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GCF and Grouping 

Finding the Greatest Common Factor: 

[image: image1.png]The greatest common factor (GCF) of two or more monomials is the greatest

Factor that divides each of the monomials.




Example: 

[image: image2.png]Find the GCF of the monomials 24x%y and 36x°%




Solution: 

[image: image3.png]Factor 24 as a product of prime numbers
24=4.6=2.2.2.3

Fastor 36 as a product of prime numbers
36=4.9=2.2.3.3

Note that x°y = x-x- y andx 2 = x. x.x- 3 .

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.




[image: image4.png]Factor 24 as a product of prime numbers
24=4.6=2.2.2.3

Fastor 36 as a product of prime numbers
36=4.9=2.2.3.3

Note that x°y = x-x- y andx 2 = x. x.x- 3 .

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.




[image: image5.png]Factor 24 as a product of prime numbers
24=4.6=2.2.2.3

Fastor 36 as a product of prime numbers
36=4.9=2.2.3.3

Note that x°y = x-x- y andx 2 = x. x.x- 3 .

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.




[image: image6.png]Factor 24 as a product of prime numbers
24=4.6=2.2.2.3

Fastor 36 as a product of prime numbers
36=4.9=2.2.3.3

Note that x°y = x-x- y andx 2 = x. x.x- 3 .

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.




[image: image7.png]Factor 24 as a product of prime numbers
24=4.6=2.2.2.3

Fastor 36 as a product of prime numbers
36=4.9=2.2.3.3

Note that x°y = x-x- y andx 2 = x. x.x- 3 .

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.




[image: image8.png]Factor 24 as a product of prime numbers
24=4.6=2.2.2.3

Fastor 36 as a product of prime numbers
36=4.9=2.2.3.3

Note that x°y = x-x- y andx 2 = x. x.x- 3 .

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.
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[image: image10.png]The GCF is the product of the factors that are shared by both monomials
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[image: image12.png]The GCFis 2.2.3.x.x-y





Factoring Out the Greatest Common Factor: 

[image: image13.png]In factoring out the greatest common factor of a polynomial such as 2x° - 6xy,

we first of all disregard the negative sign on the numerical cocfficient of the

second term and find the GCF of the monomials 2x° and 67,




[image: image14.png]BE




[image: image15.png]The GCF is 2





[image: image16.png]Use the table to rewrite the two monomials 25 and 62 as a product of 2x and

the product of the remaining factors in each row.




[image: image17.png]



[image: image18.png]Using the results from the table and the distributive property, we can factor out
the common factor.

2x% —6xy=2x x—2x. 3y

x(x—3) Use the distibutive property:




[image: image19.png]Using the results from the table and the distributive property, we can factor out
the common factor.

2x% —6xy=2x x—2x. 3y

x(x—3) Use the distibutive property:




Example: 

[image: image20.png]Factor out the greatest common factor from 24x%(y+2)+28x(y+2)




Solution: 

[image: image21.png]Find the GCF of 24x”(y+2) and 28x(y +2). Note that there is a shared
binomial factor of y+2.

HEHEBEEY

2[2 x| |y+27

The GCFis 22 x-(y+2) = 4x(y+2).




[image: image22.png]Find the GCF of 24x”(y+2) and 28x(y +2). Note that there is a shared
binomial factor of y+2.

HEHEBEEY

2[2 x| |y+27

The GCFis 22 x-(y+2) = 4x(y+2).




[image: image23.png]Find the GCF of 24x”(y+2) and 28x(y +2). Note that there is a shared
binomial factor of y+2.

HEHEBEEY

2[2 x| |y+27

The GCFis 22 x-(y+2) = 4x(y+2).




[image: image24.png]Use the table to rewrite 24x° (y +2) and 28x(y +2) as a product of 4x(y+2)

and the product of the remaining factors in each row.

HEHEEEES
22 x| [y#2(7

242% (y+2) = 4x(y+2) -6x





[image: image25.png]Use the table to rewrite 24x° (y +2) and 28x(y +2) as a product of 4x(y+2)

and the product of the remaining factors in each row.

HEHEEEES
22 x| [y#2(7

242% (y+2) = 4x(y+2) -6x





[image: image26.png]Use the table to rewrite 24x° (y +2) and 28x(y +2) as a product of 4x(y+2)

and the product of the remaining factors in each row.

HEHEEEES
22 x| [y#2(7

242% (y+2) = 4x(y+2) -6x





[image: image27.png]Using the results from the table and the distributive property, we can factor out
the common factor.

242 (y+2)+282(y+2) = 4aly+2)- x+4x(y+2)-7
= dx(y+2)(6x+7)




[image: image28.png]Using the results from the table and the distributive property, we can factor out
the common factor.

242 (y+2)+282(y+2) = 4aly+2)- x+4x(y+2)-7
= dx(y+2)(6x+7)




Factoring by Grouping: 

[image: image29.png]T a polynormial contains four or more terms, it may be useful to group terms together
and factor out a common factor from each of these groups. This method is called

factoring by grouping.
In factoring the polynomial 5x+5y+2x+2y, we can use the method of grouping

There is no factor other than 1 that is shared by all four terms. However, note that
the first two terms share a factor of 5 and the last two terms have a common factor
of z.




[image: image30.png]T a polynormial contains four or more terms, it may be useful to group terms together
and factor out a common factor from each of these groups. This method is called

factoring by grouping.
In factoring the polynomial 5x+5y+2x+2y, we can use the method of grouping

There is no factor other than 1 that is shared by all four terms. However, note that
the first two terms share a factor of 5 and the last two terms have a common factor
of z.




[image: image31.png]T a polynormial contains four or more terms, it may be useful to group terms together
and factor out a common factor from each of these groups. This method is called

factoring by grouping.
In factoring the polynomial 5x+5y+2x+2y, we can use the method of grouping

There is no factor other than 1 that is shared by all four terms. However, note that
the first two terms share a factor of 5 and the last two terms have a common factor
of z.




[image: image32.png]Tn this case, we can group the first two terms together and factor out the GCF
of 5 and then group the last two terms together and factor out the GCF of .

Sx45y=5.245.=5(x+y)
Zxtzy=zoxtz y=z(xty)

Thus,

Sx+5y+zatay = S(x+y) +2(x+)
=(5+2)(x+y) Factor out the common binomil factor.




[image: image33.png]Tn this case, we can group the first two terms together and factor out the GCF
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[image: image34.png]Tn this case, we can group the first two terms together and factor out the GCF
of 5 and then group the last two terms together and factor out the GCF of .

Sx45y=5.245.=5(x+y)
Zxtzy=zoxtz y=z(xty)

Thus,

Sx+5y+zatay = S(x+y) +2(x+)
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[image: image35.png]Tn this case, we can group the first two terms together and factor out the GCF
of 5 and then group the last two terms together and factor out the GCF of .

Sx45y=5.245.=5(x+y)
Zxtzy=zoxtz y=z(xty)

Thus,

Sx+5y+zatay = S(x+y) +2(x+)
=(5+2)(x+y) Factor out the common binomil factor.




[image: image36.png]We can also work in the following way.

Sx+5y+zxtay = S(x+) +z(x+)

X+Y)5+(x+y)Z  Use the commutative property of muliplication.
=(x+))(5+z2) Factor out the common binomial factor.




[image: image37.png]We can also work in the following way.

Sx+5y+zxtay = S(x+) +z(x+)

X+Y)5+(x+y)Z  Use the commutative property of muliplication.
=(x+))(5+z2) Factor out the common binomial factor.




Additional Example 1: 

[image: image38.png]Find the GCF of the monomials 30x° and 70x%y%2.




Solution: 

[image: image39.png]Factor 30 as a product of prime numbers
30=6.5=2.35

Factor 70 as a product of prime numbers
70=10.7=2.5.7

Note that p° = x-y-y-y and v’z =x-x.y y 2.

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.




[image: image40.png]Factor 30 as a product of prime numbers
30=6.5=2.35

Factor 70 as a product of prime numbers
70=10.7=2.5.7

Note that p° = x-y-y-y and v’z =x-x.y y 2.

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.




[image: image41.png]Factor 30 as a product of prime numbers
30=6.5=2.35

Factor 70 as a product of prime numbers
70=10.7=2.5.7

Note that p° = x-y-y-y and v’z =x-x.y y 2.

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.




[image: image42.png]Factor 30 as a product of prime numbers
30=6.5=2.35

Factor 70 as a product of prime numbers
70=10.7=2.5.7

Note that p° = x-y-y-y and v’z =x-x.y y 2.

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.




[image: image43.png]Factor 30 as a product of prime numbers
30=6.5=2.35

Factor 70 as a product of prime numbers
70=10.7=2.5.7

Note that p° = x-y-y-y and v’z =x-x.y y 2.

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.




[image: image44.png]Factor 30 as a product of prime numbers
30=6.5=2.35

Factor 70 as a product of prime numbers
70=10.7=2.5.7

Note that p° = x-y-y-y and v’z =x-x.y y 2.

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.
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[image: image46.png]The GCF is the product of the factors that are shared by both monomials
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[image: image48.png]The GCFis 2.5-x-y.y =102




Additional Example 2: 

[image: image49.png]Find the GCF of the monomials 12x2y%z, 3022, and 42x°yz°




Solution: 

[image: image50.png]Factor 12 as a product of prime numbers.

12=43=2.23

Factor 30 as a product of prime numbers

30=6.5=235

Factor 42 as a product of prime numbers

42=6.7=2.37

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.




[image: image51.png]Factor 12 as a product of prime numbers.

12=43=2.23

Factor 30 as a product of prime numbers

30=6.5=235

Factor 42 as a product of prime numbers

42=6.7=2.37

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.




[image: image52.png]Factor 12 as a product of prime numbers.

12=43=2.23

Factor 30 as a product of prime numbers

30=6.5=235

Factor 42 as a product of prime numbers

42=6.7=2.37

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.




[image: image53.png]Factor 12 as a product of prime numbers.

12=43=2.23

Factor 30 as a product of prime numbers

30=6.5=235

Factor 42 as a product of prime numbers

42=6.7=2.37

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.




[image: image54.png]Factor 12 as a product of prime numbers.

12=43=2.23

Factor 30 as a product of prime numbers

30=6.5=235

Factor 42 as a product of prime numbers

42=6.7=2.37

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.




[image: image55.png]Factor 12 as a product of prime numbers.

12=43=2.23

Factor 30 as a product of prime numbers

30=6.5=235

Factor 42 as a product of prime numbers

42=6.7=2.37

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.




[image: image56.png]Factor 12 as a product of prime numbers.

12=43=2.23

Factor 30 as a product of prime numbers

30=6.5=235

Factor 42 as a product of prime numbers

42=6.7=2.37

Arrange the factors of each of the given monomials in a table, aligning common

factors in the same column.
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The GCF is the product of the factors that are shared by all three monomials.

[image: image58.png]=
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[image: image59.png]The GCFis 2.3.x-y z=6xz




Additional Example 3: 

[image: image60.png]For the following polynomials, factor out the greatest common factor. If the
leading coefficient is negative, factor out the negative of the GCF.

(@) 3v—-9x%yz+21nz

) —10x%° +3507




Solution: 

[image: image61.png](a) Disregard the negative sign on the coefficient of the second term and first

find the GCF of the monomials 3z, 9x%yz, and 21z





 [image: image62.png](a) Disregard the negative sign on the coefficient of the second term and first

find the GCF of the monomials 3z, 9x%yz, and 21z





 [image: image63.png]B
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 [image: image64.png]The GCFis 3-x






 [image: image65.png]Use the table to rewrite the three monomials 31y, 95z, and 21z as aproduct

of 31y and the product of the remaining factors in each row.





 [image: image66.png]3y =31
9%z =31y 32z
21z =372





 [image: image67.png]Using the results from the table and the distributive property, we can factor out
the common factor.

3ny - 9%z + 21z = 3y 13z 3xe 4300 T2
= 3y(l- 3z +72)





  [image: image68.png]Using the results from the table and the distributive property, we can factor out
the common factor.

3ny - 9%z + 21z = 3y 13z 3xe 4300 T2
= 3y(l- 3z +72)




[image: image69.png](b) Disregard the negative sign on the coefficient of the first term and first
find the GCF of the monomials 10x°y” and 351/°





 [image: image70.png](b) Disregard the negative sign on the coefficient of the first term and first
find the GCF of the monomials 10x°y” and 351/°





 [image: image71.png]2[5 =[x [y [r]»





 [image: image72.png]The GCFis 5-x- y- y= 507





 [image: image73.png]Use the table to rewrite the two monomials 10x%y° and 352/ as a product of

5x7% and the product of the remaining factors in each row.





 [image: image74.png]2 omy
102)° = 57






 [image: image75.png]We can use the results from the table and the distributive property to factor.

Since the coefficient of the first term is negative, we will Factor out — 51/°

~1022% +352 —wx{vl—( 3597)
=5 2m-(-597) 7
—5x2 2y =T)






  [image: image76.png]We can use the results from the table and the distributive property to factor.

Since the coefficient of the first term is negative, we will Factor out — 51/°

~1022% +352 —wx{vl—( 3597)
=5 2m-(-597) 7
—5x2 2y =T)





Additional Example 4: 

[image: image77.png]Factor out the greatest common factor from 18xy(z-4)+272% (2 -4)




Solution: 

[image: image78.png]Find the GCF of 18x:(z —4) and 27x°(z —4). Note that there is a shared
binomial factor of z — 4.




[image: image79.png]z=4]3[x

5

E

2]3[3[x[r[z=4





[image: image80.png]The GCFis 3-3-x- (z—4) =9x(z - 4).




[image: image81.png]Use the table to rewrite 185y(z —4) and 27x° (z —4) as a product of 92(z —4)

and the product of the remaining Factors in each row.




[image: image82.png]z=4]3[x

B

E

2[3[3[x[r[z=4





[image: image83.png]18x(z -4

9x(z—-4)- 2y




[image: image84.png]2752 (z-4) = 9x(z —4) 3x




[image: image85.png]Use the results from the table and the distributive property.

181(z-4)+272% (2 -4) = 92z~ 4)- 2y +9x(z = 4) 31
9x(z —4)(2y+37)




[image: image86.png]Use the results from the table and the distributive property.

181(z-4)+272% (2 -4) = 92z~ 4)- 2y +9x(z = 4) 31
9x(z —4)(2y+37)




Additional Example 5: 

[image: image87.png]Factor y? -7y +2yz —14z by grouping,




Solution: 

[image: image88.png]Group the terms so that each group shares a common factor.

—Ty+2yz—14z




[image: image89.png]Group the terms so that each group shares a common factor.

—Ty+2yz—14z




[image: image90.png]Factor in each group.

Y =Ty=yy-yT=3r-7
Oyz—14z =2z y—2z.7=22(y-T)





[image: image91.png]Factor in each group.

Y =Ty=yy-yT=3r-7
Oyz—14z =2z y—2z.7=22(y-T)





[image: image92.png]Factor the given polynomial

P -Ty+2z -4z =y(y-T)+22(r-7)
O+22(-T) Factor out the common binomial factor




[image: image93.png]Factor the given polynomial

P -Ty+2z -4z =y(y-T)+22(r-7)
O+22(-T) Factor out the common binomial factor





Find the GCF (Greatest Common Factor) of the following monomials.

1. 
[image: image94.wmf]32254

18,24,12

xyxyxy


2. 
[image: image95.wmf]357349

20,32,8

xyxyxy


3. 
[image: image96.wmf]744578

,7,14

ababab


4. 
[image: image97.wmf]610474

12,15,21

cdcdcd


5. 
[image: image98.wmf]312105675

16,32,100

abcabcac


6. 
[image: image99.wmf]527373

30,90,45

abacbc


7. 
[image: image100.wmf]698357564

10,18,7

xyzxyzxyz


8. 
[image: image101.wmf]75348652

9,50,20

xyzxyxyz


Find the GCF of the terms of the polynomial and factor it out. If the leading coefficient is negative, then factor out the negative of the GCF.

9. 
[image: image102.wmf]510

a

+


10. 
[image: image103.wmf]412

x

-


11. 
[image: image104.wmf]315

b

-+


12. 
[image: image105.wmf]424

y

--


13. 
[image: image106.wmf]924

xy

-


14. 
[image: image107.wmf]1025

ac

-+


15. 
[image: image108.wmf]68

xxy

-


16. 
[image: image109.wmf]812

abbc

-


17. 
[image: image110.wmf]32

62

abab

+


18. 
[image: image111.wmf]57

36

acac

-


19. 
[image: image112.wmf]22

1520

rtrt

-


20. 
[image: image113.wmf]4336

302

uvuw

-+


21. 
[image: image114.wmf]32

428

xxx

+-


22. 
[image: image115.wmf]532

183645

xxx

-+


23. 
[image: image116.wmf]324583

537

xyxyxy

-+-


24. 
[image: image117.wmf]36452

20812

ababab

-+


25. 
[image: image118.wmf]74925396

352821

abcabcabc

-+


26. 
[image: image119.wmf]378254267

361248

xyzxyzxyz

---


27. 
[image: image120.wmf]3254738

102149

abcacbc

-+-


28. 
[image: image121.wmf]7464263

4359

xyzyzxyz

+-


Factor the following expressions.

29. (a)

[image: image122.wmf]5

xyy

-



(b)

[image: image123.wmf](

)

(

)

454

xxx

---


30. (a)

[image: image124.wmf]3

xyy

+



(b)

[image: image125.wmf](

)

(

)

636

xxx

+++


31.  (a)

[image: image126.wmf]3

bab

+



(b)

[image: image127.wmf](

)

(

)

355

cac

+++


32. (a)

[image: image128.wmf]apcp

-



(b)

[image: image129.wmf](

)

(

)

22

abcb

---


33. 
[image: image130.wmf]3(5)4(5)

aaba

+++


34. 
[image: image131.wmf]4(7)3(7)

xxyx

---


35. 
[image: image132.wmf]2(8)(8)

xxx

+++


36. 
[image: image133.wmf]3(2)(2)

bbb

---


37. 
[image: image134.wmf](3)(5)(2)(5)

xxxx

-++++


38. 
[image: image135.wmf](4)(1)(4)(6)

xxxx

-++--


39. 
[image: image136.wmf](2)(43)(8)(2)

aaaa

---+-


40. 
[image: image137.wmf](31)(26)(31)(2)

aaaa

----+


Factor by grouping.

41. 
[image: image138.wmf]22

bcabac

+++


42. 
[image: image139.wmf]33

xyxzyz

-+-


43. 
[image: image140.wmf]55

yzxyxz

+--


44. 
[image: image141.wmf]44

abcacb

--+


45. 
[image: image142.wmf]2

33

xxxyy

-+-


46. 
[image: image143.wmf]3515

xyxy

+--


47. 
[image: image144.wmf]acadbcbd

--+


48. 
[image: image145.wmf]2

pprtptr

-+-


49. 
[image: image146.wmf]44

xyxy

-+-


50. 
[image: image147.wmf]22

baba

+++


51. 
[image: image148.wmf]2

yxyyx

+--


52. 
[image: image149.wmf]2

pxpxp

+--


53. 
[image: image150.wmf]12832

baba

+++


54. 
[image: image151.wmf]18241520

xyxy

-+-


55. 
[image: image152.wmf]2

623

ttxtx

-+-


56. 
[image: image153.wmf]2

15562

xxyxy

--+


57. 
[image: image154.wmf]12382

acadbcbd

--+


58. 
[image: image155.wmf]241585

xyxzyz

-+-


Factor by grouping. (Hint:  Use groups of three.)
59. 
[image: image156.wmf]adaeafbdbebf

--+--


60. 
[image: image157.wmf]43312

xyxzxyz

+---+


61. 
[image: image158.wmf]2

312152810

xxzxxyyzy

+---+


62. 
[image: image159.wmf]2

12820325

abacadbbcbd

--+--


Each of the following expressions contains like terms. Do not combine the like terms; instead, simply factor by grouping. (This method will be helpful in the next section when factoring trinomials.) 

63. 
[image: image160.wmf]2

326

xxx

-+-


64. 
[image: image161.wmf]2

5735

xxx

+++


65. 
[image: image162.wmf]2

4312

xxx

--+


66. 
[image: image163.wmf]2

3618

xxx

+--


67. 
[image: image164.wmf]2

610915

xxx

+++


68. 
[image: image165.wmf]2

213142

xxx

-+-


69. 
[image: image166.wmf]2

921614

xxx

+--


70. 
[image: image167.wmf]2

255204

xxx

--+


71. 
[image: image168.wmf]2

4141449

xxx

+++


72. 
[image: image169.wmf]2

9151525

xxx

--+




Section 4.2:  Factoring Special Binomials and Trinomials

· Special Factor Patterns



Special Factor Patterns 

Factoring the Difference of Two Squares: 

[image: image170.png]The binomial ¢ — 16 is called the difference of two squares.

& -16=(a)’ - (4)

W use the following formula to factor the difference of two squares.

27

(x+y)(x-)

Note that the formula is easily checked by multiplying the binomials 1+ and
=y

(x+5)(x-) Find the product of the fist terms, outer terms,

inner terms, and last terms

Combine fike terms.




[image: image171.png]The binomial ¢ — 16 is called the difference of two squares.

& -16=(a)’ - (4)

W use the following formula to factor the difference of two squares.

27

(x+y)(x-)

Note that the formula is easily checked by multiplying the binomials 1+ and
=y

(x+5)(x-) Find the product of the fist terms, outer terms,

inner terms, and last terms

Combine fike terms.




[image: image172.png]The binomial ¢ — 16 is called the difference of two squares.

& -16=(a)’ - (4)

W use the following formula to factor the difference of two squares.

27

(x+y)(x-)

Note that the formula is easily checked by multiplying the binomials 1+ and
=y

(x+5)(x-) Find the product of the fist terms, outer terms,

inner terms, and last terms

Combine fike terms.




[image: image173.png]The binomial ¢ — 16 is called the difference of two squares.

& -16=(a)’ - (4)

W use the following formula to factor the difference of two squares.

27

(x+y)(x-)

Note that the formula is easily checked by multiplying the binomials 1+ and
=y

(x+5)(x-) Find the product of the fist terms, outer terms,

inner terms, and last terms

Combine fike terms.




[image: image174.png]The binomial ¢ — 16 is called the difference of two squares.

& -16=(a)’ - (4)

W use the following formula to factor the difference of two squares.

27

(x+y)(x-)

Note that the formula is easily checked by multiplying the binomials 1+ and
=y

(x+5)(x-) Find the product of the fist terms, outer terms,

inner terms, and last terms

Combine fike terms.




[image: image175.png]The binomial ¢ — 16 is called the difference of two squares.

& -16=(a)’ - (4)

W use the following formula to factor the difference of two squares.

27

(x+y)(x-)

Note that the formula is easily checked by multiplying the binomials 1+ and
=y

(x+5)(x-) Find the product of the fist terms, outer terms,

inner terms, and last terms

Combine fike terms.




[image: image176.png]We now factor a® — 16 using the difference of two squares formula.

& -16=(a)’ - (4

a+4)(a-4)





[image: image177.png]We now factor a® — 16 using the difference of two squares formula.

& -16=(a)’ - (4

a+4)(a-4)





Example: 

[image: image178.png]Factor the binomial 4x% —25z°




Solution: 

[image: image179.png]The given binomial is the difference of two squares. To Factor the binomial, we

use the formula 5%~ % = (x+y)(x- )

22 - () Rewite each term.

=(2x+52)(2x—52)  Use the diference of o sqyares ormula tofactor




[image: image180.png]The given binomial is the difference of two squares. To Factor the binomial, we

use the formula 5%~ % = (x+y)(x- )

22 - () Rewite each term.

=(2x+52)(2x—52)  Use the diference of o sqyares ormula tofactor




 Note:

[image: image181.png]Note:
W cannot factor the sum of two squares in the real number system. We say that

the binomial @?+16 is a prime binomial





Factoring the Difference of Two Cubes: 

[image: image182.png]The binomial &’ —27 is called the difference of two cubes

We use the Following formula to factor the difference of two cubes,

2=

x=y)(F+w+r?)

Note that the formula s easily checked by multiplying the binomial x— y and
the trinomial 2% + 1y + 2
(r= )2+ +2%)= (5= 2) 24 (x= ) 4 (5= ) 7 et disttrs propery

I atytaly -t aptoyt Use the distributive property.

3_,3 Combine fike terms.





[image: image183.png]The binomial &’ —27 is called the difference of two cubes

We use the Following formula to factor the difference of two cubes,

2=

x=y)(F+w+r?)

Note that the formula s easily checked by multiplying the binomial x— y and
the trinomial 2% + 1y + 2
(r= )2+ +2%)= (5= 2) 24 (x= ) 4 (5= ) 7 et disttrs propery

I atytaly -t aptoyt Use the distributive property.

3_,3 Combine fike terms.





[image: image184.png]The binomial &’ —27 is called the difference of two cubes

We use the Following formula to factor the difference of two cubes,

2=

x=y)(F+w+r?)

Note that the formula s easily checked by multiplying the binomial x— y and
the trinomial 2% + 1y + 2
(r= )2+ +2%)= (5= 2) 24 (x= ) 4 (5= ) 7 et disttrs propery

I atytaly -t aptoyt Use the distributive property.

3_,3 Combine fike terms.





[image: image185.png]The binomial &’ —27 is called the difference of two cubes

We use the Following formula to factor the difference of two cubes,

2=

x=y)(F+w+r?)

Note that the formula s easily checked by multiplying the binomial x— y and
the trinomial 2% + 1y + 2
(r= )2+ +2%)= (5= 2) 24 (x= ) 4 (5= ) 7 et disttrs propery

I atytaly -t aptoyt Use the distributive property.

3_,3 Combine fike terms.





[image: image186.png]The binomial &’ —27 is called the difference of two cubes

We use the Following formula to factor the difference of two cubes,

2=

x=y)(F+w+r?)

Note that the formula s easily checked by multiplying the binomial x— y and
the trinomial 2% + 1y + 2
(r= )2+ +2%)= (5= 2) 24 (x= ) 4 (5= ) 7 et disttrs propery

I atytaly -t aptoyt Use the distributive property.

3_,3 Combine fike terms.





[image: image187.png]The binomial &’ —27 is called the difference of two cubes

We use the Following formula to factor the difference of two cubes,

2=

x=y)(F+w+r?)

Note that the formula s easily checked by multiplying the binomial x— y and
the trinomial 2% + 1y + 2
(r= )2+ +2%)= (5= 2) 24 (x= ) 4 (5= ) 7 et disttrs propery

I atytaly -t aptoyt Use the distributive property.

3_,3 Combine fike terms.





[image: image188.png]We now factor a” — 27 using the difference of two cubes formula,

& -27=(a)l (3]
=(a-3)(@*+@®+3?)
(a-3)(a?+3a+9)




[image: image189.png]We now factor a” — 27 using the difference of two cubes formula,

& -27=(a)l (3]
=(a-3)(@*+@®+3?)
(a-3)(a?+3a+9)




Example: 

[image: image190.png]Factor the binomial 125x° — 64,




Solution: 

[image: image191.png]The given binomial is the difference of two cubes. To factor the binomial, we use

the formula: °~ 7 =[xy [x* + 1947

12547 - 64

(55 - (47 Rewiite sach term.

(57=4)((52° + (5@ +@)  Use the difference of two cubes formuato fecior

= (5x-4)( 2527 +20x+16) Simglify.





[image: image192.png]The given binomial is the difference of two cubes. To factor the binomial, we use

the formula: °~ 7 =[xy [x* + 1947

12547 - 64

(55 - (47 Rewiite sach term.

(57=4)((52° + (5@ +@)  Use the difference of two cubes formuato fecior

= (5x-4)( 2527 +20x+16) Simglify.




Factoring the Sum of Two Cubes: 

[image: image193.png]The binomial a® +8 is called the sum of two cubes

& +8=(af +(2]

We use the following Formula to factor the sum of two cubes

£

x4y - 5%)

Note that the formula is easily checked by multiplying the binomial 1+ and
the trinomial x° — xy+y°

(e )2 =422 = (5} 2 =[x} b (k) 5P sethe distois propory

R N NI e Use the distributive property.
EES

Cobine fike terms.

+y




[image: image194.png]The binomial a® +8 is called the sum of two cubes

& +8=(af +(2]

We use the following Formula to factor the sum of two cubes

£

x4y - 5%)

Note that the formula is easily checked by multiplying the binomial 1+ and
the trinomial x° — xy+y°

(e )2 =422 = (5} 2 =[x} b (k) 5P sethe distois propory

R N NI e Use the distributive property.
EES

Cobine fike terms.

+y




[image: image195.png]The binomial a® +8 is called the sum of two cubes

& +8=(af +(2]

We use the following Formula to factor the sum of two cubes

£

x4y - 5%)

Note that the formula is easily checked by multiplying the binomial 1+ and
the trinomial x° — xy+y°

(e )2 =422 = (5} 2 =[x} b (k) 5P sethe distois propory

R N NI e Use the distributive property.
EES

Cobine fike terms.

+y




[image: image196.png]The binomial a® +8 is called the sum of two cubes

& +8=(af +(2]

We use the following Formula to factor the sum of two cubes

£

x4y - 5%)

Note that the formula is easily checked by multiplying the binomial 1+ and
the trinomial x° — xy+y°

(e )2 =422 = (5} 2 =[x} b (k) 5P sethe distois propory

R N NI e Use the distributive property.
EES

Cobine fike terms.

+y




[image: image197.png]The binomial a® +8 is called the sum of two cubes

& +8=(af +(2]

We use the following Formula to factor the sum of two cubes

£

x4y - 5%)

Note that the formula is easily checked by multiplying the binomial 1+ and
the trinomial x° — xy+y°

(e )2 =422 = (5} 2 =[x} b (k) 5P sethe distois propory

R N NI e Use the distributive property.
EES

Cobine fike terms.

+y




[image: image198.png]The binomial a® +8 is called the sum of two cubes

& +8=(af +(2]

We use the following Formula to factor the sum of two cubes

£

x4y - 5%)

Note that the formula is easily checked by multiplying the binomial 1+ and
the trinomial x° — xy+y°

(e )2 =422 = (5} 2 =[x} b (k) 5P sethe distois propory

R N NI e Use the distributive property.
EES

Cobine fike terms.

+y




[image: image199.png]We now factor a” +8 using the sum of two cubes formula.

& +8= ( P+ (2)3
+2)(@ - @@ +@?)
+2)(a® - 2a+4)




[image: image200.png]We now factor a” +8 using the sum of two cubes formula.

& +8= ( P+ (2)3
+2)(@ - @@ +@?)
+2)(a® - 2a+4)




Example: 

[image: image201.png]Factor the binomial 64x° +27.




Solution: 

[image: image202.png]The given binomial is the sum of two cubes. To factor the binomial, we use

the formular 1+ = (x+y)(x* = 457

6423 +27= (4x) +(3) Rewite sach term.
= (4x+3)[(4x) = (4n)@+(B)  Uss the sum oftwo cubes formulato factor

= (4x+3)(162% ~12x +9) Simplify.





[image: image203.png]The given binomial is the sum of two cubes. To factor the binomial, we use

the formular 1+ = (x+y)(x* = 457

6423 +27= (4x) +(3) Rewite sach term.
= (4x+3)[(4x) = (4n)@+(B)  Uss the sum oftwo cubes formulato factor

= (4x+3)(162% ~12x +9) Simplify.




Factoring Perfect Square Trinomials: 

[image: image204.png]The trinomials 2 + 27y +)7 and 2% — 27y +)7 are called perfect square trinomials.

We use the following formulas to factor perfect square trinomials.

242w+ =(x+y)
22+ =(x-y)

The trinomials are called perfect square trinomials since each can be factored
as the square of a binomial





[image: image205.png]The trinomials 2 + 27y +)7 and 2% — 27y +)7 are called perfect square trinomials.

We use the following formulas to factor perfect square trinomials.

242w+ =(x+y)
22+ =(x-y)

The trinomials are called perfect square trinomials since each can be factored
as the square of a binomial





[image: image206.png]The trinomials 2 + 27y +)7 and 2% — 27y +)7 are called perfect square trinomials.

We use the following formulas to factor perfect square trinomials.

242w+ =(x+y)
22+ =(x-y)

The trinomials are called perfect square trinomials since each can be factored
as the square of a binomial





[image: image207.png]The trinomials 2 + 27y +)7 and 2% — 27y +)7 are called perfect square trinomials.

We use the following formulas to factor perfect square trinomials.

242w+ =(x+y)
22+ =(x-y)

The trinomials are called perfect square trinomials since each can be factored
as the square of a binomial





[image: image208.png]Note that the formulas are easily checked by squaring the binomials x-+ and
-y
2
(x49) = (x+2)(x+y)=
=22 4+2m )7 Cobine fike terms.

2 2 Findthe product of the fsst terms,
FOFEDHYT utertems, inner terms, andlast ferms.

2 Find the product ofthe st terms,
TR WYY outer terms, inner terms, and last etms,

(x-y) = (x-)(x-»)
X2 —2mp 2 Cormbine like terms.




[image: image209.png]Note that the formulas are easily checked by squaring the binomials x-+ and
-y
2
(x49) = (x+2)(x+y)=
=22 4+2m )7 Cobine fike terms.

2 2 Findthe product of the fsst terms,
FOFEDHYT utertems, inner terms, andlast ferms.

2 Find the product ofthe st terms,
TR WYY outer terms, inner terms, and last etms,

(x-y) = (x-)(x-»)
X2 —2mp 2 Cormbine like terms.




Example: 

[image: image210.png]Factor the trinomial 16 x° +24x+9.




Solution: 

[image: image211.png]The given trinomial is a perfect square trinomial. To factor the frinomial, we use

the formula: 5% +2m +° = (x+y)

1662+ Aa+9=(4a) +24a) 3+ () Rewsit the tems.

(da+37 Use the formula to factor.






[image: image212.png]The given trinomial is a perfect square trinomial. To factor the frinomial, we use

the formula: 5% +2m +° = (x+y)

1662+ Aa+9=(4a) +24a) 3+ () Rewsit the tems.

(da+37 Use the formula to factor.





Additional Example 1: 

[image: image213.png]Factor each binomial.
(a) 364% 497
() x2-100y°

© 8F-1

@ 216+2°




Solution: 

[image: image214.png](2) The given binomial is the difference of two squares. To factor the binomial, we

use the formula: 5>~ »% = (x+)(x-»)

3602 - 4967 = (6a)? - (72)°
6a+7b)(6a-Tb)






 [image: image215.png](2) The given binomial is the difference of two squares. To factor the binomial, we

use the formula: 5>~ »% = (x+)(x-»)

3602 - 4967 = (6a)? - (72)°
6a+7b)(6a-Tb)







[image: image216.png](2) The given binomial is the difference of two squares. To factor the binomial, we

use the formula: 5>~ »% = (x+)(x-»)

3602 - 4967 = (6a)? - (72)°
6a+7b)(6a-Tb)





[image: image217.png](b) The given binomial is the difference of two squares. To factor the binomial, we

use the formula: 5>~ »% = (x+)(x-»)

100y = () - (105)°
x+10y)(x-10y)






 [image: image218.png](b) The given binomial is the difference of two squares. To factor the binomial, we

use the formula: 5>~ »% = (x+)(x-»)

100y = () - (105)°
x+10y)(x-10y)







[image: image219.png](b) The given binomial is the difference of two squares. To factor the binomial, we

use the formula: 5>~ »% = (x+)(x-»)

100y = () - (105)°
x+10y)(x-10y)





[image: image220.png](c) The given binomial is the difference of two cubes. To factor the binomial,

we use the Formula: xtﬁ:(x—y)(xh;w/)

(2x-1)(@0R +@R0+0?)
= (2x—1)(4>? +25+1)





[image: image221.png](c) The given binomial is the difference of two cubes. To factor the binomial,

we use the Formula: xtﬁ:(x—y)(xh;w/)

(2x-1)(@0R +@R0+0?)
= (2x—1)(4>? +25+1)






[image: image222.png](c) The given binomial is the difference of two cubes. To factor the binomial,

we use the Formula: xtﬁ:(x—y)(xh;w/)

(2x-1)(@0R +@R0+0?)
= (2x—1)(4>? +25+1)




[image: image223.png](d) The given binomial is the sum of two cubes. To factor the binomial, we use
the formula: 27 +)7 = (”y)(xi,)wyz)
216+2> = (67 +(2)

=(6+2)(©7 - ©@+ )

=(6+2)(36 -6z +2%)

)
)





 [image: image224.png](d) The given binomial is the sum of two cubes. To factor the binomial, we use
the formula: 27 +)7 = (”y)(xi,)wyz)
216+2> = (67 +(2)

=(6+2)(©7 - ©@+ )

=(6+2)(36 -6z +2%)

)
)






[image: image225.png](d) The given binomial is the sum of two cubes. To factor the binomial, we use
the formula: 27 +)7 = (”y)(xi,)wyz)
216+2> = (67 +(2)

=(6+2)(©7 - ©@+ )

=(6+2)(36 -6z +2%)

)
)




Additional Example 2: 

[image: image226.png]Factor each binomial.
(@) 24%-162

o) 2 -16

(&) 10y2°-10y




Solution: 

[image: image227.png](@) The monomials 2a” and 162 share a common factor of 2. The first step in

Factoting the given binomial is to factor out the GCF of 2





 [image: image228.png](@) The monomials 2a” and 162 share a common factor of 2. The first step in

Factoting the given binomial is to factor out the GCF of 2






[image: image229.png]2a*-162=2.4%~2.81

=2 (,12 -81) Use the distributive property.

2(CP0F) B dbence o saees

(@ +9)(@=9)  Use the diference of o squeses formu o facior




[image: image230.png](b) The given binomial is the difference of two squares.






[image: image231.png]B4-16= ((52)2—(4)j

1% 44 (bz -4 Use the difference of twa squaes formula to factor.

(
O e o R P —
=(;

7 +4)(+2)(5-2)  Usethe difference oftwo saares formuda o factor




(c) 
The monomials 
[image: image232.wmf]3

10

yz

and 
[image: image233.wmf]10

y

 share a common factor of 
[image: image234.wmf]10.

y

  The first step in 


 factoring the given binomial to factor out the GCF of 
[image: image235.wmf]10

y

.


     [image: image236.png]10yz” =10y =10y 2> =10y 1

=10, y(23 Use the distributive property.

=105((2 (%) 2 -1 is the difference of two cubes.

=10y(z- 1)((:)2 HEWF W) Usethe difence of o cubes ormulato factor
=10y(z~ 1)(: +2+1) Simplify.




Additional Example 3: 

[image: image237.png]Factor each trinomial.
(a) 254°-60a+36
(b) 497° +28z+4




Solution: 

[image: image238.png](2) The given trinomial is a perfect square trinomial. To factor the trinomial,

we use the formula: x° — 21+ = (x-» )

254 - 60a-+36 = 5a ) - 2(5a)(6) + (6
=(5a-6)"





 [image: image239.png](2) The given trinomial is a perfect square trinomial. To factor the trinomial,

we use the formula: x° — 21+ = (x-» )

254 - 60a-+36 = 5a ) - 2(5a)(6) + (6
=(5a-6)"






[image: image240.png](2) The given trinomial is a perfect square trinomial. To factor the trinomial,

we use the formula: x° — 21+ = (x-» )

254 - 60a-+36 = 5a ) - 2(5a)(6) + (6
=(5a-6)"




[image: image241.png](b) The given trinomial is a perfect square trinomial. To factor the trinomial,

we use the formula: x° + 275y +37 = (x+y)°

4927 +28z +4 = (72)F +202)(2) +(2)?
=(7z+2f





 [image: image242.png](b) The given trinomial is a perfect square trinomial. To factor the trinomial,

we use the formula: x° + 275y +37 = (x+y)°

4927 +28z +4 = (72)F +202)(2) +(2)?
=(7z+2f






[image: image243.png](b) The given trinomial is a perfect square trinomial. To factor the trinomial,

we use the formula: x° + 275y +37 = (x+y)°

4927 +28z +4 = (72)F +202)(2) +(2)?
=(7z+2f




Additional Example 4: 

[image: image244.png]Factor each trinomial.
(2) 80x%+120x+45
(b) 9x%-54x+81




Solution: 

[image: image245.png](a) The monomials 80x7, 120x, and 45 share a common factor of 5. The

first step in factoring the given trinomial s to factor out the GCF of 5





 [image: image246.png](a) The monomials 80x7, 120x, and 45 share a common factor of 5. The

first step in factoring the given trinomial s to factor out the GCF of 5





  [image: image247.png]B0x° +120x+45=516x" +5.24x+5.9

=5{165 +247+9) Use the distibutive property.

:5((4x)2+2(4x)(3)+(3)2) 16x% +24x 49 is a perfect square trinomial

5(4x+3) Use the formula for Factoring a perfect square trinomil.




[image: image248.png](&) The monomials 92°, 54z, and 81 share a common Factor of 9. The first
step in factoring the given trinomial is to factor out the GCF of 9.





 [image: image249.png](&) The monomials 92°, 54z, and 81 share a common Factor of 9. The first
step in factoring the given trinomial is to factor out the GCF of 9.





   [image: image250.png]9x% =54z +81=0-x° -9 6x+9.9

=9(x*-67+9) Use the distibutive property.

9((0)? =26+ (%) -6+ is a pooctsqareinomil

(x-3)° Use the formula for factoring a perfect square trinomial.




Multiply the following.

73. (a)
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74. (a)
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Answer True or False.

75. 
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Factor the following polynomials. If the polynomial can not be factored any further within the real number system, then write the original polynomial as your answer.

83. (a)
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(c)
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84. (a)
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When the remainder is zero, the dividend can be written as a product of two factors (the divisor and the quotient), as shown below.
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In the following examples, use either long division or synthetic division to find the quotient, and then write the dividend as a product of two factors.
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Factor the following polynomials.
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Section 4.3:  Factoring Polynomials

· Techniques for Factoring Trinomials



Techniques for Factoring Trinomials 

Factorability Test for Trinomials: 

[image: image325.png]Leta, b, and ¢ be integers with a = 0. The trinomial ax” +bx+c can be factored
into the product of two binomials with integer cofficients provided that 5% — dac

is a perfect square.




[image: image326.png]The trinomial 2% +7x+3 has integer coefficients a= 2, b=7, and ¢ = 3. Note that
b —dac =77 —4(2)(3) = 49— 24=25= 5. Since 25 is a perfect square, we can
factor the binomial into the product of binomials with integer coefficients

In this section, we present techniques to show that

20% +7x+3= (2x+1)(x+3)




[image: image327.png]The trinomial 2% +7x+3 has integer coefficients a= 2, b=7, and ¢ = 3. Note that
b —dac =77 —4(2)(3) = 49— 24=25= 5. Since 25 is a perfect square, we can
factor the binomial into the product of binomials with integer coefficients

In this section, we present techniques to show that

20% +7x+3= (2x+1)(x+3)




Example: 

[image: image328.png]Use the factorability test for trinomials to determine if the trinomial 2x%+x+3

can be factored into the product of two binomials with integer coefficients




Solution: 

[image: image329.png]First, identify @, b, and .
a=2,b=lamdc=3
Now, find &% - 4ac.

-4
-24

Since — 23 is not a perfect square, the given trinomial cannot be factored using

integer coefficients




[image: image330.png]First, identify @, b, and .
a=2,b=lamdc=3
Now, find &% - 4ac.

-4
-24

Since — 23 is not a perfect square, the given trinomial cannot be factored using

integer coefficients




[image: image331.png]First, identify @, b, and .
a=2,b=lamdc=3
Now, find &% - 4ac.

-4
-24

Since — 23 is not a perfect square, the given trinomial cannot be factored using

integer coefficients




[image: image332.png]First, identify @, b, and .
a=2,b=lamdc=3
Now, find &% - 4ac.

-4
-24

Since — 23 is not a perfect square, the given trinomial cannot be factored using

integer coefficients




[image: image333.png]First, identify @, b, and .
a=2,b=lamdc=3
Now, find &% - 4ac.

-4
-24

Since — 23 is not a perfect square, the given trinomial cannot be factored using

integer coefficients




Factoring Trinomials with Leading Coefficient 1: 

[image: image334.png]We first consider techni ques for factoring trinomials of the form ax” +bx +¢ with

. that is, the leading coefficient is 150 that the trinomial is of the form x +bx -+,

Assume that a trinomial of the form x° +bx+¢ can be factored using integer
coefficients. Then & +br-+c = x+u)(x+v), where u and v are integers that
satisfy the foll owing

(1) w=c
and
@ utv=t




[image: image335.png]We first consider techni ques for factoring trinomials of the form ax” +bx +¢ with

. that is, the leading coefficient is 150 that the trinomial is of the form x +bx -+,

Assume that a trinomial of the form x° +bx+¢ can be factored using integer
coefficients. Then & +br-+c = x+u)(x+v), where u and v are integers that
satisfy the foll owing

(1) w=c
and
@ utv=t





[image: image336.png]We first consider techni ques for factoring trinomials of the form ax” +bx +¢ with

. that is, the leading coefficient is 150 that the trinomial is of the form x +bx -+,

Assume that a trinomial of the form x° +bx+¢ can be factored using integer
coefficients. Then & +br-+c = x+u)(x+v), where u and v are integers that
satisfy the foll owing

(1) w=c
and
@ utv=t





[image: image337.png]We first consider techni ques for factoring trinomials of the form ax” +bx +¢ with

. that is, the leading coefficient is 150 that the trinomial is of the form x +bx -+,

Assume that a trinomial of the form x° +bx+¢ can be factored using integer
coefficients. Then & +br-+c = x+u)(x+v), where u and v are integers that
satisfy the foll owing

(1) w=c
and
@ utv=t





[image: image338.png]We first consider techni ques for factoring trinomials of the form ax” +bx +¢ with

. that is, the leading coefficient is 150 that the trinomial is of the form x +bx -+,

Assume that a trinomial of the form x° +bx+¢ can be factored using integer
coefficients. Then & +br-+c = x+u)(x+v), where u and v are integers that
satisfy the foll owing

(1) w=c
and
@ utv=t




[image: image339.png]For example, x* +6x +8 = x+2)(x+4). In this case, b=6 andc =8. Setting

setw=2 andv=4 we note the following
(1) w=24=8=c

and
@ utv=244=6=b

We can check our factoring by multiplying.

(x+2)(x+4)= 22 +4x+2x+8

=22 46248





[image: image340.png]For example, x* +6x +8 = x+2)(x+4). In this case, b=6 andc =8. Setting

setw=2 andv=4 we note the following
(1) w=24=8=c

and
@ utv=244=6=b

We can check our factoring by multiplying.

(x+2)(x+4)= 22 +4x+2x+8

=22 46248





[image: image341.png]For example, x* +6x +8 = x+2)(x+4). In this case, b=6 andc =8. Setting

setw=2 andv=4 we note the following
(1) w=24=8=c

and
@ utv=244=6=b

We can check our factoring by multiplying.

(x+2)(x+4)= 22 +4x+2x+8

=22 46248





[image: image342.png]For example, x* +6x +8 = x+2)(x+4). In this case, b=6 andc =8. Setting

setw=2 andv=4 we note the following
(1) w=24=8=c

and
@ utv=244=6=b

We can check our factoring by multiplying.

(x+2)(x+4)= 22 +4x+2x+8

=22 46248




[image: image343.png]For example, x* +6x +8 = x+2)(x+4). In this case, b=6 andc =8. Setting

setw=2 andv=4 we note the following
(1) w=24=8=c

and
@ utv=244=6=b

We can check our factoring by multiplying.

(x+2)(x+4)= 22 +4x+2x+8

=22 46248





[image: image344.png]For example, x* +6x +8 = x+2)(x+4). In this case, b=6 andc =8. Setting

setw=2 andv=4 we note the following
(1) w=24=8=c

and
@ utv=244=6=b

We can check our factoring by multiplying.

(x+2)(x+4)= 22 +4x+2x+8

=22 46248




[image: image345.png]Here are some hints for factoring a trinomial of the form x% +bx+c

(1) Tc is positive, then w and v have the same sign. They are both positive if
b is posifive. They are both negafive if b is negative

(2) Tc is negative, then u and v have opposite signs




[image: image346.png]Here are some hints for factoring a trinomial of the form x% +bx+c

(1) Tc is positive, then w and v have the same sign. They are both positive if
b is posifive. They are both negafive if b is negative

(2) Tc is negative, then u and v have opposite signs





 [image: image347.png]Here are some hints for factoring a trinomial of the form x% +bx+c

(1) Tc is positive, then w and v have the same sign. They are both positive if
b is posifive. They are both negafive if b is negative

(2) Tc is negative, then u and v have opposite signs




[image: image348.png]Here are some hints for factoring a trinomial of the form x% +bx+c

(1) Tc is positive, then w and v have the same sign. They are both positive if
b is posifive. They are both negafive if b is negative

(2) Tc is negative, then u and v have opposite signs




[image: image349.png]For example, consider the foll owing trinomials

(@) 2 +5x+6

(b) #-5x+6
(©) #+5z-6
() 2-5x-6

Each trinomial can be factored in the form (x+u)(x+v).




[image: image350.png]For example, consider the foll owing trinomials

(@) 2 +5x+6

(b) #-5x+6
(©) #+5z-6
() 2-5x-6

Each trinomial can be factored in the form (x+u)(x+v).




[image: image351.png](@) For #° +5x+6, c= 6 >0. Thus, » and v have the same sign. In this case, both

u and v are positive since b= 5> 0. We choosew =2 and v=3. Then:

w=23=
utv=2+3=5=}
2+ 5x+6=(x+2)(x43)

=c





[image: image352.png](@) For #° +5x+6, c= 6 >0. Thus, » and v have the same sign. In this case, both

u and v are positive since b= 5> 0. We choosew =2 and v=3. Then:

w=23=
utv=2+3=5=}
2+ 5x+6=(x+2)(x43)

=c





[image: image353.png](@) For #° +5x+6, c= 6 >0. Thus, » and v have the same sign. In this case, both

u and v are positive since b= 5> 0. We choosew =2 and v=3. Then:

w=23=
utv=2+3=5=}
2+ 5x+6=(x+2)(x43)

=c




[image: image354.png](b) For 2~ 5x+6, c= 6 >0. Thus, u and v have the same sign. In this case, both
w and v are negative since b= ~5 <0. We choose w=-2 andv=—3. Then






[image: image355.png](b) For 2~ 5x+6, c= 6 >0. Thus, u and v have the same sign. In this case, both
w and v are negative since b= ~5 <0. We choose w=-2 andv=—3. Then






[image: image356.png](b) For 2~ 5x+6, c= 6 >0. Thus, u and v have the same sign. In this case, both
w and v are negative since b= ~5 <0. We choose w=-2 andv=—3. Then





[image: image357.png]() For ¥ +52— 6, c==6 <0. Thus, u and v have opposite signs. We must

choose 1 andv so that wv=—6 andu +v =5. We can setu =6 andv=—1. Then

wr=(6)(-1)=~6=c
utv=6+(-1)=5=b
X 45x—6=(x+6)[x-1)





[image: image358.png]() For ¥ +52— 6, c==6 <0. Thus, u and v have opposite signs. We must

choose 1 andv so that wv=—6 andu +v =5. We can setu =6 andv=—1. Then

wr=(6)(-1)=~6=c
utv=6+(-1)=5=b
X 45x—6=(x+6)[x-1)





[image: image359.png]() For ¥ +52— 6, c==6 <0. Thus, u and v have opposite signs. We must

choose 1 andv so that wv=—6 andu +v =5. We can setu =6 andv=—1. Then

wr=(6)(-1)=~6=c
utv=6+(-1)=5=b
X 45x—6=(x+6)[x-1)




[image: image360.png](d) For x%—5x-6, c=—6 <0. Thus, u and vhave opposite signs. We must

choose 1 andv so thatuy = —6 andu +v =—5. We can setu = —6 andv =1. Then.

utv=—-6+1=-5=}
A=5x-6=(x=6)(x+1)





[image: image361.png](d) For x%—5x-6, c=—6 <0. Thus, u and vhave opposite signs. We must

choose 1 andv so thatuy = —6 andu +v =—5. We can setu = —6 andv =1. Then.

utv=—-6+1=-5=}
A=5x-6=(x=6)(x+1)





[image: image362.png](d) For x%—5x-6, c=—6 <0. Thus, u and vhave opposite signs. We must

choose 1 andv so thatuy = —6 andu +v =—5. We can setu = —6 andv =1. Then.

utv=—-6+1=-5=}
A=5x-6=(x=6)(x+1)




Example: 

[image: image363.png]The trinomial % —5x - 24 can be factored as the product of two binomials with

integer coefficients. Factor the polynomial




Solution: 

[image: image364.png]T a trinomial x° +bx+¢ can be factored as the product of two binomials with

integer cocfficients, it is factored as (x+1)(x+v), where wv=c andu+v=b.

For the given trinomial we have b= -5 and ¢ =—24. Sincec =24 <0, we know

that w and v have opposite signs

We must find u and v so that wv=—24 and u+v





[image: image365.png]T a trinomial x° +bx+¢ can be factored as the product of two binomials with

integer cocfficients, it is factored as (x+1)(x+v), where wv=c andu+v=b.

For the given trinomial we have b= -5 and ¢ =—24. Sincec =24 <0, we know

that w and v have opposite signs

We must find u and v so that wv=—24 and u+v





[image: image366.png]T a trinomial x° +bx+¢ can be factored as the product of two binomials with

integer cocfficients, it is factored as (x+1)(x+v), where wv=c andu+v=b.

For the given trinomial we have b= -5 and ¢ =—24. Sincec =24 <0, we know

that w and v have opposite signs

We must find u and v so that wv=—24 and u+v





[image: image367.png]Begin by finding two integers whose product is —24. Then find their sum. If their
sum is not —5, continue working with different pairs of integers whose productis

—24 until asum of - 5is achieved.

The table below shows all possiblities of pairs of integers whose products are —24.
Their sums are shown in the last column. The combination that gives wv =24 and

—5is highlighted.

utv




[image: image368.png]Begin by finding two integers whose product is —24. Then find their sum. If their
sum is not —5, continue working with different pairs of integers whose productis

—24 until asum of - 5is achieved.

The table below shows all possiblities of pairs of integers whose products are —24.
Their sums are shown in the last column. The combination that gives wv =24 and

—5is highlighted.

utv




[image: image369.png]u+ty

wr
—24
—24

—23
-10

—24
12

1
2

—24
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—24

—24

2
24





[image: image370.png]Setting =3 andv =8, we can factor the given rinomial

x¥=5x-24=(x+3)(x-8)




[image: image371.png]Setting =3 andv =8, we can factor the given rinomial

x¥=5x-24=(x+3)(x-8)




Factoring Trinomials with Leading Coefficient Different from 1:
[image: image372.png]We now consider techni ques for Factoring trinomials of the form ax” +bx+c with
a1, that is, the leading coefficient is different from 1. The first step in factoring any
polynomial is to factor out common factors. If , b, and ¢ share a common factor other
than 1, then factor ot the GCF as the first step. In addition, if @ <0, then Factor out
the negative of the GCF.

In the following discussion, we may assume that a, b, and ¢ share no common factor other
than 1 andthat @ 0. Also, assume that the trinomial can be factored using integer
coefficients.




[image: image373.png]We now consider techni ques for Factoring trinomials of the form ax” +bx+c with
a1, that is, the leading coefficient is different from 1. The first step in factoring any
polynomial is to factor out common factors. If , b, and ¢ share a common factor other
than 1, then factor ot the GCF as the first step. In addition, if @ <0, then Factor out
the negative of the GCF.

In the following discussion, we may assume that a, b, and ¢ share no common factor other
than 1 andthat @ 0. Also, assume that the trinomial can be factored using integer
coefficients.




[image: image374.png]Then ax® +bx-+c = (dx+e)(fx+g), where d e, f, and g are integers that satisfy the

following

M) df =a
and

@) eg=c
and

(3) dg+ef =b

One technique for factoring is a trial and error method, that is, keep working with different
combinations until the three steps are satisfied.





[image: image375.png]Then ax® +bx-+c = (dx+e)(fx+g), where d e, f, and g are integers that satisfy the

following

M) df =a
and

@) eg=c
and

(3) dg+ef =b

One technique for factoring is a trial and error method, that is, keep working with different
combinations until the three steps are satisfied.




[image: image376.png]Then ax® +bx-+c = (dx+e)(fx+g), where d e, f, and g are integers that satisfy the

following

M) df =a
and

@) eg=c
and

(3) dg+ef =b

One technique for factoring is a trial and error method, that is, keep working with different
combinations until the three steps are satisfied.




[image: image377.png]For the polynomial 25> +13x+15, we have a =2, b=13 andc=15. Sefting
d=2,e=3F =1 andg =5, we note the following,

(1) df=2-1=2=a
and
(2) eg=35=15=c
and
(3) dg+ef =2.5+3.1=1043=13=}

Thus, 2x° +13x +1

2543)(x45).





[image: image378.png]For the polynomial 25> +13x+15, we have a =2, b=13 andc=15. Sefting
d=2,e=3F =1 andg =5, we note the following,

(1) df=2-1=2=a
and
(2) eg=35=15=c
and
(3) dg+ef =2.5+3.1=1043=13=}

Thus, 2x° +13x +1

2543)(x45).




[image: image379.png]For the polynomial 25> +13x+15, we have a =2, b=13 andc=15. Sefting
d=2,e=3F =1 andg =5, we note the following,

(1) df=2-1=2=a
and
(2) eg=35=15=c
and
(3) dg+ef =2.5+3.1=1043=13=}

Thus, 2x° +13x +1

2543)(x45).




[image: image380.png]We can check our factoting by multiplying

(2x+3)(x+5) = 222 +10x+3x+15
=2 +13x +15





[image: image381.png]We can check our factoting by multiplying

(2x+3)(x+5) = 222 +10x+3x+15
=2 +13x +15




[image: image382.png]Factoring trinomials of the form ax” +bx+¢ with @ # 1 involves testing more
combinations of factors than the combinations needed for trinomials whose leading
cosfficientis 1

T atrial and error method proves too tedious, the following 3-step technique can
be used

Step 1) Ldentifya, b, andc
Step 2) Find two integers w andv so thatwv=ac andu +v =5

Step 3) Rewrite the given polynomial in the form ax® +ux-+vx +¢ and factor it
by grouping,




[image: image383.png]Factoring trinomials of the form ax” +bx+¢ with @ # 1 involves testing more
combinations of factors than the combinations needed for trinomials whose leading
cosfficientis 1

T atrial and error method proves too tedious, the following 3-step technique can
be used

Step 1) Ldentifya, b, andc
Step 2) Find two integers w andv so thatwv=ac andu +v =5

Step 3) Rewrite the given polynomial in the form ax® +ux-+vx +¢ and factor it
by grouping,





[image: image384.png]Factoring trinomials of the form ax” +bx+¢ with @ # 1 involves testing more
combinations of factors than the combinations needed for trinomials whose leading
cosfficientis 1

T atrial and error method proves too tedious, the following 3-step technique can
be used

Step 1) Ldentifya, b, andc
Step 2) Find two integers w andv so thatwv=ac andu +v =5

Step 3) Rewrite the given polynomial in the form ax® +ux-+vx +¢ and factor it
by grouping,




[image: image385.png]We will use this method for factoring the polynomial shown above: 2x° +13z+15

Step 1) Mentifya, b, ande. a=2, b=13, c=15

Step 2) Find two integers w an v so that wv=ac and u +v=5

We need two integers u andv so thatuy=2.15=30 andu+v=13. Since
©=15>0andb=13>0, both u and v are positive.

The table below shows all possiblifies of pairs of positive integers whose products
are 30. Their sums are shown in the last column. The combinafion that gives wv =30
and u+v =13 is highli ghted.




[image: image386.png]We will use this method for factoring the polynomial shown above: 2x° +13z+15

Step 1) Mentifya, b, ande. a=2, b=13, c=15

Step 2) Find two integers w an v so that wv=ac and u +v=5

We need two integers u andv so thatuy=2.15=30 andu+v=13. Since
©=15>0andb=13>0, both u and v are positive.

The table below shows all possiblifies of pairs of positive integers whose products
are 30. Their sums are shown in the last column. The combinafion that gives wv =30
and u+v =13 is highli ghted.




[image: image387.png]We will use this method for factoring the polynomial shown above: 2x° +13z+15

Step 1) Mentifya, b, ande. a=2, b=13, c=15

Step 2) Find two integers w an v so that wv=ac and u +v=5

We need two integers u andv so thatuy=2.15=30 andu+v=13. Since
©=15>0andb=13>0, both u and v are positive.

The table below shows all possiblifies of pairs of positive integers whose products
are 30. Their sums are shown in the last column. The combinafion that gives wv =30
and u+v =13 is highli ghted.






 [image: image388.png]We will use this method for factoring the polynomial shown above: 2x° +13z+15

Step 1) Mentifya, b, ande. a=2, b=13, c=15

Step 2) Find two integers w an v so that wv=ac and u +v=5

We need two integers u andv so thatuy=2.15=30 andu+v=13. Since
©=15>0andb=13>0, both u and v are positive.

The table below shows all possiblifies of pairs of positive integers whose products
are 30. Their sums are shown in the last column. The combinafion that gives wv =30
and u+v =13 is highli ghted.






 [image: image389.png]We will use this method for factoring the polynomial shown above: 2x° +13z+15

Step 1) Mentifya, b, ande. a=2, b=13, c=15

Step 2) Find two integers w an v so that wv=ac and u +v=5

We need two integers u andv so thatuy=2.15=30 andu+v=13. Since
©=15>0andb=13>0, both u and v are positive.

The table below shows all possiblifies of pairs of positive integers whose products
are 30. Their sums are shown in the last column. The combinafion that gives wv =30
and u+v =13 is highli ghted.
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[image: image391.png]Step 3) Write ax?+bx+c = ax’+ux+vx+c and then factor by grouping
We setu =3 andv = 10, rewrite the polynomial, and then factor by grouping
52 +13x+15= 252 +3x+10x+15

X2+ +52x+3)
= (x+5)(2x+3)







 [image: image392.png]Step 3) Write ax?+bx+c = ax’+ux+vx+c and then factor by grouping
We setu =3 andv = 10, rewrite the polynomial, and then factor by grouping
52 +13x+15= 252 +3x+10x+15

X2+ +52x+3)
= (x+5)(2x+3)








  [image: image393.png]Step 3) Write ax?+bx+c = ax’+ux+vx+c and then factor by grouping
We setu =3 andv = 10, rewrite the polynomial, and then factor by grouping
52 +13x+15= 252 +3x+10x+15

X2+ +52x+3)
= (x+5)(2x+3)





Example: 

[image: image394.png]Factor the polynomials 5x° +13x—6.




Solution: 

[image: image395.png]b=13,

13

Step 1) Ldentifya, b, ande. a

Step 2) Find two integers w anv so that wv=ac and u+v="5

We need two integers w andv so that uv=5.(-6) =~30 andu+v=13. Since

c=-6 <0, uandv have opposite signs

The table below shows all possiblifies of pairs of integers whose products are —30.
Their sums are shown in the last column. The combination that gives uv=—30 and

u+v=13 s highlighted.





[image: image396.png]b=13,

13

Step 1) Ldentifya, b, ande. a

Step 2) Find two integers w anv so that wv=ac and u+v="5

We need two integers w andv so that uv=5.(-6) =~30 andu+v=13. Since

c=-6 <0, uandv have opposite signs

The table below shows all possiblifies of pairs of integers whose products are —30.
Their sums are shown in the last column. The combination that gives uv=—30 and

u+v=13 s highlighted.







 [image: image397.png]b=13,

13

Step 1) Ldentifya, b, ande. a

Step 2) Find two integers w anv so that wv=ac and u+v="5

We need two integers w andv so that uv=5.(-6) =~30 andu+v=13. Since

c=-6 <0, uandv have opposite signs

The table below shows all possiblifies of pairs of integers whose products are —30.
Their sums are shown in the last column. The combination that gives uv=—30 and

u+v=13 s highlighted.
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13

Step 1) Ldentifya, b, ande. a

Step 2) Find two integers w anv so that wv=ac and u+v="5

We need two integers w andv so that uv=5.(-6) =~30 andu+v=13. Since

c=-6 <0, uandv have opposite signs

The table below shows all possiblifies of pairs of integers whose products are —30.
Their sums are shown in the last column. The combination that gives uv=—30 and

u+v=13 s highlighted.
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[image: image400.png]Step 3) Write ax?+bx+c = ax’+ux+vx+c and then factor by grouping.

We setw =15 andv =2, rewrite the polynomial, and then factor by grouping.
5% +13x-6= 552 +155- 216

= 5x(x43) - 2x+3)

= Gx-2(x+3)






 [image: image401.png]Step 3) Write ax?+bx+c = ax’+ux+vx+c and then factor by grouping.

We setw =15 andv =2, rewrite the polynomial, and then factor by grouping.
5% +13x-6= 552 +155- 216

= 5x(x43) - 2x+3)

= Gx-2(x+3)







  [image: image402.png]Step 3) Write ax?+bx+c = ax’+ux+vx+c and then factor by grouping.

We setw =15 andv =2, rewrite the polynomial, and then factor by grouping.
5% +13x-6= 552 +155- 216

= 5x(x43) - 2x+3)

= Gx-2(x+3)




Additional Example 1: 

[image: image403.png]Use the factorability test to determine if the following trinomials can be factored
into the product of two binomials with integer cocfficients

(a) 22%-3x+8

(a) 42x% 425743




(a)

[image: image404.wmf]2
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(b)

[image: image405.wmf]2
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Solution: 

[image: image406.png]() First, identify a, b, and ¢

a=2,b=-3,andc=8
Now, find &% - dac.

¥ ~dac=(-97-40)0
—64

Since ~55 is not a perfect square, the given frinomial cannot be factored using

integer coefficients
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a=2,b=-3,andc=8
Now, find &% - dac.

¥ ~dac=(-97-40)0
—64

Since ~55 is not a perfect square, the given frinomial cannot be factored using

integer coefficients
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a=2,b=-3,andc=8
Now, find &% - dac.

¥ ~dac=(-97-40)0
—64

Since ~55 is not a perfect square, the given frinomial cannot be factored using

integer coefficients





[image: image409.png]() First, identify a, b, and ¢

a=2,b=-3,andc=8
Now, find &% - dac.

¥ ~dac=(-97-40)0
—64

Since ~55 is not a perfect square, the given frinomial cannot be factored using

integer coefficients





[image: image410.png]() First, identify a, b, and ¢

a=2,b=-3,andc=8
Now, find &% - dac.

¥ ~dac=(-97-40)0
—64

Since ~55 is not a perfect square, the given frinomial cannot be factored using

integer coefficients




[image: image411.png](b) First, identify a, b, and .

a=42,b=25,mdc=3
Now, find &% - dac.

b7 —dac = (25) - 4(42)(3)
= 625-504
=121

=1’

Since 1211 a perfect square, the given trinomial can be factored as the product

of two binomials with integer coefficients





[image: image412.png](b) First, identify a, b, and .

a=42,b=25,mdc=3
Now, find &% - dac.

b7 —dac = (25) - 4(42)(3)
= 625-504
=121

=1’

Since 1211 a perfect square, the given trinomial can be factored as the product

of two binomials with integer coefficients





  [image: image413.png](b) First, identify a, b, and .

a=42,b=25,mdc=3
Now, find &% - dac.

b7 —dac = (25) - 4(42)(3)
= 625-504
=121

=1’

Since 1211 a perfect square, the given trinomial can be factored as the product

of two binomials with integer coefficients





[image: image414.png](b) First, identify a, b, and .

a=42,b=25,mdc=3
Now, find &% - dac.

b7 —dac = (25) - 4(42)(3)
= 625-504
=121

=1’

Since 1211 a perfect square, the given trinomial can be factored as the product

of two binomials with integer coefficients





  [image: image415.png](b) First, identify a, b, and .

a=42,b=25,mdc=3
Now, find &% - dac.

b7 —dac = (25) - 4(42)(3)
= 625-504
=121

=1’

Since 1211 a perfect square, the given trinomial can be factored as the product

of two binomials with integer coefficients




Additional Example 2: 

[image: image416.png]The trinomial x* +11x +28 can be factored as the product of two binomials with
integer coefFicients. Factor the polynomial




Solution: 

[image: image417.png]For the given trinomial, the leading coefficient 1s 1. Identify & andc.

b=1lande=28

We need to find two integers u and v so that the factoring is of the form (x+)(x +v).

Describe the signs of u and v.

28>0 and

Since ¢ 1150, both u and v are positive.

Describe the product and sum of u and v,

=28 andu+v=b=11

Think of the possibilities of pairs of positive integers whose products are 28,




[image: image418.png]For the given trinomial, the leading coefficient 1s 1. Identify & andc.

b=1lande=28

We need to find two integers u and v so that the factoring is of the form (x+)(x +v).

Describe the signs of u and v.

28>0 and

Since ¢ 1150, both u and v are positive.

Describe the product and sum of u and v,

=28 andu+v=b=11

Think of the possibilities of pairs of positive integers whose products are 28,




[image: image419.png]For the given trinomial, the leading coefficient 1s 1. Identify & andc.

b=1lande=28

We need to find two integers u and v so that the factoring is of the form (x+)(x +v).

Describe the signs of u and v.

28>0 and

Since ¢ 1150, both u and v are positive.

Describe the product and sum of u and v,

=28 andu+v=b=11

Think of the possibilities of pairs of positive integers whose products are 28,




[image: image420.png]For the given trinomial, the leading coefficient 1s 1. Identify & andc.

b=1lande=28

We need to find two integers u and v so that the factoring is of the form (x+)(x +v).

Describe the signs of u and v.

28>0 and

Since ¢ 1150, both u and v are positive.

Describe the product and sum of u and v,

=28 andu+v=b=11

Think of the possibilities of pairs of positive integers whose products are 28,




[image: image421.png]For the given trinomial, the leading coefficient 1s 1. Identify & andc.

b=1lande=28

We need to find two integers u and v so that the factoring is of the form (x+)(x +v).

Describe the signs of u and v.

28>0 and

Since ¢ 1150, both u and v are positive.

Describe the product and sum of u and v,

=28 andu+v=b=11

Think of the possibilities of pairs of positive integers whose products are 28,




[image: image422.png]For the given trinomial, the leading coefficient 1s 1. Identify & andc.

b=1lande=28

We need to find two integers u and v so that the factoring is of the form (x+)(x +v).

Describe the signs of u and v.

28>0 and

Since ¢ 1150, both u and v are positive.

Describe the product and sum of u and v,

=28 andu+v=b=11

Think of the possibilities of pairs of positive integers whose products are 28,




[image: image423.png]For the given trinomial, the leading coefficient 1s 1. Identify & andc.

b=1lande=28

We need to find two integers u and v so that the factoring is of the form (x+)(x +v).

Describe the signs of u and v.

28>0 and

Since ¢ 1150, both u and v are positive.

Describe the product and sum of u and v,

=28 andu+v=b=11

Think of the possibilities of pairs of positive integers whose products are 28,




[image: image424.png]For the given trinomial, the leading coefficient 1s 1. Identify & andc.

b=1lande=28

We need to find two integers u and v so that the factoring is of the form (x+)(x +v).

Describe the signs of u and v.

28>0 and

Since ¢ 1150, both u and v are positive.

Describe the product and sum of u and v,

=28 andu+v=b=11

Think of the possibilities of pairs of positive integers whose products are 28,
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[image: image426.png]4 and
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[image: image427.png]Factor the given polynomial in the form (x+u)(x+v)

2 +11x+28=(x+4)(x+7)




[image: image428.png]Factor the given polynomial in the form (x+u)(x+v)

2 +11x+28=(x+4)(x+7)




Additional Example 3: 

[image: image429.png]The trinomial x° —4x ~ 12 can be factored as the product of two binomials with

integer coefficients. Factor the polynomial




Solution: 

[image: image430.png]For the given trinomial, the leading coefficient 1s 1. First identify & and c.

b=—dandc=-12

We need to find two integers u and v so that the factoring is of the form (x+u)(x +v).

Describe the signs of u andv.

Since ¢ =12 <0, u andv have opposite sigas.

Describe the product and sum of u and v,

—12 and u+ v

Think of the possibilities of pairs of integers whose products are —12




[image: image431.png]For the given trinomial, the leading coefficient 1s 1. First identify & and c.

b=—dandc=-12

We need to find two integers u and v so that the factoring is of the form (x+u)(x +v).

Describe the signs of u andv.

Since ¢ =12 <0, u andv have opposite sigas.

Describe the product and sum of u and v,

—12 and u+ v

Think of the possibilities of pairs of integers whose products are —12




[image: image432.png]For the given trinomial, the leading coefficient 1s 1. First identify & and c.

b=—dandc=-12

We need to find two integers u and v so that the factoring is of the form (x+u)(x +v).

Describe the signs of u andv.

Since ¢ =12 <0, u andv have opposite sigas.

Describe the product and sum of u and v,

—12 and u+ v

Think of the possibilities of pairs of integers whose products are —12




[image: image433.png]For the given trinomial, the leading coefficient 1s 1. First identify & and c.

b=—dandc=-12

We need to find two integers u and v so that the factoring is of the form (x+u)(x +v).

Describe the signs of u andv.

Since ¢ =12 <0, u andv have opposite sigas.

Describe the product and sum of u and v,

—12 and u+ v

Think of the possibilities of pairs of integers whose products are —12




[image: image434.png]For the given trinomial, the leading coefficient 1s 1. First identify & and c.

b=—dandc=-12

We need to find two integers u and v so that the factoring is of the form (x+u)(x +v).

Describe the signs of u andv.

Since ¢ =12 <0, u andv have opposite sigas.

Describe the product and sum of u and v,

—12 and u+ v

Think of the possibilities of pairs of integers whose products are —12




[image: image435.png]For the given trinomial, the leading coefficient 1s 1. First identify & and c.

b=—dandc=-12

We need to find two integers u and v so that the factoring is of the form (x+u)(x +v).

Describe the signs of u andv.

Since ¢ =12 <0, u andv have opposite sigas.

Describe the product and sum of u and v,

—12 and u+ v

Think of the possibilities of pairs of integers whose products are —12




[image: image436.png]For the given trinomial, the leading coefficient 1s 1. First identify & and c.

b=—dandc=-12

We need to find two integers u and v so that the factoring is of the form (x+u)(x +v).

Describe the signs of u andv.

Since ¢ =12 <0, u andv have opposite sigas.

Describe the product and sum of u and v,

—12 and u+ v

Think of the possibilities of pairs of integers whose products are —12




[image: image437.png]For the given trinomial, the leading coefficient 1s 1. First identify & and c.

b=—dandc=-12

We need to find two integers u and v so that the factoring is of the form (x+u)(x +v).

Describe the signs of u andv.

Since ¢ =12 <0, u andv have opposite sigas.

Describe the product and sum of u and v,

—12 and u+ v

Think of the possibilities of pairs of integers whose products are —12
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[image: image439.png]



[image: image440.png]Factor the given polynomial in the form (x+u)(x+v)





[image: image441.png]Factor the given polynomial in the form (x+u)(x+v)





Additional Example 4: 

[image: image442.png]The trinomial 20x” —27x +9 can be Factored as the product of two binomials

with integer coefficients. Factor the polynomial




Solution: 

[image: image443.png]We can attempt to factor by frial and error or we can follow the method shown

below.

Step 1) Ldentify a, b, and .

Step 2) Find two integers u and v sothatuv=ac andu+v=>b

We need two integersu andv so that uv = ac = 20(9) =180 andu+v=b=-27. Since

=9>0andb=-27 <0, both & and v are negative,

Think of the possiblities of pairs of negative integers whose products are 130.




[image: image444.png]We can attempt to factor by frial and error or we can follow the method shown

below.

Step 1) Ldentify a, b, and .

Step 2) Find two integers u and v sothatuv=ac andu+v=>b

We need two integersu andv so that uv = ac = 20(9) =180 andu+v=b=-27. Since

=9>0andb=-27 <0, both & and v are negative,

Think of the possiblities of pairs of negative integers whose products are 130.




[image: image445.png]We can attempt to factor by frial and error or we can follow the method shown

below.

Step 1) Ldentify a, b, and .

Step 2) Find two integers u and v sothatuv=ac andu+v=>b

We need two integersu andv so that uv = ac = 20(9) =180 andu+v=b=-27. Since

=9>0andb=-27 <0, both & and v are negative,

Think of the possiblities of pairs of negative integers whose products are 130.






 [image: image446.png]We can attempt to factor by frial and error or we can follow the method shown

below.

Step 1) Ldentify a, b, and .

Step 2) Find two integers u and v sothatuv=ac andu+v=>b

We need two integersu andv so that uv = ac = 20(9) =180 andu+v=b=-27. Since

=9>0andb=-27 <0, both & and v are negative,

Think of the possiblities of pairs of negative integers whose products are 130.






 [image: image447.png]We can attempt to factor by frial and error or we can follow the method shown

below.

Step 1) Ldentify a, b, and .

Step 2) Find two integers u and v sothatuv=ac andu+v=>b

We need two integersu andv so that uv = ac = 20(9) =180 andu+v=b=-27. Since

=9>0andb=-27 <0, both & and v are negative,

Think of the possiblities of pairs of negative integers whose products are 130.
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[image: image449.png]Step 3) Write ax® +bx+c = ax” +ux+vx+c and then factor by grouping.

We setu

12 andv =15, rewsite the polynomial, and then factor by grouping.

2052 - 27x+9= 2052~ 125~ 155+9
= 4x(5x-3)-3(5x-3)
Ax-3(5x-3)







 [image: image450.png]Step 3) Write ax® +bx+c = ax” +ux+vx+c and then factor by grouping.

We setu

12 andv =15, rewsite the polynomial, and then factor by grouping.

2052 - 27x+9= 2052~ 125~ 155+9
= 4x(5x-3)-3(5x-3)
Ax-3(5x-3)







[image: image451.png]Step 3) Write ax® +bx+c = ax” +ux+vx+c and then factor by grouping.

We setu

12 andv =15, rewsite the polynomial, and then factor by grouping.

2052 - 27x+9= 2052~ 125~ 155+9
= 4x(5x-3)-3(5x-3)
Ax-3(5x-3)





Additional Example 5: 

[image: image452.png]The trinomial 62° ~ 1375 can be factored as the product of two binomials

with integer coefficients. Factor the polynomial




Solution: 

[image: image453.png]We can attempt to factor by trial and error or we can follow the method shown

below.

Step 1) ldentify a, b, andc. a=6,b

Step 2) Find two integers u an v so that wv =ac andu +v=5

We need two integers  andv so that wv=ac = 6(—5)= 30 andu +v=

Sincec==5<0, u andv have oppositesigns

Think of the possiblities of pairs of integers whose products are — 30,




[image: image454.png]We can attempt to factor by trial and error or we can follow the method shown

below.

Step 1) ldentify a, b, andc. a=6,b

Step 2) Find two integers u an v so that wv =ac andu +v=5

We need two integers  andv so that wv=ac = 6(—5)= 30 andu +v=

Sincec==5<0, u andv have oppositesigns

Think of the possiblities of pairs of integers whose products are — 30,




[image: image455.png]We can attempt to factor by trial and error or we can follow the method shown

below.

Step 1) ldentify a, b, andc. a=6,b

Step 2) Find two integers u an v so that wv =ac andu +v=5

We need two integers  andv so that wv=ac = 6(—5)= 30 andu +v=

Sincec==5<0, u andv have oppositesigns

Think of the possiblities of pairs of integers whose products are — 30,






 [image: image456.png]We can attempt to factor by trial and error or we can follow the method shown

below.

Step 1) ldentify a, b, andc. a=6,b

Step 2) Find two integers u an v so that wv =ac andu +v=5

We need two integers  andv so that wv=ac = 6(—5)= 30 andu +v=

Sincec==5<0, u andv have oppositesigns

Think of the possiblities of pairs of integers whose products are — 30,






 [image: image457.png]We can attempt to factor by trial and error or we can follow the method shown

below.

Step 1) ldentify a, b, andc. a=6,b

Step 2) Find two integers u an v so that wv =ac andu +v=5

We need two integers  andv so that wv=ac = 6(—5)= 30 andu +v=

Sincec==5<0, u andv have oppositesigns

Think of the possiblities of pairs of integers whose products are — 30,






 [image: image458.png]v

1130 —30] —29
2 =b ==
3[-10]-30] —7
5 —61-30] -1
6] -5 30 1
10 —37-30 7
5] 2 —30] 13
30] —1[-30] 29





[image: image459.png]Step 3) Write ax® +bx+c = ax” +ux+vx+c and then factor by grouping.
We setu =2 andv =15, rewrite the polynomial, and then factor by grouping.
6x% —13x- 5= 627 +2x-15x-5

= 22(3x+1)-5(3x+1)
2x-5)(3x+])







 [image: image460.png]Step 3) Write ax® +bx+c = ax” +ux+vx+c and then factor by grouping.
We setu =2 andv =15, rewrite the polynomial, and then factor by grouping.
6x% —13x- 5= 627 +2x-15x-5

= 22(3x+1)-5(3x+1)
2x-5)(3x+])







[image: image461.png]Step 3) Write ax® +bx+c = ax” +ux+vx+c and then factor by grouping.
We setu =2 andv =15, rewrite the polynomial, and then factor by grouping.
6x% —13x- 5= 627 +2x-15x-5

= 22(3x+1)-5(3x+1)
2x-5)(3x+])





At times, it can be difficult to tell whether or not a quadratic of the form 
[image: image462.wmf]2

axbxc

++

 can be factored into the form 
[image: image463.wmf](

)

(

)

dxefxg

++

, where a, b, c, d, e, f, and g are integers. If 
[image: image464.wmf]2

4

bac

-

 is a perfect square, then the quadratic can be factored in the above manner.

For each of the following problems,


(a)
Compute 
[image: image465.wmf]2

4

bac

-

.


(b)
Use the information from part (a) to determine whether or not the quadratic can be written as factors with integer coefficients. (Do not factor; simply answer Yes or No.)
133. 
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[image: image468.wmf]2

616

xx

+-


136. 
[image: image469.wmf]2
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9

x

-


138. 
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139. 
[image: image472.wmf]2
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140. 
[image: image473.wmf]2
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142. 
[image: image475.wmf]2
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Factor the following polynomials. If the polynomial can not be rewritten as factors with integer coefficients, then write the original polynomial as your answer.

143. 
[image: image476.wmf]2
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145. 
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56

xx

-+
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[image: image479.wmf]2
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147. 
[image: image480.wmf]2
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[image: image481.wmf]2
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149. 
[image: image482.wmf]2
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[image: image483.wmf]2
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[image: image484.wmf]2
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[image: image485.wmf]2
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153. 
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[image: image488.wmf]2
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[image: image489.wmf]2
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[image: image490.wmf]2
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[image: image491.wmf]2
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[image: image492.wmf]2
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[image: image493.wmf]2
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161. 
[image: image494.wmf]2
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162. 
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[image: image496.wmf]2

3

x

-


164. 
[image: image497.wmf]2
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[image: image498.wmf]2
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[image: image499.wmf]2
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[image: image500.wmf]2
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168. 
[image: image501.wmf]2
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[image: image502.wmf]2
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[image: image503.wmf]2
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[image: image504.wmf]2
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172. 
[image: image505.wmf]2
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173. 
[image: image506.wmf]2
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174. 
[image: image507.wmf]2
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175. 
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176. 
[image: image509.wmf]2
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Factor the following. Remember to first factor out the Greatest Common Factor (GCF) of the terms of the polynomial, and to factor out a negative if the leading coefficient is negative.

177. 
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[image: image511.wmf]2
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179. 
[image: image512.wmf]2
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180. 
[image: image513.wmf]2
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[image: image514.wmf]2
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183. 
[image: image516.wmf]42
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185. 
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186. 
[image: image519.wmf]2
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187. 
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188. 
[image: image521.wmf]2
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189. 
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192. 
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1021

xxx

++


193. 
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194. 
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195. 
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198. 
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Factor the following polynomials. (Hint:  Factor first by grouping, and then continue to factor if possible.)

199. 
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Section 4.4:  Using Factoring to Solve Equations

· Solving Quadratic Equations by Factoring

· Solving Other Polynomials Equations by Factoring



Solving Quadratic Equations by Factoring 

Zero-Product Property: 

[image: image538.png]A quadratic equation is an equation that can be putin the form ax’ +bx+c =

wherea, b, andc are real numbers with a # 0.

To solve a quadratic equation by factoring, rewrite the equation, if necessary, so
that one side is equal to 0 and use the Zero-Product Property:

ab

ifand only if a= 0 or b= 0.




[image: image539.png]A quadratic equation is an equation that can be putin the form ax’ +bx+c =

wherea, b, andc are real numbers with a # 0.

To solve a quadratic equation by factoring, rewrite the equation, if necessary, so
that one side is equal to 0 and use the Zero-Product Property:

ab

ifand only if a= 0 or b= 0.




[image: image540.png]A quadratic equation is an equation that can be putin the form ax’ +bx+c =

wherea, b, andc are real numbers with a # 0.

To solve a quadratic equation by factoring, rewrite the equation, if necessary, so
that one side is equal to 0 and use the Zero-Product Property:

ab

ifand only if a= 0 or b= 0.




Example: 

[image: image541.png]Solve the equation 2x° +7x+3=0 by factoring




Solution: 

[image: image542.png]The equation is in the correct form since the right-hand side is 0. Factor the left-hand side
and use the zero-product property.

22 +7x+3=0
(x+D(x+3)=0 Factor onthe LHS.
254120 or 7+3=0 Apply the Zera-Product Propery.
21=

The solutions are x = 7% andx=





[image: image543.png]The equation is in the correct form since the right-hand side is 0. Factor the left-hand side
and use the zero-product property.

22 +7x+3=0
(x+D(x+3)=0 Factor onthe LHS.
254120 or 7+3=0 Apply the Zera-Product Propery.
21=

The solutions are x = 7% andx=




[image: image544.png]The equation is in the correct form since the right-hand side is 0. Factor the left-hand side
and use the zero-product property.

22 +7x+3=0
(x+D(x+3)=0 Factor onthe LHS.
254120 or 7+3=0 Apply the Zera-Product Propery.
21=

The solutions are x = 7% andx=




Example: 

[image: image545.png]Solve the equation x° = 5(x+100) by factoring




Solution: 

[image: image546.png]Rewrite the equation so that one side is equal to 0. Next factor and use the zero-product
property.

x* = 5(x+100)

2 =5x+500
2 =5x-500=0
(x-25)(x+20)=0 Factor onthe LHS.
x-2520 or x+20=0 Apply the Zera-Product Propery.

x=25 or x=-20

The solutions are x





[image: image547.png]Rewrite the equation so that one side is equal to 0. Next factor and use the zero-product
property.

x* = 5(x+100)

2 =5x+500
2 =5x-500=0
(x-25)(x+20)=0 Factor onthe LHS.
x-2520 or x+20=0 Apply the Zera-Product Propery.

x=25 or x=-20

The solutions are x




[image: image548.png]Rewrite the equation so that one side is equal to 0. Next factor and use the zero-product
property.

x* = 5(x+100)

2 =5x+500
2 =5x-500=0
(x-25)(x+20)=0 Factor onthe LHS.
x-2520 or x+20=0 Apply the Zera-Product Propery.

x=25 or x=-20

The solutions are x




The x-Intercepts of the Graph of a Quadratic Function:
[image: image549.png]Recall that the graph of a quadratic function (1) = ax” +bx+c is a parabola.
(See Section 3.4)

The x-intercepts of the parabola are the real solutions of the equation f(x) = 0;

that is, to find the x-intercepts we solve the quadratic equation ax’ +bx+c = 0,




[image: image550.png]Recall that the graph of a quadratic function (1) = ax” +bx+c is a parabola.
(See Section 3.4)

The x-intercepts of the parabola are the real solutions of the equation f(x) = 0;

that is, to find the x-intercepts we solve the quadratic equation ax’ +bx+c = 0,




Example: 

[image: image551.png]Letf(x) = * —x—6. Find the x-intercepts of the graph of the function




Solution: 

[image: image552.png]fm=0

-0
(x=H(x+2)=0
x-3=0 or x+2=0

x=3 or x=-2

The solutions are 3 and —2. Thus, the z-intercepts of the parabola are 3 and — 2.

The graph is shown below.




[image: image553.png]fm=0

-0
(x=H(x+2)=0
x-3=0 or x+2=0

x=3 or x=-2

The solutions are 3 and —2. Thus, the z-intercepts of the parabola are 3 and — 2.

The graph is shown below.




[image: image554.png]fm=0

-0
(x=H(x+2)=0
x-3=0 or x+2=0

x=3 or x=-2

The solutions are 3 and —2. Thus, the z-intercepts of the parabola are 3 and — 2.

The graph is shown below.




[image: image555.png]fm=0

-0
(x=H(x+2)=0
x-3=0 or x+2=0

x=3 or x=-2

The solutions are 3 and —2. Thus, the z-intercepts of the parabola are 3 and — 2.

The graph is shown below.




[image: image556.png]



Additional Example 1: 

[image: image557.png]Solve the equation x% +8x =—12 by factoring




Solution: 

[image: image558.png]2 +8x=-12
22 +8x+12
2 +8x+12=
(x+6)(x+2)=0
Apply the Zero-Prodct Propesty
x+6=0 or x+2





[image: image559.png]2 +8x=-12
22 +8x+12
2 +8x+12=
(x+6)(x+2)=0
Apply the Zero-Prodct Propesty
x+6=0 or x+2





[image: image560.png]Solve both equations

First equation Second equation:
x+6 0
x42-2=0-2






[image: image561.png]Solve both equations

First equation Second equation:
x+6 0
x42-2=0-2





[image: image562.png]The solutions are x




Additional Example 2: 

[image: image563.png]Solve the equation 5x% =—14x+ 3 by factoring,




Solution: 

[image: image564.png]=-14x+3
~14x+3+14x

Gx-D(x+3H=0
Apply the Zero-Prodict Property
5x-1=0 or x+3=0





[image: image565.png]=-14x+3
~14x+3+14x

Gx-D(x+3H=0
Apply the Zero-Prodict Property
5x-1=0 or x+3=0





[image: image566.png]Solve both equations

First equation Second equation
51-1=0 x+3=0
Sx-1+1=0+1 x+3-320-3
Se=1 3

Bx_1
F5
1
2=l
5





[image: image567.png]Solve both equations

First equation Second equation
51-1=0 x+3=0
Sx-1+1=0+1 x+3-320-3
Se=1 3

Bx_1
F5
1
2=l
5




[image: image568.png]The solutions are x:% and x=




Additional Example 3: 

[image: image569.png]Solve the equation 4x* = 81 by factoring.




Solution: 

[image: image570.png]4x* =81
4x*-81=81-81
4x*-81=0
(2x+9)(2x-9)=0
A5yl the Zero-Proct Progerty
254920 or 2-9=0




[image: image571.png]4x* =81
4x*-81=81-81
4x*-81=0
(2x+9)(2x-9)=0
A5yl the Zero-Proct Progerty
254920 or 2-9=0




[image: image572.png]Solve both equations

First eqation Second equation:
2+9=0 2x-9=0
2549-9=0-9 27-949=0+9

22=9

9
2
9
2





[image: image573.png]Solve both equations

First eqation Second equation:
2+9=0 2x-9=0
2549-9=0-9 27-949=0+9

22=9

9
2
9
2




[image: image574.png]The solutions are x= - andx =
2 2




Additional Example 4:

[image: image575.png]Solve the equation 62° — x= 4x by factoring.




Solution: 

[image: image576.png]Zero-Produet Propesty
x=0 of 6x-5=0




[image: image577.png]4x* =81
4x*-81=81-81
4x*-81=0
(2x+9)(2x-9)=0
A5yl the Zero-Proct Progerty
254920 or 2-9=0




[image: image578.png]Zero-Produet Propesty
x=0 of 6x-5=0




[image: image579.png]From the first eqation, we see that one solution s x = 0. Solve the second equation

Second equation
6r-5=0
6x-5+5=0+5

6r=5
Bx_5
£






[image: image580.png]From the first eqation, we see that one solution s x = 0. Solve the second equation

Second equation
6r-5=0
6x-5+5=0+5

6r=5
Bx_5
£





[image: image581.png]The solutions are 1= 0 andx:%




Additional Example 5: 

[image: image582.png]The length of arectangle is 3 feet longer than its width. If the area
of the rectangle is 40 square feet, what is its width?




Solution: 

[image: image583.png]Let x = width of the rectangle (in feet).

Then x+3= the length of the rectangle




[image: image584.png]Let x = width of the rectangle (in feet).

Then x+3= the length of the rectangle




[image: image585.png]Write an equation.  (width)(length) = area

x(x+3)=40

Apply the Zero-Product Property.
x+8=0 or x-5=0




[image: image586.png]Write an equation.  (width)(length) = area

x(x+3)=40

Apply the Zero-Product Property.
x+8=0 or x-5=0




[image: image587.png]Write an equation.  (width)(length) = area

x(x+3)=40

Apply the Zero-Product Property.
x+8=0 or x-5=0




[image: image588.png]Solve both equations.

First equation Second equation:
x+8=0 x-5=0
x+8-8=0-8 x-5+5=0+5

x=5

We must rule out —8 for the width since the width cannot be negative.




[image: image589.png]Solve both equations.

First equation Second equation:
x+8=0 x-5=0
x+8-8=0-8 x-5+5=0+5

x=5

We must rule out —8 for the width since the width cannot be negative.




[image: image590.png]Solve both equations.

First equation Second equation:
x+8=0 x-5=0
x+8-8=0-8 x-5+5=0+5

x=5

We must rule out —8 for the width since the width cannot be negative.




[image: image591.png]Check the results.

x=5

x+3=5+3=8

(Widin) 5

(Length) 8t

Area= (5@ f) = 40 sq ft ¥




[image: image592.png]Check the results.

x=5

x+3=5+3=8

(Widin) 5

(Length) 8t

Area= (5@ f) = 40 sq ft ¥




[image: image593.png]Check the results.

x=5

x+3=5+3=8

(Widin) 5

(Length) 8t

Area= (5@ f) = 40 sq ft ¥




[image: image594.png]Answer the problem in a complete sentence.

The width of the rectangle is 5 feet.




[image: image595.png]Answer the problem in a complete sentence.

The width of the rectangle is 5 feet.




Additional Example 6: 

[image: image596.png]Let £(x) = x° +2x -8

(a) Find the r-intercepts of the parabola.

(b) Find the vertex

(e) Does the parabola open upward or downward?
(d) Find the axis of symmery.

(e) Find the y-intercept of the parabola,

(f) Sketch the graph




Solution: 

[image: image597.png]0 and solve for x.






  [image: image598.png]J@=0

5 422-8=0

(x-2)(x+4)=0
x=2=0 or x+4=0

=2 or

The solutions are 2 and —4. Thus, the x-intercepts of the parabola are 2 and —4.





 [image: image599.png]J@=0

5 422-8=0

(x-2)(x+4)=0
x=2=0 or x+4=0

=2 or

The solutions are 2 and —4. Thus, the x-intercepts of the parabola are 2 and —4.




[image: image600.png](b) Identify a and b. For f(x)=x"+2x-8, a=landb=2

To find &, substitute a = 1 and &= 2 in the formula k= 72i
A

FR=x2+22-8
F1)= (-1 42(-1)-8
-2-8

9

The vertex is the point (~1-9)





[image: image601.png](b) Identify a and b. For f(x)=x"+2x-8, a=landb=2

To find &, substitute a = 1 and &= 2 in the formula k= 72i
A

FR=x2+22-8
F1)= (-1 42(-1)-8
-2-8

9

The vertex is the point (~1-9)





[image: image602.png](b) Identify a and b. For f(x)=x"+2x-8, a=landb=2

To find &, substitute a = 1 and &= 2 in the formula k= 72i
A

FR=x2+22-8
F1)= (-1 42(-1)-8
-2-8

9

The vertex is the point (~1-9)






[image: image603.png](b) Identify a and b. For f(x)=x"+2x-8, a=landb=2

To find &, substitute a = 1 and &= 2 in the formula k= 72i
A

FR=x2+22-8
F1)= (-1 42(-1)-8
-2-8

9

The vertex is the point (~1-9)





[image: image604.png](b) Identify a and b. For f(x)=x"+2x-8, a=landb=2

To find &, substitute a = 1 and &= 2 in the formula k= 72i
A

FR=x2+22-8
F1)= (-1 42(-1)-8
-2-8

9

The vertex is the point (~1-9)





[image: image605.png](b) Identify a and b. For f(x)=x"+2x-8, a=landb=2

To find &, substitute a = 1 and &= 2 in the formula k= 72i
A

FR=x2+22-8
F1)= (-1 42(-1)-8
-2-8

9

The vertex is the point (~1-9)




(c)   Since 
[image: image606.wmf]10

a

=>

, the parabola opens upward.

[image: image607.png](c) Sincea=1>0, the parbola opens upward.
(d) The axis of symmetry is the vertical line x = ~1
(e) The y-interceptis found by evaluating the function at x = 0. Find £(0).

F@=x+2z-8
F(0)=(0) +2(0)-8

The y-intercept is —8.




[image: image608.png](c) Sincea=1>0, the parbola opens upward.
(d) The axis of symmetry is the vertical line x = ~1
(e) The y-interceptis found by evaluating the function at x = 0. Find £(0).

F@=x+2z-8
F(0)=(0) +2(0)-8

The y-intercept is —8.





[image: image609.png](c) Sincea=1>0, the parbola opens upward.
(d) The axis of symmetry is the vertical line x = ~1
(e) The y-interceptis found by evaluating the function at x = 0. Find £(0).

F@=x+2z-8
F(0)=(0) +2(0)-8

The y-intercept is —8.





 [image: image610.png](c) Sincea=1>0, the parbola opens upward.
(d) The axis of symmetry is the vertical line x = ~1
(e) The y-interceptis found by evaluating the function at x = 0. Find £(0).

F@=x+2z-8
F(0)=(0) +2(0)-8

The y-intercept is —8.




[image: image611.png](f) Sketch the parabola.





 [image: image612.png]



Solving Other Polynomial Equations by Factoring 

Solving Polynomial Equations by Factoring: 

[image: image613.png]“We have solved quadratic equations by the method of factoring. Other polynomial
equations can also be solved by this technique. Sef one side of the equation, if

necessary, to 0 and use the Zero-Product Property.




Example: 

[image: image614.png]Find all solutions of the equation x° = x.




Solution: 

[image: image615.png]7

Thisis a polynomisl eqation of degree 3.

2-x Subtractx from both sides to set the RHS equ 00
Pox= Simplify.
x(x-)=0

Factar x from the LHS
*(E-Dx+1)=0

Factar the cifference of two squares: x°
x=0 or x=1=0 or z+1=0

Apply the Zero Product Property.
x=1

The solutions are x =0, x.





[image: image616.png]7

Thisis a polynomisl eqation of degree 3.

2-x Subtractx from both sides to set the RHS equ 00
Pox= Simplify.
x(x-)=0

Factar x from the LHS
*(E-Dx+1)=0

Factar the cifference of two squares: x°
x=0 or x=1=0 or z+1=0

Apply the Zero Product Property.
x=1

The solutions are x =0, x.





Example: 

[image: image617.png]Solve the equation x° +4x° —4x =16 =0.




Solution: 

[image: image618.png]A+ —4x-16=0 This is a polynomial equation of degree 3

2P(x+4)-4(x+4)=0 Factor the LHS by grouping.
2—4)(x+4):0 Use the distributive property.
(x+2)(x-2)(x+4)=0 Fector the diference oftwo squares: x”

0 or x-2=0 or x+
x=2

Apply the Zero-Product Properly.

The solutions are x =—2,





[image: image619.png]A+ —4x-16=0 This is a polynomial equation of degree 3

2P(x+4)-4(x+4)=0 Factor the LHS by grouping.
2—4)(x+4):0 Use the distributive property.
(x+2)(x-2)(x+4)=0 Fector the diference oftwo squares: x”

0 or x-2=0 or x+
x=2

Apply the Zero-Product Properly.

The solutions are x =—2,





The x-Intercepts of the Graph of a Polynomial Function:
[image: image620.png]For the polynomial function P(x) = a,x" +a, 2"+ +ayx +ay (with a, # 0),
the x-intercepts of its graph are the real solutions of the equation P(x) = 0. Thus,
to find the x-ntercepts, find the real solutions of the polynomial equation of degree 7

given by @, 2" +a, 48"+ +ayx+ag =0,




Example: 

[image: image621.png]Find the intercepts of the graph of the polynomial function P(x) = * —3x% +2x




Solution: 

[image: image622.png]To find the y-intercept, let x = 0 to find A(0),

-3 +2x
0% - 3(0% +2(0)

P
P





[image: image623.png]To find the y-intercept, let x = 0 to find A(0),

-3 +2x
0% - 3(0% +2(0)

P
P





[image: image624.png]Find the real solutions of the equation P(x)= 0 to find the x-intercepts of
the graph

P(x=0
-3 +22=0
[ -3x+2)=0
*(x-1)(x-2)=0
x=0 or x-1=0 or x-2=0

x-1+1=0+1 x-242=0+2
x=2





[image: image625.png]Find the real solutions of the equation P(x)= 0 to find the x-intercepts of
the graph

P(x=0
-3 +22=0
[ -3x+2)=0
*(x-1)(x-2)=0
x=0 or x-1=0 or x-2=0

x-1+1=0+1 x-242=0+2
x=2





[image: image626.png]Find the real solutions of the equation P(x)= 0 to find the x-intercepts of
the graph

P(x=0
-3 +22=0
[ -3x+2)=0
*(x-1)(x-2)=0
x=0 or x-1=0 or x-2=0

x-1+1=0+1 x-242=0+2
x=2





[image: image627.png]The y-intercept is 0. The r-intercepts are 0, 1, and 2.

The graph is shown below.





[image: image628.png]The y-intercept is 0. The r-intercepts are 0, 1, and 2.

The graph is shown below.





[image: image629.png]The y-intercept is 0. The r-intercepts are 0, 1, and 2.

The graph is shown below.





Additional Example 1: 

[image: image630.png]Find all solutions of the equation x°




Solution: 

[image: image631.png]2=9x Thisis a polynomial equation of degree 3

2 -9x=9x-9x Subtract 9x from both sides to set the RHS squal to 0.
£-9x=0 Simplify.
x(P-H=0 Factar x from the LHS
x(x-Hx+3H=0 Factar the difference of two squares: x° 9.
5=0 or x=3=0 or x+3=0  Applythe ZeroProduet Praperty.
x=3

The solutions are x =0, x=3, and x




[image: image632.png]2=9x Thisis a polynomial equation of degree 3

2 -9x=9x-9x Subtract 9x from both sides to set the RHS squal to 0.
£-9x=0 Simplify.
x(P-H=0 Factar x from the LHS
x(x-Hx+3H=0 Factar the difference of two squares: x° 9.
5=0 or x=3=0 or x+3=0  Applythe ZeroProduet Praperty.
x=3

The solutions are x =0, x=3, and x




Additional Example 2: 

[image: image633.png]Solve the equation x°




Solution: 

[image: image634.png]F-x?-2x=0

x(x-x-2)=0

x(x+1)(x-2)=0

x=0 or x+1=0 or z-2=0

The solutions are

x=2

Thisis a polynomisl eqation of degree 3.

Factar x from the LHS.

Factorthe trinomial: x° ~x-2

Apply the Zero Product Property.




[image: image635.png]F-x?-2x=0

x(x-x-2)=0

x(x+1)(x-2)=0

x=0 or x+1=0 or z-2=0

The solutions are

x=2

Thisis a polynomisl eqation of degree 3.

Factar x from the LHS.

Factorthe trinomial: x° ~x-2

Apply the Zero Product Property.




Additional Example 3: 

[image: image636.png]Find the intercepts of the graph of the polynomial finction P(x)=




Solution: 

[image: image637.png]To find the y-intercept, let x = 0 to find P(0).

P(x)= -1+ 25 +20x
P(0) = —(07 +02 +20(0) =0





[image: image638.png]To find the y-intercept, let x = 0 to find P(0).

P(x)= -1+ 25 +20x
P(0) = —(07 +02 +20(0) =0





[image: image639.png]Find the real solutions of the equation P(x)= 0 to find the x-intercepts of
the graph
P(x=0
x4t 4205 =0
—x(x?-x-20)=0
—x(x=5)(x+4) =0
=0 or x-5=0 or

0 x-5+5=0+5
x=5





[image: image640.png]Find the real solutions of the equation P(x)= 0 to find the x-intercepts of
the graph
P(x=0
x4t 4205 =0
—x(x?-x-20)=0
—x(x=5)(x+4) =0
=0 or x-5=0 or

0 x-5+5=0+5
x=5





[image: image641.png]Find the real solutions of the equation P(x)= 0 to find the x-intercepts of
the graph
P(x=0
x4t 4205 =0
—x(x?-x-20)=0
—x(x=5)(x+4) =0
=0 or x-5=0 or

0 x-5+5=0+5
x=5





[image: image642.png]The y-intercept is 0. The x-intercepts are 0,5, and —4

The graph is shown below.





[image: image643.png]The y-intercept is 0. The x-intercepts are 0,5, and —4

The graph is shown below.





[image: image644.png]The y-intercept is 0. The x-intercepts are 0,5, and —4

The graph is shown below.





Solve the following equations by factoring.
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Solve the following equations by factoring. To simplify the process, remember to first factor out the Greatest Common Factor (GCF) and to factor out a negative if the leading coefficient is negative.
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Each of the quadratic functions below is written in the form 
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. The graph of a quadratic function is a parabola with vertex, where  
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(a) Find the x-intercept(s) of the parabola by setting 
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 and solving for x. 

(b) Write the coordinates of the x-intercept(s) found in part (a).

(c) Find the y-intercept of the parabola and write its coordinates. 

(d) Give the coordinates of the vertex (h, k) of the parabola, using the formulas 
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(e) Does the parabola open upward (with the vertex being the lowest point on the graph) or downward (with the vertex being the highest point on the graph)?

(f) Find the axis of symmetry. (Be sure to write your answer as an equation of a line.)

(g) Draw a graph of the parabola that includes the features from parts (b) through (e).
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Find the x-intercept(s) of the following.
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For each of the following problems:

(a)
Model the situation by writing appropriate equation(s).

(b)
Solve the equation(s) and then answer the question posed in the problem.

255. The length of a rectangular frame is 5 cm longer than its width. If the area of the frame is 36 cm2, find the length and width of the frame.
256. The width of a rectangular garden is 8 m shorter than its length. If the area of the field is 180 m2, find the length and the width of the garden
257. The height of a triangle is 3 cm shorter than its base. If the area of the triangle is 90 cm2, find the base and height of the triangle.

258. Find x if the area of the figure below is 26cm2. (Note that the figure may not be drawn to scale.) 

x cm





x cm





3 cm





8 cm
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