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1.

A pendulum inside a spaceship has a period of 4.0 s according
to observers inside the ship. According to observers on earth,
the pendulum has a period of 5.0 s. What is the speed v of the
spaceship relative to earth?

a) 0.30c <wv < 0.50c

b) v > 0.90c
c) v <0.30c
d) 0.70¢ < v < 0.90c
e) 0.50c <wv<0.70c

The starship Enterprise travels at a speed of 0.9¢ relative to the
Earth as it chases a Romulin vessel away from the Earth. ; From
the bridge of the Enterprise, Captain Picard sees the Romulin
ship moving away at a velocity of 0.7c. What is the velocity of
the Romulin ship as measured by an observer on Earth?

a) 1.6¢ b) 0.995¢ c) 0.63c d) 0.98¢
e) 0.20c

A navigational beacon in deep space broadcasts at a radio fre-
quency of 50 MHz. A spaceship approaches the beacon with a
relative velocity of 0.40c. The frequency of the beacon radio sig-
nal that is detected on the ship is closest to:

a) 76
b) 66
c) 60
d) 55
e) 40

The total energy of an electron (rest mass = m) is three times its
rest energy. What is the electron’s momentum?

a) 2mc
b) 3mc
c) V3me
d) 9mec
e) V8me

When a photon undergoes Compton scattering off an electron ini-
tially at rest, it will emerge with the longest wavelength if it scat-
ters though an angle of:

a) 180°
b) 0°
) 90°
d) 45°
e) 360°

A photoelectric effect experiment is done using light of some wave-
length \;. The photoelectrons are observed to have a maximum
kinetic energy of 7.0 eV. If the experiment is repeated using light
of twice that wavelength, i.e. Ay = 2)\{, on the same metal, it is
found that the maximum electron kinetic energy is 2.0 eV. What
is the work function of the metal?

a) 5.5eV
b) 3.0eV
c) 2.0eV
d) 43eV
e) 9.0eV

The Balmer series corresponds to transitions to the n = 2 state
of hydrogen. What is the ratio of the longest wavelength in the
Balmer series to the shortest?

a) 4

b) 9

c) 9/4

d) 3/2
)

e) 9/5



8.

10.

The diagram shows the energy levels for an electron in a certain 11.

atom. Which transition shown represents the emission of a photon
with the shortest wavelength?

n=4
n=3
n=2
n=1
I 1 wv v
a) L
b) 1L 19
c) IIL :
d) 1IV.
e) V.
A nonrelativistic electron and a nonrelativistic proton have the
same de Broglie wavelength. Which of the following statements
about these particles are accurate?
a) Both particles have the same momentum 13

b) The electron has less kinetic energy than the proton
The electron has more momentum than the proton
Both particles have the same kinetic energy.

Both particles have the same speed.
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A laser pulse has a total energy of 1.2 J. If the wavelength of this
radiation is 463 nm, how many photons are emitted in one pulse?

a) 2.2x10'7
b) 6.9x10%
¢) 1.1x107
d) 3.4x10Y
e) 2.8x10'8

A hydrogen atom makes a transition from a state of quantum
number n = 2 to a state of quantum number n = 1. According to
the Bohr model, which of the following statements are true?

e [: The energy of the atom decreases by a factor of 2

e [I: The radius of the electron’s orbit decreases by a factor of
2

e [II: The orbital angular momentum decreases by a factor of
2

III is true; I and II are false
IT and III are true; I is false
All three statements are false
IT is true; I and IIT are false
I and III are true; II is false
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The ground state energy of an electron in a one-dimensional in-
finite square well with zero potential energy in the interior and
infinite potential energy at the walls is 2.0 eV. If the width of the
well is doubled, the ground state energy will be:

a) 0.5eV b) 1.0eV c) 2.0eV d) 4.0eV
e) 8.0eV

The atomic spacing in a single crystal of a typical metal is 0.3 nm.
For an electron to be diffracted by such a crystal it should have
a deBroglie wavelength comparable to this spacing. The kinetic
energy of an electron that would best diffract from such a crystal
is:

a) 5x107°eV
b) 0.1eV

c) 17eV

d) 1.22 MeV
e) 511 keV



Excited iron nuclei emit X-rays with 14.4 keV energy. The ex-
cited state of iron has a mean lifetime of 1 x 10~"s. What is
the approximate uncertainty in the energy of the emitted X-ray
photon?

a) 8 x 107 eV

b) 4x 10710 eV
c) 2x 1071 eV
d) 7x107%eV
e) 7Tx1073eV

The figure shows a schematic plot of intensity I of blackbody ra-
diation versus wavelength A\ at temperature 7;. When the tem-
perature increases above T the wavelength corresponding to the
maximum intensity will:

a) increase
b) decrease
¢) increase initially, and even- To
I
tually de(?re'a'se intensity
d) decrease initially and even-

tually increase
e) remains the same A (wavelength)
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When a photon undergoes Compton scattering off an electron ini-
tially at rest, it will emerge with the longest wavelength if it scat-
ters though an angle of:

a)  360°
b) 90°
¢) 180°
d) 45°
e) 0°

The Balmer series corresponds to transitions to the n = 2 state
of hydrogen. What is the ratio of the longest wavelength in the
Balmer series to the shortest?

a) 4
b) 9/4
c) 9/5
d) 3/2
e) 9

A laser pulse has a total energy of 1.2 J. If the wavelength of this
radiation is 463 nm, how many photons are emitted in one pulse?

a) 2.2x107
b) 1.1x10'7
) 2.8x10'®
d) 6.9x10%
e) 3.4x10%Y

A photoelectric effect experiment is done using light of some wave-
length A;. The photoelectrons are observed to have a maximum
kinetic energy of 7.0 eV. If the experiment is repeated using light
of twice that wavelength, i.e. Ay = 2)\;, on the same metal, it is
found that the maximum electron kinetic energy is 2.0 eV. What
is the work function of the metal?

a) 9.0 eV
b) 3.0eV
c) 2.0eV
d) 5.5eV
e) 4.3eV

The starship Enterprise travels at a speed of 0.9¢ relative to the
Earth as it chases a Romulin vessel away from the Earth. ;From
the bridge of the Enterprise, Captain Picard sees the Romulin
ship moving away at a velocity of 0.7c. What is the velocity of
the Romulin ship as measured by an observer on Earth?

a) 0.63c b) 0.98¢ c) 0.20c d) 1l.6¢c
o) 0.995¢

The diagram shows the energy levels for an electron in a certain
atom. Which transition shown represents the emission of a photon

with the shortest wavelength?
n=4

n=3

n=2

n=1
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Excited iron nuclei emit X-rays with 14.4 keV energy. The ex-
cited state of iron has a mean lifetime of 1 x 10~"s. What is
the approximate uncertainty in the energy of the emitted X-ray
photon?

a) 7x107% eV
b) 7x107% eV
c) 8x 107t eV
d) 4x1070 eV
e) 2x 1071 eV

The figure shows a schematic plot of intensity I of blackbody ra-
diation versus wavelength A\ at temperature 7;. When the tem-
perature increases above T the wavelength corresponding to the
maximum intensity will:

a) increase initially, and even-

tually decrease

increase To
I

decrease intensity

remains the same
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decrease initially and even-

tually increase A (wavelength)

The total energy of an electron (rest mass = m) is three times its
rest energy. What is the electron’s momentum?

a) 9mc
b) V3mc
c) V8mc
d) 2mec
e) 3mc

10.

11.

12.

13.

The ground state energy of an electron in a one-dimensional in-
finite square well with zero potential energy in the interior and
infinite potential energy at the walls is 2.0 eV. If the width of the
well is doubled, the ground state energy will be:

a) 4.0eV b) 1.0eV c) 2.0eV d)
e) 8.0eV

0.5 eV

A navigational beacon in deep space broadcasts at a radio fre-
quency of 50 MHz. A spaceship approaches the beacon with a
relative velocity of 0.40c. The frequency of the beacon radio sig-
nal that is detected on the ship is closest to:

a) 60
b) 55
c) 76
d) 40
e) 66

The atomic spacing in a single crystal of a typical metal is 0.3 nm.
For an electron to be diffracted by such a crystal it should have
a deBroglie wavelength comparable to this spacing. The kinetic
energy of an electron that would best diffract from such a crystal
is:

a) 511 keV

b) 17 eV

c) 1.22 MeV
d) 5x107% eV
e) 0.1eV

A nonrelativistic electron and a nonrelativistic proton have the
same de Broglie wavelength. Which of the following statements
about these particles are accurate?

a) The electron has less kinetic energy than the proton
Both particles have the same momentum

Both particles have the same speed.

The electron has more momentum than the proton
Both particles have the same kinetic energy.
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14. A hydrogen atom makes a transition from a state of quantum
number n = 2 to a state of quantum number n = 1. According to
the Bohr model, which of the following statements are true?

e [: The energy of the atom decreases by a factor of 2

e II: The radius of the electron’s orbit decreases by a factor of
2

e [II: The orbital angular momentum decreases by a factor of
2

I and III are true; II is false
IT is true; I and III are false
IT and III are true; I is false
All three statements are false
1T is true; I and II are false
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15. A pendulum inside a spaceship has a period of 4.0 s according
to observers inside the ship. According to observers on earth,
the pendulum has a period of 5.0 s. What is the speed v of the
spaceship relative to earth?

a) 0.70c <wv < 0.90c
b) v >0.90c
0.50c < v < 0.70c
0.30c < v < 0.50c
v < 0.30c
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The atomic spacing in a single crystal of a typical metal is 0.3 nm.
For an electron to be diffracted by such a crystal it should have
a deBroglie wavelength comparable to this spacing. The kinetic
energy of an electron that would best diffract from such a crystal
is:

a) 511 keV

b) 0.1eV

c) 5x107°eV
d) 17eV

e) 1.22 MeV

The starship Enterprise travels at a speed of 0.9¢ relative to the
Earth as it chases a Romulin vessel away from the Earth. ; From
the bridge of the Enterprise, Captain Picard sees the Romulin
ship moving away at a velocity of 0.7c. What is the velocity of
the Romulin ship as measured by an observer on Earth?

a) 0.995¢ b) 0.98¢ c) 0.63c d) 0.20c
e) 1.6¢

A laser pulse has a total energy of 1.2 J. If the wavelength of this
radiation is 463 nm, how many photons are emitted in one pulse?

a) 2.8x10'
b) 6.9x10%
c) 2.2x10"7
d) 1.1x10Y7
e) 3.4x10%Y

Excited iron nuclei emit X-rays with 14.4 keV energy. The ex-
cited state of iron has a mean lifetime of 1 x 10~7s. What is
the approximate uncertainty in the energy of the emitted X-ray
photon?

a) 7x107%eV
b) 8x 107! eV
c) 2x 107" eV
d) 7x107%eV

)
e) 4x10710eV

The Balmer series corresponds to transitions to the n = 2 state
of hydrogen. What is the ratio of the longest wavelength in the
Balmer series to the shortest?

a) 9/5
b) 9
c) 3/2
d) 4
e) 9/4

The ground state energy of an electron in a one-dimensional in-
finite square well with zero potential energy in the interior and
infinite potential energy at the walls is 2.0 eV. If the width of the
well is doubled, the ground state energy will be:

a) 4.0eV b) 1.0eV c) 2.0eV d) 8.0eV
e) 0.5eV



The figure shows a schematic plot of intensity I of blackbody ra-
diation versus wavelength A at temperature 7;. When the tem-
perature increases above T the wavelength corresponding to the
maximum intensity will:

a) increase initially, and even-
tually decrease

b) decrease initially and even- To
tually increase inter|13i ty

c) decrease

d) remains the same

e) increase A (wavelength)

A hydrogen atom makes a transition from a state of quantum
number n = 2 to a state of quantum number n = 1. According to
the Bohr model, which of the following statements are true?

e [: The energy of the atom decreases by a factor of 2

e [I: The radius of the electron’s orbit decreases by a factor of
2

e [II: The orbital angular momentum decreases by a factor of
2

IT is true; I and III are false
I and III are true; II is false
IT and IIT are true; I is false
All three statements are false
1T is true; I and II are false
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10.

11.

The total energy of an electron (rest mass = m) is three times its
rest energy. What is the electron’s momentum?

9I9mc
3me
2me

V8me
V3me
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A navigational beacon in deep space broadcasts at a radio fre-
quency of 50 MHz. A spaceship approaches the beacon with a
relative velocity of 0.40c. The frequency of the beacon radio sig-
nal that is detected on the ship is closest to:

a) 66
b) 55
c) 40
d) 76
e) 60

A pendulum inside a spaceship has a period of 4.0 s according
to observers inside the ship. According to observers on earth,
the pendulum has a period of 5.0 s. What is the speed v of the
spaceship relative to earth?

a) 0.50c <wv < 0.70c
b) 0.30c <wv < 0.50c
c) v <0.30c
d) v >0.90c

)

0.70c < v < 0.90c

]



12.  The diagram shows the energy levels for an electron in a certain 14.

atom. Which transition shown represents the emission of a photon
with the shortest wavelength?
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n=4

n=3

n=2

n=1
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13. A nonrelativistic electron and a nonrelativistic proton have the
same de Broglie wavelength. Which of the following statements
about these particles are accurate?

a)
b
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Both particles have the same kinetic energy.

Both particles have the same momentum

The electron has less kinetic energy than the proton
The electron has more momentum than the proton
Both particles have the same speed.

15.

When a photon undergoes Compton scattering off an electron ini-
tially at rest, it will emerge with the longest wavelength if it scat-
ters though an angle of:

a) 45°
b) 180°
c) 0°

d) 90°
&) 360°

A photoelectric effect experiment is done using light of some wave-
length A\;. The photoelectrons are observed to have a maximum
kinetic energy of 7.0 eV. If the experiment is repeated using light
of twice that wavelength, i.e. Ay = 2);, on the same metal, it is
found that the maximum electron kinetic energy is 2.0 eV. What
is the work function of the metal?

a) 3.0eV
b) 2.0eV
c) b.b5eV
d) 9.0eV
e) 4.3eV
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A hydrogen atom makes a transition from a state of quantum
number n = 2 to a state of quantum number n = 1. According to
the Bohr model, which of the following statements are true?

e [: The energy of the atom decreases by a factor of 2

e II: The radius of the electron’s orbit decreases by a factor of
2

e [II: The orbital angular momentum decreases by a factor of
2

All three statements are false
IT is true; I and III are false
IT and III are true; I is false
I and III are true; II is false
1T is true; I and II are false
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The starship Enterprise travels at a speed of 0.9¢ relative to the
Earth as it chases a Romulin vessel away from the Earth. ;From
the bridge of the Enterprise, Captain Picard sees the Romulin
ship moving away at a velocity of 0.7c. What is the velocity of
the Romulin ship as measured by an observer on Earth?

a) 0.995¢ b) 0.20c c) l.6e d) 0.98¢
e) 0.63c

The total energy of an electron (rest mass = m) is three times its
rest energy. What is the electron’s momentum?

a) 9mc
b) V3mc
c) V8mc
d) 2mec
e) 3mc

4. The diagram shows the energy levels for an electron in a certain

atom. Which transition shown represents the emission of a photon

with the shortest wavelength?
n=4

n=3

n=2

n=1
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A photoelectric effect experiment is done using light of some wave-
length A\;. The photoelectrons are observed to have a maximum
kinetic energy of 7.0 eV. If the experiment is repeated using light
of twice that wavelength, i.e. Ay = 2)\{, on the same metal, it is
found that the maximum electron kinetic energy is 2.0 eV. What
is the work function of the metal?

a) 3.0eV
b) 4.3eV
c) 55eV
d) 2.0eV
e) 9.0eV



Excited iron nuclei emit X-rays with 14.4 keV energy. The ex-
cited state of iron has a mean lifetime of 1 x 10~"s. What is
the approximate uncertainty in the energy of the emitted X-ray
photon?

a) 4x 10710 eV

b) 7x107? eV
c) 7x1073 eV
d) 2x107" eV
e) 8x 107 eV

The figure shows a schematic plot of intensity I of blackbody ra-
diation versus wavelength A\ at temperature 7;. When the tem-
perature increases above T the wavelength corresponding to the
maximum intensity will:

a) decrease initially and even-
tually increase

b) remains the same Ty

¢) increase initially, and even- inter!sity
tually decrease

d) increase

e) decrease A (wavelength)

A navigational beacon in deep space broadcasts at a radio fre-
quency of 50 MHz. A spaceship approaches the beacon with a
relative velocity of 0.40c. The frequency of the beacon radio sig-
nal that is detected on the ship is closest to:

a) 40
b) 60
c) 55
d) 66
e) 76

10.

11.

12.

The Balmer series corresponds to transitions to the n = 2 state
of hydrogen. What is the ratio of the longest wavelength in the
Balmer series to the shortest?

a) 4
b) 9/5
c) 9/4
d) 3/2
e) 9

A pendulum inside a spaceship has a period of 4.0 s according
to observers inside the ship. According to observers on earth,
the pendulum has a period of 5.0 s. What is the speed v of the
spaceship relative to earth?

a) 0.70c <wv < 0.90c
b) 0.50c < v < 0.70¢
¢) 0.30c <wv < 0.50¢
d) v<0.30c

)

e) v >0.90c

When a photon undergoes Compton scattering off an electron ini-
tially at rest, it will emerge with the longest wavelength if it scat-
ters though an angle of:

a) 45°
b) 0°

¢) 90°
d) 360°
e) 180°

A laser pulse has a total energy of 1.2 J. If the wavelength of this
radiation is 463 nm, how many photons are emitted in one pulse?

a) 2.2x107
b) 3.4x10%
c) 1.1x10'7
d) 6.9x10%
¢) 2.8x10%



13.

14.

15.

A nonrelativistic electron and a nonrelativistic proton have the
same de Broglie wavelength. Which of the following statements
about these particles are accurate?

a) The electron has more momentum than the proton

b) Both particles have the same speed.

¢) The electron has less kinetic energy than the proton
d) Both particles have the same kinetic energy.

e) Both particles have the same momentum

The ground state energy of an electron in a one-dimensional in-
finite square well with zero potential energy in the interior and
infinite potential energy at the walls is 2.0 eV. If the width of the
well is doubled, the ground state energy will be:

a) 1.0eV b) 2.0eV c) 8.0eV d) 0.5eV
e) 4.0eV

The atomic spacing in a single crystal of a typical metal is 0.3 nm.
For an electron to be diffracted by such a crystal it should have
a deBroglie wavelength comparable to this spacing. The kinetic
energy of an electron that would best diffract from such a crystal
is:

a) 0.1eV

b) 511 keV

c) 1.22 MeV
d) 17eV

e) Hx107° eV
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