
HW # 7 Solutions Problems 8.1
,

8. 2,8-4,8-5
-

8. 1)

In general ,
he can express a mixed state of N particles with a

density matrix

p=§ ,

Nnitxikxilwhen Hi ) indicates the ith state
,

when W ; particles an  in this

state . The "

n
" refers to the number of mixed States that

make -

up the system .
Tor this problem then an two States

,

which I will devote by 19 ) & H
,

when It > denotes

electrons Polarized in the direction  of the beam & H denotes

electrons polarized in the opposite direction .

⇒ p= f 14 > ( Tl + ( l - f) 1-7<-1



8. 2)

Section 8.5 steps  us through most  of the derivation  of  ideal Bose
& Fermi gases using micro canonical ensemble theory ,

so I will

just begin when they left off
.

So let's start w/

£ = §gi[fEip¥y=±encttzerei )] Huang 8.48 )
Fermi( )

A
Bose )

Additionally ,
since  he know

< ni > = I H = Fermi

z
- ' eftitl f) = Boson

We also have

<

E)
= §gieihi

 = § gitiz- left it 7

For the purposes of this problem g ;=1 .
To solve for the pressure ,

we Consider that

P= - ( ⇒ ) & A  = u - TS = < E 7 - TS

⇒ At

Ez÷#i±
-

Effete
,

-

ftp.t?fthtaftzettijfA=Ez.keTpln+#=ktln(l+zePeD=kTlnz?*ed=qln(l+zePei)kT

x
N

= Nktluz

I
§ lh( I ±

ZEFDKT



As V → A
,

we
 can  consider the continuum limit

.

For Fermi statistics
we get

A  = Nlnz- Vq§4tp2dpln( HZEBPKM )I

KT

Then we can take the derivative wnt V to get the pressure ,

but we must keep in mind that Z is a function  of V

⇒ Pg =
- ¥ off+4nF§ pzdplntltzettihm)+

t¥Vfep2dpz.ie#km1 (Frt)
#

So the first & last term cancel ,
so that he amik @

It = 4¥ § pzdpln (1 + ZEPPKM)
1 don't know if this is explicitly stated in the book but  the chemical

potential is essentially given by
µN= G - Gibbs free energy

: . Ndm = Vdp - SDT for N held - constant

⇒ ¥

LIFEEat
=

¥¥⇒ If = 4¥ § dp F zieba

We see that these expressions match ( 8.67 )
.

We can use

a similar Process for the ideal Bose gas



For Bose statistics
,

he first Split  off the § = 0 contribution
,

since  in

the limit p  → 0 & z → 1
, ln ( 1

- zettp ) diverges & therefore
can dominate contributions To

'

the free energy

⇒ Fett = Nlnz t lull - 7.) + Vq§4tp2 lull - zEB%m)

However
,

we see that
,

because of the 2nd term we will not get
a cancellation  of  all dz/oV terms after taking derivatives

wrrt . V . So l ' 'll highlight a different approach , Instead beginw/

N= § Fifty,

=

Iz + h¥§4tFd Peter
using the same logic asbefore

. Immediately he get

I = f- ¥ + 4¥ ! pdp utan

Recalling that
,

= ÷fg÷),

⇒FEFE 'F
*

⇒ ¥ =

- 4h¥§dpp2ln( tzeppkm ) - thru - ⇒

We see that this is the same as 18.71 )

* Technically there is a constant  of  integration that depends on

temperature,
but you could show that it doesn't contribute .



8. 4)

Solution is given in the book



8. 5)

(a) I will start  off  with Boltzmann statistics
.

The energy lack  of
the Quantum Harmonic Oscillator  is given by

Eu = ( k + YDKW

Therefore we can write the partition function for  a single particle
Using Boltzmann statistics as

Q
,

a § I Pen 
= £pwkFesawk

=

Zsinthcfhwk)

For N - independent l indistinguishable ) QHO 's
,

we have

Qw = Nt Qin

: .
t£= E. zn Qw - EE GnQ#n =

exp [ ZQ
, ]

> lnF= ZQ
,

= 2
Zsinhlphwk)

(b) To address the Bose statistics
, we go the usual route of

writing the grand partition function as

-2 = Ifo

n§gzNetE"
" M where E[{ his ]={ ekhk

Enbe N

a

= E E e×p[p§nktu - Ek ) ]
N=o { nw }

ENEN



a

£= .EE?nnTexPFfnukk-N]

Recall that we can rearrange the products & sums as

Note that  if  he used this sameF. = In §oeXpfBn(Ek-µ)] processed Boltzmann Statistics
,

he  would have an  additional

= IT 1- factor  of Yn ?
,

which would

k | - e- µGoµ) give Us the same answer

⇒ ln£=  - §oln(| - zepiawchty. , )
as before


