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1 What Is a Function?

* Function

A function is a rule that takes certain numbers as inputs and assigns to each a definite
output number. The set of all input numbers is called the domain of the function and the
set of resulting output numbers is called the range of the function.

* The Rule of Four: Tables, Graphs, Formulas, and Words

Functions can be represented by tables, graphs, formulas, and descriptions in words.

* Function Notation and Intercepts

We write y = f (x) to express the fact that y is a function of x. The independent variable
is x, the dependent variable is y, and f is the name of the function.
The graph of a function has an intercept where it crosses the horizontal or vertical axis.
The horizontal intercept is the value of x such that f (x) = 0.
The vertical intercept is the value of y when x = 0, which is given by f (0).

Example 1 The percentage of people, P, below the poverty level in the US is given in the following table.

Year 2000 2001 2002 2003
P 11.3 11.7 12.1 12.5

Example 2 The following graph defines y as a function of x. Find f (5) and f (10).

x

y

2 4 6 8 10

2

4

6
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Example 3 Let y = f (x) = x2 − 2.

(a) What is f (1)?

(b) Find the vertical intercept of f (x).

(c) Find the horizontal intercept of f (x).

(d) What values of x give y a value of 14?

(e) Are there any values of x that give y a value of −11?

Example 4 Let W = f (t) represent wheat production in Argentina, in millions of metric tons, where t
is years since 1990.

(a) Interpret f (12) = 9 in terms of wheat production.

(b) What is the meaning of f (20)?

Example 5 World annual CFC (chlorofluorocarbons) consumption, C = f (t), in million tons, is a func-
tion of time, t, in years since 1987. (CFCs are measured by the weight of ozone that they could destroy.)

(a) Interpret f (10) = 0.2 in terms of CFCs.

(b) Interpret the vertical intercept of the graph of this function in terms of CFCs.

(c) Interpret the horizontal intercept of the graph of this function in terms of CFCs.
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Example 6 The following figure shows the amount of nicotine, N = f (t), in mg, in a person’s blood-
stream as a function of the time, t, in hours, since the person finished smoking a cigarette.

t (hours)

N (mg)

1 2 3 4 5 6
0

0.1

0.2

0.3

0.4

0.5

(a) Estimate f (3) and interpret it in terms of nicotine.

(b) About how many hours have passed before the nicotine level is down to 0.1 mg?

(c) What is the vertical intercept? What does it represent in terms of nicotine?

(d) If this function had a horizontal intercept, what would it represent?

* Increasing and Decreasing Functions

A function f is increasing if the values of f (x) increases as x increases.
A function f is decreasing if the values of f (x) decreases as x increases.
The graph of an increasing function climbs as we move from left to right.
The graph of an decreasing function descends as we move from left to right.
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x

y

x

y

Example 7 After an injection, the concentration of a drug in a patient’s body increases rapidly to a peak
and then slowly decreases. Graph the concentration of the drug, C, in the body as a function of the time, t,
since the injection was given. Assume that the patient has none of the drug in the body before the injection.

t

C
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2 Linear Functions

Linear functions are those functions whose graphs are straight lines.

* Slope and Rate of Change

Given two points (x1, y1) and (x2, y2) on the graph of a linear function y = f (x). The
slope is given by

Slope =
Rise
Run

=
∆y
∆x

=
y2 − y1

x2 − x1
.

Example 1 Find the slope of the line that passes through (0, 2) and (2, 3).

* Linear Functions in General

A linear function has the form

y = f (x) = b + mx.

Its graph is a line such that
(a) m is the slope, or the rate of change of y with respect to x.
(b) b is the vertical intercept or values of y when x is zero.

If m is positive, then f is increasing. If m is negative, then f is decreasing.

The equation of a line of slope m through the point (x0, y0) is

y − y0 = m(x − x0).

Example 2 Find an equation for the line that passes through (4, 5) and (2,−1).
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Example 3 A city’s population was 30, 700 in the year 2000 and is growing by 850 people a year.

(a) Give a formula for the city’s population, P, as a function of the number of years, t, since 2000.

(b) What is the population predicted to be in 2012?

(c) When is the population expected to reach 45,000?

Example 4 The following figure shows the distance from home, in miles, of a person on a 5-hour trip.

(a) Estimate the vertical intercept. Give units and interpret it in terms of distances from home.

(b) Estimate the slope of this linear function. Give units, and interpret it in terms of distance from home.

(c) Give a formula for distance, D, from home as a function of time, t, in hours.

t (hours)

D (miles)

1 2 3 4 5

200

400

600
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Example 5 Annual revenue R from McDonald’s restaurants worldwide can be estimated by R = 19.1 +
1.8t, where R is in billions dollars and t is in years since January 1, 2005.

(a) What is the slope of this function? Include units. Interpret the slope in terms of McDonald’s revenue.

(b) What is the vertical intercept of this function? Include units. Interpret the vertical intercept in terms
of McDonald’s revenue.

(c) What annual revenue does the function predict for 2012?

(d) When is annual revenue predicted to hit 35 billion dollars.

Example 6 World grain production was 1241 million tons in 1975 and 2048 million tons in 2005, and
has been increasing at an approximately constant rate.

(a) Find a linear function for world grain production, P, in million tons, as a function of t, then number
of years since 1975.

(b) Interpret the slope in terms of grain production.

(c) Interpret the vertical intercept in terms of grain production.

* Recognizing Data from a Linear Function

Values of x and y in a table could come from a linear function y = b+mx if the difference
in y-values are constant for equal differences in x.
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Example 7 Which of the following tables of values could represent a linear function? For each table that
could represent a linear function, find a formula for that function.

(a)
x 0 1 2 3

f (x) 2.5 3.0 3.5 4.0

(b)
x 0 2 4 6

g(x) 100 90 70 40

(c)
t 20 30 40 50

h(t) 2.4 2.2 2.0 1.8

Example 8 Given the following table, find formulas for each of the following functions.

t 15 20 25 30
s 62 72 82 92

(a) s as a linear function of t.

(b) t as a linear function of s.

* Families of Linear Functions

x

y

x

y
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