
Chapter 15

Thermodynamics



Thermodynamics

This branch of physics deals with the laws which govern work and 
heat. We should start with some definitions we will need.

System: If you draw a line such that every object of interest is 
inside this line then you have drawn a line around your system. 
Everything else in the problem is called the surroundings.

State of the System: The description of the system based on 
parameters such as pressure, temperature, volume, etc. The 
equation which puts all these parameters together is called the 
equation of state or the state equation.

Diathermal and Adiabatic walls: A diathermal wall is one which 
can separate the system from the surroundings but lets heat pass 
between the two. An adiabatic wall in one which does not allow 
heat to pass through it.  



The Laws of Thermodynamics

There are four basic laws which govern thermodynamics. They are:

The Zeroth Law: Two systems in thermal equilibrium with a third are 
in thermal equilibrium with each other.

The First Law: The internal energy of a system changes with the 
addition (or subtraction) of heat to (from) the system  and/or with work 
done by or on the system. This is a statement of energy conservation.

The Second Law: Without some help from outside the system, heat will 
flow from an object with higher temperature to an object with a lower 
temperature. To move heat from an object with a lower temperature to 
an object with a higher temperature, some help from outside the system 
is needed.

The Third Law: It is not possible to reach absolute zero temperature in 
a finite number of cooling steps.



The Zeroth Law

A

C
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System A and C are in direct 
thermal contact. System B and 
C are also in direct thermal 
contact. If A and C are in 
thermal equilibrium and C 
and B are also in thermal 
equilibrium, then A and B are 
in thermal equilibrium.

In other words, with no direct 
contact, systems A and B are 
in equilibrium.

Adiabatic Wall



The First Law

U � Q � W



Further Definitions

You may have a system interacting with its surroundings while one or more 
of the variables which make up the equation of state are held constant (not 
changing).

Isobaric: The pressure is held constant during this process. You can remember 
this by recalling pressure may be measured in units of bars 
(1 bar = 1 atmosphere = ~105 Pa).

Isochoric: The volume is held constant during this process. You can remember 
this by thinking of a core as having a given volume.

Isothermal: The temperature is held constant during this process. You can 
remember this by noting the word thermal in the description.

Adiabatic: There is no heat transferred either into or out of the system during this 
process.

All of these processes are done slow enough that the pressure and temperature is the same throughout 
the whole system. This is called a quasi-static process.



Hints

Here are some useful hints which may be used to solve problems 
involving the 1st law.

Recall from last lecture that the internal energy of a monotonic gas 
is given by:

This is useful to determine the increase of a monotonic gas' internal 
energy with a temperature change.

Also recall from a previous lecture:

This is used to determine the heat needed to raise the temperature 
of a solid or liquid a given amount.
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An Isobaric Process

What happens if the pressure of a system is held constant while the 
other variables are allowed to change?
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An Isothermal Process

W � P

	

V

now put in the ideal gas equationP �

n RT
V

To solve this for a changing V, 
you need to use calculus but the result is:

W � n RT ln
V f

Vi

and you can write the internal energy as:
	

U � Q 
 n RT
V f

Vi



Adiabatic Expansion or Compression

An Adiabatic process means there is no heat added to or lost from the 
system. If we write out the equation for internal energy, we find:

	

U � Q 
 W
where we set Q equal to zero.

therefore,U �


 W
The internal energy of a monotonic ideal gas is:

U �
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and we write
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T we find:
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Adiabatic Expansion or Compression 
(2)

Pi Vi
�
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Once again, you would need to use calculus 
to solve for the equation which describes 
the adiabatic curve in going from a initial 
pressure and volume to a final pressure and 
volume. The equation is shown below.

g is the ratio of two different specific heats 
and is given by:




CP

CV



The Second Law

The second law describes how heat will flow, without any outside 
help, from hot to cold given a means to do so. It also states that heat 
never flows in the opposite direction (cold to hot) without some 
outside means. This simple idea has incredibly far reaching results.



Heat Engines

A heat engine is any device which uses a 
source of heat to perform work. An 
automobile engine is one such example.

The efficiency of the engine is given by:

e �

Work done
Input Heat
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Looking at the diagram one can see:
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Carnot's Principle

The French Engineer Nicolas Leonard Sadi Carnot stated in 1824 
(which was before the first law of thermodynamics was fully accepted) 
that no engine could have a greater efficiency than an engine where 
every process within that engine was reversible

Reversible means both the system and the surroundings can be taken 
back to their original states they were in before any of the processes 
were performed. 

This means there cannot be any process such as friction where energy is 
 lost from the system to the environment in the form of heat. This is not 
reversible.



Carnot's Principle (2)

It can be shown that:
QC

QH

�

TC

TH

therefore:

the efficiency of a Carnot engine � 1 �

TC

TH

and recall what was mentioned about the third 
law of thermodynamics: 

It is not possible to reach absolute zero 
temperature in a finite number of cooling 
steps.


