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The exam will last from 4:00 p.m. to 7:00 p.m. Use a #2 pen-
cil to make entries on the answer sheet. Enter the following ID
information now, before the exam starts.

In the section labelled NAME (Last, First, M.I.) enter your last.
" name, then fill in the empty circle for a blank, then enter your
first name, another blank, and finally your middle initial.

Under STUDENT # enter your 9—digit Identification Number.

Enter 228 under COURSE, and your section number (see label
above) under SEC.

Under CODE enter the exam c.ode given above.

During the exam, you may use pencils, a calculator, and three
handwritten 8.5 x 11 inch sheets with formulas and notes, with-
out attachments.

There are 30 multiple-choice questions on the exam. For each
question, mark only one answer on the answer sheet. There is no
deduction of points for an incorrect answer, so even if you cannot
work out the answer to a question, you should make an educated

guess. At the end of the exam, hand in the answer sheet and
the cover page. Retain this question paper for future reference
and study. ‘

. When you are asked to open the exam, make sure that your copy

contains all 30 questions. Raise your hand if this is not the case,
and a proctor will help you. Also raise your hand during the exam
if you have a question.

‘Please SIGN the cover sheet under your name sticker. A

proctor will check your name sticker and your student ID some-
time during the exam. Please have them ready.

Good luck!

, Uséful Information

¢ = speed of light = 3.00 x 10® m/s

‘g = —e = charge on an electron = —1.602 x 107! Coulombs

gp = +e = charge on a proton = +1.602 x 107** Coulombs
k, =8.99 x 10° N - m?/C?

N4 = Avogadro’s number = 6.022 x 10% particles/mol

kp = Boltzmann’s constant = 1.38 x 1072* J/K

Wien’s Constant = 2.898 x 107 m - K

o = Stefan’s Constant = 5.670 x 1078 W/(m? K*)

h =6.626 x 1073 Js

h = 4.136 x 1075 ¢V-s (in units of electron volts-second)
A= =1.054 x 10734Js

hc =1240 €V - nm = 1240 MeV - fm

1eV =1602 x 1070 ] - 1keV = 1000 eV

ps = Bohr Magneton = 5.79 x 107%eV/T = 9.27 x 10~ J/T
g-factor of electron = 2.00232

1 u = 1 atomic mass unit = 931.5 MeV/c?

me = electron mass = 9.11 x 1073 kg

mec® = electron rest energy = 0.511 MeV

my, = proton mass = 1.67 x 107%" kg

m,c? = proton rest energy = 938.27 MeV

mnc? = neutron rest energy = 939.57 MeV

my«c? = charged pion rest energy = 139.6 MeV



mgoc? = neutral pion rest energy = 135.0 MeV
M(1H) = 1.007825 u

Irad = 0.01 J/Kg

RBE = Relative Biological Effectiveness
Temperature conversion: T (K) =T (°C)+273.15=1.8 T (°F)+215.55
Zeroes of temperature scale: 273.15K = 0°C =32 °F
1nm=10"m

1A=10""m =0.10m

1 um = 10"%m

1 mHz = 1073 Hz 1 kHz = 10™ Hz

1 MHz = 106 Hz 1 GHz = 10*° Hz

Some quantum numbers: »
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1. Which of the following statements about the “Standard Model”
of particle physics is false?

a) Strangeness is not conserved by the weak interaction.
b) Hadrons are bound states of quarks, or antiquarks.
@ Bosons are the matter constituents. Fermions mediate the
forces between particles.
d) The weak force is short-ranged because of the large mass
of the Z and W particles.
e) There are three known generations of leptons.

2. The Z~ particle has the following pr0per.ties: B =1, S.= ~.~2, ‘FW‘ S = —-2’ has s hare 2 Ky %A(o/‘kﬁ
gr E_?1. Which of the following is a possible quark combination S and 0{ s Q= - é‘ | 50 dcs /705 Q____ —{
: € e
a) €55
b) wuds
c) s3
d) wuss

3. The threshold frequency for photoemission in silver is 1.14 x 10

Hz. For what frequency will the photoelectric stopping potential € Vo = l’\‘)ﬂ - ¢ with ¢-.: [I)—FM/(:,/,,QM
be 1.36 V? .
2)_ 3.29 x 10 Hz T= Frheshid ﬁ@_y_o._. = [ [4x0 51!2— +__[-_3_§_§_Y_:_
é'Tu X 10" Hz O h s 4136 <(05eV-S
c) 2.36 x 10'° Hz = .47 %0 He

d) 1.71 x 10% Hz
e) 8.15 x 10 Hz



4. The rectangular metal tank shown is filled with an unknown lig-
uid. The observer, whose eye is level with the top of the tank, can
just see corner E. The index of refraction of the liquid is:

—-

llHair}r
a) 150 Eyeball"
KD 1.67 3t
c) 175
1.25 E
e) 1.33 4 ft

5. A photon, an electron, and a baseball have the same momentum.
Which has the largest de Broglie wavelength?

a) baseball and electron
all have the same wavelength
c) electron
d) photon
e) baseball

6. A K, X-ray emitted from a sample has an energy of 4.08keV.
What is the atomic number of the element producing this X-ray?

a) 401
OF
c) 19

d) 400
e) 20

7. When a nonrelativistic beam of electrons is focused down to a di-
ameter Az, it is found that the electrons’ velocities perpendicular
to the beam can be measured to a precision of Av,. If a non-
relativistic beam of protons is focused to the same diameter, the
protons’ perpendicular velocities can be determined to a precision
of about Av, =

a) 10Awv, S c) 2000Av, d) iAw,
e) A,

N
a O

= Shell's law
19 SH nd =1 sh 8=
3 | ”’S‘; 5
- n=5 . 125
4 0 e ¥

A 2% depends only on mo meatun~ p.

f= (248x10" H2 )(Z2-1)" (&5 41.29)
E=hf= 0.2 eV (24)2

2=1+Jﬁﬁﬁﬁ$77321
TTJ0.2eV

H@ﬂ’ser\bmﬁ L AXAP Zh

ANz
mAX A
~ Avp = L4y
VY\F 2000 Me 7 ‘9 2000 c



10.

11.

In a Young’s double-slit experiment, light of wavelength 500 nm
illuminates two slits which are separated by 1 mm. The separation
between adjacent bright fringes on a screen that is 5 m from the
slits is:

a) 0.50 cm

b) 1.0 cm

¢) mnone of the other answers

d) 0.10 cm
@ 0.25 ecm

A diffraction grating of total width 4 cm is illuminated with light
of wavelength 577 nm. The second-order principal maximum is
formed at an angle of 41.25°. What is the total number of lines
(slits) in the grating?

a) About 12000
b) About 5000
About 23000
d) About 8000
e) About 19000

Two electrons with opposite spin are in an [ = 0 orbital. A
magnetic field of 1 T is present. What is the energy separation
between the two electron levels?

a) 2.9x107%eV
1.16 x 1072 eV

) 5.65x 10~ eV
d) 32x10°2eV
e) 1.54x 1078 eV

At room temperature (T = 300K), the occupation probability of
an electron state in the valence band of Zn with kinetic energy
10% greater than the Fermi energy (Er = 11.72 V) is about:

a) 0.94

b) 2.1x 1072
2.0 x 10720

d) 011

e) 9.2x 10716

RAW

(.00l m

>/ Rm) > AY =

= 0.25 cm.

sz??;/o ?cm - /XX/O C"”]

REIT
Sin (41.25°)

/\/: 4—Ch’\ = 22;857
d

dsin® =mA 2 d=

| AF=-— 34\-—/42\{,75 /(Xzz -7 00232 €5z

2m
- 200232 €eh B = 2.0023275. 7807 eV
2m

(exp ((€-E¢)/kgT) )7

F(E) - kgT’ -—"e\/ 0.025%

6= [.IT2 eV



12.

13.

14.

A diatomic molecule is in a vibrational and rotational state having
energy 0.50 eV when it absorbs a photon of frequency 9.67 x 103
Hz. What is the energy of the final state of the molecule?

a) 0.56eV
c) 0.10eV
d) 0.43eV
e) 0.50eV

For a diatomic molecule, it is found that the rotational states =0
and I=1 are separated in energy by 4 x 10™* eV. The moment of
inertia of the molecule is:

1.7 10~ kg m?

b) not enough information.
c) 1.3 x107% kg m?
d) 4.2 x107% kg m?
e) 84 x107*" kg m?

If you were in a spaceship traveling at a constant speed close to
the speed of light (with respect to earth), you might make the
following observations:

(I)That some of your physical dimensions were reduced.
(II)That your mass was greatly increased.
(IIT) That your pulse rate is a lot slower due to time dilation.

Which of these observations could actually take place?

None of these effects would occur.
b) More than one of these effects would occur.
c) (II)

d) (D

e) (II)

6.50eV + h-9.67% 10 He -
0.50eV + ‘7‘J3é7‘10~'€e\/'5 x 9CEx/0"s

0.90 eV

mm
1

\)

i
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2 A A A
= QA = Ey-F A
E‘_e :Q 5T i o T 1
I: L/X/O-qe\/ '2Tr

-39
B Js
4136 x/0 " %eV-s . .05 #x00

Since You are mak(nﬂ e observahoa$
in e fame of whith Yor ase af rest,
He kesulhs are be samwe a5 (F Yo mad
He obsennh ons whude &F rest on earth.



15. A particle in a box of length L is in the n = 3 state. Which ,@r n= g ’}L
diagram in the figure best describes its probability distribution

p(z)? A
M an 0 -
- 72
l % x ¥ P - Z[
0 L 0 L
(1D awv)
r) r(x)
PaNEVa\N .
0 \/ L 0 L ‘
a) III "
b) I
o) I p(x)[/\
d). V .
Ok o N
16. The average person receives a dose of 102 m rem/year. If the i rem, = RBE x Q. Oi_ J
average RBE of the radiation received is 1.5, how much energy, in ‘ K 8/ 3
: o . -
Joules, is absorbed per year by a 70 kg person? here | 0 .Mra @BE _ (02 <10 " fem
a) 0.1071 = k& y
b 4.76 | -3 e
3 0.0476 Erenyy fyc= M ;3_;_ =006 3
7.14 o) - RBE=15 e
e) 0.0714 100 - KBE Y
17. K-mesons have an average proper lifetime 7. How fast must they " b ‘ ]
move with respect to the earth so that an earth-based experi- eartr pagd gy PC/I""G"J% measunes  lifenime XT’
menter will measure an average lifetime of 1.5 7 7 —> 5 -1.5 = { = (Y.. )2 _ 1 — N
0.75¢ . {1 - (152 c (1:5)
b) 0.40c e
c) 0.90c V= 0.75¢
d) 0.50c :

e) 0.80c



18.

19.

20.

An atom with N electrons will be chemically inert if N=:
a) 5 b) 25 ¢ 2 10 e) 15

A concave mirror forms a real image which is twice the size of the
object, but inverted. If the object is 20 cm from the mirror, the
focal length of the mirror must be about:

a) 27 cm
(Bﬁ 13 cm
c) 40cm
d) 10cm
e) 20cm

An object placed in front of a thin lens of focal length +5 cm
produces an image 10 cm from the lens on the same side as the
object. How far is the object from the lens?

a) 20 cm b) 10 cm c) 5cm d) 28cm
e)) 3.3 cm :

N=to = 15°2522p°  filed shlls > gumic

_L.(.L -:___‘__ m:—sl-—-—z-—) S/:Zfchv
s s ¥ g

I R = 40 cmv ~ 13 ene

20740 F f= %

1L =1 5 L (—-L =4 g=Lcmr33em
* 5 5*(3) 5 3



In the energy level diagrams shown, the shaded region represents i

the occupied electron states beneath the Fermi energy. The white Co LU‘JZ flled  co 0701@/'/(1 W/?Q smeld < Semator ooty
regions represent the empty electron states. Which answer best V:f end ) ondachitm bard 1 pap

describes solids (I), (II), and (III)?

! gl 3 [5ulaf”
a) () insulator, (II) i ! ) gﬁo 9£ rase
metal, (III) semi-
cond " arll al/ ﬁ[@/ — m,e'po.

b) (I) semiconductor,
(II) metal, (III)
insulato
c) (I) metal, (II) metal,
(III) semiconduc-

! oon(ﬂd('/hmb”’td

tor
d) (I) insulator, (II) I 1 1
metal, (IIT) metal ;
( ) _ L__J g(;g((ilucnon
e) (I) metal, (II) in-
sulator, (IIT) semi- valence
conductor band




The following rest energies are known:
use emw consecvalions

mec? = electron rest energy = 0.511 MeV
2 _ -
mpc® = proton rest energy = 938.27MeV ‘-7"00 + 1700 + q3g2’,f +93%. UF = o?x }376 + 2;(,/0 +MH
m,c® = neutron rest energy = 939.57MeV \/
myrc? = charged pion rest energy = 139.6MeV _ - MH = q 7—}? Me
myoc® = neutral pion rest energy = 135.0MeV

A few months from now, the Large Hadron Collider (LHC) at
CERN in Geneva will be operating. Suppose that a head-on col-
lision between protons and antiprotons, each having a kinetic en-
ergy of 1700 MeV, produces the reaction

p+p—at+a  +H

where H is the newly discovered “Higgs particle”. The Higgs is at
rest and the 7 and 7~ depart in opposite directions, each with a
kinetic energy of 110 MeV. What is the rest mass of the Higgs?

a) 2388 MeV/c?
4777 MeV /2
c) 658 MeV/c?
d) 1420 MeV/c?

e) 3180 MeV/c?

Consider the decay sequence shown. 7z o [312

Which of the following correctly iden- | 8¢¥°[ | 82 Pb

tifies nucleus Y7 B
a) 33 Bi 212' 1o A =212
b) 20871 gl X 7 - 34
c) & Pb B B

202
d) & Hg : v %[
(e :




24.

25.

26.

27.

In the Bohr model of the hydrogen atom, which of the following
transitions emits a photon with the longest wavelength?

a) n=4 — n=2
B n=6 — n=7

¢) n=2 — n=1
n=6 — n=>5

e) n=5— n=3

qlgsof‘bs p”lsffﬂlf\

A radioactive source consists of 10?2 atoms. It is observed that
10" atoms decay per second. What is the half-life of the radioac-
tive material?

() 2200 years
b) 3200 years
c) 1740 years
d) 1520 years
e) 107 years

Protons are accelerated in a cyclotron with an internal field of
0.2 T. If beam exits at a radius of 2 m from the center of the
cyclotron, what is the energy of the protons?

a) 15.3 MeV
b) 14 GeV

c) 38.3 MeV
@) 7.67 MeV
e

1.92 MeV

A perfectly black body at 100°C emits light of intensity I. The
temperature of this body is now raised to 200°C. The hotter black
body now radiates light of intensity closest to:

a) 201
b) 801
c) 141

261
e) 401

oking - smollesr Ey=Ey,

{ o N,U()L,L:é
EHDCVTZ Se ooIrp T 16 e

b) abosorbs—e) [
4 /7

A== +L=00] &)L =0
)35 52 e)q 52 0.0F

A=10 Ty, 2 0LT . 0.692%/0's - L
10%%5 x 20007297365

= 2}1017)/@(3

2.2 2

vt aqvb v:gvfr Kcé—wzrzig_ar
r .

m

4 1.0x0 5T

L (e D)oy Em”
LG F R0 Tk
=766 MeV

T<Th Tp” Lﬁz_z_:cY:z.é T.

375K



28.

29.

30.

Suppose the ratio of the density of free electrons in aluminum to
to that in potassium is 3:1. If the Fermi energy in potassium is
1.3eV what is the Fermi energy in aluminum?

a) 19eV
2.7 eV
c) 11.7eV
d) 6.7eV
e) 3.9eV

The following masses are known:

In  1.008665u
1H 1.007825u
TLi  7.016004u.

Given this information, the binding energy of iLi, in MeV, is ex-
pected to be closest to:

Gp 39
b) 56
c) 52
d) 48
e) 43

In the diffraction pattern from a six slit diffraction grating, which
phasor diagram represents the combination of electric fields from
the six slits when the path length difference between light from
neighboring slits is a third of a wavelength?

) am /“— an
- =
v
c) III
d 1
e) V

av) V)

iy A

EF « V\Z/?’

EF/(J’ =].3eV
B pe (1-3eV)

Q’) pt:o\’)Z/5

G- 36\/) 32/5

(F.01600% = 3 (1.007825) ~ # (100366 5))x 7515 et

—

~59.95 Me(



