INDEX

A

ai, see sigma notation, 718
absolute value, 9, 29, 93, 94, 250
acceleration, 242, 266, 405
accumulation function, 787, 789
acute angle, 630
adjacent side, 631
algebraic function, 91, 483
algebraic rules
for exponents, 328, 533
for fractions, 19
for inequalities, 25
for logarithms, 545, 601, 603
amplitude, 682, 685
angle, 630, 639
annulus, 863
antiderivative, 356, 767, 768, 779,
790, 802
constructing, 792
elementary, 775
of exponential function, 565, 770
by guess-and-check, 773
involving logarithms, 619
of logarithmic function, 818
of polynomial function, 405
of power function, 356, 769
of trigonometric functions, 770,
830, 832
approximating area, 715
with rectangles, 728, 732-734
with trapezoids, 735
approximating length, 848
approximating volume
with discs, 859, 860
with shells, 874
with washers, 863
arbitrary constant, 768
arc length, 850, 851
arccos x, see inverse cosine
function, 695
arcsec x, see inverse secant
function, 695
arcsin x, see inverse sine
function, 695
arctan x, see inverse tangent
function, 695
area of a circle, 715

area under a curve, 742
signed, 753
true, 753
area between curves, 755
area function, 787, 789
arithmetic function operations, 99
asymptote, 78
curve, 457
horizontal, 78, 532, 554
slant, 455, 456
vertical, 78, 541, 664
average radius, 873
average rate of change, 82, 236, 778
average value, 759, 760, 778, 796
average velocity, 235, 778
axis of revolution, 866

B

b*, see exponential function, 531
back-substitution, 808, 835

bad proof, 48

bad window, 69

base, 531, 600

base conversion formula, 605

C

cancellation, 19, 185, 441
Cartesian plane, 10
center point, 684, 685
chain rule, 492, 494, 673, 793,
794, 802
change of variables, 224, 802, 803
checking answers
antiderivatives, 356
area under a curve, 750
asymptotes, 455
continuity, 353
critical points, 486
curve sketching, 317
definite integral, 750, 810
d given ¢, 159
derivative, 225
differentiability, 353
domain, 483
equations, 18, 334

extrema, 407
factorization, 397
global extrema, 468
for hole in graph, 444
increasing and decreasing, 298
indefinite integral, 805
inequalities, 28
inflection points, 407
inverse functions, 130
limits, 181
local extrema, 467
polynomial long division, 448
synthetic division, 396
systems of equations, 23
circular reference, see reference,
circular, 894
circumference of a circle, 848, 856
closed endpoint, 427, 520
closed interval, 6
coefficient, 332, 387, 425
common factor, 19, 441
complex number, 3
composition, 102, 103
concavity, 75, 308, 309, 314, 374, 518
conclusion, 40
cone, 511
conjugate, 330
constant, 15
constant function, 64, 388
constant multiple rule
for definite integrals, 745
for derivatives, 274
for indefinite integrals, 771
for limits, 170
for sums, 719
constant term, 387
constraint, 431
constructing antiderivatives, 792
continuity, 253
of algebraic functions, 484
of area functions, 790
of a composition, 201
of exponential functions, 551
of a function, 198
on an interval, 193
of logarithmic functions, 609
of natural exponential function,
549, 550
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continuity (Continued)

one-sided, 192

of piecewise functions, 196

at a point, 191

of polynomial functions, 400

of power functions, 338

of rational functions, 450

of trigonometric functions, 662, 663
continuous function, 198
continuous growth rate, 580
contradiction, 50
contrapositive, 42
converse, 42
coordinates, 10
corner, 248, 518
os X, see cosine function, 631
cos™! x, see inverse cosine

function, 695
cosecant function, 631, 642, 679
cosine function, 631, 642, 679, 681, 685
cot x, see cotangent function, 631
cotangent function, 631, 642, 679
counterexample, 39
critical point, 284, 302, 303, 312, 486
cross-multiply, 20
csc x, see cosecant function, 631
cubic polynomial, 388
curve asymptote, 457
curve sketching, 314, 362, 415, 474,
523,570, 615, 679

cusp, 248, 518
cylinder, 511, 857, 872

D

% , see Leibnitz notation, 262
%, see Leibnitz notation, 262
decomposition, 105
decreasing, 74, 296, 374, 518
definite integral, 742, 779, 782, 784
definite integral formulas, 748
degree, 387, 630
§, for limits, 148
delta-epsilon definition of limit, 149
delta-epsilon proof, 160
Ax, 84,262,730, 742
denominator, 19, 440
density, 886
dependent variable, 60
derivative

approximating, 229

of area function, 792, 794

chain rule, 492, 494, 560

of a constant, 271

constant multiple rule, 274

difference rule, 278
exponential rule, 559, 560
as a function, 257
graphing, 260
of identity function, 272
implicit, 504
implicit differentiation, 503
of inverse trigonometric
function, 704
of linear function, 272
at local extrema, 284
logarithmic differentiation,
624, 625
of logarithmic function, 612, 624
nth, 265
of natural exponential function, 558
of natural logarithmic function, 613
one-sided, 227
of piecewise function, 228, 280
at a point, 223, 224
of polynomial function, 404
of power function, 349
power rule, 273, 349, 506
product rule, 490, 813
quotient rule, 464
of rational function, 464
rules for algebraic functions, 497
second, 264, 309
sum rule, 276
of trigonometric function, 670, 671

derivative notation, 262
difference quotient, 84, 224
difference rule

for derivatives, 278
for limits, 173

differentiability

of algebraic functions, 518
of area functions, 790

of exponential functions, 559
fails, 248

on an interval, 247

of logarithmic functions, 618
one-sided, 246

of piecewise functions, 251

at a point, 246, 249

of polynomial functions, 405
of power functions, 352

of rational functions, 466

differential, 803, 814
disc, 858
discontinuity

bizarre, 194

and global extrema, 519
infinite, 194, 248

jump, 194, 248, 518
from oscillation, 194

at a point, 191
removable, 194, 248
distance, 9, 29
distance formula, 10, 235
does not exist, 139, 181
domain, 57, 62, 103, 360, 443, 483,
533, 601, 650, 694—696, 836
dominate, 593, 594, 615
double-angle identities, 655, 828
double root, 413
doubling time, 581, 582
du in terms of dx, 803
dummy variable, 787
dx, 262,742

E

e, 538, 539
ek, see exponential function, 544
e", as a limit, 579
e*, see natural exponential
function, 540
elementary antiderivative, 775, 792
elementary function, 787
Elvis, 13, 157, 437
empty set, 6
endpoint extrema, 427, 520
¢, for limits, 148
epsilon-delta definition of limit, 149
epsilon-delta proof, 160
equation, 14
evaluation notation, 782
even function, 117, 361, 374, 652
exclusive or, 40
existence theorem, 206
exponent, 332
exponential decay, 566
exponential function, 93, 531, 544,
562, 566, 581
exponential growth, 563, 566, 576,
577, 580, 594
exponential rule
for antiderivatives, 770
for derivatives, 559
extraneous solutions, 331
extrema
local, 76, 284, 302, 303, 312, 313
global, 76, 77, 205, 427, 428,
468, 520

Extreme Value Theorem, 205, 287, 427

F

Factor Theorem, 389
factoring, 16, 388



formulas, 17, 18
by grouping, 391
synthetic division, 394
family of antiderivatives, 767
first derivative test, 302
first quadrant, 10
foot-pounds, 882
for all, 36
force, 882
45-45-90 triangle, 633
fourth quadrant, 10
function, 57
absolute value, 93, 250
algebraic, 91, 483
area accumulation, 787
constant, 64
defined by integral, 790
defined by table, 61
elementary, 787
even, 117, 361, 374, 652
exponential, 93, 531, 544, 562,
566, 581
identity, 65
implicit, 502
inverse, 126, 127, 378
inverse trigonometric, 93, 695
invertible, 128
linear, 81, 92, 199
logarithmic, 93, 600, 605
natural exponential, 540
natural logarithmic, 541
notation, 58
odd, 117, 361, 374, 652
piecewise, 93, 95, 187, 196
polynomial, 92, 387
power, 92, 199, 332
proportional, 85
rational, 92, 440
transcendental, 92, 531
trigonometric, 93, 631, 642
Fundamental Theorem of
Algebra, 390
Fundamental Theorem of
Calculus, 779, 782, 783

G

general cosine function, 681, 685

general sine function, 681, 685

global behavior, 73, 401

global extrema, 76, 77, 205, 427, 428,
468, 520

global maximum, see global
extrema, 76

global minimum, see global
extrema, 76

graphing by hand, see curve
sketching, 314
graphing window, 69
graphs, 15, 68
of derivative, 260
of exponential functions, 566, 567
of inverse functions, 129

of inverse trigonometric functions,

695, 696

of linear functions, 83

of logarithmic functions, 602

of polynomial functions, 401, 414

of power functions, 332, 360,
365, 373

of rational functions, 472

of reciprocals, 365, 376

of trigonometric functions, 644,
661, 679, 685

guessing roots, 392

H

half-angle identities, 656

half-life, 581, 583

hole, 441, 518

Hole Theorem, 451

horizontal asymptote, 78, 142, 518,
532,554

Horizontal Asymptote
Theorem, 453

Horizontal Line Test, 124

horizontal stretch, 112, 683

horizontal tangent line, 260, 505

horizontal translation, 109, 684

hydrostatic force, 888

hypotenuse, 631

hypothesis, 40

I

identity, 16

identity function, 65

if and only if, 16

if ... then, 40

implication, 40

implicit differentiation, 503, 504
implicit function, 502

implies, 40

improper integral, 852

improper rational function, 440, 447,

456, 457
inclusive or, 7, 40
increasing, 74, 296, 374, 518
indefinite integral, 768, 782, 784
independent variable, 60
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indeterminate form, 181, 586,
588, 621
index, 718
induction axiom, 51
inductive hypothesis, 52
inequalities, 25
solving simple inequalities
quickly, 31
using Intermediate Value
Theorem, 211
using number of negative
factors, 26, 28
infinite discontinuity, 194
infinite interval, 7
infinite limit, 139, 140, 143, 153,
164, 184, 664
infinite slope, 247
infinite sums, 724
o0 — 00, 403, 588, 614
o?, 621
inflection point, 77, 310, 518
initial edge, 639
input, 59

instantaneous rate of change, 240, 257

instantaneous velocity, 239
integer, 3
Integer Root Theorem, 392
integrable, 743
f:, see definite integral, 742
integral, definite, see definite
integral, 742
integral, indefinite, see indefinite
integral, 768
integrand, 768
integrating along y-axis, 865,
876, 877
integration by parts
algorithm, 815
choosing v and dv, 818
definite integrals, 820
formula, 813, 814
more than once, 818
and solving equation, 819
integration by substitution, 804
back-substitution, 808
with back-substitution, 835
definite integrals, 809
with inverse trigonometric
function, 834
integration formulas, 769-771,
814, 832
intercepts, 71
Intermediate Value Theorem, 207
special case, 209, 299
intersection, 7
interval, 6
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interval notation, 6

inverse cosine function, 695

inverse function, 126, 127, 378, 542,
600, 601, 695, 698, 700

inverse secant function, 695, 696

inverse sine function, 695, 696, 698

inverse tangent function, 695, 696

inverse trigonometric derivatives, 704

inverse trigonometric function, 93,
695, 704

invertible function, 128

irrational number, 3

irrational power, 532

irreducible, 388

irreducible quadratic factor, 478

J

jump discontinuity, 194

K

kth root, 327

L

L'Hoépital’s Rule, 589, 590, 623, 674
lateral surface area, 511
Law of Similar Triangles, 512, 630
leading coefficient, 387
leading term, 387
left continuous, 192
left derivative, 227
left differentiable, 246
Left-Hand Sum, 733, 738
left limit, 138, 152
Leibnitz notation, 262, 265, 491, 494
limit, 136, 149
of algebraic function, 484
approximating, 142, 660
calculating, 179, 180
cancellation, 185
of a composition, 200, 343
of a constant, 167
constant multiple rule, 170
of a continuous function, 199
difference rule, 173
of exponential function, 551, 553
of identity function, 168
indeterminate form, 181, 588, 621
infinite, 139, 140, 153, 164, 184, 664
infinite, and at infinity, 154
at inﬁnity, 141, 143, 154, 164,
401, 454, 552, 553, 555, 610,
664, 665

of linear function, 169
of logarithmic function, 609, 610
of natural exponential function,
550, 552
notation, 136
one-sided, 138, 152
of piecewise function, 187
of polynomial function, 401
of power function, 338, 340, 342
power rule, 175
product rule, 174
quotient rule, 174
of rational function, 450, 454
reciprocal rule, 217
sum rule, 172
trigonometric, 659
of trigonometric function, 664, 665
undefined, 181
using logarithms, 622, 623
limits of integration, 742, 809
limits of Riemann sums, 742, 759, 850,
861, 865, 884
line segment, 848
linear equation
point-slope form, 86, 87
slope-intercept form, 86, 87
two-point form, 87
linear function, 81, 92, 199, 388
In x, see natural logarithmic
function, 541
local behavior, 406
local extrema, 76, 77, 284, 466, 518
local maximum, see local extrema, 76
local minimum, see local extrema, 76
logarithmic decay, 602
logarithmic differentiation, 624, 625
logarithmic function, 93, 600, 605
logarithmic growth, 602, 615
logarithmic rule for
derivatives, 624
log,, x, see logarithmic function, 600
long division, 445
Lower Sum, 734, 738

M

mass, 886
maximum
global, 76, 77, 205, 520
local, 76, 77, 284, 302, 303, 312, 313
maximum value, 76
Mean Value Theorem, 290, 780
Mean Value Theorem for Integrals,
794, 796
midpoint formula, 11
Midpoint Sum, 733, 738

minimum
global, 76, 77, 205, 520
local, 76, 77, 284, 302, 303,
312,313
minimum value, 76
modeling
with exponential functions, 573
with polynomial functions, 417
with power functions, 368, 380
with rational functions, 477
with trigonometric functions, 687
multiple compounding, 577
multiple transformations, 115

N

natural exponential function, 540
natural logarithmic function, 541
negation, 37

negative, 4, 26, 72, 73, 518
negative angle, 639

negative powers, 326

negative reciprocal, 88
nonelementary function, 787
nonnegative, 4

nonpositive, 4

nth derivative, 265

null set, 6

number line, 6, 300, 315, 680
numerator, 19, 440

O

odd function, 117, 361, 374, 652

1%°, 621

one-to-one, 123, 378, 533, 693

open endpoint, 427, 520

open interval, 6

operator notation, 263

opposite side, 631

optimization with constraints,
431,433

optimization word problem, 430, 433

optimizing on an interval, 428, 520

ordered pair, 10

origin, 10

oscillating behavior, 644

output, 59

P

parallel, 88

parity, 360, 374

parts, see integration by parts, 814
percentage growth, 576, 577



period, 682, 685
periodic, 682
perpendicular, 88
piecewise function, 93, 95, 187, 196,
228, 251, 280
polynomial function, 92, 387
polynomial long division, 446,
456, 457
population, 563
position, 266, 405, 778
positive, 4, 26, 72, 73, 518
positive angle, 639
positive integer power function, 175
positive integer powers, 325
power, 332
power function, 92, 199, 325, 332
with integer power, 360
with positive integer power, 175
with rational power, 373, 376
power rule
for antiderivatives, 356, 769
for derivatives
integer powers, 349
positive integer powers, 273
rational powers, 506
for limits, 175
product rule, 813
for derivatives, 490
for limits, 174
proof, 46
computational, 47
by contradiction, 50
direct, 48
by induction, 51
proof of limit statement
with § and ¢, 160, 161, 163
with § and M, 164
with N and ¢, 164
with N and M, 165
proper rational function, 440, 447,
456, 457
proportional, 562
proportional function, 85
proportionality constant, 85
punctured interval, 147
Pythagorean identities, 652, 825
Pythagorean Theorem, 11, 512, 633

Q

QED, 47

quadrant, 10

quadratic formula, 16, 17
quadratic in b*, 536
quadratic polynomial, 388

quantifiers, 36
quartic polynomial, 388
quintic polynomial, 388
quotient rule
for derivatives, 464
for limits, 174

R

radian, 640
Random Sum, 734, 738
range, 63, 361, 650, 694-696
rate of change
average, 82, 236, 778
instantaneous, 240, 257
rate of change proportional to
function, 562
rational function, 92, 440
rational number, 3
rational powers, 328
Rational Root Theorem, 400
real number, 3
reciprocal, 126, 365, 376
recursive, 325
reduced rational function, 451
reference angle, 644
reference, circular, see circular
reference, 894
reference triangle, 644
reflection, 116
related rates word problem, 509, 512
remainder polynomial, 447
removable discontinuity, 194
repeated root, 413
representative
disc, 861
rectangle, 861
shell, 873, 876
slice, 863, 883, 886
washer, 863
restricted cosine function, 694
restricted domain, 125, 128, 378,
693, 694
restricted secant function, 694
restricted sine function, 694
restricted tangent function, 694
Riemann sum, 730, 732-734, 738
right continuous, 192
right derivative, 227
right differentiable, 246
Right-Hand Sum, 733, 738
right limit, 138, 152
rise over run, 84
Rolle’s Theorem, 286
root, 71, 388, 413, 443
rounding error, 606
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S

sample size, 759
scientific notation, 326
sec x, see secant function, 631
sec”! x, seeinverse secant function, 695
secant function, 631, 642, 679, 830
secant line, 221, 248
second derivative, 264, 309
second derivative test, 312
Second Fundamental Theorem of
Calculus, 790, 792

second quadrant, 10
set, 4
set notation, 4, 5
set of real numbers, 4
shell, 871
>, see sigma notation, 718
sigma notation, 718
sign analysis, 518
signed area, 753
similar triangles, 512, 630
sin x, see sine function, 631
sin® x, 651
sin~! x, see inverse sine function, 695
sine function, 631, 642, 679, 681, 685
single root, 413
slant asymptote, 455, 456
slice, 863
slope, 83, 221, 237
SOHCAHTOA, 632
solution, 15, 21
solution set, 15, 25
sphere, 511
splitting a definite integral, 747
splitting a sum, 721
Splitting Theorem, 388
standard position, 639
strange gravity, 411, 424
subdivide, 728, 730, 848, 858, 865
subinterval, 730
sum formulas, 722
sum identities, 653
sum rule

for definite integrals, 745

for derivatives, 276

for indefinite integrals, 771

for limits, 172

for sums, 719
surface area formulas, 511
surface of revolution, 856
symmetric difference, 231
symmetry, 117
synthetic division, 394
system of equations, 21
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T

tan x, see tangent function, 631
tan™! x, see inverse tangent
function, 695
tangent function, 631, 642, 679
tangent line, 221, 223, 503
target, 57
Taylor polynomial, 425
telescoping sum, 781
terminal edge, 639
there exists, 36
thickness of shell, 873
third quadrant, 10
30-60-90 triangle, 633
torus, 870
transcendental function, 92, 531
transformation, 109, 364, 568, 682
translating word problems, 426, 512
translation, 109
Trapezoid Sum, 735, 738
triangle inequality, 33
trigonometric antiderivatives, 770
trigonometric compositions, 836
trigonometric derivatives, 670, 671
trigonometric function, 93, 631, 642
trigonometric identities, 632, 642, 652,
653, 655, 656
trigonometric integrals
powers of secant, 831
powers of tangent, 829
with substitution, 824
trigonometric limits, 659
trigonometric substitution, 835
after completing square, 842
algorithm, 839

patterns, 838

simplifying answer, 836
trigonometric values, 635
trigonometric word problem, 636
true area, 753
turning point, 76, 301, 408

U

u-substitution, see integration by
substitution, 804

union, 7

unique, 57

unit circle, 639, 697, 837

Upper Sum, 734, 738

\Y%

variable, 14
velocity, 239, 266, 405, 778
vertical asymptote, 78, 140, 518,
541, 664
Vertical Asymptote Theorem, 452
vertical cusp, 375, 518, 524
Vertical Line Test, 70
vertical stretch, 112, 364, 682
vertical tangent line, 247, 248, 375,
505,518
vertical translation, 109, 684
volume
of cone, 511, 870, 882
of cylinder, 511, 857
of disc, 857, 860
of shell, 873
of solid of revolution, 861

of sphere, 511, 858, 870, 882
using discs, 861, 877, 878
using shells, 875, 877, 878
using washers, 864, 866, 877, 878
of washer, 863

volume integrals, 878

\\Y

washer, 863

weight of water, 882
word problems, 425, 426
work, 882

X

x-intercept, 71

X, 86

xk , see power function, 325
Xk, 730

x> 730

Y

y-intercept, 71
Yo» 86
yearly percentage growth, 576

Z

0- 00,587
0°, 621
2,181

zeros, 71, 388





