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1.1 Domaiﬁ(, Range,7
and End Behavior

Essential Question: How can you determine the domain, range, and end behavior of a
function?

SR Representing an Interval on a Number Line

An interval is a part of a number line without any breaks. A finite interval has two endpoints, which may or may not
be included in the interval. An infinite interval is unbounded at one or both ends.

Suppose an interval consists of all real numbers greater than or equal to 1. You can use the inequality x > 1 to
represent the interval. You can also use set notation and interval notation, as shown in the table.

| =

Description of Interval Type of Interval | Inequality | Set Notation | Interval notation
—
All real numbers fromato b, -
includingaand b Finite {X [a, 6]
All real numbers greater than a Infinite Xx>a {x|x > a} (a, +o00)
All real numbers less than or Infinite x<a lx < a} (—oo, d]
equaltoa A J

For set notation, the vertical bar meag “such that,” sp you read {x]|x > 1} as “the set/6f real numbers x such
that x is greater than or equal to 1”

For interval notation, do the following:

« Use a square bracket to indicate that an interval includes an endpoint and a parenthesis to indicate
that an interval doesn’t include an endpoint.

« For an interval that is unbounded at its positive end, use the symbol for positive infinity, +oo.
For an interval that unbounded at its negative end, use the symbol for negative infinity, —oc.
Always use a parenthesis with positive or negative infinity.

So, you can write the interval x > 1 as [1, +-o0).
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® Complete the table by writing the finite interval shown on each number line as an
inequality, using set notation, and using interval notation.

Finite Interval < pp———— > | € —l————————— >
—5—4—-3-2—-1 0 1 2 3 4 5 —5—4-=3-2—-1 0 1 2 3 4 5

Inequality

Set Notation

Notaion (2, 2]
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Complete the table by writing the infinite interval shown on each number line as an
inequality, using set notation, and using interval notation.

| | 5 -l |
I = Il |

InfiniteInterval | . _, . ,_, . ;

Inequality

Set Notation

Interval
Notation

—oD < X<
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1. Consider the interval shown on the number line.

a. Represent the interval using interval notation. E ) >
b. What numbers are in this interval? ALL ﬁ__@é-_ NU"'\%E,RS R

2.  What do the intervals [0, 5], [0, 5), and (0, 5) have in common? What makes them different?

3. Distussion Aesywgd presents th{ union of two sets. What do you think the notation
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Identifying a Function’s Domain, Range
and End Behavior from its Graph

Recall that the domain of a function f is the set of input values x, and the range
is the set of output values f(x). The end behavior of a function describes

what happens to the f(x)-values as the x-values either increase without bound
(approach positive infinity) or decrease without bound (approach negative
infinity). For instance, consider the graph of a linear function shown. From the
graph, you can make the following observations.

Statement of End Behavior

As the x-values increase without bound, the f{x)-values
also increase without bound.

As the x-values decrease without bound, the f(x)-values
also decrease without bound.

Example1 Write the domain and the range of the function as an inequality, using set notation,
and using interval notation. Also describe the end behavior of the function.

@ The graph of the quadratic function f(x) = x* is shown.
Domain:

Inequality: —oo < x < 400

Set notation: {x] —oo < x < o0} —4'1 '

Interval notation: (—oo, +00)

Range: End behavior: T4 1
Inequality: y > 0 As x — 400, flx) — +o0.
Set notation: {y|y > 0} As x — —o0, flx) — +o0.

Interval notation: [0, +o0)
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The graph of the exponential function f(x) = 2* is shown.
Domain:

Inequality:

Set notation:

Interval notation:

Range:
o< y< oo

Inequality:

Set notation:

Interval notation:

End behavior:

Asx — 400,

Asx — 00,

Always Same

"
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Reflect

4. Why is the end behavior of a quadratic function different from the end behavior of a linear function?

5. In Part B, the f(x)-values decrease as the x-values decrease. So, why can’t you say that f{x) — —oo as
x — —oo?

Your Turn

Write the domain and the range of the function as an inequality, using set notation,
and using interval notation. Also describe the end behavior of the function.

6. The graph of the quadratic function f(x) = —x? is shown. y
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Graphing a Linear Function on
a Restricted Domain

Unless otherwise stated, a function is assumed to have a domain consisting of all real numbers
for which the function is defined. Many functions—such as linear, quadratic, and exponential
functions—are defined all real numbers, so their domain, when written in interval notation,

is (—oo, +00). Another way to write the set of real numbers is R.

Sometimes a function may have a restricted domain. If the rule for a function and its restricted
domain are given, you can draw its graph and then identify its range.

Example2 For the given function and domain, draw the graph and identify the range
using the same notation as the given domain.

with endpoints at (—4, f(—4)), or (—4, —1), and (4, f(4)), or (4, 5).
The endpoints are included in the graph.

he range is [—1, 5). -3
((“BL%\:(“B'\Q_ g(ﬂ»— T(*B“Z

e

f(x) =g—x — 2 with domain {x|x

5/oregince f(x) = —x —2is a linear function, the graph is a ray with its

endpointat (=3, f(—3)),or _ Theendpoint q T X

included in the graph. The range is . —4 _}\S(: 2.4
‘D/C 3 - ( 35 Z— —4 \

£ < |
TPANGE * &y [—oey&
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Reflect
7. In Part A, how does the graph change if the domain is (—4, 4) instead of [—4, 4]?

In Part B, what is the end behavior as x increases without bound? Why can’t you talk about the end
behavior as x decreases without bound?

Your Turn

For the given function and domain, draw the graph and identify the range using the
same notation as the given domain.

9. f(x)= —%x + 2 with domain —6 < x < 2 10. fx) = %x —1 with domain (—oo, 3]

y y
1 4_-
6__
+ 2
4T | ] X
5 -4 =2 0 2 4
Il x _2 i
-6 —4 —2 0 2 —at
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@ Evaluate: Homework and Practice

1. Write the interval shown on the 2.  Write the interval (5, 100] as an
number line as an inequality, using set inequality and using sétniotation:
notation, and using interval notation.

> S<X§_’UO

|
|
3 4

o
-

6 7 8 g I
3. Write the interval —25 < x < 30 4. Write the interval {x| —3 < x < 5}
using setmotation and intenval as an inequality and using interval

‘g@-ﬁ-}e)- T -2¢x25

s s exs30h 1y (2,5)

10
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Write the domain and the range of the function as an inequality, using set notation,
and using interval notation. Also describe the end behavior of the function or
explain why there is no end behavior.

5. The graph of the quadratic function 6. The graph of the exponential function
flx) = x* + 2 is shown. flx) = 37 is shown.

T. - oL X<D
SN {)Q\—eo<x<°03
FN: (~oge8) R
T-2Llsy<eso

SN éWZsyo&S
EN: 2, o)

ASH =B (=D D
PG (2= ()= OF

7. The graph of the linear function 8. The graph of a function is shown.
g(x) = 2x — 2 is shown.

ASX> o0, g)—>
As A=>7 90, 4()—>-02

11
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For the given function and domain, draw the graph and identi.fzo e
the range using the same notation as the given domain,

9. flx) = —x + 5 with domain [—3, 2] 10. f(x) a th domain

T |ff>

21 —4 —2/0 2 a4
1 = d 1

43¢ (2 g7\ goon -
Eed: 5 [g 783 g
€7|-z<\/4%

Write a function that models the given situation. Determine the domain from the
situation, graph the function using that domain, and identify the range.

11. A bicyclist travels at a constant speed of 12 miles per hour for
a total of 45 minutes. (Use set notation for the domain and
range of the function that models this situation.)

Distance traveled (mi)
= p W kU O 0D

t

o

02 04 06 08
Time (h)
12. An elevator in a tall building starts at a floor of the building
that is 90 meters above the ground. The elevator descends

2 meters every 0.5 second for 6 seconds. (Use an inequality
for the domain and range of the function that models this situation.)

90 1
80 1
70
60 1
50 1
40 1
30 +
20 +
10 +

Height above ground (m)

t

0 123456738

Time (s)

12
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