Username: Gregory WallsBook: College Algebra: Concepts and Contexts. No part of any book may be reproduced or transmitted in
any form by any means without the publisher's prior written permission. Use (other than pursuant to the qualified fair use privilege) in
violation of the law or these Terms of Service is prohibited. Violators will be prosecuted to the fuil extent of the law.

A1 w Numbers and Their Properties

To use the Distributive Property in reverse, we look for common factors of each of
the terms in the expression we are factoring.

example 4 s

Factor the following using the Distributive Property.
(a) 3x+ 3

(b) ax + 2ay

(¢) 2bx + 4x

(d) 3abc + 6ab + 3bc

Solution

(a) The common factor in each term is 3. So we factor 3 from each term using the
Distributive Property.

Ix+3-1=3(x+1)

(b) The common factor in each term is a. So we factor a from cach term using the
Distributive Property.

ax + 2ay ax + 2ay = a(x + 2y) Distributive Property

ais a factor {¢) The expression 2x is common to each term. So we factor 2x from each term
of each term using the Distributive Property.

2bx + 4x = 2x(b + 2)

3abc + 6ab + 3bc (d) The expression 3b is common to each term. So we factor 364 from each term
using the Distributive Property (applied to the three terms).
3b is a factor

3abc + 6ab + 3bc = 3b(ac + 2a + ¢)  Disuibutive Property
of each term ’

n NOW TRY EXERCISES 35, 39, AND 43 n

.1 Exercises \

LRI . = 1. Give an example of each of the following:
(a) A natural number
(b) An integer that is not a natural number
(¢) A rational number that is not an integer
(d) An irrational number

[ S

. Complete each statement and name the property of real numbers you used,

(@) ab = ; Property
b at+{b+c)= ; Property
(€) ab +¢) = : Property

3. (a) When iwo numbers are multiplied together, each of the mumbers is called a

(term/factor). So in the product 3xy the numbers 3, x, and y are
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ALGEBRA TOOLKIT A m Working with Numbers

{b) When two numbers are added together, each of the numbers is a
{term/factor). So in the sum 3 + xy the expressions 3 and Xy

are

4. (a) We use the to expand expressions, so (o
expand the expression a(b + ¢}, we multiply each term inside the parentheses by

,and get a(b + ¢) = +

(b) We use the to factor. The expression

ab + ac has a common factor , 80 to factor the expression ab + ac, we

factor from each term and get ab + ac =

- 5-6 ® List the elements of the given set that are:
S KS L L S (a) Natural numbers
(b) Integers
(c¢) Rational numbers
{d) Irrational numbers

5.{0,~10,50,%,0.583, V7. 1.23, - W2}
6. {1.001,03,~m, ~11,11, 8, 3.14, V16, %}

7-10 ¥ Evaluate the arithmetic expression.

7.2+ [4-7 - 5(9 - &) 8. 3(4-6 ~ 2-10) + 7(15 — 8-2)

547
9. —— - 612~ (17 — 2.3] 10. 1 — 2[3 ~ 4(5 — 6-7))

11-18 ® State the property of real numbers being used.

1.7+10=10+7 12. 2(3 + 5) = (3 + 5)2

13. (x +2y) + 3z =x + (2y + 32) 14, 2(A + B) = 24 + 2B

15, Sx + 1)3 = 15x + 3 16. (x +a){x+ b) = (x + a)x + (x + a)b
17. 243 + y) = (3 + y)2x 18. 7 + b+ ¢) = Ta + b) + T

19-22 ® Evaluate the given expression.

10 - 4 4-9 10 — 4 6— 16
20. 21, 22,
3 3 5—-2 27

S

Sk

19,

23-26 & Evaluate the given expression directly, then evaluate using the Distributive

Property.
23. 3(10 + 2) 24. (20 + 14)-5
25. (13 - 10)(-10) 26. —0.3(30 — 20)

27-34 ®m Expand the expression using the Distributive Property.
. 2T 3(x+ ) 28. 8(a — 2)
29. (a — 3c)6 30. (x + 2y)7
. 31, —4(3ax — ) 32. —-3c(bab —~ 5bd)
33. 4mn(2p + 3pg — 24q) 34. (3¢ — 2qr — 5r)(—2ps)
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A.2 = The Number Line and intervals

35-42 W Fuctor the given expression using the Distributive Property.

e 35.3x+9 36. 6y — 12
37. —2a - 2b 38. —20x + 40y
«~ 39.ab~— 6b 40. 2ax + 2ay
41. —Sab + 10bc 42. —30xz ~ 90yz
e 43, 2grs — 6qst + 12rst 4. labx + jaby — labz

| A.2 The Number Line and Intervals
« The Real Line

# Qrder on the Real Line

= Sets and Intervals

» Absolute Value and Distance

’ % The Real Line

The real numbers can be represented by points on a linc, as shown in Figure 1. The
positive direction (toward the right) is indicated by an arrow. We choose an arbitrary
reference point O, called the origin, which corresponds to the real number 0. Given
any convenient unit of measurement, each positive number x is represented by the
point on the line a distance of x units to the right of the origin, and each negative num-
ber —x is represented by the point x units to the left of the origin. Thus every real
number is represented by a point on the line, and every point P on the line corre-
sponds to exactly one real number.

The number associated with the point P is called the coordinate of P, and the
line is then called a coordinate line, or a real number line, or simply a real line.
Often we identify the point with its coordinate and think of a number as being a point
on the real line.

~22 01 39
1‘ + 5L ¢ + + 1: T

-3 -2 -1 0 1 2 3 4

figure 1 The real line

, <= Order on the Real Line

The real numbers are ordered. We say that a is less than b and write @ < bif b — ais
a positive number. Geometrically, this means that a lies to the left of b on the number

~7 =3 V2 2 line. (Equivalently, we can say that b is greater than a and write b > a.) The symbol
N VAN W S » a = b(orb = a)means that either a < bora = b and is read “a is less than or equal
—4-3-2-101 2 3 4 to b.” For instance, the following are true inequalities (see Figure 2):
figure 2 —T<-3 V2<2 2=2
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ALGEBRA TOOLKIT A = Waorking with Numbers

oo 13 -] What is the distance on the real line between the numbers —2 and 11? From
- 0 P 1"1 > Figure 8 we see that the distance is 13. We arrive at this by finding either
- [11 = (=2)| = 13 or |(=2) ~ 11] = 13, From this observation we make the fol-
figure 8 lowing definition (see Figure 9).
b= df LiSLditLe DETWEREN FOINILS U LI Redl Lile
" —a o ' ’
a b If a and b are real numbers, then the distance between the points a and b on
figure 9 Length of a line segment | the real line is |
is b~ al d(a,b) = |b ~ a
Note that |5 ~ a| = |a — b|. This confirms that, as we would expect, the dis-

tance from a to b is the same as the distance from b to a.

example 7 1

- S 10 o The distance between the numbers — 8 and 2 is
S A T d(a,b) = |~8 - 2| = |-10| = 10
figure 10 We can check this calculation geometrically, as shown in Figure 10.
| NOW TRY EXERCISE 63 B

A.2 Exercise '

1. Explain how to graph numbers on a real number line.

2. If a < b, how are the points on a real line that correspond to the numbers « and b
related to each other?

3. The set of numbers between but not including 2 and 7 can be written as follows:
(a) in set builder notation
() ininterval notation
4. Explain the differences between the following two sets: A = [~2, 5] and B = (-2,5)
$. The symbol | x| stands for the of the number x. If x is not 0, then
the sign of | x| is always
6. The absolute value of the difference between g and b is (geometrically) the

between them on the real line.

7-8 & Place the correct symbol (<, >, or =) in the space.

7@ 33 0 —3 -} © 35, ]
8.2 Joe7 o) 3 |-067 (© 1067/ ]|-0.67]

9-16 ® State whether each ineguality is true or false.
9. —6<~10 10. V2> 141 1. P <l 12, -l < —1

11

13, -7 > -3 14.8<9 15, 1.1 > 1.1 16. 8 =8
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A.2 & The Number Line and Intervals

17-20 ® On areal line, graph the numbers that satisfy the inequality.
17.x=1 18. x > —4 19, x < -3 20, x=0

21-24 = Find the inequality whose graph is given.

21. 3 T 22. = o >
23, 7% g 24, t -
-3 0 0 5
25-26 W Write each statement in terms of inequalities.
25. (a) x is positive. (b) 1is less than 4.
(€) ais greater than or equal to —1. (d) xisless than ! and s greater than ~ 5.
(e) The distance from p to 3 is at most 5.
26. (a) y is negative. (b) zis greater than 1.
(c) bis at most 8. (d) w is positive and less than or equal to 17.

(e) y is at least 2 units away from 7.

27-30 = Find the indicated setif A = {1,2, 3,4, 5, 6, 7}, B ={2,4,6,8)}, and

C=1{7,8,9,10}
27.(a) AUB () ANB
28.(a) BUC ) BN C
29.(a) AU C bMANC
30. (1) AUBU C MANEBNC

31-32 = Find the indicated set if A = {x|x = —2}, B = {x|x < 4}, and
C={x]-1<x=5}
e 3l.(@ BUC b BNC
R2.@AUC b ANC

33-40 = Consider the given interval.
(a) Give a verbal description of the interval.
(b) Express the interval in set builder notation.
(c) Graph the interval.

e 33.(=3,0) 34. (2,8]
. 35.[2,8) 36. [—6,-1]
37. {2, @) 38. (~oo, 1)
39. (—o0, ~2) 40. [-3, 00)
41-48 m Express the inequality in interval notation, and then graph the corresponding
interval.
A i1=x=<2 42,3 <x<5
43 -2<x=1 44, -5 <x<2
45, x = -5 46. x = 1|
47. x> —1 4. -S=x<-2
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ALGEBRA TOOLKIT A = Working with Numbers

49-52 m The graph of an interval is given. Express the interval (a) in set-builder notation
and (b) in interval notation.

49. > 50, —o -
-3 0 5 -3 0 5
51 : o> 52, — : -
0 2 -2 0
53-58 m Graph the set.
F 83 (-2,0)U(-1,1) 54. (~2,0) N (—1,1)
55. [-4,61 1[0, 8) 56. [-4,6) U[0,8)
57. (~oc,—4) U (4, 0c) 58. (—oc, 6) 1N (2, 10)
59-60 ® Evaluate each expression.
—6
@ w2 © 5 @ |V5 -

60. (@) [100]  ®) [-5] () |[(=2)-6] (@) |10 — 7|

61-64 B Find the distance between the given numbers.

61, ——+—rA—a——t—at—— G —et——t—f et ——f—
-3-2-101 2 3 -3 -2-1 0 1 2 3

63. (2) 2and 17 (b) —3 and 21 (¢) Yand—3

64. (a) i and—; (b) —38 and —57 (€) —2.6and—1.38

| A.3 Integer Exponents

= Integer Exponents

 Rules for Working with Exponents

' # Integer Exponents
A product of identical numbers is usually written in exponential notation. For example,

9 =9x9xX9x9

TR TR

We say that 9 is the base and 4 is the exponent. In general, we have the following
definition.

If a is any real number and n is a positive integer, then the nth powerofais |

7 facioes

i
|
i a'=gXaX--Xa
i
|

The number a is called the base and n is called the exponent.
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ALGEBRA TOOLKIT A m Working with Numbers

example 5 Using the Rules of Exponents in Different Ways

4\2
Show two different ways to simplify the expression <§—;) .
X

Juﬁiuun i
Here’s one way: We start with Rule 5.

Rule 5

Simplity

i

Simplily

Solution 2
Here’s another way that starts with Rule 2.

’ ,\‘.4 2 x4-3 2
5—5 = ——5*- Kute 2
X

I
52
. xz e FEPTa
b '_?‘g blmpmy
| NOW TRY EXERCISE 47 |

.3 Exercises\
CONCEPTS

1. Using exponential notation, we can write the product5-5-5-5-5-5as

2. In the expression 3* the number 3 is called the and the number 4 is called the

3. When we multiply two powers with the same base, we the exponents. So

3*37 =

4. When we divide two powers with the same base, we

the exponents. So
3 5
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A3 = Integer Exponents

5. When we raise 2 power, (0 2 new power, we the exponents.

So(3*)?=
6. Express the following numbers without using exponents.

(@) 27" = .

) 2% =__

©G"=___

P 7-16 @ Evaluate each expression.

7. @) 3* M) (Y 8. (a) 2° M) (5)*
9. (@) (~5°  (b) —5? 10. (@) (—=10)*  (b) —10*
11. (a) {~6) b) —6° 12. (a) (—3Y (b) —37
13. (a (3 (b) -3" 14. (a) 2" (b) (-2
15. (a) 3™ ) 373 16. (a) 107 ) 10°¢

17-34 = Use the rules of exponents to write each expression in as simple 4 form as

possible.
17. 5.5 18. 23.22
19. (2°) 20. (2°)
21. (~6)" 22, —¢"
23.-3° 24. (-3)’
107 3
% 28, — .
10* 6. 35
27, 374.32 28. 54572
e 78773 273.22
<29, 72 30, 5
3. (3 32. (37
33. (Y6)? 34, (3127
35-52 m Simplify each expression, and eliminate any negative exponents.
TF 35, xt2 36, x&°
37. (% 38. (8x)
39. (a’a*y 40. (2a%a%)*
Si 4L (=3a) 42, (~2w)*
yl(ly() x6
43' Y7 44. _7)‘
a’a? 224
45. 46. =
al )3 3x4
47. | — Rt
(403 48 4x?
49. (3z)%(6:z%)° 50, (2z%)7%:

31«‘5 4 _2x2 3
Ca(®) o (22)

N S
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