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PREFACE

In this technological society, it is imperative that we
as educators stimulate student interest in the sciences
and present the information and skills students need
to cope in today’s world. In Fundamentals of Physical
Science, we make concepts easily accessible by de-
veloping them in a logical rather than a chronological
fashion and by discussing them in the context of every-
day experience. We provide real-world examples of
physical science throughout the text to enhance the
students’ understanding of their natural world.

Fundamentals of Physical Science, designed for
the first-year college nonscience major, emphasizes
the basic concepts in physics, chemistry, and astron-
omy and presents an overview of meteorology and
geology. Because many courses cover only physics,
chemistry, and perhaps astronomy, we have chosen
to concentrate our efforts in those areas of physical
science; however, we do provide broad-brush cov-
erage of meteorology and geology for courses that
present more of a survey of physical science.

The most outstanding feature of Fundamentals
of Physical Science is the pedagogy in every chapter
(see Focus on Problem-Solving on p. xv). First, wher-
ever appropriate, we provide a step-by-step approach
for solving problems in the chapter. These steps are
highlighted for quick reference. Next, we solve each
in-text example step by step so that students can easily
follow how the problem-solving approach is applied.
Then, we present Confidence Exercises and Confi-
dence Questions that enable students to check their
understanding of the preceding material before mov-
ing on to the next section. Answers to the Confidence
Exercises and Questions are provided at the end of
each chapter.

Fundamentals is structured to facilitate student
involvement in the material. Care has been taken to
move logically through each chapter, problem, and
worked-out solution without skipping steps and leav-
ing the student confused. Chapter 1 begins with the
fundamental concepts of measurement. From these
fundamentals, we move on progressively to the con-
cepts of motion, force, energy, wave motion, heat,

electricity, magnetism, and modern physics. These
concepts are then used to develop the principles of
chemistry and astronomy.

We have treated each discipline both descriptively
and quantitatively. Even though we have provided
mathematical assistance for those students who may
need it the most, the relative emphasis, whether de-
scriptive or quantitative, is left to the discretion of the
instructor. To those who wish to emphasize the de-
scriptive approach in teaching physical science, we
recommend using only the Questions at the end of
each chapter and omitting the Exercises.

Supplements

e The Study Guide, by James T. Shipman of Ohio
University, Jerry D. Wilson of Lander College, and
Clyde D. Baker, also of Ohio University. Each chap-
ter includes study goals, discussion, review ques-
tions, solved problems, multiple-choice questions
with explanations, and a quiz. There is also a math
review at the end of the Study Guide.

e The Instructor’s Guide and Test Item File, by James
T. Shipman and Jerry D. Wilson, have been com-
bined into one supplement for convenience. Each
chapter of the Instructor’s Guide includes a brief
discussion, suggested demonstrations, answers to
text questions and solutions for exercises, and an-
swers to the Study Guide quizzes. The Test Item
File offers a printed version of more than 1600 ques-
tions available in completion, multiple-choice, and
short exercise formats. The Appendix includes a
Teaching Aids section for each of the five sciences
and up-to-date audiovisual resources.

e The Laboratory Guide, by James T. Shipman, con-
tains a total of 47 experiments. Each experiment
includes an introduction, learning objectives, a list
of required apparatus, a detailed procedure for col-
lecting data (requiring students to generate tables
and graphs and to perform calculations), and ques-
tions about the experiment.
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e The Instructor’s Resource Manual for the Labo-
ratory Guide, also by James T. Shipman, now in-
cludes an integrated equipment list to assist
instructors in planning experiments. Additional data
and calculations are provided for most experiments,
as well as answers to questions, a discussion of each
experiment, and additional questions. The Labo-
ratory Guide and the Instructor’'s Resource Manual
for the Laboratory Guide are appropriate for
courses using either Fundamentals or the Sixth Edi-
tion of Introduction to Physical Science.

e The Test Itemn File questions are available in a com-
puterized testing program. Instructors can produce
chapter tests, midterms, and final exams, with
graphics, easily. Instructors may edit existing ques-
tions or add new ones as desired and preview ques-
tions on screen. The computerized testing program
is available for IBM and Macintosh computers.

e The Transparencies—68 one-, two-, and four-
color—illustrate important concepts from the text.
They are available to adopters of either Fundamen-
tals of Physical Science or Introduction to Physical
Science, Sixth Edition.
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FOCUS ON
PROBLEM SOLVING

A Note from the Authors: In Fundamentals of Phys-
ical Science, we've tried to pay particular attention
to helping students solve problems. In the following
examples, we point out some of the unique features
in Fundamentalsthat will help students think logically
when approaching a problem, guide them through
the solution in a step-by-step fashion, and provide

additional questions and problems to master the con-
cepts just presented.

We hope you'll find these features useful as you
proceed through Fundamentals of Physical Science.
If there are additional ways we can enhance learning,
we’d be pleased to hear from you.

- 22 Speed and Velocty 23
plane is flying at a constant speed of 320 km/h (200
mi/h) directly eastward. Then the airplane has a con- since vis asked for in m/s. (If no particular units
stant velocity and flies in a straight line. (Why?) Also are requested, you are free to choose the units.
for this special case, you should be able to convince One usually uses standard units or common
yourself that the instantaneous velocity and average units, such as km/h or mi/h.)
velocity are the same. (By analogy, think about every-
N . STEP 3
one in your class getting the same test score. How do o3 LI
the class average and individual scores compare?) Strvey gt g the
Let's look at some examples of speed and velocity. one that relates what s given to what is wanted.
But first, note the problem-solving steps and see how (In an instance, two may
they are applied in the examples (and try them your- P‘W‘)Mm‘“md""wm
self in working the end-of-chapter Exercises). in the previous step, we have v = d/t.
Perform the mathematical operation(s) and
express your answer with units;
Suggested procedures and strategies —— Approach to Problem Solving pod_S00m_ o
- . 25s
H One of the major difficulties students seem to g
for solving problems logically are b e i e Now analyze the unitsin your answer; you may
highlighted in green for easy of “word problems."” There is no set way to Deka o e catiesia LU IO Xkinle,
work a problem. In fact, there may be more if you come out with mixed units (such as
student reference. than one approach 1o obtain a correct solution. m/hs) this indicates that you probably forgot
Even so, there are general steps that are helpful to make a conversion as described in step 2.
in most cases. These steps guide you in solving However, as more units are combined into
a problem by giving you a procedure to follow derived quantities, this type of unit analysis be-
as you analyze it: comes increasingly difficult. As shown in Chap-
ter 1, the combination of kg-m/s* is given the
STEP name of newton (N). So your unit analysis may
| Read the problem, identifying what chapter need to take derived units into account. In in-
| principle(s) apply to it. Write down explicitly stances where several units are involved, just
| what is given in symbol representation. For ex- remember that if all of your given quantities are
i ample, if a distance of 0.50 km and a time of in the same system of units (in standard units),
255 are given, they can be represented in sym- then your answer will have derived units of that
bol notation this way: system.
Given: d = 0.50 km
t1=25s EXAMPLE 2.1 Describing Motion
e Describe the motion of the car in Fig. 2.3.
Determine what is wanted, and write this down.
For example, if average speed in standard SI Solution
units is wanted, write: STEP 1
Wanted: v (in m/s) Here, the data are given in the figure, and we have
[This is very important. You have to know what Given: d=80m
! is wanted before you can find it.] Then, check t=40s
| to see that the units of the given quantities are STEP 2
| iate. If not, use factors. For L .
example, The speed of the car describes its motion. so
| Wanted: v (speed)
‘ e pre—— v
(The units of the given quantities are standard, and no

Xv

conversions are necessary.)
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Examples are labeled for
easy student reference.

Clear step-by-step solutions
are provided to in-text

examples.

immediate reinforcement of
students’ understanding of

—

EXAMPLE 3.5 Conserving Angular
Momentum

A comet at its farthest point from the Sun is 900 million
miles away and traveling at 6000 mi/h. What is its speed
at its closest point to the Sun, which is 30 million miles
away?

STEP 1
Given: r, =900 x 10°mi v, = 6000 mi’h

r, =30 x 10° mi = 6.0 x 10° mi/h
STEP 2
Wanted: v, (speed)
(Units are not standard
but are consistent)
‘ STEP 3

The conservation of angular momentum applies, so we
may use Eq. 3.10. You might be concerned that the mass
m was not given, but notice that it cancels from the
equation,
mvanr, = mvn
or Vafy = viry  (nis canced
_wh
-
_ (6.0 x 10° mi/h)(900 x 10° md
- 30 x 10° mi
=18 x 10* mi/h

Thus we see that the comet moves much faster when it
is close to the Sun than it does when it is far away from
the Sun.

CONFIDENCE EXER SE 3.F
An isolated particle with a mass of 0.0010 kg is initially
in a circular orbit with a radius of 2.0 m and with a constant

speed of 50 m/s. What is the particle’s angular momen-

Op—

<<l Yy cnocg

A}

the material just covered.

Confidence Exercises provide —» &
|
[
!

Here’s another
labeled example, —
this one from
chemistry,

showing the
step-by-step

problem solving
approach.

S
18 )

Figure 14.1 Decomposition of water.
The apparatus used to decompose water (H,0) into hydro-
gen and oxygen ges by means of an electric current.

EXAMPLE 14.3 Balancing Chemical
Equations

The following reaction occurs in a lead storage battery
when it is being used.

Pb + PbO, + H* + SO,2~ — PbSO, + H,0
Balance this equation.

STEP 1
Since there are 2 lead (Pb) atoms on the left side of the
yield sign and 1 on the right. balance the lead with a
coefficient 2 for the PbSO,.

Another example of the conservation of angular
momentum is demonstrated in Fig. 3.24. Ice skaters

tum initially (¢ = 0) and at a later time (¢ = 10 817

Figure 3.24 Conservation of angular

momentum.
Going into a spin with arms and leg outstretched is analo-

STEP 2

A coefficient of 2 is now needed on the SO~ ion to
balance the sulfur.

STEP 3
To obtain a net charge of zero on the left side of the
yield sign, a coefficient of 4 is needed for the H* ion.
This gives 4 + charges and 4 — charges.

STEP 4

A coefficient of 2 for the water (H,0) molecule will bal-
ance the hydrogen and oxygen. The balanced equation
is

Pb + PbO, + 4H* + 280" —
2PbSO, + 2 H,;0

Balance the following equations.
(a) Fe + O, —+ Fe,0;
() Al(SO); + CalOH), — AKOH), + CaSO,

() CyHeNS + O, — CO; + H,0 + NO; + SO,

14.2 Energy and Rate
of Reaction

All chemical reactions involve a change in energy. The
energy is either released or absorbed in the form of
heat, light, electrical energy, sound, etc. If energy is
released in a chemical reaction, the reaction is called
an exothermic reaction. If the energy is absorbed,
the reaction is called an endothermic reaction. An
example of a common exothermic reaction is the
burning of natural gas, which is composed primarily
of methane:

CH, + 20, — CO, + 2H,0 + energy

This reaction occurs when a gas stove is lighted (Fig
14.2). An example of an endothermic reaction is the
production of ozone, the triatomic molecule of
oxygen:
30, +cnergy — 20,

This reaction occurs in the upper atmosphere, where
the energy is provided by the ultraviolet radiation from
the Sun. It also occurs near electric discharges. Ozone
has a pungent odor, which is readily detected even in

the equivalent mass at a large r value. Bring- ‘
er the head and leg inward causes the speed

«—— A Confidence
Exercise
follows to
check mastery
of the material.

Students can
check their
solutions to
the Confidence
Exercises at
the end of

the chapter.
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192 Vertical Structure 427

radiation by absorbing most of the short wavelengths
of this radiation. The portion of the ultraviolet radia-
tion that gets through the ozone layer burns and tans
our skins in the summer. Were it not for the ozone
absorption, we would be badly burned and find the
sunlight intolerable.

CONFIDENCE QUESTION 19.2

There has been national and international concern over
the effect on the ozone layer by gaseous chiorofiuoro-
carbon (CFC) compounds. These compounds were once
& used as propellants in aevosol spray cans and are cur-
$ rently widely used as heat transfer agents in refrigerators

+«— Confidence Questions provide a
self-check of the more conceptual
or qualitative material.

200 — and air di and in the of plastic
v $ foams. What is the problem?
% (\3 Radio waves
§ s Bccause lhe ozone layer absorbs the mergcnc
< one tani  tem-
perature in the ozonosphere. A comparison of Figs.
o 19.3 and 19.4 shows that the ozone layer lies in the
stratosphere. Hence the ozone absorption of ultravi-
100 = § *\ olet radiation provides an explanation for the tem-
s pernlum increase in lhe stratosphere, as opposed to
90 — layer
A the g versus alti-
% ¢ "L lonosphere tude i d in the neighboring and
70 & mesosphere.
60 ; This warm region of ozone concentration was first
50 investigated by means of sound. On occasion, sounds
40 were heard great distances from their sources. It was
30 reasoned that the sounds must have been reflected by
20 something in the atmosphere. Just as light is reflected
10 % Sound waves from water, perhaps the sound was reflected from the
5 boundary of warm and cold air when incident at the
Figure 19.4 and Pmp:‘:md £ | the

of the warm air layer and established the presence of
ozone as the cause of the phenomenon. In cases in
which sound is heard at a distance but not nearby,
sound waves moving horizontally are blocked, for ex-
ample, by a hill; whereas those moving vertically are
reflected by the layered air and heard at a distance.
This explanation is illustrated in Fig. 19.5.

In the upper atmosphere the energetic particles

easily detected by a distinct pungent smell from which
it derives its name (Greek ozein, *“to smell’"). In some
areas, €.g., IJ:sAngels,omnensdmﬁedasanmr

il It is found in relati high from the Sun cause the ionization of the gas mole- T o o
resulting from photochemical reactions of alr pol]ul- cules. For example,
give rise to ph: hy

| smog, + - 3 The Atmosphere
as will be discussed in Chapter 21. Nt energy = Ny e
Thcown:lzytrmlhesuﬁlosphemadsasan The electrically ch d el trapped
umbrella that shields life against harmful in Earth’s i ﬁeld and form ionic layers in the are (7) of the radiating source, show
‘ gth of the light is inversely proportional
i we—ie., 4= I/T.

|
i ants. Such

. A psychrometer has a dry-bulb reading of 95°F and a
wet-bulb reading of 90°F. Find each of the quantities
asked for in Exercise 10,

heric M and Ok i 12. On a winter day a psychrometer has a dry-bulb reading

of 35°F and a wet-bulb reading of 29°F.

(a) What is the actual moisture content of the air? |

(b) Would the water in the wick of the wet bulb freeze? {
Explain. 3

Pressure

6. A mercury barometer has a column height of 75 cm.
What is the pressure in (a) dyn/em?, (b) mb, and (¢)
torr? (Use Equation 19.1.) 13

. On a very hot day with an air temperature of 105°F,
the wet-bulb thermometer of a psychrometer records

7. What would be the height of the barometer in Exercise 102°F. , ,
6if aliquid with a density of 6.8 g/cm’ were used instead fa0; Whal iadlie actual meaisture cofnom of the air?.
of mercury? (Hint: Use a ratio,) (b) How many degrees would the air temperature have
to be lowered for the actual moisture content to be
. The palm of a hand is about 3.0 in by 4.0 in. How many equal to the maximum moisture Lapaclly(l €., 100%
pounds of force is exerted on the palm by |hc atmo- relative humidity)? 000 01 i
sptere st senlevel? A $ . On a day when the air temperature is 85°F and the |

Y

Answers to Confidence Questions —»
appear at the end of each chapter

for immediate feedback to the

student.

9. The density of air at sea level is 1.2 x 107" g/em’. If
the atmosphere had this value as a constant density with
altitude, what would be the approximate total height
of the atmosphere in kilometers? (Hint: Use the
pressure-height relationship for barometer.)

Humidity

10. On a day when the air temperature is 75°F, the wet-
bulb reading of a psychrometer is 68°. Find each of the
following:
(a) relative humidity
(b) dew point
{c) maximum moisture capacity of the air
(d) actual moisture content of the air

relative humidity is 80%, what are (a) the actual mois-
ture content of the air and (b) the depmm ummm
ture? Aswer, () 10

15. The dry-bulb and wet-bulb thermometers of a psy
chrometer both read 75°F. What are (a) the relative
humidity, and (b) the actual moisture content of the
air?

\

S$OLUTIONS TO CONFIDENCE QUESTIONS AND EXERCISES

Questions

19.1 The noble (inert) gas argon is the third most abundant
gas in the atmosphere, accounting for about 0,9%.
Argon, along with nitrogen (78%) and oxygen (21%),
make up 99.9% of the atmospheric gases.

19.2 The CFCs rise in the atmosphere, and through chem-
ical reactions, destroy the ozone in the stratosphere.
With a reduction in the concentration of the ozane
layer, more uliraviolet radiation would reach Earth,
perhaps causing a variety of effects—global warming,
an increase in skin cancer, etc. For more on atmo-
spheric ozone, see the chapter Highlight in Chapter
21,

19.3 More insolation is received in June; however, the ef-
fects are cumulative. Earth warms slowly and large
amounts of insolation are also received after June.
Thus, the average monthly temperatures continue 10
nise making August the hottest month. By analogy,
think of heating a pan of water by slowly turning up
a gas burner 1o its maximum flame, then turning it
slowly back down. The water is still being heated after
the maximum energy input.

19.4 The boiling point of water increases with increasing
pressure. Therefore, in a pressure cooker the builing
point is raised, and foods cook faster at a higher tem-
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Important formulas are —

boxed in green for
emphasis and quick
identification.

Important formulas are listed

Fig. 2.5 for a falling object that falls with an acceler-
ation of 9.8 m/s.

‘We can also rewrite Eq. 2.2 to give a formula for
the final velocity of an object if its original velocity
and acceleration are known.

vi—v,=at

or =V, +at 2.3)

This formula is useful for working problems in
which the quantities a, v,, and 1 are all known and
we wish to find v,. If the original velocity v, = 0 (that
is, if the object is initially at rest), then

v =at (2.4)

Since velocity is a vector quantity, acceleration
is also a vector quantity. For an object in straight-line
motion, the acceleration (vector) may be in the same
direction as the velocity (vector) or the acceleration
may be in the opposite direction of the velocity (Fig.
2.6). In the first instance the acceleration causes the
object 1o speed up and the velocity increases. If the
velocity and acceleration are in opposite directions
(have opposite signs), then the acceleration slows
down the object, a change that is sometimes called a
deceleration.

Let's consider an example. What is the common
name for the gas pedal of a car? Right, the accelerator.
When you push down on the accelerator, you speed

he magnitude of the velocity). But when
you let up on the accelerator, you slow down, or
“‘decelerate.” Putting on the brakes will give an even
greater deceleration. (Maybe we should call the brake
pedal the "‘decelerator.”’)

Acceleration

23 Acceleration 27

QUESTION

Would it be appropriate to call the steering wheel of a
car an “accelerator™?

Answer

Yes, in a sense. As we noted above, acceleration is a
change in velocity, and this change can result from a
change in the vector magnitude and/or direction. Pushing
on the gas pedal or the brake pedal can change the
magnitude of a car's velocity, and turning the steering
wheel can change its direction. So you could correctly
call the steering wheel of a car a (direction) “accelerator.”

CONFIDEN XERCISE
A speedboat traveling in a straight line at 40 m/s slows
down at a rate of 2.0 m/s%. What is the speed of the boat
at the end of 5.0 s? (Hint Velocity and acceleration are
in opposite directions. Why?)

In general, we will consider primarily constant or
uniform accelerations. There is one very special con-
stant acceleration associated with the acceleration of
falling objects. The acceleration due to gravity at
Earth's surface is directed downward and is denoted
by the letter g. Its magnitude in the SI system is

£=9.80 m/s?

This value corresponds to 980 cm/s’ or approximately
32 /st

The acceleration of gravity varies slightly de-
pending on such factors as how far you are from the

Deceleration

conveniently for review at the
end of each chapter.

(Speed increases) Km Jecreases)

= v =10kmh = v = 20 km/h

Questions 3% iceleration.
— — — — — — ——— — — ection as the velocity of an object i
s in the opposite direction of the velocity, then there is
.
ImpORTANT FORMULAS
d distance traveled (with . fon)
Speed: v = - e e
Y= time to travel distance, i
d=vit+1at
chaings in velocity Downward distance traveled by dropped object:
time for change to occur, d=igrf
also v=v,+at Centripetal acceleration:
or y=at (withy, =0) a ¥
Acceloration due to gravity:
£=9.8 m/s' = 32 fi/s?
QESTION&
Straight-Line Motion Acceleration
1. What is needed to designate the position of an object? 1. What changes when there is an acceleration?
Analyze cach of the examples given at the beginning of
e, exaniples give e 12. Can an object have an instantaneous velocity of
9.8 m/s in one direction and simultaneously have an
2. How is position described on a Cartesian graph? acceleration of 9.8m/s? in the same or opposite
s direction? Explain.
3. Define the term motion.

13. When Galileo dropped two objects from a high place,

4. What is meant by the time rate of change of position? they hit the ground at almost exactly the same time.

Speed and Velocity Why was there a slight difference in when they hit?
|
5. Explain the difference between scalar and vector quan- 14. Aballis dropped from the top of a building with a height
tities. of 100 m (32 floors).
s " " N (a) What is the ball's velocity after 1.0 s?
6. What is the difference between distance and displace- (b) After 2.0 5?

ment? How are these quantities associated with speed
and velocity? 1

w

Can an object have an instantaneous velocity of zero
and stlil be accelerating? Explain. (Hint: Think about
Is the speedometer reading of a car a measurement of an object projected vertically upward at its maximum
instantaneous speed, average speed, instantaneous ve- height.)

| locity, or average velocity? Explain.

i " Acceleration in Uniform Circular Motion
. A jogger jogs two blocks directly north.

() How do the jogger's average speed and the mag. 16 Can a car be moving at a constant 30 mi/h and still be
nitude of the average velocity compare? accelerating? Explain.

(b) Tf the return jog is over the same path, how do the
average speed and velocity magnitude compare for
the total trip? I

<

=

17. What does the term centripetal mean?

=

What would happen to an object in uniform circular
motion if the centripetal acceleration were reduced or
went 1o zero?

9. Can the average speed and instantaneous speed of an
object be the same, that is, have the same value? How
about average velocity and instantancous velocity? 19. Are we accelerating due to Earth's spinning on its axis?

Can you sense the motion of Earth’s spin? Explain.

i
|

| 10. 1 we are moving at high speed through space as Earth
} revolves about the Sun, why don't we generally sense  20. What is the direction of the acceleration vector due 1o
i the motion? Earth spinning on its axis?




Solutions to Confidence Exercises 81
11. Iith jondi betweent: tripled
and (b) decreased by one-half, how would the force of  17__Calculate the momentum of the following:
gravity between the masses be affected? (a) A truck with a mass of 15,000 kg that is traveling
. . . . at 20 m/s (45mi‘h) eastward
12, What is the acceleration due to gravity at an altitude of (b) A small car with a mass of 900 kg traveling at
1000 km (620 mi) above Earth's surface? (Hint: Use 30 my’s (67 mi/h) north
, = 6.37 x 10* m and form z ratio.) Answer,  (a) 300,000 Kgan/s, cast
swer ¢ =075, =732 m's
18. A 50-g golf ball is hit so that it has an initial velocity
13. Compute the acceleration due to gravity at the Earth's with a magnitude of 30 m/s. (a) What is the magnitude
surface in mks units. (Use M, = 5.96 x 10* kg and of the impulse? (b) If the golf club is in contact with
R, =637 x 10°m.) the ball for 0.01 s, what is the magnitude of the average
force exerted on the ball? Anawier- a) 1SN
14. Show that the acceleration due to gravity on the surface . B
aftliemoonisaboutoncsixthofthaton Earth'ssurface, |0 What is the magnitude of the angular momentum of
; 5 a 1000-kg car going al a constant speed of 90 km/h
(Hint: Use M,=7.3x 10%kg, R,=174x10°m, = b i diorar e
ol Barth dotain Eercise 12 in & ratfos) (25 m/s) around a circular track with a radius of 100 m?
20. A comet goes around the Sun in an elliptical orbit. At
15. (a) Determine the weight on the moon of a person its farthest point, 600 million miles from the Sun, it is
whose weight on Earth is 180 Ib. traveling at a speed of 15,000 mi/h. How fast is it trav-
(b) What would be your weight on the moon? eling at its closest approach to the Sun at a distance of
Arswer: (a) 30 | 100 million miles? Apswers 90,000 nu b
16. An astronaut on the moon places a package on a scale 21. An asteroid going around the Sun in an elliptical orbit
and finds its weight 1o be 18 N. at its farthest point is a distance of 8 x 10" m from the
(a) What would be its weight on Earth? Sun and is traveling with a speed of 3 x 10 m/s, How
(b) What is the mass of the package on the moon? fast is it traveling when at its closest approach of
Answer: () 108 N 2 x 10" m from the Sun?
" - -
Solutions to Confidence Exercises —» SOLUTIONS TO CONFIDENCE EXERCISES
appear at the end of each chapter Exercises e BATVS e
2/8e= =0.86 (or
. Y . 98m/s
for convenient reference. e T
= in direction of acceleration. of the value of the acceleration due to gravity on the
surface of Earth
32 w=1201b 534N
" * 3.4 Since the ball is initially at rest, p, = 0, and
W SEN impulse = FA1=5.0 N-s = Ap = p,
¢ T oame TYRE and p, = 5.0 N-s or 5.0 kg-m/s. Notice that the units of
impulse are equivalent or the i
3.3 Using Eq. 3.5 with M the mass of Earth (found on inside tippales and pameium: AT el VERSERC R S
back caver): 3.5 Angular momentum = mvr
GM _ (667 x 10” " N-m/kg)(6.0 x 10" kg) = (0.0010 kg)(50 m/s)(2.0 m)
7 (6.9  10°m)* =0.10 kg-m¥/s
= 84m/st ST
Since the particle is isolated, the angular momentum is
constant and has the same value at any time.
Solutions to Confidence Questions and Exercises 317

$OLUTIONS TO CONFIDENCE QUESTIONS AND EXERCISES
Questions Exercises
14.1 (a) 4 Fe + 30, — 2Fe,0,
(b) 1AL(S0,), + 3 Ca(OH), —
2 Al(OH), + 3 CaSO,

14.1 Greater of reactants tes an in-
crease in the reaction rate because there are more
molecules that are available to react. An increase in
temperature will increase the reaction rate because
the molecules have more kinetic energy. A change in
the rate of a reaction by the involvement of a catalyst
is due 10 a change in the activation energy. Increasing
the surface area of the reactants will increase the num-
ber of molecular collisions that can take place in unit
tume.

(¢) 2CHNS + 170, —>
10 €O, + 6 H,0 + 2 NO, + 250,

14.2 (a) The 2.0 M nitric acid is twice as strong as the 1.0 M
calcium hydroxide, but the base has two OH ~ ions
per molecule whereas the acid has only one H*
ion per molecule. Thus 10 mL of acid will neu-
tralize 10 mL of base.

(b) The acid is one half the strength of the base, but
the acid has three H* jons per molecule, whereas
the base has only one OH ™ ion per molecule. Solve
by using Equation 14.1.

Oxidation occurs with a loss of electrons. There must
be a gain of these electrons (reduction) by some other
element or ion.

An electrochemical reaction is the reaction taking
place within an electrochemical cell where chemical
and electrical energy are interchanged.

M V.C, = M, V,C,

1LOMx V,x3=20Mx 12mL x 1

14.4 The negative exponent originates from the di
of water to produce H* and OH~ ions. The concen- 3V, =24 mL
tration of H* ions in one liter of pure water is one ten- V. =8mL

millionth (1 x 10°7) mole/L.
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