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ALGEBRA REVIEW

This appendix reviews the fundamental algebraic facts that are used fre-
quently in this book. You must be able to handle these algebraic
manipulations in order to succeed in this course and in calculus.

Integral Exponents

Exponents provide a convenient shorthand for certain products. If c is a
real number, then ¢? denotes cc and ¢* denotes ccc. More generally, for any
positive integer n

c" denotes the product ccc --- ¢ (n factors).

In this notation ¢' is just ¢, so we usually omit the exponent 1.

3*=3-.3-3-3=81and
(=2F = (-2)(-2)(-2(-2)(-2) = -32.
For every positive integer n, 0" =0 --- 0 = 0.

|
To find (2.4)° use the /\ (or a’ or x¥) key on your calculator:*
2.4 /\ 9 ENTER*
which produces the (approximate) answer 2641.80754.
O

Because exponents are just shorthand for multiplication, it is easy to deter-
mine the rules they obey. For instance,

c*® = (ccc)(cecec) = 8, thatis,  c3c® = *°5.
7 7
c’ _ cccecec _ WeNscee 3 . Gy
A= ccecc T =ccc=c’,  thatis, p i e

*The ENTER key is labeled EXE on Casio calculators.
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Exponent Laws
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Similar arguments work in the general case:
To multiply ¢” by ¢”, add the exponents: c"'c" = ¢"*".

To divide ¢™ by c", subtract the exponents: % ="

-84 and . =2 =27
o

The notation ¢" can be extended to the cases when 7 is zero or negative
as follows:

If ¢ # 0, then ¢® is defined to be the number 1.
If ¢ # 0 and n is a positive integer, then

¢ is defined to be the number %

Note that 0° and negative powers of 0 are not defined (negative powers
of 0 would involve division by 0). The reason for choosing these defini-
tions of ¢ for nonzero c is that the multiplication and division rules for
exponents remain valid. For instance,

5, 500 = (5+0.

=c"-1=¢ sothat c°

e’ = c7<%> =1=¢" sothat c7=¢c".

Cc

63=L=2:L and (-2)5=
(0.287)"2 ~ 3,201,969.857.*

(_12)5 = _3—12. A calculator shows that

If ¢ and d are nonzero real numbers and m and n are integers (positive,
negative, or zero), then we have these

.= 2: % =t

3. (@)"=c™ 4. (cd)" = c"d"
ey c =1

s (S -2 .

* = means “approximately equal to.”



CAUTION

(2x)° is not the same as
2x°. Part 4 of Example 5
shows that (2x)° = 32x°
and not 2x°.

Here are examples of each of the six exponent laws.

1. a2 = 52 = 3= 1 4. (2x)f = 256 = 3205,
T
9 10 10
X _ 7 7
2 ?=x9“=15 5 (g) _W
3. (532 =53R=5% g b1 o ts

The exponent laws can often be used to simplify complicated expressions.

a. (2x%%2)* = 21Dyt = 1628y %2t
) )

Law (4) Law (3)
6
N N _ _ r
b. r3) 2= XN 2=15% 4=?.
) )
Law 4) Law (3)
5(?/2)3 x5y6 5.‘/6 sys 5452 = it
= . N
(x y)z (x y)z 2)2 7= 4y2 y =xy

Luw 3) an “) Law 3) Law (2)

It is usually more efficient to use the exponent laws with the negative expo-
nents rather than first converting to positive exponents. If positive
exponents are required, the conversion can be made in the last step.

Simplify and express without negative exponents

a (V)2
(a3’
Solution
oy I o B
(a—3b-5)2C (a-S)Z(b—S)ZC . a—6b-10C
Law (4) Law (3)
2 (-6 —4—(-10) ~6-1 _ 46 —7 _ @b
= q 2Oy~ (C100-6-1 = g8ph- g
)
Law (2)
o
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Since (—1)(—1) = +1, any even power of —1, such as (—1)* or (—1)"?, will

be equal to 1. Every odd power of —1 is equal to —1; for instance
(=1)° = (=1)%(—=1) = 1(—1) = —1. Consequently, for every positive number c

c" if n is even

(=)' =[(=Dc]" = (-D"" = {_cn if nisodd

(—3)* = 3* = 81 and (-5)* = —5° = —125.

CAUTION

Be careful with negative bases. For instance, if you want to
compute (—12)*, which is a positive number, but you key in (—) 12
A 4 ENTER the calculator will interpret this as —(12*) and produce
a negative answer. To get the correct answer, you must key in the

parentheses:
((-)12) A 4 ENTER.
Exercises A.1
In Exercises 1-18, evaluate the expression. 19. x2-x3 - x° 20. y- 3/4 'Yy g
1. (—6) 2. —62 21. (0.03)y* - y’ 22. (1.3)2%- 2°
3.5+4(3°+2) 4 (-3 +4-1 23. (22%)3x 24. (3y”)'sy*
5 (G + (=2 e 25. (3<yf 26. (2=y’y
g C(-4 -7
27. (a®)(7a)(—32%) 28. (b*)(—b%)(3b)
7. (TS) 8. —(% + %) 29. (2w)Bw)(dw)y 30. (3d)'(24)%(5d)
) ) 31. a %3 32. cid%c3
@G -0 - .
33. (2x)2(2y)}(4x) 34. (3x)7(2y)*(2x)
1M.20 -7 12. 3 - 37 35. (=3a%)%(9x%)! 36. (2°)’(3y7)?
13. 272+ 20 14. (37" - 3% 37. (2x%)'3xy) 38. (3x2yt)’

15:2:3" 323 16. 4252+ 4%.57"
In Exercises 39-42, express the given number as a

1,1 o(1 1 power of 2.
17. 8 + = 18. 3 (3 + 3_2)
13

39. (64) 40. (—)
In Exercises 19-38, simplify the expression. Each let- ©4) 8
ter represents a nonzero real number and should N i
appear at most once in your answer. 41. (2*- 1672 42 (l) (l) (L)

’ “\2 4/\16
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In Exercises 43-60, simplify and write the given In Exercises 61-66, determine the sign of the given
expression without negative exponents. All letters rep- number without calculating the product.
resent nonzero real numbers.

61. (—2.6)%(—4.3)2 62. (4.1)7%(25)73
(2P 2\4 /_3\5
43. % 44. (f—g) (ZT) 63. (—1)°(6.7)° 64. (—4)2%°
—21)-3(4.6)-5(7 7Y
. (8_6)2 ' (6_3)3 i (x_7)2 : <y_2)4 65. (—3.1)7°(4.6)"%7.2)
S\ A -\
c ¢ y o 66. (45.8)7(—7.9)"%(—8.5)"*
b2c3d4\? 3% 12)*x2
47. (aa bzz ¥ ) 48. % In Exercises 67-72, r, s, and t are positive integers and
= a, b, and c are nonzero real numbers. Simplify and write
P ( P )2 50 ( x—2>2 the given expression without negative exponents.
bt y‘z 3-r 4-+1) a5\
67. 5—— 68. T 69. ey
S \2 x 1\ 2y\? 3 42t b
=t (33) = (37)(¥)
y —t —rbs f yb—s —f
70. £ n. £t 72, &2 )
- (g)—s(__xy 5 <5uzv>z(-suv>—s (6b) (e 'e)
“\y?/) \2y? “\2uo?) \ 2u*v
In Exercises 73-80, give an example to show that the
55 (a"%%c) 2 56 (—2cd? ') statement may be false for some numbers.
T (ab7F)! " (5¢7de)?
73.a" +b" = (a +b) 74. a'a® = a”
57. (c7d )7 58. [(x%y Y]
( ) (Y] 75. a'b® = (ab)** 76. ¢ = —’
-2 2
59. a¥a~ + a~?) 60. i + & e
b a 7 S=c 78. (a+ 1)b+1)=ab+1

79. (—a) = —a® 80. (—a)(—b) = —ab

° Arithmetic of Algebraic Expressions

Expressions such as

3
b+32 3x2—5x+4, 2tz w

x* + xy
are called algebraic expressions. Each expression represents a number
that is obtained by performing various algebraic operations (such as addi-
tion or taking roots) on one or more numbers, some of which may be
denoted by letters.

Aletter that denotes a particular real number is called a constant; its value
remains unchanged throughout the discussion. For example, the Greek
letter = has long been used to denote the number 3.14159 ---.
Sometimes a constant is a fixed but unspecified real number, as in “an
angle of k degrees” or “a triangle with base of length b.”

A letter that can represent any real number is called a variable. In
the expression 2x + 5, for example, the variable x can be any real
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number. If x=3, then 2x +5=2-3+5=11. If x=%, then

2x+5=2-%+5=6,andsoon."

Constants are usually denoted by letters near the beginning of the alpha-
bet and variables by letters near the end of the alphabet. Consequently,
in expressions such as cx + d and cy? + dy, it is understood that c and d
are constants and x and y are variables.

The usual rules of arithmetic are valid for algebraic expressions:
Commutative Laws:

a+b=b+a and ab=ba
Associative Laws:
(@a+b)+c=a+(b+c) and (ab)c = a(bc)
Distributive Laws:

alb+c)=ab+ac and (b+ cla=ba+ ca.

Use the distributive law to combine like terms; for instance,
3x +5x +4x = (3 + 5+ 4)x = 12x.

In practice, you do the middle part in your head and simply write
3x + 5x + 4x = 12x.
|

In more complicated expressions, eliminate parentheses, use the commu-
tative law to group like terms together, and then combine them.

(a% — 3VC) + (5ab + 7Vc) + 7a’b = a?b — 3V + 5ab + 7Ve + 7a%b

Regroup: =a’b + 7a’h — 3V + 7V + 5ab
Combine like terms: =  8a’h + 4V + 5ab.
| |
CAUTION

Be careful when parentheses are preceded by a minus sign:
—(b + 3) = —b — 3 and not —b + 3. Here's the reason: —(b + 3)
means (—1)(b + 3), so that by the distributive law,

—(b+3)=(-1)b+3)=(-1)b+ (-1)3=—-b~-3.
Similarly, —(7 —y) = -7 - (-y) = -7 + y.

*We assume any conditions on the constants and variables necessary to guarantee that an
algebraic expression does represent a real number. For instance, in Vz we assume z = 0

and in%we assume ¢ # 0.



Rules for
Eliminating
Parentheses

Q

The examples in the Caution Box illustrate the following.

Parentheses preceded by a plus sign (or no sign) may be
deleted.

Parentheses preceded by a minus sign may be deleted if the
sign of every term within the parentheses is changed.

The usual method of multiplying algebraic expressions is to use the dis-
tributive laws repeatedly, as shown in the following examples. The net
result is to multiply every term in the first sum by every term in the second
sum.

To compute (y — 2)(3y> — 7y + 4), we first apply the distributive law,
treating (3y” — 7y + 4) as a single number:

(y— 2By’ — 7y + 4) = yBy’ — 7y + 4) — 23y’ — Ty + 4)

Distributive law: =3P -7y +4y— 62+ 14y — 8
Regroup: =3P -7V — 6/ +4y + 14y — 8
Combine like terms: =3 — 13y + 18y - 8.
O
Example 4
We follow the same procedure with (2x — 5y)(3x + 4y):
(2x — 5y)(3x + 4y) = 2x(3x + 4y) — 5y(3x + 4y)
=2x-3x + 2x - 4y + (—5y) - 3x + (—5y) - 4y
— 6x2 _ =
6x% + 8xy — 15xy — 201>
=6x’— Txy — 200>
O

Observe the pattern in the second line of Example 4 and its relationship
to the terms being multiplied:

(2x — 5y)(3x + 4y) = 2x - 3x + 2x - 4y + (—5y) - 3x + (—5y) - 4y

First terms

(2x — 5y)(3x + 4y)

OQutside terms

(2x — 5y)(3x + 4y)

Inside terms

(2x — 5y)(3x + 4y)

1

Last terms|
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This pattern is easy to remember by using the acronym FOIL (First, Out-
CAUTION side, Inside, Last). The FOIL method makes it easy to find products such
The FOIL method can as this one mentally, without the necessity of writing out the intermedi-

be used only when ate steps.

multiplying two
expressions that each m
have two terms.

(3x + 2)(x + 5) = 3x2 + 15x + 2x + 10 = 3x? + 17x + 10.

) )
First Outside Inside Last

|
Exercises A.2
In Exercises 1-54, perform the indicated operations 25. (—2x + 4)(—x — 3) 26. (y — 6)(2y +2)
and simplify your answer.
27. (y +3)y +4) 28. (w —2)3w + 1)
1.x+7x 2. 5w + 7w — 3w
29. (3x + 7)(—2x + 5) 30. (ab + 1)(a — 2)
3. 6a’b + (—8b)a® 7
31. (y — 3)3y” + 4) 32. (y +8)(y —8)
4. —6x>VE + 7X3VE + 1583 VE ¢ . i
33. (x +4)(x — 4) 34. B3x —y)Bx +y)
5, (x*+2x+1)— (x*—3x2+14)
35. (4a + 5b)(4a — 5b) 36. (x + 6)
6. [u‘ B (—3)u3 + % + l] + (u‘ = 2143 +5— %) 37. (y o 11)2 38. (2x + 3y)2
— b2 2 _
7. [u4 — (-3’ + % + 1] - (u4 -2 +5— %) aeer 0 40. (25" — 9y)(25* + %)
41. (4 — 'y 42. (43 — 5p7)(4x° + 5%)

8. (64% + 3aV/c — 5ab\/c) + (—6ab? — 3ab + 6ab\/<)
9. [4z — 62w — (-2)2%w?] + (8 — 62%w — zw® + 42%w?)
10. (xy — 2x + 3xy’) — (—2x — x°y + 2x7)
1. (9x — x° + 1) — [2 + (—6)x + (=7)]
12, (6~ V5 —2) ~(r + Vi~ 2)~ (Vi +2 %)

13. (¥ — 3xy) — (x + xy) — (x* + xy)

43. (=3 + 2"y

44. (c - 2)22 —3c + 1)

45. 2y +3)(2 +3y — 1)

46. (x + 2y)(2x* — xy + )
47. (5w + 6)(—3w* + 4w — 3)
48. (5x — 2y)(x? — 2xy + 3%

: e
14. 2x(x? + 2) 15. (-5y)X-3y* + 1) 49. 2x(3x + 1)(4x —2)  50. 3y(—y +2)(3y + 1)
16. x’y(xy — 6xy°) 51. (x — 1)(x — 2)(x - 3)

17. 3ax(dax — 2a% + 2ay) 18. 2x(x* — 3xy + 27 52. (y — 2)3y + 2)(y +2)

19. 6232z + 5) 20. —3x%(12x5 — 7x%)

53. (x + 4y)(2y — x)(3x — y)

21. 3ab(da — 6b + 24%b)  22. (—3ay)(day — 5y) S

23. (x + 1)(x — 2) 24. (x + 2)(2x — 5)
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In Exercises 55-64, find the coefficient of x? in the
given product. Avoid doing any more multiplying than
necessary.

55. (x> + 3x + 1)(2x — 3) 56. (x* — 1)(x + 1)
58. (V3 + x)(V3 — x)

60. (x*+ x+ 1)(x—1)

57. (x* +2x — 6)(x2 + 1)
59. (x + 2)°

61. (X +x+1)(x*—x+1)
62. (2x2+ 1)(2x2—1)

63. (2x — 1)(x*> + 3x + 2)
64. (1 —2x)4x*+x—1)
In Exercises 65-70, perform the indicated multiplica-
tion and simplify your answer if possible.

65. (Vx + 5)(Vx — 5)

66. (2Vx + V2y)(2Vx — V2y)

67. (3 + Vy)? 68. (7w — V2x)?

69. (1 + V3x)(x + V3) 70. (2y + V3)(VBy — 1)
In Exercises 71-76, compute the product and arrange
the terms of your answer according to decreasing pow-
ers of x, with each power of x appearing at most once.

Example: (ax + b)(dx — ¢) = 4ax’ + (4b — ac)x — bc.

71. (ax + b)(3x + 2) 72. (4x — o)(dx + ¢)

73. (ax + b)(bx + a) 74. rx(3rx + 1)(4x — 1)

75. (x —a)(x — b)(x — ¢) 76. (2dx — c)(3cx + d)
In Exercises 77-82, assume that all exponents are non-
negative integers and find the product.

Example: 2x*3x + x"*) = 2xM)(3x) + x5
= 6xk+1 + zxk‘i'n*"l'

77. 334 78. (2x7)(8x)

79. (x" + 2)(x" — 3) 80. (v + 1)(v* — 4)

81. (2x" — 5)(x™ + 4x" + 1)

82. By* +yF+ 1)y -3)

In Exercises 83-92, find a numerical example to show

that the given statement is false. Then find the mis-
take in the statement and correct it.

Example: The statement —(b + 2) = —=b + 2 is false
whenb = 5,since —(5 + 2) = =7 but =5 + 2 = —3. The
mistake is the sign on the 2. The correct statement
is—(b+2)=-b-2.

83.3(y+2)=3y+2

84. x —(By+4)=x—-3y+4
85. (x+yl=x+y 86. (2x)* = 2x°
87. (7x)(7y) = 7xy 88. (x +y)P =22+
8. y+y+y=y
91. (x —3)x—2)=x>-5x—6

90. (@ — b2 =a* — V*

92. (a+b)@®+ ) =a+ 1

In Exercises 93 and 94, explain algebraically why each
of these parlor tricks always works.

93. Critical Thinking Write down a nonzero number.
Add 1 to it and square the result. Subtract 1 from
the original number and square the result.
Subtract this second square from the first one.
Divide by the number with which you started.
The answer is 4.

94. Critical Thinking Write down a positive number.
Add 4 to it. Multiply the result by the original
number. Add 4 to this result and then take the
square root. Subtract the number with which you
started. The answer is 2.

95. Critical Thinking Invent a similar parlor trick in
which the answer is always the number with
which you started.
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Common
Factors

Quadratic
Factoring
Patterns
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Factoring is the reverse of multiplication: We begin with a product and
find the factors that multiply together to produce this product. Factoring
skills are necessary to simplify expressions, to do arithmetic with frac-
tional expressions, and to solve equations and inequalities.

The first general rule for factoring is

If there is a common factor in every term of the expression,
factor out the common factor of highest degree.

In 4x® — 8x, for example, each term contains a factor of 4x, so that
4x® — 8x = 4x(x* — 2). Similarly, the common factor of highest degree in
*y? + 2xy® — 3x%* is xy? and

y? + 2xy® — 3%yt = x(x* + 2y — 3x). =

You can greatly increase your factoring proficiency by learning to recog-
nize multiplication patterns that appear frequently. Here are the most
common ones.

Difference of Squares = 0= (u+ o)u - v)
Perfect Squares 2+ 2uv + 0® = (u + '0)2

1w — 2uv + v* = (u — v)?

a. x? — 9y’ can be written x*> — (3y)? a difference of squares. Therefore,
2 =

%’

9y2 (x + 3y)(x — 3y).

b. ¥ =7 =y = (V7 =(y + V7)(y - V7)*
c. 36r’ — 645> = (6r)* — (8s)* = (6r + 8s)(6r — 8s)

= 2(3r + 45)2(3r — 4s) = 4(3r + 4s)(3r — 4s).
i

*When a polynomial has integer coefficients, we normally look only for factors with inte-
ger coefficients. But when it is easy to find other factors, as here, we shall do so.



Cubic
Factoring
Patterns

Q

Since the first and last terms of 4x? — 36x + 81 are perfect squares, we try
to use the perfect square pattern with u = 2x and v = 9:

4x? — 36x + 81 = (2x)> — 36x + 9?
=2xP—-2-2x-9+ 9 =(2x — 9

Difference of Cubes w—-1v= (u — '())(ll2 + uv + v?)
Sum of Cubes W+ 0=+ v - uv + v?
Perfect Cubes 1? + 310 + 3uv* + ©® = (u + v)®

u? — 3u’v + 3uv? — v* = (u — v)®

a. ¥*—-125=x>-5=(x—5)(x? +5x + 5
= (x — 5)(x* + 5x + 25).
b. ¥*+8/=x+ 2y = (x + 2y)[x* — x - 2y + (2y)?}]
= (x + 2y)(x* — 2xy + 497).
c. x> —12x2+48x — 64 = x> — 12x% + 48x — 43
=x>—3x2-4+3x-42-4
= (x — 4)%
o

When none of the multiplication patterns applies, use trial and error to
factor quadratic polynomials. If a quadratic has two first-degree factors,
then the factors must be of the form ax + b and cx + d for some constants
a, b, ¢, d. The product of such factors is

(ax + b)(cx + d) = acx® + adx + bcx + bd
= acx? + (ad + bc)x + bd.

Note that ac is the coefficient of x> and bd is the constant term of the prod-
uct polynomial. This pattern can be used to factor quadratics by reversing
the FOIL process.

Ifx? + 9x + 18 factors as (ax + b)(cx + d), then we must haveac = 1 (coef-
ficient of x?) and bd = 18 (constant term). Thus, @ = +1 and ¢ = +1 (the
only integer factors of 1). The only possibilities for b and d are

+1,+18 or +2,+9 or +3, +6.

We mentally try the various possibilities, using FOIL as our guide. For
example, we try b = 2, d = 9 and check this factorization: (x + 2)(x + 9).
The sum of the outside and inside terms is 9x + 2x = 11x, so this prod-
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uct can’t be x? + 9x + 18. By trying other possibilities we find that b = 3,
d = 6 leads to the correct factorization: x> + 9x + 18 = (x + 3)(x + 6).
|

To factor 6x* + 11x + 4 as (ax + b)(cx + d), we must find numbers a and
¢ whose product is 6, the coefficient of x>, and numbers b and d whose
product is the constant term 4. Some possibilities are

ac==6 a | £1 | £2 | £3 | £6 bd =4 b | £1 | £2 | +4

c |6 | £3 | £2 | 1 d | x4 | £2 | =1

Trial and error shows that (2x + 1)(3x + 4) = 6x? + 11x + 4.
0

Occasionally the patterns above can be used to factor expressions involv-
ing larger exponents than 2.

a -y =P - =+ ) - gs)
= (x + y)&* — 2y + y)x — y)** + 2y + ).
b. ¥—-1=0EY-1=@x'+1)@x*-1)
=@+ DE*+1)E2-1)
=@*+ 12+ 1)(x + 1)(x—1).

2]
Example 8
To factor x* — 2x2 — 3, let u = x% Then,
xt—2x2 -3 =(x?)?-2x2-3
=u*—2u—3=(u+1)(u-23)
= (x2 + 1)(x> - 3)
= (Jc2 + 1)(x + \/§)(x - \/§)
||

3x® + 3x% + 2x + 2 can be factored by regrouping and using the distrib-
utive law to factor out a common factor:
B} +3x) + (2x +2) =3x2x + 1) + 2(x + 1)
= (3x2 + 2)(x + 1).




Exercises A.3

In Exercises 1-58, factor the expression.

1
3

11.

13.
15.
17.
19.
21.
23.
25.
27.
29.
31.
33.

35.

.xr—4
.92 - 25

. 81x% + 36x + 4
.5 —x2

.49 + 28z + 427

xt =
2+x—6
22 +4z +3
¥+ 5y — 36
x2—6x+9
x2+ 7x + 10
x*+ 11x + 18
3x? +4x + 1
222 + 11z + 12
9x? — 72x
10x% — 8x — 2
8u2 + 6u — 9

4x + 20xy + 257

2.

4

10.

12.

14.
16.
18.
20.
22.
24.
26.
28.
30.
32.
34.

x2+6x+9

y2—4y+4

42— 12x+ 9

.1 — 36u?

251 — 20uv + 477

2

X

O

¥y + 11y + 30
x2—8x+ 15
-9z +14
4% — 81

w? — 6w — 16
x2+3xy—28y2
47 + 4y + 1
10x2 — 17x + 3
4 —4x -3
72+23Z+6
2 — 4y + 2

. 63u% — 46uv + 87

37. x* — 125 38. ¥ + 64
39. ¥ +6x?+12x+8  40. -3 +3y— 1
41. 8 + x° 42, 22 — 922 + 27z — 27

43. —x* + 15x2 — 75x + 125

44. 27 - ¢ 45. * + 1

46. x* — 1 47. 8x°3 — 3

48. (x — 1P + 1 49. x° — 64

50. x° — 8x? 51. y* + 7% + 10
52. 2 - 522 + 6 53. 81 —

54. x° + 16x° + 64 55. 26 — 1

56. y° + 26y° — 27 57. x* + 2x% - 3/

58. x® — 17x* + 16

In Exercises 59-64, factor by regrouping and using the
distributive law (as in Example 9).

59. x2 —yz +xz — xy 60. x® — 2x* — 8x2 + 16

61. a°> — 2> + 24°b — ab  62. v — 2w’ — 2uvw + uw
63. x> +4x>—8x—32 64.2°—527+22-10

65. Critical Thinking Show that there do not exist real
numbers ¢ and d such that x2 + 1 =
(x + o)(x + 4d).

e Fractional Expressions

Quotients of algebraic expressions are called fractional expressions. A
quotient of two polynomials is sometimes called a rational expression.
The basic rules for dealing with fractional expressions are essentially the

: . : : 23
same as those for ordinary numerical fractions. For instance, 7~ = - and

the “cross products” are equal: 2 - 6 = 4 - 3. In the general case we have

981
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Properties
of Fractions
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o

1. Equality rule: % = % exactly when ad = bc.*
. ka _a
2. Cancellation property: If k # 0, then Tt

The cancellation property follows directly from the equality rule because
(ka)b = (kb)a.

Here are examples of the two properties:

2
x-+ 2x X
= because the cross products are equal:
*+x-2 x-1 p

P+2x)x—1)=x*+x>—2x=(x2+x — 2

-1 _(P+1EP-1) 21
x2+1 (x> +1) 1

=x2—1.
||

A fraction is in lowest terms if its numerator (top) and denominator (bot-
tom) have no common factors except +1. To express a fraction in lowest
terms, factor numerator and denominator and cancel common factors.

24+x—6 =(x—2)(x+3)=x+3
2-3x+2 (@x—-2x-1 =x-1

To add two fractions with the same denominator, simply add the numer-

ators as in ordinary arithmetic: %+ % = a_;:c_ Subtraction is done

similarly.

72+2 4% +2x—5_ (7x*+2)— (&4’ +2x - 5)
2+3 x2+3 12+ 3
_7xX2+2—-4x2—2x+5
x2+3
_ 3 —2x+7
x2+3

*Throughout this section we assume that all denominators are nonzero.



To add or subtract fractions with different denominators, you must first
find a common denominator. One common denominator for a/b and c/d
is the product of the two denominators bd because both fractions can be
expressed with this denominator:

aomd oy e

b b d bd
Consequently,
g+£=ﬂ+ﬁ=ad+bc sl a_c_ad bc _ ad— bc
b d bd bd bd b d bd bd bd

2x + 1 _x2_2_(2x+l)(x—1)_3x(x2—2)

3x x—1  3x(x—1) 3x(x — 1)
(2x + 1)(x — 1) — 3x(x2 - 2)
N 3x(x — 1)
22 —x—1-3x"+ 6x
= 3x? — 3x
_ =3 +2x2+5x—1
3x2 — 3x '

Although the product of the denominators can always be used as a com-
mon denominator, it’s often more efficient to use the least common
denominator. The least common denominator can be found by factoring
each denominator completely (with integer coefficients) and then taking
the product of the highest power of each of the distinct factors.

In the sum 1

1
100 © 120°
120 = 23 - 3 - 5. The distinct factors are 2, 3, 5. The highest exponent of
2 in either denominator is 3, the highest of 3 is 1, and the highest of 5 is
2. So the least common denominator is 2° - 3 - 5 = 600

1 1 6 5 11

the denominators are 100 =22 - 5% and

700 © 120 ~ 600 * 600 ~ 600°
O
Example 6
To find the least common denominator of 1 5% and

2+2x+1 x*—x’
3x —7

——, factor each of the denominators completely:
x+ 28

(x+1?% x(x—1), 2Bx+1),

Section A.4 Fractional Expressions 983
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The distinct factors are x, x + 1, and x — 1. The least common denomi-
nator is determined by the highest power of each factor:

x + 1%x — 1).
O

To express one of several fractions in terms of the least common denomi-
nator, multiply its numerator and denominator by those factors in the
common denominator that don’t appear in the denominator of the fraction.

The preceding example shows the least common denominator (LCD) of

o TP T 1y ™™ e 7 1) ' b e + De — 1. Thersore,
| s | Par-1)  Prx-1)
GH1F @I P10 P+ -
5x 5x Ax+ 17 5x(x + 1)

x(x—1) xx—-1) Zx+17 2+ 1)%x-1)
-7 o 357 .(x+1)(x—1)=(3x—7)(x+1)(x—1)
Prx+1) Pr+1) x+1)x-1) P+ 1) (x—-1) °

2____2 we use the LCD z(z + 1)%
z+1 (z+1)

- SR (Z+l)2+322(z+1)_ 23
z+1 (z+1? zz+1?  zz+1? zz+ 1)
(z+1P?+32%(z+1)-2°

z(z + 1)
=zz+22+1+3z3+322—z

z(z + 1)

oy in k. ik o> A i

z(z + 1)

. 1
To find -zt

1
7+

3

Multiplication of fractions is easy: Multiply corresponding numerators
and denominators, then simplify your answer.

-1 3x—4_ (¥-1)GBx-4)

?+2 x+1 (x2+2)(x+ 1)
_(x=Dx+1)B8x—4) (x—1)3x—4)
@@+ )x+1) 2+2




Division of fractions is given by the rule:

Invert the divisor and multiply:

Example 10

2+x—2 +xz—l= 2+x—2 . x—3
X—6x+9 x—-3 2P2—_—6x+9 x2-1

e e
(x — 37 (x—1(x+1)

- x+2

T (x=3)(x+ 1)

R . . . 8
Division problems can also be written as fractions. For instance, 7> means

8 + 2 =4. Similarly, the compound fraction means %— % So,

aln|s s

the basic rule for simplifying compound fractions is: Invert the denomina-
tor and multiply it by the numerator.

Example 11

16y%z
8yz2  16y’z 6y’z>  16-6-y°z!
a Tyz < 8yz22  yz 8y’
6y°2%
=2-6-y""%243 =12
2
b y+2 i yz . 1 o y2
Vry y+2 Yy (y+2 +y)
2
y

R )

_ y
(y+2)(y* + 1)

Exercises A.4

In Exercises 1-10, express the fraction in lowest terms. - P 8 x* — 3x2
s T3 _ 3 . 3
] 13:27-22-10 £ o
i 6-4-11-12 (x+co)x>—cx+A) xt -y
s xt + cx Lo (x* + y?)(x* — xy)
4 6. Z +1 y Yy
: 241

Section A.4  Fractional Expressions 985



In Exercises 11-28, perform the indicated operations.

3.2 7_5 19 1) _1
11.7+5 12.8 3 13.(7+2) 3
1 2 c , 3¢ r,s  t
14.7—7 15'E+T 16 §+T+7
b ¢ a , 2a , 3 1 1
17. 5 b 18'b+b2+b3 19.;':_‘_1 X

1 1
- 2x+1+2x—l
21 1 2 - 3
Tx+4 (x+4)PF x*+8x+16
SR B 1__1
22.x+xy+xy2 23. %4
3 4 1 xX+y
24'x—1+x+1 2s'x-f-y 2+
6 x
26. -
S5(x—1)(x— 2  3(x—1%x—2)
27 1 _ 6x+2
Tdx(x + 1)(x + 2 4x+ 1)
x+y 2
28. -
o —xy)x -y -y
In Exercises 29-42, express in lowest terms.
3,12 10 10 6 1
29'4 5 9 30'45 14 2
3d% 8ac® 6%y
31. Hac " oZA 32. 2 2y
7x 66y2 ab cd ad
ok 11y 14x° N2 H W
3x+9 8?7 4x +16 2x +10
= 2x x2—-9 36'3Jc+15 x+4
5y —25 i 6x —12 8?2
8. 73 -2 B 12
u ur—1
39.u_1- "
2—t—6 t*+4t—5
W o eivo P-n
r 2uz+uv—vz.8u2+6uv—9v2
" 4u? — duv + 0P 42 — 972

2% —3xy — 27 6x° + 6y
Tex? — 5wy — 4 xF—axy — 2%
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In Exercises 43-60, compute the quotient and express

in lowest terms.

100
5.4 52 _uv_ . uv
43. 214 44, 27 45'v2w g
26
x+3 (x+2)2
3 3 —2)?
sl e PR S et
(xy? ~ xy 2x £+ 2
x+4 X2 —14
w + 7
x+y x+y W — 2
49'x+2y'<xy> = W —u + 7P
u+ov
1 3 ¥ UG &
(c + df? x 2 2P
51. Z_ £ 52. 2 .,_E 53. l+l
od x—2 x Xy
x 1 6
= ——3
x+1 y
54. 1 1 55. e 1
x x+1 y—1
ool 1 1
3 4 X
56. X Y 57. x+h «x
5 .1 h
6x? y
L S
+ 2 2
58. (I h})1 x 59. (x—1+y—l)—l
+ )
60-%
x "ty

In Exercises 61-67, find a numerical example to show
that the given statement is false. Then find the mis-

take in the statement and correct it.

1. 1_ _x _ 3
61'a+b—a+b 62'x2+x6_1+x
2
1 1 r+s s
b (\/E+\/l7)_a+b 64'r+i‘_1+7
1
u v X 1
65.F+7=1 66.I=ﬁ
y
67 (\/E+\/§)+=x+y
Vx +Vy



Exercises A.1

In Exercises 1-18, evaluate the expression. 19. &2 - x5 x1° 20
1. (—6)* 36 2. -6 —36 21. (0.03)y2-y” 0.03y° 22
3.5+43+2% 73 4. (-3)2>+4* -1 3 23. 2x%%3x 24x’ 24

_3)2 _9)4 _A)\2 2 9xty?
5_(3)2+(2) _5 6.(4)2+2+1 3 25. 3x%y)? 9x°y 26
-22 -1 (42 -7 . )
27. (a%)(7a)(—3a°%) —21a° 28.
-5\ 125 7 3y 2
7. (T) ~ 64 8. _(Z + Z) oy 29. (2w)*(3w)(4w)> 384w 30.
3 3 2 2 31. a %%°* ab® 32.
()63 ())&
Bl 33. (2x) Y(2y)*(4x) 8x 'y 34,
4 _ o7 =112 971 2650> .
11. 2 2 81 12. 3 3 62410807 35. (—3ﬂ4)2(9x3)71 aSX 3 36.
-2 2 ol -1 _ 732
e L 16 e ) 5 . 37. 2x%) () 3xy 38
15 2.5 0 @ll (g 457 4 5 O
21
1,1 129 2 1 power of 2.
e 18. 3 <3 i v 2) 84

In Exercises 19-38, simplify the expression. Each let-

ter represents a nonzero real number
appear at most once in your answer.
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In Exercises 43-60, simplify and write the given
expression without negative exponents. All letters rep-
resent nonzero real numbers.

) L2\ [53\5 228
\2 /33 g 27\2 y24x1°
“G1 =G
ﬂbzc3d4)2 2,246 GxP(y?)’x* 9x
6 ( abc*d d (2>:y2)3 8
Y 1248
49. (=) a b 50.
AS\2 1 x1 2y -2
() v (zy JH
3x\73 —x)z 1 ( )( 3140) 3 50u®
53. (— —= | 7= 54.
<y2) <2y3 108x 22v) T~ 27v2
@2 alc (=2cd’”')  200d°
B T b %8 ey 2 T cde
G
57. (C—ld—Z)—S cade [(Yy 1)2] 3 2
_ N 1 2 2b2
59. a’a™! +a7) a+560.h72+a7 az

.y y4 . y6 y11
. (1.3)2% -

. (3y%)'5y* 405"

2 1.32°

. (2xy%)? 8x3y9

(b3 (—b?)(3b) —3b°
(3d)*(2d)2(5d) 1620d”
C4d5C73 cd5
(Gx)°Q2y)*2x) 1
5 x2y2
(2v°)’(3y")* gys
Gyt O

In Exercises 39-42, express the given number as a

39. (64)? 2"
and should

41. 241672 2712

In Exercises 61-66, determine the sign of the given
number without calculating the product.

61. (—2.6)(—43)2 62. (4.1)2(2.5)
negative positive
63. (—1)°(6.7) 64. (—4)%°
negatlve positive
65. (—3.1)3(4.6) (7.2
negative
66. (45.8) 7(~7.9)(—8.5)"*
negative

In Exercises 67-72, r, s, and t are positive integers and
a, b, and c are nonzero real numbers. Simplify and write
the given expression without negative exponents.

3-r s 4—(t+l) 1 [1_6 f
67. 3= 3 8. s (3=
athM
—t —r]s\t rhp—s\—t
N 6Cb o Gs‘f,s 7. (Ctbljs)r brsz::t (ul f’r )75
( ) ¢ (C ) ¢ bZSt(casC)

T
In Exercises 73-80, give an example to show that the
statement may be false for some numbers.

73.a" +b" = (a + b) 74. a'a® = a”

75. a'b* = (ab)y'** LT =—c"

r r
L
-

77. 78. a+1)b+1)=ab+1

79. (—ap = —a? 80. (—a)(—b) = —

40.

4

N

74.

75.

76.

77.

78.

79.

80.

W=

)G =

73.

possible answer:

32 +42=9 + 16 = 25,
but (3 + 4)2 =72 =49
possible answer:

750 28 = epx

but 2°2 = 64

possible answer:
32.28=9.8=72;

but (3 - 2)?*3 = 6° = 7776

possible answer:
171 =1;

but —1' = —1
possible answer:
2562 -8,
= 8

but2s = 22 = 4

possible answer:
A+1H2+1)=6¢6;
but1-2+1=3
possible answer:
(=3 = (-3)(-8) =9,

but —32 = —9
possible answer:
(=D =1

but —(1)(1) = —



Exercises A.2

In Exercises 1-54, perform the indicated operations
and simplify your answer.

—

a &~

9.

.x+7x 8x

- (x +2x+1) (x®

2. 5w+ 7w — 3w 9w

. 6a% + (—8b)®> —2a’b
. —6xX3VE + 733VE + 1553V 16x3\Vt

— 3x2 +4)

—x*+4x>+2x -3

: [u — (=3)® + 1_24 + 1] + (u“ - 2u*+5— lz—l)
2u' +u*+6

. [u“ — (—3)u® + 1_24 + 1] - (u“ -2 +5— 12_1)
5u° +u-—4

. (6% + 3aV/e — 5abV/ec) + (—6ab? — 3ab + 6ab\/c)

6a’b — Bab2+3a\/5+ab c —3ab
[4z — 62* w—( 22 w]+(8—6z w — zw® + 42°w%)
4z—12zw+6zw —zw® +8

10. ( ]{_) 2x+3xy°' (—2x — x%y + 2x17)
11. (9x - x + 1) — [2x3 + (=6)x + (—=7)]
—3x3 + 1 X+ 8
12.(—\/§ (x+\/_—z) (Vy +z—x)
13. (x - 3xy}y x + xy) — (x% + xy)
14. 2v(r + 2) 15. (—Sy:)’(—?-y2 +1)
2x° + 4x 15y° — 5y
16. xgl/(xzy — 6xy2)
6x2y
17. 3ax(4ax 2a%y + 2ay) 18 2x(x — 3xy + 217
12a’x? — 6a’xy + 6a’xy 2x° —6xy+4xy
19. 623 (22 +5) 0. —3x? (12x - 7x°
12z% + 3023 —36x% + 21x
21. 3ab(4a — 6b + 22%b)  22. (—3ay) g4ag — 5y)
12a2b — 18ab? + 6a°b? —12a’y* + 15ay?
23. (x + 1)(x — 2) 24. (x + 2)(2x —5)
x> —x-2 x> —x—10
976 Algebra Review

25.
27.
29.
31.
33.
35.
37.
39.
41.
43.
44.
45.
46.
47. (
48.
49.
51.
52.
53.
54.

(—2x +4)(—x — 3)  26. (y — 6)(2y + 2)

2x2 + 2x — 12 2y2 — 10y — 12
(3£+ 3)(y + 4 28. (w —2)(Bw + 1)
y2+ 7y + 12 w2 —5w—2
(Bx +7)(—2x + 5 30. (ab+ 1)(a — 2)
—-6x2+x+3 a’b—"2ab + a— 2
:(;ys—?:)(gy +4)4 1232. (y+8)6(‘{—8)
-— + -

(JEV 4)(x}i 4) r 34. ‘(‘{’)x— /)(3x+y)
x2 - 16 9x2 —
(40 + Sb)(4a — 5b) 36. (x+6)2
16a® — 25b? x? +12x + 36
(14—112 38. (2x+3f
y —22y+121 2xy + 9y?
£5x—b 40. (2% — 9y J)(ZS + 9y)

5x2 —10bx+ b? 4s4— A

42. (4x° —Sy 4x +5

% 8x3 y* + y8® 16x 3

3x + 2

x4 —1 x2 y4 + 4y®
(c—2)(2c —3c+l)
2¢3 - 7;:2 +7¢c—2

2y + 3)(y" + 3y — 1)
éy +9y2 +7y - 3

x+2y)(2x —xy +

3 +3x%y — 21/+ 2y3

5w+63)( 3wz+4w—3)
—-15w +2w +9w—18
ng—ZJ‘{x—ny+3 5

X%y + 19xy? — 6y
2x(3x+1)(4x—2) 5o 3y(—y + 23y + 1)
24x° — 4x% — 4x -9y° + 15y2 + 6y
(x = 1)(x — 2)(x — 3)
x*-6x*+11x -6
(y —2)(3y+2)y+2)
3y +2y? — 12y — 8
x+4 2y — x)(Bx — y
. j(gxy)+ 26xy2—8y3
(2x—y)(3X+2y)(y—xg
—6x°% + 5x2%y + 3xy? — 2y°



Exercises A.3

In Exercises 1-58, factor the expression.

1. 224 2.2 +6x+9

(x +2)(x—2) (x + 3)?
3.952—25 4. —dy+4

( y + 5)(3y - 5) y - 2)?
5. 81x? +36§+4 6. 4x2 —12x + 9

( X + ) {zx_ §)2
7.5 \/ ) ) 8. (1— 36éA " 6u)

_ — 6u)(1 + 6u

9.& 282 S;ﬁ s 10. 2542 720uvz+ 4?

(7 + 22) (5u T 2v)
11, 2 — 12, 22— < 1 1
o + yA(x + Y(x - y) 9(‘5)G+Q
13. X +x—6 14. 2 + 11y + 30

(x +3)(x - 2) 5i(y + 6)
15. 22+ 4z + 3 16. x> — 8x + 15

(z+ 3)(2 + 1) (x = 3)(x—5)
17.(/z Sé 18. 22— 9z + 14
y+ )(y 4) (z- 7)(z -2)

19. x> —6x+ 9 20.4{

(x - 3)? 2y - 9)(2y +9)
21. X2+ 7x + 10 22. w? — 6w — 16

(X + 5)(x + 2) (W 8)(w + 2)
23. x* + 11x + 18 24. ¥ + 3x 281

(x + 9)(x + 2) (x + 71_1/)(x —4y)
25. 3x2 + 4x + 1 26.452+4/+1

Bx+1)(x+1) ( y+1)2
27. 222 + 11z + 12 28. 10x> — 17x + 3

(2z + 3)(z + 4) (5X - 1)(2X 3)
29. 9x2 — 72x 30. 4x? — 4x —

9x(x — 8) (2x + 1)(2X -3)
31. 10x% — 8x — 2 32. 72+ 232+ 6

2(x — 1)(5x + 1) (7z + 2)(z + 3)

33. 8u® + 6u — 9 34.2y274j+2
(4u - 3)(2u + 3) 2

35. 4x% + 20y & 257 36. 63u — 46buv + 8°
(2x + 5y)? (7u — 2v)(9u — 4v)

37. ¥ — 125 38. 1 + 64
39. x® + 6x2 + 12x + 8 40. 1P — 3 + 3y — 1
41. 8 + x° 42, 2% — 922 + 27z — 27

43. —x* + 15x2 — 75x + 125

44.27 - 45. x° +1

46. x° -1 47. 8x% — P

48. (x — 1)* + 1 49. x° — 64

50. x5 — 8x? 51. y* + 7> + 10
52. 2 — 522+ 6 53. 81 — y*

54. x° + 16x° + 64 55.z2°—1

56. y° + 26y° — 27 57. x* + 2x% — 37

58. x® — 17x* + 16

In Exercises 59-64, factor by regrouping and using the
distributive law (as in Example 9).

59. x> —yz +xz—xy  60. x° —2x* — 8% + 16
61. a® — 2b% + 2% — ab  62. v’ — 2u? — 2uvw + uw
63. x®+4x? —8xr—32 64. 25— 527+ 22— 10

65. Critical Thinking Show that there do not exist real
numbers ¢ and d such that x> + 1 =
(x + ¢)(x + d).

Exercises A.3

37. (x — 5)(x2 + 5x + 25)

38. (y + 4)(y2 — 4y + 16)

39. (x +

40. (y -

41. (2 + x)(4 — 2x + x?)

LP) (=&
=
(
(
(
(

X —
y+4
X+ 2
1

*<

)
)
)
)3
)
)

43. (-x+5)°
44. (3 — 1)(9 + 3t + t?)
45. (x+ (X2 —x+ 1)
46. (x — (X2 + x+1)
47. (2x — y)(4x2 + 2xy + y?)
48. x(x? — 3x + 3)
49. (x® + 2%)(x® — 29)
= (x+2)(x2—2x+4)(x —2) -
(X*+2x+4)

3
X
X

50. x3(x — 2)(x2 + 2x + 4)

51. (2 + 5)(y2 + 2)

52. (- Va)z + Va)z - Va)e + V2)
53. (9 + y2)(3 + y)(3 - )

(
54. (x + 2)3(x% — 2x + 4)?

55. (z+1)(22—z+1)(z—-1)(22+z+1)
56. (y+3)(y2—-3y+9)(y—1)(y2+y+1)
57. (x*+3y)(x2—y)



In Exercises 55-64, find the coefficient of x* in the 79. (x™ + 2)(x" - 3) 80. (v + 1)y —4) 71. 3ax? + (3b + 2a)x + 2b
given product. Avoid doing any more multiplying than .
necessary. 81 (2x" = 5)(x™" + &x" + 1) 72. 4dx® + (4c — dc)x — c?
2 2 2
55. (12 +3x + 1)2x —3) 3 56. (X — I)(x + 1) 1 82. By* + v + 1)(yv* - 3) 73. abx® + (a® + b)x + ab
74. 12r3® + (4r — 3r¥3x% — rix
57. (¢ +2x — 6)(x* + 1) =6 58. (V3 +x)(V3 —x) =1 In Exercises 83-92, find a numerical example to show ( )
16 5 that the given statement is false. Then find the mis- 75. x3 — (a+ b+ C)X2 T
50. (x +2)°6 60. 3" +x+ 1)(x = 1) 0 gie in the statement and correct it. (ab + ac + be)x — abc
61. (P +x+ 1) —x+ 1)1 Example: The statement —(b + 2) = —b + 2 is false 76. 6cdx® + (2d% — 3c?)x — cd
) ) whenb = 5, since —(5 + 2) = =7 but =5 + 2 = —3. The figien
62. 2x* +1)2x* —1) 0 mistake is the sign on the 2. The correct statement 77. 3
63. 2x — )2 +3x+2) 5 e L el dets 78. 16x"k
= +
64. (1 . 2)()(4)(2 +x— l) 2 83. 3('/ + 2) 3'J +2 79. x™tN 4+ 2x" — 3x™ - 6
84. x—(By+4)=x—3y+4 80. y'**—4y'+y°—-4
In Exercises 65-70, perform the indicated multiplica- an . on n
tion and simplify your answer if possible. 85. (x +y=x+y" 86. (2x)° = 2x° Bily 255 = & p e = 3¢ = &
3k _ A3 3
65. (\/E + 5)(\f -5) 87. (7x)(7y) = Txy 88. (x + y)P =22+ 17 82. 3y™ -8y —2y" -3
83. example: if y = 4, then
- 89. y+y+y= 90. (a — b =a>— 1? '
66§'2\f+\/_)(2\f V2y) yry+y=y G Ll 3(4+2)#(3-4)+2;
67. g 68. (7w — V2x 91. (x - 3)(x—2)=x>—5x—6 correct statement:
9w—1)4w\/ 2x + 2x 3(y+2)=3y+6
1 + \/_x)(x + \/_) 70. (Zy + \/_)(\/_y = l) 92. (n + b)(a + ) =a+0 y Y
st +4x+\/3 2V/5y% + (V15 - 2)y — 84. example: if x=0, y = 0, then
In Exercises 71-76, compute the product and arrange In ExerCISes 93 and 94, explain algebraically why each 0 — (3(0) + 4) # 0 — 3(0) + 4;
the terms of your answer according to decreasing pow- of these parlor tricks always works. :
) : correct statement:
ers of x, with each power of x appearing at most once.
93. Critical Thinking Write down a nonzero number. x—@By+4)=x—-3y—4
Example: (ax + b)(4x — ¢) = 4ax? + (b — ac)x — be. Add 1 to it and square the result. Subtract 1 from 85 e e D e 5
the original number and square the result. b GRElh [ ); =& 72 E
71. (ax + b)(3x + 2) 72. (4x = c)dx + o) Subtract this second square from the first one. then/(2 + 3)¢ # 2 + 35
73. (ax + b)(bx + a) 74. rx(3rx + 1)(dx — 7) ’]I?}llv1de by th.e Zumber with which you started. correct statement:
e answer is 4. (x+y)2: x2 + 2xy+y2
5. (x —a)x = b)x = o) 76. (2dx = c)(3ex + d) 94. Critical Thinking Write down a positive number. 86. example: if x = 5,
Add 4 to it. Multiply the result by the original
In Exercises 77-82, assume that all exponents are non- number. Add 4 toptlzlis result and};hen taki the then (2(5))3 = 2(5)3;
negative integers and find the product. square root. Subtract the number with which you correct statement:
Example: 2x*(3x + x"*") = 2xM)(3x) + 2xH) ") started. The answer is 2. (2xp® = 8x3
= 6x**1 + 2kt 95. Critical Thinking Invent a similar parlor trick in 87. example: if x=2, y =3,
77. 33 78. (2x)(8+) x:izﬂ tl'(l)euasr::‘:;j‘ri is always the number with then (7-2)(7-3)#7-2-3;
Y : correct statement:
(7x)(7y) = 49xy
Exercises A.4
In Exercises 1-10, express the fraction in lowest terms. 7 2 2 a+ b 8 x*—3x2 x2-—3
" &-b0 a*+ ab+ b? . T x
;09 o 1 H 5 13°27-22-10 195
49 7 33 3 6-4-11-12 8 . (x + ) — cx + A 4yt
" 4 3 2 2 2
x*+ cx x° + Xt —x
4x2—4 ¥’ —x—2 z+1 1 ( X Y)
Tx+2 T+ 2x+1 2+ = Xty
X X
¥ 9 X—2 1
X+ 1 22—z + 1 Section A.4 Fractional Expressions 985



14.
15.
16.
17.

18.

b — 2a°
ab
ce + 3cd
de
r’t + sr + st®
rst
b2 - CZ
bc
ab® + 2ab + 3a

Uk ==

22.

23. a7

24.

25.

27.

28.

51.

52.

53.

61.

62.

63.

wi=1
(&= Uezar 1)
xX2—xy+y?+x+y
x3+ y3
—6x° — 38x* — 84x% — 71x% — 14x + 1
4x(x + 1)3(x + 2)

(x+yP-—2x(x—y)

x(x = yP(x + yy
cd(c + d)

c—d
—-3x2+8x—4

14x — 20

y—x

Xy

example:ifa=1, b= 2, then

example: if x = 1, then
15 3.
PrE 1+ 15
correct statement:
a8 1
e G
example: if a =4, b = 9, then

] _2¢ 1
V4 + V9 4+9

correct statement:

il
Va+ Vb a+2Vab+b

1 1 U . .
T + 5 #* T+ correct statement:
1 1_b+a

BB ok

In Exercises 11-28, perform the indicated operations.

1.

14.

17.

20.

21,

22,

24,

26.

27.

28.

In

31.

33

35.

37.

39.

40.

41.

42

In Exercises 43-60, compute the quotient and express
in lowest terms.

43.

3,229 7_5 1 19 1) 1 121
7+5E12.8 6 24 13.(7+2> 3 43
1 2 ¢ 3 s
T 15.3-{-7 16_+T+7
b ¢ a  2a  3a 1 1
F_E 18'E+7+F 19.m—;
46.
., .1 4x
2x+1 " 2x—-1 (2x — 1)(2x + 1)
1, 2 = 3 X+ 3
x+4 7 (x+4F FP+8+16 (x+4)2 .
1 1 1 1 1
?+E+? 23.Y—m
3 4 1 x+y
X1 x+1 Brrytoay 51.
6 i x 5x2+ 8x — 18
5 — 1)(x — 2 3(x — 1) x —2) 15(x — 1)%(x — 2)?
1 6x + 2

tx(x + 1)(x + 2°  4(x + 1)

x+y - 2
(- —y? -y

Exercises 29-42, express in lowest terms.

30.

32.

7x

Tx 66
T 11y

34
14x°

X2 iva

2
3x+9 8 12x 36

2x x2—9x—3 s

5_1/—25' y2 38
3 y2-255y2
3(y +5)
u+1
u
2—t—6 £+4-5 (t+2)(t—1)
2—6t+9 t2-25 (t— 3)(t-5)

u u —
u—1 u?

212 + uo — o 8u’ + 6uv — 9 (U + Vv)(4u — 3v)

54.

56.

58.

60

100
5 .4 35 52 50 uv_ . uv
2 uun TSI n Va5
26 u
vw
2y x+3 (x + 2y
3x 3xyz x+4 (x —2)?
e 47. 48.
() y x 2 242
ﬁ x+4 2 -4
xX+3 (x + 2)?
2X P4 x(x-2)
xry . (x*y ] 50 _w-7
x+2y xy Tk -+
2,2 u+v
. Xy u+v
(X + ¥)(x + 2y) u-v
1 3 1 _1
2 =9 2
i o =2 5 F 0
Cz_dz 2 +§ l+l
od x—2  x Xy
x 1 6 _
x+l+; 55 Yy d
1 1 : 1
FRAETS l_y—l
X2+ x+1 -3y’+3
L_L2x+1 Yo
3; 4y 57. x+};l_;
@+l 4xy — 3x? 2
Yoy + 122 X(x + h)
11
(x +h)? 2 e
T h h-ox 59. (xxy+y)
X%(x + h)? X+
@+y™ : ) .
Tx '+ ylxy
(x+y?

In Exercises 61-67, find a numerical example to show
that the given statement is false. Then find the mis-
take in the statement and correct it.

61.

42 — 4uo + * 42 — 97

20 - 3wy — 2 6’ + 6y 6x
T6x?—5xy —4y* x*—xy -2y 3x - 4y

(2u — v)(2u - 3v)
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