Chapter 4

Problem 4.2
(a)

h22

3/2
U(x,y,z) = (5) sin 4 ) sin( a y) sin( " z), E= W(nx+ny+nz).

(b) The energies (E) and degeneracies (d) are
FE1 =3¢, di =1, E9=06¢ do =3, F3=29¢ d3=3,

FEy=11e, dy =3, FE5=12¢, d5y =1, FEg= 1l4¢, dg =06,
where
h2n2

€= ——.
2ma?

(c) Eq4 can be obtained by ngy = ny =n, =3 orng =5, ny =1 = n,, etc. . Thus the
degeneracy is 4, which is a purely numerical coincidence, not easily viewed in terms of
physics.

Problem 4.9
The ground state wave function is
Asin(kr), r<a
Y =

Be™h", r>a,

where
k=+2m(E+Vy)/h, Kk=+V—-2mE/h,
B = Asin(ka)e™,

and F is the lowest solution to
cot(ka) = —k/k.

The normalization constant A is determined from

1=dn /OO dr 22 (r).
0

Problem 4.13
(a) (r)y=3/2a, <7“2) — 3a2.



Problem 4.14

a

Problem 4.15
(a)

U(r,t) = L e/ gemiBat/h,

V2rada?

Problem 4.17

(3) Vir) = -G,

(b) a= ol =234 % 10738 1
(¢) n =253 x 107
(d) AE =2.09 x 10747, X\ = 1 light year.

Problem 4.24

(b) The normalized eigenfunctions are just the spherical harmonics, Y,)". The degeneracy
is 2n + 1.

Problem 4.27

Problem 4.29

(a) The eigenvalues and eigenspinors are

h 1 1
5 (=)

(b) i% with probabilities %]a T ib|%.

[\



(c) E; with probability 1.

Problem 4.32
(a) %[1 + sin asin(yByt)]
(b) %[1 — sin asin(yBgt)]

(c) cosQ(%)

Problem 4.33

Boh (1 0
(a) H:—7B~S:—%(O _1>.

i(vBy/2w) sin(wt)
(b) x(t) = \/L§ (eei’(y'yB?O/Qw) sin(wt) )

(c) sin? (1% sin(wt)).



