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1.) A telescope receives light from distant stars. The light is analyzed by passing it
through a diffraction grating with 2000 lines/cm and then collecting it on a photographic
plate that is located 5 cm behind the grating, as in the sketch below.
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a.) (10 pts.) If the light on the photographic plate makes bright lines that ar@part
from each other, what is the wavelength of the light?
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2.) (10 pts.) An x-ray beam consists of photons that have energy equal to 15,000 eV. What

is the wavelength of the photons? . 8 -
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3.) (10 pts.) An electron beam consists of electrons with mass 9.1x103! kg and energy
15,000 eV. Assume that the velocity of the electrons is much smaller than the speed of
light, i.e., they are nonrelativistic. What is the wavelength of the electrons?
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4.) An object that is 2.4 cm high is placed 30 cm from a converging lens with a focal length
of 10 cm, as in the sketch below.
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a.) (10 pts.) Where is the image?
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b.) (5 pts.) Is the image upright oircle one.

c.) (5 pts.) What is the size of the image?
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d. (10 pts.) On the sketch above, draw the two principal rays that pass through the tip of
the image.

5.) (10 pts.) Fission of uranium in a nuclear reactor converts about one part in 1200
(by mass) of the uranium to energy. If the reactor generates 1 GW of power, how much
uranium must be converted to energy every year? (One year = 3.15x 107 s.)
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6.) A proton has mass 1.67x10~?7 kg.

a.) (10 pts.) What is the proton’s rest energy in MeV units?
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b.) (10 pts.) If the proton is accelerated to a speed u = 0.9 c, what is its kinetic
energy in MeV units?
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c. (10 pts.) If a proton that is moving at speed 0.9c approaches another proton that is

moving at speed 0.9c in the opposite direction, what is the speed of one proton relative to
the other?
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