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Thermodynamic equilibrium

– “Equilibrium” - state of balance

– A system is in equilibrium if it maintains thermal (uniform

temperature), mechanical (uniform pressure), phase (mass

of two phases), and chemical equilibrium

– Thermal equilibrium: If the temperature is the same

throughout the entire system.

– Mechanical equilibrium: If there is no change in pressure at

any point of the system with time.

– Phase equilibrium: If a system involves two phases and

when the mass of each phase reaches an equilibrium level

and stays there.

– Chemical equilibrium: If the chemical composition of a

system does not change with time, that is, no chemical

reactions occur.



Quasi-Equilibrium Processes

“Quasi” means Almost slow or Infinitely slow.

Consider a system of gas contained in a cylinder fitted with a piston upon

which many very small pieces of weights are placed.

The upward force exerted by the gas just balances the weights on the piston

and the system is initially in equilibrium state identified by pressure 𝑃1, volume

𝑉1 and temperature 𝑇1.

When these weights are removed slowly,

one at a time, the unbalanced potential is

infinitesimally small.

 The piston will slowly move upwards

and at any particular instant of piston

travel, the system would be almost close

to state of equilibrium.

 Every state passed by the system will be

an equilibrium state.

 The locus of a series of such

equilibrium states is called a “Quasi-

Static or Quasi- Equilibrium

process.”



Quasi-Equilibrium Processes
 It should be pointed out that a quasi-equilibrium process is an idealized

process and is not a true representation of an actual process.

 But many actual processes closely approximate it, and they can be modeled

as quasi-equilibrium with negligible error.

 Engineers are interested in quasi-equilibrium processes for two reasons:

 First, they are easy to analyze; second,

work-producing devices deliver the most

work when they operate on quasi-

equilibrium processes.

 Therefore, quasi-equilibrium processes

serve as standards to which actual

processes can be compared.

 Fig. shows the p-v diagram of a

compression process of a gas.

 A quasi-static process is also called a

reversible process.

 This process is a succession of equilibrium

states and infinite slowness is its

characteristic feature.



Heat and Temperature
 Though we all have a feel for temperature (‘like when we are feeling hot’); in

the context of TD temperature is technical term with ‘deep meaning’.

 Temperature is a measure of the ‘intensity of heat’. ‘Heat flows’ (energy is

transferred as heat) from a body at higher temperature to one at lower

temperature. (Like pressure is a measure of the intensity of ‘force applied by

matter’→ matter (for now a fluid) flows from region of higher pressure to lower

pressure).

 That implies if I connect two bodies (A)-one weighing 100kg at 10C and

the other (B) weighing 1 kg at 500C, then the ‘heat will flow’ from the hotter

body to the colder body (i.e. the weight or volume of the body does not matter).

Temperature #1 Temperature #2

Heat



TEMPERATURE AND THE ZEROTH 

LAW OF THERMODYNAMICS

 Temperature comes in two important ‘technical’ contexts in 

Thermodynamics:

1. it is a measure of the average kinetic energy (or velocity) of 

the constituent entities (say molecules).

2. it is the parameter which determines the distribution of 

species (say molecules) across various energy states 

available. 

 The zeroth law of thermodynamics : If two bodies are in 

thermal equilibrium with a third body, they are also in thermal 

equilibrium with each other.

The Zeroth law was first formulated

and labeled by R. H. Fowler in 1931.



THE ZEROTH LAW OF THERMODYNAMICS

Two bodies reaching thermal

equilibrium after being brought

into contact in an isolated

enclosure.

In zeroth law replacing

the third body with a

thermometer, the

zeroth law can be

restated as two bodies

are in thermal

equilibrium if both

have the same

temperature reading

even if they are not in

contact.
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Temperature Scales

 Any body with at least one measurable property that changes as

its temperature changes can be used as a thermometer.

 Such a property is called a Thermometric Property.

 The particular substance that exhibits changes in the

thermometric property is known as a Thermometric Substance.

 Temperature scales enable us to use a common basis for

temperature measurements.

 All temperature scales are based on some easily reproducible

states such as the freezing and boiling points of water: the ice

point and the steam point.

 Ice point: A mixture of ice and water that is in equilibrium with air

saturated with vapor at 1 atm pressure (0°C or 32°F).

 Steam point: A mixture of liquid water and water vapor (with no

air) in equilibrium at 1 atm pressure (100°C or 212°F).



Temperature Scales

Scale Freezing 

point of water

Boiling point 

of water

Celsius 0°C 100°C

Fahrenheit 32°F 212°F

Kelvin 273K 373K

• Matter is made up of molecules in motion (kinetic energy)

• Gas Particles 

• Absolute Zero: occurs when all kinetic energy is removed from an 
object,  0 K = -273° C

gas-properties_en.html










Liquid-in-Glass thermometer

 Consists of a glass capillary tube 

connected to a bulb filled with a liquid 

such as alcohol and sealed at the 

other end.

 Space above the liquid is occupied by 

the vapor of the liquid or an inert gas.

 As temperature increases, the liquid 

expands in volume and rises in the 

capillary. 

 Length L of the liquid in the capillary 

depends on the temperature. 

 Liquid is the thermometric substance 

and L is the thermometric property.



Ideal-Gas Temperature Scale

 The temperatures on this scale are measured

using a Constant-Volume Gas Thermometer

 Thermometer is based on the principle that at

low pressures, the temperature of a gas is

proportional to its pressure at constant volume.

 Temperature of a gas of fixed volume varies

linearly with pressure at sufficiently low

pressures.

 ΔT = (V / R) ΔP

 Constant-volume gas thermometer is basically a

rigid vessel filled with a gas, usually hydrogen or

helium, at low pressure



Constant-Volume Gas Thermometer



Constant-Volume Gas Thermometer- Contd…

 B = bulb containing a gas. B is connected to the Hg manometer by a

capillary tube.

 R = reservoir of Hg. The reservoir is raised or lowered to adjust the Hg

level to the indicial point.

 The manometer then measures the Press of the gas in the bulb at a

constant volume

 Bulb B is brought in contact with system whose temperature is to be

measured.

 After sometimes the B comes in thermal equilibrium with the system.

 If the system is hotter, the gas in B expands pushing the mercury

downwards.

 Reservoir is adjusted so that mercury again touches Indicial point.

 The height, h, gives the estimate of the pressure of the system.



Numerical Problems



Numerical Problem 2



Numerical Problem 3

(i) A new scale oN of temperature is divided in such a way

that the ice point is 8 N and steam point is 30 N. Derive

an expression between oN and oC. What is the

temperature reading on this new scale for 120 oC.

(ii) 


