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Learning Goals
• Describe the general behavior of the graph of even and 

odd degree power functions.
• Describe how the graph of a power function changes as 

the value of the power increases.
• Use graphs and transformations to determine the 

symmetry of even and odd functions.
• Determine whether a function is even or odd based on 

a function equation or graph.

You have analyzed and built quadratic and cubic functions from functions of lesser degree. What 
are the characteristics of the graphs of power functions?

Key Terms
• power function
• end behavior
• symmetric about a line

• symmetric about a point
• even function
• odd function

Warm Up
Evaluate each expression for 
x 5 2 and x 5 23.

1. x4

2. 2x2 1 1

3. (2x)2 2 1

4. x8

So Odd, 
I Can’t Even
Power Functions

1
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M1-204   •   TOPIC 3: Characteristics of Polynomial Functions

GETTING STARTED

Flat in the Middle

You have studied linear functions, quadratic functions, and now you will 
explore more polynomial functions. A common type of polynomial function, 
which you have also studied, is a power function. A power function is a 
function of the form P(x) 5 axn, where n is a non-negative integer.

1. Consider each power function and its graph in the 
sequence shown.

x

y

 

x

y

 

x

y

x

y

 

x

y

 

x

y

y 5 x

y 5 x4

y 5 x2

y 5 x5

y 5 x3

y 5 x6
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a. Sketch and label the next two graphs in the sequence.

x

y

 

x

y

b. State any observations or patterns that you notice about 
the graphs in the sequence.
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M1-206   •   TOPIC 3: Characteristics of Polynomial Functions

Exploring Patterns in 
Odd- and Even-Degree 
Power Functions

AC TIVIT Y

1.1

Consider the power functions graphed in the Getting Started. The tables 
show values of each function for different domain values.

Odd Degree

x x1 x3 x5

22 22 28 232

21 21 21 21

2   1 __ 2   2   1 __ 2   2   1 __ 8   2   1 ___ 32   

0 0 0 0

   1 __ 2      1 __ 2      1 __ 8      1 ___ 32   

1 1 1 1

2 2 8 32

Even Degree

x x2 x4 x6

22 4 16 64

21 1 1 1

2   1 __ 2      1 __ 4      1 __ 16      1 ___ 64   

0 0 0 0

   1 __ 2      1 __ 4      1 __ 16      1 ___ 64   

1 1 1 1

2 4 16 64

1. For both the odd- and even-degree functions, observe the change in 
the values between 21 and 1. How does this change compare with 
the change in the values less than 21 and greater than 1?
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2. Observe the behavior of each function on either side of 0, using 

the tables and graphs.

a. Describe the behavior of a function of odd degree on either 
side of 0.

b. Describe the behavior of a function of even degree on either 
side of 0.

3. For both the odd- and even-degree functions:

a. Explain why the graphs flatten as the degree increases, 
for values of x between 21 and 1.

b. Explain why the graphs steepen as the degree increases, 
for values of x less than 21 and greater than 1.
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M1-208   •   TOPIC 3: Characteristics of Polynomial Functions

Exploring End Behavior and
Symmetry of Power Functions

AC TIVIT Y

1.2

The end behavior of a graph of a function is the behavior of the graph 
as x approaches infinity and as x approaches negative infinity.

You can write the end behavior of 
the polynomial function shown 
using this notation.

As x  ,̀ f(x)  .̀
As x  2 ,̀ f(x)  2 .̀

x

f(x)
y

1. Consider the sequence of graphs shown.

a. What happens when the A-value is negative? Write each 
function in terms of x, and then sketch it. 

x

y

x

y

x

y

x

y

x

y

x

y

2f1(x) 5 2f2(x) 5 2f3(x) 5 

Worked Example

f1(x) 5 x f2(x) 5 x2 f3(x) 5 x3

Remember:

Changes to the 
A-value in the 
transformation 
form of a function 
can cause a vertical 
dilation of the 
function and/or a 
reflection across 
the x-axis.
Changes to the 
B-value of a 
function can cause a 
horizontal dilation of 
the function and/or 
a reflection across 
the y-axis.
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b. What happens when the B-value is negative? Write each 

function in terms of x, and then sketch it.

c. Complete the table to describe the end behavior for any 
polynomial function.

x

y

f1(2x) 5 

x

y

f2(2x) 5 

x

y

f3(2x) 5 

Odd Degree 
Power Function

Even Degree 
Power Function

A > 0

A < 0

B > 0

B < 0
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Investigating Characteristics 
of Even and Odd Functions

AC TIVIT Y

1.3

If a graph is symmetric about a line, the line divides the graph into two 
identical parts. Special attention is given to the line of symmetry when it is 
the y-axis as it tells you that the function is even.

1. Analyze the graph shown.

x

2

4

–2
210–2 –1 43–4 –3

y

–4

–6

–8

6

8

Olivia says that the graph has no line of symmetry because if 
she reflected the graph across the x- or y-axis, it would not be a 
mirror image.

Randall says that the graph has no line of symmetry because if 
he looks at the x-values 1 and 21, the y-values are not the same, so 
there can’t be symmetry about the y-axis. Also, if he looks at the 
y-values 8 and 28, the x-values are not the same, so there can’t be 
symmetry about the x-axis.

Shedrick said that there is some type of symmetry. He looks at 
the point (2, 8) and notices that the point (22, 28) is also on the 
graph. Likewise he looks at the point (1, 1) and notices that the 
point (21, 21) is also on the graph. He concluded that it must have 
a reflection across the x- and y-axis at the same time.

Who’s correct? Explain your reasoning.

Think
about:

The graph of y 5 x2 is 
symmetric about the 
line x 5 0.
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The graph of an odd degree basic power function is symmetric about a point, 
in particular the origin. A function is symmetric about a point if each point 
on the graph has a point the same distance from the central point, but in 
the opposite direction. Special attention is given when the central point is the 
origin as it determines that the function is odd. When the point of symmetry 
is the origin, the graph is reflected across the x-axis and the y-axis. If you 
replace both (x, y) with (2x, 2y), the function remains the same.

An even function has a graph symmetric about the y-axis, thus f(x) 5 f(2x).

An odd function has a graph symmetric about the origin, thus f(x) 5 2f(2x).

2. Use what you know about A and B-value transformations to 
describe even and odd functions in your own words.

Consider the function f(x) 5 x3. You can think of the point of symmetry about the origin 
as a double reflection.

The function f1(x) 
is shown.

The function f1(x) is 
reflected across the 
y-axis to produce f2.

The function f2(x) is 
reflected across the 
x-axis to produce f3.

f1(x) 5 x3 f2(x) 5 f1(2x)
  5 (2x)3

f3(x) 5 2f2(x)
  5 2((2x)3)
  5 x3

x0

10

–2–4 42

y

20

–10

–20

x0

10

–2–4 42

y

20

–10

–20

2 x0

10

–2–4 4

y

20

–10

–20

Worked Example

Odd and even 
functions are NOT 
the same as odd- and 
even-degree functions. 
A function must have 
an odd or even degree. 
But a function is 
not necessarily odd 
or even.
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M1-212   •   TOPIC 3: Characteristics of Polynomial Functions

You determine algebraically whether a function is even by evaluating the 
function at f(2x). If f(2x) 5 f(x), then the function is even. You can also 
evaluate the function at 2f(x). If 2f(2x) 5 f(x), or 2f(x) 5 f(2x), then the 
function is odd.

4. State whether the graph of each function shown is even, odd, 
or neither.

a.  b.

Claire
The reflection of an odd function across the y-axis 
produces the same graph as its reflection across 
the x-axis.

x0

2

–1–2 21

y

4

–2

–4

2

4

–2

–4

x0–1 1–2 2

y

c.

2

4

–2

–4

1 x0–1–2 2

y

3. Explain why Claire is correct. Use function notation to write 
her conclusion.
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5. Determine algebraically whether each function is even, odd, or 

neither. Describe the end behavior of the function.

a. f(x) 5 2x3 2 3x

b. g(x) 5 6x2 1 10

c. h(x) 5 x3 2 3x2 2 2x 1 7

Take your time 
and check your 
substitutions.

Think
about:
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M1-214   •   TOPIC 3: Characteristics of Polynomial Functions

NOTES

2. Determine whether each function is an even function, an 
odd function, or neither. Then describe the end behavior.

TALK the TALK 

To Be Number One, You Have to Be Odd

1. Graph and label each function. 
f(x) 5 x2

g(x) 5 (x 2 3)2

h(x) 5 3x2

–2–4–6–8
–2
–4
–6
–8

42 6 80 x

2

6
4

8

y
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Assignment

Write
Choose the term from the box that best completes each statement.

even function end behavior symmetric about a point
power function symmetric about a line odd function

1.  A function is  if the line divides the graph into two identical parts.
2.  The  of a graph of a function is the behavior of the graph as x approaches infi nity 

and as x approaches negative infi nity.
3. A(n)  has a graph symmetric about the origin, thus f(x) 5 2f(2x).
4.  A function is  if each point on the graph has a point the same distance from the 

central point but in the opposite direction.
5. A(n)  has a graph symmetric about the y-axis, thus f(x) 5 f(2x).
6. A(n)  is a function of the form P(x) 5 axn, where n is a non-negative integer.

Remember
A power function is a function of the form P(x) 5 axn, where n is a non-negative integer.
An even function has a graph symmetric about the y-axis, thus f(x) 5 f(2x), and an odd function has a 
graph symmetric about the origin, thus f(x) 5 2f(2x).

Practice
1. Graph each function. Determine whether the function is even, odd, or neither. Then describe the end 

behavior of the graph.
a.  f(x) 5 x3 1 x.
b. f(x) 5 x3 1 x2 2 6x.

2. Sketch each function and describe the end behavior of each graph.
a. f(x) 5 x20

b. f(x) 5 x25

3. Determine algebraically whether each function is even, odd, or neither.
a. f(x) 5 x3 2 4x 1 3
b. f(x) 5 2x4 2 x2 1 9
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M1-216   •   TOPIC 3: Characteristics of Polynomial Functions

Stretch
1. Consider the function f(x) 5 3x6 2 5x4 1 2x2 2 100. Determine whether the function is even, odd, or 

neither. Then describe the end behavior of the graph.
2. Rewrite the function f(x) 5 x3 for each transformation.

a. The graph is shifted down 3 units.
b. The graph is shifted to the left 5 units.
c. The graph is vertically stretched by a factor of 2.
d. The graph is refl ected across the x-axis.

Review
1.  Consider the functions k(x) 5 x 1 1, m(x) 5 x 2 4, n(x) 5 x 1 5, and f(x) 5 k(x) ? m(x) ? n(x).
 a. Determine the degree of the function f(x). Explain your reasoning.
 b. Determine the zeros of f(x). Explain your reasoning.
  c.  Determine the intervals over which the value of f(x) is positive. Determine the intervals over which 

the value of f(x) is negative. Explain your reasoning.
2. Nina has a piece of wire 18 feet long that she wants to bend into a rectangle that she will then run 

yarn across to form artwork.
 a.  Defi ne the function A(w) to represent the area of the wire artwork as a function of the length. 

Explain your reasoning.
 b.  Determine the maximum area of the wire artwork as well as the length and width that will result 

in the maximum area. Explain your reasoning.
3. Add or subtract each expression.
 a. (5 1 3i) 1 (8 2 9i)  b. (210 27i) 2 (4 2 15i)
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