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La) We have [21) |3 3) = /413 8) = /313 D and 21) |3 = 3)= 23 5+ /213 )

and since [{,) = (]1.) — [{.))/v2, we have [21) ||.) = \/7}%% —\/7 %%>+\/%}g %>+\/%‘%%>
So that we have probability (4 4 2)/10 = 0.6 for j = 5/2 (measurement h*5/2(1 + 5/2) = h?35/4 )

and probability (1 + 3)/10 = 0.4 for j = 3/2 (measurement h23/2(1 + 3/2) = h*15/4 ).

(b) Since L, = h and we have equal probabilities for S, = £h/2, we have probability 0.5 for J, = 3h/2
and 0.5 for J, = h/2.

(c) Since J, = 3h/2, we must have m = 1. We are given that the energy state is n = 2, so [ = 1 is the
only state that can have m = 1. The energy state of the electron must be |2 1 1).

2. Initially, the electron is in the ground state of the Helium potential, with the wavefunction given
by (7t = 0) = 2(2/a,)*?exp(—2r/a,) |0 0). At time t = 0%, the potential is that of a single proton,
and the eigenfunctions are those of a Hydrogen atom. We can expand ¢(7,t = 0) in terms of the new
eigenfunctions: ¢(7,t =0) = > CumRn(r) |l m). The coefficient |cio0|? will give us the probability that
the electron is in the ground state. We can find ci90 = fOOO dr r*) (7t = 0)Ryp(r)

ro0 = 2(2/a0)22(1/a )2 [ dr r2 exp(—2r/ag) exp(—r/ag) = 4- 22 [ dr fa, (r/a,)? exp(~3r/a,)

cro0 = 4 - 2%/2(2/27) = 164/2/27 so that p = |ci0|> = 512/729 =~ 0.7

3. (a) Eé(l)) = o [wi(zy)ul(z2)[af + 25 — 2z1@0)ue (@1 )up(xe)dr 1 dre = 200 < 22 >40= ax2/2

(b) For total energy to be 3hw,. we can either have both particles in n = 1 or one particle in n = 0 and
the other in n = 2. So, that energy is two-fold degenerate.

(c) The degenerate wavefunctions are ¥, = u1(71)u;(22) and Vg = [uo (21 )uz(2) + ua(21)uo(22)]/v/2.

We need to find the matrix elements

Voo = a [ui(z1)uf(ze)[2] + 25 — 2z120]us (21)ur (w2)dardey = 200 < 22 >11= a3z /2

Vig = (@/2) [lug(z1)us(ze) + ug(@n)ug(z2)][2 + 23 — 22122 [uo(1)ua(22) + uz(21)uo(22)]dzr dzs

Note that < z >, and < z >, averages are zero. Also, < x? >,,= (1 + 2n)z2/4.

We then have Vis = (a/2)(< 22 >, + < 22 >99) - 2 = a322/2.

Vap = (/V2) [uj(@)ui (@) 27 + 23 — 2129][uo(21)uz () + us(w1)uo(w2)]daidas

Now note that averages < x? >19 and < x? >15 are zero but < z >19= x,/2 and < x >,= V2z, so that

Vap = (a/V2)[-2(V22,)(2,/2)] = —

3/2 —1
~1 3/2

2

The corresponding matrix is aa? with eigenvalues az?(3/2 + 1)



