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The sinusoidal curve often used to denote
electromagnetic radiation represents:

A) The path of a light ray

B) The boundary of the region in which the
electric and magnetic fields are nonzero

C) The strength and direction of the electric field
along a line in the direction of the wave

D) Photons which oscillate up and down in the
presence of a light beam

E) A snake
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electromagnetic radiation represents:
A) The path of a light ray

B) The boundary of the region in which the
electric and magnetic fields are nonzero

' The strength and direction of the electric field
along a line in the direction of the wave

D) Photons which oscillate up and down in the
presence of a light beam

E) A snake
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Which barrel will heat up the fastest? Etmax=Eoma”E
a. 2>1>3 b. 1>2>3 c. 1=2>3
d. 1=3>2 e. 2>1=3 e .

3max
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| According'td_ clia.ssic:alimechanics and
electromagnetism, what will bappen to an
electron orbiting a nucleys?

A) It orbits at a constant speed; no radiation is
emitted, A
B) It continuously emits radiation at g conStan@t |
wavelength.

- C) It emits rada.tion and spirals into the nucleus.

D) It emits radiation and fJ;

es away from the
nucleus,
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According to classical mechanics and
electromagnetism, what will happen to an
electron orbiting a nucleus?

A) It orbits at a constant speed; no radiation is
emitted.

B) It continuously emits radiation at a constant
wavelength.

emits radation and spirals into the nucleus.

D) It emits radiation and flies away from the
nucleus.
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According to classical electricity and
magnetism, what will happen if we
luminate a metal wire with light from a
laser pointer?

A) Nothing

B) A uniform current will flow in the wire

C) Some electrons in the wire will oscillate up and down
D) Some electrons will fly out of the wire
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Huminate a metal wire with light froma
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B) A uniform current will flow in the wire

C) Some electrons in the wire will oscillate up and down
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The picture on the right above represents the
photons making up 2 beam of red light. Which of
the pictures below represents the photons making
up a beam of red light with double the intensity?
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The picture on the right above represents the
photons making up a beam of red light. Which of
the pictures below represents the photons making
up a beam of red light with double the intensity?
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The picture on the right above represents the
photons making up a beam of red light. Which of
the pictures below represents the photons making
up a beam of blue light with the same intensity?
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The picture on the right above represents the
photons making up a beam of red light. Which of
the pictures below represents the photons making
up a beam of blue light with the same intensity?
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A narrow beam of light is incident on a metal.
The wavelength is short enough to produce
photoelectrons. If we adjust the beam to make it
more diffuse (keeping the total power fixed),
what happens to the current of photoelectrons?

A) It increases
B) It decreases

C) It stays the same



A narrow beam of light is incident on a metal.

The wavelength is short enough to produce
photoelectrons. If we adjust the beam to make it
more diffuse (keeping the total power fixed),

what happens to the current of photoelectrons?
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/ ?ma. al éﬁb@?nq ' ciﬂac'g-e ,

e Leo%fm S are -@_J eeted’ ‘b}(

Sing e F.}m%wn_s

B) It decreases

C) Tt stays the same




What will we double the intensity
of the light source (with a fixed beam area)?

A) The current of electrons will double

B) The energy of the electrons will
increase

C) BothAandB

D) The current and energy will stay the
same




What will happen if we double the intensity
of the light source (with a fixed beam area)?

@The current of electrons will double
A4 B) The energy of the electrons will

increase
C) BothAandB
D) The current and energy will stay the

same
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Why are some of the electrons mevmg

faster than others? (assume light is a single
wavelength)

A) Because they absorbed photons that
had a larger energy

B) Because some electrons are lighter
than others

C) Some other reason (prepare to
explain)




Why are some of the electrons moving
faster than others? (assume light is 3 single
wavelength)

A} Because they absorbed photons that
had a larger energy
B) Because some electrons are lighter
than others
Some other reason (prepare to
| explain)
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Light incident on a polarizer is polarized at 45
degrees relative to the polarizer. The fransmitted
intensity will be:

A) Zero

B) The same as the original intensity

C) Half the original intensity

'
D)E times the original intensity




Light incident on a polarizer is polarized at 45
degrees relative fo the polarizer. The transmitted
intensity will be:

A) Zero
B) The same as the original intensity
Half the original intensity

§
D) g-‘f—? times the original intensity
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A stream of photons with the same polarization
is incident on a polarizer oriented at 45 degrees
relative to the polarization direction of the
photons. What happens?

A) All the photons go through, but each have
half as much energy as before.

B) All the photons go through, with unchanged
energy.

C) None of the photons go through.

D) Half of the photons pass through.




A stream of photons with the same polarization
is incident on a polarizer oriented at 45 degrees
relative to the polarization direction of the
photons. What happens?

A) All the photons go through, but each have
half as much energy as before,

B) All the photons go through, with unchanged
energy.

C) None of the photons go through.

@Half of the photons pass through.
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A beam of polarized photons is incident on a
polarizer whose orientation is chosen so that the
photons are either absorbed (with probability
1/3) or transmitted (with probability 2/3). What
1s the intensity of the transmitted light as a
fraction of the intensity of the incident light?

A)1/3
B) 1/9
C) 2/3
D) 4/9

E) I don’t understand what probability means.




A beam of polarized photons is incident on a
polarizer whose orientation is chosen so that the
photons are either absorbed (with probability
1/3) or transmitted (with probability 2/3). What
is the intensity of the transmitted light as a
fraction of the intensity of the incident light?
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IFour photons with a vertical polarization are sent
into a polarizer oriented at 45 degrees to the
vertical. Which of the following is correct?

A) The photons will all be absorbed.

B) Two of the photons will pass through.

C) The photons will all be transmitted.

D) None of the above



Four photons with a vertical polarization are sent
into a polarizer oriented at 45 degrees to the
vertical. Which of the following is correct?

A) The photons will all be absorbed.
B) Two of the photons will pass through.

C) The photons will all be transmitted. j
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‘A beam of light polarized at 45 degrees is incident -
~on a vertically {i.e. 0 degrees) oriented polarizer. If
the first photon is obsérv_ed to pass through the
polarizer, the probability that the second will pass
throughis |

A) 50 percent
B) greater than 50 percent
C) less than 50 percent

D) we can’t predict the probability since it’s
‘completely random




A beam of light polarized at 45 degrees is incident
on a vertically {i.e. 0 degrees) oriented polarizer. If
the first photon is observed to pass through the
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Which explains the result that we get the same

interference pattern even if we send the photons in one

at a time?

A) Each photon interferes with other photons that have
already passed through.

B) Each photon spreads its energy over the screen with
the characteristic interference pattern.

C) Each photon hits the screen at a specific location, but

the probability for each location is related to the

classical intensity distribution.

The photons hit the screen at different places

because they each go through the slits at a slightly

different place

E) More than one of the above models works




Which explains the result that we get the same

interference pattern even if we send the photons in one

at a time?

A) Each photon interferes with other photons that have
already passed through.

B) Each photon spreads its energy over the screen with
the characteristic interference pattern.

C) Each photon hits the screen at a specific location,

the classical intensity distribution.

D) The photons hit the screen at different places
because they each go through the slits at a slightly
different place

E) More than one of the above models works
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What happens to the interference pattern if we
double the momentum of the photons in a
double slit experiment?

A) Nothing.

B) It gets brighter but the pattern doesn’t
change.

C) The bright parts get further apart.

D) The bright parts get closer together.



What happens to the interference pattern if we
~double the momentum of the photons in a

- double slit experiment?

A) Nothing.

B) It gets brighter but the pattern doesn’t
change.

C) The bright parts get further apart.

The bright parts get closer together.
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A photon is in a state:

!
E ;X1> +kéix2> »

a quantum superposition of two position
eigenstates. This state describes:

A) one photon at x; and another at x,.

B) a single photon at a position somewhere in
between x; and x,.

- C) asingle photon at a specific location, but we
don’t know the location since we haven’t
measured it yet,

) a single photon that does not have a definite

" location.



A photon is in a state:
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a quantum superposition of two position
eigenstates. This state describes:

A) one photon at x; and another at x,.

B) a single photon at a position somewhere in
between x; and x5.

C) a single photon at a specific location, but we
don’t know the location since we haven’t
measured it yet,

‘ _‘_a single photon that does not have a definite
" Tocation.

e meane |, we will

/
eifher 'gx‘no@ [i3 0\"' e

X( o Xa,



1170772608 12:11 IFAX _ » Nark Van Reamsdo @00L/006

An electron is in a state ™
' N £
- ]X1) - £'IX2>

If we measure the electron’s position, the result
. that we are most likely to find is

A)xq
B) x,
C) —'ixl - %xz
D) fx 2y
“E) None of the above
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An electron is in a state |
| 3
D - )

If we measure the electron’s position, the result
- that we are most likely to find is

e
A)Xl — P%"’L- :‘f = “-L) _
_Xg — Y. % = [-%|
'El
C) ",ixl -5 X
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Immediately repeated measurements of an
electron's position give the same result. This -
implies that

A) The electron's wavefunction generally stays
the same when we do a measurement. |

B) The electron's wavefunction generally
changes when we do a measurement.
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Immediately repeated measurements of an
electron's position give the same result. This .=
implies that

A) The clectron's wavefunction generally stays
the same when we do a measurement.

The electron's wavefunction generally
changes when we do a measurement.
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An electron is confined to an infinitely long thin
wire (along the x direction). Which of the
following is possible for the function v
describing the electron’s state?

A)y(x)=0 « 1 .

i

B) w(x) = x %

A

C) y(x) = cos(x) RES B v

D) y(x) = Ir(1+x7) %

E) All of the above




An electron is confined to an infinitely long thin
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For an electron in a state represented by the wavefunction shown, a mea-
surernent of position is performed. Which of the following best represents a
possible wavefunction immediately after the measurement?

Aj by .
q) I;\ J\t _ AS5hmme
all
/ ‘ 5 g f«mve%w\c“lk“{ o

B) S o, Gar %"vak?feﬂ .

d{“.}f‘] Lt

C) °

e

t . —} 7 X
4 :

-+ , : Y )

q)(xs-_

[ !‘Jhm

E) Eilher & o C




\;)(x‘)

1A A

For an electron in a state represented by ‘the wavefunctmn “}mwn 8 mea-
surement of position is performed. Which of the following best represents a -
possible wavefunction immediately after the measurement?
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Answer: B

Momentum is related to wavelength by h/p. The wave
packet with the smallest apparent wavelength (distance
between ripples) is the one for which we expect the
measured momentum to be largest.

None of these wavepackets have an exactly-defined
momentum, since they are not infinite pure waves, so in
each case, there is a range of values that we might find.
This range is larger for the narrower wavepackets and
smaller for the larger wavepackets. But in this question,
we care about the average (or expected) value that we’ll
find, so the size of the wavepacket isn’t relevant.

Extra part: if we measure momentum, the state will
become an (approximate) momentum eigenstates, so it
should become more like a pure wave and therefore
more spread out.



An electron is measured to be at some position
x. Immediately afterwards, the electron’s
momentum is measured, and immediately after
that, its position is measured again. The second
measurement of position

A) Will be the same as the first one.

B) Will generally be different than the first ofie.



An electron is measured to be at some position
x. Immediately afterwards, the electron’s
momentum is measured, and immediately afier
that, its position is measured again. The second
measurement of position

A) Will be the same as the first one,

will generally be different than the first one.
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For which of these wave packets will Ax
increase Hae *?«S‘l‘eﬁ?
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A beam of electrons is sent through a narrow
hole m a piece of foil, and the places where
these electrons hit a distant screen are recorded.
If we make the hole in the screen smaller, the
region where the electrons are hitting the screen
will

A) become smaller.
B) become larger.

() stay the same.



A beam of electrons is sent through a narrow
hole in a piece of foil, and the places where
these clectrons hit a distant screen are recorded.
If we make the hole in the screen smaller, the
- region where the electrons are hitting the screen
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The speed of a wavepacket describing a
traveimg electron should be

A) proportional to A
-B) inversely proportional to A
O proportional to Ax

D) imfersely proportional to Ax

E) the same regardless of A or Ax
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The speed of a wavepacket describing a
traveling electron should be Ve _E _ h

A) proportional to A
Versely proportional to A

C) proportional to Ax

D) mversely proportional to Ax

E) the same regardiess of A or Ax
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An electron with momentum p travels in a region where it has a
constant positive potential energy V. Compared to an electron
with the same momentum p in a region with zero potential
energy, we expect that this electron’s wavefunction will have

A) a larger wavelength
B) a smaller wavelength
C) a larger frequency

D) a smailer frequency

E) both B and C



An electron with momentum p travels in a region where it has a
constant positive potential energy V. Compared to an electron
with the same momentum p in a region with zero potential
energy, we expect that this electron’s wavefunction will have

A) a larger wavelength

B) a smaller wavelength

C) a larger frequency  frequency = energy/h = (p°/(2m) + V)/h
D) a smaller frequency

E) both Band C
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Which of the following diagrams best represents the
potential energy function for an electron moving along
the x-axis between two positive charges?
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Which of the following diagrams best represents the

potential energy function for an electron moving along
the x-axis between two positive charges?
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The quantum picture explalns the stabﬂﬁy of

| amms because:

| (choose the best answer)

a A) The energy Tlevels are discrete.

B) There i is a finite minimum energy that the
electron can have SN

C) There is no definite value for the electron's
- position. - :




~ The quantum picture explams the stablhty of
atoms because:
(choose the best answer)

A The eﬂergy' levels are discrete.

here isa finite minimum energy that the

electron can have — 1o other shele dic elechron 4 3¢ “"’
growd Skke waplbely” <1

) There is no defmlte value for the electron’s

- position.
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For the electron statc 1ABBARL P 708
measurement of energy 1S performed The result we will
find is:

A)E, +E;

B) something between E; and E,, but the result is not
predetermined

C) etther E; or E,, with equal probability

D) most likely the lowest energy value, E;



For the electron state in the previous question, a
measurement of energy is performed. The result we will
find 1s:

A)E, +E,

B) something between E; and E,, but the result is not
predetermined

@ither E, or E,, with equal probability
D) most likely the lowest energy value, E,
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With respect to visible light, an interstellar cloud
of atomic hydrogen gas is

A) opaque
B) transparent

C) opaque for most wavelengths but transparent
for a some wavelengths’

D) transparent for most wavelengths but opaque
for some wavelengths

E) I haven’t the faintest idea




With respect to visible light, an interstellar cloud
of atomic hydrogen gas is

A) opaque
B) transparent

C) opaque for most wavelengths but transparent
for a some wavelengths
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Which of the pictures best represents the
potential energy function for an electron in a
thin one-dimensional wire of length L?
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Which of the pictures best represents the
potential energy function for an electron in a
thin one-dimensional wire of length L?
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