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A meter stick comes flying past you at 2.50 x 108 m/s, pointing in the direction it is trav-
elling. How long does it take between the time the front of the meter stick passes you and

the time the back passes you. Express your answer in seconds.

2.

Lozim  4:2.5%10%

~{s
Y

3. From the earth an astronaunt travels to a star at a speed of 0.600 c relative to Earth and
turns around and returns at the same speed. The star is 6.90 light years from Earth as
measured by an observer at rest on Earth. When the astronaut returns to Earth, how many

years will she have aged?
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19. Two rockets each move with speed 0.4 ¢ in opposite directions
in the laboratory frame of reference. What is the speed of one
rocket, as determined by an observer in the other?
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20. Two lumps of clay, each having a mass of 100 grams and a speed of 0.6c, collide head-on
and stick together. Assuming that no radiation is emitted in the collision, what is the mass
of the composite?

a

b

250 grams
125 grams
None of the other answers
160 grams
200 grams
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2. The ¢ is an unstable particle of mass of mc® = 1020 MeV. It
decays into two 7 mesons 7.30 x 1072 percent of the time. For ¢
®

% 100g = 2.5%100 = ?_qos.

the 7 mesons, mc: = 140 MeV. Suppose the ¢ is at rest when it M e 5> T
decays. What is the speed of each m meson? Give your answer as
& multiple of ¢, to three significant figures. Foch T hog .
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22. Planck’s blackbody radiation formula

2rhe?

IA\T) = X (hPReT )

differs radically from the Rayleigh-Jeans law, which pre-
ceeded it,

a) for all wavelengths.

b) for short wavelengths, giving less radiation there
and avoiding the ultraviolet catastrophe.

c¢) for short wavelengths, giving more radiation there
and producing the ultraviolet catastrophe.

d) for long wavelengths, giving less radiation there
and avoiding the infrared catastrophe.

e) for intermediate wavelengths, giving less visible
light from black bodies.

3. The work function ot a certain metal is 2.24 electron-volts. The

longest wavelength (in nm) for which light is able to prox(}uce pho-
toelectrons is: - \12¥0 _—
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4.

e wavelength Ay. The photo-
kinetic energy of 7.00 V. If the experiment 18
e. Ay = 2.00A, on the same metal, it is
9.00 eV. What is the work function of

effect experiment is done using light of som

A photoelectric

electrons are observed to have a maximum

repeated using light of twice that wavelength, 1.
m electron kinetic energy is

found that the maximu
the metal? Express your answer in electron-Volts (eV).
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16. A photon moving at a speed ¢ makes a Compton collision with a free electron at rest. After
the collision, the scattered photon travels at an angle 6 relative to the direction of the incident

photon. The speed of the scattered photon is

a) ccosf

b) c(l— cosb) C=0C'  Pholoes alooug move &
c) ¢

Q) csind spesd of g |

e) c(1—sinb)

4. 'The ene.zrgies <‘)f the hydrogen levels are —(13.6eV)/n?. Singly ion-
:z;d h\;ﬁglia.d;iers frorln hydrogen by having a nucleus of charge % ne &
+2e. What is € wave ength of the photon emitted by singly ion- I
ized helium when it makes a transition from the n=4 state to the ne3
n=3 state? Give your answer in nm, to three significant figures.
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21. The Beryllium nucleus contains 4 protons. If a Beryllium atom is triply ionized with the one
remaining electron in the ground state, the energy required to remove that electron is:

a) 217.6 eV
b) 10.2 eV
c) 13.6 eV
d) 40.8 eV
e) b44 eV
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25. The Lyman series corresponds to transitions to the hydrogen ground state (n = 1). What is
the ratio of the longest wavelength in the Lyman series to the shortest?

a) 2
b) 3
c) 4
d) 3/2
e) None of the other answers
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26. A photon undergoes Compton scattering off a free electron at rest. The scattered photon
has an energy of 0.160 MeV, and the recoiling electron has a kinetic energy of 0.240 MeV.
In which of the following ranges does the photon’s scattering angle 6 lie?

a) 6<30°
b) 30°<H <60°
c) 60°< O <90°
d) 90° <9 < 140°
e) 6 >140°
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22.  An electron will remain in the 3p level of hydrogen for about 107'? s before it makes a

transition to the 2s level, emitting a photon. The the uncertainty in the energy of the
corresponding spectral line is at least:

a) 13.6eV
b) 1.9eV
2.3 eV

(1.3 x 10711) eV
(3.3 x 107%) eV
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94. A beam of electrons passes through a hole in a screen and generates an intensity pattern
beyond the hole. How will the pattern change if the velocity of the electrons is decreased?

a) The pattern will spread out.

b) The pattern will squeeze together.

¢) When the electron wavelength becomes bigger than the size of the hole, the electrons
will no longer be able to get through.

d) The pattern will stay the same but will get brighter.

e) The pattern will stay the same but will get dimmer.
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19. A particle in a one-dimensional box (with V = 0 between infinitely high side walls) has a
ground-state energy of 2 eV. In the first two excited states, the particle’s energy would be
respectively

a) 8eV and 18eV

b) None of the other answers
¢) 4eVand8eV

d) 3eVand4eV

e) 4eVandbeV
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95. A particle has a normalized wave function ¥(z) = (2z/ LH)Y% in
the region 0 < = < L. What is the probability that at any instant

the particle lies between T = 0and z = L/37 ) 3

a) Zero ; P(gsxstfg}: L}zi[%)ﬂ’/\’
b) About 33% VIR o s |&/3
c) About 67% :"§ Q—H,p xpo b
d) About 82% 0 L; = 5 9
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25. In a hydrogen atom, the ground state wave function is
given by _
% = (mal) /e,

What, approximately, is the ratio of the probability that
the electron will be found beyond the Bohr radius, 7 > aq,
to the probability that it is inside that distance (r <
ao)?

a) 1.0

b) 05

c) 21

d) 15

e) 25
Hint: 4/ $Pe¥dr =1~ (22 + 2r + 1)
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21. A single beam of neutral atoms splits into 7 distinct beams when it
is sent through an inhomogeneous magnetic field (Stern-Gerlach
experiment). We can conclude that the magnitude of the total
angular momentum of the neutral atom is:
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17. A hydrogen atom is in the 4d state (n = 4, £ = 2). How many values of the 2-component of
the electron’s orbital angular momentum are possible?
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