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3.1

2

Factoring Trinomials of the Form ax* + bx + ¢

(JYJI[J Write a trinomial of the form ax* + bx + c as the product of
two binomials, or a constant and two binomials.

Get Started rm,cri

Factor each trinomial. Explain your work.

Factored Factored
Trinomial Form Trinomial Form
2+ 8x+2 —3x°+9x— 15
X2+ 7x+ 10 X —2x—8
x*—9 x> — 49

Construct Understanding &m.cri

Complete the table to determine each binomial product.
‘What patterns do you notice in the products in columns 3 and 4?
The first row has been completed for you.

Binomial Product: as Product: Product:
Product ax’+ b.x + b,x+ ¢ axc b, X b,
2x+ Nx+2) 2+ 4x 4+ 1x+ 2 2x2=4 4xX1=4
(2x = 3)(x + 4)

Bx—Nx—75)

Bx+ 4)3x — 4)

Chapter 3: Solving Quadratic Equations
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Recall that to factor a trinomial of the form x° + bx + ¢, identify two

integers that have a sum b and a product ¢. If these two integers can

be determined, then the trinomial is factorable using integers, and the

integers are part of the factors.

From the results of Construct Understanding, a trinomial of the form

ax® + bx + ¢ is factorable if ac is equal to the product of the coefficients

of the x-terms when the trinomial is written as ax” + b,x + b,x + c.

Identifying whether a Trinomial Is
Factorable Using Integers

RM, CR1

Determine if each trinomial is factorable using integers. o S
a) 22+ 11x + 5 b) 322 — 5x — 4 Q) 4 — 12x + 5 1. Determine |ffeach trinomial is
factorable using integers.
a)6x’+x—12
SOLUTION b) 3¢ — 8x + 4
a) For2x + 1lx+5,a=2,b=11,andc =5 O 2 —3x—7
The product ac = 2 X 5, or 10
The coefficient of x, which i1s 11, can be written as: %
1+10,2+9,3+8 4+7,and5 +6
Identify whether any pair of these integers has product 10.
The integers in the sum, 1 + 10, have the product 1 X 10 = 10,
so the trinomial 2x” + 11x + 5 is factorable using integers.
b) For3x> —5x —4,a=23,b= —5,and c = —4
The product ac = (3)(—4), or —12
The coefficient of x, which is —5, can be written as:
14+ (—=6),2+ (=7),3 + (—8), 4+ (—9), and so on
None of these sums has integers whose product is —12,
so the trinomial 3x” — 5x — 4 is not factorable using integers.
©P DO NOT COPY. 3.1 Factoring Trinomials of the Form ax? + bx + ¢ 3
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2. Factor the trinomial
5x* + 14x — 3.

Check Your Understanding

Answers
1. a)yes b)yes c)no
2. 5x — Nx + 3)

Check Your Understanding

c) For4x*—12x+5,a=4,b=—12,andc=5
The product ac = (4)(5), or 20
The coefficient of x, which is —12, can be written as:
(—1) + (=11), (=2) + (~10), (=3) + (=9), (~4) + (~8),
(=5 + (=7), (=6) + (=6)
The integers in the sum, (—2) + (—10), have the product
(—=2)(—10) = 20, so the trinomial 4x* — 12x + 5 is factorable using
integers.

You will learn two strategies to factor a trinomial of the form
ax” + bx + c. Both strategies require determining if the trinomial is
factorable using integers:

* Multiply a and c.
* Identify two integers with a product equal to ac and a sum equal to b.

o If those two integers can be determined, then the trinomial is
factorable.

The first strategy is called systematic trial.

Example 2 Using Systematic Trial to Factor

a Trinomial

Factor the trinomial 2x* — 7x + 6.

SOLUTION

The terms of 2x”> — 7x + 6 have no common factor.

For2x> —7x+6,a=2,b=—7,and c =6

Test to identify if the trinomial is factorable.

ac=2 X6, or 12

The coefticient of x, which is —7, can be written as (—3) + (—4).
And, (—3)(—4) =12

So, the trinomial is factorable.

To factor the trinomial, identify pairs of possible binomial factors.
Check to see which pair produces the middle term: —7x

The first terms in the binomial factors have the product 2x°, so they are
2x and x.

The second terms in the binomial factors have a product equal to the
constant term, 6.

Since their product is positive, and the middle term —7x has a negative
coefficient, both second terms in the binomial factors are negative.
Possible second terms are: —6, —1; —3, —2

Test the different combinations of first terms and second terms.

4q | Chapter 3: Solving Quadratic Equations DO NOT COPY. ©P
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Multiply terms as shown, then add the products.

Try 2x — 1)(x — 6). Try 2x — 2)(x — 3).
2x —1 2x -2
X >< —6 X ><—3
2x)(—=6) + (x)(—1) = —13x (2x)(—3) + (x)(—2) = —8x
# —Tx # —Tx
Try 2x — 3)(x — 2). Try 2x — 6)(x — 1).
2x -3 2x —6
X -2 x ><—1
2x)(—2) + (x)(—3) = =7« 2x)(—1) + (x)(—6) = —8x
# —Tx

The product, (2x — 3)(x — 2), is a trinomial with a middle term —7x.
Therefore, in factored form, 2x* — 7x + 6 = (2x — 3)(x — 2)

For Example 2, here is an alternative strategy to test possible factors.
It illustrates that, to identify the binomial factors, it is only necessary
to identify the value of the x-term in the trinomial.

Try 2x — 1)(x — 6). Try 2x — 2)(x — 3).
[ [
—1x —2x
—12x —6x
(—1x) + (—12x) = —13x (—2x) + (—6x) = —8x
# —Tx # —Tx
Try 2x — 3|)_,(x —2). Try 2x — 6|)_(9,c —1).
—3x —6x
—4x —2x
(—3x) + (—4x) = —7x (—6x) + (—2x) = —8x
# —7x

The factoring of a trinomial can be checked by multiplying the binomial
factors to ensure that their product is equal to the given trinomial.

©P DO NOT COPY. 3.1 Factoring Trinomials of the Form ax? + bx + ¢
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The second strategy to factor a trinomial of the form ax” + bx + ¢ is to
use decomposition; that is, split, or decompose, the middle term bx into two
terms b,x and b,x, where b, X b, = a X ¢.

Then, factor ax* + b,x + b,x + ¢ by first removing the greatest common
factor of each of ax* + b,x and b,x + c.

Example 3 Using Decomposition to Factor
a Trinomial

Check Your Understanding

. Factor the trinomial —6x*> — 20x + 16.
3. Factor the trinomial

4x* + 16x + 15.
% SOLUTION

The terms of the trinomial —6x* — 20x + 16 have a common
factor, —2.

So, —6x” — 20x + 16 = —2(3x” + 10x — 8)

For3x*+ 10x—8,a=3,b=10,c= —8

Test to identify if the trinomial 3x° + 10x — 8 is factorable.

ac = (3)(—8), or —24

The coefticient of x, which is 10, can be written as (—2) + 12.
And, (—2)(12) = —24

So, the trinomial is factorable.

To factor 3x” + 10x — 8, use decomposition.

35"+ 10x — 8 Decompose the middle term, 10x.
=3x"+ 12x —2x — 8 Remove a common factor from each pair
of terms.

=3x(x +4) —2(x +4) Remove the common binomial factor
(x + 4).
= (Bx —2)(x + 4)

So, 3x” + 10x — 8 = (3x — 2)(x + 4)
And, —6x" — 20x + 16 = —2(3x — 2)(x + 4)

In Example 3, the factoring of the trinomial can be checked by multiplying
the common factor and binomial factors, to ensure that their product is
equal to the given trinomial.

Check Your Understanding

Answer:

3. (2x +5)(2x + 3)

6 | Chapter 3: Solving Quadratic Equations DO NOT COPY. ©P
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Example 4 Using Factoring to Solve a Problem RM, US, CR1

Check Your Understanding

The area of a rectangle is represented by the trinomial
4x® 4+ 17x — 15. 4. The area of a rectangle is

represented by the trinomial
3x* — 19 — 14.

a) Factor the trinomial to
determine the possible
dimensions of the rectangle.

b) Use the factored form of
the trinomial. Determine
possible dimension of the
rectangle when x = 9 cm.

a) Factor the trinomial to determine the possible dimensions of the
rectangle.

b) Use the factored form of the trinomial. Determine possible
dimension of the rectangle when x = 6 cm.

Q

SOLUTION

a) For4x>+17x —15,a=4,b=17,c= —15
ac = (4)(—15), or =60
The coefficient of x, which is 17, can be written as (—3) + 20.
And, (—3)(20) = —60

Use decomposition to factor 4x” + 17x — 15.

45> +17x — 15 Decompose the middle term, 17x.

= 4x° + 20x — 3x — 15 Remove a common factor from each
pair of terms.

= 4x(x +5) — 3(x + 5) Remove the common binomial
factor (x + 5).

= (x + 5)(4x — 3)

So, 4x* + 17x — 15 = (x + 5)(4x — 3)

The dimensions of the rectangle are x + 5 and 4x — 3.

b) When x = 6:
x+5=6+5 orll
4x — 3 = 4(6) — 3, or 21
The possible dimensions of the rectangle are 21 cm by 11 cm

Check Your Understanding

Answer:

4.29cmby2cm

©P DO NOT COPY. 3.1 Factoring Trinomials of the Form ax? + bx + ¢ 7
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8

THINK FURTHER CR1

In Example 4, are there other possible dimensions for the rectangle? Explain.

Q

B S G e |
Discuss the Ideas CR1

1. How can you determine whether a trinomial of the form ax® + bx + ¢

Q

can be written as the product of two binomial factors, using integers?

2. A trinomial of the form ax® + bx + ¢ is factorable. How many factors

QA

might it have? Explain.

3. After a trinomial has been factored, why should the product of the

Q

factors be determined?

Chapter 3: Solving Quadratic Equations DO NOT COPY. ©P
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Exercises

RM, 4 Expand.

CR1 a) (5x + D)(x — 2) b) (6x — 5)(x — 4) c) 2x + 1)(2x + 3)
d) Bx + 7)(4x — 5) e) 3(4x + 5)(x + 4) f) —4(2x + 3)(2x — 5)

RM, 5. Determine if each trinomial is factorable. Check for common factors first.

CR1 a)2x° + 11x + 9 b) —4x* — 9x + 6
c)5x*+3x—8 d) 657 — 22x + 12
e) 9x” — 5x — 4 f) —12x° + 15x — 9
g)5x" — 7x + 2 h) 14¢ — 13e + 3

©P DO NOT COPY. 3.1 Factoring Trinomials of the Form ax? + bx + ¢
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RM, 6. Factor each trinomial, if possible.
CR1

a) 5x* + 16x + 3 b) 3x* — 10x — 8

c)4x* —12x + 5 d)5x° —7x— 8

e) 8x* + 2x — 15 f) 9x* + 6x — 8

g)2m* — 11m + 12 h) 10u”> — 29u + 10
10 Chapter 3: Solving Quadratic Equations

DRAFT COPY

DO NOT COPY. ©P



RM, 7. Fully factor each trinomial, if possible.

CR1 a) —3x° — 4x — 1

c) 6x + 39x — 21

e) —8x* — 12x — 4

©P DO NOT COPY.

b) 4x* + 22x + 10

d) —6x* + 10x + 8

f) 15x° — 70x — 25

3.1 Factoring Trinomials of the Form ax? + bx + ¢
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RM, 8. The trinomial 3x* + 4x — 4 represents an integer.

CR1 . . .
a) Factor the trinomial to get expressions for the factors of the

integer.

b) Use the factored form of the trinomial. Determine the value of
the integer and one possible pair of factors when x = —1.

RM, 9. The area of a rectangular patio, in square metres, is represented by
CR1 the trinomial 15x” + 14x — 8.

a) Determine the factors that represent the dimensions of the patio.

b) Use the factored form of the trinomial. Determine possible
dimensions of the patio and the area of the patio when x = 4.

c) Use the factored form of the polynomial. Determine the

dimensions of the patio and the area of the patio when x = 3.25.

12 Chapter 3: Solving Quadratic Equations
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RM, 10. Determine the integer value(s) of k so that each trinomial is factorable.

CR1 a) 2x" + kx + 6

b)4x* + kx — 5

RM, 11. Determine the integer value(s) of k so that each trinomial is factorable.

CR1 a) 3 + 10x + k

b) 4x° — 7x + k

©P DO NOT COPY. 3.1 Factoring Trinomials of the Form ax? + bx + ¢ 13
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RM,
CR1

12. An integer is the product of a constant and two integers whose

values can vary. The integer is represented by the trinomial

—20x + 164x — 32.

a) Given that the constant is —4, determine the algebraic expressions
that represent the two integers.

b) Determine the values of the integers and the trinomial when
x = —2.

Multiple-Choice Questions RM

1. Which expression is the factored form of the trinomial

—10x + 22x + 247
A. —2(5x + 3)(x — 4) B. —2(5x + 6)(x — 2)

C. —2(5x + 4)(x — 3) D. —2(5x + 2)(x — 6)

. Which trinomial cannot be factored?

A. 45> 4+ 2x — 20 B.8x>—3x—6

C.6x> +19x + 8 D. 9x° — 6x — 35

. What is a value of k so that the trinomial 8x°> + kx — 9 is

factorable?

A. =20 B. 15 C.7 D. —14

. For which value of k is the trinomial 9x°> — kx + 1 not factorable?

A.6 B. -9 C. -6 D. —10

Chapter 3: Solving Quadratic Equations
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Study Note CR1, CR2

You have learned two strategies to factor a trinomial. Give an example of
when you might use each strategy, and show how to use the strategy.

ANSWERS

4.2)58° —9x—2 b) 65 —29x+20 )4+ 8x+3 d) 122+ 13x — 35

e) 125" + 63x + 60 f) —16x*> + 16x + 60 5. a) factorable b) not factorable

c) factorable d) factorable e) factorable f) not factorable g) factorable h) factorable
6.a) 5Gx + I)(x+3) b)Bx+2)(x—4) c)(2x— 1)2x —5) d) not factorable

e) (4x —5)(2x+3) ) Bx—2)B3x+4) g) 2m—3)(m—4) h)(Bu—2)2u—1>5)
7.a) —Bx + D(x+1) b)22x+ 1)(x+5 ¢c)3Cx— Dx+7) d) —203x>—5x—4)
e) —4Q2x + N)(x+ 1) £)58x+ 1)(x—5)

8.a) B3x — 2) and (x + 2) b) factors: —5 and 1; integer: —5

9.a) (5x — 2) by 3x + 4) b) dimensions: 18 m by 16 m; area: 288 m’

c) dimensions: 14.25 m by 13.75 m; area: 195.9375 m’

10.a) —13, -8, —-7,7,8,13 b) —19,-8,—1,1,8,19 11.a)3,7, —13 b) —2, —11,3
12. a) factors: (5x — 1) and (x — 8) b) factors: —11 and —10; trinomial: —440

Multiple Choice
1.C 2.B 3.D 4.B

©P DO NOT COPY. 3.1 Factoring Trinomials of the Form ax? + bx + ¢ 15
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32 Factoring Polynomial Expressions

{oJdILyl Factor polynomial expressions that contain functions.

Get Started us

Factor this trinomial: x> — 4x — 21

Q

Construct Understanding cri

Work with a partner.

Factor each polynomial, then identify a perfect square trinomial and
a difference of squares. Justify your answer.

3a® — 6a — 24 o’ + 12b + 4
3%+ 7c+ 4 2g2—g—3
2" — 2x — 12 m* — 16n°
16 Chapter 3: Solving Quadratic Equations DO NOT COPY. ©P
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If a trinomial does not have a common factor, then its factors, if they
exist, will be two binomials.

Determining whether a Given Binomial
Is a Factor of a Given Trinomial US, CR1

Check Your Understanding
Is x + 3 a factor of each trinomial? Justify the answer.

a) 4 + 12x + 9 b) 22+ x — 15 1. Is.d —'4afactf>r of each
trinomial? Justify the answer.

a) 2d? + 6d — 56
SOLUTION b) 302 + 13d + 4

Use logical reasoning. Q
If x + 3 1s a factor, then each trinomial can be written as:
(x + 3)(ax + b)

a) 4x° + 12x + 9 = (x + 3)(ax + b) Expand.
4> + 1256+ 9 = ax® + Ba + b)x + 3b

! !

The x*-terms on both sides must be equal. Compare coefficients:
a=+4

The constant terms on both sides must be equal.
9=23b
So,b=23

The trinomial would be: (x + 3)(4x + 3)
Expand to check the x-term.

(x +3)(@dx+3) =45+ 3x+ 12x + 9
= 4x" 4+ 15x + 9

Since this trinomial is not equal to the given trinomial,
x + 3 is not a factor of the given trinomial.
b) 2x* + x — 15 = (x + 3)(ax + b) Expand.
= ax’ + (3a + b)x + 3b
Compare coefficients. For the x*-terms: a = 2

For the constant terms: —15 = 3b
So, b= —5

The trinomial would be: (x + 3)(2x — 5)
Expand to check the x-term.
(x + 3)(2x — 5) = 25" — 5x + 6x — 15
=2+ x—15
Since this trinomial is equal to the given trinomial, x + 3 is a factor
of the given trinomial.

Check Your Understanding

Answers:
1. a) yes b) no
©P DO NOT COPY. 3.2 Factoring Polynomial Expressions | 17
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THINK FURTHER RM

In Example 1a, what other strategies could you use to check whether the binomial
x + 3 is a factor?

Q

Example 2 Factoring Trinomials with Rational

Coefficients

Check Your Understanding

o Factor each trinomial.
2. Factor each trinomial.

> _ 229
a) XX — 155+ 05 a) x>+ 1.4x— 1.2 b) 3x 2x+14
b) x* — ﬂx -2
3 SOLUTION
% a) Remove 0.1 as a common factor to get integer coefficients.

To divide by 0.1, multiply by 10.
X+ T4y — 1.2 =0.1(10x" + 14x — 12)
Remove the common factor, 2, from the trinomial.
So, &° + 1.4x — 1.2 = 0.1[2(5x" + 7x — 6)]
= 0.2(5x° + 7x — 6)

Use logical reasoning to factor 5x° + 7x — 6.

The factors of 5x” are: x and 5x

The factors of —6 are: —1 and 6, or 1 and —6; or —2 and 3, or 2 and —3.
Combine each pair of factors of 5x” with each pair of factors of —6
until you find a sum of 7x.

x><—l x><6 X 1
5x 6 5x —1 5x><—6

6x — 5x = 1x —1x + 30x = 29« —6x +5x = —1x
x ><—6 x><—2 x><yf5
5x 1 5x 3 5x -2
1x — 30x = —29x 3x — 10x = —7x —2x + 15x = 13x
x><2
5x -3
—3x + 10x = 7x

So, 5% + 7x — 6 = (x + 2)(5x — 3)
And, &* + 1.4x — 1.2 = 0.2(x + 2)(5x — 3)

Check Your Understanding

Answers:
2.a) 0.5 —N2x—1)
b) 1Bx + i —6)
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1 . .
b) Remove 5 as a common factor to get integer coefficients.

To divide by 3, multiply by 2.

33 — 2+ 14 = L (6 — 29x + 28)

Use decomposition to factor 6x° — 29x + 28.

The product of the coefficient of x” and the constant term is:
6(28) = 168

Write —29x as the sum of two terms whose coefficients have a
product of 168.

Factors of 168 Sum of Factors

-1, —168 -1 -168 =—-169

-2, -84 -2 -84=-86 , .
Since the x-coefficient

-3 56 ~3_56=-59 is negative, list only
negative factors of 168.

—4, —42 —4— 42 = —46 Stop when the sum of
the factors is —29.

-6, —28 -6 —28=-34

-8, —21 -8 —-21=-29

The two coefficients are —8 and —21, so write the trinomial
6x% — 29x + 28 as 6x° — 8x — 21x + 28.

Remove a common factor from the 1st pair of terms, and from the

2nd pair of terms: THINK FURTHER RM

L
6x" = 8x — 21w + 28 How can you check that you have

= 2x(3x = 4) = 7(3x = 4)  Each product has a common factored a trinomial correctly?
=0Bx—42x—7) binomial factor. Q

So, 6x* — 29x + 28 = (3x — 4)(2x — 7)

And, 3 — Zx + 14 = 13x — 92x — 7)

Some polynomial expressions contain functions of a variable; for
example, an expression such as (x + 3)* — 6(x + 3) — 16 contains
flx) =x+ 3.

The expression (x + 3)° — 6(x + 3) — 16 has the form
[f)]* = 6f(x) — 16.
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Example 3

Check Your Understanding
Factor each polynomial expression.

3. Factor each polynomial a) X — 6x — 16
EXperSlon. b) (.X' + 3)2 _ 6(X + 3) — 16
a) x* + 5x — 24 Q) 6(3x — 4> —21(3x — 4) + 15
b) 2(x — 6)* +
10(x — 6) — 48
SOLUTION

¢ 32x +57 +

Factoring Using a Trinomial Pattern

10(2x +5) — 8 a) Use logical reasoning. Find two numbers whose product is —16 and

whose sum is —6: 2 and —8.
So, ¥ — 6x — 16 = (x + 2)(x — 8)

f(x) =x + 3.
To factor, replace x + 3 with a variable such as z.
(x+ 3= 6(x+3)—16

! |

2 — 6z — 16
Factor the trinomial 2* — 62 — 16.
From part a, x° — 6x — 16 = (x + 2)(x — 8)
So, 2* — 62 — 16 = (2 + 2)(z — 8)
Substitute z = x + 3 in the expressions above.
(x+ 32— 6(x+3) — 16

=[(x+3) +2][(x+3) — 8] Simplify.
So, (x + 3> = 6(x+3) — 16 = (x + 5)(x — 5)
¢) Remove the common factor, 3.

6(3x — 4)> —21(3x — 4) + 15
= 3[2(3x — 4)> — 7(3x — 4) + 5]

to get: 22° — 7z + 5

222 —7z+5=(z—1)2z — 5)
Substitute: z = 3x — 4

2Bx — 4> —70B3x—4) +5

= [(Bx — 4) — 1][2(3x — 4) — 5]
= (Bx — 5)(6x — 8 — 5)

= (Bx — 5)(6x — 13)

b) The expression has the form [ f(x)]* — 6f(x) — 16, where

To factor 2(3x — 4)> — 7(3x — 4) + 5, substitute 3x — 4 = =

And, 6(3x — 4)% — 21(3x — 4) + 15 = 3(3x — 5)(6x — 13)

Check Your Understanding

Answers:

3.a) x+8)kx—3)
b) 2(x + 2)(x — 9)
c) (2x +9)(6x + 13)
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THINK FURTHER CR1

What other strategy could you use to factor the polynomial expression in Example 3¢?
Which strategy is more efficient?

Q

Example 4 Factoring Using the Difference
of Squares Pattern

Factor each polynomial expression.
a) 4x’ — 25y° b) 2x — 1)2 - (y+ 4)2 4. Factor.
2 2
c) 32(x +2)> — 182y — 3)° a) 16a’ — 9%
b) 3x + 4y — 2y — 1)?
SOLUTION ) 27(2x — 3)* — 75(y — 4)?
a) This is a difference of squares: 4x° — 25y” = (2x)> — (5y)° %
4x* — 25y = (2x + 5y)(2x — 5y)
b) The polynomial expression has the form [f(x)]* — [f(y)]%,
where f(x) =2x — 1and f(y) =y + 4.
To factor, replace 2x — 1 with a; replace y + 4 with b.
@x— 17— (y+ 47
1 1
(12 _ b2
Factor: @ — b* = (a + b)(a — b)
Substitute a = 2x — 1 and b = y + 4 in the expressions above.
@x — 17— (y + 4)
=[Cx—1)+ ({y+H[Cx—1)—(y+4)] Simplify inside the
=2x—1+y+4]2x—1—y—4] square brackets.
=[2x+y+3][2x —y— 5]
So, 2x — 1> = (y+4)°=(2x +y+3)2x —y—5)
¢) Remove the common factor, 2.
32(x +2)* — 182y — 3)> = 2[16(x + 2)> — 92y — 3)°]
And 16(x + 2)> — 9(2y — 3)” can be written as:  Visualize the
£(x +2)° =32y — 3)° substitution used
=4+ 21 = [3ey - 3)° in partb.
= [4(x +2) + 32y — 3)][4(x +2) — 32y — 3)]
= [4x + 6y — 1][4x — 6y + 17] Answers:
So, 16(x + 2)> — 92y — 3)> = (4x + 6y — 1)(4x — 6y + 17) 4. a) (4a + 3b)(4a — 3b)
And, 32(x + 2)* — 182y — 3)> = 2(4x + 6y — 1)(4x — 6y + 17) b) (3x + 2y + 3)3x — 2y +5)
) 3(6x + 5y —29)
(6x — 5y + 11)
©P DO NOT COPY. 3.2 Factoring Polynomial Expressions | 21

DRAFT COPY



B . ow . —aw |
Discuss the Ideas CR1

1. How can you determine if a polynomial has been factored fully?

Q

2. When a polynomial expression contains a function of a variable, what
is an advantage of substituting a variable for the function before you
factor the expression?

Q

Exercises

us 3. Factor.
a) x> — 100 b) 49x% — 1 c) 121 — 817

d) 4 — 491 e) 64x> — 257 £) 36p> — 1694

us 4. Factor.

a) x> + 7x + 10 b) x* — 11x + 30 c) m*+ 9m — 36
d)n® — 21n + 108 e) ¢ —4q—77 £) P+ 2r— 48
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g) m’ + 4m — 45 h) y* — 2y — 63 i) m*— 19m — 120

us 5. Factor.
a) 5x* + 9x + 4 b) 4x° —7x+ 3 c) 7y — 12y — 4

d)6x> + x — 2 e) 2:° — Ox + 4 £) 82 + 14n — 15

us 6. Factor.

a) 9x* + 6x + 1 b) 25x% + 20x + 4 c) 160> —24n+9
d) 36x> — 60x + 25 e) 4y° — 20y + 25 f) 10p° —9p + 2
US 7. Determine whether x + 5 is a factor of each polynomial.
a) 2x" — 2x — 40 b) 3x* + 13x — 10 c) 5x* — 27x + 10
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us

us

us

a) 6x> — 13x — 8

9. Factor.

a) 2x° — 50y”

d) 20x* — 125y

10. Factor.

a) 2x* + 16x + 24

d)x2+%x—6

g) 6a” + 26a — 20

8. Determine whether 2x + 1 is a factor of each polynomial.

b) 2> — 8

b) 0.1x> — 0.001

I R
) 150 ~ 257

b) 3x* — 9x — 30

e) ¥ +25x—15

h) X+ 250+ 1
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c) 106" —7x—6

c) 0.5¢ — 0.245

1 - 1 5
£) Gar” ~ 1964
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US 11. Factor each polynomial.

4
)’y ~ 53
c)—x2+%

b) 6 + 5x — &

d)7 —3x— 2

US 12. Factor each polynomial expression.

a) i) 9x" — 4y’

b) i) 50x° — 162y

c) i) 25m* — %nz

©P DO NOT COPY.

ii) 9(x — 3)° — 42y + 1)°

ii) 502x — 5)* — 1623y — 2)°

i) 252m + 3 — {3 —
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US 13. Factor each polynomial expression.

a) 16(2x — 7)° — 25(y + 2)°

b) 121(x + 3)> — 36(2y — 5)°

CR1 14. Use two different strategies to factor this polynomial expression:
(2x + 3)* — (x — 5)°. Which strategy is more efficient?

US 15. Factor each polynomial expression.

a)i) 3x° + 19x + 16 ii) 32x — 1)+ 19Q2x — 1) + 16
b)i) 12x* + 17x — 5 ii) 12(4x — 1) + 17(4x — 1) = 5
26 Chapter 3: Solving Quadratic Equations
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US 16. Factor each polynomial expression.

a) (7x — 5)> — 8(7x — 5) + 15

b) 9(2x + 1)* — 42(2x + 1) + 49

c) (¥ —x)> — 8(x* — x) + 12

d) @x® + 4x + 3)* — 8(4x* + 4x + 3) + 12

US 17. Is x + 1 a factor of each polynomial expression?

a) (x + 1)+ 4(x + 1) — 32

b)2Q2x + 3)> + 52x + 3) — 7

©P DO NOT COPY.
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US 18. Factor each polynomial.

> 1 179 41
a)x” +x+7g b)2x Tty
3 1 4 1
c) x2+§x+§ d) —§p2+1q2
X _x_3 4.1 1
°) 44 f) 3043573
4, 15 3 _4
g)3xX — 15 h) Sm™+m — 3
CR1  19. Factor each polynomial. Explain your strategy.
a)x’ — 6x +9 —y b) 4x° + 4x + 1 — 9y

US 20. Consider the polynomial 3x* + nx — 4. Determine a value for 1 so
that 3x — 2 1s a factor of the polynomial.
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Multiple-Choice Questions RM

1. Which polynomial is a perfect square trinomial?
A. 4x* — 25 B.x* — 10x+ 9

C. 9x* + 20x + 4 D. 36x> — 60x + 25

2. Which polynomial expression has x — 2 as a factor?
A.2(x— 1) +8(x—1)— 10 B. (x =2+ 8(x—2) + 15
C.(x—x’+ 14 —x)+24 D.6(x+1)°+13x+1) -5

Study Note CR2

Explain how the strategies for factoring a trinomial can be used to factor
an expression such as a( f(x))* + b( f(x)) + c.

ANSWERS

3.a) (x —10)(x+10) b)Y 7x—1)(T7x+1) ¢) (11 +9)(11 =91 d) 2 —7n)(2+ 7n) e) (8x — 5y)(8x + 5y)

f) (6p + 13q)(6p — 139) 4.a) (x +5)(x+2) b)(x—6)(x—5) ¢)(m—3)(m+12) d) (n—9)n— 12)
e)(qt7Nq—11) HE+8(r—6) g m+9m—5) h)y({y—9+7) i)(m—24)(m=+5) 5.a)Bx+4)(x+1)
b) dx—3)x—1) c)Ty+2(y—2) d)Bx+2)2x—1) e)2x—N)x—4) f)(2n+5)@4n—23) 6.a)(3x+ 1)
b) Gx+2) ¢) (4n—3) d) (6x—5)> e (2y—5)> fH)5p—2)2p—1) 7.a)no b)yes c)no 8. a) yes

b) no c¢)yes 9.a)2(x — 5y)(x +5y) b)0.001(10x — 1)(10x + 1) ¢) 0.5(t+ 0.7)(t — 0.7) d) 52x — 5y)(2x + 5y)
e) Sﬁ(x —2y)(x+2y) f) %(%p - %q)(%p + %q) 10. a) 2(x + 6)(x +2) b) 3(x —5)(x+2) c¢)0.25¢4ln— 1)n+ 2)
d) %(296 —3)(x+4) e)0.52x— Dx+3) f) é(,’)x +4)(x+6) g 2Ba—2)(a+5) h)052h+1)h+2)

D)1= 302 +5d) 11.a) (g - ?)(’Sﬁ + %) b) (1 + 26— o (% = x) (% + x> d) 37+ 390 — 29
12.a) i) Bx — 2))Bx + 2)) i) Bx — 4y — 1)Gx + 4y —7)  b) i) 2(5x — 9))(5x + 9))

i) 2(10x — 27y — 7)(10x + 27y — 43)  ¢) i) %(10"1 — W(10m + n) i) %[20"1 — 3 + 35][20m + 3n + 25]
13.a) (8x — 57 — 38)(8x + 5y — 18) b) (11x — 12y + 63)(11x + 12y + 3) 14. (x + 8)(3x — 2)

15.a) i) Bx + 16)(x + 1) i) 2x(6x + 13) b) i) (4x — 1)Bx + 5) ii) 2(16x — 5)(6x + 1)

16.a) (7x — 10)(7x — 8) b) 4(3x —2)> ¢) (x = )(x + 2)(x — 2)(x + 1) d) @x + 3)2x — 1)(2x + 1)?
17.a)no b) yes 18. a) %(Zx +1)* b) %(4x +1)(x+2) ¢ %(Zx + Dx+1) d) _3176(41) —39)(4p + 39)
&) §2x =+ 1) B lx+ 3= 1) g) j5lx— @x+y) h) £ Gm—2)(m+ 4)

19.a) (x—y—3)(x+y—3) b)yC2x—3y+1H2x+3y+1) 20.4

Multiple Choice

1.D 2.A
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CHECKPOINT 1

Self-Assess

Canyou... Try Checkpoint question For review, see
factor a polynomial expression that requires 2 Page 6 in Lesson 3.1
identifying common factors? (Example 3)
determine whether a binomial is a factor of a 8 Page 17 in Lesson 3.2
given polynomial expression? (Example 1)

factor a polynomial expression of the form 3 Page 4 in Lesson 3.1
ax> + bx + ¢, where a # 0? (Example 2)

factor a polynomial expression of the form 6a Page 21 in Lesson 3.2
a’x* — b*?, wherea # 0 and b # 0? (Example 4a)

factor a polynomial expression of the form 7b Page 20 in Lesson 3.2
a(fx))? + b(f(x)) + c, where a # 0? (Example 3b, ¢)
factor a polynomial expression of the form 7a Page 21 in Lesson 3.2
a’(f(x)* — bXg(y))?, where a # 0 and b # 0? (Example 4b, ¢)

Assess Your Understanding

1. Multiple Choice Which expression is the factored form of

—2x" — 6x + 362

A. 2(x+ 3)(x—6) B. —2(x — 3)(x + 6)

C. 2(x =9 (x+2) D. —2(x + 9)(x — 2)
2. Remove the greatest common factor from each trinomial.

a) 2x° — 14x + 16 b) —y* — 8y + 12

c) 60> — 151 — 27 d) —32 + 48x — 36x°

e) 30y° — 45y + 75 £) —45x° + 27x + 36

3. Factor each trinomial, if possible.

a) x> + 16x + 15 b) y* + 5y — 36
o+ 7n+8 d) 2x*> — 16x + 14
e) 12y° + 36y + 15 f) —8n* + 161 — 20
30 | Chapter 3: Solving Quadratic Equations DO NOT COPY. ©P

DRAFT COPY



us

us

us

4. The area of a rectangle, in square units, is represented by the
polynomial 3x* + 28x — 20. Factor the polynomial to determine
the dimensions of the rectangle.

5. Multiple Choice Which expression is the factored form of
3x7 + 11x — 42
A. Bx+4(x—1) B. Bx+ 1)(x — 4)
C.B3x—1)(x+ 4 D. 3x —4)(x + 1)
6. Factor.
a) 36x° — 49y b) 0.5x* — 3.5x + 5
c) 102 + 29x — 21 dyLe -1
5% 71807
7. Factor.
a) (7x + 4)> — By — 2)° b) 3(2x — 1)+ 142x — 1) + 8
8. Determine whether 2x — 5 is a factor of each polynomial.
a) 10x* + 23x — 5 b) 65 — 17x + 5
ANSWERS

1.B 2.a)2(x’—7x +8) b) no common factors c¢) 32n* — 51 —9) d) —4(8 — 12x + 9x%) e) 152y> — 3y + 5)
f) —9Gx* —3x—4) 3.a) (x+ 1)(x+15) b) (y =4y +9) c) does not factor d) 2(x — 7)(x — 1)

e) 32y + Ry +5) f) —42n> —4n+5) 4. (3x — 2) units and (x + 10) units 5. C 6. a) (6x — 7y)(6x + 7)

b) 0.5(x —2)(x —5) ¢) 5x —3)2x+7) d) 1}%(6.% —6x+y) 7.a) (Tx—3y+6)(7x + 3y +2)

b) (bx — 1)(2x +3) 8.a)no b) yes
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g Extra Material THINKFURTHER ............................................................. RM'CR1

Graphs for Check Your In Example 1a, why were the values of x chosen so that x + 1 is a perfect square?

Understanding answers % To make it easier to graph the radical function

In Example 1, what is the domain of each radical function?

% Example 1a: for y = Vx + 1, the domain is: x = —1
Example 1b: for y = VV2x + 7, the domain is: x = —3.5
Example 1c: for y = V4 — x, the domainis: x < 4

When the root of a radical equation is not an integer, graphing
technology can be used to solve the equation.

Solving a Radical Equation Using

RM, US, CR1 Graphing Technology

Check Your Understanding

2. Use graphing technology to
solve:3 + 4x = V2 — 3x

Give the solution to the

Use graphing technology to solve: V2x — 3 = 6 — 2x
Give the solution to the nearest tenth.

nearest tenth. SOLUTION
% Graph the related functions: V2x —3=06—2x
y=3+4xandy=V2-3x Graph each related function:
The root of 3 + 4x = V2 — 3x y=V2x—3andy=6 — 2x
is: x = —0.3 The root of the equation V2x — 3 = 6 — 2x is the x-coordinate of

the point where the graphs of y = V2x — 3 and y = 6 — 2x intersect.
=s | | | i
TECHNOLOGY NOTE w
If students do not have \
)

internet access, they could (2.349, 1.303
use a graphing calculator. ‘

W

o

+ s & v
@ y=v2x-3
y=6—2x
The graphs intersect at the point with coordinates: (2.349, 1.303)
Answer: So, the root of V2x —3 =16 —2xis: x = 2.3
2. x = —-03
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y y
0O B \\\ )
A /// \\\
Y= Y6 _~" y=Viaxks| ™
) % N\
/ X
X -6 | -4 | -2 o 3 )
0 : 4 ¢ 10
=2
Compare the equations: Compare the equations:
y=13x—6 y=\V-2x+8 TEACHER NOTE
0=V3x—6 0=V-2x+38
In Example 1, students could
The solution of \/3x — 6 =0is The solution of V—2x +8 =10 xamp:e " ,
. . . use graphing technology to
the x-intercept of the graph of is the x-intercept of the graph of generate each table of values
y = V3x — 6; that is, the value of x y = V—2x + 8; that is, the value '
when y = 0. of x when y = 0.
The solution is x = 2. The solution is x = 4. TEACHER NOTE
A radical function is a function that contains only a radical expression. For Example 1b, students
Functions such as y = V3x — 6 and y = V —2x + 8 are radical functions. may think they can collect
‘ 4 . Vi like terms, and want to
Here is the graph of the radical function y = Vx. Wite VX + 7 + x = 4
The square root of a number x is only defined |, |V as Vax+x=4-\7.
for non-negative values of x, so the domain of Y= /7, Remind students that the
~ : 2 "] square root of the sum of
y=\/;15x20,andtherangelsy20. ‘ — quare
X terms is not equal to the
Since x = 0 and y = 0, the graph of 0 > | 11 6 sum of the square roots of
y = Va starts at the origin the terms.
and extends in only one direction.
A radical equation is an equation with at least one radical whose TEACHER NOTE
radicand contains a variable. DI: Common Difficulties
A solution to a radical equation is a root of the equation. In Example .7,.f0r students
who have difficulty
Here is the graph of y = V/x + 4. Here is the graph of understanding why the
; y=V—x+2 solution of a radical equation
7 is determined by finding the
1 y=k+a ) coordinates of the point of
o T y=NVrx+t2 7 intersection of two graphs,
] X E— 2 review solving a system of
1 13 1o ) N linear equations graphically.
-6 -4 |—2 |0 /

Since x + 4 = 0, then x = —4
So, the domain of y = Vx + 4 is Since —x +2 =0, then x = 2

x = —4; So, the domain of y = V —x + 2 is

and the range is y = 0. x = 2; and the range is y = 0.

From the graph, the root of’ From the graph, the root of

the radical equation Vx +4 =0 the radical equation V—x+2 =0

is the value of x when y = 0; is the value of x when y = 0;

that is, the x-intercept. The rootis  that is the x-intercept.

x = —4. The root is x = 2.
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