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reminder

● In-class presentation topics:
● Deadline: FRIDAY!
● Consult with me and inform me of your 
ideas



Review

● Probability - definitions
● Consider independent (uncorrelated/non-
interacting) objects

● Counting
– how many unique ways to arrange N objects in N 
spaces?

● ANSWER: N! = N(N-1)(N-2)...1

– how many unique ways to arrange N objects in N 
spaces when some of the spaces are “grouped” 
and their internal order doesn't matter?



park your car, win 
free coupons!



park your car, win 
free coupons!

Free sub zone



The question

● How many ways are there to 
arrange N cars such that the same 
Ni cars get free sub coupons 
without affecting the other (N-Ni) 
cars?



An example: 4 spots

● Arrange 4 cars in 4 spots, where 3 
of the spots get free food coupons

1 2 3 4
(free food)

1 3 2 4

3 1 2 4

2 1 3 4

2 3 1 4

3 2 1 4

18 more, cycling cars 
1,2,3 through the 
fourth parking spot



An example: 4 spots

● Arrange 4 cars in 4 spots, where 3 
of the spots get free food coupons

1 2 3 4
(free food)

1 3 2 4

3 1 2 4

2 1 3 4

2 3 1 4

3 2 1 4

These are not “unique” 
because in each case the 
same three people win 
food without affecting 
the other (one) person.



An example: 4 spots

● Arrange 4 cars in 4 spots, where 3 of the spots 
get free food coupons

● There are 4! ways of arranging the cars . . . 

●  . . . but only 4 of them (4!/3!) have unique 
outcomes
● There are only 4 ways of arranging all the cars such 
that the order of cars in the free-food spots DOESN'T 
AFFECT the order of the cars in the other spots and 
thus the outcome ( = “free food”).



Each space is a place a car 
can be; a “micro-state”

A collection of spaces that achieves the 
same outcome (e.g. the same coupon 
winners) is a “macro-state”



number of ways (W)

● The number of ways N objects can be organized in N 
spaces:

● The number of ways N objects can be arranged such 
that Ni of them don't affect the order of the (N-Ni):

● And if there are M macro-states:

W=N !

W=N ! /N i !

W=N ! /∏i=1

M
N i !



TWO-STATE BOX

1 2
3 4

Four gas molecules: how 
many ways to get ...

all on the left side?

W 0
4
=  NN R

= N !
N R ! N−N R!

=
4!
0 ! 4 !

=1

three on the left side?

W 1
4
=
4 !
1 !3!

=4

half on the left side?

W 2
4
=
4 !
2 ! 2!

=6



reliable predictions



reliable predictions



reliable predictions



reliable predictions



Terminology

● micro-state: each individual way of obtaining a distribution

● e.g. each way of getting ½ of the molecules on one side of the room

● the state of the system, given COMPLETE microscopic knowledge of the 
states of each individual particle.

● macro-state: the property of the system that doesn't depend on the 
exact microscopic states

● e.g. temperature, pressure, density, number, energy, volume, etc.

● in our box example, “being on the right side” is a macro-state

● equilibrium state: the most probable macro-state

● by “most-probable,” I mean the one with the most corresponding micro-states 
that achieve it.



Energy and states

● In a system of particles, varying the energy of just one 
particle causes sharp changes in the way energy is then 
distributed amongst all the other particles. 

● The greatest freedom to distribute energy amongst particles 
occurs when  that one particle under consideration has the 
least energy possible. 

● Therefore, the more probable state for a given particle, the 
state in which the number of ways of distributing energy 
among all particles is greatest, is one of lower energy.



Boltzmann: P vs. E 
for different T



N(E) vs. E

By definition, the 
energy below which 

individual particles fill 
all available states



Average Energy Vs. T

By definition, the 
energy below which 

individual particles fill 
all available states



Fermi energy



Metals – work 
function



planck's blackbody 
spectrum

dU photons

df
=
hf 3

c3
8V

1

ehf /k BT−1



Roadmap

● Solid-state physics
● quantum mechanics and the structure of atomic 
matter (crystals, metals, (semi)conduction)

● Nuclear physics
● quantum mechanics and the structure of the 
atomic nucleus

● Particle physics
● quantum mechanics, relativity, and the 
fundamental structure of the universe



Next time

● Statistical Mechanics II
● The Boltzmann Distribution
● Classical Averages
● Quantum Distributions

● Reading: Harris Ch. 9.3-9.5
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