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■ Theme Music: Mason Williams 
  Classical Gas 
■ Cartoon: Bill Watterson 

 Calvin & Hobbes  
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Kinds of Matter 
■ Classify objects by how they deform. 

–  Solid: don’t change shape if you leave them alone 
or push on them (not too hard!) 

– Gel: look solid if you don’t touch them but are 
“squishy” and change shape easily  
(jello, butter, clay,…) 

– Liquid: Have no shape of their own.  Flow to fill  
a container but have  constant volume. 

– Gas: Have neither shape nor volume  
but fill any container. 

– LOTS MORE! 



Foothold ideas 
Properties of solids 

■ Density 
■  Stretch and squeeze: 

■ Breaking stress  
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ρ = M
V

F = kΔL

σ = F A  (stress) ε=ΔL L0
 (strain)

E =σ ε (Young's modulus)

k = E A
L0



Foothold ideas:  
Gases – Kinetic Theory I 

■  We model the gas as lots of tiny little hard spheres  
far apart (compared to their size) and moving very fast. 

■  The motions are in all directions and change directions very 
rapidly. A model saying that on the average the total 
momentum is 0 (and stays 0 by momentum conservation) is a 
good one. 

■  Because there are so many particles and the collisions  
so sensitive to initial conditions, we can’t predict the motion 
of individual particles for long – but emergent macroscopic 
averages are very stable. 

■  Dilute gases satisfy the Ideal Gas Law,  
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� 

pV = nmolesRT

This is a realistic size 
and scale for air  
at STP(speed ~400 m/s)  

5 nm 
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http://phet.colorado.edu/en/simulation/gas-properties 



Magdeburg hemispheres 
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