Color Vision SIM Homework Answer KeyTop of FormTop of Form
1) (5 pts total) You upgrade the TV in problem 1 to a color TV which has 3 phosphor dots (one red, one green, and one blue) for each pixel and 3 electron beams (one dedicated to each color) to illuminate these dots. 

a) (1 pts) Explain how the incoming electrons interact with the phosphor dots to produce light and what differs between these 3 types of phosphors so that they produce different colors of light. 
When an incoming electron collides with the phosphor, it transfers its kinetic energy to an electron in the phosphor, putting that electron into a higher energy level. When the atomic electron falls back to its ground state, it gives off light with energy equal to the difference between the excited state and the ground state. In each of the three different color phosphors, the energy levels in the phosphor are such that the difference in energy will produce the specific color of light desired: either red, green, or blue. Since red photons have less energy than blue photons, the difference in energy of two energy levels in the red phosphor is smaller than in the blue phosphor.
b) (2 pt) Since you now have a color TV, you decide to get fancy with your picture. You decide to produce a thin horizontal line at the center row of the TV, but you want your line to look like this. 
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Explain how you could do this by controlling each of the electron beams (the blue one, the red one, and the green one). Your explanation should include what you would need to do and the physics of why it would work. You can reference the answer you gave in Question 1A if you like. 
All three electron beams hit the screen very close together at the center of the screen when there is no magnetic field. To make a fancy colored line like in the picture, we want to move the three electron beams together and control their intensities independently. The position and shape of the line is exactly the same as in Question 1a, so the procedure for sweeping out the line is the same. To control the intensity of each beam, we add or remove charge from the grid in front of the cathode for that beam. If the grid has only a small negative charge, lots of electrons will get through and be accelerated to the screen. But if the negative charge is increased, the free electrons escaping from the cathode are strongly repelled by the grid and fewer will get through. The intensity of color for each beam is directly proportional to the number of electrons which go into that beam and striking the associated phosphor (blue, red, or green).

To produce the particular pattern above, the electron beam for the blue pixels should be at full intensity and the other two should be at zero intensity while the beams sweep over the left third of the screen. For the middle third of the screen, the beam for the blue pixels should be at zero and the beams controlling red and green should be at the same (say half) intensity. For the right third of the line the red should be at full intensity with no contribution from blue or green.

c) (3 pts) Check your answer to the previous question using the Color Vision Simulation available from http://phet.colorado.edu/simulations/sims.php?sim=Color_Vision
i) How are you able to make the man see yellow using this simulation? Explain why we can see this as yellow even though we are only using red, green, and blue lights. 
Our brain interprets the color yellow as when Cone 1 and Cone 2 of our eyes are equally stimulated by light, and Cone 3 has no stimulation. Since the red light stimulated Cone 1 a lot and Cone 2 a little bit while the green light stimulates Cone 1 a little bit and Cone 2 a lot, we can achieve equal stimulation of Cone 1 and Cone 2 by using equal amounts of red and green light (photons).

ii) What changes do you see in the simulation when you adjust the brightness of the red light? 
The brightness of the red light changes the number of red photons hitting the man's eyes. This also changes the color that the man's brains says he is seeing. 

iii) How do these changes affect the stimulation of the three cones within the man’s eye? Does it affect what color his brain says he is seeing? Why or why not? Does it affect the wavelength of the light hitting his eye? Why or why not? 
Since red light stimulates Cone 1 a lot and Cone 2 a little bit, changing the amount of red light will change the stimulation of Cone 1 by quite a bit with only a small change in the stimulation of Cone 2. Since our brain interprets the color we see by looking at the relative stimulation of Cone 1 to Cone 2 to Cone 3, any change in the red light (without changing the green and blue), will change how Cone 1 (and Cone 2 a little bit) are stimulated relative to Cone 2 and 3.
Changes to the red light do not change the wavelength of the light hitting the eye. These are red photons, just more photons or fewer photons per second.

iv) In this context, explain how we can see something on the color TV as the color white or as the color grey? 
We interpret something as white when all 3 of our cone cells are highly stimulated ... this is what happens when we look at a uniform spectrum of white light coming from the sun or from a bulb. With the TV emitting red, green, and blue photons with equal intensity, this stimulates all 3 cones. If the red, green, and blue lights are all bright, we see white. If the three colors are emitted equally, but not quite as bright, we see grey. 
d) (1 pt) In the back of your favorite comic book is an ad for a giant magnifying glass that attaches on the front of your TV screen. It claims that this will allow you to see far better detailed images of your favorite TV actors. What is the problem with this claim? 
The image on a TV is made up of tiny pixels, each made up of a little dot of each of the primary colors of light: red, green, and blue. The pixels are just small enough that at a reasonable distance from the TV, the human eye cannot resolve the individual pixels, and instead sees a continuous image. A large magnifying glass will not provide more detail; it will only enlarge the image and make the pixels visible.
