
 

Pre-Class Problems 13 for Wednesday, March 14 

 

 

These are the type of problems that you will be working on in class. 

 

 

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

number or letter. 
 

 

1. Find a polynomial  p  that has the given zeros (roots) and multiplicity. 

 

 a. Degree 2 with zeros (roots) 4  and 
3

2
 each of multiplicity 1. 

 

 b. Degree 3 with zeros (roots) 3 , 5 , and 5 each of multiplicity 1. 

 

 c. Degree 3 with zeros (roots) 2 of multiplicity 1 and 4 of multiplicity 2. 

 

 d. Degree 4 with zeros (roots) 1 , 6, i7 , and i7  each of multiplicity 1. 

 

e. Degree 4 with zeros (roots) 
4

5
  of multiplicity 2 and i32   and 

i32   each of multiplicity 1. 

 

f. Degree 14 with zeros (roots) 8  of multiplicity 5,  
2

1
  of multiplicity 

3, 
7

11
 of multiplicity 4, and 6 of multiplicity 2. 

 

g. Degree 4 with zeros (roots) 
3

7
 , 

3

7
, 5i , and 5i  each of 

multiplicity 1. 

 

h. Degree 8 with zeros (roots) 3 , 3, i , and i  each of multiplicity 2. 

 

 

Discussion of the Axiom of Trichotomy and solving nonlinear (polynomial and 

rational) inequalities. 

 



 

 

2. Solve the following nonlinear inequalities. 

 

a.   04032  xx   b.   0
143

6






x

x
  c.   014154 2  tt  

 

d.   0
245

37
2






xx

x
  e.   0516 2  y   f.   0

52

205 23






w

ww
 

 

g.   0
)134()7(

)56()3(
54

23






xx

xxx
 

 

 

3. Determine the vertical asymptotes for the graph of the following rational 

functions (if any). 

 

a.   
12163

9
)(

2

2






xx

x
xf   b.   

4

282
)(

2






x

xx
xg  

 

 

Problems available in the textbook:  Page 327 … 71 – 82 and Example 10 on page 

324.  Page 378 … 5 – 14, 21 – 58, 63 – 84, 93 – 102 and Examples 1 – 6 starting on 

page 370.  Page 362 … 7 – 12, 13bcefghi, 14bcefghi, 15bcefghi, 17 – 24 and 

Examples 1bc and 2 starting on page 346. 

 

 

SOLUTIONS: 
 

 

1a. Zero (Root)  Multiplicity     Back to Problem 1. 

 

     4           1 

 

       
3

2
           1 

 



 

In order for  4   to be a zero (root) of multiplicity 1,  4x  must be a 

factor of  p.  In order for  
3

2
  to be a zero (root) of multiplicity 1,  23 x  

must be a factor of  p. 

 

Thus,  )23()4()(  xxaxp , where  a  is any nonzero real number. 

 

Since  )23()4(  xx   =  81223 2  xxx   =  8103 2  xx , 

then  )8103()( 2  xxaxp  

 

 

Answer:  )8103()( 2  xxaxp , where  a  is any nonzero real 

number 

 

 

1b. Zero (Root)  Multiplicity     Back to Problem 1. 

 

     3           1 

 

     5           1 

 

       5           1 

 

In order for  3   to be a zero (root) of multiplicity 1,  3x  must be a 

factor of  p.  In order for  5   to be a zero (root) of multiplicity 1,  5x  

must be a factor of  p.  In order for  5  to be a zero (root) of multiplicity 1,  
5x  must be a factor of  p. 

 

Thus,  )5()5()3()(  xxxaxp , where  a  is any nonzero real 

number. 

 

Using the special product formula  
22)()( bababa  , we have 

that  )5()5(  xx   =  252 x . 

 

Thus,  )5()5()3(  xxx   =  )25()3( 2  xx   = 

 

75325 23  xxx   =  75253 23  xxx  



 

 

Thus,  )75253()( 23  xxxaxp  

 

 

Answer:  )75253()( 23  xxxaxp , where  a  is any nonzero real 

number 

 

1c. Zero (Root)  Multiplicity     Back to Problem 1. 

 

        2           1 

 

        4           2 

 

In order for  2  to be a zero (root) of multiplicity 1,  2x  must be a factor 

of  p.  In order for  4  to be a zero (root) of multiplicity 2,  
2)4( x  must be 

a factor of  p. 

 

Thus,  
2)4()2()(  xxaxp , where  a  is any nonzero real number. 

 

Using the special product formula  
222 2)( bbaaba  , we have 

that  168)4( 22  xxx . 

 

Thus,  
2)4()2(  xx   =  )168()2( 2  xxx   = 

 

32162168 223  xxxxx   =  323210 23  xxx  

 

Thus,  )323210()( 23  xxxaxp  

 

 

Answer:  )323210()( 23  xxxaxp , where  a  is any nonzero 

real number 

 

 

1d. Zero (Root)  Multiplicity     Back to Problem 1. 

 

      1           1 



 

 

        6           1 

 

    i7           1 

 

      i7            1 

 

In order for  1   to be a zero (root) of multiplicity 1,  1x  must be a factor 

of  p.  In order for  6  to be a zero (root) of multiplicity 1,  6x  must be a 

factor of  p.  In order for  i7   to be a zero (root) of multiplicity 1,  ix 7  

must be a factor of  p.  In order for  i7   to be a zero (root) of multiplicity 1,  

ix 7  must be a factor of  p. 

 

Thus,  )7()7()6()1()( ixixxxaxp  , where  a  is any 

nonzero real number. 

 

We will use the special product formula  
22)()( bababa    for  

)7()7( ixix  .  Thus,  
22 49)7()7( ixixix  .  Since  1i , 

then  12 i .  Thus,  4949)7()7( 222  xixixix . 

 

 

Since  6566)6()1( 22  xxxxxxx , then 

 

)7()7()6()1( ixixxx    =  )49()65( 22  xxx   = 

 

)65()49( 22  xxx   =  2942454965 2234  xxxxx   = 

 

294245435 234  xxxx  

 

Thus,  )294245435()( 234  xxxxaxp  

 

 

Answer:  )294245435()( 234  xxxxaxp , where  a  is any 

nonzero real number 

 

 



 

1e. Zero (Root)  Multiplicity     Back to Problem 1. 

 

      
4

5
           2 

 

    i32            1 

 

    i32            1 

 

In order for  
4

5
   to be a zero (root) of multiplicity 2,  

2)54( x  must be a 

factor of  p.  In order for  i32    to be a zero (root) of multiplicity 1,  

)32( ix   must be a factor of  p.  In order for  i32    to be a zero 

(root) of multiplicity 1,  )32( ix   must be a factor of  p. 

 

Thus,  ])32([])32([)54()( 2 ixixxaxp  , where  a  is 

any nonzero real number. 

 

Since  ])32([])32([ ixix    =  ]3)2([]3)2([ ixix  , 

then using the special product formula  
22)()( bababa  , we 

have that  ]3)2([]3)2([ ixix    =  
22 9)2( ix  .  Using the 

special product formula  
222 2)( bbaaba  , we have that  

44)2( 22  xxx .  Thus,  
22 9)2( ix    =  9442  xx  

=  1342  xx . 

 

Using the special product formula  
222 2)( bbaaba  , we have 

that  254016)54( 22  xxx . 

 

Thus,  ])32([])32([)54( 2 ixixx    = 

 

)134()254016( 22  xxxx   =  
3234 402086416 xxxx   

 

32510025520160 22  xxxx   = 

 

325420732416 234  xxxx  

 



 

Thus,  )325420732416()( 234  xxxxaxp  

 

 

Answer:  )325420732416()( 234  xxxxaxp , where  a  is 

any nonzero real number 

 

 

1f. Zero (Root)  Multiplicity     Back to Problem 1. 

 

     8          5 

 

     
2

1
          3 

 

      
7

11
          4 

 

      6          2 

  

In order for  8   to be a zero (root) of multiplicity 5,  
5)8( x  must be a 

factor of  p.  In order for  
2

1
   to be a zero (root) of multiplicity 3,  

3)12( x  must be a factor of  p.  In order for  
7

11
  to be a zero (root) of 

multiplicity 4,  
4)117( x  must be a factor of  p.  In order for  6  to be a 

zero (root) of multiplicity 2,  
2)6( x  must be a factor of  p. 

 

Thus,  
2435 )6()117()12()8()(  xxxxaxp , where  a  is 

any nonzero real number. 

 

 

Answer:  
2435 )6()117()12()8()(  xxxxaxp , where  a  is 

any nonzero real number 

 

 

1g. Zero (Root)  Multiplicity     Back to Problem 1. 

 



 

      
3

7
           1 

 

        
3

7
          1 

 

  5i           1 

 

     5i           1 

 

In order for  
3

7
   to be a zero (root) of multiplicity 1,  73 x  must be a 

factor of  p.  In order for  
3

7
  to be a zero (root) of multiplicity 1,  73 x  

must be a factor of  p.  In order for  5i   to be a zero (root) of 

multiplicity 1,  5ix   must be a factor of  p.  In order for  5i   to be a 

zero (root) of multiplicity 1,  5ix   must be a factor of  p. 

 

Thus,  )5()5()73()73()( ixixxxaxp  , where  a  is 

any nonzero real number. 

 

We will use the special product formula  
22)()( bababa    for  

)73()73(  xx .  Thus,  499)73()73( 2  xxx . 

 

We will use the special product formula  
22)()( bababa    for  

)5()5( ixix  .  Thus,  
22 5)5()5( ixixix  .  Thus,  

55)5()5( 222  xixixix . 

 

Thus,  )5()5()73()73( ixixxx    =  )5()499( 22  xx   = 

 

24549459 224  xxx   =  24549 24  xx  

 

Thus,  )24549()( 24  xxaxp  

 

 



 

Answer:  )24549()( 24  xxaxp , where  a  is any nonzero real 

number 

 

 

1h. Zero (Root)  Multiplicity     Back to Problem 1. 

 

      3           2 

 

         3          2 

 

      i           2 

 

        i            2 

 

In order for  3   to be a zero (root) of multiplicity 2,  
2)3( x  must be a 

factor of  p.  In order for  3  to be a zero (root) of multiplicity 2,  
2)3( x  

must be a factor of  p.  In order for  i   to be a zero (root) of multiplicity 2,  
2)( ix   must be a factor of  p.  In order for  i   to be a zero (root) of 

multiplicity 2,  
2)( ix   must be a factor of  p. 

 

Thus,  
2222 )()()3()3()( ixixxxaxp  , where  a  is any 

nonzero real number. 

 

Since  
nnn baba )( , then  

22 )3()3(  xx   =  
2])3()3([  xx   = 

 
22 )9( x   =  8118 24  xx   and  

22 )()( ixix    = 

 
2])()([ ixix    =  

22 )1( x   =  12 24  xx  

 

Thus,  
2222 )()()3()3( ixixxx    = 

 

)12()8118( 2424  xxxx   =  
46468 36182 xxxxx   

 

811628118 242  xxx   =  811444616 2468  xxxx  

 

Thus,  )811444616()( 2468  xxxxaxp  



 

 

 

Answer:  )811444616()( 2468  xxxxaxp , where  a  is any 

nonzero real number 

 

 

2a. 04032  xx        Back to Problem 2. 

 

Step 1: 

 

Find when the nonlinear expression 4032  xx  is equal to zero.  That is, 

solve the equation 04032  xx . 

 

  04032 xx   0)8()5( xx   8,5  xx  

 

Find when the nonlinear expression 4032  xx  is undefined.  The 

expression 4032  xx  is defined for all real numbers x. 

 

Step 2: Plot all the numbers found in Step 1 on the real number line. 

 

      +                  +  Sign of 4032  xx  

        

                            5            8 

 

Step 3: Use the real number line to identify the open intervals determined 

by the plotted numbers.  Pick a test value for each open interval. 

 

    Interval  Test Value  Sign of 4032  xx  = )8()5(  xx  

 
)5,(         6    )86()56(   )()(  

 

   )8,5(          0    )80()50(   )()(  

 

    ),8(           9    )89()59(   )()(  

 

 



 

 Answer:  )8,5(  

 

 

2b. 0
143

6






x

x
       Back to Problem 2. 

 

NOTE:  This is a two part problem.  One part of the problem is to solve the 

nonlinear inequality 0
143

6






x

x
.  The other part of the problem is to solve 

the equation 0
143

6






x

x
. 

 

We will use the three step method to solve the nonlinear inequality 

0
143

6






x

x
: 

 

Step 1: 

Find when the nonlinear expression 
143

6





x

x
 is equal to zero.  That is, solve 

the equation 0
143

6






x

x
.  The fraction is equal to zero if and only if the 

numerator of the fraction is equal to zero. 

 

That is, 



0

143

6

x

x
  06 x   6x  

 

Find when the nonlinear expression 
143

6





x

x
 is undefined.  The fraction is 

undefined if and only if the denominator of the fraction is equal to zero. 

 

That is, 
143

6





x

x
 undefined    0143x   

3

14
x  

 

 

 Step 2: Plot all the numbers found in Step 1 on the real number line. 

 



 

              +           Sign of 
143

6





x

x
 

        

                             
3

14
           6 

 

Step 3: Use the real number line to identify the open intervals determined 

by the plotted numbers.  Pick a test value for each open interval. 

 

    Interval  Test Value  Sign of 
143

6





x

x
 

 











3

14
,           0  





140

06
 




)(

)(
 

 

   







6,

3

14
         5   





1415

56
 




)(

)(
 

 

    ),6(           7   




1421

76
 




)(

)(
 

 

 

Thus, the solution for the nonlinear inequality 0
143

6






x

x
 is the set of real  

numbers given by ),6(
3

14
, 








 .  The solution for 0

143

6






x

x
 

was found in Step 1 above.  Thus, the solution for 0
143

6






x

x
 is the set 

 6 .  Putting these two solutions together, we have that the solution for 

0
143

6






x

x
 is the set of real numbers ),6[

3

14
, 








 . 

 

Answer:  ),6[
3

14
, 








  

 



 

 

2c. 014154 2  tt       Back to Problem 2. 

 

Step 1: 

 

 014154 2 tt   0)74()2( tt  
4

7
,2  tt  

 

The expression 14154 2  tt  is defined for all real numbers t. 

 

 

 Step 2:    +                  +  Sign of 14154 2  tt  

        

                            2         
4

7
  

 

Step 3:  
 

    Interval  Test Value  Sign of )74()2(  tt  

 
)2,(         3    )712()23(   )()(  

 











4

7
,2     8.1    )72.7()28.1(   )()(  

 









 ,

4

7
         0    )70()20(   )()(  

 

 Answer:  







 ,

4

7
)2,(  

 

 

2d. 0
245

37
2






xx

x
      Back to Problem 2. 

 



 

Step 1: 



0

245

37
2 xx

x
  037 x   

3

7
x  

 

245

37
2 



xx

x
 undefined    02452 xx  

 
 0)3()8( xx  3,8  xx  

 

 Step 2: 

        +                            +            Sign of 
245

37
2 



xx

x
 

        

         8          
3

7
          3 

 

Step 3: 

    Interval  Test Value  Sign of 
)3()8(

37





xx

x
 

 

)8,(         9   




)()(

)(
 




)(

)(
 

 

  









3

7
,8           0  





)()(

)(
 




)(

)(
 

 

   







3,

3

7
         2.7  





)()(

)(
 




)(

)(
 

 

    ),3(           4   




)()(

)(
 




)(

)(
 

 

Answer:  ),3(
3

7
,8 








  

 

 



 

2e. 0516 2  y        Back to Problem 2. 

 

NOTE:  This is a two part problem.  One part of the problem is to solve the 

nonlinear inequality 0516 2  y .  The other part of the problem is to solve 

the equation 0516 2  y . 

 

We will use the three step method to solve the nonlinear inequality 

0516 2  y : 

Step 1:  0516 2y   2516 y   
5

162y  
5

4
y  

 

The expression 
2516 y  is defined for all real numbers y. 

 

 Step 2:            +           Sign of 
2516 y  

        

                         
5

4
         

5

4
 

 

Step 3: 

  

       Interval   Test Value   Sign of 
2516 y  

 

 















5

4
,        2       2016  

 
















5

4
,

5

4
         0     016  

 

     












,

5

4
         2     2016  

 

Thus, the solution for the nonlinear inequality 0516 2  y  is the set of real  



 

numbers given by 














5

4
,

5

4
.  The solution for 0516 2  y  was found 

in Step 1 above.  Thus, the solution for 0
143

6






x

x
 is the set 














5

4
,

5

4
.  Putting these two solutions together, we have that the 

solution for 0516 2  y  is the set of real numbers 













5

4
,

5

4
. 

 

Answer:  















5

4
,

5

4
 

 

 

2f. 0
52

205 23






w

ww
      Back to Problem 2. 

 

 NOTE:  Since )4(5205 223  wwww , then 
52

)4(5

52

205 223










w

ww

w

ww
 

 

Step 1: 



0

52

)4(5 2

w

ww
  4,0  ww  

 

52

)4(5 2





w

ww
 undefined   

2

5
w  

 

 Step 2: 

         +                           +  Sign of 
52

)4(5 2





w

ww
 

        

         4           0  
2

5
 

 

Step 3:  



 

    Interval  Test Value  Sign of 
52

)4(5 2





w

ww
 

 

)4,(         5   




)(

)()()(
 




)(

)(
 

 

)0,4(        1   




)(

)()()(
 




)(

)(
 

 

 








2

5
,0           1  





)(

)()()(
 




)(

)(
 

 









,

2

5
          3  





)(

)()()(
 




)(

)(
 

 

  

Answer:  







 ,

2

5
)4,(  

 

 

2g. 0
)134()7(

)56()3(
54

23






xx

xxx
     Back to Problem 2. 

 

NOTE:  This is a two part problem.  One part of the problem is to solve the 

nonlinear inequality 0
)134()7(

)56()3(
54

23






xx

xxx
.  The other part of the problem 

is to solve the equation 0
)134()7(

)56()3(
54

23






xx

xxx
. 

 

We will use the three step method to solve the nonlinear inequality 

0
)134()7(

)56()3(
54

23






xx

xxx
: 

 



 

Step 1: 



0

)134()7(

)56()3(
54

23

xx

xxx
 

6

5
,3,0  xxx  

 

54

23

)134()7(

)56()3(





xx

xxx
 undefined   

4

13
,7  xx  

 

 

 Step 2: Sign of 54

23

)134()7(

)56()3(





xx

xxx
: 

 

                    +         +           +  +
 

            

         
4

13
          3   0  

6

5
  7 

 

Step 3:  

    Interval   Test Value  Sign of 54

23

)134()7(

)56()3(





xx

xxx
 

 











4

13
,        4   





)()(

)()()(
 




)(

)(
 

 









 3,

4

13
       1.3   





)()(

)()()(
 




)(

)(
 

 

 )0,3(         1   




)()(

)()()(
 




)(

)(
 

 

 








6

5
,0            0.1  





)()(

)()()(
 




)(

)(
 

 









7,

6

5
           1  





)()(

)()()(
 




)(

)(
 

 



 

 ),7(            8   




)()(

)()()(
 




)(

)(
 

 

Thus, the solution for the nonlinear inequality 0
)134()7(

)56()3(
54

23






xx

xxx
 is 

the set of real numbers ),7(7,
6

5
)0,3(3,

4

13


















 .  

The solution for 0
)134()7(

)56()3(
54

23






xx

xxx
 was found in Step 1 above.  Thus, 

the solution for 0
)134()7(

)56()3(
54

23






xx

xxx
 is the set 










6

5
,0,3 .  Putting 

these two solutions together, we have that the solution for 

0
)134()7(

)56()3(
54

23






xx

xxx
 is the set of real numbers 

),7(7,
6

5
0,

4

13


















 . 

 

 

Answer:  ),7(7,
6

5
0,

4

13


















  

 

 

Earn one bonus point because you read the solution to Problem 1g.  Send me an 

email with PC13 in the Subject box. 

 

 

3a. 
12163

9
)(

2

2






xx

x
xf             Back to Problem 3. 

 

 

)23()6(

)3()3(
)(






xx

xx
xf  

 

 

mailto:jim.anderson@utoledo.edu


 

 
3

2
,60)23()6(  xxxx  

 

 

 Answer:  
3

2
,6  xx  

 

 

3b. 
4

282
)(

2






x

xx
xg              Back to Problem 3. 

 

 

72
4

)72()4(
)( 




 x

x

xx
xg , 4x  

 

 

The graph of the rational function g is the line 72  xy  with the point 

)15,4(  missing.  The rational function g does not have any vertical 

asymptotes. 

 

 

Answer:  None 

 

 

Axiom of Trichotomy  A real number can only be one of the following: positive, 

negative, or zero. 

 

NOTE: When you substitute a real number in for the variable in a nonlinear 

expression, you will either get another real number (which is either positive, 

negative, or zero) or something that is undefined as a real number. 

 

For example, when we replace the x in the nonlinear expression 
245

37
2 



xx

x
 by 

4, we get the real number 
12

5
  obtained by 

12

5

242016

127 





.  The resulting 

real number is negative.  If we replace the x by 9  in the expression, we get the 



 

real number 
6

17
 obtained by 

6

17

12

34

244581

277





.  This number is positive.  If 

you replace the x by 
3

7
 in the expression, you will get the real number zero 

obtained by 0

9

62

0

9

216

9

105

9

49

0

24
3

35

9

49

77













.  Finally, if we replace 

the x by 3, we get an undefined real number since we get division by zero obtained 

by 
0

2

24159

97 





. 

 

Thus, to solve a nonlinear inequality, we will find all the real numbers that make a 

nonlinear expression equal to zero.  We will also have to find all the numbers that 

make the nonlinear expression undefined.  Thus, all the remaining real numbers, 

when substituted for the variable in the nonlinear expression, would make the 

resulting real number either be positive or negative.  Thus, a nonlinear expression 

has the ability to change signs at the real numbers where the expression is either 

zero or undefined. 

 

We will determine when a nonlinear expression is positive and negative using the 

following three steps: 

 

Step 1   Find all the real numbers that make the nonlinear expression equal zero 

and all the real numbers that make the expression undefined. 

 

Step 2   Plot all the numbers found in Step 1 on the real number line. 

 

Step 3   Using the real number line in Step 2, identify the open intervals determined 

by the plotted numbers.  For each open interval, pick a real number that is in the 

interval.  We will call this number the “test value” for the interval.  Substitute the 

test value for the variable in the nonlinear expression.  Whatever sign the 

expression has for this test value, the expression will have the same sign for any 

number in the open interval. 

 

 

Back to top. 

 

 



 

 


