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1 Malus’ Law

Classical linearly polarized light is incident on a linear polarization filter whose. The angle
between the line of polarization of the incident electric field and the transimission axis of the
filter is 8. Let I, be the intensity of the incident light and Iy, the intensity of the transmitted
light. Determine a relationship between I, and I, in terms of 6.
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2 Polarizing filter as a measuring device

Consider a linear polarizing filter with vertical transmission axis as a measuring device when
single photons are incident.

a) Suppose that a photon is transmitted. If the measurement were repeated what would
the result be? How could one describe the state of this photon.

b) Consider a photon whose polarization was perpendicular to the transmission axis. Would
the filter measurement produce one outcome with certainty? How could one describe
the state of the photon prior to the measurement?

It should be clear that there are two states: vertically polarized, |}, and horizontally polarized
|++}. The state [{) means that if a photon is in that state and is subjected to a measurement
of its vertical versus horizontal polarization, the outcome will definitely be vertical. A similar
statement applies to the state |¢+).

¢) What special mathematical property do the states {|1},]<}} have

d) The most general possible state is

) =c1|D) +eale)

where ¢; and ey are complex numbers such that |c1|* + |cz|? = 1. Suppose that a single
photon in this state is subjected to a vertical versus horizontal polarization measurement.
Determine the probabilities of the two outcomes.

e) If the state in the previous part was known to be linearly polarized along a line at an
angle @ from the vertical, then what are some possibilities for ¢1 and ¢»7
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