Index

n-th order differential equation, 2 neous , 153
1-parameter family of solutions, 3 boundary value problems, 145
adjoint Green'’s function, 287 capacitor, 21
adjoint operator, 205 carrying capacity, 92
ADM, 248 Cauchy, Augustin-Louis, 233, 300
Adomian Decomposition Method, 248 Cauchy-Euler Equations, 13
Adomian polynomials, 248, 250 nonhomogeneous, 14
Adomian, George, 248 center, 46
Airy differential equation, 254, 258 characteristic equation, 7, 63
Airy function, 258 Cauchy-Euler Equation, 13
amplitude, 19 Chasles, Michel , 300
angular frequency, 19 Chebyshev, 219
associated Legendre functions, 231 chemical kinetics, 57
autonomous, 39, 96 Clairaut equation, 28
autonomous equation, 3 Clairaut, Alexis Claude, 28
classical orthogonal polynomials, 219,
beam equation, 161 222
Bernoulli equation, 27, 94 coefficient matrix, 61
Bernoulli, Daniel, 27, 164, 235, 236 Constant Coefficient Equations, 7
Bernoulli, Jacob, 27 cosine series, 181
Bernoulli, Jacob II, 27 coupled systems, 39
Bernoulli, Johann, 27 Cramer’s rule, 42
Bernoulli, Johann II, 277 current, 21
Bernoulli, Johann III, 27
Bernoulli, Nicolaus I, 27 d’Alembert, Jean le Rond, 163
Bernoulli, Nicolaus II, 277 damped harmonic motion, 47
Bessel functions, 236 de Beaune, Florimond , 25
first kind, 237 de Moivre, Abraham, 235
Fourier-Bessel series, 240 diagonalization, 79
generating function, 239 differential equations
identities, 238 series, 230, 237
orthogonality, 239 differential operator, 6, 151
recursion formula, 239 Dirac Delta Function, 279
second kind, 238 sifting property, 281
Bessel, Friedrich Wilhelm, 237 Dirac, Paul Adrien Maurice, 301
bifurcation, 97 direction field, 44
bifurcation point, 98 Dirichlet boundary conditions, 200
Biot, Jean-Baptiste, 300 Dirichlet, Gustav Lejeune, 200
Bonnet, Pierre Ossian, 224 distribution, 280, 283
boundary conditions, 146, 200 double factorial, 227

boundary value problem, nonhomoge- double tank problem, 56



306 DIFFERENTIAL EQUATIONS

Duffing equation, 124
Duffing, Georg, 124
Dyson, Freeman, 301

eigenfunction expansion, 211, 295
eigenfunctions, 152
complete, 203
orthogonal, 203
eigenvalue, 63
eigenvalue problem, 63, 153, 295
eigenvalues, 152
real, 202
eigenvector, 63
Einstein, Albert, 37
Electric potential, 299
elliptic functions, 134
elliptic integral, 130, 131
complete, 132
incomplete, 132, 133
epidemic model, 59
equilibrium, 41
center, 46
degenerate node, 47
focus, 46
node, 45
saddle, 45
source, 45
equilibrium solution, 93, 96
Euler, Leonhard, 27, 131, 163, 235, 236
explicit solution, 3
exponential of a matrix, 61, 78

Fagnano, Giulio Carlo, 131
Feynman, Richard, 301
first order differential equation, 2
fixed point, 93, 96
forced harmonic oscillator, 9, 250, 272
Fourier coefficients, 168
generalized, 212
Fourier series, 163, 167
Fourier, Joseph, 163, 233, 236
Fourier-Bessel series, 236
Fourier-Legendre series, 222, 232
Fredholm alternative, 213
frequency, 19, 165
function
periodic, 165
sigmoid, 96
sinusoidal, 166
fundamental matrix, 71
fundamental matrix solution, 72

Gamma function, 234
Gauss, Carl Freidrich, 234

Gauss, Carl Friedrich, 219
Gauss, Karl Freidrich, 235
Gegenbauer polynomials, 222
generalized Fourier expansion, 294
generalized function, 280, 283
George Poélya, 1
Gibb phenomenon, 186
GNU Octave, 192
Goldbach, Christian, 235
Gram-Schmidt Orthogonalization, 220
gravitational potential, 226
Green'’s function, 263

adjoint, 287

boundary value, 270, 274

differential equation, 284

history, 299

initial value, 270

properties, 276

reciprocity, 277

series representation, 294
Green'’s identity, 207
Green’s Reciprocation Theorem, 275
Green’s Theorem, 300
Green, George, 299

Elastic solids, 300

Water waves, 300

WKB approximation, 300

heat equation, 147

Heaviside function, 233, 280
Heaviside, Oliver, 233

Heine, Heinrich, 224

Hermite polynomials, 222, 259
Hermite’s differential equation, 259
Hermitian, 206

Hermitian operator, 207
heteroclinic orbits, 111
homogeneous, 40
homogeneous equation, 2
Hooke’s Law, 19, 37

Hopkins, William, 299
Huygens, Christiaan, 25

implicit solution, 3

impulse, 286

inductor, 21

initial value problem, 2
inner product, 157
integrating factor, 3, 201
inverse tangent problems, 25
Ivory, James, 224

Jacobi polynomials, 222
Jacobi, Carl, 299



INDEX 307

Jacobi, Carl Gustav, 224
Jacobian matrix, 102
jump condition, 286

Kelvin, Lord

See Thomson, William, 300
Kepler, Johannes, 163, 236
Kirchhoff integral theorem, 301
Kirchhoff, Gustav, 301
Kirchoff’s rules, 21

Loop rule, 54

Point rule, 54

I"'Hopital’s Rule, 261
Lagrange equation, 28
Lagrange’s identity, 207
Lagrange, Joseph Louis, 28
Lagrange, Joseph-Louis, 237
Laguerre polynomials, 222
Laplace equation, 147
Laplace, Pierre-Simon, 199, 226
Laplacian operator, 147
Legendre polynomials, 222, 223
differential equation, 231
generating function, 226
leading coefficient, 247
normalization, 230
recurrence relation, 224
recursion formula, 224
Rodrigues formula, 224

Legendre’s differential equation, 231
Legendre, Adrien-Marie, 222, 226, 234

line of equilibria, 48

linear nth order differential equation, 2

linear algebra, 151

linear first order differential equation, 3

linear operator, 6

linearization, 96, 102

linearly independent, 7, 155

Liouville, Joseph, 300

logistic equation, 92
solution, 95

Lotka, Alfred James, 113

Lotka-Volterra model, 113
first integral, 116

LRC circuits, 20, 54

Maclaurin series, 61
Malthus, Thomas Robert, 92
mass-spring system, 19

coupled, 38
Mathieu differential equation, 254
MATLAB, 192
matrix

Hermitian, 79

orthognal, 79

self-adjoint, 79

symmetric, 79

unitary, 79
matrix formulation, 60
mechanical energy, 130
Mersenne, Marin, 25
Method of Reduction of Order, 8

Method of Separation of Variables, 148
Method of Undetermined Coefficients, 9

Modified, 12

Method of Variation of Parameters, 265

Minnigerode, Bernhard, 301
mixture problems, 55
Murphy, Robert, 300

Neumann boundary conditions, 200

Neumann function, 238
Neumann, Carl, 200, 301
Neumann, Franz, 301
Newton's Second Law, 37
Newton’s second law, 19
nonautonomous, 39
nonlinear systems, 123

nonhomogeneous equation, 2, 146, 265

nonhomogeneous solutions, 75
nonlinear pendulum

forced, 123

period, 129
normalization, 221, 229, 296

Octave, 192
orbit, 43
ordinary point, 231
orthogonal matrix, 79
orthogonality, 171
eigenfunctions, 203
orthonormal, 171
orthonormal basis, 156
oscillations
coupled, 37
overdamped, 47

partial differential equations, 147
particular solution, 3
pendulum, 19
forced nonlinear, 123
nonlinear, 101
period, 129
pendulum, simple, 20
period, 19, 165
periodic boundary conditions, 200
periodic extensions, 185



308 DIFFERENTIAL EQUATIONS

Perrault, Claude, 25 self-adjoint form, 267
phase portrait, 43 self-adjoint operator, 207
pitchfork bifurcation, 100 separable equation, 2
Poincaré surface of section, 125 separatrix, 111
Poincaré, Jules Henri, 91 series representation, 294
Poisson equation, 147 sigmoid function, 96
Poisson’s equation, 299 similarity transformation, 8o
Poisson, Siméon, 236 simple harmonic motion, 9, 19, 38, 47
polar coordinates, 49 sine series, 181
derivatives, 50 singular point, 231
population models, 92 singular solutions, 30
logistic, 92 sinusoidal functions, 164
Lotka-Volterra, 113 slope field, 43
Malthusian, 92 small angle approximation, 20
potential drops, 21 Solitary waves, 300
potential energy, 130 solutions
predator-prey model, 58 equilibrium, 41
principal matrix solution, 74 spiral, 46, 49
proct solutions, 150 stability criteria, 97
pursuit curves, 22 step function, 280
Putzer Algorithm, 83 Stirling approximation, 259
Python, 194 Stokes” Theorem, 301
Stokes, George Gabriel, 300
quadrature, 130 Stone-Weierstrafs Theorem, 219
Quantum electrodynamics (QED), 301 Strutt, John William, 203
Quaternions, 301 Sturm, Jacques Charles Frangois, 300
Sturm-Liouville, 265
Rayleigh quotient, 209 Sturm-Liouville operator, 200
Rayleigh, Lord, 203 Sturm-Liouville problem, 240, 261, 262
See William Strutt, 300 regular, 200
real eigenvalues, 202 singular, 200
real symmetric, 206 surfaces of section, 125
reciprocity, 275, 277 systems
relative error, 129 constant coefficient, 40
resistor, 21
Riccati equation, 31, 94 Tait, Peter Guthrie, 301
Riccati, Jacopo, 263 Taylor, Brook, 163
Riccati, Jacopo Francesco, 31, 94 Tchebycheff, 219
Riemann, Bernhard, 233, 263, 301 Tchebycheff polynomials, 222
Robin boundary conditions, 200 Tchebysheff polynomials, 256
Rodrigues, Benjamin Olinde, 224 Thomson, William, 300
Romeo and Juliet, 59 Todhunter, Isaac, 226
Rota, Gian-Carlo, 145 tractrix, 25
Russell, John Scott, 300 trajectory, 43
transcritical bifurcation, 99
saddle point, 45 trigonometric identities, 166
saddle-node bifurcation, 99
salsa problem, 89 underdamped, 47
scalar product, 156 Undetermined Coefficients
Schrodinger Equation, 147 Modified, 268
Schwinger, Julian, 263, 301 unstable node, 45

Schwinger—Dyson equation, 301
second order linear differential equation, van der Pol, Balthasar, 117
6 Variation of Parameters, 265



INDEX 309

vector space, 155
vectors
projection, 220
Verhulst, Pierre Frangois, 92
vibrating string, 163

Wallis, John, 163

Watson, G.N., 237

wave equation, 147
Weierstrass, Karl, 234
WKB Approximation, 300
WolframAlpha, 192
Wronskian, 7, 73, 267






	Index

