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Problem 1

A beam of light incident on a metal has a wavelength such that electrons
are emitted via the photoelectric effect. If the beam is adjusted to be more
diffuse (keeping the total pov/er fixed), what happens to the current of pho-
toelectrons?

A) it increases
B) it decreases

@tt stays the same

Problem 2

$'r-Fof't' **\* o <z [ec*ro^

An photon of ,Jvavelengtn À scatt"]s ofi an electron that is initially stationary.
After the collision, the photon's wavelength will be

A) eoual to À

@)gåot"r than À

C) less than À

D) any of the above are possible

Problem 3

A photon is incident on a polarizer oriented at 90" to the vertical. For which
initial polarization state can we predict with certainty whether or not the
photon will pass through?

@to"l
B) 130")
c) lo') + leo')
D) None of the above



Problem 4

GøoGc &-)

The figure above represents the photons in a beam of light with some fixed
waveìength and intensity. If size represents photon eneÌgy in the picture,
which of the pictures below best represents a beam of light with the same

wavelength but double the intensity?
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The wavefunction for a traveling electron is described by a wavepacket whose

real part is shown above. lVhich of the following could be the real part of
the wavefunction for an electlon traveling with double the velocity?

A)



Problem 6

An unstable particle has an average iifetime of 10-7 seconds in its rest frame.

A beam of these particles is produced with speed 4f 5c. How far on avelage

do the particles travel before decaying?

X=

[(s-7, - Y '

r -----l ----+v = JT c Ø,

_{
3A) 24m

@;+o-
C) 14.4m
D) 30m

Problem 7

4 , = lo-7,'{, ,,r

I
2

D)

þ øøP=1on

t=
re 9l p^rí l,n tf raz Urv?íh .t

'Ihe picture above shows two rods, as observed in the frame of the lower rod.

Which of the pictules below represents an observ¿tion of the same rods in
the frame of the upper rod?

v= fî.+- r----1

B)

-

--n=,1ä.+_

c)

*,=[L<-:v--ECet_



Problem 8

Q(*)

For an electron iin a state represented by the *avefunctif?iná*n, a meâ-

snrernent of position is performed. Which of the following best represents a

..Þt"l

@qu,

Qcr

Problem I 
o

In a double slit experiment with electrons, what happens to the interference
pattern if we double the velocity of the electrons?

A) It stays the same.
B) The fringes get further apart.

CC)the fringes get closer together.

X

A,SS:+vqe

aLl
fu.tvefu.nc{{or,ç
ód(Q VrotfmalÉ,eÅ,

D)

possiblc wavefunction immediately after the measurement?



Problem L0

A nucieus of m¿rss &l decays into another nncleus of ma^ss ItIt lry euriùtirrg an

E-particle. 'I'he original m¿r.ss M is
Utlçr nßLç !A) less than Mt + m,o

1ì) equal to lt[t + mo

@S..ut.r than M' + nr'

Problem LL

Six photons polarizccl at 45" to the vertical are inciclen[ on a verüical polarizer.
I'lorv rnany of the ¡rhotons will pass through?

A)0
R)3
c)6

Q)Ont of the above are possii:le

Problem 12

An electron and a positron (each with mass ().5llltrIeVlcz) traveling with
equal relativistic speeds in opposite dirccti<¡ns collide to produce â rx)w par-
ticle of mass M. Tire mass M must be

A) equal to LA2ZNIeY lc2.
@grì,oter than 1.022í/IeY /c2.

C) Iess than i.022MeY f c2. .ì. ¡
Probternls Úo-'c) - Ç 

t= 
3'- +

In a cert¿in fi'¿r.ute of i'cf'erence, two smalì fìrecrackers explode at ti¡nes 10-8s l^ -

apart at locations separated by 4 nretcrs. Which of the following is true: 'g/1 CÍ ¿//CJ:

,o,ßH:îe 
is a fraure <¡f refercnce in which both fìrccrackers expiocLe at the

R) Thcx; is a fra¡rxl of lefererrce irr which b<¡th fireclackers explode at the
same location,

C) Both A and B are true
D) Neithel A nc¡r'13 are true



Problem 14

Vt.)

3eV

La-V"

The potential energy as a function of æ is shown for an electron in a short
wire, where x : 0 and ø : Snrn represent the ends of the wire. If the electron
is in a bound state with energy leV (corresponding to the dotted lirre shown),

for whicl¡ photon wavelengths would a photon be capable of liberating the
electron from the wire?

A) ) < hclfteY)

@t < n"¡iz"v¡
C) À < hclþev)
D) A photon of any wavelength has some probability of liberating the

electron.

Problem L5

An electron in a hydrogen atom is in a state given by a superposition of the
two lowest energy eigenstates P ¡- .l,a

,þ(i) :f;*'ø + f+XO qi V1 *r E2

where d,l1 and tlq arc the wavefunctions for the states with energies E1 :
-73.6eV and E2 : -3.4eV respectively. If a measurement of energy is
made, the most likely result is

A) -13.6eV
dì>¡.¿"v
S iq-rs.oev) + l(-s.aev)
D) either -13.6eV and -3.4eV are equally likely

f w= Z¿V



Problem L7

For the picture in the previous problem, what is the clock at the right of the
upper rod observed to read if the two cloclçs on the upper rod are synchronized
in the frame of the upper rod?

XV \,

c¿ ,/

t.1 .

J tûe

5

1

t,n
The picture above shows two rods (not necessarily identical) as observed in
the frame of the lower rod at ú : 0. What is the proper length of the uppet'
rod (i.e. the length in its own frame)?

A) 1m

€)**
C) ,1*
D) *Å*

Q,n)(r4) = % lh

A\ 2.22ns

@z.zznt
C) 1.4ns
D) -1.4ns

x? b. ln

T= y(¿-
t=o

= : b- o!?t
J\- ]ã

/o-'¡.^,u)- T



The graph above shows the real part of a one-dimensional wavepacket for an

electron travcling in a thin wire. I¡or this electron, the uncertaintyìn position
is closest to

ô,X
A) 0.5nm

(p)s"-
c)0
D)n

Problem L9

For the electron in [he previous problem, the momentum is approximately

Problem 20

For the electron in the previous two problems, the minilnum uncertainty in
momentum is closest to

@u.u x 1o-25 kg m/s
B) 6.6 x 10-26 kg m/s
C) i.3 x 10-25 kg m/s
D) 1.3 x L0-20 kg m/s

A) tg-za kg m/s
B) t0-zs kg m/s

@)to-'u kg m/s
D) tLl2

n^=/Mnm

Þ= r4- e c t:-3
/0- e
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Long Answer Questions: explain your work

Problem 21

Pklasc â.rìÉiwer the f'ollor,,.ing a,s conciscly as possiblc (a couple sentences is

suf{ici<;nt).

a) Wha,t is wrong with the classical pictule of a Hydrogen atom as ¿n clcctrort
orbiting a ptoton? ( 1 ¡oi,,te)
o lTt J vrî(eßtÇ lr¡vcÉ dtv AC(.ÍíUrhfifï ¿.-

lwov¿¡, Í?¿tttnrY {" (ol€ çy(trGl
o tlt I TþFc¡rcup (Ort//rou ¿ nBJ'nftßVor ¿,6r)

AfLÊ /"í Fffh/r/ríb

b) llow does qua,ntutn mecha¡tics resolve the probkrm? (z ¡';if,)
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Problem 22

ll'he imaginary element Kryptonite is uradc u¡r of atoms which have three ¡ros-

sibl<l ì:rnnd states, rvith energies -5eV, -6cV, tlnd -10eV. Which wavelengths

are 1>resent in the ernissiou spectrunr of hot Kryptonite gas? ("1 ¡oi"fl
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Problem 23

An electron in a thin wire has a one-dimensional wavefunction given by (don't
worry that zþ isn't continuous; assume that this is an approxirnation to a
continuous wavefunction) :

1þþ):{o ø(o
i¿,"+ ø)o 4 =ln

a) What musü the constant A be? (z poi^{<)
6¿

l= Ilvl'tx: tll't e?x6 il,(o

\/

)-( â ft ût tlhr¿v /urt )
/ï.

oto Øe R

,t,
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.ì lAl'= 2/n = 2oo'"/

/ t--" A = (/ Znn-'



b) If we make a measurement of the electron's position, what is the proba-

bility that we will'find it in the region r, > l.nm? (z P":Jr)

t 
ú 

rntr' tx= lfrl' f 
N 

o-L/* tx) I* ) l^n

/ \ n ¿'tbt),^-t ) g ^nryçchlrx'1 T e ¿\-

') //".'r= e-¿ = ('o i3l )- 
\----/



c) If we clo the position me¿Isurcnìcnt a large nur:rì.rer of tirîes, rvith the same

initi¿ll wavefunction each tirne, u'halt is the ä.verage value of ¡rosition thq.t we

will obtain? (z po;n1")

(- t ,r ,.,2 1* -u/*(x) = ) lvl ' x = lAl \ e x -txJa

2 [r-c\)"k/* to
è<

= [ t- T/e''u r l,* - ( +) l¿-k1* u )u \ - tv -6 
/

= + (+)(*) = î- o{na

.ì nrrrh?r x a:l"l^)
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Problem 24
Itt ooo ^/îÐo6lutl t¿ckk El

A beam of light of wavelength 400nrn is incidenl, on a. rnetal, ancl photo-
electrons are observed with maximum velocity 5000m/s. T'he same sanrple
of metal is illuminated rvith a rlev/ ìight source, trut tliis tirne electrons are
observed with maximurn velo-city 10000rn/s, What is the wavelength of the
new light source? (4 g";^tr)
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Problem 25

A photon with energy .l"00NtIeV is incident on a stationary particle of mass

200MeY /c2. If the photon is rxrmpletely absorbed to fornr a new particle,

what is the speed of this new pa.rticle (relative to the speecl of light)? (rl g";^-lr)

^-"à 
I

IOD ltlt l/ ho il¿il/c -

E- IAA/t*l+ ?ool,{rr/= }oO /fu¿l

Þ ; l0O,{,L//c

E; l1/1)_c' \
þ: //t Iv / Apír'ß co¿t'flo¡t/

., Ðc ljafut¿t tWc= E = ffi, : lj
r----- --(v'fiÐv



Problem 26

Astrononers observe ¿r cloud of hot atomic hyclrogen moving clirectly away
froln the Earl;h at a lalge veloci{,y. 'Ihe observecl emission spectrum has the
usual pattern of spectral lines, but the observecl wavelengths are shifted such
that the L)'man series (light emitted in transitions to the ground state i.e.

n: l) is observed to h¿rve lines with wavelengths 320nm, 270nm,256nm, ...

How fast Ís the hyclrogen cloucl travelling relative to the Earth? ( 3 y"i"t.)
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