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34. If a beam of K~ particles collides with protons in a target, a possible out-
come of the collision, due to the strong interactions, is K~ + P —7

a)
v b)
d)
e)

A°+p
A® +K°
A% + 7
p+m°
p+7

o]

©)

Nep Qeln?

N+ k® S22
&=0
g=1

Nowe s-»»lJ

p +m® 5°0 X
g*’ﬂ- §=0 X

39. The following decay and reaction each involve & neutrino.
Ko pt + 7
?2 4n—ptte
What are the identities of the missing neutrinos in the first and
second equations, respectively?

a) Vi Va

b) T Ve
=) Vm Ve

d) Vi, Ve >{

e) Vs Ve
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29. The following reaction can occur by the strong interaction: 7” +
no—f Ki+ Ef. If the quark composition of the n is (udd), the
70 is (w), and the K is (uS), find the quark composition of the

2.
a) us
b) sss
c) dds
d) dds
e) uds

97. The following decay is forbidden:
at — pt v+ Ve

because it is not possible to conserve:

A
a) charge
b) electron lepton number
¢). baryon number
d) muon lepton number

e) energy

LQ G O " ALQ‘.‘-{" NO! L)




35. The A™T particle is a baryon with electric charge +2e and strangeness,
charm, bottomness and topness all equal to zero. Which of the following is
a possible quark combination for this baryon?

a) CCu
b) ddd
c) ced
d) uuu
e) s8u

24, A meson has strangeness -1 and charge -1. The quark content of
the meson is:

a) ssd

b) si
4 ¢ sd
D) sdd

e) diu
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96. The reaction 2H + 2H — 3H + 'H produces protons. The Q of the
reaction is

a) 4.03 MeV
¥ b) 104 MeV
V c) 7.06 MeV
d) 3.27 MeV
e) 17.59 MeV
The needed masses are hydrogen 1.007825 u, deuterium (d) 2.01410%
u, 3H 3.016049 u, *He 3.016029 u, 4He 4.002603 u, neutron 1.008665

u.

Recall Q: (M.‘mu‘a( - M{-.m) *931.5 Ml

2 (zot4ior) = 2 (M)= q.0t8

3.0604q + |.00F92s = &.01383

L1

r\m;\;u‘

Mhnet

Q = &.03 M (“).
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35. How much energy is released in the a-decay of 28U

33U - Z4Th + 1He.
Where:

M@%SU) = 238.050786%
M(g}g’*Th) = 234.0435831

M(3He) = 4.0026034

a) 0.05 MeV b)  52.75 MeV c) 4.29 MeV
d) 9.73 MeV e) 1.06 MeV

Q: Q‘\; -M),) a3y
- (’L}i.o)“o}% - 234.003533 - §.002603)
Xy = 4.19hw ()




25. A beam of protons of kinetic energy K collides with a hydrogen
target (which contains protons essentially at rest). Pions are pro-
duced by the reaction

p+p—p+p+rt +7.

Denote the rest energy of a proton by M¢?, and of a pion by mc?.
The minimum kinetic energy K that will produce the reaction is:

a) K =mc*2+ 4(m/M))

b) K =mc[4 + 4(m/M)] P
¢) K =mde2+3(m/M)] E
d) K =mc4+2(m/M)}t

e) K =md[2+2(m/M)]

1‘&.
. 2(mek)Ne - (0 +24)

v z 1 ML
Em (3*}\4) (i-r mn) D k= méx(q.-(-fm/ﬁ)

= CZ tkfmer) ©
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30. The ground state vibr

are 0.125 eV ang 0.10
Spring constants
(Note: Ag = 12

ational energies of the CO and
OeV, respectively. The ratio of
(ie. Keo / Ky,) is about:

Ay = 14; Ay = 16)

a) 125 by 153 c)

Ny molecules
their effective

0.75  d) 10

e) 2.35
K
E 5 3 ‘E_N AR -
3 2 Mﬁd
=125 = P | > "‘)

WMo wNz HMeo
M= Me = 12,06 636
PA &P 28

o @hﬁ'% (%}
f-3 ?“ihﬁﬁ HMeo i.}f\yi = | g
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22. The figure shows the Fermj function for a solid at two different temperatures
T4 and Tg. From the shape of these curves we can tell that:

F(E)

&) the solid is an insulator. 1
- b) TA < TB

¢) Tp=0K 172

d) states above the Fermi energy are more

likely to be occupied at T4 than at ey
e) Ty > Tg

Te>Ta (o)

32. At room temperature (T = 300K), the prebability that a val-ence
electron in Al has kinetic energy 10% greater than the Fermi en-
= oergy (Ep = 11.7 eV) is about:

" a) 2.1x 1072
b)) 20x 102
¢) 9.2x10-16
d) 0.94
e) 0.11

E-E = 0Ix L. FeV = ‘-3?2*l0"‘qﬂ’( I

ke T= (3810 n300 = 4laypo™s

I

.-O
W

22077 ()
L9#1 10™ Y iy p1o™

¢




31. In the Fermi gas model for valence electrons in a metal, the Fermi
energy is:

a) The minimum kinetic energy of an electron at T = 0.

b) The maximum kinetic energy of an electron at T = 0.

¢) The maximum Kkinetic energy of an electron at high tem-
s peratures.

d) The average kinetic energy of the electrons.

e) The kinetic energy of all electrons at T = 0.

« ()




33. Which one of the following statements concerning electron energy
bands in solids is true?

a) the bands occur as a direct consequence of the Fermi-Dirac

distribution function
=) b) an insulator has a large energy separation between the

highest filled band and the lowest empty band

¢) electrical conduction arises from the motion of electrons in
completely filled bands

d) within a given band, all electron energy levels are equal to
each other

e) only insulators have energy bands

23. In the energy level diagrams shown, the region represents the conduc-
tion band, the region represents the valence band, and the E& region
represents overlap of the two bands, of three different solids. Which best
describes solids (I), (II), and (III)?

a)
b)

)
x4)
e)

(I) insulator, (II) metal, (III) metal
(I) metal, (II) metal, (III) semicon-

I .
oy e O
.

sulator
)

I 111

\

(I) insulator, (II) metal, (III) semi-
conductor

I!S_ Tiasuiabye
T 2 mthl
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a 1t lens has a focal length of 0.359 meters. How far in
i« front of the lens must we place an object so it forms an inverted
}\ image of size 0.579 times the size of the object? Give y our answer |

% .~ in meters to three significant figures. /1. i . A = 1
L , g bt B $ "0.359

Lo 2 ~ %:“40.577 So ?: 051;7 %_’_a&-L— :?-‘.Z.‘?Ja A
P osip TP 0.357
P=2707x0.3C7= 0.97% m

<= ST Ee— Sa——3y

©

Y = I = 4 {14 )

S, 0.5%4 €5 0359 So 0.539 0.35¢%
So = O35q I+ L.

O.05P4

ts

O.ﬁ?Cim
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16. An object is placed a distance s in front of the concave mirror of
focal length +3 cm. The image is on the same side of the mirror
as the object, and lies 8 cm closer to the mirror than the object,
i.e. the distance between the object and the image is 8 cm. In
which of the following ranges does the value of s lie?

a) l4d<s<17cm

b) 8<s<1lcm
=dc) ll<s<ldem

d) s>20cm

e) 17<s5<20cm

LI = Y
S 5-8 g 3

$-8%%cn D 55 e =D )

More camfdbj 3(?,5-8) = s(s-9)
$T-\4s+29:=0

Ls-?)‘-'z,w o
12 ¢ $=17

5= 425 = .
2

iy

sl



17.

1.

18.

Li : .
trlfnh; nfrz)m a§1 mclaﬁdescent bulb is passed through a filter which
doub] ! 15 yellow %ight, and thfen serves as the source for a Young’s
uble s 1? experzment.. Which of the following changes would
cause the interference fringes to be more closely spaced?
s) move t.he light source farther away from the slits
) use a‘hght source of higher intensity
c) use slits that are closer together
=d) usea f‘ﬂter which transmits blue instead of yellow
e) usea light source of lower intensity
The first order spectal line produced by a diffraction grating
occurs at an angle of 11.31° . The grating has 3,660 slits per
centimeter. What is the wavelength of the light? Express your
answer in nanometers, to three significant figures.
ﬁg&%ﬁ;i?@k " = | zﬁ:%@i«x A:‘ﬁ%g?‘im
3660
A light beam consists of two components, one of unknown wave-
length and the other of 504 nm wavelength. When this light is
incident on a single slit, diffraction pattern shows that the third
minimum of the unknown coincides with the fourth minimum of
the 504 nm light. What is the unknown wavelength.
a) 2016 nm
b) 168 nm
c) 378 nm
-34d) 672 nm

e) Cannot be determined without knowing the width of the
slit
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19. A beam of linearly polarized light strikes two polarizing sheets.
The characteristic (i.e. polarizing) direction of the second sheet
is oriented at 90° with respect to the initial polarization. The
characteristic direction of the first sheet is at angle & with respect
to the initial polarization. If the 8 = 30°, what fraction of the in-
cident beam intensity is transmitted through the two polarizers?

. a) .50
A b) 43
c) .19
d) .87
e) .75

onﬁh. bahveen

/ Poiaﬁ‘w

g D
T . b S T4
SRR IZ%
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~[ /e
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20. A rocket of proper length 20 m is moving past the earth at a
speed of 0.6 c. Lights are mounted at each end of the rocket.
According to observers on earth, the lights flash simultaneously.
According to observers in the rocket, what is the time interval
between flashes? (Just find the absolute value; don’t worry about

the sign.
a) 1L.1x1077s
b) 5.0x 10785
¢) 14x107"s
d) 32x107%s
e) 40x107%s

x'= ¥ (x-v¥)
k- X(&—%)

EARTHY REST FRANE of ROCKET

I y

(@0 (b2 L o) ey  (a0,%)

C‘\
= ) (0—-11.\—1‘ . -vlL
v r ¢ -
i ‘. ¢ ot
= = (D.e)F 0
( ) 3%\05
’g
=~ b0 s



20. The mass of a particle is m. In order for its total energy to be
three times its rest mass energy, its momentum must be:

a; j_gmc
b 8me
078 Vame
g\J d) vbmc

e) v6me

£ - Fme
¥ mv

2
= f)mc
\
= 1° —5
<



3. The kinetic energy of a particle is 0.215 times its rest energy.
What is the speed of the particle? Express your answer as a frac-
- tion of the Speed of hght to three significant figures.

E o -
¥= = 1215 = f%"'.;w;\“%%é

Yt ng

S Ymer= LU mt Y= lus o= )

S v = 6.56%c¢



16. A photon moving at a speed ¢ makes a Compton collision with a free electron at rest. After
the collision, the scattered photon travels at an angle 8 relative to the direction of the incident
photon. The speed of the scattered photon is

a) ccosf

b) ¢(1—cos¥b)
c) ¢

d) csiné

e) c¢(1l—sind)

Con-f‘m €fleck s e -

©: 130° DRETVA h - (OMPTO LAUEENL
TP MeC

-1
_ 2416%10 m

hf-np's he -he =0 cs®:d

Al 3 JILLITEN (,Ofs ® ‘] .

11



21. A particle is in the ground state in a one dimensional infinite
square well of width L. The probability, P, that the particle is in
the left quarter of the well (0 <z < L/4) is:

a) 06<P

b) 0.01< P <02
c) 0LPL001
d) 02<P<03
e) 03<P <06

~
!
el
-

n= # 0{? \\6"' uavdf’lﬁkfs

n=4

53&&&"\“}: | Sd’ﬁ 2 sty :OO%i (B)
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17.- A hydrogen atom is in the 4d state (n =4, £ = 2). How many values of the z-component of
the electron’s orbital angular momentum are possible?

a
b

e’ e’

2
4
5
8
9

D

oo
I N

e
-

R>95/ Phosphorus has atomic number Z = 15. In the ground state, what

is the configuration of its outermost electrons?

/ /
VA a) 3p 4s?
(R Y b) 2p a 1
L s+ 25" 2p¢ 2e73p
D ;
e) 3p’ds L —
\©0 5



22. A hydrogen atom is in its fifth excited state. The atom emits
a 1,090 nm wavelength photon. What is the maximum possible
orbital angular momentum quantum number of the electron after

emission?
a) 1
L, Y
d) 2
e) No maximum. Orbital angular momentum can be arbitrar-
ily high.

nzb | Ephoton = hE: ,‘;. - &3@" = | lgeV
fn Y o =) E . - E s E Pi\ogﬁh = | =156+ 3.6
¢ + éi V"\i

=) e = =03+ 136

o

=) 13.6(* = |51V =) M=

-000 (@)




