
• A •
AAS triangle determination,

255
acute angles. See also angles

defined, 11
illustrated, 12
naming, 100
reciprocals, 99

acute triangles, 14
adjacent angles, 10–11
adjacent sides

defined, 96
over hypotenuse, 98–99
lengths, 96–97
opposite over, 99–100

ambiguous case triangles
confusion, 267
defined, 255
determining, 255–256
illustrated, 256, 265
law of cosines and, 265–268
Slim/Jim problem, 267–268

amplitude. See also period
cosine function, 287
daylight problem, 289
determining, 324, 325, 331
equation, 323
sine function, 281, 283
temperature average

problem, 290
angle of depression, 137
angle of elevation

in balloon height
measurement, 144

defined, 136, 258
horizontal, 136
illustrated, 136
in rocket tracking, 146–147

angle measures
adding to, 285
clockwise, 116–117
counterclockwise, 116
direction, 64

as inputs, 131
letters, 19–20
negative, 64
positive, 64
in radians, 70
reference angle, 118–121

in degrees, 119–120
in radians, 120–121

rules, 19
subtracting from, 285

angle-sum identities. See also
identities

cosine of sums, 172
defined, 171
examples, 207–208
function value sum, 172
illustrated, 172, 188
procedure, 207–208
reciprocal functions, 171
reference, 188
sine, applying, 208
sine of sums, 172
tangent of sums, 173

angles
acute, 11, 12, 263
adjacent, 10, 11
base, 61
common, 58
complementary, 86
coterminal, 65
favorites, 74, 105–109
formation, 11
45-degree, 105, 108
full-rotation multiples, 218
graphing, 62–63
half, 16
illustrated, 58
isosceles, 61
naming, by letters, 12–13,

254
naming, by size, 11–12
negative, 116–117, 159
90-degree, 105, 108
obtuse, 11, 12, 263, 264
positive, 116, 117

reference, 117–121
renaming, 66–67
right, 11, 12
60-degree, 105, 108
solutions, 24
standard position, 62–63
straight, 11, 12
sum of, 174
supplementary, 11, 259
terminal side, 133
30-degree, 105, 108
top, 61
in triangles, 13–14
vertex, 11
vertical, 10, 11

approximating answers,
82–83

arc length
defined, 78
Ferris wheel example, 78–79
formula, 78
minute hand example, 78
in moon distance

measurement, 80
in race car speed 

problem, 81
arccos x

defined, 216
domain, 220
graphing, 316–317
range, 220
use example, 223

arccot x
defined, 216
domain, 220
graphing, 317–318
range, 220
use example, 223
workaround, 226–227

arccsc x
defined, 216
domain, 221
graphing, 318–319
range, 221

Archimedes, 202
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arcsec x
defined, 216
domain, 221
graphing, 318–319
range, 221

arcsin x
defined, 216
domain, 220
graphing, 316–317
range, 220

arctan x
defined, 216
domain, 220
graphing, 317–318
range, 220
use example, 224

area
circle, 15, 16, 75
circle sector, 17–18, 76
triangle, 270–276, 345–348

ASA triangles
area with, 275–276, 347
defined, 255
determination, 255
illustrated, 255
SAS area rule and, 276
sines of angles and, 276

asymptotes. See also tangent
graphs

assigning, 296–298
cosecant graph, 307
cotangent graph, 304
defined, 296
equation examples, 307
equations, 296
identifying, 307
illustrated, 297
inverse cosecant function,

318, 319
inverse cotangent function,

317
inverse secant function,

318, 319
inverse tangent function,

317
secant function, 312

audience assumptions, this
book, 2

axes
coordinate, 30
defined, 29
origin, 30

• B •
Babylonian mathematics, 114
balloon height measurement

defined, 144
illustrated, 245
problem, 144–145
right triangles, 145

base, triangle, 271–272, 346
base angles, 61
Bernoulli, Jacob, 302
binomials

factoring, 233
squaring, 246–247

biorhythms problem
cycles, plotting, 293
cycles, reading, 294
defined, 292
graphs, 293, 294

birthday puzzle, 178
body temperature problem,

291–292
Boston, Massachusetts

temperatures, 349
breaking up fractions

defined, 200
examples, 200–201
with multiple factors, 201
rules, 200

buildings measurement,
137–139

• C •
calculators. See graphing

calculators; scientific
calculators

Cartesian coordinates, 29, 31
centers. See also circles

defined, 14, 36
finding, 37–39
illustrated, 38
wandering, 46

centroids. See also triangles
defined, 36
example, 42–43
finding, 41–43
illustrated, 41, 43
line intersection, 41
vertices, 41, 42

Chicago, Illinois
temperatures, 350

chords
defined, 16
half, 16
illustrated, 17

circles
arc length, 78–79
area, 15, 75
center, 14, 36
center, finding, 37–39
centering, at origin, 45–46
chords, 16, 17
chunks, 75–77
circumference, 15
coordinates, 125–130
defined, 14
definition with numbers,

45–46
diameter, 15
fractions and, 45
points, number of, 113
radius, 14, 15
relating to, 70
sectors, 17–18
tangents, 16, 17
unit, 111–116, 127–128

circular functions, 111–116
circumference

defined, 15, 74
find example, 16
formula, 15
illustrated, 15

cofunction identities
defined, 286
example, 287
illustrated, 286

Columbus, Christopher, 60
complementary angles. See

also angles
cosines, 98
defined, 86
function values, 287
sines, 98

complex fractions, 169, 184,
207

conjugates
defined, 204
denominator, 184
multiplying by, 204–206
numerator, 184
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conventions, this book, 2
coordinate axes

defined, 30
illustrated, 30
x-axis, 31
y-axis, 31

coordinate plane
cosecant, 133
cosine, 131
defined, 31
quadrants, 31–33
secant, 133
sine, 131
slicing, 58

coordinates
calculating, at origin,

128–130
calculating, in unit circle,

127–128
right triangle and, 126, 131
in trig function solutions,

125–130
Copernicus, Nicolaus, 104
cosecant function. See also

reciprocal functions; trig
functions

abbreviation, 19, 102
changing sine to, 170
defined, 19, 102
determining, 102
domain, 132–133, 307
exact value table row, 109
finding, 103, 125, 128
inverse, 221
numerical value, finding,

125
period, 310
Pythagorean identity, 165
ranges, 133
ratio, on coordinate plane,

133
reciprocal, 158
sign, finding, 125
steepness, 310
for 30-degree angle, 21
values, 21
varying, 310–311

cosecant graphs. See also
graphs

asymptotes, 307
curve, 309

vertical asymptotes, 309
y = 2csc 2x, 311
y = csc (x + 2) + 2, 311
y = csc x, 308, 310

cosine function. See also trig
functions

abbreviation, 19
adjacent over hypotenuse,

98–99
with algebra, 147
amplitude, 287
changing sine to, 168
of complementary 

angles, 98
defined, 19, 98
of a difference, 177
domains, 131, 132
double-angle identities,

180–181
exact value table row, 107
finding, 128
half-angle identity, 183
inverse, 220
of negative angle, 160, 161
opposite-angle identities,

160
period, 287
Pythagorean identity,

163–164
ranges, 131, 132
ratio, 98, 99
ratio value, 131
reciprocal, 158
of sums, 172
for 30-degree angle, 21

cosine graphs. See also
graphs

amplitude, changing, 287
appearance, 285
left/right shift, 287
period, changing, 287
properties for, 287–288
shifted, 287
sine graphs comparison,

286–287
in temperature average

problem, 290
up/down shift, 287
uses, 288
y = 3cos x, 288

y = cos (x – 3), 288
y = cos x, 286

cotangent function. See also
reciprocal functions; trig
functions

abbreviation, 19, 103
changing sine to, 169
defined, 19, 103
domains, 133
exact value table row, 109
finding, 129
inverse, 220
problems, 104–105
Pythagorean identity, 165
ranges, 134
ratio, 103–104
ratio, determining, 129
ratio identity, 159
reciprocal, 158
for 30-degree angle, 21

cotangent graphs. See also
graphs

asymptotes, 304
illustrated, 304
value repetition, 305
variations, 305

coterminal angles. See also
angles

adding/subtracting
rotations, 66

defined, 65
negative, 65
rotations, 65, 66

Curta calculating machine,
109

• D •
daylight problem, 288–289
deer population tracking, 332
degrees. See also radians

bearings as, 59–60
changing, to radians, 71–72
changing radians to, 72–73
common use, 59
conversion, 70–73
decimals, 73
defined, 57
half-angle identity problem,

185
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degrees (continued)
illustrated, 58
minutes, 73
navigating with, 59–60
Norm’s Workshop and,

60–62
reference angle measure,

119–120
seconds, 73

denominators. See also
fractions; numerators

common, finding, 190, 193,
194, 196, 202–203

conjugate, 184
multiplying, by conjugate,

205
rationalizing, 173, 186
reciprocal identities on, 195
replacing, 199, 206
simplifying, 196

Denver, Colorado
temperatures, 350

determinants
defined, 347
evaluating, 347, 348
writing, 348

diagonal distances. See also
distances

defined, 35
determining, 35–36
Pythagorean theorem and,

34–35
diameter

defined, 15
illustrated, 15
length, finding, 38
radii, 38

difference
calculating, 177–178
identities. See subtraction

identities
distances

across pond problem, 90
between buildings, 140–141
calculating, 33–36
diagonal, 34–36
estimating, 36
exact value, 36
horizontal, 33–34
to moon, 79–80
vertical, 33–34

domain. See also range
cosecant, 132–133
cosine, 131, 132
cotangent, 133
defined, 49, 130
inverse cosecant, 221
inverse cosine, 220
inverse cotangent, 220
inverse functions, 219–221
inverse secant, 221
inverse sine, 220
inverse tangent, 220
restriction, 130, 133
secant, 132–133
sine, 131, 132
tangent, 133

double-angle identities. See
also identities

applying, 210
cosine, 180–181
defined, 179
examples, 210–211
illustrated, 179, 189
procedure, 210–211
reference, 189
replacing with, 208
scrunching, 182
sine, 179
trig equations and, 243–244

• E •
ellipses, 158
equations. See trig equations
equilateral triangles. See also

triangles
defined, 14
greatest possible area, 274
illustrated, 14

exponents, inverse function,
216

• F •
factorials, 147
factoring

binomials, 233
clue, 197
examples, 197–198, 199
greatest common factor,

234–235

by grouping, 234, 239–240
with high degrees, 237–239
numerators, 210
patterns, 197, 233–234
quadratics, 235–237
trinomials, 233–234

Fairbanks, Alaska
temperatures, 350

flipping over horizontal line,
322–323, 324–325

flips, 99
fractions

breaking up, 200–201, 
207, 210

circles and, 45
complex, 169, 184, 207
denominator, 173, 186, 190,

195, 196
improper, 132
multiplying, 202, 203
numerator, 173, 184, 190,

196, 210
rationalizing, 173
reducing, 200, 207, 210
replacing, 210
simplifying, 190, 193, 200,

207, 209
functions. See trig functions

• G •
Galveston, Texas

temperatures, 350
graphing calculators

connected mode, 298
in determinant evaluation,

347
dot mode, 298
graphs, 250, 251
intersect feature, 251
modes, 280
solver feature, 250
solving equations with,

249–251
tangent graphs and, 298
in temperature average

problem, 291
use examples, 249–251
when to use, 249
window, setting, 249
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graphs
ABCs of, 279–280
add function, 329
basic, 25–28
biorhythms problem,

292–294
body temperature, 291–292
cosecant function, 307–311
cosine function, 285–288
cotangent function, 304–305
daylight problem, 288–289
deer population tracking,

332
flipping over horizontal

line, 322–323, 324–325
with general form, 323–328
graphing calculator, 250,

251
inverse cosecant, 318–319
inverse cosine, 316–317
inverse cotangent, 317–318
inverse functions, 315–319
inverse secant, 318–319
inverse sine, 316–317
inverse tangent, 317–318
object spring measurement,

332–333
periodic, 25
sales goal problem, 292, 293
scales, 25
secant, 312–315
sine function, 280–285
subtract function, 330
tangent function, 295–304
temperature averaging,

290–291
tick marks, 25
tide measurement, 330–331
units, 25
x-axis, 25
y = cos x, 26
y = cot x, 27
y = csc x, 28
y = sec x, 28
y = sin x, 26
y = tan x, 27

greatest common factor,
234–235

grouping, factoring by
defined, 239
examples, 239–240

• H •
half-angle identities. See also

identities
±, 183
cosine, 183
defined, 182
degrees problem, 185
examples, 211–212
illustrated, 182, 189
procedure, 211–212
radicals problem, 185–186
reciprocal, 212
reference, 189
sine, 182
tangent, 183–184, 211
using, 184–186

height, triangle, 271–272, 346
Heron’s Formula, 273–274,

346
Hipparchus, 97
Honolulu, Hawaii

temperatures, 350
horizontal distance, 33–34
Hypatia, 158
hyperbolas, 158
hypotenuse, 35. See also

right triangles
adjacent over, 98–99
defined, 84, 96
illustrated, 85
length, 96–97
length, finding, 99
in missing sides solution,

89, 90
in object around corner

problem, 151, 152, 153
opposite over, 97–98
value, solving for, 153

• I •
icons, this book, 4–5
identities. See also

Pythagorean identities;
ratio identities;
reciprocal identities

angle-sum, 171–175
basic, 337–339
cofunction, 286–287

combining, 167–170
defined, 24
double-angle, 179–181
factoring, 197–198
half-angle, 182–186
operations, 171–186
opposite-angle, 159–160,

162, 338–339
product-to-sum, 341–342
proving, 187–212
proving, need for, 187
sides, both, 192–193
sides, picking, 189–191
squaring both sides,

206–207
subtraction, 175–178
sum-to-product, 342
trig equations and, 241–244

infinite series, 147
intercepts, 284
intersecting lines

adjacent angles, 10
illustrated, 11
supplementary angles, 11

inverse functions. See also
trig functions

alternate notation, 216
answer designation, 217
behavior, 215
cosecant, 216, 221, 318–319
cosine, 216, 220, 316–317
cotangent, 216, 220,

317–318
defined, 20, 50, 215
definitions, 52–53
determination, 50–51
domain, 219–221
domain/range summary,

221
examples, 50–51, 216
exponent interpretation,

216
finding, 51–53
function differences, 50
graphs, 315–319
inputs, 217
mixed problems, 228–229
notation, 216
outputs, 217, 219
principal value, 218
range, 219–221
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inverse functions (continued)
relation differentiation, 217
rewriting equations as, 

232, 233
rules, 218
scientific calculators and,

225–227
secant, 216, 221, 318–319
sine, 216, 220, 316–317
tangent, 216, 219, 220,

317–318
use examples, 223–224
uses, 215–216
working with, 223–224

inverse relations. See also
relations

defined, 217
differentiation, 217
principal value, 218
rules, 218

irrational numbers, 36
isosceles triangles. See also

triangles
defined, 14, 85
illustrated, 14
right, 92
use of, 61

• K •
Kanizsa Triangle, 315

• L •
law of cosines

ambiguous case and,
265–268

defined, 253
defining, 260–261
missing angle solution,

261–262
missing side solution, 261
sample triangle, 261
for SAS, 261–263
Slim/Jim problem, 267–268
for SSS, 263–265
uses, 260

law of sines
defined, 253, 256
following, 256–260

ratios, 256
switching to, 262
tree height measurement,

258–260
use example, 256–257

law of tangents
example, 269–270
uses, 268

legs, 84, 85
lemniscate of Bernoulli, 302
letters, naming angles by,

12–13, 254
lines

defined, 10
illustrated, 10
intersecting, 10–11
parallel, 44
perpendicular, 44

• M •
Marchant adding machine,

109
measurements

balloon height, 144–145
building height, 137–139
distance between buildings,

140–141
object spring, 332–333
odd shape, 149–151
satellite camera, 148–149
slope, 142–143
tide, 330–331
tree height, 139–140,

258–260
triangular shape, 149–151

Miami, Florida temperatures,
351

midpoints. See also segments
defined, 36
in dividing segments, 39–41
finding, 37
illustrated, 37

minutes, 73
Mollweide’s equations, 343
moon distance, 79–80, 97
multiple-angle functions. See

also trig functions
defined, 227
examples, 227–228
trig equations and, 245–246

multiplication
angle variable, tangent

function, 299
by conjugates, 204–206
diagonals, 348
fraction, 202, 203
reciprocal identities, 158
secant function, 313
sine function, 282
tangent function, 299

multiplying through. See also
trig equations

defined, 248
example, 248–249
as last resort, 248

music of the spheres, 194

• N •
naming angles. See also

angles
illustrated, 13
by letters, 12–13, 254
by size, 11–12
by vertex, 13

Napier’s Bones, 166
Napoleon theorems, 180
negative angle measures, 64,

116–117
negative angles

clockwise measurement,
116–117

cosine, 160, 161
sine, 160
tangent, 160
terminal side in third

quadrant, 161, 162
in trig functions, 159

negative coterminal 
angles, 65

Norm’s Workshop, 60–62
notation, inverse function

alternate, 216
defined, 216
exponential, 216
scientific calculator,

225–226
numerators. See also

denominators; fractions
conjugate, 184
factoring, 210
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multiplying, by conjugate,
205

rationalizing, 173
replacing, 190, 191, 202
simplifying, 196
terms, rearranging, 206

• O •
object around corner

defined, 151
hypotenuse in, 151, 152, 153
illustrated, 152
problem, 152–153

object spring measurement,
332–333

oblique triangles. See also
triangles

defined, 253
determining, 258
missing measures, 258

obtuse angles. See also
angles

defined, 11
illustrated, 12
negative cosine and, 264

obtuse triangles, 14
opposite sides. See also

identities
over adjacent, 99–100
defined, 96
over hypotenuse, 97–98
lengths, 96–97

opposite-angle identities. See
also identities

as basic identities, 338–339
cosine, 160
defined, 159, 338–339
illustrated, 160, 188
reference, 188
sine, 160
tangent, 160, 162

ordered pairs, 31
organization, this book, 3–4
origin

centering circles at, 45–46
coordinates calculation at,

128–130
defined, 30
illustrated, 30

• P •
parabolas, 53, 158
parallel lines, 44
partitioning, line segments,

39–41
pentagonal stadium, 262–263
period. See also amplitude

cosecant function, 310
cosine function, 287
daylight problem, 289
equation, 323
finding, 324, 325, 327, 331
sine function, 282, 283
tangent function, 296
temperature average

problem, 290
perpendicular lines, 44
pi

decimal value, 184
defined, 15
introduction, 161
value, 161

pizza slices, 77
points

coordinates, 125–130
distances between, 33–36
graph illustration, 32
intercept, 284
placing, on unit circle,

112–113
plotting, 29–33
in quadrant designation, 

32, 33
unit circle, 111–112

pond distance problem, 90
positive angles, 17, 116
product-to-sum identities.

See also identities
cosines of two angles, 342
defined, 341
mix-and-match, 342
two angles, 341

protractors, 289
proving identities

both sides, 192–193
examples, 190–191, 192–193
need, 187
with operations, 207–212
sides, picking, 189–191

Ptolemy, 16, 136
Pythagoras, 194
Pythagorean identities, 171.

See also identities
as basic identities, 338
combining, 167–170
condensed version, 163
for cosine solution, 229
cotangent/cosecant, 165
cotangent/cosecant,

rearranging, 167
defined, 162, 338
finding, on unit circle, 163
illustrated, 164, 165, 188
list, 162
primary, 163–164
primary, rearranging, 166
rearranging, 165–167
reference, 188
sine/cosine, 163–164
substitutions, 206
for tangent solution, 229
tangent/secant, 164–165
tangent/secant,

rearranging, 166–167
trig equations and, 242

Pythagorean theorem. See
also right triangles

in checking Pythagorean
triples, 88

defined, 86
in diagonal distance

determination, 34–35
formulation, 86
in missing lengths solution,

88–90, 100–101
in pond distance 

problem, 90
in right angle side length

determination, 22
30-60-90 right triangles 

and, 91
working backwards 

with, 87
Pythagorean triples

checking, 88
common, 88
defined, 87
multiples, 87
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• Q •
quadrants

defined, 31
function values, 122–123
illustrated, 32
inverse trig functions and,

229
number designations, 

31, 32, 33
quadratic equations

factoring, 235–237
reciprocal functions and,

237
working with, 235

quadratic formula, 241

• R •
race car speed problem,

80–81
radar sweeps, 75–77
radians. See also degrees

advantages, 70
changing, to degrees, 72–73
changing degrees to, 71–72
circle circumference 

and, 74
conversion, 70–73
defined, 69, 303
history, 303
illustrated, 70
as natural measure, 70
number in a circle, 69
reference angle measure in,

120–121
radical forms, simplifying, 22
radicals

defined, 21
half-angle identity problem,

185–186
radius

defined, 14, 38
determination, 129
find example, 16
illustrated, 15, 38
length, finding, 38
as positive number, 

127, 131, 132

range. See also domain
cosecant, 133
cosine, 131, 132
cotangent, 134
defined, 49–50, 130
inverse cosecant, 221
inverse cosine, 220
inverse cotangent, 220
inverse functions, 219–221
inverse secant, 221
inverse sine, 220
inverse tangent, 220
secant, 133
sine, 131, 132
tangent, 134

ratio identities. See also
identities

as basic identities, 338
cotangent, 159
defined, 159, 338
in identity combinations,

167–170
illustrated, 159, 188
reference, 188
tangent, 159
trig equations and, 242–243

rationalization, 173
rays

defined, 10
endpoint, 30
illustrated, 10
lengths, 62
terminal, 62

reciprocal functions. See also
trig functions

angle-sum identities, 171
benefits, 102
cosecant, 102–103
cotangent, 103–105
defined, 102
domain, 131
exact value table, 109
illustrated, 158, 188
inverse, calculating,

225–226
quadratic equations and,

237
range, 131
secant, 103
subtraction identities, 175

reciprocal identities. See also
identities

as basic identities, 337
in changing expression, 171
defined, 157, 337
on denominator, 195
in identity combination,

167–170
identity definitions, 158
multiplying, 158
reference, 188
trig equations and, 242–243
uses, 159

reduction formula, 343
reference angles. See also

angles
defined, 117
determination, 118, 122
finding, 123, 125
function values, 117, 122
function values, finding, 124
measure, 118–119

in degrees, 119–120
in radians, 120–121
problems, 119–121

positions, 118
rules, 123
terminal side and, 118
uses, 117

reflections. See also
transformations

defined, 55, 299
illustrated, 56
left/right, 56
up/down, 56

relations
defined, 47
functions versus, 47–50
input, 47
inverse, 217–218
output, 47

right angles, 11–12
right triangles. See also

Pythagorean theorem; 
triangles

adjacent side, 96
anatomy, 84–85
angles, 84
in balloon height

measurement, 145
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in building measurement,
138

coordinates and, 126, 131
defined, 14, 83
hypotenuse, 35, 84, 85, 96
illustrated, 14, 35, 85
isosceles, 85, 92
legs, 84, 85
missing sides, solving for,

88–90
opposite side, 96
right angle, 83
shapes, 84
special, 91–92
30-60-90, 91–92
vertex, 84, 85

rocket tracking, 146–147
roots, perfect, 22
rounding, 22–23
Ruth-Aaron Pairs, 226

• S •
sales goal problem, 292–293
San Diego, California

temperatures, 351
San Juan, Puerto Rico

temperatures, 351
SAS triangles

defined, 255
determining, 255
finding area with, 274–275,

347
illustrated, 255
law of cosines for, 261–263

satellite camera
measurements

defined, 148
Earth circumference

determination, 149
illustrated, 148
problem, 148–149

Sault Ste. Marie, Michigan
temperatures, 351

scalene triangles, 14
scientific calculators

inverse cotangent
workaround, 226–227

inverse function button, 
225

inverse reciprocal function
calculation, 225–226

legend, 225
mode, changing, 224–225
notation, interpreting,

225–227
pitfalls, 224
2nd functions, 225

scrunching, 182
secant function. See also

reciprocal functions; trig
functions

abbreviation, 19, 103
changing sine to, 169–170
defined, 19, 103
domain, 132–133
exact value table row, 109
finding, 130
inverse, 221
multiplying, 313
Pythagorean identity,

164–165
ranges, 133
ratio, determining, 130
ratio, on coordinate plane,

133
reciprocal, 158
for 30-degree angle, 21
values, 21

secant graphs. See also
graphs

asymptotes determination,
312

cosecant graph versus, 312
shifted, 315
sketching, 312
using, 312–315
vertical asymptotes, 313
y = sec (x + 2π), 314

seconds, 73
sectors

area, 17, 18, 76
defined, 17, 75
find example, 18
illustrated, 18

seed of life, 326
segments

defined, 10
illustrated, 10
midpoint, 36
partitioning, 39–41

sine curves. See also graphs;
sine graphs

amplitude, 280, 281, 283
biorhythms problem, 293,

294
body temperature problem,

292
Boston, Massachusetts, 349
Chicago, Illinois, 350
daylight problem, 288–289
Denver, Colorado, 350
Fairbanks, Alaska, 350
Galveston, Texas, 350
Honolulu, Hawaii, 350
intercept, 284
left/right shift, 284–285
Miami, Florida, 351
period, 280, 282, 283
repetition, 280
sales goal problem, 293
San Diego, California, 351
San Juan, Puerto Rico, 351
Sault Ste. Marie, Michigan,

351
temperature average,

290–291
translations, 283–285
up/down shift, 284
uses, 288

sine function. See also trig
functions

abbreviation, 19
adding to, 285
with algebra, 147
amplitude, 281, 283
calculation, 98
changing to, 194–195
changing, to cosecant, 170
changing, to cosine, 168
changing, to cotangent, 169
changing, to secant,

169–170
changing, to tangent,

168–169
of complementary angles,

98
defined, 19, 48
of a difference, 176
domain, 131, 132
double-angle identity, 179
equation, 282
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sine function (continued)
exact value table row, 107
finding, 128–129
half-angle identity, 182
input values, 97
inverse, 20, 220
multiplying, 282
of negative angle, 160
opposite over hypotenuse,

97–98
opposite-angle identities,

160
other function expressions,

168
output values, 50, 97
period, 282, 283
Pythagorean identity,

163–164
range, 131, 132
ratio, 98
ratio, determining, 129
ratio value, 131
reciprocal, 158
subtracting from, 285
of sums, 172
for 30-degree angle, 21
values, 122
values, finding, 101

sine graphs. See also graphs
cosine graphs comparison,

286–287
equation, 282–283
illustrated, 280
shifted, 287
using, 308–310
y = 3sin x, 281
y = 4sin 2x, 283
y = sin 3x, 282
y = sin (x + 1), 285
y = sin (x – 3), 285
y = sin x, 281, 282, 285
y = sin x + 4, 284
y = sin x – 1, 284

slope measurement, 142–143
slopes

defined, 43
example, 43–44
formula, 43–44
illustrated, 45
negative, 44, 45
positive, 44, 45
steep, 44

SohCahToa, 95, 101
solutions

angle, 24
coordinates in, 125–130
missing angle, 261–262
missing side, 89, 90, 261
multiple-angle, 245–246
trig equation, 231, 232–233

squaring
the corners, 85
identities, both sides,

206–207
SSS triangles

defined, 255
determination, 255
illustrated, 255
law of cosines for, 263–265
sample, 264

standard position
angles in, 62, 63
angles illustration, 126, 129
graphing angles in, 62–63

station pointers, 289
steepness

cosecant function, 310
determining, 327
tangent function, 327

straight angles, 11–12
subtraction identities. See

also identities
angle-sum identity

correspondence, 175
cosine of differences, 177
defined, 175
degrees example, 176
examples, 208–210
illustrated, 175, 188
procedures, 208–210
radians example, 176
reciprocal functions, 175
reference, 188
sine of differences, 176
tangent of differences, 176

sum-to-product identities,
342

superscripts, 20
supplementary angles. See

also angles
defined, 11
illustrated, 11
size, 259

• T •
tables (exact values)

cosine row, 107
defined, 106
first row, 107
illustrated, 106
reciprocal functions, 109
second row, 107
sine row, 107
tangent row, 108
undefined and, 109

tangent function. See also
trig functions

abbreviation, 19, 99
adding to, 300–304
angle variable, multiplying,

299
changing sine to, 168–169
defined, 19, 99
difference identity, writing,

209
of differences, 176
domain, 131, 133
exact value table row, 108
finding, 128
half-angle identity, 183–184,

211
inverse, 219, 220
left/right shift, 303
multiplying, 299
of negative angle, 160
numerical value, finding,

124
opposite over adjacent,

99–100
opposite-angle identities,

160
period, 296
Pythagorean identity,

164–165
range, 131, 134
ratio, 99, 100, 295
ratio identity, 159
reciprocal, 158
sign, finding, 124
steepness, 327
of sums, 173
for 30-degree angle, 21
up/down shift, 301
value calculations, 108
values, finding, 99–100, 101
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tangent graphs. See also
graphs

asymptotes, 296–298
curves, point of inflection,

300
curves, raising, 300
graphing calculators and,

298
illustrated, 297, 298
left/right shift, 303
pattern repetition, 296, 298
two multiples, 300
two multiples of angle

variable, 301
up/down shift, 301
y = tan (x + 1), 302, 303
y = tan (x – 1), 302, 303

tangents (circle), 16–17
temperature average

problem
amplitude, 290
defined, 290
graphing calculator and, 291
graphs, 290, 291
period, 290

30-60-90 right triangles. See
also right triangles

defined, 91
illustrated, 92
Pythagorean theorem 

and, 91
sample problem, 91

three-arm protractors, 289
tide measurement, 330–331
tone formula, 281
top angles, 61
transformations

reflection, 55–56
translation, 53–55

translations. See also
transformations

defined, 53, 284
illustrated, 54, 55
left/right, 54–55, 284–285
sine curve, 283–285
up/down, 53–54, 284

tree height measurement
determination problem,

139–140
with law of sines, 258–260

triangle areas
with ASA, 275–276, 347
with base and height,

271–272, 346
with determinants, 347–348
equilateral, 274
finding, 270–276
finding, methods, 345–348
greatest possible, 274
Heron’s Formula and,

273–274, 346
with SAS, 274–275, 347
with three sides, 272–274

triangles
AAS determination, 255
acute, 14
ambiguous case, 255–256,

265–268
angles in, 13–14
ASA, 255, 275–276, 347
base, 271–272, 346
centroid, 36, 41–43
circumscribing, 42
determining, 254–256
dissection paradox, 222
equilateral, 14, 274
extending, for calculation,

259
exterior angles, 259
height, 271–272, 346
isosceles, 14, 61, 85
naming, by shape, 14
oblique, 253, 258
obtuse, 14
parts, 19
parts, describing, 253–256
parts, standardizing, 254
right, 14, 35, 83–92
SAS, 255, 261–263
scalene, 14
semiperimeter, 273
SSS, 255, 263–265
uniquely determining, 255
vertices, 41, 42, 345

triangular shape
measurement

defined, 149
formulas, 149–150
illustrated, 149
problem, 151

trig equations
amplitude, 323
basic, 321–323
defined, 231
double-angle identities and,

243–244
examples, 232–233
factoring, 233–240
fourth-degree, 237–238
general form, 321–322
identities and, 241–244
interpreting, 323
left/right shift, 323
multiple-angle solutions,

245–246
multiplying through,

248–249
period, 323
Pythagorean identities and,

242
quadratic, 235–237
ratio identities and, 

242–243
reciprocal identities and,

242–243
requirements, 231
rewrite as inverse, 232–233
sine, 282–283
solution generation,

232–233
solutions, 231
solving, 231–251
solving, with graphing

calculator, 249–251
squaring both sides,

246–248
tangent asymptotes, 296
up/down shift, 323

trig functions. See also
specific functions

abbreviations, 19
adding, 328–330
assigning, by quadrants,

123
circular, 111–134
defined, 19, 47, 48
domain, 49, 130
equations, writing, 141, 143,

145, 147, 148, 153
identities, 24
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trig functions (continued)
input, 131
input values, 49
inverse, 20, 50–53
multiple-angle, 227–228
notation, 48–49
output, 131
periodic, 245
range, 49–50, 130
reciprocal, 101–105
relations versus, 47–50
for solving trig functions,

100–101
subtracting, 328–329
table, 353–356
for 30-degree angle, 21
transforming, 53–56
translating, 53–55
use determination, 141, 143,

144, 146, 148, 152–153
uses, 135
values, accessing, 121–122
values, determining,

106–109
values, solving for, 141, 143,

145, 147

trigonometry
defined, 9
vocabulary, 18–23

Triskaidekaphobia, 217

• U •
unit circles

coordinate calculations on,
127–128

defined, 46, 111
illustrated, 112
intercepts, 112
missing coordinates,

finding, 114–116
negative angles, 116–117
as platforms, 116
points, 111–112
points, placing, 112–113
positive angles, 116, 117
Pythagorean identities on,

163
x-coordinate, finding,

115–116
y-coordinate, finding,

114–115

• V •
Van Roomen, Adriaen, 130
vertex

defined, 11
naming angles by, 13
right triangles, 84, 85

vertical angles, 10–11
vertical distance, 33–34
vertices, 41, 42, 345, 348
Viète, François, 130

• X •
x-coordinates, finding, 115,

128, 129, 130

• Y •
y-coordinates, finding,

114–115, 128, 129, 130
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