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A Note from the Authors

L3
PhySICS is a thriving science, alive with intellectual challenge and presenting innumerable
research problems on topics ranging from the largest galaxies to the smallest subatomic particles.
Physicists have managed to bring understanding, order, consistency, and predictability to our universe
and will continue that endeavor into the exciting future.

However, when we open most current introductory physics textbooks, we find that a different
story is being told. Physics is painted as a completed science in which the major advances happened
at the time of Newton, or perhaps early in the 20th century. Only toward the end of the standard
textbooks is “modern” physics covered, and even that coverage often includes only discoveries made
through the 1960s.

Our main motivation to write this book is to change this perception by appropriately
weaving exciting, contemporary physics throughout the text. Physics is an exciting, dynamic
discipline—continuously on the verge of new discoveries and life-changing applications. In order
to help students see this, we need to tell the full, exciting story of our science by appropriately
integrating contemporary physics into the first-year calculus-based course. Even the very first
semester offers many opportunities to do this by weaving recent results from non-linear dynamics,
chaos, complexity, and high-energy physics research into the introductory curriculum. Because we
are actively carrying out research in these fields, we know that many of the cutting-edge results are
accessible in their essence to the first-year student.

Authors in many other fields, such as biology and chemistry, already weave contemporary
research into their textbooks, recognizing the substantial changes that are affecting the foundations
of their disciplines. This integration of contemporary research gives students the impression that
biology and chemistry are the “hottest” research enterprises around. The foundations of physics, on
the other hand, are on much firmer ground, but the new advances are just as intriguing and exciting,
if not more so. We need to find a way to share the advances in physics with our students.

We believe that talking about the broad topic of energy provides a great opening gambit to
capture students’ interest. Concepts of energy sources (fossil, renewable, nuclear, and so forth),
energy efliciency, alternative energy sources, and environmental effects of energy supply
choices (global warming) are very much accessible on the introductory physics level. We find
that discussions of energy spark our students’ interest like no other current topic, and we have
addressed different aspects of energy throughout our book.

In addition to being exposed to the exciting world of physics, students benefit greatly
from gaining the ability to problem solve and think logically about a situation. Physics is
based on a core set of ideas that is fundamental to all of science. We acknowledge this and
provide a useful problem-solving method (outlined in Chapter 1) which is used throughout
the entire book. This problem-solving method involves a multi-step format that both of us
have developed with students in our classes.

With all of this in mind along with the desire to write a caplivating lextbook, we have
created what we hope will be a tool to engage students’ imaginations and to better prepare
them for future courses in their chosen fields (admittedly, hoping that we would convert
at least a few students to physics majors along the way). Having feedback from more than 300
people, including a board of advisors, several contributors, manuscript reviewers, and focus group
participants, assisted greatly in this enormous undertaking, as did field testing of our ideas with
approximately 4000 students in our introductory physics classes at Michigan State University. We
thank you all!

—Wolfgang Bauer and Gary D. Westfall
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Preface

University Physics is intended for use in the calculus-based introductory physics sequence at univer-
sities and colleges. It can be used in either a two-semester introductory sequence or a three-semester
sequence. The course is intended for students majoring in the biological sciences, the physical sci-
ences, mathematics, and engineering.

Problem-Solving Skills: Learning to Think Like a Scientist ,

Perhaps one of the greatest skills students can take from their physics course is the ability to prob-
lem solve and think critically about a situation. Physics is based on a core set of fundamental ideas
that can be applied to various situations and problems. University Physics by Bauer and Westfall
acknowledges this and provides a problem-solving method class tested by the authors, and used
throughout the entire text. The text’s problem-solving method involves a multi-step format.

“The Problem-Solving Guidelines help students improve their problem-solving skills, by
teaching them how to break a word problem down to its key components. The key steps in
writing correct equations are nicely deseribed and are very helptul for students”

—Nina Abramzon, California Polytechnic University-Pomiona

“T often get the discouraging complaint by students, ‘1 don't know

; : 75 qis . SOLVED PROBLEM 6.6 / iagara
where to start in solving problems’ 1 think your systematic approach, SQLVED FROBLEM 6.6 + Power Produced by Niager Falls

PROBLEM

Niagara Falls pours an average of 5520 m" of water over a drop of 49.0 m every second. If
all the potential energy of that water could be converted to electrical energy, how much
electrical power could Niagara Falls generate?

a clearly taid-out strategy, can only help”

—Stephane Coutu, The Penmsylvania State University

' SOLUTION

THINK
‘The mass of one cubic meter of water is 1000 kg. The work done by the falling water is
equal to the change in its gravitational potential energy. The average power is the work

Problem-Solving Method

{ per unit time.
Solved Problem | skeren
The book’s numbered Solved Problems are fully worked problems, each | A sketch of a vertical coordinate axis is superimposed on a photo of Niagara Falls in
: . s A { Figure 6.22.
consistently following the seven-step method described in Chapter 1. Each |
- : . { | RESEARCH
Solved Problem begins with the Problem statement and then provides a | | - average power s given by the work per unit time:
complete Solution: I W
-
1. THINK: Read the'pIOb]lem Carefully‘ Ask what quanntles are knovyn, i The work that is done by the water going over Niagara Falls is equal to the change in
what quantities might be useful but are unknown, and what quanti- gravitational potential energy,
ties are asked for in the solution. Write down these quantities, repre- AU=Ww.
senting them with commonly used symbols. Convert into SI units, if The change in gravitational potential energy of a given mass m of water falling a distance
necessary. | i hisgivenby

| AU =mgh.
2. SKETCH: Make a sketch of the physical situation to help visualize i

the problem. For many learning styles, a visual or graphical repre-
sentation is essential, and it is often necessary for defining variables.

SIMPLIFY
We can combine the preceding three equations to obtain
o

%’.:M:lﬂ gh.

t t

3. RESEARCH: Write down the physical principles or laws that apply
to the problem. Use equations that represent these principles and Continued—
connect the known and unknown quantities to each other. At times, - e ——— e =
equations may have to be derived, by combining two or more known
equations, to solve for the unknown.

xii



CALCULATE
We first calculate the mass of water moving over the falls per unit time from the given
volume of water per unit time, using the density of water: !

1000 kg
o’

3
?——{ 55207 552-10° kgs.
s

The average power is then

P=(552.10° ke/s)(981 mis?)(49.0 m) = 2653.4088 MW.

ROUND
We round to three significant figures:

P=265GW.

DOUBLE-CHECK

Our result is comparable to the output of large electrical power plants, on the order |
of 1000 MW (1GW). The combined power generation capability of all of the hydro- !
electric power stations at Niagara Falls has a peak of 4.4 GW during the high water
season in the spring, which is close to our answer. However, you may ask how the wa-
ter produces power by simply falling over Niagara Falls. The answer is that it doesnt. '
Instead, a large fraction of the water of the Niagara River is diverted upstream from
the falls and sent through tunnels, where it drives power generators. The water that
makes it across the falls during the daytime and in the summer tourist season is only

to 10%, and more water is diverted for power generation during the mghmme and
in the winter. -

about 50% of the flow of the Niagara River. This flow is reduced even further, down b

SIMPLIFY: Simplify the result algebraically as much as possible.
This step is particularly helpful when more than one quantity has to
be found.

CALCULATE: Substitute numbers with units into the simplified
equation and calculate. Typically, a number and a physncal unit are
obtained as the answer.

ROUND: Consider the number of significant figures that the result
should contain. A result obtained by multiplying or dividing should
be rounded to the same number of significant figures as the input
quantity that had the least number of significant figures. Do not
round in intermediate steps, as rounding too early might give a
wrong solution. Include the proper units in the answer.

. DOUBLE-CHECK: Consider the result. Does the answer (both the

number and the units) seem realistic? Examine the orders of magni-

tude.

Test your solution in limiting cases.

EXAMPLE 17.4 | Rise in Sea Level Due to Thermal Expansion of Water |

‘The rise in the level of the Earth’s oceans is of current concern. Oceans cov- '
er 3.6-10° km?, slightly more than 70% of Earth’s surface area. The average '
ocean depth is 3700 m. The surface ocean temperature varies widely, between |
35 °C in the summer in the Persian Gulf and -2 °C in the Arctic and Antarctic
regions. However, even if the ocean surface temperature exceeds 20 °C, the water
temperature rapidly falls off as a function of depth and reaches 4 °C at a depth |
of 1000 m (Figure 17.22). The global average temperature of all seawater is |
approximately 3 °C. Table 17.3 lists a volume expansion coefficient of zero |
for water at a temperature of 4 °C. Thus, it is safe to assume that the volume |
of ocean water changes very little at a depth greater than 1000 m. For the top |

\ : S
24
: gzu
G
.
|
Examples

Briefer, terser Examples (Problem statement and
Solution only) focus on a specific point or con- |
cept. The briefer Examples also serve as a bridge |
between fully worked-out Solved Problems (with |
all seven steps) and the homework problems.

Problem-Solving Practice

2
Water depth d (km)

FIGURE 17.22 Average ocean water tempera-
ture as a function of depth below the surface.

3

following the full seven-step format. This section is found immediately

Problem-Solving Practice provides Addmonal Solved Problems, again I

before the end-of-chapter problems to provide a review and to emphasize
the fundamental concepts of the chapter. Additional Problem-Solving

Strategies and Guidelines are also presented here.

“They provide a useful tool for students to improve their problem-
solving skills. The authors did a good job in addressing, for cach
chapter, the most important steps to approach the solution of the

cnd-of-chapter problems. Students that never had physics before |

will find this guideline quite beneficial. [ liked in particular the
connection between the guideline and the solved problem.

help the students to understand the concepts better”

The |
detailed description on how to solve these problems will certainly |

—Luca Bertello, University of California-Los Angeles |
i
i

L 1000 m of ocean water, let’s assume a global average temperature of 10.0 °C |
and calculate the effect of thermal expansion. ;

PROBLEM
By how much would sea level change, solely as a result of the thermal expansion
of water, if the water temperature of all the oceans increased by AT =1.0 °C?

SOLUTION
‘The volume expansion coefficient of water at 10.0°C is 8 = 87.5-10 ® °C ' (from Table 17. 3). !
and the volume change of the oceans is given by equation 17.9, AV = BVAT, or {

AV {

——=BAT. DA

= B (i) i

We can express the total surface area of the oceans as A = (0.7)4mR%, where R is the radius !
of Earth and the factor 0.7 reflects the fact that about 70% of the surface of the sphere is

PROBLEM-SOLVING PRACTICE

Problem-Solving Guidelines: Kinetic Energy, Work,
and Power

1. Tn all problems hwnlvin‘ encrgy, the first step is W clearly
identify the system and the changes in its conditions. If an
object heck that

is always measured (mm the same point on the object, such as
the front edge or the center of the object. If the speed of the
object changes, identify the initial and final speeds at specific
points. A diagram is often helpful to show the position and
the speed of the object at two different times of interest.

3. You can cakculate the sum of the work done by individual
forces acting on an object or the work done by the net force
acting on an object; the result should be the same. (You can
use this as a way t check your calculations.)

4. Remember thatthe directon of the restoring mm exerted
by aspring

of the spring from its equilibrium point,

5. “The formula for pawer, P o, Is very useful, but applies
only for a constant force. When using the more general

detinition of power, be sure o distinguish between the average
2. Be carcful to identify the force that is doing work. Also W
note whether forces doing work are constant forces or variable  POWeT: P, and the instantaneous value of the power,
forces, because they need to be treated differently. pdW.
-

{OBLEM 5.2 / Lifting Bricks

SOLVED

PROBLEM

A load of bricks at a construction site has a mass of 85.0 kg. A crane raises this load from
the ground to a height of 50.0 m in 60.0 s at a low constant speed. What is the average
power of the crane?

SOLITION

THINK

Raising the bricks at a low constant speed means that the kinetic energy is negligible, so
the work in this situation is done against gravity only. There is no acceleration, and fric-
tion is negligible. The average power then is just the work done against gravity divided by
the time it takes to raisc the load of bricks to the stated height.

SKETCH

A free-body diagram of the load of bricks is shown in Figure 5.20. Here we have defined

4 coordinate system in which the y-axis is vertical and positive is upward. The tension, T,

mmu lvy the cable nfl.ht craneisa lmr in the upw-nl direction, and the weight, mg. z
k g al a constant spml

me s o e iy i th weight is zero. The load is moved vertically a distance h,

as shown in Figure 5.21.

RESEARCH
‘The work, W, done by the crane is given by e

W - mgh.
‘The average power, P required to lift the load in the given time At is 3?,:",‘;’;,’3,;;*;’::1“:2,;;
P ll lifted by a crane.
Ar y
SIMPLIFY
Combining the above two equations gives Eies
p-meh, I
Y H
CALCULATE
Now we put in the numbers and get

B85 .81 m/s” )i 50,
p (ss0 k)o21 s 500 m) FIGURE 5.21 The mass mfs ifted a

distance h.

BO4R7S W,

6005 Contimed
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End-of-Chapter Questions and Problem Sets

Along with providing problem-solving guidelines, examples, and strategies, University Physics also
offers a wide variety of end-of-chapter Questions and Problems. Often professors say, “I don't
need a lot of problems, just a handful of really good problems.” University Physics has both. The end-
of-chapter Questions and Problems were developed with the idea of making them interesting to the
reader. The authors, along with a panel of excellent writers (who, perhaps more importantly, are also
experienced physics instructors) wrote Questions and Problems for each chapter, being sure to pro-
vide wide variety in level, content, and style. Included in each chapter are a set of Multiple-Choice
Questions, Questions, Problems (by section), and Additional Problems (no section “clue”). One
bullet identifies slightly more challenging Problems, and two bullets identify the most challenging
Problems. The problem-solving theme from the text is also carried through to the Test Bank: The
same group that wrote the end-of-chapter questions and problems also wrote the Test Bank ques-
tions, providing consistency in style and coverage.

xiv

MULTIPLE-CHOTCE QUESTIONS

13.1 Saltwater has a greater density than freshwater. A boat
floats in both freshwater and salt water. The buoyant force on
the boat in salt water is that in freshwater.

a) equal to b) smaller than <) larger than

13.2 You fill a tall glass with ice and then add water to the
level of the glass’s rim, so some fraction of the ice floats above
the rim. When the ice melts, what happens to the water level?
(Neglect evaporation, and assume that the ice and water
remain at 0 °C during the melting process.)

4) The water overflows the rim.

b) The water level drops below the rim.

<) 'The water level stays at the top of the rim.
d) It depends on the difference in density between water and ice.
13.3 'The figure shows four identical open-top tanks filled to
the brim with water and sitting on a scale. Balls float in tanks (2)
and (3), but an object sinks to the bottom in tank (4}, Which of
the following correctly ranks the weights shawn on the sci

izl

[t} (2 £} )
a) (1) <(2) <(3) < (1) Q (1<(2) (3) (1)
b) (1)<(2) - (3) < (@) A -@-G)<@

13.4 You are in a boat filled with large rocks in the middle

of a small pond. You begin to drop the rocks into the water.

What happens to the water level of the pond?

a) Irises.

b) 1t falls

o) It doesn't change, ) ‘There is not enough information
1o say.

d) It rises momentarily and then
falls when the rocks hit bottom.

13.5 Rank in order, from largest to smallest, the magnitudes
of the forces Fy, Fy, and Fy required for balancing the masses
shown in the figure.

S00kg 500 kg 500 kg

i

600 kg 600 Ky

13.6 In a horizontal water pipe that narrows (o a smaller
radius, the velocity of the water in the section with the

smaller radius will be larger. What happens to the pressure?

a) The pressure will be the same in both the wider and
narrower sections of the pipe.

b) The pressure will be higher in the narrower section of the
PIpE

) “The pressure will be higher in the wider section of the pipe.
&) Itis impossible to tell

“The problem-solving technigue, 10 borrow a phrase from m

a skeptic when it comes to

reflect on the relevant first principle

Wow! There are some really nice problems at the
ere was a nice diversity of pro i dlems, a
plug-and-chug. T found many problems 1d |

the authors. Th
more than siraple

“The text strikes a very good balance of providing mathematical de
with a clear, intuitive presentation of physics concepts. Th

provided, both as
Many features are found in

including proper use of

moment of inertia calculations, and intriguing connectior

anybody else’s one
Pve seen too many that just don’t work, puh: gically.
however, is one in which students are really forced to tap their intuition bef

worked-out exam
this book that -

vector

Closing walls of
trash compactor

13.7 In onc of the Star
Wars ™ movies, four of
the heroes are trapped
in 4 trash compactor
on the Death Star.

“The compactor’s walls
begin to close in, and
the heroes need to pick
an object from the
trash to place

between the closing
walls to stop them.

All the objects are the
same length and have
acircular cross section,
but their diameters

and compositions are
different. Assume that
each object is oriented
horizontally and does not bend. They have the time and
strength to hold up only one object between the
of the objects shown in the figure will work best
withstand the greatest force per unit of comp:

13.8 Many altimeters determine altitude changes by
measuring changes in the air pressure. An altimeter that is
designed 1o be able to detect altitude changes of 100 m near
sca level should be able to detect pressure changes of

a) approximately 1 Pa. d) approximately | kPa.
b) approximately 10 Pa. ©) approximately 10 kPa
<) approximately 100 Pa.

13.9 Which of the following assumptions is rof made in the
derivation of Bernoulli's Equation?

a) Streamlines do not cross. <) "There is negligible friction.
b) There is negligible
viscosity. ©) “There is negligible gravity.

d) There is no turbulence.

13.10 A beaker is lilled with water to the rim. Gently placing a
plastic toy duck in the beaker causes some of the water to spill
out. The weight of the beaker with the duck floating in it is
a) greater than the weight before adding the duck.
b) less than the weight before adding the duck.
¢) the same as the weight before adding the duck
d) greater or less than the weight before the duck was
added, depending on the weight of the duck
13.11 A piece of cork (density
0.33 g/em’) with a mass of 10 g
is held in place under water by a

ing, as shown in the figure. What

is the tension, 7. in the string?
a) 010N
b) 0.20N

<) 030N
d) 100N

€ 200N
0 300N

~Brent Corhin,

ples and as sm!»u{‘«:?
notation

—Lisa I

size-fits-all apy
The app

erett, Univer

QUESTIONS

13.12 You know from experience that if a car you arc riding
in suddenly stops, heavy objects in the rear of the car move
toward the front. Why does a helium-filled balloon in such a
situation move, instead, toward the rear of the car?

v

in half md then
opened up and placed on a flat table so that it “peaks” up in
the middle as shown in the figure. If you blow air between the
paper and the table, will the paper move up or down? Explain.
13.14 In what direction does a force due to water flowing
from a showerhead act on a shower curtain, inward toward
the shower or outward? Lxplain

13.15 Point out and discuss any flaws in the following
statement: The hydraulic car ift is @ device that operates

on the basis of Pascals Principle. Such a device can produce
Large output forces with small input forces. Thus, with a

simall amount of work done by the input force, a much larger
amount of work is produced by the output force, and the
heavy weight of a car can be lifted.

13.16 Given two springs of identical size and shape, one made
of steel and the other made of aluminum, which has the higher
spring constant? Why? Daes the difference depend more on
the shear modulus or the bulk modulus of the material?

13.17 One material has a higher density than another. Are
the individual atoms or molecules of the first material nec
essarily more massive than those of the second?

PROBLEMS

A blue problem number indicates a worked-out solution is
available in the Student Solutions Manual. One » and two ««
indicate increasing level of problem difficulty.

Sections 13.1 and 13.2

£4.2°% Air consists of molecules of several types, with an
average molar mass 0f 28,95 g. An adult who inhales 0.50 L
of air at sea level takes in about how many molecules?
<1324 Ordinary table salt (NaCl) consists of sodium and
chloride ions arranged in a face-centered cubic crystal lattice.
“That is, a sodium chloride crystal consists of cubic unit cells
with a sodium ion on each corner and at the center of cach
face, and a chloride ion at the center of the cube and at the
midpoint of cach edge. The density of sodium chloride is
2.165-10" kg/m”. Calculate the spacing between adjacent
sodium and chloride ions in the crystal

Section 13.3

1325 A 20-kg chandelier is suspended from the ceiling by
four vertical steel wires. Each wire has an unloaded length of
1 m and a diameter of 2 mm, and each an equal load
‘When the chandelier is hung, how far do the wires stretch?

ents, ‘doesnt .xud{.’ 'm
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13.18 Analytic balances are calibrated to give correct
mass values for such items as steel objects of density p,
8000.00 kg/m”. 'The calibration compensates for the buoyant
force arising because the measurements are made in air, of
density p, - 1.205 kg/m’. What compensation must be made
1o measure the masses of objects of a different material, of
density p? Does the buoyant force of air matter?

13.19 Ifyou turn on the faucet in the bathroom sink, you
will observe that the stream seems (o narrow from the point
at which it leaves the spigot to the point at which it hits the
bottom of the sink. Why does this accur?

1320 In many problems involving application of New-
ton's Second Law to the motion of solid objects,
neglected for the sake of making the solution e ¢
counterpart of friction between solids is viscosity of liquids
Do problems involving fluid flow become simpler if viscosity
is neglected? Explain,

13.21 You have two identical silver spheres and two un-
Kknown fluids, A and B. You place one sphere in fluid A, and
it sinks; you place the other sphere in fluid B, and it floats.
What can you conclude about the buoyant force of (luid A
versus that of fluid B¢

1322 Water flows from a circular faucet opening of radius r,,
directed vertically downward, at speed v,. As the stream of water
falls, it narrows. Find an expression for the radius of the stream
as a function of distance fallen, r(y), where y is measured down
ward from the opening. Neglect the eventual breakup of the
stream into droplets, and any resistance due to drag or viscosity.

1326 Find the minimum diameter of a 50-m-long nylon string
that will stretch no more than 1 am when a load of 70 kg is sus-
pended from its lower end. Assume that ¥,y,,, = 35110 N/m?,
1327 A 20-m-long steel wire in a musical instrument has
a radius 0f 0.03 mm. When the wire is under a tension of
90 N how much does its length change?

13.28 A rod of length L is attached to a wall. The load on
the rod increases linearly (as shown by the arrows in the
figure) from zero
attheleftend 0y i l
W newtons per 4
st length at the
right end. Find
the shear force at

2

@) the right end, b) the center,and ¢ theleft end

+13.29 Challenger Deep in the Marianas Trench of the Pacific
Ocean is the deepest known spol in the Farthis oceans, at
10,922 km below sea level. Taking density of seawater at atmo-
spheric pressure (p, ~ 1013 kPa) to be 1024 kg/m" and its bulk
modulus 1o be B(p) = By + 6.67(p - p,). with B, = 2.19-10" Pa,
calculate the pressure and the density of the seawater at the




Contemporary Topics: Capturing Students’ Imaginations

University Physics incorporates a wide variety.of contemporary topics as well as research-based dis-
cussions designed to help students appreciate the beauty of physics and see how physics concepts are
related to the development of new technologies in the fields of engineering, medicine, astronomy
and more. The “Big Picture” section at the beginning of the text is designed to introduce students
to some of the amazing new frontiers of research that are being explored in various fields of physics
and the results that have been obtained during the last few years. The authors return to these topics
at various points within the book for more in-depth exploration.

The authors of University Physics also repeatedly discuss different aspects of the broad topic
of energy, by addressing concepts of energy sources (fossil, nuclear, renewable, alternative, and so
forth), energy efficiency, and environmental effects of energy supply choices. Alternative energy
sources and renewable resources are discussed within the framework of possible solutions to the
energy crisis. These discussions provide a great opportunity to capture students™ interest and are
accessible on the introductory physics level.

The following contemporary physics research topics and topical energy discussions (in green)
are found in the text:

Chapter 1 Section 15.8 includes Self-Test Opportunity 15.4 on nanoscale
Section 1.3 has a subsection called “Metrology” that mentions the guitar string

new definition of the kilogram and the optical clock at NIST Section 15.9 Research on Waves
Section 1.4 mentions the authors’ research on heavy-ion collisions Chapter 16
Chapter 4 Section 16.4 has a subsection titled “Mach Cone” that mentions
Section 4.2 has a subsection on the Higgs particle creation of shock waves by collisions of nuclei in particle accel-
Section 4.7 has a subsection on tribology erators and has a paragraph on Cherenkov radiation
Chapter 5 Chapter 17
Section 5.1 Energyi ity Liv Section 17.2 has subsections titled “Research at the Low-
Section 5.7 Power z f .S, Car Temperature Frontier” and “Research at the High-Temperature

Frontier”

Chapter 6
Section 6.8 has a subsection titled “Preview: Atomic Physics” that
discusses tunneling of particles

~ iy v ) [ %, e Ty Ly ¥ v . yoh b
ection 17.5 Surlace Temperature of Earth

Section 17.6 Temperature of the Universe

ise 11 Sea Level Dye to 'Ther

Problem 6.6 Power Pro

Chapter 7
Example 7.5 Particle Physics
Section 7.8 discusses Sinai billiards and chaotic motion

Chapter 8
Example 8.3 mentions electromagnetic propulsion and radiation
shielding in context of sending astronauts to Mars

Chapter 18

Section | des of Thermal Energy Transter/Global Warming

Section 18.8 has a subsection titled “Heat in Computers”

Chapter 10

Example 10.7 Death of a Star Chapter 19

Example 10.8 Fiybrid Example 19.5 The Quark-Gluon Plasma
Chapter 12 Chapter 20

Section 12.1 has a subsection titled “Solar System” that mentions Heat Py

research on objects in Kuiper Belt
Section 12.7 Dark Matter

Chapter 13
Section 13.1 briefly discusses nanotubes and nanotechnology
Section 13.2 briefly discusses plasmas and Bose-Einstein

nre

198324

Electrical Power Pl

condensates SISO 26 O B
Section 13.6 has a subsection titled “Applications of Bernoulli’s Sechion 20.7 Entropy Lesth
Equation” that discusses lift and design of aircraft wings Chapter 21
Section 13.8 Turbulence and Research Frontiers in Fluid Flow Section 21.3 Superconductors
chapter 14 Section 21,5 Blectrostatic Porce-—Coulomb's Law/Electrastatic
Section 14.7 Chaos Precipitatos
Chapter 15 Chapter 2

Example 22.4 Time Projection Chamber (STAR TPC)
Section 22.6 discusses noninvasive imaging of brain electric fields
and the brain-computer interface

Section 15.5 has a subsection titled “Seismic Waves” that mentions
reflection seismology
Figure 15.11b shows nanoscale guitar

XV



Chapter 23

Section 23.2 describes new batleries
Example 23.2 Battery-Powered Cars
Chapter 24

Example 24.4 The National Ignition Facility
Section 24.9 Supercapacitors

Chapter 25

Example 25.1 Iontophoresis

Section 25.3 Temperature Dependence, and Superconductivity
Solved Problem 25.2 Brain Probe (ECoG)

25.7 Energy and Power in Electric Circuits discusses |

Section 23

voltage electric power transmission
Section 25.8 Diodes: One-Way Streets in Circuits
Solved Problem 23,4 Size of Wire tor Power Line
Chapter 27
Section 27.3 and Example 27.1 STAR TPC

Section 27.3 has a subsection on magnetic levitation
Example 27.3 Cyclotron

Chapter 28

Solved Problem 28.1 Electromagnetic Rail Accelerator

Section 28.7 discusses superconducting magnets and the Meissner
effect

Chapter 29

Section 29.4 Generators and Motors discusses regenerative
braking

Section 29.10 discusses computer hard drives and giant
magnetoresistance

Chapter 30

Section 30.7 Transtormers

Chapter 31

Example 31.1 Using Solar Pancls to Charge an Electric Car

Chapter 32

Section 32.2 discusses perfect mirrors and laser surgery

Chapter 33

Section 33.8 Laser Tweezers

Chapter 35

Example 35.2 discusses the possibility of a muon collider

Section 35.6 discusses particle accelerators

Section 35.8 discusses the Hubble Space Telescope and gravita-
tional lensing, Black holes, LIGO, and LISA

Section 35.9 Relativity in Our Daily Life: GPS

Chapter 36

Section 36.2 Blackbody Radiation describes cosmic background
radiation

Section 36.3 discusses night-vision devices

Section 36.8 has a subsection on “Bose-Einstein Condensate”

Chapter 37

Introduction on quantum computing, nanoscience, and nanotech-
nology

Section 37.9 discusses two-fermion wave function and computer
modeling of physical systems, as well as quantum computing

Chapter 38

Section 38.4 has a subsection titled “X-Ray Production” that dis-
cusses X-rays in medicine

Section 38.5 discusses the use of lasers in surgery, weapons,
measurement, chemical bonds, free-electron lasers, and the NIF
laser system

Chapter 39

Section 39.1 discusses CERN, LHC, complex atomic-level systems,
protein folding, DNA, and the origin of life

Section 39.3 discusses elementary particles and Higgs bosons

Section 39.4 has a subsection titled “Supersymmetry and String
Theory”

Chapter 40
Section 40.2 discusses neutrino-less double-beta decays

Section 40.3 describes the nuclear shell model and models of
nuclear collisions

m 40,4 N

uclear Ener

Section 40.5 describes core-collapse supernova explosions
Section 40.6 discusses gamma knives (in brain surgery), heavy-ion
beam treatments for cancer, and technetium diagnostic scans

“I think this idea is great! It would help the instructor show the students that physics is

a live and exciting subject. .

. . because it shows that physics is a happening subject,

relevant for discovering how the universe works, that it is necessary for developing
new technologies, and how it can benefit humanity . . . . The [chapters] contain a lot of

interesting modern topics and explain them very clearly”

—Joseph Kapusta, University of Minnesota

“Section 17.5 on the surface temperature of the Earth is excellent and is an example of what
is missing from so many introductory textbooks: examples that are relevant and compelling

for the students.”

~John William Gary, University of California-Riverside

“I think the approach to include modern or contemporary physics throughout the text is
great. Students often approach physics as a science of concepts which were discovered long
ago. They view engineering as the science which has given them the advances in technology
which they see today. It would be great to show students just where these advances do start,

with physics.”

—Donna W. Stokes, University of Houston
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Enhanced Content: Flexibility for Your Student and

Course Needs

To instructors who are looking for additional coverage of certain topics and mathematical support
for those topics, University Physics also offers flexibility. This book includes some topics and some
calculus that do not appear in many other texts. However, these topics have been presented in such
a way that their exclusion will not affect the overall course. The text as a whole is written at a level
appropriate for the typical introductory student. Below is a list of flex-coverage content as well as
additional mathematical support:

Chapter 2

Section 2.3 The concept of the derivative is developed using
an approach that is both conceptual and graphical. Examples
using the derivative are provided, and students are referred
to an appendix for other “refreshers.” This is a more extensive
approach than is taken in some other texts.

Section 2.4 Acceleration as the time derivative of velocity is intro-
duced by analogy, and the discussion includes an example.

Section 2.6 Integration as the inverse to differentiation is intro-
duced for finding the area under a curve. This more extensive
presentation than in many texts is spread over two sections with
multiple examples.

Section 2.7 Examples using differentiation are included.

Section 2.8 A derivation on minimum time arguments is shown to
lead to a solution that is equivalent to Snell’s Law.

End-of-chapter exercises related to this coverage include Questions
20, 22, and 23 and multiple Problems using calculus.

Chapter 3

Section 3.1 The component-wise derivative of a three-dimensional
position vector into three-dimensional velocity and then into
three-dimensional acceleration is presented.

Section 3.3 The tangetiality of the velocity vector to the trajectory
is covered.

Section 3.4 The maximum height and range of a projectile are
found by setting the derivative equal to zero.

Section 3.5 Relative motion is covered (equation 3.27).

End-of-chapter Problem 3.38 covers the derivative.

Chapter 4 5
Section 4.8 Example 4.10 on the best angle to pull a sled is a
maximum-minimum problem.

Chapter 5

Section 5.5 Work done by a variable force is covered using definite
integrals and the derivation of equation 5.20. The chain rule is
also covered.

Section 5.6 Work done by spring force is discussed (equation 5.24).

Section 5.7 Power as the time derivative of work is covered (equa-
tion 5.26).

A number of end-of-chapter Problems supplement this coverage,
such as Problems 5.34 through 5.37.

Chapter 6

Section 6.3 Finding the work done by a force includes use of inte-
grals.

Section 6.4 Obtaining force from the potential includes the use of
derivatives; partial derivatives and the gradient are also intro-
duced (for example, the Lennard-Jones potential).

A number of end-of-chapter Questions and Problems supplement
this coverage, such as Questions 6.24 and 6.25 and Problems
6.34, 6.35, and 6.36.

Chapter 8

The text introduces volume integrals so that the volume of a sphere
and the center of mass of a half sphere can be determined in a
worked example.

Chapter 9

Explicit derivatives of the radical and tangential unit vectors are
provided. The text derives the equations of motion for constant
angular acceleration, repeating the customary derivation of
equations of motion for constant linear acceleration presented in
Chapter 2.

Chapter 10

The volume integral introduced in Chapter 8 is utilized in finding
the moment of inertia for different objects. The text derives the
expression for angular momentum to determine the relationship
between the angular momentum of a system of particles and the
torque.

Chapter 11

Section 11.3 The stability condition is utilized, and the second
derivative of potential energy is examined to determine the type
of equilibrium through graphical interpretation of the functions.

Chapter 12
Section 12.1 Unique coverage is provided of the derivation of the
gravitational force from a sphere and inside a sphere.

Chapter 14

Section 14.4 The subsection titled “Small Damping” applies the
student’s knowledge of simple harmonic oscillators to derive the
small damping equation through differentiation. For the case of
large damping, the student is again referred to the solution to the
differential equation. Example 14.6 walks the student through
an example of a damped harmonic oscillator. The solution to
this equation is stated explicitly, but the text utilizes calculus
to reach the answer. The subsection “Energy Loss in Damped
Oscillations” includes a calculation of the rate of energy loss that
uses the differential definition of power.

Section 14.5 A thorough discussion of forced harmonic motion
takes advantage of the student’s understanding of differential
equations, graphically analyzes the solution, and then analyzes
the outcome.

A number of end-of-chapter Problems supplement this coverage,
such as Problems 14.55 and 14.73.

Chapter 15

Section 15.4 This entire section is unique among introductory
physics texts as it utilizes partial differential equations to derive
the wave equation.

Several of the end-of-chapter Questions and Problems related to
the content of Section 15.4 require an understanding of the cal-
culus used in this section, particularly 15.30 and 15.31.
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Chapter 16
Section 16.4 Covers the Doppler effect as a function of the
perpendicular distance.

Chapter 22
Section 22.9 Solved Problem 22.3 covers the electric field for a
nonuniform spherical charge distribution

Chapter 25
Section 25.5 Solved Problem 25.2, “Brain Probe” covers a case of
nonconstant cross-sectional area.

Chapter 32

Section 32.3 This textbook goes deeper into calculus than many
others by demonstrating how calculus can be used in deducing
from Newton’s Laws of Motion the necessarily parabolic shape of
liquid surfaces that have a net circular motion.

Some end-of-chapter Problems, such as Problem 32.43, also use
calculus to solve a minimization problem.

Chapter 34

Section 34.10 This section discusses the quality of diffraction
gratings using the concept of dispersion. In many similar physics
textbooks, the formula for dispersion is simply given. This
textbook, however, uses calculus to derive dispersion in a
straightforward manner.

Chapter 35

Section 35.2 This section has a very instructive and intuitive deri-
vation of light cone variables that goes beyond what is found in
most standard textbooks.

Section 35.6 The text features calculus-based derivations for velocity
transformation and energy (based on integrating the distance
dependence of work). While the energy derivation follows standard
integration techniques and is used in most books, the velocity
transformation derivation is unique and very instructive.

Chapter 36

Section 36.2 The level of detail that characterizes the derivation of
several radiation laws (Wien, Planck, Boltzmann, Raleigh-Jeans)
is not found in many other textbooks.

Section 36.8 The introduction to Bose-Einstein and Fermi-Dirac
statistics is important and unique to this textbook. The connection
to radiation laws is especially relevant. The end-of-chapter
Problems related to Section 36.8, in particular Problems 36.53
through 36.55, are challenging and utilize the relevant mathematics.

Chapter 37

Most standard textbooks teach quantum mechanics with minimal
usage of calculus, using mostly a conceptual approach. This book
takes a more formal approach, from Section 35.1 on wave func-
tions. The students are exposed to derivations that are unique
to modern physics, starting from the normalization condition
of the wave function over operators for momentum and kinetic
energy and continuing to solutions for infinite and finite poten-
tials. Hamiltonians are introduced and applied to Schrodinger
and Dirac equations. The many-particle wave function is then
covered in Section 37.9. The end-of-chapter Problems that utilize
calculus include Problems 37.28 through 37.39.

Chapter 38

This textbook derives the full solution of the hydrogen electron
wave function and breaks it down into radial and angular parts.
This complete solution allows the student to derive the degen-
eracy of the quantum levels rather than simply learning a simple
formula for calculating the levels without understanding their
physical origin.

Section 38.3 The solution of the Schrodinger equation in Section
38.3. is based on the derivations in Chapter 37, and the text further
explores the full solution of the hydrogen electron wave function
considered earlier in the chapter. The end-of-chapter Problems
38.35, 38.36, and 38.37 use the calculus from the chapter.

Chapter 39

The definition of the differential scattering cross section is defined
in equations 39.3 and 39.4, based on classical (Rutherford) phys-
ics. (Many other texts simply show and describe graphs.) The
differential cross section from quantum considerations is given
in equation 39.6, and the form factor (deviation from Rutherford
and deviation from point particle) is given in equations 39.7 and
39.8. Form factors are not often described in other texts. While
this discussion adds to the mathematical detail, it could be easily
omitted to fit the needs of the course. End-of-chapter Problem
39.32 makes use of calculus to calculate the fraction of particles
scattered into a range of angles.

Chapter 40

The text presents a slightly more detailed discussion than is usually
seen in deriving the Fermi energy while covering Fermi’s model
of the nucleus in Section 40.3. Some end-of-chapter problems
could involve simple integration of the exponential function:
40.31, 40.33, 40.52, 40.53, and 40.61.

“Strongest feature . . . The use of real mathematics, especially calculus, to derive kinematic
relations, the relations between quantities in circular motion, the direction of the gravitational
force, the magnitude of the tidal force, the maximum extension of a set of piled blocks. Solved
problems are always addressed symbolically first. Too often textbooks don’t let the math do

the work for them.”

—Kieran Mullen, University of Oklahoma
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1f you haye already taken integral calculus, you can skip this section. If equation 5.20
is your first exposure Lo ntegrals, the following dertvation s a useful tntroduction.
We'll derive the one-dimensional case and use our result for the constant force as a
starting point.

Tn the case of a constant force, we can think of the work as the area under the
horizontal line that plots the value of the constant force in the interval between ¥,
and x. For a variable force, the work is the area under the curve F,(x), but that area
1 no longer a simple rectangle. In the case of a variable force, we need to divide the
interval from x, to x into many small equal intervals. Then we approximate the area
under the curve £,(x) by a series of rectangles and add their areas to approximate
the work. As you can see from Figure 5.14a, the area of the rectangle between x;and
x,,, i given by F, (x)-(x,; - ¥) = F, (x)-Ax. We obtain an approximation lor the

Derivations

Detailed derivations are provided in the text as examples for students, who will even-
tually need to develop their own derivations as they review Solved Problems, work
through Examples, and solve end-of-chapter Problems. The Derivations are identified
in the text with numbered headings so that instructors can include these detailed fea-
tures as necessary to fit the needs of their courses.

work by summing over all rectangles:

© W- ‘p‘,um‘w
FIGURE 5.4 (3) A series of rectangles %
approsimates the area under the curve

obtaned by pltting the force 35 2 function
of the displacement: (b)a better spproxima-
o i recangle of smaller wil (€111 1 terrn of agebra
exact area under the curve.

We have derived this result for the case of on{
ti6n of the three-dimertsional case proceeds alorf

W3 oW DR Ax

Now we space the points x; closer and closer by using more and more of them
This method makes Ax smaller and causes the total area of the series of rectangles
10 be a better approximation of the area under the curve F,(x) as in Figure 5.14b. In
the limit as Ax — 0, the sum approaches the exact expression for the work:

w ,Aum|\_::-‘,u,1 Ax

“Ihis Himit of the sum of the areas is exactly how the integral is defined:

“Again the derivation resulting in equation 6.15 is outstanding, Few books that I
have seen will show students even once all the math steps in derivations. This is a
strength of this book. Also, in the next section, T like very much the generalization
of the relation between force and potential energy to three dimensions. It is
something that T always do in lecture although most books do not get close”

—James Stone, Boston University

Appendix A
.
Mth - t P T Calculus Primer
athemartcics Frimer . . . x .
A Calculus Primer can be found in the appendices. Since this
1. Algebra Al course sequence is typically given in the first year of study at
1.1 Basi A-1 . o . . .
12 Exponents A2 universities, it assumes knowledge of high school physics and
. i A- . .
e s mathematics. It is preferable that students have had a course
2. Geometry A-3 2 Q i -
21 Geometrical Shapes fn Two Dimersions 4.3 in calculus before they start this course sequence, but cal
2.2 Geomatrical Shapesin Thiee hencions; A3 culus can also be taken in parallel. To facilitate this, the text
3. Trigonometry A-3 . N ) . -
3.1 Right Triangles A3 contains a short calculus primer in an appendix, giving the
3.2 General Triangles A5 2 g = - 3
4. Calculus A6 main results of calculus without the rigorous derivations.
4.1 Derivatives A-6
4.2 Integrals A-6
5. Complex Numbers A-7
Example A.1 Mandelbrot Set A-8

Building Knowledge: The Text's Learning System

Chapter Opening OQutline
At the beginning of each chapter is an outline presenting the section heads within the chapter. The
outline also includes the titles of the Examples and Solved Problems found in the chapter. At a quick
glance, students or instructors know if a desired topic, example, or problem is in the chapter.

What We Will Learn / What We Have Learned

Each chapter of University Physics is organized like a good research seminar. It was once said, “Tell
them what you will tell them, then tell them, and then tell them what you told them!” Each chap-

WHAT Wk WILL LEARN

= Aforce is
an object interacts with other objects.

= Fundamental forces include gravitational attraction
and electromagnetic attraction and repulsion. In
daily experience, important forces include tension
and normal, friction, and spring forces.

Multiple forces acting on an object sum to a net force.

= Free-body diagrams are valuable aids in working
problems,

Newton's three laws of motion govern the motion of
objects under the influence of forces.

a) The first law deals with objects for which external
[orces are balanced.

b) The second law describes those cases for which
external forces are not balanced.

4 veclor quantity that.ds a measure ol how

T Yy ter starts with What We Will Learn—a quick summary of

prp Sy S ————— P the main points, without any equations. And at the end of
and opposie (in direction) forces that two bodies | each chapter, What We Have Learned/Exam Study Guide
exert on each other. e . . . . :

e ——— [ contains key concepts, including major equations, symbols,

object are equivalent. i and key terms. All symbols used in the chapter’s formulas

Kinetic friction opposes the motion of moving E are also listed

objects; static friction opposes the impending motion - =

of objects at rest. E:

Friction is important to the unde/
world motion, but its causes and |
are still under investigation.

Applications of Newton's laws nﬂ:
multiple objects, multiple forces, !

WHAT WE HAVE LEARNED | EXAM STUDY GUIDE
= The net force on an object is the vector sum of the
.

forces acting on the object: Ey :Zf,?

Newton’s Third Law. The forces that two interacting
objects exert on each other are always exactly
equal in magnitude and opposite in direction:
Rop=~ ﬁiav

=1

applying the laws to analyze asiti | =

the most important problem-sol
physics,

Mass is an intrinsic qualily of an objecl that quantifies

both the object’s ability to resist acceleration and the
gravitational force on the object.

A free-body diagram is an abstraction showing all
forces acting on an isolated object.

{ ®m Newton’ three laws are as follows:

Newton’s First Law. In the absence of a net force
on an object, the object will remain at rest, if it was
at rest. If it was moving, it will remain in motion
in a straight line with the same velocity.

Newton's Second Law. I a net external force, E,,,
acts on an object with mass m, the force will cause
an acceleration, @, in the same direction as the
force: E,, =mi.

= Two types of friction occur: static and kinetic

friction. Both types of friction are proportional to the

normal force, N.

Static friction describes the force of friction between
an object at rest on a surface in terms of the coef-
ficient of static friction, u,. The static friction force,
> opposes a force trying to move an object and has
a maximum value, f; ;. such that £, < N = £ e

Kinetic friction describes the force of friction
between a moving object and a surface in terms
of the coefficient of kinetic friction, p,. Kinetic
friction is given by fi = w,N.

In general, p, > puy.
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Conceptual Introductions

Conceptual explanations are provided in the text prior to any mathematical explanations, formulas,
or derivations in order to establish for students why the quantity is needed, why it is useful, and why
it must be defined accurately. The authors then move from the conceptual explanation and defini-
tion to a formula and exact terms.

“The section on thermal expansion is outstanding and the supporting example problems
are very well done. This section can be put up against any text on the market and come out
ahead. The authors do very well on basic concepts”

—Marllin Simon, Auburn Universily

6.3 Self-Test Opportunity

Why does the lighter-colored ball
arrive at the bottom in Figure 6.10
before the other ball?

Self-Test Opportunities

Sets of questions follow the coverage of major concepts within the text
to encourage students to develop an internal dialogue. These questions
will help students think critically about what they have just read, decide
whether they have a grasp of the concept, and develop a list of follow-

up questions to ask in lecture. The answers to the Self-Tests are found at ; % \ ¢
the end of cach chapter ‘ 1 ‘ d ‘ :

“The Self-Test Opportunities are effective for encouraging FIGURE 6.10 Race of two balls down different inclines of the same height.

i
1
!
|
|
|
|
!
|

students to place what they have learned in this chapter in the

5 ) f 6.3 'The lighter-colored ball descends to a lower eleva- ' i
context of the broader conceptual understanding they have | tion earlier in its motion and thus converts more of
1 developi hri i he earlier ch: o £ its potential energy to kinetic energy early on. Greater
een developing throughout the earlier ¢ napters. | kinetic energy means higher speed. Thus, the lighter
) o . ., . . | colored ball reaches higher speeds earlier and is able to
— Nina Abramzon, California Polytechnic University—Pomong |  move to the bottom of the track faster, even though its
! path length is greater.
\ :
In-Class Exercises
- . . . ) J— 5
In-Class Ex;rcnses are tgemgne(;i to be us;d with personla.l respti)lnse system t:‘chnology. l'lfheyl wtl’ll 2.2 In-Class Exercise -
appear in the text so that students may begin contemplatin e concepts. Answers will only be ; ; :

PP.I bl . | dy g P P :lg p Pp' f R y Y ith , Throwing a ball straight up into the
available to instructors. (Questions and answers are formatted in PowerPoint for universal use wit | air provides an example of free-fall
personal response systems.) | motion. At the instant the ball

i reaches its maximum height, which
. 3 ! of the following statements is true? |
Vlsual Program a) The ball’s acceleration points {
Familiarity with graphic artwork on the Internet and : ‘ . down, and its velocity points up. |
in video games has raised the bar for the graphical pre- Y | b) The ball’s acceleration is zero

sentations within textbooks, which must now be more and its velocity points up.
sophisticated to excite both students and faculty. Here
are some examples of techniques and ideas imple-

mented in the University Physics:

c) The ball’s acceleration points up,
and its velocity points up.

@)

d) The ball’s acceleration points

® Overlays of line drawings over photographs con- down, and its velocity is zero.

nect sometimes very abstract physics concepts to
students’ realities and everyday experiences.

. e) The ball’s acceleration points up,
and its velocity is zero. |

f) The ball’s acceleration is zero,
! and its velocity points down.

® A three-dimensional look for line drawings adds
plasticity to the presentations. Mathematically
accurate graphs and plots were created by
the authors in software programs such as
Mathematica and then used by the graphic artists
to ensure complete accuracy along with a visually
appealing style.

(©)
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FIGURE 4.16 (a) Snowboarding as an
example of motion on an inclined plane. (b)
Free-body diagram of the snowboarder on the
inclined plane. (c) Free-body diagram of the
snowboarder, with a coordinate system added.
(d) Similar triangles in the inclined-plane
XX problem.
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McGraw-Hill Connect™ Physics

With Connect Physics, instructors can deliver assignments, quizzes, and
tests online. The problems directly from the end-of-chapter material in
Bauer/Westfall's University Physics are presented in an auto-gradable for-
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ConnectPlus™ Physics

Some instructors may also choose ConnectPlus Physics for their students. ConnectPlus offers an
innovative and inexpensive electronic textbook integrated within the homework platform. Like
Connect Physics, ConnectPlus Physics provides students with online assignments and assessments
AND 24/7 online access to an eBook—an online edition of the University Physics text.

As part of the ehomework process, instructors can assign chapter and section readings from the text.
With ConnectPlus, links to relevant text topics are also provided where students need them most—

accessed directly from the ehomework problem!
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