Optics Homework 23: Due Thurs 4/3/08
Dr. Colton, Winter 2008

20 total points
1. (12 pts*) Diffraction Lab. Take careful measurements; you will be graded in part on accuracy (based on my own measurements, which may or may not correspond to any printing on the apertures). The distance from the edge of the optical table to the door is 3.06 m; you’ll need to make all other measurements yourself. There are two 633 nm lasers set up in the lab: one has its beam expanded (via two lenses), the other does not. Use the expanded beam only for part (a), and don’t touch the lenses. For all of the following parts, make sketches of the diffraction pattern in addition to any quantitative calculations that may be called for. Hint: your quantitative measurements may be easiest to make by tracing the diffraction pattern onto a piece of paper, and then measuring the spots on the paper rather than trying to measure the spots directly on the door. 
a. Poisson spot. (Qualitative only.) Use the glass slide with the glued-on metal ball to look at the Poisson spot. You may not be able to see it for all distances, and it may not be centered perfectly,** but you should be able to see a bright spot within the ball’s shadow. 

b. Slits. Use the red slide labeled “1   2   3    4   5   6”.  The numbers correspond to the number of slits at that position. The slits at a given number may or may not be the same width/spacing as the slits at a different number (although it turns out that they are close). For positions 2, 3, 4, and 5: measure the separation of nearby bright peaks and the distance from the center to the first long-range minimum to determine the separation of the slits and the width of the slits, respectively. Hints: Use the general principle that the spacing between slits governs the fine structure and the width of the slits governs the overall modulation. Use your results from HW21 problem 2 to guide you; think carefully about the period over which the fine structure should repeat in each case. It may help for you to first use a computer to plot out the intensity functions predicted by your HW21 results. In general the fine structure will be much easier to see and measure than the overall modulation. You can look at position 1 to qualitatively see what the overall modulation should look like for the rest of the positions.
c. Diffraction grating. Use the grating marked “Fraunhofer slide 5”. Use the separation of maxima to determine the distance between slits. Estimate the width of each the central maximum and use that with the formula we’ve discussed in class to estimate how many slits are illuminated by the laser. Do your answers to the previous two questions make sense with how big the laser beam looks?

d. Slide marked “Fraunhofer 0.04 0.08 circular apertures”. This slide contains three different apertures:
i. A single circular aperture (it’s tiny, hard to see). Use the width of the Airy disk to determine the radius of the circle. 

ii. A rectangular array of circles (on the far side from the single circle). Use the separation of maxima to determine the vertical and horizontal distances between apertures. Use the long-range minima to determine the size of the circles.

iii. (Qualitative only.) A hexagonal array of circles, located in-between the two previous apertures. Looks cool! 
2. P&W P11.8

3. P&W P11.1 

























* More than the usual amount of points for a lab because there are so many parts.


** Probably due to the expanded beam not resembling a plane wave terribly closely.
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