
Index

Acceleration 17
Active transformation 180
Addition of vectors 8
Adjoint of an operator 117
Admittance of an electrical circuit 106
Affine equivalent 206
Affine group 206
Affine transformations 206
Analytic function 265
Angle 4

Angle between vectors 12
Angular momentum 38

Conservation of 468
Arc length parameterization 225
Axial vector 36

Baricentric coordinates 81
see also (Homogeneous coordinates) 81

Basis 21
Binormal 230
Boundary point 217
Boundary point of a set 217
Brachistochrone 258
Bravais lattice 43

Primitive cell of 43

C1-invertible 284
Cardinality of a set 216
Cardioid 255
Cauchy–Riemann conditions 484
Cauchy–Schwarz inequality 28, 33
Center of mass 14
Central conics 206
Central quadrics 209

Centripetal acceleration 233
Chain rule 263, 274
Change of basis 132
Chasles theorem 204
Circle of Apollonius 102
Circle of curvature 228
Circle transformation 108
Circular orbit 468
Closed set 217
Colinear 15
Collineations 206
Commuting operators 116
Components of a vector 21
Composition of rotations 179
Composition of symmetry elements 183
Conformal transformations 101
Congruence 205
Conic sections 90
Conicoid 91
Conics 206
Continuous functions 220
Continuous groups 197
Convergence of a sequence 217
Convergent sequence 218
Coordinate axes 18
Coordinate functions 225
Coordinate line 57
Coordinate lines 18
Coordinate planes 18
Coordinate surface 59
Coordinate system 18

Dextral 19
Left handed 19
Right handed 19

Coordinates of a vector 21
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518 Index

Coplanar 15
Lines 6

Countable set 216
Cramer’s rule 123
Criterion for orthogonal vectors in a plane 98
Criterion for parallel vectors in a plane 98
Cross product

see also (Vector product) 32
Cross ratio 100
Curl in spherical polar coordinates

in cylindrical coordinates 321
Curl of a vector field 306
Curvature 227
Cycloid 253
Cyclotron frequency 477

Darboux vector 233
Decomposition of vectors

see also (Resolution of vectors) 13
Determinant of an operator 119
Dextral coordinate system

see also (Right handed coordinate system) 18
Diagonalizable operator 134
Diameter of a set 217
Differential of a function 280
Dimension 4, 20
Direct lattice 44
Directance 75
Direction 4
Direction cosines 24
Directional derivative 266
Directions of tangent and normal 261
Directrix 91
Distance between vectors 28
Distributive property

Multiplication by scalars 10
Divergence in spherical polar coordinates

in cylindrical coordinates 321
divergence of a vector field 304
Division ratio 80
Domain 215
Domain of an operator 116
Dot product 22
Drift velocity 482

Eccentric anomaly 248
Eccentricity 91
Eigenvalue 134
Eigenvector 134
Ellipsoid 147

Entire function 265
Epicycloid 254
Epitrochoids 258
Equipotential surface 283
Equivalence relation 205, 206
Euclidean group 199, 201
Euclidean metric 30
Euler angles 184
Euler’s theorem 188
Evolutes and involutes 243
Extended associative law 192
Extended inverse 192

Faithful representation 196
Finite set 216
Focus 91
Force 17
Frenet-Seret formulae 232

Gaussian fundamental quantities 301
General (complex) equation to a circle 105
Geodesic 30
Geometric calculus 273
Gradient in spherical polar coordinates

in cylindrical coordinates 321
Gradient of a potential 282
Gram determinant 42, 407
Group (definition) 191
Group of isometries 199

Harmonic oscillator 450
Hodograph 456
Homogeneous coordinates

see also (Baricentric coordinates) 81
Homomorphism 45
Hyperboloid of one sheet 147
Hyperboloid of two sheets 147
Hypocycloid 256
Hypotrochoids 258

Identity operator 117
Image set 117, 215
Impedance of an electrical circuit 106
Implicit function theorem 285
Implicit functions 283, 285
Infinite set 216
Infinitesimal rotations 171
Inner product 22
Interior point 217
Interior point of a set 217
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Index 519

Intrinsic equation of a space curve 240
Inverse

Multiplicative 23
Inverse mapping theorem 284
Inverse maps 283
Inverse of a matrix 495
Inverse of a vector

Additive 9
Inverse operator 118
Inversion 103
Invertible operator 118
Isomorphism 45

Jacobian determinant 277, 285, 287, 293
Jacobian matrix 277, 279, 285
Jerk 233

Kepler’s equation 253
Kepler’s third law 468
Kronecker delta 24

Laplacian in spherical polar coordinates
in cylindrical coordinates 321

Law of cosines 11, 26
Law of sines 12, 35
left handed coordinate system 18
Levi-Civita symbols 44, 48
Limit of a converging sequence 218
Line element 302
Line element on the torus 304
Linear combination of vectors 11
Linear form 497
Linear momentum 38
Linear operator 115
Linear space 47
Linear transformation 115
Linearly dependent vectors 20
Linearly independent vectors 20
Lissajous figure 455
Lissajous motion 249

Matrices 129
Matrices representing rotations 176
Matrix representing an operator 129
Method of successive approximations 253
Method of successive approximations 289
Metric space 47
Mobius rules 100
Mohr’s algorithm

Graphical implementation 150

Mohr’s algorithm 147
Mohr’s circle 150
Moment of a line 76
Moment of force 38
Moving trihedral 231

Natural equation of a space curve 240
Negatively oriented triplet 68
Non-coplanar

Vectors 15
Non-coplanar lines 6
Non-singular operators 121
Norm of a vector 22
Normal plane 236

One to one correspondence 118
One to one map or function 118, 215
Onto map or function 118, 215
Open set 217
Order of contact 238
Orientation of a plane 72
Orientation relative to a coordinate system 69
Oriented volume 40
Orthogonal operator 158
Orthogonal transformations 158
Orthogonal vectors 12
Orthonormal basis 21
Osculating circle 228, 239
Osculating plane 236

Parabolic coordinates 61
Parameterization of a curve 225
Parametric representation of a sphere 298
Partial derivative 267
Passive transformation 181
Plane

Equation in normal form 85
Plane wave 85
Planes 83
Point function 67
point of division 80
Polar coordinates 26
Polar Decomposition Theorem 166
Polar vector 36
Position vectors 7
Positive and negative sides of a curve 260
Positively oriented triplet 68
Potential of a vector field 282
Principal axes 135
Principal axes system 135
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520 Index

Principal normal 227
principal values 167
principal vectors 167
Product of two linear operators 116
Product rule 274
Projectile motion 456
Pseudo-scalar 40
Pseudo-vector 36

Quadratic differential form 302

r-neighborhood of a point 217
Radian measure 4
Radians 89
Radius of a set 217
Radius of curvature 227
Range 215
Range of an operator 116
Reciprocal frames 124
Reciprocal lattice 44
Reciprocal lattice of a crystal 43
Rectifying plane 236
Reflection

Orthogonal operator for 161
Reflection operator

Canonical form of 161
Regular point 225
Representation of a group 196
Resolution of vectors

see also (Decomposition of vectors) 13
Right handed coordinate system

see also (Dextral coordinate system) 18
Rigid body 38
Rotation

as an orthogonal transformation 158
Counterclockwise 5

Rotation group 196

Scalar 3
Scalar integration 263
Scalar product 22

Distributive property 25
Scalar product as potential energy 30
Scalar triple product 39

Sequence 217
Shear 168
Sign of curvature 262
Similar figures 205
Similarities 206
Similarity transformation 205
Similarity transformations 133
Skewsymmetric operator 126
Space 4
Spectral decomposition 143
Spectral form 143
Spheres 89
Spherical triangle 89
Stereographic image 298
Stereographic projection 298
Straight lines 74
Stram line 484
Surfaces, parametric representation of 297
Symmetric matrix 155
Symmetric operator 126, 141
Symmetry 181
Symmetry breaking 183
Symmetry element 181

Tautochrone 258
Taylor series 264, 278
Tensor 49, 115
Tesserals 245
Topocentric frame 462
Torous, parametric representation of 303
Torque 38
Torsion 231
Trochoids 258
True anomaly 248

Uncountable set 216

Variation on a curve 281
Vector fields 67
Vector identities 52
Vector product

see also (Cross product) 32
Vector triple product 45
Velocity space 456
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