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6.1 N identical spin % particles in a one-dimensional simple harmonic oscillator potential.
a) What is the ground state energy? What is the Fermi energy?
1 particle: (n + é)hw, n=0,1,2,...

2
p(E)= 14 o(E—Bn)/AT

. 1 3 N 1 N 1 _J 0 if Neven

N2 hw if N even

4
Eo= :
’ <<N‘” +§)hw if N odd

N even:

N odd:



3.20 Add j1=1, jo=1 to form j=2,1,0 states |j,m) in terms of |j1, ja2, m1, m2)
lj1—Jol K J<ji+Jja, m=mi+mg h=1
|++>a |+0>a |0+>a |0a0>a |0_>a |_+>a |_O>a |__>

j=2m=2) = [++)

Jelj.m)y=y/(GFm)(GEm+1)[jm*E1l); J=Ji+J>

J-12,2)=(J_1® Ja-) [+ +) o< {[0,+) + | +,0)}

|2,1>=%<|o+>+|+0>>
1
J_|2,1>=(J1_@J2_>ﬁ(lo,+>+|+,0>)o<|—,+>+|0,0>+|0,0>+|+,—>
1l -
2,0) === +) +20,0) +]+,-)

J-12,0) | =,0) +2(] =,0) +10,—)) +0,—)
Jo2, -l |—,=)=[2,m=-2)
j=1L |171>5|150>7|1771>

|1a1>:a|+’0>+b|05+>

(21L,1)=0 = |1,1>=%<|+,0>—|0,+>>
JL ) o<|+,+)—|+,4+)=0
J*|]‘71>O(|0ﬂ0>+|+77>7|7ﬂ+>7|070>:|+77>7|77+>

1
|1a_1>:ﬁ(|0’_>_|_’0>)

0,0)=al+,=)+0[0,0) +¢[—,+)

(0,0|0,0>=1
(0,0|1,0>=0
(0,0|2,0>=0
1
|O’O>:ﬁ(|+a_>_|oa0>+|_’+>)

6.5 Consider wealky interacting bosonic particles.

a) Suppose the space part of the state vector is symmetric. Construct the normalised spin states
in the following thre cases:



1. All three in | +).

Two in |+ ) and on in |0).
All thre different.

L) +H)+). j=3

w

2. %(|+>|+>|0>+|+>|0>|+>+|0>|+>|+>). j=3. J_|+++)=...

3. %(|+>|0>|—> + 10 +) =) + [ =)0 + [=)0)+) + [0)]=)+) + [=)+)]0)).
J=Ja+JIp+Jc

b) Same as in a, but the space part is totally antisymmetric.

1. —
2. —
3.
1
U0 =+ =0 10— ) 0+ =)+ = +0)~ -0+
m=0, (j=0)
o)



