
Lecture 3M6, Nov . 23 ( Mon .)
-
--

(continued from lecture 35 notes)

tensotorsec3.LI)-1
-
So far

,
how States transform under

rotations : next
,
rotational properties

of operators
- Motivation : Ern field operator causes

transitions

"

between atomic States , so

rotational properties of
"

ingredients
"

( EM field operator & States) of

transition amplitude elucidates
its

structure ( gives
"

selection rules
")

-outlined for next feed lectures

41 .
Vector operators (sink) , e.g,

*
,
F; 5 , I ( latter generating rotations)



El . Onto more complicated tensor

operators K'generalizing
"
vector)

e.g. , in 4d , Fmv (EM
field) - EEE

,

E

-

actsymmetric ⇒ only 6
components

or g peu (metric
tensor) ⇐ 4Cz)

or generator of Lorentz
transformations (boats

& rotation

Lal . Cartesian tens r (obtained by product

of vectors) decomposes into irreducible

*pherical tensors

Lbl . Product of spherical tensors

③ .

Martin elements of tensor operators

( Wigner - Eckart
theorem) , e.g. , EM

transition amplitude (chapters : Phys 6233)
- x-

µ .
Vector operators II.g.ix. I, I] :

rotations generated by F , so how

operator, A transforms
under rotations

"defined/dictated
"

by [ A , I] . . .

Kind off



" like
" k¥6 me - evolution of A ( in H - picture)

given by CA , H] , where
Hamiltonian

generates time translation
- Classically , vector (3 components)
transform as Vq → E Riij Vj under

x in
rotations number

z×3 orthogonal
- So

, by Ehrenfest
theorem

,
expectation

value of operator in QM transforms

likewise : using la>
→ DCR) la)

,
we

get Calvin>→ falotlrlviolrlk)
+ operator

fig. Rijlalvjla)
for any Ket ⇒

at operator- level,

DTR) V
;
OCR) = §jRijVj

•Go to infinitesimal version :

DCR) ⇐ 2 - ie F. rich ⇒

DTM Viola = 'd # ieJ.kz/VilI-ieJ.*I) ⇒



Vi 1- E- ( Vi , ri] = Ej Rijlnielvjith
(drop EY

- choose TA = I so that

- E O
r ( Ei Eet = µ a o) '

O O

E- 1 : Vse + Eifler , = Va-Ey

i = 2 : Vy + ÷z[Vy ,⇒ = Eva + Vy

[ =3 : Vz + Eq [ Vz , Jd
= Vz

-⇒ fi , Jj ] = i Eijkhvk-
i.e.

,

"

same
"

as Ji

- Finite rotation of V given by

exp¥) Vi encpfi Jj %-)
. . .
use Baker - Hausdorff formula

( like done for 5 operator ) to get



exp (i Jz 01h ) Vzeeaebfi Tz 4th)
= Vx cos of - Wy sin of

⇒ vector operator by

④i , Jj ] = i Eijkh Uk

F itself is vector ; similarly I , F

-x
-

(2) . . . generalize to
tensor (rank n,

Sartin) , ITijk.IT :

I⇐ jk → § , Ej, Eni
" Kii 'RjjRkk ' . . . Ti 'jik

'
. . .

-
(rotate each

index of F- like
W . . .)


