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6.1 N identical spin
1

2
particles in a one-dimensional simple harmonic oscillator potential.

a) What is the ground state energy? What is the Fermi energy?
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3.20 Add j1 = 1, j2 = 1 to form j = 2, 1, 0 states |j , m〉 in terms of |j1, j2, m1, m2〉

|j1− j2|6 j 6 j1 + j2, m =m1 +m2; ~ = 1

|+ + 〉, |+ 0〉, |0 + 〉, |0, 0〉, |0−〉, | −+ 〉, | − 0〉, | −− 〉

|j = 2, m =2〉 = |++ 〉

J±|j , m〉= (j ∓m)(j ±m + 1)
√

|j , m± 1〉; J = J1 + J2

J−|2, 2〉= (J−1⊕ J2−) |+ + 〉∝ {|0, + 〉+ |+ , 0〉}

|2, 1〉=
1

2
√ (|0 + 〉+ |+ 0〉)

J−|2, 1〉= (J1−⊕ J2−)
1

2
√ (|0, + 〉+ |+ , 0〉)∝ |− , + 〉+ |0, 0〉+ |0, 0〉+ |+ ,−〉

|2, 0〉=
1

6
√ (| − , + 〉+2|0, 0〉+ |+ ,−〉)

J−|2, 0〉 ∝ |− , 0〉+ 2(| − , 0〉+ |0,−〉)+ |0,−〉

J−|2,− 1〉∝ |− ,−〉= |2, m =− 2〉

j = 1: |1, 1〉, |1, 0〉, |1,− 1〉

|1, 1〉= a |+ , 0〉+ b|0, + 〉

〈2, 1|1, 1〉= 0 ⇒ |1, 1〉=
1

2
√ (|+ , 0〉− |0, + 〉)

J+|1, 1〉 ∝ |+ , + 〉− |+ , + 〉=0

J−|1, 1〉∝ |0, 0〉+ |+ ,−〉− |− , + 〉 − |0, 0〉= |+ ,−〉− |− , + 〉

|1,− 1〉=
1

2
√ (|0,−〉− |− , 0〉)

|0, 0〉= a |+ ,−〉+ b|0, 0〉+ c| − , + 〉

〈0, 0|0, 0〉= 1

〈0, 0|1, 0〉= 0

〈0, 0|2, 0〉= 0

|0, 0〉=
1

3
√ (|+ ,−〉− |0, 0〉+ | − , + 〉)

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:
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1. All three in |+ 〉.
2. Two in |+ 〉 and on in |0〉.

3. All thre different.

1. |+ 〉|+ 〉|+ 〉. j =3

2.
1

3
√ (|+ 〉|+ 〉|0〉+ |+ 〉|0〉|+ 〉+ |0〉|+ 〉|+ 〉). j =3. J−|+ + + 〉=�

3.
1

6
√ (|+ 〉|0〉| − 〉 + | 0〉|+ 〉| − 〉 + |+ 〉| − 〉|0〉 + | − 〉|0〉|+ 〉 + |0〉| − 〉|+ 〉 + | − 〉+ 〉|0〉).

J = JA + JB +JC

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

1. —

2. —

3.

1

6
√ {|+0−〉− |+− 0〉+ |0−+ 〉− |0+−〉+ | −+ 0〉− |− 0 + 〉}

m = 0, (j = 0)

|α(i)〉
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