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S. Manly Spring 2009

P100 — Final Exam (May 5, 2009)

Please read the problems carefully and answer them in the space provided. Write on
the back of the page, if necessary. Show your work where requested in order to be
considered for partial credit. In problems where you are requested to show your work,
no credit will be given unless your work is shown.

Problem 1 (true or false, each part is worth 2 points):

a) F ‘Speed” and ‘velocity’ mean the same thing scientifically.

b) T _ Protons are made up of other, more fundamental, particles.

c) [~ The majority of the heavy elements on Earth were formed during the early stages
of the big bang.

d) _F_ Nuclear fission is the process that produces the energy in stars.

e) T In quantum mechanics, it is not possible to calculate the exact time that a
particular radioactive nucleus will decay, even if you know the half-life for that nucleus.

f) F_ The rate of expansion of the universe is currently decreasing.

0) E A light-year is a unit of time used by astronomers and NASA.

h) -7 A Newton is a unit of force.

i) £ Leptons are made up of combinations of two or three quarks.

)] T According to quantum field theory, the electromagnetic force is conveyed by the
exgh_gnge of a virtual photon.

k) [ Two nuclei with the same number of protons and different numbers of neutrons
are known as ‘isotopes’.

1) I~ Beta radiation is the same thing as gamma radiation, only slightly less energetic.

m) T According to modern cosmologists, most of the protons that make up the hydrogen
in our universe were formed one microsecond after the big bang started.

n) E The cosmic microwave background is light that comes to us from the time that the
light nuclei were formed during big bang nucleosynthesis.

0) | The apparent ‘flatness’ of space is one of the reasons cosmologists advocate
theories that incorporate inflation.

~ Problem 2 (3 points):

\
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‘\)\ S 5( When you are in a high-flying jet plane, does either your weight or your mass differ from their

(o(ve normal value as measured on the ground?
N a) No, both your weight and your mass are exactly the same as when you are on the ground.

b) Both your weight and your mass are slightly increased.
"Q*/V L,u'd c) You weight is slightly increased, but your mass is unchanged. Wei “'\'\ Sl 4",\' ‘A')
Both your weight and your mass are slightly reduced. QM + Nogg

SVM r mass igslightly reduced, but your weight is unchanged. .
N\/M"'go e }, ¥dur mays ixslightly your weig g @ | :
of "‘ Problem 3 (3 points):

The acceleration of the moon is
a) zero, because the moon is obviously not accelerating.
@? directed toward Earth.
directed along the moon’s forward direction of motion.
d) directed outward away from Earth.
e) none of the above.
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Problem 4 (3 points):

According to astrophysicists, Earth originated

a) as one of Jupiter’s moons.
b) during the big bang, when matter was compressed into stars and planets.
c) from gases gathered by the sun after the sun had already formed.
d) when a passing star tore off parts of the sun, and these parts condensed into the planets
(including the Earth).
@ from the same collapsing gas cloud that coalesced into the sun.

Problem 5 (3 points):

1 3 4
4] [+] ] o

L i i L I i Il L 1
r L] T T " L} T

-

=
=
-,
-

£

l‘"

.-
L'l

0
3

The figure represents a multiple-flash photo (with a constant time interval between flashes) of
two balls moving to the right, and shows both balls at several numbered times. In the figure,

& both balls are accelerated, and the upper ball is moving fastest.

| — b) neither ball is accelerated, and the upper ball is moving fastest.

|~ c) both balls are accelerated, and the lower ball is moving fastest.
et) the lower ball is accelerated, but the upper ball is not accelerated.
@ neither ball is accelerated, and the lower ball is moving fastest.

Problem 6 (3 points):
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A certain type of atom has only four energy levels, as shown in the figure. The “spectral lines”
produced by the element are all visible, except for one ultraviolet (UV) line. The quantum jump
that produces the UV line is (hint: UV light is at a higher frequency than visible light)

_—a) state 2to 1.
b)) statedtol
ey state4to3

| — d) statelto4

g) impossible to determine without further information.
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Problem 7 (3 points):

Which of the following provides evidence for the quantization of light?

@ the individual dots seen on a photographic plate when a photo is taken at extremely short

exposure times.
b) interference effects seen when light passes through a narrow opening

c) both of the above.
d) experiments that spread light out into a spectrum of colors.
e) all of the above.

Problem 8 (3 points):

According to the Copenhagen view of quantum theory

\
\a) nature is “non-local,” i.e., instantaneously connected across a distance.

both of the above

| — b; individual microscopic events are inherently unpredictable.
B -

the overall statistics of large numbers of microscopic events are inherently unpredictable.
e) all of the above.

—

Problem 9 (5 points, show your work):

You are hanging out with friends on the quad one clear night and see a spectacular meteor (a.k.a
a“falling star’) enter the atmosphere and burn up. With your handy-dandy, special wristwatch,
you determine that the meteor was visible to you for exactly 2 seconds. In other words, the time
it took for the meteor to enter the atmosphere and burn up was 2 seconds from your point of view.
If you were an ant in a fireproof spacesuit riding on the meteor, how long would it have taken for
the meteor to enter the atmosphere and burn up from your perspective? Assume the meteor
travels at a constant speed of 0.98c during the event. Ignore the effect of gravity on time.
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Problem 10 (5 points, show your work):

According to the engineers, a particular airplane must be moving at 30 m/s in order to take off.
Suppose this airplane starts from rest and has a constant acceleration of 5 m/s?, how much time
does it take for the plane to roll down the runway and achieve takeoff speed?
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Problem 11 (6 points, show your work):

The energy of a photon is 13 eV. If you were to look at this light as a wave rather than a particle,
what is the wavelength of the light corresponding to this photon energy?

E:\'\j) — \):E/L\ —> \= C W :<§a</OgM{S><‘I.Sx/0-'YQV'S)
/ = 15 eV
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v -7
’X: / x10  Meters

Problem12 (5 pts):

Briefly explain — using concepts we have discussed in this course - why it is that if you watch a
baseball game from a seat in the outfield part of the stadium you see the batter hit the ball around
a second before you hear the crack of the bat.
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Problem 13 (5 pts, no need to show work):

A beam of blue light and a beam of red light are shown on a certain metal plate. A scientist
determines that the the blue light causes electrons to be emitted by the metal while no electrons
are emitted when the red light is shown on the plate. Briefly explain why this happens using
concepts we have discussed in this course.
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Please explain, using concepts from this course, why it is that in collisions between SUV’s and
small cars, the death rate for the occupants in the small cars is much higher than for the occupants
of the SUVs. (In formulating your answer, please ignore the effect of the differences in height of
the vehicles even though it has a very real effect on the death rates. I'm looking for you to
discuss another aspect of the collisions that leads to the death rate difference.)
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Carbon-14 (**C) undergoes radioactive beta decay (emitting an electron) with a half-life of g UV) 'S
roughly 5700 years. What nuclear species (isotope) results from this decay? M uct ‘
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Problem 16 (6 pts): CIU“‘\“\ ns et fo |6'|} Con VﬂMv)
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Briefly defend the statement: “Science is very different from art.”
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Problem 17 (6 pts):

Briefly defend the statement: “Science is very similar to art.”
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