HW#8

8.1
(@)
The system has two energy states (0, £) , the accessible states are below.
State number Description N Energy
1 0,0) 0 0
2 1,0 1 0
3 0, 1) 1 &

Thus, the Gibbs sum is

Z=exp(0/z)+exp(ul/z)+expl(u—¢)lr]
=1+ A+ Aexp(-¢/7)

(b)

<N > Ox1+1xA+1xAdexp(-¢/z) A+Aexp(—¢/7)
z z

(c)

Atenergy &, we just need the last term in the expression for <N>
<N(g) >= Ix Aexp(-¢/7) _ Aexp(—-e/7)

Z Z
(d)
The thermal average energy is
Ox1+0xA+exlexp(-¢/7r) elexp(—¢/r)

YA YA

<U >=

(e)
In this case, the accessible states are below.
State number Description N Energy

1 (0, 0) 0 0
2 (1, 0) 1 0
3 0, 1) 1 &
4 1, 1) 2 &

Thus, the Gibbs sum is
Z=exp(0/7)+exp(ul/z)+exp[(u—¢)lr]+exp[Qu—¢&) /7]
=1+ A+ Aexp(—g/ 1)+ A* exp(—¢/7)
=@A+A)[1+exp(—¢/7)]

8.2

@
We have the Gibbs sum is

Z =1+ A(0,)exp(—&, I 7) + A(CO) exp(—&, / 7)
When consider the system in the absence of CO, we have

Z =1+ A(0,)exp(—&, / 7)



A0,)exp(=¢,17) _ 0.9
1+ A(0,)exp(—¢, / 7)
= A(0,)exp(-¢,/7) =9
= exp(-¢, /) =9x10°
= —¢,/7=13.71
= £, =—13.71xk,T =-13.71x8.617x10°eV / K x310.15K =-0.366eV
(b)

In this case, we have
A(0,)exp(—&, /1)

1+ A(0,)exp(—z, / ) + A(CO) exp(-&, 1 7)
= J =0.1

10+ A(CO)exp(—&, / 7)
= A(CO)exp(—&, / 7) =80
= exp(~¢&, / 7) =8x10°
=&, /7=205
= &, =—20.5xk,T =-20.5x8.617x10°eV / K x310.15K = -0.548eV

0.1

8.3
@
From (6.4), we have
f (8) = 1
exp[(e —p) /7]+1
of 1
o —u)l]x1/
o {expl(e - ) I 7]+ 1 xexpl(e— )/ ]x1l 7
 explle-w)!7]
T{exp[(é‘ —ﬂ) / T] +1}2
When & = u, we have

expl(e—w)/7]=1
o 1
==
oe 4r

(b)



1 1
exp[(u+6—u)/7]+1 exp(s/7)+1
1 3 1 _exp(o/7)
expl(u—0—u) 7]+l exp(=5/7)+1 exp(S/7)+1
1 N exp(o/7) _
exp(o/7)+1 exp(o/7)+1
= f(u+5)=1-f(u-"25)

f(u+6)=

f(u-06)=

= f(u+d)+ f(u-0)=

8.4
(@)
The accessible states are below.
State number N Energy

1 0 0
2 1 &
3 2 2¢

Thus, the Gibbs sum is
Z=exp(0/7)+exp[(u—e)!lr]+exp[(Ru—2¢&) /7]
=1+ Aexp(—¢/ 1)+ A* exp(-2&/ 1)

The ensemble average occupancy is

_Ox1+1xAdexp(—e/7)+2xA%exp(-2¢/7) Aexp(-el7)+22% exp(—2¢/ 1)

<N >
Z Z

(b)
The accessible states are below.
State number Description N Energy

1 0,0) 0 0

2 1,0 1 &

3 0,1 1 &

4 1,1 2 2¢&

Thus, the Gibbs sum is
Z=exp(0/7)+exp[(u—e)/ r]+expl(u—e) !l r]+exp[(Ru—2¢&) ] 7]
=1+24exp(-s/ 1)+ A% exp(-2¢ 1 7)

The ensemble average occupancy is

_ Ox1+1xAexp(—e/7)+1xAexp(-¢/7)+2x A2 exp(-2¢/ 7)
Z

_22exp(—el7)+22% exp(-2¢/ 7)

Z

<N >




