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Activity SL34: Polarization - Verify Malus’ Law
(Light Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Polarization
P57 Malus’ Law.DS
P57 Polarization
P57_POLA.SWS

Equipment Needed
Qty
Equipment Needed
Qty

Light Sensor (CI-6504A)
1
Basic Optics System (OS-8515)
1

Aperture Bracket (OS-8534)
1
Polarization Analyzer (OS-8533)
1

What Do You Think?

[image: image1.wmf]If the transmitted light is at maximum intensity when the two polarizers are parallel, and minimum intensity when the two polarizers are perpendicular, what is the relationship of the intensity of transmitted light to the angle of the polarizers between 0 and 90 degrees?

Take time to write an answer to this question in the Lab Report section.

The purpose of this activity is to determine the relationship between the intensity of the transmitted light through two polarizers and the angle, Ø, of the axes of the two polarizers.

Background

A polarizer only allows light that is vibrating in a particular plane to pass through it. This plane forms the “axis” of polarization. Unpolarized light vibrates in all planes perpendicular to the direction of propagation. If unpolarized light is incident upon an “ideal” polarizer, only half will be transmitted through the polarizer. Since in reality no polarizer is “ideal”, less than half the light will be transmitted. 
The transmitted light is polarized in one plane. If this polarized light is incident upon a second polarizer, the axis of which is oriented such that it is perpendicular to the plane of polarization of the incident light, no light will be transmitted through the second polarizer (see the top figure).


[image: image25..pict]

However, if the second polarizer is oriented at an angle so that it is not perpendicular to the first polarizer, there will be some component of the electric field of the polarized light that lies in the same direction as the axis of the second polarizer, thus some light will be transmitted through the second polarizer (see the bottom figure).

The component, E, of the polarized electric field, Eo, is found by:




Since the intensity of the light varies as the square of the electric field, the light intensity transmitted through the second filter is given by:




where Io is the intensity of the light passing through the first filter and Ø is the angle between the polarization axes of the two filters.

Consider the two extreme cases illustrated by this equation: 

•
If Ø is zero, the second polarizer is aligned with the first polarizer, and the value of cos2Ø is one. Thus the intensity transmitted by the second filter is equal to the light intensity that passes through the first filter. This case will allow maximum intensity to pass through.

•
If Ø is 90˚, the second polarizer is oriented perpendicular to the plane of polarization of the first filter, and the cos2(90˚) gives zero. Thus no light is transmitted through the second filter. This case will allow minimum intensity to pass through.

•
These results assume that the only absorption of light is due to polarizer effects. In fact most polarizing films are not clear and thus there is also some absorption of light due to the coloring of the Polaroid filters.

SAFETY REMINDERS
· Follow directions for using the equipment.


[image: image2.wmf]


For You To Do

In this activity, use the Light Sensor to measure the relative intensity of light that passes through two polarizers. Change the angle of the second polarizer relative to the first polarizer. 

Use DataStudio or ScienceWorkshop to record and display the light intensity and the angle between the axes of the polarizers. Use ‘Manual Sampling’ in DataStudio or ‘Keyboard Sampling’ in ScienceWorkshop to enter the angle. Use the program’s built-in calculator to compare the relative intensity to the angle, the cosine of the angle, and the cosine2 of the angle.

PART I: Computer Setup
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1.
Connect the interface to the computer, turn on the interface, and turn on the computer. 

2.
Connect the Light Sensor cable into Analog Channel A on the interface. Connect the Light Sensor to the cable.

3.
Open the document titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P57 Malus’ Law.DS
P57 Polarization
P57_POLA.SWS

•
The document opens with a Digits display of light intensity from the Light Sensor, a Digits display of the voltage from the Light Sensor, and a Graph display of light intensity vs. angle.

· Data recording is set at 10 Hz. You will enter the distance from the light source to the Light Sensor using ‘Manual Sampling’ in DataStudio, or ‘Keyboard Sampling’ in ScienceWorkshop with Parameter = Distance and Units = m.

PART II: Equipment Setup and Sensor Calibration
Equipment Setup

1.
Place each polarizer on an accessory holder. Place the holders on an optics bench. 

2.
Mount the Light Sensor on an aperture bracket. 

3.
Put the light source and Light Sensor on opposite sides of the polarizers so the port on the Light Sensor is at the same height as the light source and is aligned with the light source. Arrange the Light Sensor and light source so that an imaginary line between the light source and the port on the Light Sensor passes through the center of the polarizers.
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4.
Turn on the light source. Move the light source and the Light Sensor so they are as close as possible to the polarizers.

Sensor Calibration

•
Calibrate the Light Sensor so that it produces its maximum voltage when axes of the two polarizers are parallel (Ø = 0˚). 

[image: image14..pict]1.
Set the GAIN select switch on the top of the sensor to 1. Move the Light Sensor so its port is as close as possible to the light source.

2.
In the Experiment Setup window, double-click the Light Sensor icon. (The Sensor Properties window opens in DataStudio. The Light Sensor setup window opens in ScienceWorkshop. In DataStudio click the ‘Calibration’ tab.)

3.
Check the voltage from the Light Sensor. 

· [image: image15..pict][image: image16..pict]Hint: In the DataStudio ‘Calibration’ window, the Current Reading of the voltage from the Light Sensor appears in the upper left corner. In the ScienceWorkshop Sensor Setup window, the current value of the voltage from the Light Sensor appears at the bottom of the column labeled Volts. 

4.
Now adjust the polarizers so the light source shines as brightly as possible into the Light Sensor. For example, turn one polarizer so the zero degree mark is next to the reference peg on the accessory holder. Turn the second polarizer so it is parallel with the first polarizer (i.e., also at zero degrees). Adjust the second polarizer until the transmission is maximum as indicated by the voltage in the calibration window.

· If the value of voltage from the sensor is slight higher than 4.9 V, slowly move the sensor away from the light source until the value is 4.9 V (or slightly lower). 

· If the voltage value is below 0.49 V set the GAIN switch to 10. If the value is still below 0.49 V set the GAIN switch to 100. 

5.
Keep this value of voltage as the maximum value (corresponding to 100% intensity). In DataStudio click ‘Take Reading’ below the ‘High Point’ column. In ScienceWorkshop, click the top Read button. 

6.
Now adjust the polarizers so the light transmission is as dim as possible. Turn the second polarizer to 90 degrees. Adjust the second polarizer so the transmission is minimum as indicated by the voltage in the calibration window.

7.
Keep this value of voltage as the minimum value (corresponding to 0% intensity). In DataStudio click ‘Take Reading’ below the ‘Low Point’ column. In ScienceWorkshop, click the bottom Read button. Click ‘OK’ to return to the Experiment Setup window.

PART III: Data Recording
(See the Appendix for specific instructions regarding ScienceWorkshop)

1.
Adjust the polarizers for maximum transmission of light. 

2.
In DataStudio, arrange the Table display so you can see it clearly. 

[image: image17..pict]3.
When you are ready, start recording data. (Note: The ‘Start’ button changes to ‘Keep’ ([image: image3.png]


). The light intensity will appear in the first cell in the Table display. Click the ‘Keep’ button to record the light intensity.

4.
Turn the second polarizer by 10 degrees. The light intensity will appear in the second cell in the Table display. Click the ‘Keep’ button.

5.
Continue to turn the second polarizer in 10-degree increments up to 180 degrees. At each new angle, click the ‘Keep’ button to record the light intensity.

6.
When you reach the 180-degree mark, stop recording data.

7.
Turn off the light source.

Analyzing the Data (DataStudio)
•
The DataStudio file has two built-in calculations. The first calculation is ‘cos(x)’ (cosine of the angle). The second calculation is ‘cos(x)^2’ (cosine squared of the angle). It computes the square of the cosine of each angle. 

1.
Click the Graph display to make it active. Analyze your data with the calculations.

[image: image18..pict]2.
In DataStudio, drag the first calculation, y1 = cos (x), to the horizontal axis of the Graph display. 

3.
The Graph displays ‘Light Intensity versus y1’ (in other words, Light Intensity versus the cosine of the angle).

4.
Fit the data to a mathematical model. Click the ‘Fit’ menu button and select ‘Polynomial’. Note whether or not the ‘Polynomial’ model is a ‘good fit’. Then click the ‘Fit’ menu button and de-select ‘Polynomial’. 
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5.
Next, drag the second calculation, y2 = cos (x)^2, to the horizontal axis of the Graph display.

[image: image20..pict]6.
Fit the data to a mathematical model. Click the ‘Fit’ menu button and select ‘Linear’. Note whether or not the ‘Linear’ model is a good fit. 

Analyzing the Data (ScienceWorkshop)
•
The ScienceWorkshop file has two calculations. The first calculation is ‘Cosine of Angle’. This calculation converts the angles from degrees to radians and then computes the cosine. The second calculation is ‘Cosine Squared’. It computes the square of the cosine.

1.
In ScienceWorkshop, click the ‘Statistics' button to open the Statistics area on the right side of the Graph. Click the ‘Autoscale’ button to rescale the Graph to fit the data.

2.
Click the Horizontal Axis Input Menu button ([image: image4.png]


). Select Calculations, Cosine of Angle from the Input Menu.

•
The Graph will change to Intensity vs. Cosine of Angle.
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3.
Click the Statistics Menu button ([image: image6.png]


) in the Statistics area. Select Curve Fit, Polynomial Fit from the Statistics Menu.

•
The Science Workshop program will try to fit the data to a mathematical formula that is a polynomial. The degree of the polynomial and its coefficients are displayed in the Statistics area. The chi^2 value is a measure of the closeness of fit between the data and the mathematical formula.
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4.
Click the Horizontal Axis Input Menu button ([image: image8.png]


) again. Select Calculations, Cosine Squared from the Input Menu.

•
The Graph will change to Intensity vs. Cosine Squared.
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5.
Click the Statistics Menu button ([image: image10.png]


) in the Statistics area. Select Curve Fit, Linear Fit from the Statistics Menu.

•
The ScienceWorkshop program will try to fit the data to a mathematical formula that is a linear function. The chi^2 value is a measure of the closeness of fit between the data and the mathematical formula.
[image: image11.wmf]

Answer the questions in the Lab Report section.

Appendix: ScienceWorkshop Data Recording

[image: image21..pict]1.
When you are ready, click the REC button to begin collecting data. The Keyboard Sampling window will open. Arrange the Keyboard Sampling window and the two Digits displays so you can see all of them.

•
The Parameter and Units are displayed above the Data list and the default value for Entry #1 is 10.0000. 

2.
Type in 0 in the Keyboard Sampling window as the value for Entry #1. Click Enter to record your value. 

[image: image22..pict]•
Your typed in value will appear in the Data list. The default value for Entry #2 will still be 10.0000.

3.
Turn the second polarizer (the one closest to the Light Sensor) to an angle of 10 degrees. Since the default value in the Keyboard Sampling window is correct, click Enter to record the value.

•
The new value will appear in the Data list. The default value will reflect the pattern of your first two entries.

[image: image23..pict]4.
Turn the second polarizer to an angle of 20 degrees. Click Enter in the Keyboard Sampling window to record the new angle.

5.
Continue to turn the second polarizer by increments of 10 degrees until you reach 180. Click Enter in the Keyboard Sampling window for each new angle (including 180 degrees).

6.
When you have recorded the value at 180 degrees, click the Stop Sampling button in the Keyboard Sampling window to stop collecting data.

•
The Keyboard Sampling window will disappear. Run #1 will appear in the Data List in the Experiment Setup window.

Lab Report - Activity SL34: Polarization – Verify Malus’ Law

What Do You Think?

If the transmitted light is at maximum intensity when the two polarizers are parallel, and minimum intensity when the two polarizers are perpendicular, what is the relationship of the intensity of transmitted light to the angle of the polarizers between 0 and 90 degrees?

Questions

1.
What is the shape of the graph of the intensity versus the angle?

2.
What is the shape of the graph of the intensity versus the cosine of the angle?

3.
What is the shape of the graph of the intensity versus the square of the cosine of the angle?

4.
Theoretically, what percentage of incident plane polarized light would be transmitted through three polarizers which each have their axes rotated 17 degrees from each other? Assume ideal polarizers and assume that the first polarizer’s axis is 17 degrees from the axis of the second polarizer.

Voltage from sensor





Drag to X- axis.
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