
Lecture I - Introduction

tostatisticulllecha.ie#
What is statistical mechanics:
chemists care about the behavior of
collections of atoms & molecules

In principle , a system has an
equation of motion, Newton / .SE.
If classical & initial conditions

are known , all behavior is known

But : cannot solve Eqns of mohair
analytically tir large N in

most cases



Idea : Properties of a system

only depend on a few macro

variable, eg N ,U,T

Measure property like heat

capacity or stiffness of

an object and it is always
same

so : properties must depend on

Average our particle
positions



Hence
, we care about

statistical properties of the
system only

Average :

Suppose IT represents the

state of a system and

ALKI is something we

can measure (
"

observable
"

)

then LA> =/dX→PCÑAÉi
If states are discrete as

in QM :
LA

,> =ÉAiPli)
i =L



Clearly, need to know PII)
and then if Phil is simple
we can compute any
average property of our
system

Properties of Probability distribution:

• PIXIE 1 • PINZo

• fdÉPlN=l
glues

Example! We will show
that for constant N

,
K
,
T

PII ) ✗ e-HÑYkBt
7-f- Utke



Has to be normalized , let

Yz be the const of prop . so

PCH = e-
H " ' /kstyz

fplxldx = I ⇒ ¥ felt
fast
dial

⇒ z=fÉtkH%BTd✗
This is called the

"partition
function" and if we knowit

we can compute any property
of the system



Example : 711×1=11
'

+ tkx '

Harmonic Oscillator1*-6
Z-f.fdxf.jfpe-E.tk!

+ In]

=/Jovi f.II. e- Est
"

fw=F4m-
ÉTmÑ units

= 2tkrst-FE-21-KBWT-e.li



How does this help us calculate
properties? Just a number

.
. .

Want Eg LE >

< Eta> = 4-17=4×-21 É¥¥

¥-71kHost

call p=k↳T5
'

Ltt> = fdx c-
"HUH /z

notice: ftp.fdxfme-P
"""



this means -12¥, = LH >
and = - 01¥ = LE>
For 1-1,0

, ,
2- = kB2r=

- In 2- = - In 2M + In (w) thp

(E)= f-=k¥ doesn't
depend on W

Very important physical fact



Hw : Show for N 1-1.0 .

that <Eta> = N test
from derivable of 2-



Where does Plaine
-Pitlane

from ? Have to firstconsider
a system of particles in box

1st law
of thermodynamics

dE=dtftdWN
,
V p f work

closed system energy in done

for this system dE=O !

Eis constant Corsa

Particles Obey Newton's
Law



If we know particle positions & momenta

we know everything

classical Mechanics :

E. =miai=miVi=MiÉ
v=i=d×_

dt

integrate! ←
constr

✗ CH- ✗ to)=vt ⇒ dart
✗ix. 1-Et

V41 - ✓co) = at ← consta

Vz=V , 1- at

✗(f)= Vital ⇒ D= v.tt/-zat2



Newton's laws consume

energy . So even if we cannot

solve
,
E stays constant

[ no external forces]

Macrostate! NN ,E
microstates. any configuration
☒ =EÉ,P3 where

G. C- box leg OEQEL ) f- i

711×7=-8
Express this constraint

as

solid- E)



How many states are
there?

"

Count
"

curry state
where this

is true . for continuous, this

is an integral

fdIfd-psiklx.pl
-a- ¥

What is the probability of
a state . Assumption :

"equal

a priori possibilities
"
- why

should cry one state be

special?



so for N , V, E

P I = Yz if 71kt- E{ o otherwise

If we have along
"
movie

"
or
"

trajectory
"

Take snapshots Xi ,Pi
and to average, do

e) ¥ ¥!Akil



Does this work for any
initial conditions?

whatabout

DIII-4
L l Ze

Mystery, why does gas only spread
out and not go

back

2nd law dszo ✗more
later1

Does this try cant? . . .


