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The First Law of Thermodynamics

Introduction - Outline
¸ The first law of thermodynamics is a statement of the 

conservation of energy principle and it asserts that 
total energy is a thermodynamic property. 

¸ Energy transfer with heat and work is introduced, 
and the mechanisms of heat transfer as well as 
various work modes are discussed. 

¸ The first-law relation for closed systems is developed 
in a step-by-step manner using an intuitive approach. 

¸ Specific heats are defined, and relations are obtained 
for the internal energy and enthalpy of ideal gases in 
terms of specific heats and temperature. 
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¸ This approach is also applied to solids and liquids -
approximated as incompressible substances. 

¸ Energy can be neither created nor destroyed; it can 
only change forms. Energy can cross the boundary of 
a closed system in two distinct forms: heat and work.

¸ Heat is defined as the form of energy that is 
transferred between two systems (or a system and 
its surroundings) by virtue of a temperature 
difference. 

¸ Heat is energy in transition. It is recognized only as it 
crosses the boundary of a system. A process during 
which there is no heat transfer is called an adiabatic 
process.
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¸ Work like heat, is an energy interaction between a 
system and its surroundings. Energy can cross the 
boundary of a closed system in the form of heat or 
work.

¸ If the energy crossing the boundary of a closed 
system is not heat, it must be work.

¸ Work is the energy transfer associated with a force 
acting through a distance. A rising piston, a rotating 
shaft, and an electric wire crossing the system 
boundaries are all associated with work interactions.

¸ Sign convention: heat transfer to a system and work 
done by a system are positive; heat transfer from a 
system and work done on a system are negative. 
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Heat and work are energy transfer mechanisms 
between a system and its surroundings, there are 
many similarities between them:

¸ Both are recognized at the boundaries of a system as 
they cross them. Both heat and work are boundary 
phenomena.

¸ Systems possess energy, but not heat and work.

¸ Both are associated with a process, not a state. 
Unlike thermodynamic properties, heat or work has 
no meaning at a state.

¸ Both are path functions (i.e. their magnitudes depend 
on the path followed during a process as well as the 
end states).

These are basic concepts useful in further deliberations. 
Be clear about their precise meaning.
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