Tutorial for Chapter 10

1. Verify that (10.1) can be derived by applying (0.48) in Chapter 5 to (7.24) in Chapter 7.

2. No lens can focus light down to a perfect point because there will always be some diffraction. Find an expression for estimating the size of the minimum spot of light at the focus of a lens in terms of the focal length, the lens diameter, and the light wavelength.
3. Suppose that we have a laser emitting a diffraction-limited beam (0 = 632.84 nm) with a 2-mm diameter. How big a light spot would be produced on the surface of the Moon a distance of 376 x 103 km away from the laser? Neglect any effects of the Earth’s atmosphere.
4. If you peered through a 0.75-mm-diameter hole at an eye chart, you would probably notice a decrease in visual acuity. Take 0 = 550 nm to compute the angular limit of resolution, assuming that it is determined by diffraction;. Compare your results with the value of 1.7 x 10-4 rad, which corresponds to 4.0-mm pupil.
5. The Mount Palomar telescope has an objective mirror with a 508-cm diameter. Determine its angular limit of resolution at a wavelength of 550 nm, in radians, degrees, and seconds of arc. (a) How far apart must two objects be on the surface of the Moon if they are to be resolvable by the Palomar telescope? The Earth-Moon distance is 3.844 x 108 m; and take 0 = 550 nm. (b) How far apart must two objects be on the Moon if they are to be distinguished by the eye? Assume a pupil diameter of 4.00 mm.
6. A transmission grating whose lines are separated by 3.0 x 10-6 m is illuminated by a narrow beam of red light (0 = 694.3 nm) from a ruby laser. Spots of diffracted light, on both sides of the undeflected beam, appear on a screen 2.0 m away. How far from the central axis is each of the two nearest spots?
7.  (a) A diffraction grating with slits 0.60 x 10-3 cm apart is illuminated by light with a wavelength of 500 nm. At what angle will the third-order maximum appear? (b) A diffraction grating produces a second-order spectrum of yellow light (0 = 550 nm) at 25o. Determine the spacing between the lines on the grating. And (c) white light falls normally on a transmission grating that contains 1000 lines per cm. At what angle will the red light (0 = 650 nm) emerges in the first-order spectrum? 

8. Light from a laboratory sodium lamp has two strong yellow components at 589.5923 nm and 588.9953 nm. (a) How far apart in the first-order grating spectrum will these two lines be on a screen 1.00 m from a grating having 10,000 lines per cm? (b) What is the total number of lines another grating must have in order just to separate the sodium doublet in the third order?
9. (a) Sunlight impinges on a transmission grating that is formed with 5000 lines per cm. Does the third-order spectrum overlap the second-order spectrum? Take red to be 780 nm and violet to be 390 nm. And (b) light having a frequency of 4.0 x 1014 Hz is incident on a grating formed with 10,000 lines per cm. What is the highest-order spectrum that can be seen with this device? Explain.
10. Suppose that a grating spectrometer while in vacuum on Earth sends 500-nm light off at an angle of 20.0o in the first-order spectrum. By comparison, after landing on the planet Mango, the same light is diffracted through 18.0o. Determine the index of refraction of the Mongoian atmosphere. 

