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Level | Math Assessment Packet

Complete all odd numbered problems in Exercise Sets R.1 (pages 9-11), R.2 (pages 19-22),
and R.3 (pages 28-31). Answers can be found in the back of the packet.

Please bring worked out problems to the first day of class on August 18, there will be a quiz.
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Math Session Schedule*

Monday, July 13, 20, 27 — 5:30 pm-7:00 pm
Students who scored lower than 82% on the math assessment are required
to attend July 13, 20, & 27 math sessions for instruction on content.

August 3, 10 — 5:30 pm-7:00 pm
August 3 & 10 sessions will be review sessions for the quiz on August 18",

Location: Zoom on-line meeting. Link available on our web site:
www.academicchallengetheflyingcow.com/new-students

Instructor: Mrs. Ingerski, hingersk@dtcc.edu

*All students are welcome to attend any/all sessions
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a Use roster notation and
set builder notation to
name sets, and distinguish
among varlous kinds of real
numbers.

b /) Determine which of two real
numbers.is. qreater and -
indicate which, using < and
>; given an'inequality like
a<bh wr:te another
mequallty with'the same
meaning; and determme
whether an lnequallty like
-2=<3 or4 > Bis true,

;C\ Graph mequalltles on the
s
number Ilne.

’d ) Find the absolute value of a
b real number..

7
To the student:

i Atthe front of the text, you will

i find a Student Organizer card.
This pullout card will help you
keep track of important dates
and useful contact information,
:  You can also use it to plan time

' {for class, study, work, and relax-
ation. By managing your time
wisely, you will provide yourself
the best possible opportunity to
be successful in this course.

Find the opposite of each number.
1.8

2, -6

3.0

Answers
1.-9 2.6 3.0

 PART1 OPERATIONS
‘The Set of Real Numbers

V‘“i, »
a: Set Notation and the Set of Real Numbers
A set is a collection of objects. In mathematics, we usually consider sets of
numbers. The set we consider most in algebra is the set of real numbers.
There is a real number for every point on the real-number line. Some com-
monly used sets of numbers are subsets of, or sets contained within, the set of
real numbers. We begin by examining some subsets of the set of real numbers.
The set containing the numbers —5,0, and 3 can be named {-5,0, 3}.
This method of describing sets is known as the roster method. We use the ros-
ter method to describe three frequently used subsets of real numbers. Note
that three dots are used to indicate that the pattern continues without end.

Whole numbers are the set of natural numbers with 0 included: 3
{0,1,2,3,...}.

Integers are the set of whole numbers and their opposites:

L {....—4,-3,-2,-1,0,1,2,3,4,...}.

The integers can be illustrated on the real-number line as follows,

0, neither positive nor negative

Negative integers | Positive integers
e A

=20

Opposites

The set of integers extends infinitely to the left and to the right of 0. The
opposite of a number is found by reflecting it across the number 0. Thus the
opposite of 3 is —3. The opposite of —4 is 4. The opposite of 0 is 0. We read a
symbol like —3 as either “the opposite of 3" or “negative 3.”

The natural numbers are called positive integers. The opposites of the
natural numbers (those to the left of 0) are called negative integers, Zero is
neither positive nor negative.

Do Exercises 1-3 (in the margin at left). |
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Each point on the number line corresponds to a real number. In order
to fill in the remaining numbers on the number line, we must describe two
other subsets of the real numbers. Aud to do that, we need another type of
set notation.

Set-builder notation is used to specify conditions under which a number
is in a set. For example, the set of all odd natural numbers less than 9 can be
described as follows:

{x]xis an odd natural number less than 9}.
The set of < J
all numbers x
such that <
x is an odd natural number less than 9.

We can easily write another name for this set using roster notation, as follows:
{1,3,5,7}.

& EXAMPLE 1 Name the set consisting of the first six even whole numbers

using both roster notation and set-builder notation,
Roster notation: {0, 2,4, 6,8,10}
Set-builder notation: {x|xis one of the first six even whole numbers}

| Do Exercise 4.

The advantage of set-builder notation is that we can use it to describe
very large sets that may be difficult to describe using roster notation. Such is
the case when we try to name the set of rational numbers. Rational numbers

can be named using fraction notation. The following are examples of rational
numbers:

5 1 17 9 39 0
8 -77 15’ 7 1’ &

We can now describe the set of rational numbers.

A rational number can be expressed as an integer divided by a nonzero
integer. The set of rational numbers is

{2
q
Rational numbers are numbers whose decimal representation either

terminates or has a repeating block of digits.
. -

pisaninteger, g is an integer, and g # 0 }

Each of the following is a rational number:

5. 0.625 and & = 0.545454... = 0.54.
8 T 11 ‘_“T_—J
Terminating Repeating

The bar in 0.54 indicates the repeating block of digits in decimal notation.
Note that % = 39. Thus the set of rational numbers contains the integers.

| Do Exercises 5 and 6,

4. Name the set consisting of the
first seven odd whole numbers
using both roster notation and
set-builder notation.

Convert each fraction to decimal
notation by long division and
determine whether it is terminating

or repeating.
11
5. 16

14
6. —
13

Answers

4. {1,3,5,7,9,11,13}; {xlxis one of the first
seven odd whole numbers} 5. 0.6875;
terminating 8. 1.076323; repeating

R1 The Set of Real Numbers 3



4

The real-number line has a point for every rational number.

-1 2% =
A -1.7 10 5 4.13
[N ] 2 n 1 i || I—1 ] 1.
LI T 3L H T T W Ll 1
-5-4-3-2-1 0 t 2 3 4 5

However, there are many points on the line for which there is no rational
number. These points correspond to what are cailed irrational numbers.

—1.898898889... Vi3
-V10 / Vi o w/

e T T

-5-4 -3 -2+-1 0 1 2 3 4 5

Numbers like 7, V2, —V10, V13, and —1.898898889.. . are examples of
irrational numbers. The decimal notation for an irrational number neither
terminates nor repeats. Recall that decimal notation for rational numbers
either terminates or has a repeating block of digits.

Irrational numbers are numbers whose decimal representation

neither terminates nor has a repeating block of digits, They cannot be
represented as the quotient of two integers.

. -

e e

The irrational number V2 (read “the square root
of 2”) is the length of the diagonal of a square with
sides of length 1. It is also the number that, when 1
multiplied by itself, gives 2. No rational number can
be multiplied by itself to get 2, although some
approximations come close: 1

1.4 is an approximation of \/2 because
(1.4)% = (1.4)(1.4) = 1.96;

1.41 is a better approximation because
(1.41)% = (1.41)(1.41) = 1.9881;

1.4142 is an even better approximation because
(1.4142)% = (1.4142)(1.4142) = 1.99996164.

We say that 1.4142 is a rational approximation of /2 because
(1.4142)% = 1.99996164 =~ 2.

The symbol = means “is approximately equal to.” We can find rational approx-
imations for square roots and other irrational nurnbers using a calculator.
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The set of all rational numbers, combined with the set of all irrational
numbers, gives us the set of real numbers. '

|

Irrational Numbers

The set of real numbers is

{x|xis arational number or x is an irrational number}. '

Every point on the number line represents some real number and every
real number is represented by some point on the number line.

Real Irrationalnqmbe;s -’\/57 S / . \ V15
Numbers R L R TEER o .o ._: . / ) - . \

ORI

The following figure shows the relationships among various kinds of
real numbers. : e

[ | |
o] Irrational numbers:
—-v10,
ﬁv

ke

V15,
7.161161116...

“ Negative hféée:;s:_ 4
L I

| Do Exercise 7.

7. Given the numbers

20, —10, —5.34, 18.999,
11, - 2
T Vi, -V2, V16, 0, -3

- 9,34334333433334...:

a) Name the natural numbers.
b) Name .the whole numbers.
¢) Namie the integers.

d) Name the irrational
numbers.-

e} Name the rational numbers.
f) Name the real numbers.

Answer

7. (a) 20, V1E; (b) 20, V16, 0;
(€} 20,—10, VTE,0; (d) V7, -V2Z,
9.34334333433334...; (e) 20, —10,

—5.,34, 18.999, i—é 116, 0, —%; (f) 20, -10,

~5.34, 18.999, %, V7, -2, V16,0, -%.
0.34334333433324...
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Insert < or > for [ to write a true

sentence.
8. -5] -4

9. -1 -1

11. -9.8 [] —4§
12, 6,78 [] -6.77

13. —% ] ~-0.86
4 17

14. 29 [ 32

15. ~—=[]-—=

16. 1.8 ] 1.08

Answers

8 < 9 >
13. > 4. <

10. >
15, >

6 CHAPTER R

11. <
16, >

12,

>

1ZER

{I?} Order for the Real Numbers

Real numbers are named in order on the number line, with larger numbers
named further to the right. For any two numbers on the line, the one to the
left is less than the one to the right.

-9<6

Ll [l ] ] 1 2 ] ] i 3 2 ]
T ] T T T T T T T T [ 1) 1

T-6-5-4-3 -1 0 1 2 3 4 5

-
6

We use the symbol < to mean “is less than.” The sentence —9 < 6
means “—9 is less than 6.” The symbol > means “is greater than.” The
sentence —2 > —7 means “—2 is greater than —7.” A handy mental device is
to think of > or < as an arrowhead that points to the smaller number,

EXAMPLES Use either < or > for [] to write a true sentence.

2.40]9 Since 4 is to the left of 9, 4 is less than 9,s04 < 9.
3. -8[]3 Since -8 is to the left of 3, we have -8 < 3.
4, 71 -12 Since 7 is to the right of ~-12, then 7 > ~12.
5 —21[]-5 Since —21 is to the left of —5, we have ~21 < —5.
6. —2.7 (] —% Since —% = —1.5 and —2.7 is to the left of 1.5, we
‘ 3
have -2.7 < -5
1 ..l
7. IZ ] -27 The answer is 12 > —2.7.
8. 4.79 []4.97 The answer is 4.79 < 4.97,
9. —8.45[]1.32 Theansweris —8.45 < 1.32,
10. % % We convert to decimal notation (-g = 0.625 and

7 5
T 0.6363.. ) and compare. Thus, 3 < TR i

Do Exercises 8-16. |

All positive real numbers are greater than zero and all negative real num-
bers are less than zero.

_{ If x is a positive real number, then x > 0.

If x is a negative real number, then x < 0.
S — . i S

Nl

Note that —8 < 5and 5 > -8 are both true. These are inequalities. Every
true inequality yields another true inequality if we interchange the numbers
or variables and reverse the direction of the inequality sign.

{ a < b also has the meaning b > a. ;
N

o e e s et 14 AR A . b e e T - R P —
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EXAMPLES Write a different inequality with the same meaning.

1. a< -5 The inequality —5 > a has the same meaning.
12. -3 > ~8  Theinequality —8 < —3 has the same meaning. b
| Do Exercises 17 and 18.

Expressions like @ = b and b = a are also inequalities. We read a4 = b
as “a is less than or equal to b.” We read @ = b as “a is greater than or equal
to b.” If a is nonnegative, thena = 0,

EXAMPLES Write true or false.

13. -8 =57  Truesince —8 < 5.7 istrue.

14, -8 = -8  Truesince —8 = —8istrue.

15. —7 = 43 False since neither —7 > 41 nor —7 = 4} istrue.

16. 2= -3  Truesince —% = —0.666...and —} = —1.25and h
—0.666...> —1.25. #

| Do Exercises 19-22.

{E:} Graphing Inequalities on the Number Line

Some replacements for the variable in an inequality make it true and some
make it false. A replacement that makes it true is called a solution. The set of
all solutions is called the solution set. A graph of an inequality is a drawing
that represents its solution set.

EXAMPLE 17 Graph the inequality x > —3 on the number line.

The solutions consist of all real numbers greater than —3, so we shade all
numbers greater than ~3. Note that —3 is not a solution. We indicate this by
using a parenthesis at —3.

1 Lol L L L ] L [
1) 1 1 K] ) -

LI W
-4-3-2-1 ¢ 1 2 3 4

The graph represents the solution set {x|x > —3}. Numbers in this set
include —2.6, —1,0, 7, V2, 3§, 5, and 123.

EXAMPLE 18 Graph the inequality x =< 2 on the number line.

We make a drawing that represents the solution set {x|x = 2}.The graph
consists of 2 as well as the numbers less than 2. We shade all numbers to the
left of 2 and use a bracket at 2 to indicate that it is also a solution.

| Do Exercises 23-28. (Exercises 25-28 are on the following page.)

Write a different inequality with the

same meaning,
17. x> 6

18, -4 <7

Write true or false.
19.6 = —-94

20. —-18 = —18

4
21, -7.6 = —10—
5

24 25
22, - = = -
27 28
Graph each inequality.
23. x> —1
e
5-4-3-2-1 0 1 2 3 4 5
24.x=5
—t—t—t—t—t—
5-4-3-2-1 0 1 2 3 4 5

Answers

17.6<x 18 7> -4 19. True

20, True 21, False 22, True
23. ES N | : {2 R N N N N BT

24_:::.:-...::1:

RJ1  The Set of Real Numbers

7



Match each inequality with one of the

graphs shown below.
) 5
25.x£-—§ 26. x>0
27. 4> x 28. 2 =x
a) .
Lo i ] 1 1 ! | )
= L T T T T T T
-4 -3-2-1 6 1 2 3 4
b)
! ] | 1 [ ) [ A L
T T T T T T —
-4 -3-2-1 0 1 2 3 4
c)
s e N s e e
-4 -3-2-1 0 1 2 3 4
d)
——t—— bttt
-4 -3-2-1 0 1 2 3 4
€)
P L 1 ] h | I I ! |
r— T T | m— | T T T T
-4 -3 -2-1 0 1 2 3 4
)
nnpanl L . . ] : h | I 1
e u T T t — T T
-4 -3-2-1 0 1 2 3 4
8
- ) ' I I | I I 1
o T t T T T 1 T T
-4 -3-2-1 0 1 2 3 4
h)
| 1 I 1 L 1 1 1 [
T 1 T T T T T T——
-4 -3 -2-1 0 1 2 3 4

Find the absolute value.
1

y [—= 0, (2
29. | -7 30, [2|
aL. |§| 32, |-23|

2

Answers
25, (@) 26.(c} 27.(g 28, (d)
29, % 30.2 3L % 32, 2.3

8 CHAPTER R
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{; a: 1 Absolute Value

We see that numbers like —6 and 6 are the same distance from 0 on the
number line. We call the distance of a number from 0 on the number line
the absolute value of the number. Since distance is always a nonnegative
number, the absolute value of a number is always greater than or equal to 0.

The distance from —6t0 0is 6.
The absolute value of —6 is 6. \

The distance from 6 to 0 is 8.
/ The absolute value of 6 is 6,

|

@
S e
oL

Y_ Y R
6 units 6 units

i The absolute value of 2 number is its distance from zero on the
| number line. We use the symbol |x} to represent the absolute
value of a number x.

To find absolute value:

1. If a number is negative, its absolute value is its opposite.

| 2. Ifanumber is positive or zero, its absolute value is the same as the
i number.
.

———

EXAMPLES Find the absolute value.
19. |-7| The distance of -7 from 0is 7,30 |~7]is 7.
20. [12] The distance of 12 from 0 is 12, s0 [12] is 12.
21. {0 The distance of 0 from 0 is 0, so |0| is 0.
4 4
2. H -4
23, 1-3.86] = 3.86

Do Exercises 29-32. |

*A more formal definition of {x] is given in Section R.2.

Review of Basic Algebra



Exercise Set

Given the numbers =6, 0,1, -3, -4, %, 12, —§,3.45, 53, V/3, V25, - %, 0.131331333133331...:

1. Name the natural numbers. 2. Name the whole numbers. 3. Name the rational numbers.
4. Name the integers. 5. Name the real numbers. 6. Name the irrational numbers.

Given the numbers — /5, ~3.43, —11, 12,0, %, —1—73, , —3.565665666566665 ... :
7. Name the whole numbers. 8. Name the natural numbers. 9. Name the integers.

10. Name the rational numbers. 11. Name the irrational numbers. 12. Name the real numbers.

Use roster notation to name each set.

13. The setof all lettersin theword * 14. The set of all letters in the word 15. The set of all positive integers less
“math” “solve” than 13

16. The set of all odd whole numbers 17. The set of all even natural 18. The set of all negative integers
less than 13 numbers greater than —4

Use set-builder notation to name each set.

19. {0,1,2,3,4,5} 20. {4,5,6,7,8,9,10}
21. Thesetof all rational numbers 22. The set of all real numbers
23. The set of all real numbers greater than —3 24. The set of all real numbers less than or equal to 21

R1 The Set of Real Numbers 9



21?13 Mo 26,1810

29, -8 18 30. 0 [] —11

33, —2 [] -12 34, ~7 ] -10

37. 37= [ —~19- 38. —13.99 [ ] —8.45
5 100

Write a different inequality with the same meaning.

41. -8 > x 42, x <7

Write true or false.

45. 6 = ~6 46, —7 = -7

4,

‘f\g, Graph each inequality.

49. x < =2

I'4 £y
1! Useeither < or > for [ ] to write a true sentence.

5l.x = -2

-

10 CHAPTER R Review of Basic Algebra

27.-8[}2 28.7[] -7
31. -8 [] -3 32, -6 -3
1 11
35, -9. -2. . —13- ] =
5 g[]-22 36 135[j250
6 13 14 27
39. 13— 25 0. -5 [ 53
2
43, 127 =<y 4.100=1¢
47.5 = —8.4 48. -11 = —13%
50. x < —1
4 3 -2-1 0 1 2 3 4
52, x= -1 .
DR i S S R
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53. x> -33 54, x <0

1 | 1 ]

i 1 1 1
-4 -3 -2 -1 0 1 2 3 4

55.x =2 56. x =10

L] 1 1 L] L] )
T L] T 1] T

-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4

o

1’.& ' Find the absolute value,

{

57. |-6| 58, [-3| 59. [28] 60. |16/ 6L. [—35]
62. [—127]| 63. ‘—%y 64. ‘—E 65. |42.8 66. |16.4]
67. |986! 68. |465| 69. ’-_9?’ 70. \—Lls

Synthesis

To the student and the instructor: The Synthesis exercises found at the end of every exercise set challenge students to combine
concepts or skills studied in that section or in preceding parts of the text.

Use either = or = for [_] to write atrue sentence.

71. |-3| 5 72, |-5i ] [-2} 738, J4l O] [-7 74. |-8| {] 18l
75. List the following numbers in order from least to greatest,

1 2 1 99 1 9

Tk 1.1%, = 0.3%, 0.11, E%’ 0.009, 1000° 0.2886, 7 1%, 100

RJ1 The Set of Real Numbers 11



.2 Operations with Real Numbers

~

0oBJ ECTIVES We now review addition, subtraction, multiplication, and division of real
e numbers.
@ Add reai pqm_bers. @ Addition
b ) Find the t_:‘-pp'pﬁite, or additive To gain an understanding of addition of real numbers, we first add using the
inverse, of a number. number line.

@ Subtract réal numbers.

G f ADDITION ON THE NUMBER LINE h
@ Multipl‘y, r_.e._gltnumbers. To find a + b, we start at 0, move to &, and then move according to b.
@ Divide real humbers. « If b is positive, move to the right.
' S + If b is negative, move to the left.
+ Ifbis0,stayata.
oy

§ EXAMPLES

1. 6 + (—8) = —2: We begin at 0 and move 6 units right since 6 is positive.
Then we move 8 units left since —8 is negative. The answer is —2.

. —8 ;

| i

| 6 |

1 [—)

| 1 !

| | |
pf—rid i b 4 ——ep—1—4
-7-6-5-4-3-2-1 01 2 3 4 5 6 7
6+(—B)=—2~—/I\

2, —3 + 7 = 4: We begin at 0 and move 3 units left since -3 is negative.

Then we move 7 units right since 7 is positive. The answer is 4.
Add using the number line.

1. -5+8 : 7 :
[ 1
SV S UV TR N N NN N FOV S 1 =3 |
T ] T T T 1 T ) T i T L3 I M ]
—6-5-4-3-2-1 01 2 3 4 5 6 : : I
<
2.4+ (—2) —7=-6-5—4=3—2-1 012 3 4 5 6 7
: e Losires

3. -2 + (—5) = —=7: We begin at 0 and move 2 units left since —2 is nega-

3.3 +(-8) tive. Then we move 5 units further left since —5 is negative. The answer
T WY N S TR TR SR SR SO M S S| is —7.
T T T 1 1 [} T ] T 1 L] T T
—-6-5-4-3—2-~1 0 1 2 3 4 56
~5
_—M
4. -5+5 ; s
I | ot
LT SN NN TR TR VPO SR RN N N N OV | | | \
T 1 T T T ¥ Ll ¥ I T T T T I | |
65-4-83-2-1 0123436 F—
~7-6-5-4-3~2—-1 0 1 2 3 4 5 6 7
L arim=—t g
Answers .
L4 2.2 3-5 4.0 Do Exercises 1-4. J
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You may have noticed some patterns in the preceding examples. These
Jead us to rules for adding without using the number line.

e

( RULES FOR ADDITION OF REAL NUMBERS

1. Positive numbers: Add the numbers. The result is positive.
2. Negative numbers: Add absolute values. Make the answer negative.
3. A positive and a negative number:

« If the numbers have the same absolute value, the answer is 0.

« Ifthe numbers have different absolute values, subtract the
smaller absolute value from the larger. Thexn:

a) If the positive number has the greater absolute value, make
the answer positive.

b) If the negative number has the greater absolute value, make
the answer negative.

4. One number is zero: The sum is the other number.
. J

Rule 4 is known as the identity property of 0. It says that for any real
numbera, a + 0 = a.

<)

¢ EXAMPLES Addwithout using the number line.

4, -13 + (-8) = —21  Two negatives. Add the absolute values:
|-13| + |-8] = 13 + 8 = 21, Make the answer
negative: —21. Add.

5. —2.1 + 8.5 =64 One negative, one positive. Find the absolute 5. —7 + (-11)

values: |—2.1| = 2.1; 8.5 = 8.5, Subtract the

smaller absolute value from the larger: 6. =85 + (=9.7)

8.5 — 2.1 = 6.4, The positive number, 8.5, has 6 23
the larger absolute value, so the answer is [t (—?)
positive, 6.4,
6. —48 + 31 = —17 One negative, one positive. Find the absolute a -3 4 (_g)
values: |-48| = 48; |31| = 31. Subtract the 10 5
smalier absolute value from the larger:
48 — 31 = 17.The negative number, —48, has 9.-7+7
the larger absolute value, so the answer is
negative, —17. 10. =74 + 0
7. 26+ (-26)=10 One positive, one negative. The numbers have 1L 4 + (=7)
5 5 the same absolute value. The sum is 0.
8 —3+0=-3 One number is zero. The sum is —§. 12. 7.8 + 45
3.9 6_3 3 ( 5)
Sk -=—== 13,5+ | —<
S TEtIT1T2 8 8
2 5 16 , 15 1
10, —-+ o =— T o= o7 ' 2L
3 8 24 24 24 W -2+
| Do Exercises 5-14.
Answers
29 7
5-18 6.-186 7.-7T 8 -3
8.0 10.-74 1L -3 12 -33
13, - e
T4 10

R.2 Operations with Real Numbers 13



Find the opposite, or additive
inverse, of each number.

15, —14
2
16. —
3

17. 0

---------------- Caution! -

A symbol such as —8 is usually
read “negative 8.” It could be read
“the opposite of 8,” because the
opposite of 8 is —8. It could also
be read “the additive inverse of 8,”
because the additive inverse of 8 is
—8. When a variable is involved, as
in a symbol like —x, it can be read
“the opposite of x” or “the additive
inverse of x” but not “negative x,”
because we do not know whether
the symbol represents a positive
number, a negative numbet, or 0.
It is never correct to read —8 as

“minus 8.”

18. Evaluate —awhen g = 9.

3
19. Evaluate ~awhena = 5

20. Evaluate —(—a) whena = —-5.9,

21. Evaluate —(—a) whenag =

Answers

15. 14 16 —% 17.0 18 -9

3 2
L = 20, —5. T
195 0. —5.9 213

|y

.

[y eid

{h) Opposites, or Additive Inverses

Suppose we add two numbers that are opposites, such as 4 and —4..The
result is 0. When opposites are added, the result is always 0. Such numbers are
also called additive inverses. Every real number has an opposite, or additive
inverse.

i
i Two numbers whose surmn is 0 are called opposites, or additive inverses,
L of each other.

EXAMPLES Find the opposite, or additive inverse, of each number.

11. 86  The opposite of 8.6 is 8.6 because 8.6 + (~B.6) = 0.
12, 0 The oppaosite of 0 is 0 because 0 + 0 = 0.
13, —I  The opposite of —% is I because - + I = 0.

it

To name the opposite, or additive inverse, we use the symbol —, and read
the symbolism —z as “the opposite of a” or “the additive inverse of a."

Do Exercises 15-17.

EXAMPLE 14 Evaluate —x and —(—x) when (a) x = 23 and (b} x = 5.

a) If x = 23, then —x = —23 = -23. The opposite, or additive
inverse, of 23 is —23.
Ifx = 23, then —(—x) = —(—23) = 23.  The opposite of the opposite
of23is 23.
b) Ifx = —5, then —x = —{—5) = 5. i
Ifx = =5, then —(—x) = —(—(-5)) = —{(5) = —5. 4

Note in Example 14(b) that an extra set of parentheses is used to show
that we are substituting the negative number —35 for x. Symbolism like ——x is

not considered meaningful.

Do Exercises 18-21. ]

We can use the symbolism ~a for the opposite of a to restate the defini-
tion of opposite.

I
For any real number a, the opposite, or additive inverse, of ¢, which 5
is ~a, is such that ‘

a+(—a)=(-a)+a=0.

[ i o et 2 it
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Signs of Numbers

A negative number is sometimes said to have a “negative sign.” A positive
number is said to have a “positive sign.” When we replace a number with its
opposite, or additive inverse, we can say that we have “changed its sign.”

EXAMPLES Change the sign. (Find the opposite, or additive inverse.)
=3

15. -3 —(-8)=3 3 (-} =3

16. —3
17. 0 -0 =0 —(14) = 14 §

18. 14

| Do Exercise 22.

22, Change the sign.

We can now use the concept of opposite to give a more format definition
of absolute value.

For any real number g, the absolute value of a, denoted ||, is given by

a,
] = {
~

(The absolute value of a is a if 2 is nonnegative, The absolute value of 2
is the opposite of @ if a is negative.)

ifa = 0, Forexample,|8| = 8and|0| = 0.
ifa < 0. Forexample,|-5| = —(-5) = 5.

{c} Subtraction

ey

! The difference a — b is the unique number ¢ for whicha = b + ¢.
! Thatis,a — b = cifcisthenumbersuchthata = b + ¢.
N

St e

For example, 3 — 5 = —2 because 3 = 5 + (—2).Thatis, —2 is the num-
ber that when added to 5 gives 3. Although this illustrates the formal defini-
tion of subtraction, we generally use the following when we subtract.

For any real numbers ¢ and b,

a—-b=a+ (—h)

(We can subtract by adding the opposite (additive inverse) of the
number being subtracted.)

ke i b

EXAMPLES Subtract.

19, 3 —-5=3+ (%) =—2 Changing the sign of 5 and adding
20. 7—(-3) =7+ () =10  Changing the sign of —3 and adding
21. —194 — 56 = —19.4 + (—5.8) = —-25
4 2 4 2 20 6 14
22'"5_("5)’ 375 5 15 18 :

a 1l
b) —-17
o) ¢
dx
e) —x
Subtract,
23.8 - (-9)
24, -10-6
25.5—-8
26. —23.7 — 5.9
27. =2 — (—5)
11 23
28. — 5~ (_12)
2 5
20,2 ( 6)
30.a)17 — 23
b)-17 - 23
¢) —17 — (~23)
Answers
22, (@ —-11; () 17;{c) 0; (d) —=x; (e} x 23, 17
24, —16 25, -3 26, —29.6 27.3
28.1 29, % 30. (a) —6; (b) —40; (c) 6

R.2 Operations with Real Numbers 15



Do Exercises 23-30 on the preceding paqe.J

31. Look for a pattern and complete.

4.5=20 —2:5= FT T -
1
s5o15 3.5 (d} Multiplication
2-5= —4-5= We know how to multiply positive numbers. What happens when we multiply
l1-5= —5:5= a positive number and a negative number?
0 . 5 - —-fH 5=
1.5= Do Exercise 31.
To multiply a positive number and a negative number, multiply their i
Multiply. k absolute values, Then make the answer negative. )
32. -4-6
33, (3.5)(-8.1) i EXAMPLES Multiply.
4 23, =35 = ~15 24. 6-(=7) = —42
84, —5 10 25. (~1.2)(4.5) = ~5.4 26.3-(-}) =2 (-4 =-% 3

Note in Example 25 that the parentheses indicate multiplication.

Do Exercises 32-34. J

35, Look for a pattern and complete,

4(~5) = =20 —1(-5) = ‘What happens when we multiply two negative numbers?
8(=5) = -15 —2(-5) Do Exercise 35. J
2(—5) = -3(~5) =
1{-5) = —4(-5) =
0(-5) = -5(-5) =
! To multiply two negative numbers, multiply their absolute values.
| The answer is positive.
i A
Multiply.
36. —~8(—9) ¢ EXAMPLES Multiply.
o (_E) (_g) 27. -3 (=5) = 15 28, —5.2(—10) = 52
"\'5 3 29, (—8.8)(~3.5) = 30.8 0. (-3)-(-§) =% E
38, {—4.7)(—9.1) Do Exercises 36-38.
{e’ Division
§’ i
¢ The quotienta + b, or g—, where b # 0, is that unique real number ¢ %
] !
| forwhicha =b-c. |
Answers The definition of division parallels the one for subtraction. Using this
$1. 10,3, 0, -5, 10, ~15, ~20, —25, -30 definition and the rules for multiplying, we can see how to handle signs when

32, -24 33, -28.35 34. -8 35 -10,

~5,0,5,10,15,20,25 36.72 37. %
38. 42.77

dividing,
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EXAMPLES Divide,
10

31. == —5, because —5 - (~2) = 10
32. ;;3—2 = —8,because —8 - (4) = —32
33. __—255 = 5,because5 - (—5) = —25
34, i—[; = —10 35. "0 +5=-2
=10 1 -10 10 =
36. :4—0 = 4,01'0.25 37. 3 " 3 ,0r3.3 %

The rules for division and multiplication are the same.

P

To multiply or divide two real numbers:

1. Multiply oz divide the absolute values.
2. If the signs are the same, then the answer is positive.
3. If the signs are different, then the answer is negative.

e e

Mmoo smman?

| Do Exercises 39-42.

Excluding Division by Zero

We cannot divide a nonzero number 5 by zero. By the definition of division, /0
would be some number that when multiplied by 0 gives n. But when any num-
ber is multiplied by 0, the result is 0. Thus the only possibility for » would be 0.

Consider 0/0. We might say that it is 5 because 5 - 0 = 0. We might also
say that it is —8 because —8 - 0 = 0. In fact, 0/0 could be any number at all.
So, division by 0 does not make sense. Division by ¢ is not defined and is not
possible.

EXAMPLES Divide, if possible.

38. % Not defined: Division by 0.
39, % =0  The quotient is 0 because - 7 = 0.
40. - Not defined: x — x = 0 forany x. 5

| Do Exercises 43-46.

Division and Reciprocals

Two numbers whose product is 1 are called reciprocals (or multiplicative
inverses) of each other.

Every nonzero real number a has a reciprocal (or multiplicative inverse)

negative number is negative,

i

1

1/a. The reciprocal of a positive number is positive. The reciprocal ofa {
)

R.2 Operations with Real Numbers

Divide.
—28
9, —
3 -14
40. 125 + (-5)
=75
41, o5
42. —4.2 + (—21)

Divide, if possible.

8 0
43, — . =
0 44 9

17 3x —3x

45. 2x — 2x 46. xX—x

Find the reciprocal of each number. ‘

3 4
47, — 48, ——
8 5
49. 18 50, —4.3
51. 0.5
Answers
39.2 40. -25 41. -3 42, 0.2
43, Notdefined 44.0 45. Notdefined
8 5 1
46. Not defined 47, 3 48, 3 49, T
1 10 1
50. —Zg.or—a 81, 0—5 or2

i7



52, Complete the following table,

§ EXAMPLES Find the reciprocal of each number.

u
a

. .5 4 5
41. = The reciprocal is 7 because i 1.
. , 1 1
42, 8 The reciprocal is 3 because 8 - e 1.
43, —— The reciprocal is —§-, because _Z, (—é) = 1.
2 3 2
% 44, 0.25 The reciprocal is % or 4, because 0.25 - 4 = 1,
3 Remember that a number and its reciprocal (multiplicative
% inverse) have the same sign. Do not change the sign when taking the
reciprocal of a number. On the other hand, when finding an opposite
0.25 (additive inverse), change the sign.
8 Do Exercises 47-52. (Exercises 47-51 are on the preceding paqe.)J
=5 We know that we can subtract by adding an opposite, or additive
0 inverse. Similarly, we can divide by multiplying by a reciprocal.
! For anyreal numbersaand b, b = 0,
. p=2_,.L
a-+b= b a b
L (To divide, we can multiply by the reciprocal of the divisor.)
Divide by multiplying by the We sometimes say that we “invert the divisor and multiply.”
reciprocal of the divisor.
53 3 7 § EXAMPLES Divide by multiplying by the reciprocal of the divisor.
1738
15. = = s “Inverting” the divisor, <, and multipk
54_E+(_1) e 1 3 rting” the di ,5.nmu1pymg
5 15
@5 )3 ()=t
3 "3 3 12’2
8 47 —_—— _ - ——
) 7 21

Answers
493 4 1 1
52.—9,4,4 , ~0.25, 025,!:)r4,--8,8,5,
1 3] 36
5 0, does notexist  53. 7 54. =

3
, — 56, -
5540 6. -8B

Do Exercises 53-56. )

The following properties can be used to make sign changes.
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For Extra Help

WMaﬂzl.ab[I"ffffg? G = 3.

‘WATCH

ODOWNLOAD READ REVIEW

(@} add

1. -10 + (-18)
5. -8 + (—8)
9. -16 + 6

13. -84 + 9.6

2. —13 + (—12)

6. —6 + (=6)

10, -21 + 11

14. -6.3 + 8.2

18. —

~N[w
+
ENERES

22, —— +

|-

FN
{\“b_‘,.:’ Evaluate —a for each of the following.

25.a= -4

26.a= -9

Find the opposite (additive inverse).

29. 10

{€; Subtract.

33.3 -7
37.23 — 23
41. -6 — (—11)

34.8 - 13

38, 23 — (—23)

42, ~7 — (-12)

3.7+ (-2)
7.7 + (-11)
11. —26 + 0

15. —2.62 + (—6.24)

11 5
19. - + (—12)

[\
w
|
o
+
w»w

27.a =37

31.0

35. 5-9

39, -23 - 23

43. 10 — (—5)

4.

12.

16.

20.

24.

28,

32.

36.

40.

44.

7+ (-5)

.9+ (~12)

0 + (—32)

—2.73 + (—8.46)

a=0

-2x

-6 — 14
—23 - (—23)
28 — (—-16)

R.2 Operations with Real Numbers 19



45. 15.8 — 27.4 46. 17.2 - 34.9 47. —18.01 — 11.24 48. —19.04 — 15.76

21 7 16 3 1 1 7 5
49, === - [ -L e R et e
. -%-(-3) 0. -3 - () st. -3 (1) 2 -5 (-3)

3 5 2 4 1 4 4 5
3, —-= - = - ——-= = -2
546 =375 8.575 567(9)
J\,_d«f Multiply.
57. 3(=7) 58, 5(—8) 59. —2-4 60. ~5-9
61, —8(-3) 62. =5(~7) 63. —7-16 - 64. —8 .19
3 4 5 11
65. —6(~5.7) 66, —7(~6.1) 67. —¢ 5 68. —7 - =
2 3
69. —3(~§) 70. —5(—5) 71 —3(—4)(5) 72, —6(—8)(9)
. 9 11
73. (~4.2)(—6.3) 74. (—7.4)(—9.6) [l (—?)

20 CHAPTER R  Review of Basic Algebra
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(@} Divide, if possible.

-8
79. "

84, —48 =+ (—6)

89, —

Find the reciprocal of each number.

3
93. 2

98, —865

Divide.

2 (11
o2 ()

107, 18.6 + (-3.1)

111. —48 + 0.4

5.(_3
115. —ZT( 4>

3 (8
119. —gf( 3)

~16
, et 81.
80. —
~5.4
85, —— 86.
—18
0
L — 91.
9. —
9
4, — 95.
910
99, 0.2 100.
3 [ 6
104. - - ( 7)

108. 39.9 + (-13.3)

112. 520 + (—0.13)

5 (5
116.—57( 6)

f—i 82
__il": 87.
y—iy 92.
—% 96.
0.8 101.

63

" -7

2x — 2x
2x — 2x

10 2
105, —— + { ——
.3+ (-%)

3

109, (~75.5) + (~15.1)

2 4
117. -+ {-=
3 ( 9

121. -6.6 + 3.3

)

83. —77 + (~11)

92
88. —

97. 25

102, —
8x

110, (—12.1) + (~-0.11)

3 {5
113.—57( a)

122, —44.1 + (—6.3)

R.2 Operations with Real Numbers 21



123. 13 124.—2—0‘—
-17.8 -9
. — 27,
126 3.2 127 17 - 17

—4.5

,x#0

Skilt Maintenance

48.6
125, —
> 50
-8

128. ———

—-6.4

aa#0

This heading indicates that the exercises that follow are Skill Maintenance exercises, which review any skill previously studied in
the text. You can expect such exercises in every exeicise set. Answers to gll skill maintenance exercises are found at the back of
the book. If you miss an exercise, restudy the objective shown in red.

23 7

Given the numbers V3, —12.47, —13, 26, 1, 0, — =, —, 4.57557555755557 ...:

32'11
131. Name the whole numbers.

134. Name the irrational numbers.

Use either < or > for [| to write a true sentence. [R.1b]
137. -7 8 138.5 13

Synthesis

132. Name the natural numbers.

135, Name the rational numbers.

141. The reciprocal of an electric resistance is called
conductance. When two resistors are connected in
parallel, the conductance is the sum of the

conductances,
1,1 ®
. n —NMVAWA—
M

Find the conductance of two resistors of 12 ohms and
6 ohms when connected in parallel.

22 CHAPTER R Review of Basic Algebra

[R.1a]

133. Name the integers.

136. Name the real numbers.

139, —45.6 [ ] —23.8 140, 123 [] -10

142. What number can be added to 11.7 to obtain ~73?

143. What nuinber can be multiplied by —0.02 to obtain
—625?

Copyright © 2011 Pearson Education, Inc.



Exponential Notation and
R.3

Order of Operations

{a’ Exponential Notation

Exponential notation is a shorthand device. For 3 - 3 - 3 - 3, we write 34, In
the exponential notation 3%, the number 3 is called the base and the number
4 is called the exponent.

Exponential notation a”, where n is an integer greater than 1, means

ara-a--d-a.

n factors

We read “a”” as “a to the nth power,” or simply “a to the nth.”
We can read “a®” as “a-squared” and “a®” as “a-cubed.”

................................................ Caution! e e

a™ does not mean to multiply 7 times «. For example, 32 means 3 - 3, o1 9,
not3 - 2, orb.

| Do Exercises 1-3.

EXAMPLES Evaluate.
4, 92=9-9=381

(S

9. —(5%)=—(5-5-5) = —125
10. —(10)* = —(10- 10 - 10 - 10) = —10,000
11. (—-10)4 = (-10)(-10)(—10)(—10) = 10,000
Note that —(10)* = (~10)%, as shown in Examples 10 and 11. In
~(10)4, the sign is outside the parentheses; in (—10)%, the sign is inside the
parentheses.

| Do Exercises 4-10.

OBJECTIVES

e
i @ } Rewrite expressions with
whole-number exponents,
and evaluate exponentiai
= expressions.

fb} Rewrite expressions with or
~  without negative integers as
exponents,

Sy o . . .
1, € } Simplify expressions using
™ the rules for order of
operations.

Write exponential notation.
1.8-8-8-8

Evaluate.
4 112
4, 3 5. (Z)
6. (—10)° 7. (0.2)3
8. (5.8)4 9, —44

10. (—3)¢

Answers

3
1.8 2mb 3. (%) 4,81 5. 1

16
6. 1,000,000 7. 0.008 8, 1131.6496
9. -256 19, 81

R.3 Exponential Notation and Order of Operations 23



When an exponent is an integer greater than 1, it tells how many times
the base occurs as a factor. What happens when the exponent is 1 or 0?2 We
cannot have the base occurring as a factor 1 time or 0 titnes because there are
no products. Look for a pattern below. Think of dividing by 10 on the right.

On this side, 104=10-10-10-10 = 10,000 | On thisside,
ghtz ex;mr:;an’{s 103 = 10 - 10 - 10 = 1000 v\;e di‘gd(: by 10
ecrease by SRS at each step,
at each step. 104 = 1010 = 100

10l =2
109 =12

In order for the pattern to continue, 10! would have to be 10 and 10° would
have to be 1. We will agree that exponents of 1 and 0 have that meaning,

For any number g, we agree that a! means a.
For any nonzero number a, we agree that a° means 1.

# EXAMPLES Rewrite without an exponent.
Rewrite without exponents. 12. 41 = 4 13. (_97)1 = —g7
1 .
1.8 14, 80 =1 15. (-37.4)0 = 1 ;
12, (-31)! , . e 0 -
Let’s consider a justification for not defining 0*. By examining the pattern
13, 30 3% = 1,20 = 1, and 19 = 1, we might think that 0° should be 1. However, by
examining the pattern 03 = 0, 02 = 0, and 0! = 0, we might think that 0°
14. (—7)° should be 0, To avoid this confusion, mathematicians agree not to define 0°,
15. y%, wherey # 0 Do Exercises 11-15. J

jg Negative Integers as Exponents

How shall we define negative integers as exponents? Look for a pattern below,
Again, think of dividing by 10 on the right.

On this side, 102 = 160 On this side,
the exponents | 141 . 1p we divide by 10
decrease by 1 at each step.

0

at each step. 10° =1
1071 =2
1072 =2

In order for the pattern to continue, 10~ would have to be % and 1072 would
have to be . This leads to the following agreement.

—

Answers
iL.8 12.-31 131 141 151
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| EXAMPLES Rewrite using a positive exponent. Evaluate, if possible.
1

1
6. y 5 =— 17, — = t4
16. y 5 !
1 1 1 1
18. (-2 -3 = = o =
B (=GR~ a2 8 B
1\3 1 1 8
19. (—) =——=I=1--=8
AN
2\ % 1 1 25 25
20. (—) =E—_—=—=1.=
5 (2p 4 4 4 3

The numbers 4" and 4™ are reciprocals because

1 &

n.gN=2ght, —_ =2
a’-a a PR

=1

For example, y3 and y 2 are reciprocals:
.1
73

w

-y—s =y3 = =1,

'*.‘.“ﬁ
w

Caution!

A negative exponent does nof necessarily indicate that an answer is
negative! For example, 372 means 1/32, or 1/9, not —9.

f EXAMPLES Rewrite using a negative exponent.
1 1
21, ~ =x"2 22, ——— = (-7)*
x? (-7)* (=7) )

(B Exereises 21 nt 227

@ Order of Operations

What does 8 + 2 - 53 mean? If we add 8 and 2 and multiply by 53, or 125, we
get 1250. If we multiply 2 times 125 and add 8, we get 258, Both results cannot
be correct. To avoid such difficulties, we make agreements about which
operations should be domne first.

RULES FOR ORDER OF OPERATIONS
1. Do all the calculations within grouping symbols, like parentheses,
before operations outside.
2. Evaluate all exponential expressions.
3. Do all multiplications and divisions in order from left to right.
4, Do all additions and subtractions in order from left to right,

Most computers and calculators are programmed using these rules. Answers

1 1 s
— 17 -— 18, 19. 125
— W 18 10

20.1?6 21. a3 22, (-5)%

16.
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i EXAMPLE 23 Simplify: —43 - 56 — 17,
There are no parentheses or powers so we start with the third rule.
—43 . 56 — 17

I

-2408 ~ 17 Carrying out all multiplications and
divisions in order from left to right

—2425 Carrying out all additions and
subtractions in order from left to right

+
k)

% EXAMPLE 24 Simplify: 8 + 2 - 53,

8+2-55=8+2-125 Evaluating the exponential expression
= § + 250 Doing the multiplication
= 258 Adding

it

a1

i EXAMPLE 25 Simplify and compare: (8 — 10} and 8% — 102
(8 — 10)2 = (=2)? = 4;
82 — 102 = 64 — 100 = —36

We see that (8 — 10)2 and 82 — 102 are not the same.

LR

? EXAMPLE 26 Simplify: 3¢ + 62 - 8 — 2(29 + 33 - 4).
34+62-8—2(29 +334)

=3%+62-8—2(29 + 132) Carrying out operations inside
parentheses first; doing the

multiplication
=3%+ 628~ 2(161) Completing the addition inside
parentheses
L = 81 + 62 -8 — 2(161) Evaluating the exponential
Simplify. expression
28. 43 — 52+ 80 = 81 + 496 — 2(161)} Doing the multiplication in
24, 35 .- 34. 32 = 81 + 496 — 322 order from left to right
= 577 — 322 Doing all additions and
25.62-8 + 4% - (52 — 64 + 4) = 255 subtractions in order from left
to right ?
28, Simplify and compare:
(7 — 4)% and 72 - 42 Do Exercises 23-26. )

When parentheses occur within parentheses, we can make them different
shapes, such as [ ] (also called “brackets”) and { } (usually called “braces”).
Parentheses, brackets, and braces all have the same meaning. When parenthe-
ses occur within parentheses, computations in the innermost ones are to be
done first.

i EXAMPLE 27 Simplify: 5 - {6 — [3 — (7 + 3)]}.
5-{6-[3—(7+3)]}=5—{6—-[3—-10]} Adding7 +3

=5 - {6 - [-7]} Subtracting3 — 10
=5-13 Subtracting

6 — [—7]
= —8

Answers
23, —4117 24,27 25, 551 26. 9;33
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i EXAMPLE 28 Simplify: 7 — [3(2 — 5) ~ 4(2 + 3)].
7—-[3(2-5)—42+3)]=7—[3(—3) — 4(5)] Doingthe calculations

in the innermost
grouping symbols first
=7 —1{-9 - 20]
=7 - [-29] Simplify.
= 36 : 27.6 — {5 [2 — (8 + 20)]}
| Do Exercises 27 and 28. 28.5+ {6~ [2+(5-2)]}

(In addition to the usual grouping symbols—parentheses, brackets, and \I

9 EXAMPLE 29 Calculate:

braces—a fraction bar and absolute-value signs can act as grouping :

L symbols. J

1217 -9/ + 8-5
32 + 28
An equivalent expression with brackets as grouping symbols is
[12]7 — 9] + 8 - 5] = [3% + 28]

What this shows, in effect, is that we do the calculations in the numerator and
in the denominator separately, and then divide the results:

.

127 -9/+8-5 12[-2[+8-5

32 1 93 = 9+ 8 Subtracting insic.ie the
absolute-value signs before L

- 12(2) +8-5 taking the absolute value Simplify.

17 a9, 87— 16~ 8]
_24+40 64 52+ 88
A T g

a0 (8 — 3)% + (7 —10)2
| Do Exercises 29 and 30. ) 32— 23

Calculator Corner

Order of Operations Computations are usually entered on a graphing calculator in the same way in which we would
write them. To calculate 5 + 3 - 4, for example, we press G GO @GO @ GED. The result is 17
When an expression contains grouping symbols, we enter them using the @@ and @@ keys. To calculate 513%4

(11 = 2) — 24, we press (D GO O OO @ D O GID. The result is 39. 711-2)-24 ‘;

Since a fraction bar acks as a grouping symbol, we must supply parentheses when entering some fraction (45+135)/(2-17)

+ 135
expressions. To calculate 4g 7 . for example, we enter it as (45 -+ 135) -+ (2 — 17). The result is —12.

Exercises: Calculate.
‘1,48 +2-3-4-4 2.48+(2-3-4)-4

172 - 311

3. {(25-30) = [(2-18) = (4-2)]} + 15(45 + 9) T

Answers

54
27. -25 2B.6 28, 241 30. 34
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BRI R

1@ Write exponential notation.

1.4-4.4.4.4 2.6:6-6
3.5:5-5:-5:5-5 44X x-x-x
5. mmm 6. e

U 8. (3.8)(3.8)(3.8)(3.8)(3.8)

‘12 12 12 12

9. (123.7)(123.7) 10. (%)(_%)(‘%)

Evaluate,
11. 27 12. 93 13. (-2)5 14. (-7)2
1 4
15. (§> 16. (0.1)8 17. (—4)2 18. (—3)*
4
19. (—5.6) 20. (%) 21, 5! 22. (V&)
1
23, 34° 24. (g) 25. (V6)° 26. (—4)"
7\! 0
27. <§) 28, (—87)

b “  Rewrite using a positive exponent. Evaluate, if possible.
o) &)
29. <Z) 30. (5> 31. 3 32. >
33. y—> 34, x78 35, — 36. —

37, (-1 38. (—4)3

Copyright @ 2011 Pearson Education, Inc.
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Rewrite using a negative exponent.

1

39. E,E

42, —

’c ' Simplify.

45,12 — 4(5 — 1)

48. 10[7 — 4(8 - 5))

51, (64 + (—4)] +~ (—2)

54.30-10 — 18 - 25
57,23 +2%-20-30
60. 43 +20 - 10 + 72 - 23
63. 4000 - (1 + 0.12)°

66, (43 -6 — 14 - 7)3 + (33 - 34)2

40. —

46. 6 — 4(8 — 5)
49. [5(8 — 6) + 12] — [24 — {8 — 4)]

52. [48 + (-3)] + (—%)

55. (5 + 7)% 5% + 72
58.7-8 — 32— 23
61. (13-2 — 8- 4)2
64. 5000 - (4 + 1.16)2

67.18—-2-3-9

47, 98 — 7(5 - 2)]

50. [9(7 — 4) + 19] — [25 — (7"+ 3)]

53, 19(—22) + 60

56. (9 — 12)% 9% - 122

59, 5% + 36+ 72 — (18 + 25 - 4)

62.(9-8 +3-3)2

65. (20 -4 + 13- 8)2 — (39 - 15)3

68.18 -~ (2-3-9)
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69. (18 ~2-3) — 9 70. (18 — 2)(3 — 9) 71. {24 + (=3)] + (_E)

72, [(—32) + (—2)] =+ (—~2) 73. 15 - (~24) + 50 74.30-20 — 1524

75.4 + (8 ~ 102 + 1 76.16 + (19 - 152 — 7 77.6% +25-71 — (16 + 25 - 4)

78,53 + 20 - 40 + 82 — 29

81.4-5—-2-6+4

84, 4%/8

87. 8(—7) + 6(~5)

90. 14 —~ 2(—6) + 7

93, 7 + 10 — (~10 + 2)

96. 28 — 10°

30 CHAPTER R

79. 5000 - (1 + 0.16)3

82. 8(7 — 3)/4

85. [2- (5 - 3))?

88. 10(—5) + 1(—1)

8.9+ (-3)+16+8

94. (3 — 8)?

97. 20 + 43 + (-8)

Review of Basic Algebra

80. 4000 - (3 + 1.14)2

83. 4- (6 + 8)/(4 +3)

86. 5% — 72

89, 19 — 5(—3) + 3

92, —32 — 8 + 4 - (-2)

95, 5% — g2

98. 2 x 10% — 5000

Canuricht @ 9011 Pearsan Bdueation. Tne.



99, —7(3%) + 18 100. 6[9 — (3 — 4)] 101. 9[(8 — 11) ~ 13]

20 ~ 6%
E 102, 1000 + (~100) + 10 103. 256 + (—32) + (—4 104. ——
(~100) (-82) + (~4) o
52 — |43 — g 46 -7| -5-4
105, /————— 106. ——
92 ~ 22 - 15 67— 84 — 1]
30(8 —3) —410-3 3 _ g2 .
o, 8-3) -4 ) log, =3 +12-5
102 — 6] — 2(5 + 2) —32 + (—16) + (—4)
Skill Maintenance
; Find the absolute value. [R.1d]
| 109. ’—% 110. |2.3] 111. |0} 112, [-900
!
Compute. [R.2a, c, d}
113. 23 — 56 114. —23 — 56 115. —23 — (—56) 116. —23 + (—56)
2 15
117. (-10)(2.3) 118. (—10){-2.3) 119, 10(-2.3) 120. (_5)(_Y€)
Synthesis
Simplify.
121, (=2)° — (—-2)% — (—2)"1 + (—2}4 - (-2)72 122, 2(6' - 671 - 671 - 69)
123, Place parentheses in this statement to make ittrue: 9-5+ 2 - 8:3 4+ 1 = 22,
The symbol AW means to use your calculator to work a particular exercise.
124. [A¥ Find each of the following.
12345679 -9 =17
12345679 - 18 = ?
12345679 - 27 = ¢
Then look for a pattern and find 12345679 - 36 without the use of a calculator.
125. I8¥ Find (0.2)(-02)7", ‘ 126. /AW Determine which is larger: (7)V2 or (va)m.

127, Find (2 + 3} land 27! + 37! and determine whether they are equivalent.
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The study of algebra involves the use of equations to solve problems.
Equations are constructed from algebraic expressions. The purpose of Part 2
of this chapter is to provide a review of the types of expressions encountered
in algebra and ways in which we can manipulate them.

Algebraic Expressions and Their Use
In arithmetic, you worked with expressions such as

91 + 76, 26 —17, 14-35 7+ 8, and 52 - 32,

7
gt
In algebra, we use these as well as expressions like

x+76 26—g, 1l4-x d+1t %, and x2 <y

When a letter is used to stand for various numbers, it is called a variable. Let
t = the number of hours that a passenger jet has been fiying. Then ¢ is a vari-
able, because f changes as the flight continues. If a letter represents one particu-
lar number, it is called a constant. Let d the number of hours in‘a day Then

- dis a constant, :
An algebraic expression consists of vanables, numbers, and operatmn

10 £ =10 signs, such as +, —, -, +. All the expressions above are examples of algebraic
x—=5: jx-35=10 expressions. When an equals sign, =, is placed between two expressions, an
1x - | x=5=1lx equation is formed, '

y% + 2y yr+2y=1+y We compare algebraic expressions with equations in the table at left.

Note that none of the expressions has an equals sign (=).

T Exercise 1o

Equations can be used to solve applied problems. To illustrate this, con-
sider the bar graph below, which shows farm income for several recent years.

Income (in billions)

SOURCE:'U.S.-Departmeht of Agriculture -

Answer
1. (b) and (d)
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Suppose we want to determine how much higher farm income was in
2008 than in 2007. We can translate this problem to an equation, as follows:

Farm income How much Farm income
in 2007 plus more is in 2008
88.7 o X = Si?:.

To find the number that x represents, we subtract 88.7 on both sides of the
equation:

88.7 + x =923
88.7 + x — 88.7 = 92.3 — 88.7 Subtracting 88.7
x = 3.6,

We see that farm income was $3.6 billion higher in 2008 than in 2007.

| Do Exercise 2.

’a,a”  Translating to Algebraic Expressions

To translate problems to equations, we need to know that certain words cor-
respond to certain symbols, as shown in the following table.

KEY WORDS

; e D
add subtract muitiply divide
sum difference product quotient
plus minus times divided by
total decreased by twice ratio
increasedby | lessthan of per

L more than

Expressions like rs represent products and can also be written as r - s,
r X s, (r)(s), or r(s). The multipliers r and s are also called factors. A quotient

m
m + 5 can also be represented as m/5 or 5

4 EXAMPLE 1 Translate to an algebraic expression: Eight less than some
number.

We can use any variable we wish, such as x, y, t, 2, n, and so on. Here we
let t represent the number. If we knew the number to be 23, then the transla-
tion of “eight less than 23" would be 23 — 8, If we knew the number to be 345,
then the translation of “eight less than 345” would be 345 — 8. Since we are
using a variable for the number, the translation is

t— 8. Caution!8 — twould be incorrect.

2. Refer to the graph on the
preceding page. Translate to an
equation and solve: How much
higher was farm income in 2008
than in 20062

Answer
2. 59.0 + x = 92.3; $33.3 billion
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LEro% )

some number,

EXAMPLE 2 Translate to an algebraic expression: Twenty-two more than

This time we let y represent the number. If we knew the number to be 47,

then the translation would be 47 + 22, or 22 + 47, If we knew the number to
be 17,95, then the translation would be 17.95 + 22, or 22 + 17.95. Since we
are using a variable, the translation is

y+22, or 22+ y

A
i3

o

i EXAMPLE 3 Translate to an algebraic expression: Five less than forty-three
percent of the quotient of two numbers.

We let r and s represent the two numbers.

(0.43) ’;’ s
A

43% = 0.43

L

Fiveless than forty-three percent of the quotient of two numbers

i

¢

§ EXAMPLE 4 Translate each of the following to an algebraic expression.

Translate to an algebraic expression.
3. Sixteen less than some number

4. Forty-seven more than some
number

5. Sixteen minus some number
6. One-fourth of some number

7. Six more than eight times some
number

8. Fight less than ninety-nine
percent of the quotient of two
numbers

Five more than some number
Half of a number

Five more than three times some number
The difference of two numbers
Six less than the product of two numbers

Seventy-six percent gf some number

Eight less than twice some number

ALGEBRAIC EXPRESSION

n+5o05+n
lz:,orE
2 2
3p + 5,0r5 + 3p
=y
rs—6

76
0.?6z,orﬁz
2x—-8

Do Exercises 3-8. |

{b} Evaluating Algebraic Expressions

When we replace a variable with a number, we say that we are substituting
for the variable. Carrying out the resulting calculation is called evaluating
the expression.

7 EXAMPLE 5 Evaluatex — ywhenx = 83 andy = 49,

Xx—y=83—49 = 34.

We substitute 83 for x and 49 for y and carry cut the subtraction:

The number 34 is called the value of the expression.

Ansters
3.x-16

i
6.41‘

8. 99% -

4, y+47,0r47+y 5. 16 —-x

7. 8x + 6,0r6 + Bx

a

a
B 8, or {0.99) i 8
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EXAMPLE 6 Evaluatea/bwhena = —63andb = 7.
We substitute —63 for @ and 7 for b and carry out the division:

a —63
—=—= =9,
b 7

waF

EXAMPLE 7 Evaluate the expression 3xy + z when x = 2, y = —5, and
z=17.

We substitute and carry out the calculations according to the rules for
order of operations:

3xy + 2 = 3(2)(—5) + 7 = —30 + 7 = —23. :

| Do Exercises 9-14.

Geometric formulas must often be evaluated in applied problems. In the
next example, we use the formula for the area A of a triangle with a base of
length band a height of iength h:

A=1ibh

EXAMPLE 8 ArenofaTriangular Sail.  The base of a triangular sailis 6.4 m
and the height is 8 m. Find the area of the sail.

We substitute 6.4 for b and 8 for h and multiply:
=3bh=3-648
= 25.6m?> §

| Do Exercise 15.

EXAMPLE 9 Evaluate5 + 2(a — 1)>whena = 4.

5+2(a—1)2=5+2(4— 1)2 Substitﬁting
=5 + 2(3)? Working within parentheses first
=5+ 2(9) Simplifying 32
=5+ 18 Muliplying
=23 Adding 3

EXAMPLE 10 Evaluate9 — x® + 6 +~ 2y?whenx = 2andy = 5.

9—-x3+6+2y2=9-23+6+2(5?% Substituting
=9-8+6+2-25 Simptifying 23 and 52
=9-8+3-25 Dividing
=9-8+75 Multiplying
=1+75 Subtracting
=76 Adding

| Do Exercises 16-18.

9. Evaluate ¢ + bwhen a = 48 and
b = 36.

10. Evaluate x — ywhen x = —97
andy = 29.

11, Evaluate a/b when a = 400 and
b= -8

12, Evaluate 8t when t = 15.

13. Evaluate 4x + S5ywhenx = -2
and y = 10.

14. Bvaluate 7ab — ¢whena = —3,
b =4,andc = 62.

15. Find the area of a triangle when
his24 ftand bis 8 ft.

16. Evaluate (x — 3)*when x = 11.

17. Evaluate x2 — 6x + 9 when
x =11

18. Evaluate 8 — x3 + 10 + 592
whenx =4andy = 6.

Answers
9, 84 10. —126

11. =50
12, 120 13. 42 14, —-146
15. 96fi2 16. 64 17. 64 18. 16
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) R.4.\’] Exercise Set

For Extra Help

MyMathLab ] "ot

T R L TN L A e L TR R T S ST T S SR S

atebinry

{ @ Translate each phrase to an algebraic expression.

1. 8 more than b

3. 134 lessthanc

5. 5 increased by g

7. bmore than a

9. xdivided by y
11. xplusw
13. m subtracted from n
15, Thesumof pand g
17. Three times g
19. —18 multiplied by m
21. The product of 17% and your salary

23. Megan drove at a speed of 75 mph for thours on an
interstate highway in Arizona. How far did Megan
travel?

25. Jennifer had $40 before speniding x dollars on a pizza.

How much remains?

b Evaluate.

27. 23z, whenz = —4

29. %. whena = —-24and b = -8

mﬂn,whenm=36&ndn=4

33. %’E,whenz =Qandy =2

36 CHAPTER R Review of Basic Algebra
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2. 11 more than ¢

4, 0.203 less than d

6. 18 increased by z

8. cmorethand

10. cdivided by h

12, saddedtot

14. p subtracted from g

16. The sum of z and b

18. Twicez

20, The productof —6and ¢

22. 48% of the women attending

24. Joe had d dollars before spending $19.95 on a DVD of the

movie Citizen Kane. How much did Joe have after the
purchase?

26. Lance drove his pickup truck at a speed of 65 mph for
t hours. How far did he travel?

28, 57y, wheny = —8

30. :z;—,whenx =30andy = -6

32.

,whenp = 20and g = 30
prg P 9

34. %@,whenm =7andn = 18

Cararvight © 2011 Pearcnn Fdneatinn, Ine,



35, 2c + 3b,whenb = 4andc =6 ' 36. 4x—3},y\(henx= 3andy=—2_-__.‘
37.25 — r? + s+ r, whenr = 3ands = 27 38.n8 — 2+ p+ n%whenn=2andp =12
39. m + n(5 + n?),whenm = 15andn = 3 40. a% - 3(a - b),whena = 10.andb = —8

Stsmeriz frtevess,  'The simple interest [ on a principal of P dollars at interest rate r for ¢ years is.given by I= Prt

41. Find the simple interest on a principal of $7345at6% for ~~ 42. Find the simple interest on a priricipal of $18,000 at 4.6%
1 year. for 2 years. (Hint: 4.6% = 0.046.)

43. Areaafa zzm’*zg Tabiz.  The area A of a circle with 44, Area of ¢ Paratielogram.  The area A of a parallelogram
radlus ris given by A = arr2. The circumference C of the with base band height k is givenby A = b Find the area
circle is given by C = 27rr. The radius of Ray and Mary's of a flower garden that is shaped like a parallelogram with
round oak dining table is 27 in. Find the area and the a height of 1.9 m and a base.of 3.6 m.

circwmference of the table. Use 3.14 for 7. -

Skill Maintenance

Evaluate. [R.3a] : .
45, 35 46, (-3)5 47, (—10)? 48. (—10)* 49, (—5.3)2

2

50. (-2-) 51. (4.5)0 52, (4.5)! 53, (3x)! 54, (3x)°

Synthesis

Translate to an equation.

55. The distance d that a rapid transit train in the Denver 56, Marlana invests P dollars at 2.7% simple interest. Write.
airport travels in time ! at a speed ris given by speed an equation for the number of dollars N in the account
times time. Write an equation for d. 1 year from now.

Evaluate.
x+ 3 ’ .56

57. 2y+7y,whenx=2andy=4 SB.E—Exz,wheny=3andx=4
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Answers

CHAPTERR

Exercise Set R.1, p. 9

1. 1,12, V25 3. ~6,0,1, —3,—4,5 12,—§,3.45,5}, V25, - ¥
5. —6,0,1,~3,—4,5 12, -§ 3.45,5}, V3, VZ5, - ¥,
0.131331333133331... 7. 12,0 9. -11,12,0

11. —V/5, 7, —3.565665666566665... 13, {m, a,t, h}

15. {1,2,3,4,5,6,7,8,9,10,11,12}  17. {2,4,6,8,...}

19. {x|xisawhole number less than or equal to 5}, or {x|xisa

whole number less than 6}  21. {% la and b are integers and

b#0p 23 {x|x>-3} 25 > 27.< 29 <

3l.< 33.> 35.< 37.> 39. < 41.x<-8
43. y= —-12.7 45. False 47. True
49. ~<—r—l—+—i—)—l—[f)——i—l—i—§—+—+—>

51. <+

53. ettt
55, <«t+—++++++t+ftt—i—> 57.6 59. 28

61.35 63.% 65428 67.986 69.0 71 =
73. = 75. }%,0.3%,0.009, 1%, 1.1%.1%, I 255- 0-11, %, 0.286

Exercise Set R.2, p. 19

1. 28 3.5 5 -16 7.-4 9.-10 11 -26
13.1.2 15 -8.86 17. -3 19. -3 2L g5 23.5
25.4 27, -37 29.-10 31.0 33. -4 35 -14
37.0 39.-46 41.5 43.15 45 —-11.6 47. -29.25
49, -1 51, -1 53 -8 55 -% 57.-21 59 -8
6l.24 63. -112 65.342 67.-% 69.2 71.60
73. 2646 75.1 77.-£& 79.-2 8L -7 83.7
85. 0.3 87. Notdefined 89.0 91. Notdefined 93, %

95. - 97. % 99.5 101 —g 103. -5 105. 25

107. -6 109. 5 111.-120 113. - 115.% 1173
119. & 121. —2 123. 12 0r0923076 125. -&, or—1.62
127. Notdefined 129. -%,3;3, ~£; 0, does notexist; — 1, 1;
45 — 15 —x,% 131. 26,0 132.26 133. —13,26,0

134. V3, , 4.57557555755557...  135. —12.47, ~13,26,0,
-8 136, V3,-12.47,-13,26,7,0,~%,%
4.57557555755557...  187. < 138, > 139. < 140. >
141. ; 143. 31,250

Calculator Corner, p. 27
1.56 2.96 3.2625 4. -24,0r—%

Exercise Set R.3, p. 28
1.45 3.55 5. .m 7. (%) 9 (12372 11 128
13, -32 15. 5 17. -64 18.3136 21.5 23.1

25.1 27.% 29.16 31.% 33 —13 35. a®> 37. -%

39. 374 41, b3 43. (-16)"2 45, -4 47. -117
49.2 51.8 53. —358 55. 144;74 57. —576

59. 2599 6l1. 36 63. 5619.712  65. —200,167,769
67.3 69.3 71.16 73. -310 75.2 77. 1875
79. 780448 81.12 83. 8 85.16 87. -8 89.37
91. -1 93.22 95.-39 97.12 99. -549 101. 144
103.2 105 -2 107. 8 1090.2 110.23 111.0
112. 900 113. -33 114, —79 115,33 116, —79
117. -23  118. 23 119, =23 120.3 I21. 25}

123. 9-5+2~(8-3+ 1) =22 125. 3125

127. 2 +3)1 = () = g2l 43 =45 =5 +E=5;
so(2+ 37 #2714 378

Exercise Set R.4, p. 36
1. b+80r8+b 3.c—-134 5.5+qgorg+5

7. a+ borb+a 9.J\:—:-y,orf 11. x+ w,orw + x

13.n—-m 15. p+gqorg+p 17 3 19. —18m
21. 17%s,0r0.17s 23, 75¢ 25. $40 — x 27. —92
29.3 31.4 33. %, or225 35.16 37.19 39.57
41, $440.70 43. A = 2289.06in% C = 169.56in.  45. 243
46. —243 47. 100 48. 10,000 49. 28.09 50. 29—5
5.1 52.45 53,3x 54.1 55.d=r-t 57.9
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GUIDE TO GETTING AROUND THE JACK F. OWENS CAMPUS

LOCATION KEY ROOMS LOCATION KEY ROOMS SYMBOL KEY
+ Jason Technology Center 1 o01-199 » Studant Servicas Cantar Q 900 Saries Walkways
. Campus Store 1A « Campus Dining =T Coverad Walk
. Energy Housa 2 200 Serias » Agricutture Education Building 10 1100 Saries Bridge sana
. Arts & Science Center 3 300 Series + Production Agriculture ; ;
. ‘Arts & Sclence CenterCourtyard 3A Education Building 11 1700 Series Lot Puking Lot ldeatifer
. iliti ippi Public Safety Informati
. Stephen J. Betze Library 4 400 Series Facilities/Shipping & G Publesseoy e
. ) Receiving Building 12 -
« Carter Partnership Center 5 500 Series . Employes Parking 13 First &id Kit
» Trade & Industry Building & G600 Saries . Turf Grass Lab 14 g Dart Bus Stop
« Ervironmental Training Center 7 700 Series Erwironmental Training Lab 15
. . ! - 'IH'i Parking Lot W] Arsa
Child Development Center & 800 Series . Automotive Center of Excallance 16 il

Carter Partnership
Center

Softbdl Feld

-
o
=
™
=]

o

i}
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#— To Route 113 North/South Main Entrance #— Seashors Highway, Route 12/404 —



WILLIAM A. CARTER PARTNERSHIP CENTER

Directions and a complete map of the Owens Campus in
Georgetown can be found on Delaware Tech’s website:

www.dtcc.edu/our-campuses/georgetown/directions

Parent Pick Up/Drop Off

?aace:! Lecture
irtaif

Academic Challenge Office
Room 525A

4= Seashore Highway, Route 18/404 ==p
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