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1 What is the Lie group SO(3)? What is its algebra?

S O( 3 )= {Me1123×3; Attn)=L, M t n= I }
43×3matrixw lrealchef

rotationgroupi n 3
dimension

classical example: Lagrangian
f o r (non-rel.)universe

b - §'Imki' - ,§.V;j(hii-x;D : L invariant i f

I i ' →Me;
sincelengthpreserved

L i e algebra sol3):generators (M-aokafciTMTMa-a.ci

M e 1-+ statad
last time: Ta's a r e antisymmetric

1-4--7=1%1%);TH-14=(1%18);TYETE(808,
90)

(TYTY]=TZ; [TY,-17]=T*; [TE,Tx )=p,→ angularmomentum



2 What is the Lie group SU(2)? What is its algebra?

SUCH:{Melfi": deta i l , MtM=1}
What's the l i e algebra? µ , 1 +

gooey@unkno
wn

generators

det(M)= de't(1+80'T): I + SoatrcTa)=1; treat-0
(1+8055145)/1+8044#It-1%09+4-9807=1

gracelessHermit" " ' " ' " ' " '"ftp.IE?
joa..i*aie"rE(9!), r t f?8),

refoofnoonsamHTaso:-8
07Mt

Lie algebra:

[r",rY]=2irt
T E ¥0", etc...

[rt,-xyz.,

" ' " ' "' o f a . . .

[oY,out]=2ioX
[Tx,T"]=TZ...

exactlysame
a s soc3)



3 Review the “simultaneous diagonalization” of the angular momentum

algebra.qq.LI/
mxiJy1=ihfJzCJziJxfihJyCJyFz1=ihJx

QM "solution" o f this problem:
Tbediagonal

y 2 , Ji ,+ J i tJI... ↳' 'JD=0=" "T"]={Jiagfirniul
taneously

J±=J×±iJy
J ? J-J+tJztJz

[Jz,J±)=iJ± 415441*-0
i f Jzly)=µly)
(the}
j(J£lyD=(µ£,,Iggy,#bine..

.
Max& minvalueo fµ : ±µ*

J4x¥=µ*ln*tHy)...

either M£1 i s e -v a l a l l p'smustdifferbyinteger...
o r J£H7=0. µ*→ j=0,I , l , } , . . .



4 What is the representation theory of SU(2)?

startedw / sul4 L i e algebra;

[J ',Jz)=O: 52ljml-jg.tl/ljms;Jzljml=mmljm)

j - O,L ,l , . . . THE . . , j
Suppos
e w ehave irrepR o f

SUB.

Hges u n , 3124T obeys
124,112427=124%7

ANDI
E

Em's?"
diag.

9=1t i809T" g oIt isoita
(121511219,11241=11-
isoikyfttisoiktylttiso.in#D-
=1ti80il4T4-80isoib(12174,125lb))

=R(gig,g,)=R(Itisoita-80,980![TYTY)
=D [14-14,12514]=1241-9,Tb])= fab-Mtg

i n angmom. algebra; I sljmldljlmm.tl)): spaceo f fixedj
can't simultaneously diag. Tx,Ty,I z . . .span{lj,-j),..-slip}
Claim:j--014,1,}, L . . . a r e a l l finite-dimirreps i s a n irrepo f 542)



5 What is the relationship between SU(2) and SO(3)?

Lie algebras soul= sulk) does this mean groupsa r e
9 isomorphic'? 50131=5071re-

shilling
generators n o

Why? [deep...] Problem S d o n Hw#l'.

rotatearoundz-axis: 5043):
e0#=µ§¥z-I:
{It})

j=1z

sun): et"?e-ikr#=(Ei
072to
0 ei§

0-7=2-11: 5013)→ 1 SUCH→ - 1

¥ 1 1 j-O,1,2, . . . a r e irreps o f 5013)

¥21 spin-{ electron,etc...
predicted by grouptheory



6 Discuss two common conventions for the irreps of SU(2).

Choice: spinj

irreps: O,f , l , } , . . .
+dimfaint§d%

m

Choice #2: (HEP) dimension

irreps:[boldface] I , 2, 3,4 , . . .
1 9

1 -dim z-din



7 What is the representation theory interpretation of the “addition of

angular momentum” problem in quantum mechanics?

Example: spin-{ electron i n l i t state o f
hydrogen;

what a r e possible
valueso f total spin?

120*1=3
2

o f
1 ;

tensorproduct

then,,,,

1%440%
9" into irrepso firreps

Rule: j , • jz-ljijyotkjijzl.tl) Q . . . toljitz)

HEPnotation: 50×2=40+6



8 What is the representation theory interpretation of the hydrogen

atom’s selection rules?


