Part 1: Polarization
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What we will learn today

Y, photon is polarized in the horizontal Probability of passing through a
direction vertical filter:
,,: photon is polarized in vertical direction _ |al?
P(v) = — >
lal* + |b]
Y = ay, + by,

Probability of passing through a
horizontal filter:

|b|?
|al® + |b|?

P(h) =




Polarization as a quantum state

Separate from the position wave function.
Basis states:

Y, photon is polarized in the horizontal
direction

,,: photon is polarized in vertical direction
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Making horizontally polarized photons

Photons with random polarization, pass through a horizontal filter, all
photons that pass through are horizontally polarized.

Suppose we pass horizontally polarized photons through a vertical filter.
What is the probability that the photons will pass through?

a) O
b) %
c) %
d) %
e) 1



Representing other polarizations

Y

Diagonal polarization:

lpv‘l'l/)h
V2




Measurement rule

Wave function can be a superposition of these two states:

Y = ay, + by,

If we measure vertical polarization, we will get (for example):

The state after will be

Yy

For a general polarizer, the probability of measuring photons with
orientation S is given by

P(S) = IS".yI?



Checkpoint

Yy+Pn

Light with polarization wave function 7

passes through a horizontal filter, then passes through a second
horizontal filter.

What’s the probability that the photon will be transmitted through both filters?

a) O
b) %
c) %
d) %
e) 1

What’s the state once it’s passed through the filters?

3) ll’v\};lih
b) Py
c) Yn



Circular polarization

_¢v+i¢h
¢_¢ \/Z¢

_ Yy — WPy
VST

Not going to go too much into this!

Third axis of polarization.

Interaction with linear polarizers:
always 50% probability to go through,
no matter the orientation.

With circular polarizers: 1 for the same
handedness, O otherwise.



Part Il: Spin



Stern Gerlach Experiment: Explaining Spin

THE SPIN,

THE SPIN,
A QUANTUM MAGNET

A QUANTUM MAGNET )

" classical magnets ’ classical magnets
. quantum spins " &

’ quantum spins \

. When poles are inverted, the magnet is
™, deflected downward.
" Deviation depends on the orientation
of the poles.

THE SPIN,
A QUANTUM MAGNET

. classical magnets

R, quantum spins

When quantum electrons are
sent through this magnetic
setup, they are deflected.

But they reach the screen only
upward or downward, never in
the middle.




Electronic spin: two options two electronftate ule

=
@

Spin up

=
@

Spin down

Each state can get a spin
Angular momentum of an electron is: up and spin down

T=h

N =

No matter which axis we choose, we will never measure it
with zero angular momentum...

Magnetic moment is:

eh
2m,

H=I59

g = 2.002319304361(2)



Measuring spin: Stern Gerlach filter

+Z

. Z-axis Stern-Gerlach
Beam of silver

atoms

What is the state of the silver atoms that pass?

a) Random
b)1T
c)l

_Z I

Spin direction State

z T

—3 1

& (T +1)
—Z ?(T 1)
Y (T +id)
g Lt =il



”n u p”

v

x-axis Stern-Gerlach

Beam of silver
atoms

“down”

v

What is the state of the silver atoms that pass?

a) Random
b)% (T+)
9= (=)

Spin direction State

z T

—3 !

z =t +4)
—Z (T )
J {(T +i{)
—y f(T —il)



Final stage

"up” "up”
> x-axis Stern-Gerlach z-axis Stern-Gerlach V
Beam of silver "down” - . I
atoms
What is the state of the silver atoms in the final stage? Spin direction State
z T
)= (1+) ~2 4
b)—(1—1) & »(T+1)
)f —& #ﬁ—u
C . :
Dl v ?(T +i 1)
~9 AU



”n u p”

x-axis Stern-Gerlach

v

Beam of silver
atoms

“down”

What is the probability that an electron passes through
the z-axis filter after it has passed through the x-axis
filter?

a) 0.25

b) 0.5

c) 0.75

d) 1.0

"up” )
z-axis Stern-Gerlach
"down” = I
Spin direction State
z T
—7 J’
2 vAUREY
?f% #(T —.l)
Y ST +il)
— 5t —il)



”n u p”

x-axis Stern-Gerlach

v

Beam of silver
atoms

“down”

What is the probability that an electron passes through
the x-axis filter after it has passed through the x-axis
filter?

a) 0.25

b) 0.5

c) 0.75

d) 1.0

"up” )
x-axis Stern-Gerlach
"down” = I
Spin direction State
z T
—7 J’
2 vAUREY
?f% #(T —.l)
Y ST +il)
— 5t —il)



What percentage of atoms will make = Spindirection  Sute

) 3 ;
it through? s .
i 1(T+¢)
y {(T +i i)
—9 (T —i)

a) 100%
b) 50%
c) 25%
d) 12.5%
e) 0%



Spin

Y, =cosBYy, +sinfy,

What'’s the probability that we measure the electron to have spin T7?

a) cos?0
b) sin? 6
c) O
d) 1
e) %



