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Laboratory 8: Polarization of Light — Prelab

The intensity of light is related to the magnitude of the electric field of the associated

light wave via

1
I=- 060E2
2

where ¢y = 8.85 x 10712C? /Nm? and ¢ = 3.0 x 108 m/s.

1 Polarization filter and electric field

Suppose that a linearly polarized wave with electric
field Eineidom is incident upon a polarizing filter as il-
lustrated in Fig. 1. The polarizer effectively splits the
electric field into two vector components, one along the
polarization axis and the other perpendicular to the po-
larization axis. The polarizing filter absorbs the perpen-
dicular component and transmits the component along
the axis. Using Fig. 1, sketch the transmitted electric
field, Etrans, as accurately as possible. Suppose that the
magnitude of the incident electric field is 212N/C. De-
termine the magnitude of the transmitted field.

2 Polarization filter and intensity
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Figure 1: Electric field in-
cident on a polarizing filter
with horizontal polarization
axis.

Using the electric fields from the previous example determine the intensity of the
incident light, [incident and the intensity of the transmitted light Iiansmitted-

3 Malus’ law

Malus’s law states that Iiansmitted = Jincident COS> 6 where @ is the angle between the
polarization axis and the incident field. Using the incident intensity from the previous
part, check atht Malus’ law gives the correct transmitted intensity.






Laboratory 8: Polarization of Light — Activity

Parts of this exercise is based on a similar exercise in Tutorials in Introductory
Physics by McDermott and Shaffer.

1 Polarization and Polarizing Filters

This section explores the existence of polarization.

a) Look at the room lights through one of the polarizing filters. Describe qualitatively
how the presence of the filter alters the appearance of the light.

b) Rotate the filter and describe whether this has any effect on the transmitted light.

c) Hold a second polarizing filter in line with the
first and view the room lights through both
filters (see Fig. 2). As you view the light, ro-
tate one of the filters, keeping the other fixed.
Describe how the rotation of the filter alters

the appearance of the light. Figure 2: Two polarizing filters

d) Is it possible to accomplish the same intensity reduction effects by rotating two
ordinary colored filters? Try this (if the filters are available).

2 Characterizing Polarizing Filters

A polarizing filter has an polarization axis or direction of polarization. This
lies in the plane perpendicular to the direction in which the light travels. For the PASCO
polarizing filters and analyzers used in this lab, the polarization axis is a direction or
line which lies on the surface of the filter. Any electric field corresponding to a wave
which propagates perpendicular to the filter can be decomposed into components that
are parallel to and perpendicular to the polarization axis. An ideal polarizing filter
transmits perfectly the component that is parallel to the polarization axis and absorbs



perfectly the component that is perpendicular to the polarization axis. This is illustrated
schematically in Fig. 3.
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Figure 3: Operation of a polarizing filter showing the relationship between the incident and
transmitted electric fields.

At any instant the electric field vector of incident light lies along one particular line.
Linearly polarized light is such that this line stays the same as time passes. This
direction of this line is called the direction of polarization of the light. Unpolarized
light is such that the line along which the electric field vector lies fluctuates randomly
and very frequently as time passes. The state of polarization of any light can partly be
determined by allowing the light to pass through a polarizing filter and observing the
intensity of the transmitted light.

a) Suppose that unpolarized light is incident upon a polarizing filter. Using the scheme
of Fig. 3, describe whether the intensity (averaged over time) of the transmitted
light varies as the polarization axis of the polarizer is rotated. Explain your answer.

b) Suppose that linearly polarized light is incident upon a polarizing filter. Using
the scheme of Fig. 3, describe whether the intensity of the transmitted light varies
as the polarization axis of the polarizer is rotated. Describe how the direction
of polarization of the incident light is related to the polarization axis when the
intensity of the transmitted light is at a minimum. Explain your answers.



c)

Using one of the polarizing filters determine whether the light produced by the
room lights is linearly polarized. Explain your findings.

Using one of the polarizing filters find a light source that produces linearly polarized
light (hint: look at reflected light). Explain your findings.

Suppose that light passes through a polarizing filter that is held fixed with its polar-
ization axis vertical. Using the scheme of Fig. 3, describe whether the transmitted
light is polarized and, if so, what the direction of polarization is.

Suppose that light passes through two polarizing filters, one after the other. How
are the directions of the polarization axes of the two polarizing filters related for
maximum intensity? For minimum intensity? Explain your answers.

View a room light through the pair of polarizers and rotate the second polarizer to
attain a maximum intensity. Then rotate the second polarizer to attain a minimum
intensity. Through what angle (from the maximum transmitted intensity situation)
did you have to rotate the second polarizer to find a minimum? Is this consistent
with your reasoning in the previous question? If not, resolve the inconsistency.



h) Suppose that you are given one polarizing filter whose transmission axis is marked.
Describe how you could use this to determine the polarization axis of a second
polarizing filter.

i) Suppose that a linearly polarized wave of ampli- Eincident
tude FEincident 1S incident upon a polarizing fil- )
ter, whose transmission axis is at angle 6 rela-
tive to the incident wave’s electric field. Using
the scheme of Fig. 4, determine an expression
for the amplitude of the transmitted electric field
FEiransmitted; this must be a formula in which the
only variables are Ejjcident and 6.
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Figure 4: Linearly polarized wave
incident on a polarizing filter.

The intensity of any monochromatic light wave depends on the electric field via
1= %CE()EQ where E is the amplitude of the electric field wave.

j) Determine an expression for the intensity of the transmitted wave, Iiansmitted and
show that
Itransmitted = Iincident COS2 0 (1)



k) In part (g) the first filter produced linearly polarized light and this was the incident
light for the second filter. What does equation (1) predict for the intensity of the
light transmitted by the second filter for the situation considered in part (g)? Is
this prediction consistent with what you observed in part (g)?

3 Three Polarizing Filters

The rules for transmission of light through one polarizing filter can be applied to
transmission through multiple filters. The technique is to determine the intensity trans-
mitted through the first filter using Eq. (1), then use this transmitted intensity as an
incident intensity for the second filter. Applying Eq. (1) yields the intensity transmitted
through the second filter. This process can be continued for all filters.

Consider the arrangement of three filters as illustrated in Fig. 5.
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Figure 5: Three polarizing filters

a) Suppose that the polarization axes of filters B and C are perpendicular to each
other. Predict, before observing, the intensity of the light transmitted by A. De-
scribe how this depends on the angle of the transmission axis of A as A is rotated.
Explain your predictions.

Check your prediction using three polarizing filters. If your observations and pre-
diction are inconsistent, explain how to correct the prediction.



b)

Suppose that the polarization axes of filters A and B are perpendicular to each
other. Predict, before observing, the intensity of the light transmitted by A. De-
scribe how this depends on the angle of the transmission axis of C as C is rotated.
Explain your predictions.

Check your prediction using three polarizing filters. If your observations and pre-
diction are inconsistent, explain how to correct the prediction.

Suppose that the polarization axes of filters A and C are perpendicular to each
other. Predict, before observing, the intensity of the light transmitted by A. De-
scribe how this depends on the angle of the transmission axis of B as B is rotated.
Explain your predictions. Check your prediction using three polarizing filters. If
your observations and prediction are inconsistent, explain how to correct the pre-
diction.



