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Heat

Let us consider two glasses, one filled with hot milk and other with ice-cold water. Let us keep
it on a table for some time. It will be observed that the hot milk cools down and the cold water
warms up.
It can be seen that when there is a temperature difference between the system and the surround-
ings, energy is exchanged between the two. This exchange of energy continues until a thermal
equilibrium is achieved. It is to be noted that the energy flows from the glass to the environment
in case of hot milk while the energy flow is from environment to the glass in case of ice-cold water.
Hence, it is seen that the energy always flows from the body at higher temperature towards that
at lower temperature. This transfer of energy between system(s) and surroundings, due to tem-
perature difference, is called heat.
The system at higher temperature is called source and the one at lower temperature is called sink.
It is seen that heat is a directional quantity. A sign convention is adopted to represent this.
Heat transferred to a system is positive while heat taken from a system is negative.
In adiabatic processes, the heat transfer is neither positive nor negative i.e, it is zero.

Heat Transfer

Heat transfer can take place in three ways as shown in the figure (1):

a. Conduction: It is the transfer of heat through stationary matter by physical contact. The
heat from the fireplace is conducted slowly into the room through the walls.

b. Convection: It is the transfer of heat by the macroscopic movement of a fluid. The heat
from the fireplace is rising up the chimney through convection. The cold air entering the
room around windows is also convection.

c. Radiation: It is the transfer of heat by electromagnetic waves. Most of the heat is being
transferred into the room through radiation.
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Figure 1: Heat Transfer

Work

We know that in case of a temperature difference between the system and the surroundings, energy
is transferred in the form of heat. But if there is a transfer of energy not caused by a temperature
difference then it must be work.
It may be recalled from Mechanics that Work is a measure of energy transfer that occurs
when an object is moved over a distance by an external force at least part of which
is applied in the direction of the displacement .
A body undergoes a displacement r along a straight line when a constant force F acts upon it.
The force makes an angle θ with r . The work W done on a body by a constant force F is the
product of the component of the force in the direction of the displacement and the magnitude of
the displacement,

W = F · r = (F cos θ) r

There are two kinds of work,

a. External Work: If a system, as a whole, exerts a force on its surroundings resulting in a
displacement, the work that is done either by the system or on the system is called external
work.

b. Internal Work: The work done by a part of a system on another part is called internal
work.

Internal work has not much importance in thermodynamics.
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If a storage battery is not connected to an electric circuit, the inter-diffusion of chemicals in-
side it constitutes internal work. But when it is connected to a circuit, it may cause a bulb to
glow. This constitutes external work. In the first case no work is said to have taken place while
work takes place in the second case. In thermodynamics, work invariably means external work.
The production of work by a system is considered as a desirable effect and the consumption of
work is considered undesirable. This lead to the adoption of the convention, the work done by
a system is positive and the work done on a system is negative.

Expression for Work

(a) Expansion of Gas (b) Indicator Diagram (c) Different Paths

Figure 2: Work Done by a Gaseous System

Let us consider a gas inside a cylinder that has a movable piston at one end as shown in figure
(2a). If the gas expands against the piston, it exerts a force through a distance and does work on
the piston. If the piston compresses the gas as it is moved inward, work is done on the gas.
Let the pressure on the face of the piston be p. If A is the area of cross-section of the piston then
force on the piston due to the gas is pA. When the piston is pushed outward by an infinitesimal
distance dx , the magnitude of the work done by the gas is given by

dW = Fdx = pAdx = pdV (1)

where, dV is the change in volume of the gas.
For a finite change in volume from V1 to V2, the total work done by the gas can be obtained by
integrating equation (1) as,

W =

∫ V2

V1

pdV (2)

This integral is only meaningful for a quasi-static process. This relationship can be plotted on a
pV diagram, where the curve is the change of state as shown in figure (2b). We can approximate
such a process as one that occurs slowly, through a series of equilibrium states. The integral is
interpreted graphically as the area under the pV curve. Work done by the gas is positive for
expansion and negative for compression.
Let an ideal gas be expanded. The expansion processes can be represented by the paths AC ,
ABC and ADC as shown in figure (2c).
The first process is an isothermal expansion with the volume of gas changing from V1 to V2
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at constant temperature T . Curve AC represents the process. The work done for this process is
given as,

WAC =

∫ V2

V1

pdV =

∫ V2

V1

(
nRT

V

)
dV

WAC = nRT

∫ V2

V1

dV

V
= nRT ln

(
V2
V1

)
(3)

For expansion, i.e. V2 > V1, work done is positive and for compression, i.e. V2 < V1, work done
is negative.
In the second process, path AB represents an isobaric process where a gas expands at constant
pressure, p1 and the volume increases quasi-statically from V1 to V2. The work done is given by,

WAB =

∫ V2

V1

pdV = p1

∫ V2

V1

dV = p1 (V2 − V1) (4)

The path BC represents an isochoric process where the cools quasi-statically at the constant
volume, V2 until its pressure drops to p2. As the volume remains constant, no work is done over
this path.
The total work done over the path ABC is given as,

WABC = p1 (V2 − V1) (5)

Hence, it is observed that the work done by the gas in the two processes AB and ABC are differ-
ent. This ishows a very important property of thermodynamic work that it is path dependent.
We cannot determine the work done by a system as it goes from one equilibrium state to another
unless we know its thermodynamic path. Different values of the work are associated with different
paths.
Hence, work is path dependent and is not a function of the state. Same is true for heat.

Internal Energy

Internal energy is defined as the energy associated with the random, disordered motion of molecules.
The energy includes energy on a microscopic scale and is the sum of the kinetic and the po-
tential energy of the system. If the kinetic and potential energies of molecule i are Ki and Pi

respectively, then the internal energy of the system is the average of the total mechanical energy
of all the entities and is given as,

U =
∑
i

(
Ki + P i

)
(6)

The kinetic energy is due to the translational, vibrational and rotational motion of the molecules
and potential energy arises due to the intermolecular forces. Internal energy also includes the
energy in all the chemical bonds.
Internal energy is a state function i.e its value depends upon the state of the substance and not
upon the nature of the processes by which it attained that state. The system’s location and its
motion doesn’t affect the internal energy of the system.
Internal energy is an extensive property i.e. its magnitude depends on the amount of substance
in a given state. Its value is usually calculated with reference to some standard state rather than
being expressed in absolute terms.
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First Law of Thermodynamics

Figure 3: First Law of Thermodynamics

With every equilibrium state of a system is associated its internal energy, U . The change in
internal energy for any transistion between two equilibrium states is,

∆U = Q−W (7)

where, Q is the net heat transferred into the system i.e. Q is the sum of all heat transfer into
and out of the system and W is the net work done by the system i.e. W is the sum of all work
done on or by the system.
Equation (7) is the mathematical statement representing the First Law of Thermodynamics.
The first law is a statement of conservation of energy i.e. a system can exchange energy with
its surroundings by the transmission of heat and by the performance of work. The net energy
exchanged is then equal to the change in the total mechanical energy of the molecules of the
system (i.e., the system’s internal energy). Thus, if a system is isolated, its internal energy must
remain constant.
Although Q and W both depend on the path, the quantity Q - W is independent of the path.
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