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Factoring PolynomialsFactoring Polynomials
Writing a polynomial as a product of factors is called factoring. 
To factor x2 + bx + c as (x + p)(x + q), find p and q such that 
p + q = b and pq = c. The diagram shows the relationships 
between the signs of b and c and the signs of p and q.

To factor ax2 + bx + c, where a ≠ 1, look for the GCF of the 
terms of the polynomial, and then factor further if possible. You 
can also use special product patterns to factor polynomials.

Perfect Square Trinomial Pattern Difference of Two Squares Pattern

a2 + 2ab + b2 = (a + b)2

a2 − 2ab + b2 = (a − b)2

a2 − b2 = (a + b)(a − b)

Example 1 Factor each polynomial.

 a. 2x2 + 6x b. 4x2 − 25 c. x2 + 9x + 18 d. 4x2 − 21x + 5

 a. The GCF of 2 and 6 is 2. The GCF 
of x2 and x is x. So, the greatest 
common monomial factor of the 
terms is 2x.

 b. Use the difference of two squares pattern.

4x2 − 25 = (2x)2 − 52

  = (2x + 5)(2x − 5)

   So, 2x2 + 6x = 2x(x + 3).

 c.  Notice that a = 1, b = 9, and c = 18. Because b and c 
are positive, p and q are positive. Find two positive integer 
factors of 18 whose sum is 9.

   So, x2 + 9x + 18 = (x + 3)(x + 6).

 d.  Notice that a = 4, b = −21, c = 5, and there is no GCF. 
Because b is negative and c is positive, both factors of c 
must be negative.

   So, 4x2 − 21x + 5 = (x − 5)(4x − 1).

Practice Check your answers at BigIdeasMath.com.

Factor the polynomial.
1. 8x − 2 2. 10x2 + 5x 3. 25x − 10y 4. x2 − 7x + 12

5. x2 − x − 20 6. 3x2 + 6x − 24 7. 4x2 + 9x + 5 8. −18x2 − 6x + 4

9. x2 − 9 10. 8x2 − 50 11. x2 + 14x + 49 12. 3x2 − 12x + 12

Factors 
of 4

Factors 
of 5

Possible 
factorization

Middle 
term

1, 4 −1, −5 (x − 1)(4x − 5) −9x ✗
1, 4 −5, −1 (x − 5)(4x − 1) −21x ✓

2, 2 −1, −5 (2x − 1)(2x − 5) −12x ✗

Factors of 18 1, 18 2, 9 3, 6

Sum of factors 19 11 9

The values of p and q are 3 and 6.

x2 + bx + c = (x + p)(x + q)

c is positive.
b is positive.

c is positive.
b is negative. c is negative.

p and q
are positive.

p and q
are negative.

p and q have
different signs.



Copyright © Big Ideas Learning, LLC  Topic 9.4

Name ___________________________________________________    Date  __________________

Zeros of Quadratic FunctionsZeros of Quadratic Functions
A zero of a function f is an x-value for which f(x) = 0. If a real number k is a zero of the function 
f(x) = ax2 + bx + c, then k is an x-intercept of the graph of the function.

Example 1 Find the zeros of each function.

 a. f(x) = 9x2 − 1 b. f(x) = x2 − 2x − 8

  Set f(x) equal to 0. Then use square roots 
to solve for x.

  Set f(x) equal to 0. Then use factoring 
to solve for x.

  x2 − 2x − 8 = 0

  (x − 4)(x + 2) = 0

  x − 4 = 0 or x + 2 = 0

  x = 4 or x = −2

 The zeros of the function are x = −2 and x = 4.

  9x2 − 36 = 0

  9x2 = 36

  x2 = 4

  x = ± √
—

 4  

  x = ±2

   The zeros of the function are x = −2 and x = 2.

Example 2 Find the zeros of f(x) = x2 − 5x + 7.

Set f(x) equal to 0. Then use the Quadratic Formula to solve for x.

 x =   −b ±  √
—

 b2 − 4ac    —— 
2a

  

  =   −(−5) ±  √
——

  (−5)2 − 4(1)(7)     ———  
2(1)

  

  =   5 ±  √
—

 −3   — 
2
  

  =   5 ± i √
—

 3   — 
2
  

 The zeros of the function are x =   5 — 
2
   +    √

—
 3   — 

2
  i and x =   5 — 

2
   −    √

—
 3   — 

2
  i. 

  Notice that the graph of f does not intersect the x-axis.

Practice Check your answers at BigIdeasMath.com.

Find the zero(s) of the function.
1. f(x) = 8x2 + 32 2. f(x) = −5x2 + 40

3. f(x) = x2 − 8x + 16 4. f(x) = 4x2 + 12x + 9

5. f(x) = 4(x + 5)(x − 1) 6. f(x) = −  1 — 2  x(x + 3)

7. f(x) = 3x2 + 12x + 15 8. f(x) = 2x2 − x − 15

9. f(x) = −(x + 1)2 + 18 10. f(x) = (x − 7)2 + 9

x

y

2

4

2 4
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Properties of ExponentsProperties of Exponents

 

Example 1 Evaluate (a) 4.90 and (b) (−3)−4.

 a. 4.90 = 1  De! nition of zero exponent b. (−3)−4 =   1 — 
(−3)4    De! nition of negative exponent

    =   1 — 
81

   Evaluate power.

Example 2 Simplify each expression. Write your answer using only positive exponents.

 a. 23 ⋅ 24 = 27 = 128 b.   
59

 — 
56

   = 59 − 6 = 53 = 125

 c.   
12y0

 — 
x−7

   = 12y0x7 = 12x7 d.   
x6 ⋅ x2

 — 
x5

   =   
x6 + 2

 — 
x5

   = x8 − 5 = x3

 e. (z4)2 = z4 ⋅ 2 = z8 f. (6mn)3 = 63 ⋅ m3 ⋅ n3 = 216m3n3

 g.  (   y — 
3
   ) 4 =   

y4

 — 
34

   =   y
4
 — 

81
   h.   

10x6y−2

 — 
5x3y

   =   10 — 
5
  x(6 − 3)y(−2 − 1) = 2x3y−3 =   

2x3
 — 

y3
  

Practice Check your answers at BigIdeasMath.com.

Evaluate the expression.
 1. (−9)0 2. −8−1 3. 4−3 4.   

−50
 — 

3−2
  

Simplify the expression. Write your answer using only positive exponents.
 5. 29 ⋅ 2−6 6. −  

108

 — 
1012

   7. y ⋅ y−5 8.   
x7

 — 
x−7

  

 9. −5x7 ⋅ x−11 ⋅ 2x4 10.   
x−2

 — 
5z0

   11. (w2)−3 12. (8xy)2

 13. 3x5 ⋅ (−2x)4 14. (−5m2n−1)3 15.   
z8

 — 
z−2 ⋅ z9

   16.   
(x5)3

 — 
x6

  

 17.  (   3x — 
2
   ) 3 18.  (   6x4

 — 
5y

   ) −2
 19.   

xy−2

 — 
x4y−3

   20.   
8xy
 — 

6x5yz−2
  

 21.  METRIC SYSTEM There are 106 micrometers in a meter and 103 meters in a kilometer. 
How many micrometers are there in 106 kilometers?

Product of Powers Power of a Product Power of a Power

am ⋅ an = am + n

Add exponents.
(ab)m = ambm

Find the power of each factor.
(am)n = amn

Multiply exponents.

Quotient of Powers Power of a Quotient Negative Exponent Zero Exponent

  a
m
 — 

an   = am − n, a ≠ 0

Subtract exponents.

 (   a — 
b
   ) m =   a

m
 — 

bm  , b ≠ 0

Find the power of the numerator 
and the power of the denominator.

a−n =   1 — 
an  , a ≠ 0 a0 = 1, a ≠ 0
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Adding and Subtracting FractionsAdding and Subtracting Fractions
To add or subtract two fractions with like denominators, 
write the sum or difference of the numerators over 
the denominator.

Example 1  Find   7 — 
12

   +   1 — 
12

  . Example 2  Find   7 — 
9
   −   2 — 

9
  .

   7 — 
12

   +   1 — 
12

   =   7 + 1 — 
12

   Add the numerators.   7 — 
9
   −   2 — 

9
   =   7 − 2 — 

9
   Subtract the numerators.

  =   8 — 
12

  , or   2 — 
3
   Simplify.  =   5 — 

9
   Simplify.

 To add or subtract two fractions with unlike denominators, first write equivalent fractions with a 
common denominator. There are two methods you can use.

 
Adding or Subtracting Fractions with Unlike Denominators

Method 1  Multiply the numerator and the denominator of each fraction by the denominator of 
the other fraction.

Method 2  Use the least common denominator (LCD). The LCD of two or more fractions is the 
least common multiple (LCM) of the denominators.

Example 3  Find   1 — 
8
   +   5 — 

6
  .  Example 4  Find 5  3 — 

4
   − 1  7 — 

10
  .

Method 1:   1 — 
8

   +   5 — 
6
   =   1 ⋅ 6 — 

8 ⋅ 6
   +   5 ⋅ 8 — 

6 ⋅ 8
   

Rewrite using a 
common denominator 
of 8 ⋅ 6 = 48.

 Method 2: Rewrite the difference as   23 — 
4
   −   17 — 

10
  .

  =   6 — 
48

   +   40 — 
48

   Multiply. 

The LCM of 4 and 10 is 20. So, the LCD is 20.

  23 — 
4
   −   17 — 

10
   =   23 ⋅ 5 — 

4 ⋅ 5
   −   17 ⋅ 2 — 

10 ⋅ 2
   Rewrite using 

the LCD, 20.

  =   115 — 
20

   −   34 — 
20

   Multiply.

  =   81 — 
20

  , or 4  1 — 
20

   Simplify.

  =   46 — 
48

  , or   23 — 
24

   Simplify. 

     

Practice Check your answers at BigIdeasMath.com.

Evaluate.

 1.   1 — 
14

   +   5 — 
14

   2.   2 — 
5
   +   1 — 

5
   3.   9 — 

10
   −   1 — 

10
   4.   11 — 

16
   −   3 — 

16
  

 5.   5 — 
8
   +   7 — 

8
   6.   1 — 

6
   +   1 — 

6
   7.   7 — 

9
   +   2 — 

3
   8.   3 — 

5
   +   4 — 

7
  

 9.   3 — 
4
   −   1 — 

6
   10.   7 — 

12
   −   5 — 

9
   11.   9 — 

10
   −   5 — 

6
   12.   5 — 

12
   +   11 — 

16
  

 13. 2  3 — 
5
   + 1  2 — 

5
   14. 4  6 — 

7
   − 2  4 — 

7
   15. 5  5 — 

12
   + 3   3 — 

8
  

 16. 8  1 — 
3
   − 3  2 — 

11
   17.   1 — 

2
   + 3  2 — 

9
   18. 4   3 — 

14
   −   1 — 

7
  

 19.   2 — 
7
   +   3 — 

4
   +   1 — 

2
   20.   13 — 

16
   −   1 — 

4
   −   3 — 

8
   21. 2  1 — 

6
   −   5 — 

9
   +   2 — 

3
  

Adding or Subtracting Fractions with Like Denominators

  a — 
c
   +   b — 

c
   =   a + b — 

c
  , where c ≠ 0    a — 

c
   −   b — 

c
   =   a − b — 

c
  , where c ≠ 0
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Multiplying and Dividing FractionsMultiplying and Dividing Fractions
To multiply two fractions, multiply the numerators and 
multiply the denominators.

Example 1  Find   2 — 
5
   ⋅   3 — 

8
  . Example 2  Find 5  1 — 

2
   ⋅   3 — 

4
  .

   2 — 
5
   ⋅   3— 

8
   =   2 ⋅ 3 — 

5 ⋅ 8
   Multiply the numerators.

Multiply the denominators.
 5  1 — 

2
   ⋅   3 — 

4
   =   11 — 

2
   ⋅   3 — 

4
   Rewrite 5  1 — 

2
   as   11 — 

2
  .

  =   2 ⋅ 3 — 
8 ⋅ 8

   Divide out common factors.  =   11 ⋅ 3 — 
2 ⋅ 4

   Multiply the numerators.
Multiply the denominators.

  =   3 — 
20

   Simplify.  =   33 — 
8
  , or 4  1 — 

8
   Simplify.

Two numbers whose product is 1 are reciprocals. To write the reciprocal of a number, write the number 
as a fraction. Then invert the fraction. Every number except 0 has a reciprocal.

To divide a number by a fraction, multiply the number 
by the reciprocal of the fraction.

Example 3  Find   3 — 
7
   ÷   5 — 

6
  . Example 4  Find 8 ÷ 2  1 — 

3
  .

   3 — 
7
   ÷   5 — 

6
   =   3 — 

7
   ⋅   6 — 

5
   

Multiply by the reciprocal 

of   5 — 
6
  , which is   6 — 

5
  .

 8 ÷ 2  1 — 
3
   = 8 ÷   7 — 

3
   Rewrite 2  1 — 

3
   as   7 — 

3
  .

  =   3 ⋅ 6 — 
7 ⋅ 5

   Multiply.  = 8 ⋅   3 — 
7
   

Multiply by the reciprocal 

of   7 — 
3
  , which is   3 — 

7
  .

  =   18 — 
35

   Simplify.  =   8 ⋅ 3 — 
7
   Multiply.

    =   24 — 
7
  , or 3  3 — 

7
   Simplify.

Practice Check your answers at BigIdeasMath.com.

Write the reciprocal of the number.

 1.   3 — 
8
   2. 7 3. −12 4. −  

6
 — 

5
  

Evaluate.

 5.   3 — 
4
   ⋅   1 — 

6
   6.   3 — 

10 
  ⋅   2 — 

3
   7.   4 — 

9
   ⋅   2 — 

9
   8.   5 — 

8
   ⋅   7 — 

12
  

 9. 4 ⋅   3 — 
16

   10. 3  1 — 
2 

  ⋅   6 — 
7
   11. 1  7 — 

20
   ⋅ 2  4 — 

5
   12.   1 — 

10
   ⋅ 10

 13.   1 — 
6
   ÷   1 — 

2
   14.   7 — 

8
   ÷   7 — 

8
   15.   9 — 

10
   ÷   3 — 

5
   16.   3 — 

4
   ÷   5 — 

8
  

 17. 18 ÷   2 — 
3
   18. 7  1 — 

2
   ÷ 2  1 — 

10
   19. 6  3 — 

7
   ÷ 3 20. 1  3 — 

25
   ÷   1 — 

5
  

 21. AREA Find the area of a rectangular court that is 21  3 — 
5
   meters long and 13  3 — 

4
   meters wide.

 22. CARPENTRY How many 1  1 — 
4
  -foot pieces can you cut from a piece of wood that is 20 feet long?

Multiplying Fractions

  a — 
b
   ⋅   c — 

d
   =   a ⋅ c — 

b ⋅ d
  , where b, d ≠ 0

Dividing Fractions

  a — 
b
   ÷   c — 

d
   =   a — 

b
   ⋅   d — 

c
   =   a ⋅ d — 

b ⋅ c
  , where b, c, d ≠ 0

1

4
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GEOMETRY r e f e r e n c e SHEET

Triangle Congruence
SSS   SAS   ASA   AAS  HL

Coordinate Formulas
Given Points: A(x 1 , y 1 ) ,  B(x 2 ,y 2 )

Distance: d =

Slope: m = 

Midpoint: M = 

Symbols + Meanings

Area  Formulas
triangle: A=

!
"bh

rectangle: A=lw

trapezoid: A=
!
" h(b 1 + b 2 )

parallelogram: A=bh

circle: A= #r2

Special Right Triangles

Trigonometric   Ratios

sin

cos

tan

Volume  Formulas
pyramid: V=

!
$#r 2 h

cone: V=
!
$Bh

sphere: V=
%
$ r 3

cylinder: V= #r 2 h

prism: V = B h

Triangle Similarity
SSS    SAS    AA


