Interference and Diffraction Problems

1. Single slit: A single slit has a width of 0.040 mm and is illuminated by 600 nm light. The diffraction pattern is observed on a screen 90 cm away from the slits. Determine the locations of the first three dark fringes on one side of the central maximum.

2. Double Slit: You have a double slit with slit width 0.040 mm and slit separation 0.150 mm. 

(a) How many interference fringes would appear in the central diffraction envelope? 

(b) Suppose you double the separation. What happens to (i) the location of the first diffraction minimum and (ii) the number of interference fringes in the central maximum?

(c) Suppose you keep the same separation but now make the slit width half of its previous value. What happens to (i) the location of the first diffraction minimum and (ii) the number of interference fringes in the central maximum?

3. Anti-Reflection Coating: Suppose we put a thin layer, thickness L, of MgF2, n = 1.38, onto glass, n = 1.5. Light of wavelength lambda, 500 nm, is shone onto the system perpendicular to the film. Find the conditions that lead to (a) constructive and (b) destructive interference in the reflected light. (c) What is the minimum thickness of the material that will cause it to be nonreflective? (d) What will be true of the film if it is “peeled off” the glass substrate?

4. Soap Bubble: Consider a thin layer of soap bubble held in the circular wand 

(fig 36-14) with air on both sides. Find the thicknesses of the soap bubble (assume the water/soap solution has an index n1 = 1.33 and we have wavelength = 550 nm) for which there is (a) constructive interference (b) destructive interference of reflected light of wavelength . (c) Find the type of interference you expect when the film becomes very thin. What is the thickness of the film in Figure 36-14 where the first visible reflected light is seen? In all cases assume the light is incident perpendicular to the film.  (d) Suppose we want to find preferentially transmitted light at that wavelength, what would the minimum non-zero thickness be? 
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5. Dielectric Mirror: Onto glass, n = 1.5, I put layers of ZnS (n = 2.30, L = 54.3 nm) and MgF2 (n = 1.38, L = 90.6 nm) as shown. Four reflections are shown. Find the type of interference (Constructive, Destructive) between rays 1 and 2, 2 and 3, and 3 and 4 when light of wavelength 500 nm is shone onto the system. In all cases assume the light is incident perpendicular to the film.          

6. Resolution: You want to visually observe a binary star system, Sirius, that is located 8.6 light-years away. Treat the two stars as point sources separated by 15 astronomical units (1 a.u. = distance from earth to sun). What diameter telescope would you need to resolve this system as two stars? Repeat for a similar binary system located 430 lightyears away.

