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T'he sirnrsoidatr Çurve often used to denote
electromagnetic radiatioil represents:

A) The path of a light ray

B) The boundary of the region in which the
electric and rnagnetic fiends are nonzero

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

D) Fhotons which oscillate up ared down in the
presence of a light beam

E) A snake
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A) T'he path of a light ray

ts) The boundary of the region in which the
electric and rnagnetic flrelds are Íronzero

( C)The strength and direction of the electric f,reld\--;/
ãlong a line in the direction of the wave

Ð) Fhotons which osciilate up and down in the
presence of a ligtrt beam

E) A snake
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Which borrel wifl heot up the fostesf?o.2>1>3 b" 1>Z>B

e.2>1.=3

Elr"r=E2r"rlE3.""
c. l.=2>3
f '"rd. 1=3>2
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Which borrel will heqt_ up fhe fostest? E.rn',*=E2,n"*rE3,n"oo"z>1>3 b"1>z>3 @""d. tr=3>2 e. 2>tr=3 -'-:,..r__
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According to elassical mechanics and
electromagnetism, *frut *ilinäppJ* ,, unelectron orbiting a nucieus? 

¡ r'--

A) It orbits at a constant speed; no radiation isernitted"

E) It continuousry emits radiation at a constantwavelength

C) It emits radation and spirais into the nucleus.
D) Xt emits radiation and flies awayfrom thenucleus.
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According to ciassicai mechanics and
electromagnetisrn, what will happen to an
electron orbiting a nucleus?

A) It orbits at a eonstant speed; no radiation is
ernitted.

E) Tt continuously ernits radiation at a constant
wavelength.

(!y emits radation and spirals into the nucieus.

D) It emits radiation and flies away f,rom the
nucleus"
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The picture on the right above ropresents tl'le
photons making up a beam of red liglet. Whieh of
the pictures below reprcsents the photclns making
up a beam of rcd 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 rnaking up a beam of red tright. V\4rich of
the pictures bclow represents thc photons maleing
up a bearn of blue light with thc same intensìty?
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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 metai.
The wavelength is short enough to produce
photoelectrons. If we adjust the beam to rnake it
mc'Íe diffuso (keeping the total powor fixod),
what happens to the current of photoelectrons?

A) It increases

E) It deoreases

C) {t stays the same



qqþ3 Æ,
A narrow beam of light is incident on a metal.
The wavelength is short e-nough to produce
photoelecfrons. If we adjust the bearn to rnake it
more diffuse (keeping the total powcr fixed),
q* happens to the Çurrenl of photoelectrons?

A) it increases
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ts) It decreases

) trt sta¡rs the same



of the líght sor-irce (with a fixed beamr area)?

A) The culrrent of eleetnons will doulhle

ts) The energy of the electnons wll!
increase

C) Both A and B

D) The current and energy will stay the
same



What wãlå happen if we doubte the intenrsity
of the light source {witÍr a fixed beam area)?

@ffr* current of electnons wålü doubÍe

A B) The energy of the etectnons will
incnease

e) Both A a¡Td B

D) The curnent and erìergy wil! stay the
sarne
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W&ry are sorne of the electrons moving

faster than others? {assume light is a sirigle

wavelength)

A) Eecause they absonhed photons that
hadafangerenergy

E) Becau¡se some eüectrons ane lighten

than others

e) Somre other reason {prepare to
explain)



Why a¡'e sonne of the electnons moving
fasten than others? (assunre light !s a single
wavelength)

A) Eecause they absonhed photons that
had a largen energy

E) ßecause sorne electnons are flighten

than others

( C) )Sorne other reason (prepare to\--7
explain)
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Light incident on a polarizelr is palarized at 45
degrees relative to the polarizer. The transmitted
intensity will be:

A) Zero

B) The same as the original intensity

C) I{alf the original intensity

f

D) ætimes the originai intensity
u¿-



Light incid.ent an apolafizer is polarized at 45
degrees relative to the polarízer. The transmitted
intensity will be:

A) Zero

ts) The same as the original intensify
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A stream of photons with the same polarization
is incident on apoTaÅzer 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) A1l the photons go through, with unchanged
energy.

C) None of the photons go through.

D) Half of the photons pass through.



A stream ofphotons with the same polarizatjon
is incident an apolarizer oriented at 45 degrees
relative to the polarization direction of the
photons. 1Ã4rat happens?

A),41i the photons go through, but each have
half as rnuch energy as before.

B)-.41l thephotons go through, with unchanged
energy.

C) None of the photons go through.

@Uutf "f 
the phorons 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
I/3) or transmitred (wirh probabiliry 213).Whaf
is the intensity of the transmitted light as a
fraction of the intensity of the incident light?

A) v3

Þ\ 1/ôL)t lt7

J) 2t3

D) 4te

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 probabitity
1/3) or transmined (wirh probability 2/3). \I/har
is the intensity of thc transmitted light as a
fraction of the intensity of the incident light?

,A) 1/3

E) rle
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Four photons with a vertical palarization 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.

E) T'wo of the photons will pass through.

C) The photons will all be transmitted.

D) l.ione of the above



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

A) The photons will all be absorbed.

ts) 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. lf
the first photon ís observed to pass through the
palarizer, the probabilíty that the second will pass
through is

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 beann of light polarized at 45 degrees is incident
on a vertically (í.e. 0 degrees) oriented polarizer. lf
the first photon is observed to pass through the
polarizer, the probability that the second will pass

through is
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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 furlher apart.

D) The bright parts get closer together.



What happens to the interference pattem if we
double the rnomentum of the photons in a
double slit experiment?

A) Nothing.

B) It gets brighter but the patfern doesn't
change.

C) The bright parts get ûrther apart.

he bright parts get qloser together.
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A photon is in a state:

1,
¡7 lxr) *,Slxz),

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

A) one photon at x1 and anothet atxz.

B) a single photon at a position somewhere in
between x1àndx2.

e) a single photon at a specific location, but we
don't know the ]ocation since we haven,t
measured it yet.

. . D) a single photon that does not have a definite' ' 
location.



A photon is in a state:

I

Ë l"') -u*l*'),

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

A) one photon at x1 and another at x2.

ts) a singie photon at a position somewhere in
between x1ar1dx2.

e) a single photon at a specific location, but we
don't know the location since we haven,t
measured it yet.

( D)u single photon that does not have a definite
locatton.
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An electron is in a state

L,','\ - F to^tã l)',, ;-t.z/
If,we measure the elecfron,s position, the result
that we are most likety to find is

A) xr

E) x,
.rIãc) åxt -Í'xz

D)+xt+âxz
E) ldone ofthe above
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6.x¿
Xr

An electron is in a state

lh,> - f x,¡
If we measure the electron's position, the result
that we are most likely to finà is

A) x,

(9o, --r ?'." î ' l-tr 1'

c) ån,-E*,
D) å xt* I xz --+ ¡h:s is 4\.2 a.ver^52 u^l,,e ',4 ,,æ

E) None of the above ^'l ILT-:^*+ 
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Immediately repeated. measurements of an
elechon's position give the sarne result. This
implies that

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

B) The elechon's wavefunction generally
changes when w-e do a measurerãent.
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Immediately repeated measurements of an
electron's posítion give fhe same result. This
írnplies that

A) The elçctron's wavefunction generaliy stays
the same when we do a measurernent.

(P)The electron's wavefunction generaltry
changes when we do a measurernent.
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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 y
describing the electron's state?

A) y(x): o

B) ry(x) - x

C) V(x) - cos(x)

E) All of the above



An electron is confined to an infinitely long thin
wire (along the x direction). Which of the
following is possible for the function y
describíng tho electron's statø?

A) iy(x) - 0

ts) y(x) - x

C) v(x) - cos(x)
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For an electron in à state represented by the waveiunctiå?l¡orn, u *uu-
sureftent of position is performed. Which of fhe following best represents a
possible wavefunciion immediately after the *"*.*u-uot?

A) .Þor
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Fo¡ an electron in a state represented by the wavefirnctiåiihown, a mea-
surement of positioa is performed. Which of the following best represents a
possible wavefunction jmmediately after the measu¡ement?

A) ,ft"

B)
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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
rnore 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 measuredagain. The second
measurement of position

A) Will be the same as the fîrst one.

E) Will generally be different than the first one.



An electron is measured to be at some position
x" ïmmed.iately afterwards, the electron's
momentum is naeasured, and immediately affer
that, its position is measured again. T'he seeond
measurernent of position

,{) Will be tlie sarne as the first one.

(ryÅVill generalÏy be different than tfrre first one"
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hole in a piece of foil, and the places where
these electrons hit a distant screen are record.ed.
lf we rnake the hole in the soreen smaller, the
region where the oleetrons are hitting the screen
will

,4) become smaller.

ts) become Larger.

C) siay the same.
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Ïrole ín a pieee of foil, and the plaees where
these electrons hit a distant srreen are recordcd.
lf we make tlie hole in the soreen smaller, the
regíon where the electrons are Ïaitting the screen
witrl

A) beeome snaaller"

F) beeome larger.

C) stay the sanee.
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Ax

T'he speed of awavepaeket deseibing a
traveling etrecfuon should be

,4) proportional to î.

E) inversetryproportional to fu

C) proportional to Åx

D) inverselyproportionatr to Åx

E) the same regardless of À or Ax
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Âx

The speed of a wavepacket describing a
travelingelectronshouldbe 

v= å = Àh m')
A) proportional to î,

@t*rsely proportional to l,

C) proportionatr to Ax

Ð) inversely proportional to Ax

E) the same regardless of î. or Âx
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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 smaller 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

e) a Narger fnequrency frequency = energv/h = (p2/(2m) + V)/h

D) a smaller frequency

E) both B and C
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Which of the following diagrams best represents the
potentíaI 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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T'he quantum picfure explains the stability of
atoms because:
(choose the best answer)

A) fh1 energy levels are discrote.

E) füere is a finite rninirnum energy that the
electron ean have

C) There is no definite value for the electron's
position"



The quantum picture explains the stability of
atoms because:
(choose the best answer)

A) The energy levels are discrete.

( B[here is a finite minimum energy thatthe
Eleetron oan have -Þ nø "4'¿r E\& {^r .3kÅ'"" .þ, g" "t"

c) rhere is no definite value t:;"i-Jti;;t'ftv 
stabte

position.



.frG) a^g {,4¡ are *-gl4.F4 *ry4"1},r"ß -f'r
a.v\ eleåu-o/\ c*fre\-ço^ AS +" /rd-iai-l4- e'tergtes

F;,#,lirtnstateM:y
measurement of energy is performed. The result we will
find is:

A)81 +82

E) something between E1 and 82, but the result is not
predetermined

C) either E1 or 82, with equal probability

D) most likely the lowest energy value, E1



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

A)81 +82

ts) something between E1 and E2, but the result is not
predetermined

@nn.t E1 or 82, with equal probability

D) most likely the lowest energy value, E1
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'With 
respect to visible light, an interstellar cloud

of atomic hydrogen gas ig

A) opaque

B) transparent

C) opaque for rnost waveiengths but transparcnt
for a some waveiengths

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 war¡elengths

(p)transparent for most wavelengths but opaque
f-or some wavelengths ---.-..-, ,"ill a6*,.b ¡yþ4 (i e. be

Ð?^1r.Le) o"ly it
E) T haven't the f,aintest idea , 

ut = E^'Ea &,
, ^^ll þ..¿ls "l ty,tn5"n.



Whieh of the pictures best represents the
potentiatr energy fi:nction for an eiectron in a
thin one-dimensíonatr wire of length L?



\\trhich of the picfures best represents the
potential energy fi.mction for an elech"on in a
thin one-dirnensional. wire of iength L?
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