Optics Homework 26: Due Tues 4/15/08
Dr. Colton, Winter 2008

12 total points
Note for problems 2 and 3 you will need various plots/diagrams. Feel free to print those out from the “Colton Color notes” as many times as needed for use with your homework.
1. Suppose you have a three-level system, indicated by states 0, 1, and 2, below. (If a given transition does not appear on the diagram, you may assume that its rate is so slow that it does not play a role in the process.)  In the figure, N0, N1, and N2 refer to how many electrons per cubic meter, exist in those states. In this system, the pump (i.e. caused by electron injections, flashlamps, another laser, etc.) excites atoms from state 0 to state 2 at a rate of P2 electrons/cm3, per second  The ’s are spontaneous emission lifetimes. To make this problem easier, let’s assume state 0 is not depleted to any significant extent for any time (i.e., dN0/dt = 0), and neglect stimulated emission. 

(a) What are the rate equations for states 2 and 1?

(b) Assuming the initial concentrations N1(t = 0) and N2(t = 0) are both equal to 0, determine the densities N2(t) and N1(t) as a function of time.

(c) Suppose 2 is 1 s, 1 is 2 s, and P2 = 1020 cm-3/s. Plot the expressions you obtained for part (b). Over what time interval is the population difference N2 – N1 > 0?

(d) What are the steady-state populations in states 2 and 1? (“Steady state” = “after a long time”.) Can this system lase in steady state?




Some comments: You should find in part (d) that it cannot lase steadily. This system is a reasonable model for the pulsed N2 laser, which lases at 337 nm; its major drawback is that the population inversion cannot be maintained indefinitely.

2. Two equally bright lights, A and B, have chromaticities (x, y) of (0.4, 0.2) and (0.5, 0.4) respectively. They are produced by letting white light shine through two colored filters, which are also called A and B. (a) Locate A, B, and the white point W on a chromaticity diagram. (b) Use your diagram to estimate the hue and saturation of A. (c) Repeat for B. (d) Now let equal amounts of lights A and B illuminate a white object. Find the chromaticity of the object in this light and estimate the hue and saturation of that color. Show your construction on your diagram; label the resultant point A + B. (e) If white light is sent through both filters in succession, what is the resulting color? Use simple subtractive color laws for the hues obtained in parts (b) and (c).
3. A light produces the following spectrum, I vs  (nm). 
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(a) Compare this to the colors of the rainbow and make a reasonable guess for what color this light would look to you. (b) Do the integrals X, Y, and Z  by multiplying I() by the color matching functions (graphically) and estimating the area under the three resulting curves.* (c) Compute the chromaticity coordinates x, y, and z. (d) Use the chromaticity diagram to determine the hue and saturation. How does the hue compare with your guess in part (a)?  (e) Plot the sRGB color triangle on your chromaticity diagram. Estimate (fairly carefully) the relative R, G, and B values you would need to reproduce this color (if it falls within the sRGB gamut; if it doesn’t, say so). I.e. this color would be what percent R, what percent G, and what percent B?



N0





2





1





P2





N1





N2








* When I did this for e.g. x-bar, I picked several points (~10) across the spectum and multiplied I() point-by-point by x-bar to obtain the product function I times x-bar. Then I plotted the product function, drew a rectangle of approximately the same area as that product function, and calculated the area of the rectangle to get X.   Same thing for Y and Z.
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