Kinetic Molecular Theory
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Kinetic Theory of Gases

Assumptions:

e Large # of identical molecules
* Volume of molecules is negligible

* Motion is random 4‘*—1 P
 No forces between molecules

* All collisions are elastic \ /./. \\
-




Review of Momentum / Collisions

What is the force of this ball on the wall?

Impulse = FAt = Ap

m =5 kg
At=0.25s




Pressure

When many molecules collide with the sides of a
container it is measured as pressure

Force

F
P =2

Area

Pressure




A brief interlude...




Units of Pressure

There are several different units used to
measure pressure of a gas

1 atm = 101,325 Pa =760 Torr = 760 mm Hg




Atmospheric Pressure

What is the force from atmospheric pressure on this doormat?




Temperature Review

Measure of how hot or cold something feels K  °C

. . . pontafuate 27 IE
Temperature is the average kinetic energy of s |
the molecules of a substance i L

[l
Il

31315 —= | f=— 40

= E
30315 = =— 30

29315 —= B— 20
283,15 10

Jl

L
]

(L
Ll

The freezing 27315 3
q point of water 5
’o 3 3 Kelvin Scale (K) 22212 ;z
J V » A -
3 ‘.) & 4 <+ ;"DJ J\ s -
y . 7 \ N, 233,15 -40
w9 «? "0 R 7,9
* ‘ ’ €% / < J‘J 223,15 -50
| . J | J’ 213,15 -60
¥ 9 I 9
J ‘ ’ J ‘ J & "\J 203’15 e
b ? ¥ K 5 B i 193,15 -80
d J\ . 183,15 -90
Absol 0 i 273




Average Kinetic Energy

kg — Boltzmann's constant

o 3
Ex = QkBT kp =1.38x 10723 ] K1

Average
Kinetic Energy

Absolute
Temperature




IB Physics Data Booklet

Sub-topic 3.1 — Thermal concepts Sub-topic 3.2 — Modelling a gas
Q = mcAT F
p= A
 =mL
N
n=-—
Ny
pV = nRT
_ R
_ 3 3+
Quantity Symbol | Approximate value
Acceleration of free fall (Earth’s surface) g 9.8l ms—?
Gravitational constant G 6.67 x 10-"'Nm? kg2
Avogadro’'s constant Ny 6.02 x 1023 mol—!
Gas constant R 8.31 JK'mol™!
Boltzmann's constant kg 1.38 x 10-2*JK-!




Try This | 1

Calculate the average translational kinetic
energy of molecules in the air at 27°C




What is Kinetic Energy?

kg — Boltzmann's constant

o 3
Ex = QkBT kp =1.38x 10723 ] K1




Try This | 2

Calculate the average speed for oxygen molecules at 0°C.
(the mass of an oxygen molecule is 5.32 x 10%° kg)




Which molecules move faster?

H, gas at 23°C O, gas at 23°C
1 3
1.01 16.00




Lesson Takeaways




