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Pact T of  Phys 200 Exam.

civrele Your™ answers in Mis booklet

Modern Physics: Quantum Mechanics
(16 questions)

electron at energy level E,,. When this electron moves from energy level
Ey to E,, light is emitted. The greater the energy difference between the

1. The diagram at right shows the electronic energy levels in an atom withan g e :
electronic energy levels Ey and E,, ... Ey

A. ...the more photons emitted. -_
B. ...the brighter (higher mtensity) the light emitted,
C. ...the longer the wavelength (the more red) of the light emitted.
(D ...the shorter the wavelength (the more blue) of the light emitted.
E. More than one of the above answers is correct. N AE = \f = bf o lacar AE Domaller )\

2. The electron in 2 hydrogen atom is in its ground state. You measure the distance of the
electron from the nucleus. What will be the result of this measurement?

A. You will measure the distance to be the Bohr radjus. Crom Hub
. You could measure any distance between zero and infinity with equal probability. pe-)
You are most likely to measure the distance to be the Bohr radius, but there is a
range of other distances that you could possibly measure.
D. There is an equal probability of finding the electron at any distance within a range a
from a little bit less than the Bohr radius to a little bit more than the Bohr radius.

3. An electron in an atom has the energy level diagram at right. E %f% unbound
The electron is in its lowest energy state, as shown in the

diagram. What is the lowest energy photon that it can Ey

absorb? E
3

A. It can absorb a photon of any arbitrarily small energy.

B. E F——— E»

C. E
@ E; - E,

E. E4 - Ej _e E]
4. True or Faise: In the absence of external forces, electrons move along sinusoidal paths.

A. True the  vavehunction r o fme chchrom wit
False Some P lhas  sinusoidal m(,'& l‘/wbinuy
¢~T5) bt Jhew are it celated Jo Yoo
Pt Mt de  elechin Fabees
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5. You see an electron and a neutron moving by you at the same speed. How do their
wavelengths L compare?

A. Ancurron > Aslectro ’P’MV :amd'z( -?or nawtran
eutron<A-eIectmn .', )\4.—1‘;—\- 5m”ef -G/ V\eu‘]ﬁf\

+ Aneutron = Aelectron

6. Consider an electron with the potential energy U(x)

0 0 L
U(x):{ <x< _
w x<0 or x>1I

This potential energy function, plotted at right, is
often referred to as an infinite square well ora
rigid box. Your electron is in the lowest energy
state of this potential energy, with a wave function
¥x) = ya(x) and a corresponding energy £).
Suppose you first measure the position of this
electron very precisely, without destroying the electron. Afer measuring the position,
you measure the energy of the same electron. Which of the following statements
describes the result of this energy measurement?

N\

> X

- DN

-

measure x dba)
A. The value that you measure will be E. L 9e'f posi Hon cije/\s‘]a{t, l
The value that you measure could possibly be E,. "
". The vaiue that you measure will ot be E,. sum of ey @;jp,\;}d,gs

7. The total energy of an electron afier it tunnels through a potential energy barrier is...

A. ...greater than its energy before tunneling.

(ZE:) -.-equal to its energy before tunneling. e‘“"ﬁY is cmsorveﬂ(
- ...less than its energy before tunneling,
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For questions 8-9, consider a particle with *
the one-dimensional potential energy 1Ug
function plotted at right and total energy E.
The value of potential energy remains the
same as X — +00 or X — —0.

X

8. Are there any allowed values of the particle’s total energy E with E < U, and if so, are
all values allowed, or only 2 discrete set of energy values?

A. There are no allowed values of energy in this range.
(®) Only certain discrete values of energy in this range are allowed.
C. All values of energy in this range are allowed.

9. Are there any allowed values of the particle’s total energy E with E > U, and if so, are
all values allowed, or only a discrete set of energy values?

A. There are no allowed values of energy in this range.
B. Only certain discrete values of energy in this range are allowed.
@ All values of energy in this range are allowed.
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10. The figure at right shows a potential energy Uix)
function U{x), where the potential energy is
infinite if x is less than 0 or greater than L, and has
a slanted bottom in between 0 and L, so that the
potential well is deeper on the right than on the
left. Which of the plots of |y(x)|? vs. x is most
likely to correspond to a stationary state of this
potential well?

| X
0 L
N {;
)P Wiz “‘;"je,:"‘y o s
4 i
A B on o swuller
raﬁa iy
(A[So: Q‘:’.cjrrm
‘ : e X' Gends ware e
0 L 0 L m u R
2 2 larnee  (becnuse
l(x)| x| Q e ‘Hmfd-'v
C D ;/owcr)
“. ? s Sﬂa‘('.y‘
here
X x Iy
0 L 0 L AP famer )

E. More than one of these is a possible stationary state.
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11. The plot at right shows a snapshot of the #(x)
spatial part of a one-dimensional wave * I
function for a particle, yi(X), versus x. dx
— -

W(x) is purely real. The labels, I, I, and
III, indicate regions in which
measurements of the position of the
particle can be made. Order the
probabilities, P, of finding the particle in
regions 1, I1, and I1I, from biggest to
smallest.

x=0 _

A. P(IIT) > P(1) > P(IT)
B. P(II) > P(I) > P(III)
C. Pl > P(II) > P(])
D. P(I)> P(I) > P(III)

@ P(II) > P(HI) > P(1) (F o lu|J(~l\1

e

12. You shoot 2 beam of photons through a pair
of slits at a screen. The beam is so weak that

.'..'

[ )
WA
s
aw P

"-_-,f\;;‘r";'

the photons arrive at the screen one at a xeui R AN
time, but eventually they build up an s o SRR
interference pattern, as shown in the picture ==

at right. What can you say about which slit [I l]

any particular photon went through?

A. Each photon went through either the left sfit or the right slit. If we had a good
enough detector, we could determine which one without changing the interference
pattern.

B. Each photon went through either the left slit or the right slit, but it is fundamentally
impossible to determine which one.

C. Each photon went through both slits. If we had a good enough detector, we could
measure a photon in both places at once.

@ Each photon went through both slits. If we had a good enough detector, we could
measure a photon going through one slit or the other, but this would destroy the
interference pattern.

E. It is impossible to determine whether the photon went through one slit or both.
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13.

10° electrons are initially prepared in the same quantum state -- each
electron having the same wavefunction W(x,t = 0). The real part of
Y(x,t = 0) is shown above.

In your view, which of the following statement provides the best
interpretation for this quantum state?

(A) The velocity of each electron is zero

(B) Half of alt the electrons are traveling to the left while the
other half are traveling to the right.

(C) Each electron spends half of its time traveling to the right

and half of its time traveling to the left &b %r each alectran
Each electron is traveling right and left at the same time reftesn® a
f The wavefunction®(x, t = 0) does not represent a 1 ,,;LM 5@;005}‘}% .
physically realizable state oovdlacity wate deo
r\é’{' bawe o Jj"‘\;
Value .

14,

At t=0, 4 electrons are prepared in a different quantum state. All four
electrons move in the positive x-direction. The real part of each electron
wavefunction is shown below,

In the absence of external forces, which electron wavefunction witl

spread the fastest?
A AX smallst =b A ’4395']'
_ - " lommest cane &S
vef ociKes.
B

E Al four electron wavefunctions will spread at the same rate.
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15.
At t=0, 4 electrons are prepared in a different quantum state. All four

electrons move in the positive x-direction. The real part of each electron
wavefunction is shown below.

In the absence of external forces, which electron travels the fastest?

A

= farg,os‘l' v,
E Alifour electrons move to the right at the same speed.
16.
An electron can be initially prepared in one of the following guantum state:
B li=0) =y (x)
) Wulx,t=0) = 1/V2[ () + 9. (x)]
() W lxt =0} = P, (x) '
» where y,(x) and y,{x) are the wavefunctions for tha
~ bound states with the lowest energy E, and E, in the infinite square well.
Which of the three quantum states above will result in a time-dependant probability
density? [recall: probability density is defined as |¥(x, t){2] an UBY eiJG’LS e
=P fime -t rJ-é‘f :
(A} Pz, t = 0) t prilo. MU"-'I'/-
@ Pulx,t =0) — W3l an eneré y @ J@Ls‘h+€
(C) Ylx, t = 0)
(D) Both "Pn(x, t = 0) and ‘l’m(x, t= 0)

{E} Alfthree quantum states will result in a time dependent proba bility density
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1) Santa Claus is travelling in his hyper-sleigh at velocity v = VB/4 ¢. Which

of the pictures below best represents the proportions of Frosty the Snowman
as measured by Sama?

Sodu measuces
A . C
@ leagith corhracd ;o )
in OEFQC'HW\ u“'
e lo\'l‘;\lt
on.
B) D)

8

2) A distant supernova explodes just as the Physics 200 exam begins. In the
frame of reference of a rocket travelling towards the supernova, tggy

A) the supernova explodes after the Physics 200 exam begins. P> =

, 1=y - %x)
e supernova explodes before the Physics 200 exam begins. [Nocape x )=>
v S £

Srallor ’(/

C) the supernova explodes at the same time as the Physics 200 exam begins.

) Inside a space probe, a tank of hydrogen gas explodes, heating up all the
air inside the probe. Assuming there is no radiation emitted from the space
probe during this time, we can say that

A) The total mass of the probe is greater after the explosion

B) The total mass of the probe is less after the explosion
@The total mass of the probe is the same after the explosion
S [
Mass = S (‘hlel morgy of sy&»"&u) € Consecved
/rs%«c;e, Ao ne¥ m[ac'r}/
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4) A blue laser and a red laser, with an identical total power of ImW, sit
motionless on a frictionless table. The lasers are each turned on for one
minute and then turned off again. We can say that

A) The two lasers have emitted the same number of photons.

B) The blue laser has emitted more photons.

@The red laser has emitted more photons.

5) After the lasers in problem 3 are turned off, we can say that
(assume the lagers ave eq vaf Mass)
A) the blue laser will be moving faster.

B) the red laser will be moving faster.
@)Oﬂl lasers will be moving at the same (nonzero) velocity.

D) the lasers will move while the beams are on but both lasers will be
motionless after they are turned off,

6) In order to make the GPS (global positioning system) work correctly,
engineers make the clocks on the orbiting satellites run at a different rate
from clocks on Earth so that they appear to be ticking at the same rate as the
Earth clocks. In order for this to work, the engineers should make the

orbiting clocks in orbit run dperved & oy 5 Slawer Hon

Tding , $o veed "LCJ“‘&\

aster than the clocks on Earth -~ e D[: kv ;b:(e fuster f
) observed rode [y

B) Slower than the clocks on Earth e sona. s for
Ent~ chocky

(You should ignore gravitational time dilation Jor this question, though in
reality it cannot be ignored!)
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7) In the spacetime diagram above, which event is simultaneous with the

event M in some frame of reference? et ta shaded :3}0«\
35 Spacelike Sopare a?m\
A)A B)B C)C D)D @Both A'and B M

rrrs )

8) Four photons polarized at 45° are incident on a vertical polarizer as
shown. Which of the pictures below represents the most likely outcome of
this experiment? e Mo most Bikely A Mg omes shown)
e (,L‘T V\Qde .
\ P Rkl
S b s e

) ~» » ‘/ Y \i’hr

@@ -

D
)mee o‘g these 3s POSS“DIQ.

2eV+

levi

’M‘;;.;
N Al =
| -wW SW=1eV

9) The graph above shows the stopping voltage plotted against frequency in
a photoelectric effect experiment. For the metal used in the experiment, what
is the minimum amount of energy required to remove an electron?

A) 2eV  B)-1eV C)OeV E)2 eV
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Describe the photoelectric effect and explain why it provides evidence for
the photon picture of light. Answer as concisely as possible.

(4 P"-‘ r\+5)

The Pﬂb‘b&(u‘hﬂc elledt descrives the e?'ex_anq & olachons Yrom a melal (or sther
maberial) when N with o high onogh Grequonty s wsed o ilhuminete T,
The key doservation is that it Yhe Mwﬂy is oo S—M‘U) no eledhrons ae
Qe cted regudless of bow hight e wusﬂy . On Mo sther hand
o “(V‘Stzu.e/\(:'(gg high enmgh ‘o eaeé{' dechrons, ebchons are gpced for any
fom-2e,0 ‘id-ug?)ry,

These observations cannst be exphined 59)/ e chssica l ?TM & li\«)li&’ y SEe
in ot fPTc‘ﬁmL) the L of Grersy i e metul s conkauons and i3
&mcH?/ e same Lor any &miwmcy as 101:3 os Hee .\,\-Sewy,\b/ s He
San .

Ow e dhec ,'\o.na(/ ta rl«oib,\ (PTCM~ say's Joat it oF Fragueny
'} con2s ia discrete (waf o oneryy E=u{. Tf we assume W
there |5 Som@  waipimum enerey W "?A?KPP@L Yo e%fié'm dQcJV‘pA“{""'\
the ndal ond M elechans ae ejected by absorbing e energy
‘FKM a S‘Trjk ’Pl'w‘l'br\) 'h«;ef\ we must have H:>W ‘}0 %C& oA
Q,[ch"\ra/\, 7"\:( c?/)(‘?]q.\ng ’Tl’\ﬁ minimym “y"ﬁuévw}/ *Lurf 1S afa&ef\/ea(
n e expecimed. Alio, the pabr pickee explatns why dhe
onsty tut] ~aber o hetar o vt ol
are eéedw{ , Since it o«IY W individua | ﬂjm-hns Hut ace

N volvago .

(A shorter pnse Han  Hig |
Gondd have received 4l crediT
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—————— . . . e = o =« -

Lnm Znm '3-\:-1 GFam

@ a) The wavefunction for an electron in a short wire is shown above. A team of
physicists prepares 16,000 electrons in this state and then measures the
position of each of the electrons. They make a histogram showing the
number of electrons that they find in each of the four intervals [Onm,1nm],
[1nm,2nm], [2nm,3nm], and [3nm,4nm]. Draw what you expect their
histogram to look like and indicate the expected number in each bin. Show
your calculations and explain your work.

5 pe 'ud‘s) yﬂ.ﬂf s we shaadd  bok So--e‘ﬂ-‘mj
ke this:
gl
43
4 ¢
I

! a Aam

TL\L ‘L]:)r0 L’Ab\“l\*’y MS:“‘Y %r W‘Qa\jur&‘,ﬁ An Ql@ATOA “+ b4 \S’
{.\}f(,(\, . For H‘Q ‘FD"‘( :ﬁ'('e(VAlS’ g L(que-‘
e

.PEM) - ( Mw()l
Pr.,q = rm[g}:{x)r

ban

Md sine Be waetuncton & symmetacd B, =P BLF ‘Ptam

'ﬂw;'ffrlul ?mbala?lTJr)/ must be 1 , 4nd e can wse s fo nornalize
‘{/Lg WW“(’KMC"":(W\. I‘,‘ W r%;w\ 0L XS 2um ) e l’Lﬂ.uC (_P(sf)::AJX
Jor sme constit AL So:

Vinag

1
P[n.l) = J AX‘L = -;-Alxs

Onm

Mea

!

= 1,2 3
Oam 3A (n=
L

—_ 1 F . 1
P = [ K = 3k [W = A o

[ oleal

\

=) .
A,SO P['Jﬂ‘ = S R’L [““)1 f le*) = “;'A‘L (MH)”,
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Mere ceom ‘gﬂr 1 a)

For the “'F“'al Frolombilﬁy do be J‘} e vieed

,Pﬁ 1y -P[' [L 33 (%49 = 1
* E’i K ends % Ao * %lemP * “gl,’k;)“ =1

T 3 -3
3 A = oo

N N _ )
50 ! (P[o)a) - ()D[B’q) - E QA&‘ P[z,;):P - %

2y

I_F we. 8@‘[ meas wuvg. (6 oo QI&(’"WMS TN vﬂus SHme if\“‘}"la, 34%&
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11 b) If the experimenters had measured the velocity for these electrons instead
of the position, what can you say about the range of values they would likely
find? (I'm not expecting a precise answer here) (2 Fo;ﬂ.b)

We can see -ng-« e 3@#« Yat Ax  (dhe Ef}i\iffl;,\{;y)
s acownd Qiam. -ﬂnw; ) Hee nomectim Wmeﬁ\m‘,c@/ et
O |
I es b
P 4 an

Iif\ terms O“( VQ’c\C,A}'y Ahe V*’Mﬂ(/ mug‘l’ Le a“"

least

h
Av 4?'”\ Q_nn *

In Ais case, the Averaae value wl] be zere, since
Q, i/uaue;plwic“’ivn 1S COM [e—i'gl S W‘Gr’.(:al a‘oa:" (’me)
o dossu't dishiaguish Lm Me +x ard —x divecksu.

(Ac‘hm”)/ aA y‘g« G\Mue":(wc“']\ad\ 15 an Qquq[ ca,.,LJM‘(’lm O“F
Q PK Aﬂo( e lPX &wnch(al\{) So hag Zero ’DLVémSe \/Elﬁa‘i‘/)
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In a radioactive gamma decay, a nucleus that is initially at rest decays by
emitting a photon. The resulting nucleus is observed to have half the mass of
the original nucleus. What is the speed of the new nucleus after the decay?

( 5 Poln'is)

We use eners

conSarVoition b WW GOAS(W@‘H&V\, Le'('

j(Le/@f'e@}/ JF -‘PL‘QP)“J‘}'I/\ be £ ad Mo wrrass & Ha
o Cinlnal W"Clems be M. Then &Q;Dy corg 6,\/@;1

M = 3yMc+ E )
/W
Ebe&‘ar( E‘.H‘ef
M,MW &anfef\}a-('bf\ 8]\%-’&5‘1
_ | E
O =zyMv+ 2
= E = %BMVC

P}mgﬁl‘m) this k> (%) 8{«@5:
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®

A rocket leaves the Earth at v=0.6c. After 1 second, a radio wave signal is
sent towards the rocket from Earth.

a) If the rocket’s clock is set to zero when it leaves the Earth, what time does
the rocket’s clock read when the signal is received? (3 poials)

. A
+-0: )D-—) V=0.b¢

_l‘

{
&

)M’ D—-ﬁ V'-’otéc

X=0.6c- 15

T. the Eartils -‘Y'mme, Hhe Hme_ fir Me ll@lﬁl S;jmt[ + “&t&[/l
Yoo rocket s

inttia ' ara‘l“fovx
At = =

speed 4 whigh ScTam-HM s 0{,‘“4,‘3.',3
= O.6c- 1?
Q.4He

3
ES

Tl«ns, ’H«& lsh‘\' Sfjvm\ re«ctws 'l’(/a, fodre‘lt c\"’ ‘{ =2 in Eardls
«%ﬁme /L\e, rocket’s clock runs slow as observel b

)/ t&/"‘k’l So ulte_ ‘Lme
on M rockels clods Whende Te rodio tumve k“k + s




1270572011 11:47 IFAX » Mark Van Raamsdo IgJ017/018

b) In the rocket’s frame of reference, at what time does the radio signal leave
Earth? (2 points)

FO!“ »]4'1:5‘ 6\/21{". X=0 a-d ”f= IS-IM e mdse?t/j
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The allowed energies for an electron in a hydrogen atom are given by
E,=-13.6 eV /n’. For a hot gas of hydrogen atoms, a discrete spectrum is
observed, with light only at particular wavelengths. Determine the two
longest wavelengths that are observed in the visible range (380nm to

750nm). (4 potncts )

The o bservel wave lonatls

are

N —{'L@/ armissSion Sfec“hrwwl

_L‘E - EH'EM

’1./77 difleronce n
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F]/w“"n;' E-lf=z he 2 el chon steiter.
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Se the hwo lamest Uisille waw [O/g‘ho are 4 G bnd o, |
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