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Acceleration vector, 36
Alternating Tensor, 172
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Angular frequency, 238
Angular velocity vector, 37
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Axial vector, 186

Beats in forced vibration, 245
Bernoulli equation, 213
Bernoulli, James, 213
Binormal vector, 49

Bound vector, 4

Cartesian tensor, 169
Cauchy differential equation, 230
Cauchy’s integral formula, 323
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Connectivity of space, 77
Conservative vector field, 89
Continuity equation, 69
Contraction, 176
Coordinate curves, 130
Coordinate surfaces, 130
Coriolis acceleration, 47
Coulomb damping

free vibration, 241
Coulomb gauge, 95
Coupled oscillation, 261
Coupled oscillators

normal modes, 261
Cross product, 13
Curl

curl curl identity, 82

fundamental theorem of, 74

in curvilinear coordinate systems, 135

in cylindrical coordinates, 119

in spherical coordinates, 127

of the gradient of a scalar function, 81
Curl of a vector, 70
Cylindrical coordinates, 113

curl, 119

divergence, 117

gradient, 116

infinitesimal elements, 120

Laplacian, 117

Damping
viscous damping in free vibration,
238
Damping
Coulomb damping in free vibration,
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Delta function
as a divergence, 98
definition, 291
with complicated arguments, 292
Differential equation
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Euler-Cauchy equation, 230
first-order
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Differential equation (Continued)
force vibration
without damping, 244
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homogeneous linear equation, 215
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first-order, 210
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nonhomogeneous linear
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Differential equation
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Dirac, P.A.M., 291
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fundamental theorem of, 67
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in spherical coordinates, 126
of curl of a vector function, 82

Divergence of a vector, 61

Divergence theorem, 65
alternative forms, 86

Dot product, 6

Duhamel integral, 302

Dyad, 175

Dyadic, 175

Electrical circuit
complex solution
impedance, 252
LRC circuit, 249
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coordinate surfaces, 139
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Equation with separable variables, 202
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Euler differential equation, 230
Euler-Cauchy differential equation, 230
Exact differential equation, 205

Feshbach, Herman, 138
First-order differential equation, 201
Bernoulli equation, 213
exact equation, 205
integrating factor, 207
reducible to separable type, 204
separable variables, 202
First-order linear differential equation,
210
Flannery, Brian P., 265
Flux of a vector field, 62
Forced vibration
beats, 245
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with viscous damping, 247
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Free vector, 4
Free vibration, 236
Coulomb damping, 241
viscous damping
critical damping, 239
over damping, 239
under damping, 239
Frenet-Serrect formulas, 49
Frequency
angular frequency, 238
Frequency of simple harmonic motion,
238
Fundamental theorem of curls, 74

Gamma, function, 312
Gauge transformation, 95
Gauss’ theorem, 65
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Gradient
fundamental theorem of, 58
geometrical interpretation, 53
in curvilinear coordinate systems, 133
in cylindrical coordinates, 116
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of a scalar function, 51

Gradient operator, 51

Green’s lemma, 85

Green’s theorem, 85
symmetrical form, 85

Heaviside expansion, 284
Heaviside unit step function, 294
Heaviside, Oliver, 271
Helmholtz’s theorem, 101
Homogeneous differential equation

Euler-Cauchy equation, 232
Homogeneous linear differential

equation

fundamental theorem, 215

with constant coefficient, 216
Hooke’s Law

generalized, 193

Integrating factor, 207
Inverse Laplace transform, 278
by contour integration, 323
by partial fraction, 280
of periodic function, 311
using derivative of the transform, 286
Inverse Laplace transformation
Heaviside expansion, 284
Irrotational field, 70
Irrotational vector field, 89

Jacobi, Carl, 147

Jacobian for double integral, 145
Jacobian for multiple integral, 147
Jacobian matrix, 147

Kronecker Delta Tensor, 171
Kronecker tensor, 171

Lagrange identity, 16

Laplace transform
computer algebraic systems, 326
convolution, 302
convolution theorem, 304
definition, 271
derivative, 274
derivative of a transform, 276
differential equation with variable

coefficients, 319
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evaluating integrals, 316
Gamma function, 312
integration of transforms, 307
inverse, 278
of delta function and its derivative,
294
of impulsive function, 291
of integrals, 307
s-shifting, 275
scaling, 308
solving differential equation, 288
solving integro-differential equation,
321
step function, 296
table of , 276
Laplace transform of periodic function,
309
Laplace transforms, 271
Laplace’s equation, 104
LaPlace, Pierre Simon, 271
Laplacian, 82
in curvilinear coordinate systems, 134
in cylindrical coordinates, 117
in spherical coordinates, 127
Law of cosines, 8
Law of sine, 16
Lee, T.D., 189
Levi-Civita Tensor, 172
Line integral
of a gradient vector, 56
Linear differential equation
first-order, 210
Linear differential equation
higher order, 214
Linear homogeneous differential
equation with constant coefficients
characteristic equation
complex conjugate roots, 218
distinct roots, 217
equal roots, 218

Maple, 265, 326
MathCad, 265, 326
Mathematica, 265
Mathews, P.C., 168
Matlab, 265, 326
McQuarrie, D.A.; 168
Mechanical vibrations, 235
Mellin inversion, 324
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Moebius surface, 72

Moment of Inertia Tensor, 189
Morse, Philip M., 138
Multiple integrals, 144
Multiply connected region, 77
MuPAD, 265, 326

Neumann boundary condition, 106
Nonhomogeneous differential equation
variation of parameters, 232
Nonhomogeneous linear differential
equation
method of complex exponential, 229
with constant coefficients
method of undertermined coefhi-
cients, 222
Noninertial reference system
differentiation, 42
Numerical Methods, Software and
Analysis, 265
Numerical Recipes, 265

Ordinary differential equations, 201
Orientable surface, 72

Osculating plane, 49

Outer Product, 174

Partial fraction decomposition, 280
Path integral, 57
Period of oscillation, 237
Planes in space, 27
Poisson’s equation, 104
Polar vector, 185
Position vector, 23
transformation of, 156
Potential
vector, 92
Potential
scalar, 89
Press, William H., 265
Prolate Spheroidal coordinates, 144
Pseudoscalar, 187
Pseudotensor, 185
Pseudovector, 186
Purcell, E.M., 168

Reciprocal vectors, 22
Resonance in forced vibration, 246
Rice, R.J., 265

Rotation
Euler angles, 159
of coordinates, 156
Rotation matrix, 157
properties of ; 162

Scalar, 3
definition
in terms of transformation
properties, 165
Scalar potential, 89
Scalar triple product, 17
Scientific WorkPlace, 265, 326
Shifting operation, 295
Simply connected region, 77
Simultaneous differential equations
as an eigenvalue problem, 257
Cramer’s rule, 255
Simultaneous linear differential
equations, 254
Singularities in the field, 69
Solenoidal field, 92
Spherical coordinates, 122
curl, 127
divergence, 126
gradient, 125
infinitesimal elements, 128
Laplacian, 127
Spherical polar coordinate system, 122
Step function
definition, 294
Stokes’ theorem, 71
alternative forms, 87
Straight lines, 23
Strain Tensor, 193
Stress Tensor, 190
Substitution Tensor, 172
Summation convention, 177

Tensor
cartesian, 169
contraction, 176
definition, 169
moment of inertia tensor, 189
outer product, 174
quotient rule, 182
rank , 170
Strain tensor, 193
stress tensor, 190
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symmetry properties, 183
Tensor components, 170
Tensor field, 179
Teukolsky, Saul A., 265
Theory of space curve, 47
Theory of vector field, 95
Torsion of the curve, 49
Transverse acceleration, 47

Uniqueness theorem, 105
Unit Tensor, 172
Unit vector, 5

Vector
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cross product, 13
curl, 70
definition
in terms of transformation
properties, 165
divergence, 61
dot product, 6
multiplication by a scalar, 5
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subtraction, 5

triple product, 17
Vector

components, 10

time derivative, 36
Vector calculus, 35
Vector equation, 158
Vector equation for lines, 23
Vector equation for planes, 23
Vector field, 35
Vector potential, 92
Vector triple product, 18
Vectors, 3

bound, 4

free, 4

product rules, 79

transformation properties, 156
Velocity vector, 36
Velocity vector field, 41
Vetterling, William T., 265
Viscous Damping

free vibration, 238
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