
Quantum Mechanics/Quantum Theory I. 2 September 2015

INDIVIDUAL ASSIGNMENT

Assignment 1: Polarization Description of Light in the Ket

Notation

1. Prove that if a right-circularly polarized beam of light passes through a half-wave plate,

the outgoing beam becomes left-circularly polarized, independent of the orientation of

the fast axis of the wave plate.

2. (a) Compute the transforming matrix (also called a Jones matrix) for a combination

of elements comprising a quarter-wave plate whose fast axis makes an angle of +45◦

from the horizontal, followed by a horizontal polarizer, followed by a quarter-wave

plate whose fast axis makes an angle of −45◦ from the horizontal.

(b) If right-circularly polarized wave is incident on this combination, what will be the

output polarization of the transmitted beam? Clearly show your working.

3. Suppose |θ
⟩
represents the state of a beam of photons linearly polarized at an angle

of θ from the horizontal.

(a) Write |θ
⟩
as a linear combination of |H

⟩
and |V

⟩
.

(b) What is the probability that a photon in the state |θ
⟩
, will be measured to have

vertical polarization?

(c) What is the probability that a photon in the state |θ
⟩
, will be measured to have

linear polarization along +45◦?

(d) What is the probability that a photon in the state |θ
⟩
, will be measured to have

right-circular polarization?

(e) If a beam of photons in state |V
⟩
is sent through a series of two polarization beam

splitters (polarization analyzers), as illustrated in Fig. (1), then
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(i) What fraction of the input photons will survive to the final output?

(ii) At what angle θ must the PAθ be oriented so as to maximize the number of photons
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that are transmitted by the PAHV? What fraction of the photons are transmitted for

this particular value of θ?

(iii) What fraction of the photons are transmitted if the PAθ is simply removed from

the experiment?

4. (a) A stream of photons entering the interferometer of Fig. (2) is in the state |V
⟩
.

Would you expect to see interference? Write the transforming matrices and quantum

states at each step of the experiment.

Fig. (2)
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(b) If the input photons are in the left circularly polarized state |L
⟩
, do you expect to

see quantum interference? Show your working.
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