
pressureofaquantomgastor.tl'

= Efim in a V= Is box
,

the classical pressure is B P -_ f- .

Here

we derive QM correction in the Grand

ensemble ( see Kardar 7.2 for canonical)
The eigenstates are IE ) for

II = ( i. j , K) ( non -

② = fit
e-
fee

" =

matai

( g - e-
BCE " -M )

"

Bos
.

e. = - Elna = - tf ⇐ ( I incite
.ME#M)

Suppose gas is dilute , BCEK
-e) ⇒ l :

Incl xx) = - II
,

c- if Im
m

m

die to -27
,

cam e- emcee
-

r)

m T

D D
D

Note I = (⇒ Sdk = V - f§!
So D= v . fd re

(21T)
D

a 3
2m

lowTlimit

41



M

M

r =#iii. HE. . e- seen
-n )

A

= Erm EE imeem Y
m= I

- I

= - ÷. Em c±mIeB+ D

we then obtain P
,
N

- I

P= - 3- =EPm= Em EMI %7÷
- l ( c. f. Kardar

F- I = ME e
Bmw

7.36)
2N

Now recall virial expansion

BP = f- ( I t Balt) f- t 133 (T) ( NTI t '
- )

keeping to 2nd order in em
,

29N

( em ± I t . . . )=feN± t . . . ) x
BN

2nd order :
( / t Balt) ¥ + . . . )

ZBN 29N
± I ¥5 = I÷ t Balt) e%%D

a FEE



IBN 29N
± I = I÷ t Balt) e' BNIXD

D 2nd virial

BzCT)=¥÷ cogeutfainciuemntgoaf

For Bosons
, negative correction to

pressure; for fermions
, positive .

Classically , for pairwise interactions

Bz = - I fd3q ( e
- BYE) - 1)

In Kardar 7.2
,
this is shown to be consistent

with
quantum result if we take

B Vcr) = z e
- 2trYx2

So bosons / fermions behave as if there

is short - range Cr-H attractive ) repulsive
interaction . Of course really , there is no

interaction : it is quantum statistics !

D

Important when X. F- = I
" Quantum Degeneracy

"

we 'll study the quantum degenerate
limits next.
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