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Symbols routes to chaos, 239
Y (sum), 102 stretching and folding, 247
T~ (inverse matrix), 311 unpredictability, 235
[ (integral), 103 chaotic attractor, 237
V (grad), 425 characteristic equation, 302
characteristic polynomial, 302
A Chemistry, 35
action potential, 212 cobwebbing, 230
Allee effect, 123 codomain, 12
allometry, 76 Compartments, 348
antiderivative, 99 Component function, 372
asymptotic behavior, 174 components, 20
attractor, 174 composition of functions, 13

Composition of linear functions, 285

B conservative, 393
bas@n of attraction, 148 constant steady states, 116
basis, 275 continuous, 87, 120
Beer game, 264 critical point, 417
Belousov reaction (BZ reaction), 172 crowding, 31

b?furcat?on, 156 currency, 348
bifurcation diagram, 157 Current. 206
Black bears, 283 cutting planes, 375
Body temperature, 172

D
damped oscillation, 56
delay differential equations, 185

dependent variables, 11

C
Capacitor, 206
Cardiac arrhythmia, 257

carrying capacity, 43 derivative, 75, 90
Cartesian product, 134, 397 determinant. 317
center, 136

diagonal matrix, 299
differential equations, 43
dimension, 21

chain rule, 96
change vector, 48
Chaos, 232
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Index

directed adjacency matrix, 345
discrete logistic equation, 228
discrete logistic model, 228
discrete-time model, 225
domain, 12

Dripping faucet, 255

E
ecological network analysis, 348
Economics, 347
eigenvalues, 300, 302
eigenvector, 303
elementary function, 103
Epidemiology, 40
equilibrium constant, 132
equilibrium points, 115
Euler's method, 64
explicit solution, 109
exponential growth, 110

F
f, 103
Faraday's law, 207
Fitness landscape, 432
FitzHugh—Nagumo equations, 216
fixed points, 116
flow, 352
flow matrix, 348
food web, 59
function, 8

G
global maximum, 414
Glycolysis, 197, 409
Google, 341
surfer model, 344
gradient vector field, 425

H
Hartman—Grobman theorem, 122, 366, 387
Hawks and doves, 127
HIV, 37
Hodgkin and Huxley, 212
Holling—Tanner model, 200
Hopf bifurcation, 203
Hormone oscillations, 181
hyperplane, 372
hysteresis, 168

|
independent variables, 11
Inductor, 207
inflection point, 418
initial condition, 53
Input/output matrix, 347
instantaneous speed, 71
integration, 99
intermediate value theorem, 120
inverse of the matrix, 311
iterated function, 291
iterated function dynamics, 229
iterated matrix, 291

J
Jacobian matrix, 385

K
Kirchhoff's current law (KCL), 208
Kirchhoff's voltage law (KVL), 208

L
lac operon, 149
law of mass action, 36
limit, 71
limit cycle, 179
limit cycle attractors, 179
linear combination, 275
Linear functions Chapter, 276
linear interpolation, 10
linear stability analysis, 122
“links to" matrix, 342
local maxima, 415
local minima, 415
logistic equation, 31
Lotka—Volterra competition model, 138
Lotka—Volterra predator—prey equations,
35

M
Markov processes, 293, 338
matrix, 279
method of nullclines, 140
model, 23
Muscle tremor, 188

N
negative feedback, 4
neutral equilibrium point, 136
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neutrally stable, 176

Nonequilibrium thermodynamics, 172
nullcline, 140

numerically integrating, 67

0}
Ohm'’s law, 207
optimization, 414
Oscillations in biochemistry, 172

Oscillations in insulin and glucose, 189

Oscillatory gene expression, 192, 411
over—under method, 151

P
PageRank, 341
PageRank vector, 342
parameter, 26
payoff matrix, 127
payoff table, 127
Pendulum, 396
per capita birth rate, 29
period-doubling bifurcations, 243
period-doubling route to chaos, 244
periodic attractor, 177
phage, 152
phase portrait, 118
pitchfork bifurcation, 164, 166
point attractor, 175
positive feedback, 3
Principal eigenvector, 324
principle of linearization, 122
protandrous hermaphroditism, 298

R
rate constant, 36
Rayleigh's clarinet, 177, 407
Real numbers, 12
replicator equation, 127
Resistor, 207
resistor characteristic, 207
Respiration, 185
Riemann sum, 102
Romeo & Juliet, 32

S
saddle point, 135, 424
saddle-node bifurcation, 159

scalar, 18

secant, 81

second derivative, 93

Seizure, 270

Semistable (equilibrium), 119, 122

sensitive dependence on initial conditions,

233
Sensitivity, 78
sigmoid, 150
simulation, 39
solves, 109
Springs, 32
Spruce budworm, 160
stable, 118
stable limit cycle, 179
stable node, 135
stable spiral, 136
standard basis, 275
state, 25
state point, 17
State space, 16
state variables, 15, 25
stiffness, 33
stocks, 25
strange attractor, 237

T
tangent line, 81

Tangent plane, 374

tangent space, 48
throughflow, 348

time delays, 2

time series, 2

trajectory, 53

transcritical bifurcation, 158
transient, 174

trivial equilibrium, 139

U
unstable, 118
unstable node, 134
unstable spiral, 136

Vv
vector field, 49
vector space, 20
Voltage, 206
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