in a container. If the
container filled with water is left to itself it would finally attain the room temperature. This
means that the water in the container interacts with the surroundings, and its temperature
decreases with time.
When it attains the room temperature, there is no further change in temperature. In this
case, we can say that the water in the container has attained thermal equilibrium with
the surroundings.

2. Let us have an elastic material, say a steel rod. If there are variations in pressure or elastic
stress across the rod, then parts of the rod may move or expand or contract. Eventually
these expansions or contractions will cease.
When there will be no unbalanced forces or torques acting on the rod, it will be said to have
attained mechanical equilibrium.

3. Let us have a system which contain substances that can react chemically. After a sufficient
time when all possible chemical reactions will have taken place, there will be no tendency
for a chemical recation to take place.
When the chemical reactions cease in the mixture of substances, the system is said to have
attained chemical equilibrium.

A system which is in thermal, mechanical and chemical equilibrium is said to be in thermody-
namic equilibrium. Under this condition, the macroscopic properties of a system do not change
with time.
The phrase ‘state of a system’ means an equilibrium state.

Temperature

Oxford Dictionary defines Temperature as,

The degree or intensity of heat present in a substance or object, especially as expressed
according to a comparative scale and shown by a thermometer or perceived by touch.
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A steel rod feels colder than a wooden rod at room temperature simply because steel is better
at conducting heat away from the skin. It is therefore necessary to have an objective way of
measuring temperature.
When two objects are brought into thermal contact, heat will flow between them until they come
into equilibrium with each other. When the flow of heat stops, they are said to be at thermal
equilibrium.
All bodies in thermal equilibrium must have a common property which has the same value for
all of them. This property is called the temperature. Thus the temperature of a body is the
property which determines whether or not the body is in thermal equilibrium with other bodies.

Zeroth Law of Thermodynamics

Zeroth law of thermodynamics is stated as,

If two systems are in thermal equilibrium with a third system, at the same time, they
are in thermal equilibrium with each other.

If A and C are in thermal equilibrium with
B, then A is in thermal equilibrium with C.
If A and C were brought into contact, there
would be no net transfer of energy.
Practically this means that all three are at
the same temperature, and it forms the basis
for comparison of temperatures.
Let TA, TB and TC are temperatures of bodies
A, B and C respectively.
If TA = TB and TB = TC , then

TA = TC Figure 1: Zeroth Law of Thermodynamics

The phenomenon that two things in contact tend towards a common temperature is so common
that its importance had been overlooked.
When physicists finally did appreciate the significance and fundamental nature of the state-
ment, it was decided to have it elevated to the status of a “Law of thermodynamics”.
By that time the first and second laws were already pronounced. So in order to place it ahead of
these laws, as it logically precedes the first and second law, it was named as the zeroth law.

Application of Zeroth Law in Thermometers

Zeroth law is mostly used to compare the temperatures of different bodies. If we want to measure
the accurate temperature of a body, a reference body is required and a certain property of that
body must change with temperature. The change in that property can be taken as an indication of
a change of temperature. The selected measurable property is called as thermometric property.
This can be used to construct thermometers to measure temperature. The common mercury
thermometer uses the expansion of mercury in a tube of fixed cross section. The height of the
mercury label shows the changes in temperature and basically helps to measure it.
Table 1 gives the different kinds of thermometers depending on their thermometric property.
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Thermometer Thermometric Property

Constant Volume Gas Thermometer Pressure

Constant Pressure Gas Thermometer Volume

Electrical Resistance Thermometer Resistance

Thermocouple Thermal e.m.f

Mercury-in-Glass Thermometer Linear Expansion

Table 1: Thermometers

Thermodynamic Process

When the value of any of the thermodynamic variables
associated with a thermodynamic system undergoes
a change while going from one equilibrium state to
another, the system is said to perform a thermody-
namic process.
The process starts from an equilibrium state and ends
at another. The former is called the initial state and
the later is called the final state. e.g. expansion of
gas in a cylinder at constant pressure under heating is
a thermodynamic process.
Figure (2) represents a system which is defined by vari-
ables x and y . Figure 2: Thermodynamic Process

Let A(xA,yA) be the initial state and B(xB,yB) be the final state. The process can be graphically
represented by a path, which is simply a curve connecting the initial and the final coordinates.
It can be seen that there can be multiple paths between the two same set of states.

Reversible and Irreversible Processes

Let us suppose that a process is so executed that all the intermediate states present between the
initial and final one are in equilibrium. When the process is executed in the reverse direction i.e.
from the previous final state to initial state, the process goes through the same equilibrium states.
Such a process is called as reversible process.
It must be noted that a reversible process is a slow process and in which the system and envi-
ronment can be restored to exactly the same initial states that they were in before the process
occurred, if we go backward along the path of the process.
A process where the backward path is not along the same equilibrium states as the forward one
is called an irreversible process. An irreversible process is denoted by a discontinuous curve.
It is noted that, in all natural processes, it is impossible to traverse the reverse path through all the
equilibrium states i.e. a reversible process can only be idealised and cannot be achieved
in practice.
It must be noted that a system can be restored to its initial state both by a reversible or an
irreversible process. For a reversible process, the restoration will not cause any net change in the
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surroundings, whereas for an irreversible process, there will occur some change in the surround-
ings.
For irreversible processes, the intermediate stages are not in equilibrium and hence such processes
cannot be represented by a path. If the process cannot be represented by a path then its analysis
from thermodynamic point of view is not possible.
To analyse natural processes, the concept of quasistatic process is used.

Quasistatic Process

If a process is so executed that in the reverse direction, the path passes through states that are
not equilibrium states but the deviation from equilibrium is infinitesimal, then the process is
called as quasistatic process.
Hence, a quasistatic (i.e. almost static) process closely approximates a succession of equilibrium
states. If the deviations are finite, the process is said to be non-quasistatic.

(a) Experimental Arrangement (b) Graphical Representation

Figure 3: Quasistatic Process

Figure (3a) shows an experimental arrangement to approximate a quasistatic process. It consists
of an assembly of a cylinder filled with gas and a piston. The system is in equilibrium initially.
A few infinitesimally small weights are placed over the piston. The total weight is the force which
is exerted in upward direction by gas. If we remove the weight from the piston, system will have
unbalanced force and piston will move in upward direction due to force acting over the piston in
upward direction by the gas.
The infinitesimally small weights are removed one by one from the piston. When the first weight
is removed, the piston moves an infinitesimal distance very slowly and secure its next equilibrium
state. Due to removal of infinitesimally small weights, one by one and also quite slowly, system
will process from one state to another state with succession of equilibrium states.
Hence, the system will arrive at the final state from initial state through various equilibrium
intermediate states as shown in figure (3b).
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Indicator Diagram

Equilibrium states can be indicated by a series of
points in the xy -plane where x and y are two ther-
modynamic variables. A curve through these points
represents the path of the process. Such a representa-
tion is known as an indicator diagram.
Let us consider a gas that is expanded in a cylinder at
constant temperature. Let it go from its initial state
of (pi,Vi) to the final state (pf,Vf), where p and
V are the pressure and Volume of the gas at those
instants. Figure 4: Indicator Diagram

The indicator diagram is shown in figure (4).

Types of Thermodynamic Processes

Let us consider a system with initial state, a . The indicator diagrams of different types of ther-
modynamic processes are shown in figure (5).

Figure 5: Indicator Diagrams of Thermodynamic Processes

a. Isothermal Process: In isothermal process, (Greek Isos: Equal, Therme: Heat), the
system changes slowly so that there is enough time for heat flow to maintain a constant
temperature. Slow change is a reversible process. It is represented in the figure by the
curve a → 4 . The curves in the indicator diagram which connect points having the same
temperature, at a given time, are called isotherms.

b. Isobaric Process: In isobaric process, (Greek Isos: Equal, Baros: Weight), the pressure of
the system remains constant. It is represented in the figure by the curve a → 3 .
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c. Isochoric Process: In isochoric process, (Greek Isos: Equal, Khora: Space), the volume of
the system remains constant. It is represented in the figure by the curve a → 2 . It is also
called as isometric process.

d. Adiabatic Process: In adiabatic process, (Greek Adiabatos: Impassable), no heat enters
or leaves the system. Such change may be accomplished either by surrounding the system
with a thick layer of heat insulating material or by performing the process quickly. The
flow of heat is a fairly slow process; so that any process performed quickly enough will be
practically adiabatic. It is represented in the figure by the curve a → 1 .
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