PROCEDURE

This puzzle shows the challenge
that particle ‘physicists face. Imagine
that the puzzle presents information
that was obtained about particles
from an accelerator. The black fig-
{ | ures represent objects that were
5 observed, while the objects shown in

white have not been observed. In this
puzzle, “objects” are all two-dimen-
sional shapes, and “interactions” are’
ways in which they can combine.

The shapes that are not observed
provide important clues to the
answers. Note: You need to answer
both questions to explain why the
objects that are not observed are not
possible.

Source: Puzzle adapted
from Helen Quinn, “Of
Quarks, Anti-quarks, and
glue.” The Stanford .
Magazine, Fall, 1983, p.29.

* Identify the shapes which are present.

° State the rules for connecting these shapes.

" CHAPTER ONE ASSESSMENTS
PART A QUESTIONS

1 Compared to the gravitational force between two nucleons in an

atom, the strong nuclear force between the nucleons is
(1) weaker and has a shorter range

(2) weaker and has a longer range

(3) stronger and has a shorter range
4) stronger and has a longer range

2 Abaryon may have a charge of

1) -1le 2’0e 3) +2e ) +e
3 Which force betwess; the protons in an atom will have the greatest
magnitude? -

(@4 ong nuclear force

4) magnetic force

(1) gravitational force
(2) electromagnetic force

4 ich one of the following statements is true concerning the proton?
he proton is composed of two up quarks and a down quark.
(2) The proton is composed of two down quarks and an up quark.
(3) The proton is composed of a down quark and an up anti-quark.
(4) The proton is composed of an up quark and a down anti-quark.
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o 5 Which graph best represents the relationship between energy and
#” mass in the mass-energy equation?

—

vy m @ m @ m @ M
6 Al pari:icles can be classified into
(1) leptons and quarks (8) baryons and leptons
gg’);hadrons and leptons (4) mesons and baryons
7 Particles composed of quarks are

1»_photons and mesons 3) baryons and mesons
/(lgptons and baryons ' “#&) mesons and leptons

w ns and neutrons are composed of smaller particles called
uarks . (3) alpha particles
(2) baryons ' (4) bosons

9 Which type of force overcomes the repulsive electrostatic force
between protons in the nucleus of an atom?

(1) magnetic (8) gravitational
(2) nuclear " (4) centrifugal _
~f 10 The subatomic particles that make -up protons are called-.
@/{;M/(, .. /l// (1) hyperons (2) baryons -. (3) positrons arks .
’ . 11 Which one of the following is equiva to 2.0 m?
= ?/{/k (1) 2.0x104cm “(3) 20 x 102cm
G ' - (2) 2.0x102cm <4972.0 x 103 cm

(1248 x 101 m (2) 2.48x102m (3) 2.48x 101 m (4) 2.48x100m

; 1 13 Which one of the following is the lon ength?
g{/ q j{/"'L (1) 10° meters millimeters

(2) 102 centimeters 4) 105 micrometers

; 12 ich one of the following is equivalent to 24.8 m?
Loal Mhcle= (s et

14 Which of the fundamental forces is responsible for paint adhering to
— awall?

— (1) strong (3)_gravity
(2) weak @éctromagnetic

15 Which of the fundamental forces is evi in radioactive decay?
(1) gravity ) !

(2) strong 1 electromagnetic

16 What is the approximate diameter W\ plate?
(1) 0.0025 m (2) 0.025m 3) 0.251 4) 25m
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17 The length of a high school physics classroom is probably closest to
(1) 102m (2 101 m @01 m (4) 104m

18 A mass of one kilogram of nickels has a monetary value in United
States dollars of approximately

(1) $1.00 (2) $0.10 ~.3) $10. (4) $1000.00

PART B QUESTIONS

19 How much energy is released when 1.00 x 1073 kilogram of matter is
converted to energy? @?
(1) 3.00x 1054 ‘ . 13 5
(2) 3.00x 108.J . 9.00 x 1016 J

20 Approximately how much energy is produced when 0.500 atomic
mass unit of matter is completely converted into energy?
(1) 9.31 MeV N (3) 4.6;}};’:;9
(2) 9.31 x 102 MeV {

91 If the mass of one proton is totally converted into energy, it will yield
a total energy of ‘
(1) 5.10x10719J (3) 9.31x1084J .
(U@ (4) 9.00 x 1016]

29 Approximately how much energy would be generated if the mass in a
nucleus of a 1%1 atom were completely converted to energy? [The
mass of fH is 2.00 atomic mass units.)

(1) 3.21x107%d (3) 9.31x 102 MeV

< 32) 2.98 x 1073 (4) 9.00 x 103 MeV

23 The length of a lake is 15.5 km. What is the length of the lake in m?
A 1,55 % 10m (3) 1.55 x 106m
' .06 x 105m (4) 1.55x 10'm

924 Abead has a mass of one milligram. ‘Which one of the following
statements indicates the correct mass of the bead in grams? '
(1) The bead has a mass of 1 x 103 grams.
(2)_The bead has a mass of 1 x 10-! grams.
@\e bead has a mass of 1 x 10-3 grams.

' The bead has a mass of 1 x 106 grams.

25 A physics text has 1060 pages and is 33.5 millimeters thick between
the inside front cover and the inside back cover. What is the thick-
ness of a page? The answer should be expressed in scientific notation
with the correct number of significant figures.

(1) 3.55x10%m 3.6 x 106 m
2) 3.2% 108 m y.w x 105 m



26 The graph at the right represents
the relat1onsh1p between mass and  Energy Equivalent vs. Mass
its energy equivalent. The slope of -
the graph represents: [1]

7
4

Energy (J)

0 Mass (kg)

27 The composmon of a, meson is: [1]
& @5?“ At S
28 Which quarks ine to form a neutron? [1]

29 A particle Véﬁé {iark composition “down down charm” would
have what electrical charge? {1] 3

30 How many E%:c es combme to form a baryon? [1]

31 List the fo ndamental forces in order of strength, beginning with
the weakest force. [4]

jw'e«»é’ P : NA{%
c v / , '
4 d ‘S\f s ? ’ ',i u("/t &
e O PART C QUESTIONS
) ; g( if@ j 32 How much more energy in joules would a proton yield than an elec-
{ tron if both were completely converted into energy? [Show all work
- ol T ™ including formula, and substitutions with units.] [2]
/ é {. LxfU )
< Y 0+ 33 If the mass of one neutron is totally converted into energy, determine
-

the energy in both joules and MeV. [Show all work including formula,
and substitutions with units.] [2]
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CHAPTER EIGHTEEN ASSESSMENTS

o PART A QuEsTions .-
Z'—” Z ’ \ 1" In which part of the electromagnetic spectrum does a photon have
1Y N : the greatest energy?

(1) red (2) infrared (8) violet @traviolet
2

&
During 4 collision between a photon and an electron, there is conser- %
vation of TN s
K (1) energy, only ‘ @a h energy and momentum %‘
(2) momentum, only *JTieither energy nor momentum =
. ‘,. ! + ¢ “i'i
%‘:f v | \ 3 The momentum of a photon is inversely proportional to the photon’s %;:
v, NE D (1) frequghcy ) weight . %’
/} v Hf & 4 (2) mass (4)) wavelength @
' z
4 The four-line Balmer series spectrum shown below is emitted by a §
hydrogen gas sample in a laboratory. A star moving away from Earth ¥
also emits a hydrogen spectrum. : £
Lines in Hydrogen Spectrum I . - l I f
. 6.5 48 . 4349 £
Waveiongth (x10-7 m) : =
'“g'z A ' Which Spectrum might be observed on Earth for this star?
S TR
E:%j?}g?g/ { ' R - %< ' 4.7 4.1 3.9 6.5 5.8 50 4.1
Z 8&/ Wavslongth (x10-7 m) ) | Wavalangth (x1077 )
( E% ' (n - (3)
6.’5 SL 5.0 Jl /SL 5!1 4!5 4L
Wavelangth (x10-7 m) o, Wavsisngth (x107 m)
(2) (4)
5 Which phenomenon can be explained by both the particlé model and
wave model?
reflection (3) polarization
(2) diffraction

(4) interference

6 Light demonstrates the characteri jes-of .
(1) particles, only (jé)rwth particles and waves
(2) waves, only neither particles nor waves
7 The photon model of light is more appropriate than the wave model
in explaining '
(1) interference .polarization
(2) refraction

(4)/photoelectric emission

HO PERMISSION HAS BEEN GRANTED 8Y MaN PUBLISHING COMPANY, INC 1O REPRODUCE ANY PART OF THiS BOOX




- Note: Question 8 has only 3 answer choices. {fﬂ)\

- 8 erence and diffraction can be explained by o
(1)_the wave theory, only
Z) the particle theory, only
(3) neither the wave nor particle theory

- 9 The energy of a photon varies

(1) directly as the wavelength
@direcﬂy as the frequency

inversely as the frequency

(4) inversely as the square of the frequency

10 Which graph best represents the relationship between the energy of
a photon and its wavelength?

w2 @Yy * (3) M @ x

11 1f the wave properties of a particle are difficult to observe, it is prob-
ably due to the particle’s

small size (3) low momentum
large momentum (4) high charge
Note: Questions 12 and 13 have only 3 answer choices.

12 As the wavelength of a ray of light increases, the momentum of the
photons of the light ray will
ecrease (2) increase (3) remain the same

13 As the frequency of a photon increases, its momentum
(1) decrease (2) increase (8) remain the same

14 According to the*Guantum theory of light, the energy of light is car-
ried in discrete units called \
(1) alpha particles otons
(2) protons ' 1) photoelectrons

15 Which is conserved when a photon collides with an electron?
(1) velocity (3)_energy, only
(2) momentum, only (4) yhomentum and energy

16 Which color of light has the greatest energy per photon?
! (1) red (2) green (3) blue (@’olet

Febd
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PART B QUESTIONS
17 What is the minimum energy L22;,\,ured to excite a mercury atom ini- -
tially in the ground state? [1]

18 The electron in a hydrogen atom drops from energy level n =2 to
energy level n = 1 by emitting a photon having an energy of approxi-

mately (1] ____ joules )OO g0 3 0 Lev

19 A hydrogen atom could have an electron energy level transition from
n =2 ton =3 by absorbing a photon having an energy of (1] eV

km/ 90 What is the approximate matter wavelength of a 0.30-kilogram ten-
nis ball moving at a speed of 30. meters per second? [1] m

T <)o "

91 If the momentum of a particle is 1.8 x 10-22 kilogram-meter per sec-

ond, its matter wavelength is approximately [1] _m s

s X7

29 Blue light has a frequency of approximately 6.0 x 1014 hertz. A pho-
ton of blue light will have an energy of approximately [1] ____

o’ 7
93  What is the energy of a photon with a frequency of 5.0 x 1015 hertz
{1] J

Saxp T

24 The momentum of a photon/with a wavelength of 5 9 x 107 meter is
(1 kgm/s &

el

95 What is the approximate matter wavelength of a 0.500- kﬂogram ten- A%’
nis ball moving at a speed of 300. meters per second? [1] Q% Y 1}65’} m

26 What is the energy of a ph?jm with a frequency of 3.00 x 1013 hertz?

97 The energy of a photon which has a frequency of 3.3 x 1034 hertz is
approximately [1] J o) ;e

v



28 What is the wavelength of the matter wave associated with a bird of
1.0- kﬂogram mass ﬂym%at 2.0 meters per second? [1] m

oo™

29 ‘An atom changmg from an energy state of -0.54 eV to an energy
state of -0.85 eV will emit a }iﬁ?n whose energy is [1] eV

Ng

Part C QUESTIO_NS

Base your answers s to guestions 30 and 31 on the information
below.

An electron is accelerated from rest to a speed of 2.0 x 106 meters
per second.

30- How much kinetic energy is gained by the electron as it is accelerat-
ed from rest to this speed? [Show all ca]culatlons, mc]udhp
equatlon and substitution with units.} (2] »6# )

31 What is the matter wavelength of the e]ectron after it is accelerated
to this speed? [Show all calculations, including the equations and

substitutions with units.] [2] P /\i? Ve
SRS & S,

Base your answers to questions 32 through 34 on the informa-
tion below.

Ahydrogen atom emits a 2.55-electronvolt photon as its electron
changes from one energy leve] to another.

32 Express the energy of the eﬁejed photon in joules. [1]
AN

33 Determine the frequency of the emitted photon. {Show all calcula-
tions, mc]udmg the equatlon a e substitution with units.] [2]

Lt o

34 Using the Reference Tables for.Physical Setting: Physics, delermine
the energy level changg fpr tlie/electron. [2]




, Date Period

Name

Transparency
Worksheet

, Use with Chapter 30, Section 30.2.
ecs 0008056 0°0

Subatomic Particles
1. What is the charge on an up quark? : %
T3e

2. What is the charge on a down quark? - f
3e
What combination of quarks make up a proton?

Al

®w

What is the charge on a proton? Explain in terms of the quarks that comprise a proton.

120 . 2§ _ T
hawrd

2 3 7

4. What combination of quar, (ﬁ/@ a neutron?
/\5 x:>
/6. What is the ¢}

L/ Jarge on a neutron? hxphm In terms of the quarks that comprise a neutron.

7. Which is more energetic, 3 bottom quark or a strange quark?
?Q/ o

8. Which is less energetic, a tau lepton or a muon?
fhoiin

8. From which particles is the verydav world made?

é/if 3*5
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