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Outline
- spin - Yz systems
- connect earlier discussion to

rotations &

angular momentum
- time - evolution of spin in B- is

"

rotation
"

( use to detect flip of sign of
Ket

under 27 rotation from spin - precession)
- Pauli matrices , spinor language
- X-

tlowtorotatespin.lk#-/N--2Jsmallest dimensionality of Ket

space where LJ , ,Jj ] = i Eijkjk
works :

Sae
, y , z

of before

"

satisfy [Si , Sj] =
i Eijksk

Sac =#k{It> ¢- I + I⇒ Ctl }
Sy =

i think⇒ C- I + I -74+1 }
Szz = tht { It> Ctl - I -7Gt}

- what's
"
new

"

? ¢ rotation about 2- - axis :



It) R (otated)
= Dz (01 l§n ( in general)

with IDz.CO/=expf-iSz0/h/forsDin-#
-

- (sanity) check : exp f- is off ) does rotate

based on effect on ( s :c
, g )

:

:(s* >→ pf§als×K)r=( sa > cos ¢ - Gy> sing
-

(all Sala)

Prost : false la>R = Kal DI
'
# Isac Dakhla)

work out extliszkhlsxeat-isZY.IT#af*
,④ way (brute force :plug above Sx) then

exp f- i 0121 exp ft i 0%14/4# c'* End

( Ikg execSEI){ It> C - P t 't>Ttl} eatfish)
¥" "X
expfti %) eat- ie)

= HI (ei 012 It> c- let K+ e-
'
'

0k I -get#%)
= Hz Htt>HIT:{it> c- if?n¥B)



= (Sx cos of - Sy sing)
-- X -

⑤ option :(gyrates
to higher angular

momentum

④ exp (i GX) A expfiGil = A + iX[G. A]
+ it Ca .@ AD

# . . .

Here
,
G = Ez , A = Sx ,X= 01£ . . . so we get on RHS :

SatiI fsz , Sx] + IT
.

(Sz , Gz , S2 )
t
- ✓

it Sy ihSyy
42 Soc t . - r

= sac @ - 472 !
+ " J
- Syfy - 4313 ? t ' "]

= Ssc cos of - Sy sing
similarly , (s y)→ ( Sy )#soft a) sin

⇒ Dz (4) does rotate ketfas expected)
:

3×3

( s k ) → Ee Rrg orthogonal

. . .
from way ( used commutationany

. .

relations) ÷ ( Jk >→ § Rise e)



.. . .
but we encountered rotof

skin !

Spin - precession
: time -

evolution with B-

H = -⇐c) 5 . B- = w Sz , w=
let Blfmec )

⇒anklets!!. . ii.titty
-

- eatfiszwt
- . . same as Azz (41 , with 4€17 ⇒

clear why ⑧ causes spin precession(rotation : earlier

( s⇒⑤ =Gaz , ocosfwtlyo - Csg)sinT¥E4
- here

(alternate solution to tf w A. 2)-
after t=2T ,

spin returns to
- initial value

(T precession = ZTYW)
- Ket evolution : la, to = o; t)
= e
- i wth

I ⇒ ⇐ Ix> + eiwFIELD
⇒ T Ket = time for Ket

to get back
to initial=

w
= ⑦ repression



In terms of rotations (
" implemented

"

by time evolution above) ,

Dz (4) la) = e-
idk It> 4- ID

+ etiok I -72-14
SetT,¥l . . .

"

need
"

lol -44T rotation to get back la>
- - . but ( Sa) only takes 2x ,

since

(al Sala>→ e- 4421 Sala)
- x
-

spin precession tested
with muons (electric

mµ = 200 Me) :

charge - let ,
but

a muon

- Mae measured via hyperfine

splitting of Iµ ( muonium ) , like

H - atom : electron spin -fl proton interaction
:

KmksieTeiiiiiEar.9esiiiiII-ehltzmm4-mu@inB.precession measured

by direction
of electrons from

muon

-
-

⇒ ( electrons emitted in opposite

direction to muon Spain)



- How can we
' '

rotate
" Ket by 2T

in order to observe sign flip ?

We need to compare I interfere
rotated & un rotated state

- Use time evolution in B- to " implement "

rotation : neutron interferometry

#detector
source

# × interference

It)#
BE 2

1--7

⇒ beam 2 has phase change (relative
to 2) :

eats f- i w -112 ) ( T is time spent by
2 in B)

w = Gn e B ((Mnc )

- Me or µ
( elementary charged spin - Yz particle)

= et/(me orµ c)
"{ ( "due to current from spinning

")

vs. µ neutron
= Gnetlzmnc , gn= - 19 :

neutral
,
but composite ( made of

charged quarks / , so still get (non
-
trivial)µ



- 2bearn⑦ has amplitude C
, ( 13=0)

at detector

- beam ② : Cz ( B = of et
i w -112 )
-
set c

, (13--0)

⇒ intents ity at detector cxcos-w⇒
⑦ tired , but ⑥ varied using B ⇒

intensifysinusoidal in BD :

c--

B for consecutive
maxima :

D a pain length
k

TIZ Dw
= 21T : use T =

l/u=lMn⇒bB=E¥I¥¥MnT momentum

de B'roglie wavelength
us .
DB =Zttahckegntl) Ket back

to original with 2T
rotation

que expectation)


