
PHY 215
Thermodynamics and 

Modern Physics

Thermodynamics

Fall 2025
MSU



Thermodynamics

How much heat energy can be converted
into mechanical energy?

What is heat? What is Temperature?
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Stirling Engine
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External Combustion
Engine
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The Founders of Thermodynamics

• Thermodynamics was developed before the 
atomic nature of matter was understood!

1796 –1832

Sadi Carnot James Joule
1818 - 1889

William Thomson,
Lord Kelvin

1824 - 1907
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The 3+1 Laws

• 0th: Two systems in thermal equilibrium have 
the same temperature.

• 1st: Heat is a form of energy in the work-
energy theorem.

• 2nd: You cannot extract all of the heat 
energy in a system and turn it into work.

• 3rd: No reversible process can cool a 
system to absolute zero.



Thermodynamic State

• Volume

• Amount (moles, 
or #, gm) 

• Pressure

• Temperature
System could be: gas, liquid, solid

O(6x1023) molecules,
positions, momenta

Focus on
“averages”

Equilibrium State:
“State Variables”
time-independent

Will be made more precise... Kinetic Theory of Gases

{
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Pressure
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Microscopic view:

Pressure: Molecules 
bounce off walls
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Temperature
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Microscopic view:

Temperature: molecular
velocity, rotation, vibration
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0th Law of Thermodynamics

QA→B

QB→A

QB→A=QA→B



Heat Flow: Hot →Cold
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Flow: In the “caloric” theory 
heat was  thought to be a “fluid”

Mechanisms of Heat Flow
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Heat vs. Temperature

• Specific heat capacity

• 1 calorie = heat energy needed to raise 1 
gm of water 1degree K.

• Unit of heat: cal
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∆Q = c m ∆T

cH2O = 1
cal

gm ◦K

[Q] = cal

∆Q

∆T

Heat ≠Temperature!
Thermal Energy

“Hotness”: ability to
give or absorb heat

1 Cal = 1 kcal
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Concept Test

• The heat capacity of the cooling fluid for an 
engine should be

A. Large

B. Small



Phase Changes

• Heat can be absorbed or emitted when the 
phase of a substance is changed

• Density can change during a phase 
transition

H2O
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Latent Heat



Heating Curve
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Summary
• Thermodynamics is the study of heat, and 

its transformation to and from work.

• In “equilibrium”, the state of the system is 
defined by a few variables: pressure, 
volume, temperature, amount.

• 0th Law: Temperature makes sense!

• Heat is a form of energy; temperature a 
measure of the tendency to absorb or give 
off heat.

• (Latent) Heat absorbed/given off during 
phase change.


