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Problem 1

1. We will treat the system as a system of N independent particles, where the
possible energy of each particle is mB or —mB.
The partition function is defined as Z =Y, e Pf« and B = ﬁ
Since the particles are independent we can calculate the partition function
for each particle 3. The total partition function would be Z = 3".

3=e PB4 ePMB — 2cosh(BmB)
Z(T,N,B) =2" - cosh" (BmB)
2. Using A= —KpTIn(Z) we find
A= —KgTIn(2" - cosh™ (BmB)) = —NKgTIn(2 - cosh(BmB))

A=—N-Ky-T- (ﬁmB+ In(1 +e<‘25m3>)) — (NmB—i—NKBTln(l +e<—2ﬁm3))

Using §=— (%)NV we find

2NmB
— (=2BmB)y . VR
S = NKgln(1+e )+ (15 o)
Since A=U—-TS we get
2NmB



Comparing the results with Hw1 we see that we got the same
expressions. For U we got the exact same one.
For S we got

r=oam (e () ()0 3)

N 1 e~ 2mBp
W = e2mBf +1 = e—2mBp +1

where

So it can be easily verified that the two expressions are the same.

. The total energy U is given by the particles with energy mB (written Ny)
and the particles with energy —mB (written N|) so

2NmB
. (1+ e2BmBY — NmB = NymB+N|(—mB) = (N; — N ) mB

Therefore
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m

Results are identical to those of Hw1.

. We will now calculate — (3—2)
TN

2Bm 2Nm

1+ 2BmB — (1 + ¢26mB) —Nm

(%4~ _NmeNKeT
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obviously M(T,N,B) = — (%)TN'



Problem 2

1. Following the same routine from question 1, we shall calculate the partition
function of one harmonic oscillator and then raising it to the power of 3N we
will obtain the total partition function.

The energy spectrum for a one dimensional harmonic oscillator is given by
E, = (n+1/2)ho, thus

e Bhomr1/2)  —B S Bhon
=0 n=0

n

37 o bho

1
3 = - -
2sinh (MTCO)

z=3"= (2sinh (ﬁr;») > -

2. Following the same path we shall find A and derive § and U.

ho
A= —KpTIn(Z) =3NKpTIn (2sinh ([32>>

JA . Bro 3Nho Bho
S= —57 = —3NKgln (251nh< 5 >> + T cot < > >

Nho 1

T ebPho_|
Once again simple mathematics will reveal that the expression for the en-
tropy is the same as the one in Hw1.

S=3 — 3NKgln ( - e—ﬁha’)

U=A+TS

In <2sinh <[3Z(">) = %ﬁh(g+ln (1 fefﬁhw)

3

Using



We get
U= 3NAh® 3Nh®

2 + ePno _ 1
and you guessed right it does fit the results of Hw1.

Last thing to do is to calculate the heat capacity givenby C, =T (3—}9)

<as> <8U) 3N (hw)?ePme
C=T(=] =(%=] = .
T ) yy T /Ny KpT2 (eBho —1)

Well so far theory and practice go hand in hand.
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