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We calculate

(I,m, |L2+ [ Lmy)y = I (= my)(L+my + 1) (Lmy | L | Lm, +1)

= hz((lfmz)(l + m, + 1)(1= m, = 1)1 + m, + 2)”25

mymy 2
and

(Lm, |12 | Lm,)=(l,m, \Li [Z,m)*
which is easily obtained from the preceding result by interchanging m; and m.

The remaining two terms yield

1 S i >
E(l,ml | = L) [lmy) = > U+~ m3)5,, .,

The remaining calculation is simple, since

(L, \Lf [Lmy)y = (I,m, |L2 -





image8.png
7. Consider the H given. The angular momentum eigenstates | {,m) are eigenstates of the

Hamiltonian, and the eigenvalues are

(D)

E
27

+ahm

with —( < m < (. Thus for every value of ( there will be (2(+1) states, no longer

degenerate.




image9.png
10. The expectation value of the energy is
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For the + eigenvalue we have # = -iv , s that the normalized eigenstate is y, = 73 (]
L

The — eigenstate can be obtained by noting that it must be orthogonal to the + state, and

1
this leads to y_ = 713( ) .
'’

2, We note that the matrix has the form

0.cosa + 0, sinacosf+ o sinasinf=cen

n = (sinacosf,sinasin S,cosa)

This implies that the eigenvalues must be = 1. We can now solve
( cosa sin o@””\(u] [u]
=4
Lsin ae®  —cos aJ v, v
For the + eigenvalue we have u cosar+ v sine™ = u. We may rewrite this in the form

.a a La
2vsm3 cos—e :2usm’3

From this we get

The — eigenstate can be obtained in a similar way, or we may use the requirement of
orthogonality, which directly leads to

a)

(e”"’ sin;
17 :L = J
—cos—
2
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5. We first need the eigenstates of (3S; + 48))/5. The eigenvalues will be + 71/2since the
operator is of the form Se n, where n is a unit vector (3/5,4/5,0).The equation to be
solved is

Z(ézr +40) —+I'
5902 e

In paricular we want the eigenstate for the —ve eigenvalue, that is, we want to solve

( 3- 41\

w0

3-4i
This is equivalent to (3-47) v=-5u A normalized state is 7—( J

The required probability is the square of

3-4i 1 X 1 .
Fe! >7'( -9 a-s

This number is 65/250 = 13/50.

6. The normalized eigenspinor of S, corresponding to the negative eigenvalue was found

1
in problem 1. It 157-( ) The answer is thus the square of
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which is 65/130 = 1/2.
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4. Let f(4")= lec" (4")". We then use Eq. (6-47) to obtain
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15. The eigenstate in A|o> = o> may be written in the form

la)=1(4")|0)
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It follows from the result of problem 4 that the eigenvalue equation reads

FACS)

A 0=

10)=af (47 |0)
The solution of df (x) = aflx) is fix)=Ce™ so that
lay=Ce™" [0)

The constant C is determined by the normalization condition <ao> =1
This means that

@) (_d)Y"
H\dA*)

|2n

1 d g’ o
Ol 0)= Z 10)

> lelo e o - Z'“ = et

Consequently
=2

‘We may now expand the state as follows

(@)= 3 @)= T |0 Zmce 1)

:CZ|n>J—<0|(dA+) e

=

The probability that the state |o> contains » quanta is
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This is known as the Poisson distribution.
Finally

(@|N|o)y=(a| A d|a)=a*a=|af
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3. Weuse L, =L, +iL to calculate L, = 3 (L, +L); L,= E’(L’ —L,). We may now

proceed

1 1
(Lmy|L, |Lmy)= E(I,ml | L, |Lm,)y+ 5(1”"' |L_|1m,)

{Lm,|L, |I,mz):é(l,ml | L |I,mz)7é(l,ml |L, |Lm,)

and on the r.h.s. we insert

(Lmy |L, | Lmy) = (I =mp)(I+my +1)6,

(Lmy |L_|lLm,)= h\l(l‘f’ m)(I=m,+1)3, .

. 1 i
. Again weuse L =— +L); .:i L_— L) towork out
4. A 3 L +L): L, 3 +




