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nermodynamics

In thermodynamic study, universe is divided in two parts, viz system and surrounding.

System: Region of universe under observation
Surrounding: Part of universe other than system

Boundary: Surface that separate system and surrounding. It can be real or imaginary

Based on movement two type of boundary
Rigid: If the boundary inhibits the system from changing its volume or shape
Non-rigid; If the boundary allows the system to change its volume or shape

Based on flow of heat
Adiabatic: If the boundary prevents thermal interactions
Diathermal: Walls that allow thermal interactions between the system



Thermodynamics

Types of system based on exchange of matter and energy with surrounding

Energy
Yes
Yes
No

Types of properties of system

Macroscopic: average property of all the particles. (Classical
thermodynamic)

Microscopic: Property of individual particles (Statistical thermodynamics)
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Macroscopic properties

Based on dependence on amount there are two types of microscopic
properties: intrinsic and extrinsic

Intrinsic properties: these are not dependent on the amount of particle.
Example: temperature, pressure, density, concentration, viscosity, surface
tension, refractive index etc.

Extrinsic properties: these are dependent on amount of particle included.
Example: mass, volume and energy.
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Thermodynamic equilibrium of state of system

Equilibrium state

state in which all the bulk physical properties of a system are uniform
throughout the system and do not change with time.

eThermal equilibrium: Two systems have the same temperature.
eChemical equilibrium: When no chemical reaction occurs

e Mechanical equilibrium: The system experiences no unbalanced forces.

Thermodynamic equilibrium: thermal, mechanical and chemical equilibria



nermodynamics

State variables (or thermodynamic variables or thermodynamic coordinates):
measurable variables to specify the equilibrium state of a simple system.

Example: for a gas, specifying the equilibrium values of a pair of independent variables P and V, and
mass, fixes all the macroscopic (bulk) properties of the gas.

Equation of state

Equation which defines a state as function of state variables
Example: For and ideal gas,

a functional relationship between PV, and T.

The state of a gas may be specified by stating (PV), (PT) or (V,T).

The equation of state takes the form
O/P,V)=T
PV = nRT

An equilibrium state corresponds to specific values of the system parameters.
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Reversible and irreversible processes

A process

The mechanism of bringing about changes in the different state functions when the system moves from an
equilibrium state to another.

Process may be reversible or irreversible

Reversible process

if, its direction can be reversed by an infinitesimal change in the conditions.

Two conditions:

quasi-static: the process is very slow that the equilibrium state is always maintained

no dissipation of energy: If dissipation of energy occurs, the system does not retrace its previous path if the
process is reversed.

Irreversible
fast and energy dissipating process.

Ideal reversible process is not possible.
All natural processes are irreversible
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There are four types of processes: isothermal, isochoric, isobaric and adiabatic
Isothermal process

When temperature is maintained constant. AT=0
Adiabatic process

When there is no change in heat content. AQ=0 ML ERLLUL -
Isochoric process hel
When there is no change in volume. AV =0 st L L | fsothermal
Isobaric process SR i / S
When there is no change in pressure. AP =0 2 \T et
2 ‘JZ Adiabatic '
T, <T,

Figure 1: Different
thermodynamic processes.
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Perfect differentials
There are two types of function state and path function

State functions:

Quantities whose values are independent of path,

their differentials are exact and called perfect differential.
example: dP, dV, dG, dT.

Path functions:

Quantities that depend on the path followed between states
work (w) and heat (q),

their differentials are inexact

Understanding the perfect differential helps in calculation of the function through other
function when it cannot be directly measured.
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Mathematically
Perfect differential mean

if there is ordinary differential equation of form
P(x,y)dx + Q(x,y)dy

Is exact if
oP _ aQ
dy  ox
This means
There exists a function u(x,y)
=2 ax + %4
u= 5 b 3y y

du = Pdx + Qdy
du=20

du = C, constant



