PHYSICS 3600 Optics and Photonics I

Winter 2006

Assignment #4
Handout: Wednesday, March 8, 9:00 am

Due: Wednesday, March 15, 9:00 am

Note: There are five problems in this assignment. Please turn over to find Prob#5.

1. (20 points) A Newton’s ring apparatus is illuminated by light with two wavelength components. One of the wavelengths is 546 nm. If the eleventh bright ring of the 546-nm fringe system coincides with the tenth ring of the other, what is the second wavelength? What is the radius at which overlap takes place and the thickness of the air film there? The spherical surface has a radius of 1 m.
2. (20 points) A Michelson interferometer is used to measure the refractive index of a gas. The gas is allowed to flow into an evacuated glass cell of length L placed in one arm of the interferometer. The wavelength is (.

(a) If N fringes are counted as the pressure in the cell changes from vacuum to atmospheric pressure, what is the index of refraction n in terms of N, (, and L?

(b) How many fringes would be counted if the gas were carbon dioxide (n = 1.00045) for a 10-cm cell length, using sodium light at 589 nm?

3. (20 points) Let a collimated beam of white light fall on one refracting face of a prism and let the light emerging from the second face be focused by a lens onto a screen. Suppose that the linear dispersion at the screen is 20 Å/mm. By introducing a narrow “exit slit” in the screen, one has a type of monochromator that provides a nearly monochromatic beam of light. Sketch the setup. For an exit slit of 0.02 cm, what is the coherence time and coherence length of the light of mean wavelength 5000 Å?  

4. (20 points) A number of dichroic polarizers are available, each of which can be assumed perfect, that is, each passes 50% of the incident unpolarized light. Let the irradiance of the incident light on the first polarizer be I0.

(a) Using a sketch, show that if the polarizers have their transmission axes set at angle (  apart, the light transmitted by the pair is given by
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(b) What percentage of the incident light energy is transmitted by the pair when their transmission axes are set at 0( and 90(, respectively?

(c) Five additional polarizers of this type are placed between the two described above, with their transmission axes set at 15(, 30(, 45(, 60(, and 75(, in that order, with the 15( angle polarizer adjacent to the 0( polarizer, and so on. Now what percentage of the incident light energy is transmitted?

(Please turn over)

5.      (20 points) A collimated beam of mercury green light at 546.1 nm is normally incident on a slit 0.015 cm wide. A lens of focal length 60 cm is placed behind the slit. A diffraction pattern is formed on a screen placed in the focal plane of the lens. Determine the distance between (a) the central maximum and first minimum and (b) the first and second minima.
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