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Absolute change, 231
Absolute maximum and minimum,
251
Absolute value, 5
Absolutely convergent series, 742
Acceleration, 318
Addition of y-coordinates, 592
Algebraic function, 28
Alternating series, 739
Amplitude, 321
Angle, 37
central, 38
degree measure of, 37
of elevation, 43
initial side of, 37
negative, 37
positive, 37
radian measure of, 37
reference, 45 :
standard position of, 37
terminal side of, 37
vertex of, 37
Antiderivative, 344
Antidifferentiation, 344
Approximation
left endpoint, 334
linear, 326
midpoint, 383
right endpoint, 383
Arc length, 470, 808, 826
Arc length function, 473
Area ‘
of a circumscribed rectangular
polygon, 371
of an inscribed rectangular
polygon, 369
as a limit, 370
in polar coordinates, 823
of a region under a graph, 371
of a surface of revolution, 476
Area density, 490
Arithmetic mean, 394
Astronomical unit (AU), 73
Asymptote
horizontal, 121
of a hyperbola, 75

oblique, 296

vertical, 118
Average cost, 329
Average error, 231
Average radius, 457
Average rate of change, 150
Average value, 395
Average velocity, 147
Axes

conjugate, 75

rotation of, 835

translation of, 832
Axis

of a parabola, 64

polar, 811

of revolution, 445

Bernoulli, John, 456—457
Bézier curves, 795

Binomial series, A19

Bound on error, 421
Bounded function, 386
Bounded sequence, 703
Brachistochrone problem, 665
Branches of a hyperbola, 76

Capital formation, 440
Cardioid, 813
Catenary, 593
Cauchy’s formula, 611
Cauchy, Augustin-Louis, 802-803
Center of gravity, 488
Center of mass

of a lamina, 492

of a system of particles, 489
Central angle, 38
Centroid of a plane region, 493
Chain rule, 197
Change of variables, 358, 403
Circle

equation of, 13

unit, 13
Circular arc, 38
Circular disk, 446
Circular functions, 594
Circular sector, 38

Circumscribed rectangular polygon,
371

Closed curve, 786
Closed interval, 7
Codomain, 20
Common logarithm, 58, 562
Comparing coefficients, 653
Comparison tests, 728—729
Completeness property, 703
Composite function, 29
Computer algebra system, 181, 670
Concavity, 279-280
Conditionally convergent series, 743
Conic, 63

degenerate, 63

polar equation of, 841
Conjugate axes of a hyperbola, 75
Constant force, 480
Constant function, 28, 249
Constant of integration, 345
Consumers’ surplus, 504
Continuity

of a function, 127

on an interval, 130

from the left, 131

from the right, 131
Continuous function, 127
Convergence

absolute, 742

conditional, 743

of an improper integral, 675, 682

of an infinite series, 711

interval of, 751

radius of, 751

of a sequence, 696
Convergent infinite series, 711
Coordinate line, 4
Coordinate plane, 10
Coordinate system, 10
Coordinates

polar, 811

rectangular, 10
Corner, 166
Cost function, 329
Critical number, 254
Cross section, 463
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Curve(s), 786
closed, 786
endpoints of, 786
graph of, 786
of least descent, 793
length of, 806
orientation of, 788
parametric equations of, 787
parametrized, 787
piecewise-smooth,. 790
plane, 786
simple closed, 786
smooth, 790

Cusp, 167

Cycloid, 790

Cylinder, 464

Cylindrical shell, 457

Decay, law of, 569
Decreasing function, 249
Definite integral, 381
Degenerate conic, 63
Degree of a polynomial function, 28
Delta (A) notation, 224
Demand function, 332
Density, area, 490
Dependent variable, 22
Derivative (see also Differentiation)

of a composite function, 197

of a constant function, 160

definition of, 158

of a difference, 173

higher, 170 '

of an implicit function, 207

of an integral, 347, 406

of an inverse function, 521

lefthand, 165

of a linear function, 160

notation for, 168

order of, 170

of a power, 161

of a power series, 756

of a product, 176

of a quotient, 178

as a rate of change, 150

of a reciprocal, 179

relationship to continuity, 164

right-hand, 165

second, 169

of a sum, 173

third, 170

of a trigonometric function, 188
Descartes, René, 105-106
Difference quotient, 21
Differentiable function, 158
Differential

as an approximation, 229

of arc length, 473, 806, 826

definition of, 228
Differential equation

definition of, 350

initial condition of, 350

separable, 568

solution of, 350
Differential operator, 169
Differentiation (see also Derivative)

implicit, 207

logarithmic, 534
Diminishing returns, 286
Directrix of a parabola, 64
Discontinuity, 128

essential, 140
Discontinuous function, 128
Distance formula, 10
Divergence

of an improper integral, 675, 682

of an infinite series, 711
Divergent infinite series, 711
Domain of a function, 20
Dominating series, 728
Double-angle formulas, 43
Downward concavity, 279
Dummy variable, 381

e, the number, 540
Eccentricity, 73
Ellipse, 69

center of, 69

eccentricity of, 73

foci of, 69

major axis of, 70

minor axis of, 70

vertices of, 70
Endpoint

of a curve, 786

of a graph, 469
Endpoint extrema, 254
Epidemiology, 334
Equation, 5, 12

root of, 5

solution of, 5, 12
Error

absolute, 231

average, 231

bound, 421

estimates, 421

percentage, 231

in Simpson’s rule, 422

in trapezoidal rule, 422
Essential discontinuity, 114
Euler, Leonhard, 526-527
Even function, 22
Exponential decay function, 54
Exponential equation, 56

Index

Exponential function with base a, 54
Exponential functions, 54, 541, 557
Exponential growth function, 54
Exponential notation, 54
Exponents, laws of, 558
Extrema

absolute, 251

endpoint, 254

of a function, 248

local, 252

tests for, 272, 282, 287

Fermat, Pierre de, 156—157
First derivative test, 272
Flow concentration formula, 501
Fluid pressure, 497
Focus
of an ellipse, 69
of a hyperbola, 74
of a parabola, 64
Force
constant, 480 /
exerted by a fluid, 498
variable, 481
Four-leafed rose, 814
Free fall, 323
Frequency, 322
Function(s)
acceleration, 319
algebraic, 28
arc length, 473
average cost, 329
average value of, 395
bounded, 386
circular, 594
codomain of, 20
composite, 29
constant, 28, 249
continuous, 128
cost, 329
critical number of, 254
decreasing, 249
demand, 332
derivative of, 158
difference of, 28
differentiable, 158
discontinuous, 128
domain of, 20
even, 22
explicit, 206
exponential, 54, 541, 557
extrema of, 248
graph of, 22
greatest integer, 24
hyperbolic, 592
identity, 32
implicit, 206

Index

increasing, 249

integrable, 381

inverse, 32, 516

inverse hyperbolic, 598

inverse trigonometric, 576

limit of, 85, 99

linear, 28

local extrema of, 252

logarithmic, 57, 562

marginal average cost, 330

marginal cost, 330

marginal demand, 332

marginal profit, 330

marginal revenue, 330

maximum value of, 250

minimum value of, 250

natural exponential, 539

natural logarithmic, 528

odd, 22

one-to-one, 20, 516

period of, 46

periodic, 46

piecewise-defined, 24

piecewise-smooth, 472

“polynomial, 28

position, 147

power series representation of,
755

product of, 28

profit, 329

quadratic, 28

quotient of, 28

range of, 20

rational, 28

revenue, 329

smooth, 469

sum of, 28

transcendental, 28

trigonometric, 39

undefined, 20

value of, 20

velocity, 319

zero, 22

Fundamental theorem of calculus,

397

Gateway Arch, 514, 607
Gauss, Carl F., 708-709
Geometric series, 714
Global extremum, 251
Gompertz growth curve, 571
Graph

of an equation, 12

of a function, 22

length of, 470
Greater than, 4
Greatest integer function, 24
Growth, law of, 569

i

Half-angle formulas, 44
Half-open interval, 7
Hanging cable, 602
Harmonic motion, 321
Harmonic series, 713
Hilbert curve, 842
Homogeneous solid, 490
Hooke’s law, 482
Hoover Dam, 430
Horizontal asymptote, 121
Horizontal line, 15
Horizontal shift, 26
Hypatia, 19-20
Hyperbola, 74 -
asymptotes, 75
branches of, 76
center of, 74
conjugate axes of, 75
foci of, 74
transverse axis of, 75
vertices of, 75
Hyperbolic function, 592
inverse, 598
Hyperharmonic series, 726

Identification theorem, 838
Identity function, 32
Implicit differentiation, 207
Implicit function, 206
Improper integral, 674, 682
Increasing function, 249
Increment, 224
Indefinite integral, 345
Independent variable, 22
Indeterminate form, 610
Index of summation, 365
Inequalities, properties of, 4
Inequality, 7
Infectives, 334
Infinite discontinuity, 128
Infinite interval, 7
Infinite products, 783
Infinite sequence (see Sequence)
Infinite series, 710
absolutely convergent, 742
alternating, 739
binomial, A19
comparison tests for, 728-729
conditionally convergent, 743
convergent, 711
deleting terms of, 717
divergent, 711
dominating, 728
geometric, 714
grouping terms of, 732
guidelines for investigation of, 746
harmonic, 713
hyperharmonic, 726
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integral test for, 724
limit comparison test for, 729
Maclaurin, 765
nth term, 711
nth term test for, 716
p-, 726
partial sum of, 710
positive-term, 723
power, 748, 752
ratio test for, 735, 745
rearranging terms of, 732, 745
root test for, 737
sequence of partial sums of, 710
sum of, 711
Taylor, 766
telescoping, 712
term of, 710
Infinity (), 117
Initial condition, 350
Inscribed rectangular polygon, 367
Instantaneous rate of change, 150,
159
Instantaneous velocity, 148
Integrable function, 381
Integral test for series, 724
Integral(s) (see also Integration)
definite, 381
derivative of, 347, 406
evaluation of, 345, 381
improper, 674, 682
indefinite, 345
mean value theorem for, 393
numerical approximation of, 409
in polar coordinates, 822
sign for ([), 345
Integrand, 345
Integration (see also Integral)
by change of variables, 358, 403
constant of, 345
formulas for, A14-A18
limits of, 381
by method of substitution, 358
numerical, 409
by partial fractions, 651
by parts, 630
of power series, 756
of a quadratic expression, 660
of a rational function, 650
reduction formulas for, 635
tables of, 668, A14—-A18
by trigonometric substitution, 644
variable of, 346
Intermediate value theorem, 133
Interval, 7
of convergence, 751
Inverse function, 32, 516
Inverse hyperbolic function, 598
Inverse trigonometric functions, 576
Irreducible quadratic expression, 651
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Joule, 480
Jump discontinuity, 128

I’Hopital, G. F. A., 456, 611
I’Hopital’s rule, 611
Lagrange, Joseph-Louis, 638639
Lamina, 491

mass of, 492

moment of, 492
Law(s)

of cosines, 43

of decay, 569

of diminishing returns, 286

of exponents, 558

of growth, 569

of logarithms, 531

of sines, 43
Least upper bound, 703
Left endpoint approximation, 382
Left rectangle rule, 410
Left-hand derivative, 165
Left-hand limit, 91
Leibniz, Gottfried, xvii, 356-357
Length

of an arc, 470

of a curve, 470, 806

of a graph, 470
Less than, 4
Levine recycling, 310
Limacon, 813
Limit

of a function, 85

of integration, 381

involving infinity, 116—125

left-hand, 91

one-sided, 91

right-hand, 91

of a sequence, 696

of sums, 380

techniques for finding, 106—114

tolerance statement, 98—100
Limit comparison test, 729
Line(s)

equation of, 14

horizontal, 15

normal, 192

parallel, 15

perpendicular, 15

slope of, 14

tangent, 146

vertical, 14
Linear approximation, 226
Linear equation, 16
Liquid pressure, 497
Lissajous figure, 790
Local extrema, 252
Logarithm(s)

with base a, 562

change of base, 60

common, 59, 562

laws of, 531

natural, 59, 528
Logarithmic differentiation, 534
Logarithmic equation, 60
Logarithmic function, 57, 562
Lorentz contraction formula, 114
Lower boundary, 432

Maclaurin polynomial, 767
Maclaurin remainder, 768
Maclaurin series, 765
Maclaurin’s formula, 768
Major axis of an ellipse, 70
Marginal average cost, 330
Marginal cost, 330
Marginal demand, 332
Marginal profit, 330
Marginal revenue, 330
Mass

center of, 489-490

of a lamina, 492
Mathematical model, 334
Maximum value, 250
Mean value theorem, 263

for definite integrals, 393
Method of substitution, 358
Michaelis—Menten law, 124
Midpoint approximation, 383
Midpoint formula, 11
Midpoint rule, 410
Minimum value, 250
Minor axis of an ellipse, 70
Moment

of a lamina, 492

of a particle, 489

of a system of particles, 489
Monotonic sequence, 703

Natural exponential function, 539
Natural logarithm, 59, 528
Natural logarithm function, 528
Negative angle, 37

Negative real number, 4

Nested interval property, 783
Net investment flow, 440
Newton (unit of force), 480
Newton’s method, 238

Newton, Sir Isaac, xvii, 290-291
Norm of a partition, 378
Normal line, 192

Numerical integration, 409

Oblique asymptote, 296

Odd function, 22

One-sided limit, 91
One-to-one function, 20, 516
Open interval, 7

Optimal value, 302

Index

Optimization problem, 302
Order of a derivative, 170
Ordered pair, 10
Orientation of a curve, 788
Origin, 4

p-series, 726
Pappus’ theorem, 496
Parabola, 63
axis of, 64
directrix of, 64
focus of, 64
vertex of, 64
Parallel lines, 15
Parameter, 787
Parametric equations, 787
Parametrization, 787
Partial fractions, 651
Partial sum of a series, 710
Partition, 378
norm of, 378
regular, 382
Pascal’s principle, 498
Percentage error, 231
Period, 46, 322
Perpendicular lines, 15
Piecewise-defined function, 24
Piecewise-smooth curve, 790
Piecewise-smooth function, 472
Plane curve, 786
Point mass, 488
Point of inflection, 281
Point—slope form of a line, 14
Polar axis, 811
Polar coordinates, 811
Polar equation, 812
Pole, 811
Polygon
circumscribed, 371
inscribed, 369
Polynomial function, 28
Position function, 147
Positive angle, 37
Positive real number, 4
Positive-term series, 723
Power rule, 161
for functions, 198
for indefinite integrals, 346
Power series, 748, 752
differentiation of, 756
integration of, 756
interval of convergence, 751
radius of convergence, 751
representation of a function as,
755
Predator—prey model, 334
Pressure of a fluid, 497
Price—demand curve, 503
Product rule, 176

Index

Profit function, 329
Projectile motion, 794
Pythagorean identities, 42

Quadratic formula, 5
Quadratic function, 28
Quotient rule, 178

Radian measure, 37
Radius of convergence, 751
Range of a function, 20
Rate of change
average, 150, 159
instantaneous, 150
Rates, related, 214
Ratio identities, 42
Ratio test, 735, 745
Rational function, 28
Real line, 4
Real number, 4
Reciprocal identities, 42
Reciprocal rule, 179
Rectangle rules, 409
Rectangular coordinate system, 10
Rectangular polygon
circumscribed, 371
inscribed, 369
Rectilinear motion, 146, 318
Recursive definition, 695
Reduction formulas, 635
Reflection, 26
Region
under a graph, 368
left boundary of, 438
right boundary of, 438
Rq 822
R, 434
R, 438
upper boundary of, 432
Regular partition, 382
Related rates, 214
Remainder in Taylor’s formula, 768
Removable discontinuity, 130
Revenue function, 329
Revolution
axis of, 445
solid of, 445
surface of, 474
Riemann sum, 378
Right endpoint approximation, 383
Right rectangle rule, 410
Right-hand derivative, 165
Right-hand limit, 91
Rolle’s theorem, 261
Rolle, Michel, 261
Root test, 737
Rotation of axes, 835

Saarinen, Eero, 514
Sandwich theorem, 113, 702
Secant line, 144
Second derivative, 169
Second derivative test, 282
Separable differential equation, 568
Sequence, 694
bounded, 703
limit of, 696
monotonic, 703
of partial sums, 710
~ recursively defined, 695
! term of, 694
“Simple closed curve, 786
DSimple harmonic motion, 321
Simpson’s rule, 415
Simpson’s rule, error in, 422
Slope, 14
in polar coordinates, 8§19
of a tangent line, 146, 158, 803
Slope—intercept form, 14
Smooth curve, 790
Smooth function, 469
Social diffusion, 333
Solid of revolution, 445
Space-filling curves, 842
Speed, 318
Spiral of Archimedes, 815
Spring constant, 482
Stable point, 336
Standard position of an angle, 37
Substitution, method of, 358
Sum of a series, 711
Summation notation, 365
Surface area, 476, 827
Surface of revolution, 474, 809
Susceptibles, 334
Symmetry, 12
tests for, 12, 818

Table of integrals, A14—A18
Tangent line
slope of, 146, 158, 803
vertical, 166
Taylor polynomial, 767
Taylor remainder, 768
Taylor series, 766
Taylor’s formula, 768
Telescoping series, 712
Term
of a sequence, 694
of a series, 710
Terminal side of an angle, 37
Test value, 270
Theorem of the mean, 265
Third derivative, 170
Torus, 496

Transcendental function, 28
Translation of axes, 832
Transverse axis of a hyperbola, 75
Trapezoidal rule, 413
error in, 422
Trigonometric equation, 48
Trigonometric functions, 39
derivatives, 188
graphs of, 47
integrals of, 346, 553
inverse, 576
Trigonometric identities, 4144
Trigonometric substitution, 644
Trigonometry, 36

Undefined function, 20
Unit circle, 13

Upper bound, 703
Upward concavity, 279

Value of a function, 20
Variable(s)
change of, 358
dependent, 22
dummy, 381
independent, 22
of integration, 346
summation, 366
Velocity, 148, 318
Vertex
of an angle, 37
of an ellipse, 70
of a hyperbola, 75
of a parabola, 64
Vertical asymptote, 118
Vertical compression, 26
Vertical line, 15
Vertical shift, 25
Vertical stretch, 26
Vertical tangent line, 166
Viewing window, 21
Volume
of a solid of revolution, 447
using cross sections, 464
using cylindrical shells, 458
using disks, 448
using Pappus’ theorem, 496
using washers, 451

Washer, 451

Wiles, Andrew, 157
Work, 480
xy-plane, 10

Zero of a function, 22
















ALGEBRA
EXPONENTS AND RADICALS

ara" = a™" g™ = \/a" = (\a)"
(@ = a™ \Vab = VaV/b

ABSOLUTE VALUE (d > 0)

|x| <d ifandonlyif —-d <x <d

| x] > d if and only if either x > dor x < —d
la+b| =|a| +]b| (Triangle inequality)

~la| =a =|af

INEQUALITIES

Ifa >bandb > c, thena > ¢
Ifa>bthena+c>b+c
Ifa > band ¢ > 0, then ac > bc
Ifa > band ¢ < 0, then ac < bc

QUADRATIC FORMULA

If a # 0, the roots of ax® + bx + ¢ = 0 are
_=b £ Vb? — dac

i 2a

X

LOGARITHMS
y = log, x means a* = x log. 1 =0

logoxy = log.x + log.y log.a=1
loga§ = log, x — log, » loé x = logio x
log, x” = rlog, x Inx = log. x
BINOMIAL THEOREM

(x + yn = x" 4+ (’;)xn—ly + (;)xm-zyZ +

where () = N
k ki(n — k)t

ANALYTIC GEOMETRY

DISTANCE FORMULA

d(P, P) = V(x2 — 2’ + (32 ~ y)?
Y

P5(x,, ¥a)
Pi(xy, yy)

A

EQUATION OF A CIRCLE
G-+ -k=r

e )23t} ST
X2 77 XY
57
POINT-SLOPE FORM
y y =y =mx— x)
(e ¥1)
1 ~
SLOPE-~INTERCEPT FORM
y y=mx + b

(0, b)

| >

GRAPH OF A QUADRATIC FUNCTION
=ax’a>0 y=ax’*+bx+c,a>0

y \<L“'

=Y
=Y

! A
TRIGONOMETRY
TRIGONOMETRIC FUNCTIONS TRIGONOMETRIC IDENTITIES ; )
OF ACUTE ANGLES csct = 1/sin ¢ tan ¢ = sin t/cos ¢
hyp g S hyp sec + = 1/cos ¢ cot 7 = cos #/sin ¢
A opp hyp opp cott = 1/tan ¢ ‘
_adj ; _ hyp sin® ¢ + cos® ¢ = 1 sin (—7) = —sin ¢
adj RUS hyp pecl adj 1 + tan® t = sec? ¢ cos (—#) = cos t
ton adj 1 + cot®> ¢ = esc? ¢ tan (—£) = —tan ¢
tan8=;-&j— C019=5I‘}E sin (4 + v) = sin u cos v + cos u sin v
o AR ITRART IeLEs cos {u 4+ v) = cos u cos v — sin u sin v
tan u + tan v
B - tan (u +v) = ————
sin @ = — cse 6 = — 1 —tanutano
I b sin (u — v) = sin  cos v — cos u sin v
e a r cos (¢ — v) = cos u cos v + sin u sin v
X cos 6 = ~ sec 6 = —
r a tanu — tan o
tan (u — v) =
b > 1 + tan u tan v
tan9=2 cot6=z sin 2u = 2 sin u cos u
Pley | s ool cos2u =cos’u —sin*u=1—2sinu=2cosu — 1
2tanu
¥ 1 tan2u=1_tan2u
XV sint =y csct =~
'( iy) y I i ,
/ . 1 —cosu u 1+ cosu
A (1.0); 1 sth —| = \|———— cos — | = ——————
Y 5 cost = x sect = — 2 2 2 2
\ x -
F falititis ) u _1l—cosu _ sinu
i L e, Ly R
tanf ==  cott = - S CO8 u
Gt Y il 1 — cos 2u 0 1 + cos 2u
: sinfy = ———— costy = —m——
SPECIAL TRIANGLES 2 2
sin ¥ cos v = 3fsin (4 + v) + sin (u — v)]
3 7 7. 600 cos u sin v = [sin (u + v) — sin (u — v)]
: A ] cos u cos v = 3[cos (u + v) + cos (u — v)]
A O ) 6*\/‘ sin 4 sin v = 3[cos (4 — v) — cos (u + v)]
! 3
SPECIAL VALUES OF TRIGONOMETRIC FUNCTIONS INVERSE TRIGONOMETRIC FUNCTIONS
[ 0 0 g - Function Domain Range |
| (degrees) (radians) sin & cos @ tan @ cot @ sec 8 csc 6 A - o |
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Yature's power and the elegance of its creations are visible in the drifting sand dunes of the
Sahara Desert. The wind causes these mountains of sand to change their shape and to shift

their positions, forming smooth curves of varying complexity along their ridges.

The dunes, like all dynamic structures, pose many questions: What are their volumes? How
quickly can they move and reconfigure themselves? What form and location will they take on
next? How can we describe and analyze the curves that separate one side of a dune from
another? The fundamental concepts of calculus yield powerful tools to analyze and answer

such questions.

The following useful ancillaries and software tools accompany Calculus of a Single Variable,
Second Edition

Student’s Solutions Manual, Volume 1

Student Study Guide, Volume 1

Calculus Activities for the TI Graphic Calculator by Dennis Pence
Calculus Activities for Graphic Calculators by Dennis Pence

Student Edition of Theorist
* Grapher, Version 2.0 (Macintosh)

...and introducing...

» The PWS Notebook Series™
Notebooks are electronic problem sets, customized for use with this text, that illustrate
popular symbolic algebra software applications. The following Notebooks are available:
Theorist Notebook (Macintosh)
Derive Notebook (IBM)
* Maple Notebook (IBM and Macintosh)
Mathematica Notebook (IBM and Macintosh)

«

ISBN 0-534-93924-4

» 900005
L 98

e

05347939243




