
Chapter II: Reversible process and work 

1- Process  

Defined by change in a system, a thermodynamic process is a passage of a thermodynamic system 

from an initial to a final state of thermodynamic equilibrium. The initial and final states are the 

defining elements of the process. The actual course of the process is not the primary concern, and 

often is ignored. The initial and final equilibrium states are called the end points of the process.  

 

An example: Pushing in the piston and compressing the gas in our cylinder from an equilibrium 

state (P1, V1) to a new equilibrium state (P2, V2).  

 

 

2- Reversible process  

There is a particular class of idealized processes which is of enormous value in thermodynamics- 

processes which are reversible.  They are valuable because we can calculate changes in the state 

functions for any process using them.  

Reversible implies that, in any such change, the system must be capable of being returned to its 

original state. It means also when the system is returned to its original state, the surroundings 

must be unchanged too.  

 

An example: pendulum being displaced from one equilibrium position to another.  

 

When this is displaced it can be moved through a series of equilibrium states  

 

 

State 1 (P1, V1) State 2 (P2, V2) 

An example of thermodynamics processes  

A cylinder filled with gas with a piston 



- If we apply a force F, the pendulum goes through a series of equilibrium states.  

- In this case we have reversibility. This is true only if there are no frictional forces present, as 

there would be if the bob moved in a viscous medium.  

- We use the term quasistatic for a process which is a succession of equilibrium states.  

Reversible processes then are quasistatic processes where no dissipative  

forces such as friction are present  

 

- Let’s consider a cylinder filled with gas with piston again.  

- Let’s consider an isothermal reversible compression at the temperature T, from the state (P1, V1) 

to a new equilibrium state (P2, V2).  

- This could be achieved in the following way. The cylinder is fitted with a frictionless piston and 

contains the gas in the initial state (P1, V1).  

- A force: F= P1 A (A is the area of the piston), is applied to the piston to oppose the gas pressure.  

- The walls of the cylinder are diathermal and the surroundings, at T, are so large that this 

temperature is unaffected by anything that we might do to the gas-cylinder system.  

- Such surrounding is called a reservoir.  

- The external force F is now increased slowly and the system is allowed to come to another 

equilibrium state at the same temperature.  

- The process is repeated until the final state (P2, V2) is reached.   

- Since the system is always in an equilibrium state, we may plot the process on an indicator 

diagram.  

- The plot will be an isotherm at the temperature T (see figure).  

- The equation of state is given by: PV=nRT.  

 

Irreversible process:  

- We could also do the same thing: go from the state 1 to the state 2 by pushing in the piston 

violently from V1 to V2.  

- We will have then temperature and pressure gradients between the gas and the surroundings.  

- The system will attend the equilibrium configuration of state 2 (P2, V2), without passing through 

the intermediate equilibrium states 

- The process is then irreversible.  

 

Difference between reversible and irreversible processes.  

 

Note: We cannot plot the irreversible process on an indicator diagram because at the intermediate 

stages, P or T are not well defined (gradient between the gas and the surroundings). Also, the equation 

of state is not valid for an intermediate state in an irreversible process.  



3- Useful physical properties in thermodynamics  

- There are some physical properties in thermodynamics that are of great use in understanding 

thermodynamic systems.  

- Thermal expansion: is the tendency of matter to change in shape, area, and volume in response 

to a change in temperature, through heat transfer.  

- The volume thermal expansivity, �, which is usually called expansivity, describes how the size 

of a system changes with a change in temperature. Specifically, it measures the fractional 

change in size per degree change in temperature at a constant pressure. 

- In differential form, we can write:  
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where the subscript P outside the partial differential reminds us that the expansivity is 

measured at constant pressure. It is called the isobaric expansivity.  

 

For a solid: we can ignore the effects of pressure on the material. We can write:  
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- We can calculate the change of volume: 
∆
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- The above example assumes that the expansion coefficient did not change as the temperature 

changed and the increase in volume is small compared to the original volume. This is not always 

true, but for small changes in temperature, it is a good approximation. 

 

- The linear expansion: Linear expansion means change in one dimension (length) as opposed to 

change in volume (volumetric expansion). To a first approximation, the change in length 

measurements of an object due to thermal expansion is related to temperature change by a 

"linear expansion coefficient".  

 

Change of length of a wire due to thermal expansion  

- The linear expansion coefficient is the fractional change in length per degree of temperature 

change. In 1D, it is given by:  
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where F is a tension (for example a wire under a tension F).  

 

- ������ is the rate of change of the linear dimension per unit change in temperature.  

- We can also write the change in the linear dimension as: 
∆�
� � �∆� 



- This equation works well as long as the linear-expansion coefficient does not change much over 

the change in temperature ∆�, and the fractional change in length is small 
∆�
� ≪ 1. If either of 

these conditions does not hold, the equation must be integrated. 

- We note that α and � are related by:  

� ≈ 3 α 

 

Moduli of elasticity: These are given as stress/strain or force/unit area divided by the fractional 

deformation.  For a solid or fluid, the bulk modulus K is given by:  

K=-V��
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�
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- The constant T denotes that the bulk modulus is determined at constant temperature T� The is 

the isothermal bulk modulus.  

- The negative sign ensures that K is a positive number because, dV is negative for a positive 

increase in pressure dP. The inverse of the bulk modulus is the compressibility  �.  

- For a stretched wire of cross-sectional area A, the appropriate modulus of elasticity is the 

Young’s modulus:  

Y=L/A������� 

- dL positive for dF, thus we do not need a -sign in front.  

 

 




























