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Predator-prey relationship, 388
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Spread of a virus, 95
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for a grade of gasoline, 97
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Economic system, 90, 91
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labor and material costs, 99
models and prices, 144
production levels, 51, 99

Net profit, Microsoft, 32
Output matrix, 91
Profit, from crops, 50
Purchase of a product, 95
Revenue

fast-food stand, 236
General Dynamics Corporation, 260, 270
Google, Inc., 286
telecommunications company, 236
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Sales, 37
concession area, 42
Wal-Mart, 32

Satellite television service, 85, 86, 141
Textbook publishing, 137

ENGINEERING AND TECHNOLOGY

Aircraft design, 79
Circuit design, 316
Computer graphics, 332
Computer monitors, 184
Control system, 308
Controllability matrix, 308
Cryptography, 87–89, 95–97, 100, 101 
Data encryption, 87
Decoding a message, 89, 96, 97, 100, 101
Digital signal processing, 166
Electrical network analysis, 30, 31, 34, 37,

144
Electronic equipment, 184
Encoding a message, 88, 95, 97, 100
Encryption key, 87
Engineering and control, 124
Error checking

digit, 194
matrix, 194

Feed horn, 217
Global Positioning System, 16
Image morphing and warping, 174
Information retrieval, 58
Internet search engine, 58
Ladder network, 316
Locating lost vessels at sea, 16
Movie special effects, 174
Network analysis, 29–31, 33, 34, 37
Radar, 166
Sampling, 166
Satellite dish, 217
Smart phones, 184
Televisions, 184
Wireless communications, 166

MATHEMATICS AND GEOMETRY

Adjoint of a matrix, 128, 129, 136, 140, 144
Collinear points in the -plane, 133, 137
Conic section(s), 220, 223

general equation, 135
rotation of axes, 215–218, 220, 223,

377–379, 384, 387
Contraction in 331, 335, 336
Coplanar points in space, 134, 137
Cramer’s Rule, 124, 130, 131, 136, 137, 140
Cross product of two vectors, 271–274,

282, 283, 286 
Differential equation(s)

linear, 212, 219, 220, 223
second order, 158
system of first order, 348, 374, 375,

383, 384, 387, 388, 390
Expansion in 331, 335, 336, 339
Fibonacci sequence, 388
Fourier approximation(s), 279–281, 283, 286
Geometry of linear transformations in 

330–332, 335, 336, 339 
Hessian matrix, 369
Jacobian, 108, 139
Lagrange multiplier, 34
Laplace transform, 124
Least squares approximation(s), 275–278, 283

linear, 276, 283, 286
quadratic, 277, 283, 286

Linear programming, 47
Magnification in 335, 336
Mathematical modeling, 267, 268, 270
Parabola passing through three points, 144
Partial fraction decomposition, 34, 37
Polynomial curve fitting, 25–28, 32, 34, 37
Quadratic form(s), 376–382, 384, 387, 390  
Quadric surface, rotation of, 382, 384
Reflection in 330, 335, 336, 339, 340
Relative maxima and minima, 369
Rotation

in 297, 337, 385, 389
in 333, 334, 336, 339

Second Partials Test for relative extrema, 369
Shear in 331, 332, 335, 336, 339
Taylor polynomial of degree 1, 276
Three-point form of the equation of a

plane, 135, 137, 140
Translation in 302, 337
Triple scalar product, 282
Two-point form of the equation of a line,

133, 137, 140, 144
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PHYSICAL SCIENCES

Acoustical noise levels, 28
Airplane speed, 11
Area

of a parallelogram using cross product,
273, 274, 282, 286

of a triangle
using cross product, 283
using determinants, 132, 137, 140,

144
Astronomy, 27, 268
Balancing a chemical equation, 4
Beam deflection, 64, 72
Chemical

mixture, 37
reaction, 4

Computational fluid dynamics, 79
Crystallography, 207
Degree of freedom, 158
Diffusion, 348
Dynamical systems, 388
Earthquake monitoring, 16
Electric and magnetic flux, 234
Flexibility matrix, 64, 72
Force

matrix, 72
to pull an object up a ramp, 151

Geophysics, 166
Grayscale, 184
Hooke’s Law, 64
Kepler’s First Law of Planetary Motion,

135
Kirchhoff’s Laws, 30, 316
Lattice of a crystal, 207
Mass-spring system, 158, 161
Mean distance from the sun, 27, 268

Natural frequency, 158
Newton’s Second Law of Motion, 158
Ohm’s Law, 316
Pendulum, 219
Planetary

orbits, 135
periods, 27, 268

Primary additive colors, 184
RGB color model, 184
Stiffness matrix, 64, 72
Temperature, 34
Torque, 271
Traffic flow, 28, 33
Undamped system, 158
Unit cell, 207

end-centered monoclinic, 207
Vertical motion, 37
Volume

of a parallelepiped, 282, 283, 286
of a solid, 108
of a tetrahedron, 134, 137

Water flow, 33
Weather, 325
Work, 242

SOCIAL SCIENCES AND 

DEMOGRAPHICS

Cellular phone subscribers, 101
Consumer preference model, 85, 86, 95,

141
Doctoral degrees awarded, 270
Energy consumption, 285
Final grades, 100
Motor vehicle registration, 97
Politics, voting apportionment, 51

Population
of consumers, 95
regions of the United States, 51
of smokers and nonsmokers, 95
United States, 32
world, 267

Population migration, 100
Smokers and nonsmokers, 95
Sports, Super Bowl I, 36
Television watching, 95
Test scores, 102

STATISTICS AND PROBABILITY

Canonical regression analysis, 298
Least squares regression

analysis, 92–94, 97, 101, 259, 265–270
cubic polynomial, 270
line, 93, 97, 101, 265, 268, 270, 290
quadratic polynomial, 267, 270

Markov chain, 325
Multiple regression analysis, 298
Multivariate statistics, 298
State matrix, 85, 100, 141, 325
Steady state probability vector, 386
Stochastic matrices, 84–86, 95, 97, 100, 325

MISCELLANEOUS

Architecture, 382
Catedral Metropolitana Nossa Senhora

Aparecida, 382
Determining directions, 16
Dominoes, A2
Flight crew scheduling, 47
Sudoku, 114
Tips, 23
U.S. Postal Service, 194
ZIP + 4 barcode, 194
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