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Rotational symmetry; problem(H) looks same i n
1×1%7) o r ( x ',y',#) words.

e .g . r s # y 4 t = X y z
High level goals:
-what's the notation symmetry

group?

(generated by angular
momentum)

- n o n -
commmutative (non-Abelian) group
(symmetry-enforced degeneracy H)
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y ' = c o s(Itty-sin(801x = Y-fo-x.÷÷t÷→÷.:÷÷÷:÷÷
÷"

" " s o ,

what operator takes y (x ,y, #→ y (x ',y ',
z 'l ?

? Ya y , #↳ y ( x x80-y,
y-to-x,z )

80 small...
= 44,yet)+80.[y}f-x¥,]44 ,yet)t . . .

But -it#=p,
- i t¥,= p ,

Y'¥T¥Ep,
=-iglxpy-Yp*)

= - i fL z (z-angularmomentum)
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There a r e 3 independent generators o f rotation:

↳= ypz-Zpy

↳= xp,-yp,

Claim a " rotation unitarytransform...

Ly :Epa-XPz o f theeform:

one:÷÷÷i÷÷÷÷÷÷÷.
(non-commutative) U,Uz1=024

Example: U,=eiNx/h, Uz=eiB4lh , a ,p u t

4%1+1%4 (Taylor expandexponential).

UiUzIUzUi4VzviIqf@tiFx-
Ti.lI-¥41... ='t- FILI, + ¥¥gt..-

¥1
Vivzvi'Vi':L? 2×2*-4,4=[1×4]:i h l z



4 ' " ' 'I:{'Ii's?}
rotation group i s n o t

[Ly,Lt]=ihLx commutative
(non-Abelian group).

QM'. [H,Ulrotatio; [H,↳1=0
[It,Ly]=0i€÷¥÷¥oH.ec's:

blocks a r eIIfIiIiT.Ij@it.aaeairrea
ncinererre.nt.Know that [ I t ,↳3=0?

only i f Ez=Eq.'
"4=1/1451,5%1791..} this matrix-0



5 Example: y(x,y,*) I z.f(r) i s e-function o f H

pz-orbital: Rotated µ mustalso be e-fundtion

(cosoztsintx.br) 0 r o t .i¥¥§¥
¥×

144%2-1:{" A "
900rot.

[fora n y 0 , this must be eigenfunction.
. . . o r , y(x,y,-2):(cosaztsina-Y) fo r ) . . .

End:"IEEE.tl#oEIl:.EI.l.

3 -fold degeneracy = p ,orbitals (KI) ,



6 K c1 5 : Irreps classified by
[ "-2×4444=+21141)
orb¥: l=0,043µ

3 -dim irrep: (III) i s l o l .
Here ↳ = [to

o %-8,] (after basis
rotation):

(f)=xt'¥f ; (%]=zf i (E)=×¥t.
eigenfunctionslirreps o f rotation:

{Yem,fixed l , mi-l,-1+1,...,e} irreps
o f

rotation.

rotationsymmetry: HYem=EeYem.


