Interference of Light.
	The basic concept for interference of light is no different then for any other wave: The Principle of Linear Superposition. If two sources are coherent (in phase, monochromatic), the interference results from a different in the distance the light travels to the observation point. If the difference in path length is any integer multiple of λ the interference is constructive, if the difference in path length is any integer plus ½ multiple of λ the interference is destructive.

	Constructive		|d2 - d1| = n λ 		where n is an integer
	Destructive		|d2 - d1| = (n+½) λ	where n is an integer 

The ways this can occur are many. We will concentrate on two; Diffraction and Thin Films.

1. Diffraction
The Analysis Below Assumes D>>>d 

a. Dual Slit Diffraction. The pattern for dual slit diffraction consists of evenly spaced bright fringes with well defined evenly spaced dark spots. The pattern results from destructive and constructive interference as the light from each slit travels slightly different distances to get to the viewing screen. The geometry of the situation, assuming short wavelength, is shown below. 

















Because D>>>d, we can assume that any line from between 1 and 2 to single point on the viewing screen is parallel. From this it follows that segment mp is equal in length to segment np. Therefor the extra distance traveled by ray 1 lies between slit 1 and point m, in this case 2.5λ. Now we can create two similar right triangles. 













We can simplify this further by noticing that for small angles sinθ ≈ tanθ. 




b. Diffraction Grating. The pattern for a grating is very different than that for a dual slit. It consists of widely spaced, clearly defined bright spots, with large dark regions between. The reason for this in the large number of different slits which are interfering. If the difference in path length between the viewing screen and two neighbouring slits, or windows is EXACTLY an integer multiple of λ the interference will be constructive. 






















*NOTE: θ is NOT a small angle for the grating, so sin θ ≠ tan θ

If however the difference is slightly more or less than that, say 1.1λ, then if we move down two windows the difference in path length will be 2.2λ, three windows, 3.3λ, four windows, 4.4λ, and five windows 5.5λ. Here is the key, the top widow has now interfered destructively with the sixth window, the second with interfere destructively with the seventh and so on. Even if the difference in distance from the screen to two neighbouring windows is only 1.01λ (think about that. That is one one-hundredth of a wavelength. Remember that visible light has a wavelength of around one ten-thousandth of a MILLIMETRE.) 
the first window will interfere destructively with the 51st window, the second with the 52nd etc. As a result the pattern is nearly entirely destructive with only pinpoint bright spots.






















c. Single Slit Diffraction

The pattern in single slit diffraction is dominated by a wide central bright fringe. The secondary bright fringes are very small and dim in comparison. The pattern can be explained using Huygen’s principle which states that: Each point on a wave can be considered as its own point source. The first dark fringes occur when all of the light in the top half of the opening interferes destructively with all of the light in the lower half.



















The next dark fringe can be explained by dividing the window into 4 regions with the light from one portion interfering destructively with the portion below. The next results from the window being divided into 6, then 8 then 10 and so on.






























Practice:

1. What is the width of the central bright fringe on a screen 4.00m from a single slit, 0.100mm wide if the incident light has a wavelength of 588nm?
2. A 250lines/mm grating is used with a 690nm laser. The second order bright spot is 1.8m from the central bright spot on a viewing screen. What is the screen distance?
3. 675nm light is shone through a single slit 0.200mm wide. The diffraction pattern has a second order dark spot located 32.0cm from the centre of the pattern. What is the distance from the slit to the screen?
4. A dual slit diffraction pattern has 6.00cm between second order dark spots. The screen is located 7.00m from the slits and the light has a wavelength of 842nm. What is the slit spacing?
5. Two radio towers are arranged as shown. At point C, a distance of 2.00km from tower B, an observer locates the final point of destructive interference. What is the frequency of the waves?
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6. A dual slit experiment is conducted resulting in second order dark spots separated by 3.0cm. The experiment is repeated, with the ONLY change being the slit separation is doubled. What is the new separation between the second order dark spots?
7. A diffraction grating has 999lines/mm. Light with ƒ=5.62x1014Hz is shone through the grating onto a screen located 65.0cm beyond it. What is the distance between the first order bright spots?
8. What width of single slit will produce a central bright fringe with a width of 9.0cm on a viewing screen 2.62m from the slit, when illuminated by light with ƒ=7.89x1014Hz.
9. What is the total number of bright spots formed with a grating with 1200lines/mm and light with ƒ=4.10x1014Hz?
10. Which will produce the widest central bright fringe?
	a. A diffraction grating with 200lines/mm
	b. A diffraction grating with 800lines/mm
	c. A 0.090mm single slit
	d. A 0.18mm single slit
	e. Dual slits spaced by 0.15mm
	f. Dual slits spaced by 0.30mm
11. Consider the following dual slit with a twist. Two slits are spaced by 0.200mm. Each slit is illuminated by 400.0nm light. The twist is that the light through the top slit is ½λ out of phase with light through the bottom slit (The top slit produces a crest as the bottom produces a trough and vice versa). 
	a. What appears at the centre of the pattern? Explain.
	b. Locate the n=2 bright spot for this pattern.


