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 Section 5.2 Factoring Polynomials:   
  The Greatest Common Factor 

 

To this point in your young algebra career, you have added, subtracted, multiplied and divided 
polynomials (by a monomial), the four basic operations.  There is, however, one more important aspect 
to polynomials:  Factoring. 

 

Factoring polynomials is related to both multiplication and division of polynomials, as youÕll see in 
throughout this chapter.  Before we begin, though, itÕs important to review some of the definitions 
related to factoring and multiplication. 

 

FACTORS IMPLY MULTIPLICATION 
 

First,  a product is two things.  
 

 (i) A product is the result of multiplying two (or more) terms together. 
 
 As the result of multiplication,  the product of  3 á 5  is 15.  15 is the result of 

multiplying 3 and 5 together.  We could say that  multiplying 3 and 5 
together produces 15. 

 

 (ii) A product is also the written form of multiplication. 
 

 15, in the form of a product, can be written as   3 á 5.  In other words,  3 á 5  
is the written form of the multiplication that produces 15. 

 

Second,  when a product is written in the form of multiplication, we say that the term (or value) is 
in a factored form.  For example,   3 á 5  is a factored form of 15.   

 

Third,  “to factor” means to write an expression in a factored form,  as the product of two (or 
more) factors.   

 

Example 1: Factor each term.  (Write these terms in a factored form.) 
 
 a) 35 b) 7x c) 15x d) 6x2 
 
Procedure: There are a lot of options.  All of these are acceptable. 
 
a)  35  =  5 á 7 c)  15x  =  15 á x d)  6x2 =  6 á x2   
 
  and =  1 á 35   and =  3 á 5x   and =  3 á 2x2 
 
      and =  5 á 3x   and =  2 á 3x2 
 
b)  7x  =  7 á x   and =  3 á 5 á x   and =  2x á 3x 
 
  and =  x á 7       and =  2 á 3 á x á x 
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Exercise 1: Factor each term.  Find as many ways as possible to write each term in a factored 

form.  
 
 a) 30 b) 8y c) 12x2 d) 10x3 

 
 
 
 
 
 
 

 
 

THE GREATEST COMMON FACTOR 
 

Finding the monomial factor that is common to each term is the same as finding the Greatest 
Common Factor (GCF).  In Section 0.5 is a technique for finding the GCF for two numbers and for three 
numbers, called the division method. 
 

Here is a reminder:   
 

Example 2: Use the division method to find the GCF of 
 
a)       28 and 42    
 

   Set up the division method:     28    42       

 

 2 is a common factor    2   28    42     

 7 is a common factor      7  14    21      

 and there are no other common factors           2      3  
 
 So, the GCF of 28 and 42  is  2·7  =  14  
  
b)    18, 24 and 60   
 

 Set up the division method:   18    24   60    

 

 2 is a common factor  2   18   24   60    

 3 is a common factor  3    9   12   30    

 and there are no other common factors        3     4   10 
 
 So, the GCF of 18, 24 and 60  is  2·3  =  6 
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We can do the same with terms that have variables within them.    
 

Example 3: Use the division method to find the GCF of 
 
a)       28x2 and 42x   
 

   Set up the division method:    28x2    42x      
This is a step that you
wonÕt show by itself.   

 

 2 is a common factor  2   28x2    42x       
This is what your
work will look like.  

 7 is a common factor    7  14x2    21x         !     !  

 x is a common factor      x  2x2     3x                    !  

 and there are no other common factors        2x       3         
 
 So, the GCF of 28x2 and 42x  is  2·7·x  =  14x  
 
b)      18x4, 24x3 and 60x2   
 

 Set up the division method:       18x4     24x3    60x2    

 

 2 is a common factor    2   18x4     24x3    60x2    

 3 is a common factor      3   9x4     12x3    30x2    

 x is a common factor        x  3x4      4x3    10x2     

 again, x is a common factor         x  3x3     4x2     10x     
 and there are no other common factors            3x2     4x      10 
 
 So, the GCF of 18x4, 24x3 and 60x2  is  2·3·x·x  =  6x2 
 
c)      9x2y, 12xy and 6y2   
 

 Set up the division method:       9x2y    12xy     6y2    

 

 3 is a common factor    3   9x2y    12xy     6y2    

 y is a common factor      y  3x2y     4xy     2y2    
 and there are no other common factors            3x2      4x      2y    
 
 So, the GCF of 9x2y, 12xy and 6y2  is  3·y  =  3y 
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Exercise 2   Use the division method to find the GCF of 

 
a) 12x2  and  40x b) 25x4   and  15x3   
 
 
 
 
 
 
 
c) 21y2w  and  14yw2 d) 18x4y3   and  45xy2   
 
 
 
 
 
 
 
e) 6x3,   14x2  and  10x f) 7x5,   12x3  and  8x  
 
 
 
 
 
 
 
g) 24xy3,   16xy2  and  40x2y h) 30a4b3,   45a2b2  and  15ab  
 
 
 
 
 
 

 
 
 
Finding the GCF of two or more terms requires that we find the GCF of the numbers (the 

coefficients and the constant) separately from the variables.   Of course, itÕs best if you can ÒseeÓ the 
GCF without having to go through all of the work of the division method, but itÕs also nice to know itÕs 
available. 

 
For example, in the terms  15x3   and  35x  you should be able to see a common factor of  5  (from 

the 15 and 35)  and a common factor of  x   (from  x3  and   x), thereby making the GCF  5x. 
 
Notice that the common variable factor is  x  and not  x3.  That is because, even though  15x3 has 

three factors of x,  35x  has only one factor of x, so they can have only one factor of x in common. 
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Example 4: Identify the GCF of the given terms by identifying it first for the numbers and then 
for the variables.  Be sure to write the GCF including all common factors. 

 
a)  28x2 and 21x b) 36x3 and 12x4 
 
 (i)  between 28 and 21, the GCF is 7  (i)  between 36 and 12, the GCF is 12 
 
 (ii)  between  x2  and  x,  the GCF  is x  (ii)  between  x3  and  x4,  the GCF  is x3 
 

 So, the GCF  is  7x    So, the GCF  is  12x3   

 
 
c) 15x4,  12x2  and 33x5 d) 20x2y3,  60x3y2  and 10x4y 
 
 (i)  between 15, 12 and 33, the GCF is 3  (i)  between 20, 60 and 10, the GCF is 10 
 
 (ii)  between  x4, x2 and  x5,  the GCF  is x2  (ii)  between  x2, x3 and x4,  the GCF  is x2 
 

 So, the GCF  is  3x2    (iii)  between  y3, y2 and y,  the GCF  is y 

 

   So, the GCF  is  10x2y   

 

Exercise 3   Identify the GCF of the given terms by identifying it first for the numbers and then 

for the variables.  (You do not need to show all the work shown in Example 4.) 
 
a) 16x2  and  40x b) 25m4   and  15m3  
 
 
 
 
 
c) 30ab2  and  20ab d) 10x3y3   and  21x5y2  
 
 
 
 
 
e) 14x2,  21x3  and  35x f) 36p4,  24p2   and  60p3  
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DISTRIBUTING FACTORS TO PRODUCE PRODUCTS 
 

You are already familiar with the distributive property.  For example,  we can rewrite the 
expression  

 
 3xá(2x  +  5)    as    6x2 + 15x     
 
 ... by distributing the term  3x  through  

       to each term in the binomial .....................  3xá(2x  +  5) 

  = 3xá2x  +  3xá5 

  = 6x2 + 15x 
 

Exercise 4   Distribute the term through the polynomial. 

 
a) 7(5x2  +  6) b) 4y(3y2  Ð  2y)  
 
 
 
c) - 2x2(3x3  Ð  5x) d) 3y2(5y2  Ð  6y  +  1) 
 
 
 

FACTORING OUT A COMMON FACTOR 
 
Look back at the distribution example above Exercise 4:  3xá(2x  +  5) 

  = 3xá2x  +  3xá5 

  = 6x2 + 15x 
 

In this sense,  6x2 + 15x is a product (the product of multiplying two factors together) and the 
factors are    3x   and    (2x + 5).  We can see   6x2 + 15x   as a  product when it is written in its factored 
form as    3xá(2x  +  5). 

 
In fact,   6x2 + 15x  is also the sum (addition) of two smaller products:   
 

 6x2  came from   3xá2x and 15x  came from   3xá5 
 
 Two factors of  6x2  are  3x  and  2x.  Two factors of  15x  are  3x  and  5. 

 
Notice that the two smaller products each have a factor of  3x.  In this case, we can call  3x a 

common factor.  Furthermore, since 3x is a monomial, we can call 3x a common monomial factor. 
 
We also call  3x  the GCFÑ Greatest Common Factor. 
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When we have a polynomial with two or more terms (a binomial, trinomial or larger polynomial) 
then we can factor it by looking for the GCF of all of the terms.  For example, if the polynomial is   

 
 12x3  +  6x2  +  18x 

 
 

 We could rewrite the original polynomial, 12x3  +  6x2  +  18x 
 
 as   6xá2x2  +  6xáx  +  6xá3 
  
 This suggests that 6x was distributed into the polynomial       2x2  +  x  +  3. 
 
 The distribution looked something like this: 6x(2x2  +  x  +  3) 
  
 

So, we have found that    12x3  +  6x2  +  18x 
 
 = 6x(2x2  +  x  +  3) 
 
In this way, ÒFactoring OutÓ is the same as Reverse Distribution.  When we seek to factor out the 

common monomial, we areÑ in a senseÑ thinking, ÒWhat term must have been distributed through?Ó 
 

Example 5: Factor out a common monomial from each of these polynomials.  (Check your answer 
by distributing through to make sure you get the original polynomial.)   

 Also, write out what the factors are. 
 
 a) 3x  +  21   b) 4y3  Ð  15y  
 
Procedure: THINK!  Look at the terms and think about what common factors they have. 
 
a) Each term has a factor of 3:  3x  +  21 
  ItÕs not necessary to write this step           = 3áx  +  3á7 
  = 3(x  +  7) 
 So, the factors of  3x  +  21  are   3   and  (x + 7).        
 
b) Though the first term has three factors of y, only one factor of y is   4y3  Ð  15y  
  common to both terms.  When factored, the first term is left with 4y2: = y(4y2  Ð  15)  
 
 So, the factors of  4y3  Ð  15y  are   y   and  (4y2 – 15). 
 
 

When factoring out the common monomial factor,  
you can check your work by re-distributing. 
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If there is no GCF that can be factored out, then we say that the polynomial is prime.  In that case, 
the only common factor is 1. 

 

Example 6: Factor out the greatest common factor from each of these polynomials.   Also, write 
out what the factors are. 

 

a) 6x2  +  33x   b)  15x3  +  8y2 c) 14y4  Ð  7y d) 12x4  Ð  8x3  +  4x2  
 

Procedure: THINK!  Look at the terms and think about what common factors they have.  
Remember, you can check your answer by distributing the term on through. 

 

a) Each term has a factor of 3x:  6x2  +  33x 

  = 3x(2x + 11) 
 

 So, the factors of 3x + 21 are  3x  and (2x + 11).   (Check this result by re-distributing.) 
 

b) These terms have nothing in common, so this polynomial is   15x3  +  8y2  

 not factorable;  it is prime  .  If nothing else, we can factor out just 1: = 1(15x3 + 8y2)  
 

 So, the factors of 15x3 + 8y2 are 1 and (15x3 + 8y2).   
 

c) Each term has a factor of 7y:  14y4  Ð  7y 

 The second term is also 7y, but we can think of it as  7y á 1: = 7yá2y3 Ð 7yá1 

  = 7y(2y3 Ð 1) 
 

d) Each term has a factor of 4 and two factors of x:  12x4  Ð  8x3  +  4x2 

 so the common factor is  4x2: = 4x2á3x2 Ð 4x2á2x + 4x2á1 

 Factoring out 4x2 from each term. = 4x2(3x2  Ð  2x  +  1) 
 

 So, the factors of 12x4 Ð 8x3 + 4x2 are 4x2 and (3x2 – 2x + 1).   (Check this result.) 
 

DIVISION AND FACTORING:  (You may wish to use this technique.) 
 

We know that  5  is a factor of 155, but we donÕt know what the other factor is, we can use 

division to find it:  
155
5    =  31.  This tells us that 155  factors into  5 á 31. 

 

Likewise, if we know that   6x  is a factor of  12x3  +  6x2  +  18x, but we donÕt know what 

the other factor is, we can use division to find it:     
12x3 + 6x2 + 18x

6x   .   
 

From our work in Section 5.1, we know that this division can be split up into three fractions:     
 

 
12x3

6x    +  
6x2

6x    +  
18x
6x     =   2x2  +  x  +  3.   "   This trinomial is the other factor.   

 

This means that        12x3  +  6x2  +  18x  =  6x á (2x2  +  x  +  3). 
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Exercise 5   Factor out a common monomial from each of these polynomials.  (Check your answer 

by distributing through to make sure you get the original polynomial.)   
 

  Also, write out what the factors are.   

 
a) 8y  +  10   b) 9c2  Ð  20c  
 
 
 

The factors are                 and                         The factors are                 and                         

 
c) 10w2  Ð  15w   d)  6a  +  25b2 
 
 
 
 
 

The factors are                 and                        The factors are                 and                         

 
e) 21x3y  Ð  3xy2 f) 18x5  +  24x3   
 
 
 
 

The factors are                 and                         The factors are                 and                         

 
g) 12x4  Ð  20x3  +  4x2 h) 4y5  Ð  8y2  Ð  15 
 
 
 
 

The factors are                 and                         The factors are                 and                         

 
i) 4x3y  +  9x2y2  Ð  xy3 j) 14b3c3  Ð  35b2c2  Ð  7bc 
 
 
 
 
 

The factors are                 and                         The factors are                 and                         
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DESCENDING ORDER AND A NEGATIVE LEAD TERM 
 

In most of mathematics, writing expressions in some sort of standard form makes them easier to 
understand.  With polynomials the standard form is descending order.  When a polynomial is in 
descending order, the first term is called the lead term;  the coefficient of the lead term is called the 
leading coefficient.   

 

Example 7: Write each polynomial in descending order and identify the lead term and the leading 
coefficient. 

 
 a) x2  +  2x4  Ð  5x3 b) 6y  +  3  Ð  7y2 
 

  Descending  Leading 
 Polynomial Order Lead Term Coefficient 
 
a) x2  +  2x4  Ð  5x3 2x4  Ð  5x3  +  x2 2x4  2 
 
b) 6y  +  3  Ð  7y2 - 7y2  +  6y  +  3  - 7y2 - 7 
 

 

 

Exercise 6   Write each polynomial in descending order and identify the lead term and the leading 

coefficient. 
 

  
Polynomial 

Descending 
Order 

 
Lead Term 

Leading 
Coefficient 

 
a) 
 

 
- 2x2  +  6x3 

   

 
b) 
 

 
9y  Ð  4y2 

   

 
c) 
 

 
- 9c3  Ð  2c  +  5c5 

   

 
d) 
 

 
5  Ð  8y  Ð  y3  +  4y2 

   

 
ItÕs okay to have the leading coefficient be a negative number.  However, when factoring, the 

standard is to factor out a   - 1   if the leading coefficient is negative. 
 

Factoring out   -1  is just like multiplying by  -1;  in both cases the sign of the each term changes:   
 

positive terms become negative            and        negative terms become positive. 
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Example 8: Factor.  In each, the leading coefficient is negative, so be sure to factor out  -1 along 
with any other monomial factors. 

 
 a)  - 5x3  Ð  x2  +  2   b)  - 8x3  +  6x2  Ð  4x 
 
 These terms have nothing in common, These terms have a common factor 
 but since the leading coefficient is negative of 2x;  also, since the leading coefficient 
 we must factor out  - 1. is negative, we should factor out  - 2x. 
 
  = - 1(5x3  +  x2  Ð  2)  = - 2x(4x2  Ð  3x  +  2) 

 
 

Notice that in each of these, when factoring out the negative, the individual signs of the 
terms in the polynomial changed from positive to negative or from negative to positive. 

 
Example 9: Write each in descending order, then factor.  In each, if the leading coefficient is 

negative, be sure to factor out  -1 along with any other monomial factors. 
 
 a)  10y3  Ð  25y4   b)  - 15x2  Ð  3x  +  9x3 
 
  = - 25y4  +  10y3     = 9x3  Ð  15x2  Ð  3x 
 
  = - 5y3(5y  Ð  2)  = 3x(3x2  Ð  5x  Ð  1) 
 
 The factors are  - 5y3  and  (5y  Ð  2). The factors are  3x  and  (3x2  Ð  5x  Ð  1). 

 

Exercise 7   Write each in descending order, then factor.  In each, if the leading coefficient is 

negative, be sure to factor out  -1 along with any other monomial factors. 
 
 a) 12x  Ð  6x2   b) - 8y2  Ð  20y5  
 
 
 
 
 
 
 
 c) - 21c2  +  35c4   d) 18  Ð  27w2  
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Exercise 8   Write each in descending order, then factor.  In each, if the leading coefficient is 

negative, be sure to factor out  -1 along with any other monomial factors. 
 

 a) - 8  +  2a3  b) 4y  Ð  5y3 
 
 
 
 
 
 
 
 
 
 c) 6x  Ð  8x2  +  12x3  d) 9b2  Ð  24b3  Ð  30b 
 
 
 
 
 
 
 
 
 
 e) - 5  Ð  10a2  +  25a  f) - 16y2  +  8y  Ð  24y3 
 
 
 
 
 
 
 
 
 
 g) 18x2  Ð  6x4  +  12x3  h) 45w4  Ð  15w2  +  30w5 
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Answers to each Exercise 
 

Section 5.2   
 

Exercise 1: a) 1 á 30 b) 1 á 8y c) 12 á x2  d) 10 á x3  

  2 á 15  8 á y  4 á 3x2  5 á 2x3 

  3 á 10  4 á 2y  2x á 6x  2x2 á 5x 

  5 á 6  2 á 4y  and there are others .... 

 
Exercise 2: a) 4x b) 5x3 c) 7yw d) 9xy2 

 e) 2x f) x g) 8xy h) 15ab 

 
Exercise 3: a) 8x b) 5m3 c) 10ab d) x3y2 

 e) 7x f) 12p2   

 
Exercise 4: a) 35x2  +  42 b) 12y3  Ð  8y2 

 c) - 6x5  +  10x3 d) 15y4  Ð  18y3  +  3y2     

 

Exercise 5: a) 2(4y  +  5) The factors are  2    and  (4y + 5)    

 b) c(9c  Ð  20) The factors are  c    and  (9c Ð 20)   

 c) 5w(2w  Ð  3) The factors are  5w    and  (2w Ð 3)   

 d) 1(6a  +  25b2)  or   6a  +  25b2 The factors are  1    and  (6a + 25b2)   

 e) 3xy(7x2  Ð  y) The factors are  3xy    and  (7x2 Ð y)   

 f) 6x3(3x2  +  4) The factors are  6x3    and  (3x2 + 4)   

 g) 4x2(3x2  Ð  5x  +  1) The factors are  4x2    and  (3x2 Ð 5x + 1)   

 h) 1(4y5  Ð  8y2  Ð  15)   or just   4y5  Ð  8y2  Ð  15 

   The factors are  1    and  (4y5 Ð 8y2 Ð 15)   

 i) xy(4x2  +  9xy  Ð  y2) The factors are  xy    and  (4x2 + 9xy Ð y2)   

 j) 7bc(2b2c2  Ð  5bc  Ð  1) The factors are  7bc    and  (2b2c2 Ð 5bc Ð 1)   
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Exercise 6: 
 

  
Polynomial 

Descending 
Order 

 
Lead Term 

Leading 
Coefficient 

 
a) 
 

 
- 2x2  +  6x3 

 
6x3  Ð  2x2 

 
6x3 

 
6 

 
b) 
 

 
9y  Ð  4y2 

 
- 4y2  +  9y 

 
- 4y2 

 
- 4 

 
c) 
 

 
- 9c3  Ð  2c  +  5c5 

 
5c5  Ð 9c3  Ð  2c   

 
5c5 

 
5 

 
d) 
 

 
5  Ð  8y  Ð  y3  +  4y2 

 
  - y3  +  4y2  Ð 8y + 5 

 
  - y3 

 
  - 1 

 
 

Exercise 7: a) - 6x(x  Ð  2) b) - 4y2(5y3  +  2) 

 c) 7c2(5c2  Ð  3) d) - 9(3w2  Ð  2) 

 

 

Exercise 8: a) 2(a3  Ð  4) b) - y(5y2  Ð  4) 

 c) 2x(6x2  Ð  4x  +  3) d) - 3b(8b2  Ð  3b  +  10) 

 e) - 5(2a2  Ð  5a  +  1) f) - 8y(3y2  +  2y  Ð  1) 

 g) - 6x2(x2  Ð  2x  Ð  3) h) 15w2(2w3  +  3w2  Ð  1) 

 
 
 
 



Factoring Polynomials, The GCF  page 5.2 - 15 
 

Section 5.2      Focus Exercises 
 
 

1. Identify the GCF of the given terms by identifying it first for the numbers and then for the 
variables.   

 
a) 12y2  and  18y b) 21m3   and  14m2  c) 36a3b  and  27a2b  
 
 
 
d) 15x2y4   and  8x3y2  e) 9x5,  21x4  and  15x2 f) 35p6,  20p4   and  5p2  
 

 
 
2. Factor out a common monomial from each of these polynomials.  (Check your answer by 

distributing through to make sure you get the original polynomial.)  

Also, write out what the factors are.   

 
a) 6x  +  9   b) 5y2  Ð  15y  
 
 

The factors are        and                                                                                           

 
c) 16w3  Ð  8w2   d)  15a3  Ð  21ab 
 
 

                                                                                                                                                      

 
e) 30w6  +  20w3  f) 14x2y  Ð  7xy2  
 
 

                                                                                                                                                      

 
 
g) 6x3  Ð  15x2  +  9x h) 8y6  +  8y2  Ð  8y 
 
 

                                                                                                                                                      

 
i) 9x4y2  Ð  12x3y3  Ð  16x2y j) 44b4c4  Ð  33b3c2  Ð  22bc2 
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3. If necessary, write each in descending order, then factor.  (In each, if the leading coefficient is 
negative, be sure to factor out  -1 along with any other monomial factors.) 

 
a) 15x3  Ð  6x2   b) - 4y4  Ð  20y  
 
 

 
 
 
c) - 14c3  +  49c6   d) 9  Ð  18x2  
 
 
 
 
 
 
e) - 12  +  3y4  f) 15x  Ð  10x4 
 
 
 
 
 
 
g) - 4x3  +  6x2  Ð  2x  h) 10a2  Ð  20a  Ð  30a3 
 
 
 
 
 
 
i) - 6  +  18x2  Ð  24x  j) - 5y4  Ð  10y2  +  20y 
 
 
 
 
 
 
k) 9x  Ð  12x3  Ð  8  l) 32b2  +  40b3  Ð  16b4 
 
 
 

 


