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A User’s Guide to Features
The ninth edition of Topics in Contemporary Mathematics contains a wide variety of features designed to build the reader’s understanding of mathematics by
connecting the material to real-life concepts. This edition builds on the successful pedagogy of previous editions and includes several features intended to
connect the material to the lives of today’s students.
Students who utilize these features will gain a better understanding of the
history behind each topic, how the topic relates to everyday life, how different
topics in the course interrelate, and—most important—how to approach problem
solving in the real world once they complete the course.

Chapter Opening Features
■

Chapter Opening Preview

Each chapter begins with a list of section topics for quick reference. The
introduction that follows provides an
overview of the material presented
and explains the ways in which topics
are related throughout the chapter.
Each chapter-opening photo is
directly related to one of the Getting
Started features in the chapter.
■

Internet Connection

A student-friendly
Web site supports
the new edition. A comprehensive set
of annotated links for the section and
topics in each chapter provides students with access to additional information, practice problems, tutorials,
and downloadable software. Material
supported on the Online Study Center
is identified by an icon throughout the
text.
Online Study Center

C H A P T E R

7
To maximize efficiency in activities
such as running and cycling and to
achieve the greatest health benefits,
individuals need to identify the target
pulse rate for their age group. In
Section 7.2, you will utilize linear
functions to explore target pulse rates
and relations to represent real-life data
such as maximum target pulse rates.

7.1

Graphing Relations and
Functions

7.2

Linear Functions,
Relations, and
Applications

7.3

Slopes and Equations of
a Line

7.4

Quadratic Functions and
Their Graphs

7.5

Exponential and
Logarithmic Functions

7.6

Two Linear Equations in
Two Variables

7.7

Linear Inequalities

For links to Internet sites related
to Chapter 7, please access
college.hmco.com/PIC/bello9e
and click on the Online Study Center icon.

398

Functions and Graphs
In Chapter 6 we studied first- and second-degree equations with one
variable. In this chapter we shall study similar equations with two variables. The main feature here, however, is an introduction to some simple
ideas that belong to the area that is called analytic geometry, a blend of
algebra and geometry in which algebra is used to study geometry and
geometry is used to study algebra. The key to this combination is a workable system of associating points in the plane with ordered pairs of
numbers.
We start the chapter by studying sets of ordered pairs called relations, concentrating on a special type of relation called a function. We
examine function notation and how to represent relations and functions
by means of graphs. We also study the formula giving the distance
between any two points in the Cartesian plane and the slope (inclination)
of a line passing through these two points. We explore the ways to write
the equations of a line depending on the information that is given and the
ways to solve systems of linear equations with two unknowns by using
algebraic or graphical methods.
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Human Side of Math

■

Brief biographies of those who devised or contributed to the development of the mathematics covered in
the chapter appear at the beginning of
each chapter in the Human Side of
Math margin feature. Looking Ahead
links the biographies to the upcoming
material. This feature communicates
that mathematics is a growing body of
knowledge and a human endeavor,
and that every topic studied began as
part of a problem-solving process.

3.1 Statements

GE

D

E

GE

D

TT

Making a Statement

HUMAN SIDE OF MATH

G START

470

G START

George Boole
was born in
Lincoln,
England, on
November 2,
1815.
Throughout (1815–1864)
the years, Boole
had some of his writings
publlished. At the age of
34, Boole was appointed
professor of mathematics
at Queen’s College in Cork,
Ireland.
At the age of 39, he
published his masterpiece,

Every section begins with a
Getting Started application
that demonstrates how the material
relates to the real world. Where
appropriate, this application is revisited as a Collaborative Learning exercise in the section exercise set.
IN

IN

E

TT

3.1 Statements

Getting Started

■

An Investigation of the Laws
of Thought, on Which Are
Founded the Mathematical
Theories of Logic and
Probabilities. Boole was
primarily responsible for
bringing the study of formal
logic from the field of
philosophy into that of
mathematics.
Looking Ahead
Boole’s work on logic and
thought was instrumental in
establishing modern symbolic
logic, which is the focus of this
chapter.

7 Functions and Graphs

To further explore the meaning,

real number. For example, (0, 5), (3, 1), and (1, 7) are solutions of the
forms, and faulty reasoning

system. The system has infinitely many solutions.
associated with syllogisms,
$24.95

$19.95

Most of the problems that we’ve discussed use x and y values ranging from 10
to 10. This is not the case when working real-life applications! For example, the
price for connecting to the Internet using America Online (AOL) or CompuServe
(CS) used to be identical: $9.95 per month plus $2.95 for every hour over 5
hours. If you are planning on using more than 5 hours, however, both companies
had a special plan (see Figure 7.54).
AOL: $19.95 for 20 hours plus $2.95 per hour after 20 hours*
CS: $24.95 for 20 hours plus $1.95 per hour after 20 hours
For convenience, let’s round the numbers as follows:
AOL: $20 for 20 hours plus $3 per hour after 20 hours
CS: $25 for 20 hours plus $2 per hour after 20 hours
EX AM P LE 7  Comparing Internet Prices

Make a graph of both prices to see which is a better deal.
Solution

Let’s start by making a table where h represents the number of hours used and p
the monthly price. Keep in mind that when the number of hours is 20 or less the
price is fixed: $20 for AOL and $25 for CS.
h
0
5
10
15
20
25
30
35

20
20
20
20
20
35
50
65

Price for AOL, p

h

20  (25  20)3  35
20  (30  20)3  50
20  (35  20)3  65

0
5
10
15
20
25
30
35

Price for CS, p
25
25
25
25
25
35
45
55

100

The price for CS is

AOL

80

p  25  (h  20) . 2  25  2h  40  2h  15

60

CS

40
20
h
10

20

30

40

F I G U R E 7. 5 5

Lessee shall not paint, paper, or otherwise redecorate or make alterations
to the premises without the prior written consent of Lessor.
Checking “Yes” will not change your tax or reduce your refund.
Make sure your application is signed on page 3 and in the appropriate
place on page 4.
Can you guess where these directions come from? Do you understand what they
mean? In this section you study statements, that is, sentences that can be classified as true or false. The preceding statements were constructed using conjunctions, disjunctions, and negations. You will study these types of statements and
practice how to write them in symbols in Exercises 3.1, problems 9 –16.
Now look at an excerpt from a menu, given below.
6. Country Fried Steak Breakfast
Includes 2 Eggs (any style), Country Fried Steak and Gravy, Grits or
Breakfast Potatoes, Toast or Biscuits, and Fruit Jelly . . . . . . . . . . . $6.99

Can you get Eggs, Country Fried Steak and Gravy, Grits and Breakfast Potatoes,
and Toast and Biscuit and Jelly? Not unless you pay extra! When translating
statements containing commas into symbolic form, the commas indicate which
simple statements are grouped together. Thus, using the symbols  for and, and
 for or, your breakfast menu can be translated as
e  (s  a)  (g  p)  (t  b)  j
You will learn how to translate sentences into symbols and vice versa in Exercises 3.1, problems 9 –16. 
The word logic is derived from the Greek word logos, which can be interpreted
as “reason” or “discourse.” The principles discovered by the Greeks were first
systematized by Aristotle, and Aristotle’s type of reasoning constitutes the traditional logic that has been studied and taught from his era to the present day. A
simple illustration of Aristotelian logic goes as follows:
All men are mortal.
Socrates was a man.
Therefore, Socrates was mortal.
This is a typical argument that is known as a syllogism.
Whether we are trying to solve a problem, taking part in a debate, or working
a crossword puzzle, we are engaging in a mental activity called logical reasoning. This reasoning is usually expressed in declarative sentences. We now
turn our attention to the study of these sentences.

Examples, Applications,
and Problem Solving
■

The graph is shown in Figure 7.55. As you can see, if you plan on using 20 hours
or less, the price is fixed for both AOL and CS. From 20 to 25 hours, AOL has a
lower price, but if you are using more than 25 hours, the price for CS is lower.
At exactly 25 hours, the price is the same for both, $35. Note that the complete
graph is in quadrant I, since neither the number of hours h nor the price p is negative. You can use these ideas to compare different Internet plans, but in 1998,

CompuServe became a wholly owned subsidiary of AOL!
*As of this writing, AOL has a new plan costing $25.90 per month with no limit on the number of
hours used.

Examples

The examples represent a wide range
of computational, drill, and applied
problems selected to build confidence, competency, skill, and understanding.
■

25  (25  20)2  35
25  (30  20)2  45
25  (35  20)2  55

In order to graph these two functions, we let h run from 0 to 50 and p run from
0 to 100 in increments of 5. After 20 hours, the price p for h hours for AOL is
p  20  (h  20) . 3  20  3h  60  3h  40

p

Consider the following directions:

access link 3.1.1 on this
textbook’s Online Study Center.

C. Solving an Application

F I G U R E 7. 5 4

107

Applications

Real-life applications are included
throughout the book to show students
how they can apply the material covered in the text. The applications usually conclude the examples in a section
and appear in each exercise set.
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Problem Solving

Problem solving is introduced in
Chapter 1 and presented as an ongoing theme. Specific Problem Solving
examples are formatted using the
RSTUV method (Read, Select, Think,
Use, and Verify) to guide the reader
through the problem. The solution is
carefully developed to the right of the
problem-solving steps. Students are
encouraged to cover the solution,
write their own solutions, and check
their work in order to build problemsolving skills. This feature also includes references to similar problems
in the exercise sets.

368

6 Equations, Inequalities, and Problem Solving

P R O B L E M

S O L V I N G
Word Problems
When fully loaded, a space shuttle and its payload (cargo) weigh about 215,000 lb.
The shuttle itself weighs 85,000 lb more than the payload. What is the weight
of each?

➊ Read the problem carefully
and decide what it asks for.

➋ Select a variable to represent
the unknown.

➌ Think of a plan.
Can you translate the
information into an equation
or inequality?

The problem asks for the weight of each, that is, the weight of the shuttle and the
weight of the payload.
Let p represent the weight of the payload in pounds. Since the shuttle weighs
85,000 lb more than the payload, the shuttle weighs p  85,000 lb.

Translate the first sentence in the problem into an algebraic statement.

➍ Use algebra to solve for the
unknown.

The shuttle and its payload weigh 215,000 lb.

This is a verbal model
for the problem.

( p  85,000)  p  215,000
p  85,000  p  215,000
2p  85,000  85,000  215,000  85,000
2p  130,000
p  65,000

This is an algebraic
model for the problem.

Thus, the payload weighs 65,000 lb, and the shuttle weighs 65,000  85,000 
150,000 lb.

➎ Verify the answer.
TRY EXAMPLE 1 NOW.

To verify the answer, note that the combined weight of the shuttle and its payload is 150,000  65,000  215,000 lb, as stated in the problem.
Cover the solution, write your own solution, and then check your work.

EX AM P LE 1  Modeling and Interest

Angie bought a 6-month, $10,000 certificate of deposit.At the end of the 6 months,
she received $650 simple interest. What rate of interest did the certificate pay?
Solution

1. Read the problem. It asks for the rate of simple interest.
2. Select the variable r to represent this rate.
3. Translate the problem. Here, we need to know that the formula for simple
interest is
6.4 Quadratic Equations

357 I  Prt

Factorable Quadratic Expression

¨ This is an algebraic model for the problem.

where I is the amount of interest, P is the principal, r is the interest rate, and
t is the time in years. For our problem, I  $650, P  $10,000, r is unknown,
and t  21 year. Thus, we have

ax2  bx  c is factorable if there are two integers whose product is ac and
whose sum is b. If ax2  bx  c is not factorable, it is prime.

650  (10,000)(r)( 12)

or

650  5000r

Using this idea, 6x 2  7x  1 and 3x 2  2x  4 are prime (not factorable). Do
you see why?

B. Solving Quadratic Equations by Factoring
The next examples show how factoring can sometimes be used to solve quadratic
equations.
EX AM P LE 3  Solving Quadratics by Factoring

Solve the following equations:
(a) x 2  5x  6  0

GRAPH IT

▼

▼

To solve x 2  5x  6  0,
enter Y1  x 2  5x  6 and
ZOOM 6 . Where is
Y1  0? Press 2nd CALC
2 . When the grapher asks
for the left bound, use
to
move the cursor to the left
side of the curve. Press
ENTER . Use
to move
below the curve to find the
right bound. Press ENTER
twice. One of the roots is 3
as shown.

(b) 5x 2  14x  3

Solution

(a) We have already shown that x 2  5x  6  (x  2)(x  3). Thus,
(x  2)(x  3)  0
With 0 on one side of the equation, we can make use of the property of the real
number system that says that a product of two real numbers is 0 if and only
if at least one of them is 0. Thus, the preceding equation is true if and only if
x20
x  2

or
or

x30
x  3

The solution set of the given equation is {3, 2}.
Check: By substitution in the left side of the given equation, we find for
x  3, x 2  5x  6  (3)2  5(3)  6  9  15  6  0. This checks
the solution x  3. For x  2, we get x 2  5x  6  (2)2 
5(2)  6  4  10  6  0, which checks the solution x  2.
(b) Subtract 3 from both sides of the equation to obtain
5x 2  14x  3  0
The positive factors of 5 are 5 and 1, whereas the factors of 3 are 3, 1 or
1, 3. Thus,
5x 2  14x  3  (5x  1)(x  3)  0
Hence,
5x  1  0

or

x30

That is,
x   51

or

x3

Therefore, the solution set of 5x 2  14x  3 is {3,  15}. Make sure that you

check that the solution is correct!

Margin Notes
■

Graph It

Graph It examples appear in
the margin or directly following suitable examples. The Graph It
feature illustrates an alternative
method of solving a problem or checking a solution with the use of a graphing calculator.
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Web It

The Web It feature directs students to the Web site link they
need to access for further exploration,
tools, or practice. Students can use the
Internet to help them connect the
mathematics under discussion to their
daily lives. In later chapters, selected
exercise sets conclude with optional
Web It Exercises that require the use
of the Internet as part of the problemsolving process.

572

8 Geometry

43.

44.

45.

Web It Exercises
All the topics discussed in this section are thoroughly
discussed on the Web. In some cases you need additional software to view the animation, but usually you
can download the necessary tools for free. For example, go to link 8.6.1 on this textbook’s Online Study
Center and click on “NonEuclid Home.” You can
make a triangle in non-Euclidean geometry! Click on
“Using NonEuclid—My First Triangle.”

46.

1. Find the definition of a parallel line in the text.
According to that definition, can parallel lines
intersect?
47.

48.

2. Now, suppose you have two lines L1 and L2 that are
parallel to a third line L3. What can you say about
L1 and L2 in Euclidean geometry? What about them
in hyperbolic geometry?
Do not answer yet; look at the diagram! For more
explanation, click on “Parallel lines” at link 8.6.2
on this textbook’s Online Study Center.

Figure

Vertices (V)

Regions (R)

Arcs (A)
A

41

B

42
C

43
44

D

E

45
46

3. Remember the Cartesian coordinate system discussed in Section 7.1? Go to the site mentioned
above and learn how to set up an xy coordinate system and then answer the question, How does the
graph of the equation y  x look in hyperbolic
geometry?

47
48

Chapter 8 Summary

9.2 Solving Systems of Linear Equations with Matrices

Section

Item

8.1A

AB

A Solution by Matrices

1. x  y  z  3
x  2y  z  3
2x  y  z  4

2.

x  2y  z  5
2x  y  z  1
x  y  z  1

3. 2x  y  2z  5
2x  y  z  6
3x
 2z  3

4.

x  2y  z  0
2x  3y
 3
2y  z  1

5. 3x  2y  z  5
2x  y  z  6
2x  y  3z  4

6. 4x  3y  z  12
2x  3y  z  10
x  y  2z  5
8.

9. x  y  z  3
x  2y  z  3
x
z 1

x y z 3
x  2y  3z  5
5x  4y  11z  20

10. x  y  2z  1
x  2y  z  5
5x  4y  z  13

11. Show that elementary operation 3 yields an equivalent system. [Hint: Consider the first two equations of system (1) in the text. Show that if (m, n,
p) satisfies both these equations, then it satisfies
the system consisting of the first equation and the
sum of the first two equations, and conversely.]
B Applications

12. The sum of $8.50 is made up of nickels, dimes,
and quarters. The number of dimes is equal to the
number of quarters plus twice the number of nickels. The value of the dimes exceeds the combined
value of the nickels and the quarters by $1.50.
How many of each coin are there?
13. The Mechano Distributing Company has three
types of vending machines that dispense snacks as
listed in the table below. Mechano fills all the
machines once a day and finds them all sold out
before the next day. The total daily sales are candy,
760; peanuts, 380; and sandwiches, 660. How many
of each type of machine does Mechano have?
Vending Machine Type
Snack
Candy
Peanuts
Sandwiches

I

II

III

20
10
0

24
18
30

30
10
30

8.1A
Ray AB
14. Suppose the total daily income from the various
types of machines in problem 13 is type I, $32.00;
type II, $159.00; and type III, $192.00. What is the
selling price for each type of snack? (Use the
answers from problem 13.)

15. Gro-Kwik Garden Supply has three types of fertilizer that contain chemicals A, B, and C in the
percentages shown in the table that follows. In
what proportions must Gro-Kwik mix these three
types to get an 8-8-8 fertilizer (one that has 8% of
each of the three chemicals)?
Type of Fertilizer
Chemical

I

II

III

A
B
C

6%
6%
8%

8%
12%
4%

12%
8%
12%

16. Three water supply valves A, B, and C are connected to a tank. If all three valves are opened, the
tank is filled in 8 hours. The tank also can be filled
by opening A for 8 hours and B for 12 hours while
keeping C closed or by opening B for 10 hours and
C for 28 hours, while keeping A closed. Find the
time needed by each valve to fill the tank by itself.
(Hint: Let x, y, and z, respectively, be the fractions
of the tank that valves A, B, and C can fill alone in
1 hour.)
17. A 2  2 matrix c

a b
d is said to be nonsingular
c d
if ad  bc  0. Determine whether the following
matrices are nonsingular:
a. 1 2
b. 2 3
c. 0 2
c
d
c
d
c
d
2 4
3
5
2 4

18. The definition in problem 17 is important because
every nonsingular matrix has a unique multiplicative inverse. To find the inverse of the matrix
a b
x y
c
d , you have to find a matrix c
d such
c d
z w
a b x y
1 0
that c
d c
d  c
d . This means that
c d z w
0 1
you must solve the systems
ax  bz  1
cx  dz  0

and

Example

The line AB
•Æ

In problems 1–10, find all the solutions (if possible).

x y z 3
x  2y  z  3
3x
 3z  5

Meaning

´

EXERCISES 9.2

7.

607

ay  bw  0
cy  dw  1

A

A half-line and its endpoint A

B

The ray AB
A

B

Exercise Sets
■

Exercises

The exercises are appropriately graded
and represent a wide range of computational, drill, and applied problems.
The end-of-section exercise sets are
keyed to the corresponding subsection
heads (A, B, C, etc.) within each
section to help students make connections between subsection presentation
and the exercises. The subsection
heads serve as a useful reference tool.
■

Using Your Knowledge

Using Your Knowledge exercises are interesting application
problems included throughout
the exercise sets. These application
problems help students generalize
material they have learned and help
them to apply it to similar real-life
situations.
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Discovery

These brief excursions into
related topics, extensions,
and generalizations are more
challenging problems and provide
additional opportunities to develop
critical thinking and problem-solving
skills.
■

210

4 Numeration Systems

plying the quotient (1012) by the divisor (102). The
result is 10102, not 10112, so the remainder must be
1. The moral of the story is that when doing division problems in different bases, we must check the
problem by multiplication and, during this process,
find the remainder.

Discovery
A camera installed on the spacecraft Mariner IV took
the first pictures of the planet Mars and sent them back
to Earth by radio signals on July 14, 1965. On Earth, a
computer received the pictures in the form of binary
numerals consisting of 6 bits. (A bit is a binary digit.)
The shade of each dot in the final picture was determined by 6 bits.
The numeral 0000002 (0 in base 10) indicated a
white dot, and the numeral 1111112 (63 in base 10)
indicated a black dot. The 62 numerals between represented various shades of gray between white and
black. To make a complete picture, 40,000 dots, each
described by 6 bits, were needed!

Calculator Corner

Understanding how and when to
utilize technology is an important problem-solving skill. The
Calculator Corner feature provides
additional background on how to
solve problems using a calculator.

1. Use your calculator to find the remainder (if any) in
problems 19, 21, and 23 of Exercises 4.4.

Collaborative Learning
Form two (or more) groups of students and provide each
group with a 16-bit binary code chart like the ones
shown below. Each group should construct a diagram
similar to the one shown in Example 9 but using the
word LO! Write the 16 lines of code on a 3-by-5 card.

35. If one of the numerals received was 1101112, what
was the corresponding decimal numeral?
36. Does the dot corresponding to the numeral
received in problem 35 represent a shade of gray
closer to white or to black?
37. What binary numeral represents the lightest shade
of gray that is not white?
38. What binary numeral represents the darkest shade
of gray that is not black?
39. What binary numeral represents the shade numbered 31?

1. Are the numbers on the first and last lines of code
identical? If so, does that mean that the rest of the
numbers will be identical? Discuss this.

Calculator Corner

532

8 Geometry

41. Find the distance traveled when going from Laredo
to San Antonio to Del Rio and back to Laredo.
42. Find the distance traveled when going from Dallas to Houston to Shreveport and back to Dallas.
43. Find the distance traveled when starting at Austin,
driving to Ft. Worth, then to Abilene, and then
back to Austin.

45. Which do you think is the better illustration of a
circle: a perfectly round penny or a bicycle tire?
(See the definition of a circle.)
46. The formula C  1.44  0.1s gives the circumference C (in inches) of a ring of size s. Explain
how you would use this formula to find your ring
size.
47. If two tires, one new and one worn, are installed
on a car, which one will turn more times per mile?
Explain your answer.
48. If your calculator has a p key, use it to calculate
the answer to problem 30. In your own words,
explain the discrepancy between the answer you
obtained following the instructions for problem 30
and the new answer on your calculator.

■
51. How far does point b travel relative to circle B when
point a makes one complete revolution relative to
circle B?
52. On the basis of your previous answers,
in.  1 revolution of circle B. Thus, how many
revolutions does circle B make around circle A,
whose circumference is 3 in., to return to its original position?
Calculator Corner
Many calculators come equipped with a p key (to
access it, you may have to press 2nd p ) that gives a
nine-decimal-place approximation for p. If you use
this approximation to solve Example 5, the answer
obtained when dividing 27.50 by p comes out to be
8.75352187, or 8.75 to the nearest hundredth of a foot,
as mentioned in the text.

Using Your Knowledge

49. In the diagram on the left, what is the length of the
arc shown in red?
50. If circle B makes one revolution and ends as
shown in the diagram on the right, how far has
point b traveled relative to circle B?

3. To encode a character, say, the letter A, takes 8
bits  1 byte. How many bits would it take to write
supercalifragilisticexpialidocious? Each of the
groups can find the number of bits it would take to
write what they consider the longest word in the
English language. Is the answer the same for both
groups?

A

1. Rework problems 25, 26, 30, 32, and 34 of Exercises 8.3 on your calculator.

Suppose that circle A has a 3-in. circumference and
circle B has a 1-in. circumference, as shown in the left
diagram in the figure in the next column. If circle B
rolls around the perimeter of circle A without slipping
and returns to its original position, how many revolutions will it have made? (Hint: Look at the diagram
below! Using your knowledge of circumferences, can
you prove your case?)

Is there a problem with this notation? What is the
problem? Can you fix this problem?

a
B
b

44. The distance from Tucumcari (New Mexico) to
Fort Smith (Arkansas) is about 555 mi. How far is
it from Oklahoma City to Fort Smith?
In Other Words

2. The number of bits (the simplest pieces of information, a 0 or a 1) to write each line can be shortened.
For example, the fourth line in Example 9 can be
written as
13 0
2 1
1 0

Some scientific calculators will perform operations
in different bases. Thus, to add 11012  1102  112
(Example 2), we place the calculator in the binary
mode by pressing 2nd mode bin and proceed as in
regular addition by entering 1101  110  11 . The
answer will appear on the screen as 10110. We can
do addition, subtraction, and multiplication in the
same manner, but we must be careful with division. In
Example 7 we divided 10112 by 102. The answer was
1012 with a remainder of 1. To do this on our calculator, we enter 2nd mode bin (now we are in binary)
and 1011  10 . The calculator will give us the quotient 101 but not the remainder. To discover that there
is a remainder, we must check our division by multi-

Collaborative Learning
At the beginning of this section we claimed that your
hat size and your ring size are identical. By the way,
there is a little flaw here. This is true only of men’s hat
sizes. Women’s hat sizes are measured differently and
more logically! Women’s hat sizes are simply the circumference of the inner band of the hat. Nevertheless,
we would like to see if there is a relationship between
men’s hat sizes—for men and women—and ring sizes.
Form several groups of males and females.
1. Measure the circumference of the head C (H) of the
participants.

In Other Words

These brief questions provide the opportunity to think
about and clarify ideas, concepts, and procedures. By expressing
their thoughts, students gain a better
understanding of the concepts and
develop communication skills that
extend beyond the classroom.
■

Collaborative Learning

Collaborative Learning exercises appear at the end of the
exercise sets. They are designed to give
students the opportunity to communicate their thoughts, develop confidence, and work effectively as part of
a team.
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Skill Checker

The Skill Checker feature helps
students assess their mastery of
the skills that they need in order to proceed to the next section. This feature
appears in exercise sets preceding
material with relevant prerequisites.
Planning and preparing for new material are important aspects of independent and team problem solving.

7.5 Exponential and Logarithmic Functions

a. Find the stellar magnitude of the North Star, 2.1
times as bright as B0. (Round to 4 decimal
places.)
b. Find the stellar magnitude of Venus, 36.2 times
as bright as B0. (Round to 4 decimal places.)
58. The percent P of adult height a male has reached
at age A (13  A  18) is
P = 16.7 log (A  12) + 87
a. What percent of adult height has a 13-year-old
male reached? (Round to the nearest percent.)
b. What percent of adult height has an 18-year-old
male reached? (Round to the nearest thousandth of a percent.)
Using Your Knowledge

■

Research Questions

In this section you learned that for continuous compounding, the compound amount is given by A  Pe rt.
For ordinary compound interest, the compound
amount is given by A  P(1  r/n) nt, where r is the
annual interest rate and n is the number of periods per
year. Suppose you have $1000 to put into an account
where the interest rate is 6%. How much more would
you have at the end of 2 years for continuous compounding than for monthly compounding?
For continuous compounding, the amount is given
by

The Research Questions combined
with the In Other Words problems
provide a strong writing component to
the course and are an excellent opportunity for group learning. The questions appear at the end of selected
section exercise sets as well as after
each chapter summary. Some questions, identified by icon, require students to utilize the Internet as a
research tool.

A  1000e(0.06)(2)  1000e0.12
 (1000)(1.1275)
Use a calculator.
 1127.50

and nt  24

Thus the amount is given by A  1000(1  0.005)24 
1000(1.005)24. Compound interest tables or your calculator gives the value
(1.005)24

so that A  1127.16 (to the nearest hundredth). Thus
the amount is $1127.16. Continuous compounding
earns you only $.34 more! But, see what happens
when the period t is extended in problems 59 and 60!
59. Make the same comparison where the time is 10
years.
60. Make the same comparison where the time is 20
years.
In Other Words
61. The definition of the exponential function
f(x)  b x does not allow b  1.
a. What type of graph will f(x) have when b  1?
b. Is f(x)  b x a function when b  1? Explain.
62. List some reasons to justify the condition b  0
in the definition of the exponential function
f(x)  b x.
63. Discuss the relationship between the graphs of
f(x)  b x and g (x)  bx.
64. In Example 5, we predicted the U.S. population for
the year 2010 to be 298,824,065. The U.S. Census
Bureau predicted 299,862,000. Can you give some
reasons for this discrepancy? To check the latest
projections, try www.census.gov/ipc/www.
usinterimproj/natprojtab01a.pdf.
Skill Checker

Thus the amount is $1127.50. For monthly compounding,
r 0.06

 0.005
n
12

465

 1.1271598

In the next section you will solve a system of simultaneous equations by graphing. To graph equations
simultaneously, you better practice graphing just one
equation at a time. Here are some practice problems
for you. Graph them!
1. x  y  4

2. 2x  y  4

3. 2x  y  5

4. x  2y  4

If you are unsure of how to graph these problems,
review Sections 7.1 and 7.2.

Research Questions
Chapter 4 Summary
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1. Who was the first person to publish a book describing the rules of
logarithms, what was the name of the book, and what does logarithm mean?
2. Describe how Jobst Burgi used “red” and “black” numbers in his
logarithmic table.
3. The symbol e was first used in 1731. Name the circumstances under which
the symbol e was first used.

Chapter 4 Summary
Section

Item
Egyptian

Meaning
Babylonian

Roman

4.1

I

1

4.1

V

5

4.1

X

10

4.1

L

50

4.1

C

100

4.1

D

500

4.1

M

1000

4.1

X

10,000

4.1

C

100,000

4.1

M

1 million

4.2A

End-of-Chapter Study Aids
■

aa...a

an

Example

103  10  10  10

n a’s

4.2A

(2  102)  (4  101)  (5  100)

Expanded form of 245

4.2B

a m  an  a mn

Law of exponents

53  56  59

4.2B

a m  an  a mn

Law of exponents

47  42  45

4.3A

43five

(4  51)  (3  50)

4.3B

10001two

(1  24)  (1  20)

4.3B

A16, B16, C16, D16, E16, F16

10, 11, 12, 13, 14, 15

4.3B

17eight

(1  81)  (7  80)

Research Questions
Sources of information for these questions can be found in the Research
Bibliography at the end of the book.
1. Write a report on the Egyptian numeration system.
2. Trace the development of the Babylonian numeration system, with special
emphasis on the base used.
3. Write a report on the Sumerian numeration system.
4. Write a report on the Mayan calendar. Include the glyph (graphic symbol or
character) used for each day and the lengths of its months and year. Find
information on how to correlate the Gregorian and Mayan calendars.

Chapter Summary

The Chapter Summary provides brief
definitions and examples for key
topics within a given chapter. It also
contains section references to encourage students to review sections, rather
than memorize a definition out of
context. Research Questions are also
provided at the end of each chapter
summary.
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Practice Test

A Practice Test appears at the end of
each chapter. The tests are designed to
help students check their comprehension and can help to further develop
problem-solving and test-taking skills.

220

4 Numeration Systems

5. Write a report on the life and works of Mohammed al-Khowarizmi, with
special emphasis on the books he wrote.
6. Write a report on A. Henry Rhind and the Rhind papyrus.
7. Write a report on the uses of binary arithmetic in computers.
8. Write a report on Leonardo Fibonacci and his book the Liber Abaci.
9. Write a report about the development and use of ASCII.

Chapter 4 Practice Test
1. Write the following in Egyptian numerals:
a. 63
b. 735

2. Write the following in decimal notation:
a.
b.

3. Write the following in Babylonian numerals:
a. 63
b. 735

4. Write the following in decimal notation:
a.
b.

5. Do the multiplication 23  21 using the following:
a. The Egyptian method of successive duplication
b. The Egyptian method of mediation and duplation

6. Write the following in decimal notation:
a. LXVII
b. XLVIII

7. Write the following in Roman numerals:
a. 53
b. 42
c. 22,000

8. Write the following in expanded form:
a. 2507
b. 189

9. Write the following in decimal notation:
a. (3  103)  (7  102)  (2  100)

b.

(5  104)  (9  103)  (4  10)

10. Do the following computations in the usual way and in expanded form:
a. 75  32
b. 56  24
11. Perform the indicated operations, leaving the answers in exponential form:
b. 29  23
a. 34  38
12. Do the following computations in the usual way and in expanded form:
a. 83  21
b. 54  7
13. Change the following to decimal notation:
b. 1435
c. 11012
a. 2034

14. Change the following to decimal notation:
a. 1528
b. A2C16

15. Convert the number 33 to the following:
a. Base 5
b. Base 6

16. Convert the following to binary notation:
a. 39
b. 527

17. Convert the number 47 to the following:
a. Base 8
b. Base 16
18. Perform the indicated computations in the binary system.
a. 11012
b.
11012
Answers
to Practice Test 111 221
 101
2
2
19. Perform the indicated computations in the binary system.
a. 11012  112
b. 101102  1012
22. Multiply 378 by 58 in the octal system.
20. Do the indicated computations in the binary system.
24. Divide 5728 by
octal system.
a. 610110
b. 1101112  1102
8 in the
2  112

21. Add 6328  468 in the octal system.
23. Subtract 468 from 6328 in the octal system.

25. Do the indicated computations in the hexadecimal system:
b. 3C416  2B16
a. 2BC16  5D16

Answers to Practice Test
IF YOU
MISSED

ANSWER

■

REVIEW

Question

Section

Example(s)

Page(s)

1. a.

b.

1

4.1

Table 4.3

180

2.
3.
4.
5.

b. 121
b.
b. 131
b. 23 21

2
3
4
5

4.1
4.1
4.1
4.1

Table 4.3
3
4
1, 2

180
183
183
181, 182

6
7
8

4.1
4.1
4.2

6
7
1

184
185
190

9
10

4.2
4.2

2
3, 4

190
191

a. 23
a.
a. 82
a. \1 21
\2 42

11

\4 84

5

42
84

8 168

2

168

\16 336
1 336
483
483
6. a. 67
b. 48,000
7. a. LIII
b. XLII
c. XXII
3
2
8. a. (2  10 )  (5  10 )  (0  10)  (7  100)
b. (1  102)  (8  10)  (9  100)
9. a. 3702
b. 59,040
10. a.
75
( 7  10)  5
 32
 ( 3  10)  2
107
(10  10)  7
 ( 1  102)  7
 107
b. 56
(5  10)  6
 24
()(2  10)  4
32
(3  10)  2
 32
11. a. 34  38  348  312
b. 29  23  293  26
12. a.
83
( 8  10)  3
 21
 ( 2  10)  1
83
( 8  10)  3
166
(16  102)  ( 6  10)
1743
(16  102)  (14  10)  3
 (1  103)  (6  102)
 (1  102)  (4  10)  3
 (1  103)  (7  102)
 (4  10)  3  1743

11

4.2

5

191

12

4.2

7, 8

192

Answers to Practice Test

The Answers to Practice Test follow
immediately after each Practice Test.
The answers to each question are
keyed to a specific section, example,
and page(s) that students should reference if their answer is incorrect. This
feature provides students with a means
of diagnosing the skills and concepts
they have mastered and identifying
those that require further work. In
addition, the Answers to Practice Test
help students to further develop their
study skills and assess their mathematical progress.

