
 

Solutions for In-Class Problems 12 for Monday, March 12 

 

These problems are from Pre-Class Problems 12. 

 

You can go to the solution for each problem by clicking on the problem letter 

or problem number. 

 

1. Use synthetic division to divide the following polynomials. 

 

 a.   )3()201572( 23  xxxx   b.   
5

1253





x

x
 

 

2. If 1296)( 24  xxxxf , then use the Remainder Theorem to find 

the following polynomial values. 

 

 a.  )5(f    b.   )8(f   c.   )4( if  

 

3. If 3610853116)( 234  xxxxxg , then use the Remainder 

Theorem to determine if the given number is a zero (root) of the polynomial. 

 

 a.   3   b.   3  c.   
2

3
 

 

4. If 804483)( 34  xxxxh , then use the Factor Theorem to 

determine if the given binomial is a factor of the polynomial. 

 

 a.   2x   b.   4x   c.   
3

1
x  

 

5. Find the zeros (roots) of the following polynomials. Also, give a 

factorization for the polynomial. 

 

 a. 36302073)( 234  xxxxxf  

 

b. 28281582)( 234  xxxxxg  

 

 

http://www.math.utoledo.edu/~janders/1320/PreClassProblems/Problems12MW.pdf


 

SOLUTIONS: 
 

 

1a. )3()201572( 23  xxxx    Back to Problem 1. 

 

 

 

18254132

162396

201572







  

3

 

 

 

 Answer:  
3

182
54132

3

201572 2
23








x
xx

x

xxx
 

 

 

1b. 
5

1253





x

x
        Back to Problem 1. 

 

 

 

02551

125255

125001 

  

5

 

 

 

 Answer:  255
5

125 2
3





xx

x

x
 

 

 

2a. )5(f         Back to Problem 2. 

 

 

 

8321643151

820155255

129601







  

5

 



 

 

 

 Answer:  832 

 

 

2b. )8(f         Back to Problem 2. 

 

 

 

44205517081

4408560648

129601 

  

8

 

 

 

 Answer:  4420 

 

 

2c. )4( if         Back to Problem 2. 

 

 

 

iii

iii

361724091041

1603640164

129601







  

i4

 

 

 

 Answer:  i36172   

 

 

3a. 

54634296

181028718

3610853116







  

3

 

 

 

 54)3( g  

 

 



 

 Answer:  3  is not a zero (root) of the polynomial 

          Back to Problem 3. 

 

3b. 

 

0123276

36962118

3610853116







  

3

 

 

 

 0)3( g  

 

 

 Answer:  3 is a zero (root) of the polynomial 

         Back to Problem 3. 

 

 

3c. 

 

0245626

368439

3610853116







  

2

3

 

 

 

 0
2

3









g  

 

 

 Answer:  
2

3
 is a zero (root) of the polynomial  Back to Problem 3. 

 

 

4a. 2x         Back to Problem 4. 

 

 2x  is a factor of the polynomial h  if and only if 0)2( h . 

 



 

 
12010028143

20056286

8044083 

  

2

 

 

 120)2( h  

 

 

 Answer:  2x  is not a factor of the polynomial 

 

 

4b. 4x         Back to Problem 4. 

 

 4x  is a factor of the polynomial h  if and only if 0)4( h . 

 

  

 

0201643

80641612

8044083







  

4

 

 

 
 0)4( h  

 

 

 Answer:  4x  is a factor of the polynomial 

 

 

4c. 
3

1
x         Back to Problem 4. 

 

 

 
3

1
x  is a factor of the polynomial h  if and only if 0

3

1









h . 

 



 

 
6545393

15131

8044083





  

3

1

 

 

 

 65
3

1









h  

 

 

 Answer:  
3

1
x  is not a factor of the polynomial 

 

 

5a. 36302073)( 234  xxxxxf    Back to Problem 5. 

 

 

Factors of  36:  1 ,  2 ,  3 ,  4 ,  6 ,  9 ,  12 ,  18 ,  36  

 

Factors of  3:  1, 3 

 

Using 1 as a denominator: 1 ,  2 ,  3 ,  4 ,  6 ,  9 ,  12 ,  18 ,  

36  

 

Using 3 as a denominator:  
3

1
 ,  

3

2
 ,  

3

4
  

 

Possible rational zeros (roots):  
3

1
 ,  

3

2
 ,  1 ,  

3

4
 ,  2 ,  3 ,  4 ,  

6 ,  9   12 ,  18 ,  36  

 

 

Trying 1:  

4262443

62443

36302073

36302073 234







    xxxxofCoeff

  

1

 



 

 

NOTE:  1042)1(  xf  is not a factor of the polynomial  f  and 

1 is not a zero (root) of  f. 

 

 

Trying 1 :  

44010103

4010103

36302073

36302073 234







    xxxxofCoeff

  

1

 

 

NOTE:  104)1(  xf  is not a factor of  f  and 1  is not a 

zero (root) of  f. 

 

 

Trying 2:  

8142213

284426

36302073

36302073 234







    xxxxofCoeff

  

2

 

 

NOTE:  208)2(  xf  is not a factor of the polynomial  f  and 2 

is not a zero (root) of  f. 

 

 

Trying 2 :  

0186133

3612266

36302073

36302073 234







    xxxxofCoeff

  

2

 

 

NOTE:  20)2(  xf  is a factor of the polynomial  f  and 2  is a 

zero (root) of  f. 

 

NOTE:  The third row in the synthetic division gives us the coefficients of 

the other factor starting with 
3x .  Thus, the other factor is  

186133 23  xxx . 

 

Thus, we have that  36302073)( 234  xxxxxf   = 



 

)186133()2( 23  xxxx . 

 

 

Note that the remaining zeros of the polynomial  f  must also be zeros (roots) 

of the quotient polynomial  186133)( 23  xxxxq .  We will use this 

polynomial to find the remaining zeros (roots) of the polynomial f, including 

another zero (root) of  2 . 

 

 

Trying 2  again:  

7044193

88386

186133

186133 23







    xxxofCoeff

  

2

 

 

NOTE: 2070)2(  xq  is not a factor of the quotient 

polynomial q.  Thus, the factor 2x  only occurs once in the factorization 

of the polynomial f and 2  is a zero (root) of multiplicity one for the 

polynomial f. 

 

NOTE:  By the Bound Theorem, 2  is a lower bound for the negative zeros 

(roots) of the quotient polynomial  186133)( 23  xxxxq  since we 

alternate from positive 3 to negative 19 to positive 44 to negative 70 in the 

third row of the synthetic division.  Thus, the remaining negative numbers in 

our list of possible rational zeros (roots) will not be zeros (roots) of the 

polynomial q nor  f. 

 

 

Trying 3:  

0643

18129

186133

186133 23







    xxxofCoeff

  

3

 

 

 

NOTE:  30)3(  xq  is a factor of the quotient polynomial  q and 

the polynomial f .  Thus, 3 is a zero (root) of q and  f. 

 



 

Thus, )643()3(186133)( 223  xxxxxxxq  

 

 

Thus, 36302073)( 234  xxxxxf   = 

)186133()2( 23  xxxx   =  )643()3()2( 2  xxxx  

 

 

Now, we can try to find a factorization for the quadratic expression  

643 2  xx .  However, it does not factor. 

 

Thus, we have that  36302073 234  xxxx   = 

)643()3()2( 2  xxxx . 

 

 

Thus,   036302073 234 xxxx  

 

 0)643()3()2( 2 xxxx   2x ,  3x , 

 

0643 2  xx  

 

We will need to use the Quadratic Formula to solve  0643 2  xx . 

 

Thus,  
a

cabb
z

2

42 
   =  

6

)6()3(4164 
  = 

 

6

)184(44 
  =  

6

2224 
  =  

3

222 
 

 

 

Answer: Zeros (Roots):   2 ,  3,  
3

222 
 

 

  Factorization:  )643()3()2( 2  xxxx  

 

 



 

5b. 28281582)( 234  xxxxxg    Back to Problem 5. 

 

 

Factors of  28:  1 ,  2 ,  4 ,  7 ,  14 ,  28  

 

Factors of  2:  1, 2 

 

Using 1 as a denominator: 1 ,  2 ,  4 ,  7 ,  14 ,  28  

 

Using 2 as a denominator:  
2

1
 ,  

2

7
  

Possible rational zeros (roots):  
2

1
 ,  1 ,  2 ,  

2

7
 ,  4 ,  7 ,  14 ,  

28  

 

Trying 1:  

919962

19962

28281582

28281582 234







    xxxxofCoeff

  

1

 

 

NOTE:  109)1(  xg  is not a factor of the polynomial  g  and 1 

is not a zero (root) of  g. 

 

 

Trying  1 :  

815325102

5325102

28281582

28281582 234







    xxxxofCoeff

  

1

 

 

NOTE:  1081)1(  xg  is not a factor of the polynomial  g  

and 1  is not a zero (root) of  g. 

 

 

NOTE:  By the Bound Theorem, 1  is a lower bound for the negative zeros 

(roots) of the polynomial g since we alternate from positive 2 to negative 10 

to positive 25 to negative 53 to positive 81 in the third row of the synthetic 



 

division.  Thus, the remaining negative numbers in our list of possible 

rational zeros (roots) will not be zeros (roots) of the polynomial g. 

 

 

Trying 2:  

014742

281484

28281582

28281582 234







    xxxxofCoeff

  

2

 

 

NOTE:  20)2(  xg  is a factor of the polynomial  g  and 2 is a 

zero (root) of  g. 

 

The third row in the synthetic division gives us the coefficients of the other 

factor starting with  
3x .  Thus, the other factor is  14742 23  xxx . 

 

Thus, we have that  28281582)( 234  xxxxxg   = 

)14742()2( 23  xxxx . 

 

 

Note that the remaining zeros of the polynomial  g  must also be zeros (roots) 

of the quotient polynomial  14742)( 23  xxxxq .  We will use this 

polynomial to find the remaining zeros (roots) of the polynomial g, including 

another zero (root) of  2. 

 

 

Trying 2:  

0702

1404

14742

14742 23

   



xxxofCoeff

  

2

 

 

 

NOTE:  20)2(  xq  is a factor of the quotient polynomial  q and is 

a second factor of the polynomial g.  Thus, the factor 2x  occurs twice in 

the factorization of the polynomial g and 2 is a zero (root) of multiplicity two 

for the polynomial g. 

 



 

 

Thus, )72()2(14742)( 223  xxxxxxq  

 

 

Thus, 28281582)( 234  xxxxxg   = 

)14742()2( 23  xxxx   =  )72()2()2( 2  xxx   = 

)72()2( 22  xx . 

 

 

The quadratic expression 72 2 x  does not factor. 

 

Thus, we have that  28281582 234  xxxx   =  )72()2( 22  xx . 

 

 

Thus,   028281582 234 xxxx   

 

 0)72()2( 22 xx   0)2( 2 x ,  072 2 x . 

 

 

2020)2( 2  xxx  

 

iixxxx
2

14

2

7

2

7
72072 222   

 

 

Answer: Zeros (Roots):   2,  i
2

14
  

          Back to Problem 5. 

  Factorization:  )72()2( 22  xx  


