
Physics 115 B HWK 3 Po⑧
① (a) 411m> = ✗

+
Him) Il m -11>

Inner product of both sites :

Hml L - L + Ilm> =/✗+ice mall ma)
since L

-

L
+
= K - iz th Lz

ell-11142-him +tim = 12+1
'

where I also used the normalization Am /em 7=1 our
<emtill M-11> = I

thus
, up to a phase ✗+14m)=hÑ+-mlm

Similarly taking inner products of both sides of
L
- 14m> = d- Him) Il m -1)

and using 1+1=12- LI - IL z we find

ell-111 ti - him - him = 12.5
which leads to d- 14m)=_hTeieitmlmT
also up to a phase



② (a) Do it using eigksymboe
PG①

Using Lz = Eijz ✗ i Pr

[↳ ✗if = EiggXi [B ✗If = - ihcfk Eijz Xi

[↳ ✗if = - it Eikz ✗ i
k=1 ⇒ [↳ ✗ if = - it Ei , , Xi = + ihxz = + it y
k --2 ⇒ [↳ ✗if = - ih Eizzxi = - ihx, = - ihx
k=3 ⇒ [↳ ✗

z] = - it Eizzxi = °

Now the commutators wilt momentum

¢3 Pk] = Eijzii B B) = Eijzpgffi Pk]
[↳ E) = Ein B its sik = it Ekjz B
k --1 ⇒ [↳ Pif = it Ey, P,

= ihpz = ihpy
R --2 ⇒ [↳ pig = ihezgzpg = - ihp, = - ihk
R =3 ⇒ [↳ B) = it Esp D=

°



paging
(b) [ Lz 4) = [ Lz ypz - 2-B) =
= [Lz ypz] - [Lz Zpy) = Lzypz - ypzlz - Lzzpy# ZR, ↳
Bolt 2- and pz commute wilt Lz - Thus

[↳ Lx] = (↳ y - y4) pz - z Kz Py - Py Lz)
= [Lz y] Pz - 2- [Lz Py) =
= - it ✗ pz - z 1- itE)

[Lz 1×7 = ih HE - ✗ pz) = ihly

[Lz Ff = [Lz ✗if + [Lz F) + [Lz E) =
= HEH + ✗ [Lz if + y [Lz y] + [↳ Y] 4+2-[42-71147]7
= it (y✗ + ✗y - Y✗ - ✗ y to to)

[Lz F) = 0

Similarly [ Lz pY= * Iz A) + [Lz A)At RitzRD
+ [4- RDR, + [↳ B)B- +Pataki



pg①
(↳ B) = it ( Pxpytpypx - Py A-Apy to to )

[↳ f) = 0

③ let's look at E component by

(a) component

dI = ¥ LEH Li] >
EH Li] = Em [P

'

Li] + [V L;] = [V Li]
me

4This is zero from the

previous problem
[V L ;] = [V Eight# =

Eigkx, [V PK]
[v Lif 1- it Eisk 's ¥

,

-

- it [5×8-7] ;
¥Épneut of F'✗ÑV



Thus Ivi] = it IF ✗ ÑV] pog④
using the definition of tongue

Evi ] = - its Ñ
Since [HE ] = I]

,
[Hit = - ihÑ

d¥¥= TH ik e Ñ>

(b) In spherical coordinates
év=¥ñ+f¥•ñ+÷ns¥T
If WE )= Vcr)

,
ie spherically symmetric

then Ñv=dgYr - Then Ñ= - FxÑV=o


