
Subsystem of a Closed System
-

fr Canonical Ensemble )
As just discussed micro canonical ensemble describes

a closed Cie .  an isolated ) system .
It is interesting

to consider subsystem of such
'

a closed System .

-

Recall our discussion of 2nd law above where

we argued that the entropy associated with

the density matrix of a subsystem typically
increases with time

.
A natural question is :

What is the probability distribution for the subsystem

After the entropy has become maximal and

the subs 'ytan has reached a steady stale ?

As a

specificexample
.

consider free ,
non-relativistic

gas we studied earlier .

let  us ask : if a

subsystem consists of a single particle out of

N particles ,
what i 's the p . d . if . of its momentum ?
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where a is the

normalization

using the condition fddtpfPCPT.FI .
one can

fix the - normalization I
a

'

.

for example ,
when d =3

,

Pc =ff÷m⇒
' k e- IIE

This is the Maxwell - Boltzmann 's distribution ,

i.  e
.

P Cpf ) a e- IIF with temperature

T  
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-

3N

Indeed using Be ¥ = 2¥ ,
one finds T=2n

via expression for S derived earlier .

The main message of this calculation is that

a subsystem of a closed system looks as if it

is coupled to a heat bath at @mperatureJkff.f.

Lets derive this move severally .



Canonical Ensemble C Classical )
-

Consider a subsystem A B

o :O::::÷: ⑤total system is described

an energy - entry curve SCE )
,

and is at a given energy E
,

What is the

probability of finding a specific configuration
6 ' to have

CA in region A that happens

an energy EACH? Assuming ergodicity ,
all

configurations in AUB with energy E are equally

likely ⇒ probability of finding configuration

CA innEA .

A No .
of configurations where the configuration

in region A  = CA and the configuration in

region B arbitrary
-

Total no . of configurations in AUB
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Assuming
volume of region A MA K

.

VAOB
⇒ EA CCA ) ⇐ E .

This allows one

to taylor expand the numerator in above ratio :
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Thus ,
the normalized probability is given by
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where the scum in the denominator is over

altconfigurations in region A - there is no

restriction on the energy now ,
it can fluctuate

a bit L we will quantify that below ) .

What is

fixed now is the temperature ,

which is B- ?

From how on
,

we will drop the subscript A

in CA and EA because we will focus solely
Oh observables in region A .



we will rewrite the above equation as
.

.

.
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Where H is the classical Hamiltonian and

•
C

' is a specific
-

configuration .

The expectation value of any
observable

O is given by
'

.
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The denominator
, § e- BYis called

• Partition function
"

and is a useful

quantity for calculating any expectation value
,

as we will Soon see .


