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→ Az let's demote Az EB

chemical equilibria ai determined by the condition on the chemical
potentials

|zµa=µB-y
see Notes Eq . (2.19-4)

or inter¥732- = ERM
, |7ñ=Z\

t.TO
find the relation between the numberof particles N ad fugacity z

we can use the result for classicalman-Eating particles

#= see Notes (2.18-6)

where Qi is the classical snipe -particle partition function

proof : First we show then
using the grand canonical ensemble

L = In ZNQN = ZµzNQµI,=eZÉ
grand potential :

Io = -KBTIn L = - KBTZQ ,
= -ki eft Q ,

N = -&¥_µ),,
= +ki p EPMQ ,

= |ZQ,=
we could also have derived this from the camouialen-seu.be
QN = QµI, Helmholtz free energy A = -451hr QN

A = - kt5[NlnQ ,
- NhN t N] using sterling formula

M=(A⇒+
,
,

= - k☐T[tnQ ,

- bin - In + I]

µ = - kiln ¥ ⇒ EPM = Ng
,

⇒ ZQ,=N



So NA = ZAQIA
,
NB = ZBQIB = ZAZ QIB ②

N = NA t 2ND is fixed

⇒ N = 2-A Q ,A
+ 27£QB

or ZAZ +

☐

ZA
-

%→= °

solve the quadratic equation - take the Ct> solution smia we need tango

2-a-
= -9¥, +✓§¥*¥*

s• NIB = ZzA¥÷ = GAZAQB

I÷=%÷-÷¥¥¥;ii+%¥⇒
NIB = __¥É¥¥

N±n,É¥
All we need now is to evaluate Q , A ad QIB

For point particles A Elp> = p%ma
%
Q,a= ¥ fd3r§d3p e- P%mak☐T =¥ ⇐MAKBT)

"

V -so

Far point particles Az we need that the energy is now

since there is the bonding energy Dslp ) = P÷m
,

-

?
So

QIB = qtzfgdsr.gg?pe-FhMBkBT+#kBT--V-ys(zu-m,zkps-)%e%BT



e
We can assume MB = 2mA I

2m

*⇐ = :-. '÷÷÷¥÷÷"=÷%÷"÷ñQÑ

= z÷y3e%BT with D= (¥↳,j" the thermal
so wavelength

%÷=g¥
Now for the system to be classical

,
we must have z ⇐ 1 (Notes 3-8)

ZQ ,
= N ⇒ 2- = Ng

,

= ¥-7,3 ⇐ 1

If we also have KBT ⇒ A-
,
so that e°/£13T = o (1)

,
we can

expand the square root to get vast = It {

NIB " ¥¥↳T
= 2e¥%÷±y_ → 1 for * ⇐ kit

In this case NA ⇒ NB

But if KBTKD , so that N¥e%BT → 1
,
then we have

NF-p.tv?Ieh.-i----zEiYnI-?- ← I

tn this case NA ⇐ NB

So when kids> A- , the
thermal

energy tends to

break apart the molecules Az and so NA → N§

But when k☒TKD ,

the thermal energy is too

small the break apart the Az ad so NB ⇒ NA



⇐
3) ID fermi gas , non- relativistic Ek=tI¥

spin degeneracy gs=2

a) The umber of single -particle states, per unit volume,
is given by
G (e) = t.gs 2¥ with k=zI÷M

The factor of 2 is because for each ok = 2¥
E there is the and - k

.

GCE)=t2EÉ-i,fm÷T = ⇐ iTE=
Then the density of states is

gce)=d÷=¥Ej2÷¥

gñ=÷i%=e
b) m = ¥ = f§É goes = GCEF) at -1=0

n=¥fm¥== ⇒ q==Em⇒?Ém
c) At finite -1 , P= -

T.sn

But since A- = E - TS
,
then at -1=0 we

have
p= -KID ,, n where 1)→ L

hi ID
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To compute ¥ at -1=0 we have

E- = [Fae geese =

¥ FIT f¥e Fe
0

312

E = ⇐ IF :* =¥i-÷ÉKñm⇒I÷]%
= ¥f÷T3E÷i¥→ñ
= ⇐ Em :(¥1T - ¥÷iaÉ

⇒ E- = :?m ¥-2
so P= -¥⇒☐n=II.LY?p--gImIJ--zE
d)
At F- 0 , Ef Mx = my

= 0
,
then the

parties will fill up to energy Ep of pact /b)
so that we don't fill up the state with m×= 1=1
or my

= 1--1
,
we need that

EF £ ¥-2m 4¥12 ← lowest energy.
of a state with
Mx or my -1-0

The argument is the same as in 3D.
Theumber

of electrons/volume that are excited at small

finte T are those within KBT of EE, in g(EF) list

They each gain an energy a kist, so the total

change in energy/voline is GEF)(RBT)
2

2 = E =↳(9(5)(k)T=



now glEF)=d
so g(Et)=

so

Cre 2g/dt) kiT

ET



d)
At T= O

, if mx = My
= 0 for all occupied

states
,
then the particles with fill up to

the energy EF of part
(6).

So that we don't fill up the states with

Mx = #1 or My
= #1 we need that

EF<h lowestmea
state with

my or my # 0

So GF =(In)2h

=>

#4W
If 1 = - is the average spacing between the

particles , then

Eve

e












