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Solution #6

Question A:
Consider two identical spin-12 fermions in an external harmonic oscillator potential. There
is no interaction between the fermions. Write down the eigenstates of the energy for the first
three lowest energy states. Make sure you include all states with the same energy.

Solution:
For particles in harmonic oscillator potential, the eigenstates are given by:
E,=(n+3),n=0,1,2..
Un(w) = (B G Ha(E)e™ 5,6 = /5
Composite wave function for fermions: ¢_(ri,r3) = \/Li[iba(r_i)qbb(r_é) — U (71)a(73)]
Thus, from simple calculus, we know the first three lowest energy states. They are:
Ground state, £ = Fy + E; = 2hw, ) = %[wo(r})iﬂl(ré) — 1 (71)0(73)]
First excited state, £ = Ey + Ey = 3hw, ¢ = \/ii[wo(ﬁ)wl (13) — 1 (ﬁ)wo( 73)]
Second excited statesl, £ = Ey + E3 = 4hw, ¢ = \%[@bo(ﬂ)@bg(r}) W3(71)10(732)]
Second excited states2, £ = E) + Fy = 4hw, ¢ = \%Wl (71)12(73) — 1o (77) 1 (r2)]

Question B:
See Griffths 5.31

Solution:
From Eq. 5.113, £ = [* p(w)dw = L5 [17 e% [ dw. Define z = 7, then:
L= B (Y 2y = —(%) T(4)¢(4) = 25'“;‘;;‘ ~ 7.566 x 1071674 (L)

Question C:
See Griffths 5.32

Solution:

2
[n) = Yu(z) = (22)3 A= Ho (e 5,6 = /T2
<x>0 <.Z‘>1—0

< 2?2 >0= fo % z? Yodx = <0| 2 |0> = 2mw
< $2 >1= fooo @ZJ}L 12 ¢1dl‘ = <1| 2 |1> = 2?7:2)

< T >o1= <0| $|1>:\/n21—z

(a) From Eq. 5.19 = < (z; — 2)? d:—w—i-%—O— 20
(b) From Eq. 5.21 = < (x1 — x9)? > mz} = L
(c) From Eq. 5.21 = < (1 — 29)? >_= % + 52 = %



