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Polarization

	Equipment Needed
	Qty
	Equipment Needed
	Qty

	Optics bench (OS-8518)
	1
	Polarizers (OS-8520)
	2

	Point light sources (OS-8517)
	2
	Photometer with filter set (OS-8520)
	1

	Accessory Holder
	1
	
	


Purpose

The purpose of this experiment is to show that the intensity of the transmitted light through two polarizers depends on the square of the cosine of the angle between the axes of the two polarizers.

Background

A polarizer only allows light which is vibrating in a particular plane to pass through it. This plane forms the “axis” of polarization. Unpolarized light vibrates in all planes. Thus, 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 (Figure 14.1).
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Figure 14.1: Unpolarized light incident on two polarizers oriented perpendicularly to each other.

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, and thus some light will be transmitted through the second polarizer (Figure 14.2).
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Figure 14.2: Unpolarized light incident on two polarizers oriented at an angle φ with respect to each other.

The component, E, of the polarized electric field, Eo, is found by using trigonometry: E = Eo cos φ.  Since the intensity of the light goes as the square of the electric field, the transmitted light intensity is given by I = Io cos2 φ, where Io is the incident light intensity and φ is the angle between the axis of polarization of the incident light and the polarizer.

Notice that the two extremes work in this formula:

If φ is zero, cos2 (φ) equals one, and thus the intensity transmitted is equal to the incident intensity of the polarized light because the polarizer is aligned with the incident light and will allow all of it to pass through.

NOTE: It is assumed that the incident light is polarized, not unpolarized.

If φ is 90, cos2 (φ) equals zero, and no light is transmitted since the polarizer is oriented perpendicular to the plane of polarization of the incident light.

Procedure

Set Up
1. Snap one polarizer onto each side of the accessory holder. Before beginning the experiment, check the angle calibration on the polarizers in the following way: On the side of the accessory holder that has the label, set the angle to 90 degrees. Look through both polarizers at a bright light and rotate the other polarizer until the transmitted light is at the minimum. Now the polarizers are crossed at 90 degrees. Rotate the label- side polarizer back to zero degrees. Now the two polarizers are aligned for maximum transmission. Throughout the experiment, only rotate the outer polarizer.
2. Place the photometer in the middle of the optics bench. Place the neutral density filter on one side of the photometer. Place a point light source on each end of the optics bench.

3. Place the polarizer accessory holder (with polarizers) on the bench between the light source and the photometer on the side opposite the neutral density filter.  The label side of the polarizer holder should face away from the photometer. The polarizer holder should be close to the photometer so only polarized light will enter that side of the photometer.

Procedure

NOTE: You may want to cover the crossed-arrow objects on each light source to reduce the

excess light in the room. The room lights must be off for this experiment.

➀ Set the neutral density filter for 100% transmission.

➁ While looking into the photometer’s conical eyepiece, adjust the position(s) of the light source(s)

until the two sides of the orange indicator have equal intensity.

➂ Set the neutral density filter for 75% transmission.

➃ While looking into the photometer’s conical eyepiece, rotate the label-side polarizer until the two

sides once again have equal intensity. Record the angle in Table 14.1. Rotate the polarizer back

to zero and repeat the measurement for 50% and 25% transmission.
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Polarization

Data Table 14.1
	% transmittance
	75%
	50%
	25%

	Trial 1
	
	
	

	Trial 2
	
	
	

	Trial 3
	
	
	

	Average 
	
	
	

	(Cos2
	
	
	

	% difference
	
	
	


Analysis

➀ For each of the neutral density filter settings, calculate the average of the three trials and record

the average angle in Table 14.1.

➁ To calculate the predicted percent transmittance for each case, calculate the square of the cosine

of each average angle and record in Table 14.1.

➂ Calculate the percent difference between the percentage transmittance and the predicted value for

each case and record in Table 14.1.
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