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Outline
• Thermodynamics vs. Statistical Mechanics

• Kinetic Theory of Gases

• What is Entropy?

• Microstates, Macrostates, & Probability

• Entropy of an Ideal Gas

• Boltzman’s Relation



Thermodynamics

Thermodyamics is the study of thermal properties 
of a system without reference to the 

atomic nature of matter!

1796 –1832

Sadi Carnot James Joule
1818 - 1889

William Thomson,
Lord Kelvin

1824 - 1907

Images: http://en.wikipedia.org

http://en.wikipedia.org/wiki/Steam_locomotive
http://en.wikipedia.org/wiki/Steam_locomotive


But, atoms are 
important!

“If, in some cataclysm, all scientific 
knowledge were to be destroyed, and only 
one sentence passed on to the next 
generation of creatures, what statement 
would contain the most information in the 
fewest words? 

I believe it is the atomic hypothesis (or 
atomic fact, or whatever you wish to call 
it) that all things are made of atoms — little 
particles that move around in perpetual 
motion, attracting each other when they are a 
little distance apart, but repelling upon being 
squeezed into one another. 

In that one sentence you will see an enormous 
amount of information about the world, if just a 
little imagination and thinking are applied.”

Richard Feynman
1918-1988
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Statistical Mechanics

Statistical Mechanics is the study of thermal 
properties of a system in terms of average 

properties of an ensemble of individual particles
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Kinetic Theory of Gases
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What is Entropy?

Can we make this more precise?



Macro- and Micro-States

Averages
“State Variables”

corresponds to 



Example: Two Molecules 
in a Divided Container

(equal volumes)



Concept Test

• How many macrostates and microstates 
are there for three molecules in a divided 
container?

A. 2 macrostates & 2 microstates

B. 3 macrostates & 6 microstates

C. 4 macrostates & 8 microstates

D.4 macrostates & 16 microstates



3 & 4 Molecules
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Statistical Mechanics
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Concept Test
• Some have argued that evolution is inconsistent with 

the 2nd law of thermodynamics, since “higher” life 
forms are more complex and organized. The 
resolution of this conundrum is:

A. Thermodynamics doesn’t apply to biology

B. The earth is not an isolated system

C. “Higher” life forms are not more organized
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Summary
• Statistical Mechanics relates microscopic 

behavior of matter to Thermodynamics.

• Fundamental Assumption: all microstates 
consistent with a given macrostate are equally 
probable.

• Entropy counts the number of microstates 
corresponding to a given macrostate.




