October 30, 2015 Physics 131 Prof. E. F. Redish
B Theme Music: Queen

Under Pressure

m Cartoon: Bill Watterson
Calvin & Hobbes

[ &7 A VERY NICE
HELIUM ———

I'M GOING TO STAND ON
THIS LADDER AND
LET THE BALLOON

CARRY ME UP
AND AWM, 1

NGTHING SEE7 THERE GOES THE

S )
HAPPENING. BALLOON.. YOU DIDNT HANG ON.
TR ) h—
. | JMPING.
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The Equation

of the Day

Ideal Gas
Law

pV =nRT
pV = Nk, T
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Quiz 7

3

a 4% 3% 0%
b 52% 76% 6%
C 1% 3% 91%
d 19% 6% 3%
e 8% 0%
ab 10% 0%

bc 1% 11%
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Summarizing the model

In between collisions each molecule
moves 1n a straight line — ignoring

gravity. (We’ve used N11) Average force is
an emergent property!

Ignore up and down motions.

Momentum change of a molecule that

bounces off the wall exerts a force on the <‘ > A

wall. )

The force on the wall will be P (2"% )(L nAv At) = nmv: A
At 2 X X

the change in momentum of all the

molecules that bounce off the wallina ;= Fe =N 2 L (v?)
time At divided by At. p_d

Calculate this using density. i
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Chemist’ s
form

Physicist’s
form

The Ideal Gas Law

pV — nmolesRT
[\
\

pV = Nk,T

p=nmy’ Sk, T =
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Foothold 1deas: Pressure 1

m In a gas the molecules are moving very fast
in all directions. On the average
the momentum cancels out.

B If you put 1n a wall keeping the gas on only one
side, only the momentum in one direction acts
on the wall (N1, N2, N3), creating a force.

B In a non-flowing gas, the force/area 1s a
constant, the pressure. It 1s proportional to
the number of molecules and their mv?.-
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Foothold 1deas:
Gases — Kinetic Theory 11

m Newton s laws tell us that motion continues forever
unless something unbalanced tries to stop it, yet we
observe motion always dies away.

B Our model of matter as lots of little particles

in continual motion lets us “hide” the energy of motion
that has “died away~ at the macro level
in the internal incoherent motion.

B The model unifies the 1dea of heat and temperature
with our 1deas of motion of macroscopic objects.
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Interpreting  {¥ 4
27 )

m The “physicist' s form™ of the ideal gas law
lets us interpret where the p comes from
and what 7 means.

W p arises from molecules hitting a wall
and transferring momentum to it;

B 7 corresponds to the energy of motion of
one molecule (up to a constant factor).

p=nmy’ k,T = (2mv )
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Their average speed
1s ~400 m/s!

(~1000 mi/hr)
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