PHYS 2426 – Engineering Physics II
Polarization and Malus’s Law
Leader: ___________________
Recorder: __________________________

Skeptic: ___________________
Encourager: ________________________

Materials

2x polarizers
Laptop
Pasco optics bench
LabQuest Mini
polarizer for bench
light sensor

analyzer attached to rotary motion sensor for bench

Ring stand with test tube clamp
Light Source
Introduction


Light consists of oscillating electric and magnetic fields.  The light from a source such as an incandescent lamp consists of different electromagnetic waves in which the electric field is randomly oriented in all directions. If for some reason we affect the light such that the electric field to some degree is oriented in a particular direction, then we say that the light is polarized.  Studying the polarization of light can tell us if the source of the light interacts with the light to produce a polarization.  This can in turn tells us about properties of the object such as shape or orientation.


In this activity we will study some properties of polarizers and how they can be used to learn about the polarization of light.  A polarizer is a material that takes unpolarized light and gives it a preferred orientation, i.e. it polarizes the light.  As we will see below, not only does a polarizer polarize light, but it can also be used to measure if light is already polarized.

When you use two polarizers one after the other, the fist one is typically called the polarizer and the second is called the analyzer.

Procedure


Take a single sheet of the polarizer and look through it at the fluorescent lamps.

Q1.  Does the lamp appear as bright when viewed through the polarizer?

Q2.  Rotate the polarizer at least a half turn while looking at the fluorescent light.  Does the light appear to change in brightness as you rotate the polarizer?

The fluorescent lamp is an example of an unpolarized light source.  When viewed through a polarizing filter, only half the light will get through.  When the filter is rotated you don't see any variation in intensity which means that the light had no initial orientation.

Q3.  Now look through the fluorescent lamp with the first polarizer and take a second polarizer and rotate it at least a half turn between your eye and the first polarizer.  Do you observe any effect this time?

You should observe that the lamp viewed through the second polarizer varies in intensity from the same to dark.  That is because the light passing through the first polarizer is now polarized, i.e. it has a preferred orientation.  When viewed through the second sheet oriented in the same way it appears the same.

Q4.  How does the light appear when the second sheet is rotated 90( to the first?

Q5.  Describe how you could look at light with a polarizer and determine if it is polarized.

There is a simple relationship, known as Malus’s Law, which describes the amount of polarized light that gets through a polarizer.  We will make some measurements to determine the form of Malus’s law.
1.  Set up


Place the light source at one end of the bench with the point source pointing down the axis of the bench.  Next place the polarizer near the light source, then place the analyzer attached to the rotary motion sensor on the bench.  Use the ring stand and test tube clamp to position the light sensor after the analyzer so that the detector faces towards the light source.  Plug the light sensor into CH1 on the LabQuest Mini and the Rotary motion sensor into DIG/SONIC 1.  Make sure that the LabQuest Mini has power and is connected to the computer with the USB cable.

2.  Set Up LoggerPro


Start up LoggerPro.  It should automatically detect the light sensor.  Click on the Experiment Menu and then click on Set Up Sensors … Click on LabQuest Mini1.  On the window that appears, click otion Sensor.  You should now have three windows.  Click on the Time label on the Lumenon the button for DIG/SONIC1, then click on choose sensor and finally click on Rotary Ms vs. Time graph and click on Angle.  The first window should now produce a graph of the amount of light reaching the detector vs. the angle through which the rotary motion sensor is turned.  Click on the Data Collection Button looks like a clock and change the length of the experiment to 30 s.
3.  Data Collection

Click on Collect.  Smoothly rotate the analyzer through several complete turns.  Autoscale the Intensity vs. angle if necessary.  You should see a sinusoidal pattern in the intensity vs. angle graph.  If not contact your instructor.
4.  Data Analysis and Questions

Q6.  Determine the period of the graph.  Is it 2π or something else?
The polarization is defined as the direction that the electric field vector points in the electromagnetic wave.  If light is unpolarized then a way of showing that is to draw a circle with arrows point in all directions as shown in figure 1.

Figure 1  Representation of Unpolarized Light


[image: image1]
If light is linearly polarized, then the electric field vector oscillates in a single direction which can be shown with a single arrow as shown in Figure 2.

Figure 2  Representation of Linearly Polarized Light
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A linear polarizer is a material that only allows one orientation of the electric field to pass through it.  The orientation of the electric field that passed through is called the easy axis of the polarizer.  Figure 3 shows the effect of a linear polarizer on unpolarized light.
Figure 3  The effect of a linear polarizer on unpolarized light
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If polarized light is incident on a polarizer, only the component of the electric field that is parallel to the easy axis (also known as the transmission axis will make it through the polarizer as shown in figure 4.

Figure 4  Component of polarized light transmitted by the polarizer.  The initial polarization of the light is indicated as the dashed line for reference.
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Q7.  If the incident electric field is E0​, find an expression for the transmitted field, E1,  in terms of E0 and θ.

Q8.  The intensity is proportional the square of the electric field.  If the incident intensity is I0, find an expression for the transmitted intensity, I1, in terms of I0 and θ.

Your answer to Q8 is known as Malus’s Law.

Q9.  Use your answer to Q8 to explain why the period of the graph of Intensity vs. angle has a period of π instead of 2π.

Click on the curve fit button and choose sine.  Click on the Define Function button and modify the function so that it agrees with your answer to Q8.  Click on try fit.
Q10.  How well does your answer to Q8 seem to fit the data?  Does this data seem to demonstrate Malus’s law?

Something Cool

Take two polarizers and rotate them so that no light is transmitted.  Take a third polarizer and place it between the other two and rotate it back and forth at least a half turn.

Q11.  What do you observe?

Q12.  Given the information above, explain why you observe this.
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