
Algebra 2             Unit 3 

Factoring Polynomials 

Always look for a GCF First! 

2 TERMS 
Difference of Squares Sum or Difference of Cubes 
𝑎ଶ − 𝑏ଶ = (𝑎 + 𝑏)(𝑎 − 𝑏) 

 
  
 
 
 
 
 
*Remember that a perfect square is the 
product of two identical factors! 

𝑎ଷ + 𝑏ଷ = (𝑎 + 𝑏)(𝑎ଶ − 𝑎𝑏 + 𝑏ଶ) 
or 

𝑎ଷ − 𝑏ଷ = (𝑎 − 𝑏)(𝑎ଶ + 𝑎𝑏 + 𝑏ଶ) 
 
 
 
 
 

*A perfect cube is the product of __________ 
identical factors! 

 
a. 3𝑥ଶ − 12 
 
 
 
b. 4𝑥଺ − 9 
 
 
 
c. 𝑥ସ − 16 
 

 
d. 𝑥ଷ + 8 
 
 
 
e. 𝑥ଷ − 27 
 
 
 
f. 64𝑥ଷ + 1 
 
 
 

You Try: Factor completely 

a. 2𝑥ସ − 50     b. 𝑥ଷ − 125    c. 8𝑥ଷ + 27 

 

 

3 TERMS 
Sum and Product: when 𝑎 = 1 Slide and Divide: when 𝑎 > 1 

a. 𝑥ଶ − 10𝑥 + 21 
 
 
 
b. 𝑥ସ + 2𝑥ଶ − 24 
 
 
 
 
 

c. 2𝑥ସ + 9𝑥ଶ − 5 

SAME SIGN 

OPPOSITE 

ALWAYS POSITIVE 

MUST BE 
SUBTRACTION 

SOAP 
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You Try: Factor completely 

a. 𝑥ସ + 4𝑥ଶ − 5      b. 3𝑥ସ + 11𝑥ଶ + 6 

 

 

 

 

4 TERMS 
Factor by Grouping 

a. 𝑥ଷ + 5𝑥ଶ + 2𝑥 + 10 
 
 
 
 
 
 
 
b. 2𝑥ଷ − 8𝑥ଶ + 3𝑥 − 12 
 
 
 
 
 

c. 𝑥ଷ − 2𝑥ଶ − 9𝑥 + 18 
 
 
 
 
 
 
 
d. 4𝑥ଷ + 16𝑥ଶ − 𝑥 − 4 
 
 
 
 
 
 
 

You Try: Factor Completely 

a. 5𝑥ଷ − 15𝑥ଶ + 3𝑥 − 9     b. 𝑥ଷ + 8𝑥ଶ − 4𝑥 − 32 

 

 

 

 

 

c. 5𝑥ଷ + 40       c. 3𝑥ସ − 24𝑥ଶ − 27 
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Factor each completely.

1)  15a4 - 45a2 2)  10x4 + 30x2

3)  a2 - 3a - 18 4)  3p2 - 14p + 16

5)  4b4 - 1 6)  2n4 - 18

7)  16p6 - 25 8)  25n6 - 9

9)  x3 - 216 10)  27u3 - 8

11)  64x3 + 27 12)  x3 + 125
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13)  x4 - 7x2 - 30 14)  x4 + 3x2 - 18

15)  x4 - 9x2 + 18 16)  x4 + 4x2 - 12

17)  7a4 - 13a2 + 6 18)  2x4 + x2 - 6

19)  u6 + 3u3 - 70 20)  5x6 - 10x3 - 15

21)  5m4 + 27m2 + 10 22)  4x4 + 2x2 - 30

23)  3x3 + 6x2 + 8x + 16 24)  v3 - 8v2 + v - 8

25)  6p3 + 7p2 - 18p - 21 26)  7x3 + 5x2 - 35x - 25
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Algebra 2             Unit 3 

Solving Polynomial Equations by Factoring 

1. Make the equation equal 0. 
2. Factor the polynomial completely using the strategies we’ve learned. 
3. Set each factor equal to zero and solve. You may have to use square root or 

quadratic formula to solve factors in quadratic form. 
4. Check the solutions by substituting each one into the original equation. 

The number of solutions is equal to the________________, n, of the polynomial.  

This includes counting double roots or triple roots according to the multiplicity. 

Factor completely, then solve. 

Example: Practice: 
A. 𝑥ଷ − 10𝑥ଶ = 0 1. 2𝑥ଷ + 12𝑥ଶ = 0 

 
 
2. 𝑥ଷ − 7𝑥ଶ = 0 
 
 
3. 8𝑥ଷ + 12𝑥ଶ = 0 
 
 
 

B.  3𝑥ଷ − 27𝑥 = 0 4. 5𝑥ଷ − 80𝑥 = 0 
 
 
5. 𝑥ଷ − 25𝑥 = 0 
 
 
 
6. 6𝑥ଷ − 6𝑥 = 0 
 
 
 

C. 𝑥ଷ + 8 = 0 7. 𝑥ଷ − 27 = 0 
 
 
 
8. 27𝑥ଷ + 125 = 0 
 
 
 
9. 64𝑥ଷ − 1 = 0 
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D. 𝑥ଷ + 5𝑥ଶ − 24𝑥 = 0 10. 𝑥ଷ − 3𝑥ଶ − 54𝑥 = 0 
 
 
 
11. 𝑥ଷ + 15𝑥ଶ + 56𝑥 = 0 
 
 
 
12. 𝑥ଷ − 𝑥ଶ − 72𝑥 = 0 
 
 
  

E. 3𝑥ଷ + 14𝑥ଶ − 5𝑥 = 0 13. 2𝑥ଷ + 𝑥ଶ − 𝑥 = 0 
 
 
 
14. 4𝑥ଷ − 14𝑥ଶ + 12𝑥 = 0 
 
 
 
15. 5𝑥ଷ − 21𝑥ଶ − 20𝑥 = 0 
 
 
 

F. 𝑥ସ + 4𝑥ଶ − 5 = 0 16. 𝑥ସ − 10𝑥ଶ + 24 = 0 
 
 
 
17. 𝑥ସ + 9𝑥ଶ + 14 = 0 
 
 
 
18. 𝑥ସ − 18𝑥ଶ + 81 = 0 
 
 
 

G. 4𝑥ଷ + 12𝑥ଶ − 3𝑥 − 9 = 0 19. 5𝑥ଷ + 3𝑥ଶ + 20𝑥 + 12 = 0 
 
 
 
20. 2𝑥ଷ + 5𝑥ଶ − 4𝑥 − 10 = 0 
 
 
 
21. 4𝑥ଷ + 4𝑥ଶ + 5𝑥 + 5 = 0 
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Algebra 2             Unit 3 

Polynomial Long Division 

When dividing a polynomial by a monomial, we divide each term by the monomial, 
______________________ the coefficients and _________________________ the exponents. 

Ex 1: Divide 

a. (14𝑥ଷ + 28𝑥ଶ − 70𝑥) ÷ (7𝑥)    b. 
ଵଶ௫ఱିଷ௫యାଽ௫మ

ଷ௫మ
 

 

 

 

However, when we divide a polynomial by another polynomial, we must use long division. 

Recall: What is the process for long division?     3728 ÷ 5 

 

 

The process for polynomial long division is very similar: 

Ex 2: Divide  

a. (𝑥ଷ + 5𝑥ଶ + 5𝑥 − 2) ÷ (𝑥 + 2)    b. (𝑥ସ + 2𝑥ଷ − 5𝑥ଶ + 3𝑥 − 1) ÷ (𝑥 − 1) 

 

 

 

 

 

 

 

 

 

 

 

Notice that the remainder for each of these quotients is ______. This means that the divisor is 
a factor of the dividend. This is just like division with integers:  

15 ÷ 3 = 5 and the remainder is ______. This means that 3 is a factor of 15. 
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Ex 3: Divide (4𝑥ଷ − 5𝑥 + 3) ÷ (2𝑥 + 1) 

 

 

 

 

 

 

 

 

 

 

 

Ex 4: Divide (4𝑎ସ + 2𝑎ଶ − 4𝑎 + 12) ÷ (𝑎 + 2) 

Powers must count down! 

Insert a place holder for 
any missing power, 

including the constant! 
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Divide.

1)  (20x3 + 20x2 + 4x) ¸ 4x 2)  (12n6 + 4n5 + 5n4) ¸ 4n2

3)  (6x3 + 24x2 + 18x) ¸ 6x 4)  (18x3 + 24x2 + 18x) ¸ 6x

Divide using long division.

5)  (2v3 + 19v2 - 10v) ¸ (v + 10) 6)  (b3 + b2 - 20b - 50) ¸ (b - 5)

7)  (2n3 - 6n2 - 12n + 22) ¸ (n - 4) 8)  (8x4 - 45x3 + 23x2 + 17x - 36) ¸ (x - 5)

9)  (k4 - 88k2 + 70k - 69) ¸ (k - 9) 10)  (m5 + 13m4 + 40m3 - 2m - 17) ¸ (m + 5)
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Don’t forget! 

Algebra 2             Unit 3 

Synthetic Division 

When dividing a polynomial by a linear (degree _____) factor, we can use a shorthand 
method called synthetic division. 

Compare the two methods, dividing (2𝑥ଷ + 9𝑥ଶ + 5𝑥 − 1) ÷ (𝑥 + 3) 

Long Division Synthetic Division 

  

 

Ex 2: (5𝑎ହ + 2𝑎ଷ + 𝑎ଶ − 7𝑎 + 1) ÷ (𝑎 − 1)   

 

 

 

 

Ex 3: (2𝑥ଷ − 45𝑥 − 7) ÷ (𝑥 − 5) 

 

 

 

 

Ex 4: (𝑥ଷ − 4𝑥ଶ − 9𝑥 + 36) ÷ (𝑥 − 3) 

 

 

         

Recall that if the remainder is ____, 
this means that the divisor is a 
factor of the dividend. 

Can you factor 𝑥ଷ − 4𝑥ଶ − 9𝑥 + 36 
completely? 

10



©j f2j0p2i1s VKyu_t^aJ eS_oufWtRwFaDrmej LLoLgCj.I o FA^lPlb CrMibgoh\tUsE IrHeqsFeurevJetdn.F u zMPaqdgeH LwjiKtBhs sIKnBfti\nYiZtKeH LAHlogjehbFrCaB V2s.

Worksheet by Kuta Software LLC

Algebra 2

Synthetic Division Practice

Name___________________________________  ID: 1

Date________________  Period____
©p H2W0o2d1P PKhu^tNab eSTojfothwMaqrVe^ NLdLECt.k w ^AolKlp CrXijgbhttGsW [rkejskehrbvJeodC.

Divide using synthetic division.

1)  (n3 - 3n2 - 42n + 16) ¸ (n - 8) 2)  (10a4 + 62a3 - 53a2 + 22a + 7) ¸ (a + 7)

3)  (m3 + 10m2 + 8m - 9) ¸ (m + 9) 4)  (x4 + 2x3 - 34x2 + 45x - 21) ¸ (x - 4)

5)  (7x4 + 14x3 - 6x - 17) ¸ (x + 2) 6)  (r5 - 2r4 - 48r3 - 8r - 52) ¸ (r + 6)

Factor each.  One factor has been given.

7)  3x3 - 8x2 - 13x + 30 = 0;  x - 3 8)  3x3 - 16x2 + x + 20 = 0;  x - 5

9)  2x3 + 5x2 + x - 2 = 0;  x + 2 10)  2x3 - 9x2 - 2x + 24 = 0;  x - 2
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Algebra 2             Unit 3 

Factoring and Solving Given one Factor or Root 

We can use synthetic division to factor and solve polynomial equations. 

(𝑥 − 4) is a factor of the polynomial equation 𝑥ଷ + 𝑥ଶ − 14𝑥 − 24 = 0 

FACTOR 
We can factor completely: 

1. Use synthetic division to depress the 
polynomial 

2. Factor the remaining polynomial using 
one of the strategies we’ve learned 

3. Write the polynomial in factored form. 

SOLVE 
We can find the roots, or solutions, of the 
polynomial equation: 

1. Factor completely. 
2. Set each factor equal to zero and 

solve. 
3. Write the solutions using set notation. 

  

 

Ex 1: Factor 𝑥ଷ − 3𝑥ଶ − 40𝑥 + 84 = 0 given that one factor is (𝑥 − 2). 

 

 

 

 

Ex 2: Factor 𝑥ଷ − 4𝑥ଶ + 5𝑥 − 20 = 0 given that one factor is (𝑥 − 4). 

 

 

 

 

Ex 3: Factor 2𝑥ଷ − 3𝑥ଶ − 17𝑥 − 12 = 0 given that one factor is (𝑥 + 1). 

 

 

 

 

 

What are the roots 
of the equation? 
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Ex 4: Find all roots of 𝑥ଷ − 11𝑥ଶ + 38𝑥 − 40 = 0,  

given that one root is 2.  

 

 

 

 

 

 

 

 

Ex 5: Find all roots of 𝑥ଷ − 9𝑥ଶ + 22𝑥 − 12 = 0,  

given that one root is 3. 

 

 

 

 

 

 

 

 

Ex 6: Find all roots of 𝑥ସ + 6𝑥ଷ + 3𝑥ଶ − 12𝑥 − 10 = 0,  

given the roots -5 and -1. 

What are the factors 
of the equation? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13



©R i2Y0J2W1Y kKdujtmak USIodf\tCwJaarZer SLrLUCg.b i uAmlZlo vrdieg[hftpsR Br]eMsPelrMvheFdp.N A HMOa[dVep VwkihtXhV `IBnifviWnOi]tpe\ RAxlRgOeSbDrla\ _2X.

Worksheet by Kuta Software LLC

Algebra 2

Factoring & Solving Given one Factor or Root

Name___________________________________  ID: 1

Date________________  Period____
©M e2^0y2b1a YK`uAtJaw kS[oZfStRwVairre] ILDLQCX.F ` YAklAlv `rWiLgkhhthsx troeNsze^rYvDegda.

Factor each.  One factor has been given.

1)  x3 - 7x2 + 16x - 12 = 0;  x - 3 2)  x3 + x2 - 9x - 9 = 0;  x + 3

3)  x3 + 2x2 - 9x - 18 = 0;  x + 3 4)  x3 - 21x - 20 = 0;  x - 5

5)  2x3 - 7x2 + 9 = 0;  x - 3 6)  3x3 + 26x2 + 61x + 30 = 0;  x + 5

Find all roots.

7)  x(x + 4)(x + 2) = 0 8)  x(x - 5)(x - 3) = 0

Find all roots.  One root has been given.

9)  x3 + 6x2 + 5x - 12 = 0;  -3 10)  x3 - 3x + 2 = 0;  -2

11)  x3 - 2x2 - x + 2 = 0;  2 12)  x3 - 5x2 - x + 5 = 0;  5

13)  5x3 + 39x2 + 78x + 40 = 0;  -5 14)  5x3 - 7x2 - 46x - 24 = 0;  -2
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Algebra 2             Unit 3 

Finding the Zeros of a Polynomial Function 

Recall that the zeros, or x-intercepts, of a function are found by substituting ______ for y. 

Equation Factors Zeros 
𝑓(𝑥) = 𝑥ଷ + 4𝑥ଶ + 3𝑥 

 
 

  

 

We can locate the zeros of a function on the x-axis, or in the table where y= ______. 

Ex 1: Find all zeros of the function 𝑓(𝑥) = 𝑥ଷ − 𝑥ଶ − 21𝑥 + 45. 

# of zeros: Table: Synthetic Division: 
 
 
 

Zeros: 
 
 
 

What if the zeros are not evident from the table or graph? 

 

We can find all the possible rational zeros: ±
௣

௤
= ------------------------------------------------------------- 

 

Ex 2: List the possible rational zeros of the function 𝑓(𝑥) = 5𝑥ସ + 12𝑥ଷ − 16𝑥ଶ + 10. 

 

 

Ex 3: List the possible rational zeros of the function 𝑓(𝑥) = 20𝑥ଷ − 4𝑥ଶ − 5𝑥 + 1. 

 

 

Ex 4: Find all zeros of the function 𝑓(𝑥) = 20𝑥ଷ − 4𝑥ଶ − 5𝑥 + 1. 

 

 

 

 

 

all factors of the ____________________________  

all factors of the ____________________________ 
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Ex 5: Find all zeros of the function 𝑓(𝑥) = 2𝑥ସ + 7𝑥ଷ + 11𝑥ଶ + 28𝑥 + 12 

1. List possible rational zeros 

±
𝑝

𝑞
 

 

2. Check the table or graph 
and perform synthetic 
division with the known 
integer zeros. 

 

3. If there are no integer zeros, 
or if it’s not yet quadratic, 
use synthetic division to test 
rational zeros. (Remember, 
you will have a remainder of 
zero if it is a solution.) 

 

4. Once the polynomial is 
depressed to quadratic, 
solve using factoring, square 
root property, completing 
the square or quadratic 
formula. 

 

Ex 6: Find all zeros 

a. 𝑓(𝑥) = 𝑥ଷ − 7𝑥ଶ + 10𝑥 + 6    b. 𝑓(𝑥) = 4𝑥ଷ − 8𝑥ଶ − 15𝑥 + 9 
 

 

 

 

 

 

c. 𝑓(𝑥) = 𝑥ଷ + 2𝑥ଶ − 34𝑥 + 7    d. 𝑓(𝑥) = 𝑥ସ + 4𝑥ଷ − 14𝑥ଶ − 20𝑥 − 3 
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State the possible rational zeros for each function.

1)  f (x) = 3x3 + 13x2 + 13x + 3 2)  f (x) = 4x3 + 7x2 + 2x - 1

3)  f (x) = 3x3 + 11x2 + 5x - 3 4)  f (x) = 3x3 + x2 - 3x - 1

State the possible rational zeros for each function.  Then find all zeros.

5)  f (x) = 5x3 - 16x2 + 8x - 1 6)  f (x) = 2x3 + x2 - 2x - 1

7)  f (x) = x3 + 4x + 16 8)  f (x) = 2x3 - 5x2 + 4x - 1

9)  f (x) = 2x4 - 3x3 + x 10)  f (x) = x4 + 15x3 + 49x2 - 5x
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State the possible rational zeros for each function.  Then find all zeros.

1)  f (x) = 5x3 + x2 - 5x - 1 2)  f (x) = 3x3 + 10x2 + 18x + 5

3)  f (x) = 3x3 + 8x2 - 2x + 3 4)  f (x) = 3x3 + 5x2 - 11x + 3

5)  f (x) = x3 + 2x2 - x - 2 6)  f (x) = 9x4 - 24x3 + 15x2 - 2x

7)  f (x) = 3x4 + 7x3 + 5x2 + x 8)  f (x) = 2x4 - x3 - 2x2 + x
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Algebra 2             Unit 3 

Writing Equations of Polynomial Functions 

The graph of the function 𝑓(𝑥) = 𝑥ଷ − 2𝑥 − 4 

is shown at the right. 

There are _____ zeros, and ______ real solution(s). 

This means that the other _____ are imaginary. 

Find all the zeros! 

 

 

 

 

 

 

Complex roots and irrational roots come in pairs. 

 

Ex 1: A polynomial function has the given zeros. Find all additional zeros and state the least 
possible degree of the function. 

Given Zeros Additional Zeros Degree of the Function 

a. −2, 3, −4𝑖 
  

b. −1, 1 + √3 
  

c. − ଵ

ଶ
, 0, −2 + 5𝑖   

d. 2 + √7, −3 − √2 
  

 

Ex 2: Write a polynomial function of least degree that has the given roots: −1, 2, 6 
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Ex 3: Write a polynomial function of least degree that has the given roots: − ଵ

ଶ
, 0, 3 multi. 2 

 

 

 

 

 

 

 

 

Ex 4: Write a polynomial function of least degree that has the given roots: −3, √2  

 

 

 

 

 

 

 

 

 

Ex 5: Write a polynomial function of least degree that has the given roots: 1, 3𝑖  
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A polynomial function with rational coefficients has the following zeros.  Find all additional
zeros.

1)  
3

5
,   2 - 2i,   1 + 2

2)  2 - i,   -1 + 10

3)  -
1

2
,   -2 - 2i 4)  -2 - 3i,   -2 + 6

5)  -
1

5
,   3 + 3i 6)  2,   1,   -1 + 5

7)  -1,   -3,   -2i 8)  2 + 3i,   -3 + 7

9)  -3 + 2 ,   -2 + 3 10)  -2 + 5 ,   -1 + 2 2

Write a polynomial function of least degree with integral coefficients that has the given zeros.

11)  -5,   4,   -4 12)  4,   7

13)  -5,   2,   -3 14)  -3,   7

15)  2  mult. 2,   - 2  mult. 2 16)  
5

2
,   -i,   i
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Algebra 2 Unit 3 Review     Name:_______________________________________ 

Factor. 
1. 𝑥ଷ − 64 2. 1. 𝑥ଶ − 36 3. 2𝑥ଶ − 𝑥 − 6 4. 𝑝ଷ + 4𝑝ଶ − 9𝑝 − 36 

Find the possible rational zeros of the function. 
5. 𝑓(𝑥) = 5𝑥ହ − 4𝑥ଷ + 2𝑥 − 45 6. 𝑓(𝑥) = 3𝑥ସ − 5𝑥ଷ + 2𝑥 − 8 

Divide using synthetic division. 
7. 𝑓(𝑥) = 2𝑥ଷ − 𝑥ଶ − 7𝑥 + 6 ÷ (𝑥 + 2) 8. 𝑓(𝑥) = 𝑥ସ − 2𝑥ଷ + 44𝑥 + 7 ÷ (𝑥 − 3) 

 

9. Is (𝑥 − 2) a factor of the function 𝑓(𝑥) = 3𝑥ଷ − 2𝑥 + 4? Use synthetic division to explain. 

 

10. One factor of 𝑥ଷ − 4𝑥ଶ + 𝑥 + 6 is (𝑥 − 3). Find the other factors. 

 

11. When we say that the root 𝑥 = 7 has a “multiplicity of 2,” what do we mean? 

 

Find all zeros of the function. 
12. 𝑓(𝑥) = 𝑥ଷ + 𝑥ଶ − 4𝑥 − 4 13. 𝑓(𝑥) = 4𝑥ଷ − 3𝑥ଶ + 4𝑥 − 3 

14. 𝑓(𝑥) = 𝑥ସ + 4𝑥ଷ + 3𝑥ଶ − 4𝑥 − 4 15. 𝑓(𝑥) = 𝑥ସ − 4𝑥ଷ + 𝑥ଶ + 16𝑥 − 20 

16. A polynomial function has the given zeros: 2 − √3, 4𝑖. What are the missing zeros? 

Write a polynomial function of least degree that has the given zeros. 
17. -1, 3, & 5 18. -1 (multiplicity 2) & 𝑖 

19. −2 & 4𝑖 20. −3, 3, −2𝑖 
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Algebra 2 Polynomial Review #2   Name:___________________________________ 

1. Is (𝑥 + 1) a factor of 𝑥ଷ + 2𝑥ଶ − 5𝑥 − 6? How can you decide? 

 

 

2. Is (𝑥 + 2) a factor of 𝑥ସ − 𝑥ଷ − 11𝑥ଶ + 9𝑥 + 18? How can you decide? 

 

 

3. Given 𝑥 = 2, find all FACTORS of the polynomial function 𝑓(𝑥) = 4𝑥ସ − 4𝑥ଷ − 9𝑥ଶ + 𝑥 + 2. 

 

 

4. Given 𝑥 = 4, find all ROOTS of the polynomial function 𝑔(𝑥) = 𝑥ଷ − 64. 

 

 

 

5. Given 𝑥 = −3, find all ZEROS of the polynomial function ℎ(𝑥) = 𝑥ସ + 𝑥ଷ − 2𝑥ଶ + 4𝑥 − 24. 

 

 

 

6. Find all zeros of the polynomial function 𝑓(𝑥) = 𝑥ସ − 𝑥ଷ + 7𝑥ଶ − 9𝑥 − 18. 

 

 

 

7. Find all roots of the polynomial function ℎ(𝑥) = 𝑥ଷ + 𝑥ଶ − 29𝑥 − 5. 

 

 

 

8. Given the function 𝑔(𝑥) = 𝑥(𝑥 − 3)(𝑥 + 5)ଶ 

 a. What does (𝑥 + 5)ଶ indicate about the root(s)? 

b. Find all x-intercepts. 

c. What is the degree of the polynomial function? 
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