
Dist" of blackbody radiation :

EM radiation : v = &: En = tck

# photons per
unit frequency at temperature +:

N(v
,
T)du=T

Energy:

E(v
,
T)=

= N/v,T)xhr ;
b= etc.

Total energy :

E(T) = S& Et,T) = V.
-

Spectral density gc(v ,T) :

galt)=ehr/T- 1

Scaled frequency S = hr/hT (dim's) =>



ya = est

-) = 0

=> S
*

= 2 . 82144

rmax
= S*T



-thotonsV (d = 3)

- dispersion Ev=telkl ,
Ee

F = CEO i NES0
< polarization

- bosons with M = 0
, ga = 2 (polarization)

- U = < ) =-T
occupancy
of It

,
0

- DOb g(a)=45
(c)0)

- /T)=
N

- plit = -hp5/dag(s) log(1 - e
-Ba)

=
- blackbody spectral density palr,T.



Ycr, i)=
peaked at r = 2 . 82 kgT/h

Sp , (v , T) = fraction of ECT) in mos is

with ve(r,, (2)

Rhonous

- lattice vibrations in solids



IdealBose Gas

Classical NREG : z=
F(T

,
V
,
N) = - UgTlogE(T, v,N

=-NBT log() - NusT

Use : logN! NogN-N +OliugN)

Entropy :

S=No
X =S = NkblogT

S(T + ot) = - x

S(T =) = kblogged
A



Noninteracting bosons : Y(x) = Eal)

-I-bodyHam nian,
Occupancies : 1- body spectrum

na = <)=
Number density : =
n(T

,) = - +
, v

=[ = Jdaa
g(s) = -[S1-da) a s -

parti
=> [

-

= -MoB Er = 0



n(T ,m
) = Soda
-0

E = 0

= SashWhat = n(T,
z)

O

Since p < 20 = 0 + z = ePe(0
,
1)

Me) - 0
, 0) me-o450

clearly n(T,
+) increasing in - at fixed T

F
. C. 0 .

What is maximum

allowed n ? &

Umax = n(T
,
z = 1) =da

Or
, given n

,
there is a critical

temperative T, (n) such that



n =Jas
Implicit eqn for Tc(u) .
Need to separate out to = 0 mode :

n(T
,y) = t z
me

&

no(T)
+ Sdgu]n . (T) : condensate

numberdensity
n'(T) = overcondensate

If no finite
,
then

Uno = e = It
= e-M/ksT


