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min ( Ek) → k=o
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Nk -_ 0 ( KFO)
This is a trivial example of "Bose -

Einstein
" condensate : all particles in single

quantum state ! Does it survive to Tao ?
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To proceed , first note we can

assume us min ( Et)
,
otherwise

NB ( Ek -N) becomes non - sense.cat

( a more physical understanding will come

from looking at limit u -3 mincer) - Ot :

the particle - # N → a at fixed V. T.

To start
,

assume we min ( Ek)=0
with Ek = TIKI in 13=3
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For p - o ⇒ Os 251
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finite because it is regular at X-30 and

decays as e-xx"
. Right at 2=1 - o;
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the grand - canonical formalism then

breaks down for µ > O ( in reality , interactions
between particle lead to µ - behaviour which

well- defined for all µ )
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But physically, we can certainly put no nx

bosons into the box !

The interpretation is that for

n > n*
,
we need to swith to the canonical

ensemble
.
When µ=0 , adding ) removing

a boson from k=0 state has no

impact on F- = E - TS = Fo t Fk>o .
This is because

Eno = 0
,

and Sk-0=0 because only one quantum
state irrespective of no ! So to minimize

F at fixed TN ? we can adjust no as

needed !
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no -- N - ✓ Nx for K=0

This ensures Tank = N
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-

i

N re

BEC

O -•¥Yv
\

C

ed AM

J B

p



This kink implies non- analytic behaviour

in quantities like Cv
,
e.g. , it is a

phasetransition . Viewed as function of T

at fixed N
, X=T2¥mkBT

,
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Because µ is independent of N for

T --Tc
,

we can obtain P = 2£ easily
in the grand - canonical formalism ,

BP = - ffI¥s Incl - e"""M1=¥zf÷§d×x2-
'

et- I

BPCµ=o) = IT 5512=1.341/73 ( TT Ta )
so P depends only on T, not Ny !
Very different than P = f- KBT:

only nex contributes since the mo are still !
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