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Index
Symbols and Numerics
! (factorial symbol), 331
30°-60°-90° triangle, 63–64
33333 limit mnemonic, 86–88
45°-45°-90° triangle, 63

A
absolute convergence, 334–335
absolute extrema

closed interval, 157–159
over function’s entire domain, 160–161

absolute maximum, derivatives, 149
absolute minimum, 150
absolute value, 34, 53
acceleration

defined, 177–179, 183
positive or negative, 182–183
per second squared, 183
speeding up/slowing down, 182

Achilles and tortoise paradox, 18–20
acute angle, 64
adding

fractions, 31–32
powers, 35
up area between two curves, 289–292

adjacent side, 61, 275
algebra

absolute value, 34
factoring

defined, 38
difference of cubes, 39
difference of squares, 39
greatest common factor, 38
limit problems, 94
patterns, 39
quadratic equations, 40

sum of cubes, 39
trinomial, 39–40

fractions
adding, 31–32
canceling, 32–34
dividing, 30–31
multiplying, 30
overview, 29–30
partial fractions technique,  

279–282
subtracting, 32

logarithms, 37–38
power rules

differentiation, 128–129
overview, 34–35
reversing, 253–254

roots
overview, 36
rule, 36
simplifying, 36–37

solving limits at infinity with,  
103–104

with algebra, 103–104
with calculator, 102–103

solving limits problems with, 94–96
with algebra, 94–96
with calculator, 91–94

solving quadratic equations, 40–42
algebraic expressions, 33
Algebra II for Dummies (Sterling), 40
alternating series

absolute convergence, 334–335
conditional convergence,  

334–335
defined, 333
geometric series rule, 323
harmonic, 334
test, 335–337
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angles
acute, 64
measuring with radians, 63–64
unit circle, 64

antiderivatives
defined, 234, 239
differentiation, 254
finding

guess-and-check method, 254–256
reverse rules for, 252–254
substitution method, 256–259

formulas, 253
fundamental theorem of calculus and, 238–252

antidifferentiation, 209, 233–235
approximations, linear, 197–200
arc length, 298–300
area

above curves, 244
approximating

with left sums, 214–217
with midpoint sums, 219–220
with right sums, 217–219
with Simpson’s rule, 230–231
with trapezoid rule, 228–230

circle, 297
cross-sections, 295
under curves, 22–24, 211–214, 287
of dome, computing, 11
finding exact area with definite integral,  

224–227
finding with substitution problems, 259–261
maximum, 173–175
negative, 231, 244
of rectangle, 16
between two curves, 289–292

area function
derivatives, 237–238
fundamental theorem of calculus, 238–242,  

245–247
integration, 236–238
swept area, 236–238

argument, 256
arrow-number limit, 76–77

asymptotes
horizontal

limits and, 80
limits at infinity and, 101–102

vertical
defined, 71
improper integrals with, 308–309
limits and, 79–80
between limits of integration, 309
one of limits of integration, 308–309

average rate, 125
average speed, 81–82, 181, 287–288
average value, 287
average velocity, 180

B
benchmark series, 328
business and economics differentiation

marginal cost, 202–203
marginal profit, 203–204
marginal revenue, 203
marginals in economics, 201–202

C
calculator

Computer Algebra System, 91
solving limits at infinity with,  

102–103
solving limits with, 91–94
Ti-84 calculator, 91
TI-Nspire calculator, 91

calculus
defined, 8–10
differential, 108
fundamental theorem of

antiderivatives, 239
area function, 238–242
integration, 245–247
integration-differentiation connection,  

247–249
shortcut version, 243–253
statistics, 249–252
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real-world examples
computing area of dome, 11
hanging cable between two towers, 10–11
space travel, 11

versus regular math, 8–9
canceling fractions

expressions, 33
multiplication rule, 33–34
overview, 32–33

CAS (Computer Algebra System), 91
catenary, 10
chain rule, 135–139, 256
circle

area, 297
circumference of, 65–66, 300
unit circle

angles in, 64
hypotenuse, 66–67
overview, 64

circumference, 65–66, 300
closed interval, 157–158
coefficient, 39
completing the square, 42
complicated shapes, volume of

disk method, 294–295
matryoshka-doll method, 297
meat-slicer method, 292–294
washer method, 295–297

composite functions, 46–47, 135–136
Computer Algebra System, 91
concavity

locating, 162–164
overview, 149
second derivative test, 151

conditional convergence, 334–335
conjugate multiplication, 94–95
constant function, 52
constant multiple rule, 130
constant rule, 128
continuity

defined, 83
hole exception, 85–86
limits and, 83–86

polynomial functions, 84
rational function, 84

continuous function, 77, 83
convergence

absolute, 334–335
conditional, 334–335
improper integrals, 309
infinite series

alternating series test, 335–337
direct comparison test, 325–327
geometric series, 322–323
integral comparison test, 329–331
limit comparison test, 327–329
nth term test, 321–322
p-series, 323–324
ratio test, 331–332
root test, 333
telescoping series, 324–325

sequences, 317
series, 320–321

convergent series, 18–20
corner, 150
cosecants

defined, 62
derivatives, 131
integrals containing, 273

cosines
defined, 62
derivatives, 347
graphing, 69–70
integrals containing, 270–273
power of, 272–273
unit circle, 67

cost, marginal, 201–203
cotangents

defined, 62
integrals containing, 273

critical numbers, functions, 150, 151–152
critical points, functions, 150
cross-sections, area of, 295
cubes

difference of, 39
sum of, 39
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cumulative frequency distribution,  
249–251

curves
absolute extrema

closed interval, 157–159
over function’s entire domain,  

160–161
absolute maximum, 149
absolute minimum, 150
area above, 244
area between two, 289–292
area under, 22–24, 211–214
concavity

locating, 162–164
overview, 149
second derivative test, 151

critical numbers, 150, 151–152
critical points, 150
derivatives, 115–117
inflection points, 149, 162–164
length of, 22–24
local minimum, 149, 150
mean value theorem, 168–169
slope, 22–24

curving incline problem, 9–10
cusp, 88, 125
cylindrical shell method, 297

D
deceleration, 183
definite integral

definition of, 219–220
finding exact area with,  

224–227
five easy rules for, 244

degrees
30 degrees, trig values for, 342
45 degrees, trig values for, 342
60 degrees, trig values for, 342
converting from radians to, 66
of polynomials, 39

demand function, 202

denominator
irreducible quadratic factors, 281–282
linear factors, 280
repeated linear or quadratic factors, 282

dependent variables, 45
derivatives. See also rates

absolute maximum, 149
absolute minimum, 150
antiderivatives

defined, 234, 239
differentiation, 254
finding, 252–259
formulas, 253
fundamental theorem of calculus and,  

238–242, 245–247
guess-and-check method, 254–256
reverse rules for, 252–254
substitution method, 256–259

area function, 237–238
concavity, 149
corner, 150
cosecant, 131–132
curves, 115–117
defined, 11, 112, 121, 123
difference quotient, 117–124
first derivative test, 153–154
graphs, 164–167
higher order, 144–145
inflection points, 149
inverse functions, 143–144
lines, 112
local minimum, 149
mean value theorem, 288
parabola, 123–124, 197
rate, 15–16, 112–114
rate-slope connection, 115
relative minimum, 149
second derivative test, 154–157
speed, 114
undefined, 126, 150

Descartes, René (mathematician), 47
difference of cubes, factoring, 39
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difference of squares, 39
difference quotient, 108, 116, 117–124
difference rule, 131
differential calculus, 107–108
differentiation

acceleration
defined, 177–179, 183
positive/negative, 182–183

antiderivatives, 254
average rate, 125
business and economics

marginal cost, 202–203
marginal profit, 203–204
marginal revenue, 203
marginals in economics, 201–202

chain rule, 135–139, 256
constant multiple rule, 130
constant rule, 128
curves

absolute extrema, 157–159, 160–161
absolute maximum, 149
absolute minimum, 150
area above, 244
area between two, 289–292
area under, 22–24, 211–214
concavity, 149, 151, 162–164
critical numbers, 150, 151–152
critical points, 150
derivatives, 115–117
inflection points, 149, 162–164
length of, 22–24
local minimum, 149, 150
mean value theorem, 168–169
slope, 22–24

defined, 11, 108
exponential functions, 132–133
fundamental theorem of calculus and,  

247–249
implicit, 140–141
inverse functions, 143–144
linear approximations, 197–200
logarithmic, 133, 142–143

marginals
cost, 201–203
profit, 201–202, 203–204
revenue, 201–202, 203

maximum height, 179
minimum height, 179
optimization problems

maximum area of corral, 172–173
maximum volume of box, 172–173

position, 177–179
power rules, 34–35

differentiation, 128–129
reversing, 253–254

product rule, 133–134, 140, 343
quotient rule, 134–135, 343
rates

average, 125
derivatives, 15–16, 112–114
distance and, 81
instantaneous, 125
instantaneous speed, 80–83
rate-slope connection, 115
related, 184–192

related rates
changing distance example, 189–191
defined, 184
filling trough example, 186–189
inflating balloon example, 184–186

trig functions, 131
velocity

average, 180
defined, 177–179
displacement and, 180
maximum and minimum, 180–181
positive and negative, 178–179

yo-yo example
acceleration, 177–179
average speed, 181
average velocity, 180
deceleration, 183
maximum height, 179
maximum/minimum speed, 182
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differentiation (continued)
maximum/minimum velocity, 180–181
position, 177–179
positive/negative acceleration, 182–183
total displacement, 180
total distance traveled, 181
velocity, 177–179

differentiation rules
chain rule, 135–139
constant multiple rule, 130
constant rule, 128
difference rule, 131
power rule, 128–129
product rule, 133–134
quotient rule, 134–135
sum rule, 130–131

direct comparison test, 325–327
discontinuity, 125
discontinuous function, 77, 90
discriminant

defined, 41
irreducible quadratic factors, 281

disk method, 294–295
displacement

negative, 180
total, 180
velocity and, 180

distance
changing distance example, 189–191
speed and, 181
total, 82, 181

distributions
cumulative frequency, 249–251
power, 35

divergence
improper integrals, 309
infinite series

alternating series test, 335–337
direct comparison test, 325–327
geometric series, 322–323
integral comparison test,  

329–331
limit comparison test, 327–329

nth term test, 321–322
p-series, 323–324
ratio test, 331–332
root test, 333
telescoping series, 324–325

sequences, 317
series, 320–321

divergent series, 18
dividend, 279
division

denominator, 280–282
dividing fractions, 30–31
divisor, 279
reciprocal, 30

divisor, 279
domain, 44, 46
dome, area of, 11

E
Earth, orbit of, 11–12
economics differentiation

marginal cost, 202–203
marginal profit, 203–204
marginal revenue, 203
marginals in economics, 201–202
maximum profit, 204

elapsed time, 82
elliptical orbits, 11–12
endpoints

extremum, 173
interval, 158

Euler, Leonhard (mathematician), 130
even number root, 36
examples

real-world examples
computing area of dome, 11
hanging cable between two towers, 10–11
space travel, 11

related rates
changing distance example, 189–191
filling trough example, 186–189
inflating balloon example, 184–186
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yo-yo
acceleration, 177–179
average speed, 181
average velocity, 180
deceleration, 183
maximum height, 179
maximum/minimum speed, 182
maximum/minimum velocity, 180–181
position, 177–179
positive/negative acceleration, 182–183
positive/negative velocity, 178–179
total displacement, 180
total distance traveled, 181
velocity, 177–179

exponential decay, 54
exponential functions, 54, 132–133

differentiation, 132–133
exponential growth, 54
exponents, 56
expressions, 33
extremum, 173

F
factorials, 331
factoring

defined, 38
difference of cubes, 39
difference of squares, 39
greatest common factor, 38
limit problems, 94
patterns, 39
quadratic equations, 40
sum of cubes, 39
trinomial, 39–40

finite number, 18, 315
first degree polynomials, 280
first derivative test, 153–154
force, unchanging, 9
formulas

antiderivatives, 253
arc length, 299
integration by parts, 264

quadratic, 41
surface of revolution, 301

45°-45°-90° triangle, 63
four-square-box scheme, integration by parts, 

264–266
fractions

adding, 31–32
canceling

expressions, 33
multiplication rule, 33–34
overview, 32–33

dividing, 30–31
improper, 279
multiplying, 30
overview, 29–30
partial fractions technique

irreducible quadratic factors, 281–282
linear factors, 280
overview, 279–280
repeated linear or quadratic factors, 282

subtracting, 32
“unadding,” 279

frequency distributions, 249–251
functions

absolute value, 53
area, 236–238
average value, 287
composite, 46–47, 135–136
constant, 52
continuous, 77, 83
cosines, 69–70
critical numbers, 150
critical points, 150
defined, 43–44
dependent variables, 45
discontinuous, 77, 90
domain, 44, 46
exponential, 54, 132–133
horizontal transformations, 57–58
identity, 52
illustrating limits with, 76–77
independent variables, 45
inverse, 55–56, 143–144
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functions (continued)
linear, 115
lines, 49–55
local extrema

critical numbers, 151–152
defined, 150
first derivative test, 153–154
second derivative test, 154–157

logarithmic, 55, 133
notation, 45–46
odd, 53–54
parabolic, 53
periodic, 70
polynomial, 53, 84
range, 44
rational, 328
sequences and, 317–318
trig functions

differentiation, 131–132
inverse, 71–72

vertical line test, 48–49
vertical transformation, 59

fundamental theorem of calculus
antiderivatives, 239
area functions and, 238–242
integration, 245–247
integration-differentiation connection, 247–249
shortcut version, 243–253
statistics, 249–252

G
Gabriel’s horn, 312–313
GCF (greatest common factor), 38
geometric series, 322–323
graphs

derivatives, 164–167
inverse functions, 56
lines, 51–52
points of interest, 148
sign graph, 153
sines, 69–70
tangents, 69–70

gravitational pulls, 11
greatest common factor (GCF), 38
Green’s theorem, 343
guess-and-check method, 254–256

H
half-terms, 325
harmonic series

alternating, 334
p-series, 324

height
maximum, 179
minimum, 179
top-minus-bottom method, 291

higher-order derivatives, 144–145
hole exception, limits, 85–86
horizontal asymptotes

limits and, 80
limits at infinity and, 101–102

horizontal lines, 52
horizontal transformations, 57–58
hypotenuse, 275

defined, 61, 63
unit circle, 66–67

I
identity function, 52
implicit differentiation, 140–141
improper fraction, 279
improper integrals

convergence of, 309
defined, 307
divergence of, 309
Gabriel’s horn, 312–313
L’Hôpital’s rule

determining limits with, 318
limit comparison test, 328
limit problems, 303–305
unacceptable forms, 305–307

one or two limits of integration, 310–311
vertical asymptotes, 308–309
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indefinite integral, 234
independent variables, 45
index of summation, 223
infinite sequences, 316
infinite series

convergence/divergence test
direct comparison test, 325–327
geometric series, 322–323
integral comparison test, 329–331
limit comparison test, 327–329
nth term test, 321–322
p-series, 323–324
ratio test, 331–332
root test, 333
telescoping series, 324–325

convergent, 18–20
defined, 18, 312–313, 318–319
divergent, 18

infinity. See also infinite series
evaluating limits at, 101–104
horizontal asymptotes, 102–103
over infinity, 305
overview, 25
solving limits with algebra, 103–104
solving limits with calculator,  

102–103
inflating balloon example, 184–186
inflection points

concavity and, 149
derivative graphs, 164–167
horizontal, 151, 166
locating, 162–164
vertical, 126

input variables, 45
instantaneous rate, 125
instantaneous speed

calculating with limits, 80–83
definition of, 82

integral comparison test, 329–331
integrals

arc length analysis, 298–300
area between two curves, 289–292

definite
definition of, 219–220
finding exact area with, 224–227
five easy rules for, 244

improper
convergence of, 309
defined, 307
divergence of, 309
Gabriel’s horn, 312–313
L’Hôpital’s rule, 303–307
one or two limits of integration,  

310–311
vertical asymptotes, 308–309

mean value theorem, 286–288
splitting up, 282
surface of revolution, 300–302
trig integrals

containing cosines, 270–273
containing cotangents, 273
containing secants, 273
containing sines, 270–273
containing tangents, 273
overview, 269–270

volumes of complicated shapes
disk method, 294–295
matryoshka-doll method, 297
meat-slicer method, 292–294
washer method, 295–297

integrand, 254, 279
integration

adding up area between two curves,  
289–292

antidifferentiation and, 233–235
approximating area

with left sums, 214–217
with midpoint sums, 219–220
with right sums, 217–219
with Simpson’s rule, 230–231
with trapezoid rule, 228–230

area function, 236–242, 245–247
average value, 287
defined, 16–17
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integration (continued)
finding antiderivatives

guess-and-check method, 254–256
reverse rules for, 252–254
substitution method, 256–259

finding arc length, 298–300
finding area

under curves, 211–214
with definite integral, 224–227
with substitution problems, 259–261

finding volumes of solids
disk method, 294–295
matryoshka-doll method, 297
meat-slicer method, 292–294
washer method, 295–297

fundamental theorem of calculus,  
238–249

improper integrals
convergence of, 309
defined, 307
divergence of, 309
Gabriel’s horn, 312–313
L’Hôpital’s rule, 303–307
one or two limits of integration,  

310–311
vertical asymptotes, 308–309

integrals containing
containing cosecants, 273
containing cotangents, 273
containing secants, 273
containing tangents, 273

L’Hôpital’s rule
determining limits with, 318
limit comparison test, 328
limit problems, 303–305
unacceptable forms, 305–307

limits of, 234
mean value theorem, 286–288
partial fractions technique

equating coefficients of like terms, 283
irreducible quadratic factors,  

281–282

linear factors, 280
overview, 279–280
repeated linear or quadratic  

factors, 282
by parts

formulas, 264
four-square-box scheme, 264–266
overview, 263–264
second pass, 268–269
u chunk, 266–268

symbol for, 210–211
trig integrals

containing cosines, 270–273
containing cotangents, 273
containing secants, 273
containing sines, 270–273
containing tangents, 273
overview, 269–270

trigonometric substitution
overview, 274
secants, 278–279
sines, 276–278
tangents, 275–277

integration by parts
formulas, 264
four-square-box scheme, 264–266
overview, 263–264
second pass, 268–269
u chunk, 266–268

interval
closed, 157–158
endpoints, 158
negative, 167
open, 158
positive, 167

inverse functions
defined, 55–56
derivatives, 143–144
graphs, 56
rule, 56

inverse trig functions, 71–72
irreducible quadratic factors, 281–282
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K
Kasube, Herbert (professor), 266

L
lamp’s base, volume of, 210, 213–214
leading term, 322
least common denominator, 31–32
left rectangle limit, 226
left rectangle rule, 216–217
left sums, approximating area with,  

214–217
Leibniz, Gottfried (mathematician), 48
length

arc, 298–300
of curves, 22–24

L’Hôpital’s rule
determining limits with, 318
limit comparison test, 328
limit problems, 303–305
unacceptable forms, 305–307

LIATE mnemonic, 266–268
limit comparison test, 327–329
limit problems, L’Hôpital’s rule, 303–305
limits

arrow-number, 76
calculating instantaneous speed  

with, 80–83
continuity and, 83–86

defined, 83
hole exception, 85–86
limits and, 83–86
polynomial functions, 84
rational function, 84

defined, 21–22, 75
definition of, 78–79
horizontal asymptotes and, 80
illustrating with three functions, 76–77
at infinity

horizontal asymptotes and, 101–104
solving with algebra, 103–104
solving with calculator, 102–103

of integration, 234

L’Hôpital’s rule
determining limits with, 318
limit comparison test, 328
limit problems, 303–305
unacceptable forms, 305–307

limits to memorize, 89–90
one-sided, 77–78
plug-and-chug problems, 90
solving with algebra

conjugate multiplication, 94–95
factoring, 94
miscellaneous algebra, 95–96
sandwich (squeeze) method, 96–99

solving with calculator, 91–94
33333 mnemonic, 86–88
vertical asymptotes and, 79–80

limits, sandwich (squeeze) method, 96–99
linear approximations, 197–200
linear factors, 280
linear functions, 115
lines

defined, 50–51
derivative, 112
graphing, 51–52
horizontal, 52
normal, 193, 195–197
parallel, 51
perpendicular, 51, 196
secant line, 118
slope-intercept, 52–53
slopes, 50–51, 110–112
tangent line, 121–122
tangent line problem, 194–195
vertical, 52

local extrema, functions
critical numbers, 151–152
defined, 150
first derivative test, 153–154
second derivative test, 154–157

local maximum, derivatives, 148, 150
local minimum, derivatives, 149, 150
logarithmic differentiation, 142–143
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logarithmic functions, 55, 133
logarithms, 37–38

M
marginal cost, 201–203
marginal profit, 201–202, 203–204
marginal revenue, 201–202, 203
Mars, orbit of, 11–12
matryoshka-doll method, 297
maxima, 150
maximum area of corral, 173–175
maximum height, 179
maximum profit, 204–205
maximum speed, 182
maximum velocity, 180–181
mean value theorem

definition of, 168–169
derivatives, 288
integrals, 286–288

meat-slicer method, 292–294
methods

finding antiderivatives
guess-and-check method, 254–256
substitution method, 256–259

finding limits, sandwich (squeeze) method, 
96–99

finding volumes of complicated shapes
disk method, 294–295
matryoshka-doll method, 297
meat-slicer method, 292–294
washer method, 295–297

substitution, 94–96
finding area with, 259–261
overview, 274
secants, 278–279
sines, 276–278
tangents, 275–277

midpoint rectangle limit, 226
midpoint rectangles, 219–220
midpoint sums, approximating area with, 219–220
minima, 150
minimum height, 179

minimum speed, 182
minimum velocity, 180–181
mnemonics

LIATE mnemonic, 266–268
SohCahToa, 61–62, 275, 342
33333 mnemonic, 86–88

multiplication
conjugate, 95–96
multiplication rule, canceling fractions, 33–34
multiplying fractions, 30
multiplying powers, 35
multiplying root indexes, 36

multiplier, 323

N
negative acceleration, 182–183
negative areas, 231, 244
negative displacement, 180
negative intervals, 167
negative slope, 50, 109, 148
negative velocity, 178–179
Newton, Isaac (mathematician), 48
non-zero number over zero, 90
normal line, 193, 195–197
notation

functions, 45–46
sigma notation, 221–224
summation, 221

nth term test, 321–322

O
odd functions, 53–54
odd number root, 36
one-sided limits, 77–78
open interval, 158
opposite reciprocal, 51
opposite side, 61
optimization problems

maximum area of corral, 172–173
maximum volume of box, 172–173

output variables, 45
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P
parabola

derivatives, 123–124, 197
normal lines and, 196
slope, 116

parabolic function, 53
parallel lines, 51
partial fractions technique

equating coefficients of like terms, 283
irreducible quadratic factors, 281–282
linear factors, 280
overview, 279–280
repeated linear or quadratic factors, 282

partial sums, 319
parts, integration by

formulas, 264
four-square-box scheme, 264–266
overview, 263–264
second pass, 268–269
u chunk, 266–268

period, 70
periodic functions, 70
perpendicular lines, 51

slopes of, 196
plug-and-chug problems, 90
polynomial

defined, 39–40
degree, 39

polynomial division, 279
polynomial function

continuity, 84
defined, 53

position, 177–179
positive acceleration, 182–183
positive interval, 167
positive number, 34
positive slope, 50, 148
positive velocity, 178–179
power rules

differentiation, 128–129
overview, 34–35
reversing, 253–254

pre-algebra. See algebra
prism, volume of, 187–188
product rule, 133–134, 140, 343
profit

marginal, 201–202, 203–204
maximum, 204–205

p-series, 323–324
Pythagorean identity, 271, 272
Pythagorean theorem, 10, 63, 190–191

Q
quadrants, 274–279
quadrants, unit circle, 66–69
quadratic equations

completing the square, 42
factoring, 40
quadratic formula, 41
solving, 40–42

quadratic factors
irreducible, 281–282
repeated, 282

quadratic formula, 41
quotient, 279
quotient rule, 134–135, 343

R
radians

converting from degrees to, 66
defined, 65
measuring angles with, 65

radical, 274
range, 44
rates

average, 125
derivatives, 15–16, 112–114
distance and, 81
instantaneous, 125
instantaneous speed, 80–83
rate-slope connection, 115
related

changing distance example, 189–191
defined, 184
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rates (continued)
filling trough example, 186–189
inflating balloon example, 184–186

ratio, 322–323
rational function, 328

continuity, 84
derivatives, 145
integration, 279

ratio test, 331–332
reciprocal, 256

defined, 30
opposite, 51

rectangle
area, 16
left, 216–217, 226
mean value, 287
midpoint, 219–220, 226
right, 217–218

related rates
changing distance example, 189–191
defined, 184
filling trough example, 186–189
inflating balloon example, 184–186

relation, 49
relative maximum, derivatives, 148
relative minimum, derivatives, 149
remainder, 279
repeated linear or quadratic factors, 282
representative slice, volume of, 293
revenue, marginal, 201–202, 203
reverse rules, antiderivatives, 252–254
revolution, surfaces of, 300–302
Riemann sum

definition of, 220
sigma notation and, 221–224

right prism, volume of, 187–188
right rectangle rule, 217–218
right sums, approximating area with, 217–219
right triangle

30°-60°-90° triangle, 63
45°-45°-90° triangle, 63
drawing in unit circle, 67
overview, 62

rise, slope, 14–15, 50, 111, 115, 118
roots

overview, 36
rule, 36
simplifying, 36–37

root test, 333
rules

differentiation
chain rule, 135–139
constant multiple rule, 130
constant rule, 128
difference rule, 131
power rule, 128–129
product rule, 133–134
quotient rule, 134–135
sum rule, 130–131

geometric series, 323
L’Hôpital’s rule

determining limits with, 318
limit comparison test, 328
limit problems, 303–305
unacceptable forms, 305–307

multiplication rule, 33–34
Simpson’s rule, 230–231
trapezoid rule, 228–230

run, slope, 14–15

S
Σ (sigma notation), 221
Sagan, Carl (astrophysicist), 315
sandwich (squeeze) method, 96–99
secant line, 118
secants

defined, 62
integrals containing, 273
secant line, 118–121
trigonometric substitution, 278–279

second derivative test, 154–157
second pass, integration by parts, 268–269
second squared, 183
sequences. See also infinite series

convergence of, 317
defined, 316
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determining limits with L’Hôpital’s rule, 318
divergence of, 317
functions and, 317–318
infinite, 316
stringing, 316

series
alternating, 323, 333–337

absolute convergence, 334–335
conditional convergence, 334–335
defined, 333
geometric series rule, 323
test, 335–337

convergence of, 320–321
convergent, 18–20
defined, 18, 312–313, 316, 318–319
divergence of, 320–321
divergent, 18
geometric, 322–323
harmonic, 324
infinite, 318–319

direct comparison test, 325–327
geometric series, 322–323
integral comparison test, 329–331
limit comparison test, 327–329
nth term test, 321–322
p-series, 323–324
ratio test, 331–332
root test, 333
telescoping series, 324–325

partial sum, 320
p-series, 323–324
sequences

convergence of, 317
defined, 316
determining limits with L’Hôpital’s rule, 318
divergence of, 317
functions and, 317–318
infinite, 316
stringing, 316

telescoping, 324–325
shapes

complicated, volumes of
disk method, 294–295

matryoshka-doll method, 297
meat-slicer method, 292–294
washer method, 295–297

rectangle
area, 16
left, 216–217, 226
midpoint, 219–220, 226
right, 217–218

right triangle
30°-60°-90° triangle, 63
45°-45°-90° triangle, 63
drawing in unit circle, 67
overview, 62

triangles
30°-60°-90° triangle, 63
45°-45°-90° triangle, 63
adjacent side, 61, 275
hypotenuse, 61, 63, 275
opposite side, 61
SohCahToa triangle, 275

sigma notation (∑), 221–224
sign graph, 153
simplifying roots, 36–37
Simpson’s rule, approximating area with, 230–231
Simpson sum, 231
sine rule, 256
sines

defined, 62
graphing, 69–70
integrals containing, 270–273
power of

even and negative, 272–273
odd and positive, 270–271

trigonometric substitution, 276–278
unit circle, 67

slope
curves, 22–24
of lines, 14–15
lines, 50–51
of lines, 110–112
negative, 50, 109, 148
of perpendicular line, 196
positive, 50
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slope (continued)
rate-slope connection, 115
rise, 14–15, 50, 111, 115, 118
run, 14–15, 50, 111, 115, 118
undefined, 50

slope-intercept, 52–53
SohCahToa mnemonic

defined, 62, 342
overview, 61–62
triangle, 275
trigonometric substitution method and, 274–279

solids
maximum volume of box, 172–173
volume

disk method, 294–295
matryoshka-doll method, 297
meat-slicer method, 292–294
washer method, 295–297

speed, 178–179
acceleration

defined, 177–179, 183
positive/negative, 182–183
speeding up/slowing down, 183

average, 81–82, 181, 287–288
derivatives, 114
distance traveled and, 180–181
instantaneous, 80–83
maximum, 182
minimum, 182
unchanging, 9

speeding up/slowing down, 183
square root, 36
squares

completing, 42
difference of, 39
sum of, 39

stationary point, 148
statistics, 249–252
Sterling, Mary Jane

Algebra II For Dummies, 40
straight incline problem, 9–10
strike price, 11

substitution method, 94–96
finding area with, 259–261
finding derivatives with, 256–259
trigonometric

overview, 274
secants, 278–279
sines, 276–278
tangents, 275–277

u-substitution, 271
subtracting

fractions, 32
powers, 35
subtraction sign, 274

summation notation
index of summation, 223
Σ (sigma notation), 221
summing series, 318–319

sum rule, 130–131
sums

of cubes, 39
left, approximating area with, 214–217
midpoint, approximating area with, 219–220
partial, 319
Riemann, 220–224
right, approximating area with, 217–219
of series, 318–319
Simpson, 231
of squares, 39

superscript, 56
swept area, area function, 236–238

T
tangent line

linear approximation and, 197–200
vertical, 126

tangents
defined, 62
graphing, 69–70
integrals containing, 273
tangent line, 121–122
tangent line problem, 194–195
trigonometric substitution, 275–277
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telescoping series, 324–325
tests

alternating series, 335–337
convergence/divergence

direct comparison test, 325–327
geometric series, 322–323
integral comparison test, 329–331
limit comparison test, 327–329
nth term test, 321–322
p-series, 323–324
ratio test, 331–332
root test, 333
telescoping series, 324–325

first derivative test, 153–154
second derivative test, 154–157
vertical line test, 48–49

theorems
fundamental theorem of calculus

antiderivatives, 239
area function, 238–242
integration, 245–247
integration-differentiation connection, 247–249
shortcut version, 243–253
statistics, 249–252

Green’s theorem, 343
mean value theorem

definition of, 168–169
derivatives, 288
integrals, 286–288

Pythagorean theorem, 10, 63, 190–191
30°-60°-90° triangle, 63–64
33333 limit mnemonic, 86–88
Ti-84 calculator, 91
time, elapsed, 82
TI-Nspire calculator, 91
top-minus-bottom method, 291
total displacement, 180
total distance, 82, 181
transformations

horizontal, 57–58
vertical, 59

trapezoid rule, approximating area with,  
228–230

triangles
30°-60°-90° triangle, 63
45°-45°-90° triangle, 63
adjacent side, 61, 275
hypotenuse, 61, 63, 275
opposite side, 61
SohCahToa triangle, 275

trig functions
differentiation, 131–132
inverse, 71–72

trig identities, 72, 273
trig integrals

containing cosines, 270–273
containing cotangents, 273
containing secants, 273
containing sines, 270–273
containing tangents, 273
overview, 269–270

trigonometric substitution
overview, 274
secants, 278–279
sines, 276–278
tangents, 275–277

trigonometry
cosine graphs, 69–70
identities, 72, 273
integrals

containing cosines, 270–273
containing cotangents, 273
containing secants, 273
containing sines, 270–273
containing tangents, 273
overview, 269–270

inverse functions, 71–72
right triangles

30°-60°-90° triangle, 63
45°-45°-90° triangle, 63
drawing in unit circle, 67
overview, 62

sine graphs, 69–70
SohCahToa

defined, 62, 342
overview, 61–62
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trigonometry (continued)
triangle, 275
trigonometric substitution method and,  

274–279
tangent graphs, 69–70
unit circle

angles in, 64
hypotenuse, 66–67
overview, 64
quadrants, 66–69
radians, 65–66

trinomial factoring, 39–40

U
u chunk, 266–268
unacceptable forms, L’Hôpital’s rule, 305–307
undefined derivatives, 150
undefined slope, 50
unit circle

angles in, 64
hypotenuse, 66–67
overview, 64
quadrants, 66–69
radians

converting from degrees to, 66
defined, 65
measuring angles with, 65

u-substitution, 271

V
variables

dependent, 45
independent, 45
input, 45
output, 45

velocity
acceleration

defined, 177–179, 183
positive/negative, 182–183
speeding up/slowing down, 183

average, 180
defined, 177–179
displacement and, 180
maximum, 180–181
minimum, 180–181
negative, 178–179
positive, 178–179

vertical asymptotes
defined, 71
improper integrals and, 308–309
limits and, 79–80
between limits of integration, 309
one of limits of integration, 308–309

vertical lines, 52
vertical line test, 48–49
vertical tangent line, 126
Viking I (spacecraft), 11
volume, 210

of complicated shapes
disk method, 294–295
matryoshka-doll method, 297
meat-slicer method, 292–294
washer method, 295–297

of lamp’s base, 213–214
representative slice, 293
volume, 172–173

W
washer method, 295–297
wine bottle problem, 300–302
Wolfram Alpha (website), 91

Y
yo-yo. See examples, yo-yo

Z
Zeno of Elea (philosopher), 18
zero over zero, 305
zero product property, 40


