Factoring
This is one of a series of review packets to refresh Algebra 1 topics for the Geometry student preparing to move on to Algebra 2. Examples, practice problems, and solutions are included.
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Factoring Trinomials – Reference Sheet
Example 1:	Factor x2 + 9x + 20
· Rewrite as 1x2 + 9x + 20
· Multiply the coefficient of x2 and the constant term	1 ∙ 20 = 20
· Find two values such that ___ ∙ ___ = 20 and ___ + ____ = 9
(notice that 9 is the coefficient of the x term)
· 4 ∙ 5 = 20  and 4 + 5 = 9
· Use the two values 4 and 5 for the next step.
· Set up the box that was used to multiply polynomialsThe center term in the box is the first term in the trinomial.
The bottom right corner of the box is the last term of the trinomial.
The other two terms are the new values that were determined and are written as the coefficient of x. It doesn’t matter which way you place these two terms in these two boxes.

	
	
	

	
	x2
	4x

	
	5x
	20



· Find the GCF of each row and column
	
	x
	4

	x
	x2
	4x

	5
	5x
	20



· Identify the factors as (x+5)(x+4)
· Check your work by multiplying the factors. 
If you get the original trinomial as your product, you know you have factored correctly.



Factoring Trinomials – Reference SheetThe factors are not in order.

Example 2:	Factor -4 – 3x + x2  
· Rewrite as 1x2 – 3x – 4
· Multiply the coefficient of x2 and the constant term	1 ∙ -4 = -4
· Find two values such that ___ ∙ ___ = -4 and ___ + ____ = -3
(notice that -3 is the coefficient of the x term)
· 1 ∙ -4 = -4  and 1 + -4 = -3
· Use the two values 1 and -4 for the next step.
· Set up the box that was used to multiply polynomialsThe center term in the box is the first term in the trinomial.
The bottom right corner of the box is the last term of the trinomial.
The other two terms are the new values that were determined and are written as the coefficient of x. It doesn’t matter which way you place these two terms in these two boxes.

	
	
	

	
	x2
	1x

	
	-4x
	-4



· Find the GCF of each row and column
	
	x
	1

	x
	x2
	1x

	-4
	-4x
	-4



· Identify the factors as (x – 4 )(x + 1)
· Check your work by multiplying the factors. 
If you get the original trinomial as your product, you know you have factored correctly.



Factoring Trinomials – Reference SheetThe coefficient of x2 is not 1.

Example 3:	Factor 2x2 + 3x – 2 
· Multiply the coefficient of x2 and the constant term	2 ∙ -2 = -4
· Find two values such that ___ ∙ ___ = -4 and ___ + ___ = 3
(notice that 3 is the coefficient of the x term)
· -1 ∙ 4 = -4  and -1 + 4 = 3
· Use the two values -1 and 4 for the next step.
· Set up the box that was used to multiply polynomialsThe center term in the box is the first term in the trinomial.
The bottom right corner of the box is the last term of the trinomial.
The other two terms are the new values that were determined and are written as the coefficient of x. It doesn’t matter which way you place these two terms in these two boxes.

	
	
	

	
	2x2
	-1x

	
	4x
	-2



· Find the GCF of each row and column
	
	2x
	-1

	x
	2x2
	-1x

	2
	4x
	-2



· Identify the factors as (2x – 1 )(x + 2)
· Check your work by multiplying the factors. 
If you get the original trinomial as your product, you know you have factored correctly.



This trinomial has a GCF.

Factoring Trinomials – Reference Sheet
Example 4:	Factor 8x2 – 44x + 48 
· Check to see if there is a common factor for all three terms. 
If yes, factor it out.   4(2x2 – 11x + 12)
· Multiply the coefficient of x2 and the constant term	2 ∙ 12 = 24
· Find two values such that ___ ∙ ___ = 24 and ___ + ___ = -11
(notice that -11 is the coefficient of the remaining x term)
· -3 ∙ -8 = 24  and -3 + -8 = -11
· Use the two values -3 and -8 for the next step.
· Set up the box that was used to multiply polynomialsThe center term in the box is the first term in the trinomial.
The bottom right corner of the box is the last term of the trinomial.
The other two terms are the new values that were determined and are written as the coefficient of x. It doesn’t matter which way you place these two terms in these two boxes.

	
	
	

	
	2x2
	-3x

	
	-8x
	12



· Find the GCF of each row and columnNote: although initially it doesn’t look like -4 is a common factor for -8 and +12 or that -3 is a common factor for -3 and +12, you have to arrange the negative factors so that you can multiply back to get what you started with. -3 ∙ -4 will = +12.

	
	2x
	-3

	x
	2x2
	-3x

	-4
	-8x
	12



· Identify the factors as (4)(2x – 3 )(x – 4)
Don’t forget to include the GCF you factored out in the first step!
· Check your work by multiplying the factors. 
If you get the original trinomial as your product, you know you have factored correctly.
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Exercises Factor each trinomial, if possible. If the trinomial cannot be factored
using integers, write prime.

41. 22— 9% +3 42. 2m% + 13m — 24 43. 252 +20r + 4
44. 622+ 7z +3 45. 1202+ 17b + 6 46. 3n2 — 6n — 45

Solve each equation. Check your solutions.
47.2r2-3r—20=0 48. 322 - 132+ 14=0 49. 40x2 +2x =24
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41. There are no pairs of factors of 6 whose sum
is —9. 2a® — 9a + 3 is prime.
42. Find a pair of factors of —48 whose sum is 13:
—3and 16.
2m? + 13m — 24 = 2m® — 3m + 16m — 24
(2m? — 3m) + (16m — 24)
=m(2m — 3) + 8(2m — 3)
=(2m - 3)(m + 8)
43. Find a pair of factors of 100 whose sum is 20:
10 and 10.
25r2 + 20r + 4 = 25/ + 10r + 10r + 4
(25r% + 10r) + (10r + 4)
=5r(5r + 2) + 2(5r + 2)
= (5r +2)(5r + 2)
44. There are no pairs of factors of 18 whose sum is 7.
622 + Tz + 3 is prime.
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45. Find a pair of factors of 72 whose sum is 17: 8 and 9.
126% + 17b + 6 = 126 + 8b + 9b + 6

1262 + 8b) + (9b + 6)

b(3b + 2) + 3(3b + 2)

(3b + 2)(4b + 3)

46. 3n% — 6n — 45 = 3(n% — 2n — 15)
Now factor n2 — 2n — 15. Find a pair of factors of
—15 whose sum is —2: —5 and 3.
n?—2n—15=(n - 5)(n + 3)
Thus, 3n% — 6n — 45 = 3(n — 5)(n + 3).
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47. 22 —3r—20=0
2% — 8r+5r—20=0
2r(r—4) +5(r—4) =0

(r—4)@r+5 =0
r—4=0 or 2r+5=0
r=4 2r=-5

{4
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48. 3¢ - 13a+14=0
3a> - 6a—Ta+14=0
3a(a —2) — T(a — 2)
(@—2)Ba—T7 =0

a-2=0 or 3a—-7=0
a=2 3a=17
a=1
3
{23
49. 4022 + 2x = 24

402” +2x — 24 =0
2(20x2 + x — 12) = 0
2(202% + 16x — 15x — 12) = 0
2[4x(5x + 4) — 3(5x + 4)] =0
2(5x + 4)(4x — 3) =0
5:+4=0 or 4x—3=0
-1 4x=3

3

PR x=3
5 4




image12.png
Factoring a polynomial means to find its completely factored form. The expression
2a(6a + 8) is not completely factored since 6a + 8 can be factored as 2(3a + 4).

Use the Distributive Property

. Use the Distributive Property to factor each polynomial.
a. 124> + 16a

First, find the GCF of 124> and 16a.

12a2 o a Factor each number.
-2 @) Circle the common prime factors.

GCF:2-2-aorda

Write each term as the product of the GCF and its remaining factors. Then use
the Distributive Property to factor out the GCE.

1202 + 16a = 4a(3 - @) + 4a(2 - 2) Rewrite each term using the GCF.
= 4a(30) + 4a(4) Simplify remaining factors.
= 4a(3a + 4) Distributive Property

Thus, the completely factored form of 1242 + 16a is 4a(3a + 4).
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Factoring by Grouping

* Words A polynomial can be factored by grouping if all of the following
situations exist.

 There are four or more terms.
* Terms with common factors can be grouped together.

* The two common factors are identical or are additive inverses of
each other.

* Symbols ax + bx + ay + by = x(a + b) + y(a + b)
=@+bx+y
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Study Tip

Factoring by
Grouping
‘Sometimes you can group
terms in more than one way
when factoring a polynomial.
For example, the polynomial
in Example 2 could have
been factored in the
following way.
4ab +8b+30+6
= (aab + 30) + (8b + 6)
= a(ab + 3) + 2(ab +3)
=@ +3)a+2)
Notice that this result is the
same as in Example 2.
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Use Grouping

* Factor 4ab + 8b + 3a + 6.

dab+8b+3a+6

= (4ab + 8b) + (32 + 6) Group terms with common factors.
=4b(a +2) + 3(a +2)  Factor the GCF from each grouping.
= (2 +2)(4b + 3) Distributive Property
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SOLVE EQUATIONS BY FACTORING Some equations can be solved by

factoring. Consider the following products.
60)=0 0(-3)=0 (5-50)=0 -2-3+3)=0

Notice that in each case, at least one of the factors is zero. These examples illustrate
the

Zero Product Property

* Words If the product of two factors is 0, then at least one of the factors
must be 0.

* Symbols For any real numbers a and b, if ab = 0, then eithera =0, b = 0,
or both a and b equal zero.
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Exercises Factor each polynomial.

23. 13x + 26y 24. 2402 — 18ab
25. 26ab + 18ac + 3202 26. a% — 4ac + ab — 4bc
27. 4rs + 12ps + 2mr + 6mp 28. 24am — 9an + 40bm — 15bn

Solve each equation. Check your solutions.
29. x(2x-5) =0 30. (3n+8)2n —6) =0 31 4x2= —T7x
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23. 13x + 26y = 13(x) + 13(2y)

= 13(x + 2y)
24. 24a%b% — 18ab = 6ab(4ab) — 6ab(3)
= 6ab(4ab — 3)

25. 26ab + 18ac + 324 = 2a(13b) + 2a(9c) + 2a(16a)

= 2a(13b + 9¢c + 16a)

26. a% — 4dac + ab — 4bc = (a® — 4ac) + (ab — 4bc)
= a(a — 4¢) + b(a — 4c)
=(a—40)(a+b)

27. 4rs + 12ps + 2mr + 6mp

=2(2rs + 6ps + mr + 3mp)

2[(2rs + 6ps) + (mr + 3mp)]

2[2s(r + 3p) + m(r + 3p)]

=2(r + 3p)(2s + m)
28. 24am — 9an + 40bm — 15bn
= (24am — 9an) + (40bm — 15bn)
= 3a(8m — 3n) + 5b(8m — 3n)
= (8m — 3n)(3a + 5b)
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29. x(2x — 5) =0
x=0 or 2x—5=0
2x=5

x=3

fo.3}

30. (3n + 8)(2n — 6) = 0
or 2n—6=0

2n=6
n=-3 n=
(9
31 4 = —Tx
4% + Tx =0
x(dx+7) =0
x=0 or 4+7=0
4o =—T
PR
1
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Factoring x* + bx + ¢

* Words To factor quadratic trinomials of the form x2 + bx + ¢, find
two integers, m and n, whose sum is equal to b and whose product is
equal to c. Then write x2 + bx + ¢ using the pattern (x + m)(x + n).

* Symbols X2+ bx+c=(x+m)x+n)whenm+n=bandmn=c

e Example x2+5x+6=(x+2)(x+3),since2+3=5and2-3=6.
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Solve Equations by Factoring

Solve 8a% — 9a — 5 = 4 — 3a. Check your solutions.

82—92—5=4-3a Original equation
© 82 -6a-9=0 Rewrite so that one side equals 0.
S (4a+3)(22-3)=0 Factor the left side.

40+3=0 or 20-3=0 Zero Product Property

4a=-3 22=3  Solve each equation.
a3 )
T4 2

. . [_33
The solution set is { T f]'

CHECK Check each solution in the original equation.

82— 9% —5=4—-31 812 -9 —5=4-31
o3 -od)-s2a-dg) -3 5243
2+Z 52443 18-Z-524-2
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Exercises Factor each trinomial.

32, 2+ 7y + 12 33. x2 — 9x-36 34. > +5b-6
35. 18 — 9r + 12 36. a2 + 6ax — 4022 37. m2 — 4mn — 32n%

Solve each equation. Check your solutions.
38. 12 + 13y + 40 =0 39. x> —5x — 66 =0 0. m*—m—12=




image23.png
32. Find a pair of factors of 12 whose sum is 7:
3 and 4.

P HTy+12=(+3)@ +4)
33. Find a pair of factors of —36 whose sum is —9:
—12 and 3.

22— 9x—36=(x— 12)x + 3)
34. Find a pair of factors of —6 whose sum is 5:
6and —1.
b2 +5b—6=(b+6)b—1)
35.18—9r+r°=r>—9r+18
Find a pair of factors of 18 whose sum is —9:
—3 and —6.

18-9r+1r2=(r—3)(r—6)
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36. Find a pair of factors of —40x* whose sum is 6x:
10x and —4x.

a® + 6ax — 4022 = (a + 10x)(a — 4%)
37. Find a pair of factors of —32n% whose sum is —4n:
4n and —8n.

m? — dmn — 32n% = (m + 4n)(m — 8n)
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38. 32+ 13y +40=0
(+8(+5=0
y+8=0 or y+5=0

y=-8 y
=8, =5}

39. 2 -5r—66=0
(x— 1)@ +6)=0
x—11=0 or x+6=0

x=11 x=-6
{—6, 11}

40. m?-m-12=0
(m—-4)(m+3)=0
m-4=0 or m+3=0

m=4 m=-3
=3, 4

5
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* Symbols a2 — b2 = (a + b)(a — b) or (a — b)(a + b)
* Example x2 -9 = (x +3)(x — 3) or (x — 3)(x + 3)




image27.png
Factor the Difference of Squares

* Factor each binomial.

a. n*—25
n? —25=n? - 5% Write in the form a2 — b2
=(n+5)(n —5) Factor the difference of squares.
| b. 3632 — 492
36x% — 492 = (6x) — (7y)* 36x2 = 6x- 6x and 492 = 7y - 7y

= (6x + 7y) (6x — 7y) Factor the difference of squares.
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54. 25— 952 =0
(B+3y)(5-3y)=0
or 5-3y=0

5=3y
5
5=y
55. 160 — 81 =
(4a+9)(da—9) =0
4a+9=0 or 4a—-9=0
4a=-9 4a=9
a9 a=?
1 1
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Exercises Factor each polynomial, if possible. If the polynomial cannot be
factored, write printe.

_ — ia_ 9
50. 2% — 128y 51. 9b2 — 20 52. 4n? = 1

Solve each equation by factoring. Check your solutions.
53. B2 —16=0 54. 25 - 92 =0 55. 16a> — 81 =0
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50. 2y% — 128y = 2y(y* — 64)
=2y(y +8)(y — 8)
51. 9b% — 20 is prime.
12 9 _(L.\2 3 \2
52, 4n% = &5 = (n)? - (%)

= (4 3,\(L, _ 3
= (bn+ Z)En =2
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53. b? - 16=0
b+4)(b-4=0
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If the terms of a binomial have a common factor, the GCF should be factored out
first before trying to apply any other factoring technique.

[Z2 ) Factor Out a Common Factor
Factor 484% — 12a.

48a% — 122 = 12a(4a2 — 1) The GCF of 48a3 and —12a is 12a.
=12a[(24)2 — 17 42 =2d-2aand1=1-1
2a(2a + 1)(2a — 1) Factor the difference of squares.

Occasionally, the difference of squares pattern needs to be applied more than once
to factor a polynomial completely.

Apply a Factoring Technique More Than Once
Factor 2x* — 162.

S 2t — 162 = 2(x* — 81) The GCF of 2¢* and —162 is 2.

i =2[(x?)2 — 9?] x¥=x2-x2and81=9-9
=2(2+9)(x2 - 9) Factor the difference of squares.
=2(x2 + 9)(x2 — 39) X=x-xand9=3-3

2(x2 + 9)(x + 3)(x — 3) Factor the difference of squares.
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Apply Several Different Factoring Techniques

© Factor 5% + 1532 — 5x — 15,

5%+ 152 —5r — 15

o =503 +32—x—3)
=5[(3 — x) + (32 — 3)]
=5[x(x2 — 1) + 3(:x2 - 1)]
=502 —1)(x +3)

5(x + 1)(x — 1)(x + 3)

Original polynomial

Factor out the GCF.

Group terms with common factors.
Factor each grouping.

X2 — 1 is the common factor.
Factor the difference of squares, x2

Jinto ¢+ 1) — 1).
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FACTOR PERFECT SQUARE TRINOMIALS Numbers like 144, 16, and 49

are perfect squares, since each can be expressed as the square of an integer.
144 =12- 12 0r 122 16=4-4o0r4? 49=7-7or7?

Products of the form (2 + b)? and (a — b)?, such as (8 + 2x)?, are also perfect squares.
Recall that these are special products that follow specific patterns.

(@a+b)?=(@+b)a+b) (@—1b?=(a—b)a—b)
=a®+ab+ab+ b =a®—ab—ab+ b
=a? + 2ab + b2 =a? — 2ab + b2

These patterns can help you factor perfect square trinomials, trinomials that are

the square of a binomial.

Factoring a Perfect Square
(X+ TR =x2+2(x)(7) + 72 X2+ 14X+ 49 = x2 + 2(x)(7) + 72
=x2+ 14x+ 49 =(x+7)%

L(ax — 42 = (302 - 2(3x)(4) + 42 | 9x2 — 24x + 16 = (3x)2 — 2(3x)(4) + 42

Squaring a Binomial

—9x2 - 24x+ 16 = (@x—4p2
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Exercises Factor each polynomial, if possible. If the polynomial cannot be
factored, write prine.

56. a2 + 18a + 81 57. 9k2 — 12k + 4
58. 4 — 28r + 4972 59. 32n% — 80n + 50

Solve each equation. Check your solutions.
60. 6b3 — 24b2 + 24b = 0 61. 49m2 — 126m + 81 =0
62. (c—9)2 =144 63. 14407 = 36
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62. (c — 9)° = 144
c—9=x\Vidd

c—9==x12
c=9=x12
c=9+12 or c=9-12
c=21 c=-3
{-3,21
63. 144b% = 36
2 _ 36
b T 144
2 1
=3
1
b=zl
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56. a® + 18a + 81 = a” + 2(a)(9) + 9°

=(a+9)?

57. 9k — 12k + 4 = (3k)% — 2(3k)(2) + 22
= (3k — 2)?

58. 4 — 287 + 492 = 22 — 2(2)(7r) + (7r)*

2 —7r)?

59. 32n% — 80n + 50 = 2(16n% — 40n + 25)
=2[(4n)2 — 2(4n)(5) + 5%]
=2(4n — 5)%
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60. 60 — 24b% + 24b =0
6b(b: — 4b +4) =0
6b(b% — 2(b)(2) + 2%) = 0
6b(b —2)2 =0
6b=0 or b—2=0
b=0 b=2
10,2}
6.  49m® — 126m + 81 =0
(Tm)2 = 2(Tm)(9) + 9% =0

(Tm —9)*=0
Tm —9=0
Tm =9
m=2

7




image39.png
Square Root Property

* Symbols For any number n >0, if x2 = n, then x =
* Example x2=9

V9or+3

(22T Use the Square Root Property to Solve Equations
Solve each equation. Check your solutions.
a (a+42=49

(@a+4)2=49 Original equation
a+4==+\V19 Square Root Property
a+4==7 49-7-7

a=-4=*7 Subtract 4 from each side.

a=—-4+7 or a=—4-—7 Separateinto two equations.
=3 =-11 simplify.

The solution set is {—11, 3}. Check each solution in the original equation.
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Factoring Polynomials

Number of q
e “

2 or more

greatest common factor

3x% + 6x2 — 15x = 3x(x* + 2x - 5)

difference of

2 a2—b?=(a+b)a-b) 4x2 - 25 = (2x + 5)(2x — 5)
squares
perfect a2+ 2ab + b2 = (a + b)? X +6x+9=(x+3)2
oy a2-2ab+b2=(a-bQ 42— ax+1=(@x— 12
trinomial
5 2ibxic X2+ bx+c=(x+m)x+n), X2 —9x+20=(x—5)(x—4)
whenm+n=band mn=c
ax?+bx+c=ad+mx+nx+c 6x2—x—2=6x>+3x—4x -2
a2 +bx+c when m +n = b and mn = ac. =3x(2x+1) -2+ 1)
Then use factoring by grouping. =@+ 1NBx-2)
. ax + bx + ay + by x{;6y+zxz1§ 10
4 or more factoring by —x(a+b)+yla+b) = (3xy — 6y) + (5x — 10)
grouping =3y(x—2) +5(x-2)

=(@+bx+y)

= -2y +5)
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GREATEST COMMON FACTOR  Two or more numbers may have some

common prime factors. Consider the prime factorization of 48 and 60.

48 = @-2-2- Factor each number.

60 = -@-@-5 Circle the common prime factors.
The integers 48 and 60 have two 2s and one 3 as common prime factors. The product
of these common prime factors, 2 - 2 - 3 or 12, is called the

(GCF) of 48 and 60. The GCF is the greatest number that is a factor of both original
numbers.

Greatest Common Factor (GCF,

* The GCF of two or more integers is the product of the prime factors common to
the integers.

* The GCF of two or more monomials is the product of their common factors when
each monomial is in factored form.

* If two or more integers or monomials have a GCF of 1, then the integers or
monomials are said to be relatively prime.
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GCF of a Set of Monomials

© Find the GCF of each set of monomials.

a. 15and 16
15=3-5 Factor each number.
16=2-2-2-2 Circle the common prime factors, if any.

There are no common prime factors, so the GCF of 15 and 16 is 1.
This means that 15 and 16 are relatively prime.

b. 36x%y and 54xy’z

36y =20-2-®-@-® x - Factor each number.
542 =@ -@-@- 3 -@ (@) y - z Circle the common prime factors.

The GCF of 36x% and 54xy’zis2 - 3 - 3 - x - y or 18xy.
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Find the GCF of each set of monomials.
17. 35,30 18. 12,18, 40 19. 12ab, 4a%b?
20. 16mrt, 30m2r 21. 2012, 25np> 22. 60x2y2, 35x2%
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17.35=0 -7
30=2-3-0 18=Q -
GCF: 5 0=0Q-
GCF: 2
19. 1200=Q@-@-3-@ - ®
4’ =Q - @ - @ a-® b

GCF:2-2-a-bordab

20. 16mrt=@-2°2-2-@ @
30mrt=@ 35 @ @ r
GCF = 2mr

18.12=Q -

2
3.
2

3
3
2

-5




