Team Physics 312

Name: ____________________________

Lab 8.2311
Date: ___________

Table/Team: _________________________


Interference and Diffraction Lab

Caution:
Class IV lasers are used in this experiment. Under no circumstances should you look directly into the laser. Laser light reflected from non-metallic surfaces is safe. You will be instructed on laser safety at the start of the lab.

Purpose:  In this lab you will measure the width of a human hair using the interference and diffraction of light.  

Method:  By shining laser light on a hair, a diffraction pattern can be observed beyond the hair on a screen.  According to Babinet’s Principle, the diffraction pattern of an object is identical to the diffraction pattern of the negative of the object. Thus a single thin barrier such as a hair should have the same pattern as a single slit.  By knowing the wavelength of the laser and making measurements of the setup, you can find the width of the hair using the single-slit formula.  However, we do not know the wavelength of individual laser diodes in the lab.  The wavelength depends on variations in the manufacturing process and also on the age of the diode.  Typical values range from about 630 to 680 nm.  To measure the wavelength of the diode laser you use for the hair experiment, you will calibrate the laser by combining the results of using three different techniques to measure the wavelength:  Double Slit, Single Slit and Diffraction Grating.

Calibration Method I -- Double Slit: We discussed this in class and found that       
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The angle, theta, is hard to measure directly. Instead you can measure the distance, y, along the screen from the center of the pattern to a fringe and the distance, D, from the slits to the screen so that tangent theta is obtained from



tan  = y / D
When the angle in radians is small, sin theta approximately equals theta:           
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and we can combine Equations (1) and (2) to get            
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Equation (3) tells us that the bright fringes are equally spaced.  Likewise, the dark spaces between are also equally spaced.

Calibration Method II -- Single Slit: When a single slit is used the analysis is more complicated, but the ideas of interference remain valid. The first case of destructive interference (a dark spot) occurs when the light from the top half of a slit interferes with the light from the bottom half of the slit at an angle of theta = zero. The dark spots occur for angles m’ such that               
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When the angles are small we combine this with equation (2) to get           
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Notice that this means that the angle between the first dark spot on either side of center is double the distance between other dark spots as seen by figure 37-14 (b) in your text.

Safety Precautions:

Avoid looking directly into the laser. Reflections from the screen are safe.

Setup Procedure:  Mount the laser at one end, the slit holder near the laser, and the screen at the far end of the optical track. 

Note: You can make the patterns easier to measure if you put the screen the wall instead of the optical track. This allows you to tape a sheet of paper to the wall on which to draw.              
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There are two types of slit-containing devices in the lab. The older ones are slides labeled as follows:

	
	Double Slits
	Single Slits

	Label
	A
	B
	C
	D
	A
	B
	C
	D

	Width a in mm
	0.04
	0.04
	0.08
	0.08
	0.02
	0.04
	0.08
	0.16

	Separation d in mm
	0.250
	0.500
	0.250
	0.500
	
	
	
	


The newer slit holders have the same selection of slit widths and separations, but they are mounted on two separate rotating wheels. When you mount these, be certain to rotate to the appropriate label.

In the following, items marked “discussion” are things you should make sure you discuss somewhere in your report, such as the procedures section, the data analysis section or the conclusions.

Calibration Procedure I -- Double Slit: Locate the slide (or section of the wheel) containing double slits. Use slit pairs A and then B [a = 0.04 mm, d = 0.25 mm and d = 0.5 mm]. Mount the slide in the slide holder and tape a piece of blank paper to the screen or to the nearest wall. Also record the distance from the slit to the screen.

Turn on the laser and adjust the slide/wheel so the laser passes through slits A [a = 0.04 mm, d = 0.25 mm] and the pattern is clear on the screen/paper. You should see a wide pattern on the screen, and within the wide envelope pattern are closely-spaced fringes. (Be sure measure  the closely-spaced fringes and not the wide pattern!) Mark the location of the centers of the dark fringes on the paper, and label the pattern A [a = 0.04 mm, d = 0.25 mm]. Mark at least 6 successive dark fringes. 

Move the paper up slightly, and adjust the slide so the laser passes through slits B [a = 0.04 mm, d = 0.5 mm]. Mark the centers of the dark fringes (again try for at least 6 successive fringes) and label the pattern B [a = 0.04 mm, d = 0.5 mm]. 

Remove the paper and measure the average fringe spacing for each of the two sets of slits. Quickly calculate the wavelength of light before you go on to the next section to make sure you are getting something close to 660 or 670 nm. You also need to estimate the uncertainty in the spacing.  As always, reduce the relative uncertainty by measuring the total width of a number of fringes and divide the result by that number of fringes.  

Calibration Procedure II -- Single Slit: Find the slide or wheel with single slits; you will use slits B [a = 0.04 mm] and C [a = 0.08 mm], and mount it on the optical bench. Tape a new piece of paper on the screen. Adjust the slide/wheel so that the laser shines through slit B [a = 0.04 mm]. 

Mark the center of the dark spots on each side of the central bright spot. Mark at least three dark spots on each side. Label the pattern. Move the paper and adjust the slide holder so that the laser shines through slit C [a = 0.08 mm], mark the centers of the dark spots, and label the pattern. Discussion: Compare the intensities of the central bright spot to the secondary spots, and compare the pattern to figure 37-14 (b) of the textbook.

Remove the paper and measure the width of the central spot in each pattern, and the widths of the secondary spots for each pattern. Quickly calculate the wavelength of light before you go on to the next section to make sure you are getting something close like 600 to 700 nm.  

Calibration Analysis: Carefully calculate the wavelengths for the double slits and  the single slits, Compare the values of the wavelengths you obtain. If they agree or approximately agree within the uncertainties, then average the values to find the wavelength of your laser and the uncertainty of the wavelength. Using these values of wavelength and the average, calculate the average deviation from the mean 
Measurement: Obtain a hair. Tape it vertically across the aperture in the slide holder and adjust the laser to hit the hair. The pattern should resemble a single slit pattern. On a new piece of paper mark the location of the first dark spot on each side of center. Use the data and the wavelength you have calculated to determine the diameter of the hair. Calculate the uncertainty in this value.

Interference and Diffraction
DUE AT 1:20 !!
Names      ________________________
Of Group   ________________________

Members  ________________________
(1) Show your calculations of the wavelength of light using the double slits 

(Include any sketches of the pattern that you think will be helpful in explaining what you did) 
(2) Show your calculation of the wavelength of light using the single slits

(3) How many values of  did you find? 

Calculate the best value of the wavelength of the light

. 

Calculate the average deviation from the mean for these values

(4) Show your calculation for the diameter of the hair. 

(5) Calculate the uncertainty in this value. 
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