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APPENDIX TO LECTURE 31
-

UNITARYTRANSFORMATION OF STATES
AND OPERATOR
-

A unitary transform
operator maps stateson

effectedbyaunitarya
another.
: / = 17 -⑪

where both [K>3 & [1293 are
& basis sets for the same Hilbert space.

= [1,Xi = -
i

& KiXil
= 5 -③

& (i) =Kili) = Uji
-①
1

Consider

IIIE) = [YKXE
= Si)(ii)-⑤

Also

(E) :<XI) - 0
]= <Cil-O



The coefficients of ItL in the Kil basis
If

set are the same as the coefficient
of /I] in the 17 basis.

-the entirerotalunytoThis is equivalent
E

same

space li ↑way . · IEy *

Now consider an operator.
-1)= ILet

1) =(())=r(CEL]
3-9

= I
is. if 141
mir (E) -- 103 ⑩
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operator, braurform underHow do

spatial rotation?
Now
, Ez(t)(x,y,z) = x(x+ ty ,y
(n - (i) (+ ty , y-Ex ,z)

~ a (x+Ey , y-+u,z) + 0 (th
Aso
, 8(t)(xyz) = Es (+) (,y,
= 1x+y , y -Ey ,2)-

Dell)
SinceI o line for

any bet 1x,y,279, we get

&)-



1112 = (H) Ft) = Y-e
z=(e) =E E

& The same relation hold for
this

components of the momentum esstor

E .

of F = ( , Y,)0v = (2 ,Y,z)
-

then
= ( - (y)2 + (y+ +2)+ z

= n+ y 2+z + (2(2+ yz)
~ 325+E + +(EY

--



=>E remains invariant

under ti infinitesimal solution

same is also trueof
Consider the Hamiltonian of a
central potential problem-

F
(2) METC) =
Z

+
=>V

= ()=



That is
,
the Hamiltonian is invariant

under an infinitesimal z-rotation &

For that matterSie familtonian
C

es invariant under an infinitesimal
-- about any axis.

Thisrolation
is because we could choos any

- &

orbitaly direction as Z-axis swee
the Hamiltonian -has noitself
preferred direction.

⑨
- * [z)( + i)

=
=>- [[z,] + 0(z) = E

SEzF] =0-=> Cuplo2))
Since His rotational invariance is

true of all ares , we
also have



[Y
,
] = 0 -

Then, the threfest theorem implies
that d <E)

=o
-⑰

It

and there are "good" quantum no .s.

associated the angular momentin
That is - & I share a common
set of eigenstates.

However
,
snice the componentsof

do not initially counte, only
one component can be chosen to
provide a quartium number

-

sumillancounty witt energy eigenvalue
.

Moreover,

[535] =[,52)



= &[p[,] + <p ,5)50)

-it Ear(
+ -p)

= i[Ep
+ &Evpjo)

cswilched
vop wi

He second
Lin ,

= it [Ear [5-55) =0
2 Evap = -Epco)

is 15?a] = 0⑬
te . Angularmomentummagnitudesquarea



So we can know the magnitude of
the angular monculim along with one
-

of its components simultaneously
-

with arbitrary precisions Usually
eu z-component is chossen .

For him obital A .M . the means

[[[n] = 0 9= 4, y ,Z

It's easy to show
that mice

[EcF]=o we must also

have
[E2
,#] = &[H] =0

↳& share a common

rigendates . Ina Ty remain
toetain

This situation is

depicted inm


