
S vs E Curve

-

Conceptually ,
the hypothesis that micro canonical

ensemble describes the correct equilibriumbehavior
often reduces

the calculation of physical

properties to problems in

combinatorics
.

Most of these problems boil down to calculating

SCE ) i.e .

$ask
a function of total energy

E

of the system , perhaps subject to some
additional

constraints ,
e. g.  ,

fixed volume or fixed pressure
etc .

C. recall DE  = Tds -Pdv )

Examples :

-

(a) Point like particles in box V .

N

Consider
H = ELI t Ucas )

i
 =L

2M

where V&a}) denotes interactions between particles

and also external potential Ce . g .

the fact that

particles are confined in boy V is imposed via an

external potential I .
To illustrate basic ideas of

MCE ,
we will Set the inter - particle interactions

to zero although as discussed also re ,
this may

dead to the failure of thermal ization .



Infarct

first consider an even more drastic example

where m → & ,
so that

H = Uka's)

where U CEN ) = O if all { n } inside box

= I otherwise

Calculation of Me entropy S :

Each particle can occupy
a space of volume V

.

N

⇒ or a v

⇒ SCE) = dog CR ) t log CSE )

MC

= Ndogvuptoa
constant

-
independent of E as expected .

Two problems : Ci ) Not extensive I
.

since
N logv scales faster than

N at fixed density Ny =P .

( ii ) Sme CE ) should be dimensionless .

Problem remains even alter including kinetic energy

since Sddxddp SE is not dimensionless .

The non - extensity
also leads to the Gibbs paradox

.

Gee Kardar e- g-) .



Both of these problems are fixed by AM
.

RCE )
= I fdpdq = dimensionless

-

TnNl h

µ
°  ← Planck 's constant

Indistinguishable particles → Extensive

entropy

For the above example ,

. Sdp integral diverges since

m → a .
but Atleast If,

helps

in
making S

extensive

:N

R ~ V ⇒ s = Ndogv - [ Ndognr -N ]
- -
Nl Sterling 's approx .

.

= Ndog [ f) e=2 -718 - -

in

p=¥ ) .

The smaller the density ,

the larger is entropy

which makes sense since more ways to arrange .

Using
DE  

= Tds - Pdt

⇒ P = T ¥ le

= TI

⇒ j orftp.pt-g
-

I



Next  consider finite M

,Lee ) = Iddxi Sddpi 8C ?Pz- E )

DEW
#

←
C KE )

N ! hd N

= VN

Jinan Ie

l2mE
BE Saki.is?E? - s )

-
-

= f÷µn, A (2mE)dE

2n-t-NKCE-IEEEE.CN- dim

Let's define A via zhm÷z = IN ,
A is called sphere .

thermal de Broglie
length .

Using N ! ~ (Nz]
"

,
DCE )

NVN__
(2mE)dI 2adN2 BE

N
-

wdnf.FI LEETE~nFT⇐nnydEem 't 's

~

I Ffa ]
"

~ fFsa]
"

where f- I
= particle

⇒ s = dog CRED ~ N dog a ] density



Quantum effects become important when

✓ A
'd

I I
C small energies I large

density )

Since classically ,

S becomes negative C ! )
.

Again P ⇐ TIME = TUI ⇒ qpr=/
i . e .

 equation of state is unchanged compared to

the case m # .

We will later see that when p Ad I I
,

a

System of bosons enter a new state of matter

called Bose-einstein condensate ( or a superfluid if

the bosons are weakly interacting)
,

while a system of

fermions start to develop a well - defined
'

Fermi

Surface '
.

Both of these are purely quantum

effects which cannot be explained by classical stat . needs
.



•
Entropic Force

'

in  a Rubber band

-

( see problem 5.12 in Seth na )

Consider a simple model of a rubber - band where

it is composed of polymer
molecules which undergo

random walk
.

=. ¥3 :

& street

-
me D

- - y -0
-

Streaking increases the length of the polymers

making it entropically less favorable since

a polymer of smaller dergth can exblore

a larger phase - space and consequently has a

higher entropy • A simple model of a polymer

consists of Aclinks of unit length which

can either point parallel or anti - parallel to

the previous Iink , without any energy
cost

.



. pr
→

a

.ie?AEi..i.it-I
N

Lets calculate the entropy SCL ) .

Denoting
number of links pointing upldoun as Nalwa

Nin t N µ
= N

Np - Ng = L

⇒ my = NIL
Ndr = NII

Entropy S=dog (NntNd#
Mr ! Ndr !

= dog myCutty ) ! @¥ ) !

= ordoyne
- N

- (NEL)eog@⇒ -1K¥ )

- @⇒ dog @÷ ) t ( NE )

Since the energy cost for any configuration is

zero ⇒ dE=0 = Tds t Fdx

⇒ F  =
- Task , y

SCE ,
L )

-



⇒ The polymer exerts a force F  =
- Tds

at ends in resistance to being stretched .

d -

using the above expression for S :

F  =
- T f - I dog @¥ ) t I dog @÷ ) ]

fF=Izdogff#-
The force → N as LS N .

for L # N
,

F  = Iz dog Lytham)

Tr I x 2£

= T L

F

⇒ The polymer behaves like a spiriting
with

stiffness

na
I .

As T increases ,
it

'

N

becomes more stiff ,
since the entropy

dominates

more and move .



for a fixed force Fog L ~ Nif
M

⇒ Thermal exhaustion coefficient
T ]

& =
DL =

- ÷ so

as expected .


