1) When an object is placed outside the center of curvature of a convex mirror, the image is

a) upright and virtual
b) inverted and smaller
c) larger and real

2) When an object is placed inside the focal point of a converging lens, the image is

a) upright and virtual
b) inverted and smaller
c) larger and real

3) When a laser beam travels from air (n = 1.0) into water (n = 1.33) the beam

a) bends toward the normal
b) bends away from the normal
c) travels in a straight line

4) Mirrors work off the principle of

a) refraction
b) diffraction
c) reflection

5) Compared to a double slit interference experiment in air, when placed underwater the bright fringes

a) are the same distance apart
b) move closer together
c) move farther apart

6) The of light explains the bending of light through a single slit.

a) polarization
b) diffraction
c) interference



7) Inthe Compton effect, the angle that the photon scatters off the electron affects the photon’s final

a) polarization
b) wavelength
c) speed

8) Which experiment cannot be explained by the particle properties of light?
a) two slit interference

b) the Compton effect
c) the photoelectric effect

9) The highest energy photons in the hydrogen spectra involve transitions that end at the

level.
a) n=1
b) n=2
c) n=3

10) How many electrons can fit in the s subshell?

a) 2
b) 6
c) 10

11) As a space ship approaches the speed of light, observers on the ship measure light to

a) speed up
b) slow down
c) move at the same constant speed

12) Which is NOT a consequence of the theory of relativity?

a) nothing can travel faster than the speed of light
b) moving clocks are measured to run slow
c) light has a wave-particle duality

energy



An object is placed in front of a convex mirror with a radius of curvature of magnitude
10 cm. The mirror produces an image that is 4 cm behind the mirror.

13) How far from the mirror was the object placed?

a) 5cm

b) 10 cm
c) 15¢cm
d) 20cm
e) 25cm

14) What is the magnification?

a) +5
b) +1/5
c) o0
d) -1/5
e) -5

An object that is 2 cm tall is 18 cm in front of a converging lens and creates a real image
8 cm beyond the lens.

15) What is the focal length of the lens?

a) 1.54cm
b) 3.54cm
c) 5.54 cm
d) 7.74 cm
e) 9.94cm

16) What is the height of the image?

a) +3.89cm
b) +0.89 cm
c) Ocm

d) -0.89 cm
e) -3.89cm



Light with wavelengths from 400 nm to 750 nm is involved in a two slit interference
experiment with a slit spacing of 0.0025 mm. (1 nm = 1x10° mand 1 mm = 1x103 m)

17) At what angle will the second order maximum be located for green light (575 nm)?

a) 17 degrees
b) 27 degrees
c) 37 degrees
d) 47 degrees
e) 57 degrees

18) How many total full order spectra (from 400nm to 750nm) can be seen on both sides of the central bright
fringe?

a) 2
b) 4
c) 6
d) 8
e) 10

Radar with a wavelength of 1.35 cm is incident on a thin protective coating covering a
stealth fighter. The index of refraction of the thin coating is 1.84.

19) What is the wavelength of the radar waves in the thin coating?

a) 0.73cm
b) 1.12cm
c) 1.35¢cm
d) 1.86 cm
e) 2.48cm

20) At what minimum thickness is the reflected radar a minimum (destructive interference)?

a) 0.07cm
b) 0.15cm
c) 0.18cm
d) 0.29 cm
e) 0.41cm



In the photoelectric effect, the maximum wavelength for electrons to be emitted from a
surface is 786 nm.

21) What is the momentum of these photons?

a) 2.43 x 102 kg-m/s
b) 3.43 x 102 kg-m/s
¢) 5.43 x 102 kg-m/s
d) 8.43 x 10 kg-m/s
e) 9.43 x 102 kg-m/s

22) What is the work function of this metal? (1 eV =1.6 x 101°)J)

a) 1.58 eV
b) 2.58 eV
c) 3.58 eV
d) 3.58 eV
e) 4.58 eV

23) Now light with frequency 7.28 x 10'* Hz is directed unto the metal. What is the speed of the emitted
electrons?

a) 1.1 x 10° m/s
b) 3.1 x 10° m/s
c) 5.1 x 105 m/s
d) 7.1 x 105 m/s
e) 9.1 x 105 m/s



Two unrelated radioactivity problems are asked below.

24)

25)

Carbon 1; C decays into Nitrogen 174 N via what type of decay?

a) o
b) B+
c) B-
d) &
e) y

How many half-lives are required for the number of radioactive nuclei to decrease to one-thousandth
of the initial number?

a) 1

b) 10

c) 100

d) 1,00

e) 1,000,000

An electron in an excited hydrogen atom makes two transitions. First the electron
drops from the n=6 to the n=2 state, then the electron drops from the n=2 to the n=1

state.

26)

27)

Calculate the wavelength of the photon emitted in the first transition.

a) 310 nm
b) 410 nm
c) 510 nm
d) 610 nm
e) 710 nm

Calculate the energy of the photon emitted in the second transition.

a) 2.2eV
b) 4.2 eV
c) 6.2eV
d) 8.2eV
e) 10.2eV



On the earth, you are watching a spaceship move directly away from the earth at 0.6¢c
relative to the earth.

28) While moving at 0.6¢c away from earth it sends a smaller ship away from the earth at 0.9¢ (relative to
the spaceship). How fast do you (an observer on earth) measure the smaller ship to be moving?

a) Oc

b) 0.3c
c) 0.97c
d) 1.0c
e) 1.5¢c

29) Observers on earth measure the spaceship to be 100 m long. What is the spaceship’s proper length
(that people on the spaceship measure it to be)?

a) 60m
b) 80m
c) 100 m
d) 125m
e) 167 m

30) After a while, you (an observer on earth) notice 15 minutes have passed on the clocks of the spaceship.
How much time has passes on your clocks (on earth)?

a) 9min

b) 12 min
¢) 15 min
d) 19 min
e) 25 min
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