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Questions 1-8: Multiple Choice: 1 point each

Questions 9-1 1: Show your work: 9 points total

Multiple choice answers:
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Question 1: Two identical obj ects of mass m collide and stick together. We can
say that the mass M ofthe fìnal object is

A) less than 2m.
E \ ^-^^+^- +L^- a*rJrt Ërçd'[çr Lrlatl ¿lll.

C) equal to 2m.
D) Any of the above is possible.

AFTER,:

Question 2: When a third polarizer is inserled between two other polarizers, it is
found that the intensity of the transmitted light beam doubles. We can say that the
probability of a single photon passing through all th¡ee polarizers

A) is four times larger than before.
B) is twice as big as belore.
C) is {2 tirnes as big as belore.
D) is the same as belore (this probability is not related to the intensity).
E) cannot be determined relative to the previous probability from the

information given unless we are also given the angles of the polarizers.

Question 3: A'.IFo emìts 500rmr lighr in ail direcrions. if the UFo fìi"rî;ít""^l"l\I
velocity 3/5c directly over IIBC, the observed wavelength of the IIFO's light when
the LrFO is directly overhead is

A) 250nm
B) 400nm
C) 500nm
D) 625nm
E) 1000nm
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Question 4: A blue lase¡ and a red laser, with identical total power of lmW, sit
motionless on a frictionless table. The lasers are each turned on for one minute and
then tumed off again. We can say that

A) The two lasers have emitted the same number of photons
B) The red laser has emitted more photons
C) The blue laser has emitted more photons

Question 5: After the lasers in question 3 are turned off, we can say that:
(assume the lasers have equal mass)

A) the blue laser will be moving faster
B) the red laser will be moving faster
C) both lasers will be travelling at the same (nonzero) speed
D) the lasers will move while the beams are on but both lasers will be
motionless after they are tumed off.

Question 6: A beam of electrons produces an interference patterir in a double slit
experiment. Which of the following statements is most correct:

A) Each electron goes through a certain slit, and we can determine which slit
by looking where it hits the screen.

B) Each eiectron goes through a certain slit; the probabilities for going
through the two slits are determined by which quantum superposition
the electron is in.

C) Each electron goes through a ceftain slit, but there is no way to know
which one or even predict the relative probability.

D) Each electron actually goes through both slits, and the probabilities for
hitting various places on the screen a¡e determined by which quantum
superposition the electron is in.

E) Each electron actually goes through both slits; there is no way to
predict the probabilities for where on the screen the electron will hit.



Question '7: Cartir,ar, illuminates Kenny -with a monoch¡oirratic iight source'out
finds that no photoeiectrons are ejected. To succeed in ejecting electrons (as
efficiently as possible), Cartman should

A) stand closer to Kenny.
B) use a higher-intensity light source.
C) use higher-frequency radiation.
D) use a longer-wavelength source.
E) None of the above: electrons will never be ejected because Kenny and his
clothing are not made of metal.

Question 8: In a photoelectric effect experiment, light from source B results in
photoelectrons with twice the maximum kinetic energy as light from source A. we
can conclude that

A) Source B has double the wavelength compared with source A.
B) Source B has half the wavelength compared with source A.
C) Source B has less than half the wavelength compared with source A.
D) Source B has more than half the wavelength compared with source A.
E) source B has the same wavelength but twice the total power as source A.



Question 9: Two photons are each prepared in a polarization state
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and sent towards a pair ofpolarizers, with the first oriented at 0o and the second
oriented at 60o as shown:
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Calculate the probability that exactly one of them wiil pass through both
polarizers. (4 points)
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extra space for question 9:
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b) Determine the angle 0. (3 points)
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Question 10: An unstable parlicle of mass M is travelling at speed v- lz c when
it decays into two photons, each moving at an angle e to the direction of the
original particle's motion.

a) The two photons must have the same energy. Explain why. (1 points)
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