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Exploring Function Transformations
Randall Gallaher



Lewis and Clark Community College

Name ___________________

Materials:

Lab sheet

TI-83 Graphing Calculator

Objective:
In this lab activity, we will use the TI-83 to study the ways that functions shift, reflect, stretch, and compress. At the completion of this lesson, you will be able to describe how the graph of 
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. Here a, b, c, and d are real numbers. 

Procedure:
1.
We will begin this activity by reviewing function notation.  Consider the functions 
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Recall that 
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so the point (-1, 1) is on the graph of 
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so the point 
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Also, recall that we can substitute algebraic expressions into functions.  For example, for our function 
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In general, we have
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Similarly, for the function 
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and so forth.  In general, 
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2.
With our TI-83’s, we have several options by which we can evaluate functions.  One option is to use the TABLE feature. Let’s use the TABLE feature to complete Table 1 to the right.  Do this as follows: 

a.
Enter 
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 into Y1.

•
Choose [Y=].

•
Clear all entries.

•
Punch [X,T,,n], [
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x

].  The screen should now look like Figure 1.


b.
Setup the table to evaluate 
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•
Choose [2nd], [TBLSET].

•
Set TblStart to  - 4 by arrowing next to TblStart= and typing in -4.

•
Set 
[image: image25.wmf]D

Tbl to 1 by arrowing next to 
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Tbl= and typing in 1.

•
Set Indpnt to “Auto” by arrowing so that “Auto” is highlighted and pressing [ENTER].
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•
Set Depend to “Auto” by arrowing so that “Auto” is highlighted and pressing [ENTER].  The screen should now look like Figure 2.

c.
Look at the table.  

•
Choose [2nd], [TABLE].

•
The screen should look like Figure 3.

•
Use the up and down arrows to move up and down the table to view the entries you desire.
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Keep in mind that all of the points given in this table lie on the graph of the function 
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3.
Use the TABLE feature to complete Tables 2 and 3 below for the functions 
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, respectively.  (Follow the procedure used in part 2.)
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4.
Now let us turn our attention to the graphs of our functions. 


a.
Graph 
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•
Press [Y=].

•
Clear Y1.
•
Press [2nd], [
[image: image31.wmf]], [2], [5], [–], [X,T,,n], [
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x

], [ ) ].  
The screen should now look like Figure 4.

•
Choose [WINDOW].

•
Change the settings as in Figure 5.

•
Press [GRAPH] to view the graph.

[image: image193.png]Floti Flokz Flots
~WEHE

wie=

wr=

wiy=

wHE=
=




b.
Use the same procedure to graph 
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. Use the window setting from Figure 5 for both graphs.

Sometimes we need to graph functions that are very similar to ones we already know.  Next, we will look at such functions and develop techniques that we can use in graphing them.  That is, we will be studying the different transformations of functions.

5.
The first transformation at which we look is the vertical shift (upward and downward).
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a.
Graph 
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on the graph as well.

•
Re-enter 
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 by following the steps in 4a.

•
Arrow down to Y2 and type in 
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; that is, press [1], [+], [2nd], [
[image: image39.wmf]], [2], [5], [–], [X,T,,n], [
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•
Press [GRAPH].
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b.
How did the “1” effect the curve? __________________ _____________________________________________ _____________________________________________

_____________________________________________ _____________________________________________


Which direction (up or down) did the curve shift? ______ 


By how many units did the curve shift? ______________

c.
Now graph 
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.  (Follow the same procedure that you used in part a).  How did the “2” effect the curve? ______________ _____________________________________________________________________



_____________________________________________________________________



_____________________________________________________________________



Which direction did the curve shift? _________________________________________



By how many units did the curve shift? ______________________________________

d.
Now graph 
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.  How did the “-3” effect the curve? _________



_____________________________________________________________________
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Which direction did the curve shift? _________________________________________



By how many units did the curve shift? ______________________________________


e.
Graph 
[image: image43.wmf]2

25

4

)

(

4

x

x

g

y

-

+

-

=

+

-

=

.  How did the “-4” effect the curve? ____________
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Which direction did the curve shift? _________________________________________



By how many units did the curve shift? ______________________________________

f.
Now consider the function 
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.  Repeat steps a through e for this function.  That is, graph 
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g.
Consider the function 
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.  Graph it. Repeat steps a through e for h(x).  That is, graph 
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; and so forth.  Are the results similar? __________

h.
Generalize about how a will effect the graph of any function 
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i.
You have discovered how the “a” effects the graph of the function.  Next, let’s focus on why it effects the graph of the function in this manner.  To do this, use the TABLE feature on your calculator to complete Tables 4 and 5 below.  (Follow the same procedure used in part 2.)  Table 3 is reproduced as well for convenient comparison.

j.
How do the x-coordinates in Tables 3, 4, and 5 compare? _______________________


_____________________________________________________________________

k.
How do the y-coordinates in Table 4 compare to those in Table 3? ________________


__________________________________________________________________________________________________________________________________________

l.
How do the y-coordinates in Table 5 compare to those in Table 3? ________________


__________________________________________________________________________________________________________________________________________

m.
Generalize about how a will effect the y-coordinates of any function 
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7.
The second transformation that we will study is the horizontal shift (left and right).
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a.
Re-graph 
[image: image62.wmf]2

25

x

y

-

=

.  Graph 
[image: image63.wmf]2

)

2

(

25

)

2

(

-

-

=

-

=

x

x

g

y

 as well.  (Follow the same procedure used in 6a.)  The entry will look like the one in Figure 7.  How did the “ – 2” effect the curve?  ____________________________

___________________________________________ ________________________________________________


___________________________________________

___________________________________________


Which direction (left or right) did the curve shift?  ___ ___________________________________________


By how many units did the curve shift?  ___________ ___________________________________________

b.
Now graph 
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Which direction did the curve shift? _________________________________________



By how many units did the curve shift? ______________________________________

c.
Now graph 
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Which direction did the curve shift? _________________________________________



By how many units did the curve shift? ______________________________________


d.
Graph 
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Which direction did the curve shift? _________________________________________



By how many units did the curve shift? ______________________________________

e.
Once again, consider the function 
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.  Re-graph it and repeat steps a through d for this function.  That is, graph 
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f.
Consider again the function 
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.  Re-graph it. Repeat steps a through d for this function.  That is, graph 
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; and so forth.  Be careful to enter the function correctly into your calculator.  Are the results similar? __________

g.
Generalize about how b will effect the graph of any function 
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h.
You have discovered how the “b” effects the graph of the function.  Next, let’s focus on why it effects the graph of the function in this manner.  To do this, use the TABLE feature on your calculator to complete Tables 6 and 7 below.  Again, Table 3 is reproduced for convenient comparison.

i.
How do the y-coordinates in Tables 3, 6, and 7 compare? _______________________


_____________________________________________________________________

j.
How do the x-coordinates in Table 6 compare to those in Table 3? ________________


__________________________________________________________________________________________________________________________________________

k.
How do the x-coordinates in Table 7 compare to those in Table 3? ________________


__________________________________________________________________________________________________________________________________________

l.
Generalize about how b will effect the x-coordinates of any function 
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8.
Before you graph it, predict how 
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will look compared to its basic function 
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Graph it.  Was your prediction correct? ________________________________________


Predict how the graph of 
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 will look compared to its basic function 
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Graph it.  Was your prediction correct? ________________________________________

Predict how the graph of  
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 will look compared to its basic function 
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Graph it.  Was your prediction correct? ________________________________________

9.
Next we will study vertical stretches and compressions.

a.
Once again re-graph 
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 as well. How did the “1.2” effect the curve?  ________________________________________________

_____________________________________________________________________
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b.
Now graph 
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c.
Now graph 
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d.
Graph 
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.  How did the “0.3” effect the curve? ____________
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e.
Now consider the function 
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f.
Consider again the function 
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.  Are the results similar? __________

g.
Generalize about how c will effect the graph of any function 
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_______________________________________________________________________________________________________________________________________________________________________________________________________________

h.
You have discovered how the “c” effects the graph of the function.  Next, let’s focus on why it effects the graph of the function in this manner.  To do this, use the TABLE feature on your calculator to complete Tables 8 and 9 below.   Once again, Table 3 is reproduced for comparison.
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i.
How do the x-coordinates in Tables 3, 8, and 9 compare? _______________________


_____________________________________________________________________

j.
How do the y-coordinates in Table 8 compare to those in Table 3? ________________


__________________________________________________________________________________________________________________________________________

k.
How do the y-coordinates in Table 9 compare to those in Table 3? ________________


_____________________________________________________________________

l.
Generalize about how c will effect the y-coordinates of any function 
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, and thus explain why the vertical stretches and compressions occur. That is, how do the y-coordinates of 
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10.
Vertical reflections are studied next.  This is what happens to 
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 when c is negative?  We will begin by considering cases involving the function 
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Graph each of the following: 
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b.
How did the negative sign effect the curve? __________________________________



_____________________________________________________________________



_____________________________________________________________________


_____________________________________________________________________

c.
Next, we examine cases involving the function 
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. Are the results similar to those in part a? __________
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d.
Graph each of the following: 
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.  Are the results similar to those in part a? __________

e.
To see why we get a vertical reflection, use the TABLE feature on your calculator to complete Table 10 to the right. 

f.
How do the x-coordinates in  Tables 3 and 10 compare? _____


___________________________


___________________________

g.
How do the y-coordinates in Table 10 compare to those in Table 3? ___________________

___________________________


___________________________


___________________________


___________________________


___________________________

h.
Generalize about how the negative will effect the y-coordinates of any function 
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, and thus explain why the vertical reflection occurs. That is, how do the y-coordinates of 
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11.
Before you graph it, predict how 
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Graph it.  Was your prediction correct? ________________________________________


Predict how the graph of 
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 will look compared to its basic function 
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Graph it.  Was your prediction correct? ________________________________________

Predict how the graph of 
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Graph it.  Was your prediction correct? ________________________________________

12.
Next we will study horizontal stretches and compressions.

a.
Once again, re-graph 
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 as well. How did the “2” effect the curve?  ____________________________________________________

__________________________________________________________________________________________________________________________________________

b.
Now graph 
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c.
Now graph 
[image: image142.wmf]2

)

5

.

0

(

25

)

5

.

0

(

x

x

g

y

-

=

=

.  How did the “0.5” effect the curve? __________
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d.
Graph 
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e.
Now consider the function 
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.  Are the results similar to those in parts a through d? __________

f.
Consider again the function 
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.  Re-graph it. One at a time, graph each of the following: 
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.  Are the results similar? __________

g.
Generalize about how d will effect the graph of any function 
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h.
You have discovered how the “d” effects the graph of the function.  Next, let’s focus on why it effects the graph of the function in this manner.  To do this, use the TABLE feature on your calculator to complete Tables 11 and 12 below.   Table 3 is reproduced as well.

i.
How do the y-coordinates in Tables 3, 11, and 12 compare? _____________________


_____________________________________________________________________

j.
How do the x-coordinates in Table 11 compare to those in Table 3? _______________


__________________________________________________________________________________________________________________________________________

k.
How do the x-coordinates in Table 12 compare to those in Table 3? _______________


__________________________________________________________________________________________________________________________________________

l.
Generalize about how d will effect the x-coordinates of any function 
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13.
What happens to 
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 when d is negative?  Horizontal reflections are the result.  To study this we will begin by considering cases involving the function 
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Graph each of the following: 
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b.
How did the negative sign effect the curve? __________________________________



_____________________________________________________________________



_____________________________________________________________________


_____________________________________________________________________

c.
To see why we get a horizontal reflection, use the TABLE feature on your calculator to complete Table 13 below. 

d.
How do the y-coordinates in Tables 3 and 13 compare? _________________________ __________________________________________________________________________________________________________________________________________

[image: image202.wmf]2

)

2

(

)

2

(

2

8

)

2

(

-

-

-

+

-

=

x

x

x

y

e.
How do the x-coordinates in 

Table 13 compare to those in Table 3? ___________________

___________________________


___________________________
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___________________________ ___________________________ ___________________________ ___________________________

___________________________

f.
Generalize about how the negative will effect the x-coordinates of any function 
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g.
For many functions, the horizontal reflection that occurs (as in part a) is not obvious when looking at the graph.  For example, graph the function 
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.  Next, graph the function 
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.  Are the results the same as those in part a? __________  What is happening with the horizontal reflections in these cases? _______________________


_______________________________________________________________________________________________________________________________________________________________________________________________________________

14.
Before you graph it, predict how 
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)

4

.

0

(

)

4

.

0

(

2

8

)

4

.

0

(

5

)

4

.

0

(

5

x

x

x

x

h

y

-

-

-

+

-

+

-

=

-

+

-

=

will look compared to its basic function 
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Graph it.  Was your prediction correct? ________________________________________


Predict how 
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will look compared to its basic function 
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Graph it.  Was your prediction correct? ________________________________________

Predict how the graph of 
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Graph it.  Was your prediction correct? ________________________________________

15.
Discuss how the function 
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. That is, discuss how each real number a, b, c, and d effects the graph. _______________

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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