




Lines
Slope of line through (x1, y1) and (x2, y2):

m =
y2 − y1

x2 − x1

Point-slope equation of line through (x1, y1)

with slope m:

y − y1 = m(x − x1)

Slope-intercept equation of line with slope m

and y-intercept b:

y = b + mx

Rules of Exponents

axat = ax+t

ax

at
= ax−t

(ax)t = axt

Definition of Natural Log

y = lnx means ey = x

ex: ln 1 = 0 since e0 = 1

1

1

x

y

y = lnx

y = ex

Identities

ln ex = x

eln x = x

Rules of Natural Logarithms

ln(AB) = lnA + lnB

ln
�

A

B

�

= lnA − lnB

lnAp = p lnA

Distance and Midpoint Formulas
Distance D between (x1, y1) and (x2, y2):

D =

t

(x2 − x1)
2 + (y2 − y1)

2

Midpoint of (x1, y1) and (x2, y2):

0

x1 + x2

2
,
y1 + y2

2

1

Quadratic Formula
If ax2 + bx + c = 0, then

x =
−b ±

√

b2 − 4ac

2a

Factoring Special Polynomials

x2 − y2 = (x + y)(x − y)

x3 + y3 = (x + y)(x2 − xy + y2)

x3 − y3 = (x − y)(x2 + xy + y2)

Circles

Center (ℎ, k) and radius r:

(x − ℎ)2 + (y − k)2 = r2

Ellipse
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Hyperbola

x2

a2
−

y2
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= 1

a
x
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y = bx∕a

y = −bx∕a



Geometric Formulas
Conversion Between Radians and Degrees: � radians = 180◦

Triangle

A =
1

2
bℎ

=
1

2
ab sin �

�

✲✛ b

a
ℎ

Circle

A = �r2

C = 2�r

r

Sector of Circle

A =
1

2
r2� (� in radians)

s = r� (� in radians)

�

r

r s

Sphere

V =
4

3
�r3 A = 4�r2

Cylinder

V = �r2ℎ

Cone

V =
1

3
�r2ℎ

Trigonometric Functions

sin � =
y

r

cos � =
x

r

tan � =
y

x

tan � =
sin �

cos �

cos2 � + sin2 � = 1

✛

✛

r

(x, y)

�

✻

❄

y

✲✛ x

sin(A±B) = sinA cosB±cosA sinB

cos(A±B) = cosA cosB∓sinA sinB

sin(2A) = 2 sinA cosA

cos(2A) = 2 cos2 A−1 = 1−2 sin2 A

� 2�

−1

1 y = sin x

x

y

� 2�

−1

1 y = cos x

x

y

−� �

y = tan x

x

y

The Binomial Theorem

(x + y)n = xn + nxn−1y +
n(n − 1)

1 ⋅ 2
xn−2y2 +

n(n − 1)(n − 2)

1 ⋅ 2 ⋅ 3
xn−3y3 +⋯ + nxyn−1 + yn

(x − y)n = xn − nxn−1y +
n(n − 1)

1 ⋅ 2
xn−2y2 −

n(n − 1)(n − 2)

1 ⋅ 2 ⋅ 3
xn−3y3 +⋯ ± nxyn−1 ∓ yn
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PREFACE

Calculus is one of the greatest achievements of the human intellect. Inspired by problems in astronomy,

Newton and Leibniz developed the ideas of calculus 300 years ago. Since then, each century has demonstrated

the power of calculus to illuminate questions in mathematics, the physical sciences, engineering, and the social

and biological sciences.

Calculus has been so successful both because its central theme—change—is pivotal to an analysis of the

natural world and because of its extraordinary power to reduce complicated problems to simple procedures.

Therein lies the danger in teaching calculus: it is possible to teach the subject as nothing but procedures—

thereby losing sight of both the mathematics and of its practical value. This edition of Calculus continues our

effort to promote courses in which understanding and computation reinforce each other. It reflects the input

of users at research universities, four-year colleges, community colleges, and secondary schools, as well as

of professionals in partner disciplines such as engineering and the natural and social sciences.

Mathematical Thinking Supported by Theory and Modeling
The first stage in the development of mathematical thinking is the acquisition of a clear intuitive picture of the

central ideas. In the next stage, the student learns to reason with the intuitive ideas in plain English. After this

foundation has been laid, there is a choice of direction. All students benefit from both theory and modeling,

but the balance may differ for different groups. Some students, such as mathematics majors, may prefer more

theory, while others may prefer more modeling. For instructors wishing to emphasize the connection between

calculus and other fields, the text includes:

• A variety of problems from the physical sciences and engineering.

• Examples from the biological sciences and economics.

• Models from the health sciences and of population growth.

Active Learning: Good Problems
As instructors ourselves, we know that interactive classrooms and well-crafted problems promote student

learning. Since its inception, the hallmark of our text has been its innovative and engaging problems. These

problems probe student understanding in ways often taken for granted. Praised for their creativity and variety,

these problems have had influence far beyond the users of our textbook.

The Seventh Edition continues this tradition. Under our approach, which we call the “Rule of Four,” ideas

are presented graphically, numerically, symbolically, and verbally, thereby encouraging students to deepen

their understanding. Graphs and tables in this text are assumed to show all necessary information about the

functions they represent, including direction of change, local extrema, and discontinuities.

Problems in this text include:

• Strengthen Your Understanding problems at the end of every section. These problems ask students

to reflect on what they have learned by deciding “What is wrong?” with a statement and to “Give an

example” of an idea.

• ConcepTests promote active learning in the classroom. These can be used with or without personal re-

sponse systems (e.g., clickers), and have been shown to dramatically improve student learning. Available

in a book or on the web at www.wiley.com/college/hughes-hallett.

• Class Worksheets allow instructors to engage students in individual or group class-work. Samples are

available in the Instructor’s Manual, and all are on the web at www.wiley.com/college/hughes-hallett.

• Data and Models. Many examples and problems throughout the text involve data-driven models.

• Drill Exercises build student skill and confidence.
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