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INTRODUCTION
In this experiment, you will be investigating optical interference generated by light passing through two slits. 
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Figure 1:  Geometry used to model the intensity pattern generated by the two slit experiment.
When light from the same source is directed onto a pair of narrow slits, spaced apart by a small distance d, it is diffracted as it passes through each slit. The two slits act like miniature light sources that are in phase with one another. The light emerges from these slits and, after traveling a long distance L, reaches a screen where it is detected.

For some positions on the screen, the light from both slits will arrive in phase – that is, the crest of the electric field from one slit arrives at the same time as the crest from the other slit. At these positions, the electric fields add together, and the intensity appears bright.

For other positions on the screen, the light from one slit will arrive out of phase with the light from the other slit – that is, the electric field crest from one slit will arrive on top of the trough from the other slit. At these positions, the electric fields cancel each other out, and there is no light intensity at all.

The repeating patterns of bright and dark lines on the screen are called interference fringes. They were discovered in 1800 by Thomas Young, and provided undeniable evidence for the wave nature of light, at a time when Newton’s particle theory was widely accepted.
From the figure, we can predict where the bright and dark fringes will appear at the screen. A bright fringe will occur where the light from one slit has traveled the same distance as the light from the other slit, or where the difference between these paths is a whole number of wavelengths. If the screen is far away from the slits, so that the two paths are nearly parallel, then the difference in path lengths as shown in the figure is:
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And so, a bright fringe will appear whenever 
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where m is any integer, and  is the wavelength of the light. Noting from the figure that 
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 (for very long L, so that the two rays are nearly parallel), we see that bright fringes will appear at the positions 
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EQUIPMENT
Helium-neon laser in aluminum housing
Diode laser

Lens

Glass slide with two pair of slits

Rotary motion sensor with a photodetector mounted on a toothed bar

Vernier interface

Laptop computer with Logger Pro v3.2

Height adjusting material and aluminum spacers

PROCEDURE

1. Turn on your laptop.  Make sure that it is connected to the internet.
2. Go to the website at                                                         

	http://www.rose-hulman.edu/~duree/ph113%20lab.htm


and download the file using the “Logger Pro file” link to your laptop.  Make sure you remember where you put it because you will need it later.
3. Plug the photodetector cable into the CH1 port on the Vernier interface.  There should be an adapter on the end of the cord coming from the detector that should fit into the Vernier port.
4. Plug the rotary motion sensor into the DIG/SONIC1 port on the Vernier interface.

5. Plug the AC adapter in an electrical socket and into the appropriate socket in the Vernier interface.

6. Plug the USB cable into the Vernier interface and the other end into your laptop.

7. Activate Logger Pro 3.2.

8. Once you have verified that Logger Pro has detected the interface, load the file “2slit-1.xmb1” that you downloaded from the website.
9. Left click on the Logger Pro button at the top of the window.  This will bring up the “Sensors” menu.  Select “Raw Voltage” for CH1 and “Rotary Motion” for DIG/SONIC1.  Close the window.
10. Left click on the stopwatch icon on the top tool bar.  Set the “samples/second” to be 300.  Change the “Length” entry to 6 seconds.  Click the “Done” button.

11. Plug in the helium-neon laser (the one in the aluminum housing).  Make sure that the laser is not pointed at anyone when you plug it in.  The laser should be pointed toward the wall at the other end of your lab table.
12. Place the lens near the laser housing and adjust the laser pointing screws (on top of the housing) until the beam travels parallel to the table top.

13. Position the photodetector in the middle of its range and reposition the lens and the laser such that the middle of the laser spot hits the photodetector.

14. Place the slide containing the two slits in the beam path.  There is more than one pair of slits etched into the slide: start out with the ones that are closest together. You should see a fringe pattern on the wall. Experiment by moving and tilting the slits, the lens, and even the laser. Try to adjust them for maximum brightness and sharpness of the fringes. The tilt of the slits is also important: try to get the slide containing the slits to be perpendicular to the laser beam. 
15. At the far wall, slide the detector to the edge of the intensity pattern, click “Collect” and take the data of voltage vs. position.  As you slide the detector across the pattern, place one hand on the rotary motion sensor and place one finger gently on top to guide the bar and prevent it from moving up and down which would distort your data.  Save the data for later analysis.
16. Measure L, the distance from the plane of the slits to the front of the detector.

17. If the Logger Pro file that you downloaded does not work correctly, you can correct the position values by making a new column using the position data and dividing that entry by 2.17.  When you go back to your graph, click on the horizontal axis title and change it to the new column that you just created.  To create a new column, left click on “Data” in the toolbar and select “New Calculated Column”.
18. Now carefully move the slide over, to use the pair of slits that are fartherest apart. You should see a different fringe pattern on the wall. These fringes may be more difficult to see; turning out the room lights will help. Again, play with the slits and adjust them to get the brightest and sharpest fringe pattern.

19. Check the alignment of the photodetector relative to the fringe pattern.  As before, make sure the fringes are vertically centered on the photodetector.
20. Slide the detector to the edge of the intensity pattern, click “Collect” and take a new record of voltage vs. position.  Save this second data set for later analysis. It should look something like this:
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21. For this data set, measure L also.
22. If the Logger Pro file did not work properly, create a new column like you did in step 17.

23.  Unplug the helium-neon laser and move the diode laser into the position that was previously occupied by the helium-neon laser.  Adjust the height of the diode laser such that it is a close as possible to the height of the helium-neon laser.

24. Take intensity data for the two pairs of slits using the diode laser (repeat steps 11 though 19).

25. Unplug the lasers.

Analysis
1. For each pair of slits (close and wide), and for each laser (HeNe and diode), calculate the average fringe spacing from your intensity data. Report this average, along with the standard deviation of the mean (standard error).  Be sure to include printouts of the four sets of data in your lab report.
2. For each pair of slits, calculate d, the distance between the slits. The wavelength of the helium-neon laser is 632.80 ( 0.01 nm. Estimate the uncertainty in d, by propagating the uncertainties in the fringe spacing, the laser wavelength, and the distance L.
3. You are now able to calculate the wavelength of the light emitted by the diode laser. Do this twice, using each set of fringe data from the diode laser.  Do your calculated values agree with each other, within uncertainty? Do they fall within the range listed on the diode laser of 670 to 675 nm?
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