












Microscopic Explanation of
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The Ideal Gas Law

! 

We just found :   PV = N 2
3
KEavg

The average kinetic energy of a gas atom is a function of temperature

KEavg = 3
2
kT   ,  with  k being the Boltzmann constant and 

temperature T measured in Kelvin.

! 

PV = NkT     or    
PV

T
= constant



Hot Air Ballon (cont.)

! 

The ballon is open at the bottom 

"  Pinside = Poutside = P =1atm

The fabric of the ballon does not stretch 

"  Vhot =Vcold =V

Ideal gas law :  PV = NkT

(PV )hot = (PV )cold = const.

"  NhotkThot = NcoldkTcold

" Nhot < Ncold

There are less air molecules inside the ballon than in 

the same volume outside.

" #inside < #outside " the ballon floats



Hooke’s Law
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Tension and Compression



Making things Bigger



scale up by 3

! 

L " L'= 3L

A " A'= 9A

V " V '= 27V

m = #V " m'= #V '= 27#V = 27m

Mutant Giant Ants?

The cross section of the supporting legs increases by a factor of 9.

However, they now have to support 29 times the weight!

Image: http://en.wikipedia.org/wiki/Image:Meat_eater_ant_feeding_on_honey02.jpg



Scaling in Nature

Image from: http://en.wikipedia.org/wiki/Image:Comparative_view_of_the_human_and_elephant_frame%2C_Benjamin_Waterhouse_Hawkins%2C_1860.jpg



A volleyball and a bowling ball

are completely submerged in

water. (Of course, someone

needs to push down on the

volleyball.) Both balls have the

same radius.

Which, if either experiences

the greater bouyant force?

Question 20



Question 21

The volleyball has been released

and now floats at the surface.

Which, if either, feels a greater

buoyant force?



Question 22

The 20 N rock is lowered into the

water, but is not allowed to touch the

bottom of the beaker.

How do the readings of the two scales

change?



Question 32

A piece of wood is floating in

water. In which orientation

does it displace the least

amount of water?



Question 33

Is any of the two beams under

compression or tension?




