
 

Pre-Class Problems 14 for Wednesday, March 21 

 

 

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

 

 

1. Determine the horizontal asymptotes for the graph of the following rational 

functions (if any).  If the function has a horizontal asymptote, determine if the 

graph crosses the asymptote. 
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2. Determine the vertical  and horizontal asymptotes for the graph of the 

following rational functions (if any).  If the function has a horizontal 

asymptote, determine if the graph crosses the asymptote.  Then sketch the 

graph of the rational function. 

 

 a.   
73

56
)(






x

x
xf    b.   

12163

9
)(

2

2






xx

x
xg  

 

 c.   
124

32
)(

2 




xx

x
xh  

 

 

Discussion of Exponential Functions 

 

 

Sketch of the graph of Exponential Functions 

 



 

 

3. Graph the following exponential functions. 
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4. Sketch the graph of the following functions.  State the domain of the function 

and use the sketch to state the range of the function. 
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Problems available in the textbook:  Page 362 … 13adj, 14adj, 15adj, 25 – 36, 39 – 

62, 67 – 86, 91 – 94 and Examples 1ad, 3 – 11 starting on page 346.  Page 423 … 

15 – 36 and Examples 1 – 3 starting on page 415. 

 

 

SOLUTIONS: 
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Thus, 
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y  is a horizontal asymptotes for the graph of the rational function 

h. 

 

 

The graph of the rational function h will cross the horizontal asymptote 
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The graph of the rational function h will cross the horizontal asymptote 
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Thus, 4y  is a horizontal asymptotes for the graph of the rational function 

f. 

 

 

The graph of the rational function f will cross the horizontal asymptote 
4y  if the equation 4)( xf  has a real number solution. 
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Answer: Horizontal Asymptote:  4y  
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Thus, 0y  is a horizontal asymptotes for the graph of the rational function 

g. 

 

 

The graph of the rational function g will cross the horizontal asymptote 
0y  if the equation 0)( xg  has a real number solution. 
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Answer: Horizontal Asymptote:  0y  
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Thus, 0y  is a horizontal asymptotes for the graph of the rational function 

h. 

 

 

The graph of the rational function h will cross the horizontal asymptote 
0y  if the equation 0)( xh  has a real number solution. 
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Thus, the graph of the rational function h will not cross the horizontal 

asymptote 0y  

 

 

Answer: Horizontal Asymptote:  0y  

 

 Graph does not cross the horizontal asymptote. 
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This rational function does not have any horizontal asymptotes. 

 

 

Answer: None 
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This rational function does not have any horizontal asymptotes. 

 

 

Answer: None 
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 Vertical Asymptote:  
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Horizontal Asymptote:  2y  



 

 

 

The graph of the rational function f will cross the horizontal asymptote 
2y  if the equation 2)( xf  has a real number solution. 
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Thus, the equation 2)( xf  does not have a solution.  Thus, the graph does 

not cross the horizontal asymptote. 
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x-intercept(s): Set 0y .  
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y-intercept: Set 0x .  
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Sketch of Graph:  Given in class. 
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 Vertical Asymptotes:  
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Horizontal Asymptote:  
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The graph of the rational function g will cross the horizontal asymptote 
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   )0,3(  and )0,3(  are x-intercepts of the graph 

 

 

y-intercept: Set 0x .  
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Sketch of Graph:  Given in class. 
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 Horizontal Asymptote:  0y  

 

 

The graph of the rational function h will cross the horizontal asymptote 
0y  if the equation 0)( xh  has a real number solution. 
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y-intercept: Set 0x .  
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Sketch of Graph: 
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Back to Problem 2. 
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In order to graph the function  f  given by  
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and graph the equation  
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          The Drawing of this Graph 

 

 The  y-intercept of the graph of the function is the point )1,0( . 

 

Note that as  x ,   xy 3   and as  x ,  03  xy .   

 

Since as x ,  03  xy , then the horizontal line of 0y , 

which is the x-axis, is a horizontal asymptote of the graph of the function. 
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The  y-intercept of the graph of the function is the point )1,0( . 
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3c. 
xxh  4)(        Back to Problem 3. 

 

In order to graph the function  h  given by  
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and graph the equation  
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 The  y-intercept of the graph of the function is the point )1,0( . 

 

Note that as x ,  04   xy  and as x ,    xy 4 .   

 

Since as x ,  04   xy , then the horizontal line of 0y , 

which is the x-axis, is a horizontal asymptote of the graph of the function. 
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3d. 

x

y













5

3
       Back to Problem 3. 

 

       x             y 

 

   3          
125

27
 

 

   2          
25

9
 

 

   1           
5

3
 

 

     0            1 

 

     1            
3

5
 

 

     2            
9

25
 

 

     3           
27

125
    The Drawing of this Graph 

 

 

NOTE:  

xx




















3

5

5

3
 

 

The  y-intercept of the graph of the function is the point )1,0( . 

 

Note that as x , 









 x

y
5

3
 and as x ,  0

5

3











 x

y .   

 

Since as x ,  0
5

3











 x

y , then the horizontal line of 0y , 

which is the  x-axis, is a horizontal asymptote of the graph of the function. 
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3e. 
xexf )(        Back to Problem 3. 

 

In order to graph the function  f  given by  
xexf )( , we set  yxf )(  

and graph the equation  
xey  . 

 

       x                    y 

 

   3          04979.03 e  

 

   2         13534.02 e  

 

   1         36788.01 e  

 

     0            1 

 

     1           71828.2e  

 

     2          38906.72 e   

 

     3          08554.203 e  

 

The Drawing of this Graph 

 

The  y-intercept of the graph of the function is the point )1,0( . 

 

Note that as  x ,   xey   and as  x ,  0 xey .   

 

Since as x ,  0 xey , then the horizontal line of 0y , 

which is the x-axis, is a horizontal asymptote of the graph of the function. 

 

 

3f. )2(3)( xxg         Back to Problem 3. 
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In order to graph the function  g  given by  )2(3)( xxg  , we set  

yxg )(  and graph the equation  )2(3 xy  . 

 

       x             y 

 

   3            
8

3
 

 

   2           
4

3
 

 

   1            
2

3
  

 

     0             3 

 

     1             6 

 

     2            12 

 

     3            24 

  

 

       The Drawing of this Graph 

 

 The  y-intercept of the graph of the function is the point )3,0( . 

 

Note that as x ,  )2(3 xy  and as x ,  0)2(3  xy .   

 

Since as x ,  0)2(3  xy , then the horizontal line of 0y , 

which is the x-axis, is a horizontal asymptote of the graph of the function. 

 

 

3g. 

x

xh 









3

2
4)(       Back to Problem 3. 
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In order to graph the function  h  given by  

x

xh 









3

2
4)( , we set  

yxh )(  and graph the equation  

x

y 









3

2
4 . 
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     3          
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       The Drawing of this Graph 
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 The  y-intercept of the graph of the function is the point )4,0(  . 

 

Note that as  x ,  0
3

2
4 










x

y  and as  x ,  











x

y
3

2
4 . 

 

Since x ,  0
3

2
4 










x

y , then the horizontal line of 0y , 

which is the x-axis, is a horizontal asymptote of the graph of the function. 

 

3h. 

t

tf 









4

5

7

3
)(       Back to Problem 3. 

 

In order to graph the function  f  given by  

t

tf 









4

5

7

3
)( , we set  

ytf )(  and graph the equation  

t

y 









4

5

7

3
. 

 

NOTE: 
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        The Drawing of this Graph 

 

    14       
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 The  y-intercept of the graph of the function is the point 









7

3
,0 . 

 

Note that as  t ,  









t

y
4

5

7

3
 and as  t ,  

0
4

5

7

3











t

y . 

Since as  t ,  0
4

5

7

3











t

y , then the horizontal line of 0y , 

which is the t-axis, is a horizontal asymptote of the graph of the function. 

 

 

3i. 
tetg  2)(        Back to Problem 3. 

 

In order to graph the function  g  given by  
tetg  2)( , we set  ytg )(  

and graph the equation  
tey  2 . 

 

       t                    y 

 

   3          1711.402 3 e  

 

   2         7781.142 2 e  

 

   1         4366.52 e  

 

     0            2 

 

     1           7258.02 1 e  

 

     2          2707.02 2 e   

 

     3          0996.02 3 e  

 

    The Drawing of this Graph 
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The  y-intercept of the graph of the function is the point )2,0( . 

 

Note that as t , 02   tey  and as t ,   tey 2 .   

 

Since as t , 02   tey , then the horizontal line of 0y , 

which is the t-axis, is a horizontal asymptote of the graph of the function. 

 

 

3j. 
tth 3)(         Back to Problem 3. 

 

In order to graph the function  h  given by  
tth 3)(  , we set  yth )(  

and graph the equation  
ty 3 . 

 

       t             y 

 

   2         
9

1
  

 

   1          
3

1
  

 

     0           1  

 

     1          3  

 

     2          9  

 

 

 

 

             The Drawing of this Graph 

 

 The  y-intercept of the graph of the function is the point )1,0(  . 

 

Note that as t ,  ty 3  and as t ,  03  ty .   
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Since as t ,  03  ty , then the horizontal line of 0y , 

which is the t-axis, is a horizontal asymptote of the graph of the function. 

 

 

4a. 35)(  xxf        Back to Problem 4. 

 

 The domain of  f  is the set of all real numbers. 

 

To graph the function  f, we set  yxf )(  and graph the equation 

35  xy . 

       35 xy   
xy 53   

 

The graph of  
xy 53    is the graph of  

xy 5  shifted 3 units upward.   

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

           The Drawing of this Sketch 

 

The range of  f  is  ),3(  .  Note that the y-intercept is the point  )4,0( . 

 

NOTE:  The vertical shift of 3 units upward is determined from the 

expression  3y   in the equation 
xy 53  . 

 

http://math.utoledo.edu/~janders/1320/Lectures/Lesson9/HVShiftExample1Animated.gif


 

 

4b. 4)(   xexg       Back to Problem 4. 

 

 The domain of  g  is the set of all real numbers. 

To graph the function  g, we set  yxg )(  and graph the equation 

4  xey . 

        4xey   
xey  4  

 

The graph of  
xey  4   is the graph of  

xey   shifted 4 units 

downward. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          The Drawing of this Sketch 

 

The range of  g  is  ),4(  .  Note that the y-intercept is the point  )3,0(  . 

 

NOTE:  The vertical shift of 4 units downward is determined from the 

expression  4y   in the equation 
xey  4 . 

 

 

4c. 

5

4

3
7)(













t

th       Back to Problem 4. 
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 The domain of  h  is the set of all real numbers. 

 

To graph the function  h, we set  yth )(  and graph the equation 
5

4

3
7













t

y . 

 

The graph of  

5

4

3
7













t

y   is the graph of  

t

y 









4

3
7  shifted 5 units 

to the right. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             The Drawing of this Sketch 

 

The range of  h  is  ),0(  . 

 

The y-coordinate of the y-intercept is obtained by setting 0t  in the 

equation 

5

4

3
7













t

y .  Thus, we have that  

5

4

3
7











y  =  

5

3

4
7 








 = 










243

1024
7   =  

243

7168
.  Thus, the y-intercept is the point  









243

7168
,0 . 
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NOTE:  The horizontal shift of 5 units to the right is determined from the 

expression  5t   in the equation 

5

4

3
7













t

y . 

 

 

4d. 68 2  xy        Back to Problem 4. 

 

 The domain of the function is the set of all real numbers. 

 

  68 2xy   
286  xy  

 

The graph of  
286  xy   is the graph of  

xy 8  shifted 2 units to the 

left and 6 units upward. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

       The Drawing of this Sketch 

 

The range of the function is  ),6(  . 

 

The y-coordinate of the y-intercept is obtained by setting 0x  in the 

equation 68 2  xy .  Thus, we have that  68 2 y  =  664   = 

70.  Thus, the y-intercept is the point  )70,0( . 
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NOTE:  The horizontal shift of 2 units to the left is determined from the 

expression  2x   in the equation 
286  xy  and the vertical shift of 6 

units upward is determined from the expression  6y   in the equation. 

 

 

4e. 13)( 4  xexf       Back to Problem 4. 

 

 The domain of  f  is the set of all real numbers. 

 

To graph the function  f, we set  yxf )(  and graph the equation 

13 4  xey . 

 

  13 4xey   
431  xey  

 

The graph of  
431  xey   is the graph of  

xey 3  shifted 4 units 

to the right and 1 unit downward. 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

           The Drawing of this Sketch 

 

The range of the function is  )1,(  . 
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The y-coordinate of the y-intercept is obtained by setting 0x  in the 

equation 13 4  xey .  Thus, we have that 13 4  ey .  Thus, 

the y-intercept is the point  )13,0( 4  e . 

 

NOTE:  The horizontal shift of 4 units to the right is determined from the 

expression  4x   in the equation 
431  xey  and the vertical shift 

of 1 unit downward is determined from the expression  1y   in the 

equation. 

  

 

Definition  The exponential function  f  with base b is the function defined by 
xbxf )( , where 0b  and 1b . 

 

The domain of  f  is the set of real numbers.  That is, the domain of   f  is 

),(  . 

 

The range of  f  is the set of positive real numbers.  That is, the range of  f  is 

),0(  . 

 

 

Definition  The natural exponential function is the exponential function whose base 

is the irrational number e.  Thus, the natural exponential function is the function 

defined by 
xexf )( , where ....718281828.2e . 

 

Notation:  Sometimes, 
xe  is written )(exp x . 

 

Recall the following properties of exponents, where  m  and  n  be integers: 

 

1. 
nmnm aa )(  

 

2. 
nmnm aaa   

 

3. If  0a , then  
nm

n

m

a
a

a    if  nm     OR   mnn

m

aa

a



1

  if  mn  . 

 



 

4. If  0a , then  10 a . 

 

5. If  0a  and  n  is positive, then  n

n

a
a

1


. 

 

6. 
nnn baba )(  

 

7. If  0b , then  n

nn

b

a

b

a









. 

8. If  0a   and  0b   and  n  is positive, then  

nn

a

b

b

a



















. 

 

9. n mnm aa /
 

 

 

Back to the top. 

 

 

The sketch of the graph of  
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