
volkos
-

Leslie 33 : Differential equ& eigenfunder↑ forOrbital A.M.
-

-

Matrix elements of Angular momentum-
ladder spersis
-

↓ 1j .m=m t (j , mi =1)Let *
-O

=Tim = Jim, 15- Jilim>
-②

where we have used

5= 5 -③
We saw that=-E

-
:

Elim; = Sim)-Alin)
=>Kim, 12= [0+ 12 - mp- mj}

=> Gm
,

=(i+) - my (mj+1)
-⑤



111 we can show that

-
-

Cimj = (H) -milm, - 1)

-

·
-

& Him) =-(i+ -mj(m, = 1) -0
1j ,m;11)

Since [15,Mj7] are simultaneous

eigentets of F2& Tz ,(both Hermilian)
we have that

Sim;
' l j .m> = Gjjl Gym!

Noting this , we can write down -

Sim;'llin) -

=>/j(j+) -mj(mj= ()GjjI , Sm, m,=1



&

The A .M . vector lies on thiseupace

of a love
about til z-axis.

Z
↑

↑ ↑
Nit↓

t

-
[

sinh
-

↑(-1) y

↳

I/
N



Eigenvalueproblem of It .
Now
, e(t)=-
Consider position kets in spherical
polar representation : 9 1r ,0,473

Dz(t) 1 r
,
0,4)

=10, 0 , 4 +ex-d
·( = z(t) cunitarity

-
we have

(00p/Dz(t)
t

= (It (roy)
= < +

,
0
,4-el-



= (roy()() caricat

=> (r
,
0,y - + 15) = F(r, 0,y- t)

~ F(roy) --
-⑬

From G we also have

<+
,
0,y/()(E]
- <roel ( * - *E) (E)

= Eray) -- CroyIEE
-

Comparing& we have

(r,0.4/[z (E) = -iFr,⑮



⑮ is live position space
representation of sin action of Iz

-

on a site 1[]

↑ (0,0,4) E-in &E(r,
0,2)

24 ⑯
: If IE) = 11me> (obited Am

eigenstate)
↑& Frod is the

conependy
wavefunction thin we get from
⑮

-it(voy) =my
-⑪

Since⑰ only determines I dependenc
we can write

Femelroy) = f(ro(4)eme me

-



: We have
:

& (4)
= imMe

dy

=>(4) = Aeim
me =

0
,
11
,
12...
Il

A is determined by normalyali271

[Fmc/Eme7 = 1A1/dyleimp
=> IAE. 2 =1

=> IA) = A = "er-e

:(4)ein
Me= 0, 11,12,.El



Note that
, by itself ,⑲ doesn't

-
Me
.

The single-valued nessquantize
-

& I me will restrict me to integral
values. The equation ,will further
restrictImel - 1. We have

&used this information from the algebra
do before .

A simple model problem where ⑭
-

corres in handy , is that of a
particle on a Ring of radius R.

If the Ring is in him my plane , thiem
the only angular momentum O Le

The classical Hamiltonian for him problem
is

H = m+y)
= du/t , Y =d



Er,=Mr -

Vroe-Eimmx= Rc+

y = Rmiy
2 =- rsin if=>
a

y = R cay i

& H = &R (sing+wrpi
Imari

&
-

wY- angular velocity
rotational velocity v = Ru -

H =mulZ

= vz/2I -



where Lz = mvR

I = mR2 promentmeshed
Thus , His quanhim counterpart

--

of this Hamilloman ↳

1

H = 2/22-
=> [2 , H] = 0 -
Thus
, they have simultaneous

eigenitalis · : eigenstates of
↑ are [Ime]] Me = 0 El ,12...

=> Ime]=
= me-



=> Eme = whh me=0,11,12..

O- 32
areliv allowed energy egenists

Note that here [ = Eze
: there is no restriction of me
Thier than the integrat values.

EigenfrunchieasD eineecan show that (HW)

-⑭


