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For the Stern-Gerlach experiment with spin 1/2, after the measurement of the spin direction Sz,
the state of the system collapses into one of two states, |+ z) and |- z). The situation is rather

different for the light polarization, the state of the system collapses into one state depending on
the direction of polarizer such as x-axis polarizer; the eigenket |x> for the x-polarizer,and the

eigenket |y> for the y-polarizer. The final state is given by the projection operator which is

applied to the initial state |z//> Here we discuss the role of the projection operator for the photon

polarization.

1. Stern-Gerlach experiment for the spin 1/2 (as an example)
First we consider the Stern-Gerlach experiment (SG,). We have two eigenkets of the spin

operator S, |+2) and |- z).
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The projection operators are defined by
P, =|+2)(+2], P, =|-z){~1|
The spin operator §Z can be expressed by
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@) The measurements: eigenvalue problem

The eigenkets |+z) and |- z) are determined from the eigenvalue problem. After the

measurements the system collapses
(b) Projection operator

When the initial state of the system is is given by |y/), the final states after the SG; are



Plv), P.lv)
using the projection operators.

(© The probability
The probability of finding the system in the state |+ z) is

(r2lPfy)=(+2lw)

The probability of finding the system in the state |- z) is

(2P Jv)=(-2ly)
2. Photon polarization

(@ Projection operator
The final state of the light after passing the x-axis polarizer is given by

A

Plw) =1x)(x|w).

The probability of finding the system in the state | x) is
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(b) The use of y-axis polarizer
The final state of the light after passing the y-axis polarizer is given by



P lw)=ly)yly)-

The probability of finding the system in the state |y) is

(yIB v =[ylw)

—lw> y—axis polarizer
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(© Th polarizer with the angle @

The final state of the light after passing the angle & polarizer is given by

Palw)=[6)6lw).

The probability of finding the system in the state |6) is
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3. Examples-1
Suppose we use two polarizers (angles «and p) in series; o —

— Polarizer a ——{ Polarizer g ——

The projection operators for the polarizers «and S are

R cosa _ cos’a  sinacosa
P =la)al= sina (cosar sinar)= sinacosa sin‘a

and

ﬁﬂ:|lg><ﬁ|:(z;);§j(005ﬂ sinﬂ):[sir?‘;sciﬁ sur;ﬁgo;ﬂJ

where
_[cosa _(cosp
|a>_(sina}’ |ﬂ>_(sinﬂj

The initial state is given by |l//> After passing through two polarizers « and g, the final state is

obtained as
ﬁﬂ ISa|‘// )

The probability amplitude for the system in the final state |,8> is given by
(BIPsP.|w)=(Bla)aly)

The corresponding probability is



Pop = KIB|“>‘2K0‘|V’>‘2 = Ka|1//>‘2 cos’(f-a). (Malus' law)

where
(Pla) ~eosp sinpf v |-costp-a)

4. Example-11
Next we consider n polarizers (angles ai, &, s, ..., an-1, an) in series. The initial state is given
by |1//> After passing through n polarizers (angles a1, @, o, ..., an-1, an) in series, the final state

can be obtained as
an - Apg

The probability amplitude for the system in the final state |an> , IS given by

A
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where

2 -
- cos’ a, sina, cosa,
P, :|ak><ak|: . -~
sina, cosa, sin’ a,

The corresponding probability is
P= ‘<0‘1|‘/’>‘2 cos?(a, —a, ,)c0S* (e, — 1, ,) -+~ C0S° (et — 1,) COS? (@, — ;) .
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