P102 University of Rochester NAME M
S. Manly Spring 2011

Final Exam (May 3, 2011)
Please read the problems carefully and answer them in the space provided. Write on
the back of the page, if necessary.

Problem 1 (3 pts, no need to show work, circle best answer):

Is it possible to prove, for certain, that a scientific theory is true?

a) Yes, by means of a single confirmed experiment that verifies the theory.

b) Yes, by carying out a sufficient number of experimental observations.

¢) Yes, dy deéuding it logically from other scientific theories that are known to be
true. oa duwe

o because itis always po y‘s’s}ble tthat a future experiment will disagree wth the
eory.

e) No, because the experimental error, or uncertainty, that is always present in any

experimental result.

Problem 2 (4 pts, no need to show work, circle best answer):

You hold a 5 newton rock in motionless in your hand while standing on Earth’s surface.

Regarding the forces on this rock, - '
ofher v g: I o U"Q“‘C‘r

- @ the net force on the rock is zero. —
the net force on the rock is 5 newtons, directed upward.

c) the net force on the rock is 5 newtons, directed downward.
there are no forces of any kind acting on the rock, because it is not moving.
e) there are none, because forces were not born to rock

Problem 3 (4 pts, no need to show work, circle best answer):

You are in distant space where there is no gravity. You hold two cubes of metal that look
and feel identical when touched, but you have been informed that one of the cubes is
made of lead and one is made of lightweight aluminum. Can you determine which one is
lead without doing a chemical analysis?

a) Yes, you can do this by releasing them; the lead ball will fall fastest.

b) Yes, you can do this by releasing them; the aluminum ball will fall fastest.

¢) Yes, you can do this by releasing them and tapping each lightly with your finger;
the one that accelerates the most is made of lead.

Yes, you can do this by releasing them and tapping each lightly with your finger;

the one that accelerates the most is made of aluminum.

e) No, itis not possible to distinguish the two cubes without doing a chemical
analysis.
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Problem 4 (5 pts, defend answer): Scores
You stand on Earth and have in your grasp the two cubes from the problem above.

1
2
Suppose you drop them at the same instant from the same height. Which one hits the 431.
ground first, or do they hit at the same time? Briefly defend your answer. 5. /5
6
7
8

Foma zme o aecdidom s ndpended s
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"'LJ\ ‘\' 11. /4

M\A a}' Soomma. VA 2. /3

13. _ /3

14. __ /3

Problem 5 (5 pts, defend answer): 15. /3

6. _ /3

If you take a trip to the moon, would you expect your mass or your weight to change? 17. __/4

Which — either or both — would change? Why? 18. /4

hwmeg N‘o,,\;/-\t = fece it "

MOss Jéqﬂ Not - - Y, 21 /8

:le’ o Eadtl/Moon. 22. __ /5

(j,\ are allfa “6 =l \ﬁ 23. /10

c/c\ |9M “ ?! \:ﬂ Aa pnovn _/
oo«a»\ﬂfe S g (6 AR /

Problem 6 (6 pts, show reasoning): r ot s( £M Total ___/100

Consider two balls moving left to right in one dimension along a ruler with marks every

centimeter (cm) — not shown exactly to scale in the drawing. The position of each ball at
the start of each of five consecutive seconds is shown on the drawing below.

Which, if either, ball is accelerating? Explain

T{'\-t*o-\(’ \oul\ g aceceluatiyn
(‘l’L\k one uiud’k,—-\ KXY Mﬁa*‘ow,‘od';* < acceled g

What is the speed of the bottom ball in centimeters/second? nonetle loes
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Problem 7 (4 pts, no need to show work, circle best answer):

—

/‘

Suppose you release a single proton from rest as some point X in space where there is a
constant electric field. Then a bit later you release a single electron from rest at the same
point X. How would the motions of the proton and the electron compare, just after their
release from rest?

a) They would move in the same direction, and the proton would move fastest.

— b) They would move in the same direction, and the electron would move fastest.
( — C) They would move in opposite directions, and the proton would move fastest. (ﬂ

d)\ They would move in opposite directions, and the electron would move fastest.
They would move in opposite dl_rectl_ons, and at the same speed. og,\-oz‘:w,\g "}
f) They would move in the same directions, and at the same speed. W

Problem 8 (3 pts, no need to show work, circle best answer): o"’}
\se¢

For light waves, different frequencies mean different

a) brightness.
@color. Mﬂ} 1% S

amplitudes. e D
d) speeds. \ )l(v'/'\t); o’ N\M
e) None of the above. ' : W
M(f" L)Q W S
Problem 9 (3 pts, no need to show work, circle best answer): M‘* S
0

S e
Anne-Marie “Snooky” Algiers and Joel “C-note” Seligman fight it out after an interstellar \> %‘f"
drug deal gone back. Snooky Algiers flies away from C-note Seligman in her smuggling
spaceship at speed of 0.9c. If C-note shoots a laser beam at Snooky and just misses her,
how fast does Snooky perceive the light in the laser beam to be moving?

%))8.9 —~— Sl o) St perciiw) do ke ¢ No
c) 0:1:;:: Ndh\ Q\\J 7“ 6"’"’\* afvved .

d) 1.1c.
e) (gamma)c

Problem 10 (3 pts, no need to show work, circle best answer):

Nuclear fusion is a process in which

a) asmall particle is spontaneously emitted from a nucleus.
b) atoms combing into molecules.

a heavy nucleus is split into two or more lighter nuclei.

two or more light nuclei are combined into a single heavier nucleus.
e) None of the above.
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Problem 11 (4 pts, show your reasoning): S x% = A’ 0

One of the radioactive isotopes released in the Fukushima nuclear accident was lodine-
131. The half-life of lodine-131 is 8 days. How long will it take after its initial release
(assuming no additional releases) for the amount of lodine-131 in the environment to
drop to 1/32 (about 3%) of its initial value? Show your reasoning.

a) 8 days. 2: A AVANES T 3o p)

b) 24 days. - | v o M, /!

@ 40 da;s. O\ "WV\\I\& /L— /'" ¥ b /31
56 days.

e) Itis impossible to determine this according to the laws of quantum mechanics.

Problem 12 (3 pts, no need to show work, circle best answer):

Supersymmetry is a fundamental symmetry in nature between

@ fermions and bosons.
) leptons and quarks.
c) mesons and baryons.

d) dark matter and normal matter.
e) matter and antimatter.

Problem 13 (3 pts, no need to show work, circle best answer):

The cosmic microwave background

a) originates from the naturally radioactive substances decaying all around us over

time.
’ originates from the stage in the big bang when neutral atoms were formed.
originates from the countless number of distant galaxies in the universe.
__ d) originates from the early stage in the big bang when free quarks and gluons

formed neutrons and protons.

e) originates from the nuclear fusion processes that happen during stellar supernovas
in distant regions of our universe.
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Problem 14 (3 pts, no need to show work, circle best answer):

Protons are made of

a) leptons.
@ quarks.
hadrons.

d) photons and Z particles.
e) nothing since they are fundamental particles in the standard model.

Problem 15 (3 pts, no need to show work, circle best answer):

Neutrinos are hard to detect because

a) they move so fast.
they experience only the weak nuclear and gravitational forces.
c) they have such a tiny mass.
d) they experience only the gravitational force.
e) None of the above.

Problem 16 (3 pts, no need to show work, circle best answer):

According to current scientific theories, most of the hydrogen atoms in your body likely
originated from

an early stage of the big bang.
9

fusion processes taking place in the cores of stars.
c) fission processes taking place in the cores of stars.
d) fusion processes taking place during supernovas.
e) fission processes taking place during supernovas.
f) inverse beta decay when neutrinos scatter on nuclei.

Problem 17 (4 pts, no need to show work, circle best answer):

2 ok 7
Briefly describe one bit of evidence Wt can be described as a ije.
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Problem 18 (4 pts): ?‘c\,w "( ‘feu\
Briefly describe one bit of evidence that light gan be described as a particle.
Dlucbacke radibdiin Spectim — The oo from objects éon ol be iwdliciond
- . ‘ ,‘_ ag (< "‘)w tk‘f—, ()Qt‘l%
Pl/\,‘,l'-oe&zc,‘v(w. e-leet - L N 5"2 tdmatinaN
dc e by )Qd\‘ﬂ:),. Q(Q CL\M( 4‘1 ‘sv/\"c
_ G A - TV R I CL{M§ ;Tw'-\ Ly 3
Problem 19 (5 pts): e, 9 reof= 0

How does a beam of gamma rays differ from a beam of light from an ordinary flashlight?
Tk.»u\ou\a., wao(am\m% H«.( Comna P“\-U\O""AW. GaMpra, f‘\/)o
hgure e Madh "\'yvv\ ‘f'rtﬁumg.\ o vsble "y‘q
gf‘ (50 Msan & f“*a (’L\ol-oms Gce Mo weyﬁfc MM V.s)“? /'7“‘1
Problem 20 (5 pts): /’AO Lo

Why is dark matter called “dark” matter?

T+ deos Mot bt d @ TG \.Z,L:f am A *{\w Fa-»( CouuoT
be S22~ o()'h(uul\

St

le g—rf\r
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2 Briefly describe two problems with the big bang theory that are avoided by the inclusion
of cosmological inflation in the theory.
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Problem 21 (8 pts): [Ft Y F e
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Problem 22 (5 pts):

Briefly describe one reason many physicists are very excited about string theory as a
potential foundation for a “theory of everything”.

- Becnne [ HE STrinp ot xtencled] objects — Problows ("GS@"\
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In short paragraph form, briefly describe below two distinct multiple universe concepts.
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