
PHY456 Lecture 5

More on Spin,

A

Gerlach Apparate
[Aside- skipped in dess] Tensor Products:

How is it that(i) can be thoughtof as a

tensor product, and that the norm is the sum of forms?

Consider two rector spaces a indical and b(2-dim

C:EI =1,2, ..., e

b:ej =1,2

Then a*b =E= be; is a In-dimensional basis.

Basisvectors satisfy,orthogonality
EI Ej =SIT,

2:ej:Sij

and (E,* eg). (E= * ei): Si5 bij.



For two arbitrary vectors in aspace, we have that

V =Vji Eja ei

x =25; Eje;

and ntv =v:Vs': (E, xei).(Ej,xei)

-: Y: 65i jil

-I visi
3, i

But how does thispertain tospin-z Hilbert space?

b is 2-dimensional (index i =1)

a is new dimensional (index J-w; continuous)
↑
"position"

So v =Vj: Ejei

-Yet for all it

and niV=z5 Vsi

- =(dr (u(r) vf(r) +re(rv-(ri)



Stern-Gerlach Apparatus
->Internalize rotations of spinon

Consider a beam of Hydrogen (ground-stateatoms

Yinitial (Nam, H) =Yy (ram) (410r) I
I

9:indicates we build a wavepacketin y-direction

ram: cue of atom proton position

Yoo =Ynem (r) ground state

(4,00): means spin of e-is p5=(40%) - +E(*)

magnet along Be but is not constant

yay.* along z, (***T0 by sharp edges)

-> H atom is neutral, not affected by LorentzForce

but has magnetic moment due to ei

#B = - B(rcm).
Classical magnetic momentis

~

E=-.B

So force is E = -DE =(M.1(B



and 5: BzE implice E =FzE =MIERE.

For all kinds of is, weexpect a continuous

image on a screen

-seme
butwe find instead

-> maxret
Use Ehrenfeststheorem, CM moves classicallydue to force

Fz =Mat.Me
-(z) =

-E

So after magnetwe have seen (km, r) =Yya(roa)(Yory
qu

Wavepacket displaced
up inw/ some

velocity in E...

but if (Salinitial = =I, wild have

pst (rem,r) =Tya(raw) (4900i



In general:a superposition of initial up and down states.

Pfinal (rm,r) =x PysCram)(Pcoo(r)) +4x+(rm) (mirocri)

Thus after S. apparatus, spice ofelectron is correlated with

position ofcetom in upper/lower beam.

What ifwe place another apparatus on the path of the

E upper beam, such thatthe second apparatus is

oriented differently?
E

-E

inthewint Y

Only let +32come from SGC.

How many pass through SG rotated atan angled in

x=zplane?



-projectspins onto an axis isn.

Then, eigenstates of 5.5 =cigenstates of i.v.

Observe that eigenvalues of 18 are 11,

tr(n.) =0 and

def (n.) =-1 3 =
=11.

We therefore want

(n.) (P) ==(?).

We know thatE.E(!)=(d) and 2.2(i)=-(i).

Thus (1) rotate 2On y, then (2) around you 8:
z z

X

join
i

y

(2)

-...-----------

u=x,vz =ei-- it =(*)

= (-since, cosy, of

(*) =(COSEN- isinEin) (eigen I



cosE isinEsing-sinEcosy
- I IsinEsiny-SinEcosy LOSE Ileineisi
Cos

- I since in ineen generi
-loseon inwerenee I
en

(6) (i)
ciyenstate ciyenstate /Or 5.8).
X=+ 1 x=- 1

Thisis a good example of rotations.

Interlude:Up:cit
oz

and lety= 1H.

The UB=- 1!

Because UB iscan SHC2) Matrix, not SO(3).

There are x2 as many is as there are Solsh

rotations.(U,on give same rotation, so does H,rAl.



The spinor itself is notphysical. What is the Matrix

element (410143?

spines observable

When both 4--y and P--4, <4*14) is

unaffected.

Back to SG, SG.

The SGcigenstates along 2 axisare

12+ =(E)
12) -3 =(-E)

Project ontoSz basis (incoming Sz spimp)

(2, +) =((z! +)(z),+ 1 +(z), -321,- 1) 12,73

=12'+) (cos?sinE)(6) +12!-> Esings, cosEl(0)
=12!+) COSE +12!-L (-sinE).

↑

only these press through
SGapparatus, fraction is cost-

0 =4 (none pass)



of(Ipass


