
           LAB 1:  TRANSFORMATIONS OF FUNCTIONS           

Objectives:

1. Study the effects of modifying the equations of functions on their graphs.
2. Graph functions using translations, reflections and stretches.

Reference Topic: Transformations of Functions

Discussion:

When analyzing “real life” data, the first step is often to graph the data to see if the 
general shape of the graph looks familiar. You may be able to represent the graph 
analytically by a familiar function that has been shifted, stretched, or reflected about 
the x- and y-axes.  Anticipating what will happen to the graphical and analytical 
forms of a function when it is subjected to these transformations will assist you in 
understanding the relationship between graphical and analytical representations of 
functions.

Translations

1. a. Using DERIVE or the TI-82, define the function f(x) = ΩxΩ and plot the graph in 
the Graphing window.

      DERIVE  

 Ë

Ê

Á
ÁÁ
Á

Reminder:  To define the function f(x), use the Author command to 

enter f(x) := abs(x) in the Algebra window.  Don’t forget the colon!
Press F1 to get to the Graphing window, then press Plot.

      OR

       TI-82  

 Ë

Ê

Á
Á
Á
Á
Á
Á
Á

Reminder:  You must use the function name Y1 rather than f.  
Press Y= to get to the Function window.  Then after Y1=, press 

    CLEAR   2nd  x -1 (for ABS)   X,T,qqqq  
You should see YÏ¸abs X.  Clear or turn off all other functions.
To graph in the standard graphing window, press ZOOM 6.
 

    b. Enter y = f(x) + 1 and graph.

      DERIVE  
 Ë

Ê

Á
ÁÁ
Á

Reminder:  Use the Author command in the Algebra window to enter 
y = f(x) ++++ 1.  Do not use a colon this time since you are using the 
variable y on the left hand side rather than function notation.

OR

       TI-82   
 Ë

Ê

Á
ÁÁ
Á

Reminder:  You will define Y2¸Y1(X)+1.  
To enter the function name Y1, press  2nd  VARS  for Y-VARS.  
Type 1 for 1:Function, and type 1 for 1:Y1.
 

    c. How does the graph of y = f(x) + 1 differ from the graph of f(x)?  



d. Graph each of the functions in the leftmost column of the table (along with 
the graph of f(x) = ΩxΩ) and state how it differs from the graph of f(x).  
Then simplify each function and write the result in column two.  The first 
one is done for you.

f(x) = ΩxΩ       EFFECT ON THE GRAPH OF F(X)      

y = f(x) + 1 y = ΩxΩ + 1 shifts the graph of f(x) up 1 unit

y = f(x) + 2

y = f(x) + 3

y = f(x) + 8

e. Based on the table above, state a general rule about the effect on the graph 
of a function of adding a positive constant c to the function.

2. Investigate what happens to the graph of a function when a you subtract a 
positive constant.  

a. Graph each of the functions in the leftmost column of the table (along with 
the graph of f(x) = ΩxΩ), and complete the table.

f(x) = ΩxΩ        EFFECT ON THE GRAPH OF F(X)       

y = f(x) - 1 y = ΩxΩ - 1  

y = f(x) - 2

y = f(x) - 3

y = f(x) - 8

b. Based on the table above, state a general rule about the effect on the 
graph of a function of subtracting a positive constant c from the 
function.
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3. You can also perform transformations by adding a constant to the independent 
variable. 

a. Graph each of the functions in the leftmost column of the table (along with 
the graph of f(x) = ΩxΩ), and complete the table.

f(x) = ΩxΩ       EFFECT ON THE GRAPH OF F(X)      

y = f(x + 1) y = Ωx + 1Ω  

y = f(x + 2)

y = f(x + 3)

y = f(x + 8)

b. Based on the table above, state a general rule about the effect on the graph 
of a function of adding a positive constant c to the independent variable.

4. Now explore what happens when you subtract a constant from the independent 
variable.

a. Graph each of the functions in the leftmost column of the table (along with 
the graph of f(x) = ΩxΩ), and complete the table.

f(x) = ΩxΩ       EFFECT ON THE GRAPH OF F(X)      

y = f(x - 1) y = Ωx - 1Ω  

y = f(x - 2)

y = f(x - 3)

y = f(x - 8)

b. Based on the table above, state a general rule about the effect on the graph 
of a function of subtracting a positive constant c from the independent 
variable.
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5. The shift rules apply to any function.  In addition, the rules can be combined.  
   
   a.    Clear all graphs.  Define and graph f(x) = 2x .  

       i. Graph each of the functions in the table below along with the graph of f(x), 
and complete the table.

  

f(x) = 2x EFFECT ON THE GRAPH OF F(X)

y = f(x + 3)
y = 2(x + 3)

  = 2x + 6
 

y = f(x) - 8

y = f(x + 3) - 8

           ii. Turn in a graph showing all four functions in the table above.  Be sure to 
label each function and indicate your scales along the axes.

   b.   Clear all graphs.  Define and graph f(x) = x3 - 3x + 2.  

      i.   Graph each of the functions in the table below along with the graph of f(x), 
and complete the table.

f(x) = x3 - 3x + 2  
EFFECT ON THE GRAPH 

OF F(X)

y = f(x - 5) y = (x - 5)3 - 3(x - 5) + 2  

y = f(x) - 6

y = f(x - 5) - 6

           ii. Turn in a graph showing all four functions in the table above.  Be sure to 
label each function and indicate your scales along the axes.
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Reflections

1. a. Clear all graphs.  Define a function g(x) = x .  Plot the graph in the 
graphing window.  

   b. Enter y = g(-x).  Simplify the right hand side.

y = ________

Graph g(-x) in the graphing window.  What is the effect on the graph of 
g(x) of multiplying x by -1?

______________________________________________________

   c. Enter y = -g(x).  Simplify the right hand side.

y = ________

Graph -g(x) in the graphing window.  What is the effect on the graph of 
g(x) of multiplying g(x) by -1?

______________________________________________________

2. a. Test your conjectures in #1 by redefining g(x) = x3 + 4x2.

b. Enter, simplify and graph y = g(-x)

g(-x) = _____________________

c. Enter, simplify and graph y = -g(x)

-g(x) = _____________________

d. Were your conjectures correct?  If not, revise them.

3. Use shifts and reflections of f(x) = x2 - 2x to write the equations of g(x) and h(x).  
Be sure to check your answers by graphing, and revise if necessary.

         f(x)        f(x)

2 42–4–

2

4

2–

4–
     

2 42–4–

2

4

2–

4–

           g(x)          h(x)
      

g(x) = ___________ h(x) = ___________
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Stretching and Shrinking

You have explored what happens if you add a constant to or subtract a constant 
from the function or to the independent variable, and what happens if you multiply 
by -1.  What happens if you multiply the function or the independent variable by a 
positive constant?  The following activities explore this question.

1. a. Clear all graphs.  Define and graph f(x) = 16 - x2 .  
 

                   TI-82  

 Ë

Ê

Á
Á
ÁÁÁ
Á

For best results, restrict your domain and use ZSQUARE. 
Define Y1(x) as     YÏ¸÷(16-X‰)(—4£X)(X£4)  
To get the £ symbol, press  2nd  MATH  6.  To see the 
graph as a semicircle, press ZOOM 5 for ZSQUARE.

   b.      Define and graph y = 2f(x).  Notice that the graph looks like it has been 
stretched vertically.  Multiplying f(x) by 2 causes this vertical stretch in the 
graph.

   c.      Define and graph y = 
1
2 f(x).  Notice that the graph looks like it has been 

smashed vertically.  Multiplying f(x) by 
1
2  causes a vertical shrink in the

graph. 

           TI-82  
 Ë
ÊÁÁ Use explicit multiplication.  That is, enter 1Õ2*YÏ(X)

   d.      Graph each of the following functions and complete the table.

  f(x) = 16 - x2     EFFECT ON THE GRAPH OF F(X)  

y = 
1
2 f(x) y = 

1
2 16 - x2 shrinks the graph vertically

y = 
3
4 f(x) y =                        

y = 
3
2 f(x) y =                        

y = 2f(x) y =                         

y = 3f(x) y =                           

    e.      Based on the table above, state two general rules about the effect of 
multiplying a function by a positive constant other than 1.
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2. a. Now explore what happens when you multiply the independent variable by 
a positive constant.    Graph the following functions, including f(x), on the 
same axes and complete the table.

   f(x) = 16 - x2     EFFECT ON THE GRAPH OF F(X)  

y = f(
1
2

x)
y = 16 - (

1
2

x)2

= 16 - 
x2

4

y = f(
2
3

x)
y =

                          

y = f(
4
3

x)
y =

                          

y = f(2x) y =                          

y = f(4x) y =                          

b. Based on the table above, state two general rules about the effect of 
multiplying the independent variable by a positive constant other than 1.

3. Use stretching or shrinking on f(x) = x2 - 4 to write the equations of g(x) and h(x).  
Be sure to check your answers by graphing, and revise if necessary.

g(x) f(x) h(x) f(x)

2 42–4–

2

4

2–

4–

2 42–4–

2

4

2–

4–

g(x) = ________________ h(x) = ________________
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Application:  The Human Cannonball

The Human Cannonball is the highlight of the Cartesian Circus.  When the Human 
Cannonball is fired from a cannon, she should fly through a Ring of Fire and land 
in a net on the opposite side of the Circus arena.  The Ring of Fire is located at the 
center of the circular arena and is suspended 40 feet above the ground.  The cannon 
stands on a rolling platform that can be raised up to 22 feet.  The top of the 
cannon’s barrel is 4 feet above the platform and the angle of the barrel cannot be 
altered.  

Initially, the cannon platform, Ring of Fire and landing net are lined up along the 
150 foot diameter of the arena, with the cannon platform on the ground at the edge 
of the arena. Using this setup, the Human Cannonball will be hurled along a 
parabolic trajectory (path) described by the function h(x) = -0.011x2 + 0.9x + 4, 
where h(x) is the height of the Human Cannonball above the ground and x is the 
distance from the cannon platform along the arena’s diameter.  Unfortunately, this 
trajectory will not send the Human Cannonball through the Ring of Fire, and the 
audience will demand a refund.  You are the stage hand in charge of positioning the 
platform and landing net so that the circus will not go bankrupt and the Human 
Cannonball will live to fly again.  

1. Draw a rough sketch to represent the initial problem situation.  Show the cannon, 
the Ring of Fire, the landing net and path of the Human Cannonball.

2. Let the cannon platform be at the origin.  Give the coordinates of the following in 
the initial problem situation:

       COORDINATES

x y

cannon platform       0         0      

top of cannon’s barrel

Ring of Fire

3. Assuming the cannon platform is at the origin, use DERIVE or the TI-82 to graph 
the initial parabolic trajectory of the Human Cannonball, as well as the points where 
the Ring of Fire and the top of the cannon’s barrel are located.
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4. Use the graph in #3 to help you graph the initial problem situation on the given 
grid, with the cannon platform’s position at the origin.  Show the location of the 
cannon platform, the top of the cannon’s barrel, the Ring of Fire, and Human 
Cannonball’s initial trajectory.  Be sure to indicate your scale along each axis.

5. Modify the equation for the path of the Human Cannonball to reflect shifting the 
cannon platform horizontally and/or vertically to try to get the Human Cannonball to 
pass through the Ring of Fire.  Graph your modified equation to see how close you 
are.  Repeat as many times as necessary to get the Human Cannonball through the 
Ring of Fire.  What is your final modified equation?

6. Show the graph of the final location of the cannon platform, the top of the cannon’s 
barrel, the Ring of Fire, and Human Cannonball’s final trajectory.  Be sure to 
indicate your scale along each axis.

7. Where should you place the cannon platform so that the Human Cannonball will fly 
through the Ring of Fire?

8. Assuming the landing net is 5 feet high, where should the net be placed so that the 
Human Cannonball lives to fly again?
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