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ax, az, 4, 45, 162

Abel’s theorem on uniformity, 438

Absolute convergence, of integrals, 357,
369 ; of series, 422, 441

Absolute value, of complex numbers,
154; of reals, 35; sum of, 36

Acceleration, in a line, 13; in general,
174 ; problems on, 186

Addition, of complex numbers, 154; of
operators, 151; of vectors, 154, 163

Adjoint equation, 240

Algebra, fundamental theorem of, 159,
306, 482 ; laws of, 153

Alternating series, 39, 420, 452

am = sin—! sn, 507

Ampére's Law, 350

Amplitude, function, 507; of complex
numbers, 154; of harmonic motion,
188

Analytic continuation, 444, 543

Analytic function, 304, 435. See Func-
tions of a complex variable

Angle, as a line integral, 297, 308; at
critical points, 491; between curves,
9; in space, 81; of a complex number,
154; solid, 347

Angular velocity, 178, 346

Approximate formulas, 60, 77, 101, 383

Approximations, 59, 195; successive, 198.
See Computation

Arec, differential of, 78, 80, 131; of ellipse,
77,514 ; of hyperbola, 516. See Length

Area, 8,10, 25, 67, 77, as a line integral,
288 ; by double integration, 324, 329:
directed, 167; element of, 80,131, 175,
340, 342 ; general idea, 311; of a sur-
face, 339

Areal velocity, 175

Argument of a complex number, 154

Associative law, of addition, 153, 163 ; of
multiplication, 150, 153

Asymptotic expansion, 390, 397, 456

Asymptotic expression for n!, 383

Asymptotic lines and directions, 144

Asymptotic series, 390

Attraction, 31, 68, 308, 332, 348, 547;
Law of Nature, 31, 307; motion under,
190, 264. See Central Force and P’o-
tential

Average value, 333; of functions, 333;
of a harmonic function, 531; over a
surface, 340

Axes, right- or left-handed, 84, 167

Axiom of continuity, 34

B. See Bernoulli numbers, Beta function

Bernoulli’s equation, 205, 210

Bernoulli’s numbers, 448, 456

Bernoulli’s polynomials, 451

Bessel's equation, 248

Bessel's functions, 248, 393

Beta function, 378

Binomial theorem, finite remainder in,
60; infinite series, 423, 425

Binormal, 83

Boundary of a region, 87, 308, 311

Boundary values, 304, 541

Brachistochrone, 404

Branch of a function, of one variable,
40; of two variables, 90; of a com-
plex variable, 492

Branch point, 492

C,. See Cylinder functions

Calculation. See Computation, Evalua-
tion, etc.

Calculus of variations, 400-418

Cartesian expression of vectors, 167

Catenary, 78, 190 ; revolved, 404, 408

Cauchy’s Formula, 30, 49, 61

Cauchy’s Integral, 304, 477

Cauchy's Integral test, 421, 427

Caustic, 142

Center, instantancous, 74, 178; of in-
version, 538

Center of gravity or mass, motion of the,
176 ; of areas or laminas, 317, 324 ; of
points or masses, 168 ; of volumes, 328

Central force, 175, 264

Centrode, fixed or moving, 74

Chain, equilibrium of, 185, 190, 409;
motion of, 415

Change of variable, in derivatives, 12,
14, 67, 98, 103, 106; in differential
equations, 204, 235, 245 ; in integrals,
16, 21, 54, 65, 328, 330

(Characteristic curves, 140, 267

Characteristic strip, 279
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Charge, electric, 539

Charpit’s method, 274

Circle, of curvature, 72 ; of convergence,
433, 437; of inversion, 538

Circuit, 89; equivalent, irreducible, re-
ducible, 91

Circuit integrals, 294

Circulation, 345

Clairaut’s equation, 230; extended, 273

Closed curve, 308; area of, 289, 311;
integral about a, 295, 344, 360, 477,
536 ; Stokes’s formula, 345

Closed surface, exterior normal is posi-
tive, 167, 341; Gauss’s formula, 342;
Green’sformula, 349,531 ; integral over
a, 341, 536 ; vector area vanishes, 167

cn, 471, 505, 518

Commutative law, 149, 165

Comparison test, for integrals, 357; for
series, 420

Complanarity, condition of, 169

Complementary function, 218, 243

Complete elliptic integral, 507, 514, 77

Complete equation, 240

Complete solution, 270

Complex function, 157, 292

Complex numbers, 153

Complex plane, 157, 302, 360, 433

Complex variable. See Functions of a

Components, 163, 167, 174, 301, 342, 507

Computation, 569 ; of a definite integral,
77; of Bernoulli’s numbers, 447; of
elliptic functions and integrals, 475,
507, 514, 522; of logarithms, 59; of
the solution of a differential equation,
195. See Approximations, Errors, etc

Concave, up or down, 12, 143

Condensation point, 38, 40

Condition, for an exact differential, 105 ;
of complanarity, 169 ; of integrability,
255 ; of parallelism, 166 ; of perpendic-
ularity, 81, 165. See Initial

Conformal representation, 490

Conformal transformation, 182, 477, 538

Congruence of curves, 141

Conjugate functions, 536

Conjugate imaginaries, 156, 543

Connected, simply or multiply, 89

Consecutive points, 72

Conservation of energy, 301

Conservative force or system, 224, 307

Constant, Euler’s, 385

Constant function, 482

Constants, of integration, 15, 183; phys-
ical, 183; variation of, 243

Constrained maxima and minima, 120,
404 ’

Contact, of curves, 71; order of, 72; of
conics with cubiec, 521; of plane and
curve, 82

Continuation, 444, 478, 542

INDEX

Continuity, axiom of, 34; equation of,
350 ; generalized, 44 ; of functions, 41,
88, 476 ; of integrals, 52, 281, 368; of
series, 430; uniform, 42, 92, 476

Contour line or surface, 87

Convergence, absolute, 8357, 422, 429;-
asymptotic, 456; circle of, 433, 437;
of infinite integrals, 352; of products,
429; of series, 419; of suites of num-
bers, 39; of suites of functions, 430;
nonuniform, 431 ; radius of, 433 ; uni-
form, 368, 431

Coordinates, curvilinear, 131; cylindri-
cal, 79; polar, 14; spherical, 79

cos, cos—1 155, 161, 393, 456

‘cosh, cosh—1, 5, 6, 16, 22

Cosine amplitude, 507. See cn

Cosines, direction, 81, 169 ; series of, 460

cot, coth, 447, 450, 454

Critical points, 477, 491 ; order of, 491

csc, 550, 557

Cubic curves, 519

Curl, vx, 345, 349, 418, 553

Curvature of a curve, 82; as a vector,
171; circle and radius of, 73, 198;
problems on, 181

Curvature of asurface, 144 ; lines of, 146 ;
mean and total, 148; principal radii,
144

Curve, 308 ; area of, 311 ; intrinsic equa-
tion of, 240 ; of limited variation, 309 ;
quadrature of, 313; rectifiable, 311.
See Curvature, Length, Torsion, etc.,
and various special curves

Curvilinear coodrdinates, 131

Curvilinear integral. See Line

Cuspidal edge, 142

Cuts, 90, 302, 362, 497

Cycloid, 76, 404

‘Cylinder functions, 247. See Bessel

Cylindrical codrdinates, 79, 328

D, symbolic use, 152, 214, 279

Darboux’s Theorem, 51

Definite integrals, 24, 52; change of
variable, 54, 656; computation of, 77;
Dubamel’s Theorem, 63 ; for a series,
451 ; infinite, 352 ; Osgood’s Theorem,
54, 65; Theorem of the Mean, 25, 29,
52, 359. See Double, etc., Functions,
Infinite, Cauchy’s, etc.

Degree of differential equations, 228

Del, v, 172, 260, 343, 345, 349

Delta amplitude, 507. See dn

De Moivre's Theorem, 155

Dense set, 39, 44, 50

Density, linear, 28; surface, 315; vol-
ume, 110, 326

Dependence, functional, 129; linear, 245

Derivative, directional, 97, .172; geo-
metric properties of, 7; infinite, 46;



INDEX

logarithmic, 5; normal, 97, 137, 172;
of higher order, 11, 67, 102, 197; of
integrals, 27, 52, 283, 370 ; of products,
11, 14, 48; of series term by term, 430 ;
of vectors, 170; ordinary, 1, 45, 158;
partial, 93,99 ; right or left, 46; The-
orem of the Mean, 8, 10, 46, 94. See
Change of variable, Functions, etc.
Derived units, 109
Determinants, functional, 129; Wrou-
skian, 241
Developable surface, 141, 143, 148, 279
Differences, 49, 462
Differentiable function, 45
Differential, 17, G4 ; exact, 106, 254, 300 ;
of arc, 70, 80, 131; of area, 80, 131;
of heat, 107, 204; of higher order, 67,
104 ; of surface, 340; of volume, 81,
330; of work, 107, 292; partial, 95,
104; total, 95, 98, 105, 208, 295; vec-
tor, 171, 293, 342
Differential equations, 180, 267 ; degree
of, 228; order of, 180; solution or
integration of, 180 ; complete solution,
270 ; general solution, 201, 230, 269 ;
infinite solution, 230 ; particular solu-
tion, 230; singular solution, 231, 271.
See Ordinary, Partial, etc.
Differential equations, of electric cir-
cuits, 222, 226 ; of mechanics, 186, 263 ;
. Hamilton’s, 112 ; Lagrange’s, 112, 224,
413; of media, 417; of physics, 524;
of strings, 185
Differential geometry, 78, 131, 143, 412
Differentiation, 1; logarithmic, §; of
implicit functions, 117; of integrals,
27, 283 ; partial, 93; total, 95; under
the sign, 281 vector, 170
Dimensions, higher, 835; physical, 109
Direction cosines, 81, 169 ; of a line, 81;
of a normal, 83; of a tangent, 81
Directional derivative, 97, 172
Discontinuity, amount of, 41, 462 ; finite
or infinite, 479 -
Dissipative function, 225, 307
Distance, shortest, 404, 414
Distributive law, 151, 165
Divergence, formula of, 342 ; of an inte-
gral, 8352 ; of a series, 419 ; of a vector,
343, 553
Double integrals, 80, 131, 313, 315, 372
Double integration, 32, 285, 319
Double limits, 89, 430
Double points, 119
Double sums, 315
Double surface potential, 551
Doubly periodic functions, 417, 486,
504, 517; order of, 487. See p, sn,
cn, dn
Duhamel’s Theorem, 28, 63
Dupin’s indicatrix, 145
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e=2.718..., 5, 437

E, complete elliptic integral, 77, 514

E-function, 62, 353, 479

E (¢, k), second elliptic integral, 514

ex.e?, 4, 160, 447, 484, 497

Edge, cuspidal, 142

Elastic medium, 418

Electric currents, 222, 226, 533

Electric images, 539

Electromagnetic theory, 350, 417

Element, lineal, 191, 231; of are, 70,
80 ; of area, 80, 131, 344 ; of surface,
340 ; of volume, 80, 330 ; planar, 254,
267

Elementary functions, 162 ; character-
ized, 482, 497 ; developed, 450

Elimination, of constants, 183, 267 ; of
functions, 269

Ellipse, arc of, 77, 514

Elliptic functions, 471, 504, 607, 511, 517

Elliptic integrals, 503, 507, 511, 512, 517

Energy, conservation of, 301; dimen-
sions of, 110; kinetic, 13, 101, 112,
178, 224, 413 ; of a gas, 106, 294, 392 ;
of a lamina, 318 ; potential, 107, 224,
301, 413, 547 ; principle of, 264 ; work
and, 293, 301

Entropy, 106, 294

Envelopes, of curves, 135, 141, 231 ; of
lineal elements, 192; of planar ele-
ments, 254, 267 ; of planes, 140, 142;
of surfaces, 139, 140, 271

Equation, adjoint, 240; algebraic, 159,
306, 482 ; Bernoulli’s, 205,210; Clair-
aut’s, 230, 273 ; complete, 240 ; intrin-
sic, 240 ; Laplace’s, 624 ; of continuity,
350; Poisson’s, 548; reduced, 240;
Riccati’s, 250 ; wave, 276

Equations, Hamilton’s, 112 ; Lagrange’s,
112, 225, 413. See Differential equa-~
tions, Ordinary, Partial, etc.

Equicrescent variable, 48

Equilibrium of strings, 185, 190, 409

Equipotential line or surface, 87, 633

Equivalent circuits, 91

Error, average, 390; functions, y, 388;
mean square, 390, 465; in target
practice, 390; probable, 389; proba-
bility of an, 386

Errors, of observation, 386 ; small, 101

Essential singularity, 479, 481

Euler’s Constant, 385, 457

Euler’s Formula, 108, 159

Euler's numbers, 450

Euler's transformation, 449

Evaluation of integrals, 284, 286, 360,
871. See Computation, ete.

Even function, 30

Evolute, 142, 234 .

Exact differential, 108, 254, 300 -

Exact differential equation, 207,237,254
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Expansion, asymptotic, 390, 397, 456;
by Taylor’s or Maclaurin’s Formula,
57, 305; by Taylor’s or Maclaurin’s
Series, 435, 477 ; in ascending powers,
433, 479 ; in descending powers, 390,
897, 456, 481; in exponentials, 465,
467; in Legendre’s polynomials, 466 ;
in trigonometric functions, 458, 465;
of solutions of differential equations,
198, 250, 525. See special functions
and Series

Exponential development, 465, 467

Exponential function. See a*, ex

F, complete elliptic integral, 507, 514

F(¢, k) = sn—1sin ¢, 507, 514

Factor, integrating, 207, 240, 254

Factorial, 379

Family, of curves, 135, 192, 228 ; of sur-
faces, 139, 140. See Envelope

Faraday’s Law, 350

Finite discontinuity, 41, 462, 479

Flow, of electricity, 553 ; steady, 553 .

Fluid differentiation, 101

Fluid motion, circulation, 345 ; curl, 346 ;
divergence, 343 ; dynamical equations,
851 ; equation of continuity, 350; ir-
rotational, 533; velocity potential,
533 ; waves, 529 -

Fluid pressure, 28

Flux, of force, 308, 348 ; of fluid, 343

Focal point and surface, 141

Force, 13, 263; as a vector, 173, 301;
central, 176; generalized, 224 ; prob-
lems on, 186, 264. See Attraction

Form, indeterminate, 61, 89; perma-
?:gce of, 2, 478; quadratic, 115,

Fourier’s Integral, 377, 466, 528

Fourier’s series, 458, 465, 625

Fractions, partial, 20, 66. See Rational

Free maxima and minima, 120

Frenet’s formulas, 84

Frontier, 34. See Boundary =~

Function, average value of, 333; ana-
Iytic, 304; complementary, 218, 243 ;
complex, 157, 292; conjugate, 536 ;
dissipative, 225, 307 ; doubly periodic,
486 ; E-function, 62 ; even, 30; Green,
635; harmonic, 530; integral, 433;
odd, 30; of a complex variable, 157;
periodic, 458, 485; potential, 301. See
also most of these entries themselves,
and others under Functions

" Functional dependence, 129

Functional determinant, 129

Functional equation, 45, 247, 252, 387

Functional independence, 129 E

Functional relation, 129

Functions, series of, 430; table of ele-
mentary, 162. For special functions

see under their names or symbols ; for
special types see below :
Functions defined by functional equa~
tions, cylinder or Bessel’s, 247; ex-
ponential, 45, 387; Legendre’s, 252
Functions defined by integrals, contain-
ing a parameter, 281, 368, 376; their
continuity, 281, 369; differentiation,
283, 870; integration, 285, 370, 373;
evaluation, 284, 286, 371; Cauchy’s
integral, 304 ; Fourier’s integral, 877,
466 ; Poisson’s integral, 541, 546 ;.po-
tential integrals, 546; with variable
limit, 27, 53, 209, 255, 295, 298; by
inversion, 496, 503, 517; conjugate
function, 536, 542; special functions,
Bessel’s, 394, 398 ; Beta and Gamma,
878; error, y,388; E (¢, k), 514; F (¢, k),
507 ; logarithm, 302, 306, 497 ; p-func-
tion, 617; sin—1, 807, 498; sn—1, 435,
503 ; tan—1, 307, 498
Functions defined by mapping, 643
Functions defined by properties, con-
stant, 482; doubly periodic, 486; ra-
tional fraction, 483; periodic or
. exponential, 484 S 5
Functions defined by series, p-function,
487; Theta functions, 467 -3 ;...
Functions of a complex variable,158,"
163; analytic, 304, 435; angle of,
169; branch point, 492; center of"
gravity of poles and roots, -482;
Cauchy’s integral, 304, 477;icon-;
formal representation, 490 ; continu="
ation of, 444, 478, 542; continuity,.
158, 476 ; critical points, 477, 491 ;-de-:
fines conformal transformation, 476;
derivative of, 168, 476 ; derivatives of .
all orders, 305; determines harmonic’
functions, 636 ; determines orthogonal
trajectories, 194 ; doubly periodic, 486 ;
elementary, 162 ; essential singularity;
479, 481; expansible in series, 436;
expansion at infinity, 481; finite dis-*
continuity, 479 ; integral, 433 ; integral
of, 800, 860; if constant, 482; if ra-~
tional, 483 ; inverse function, 477; in-3
version of, 543 ; logarithmicderivative,%
482 ; multiple valued, 492 ; number of ;
roots and poles, 482; ‘periodic, 485;"
poles of, 480 ; principal part, 483 ; resi-
dues, 480; residues of logarithmic de-":
rivative, 482; Riemann’s surfaces, -
493; roots of, 158, 482; singularities :
of, 476, 479; Taylor’s Formula, 305;
uniformly continuous, 476; vanishes,
158. See various special functio
and topies el
Functions of one real variable, 40;°
average value of, 333; branch of, 40;:.
Cauchy’s theorem, 80, 49 ; continuous,’
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41; continuous over dense sets, 44;
Darboux’s Theorem, 51 ; derivative of,
45 ; differentiable, 45 ; differential, 64,
67; discontinuity, 41, 462 ; expansion
by Fourier’s series, 462 ; expansion by
Legendre’s polynomials, 466 ; expan-
sion by Taylor’s Formula, 49, 55;
expansion by Taylor’s Series, 435 ; ex-
pression as Fourier’s Integral, 377,
466 ; increasing, 7, 45, 310, 462; in-
finite, 41; infinite derivative, 46 ; inte-
grable, 52, 54, 310 ; integral of, 15, 24,
52; inverse of, 45; limited, 40; limit
of, 41, 44 ; lower sum, 51; maxima and
minima, 7, 9, 10, 12, 40, 43, 46, 75;
multiple valued, 40; not decreasing,
54, 310; of limited variation, 54, 309,
462 ; oscillation, 40, 50 ; Rolle’s Theo-
rem, 8, 46; right-hand or left-hand
derivative or limit, 41, 46, 49, 462;
single valued, 40; theorems of the
mean, 8, 25, 29, 46, 51, 562, 359 ; uni-
formly continuous, 42 ; unlimited, 40 ;
upper sum, 51; variation of, 309, 401,
410. See various special topics and
functions

Functions of several real variables, 87;
average value of, 334, 340; branch
of, 90; continuity, 88; contour lines
and surfaces, 87; ditferentiation, 93,
117, directional derivative, 97; double
limits, 89, 430 ; expansion by Taylor’s
Formula, 113; gradient, 172; harmonic,
530 ; homogeneous, 107; implicit, 177;
integral of, 315, 326, 335, 340; inte-
gration, 319, 327; inverse, 124; maxima
and minima, 114, 118, 120, 125; mini-
max,115; multiple-valued, 90 ; normal
derivative, 97; over various regions,
91; potential, 547; single-valued, 87;
solution of, 117; space derivative, 172;
total differential, 95; transformation
by, 131; Theorem of the Mean, 94;
uniformly continuous, 91; variation
of, 90

Fundamental solution, 534

Fundamental theorem of algebra, 159,
306

Fundamental units, 109

Gamma function, 378; as a product,
458 ; asymptotic expression, 383, 456 ;
beta functions, 379 ; integrals in terms
of, 380; logarithm of, 383; Stirling’s
Formula, 386

Gas, air, 189; molecules of a, 392

Gauss’s Formula, 342

Gauss’s Integral, 348

gd, gd—1, 6, 16, 450

General solution, 201, 230, 269

Geodesics, 412
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Geometric addition, 163

Geometric language, 33, 335

Geometrig series, 421

Geometry. See Curve, Differential, and
all special topics

Gradient, y, 172, 301. See Del

Gravitation. See Attraction

Gravity. See Center

Green Function, 535, 542

Green’s Formula, 349, 531

Green’s Lemma, 342, 344

Gudermannian function, 6, 16, 450

Gyration, radius of, 334

Half periods of theta functions, 468

Hamilton’s equations, 112

Hamilton’s principle, 412

Harmonic functions, 530; average value,
531; conjugate functions, 536 ; exten-
sion of, 542; fundamental solutions,
534; Green Function, 535; identity
of, 534 ; inversion of, 539; maximum
and minimum, 531, 554; Poisson’s In-
tegral, 541, 546; potential, 548; sin-
gularities, 534

Helicoid, 418

Helix, 177, 404

Helmholtz 351
Higher dlmenswns, 335

ngher order, differentials, 67, 104; in-
ﬁmtesnnals 64, 356 ; lnhmtes 66

Homogeneity, physical, 109 order of,

07

Homogeneous differential equations,
204, 210, 230, 236, 259, 262, 278

Homogeneous functions, 107; Euler’s
Formula, 108, 152

Hooke’s law, 187

Hydrodynamics. See Fluid

Hyperbolic functions, 5. See cosh, sinh,
etc.

Hypergeometric series, 398

' Imaginary, 153, 216; conjugate, 156

Imaginary powers, 161

Implicit functions, 117-135. See Max-
ima and Minima, Minimax, etc.

Indefinite integral, 15, 563. Sec Functions

Independence, functional, 129; linear,
245 ; of path, 298

Indeterminate forms, 61; L’Hospital’s
Rule, 61; in two variables, 298

Indicatrix, Dupin’s, 145

Indices, law of, 150

Induction, 308, 348

Inequalities, 36

Inertia. See Moment

Infinite, 66 ; become, 35

Infinite’ demvamve, 46

Infinite integral, 852. See Functions

Infinite product, 429 . .
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Infinite series, 39, 419

Infinite solution, 230

Infinitesimal, 63; order of, 63; .higher
order, 64 ; order higher, 356

Infinitesimal analysis, 68

Infinity, point at, 481

Inflection point, 12, 75; of cubic, 521

Instantaneous center, 74, 178

Integrability, condition of, 255 ; of func-
tions, 52, 368

Integral, Ca,uchy s, 304; contalnmg a
parameter, 281, 305; definite, 24, 51;
double, 315; elliptic, 503 ; Fourier’s,
877; Gauss’s, 348; higher, 335; in-
definite, 15, 53; infinite, 352; inver-
sion of, 496; line, 288, 311, 400;
Poisson’s, 541; potential, 546; sur-
face, 340 ;
Functions, ete.

Integral functions, 433

Integral test, 421

Integrating factor, 207, 240, 254

Integration, 15; along a curve, 291, 400 ;
by parts, 19, 307; by substitution, 21;
constants of, 15, 183 ; double, 32, 320;
of functions of a complex variable,
307 ; of radicals of a biquadratic, 513 ;
of radicals of a quadratic, 22; of ra-
tional fractions, 20; over a surface,
340 ; term by term, 430; under the
sign, 285, 370. See Differential equa-
tions, Ordinary, Partial, etc.

Intrinsic equation, 240

Inverse function, 45,477 ; derivative of,
2, 14

Inverse operator, 150, 214

Inversion, 537; of integrals, 496

Involute, 234

Irrational numbers, 2, 36

Irreducible circuits, 91, 302, 500

Isoperimetric problem, 406

Iterated integration, 327

Jacobian, 129, 330, 336, 476
Jumping rope, 511
Junction line, 492

Kelvin, 351

Kinematics, 73, 178

Kinetic energy, of a chain, 415; of a
lamina, 318; of a medium, 416; of a
particle, 13, 101 ; of a rigid body, 293 ;
of systems, 112, 225, 413

Lagrange’s equations, 112, 225, 413
Lagrange’s variation of constants, 243
Lamina, center of gravity of, 3817;
density of, 8315; energy of, 318; kine-
matics of, 78, 178 ; mass of, 32, 316;
moment of inertia of, 32, ?15, 321;
< motion of, 414

triple, 326. See Definite,-

-~

INDEX

Laplace’s equation, 104, 110 526, 530,
533, 548

Law, Ampére s, 350; associative, 150,
165 commutatlve, 149, 165, distrib-
utlve, 150, 165; Faraday s, 350;
Hooke’s, 187 of indices, 150, of
Nature, 307 ; parallelovram 154, 163,
307; of the Mean see Theorem

Laws, of algebra, 153 of motion, 13,
173, 264

Left-hand derivative, 46

Left-handed axes, 84 167

Legendre’s elllptlc lntegrals, 503, 511

Legendre’s equation, 252 (Ex. 13 6) ; gen-
erallzed 526

Legendre’s functions, 252

Legendre’s polynomials, 252, 440, 466 ;
generalized, 527

Leibniz’s Rule, 284

Leibniz’s Theorem, 11, 14, 48

Length of arc, 69, 78, 131, 310

Limit, 35; double, 89; of a quotient,
1, 45 of a rational flacl;lon 37; of a
sum, 16 50, 291

Limited set or suite, 38

‘Limited variation, 54, 309, 462

Line, direction of, 81, 169;
81; normal,
165

Lme integral, 288,298, 311, 400 ; abouta
closed cucult 295 3d4; Cauchy 5,304 ;
differential of 291 for angle, 297;
for area, 289; for Work, 293; in the
complex plane, 360, 497 ; independent
of path, 298 ; on a Riemann’s surface,
499, 503

Lineal element, 191, 228, 231, 261

tangent,
96; perpendicular, 81,

Linear dependence or mdependence,
245
Linear differential equations, 240 ;

Bessel’s, 248; first order, 205, 207;
Legendre’s, 252 ; of physics, 524 ; par-
tial, 267, 275, 524 ; second order, 244 ;
simultaneous, 223; variation of con-
stants, 243 ; with constant coefficients,
214, 223, 275

Linear operators, 151

Lines of curvature, 146

log, 4, 11, 161, 302, 449, 497; log cos, log
sin, log tan, 450 - lovr 535

Logarithmic dlﬁerentlatlon and derxv-
at‘ive, 5; of functions of a complex
variable, 482; of gamma function,
382; of theta functions, 474, 512

Logarithms, computation of, 59

M-test, 432

Maclaurm s Formula, 57. See Taylor's
Maclaurin’s Series, 435

Magnitude of complex numbers, 154
Mapping regions, 543
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Mass, 110; of lamina, 316, 32; of rod,
28: of solid, 326; potential of a,
308, 348, 527. See Center of gravity

Maxima and minima, constrained, 120,
404 ; free, 120 ; of functions of one vari-
able, 7,9, 10, 12, 40, 43, 46, 75 ; of func-
tions of several variables, 114, 118, 120,
125; of harmonic functions, 531; of
implicit functions, 118, 120, 125; of
integrals, 400, 404, 409 ; of sets of num-
bers, 38 ; relative, 120

Maxwell’s assumption for gases, 390

Mayer’s method, 258

Mean. See Theorem of the Mean

Mean curvature, 148

Mean error, 390

Mean square error, 390

Mean value, 333, 340

Mean velocity, 392

Mechanics. See Equilibrium, Motion,
etc.

Medium, elastic, 418; ether, 417. See
Fluid

Meusnier’s Theorem, 145

Minima. See Maxima and minima

Minimax, 115, 119

Minimum surface, 415, 418

Modulus, of complex number, 154; of
elliptic functions, k, k’, 505

‘Molecular velocities, 392

Moment, 176; of momentum, 176, 264,
325

Moment of inertia, curve of minimum,
404; of a lamina, 32, 315, 324; of a
particle, 31; of a solid, 328, 381

Momentum, 13, 173; moment of, 176,
264, 325; principle of, 264

Monge’s method, 276

Motion, central, 175, 264; Hamilton’s
equations, 112; Hamilton’s Principle,
412 ; ina plane, 264 ; Lagrange’s equa-
tions, 112, 225, 413; of a chain, 415;
of a drumhead, 526; of a dynamical
system, 413 ; of a lamina, 78,178, 414 ;
of a medium, 416; of the simple pen-
dulum, 509; of systems of particles,
175; rectilinear, 186 ; simple harmonie,
188. See Fluid, Small vibrations, etc.

Multiple-valued functions, 40, 90, 492

Multiplication, by complex numbers,
155; of series, 442 ; of vectors, 164

Multiplier, 474 ; undetermined, 411

Multipliers, method of, 120, 126, 406,
411

Multiply connected regions, 89

Newton’s Second Law of Motion, 13,178,
186

Normal, principal, 83; to a closed sur-
face, 167, 341

Normal derivative, 97, 187, 172
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Normal line, 8, 96

Normal plane, 181

Numbers, Bernoulli’s, 448; complex,
153; Euler’s, 450; frontier, 34; inter-
val of, 34 ; irrational, 2, 36; real, 33;
sets or suites of, 38

Observation, errors of, 886; small er-
rors, 101 o

0dd function, 30

Operation, 149

Operational methods, 214, 223, 275, 447

Operator, 149, 1565, 172 ; distributive or
linear, 151 ; inverse, 150, 214; invol-
utory, 1562 ; vector-differentiating, 172,
260, 343, 345, 349

Order, of critical point, 491; of deriv-
atives, 11; of differentials, 67; of
differential equations, 180; ot doubly-
periodic function, 487 ; of homogene-
ity, 107; of infinitesimals, 63; of
infinites, 66 ; of pole, 480

Ordinary differential equations, 203;
approximate solutions, 195, 197; aris-
ing from partial, 534 ; Bernoulli’s, 205,
210; Clairaut’s, 230; exact, 207, 237;
homogeneous, 204, 210, 230, 236 ; inte-
grating factor for, 207; lineal element
of, 191; linear, see Linear; of higher
degree, 228; of higher order, 234; prob-
lems involving, 179; Riccati’s, 250;
systems of, 223, 260 ; variables sepa-
rable, 203. See Solution

Orthogonal trajectories, plane, 194, 234,
266 ; space, 260

Orthogonal transformation, 100

Osculating circle, 73

Osculating plane, 82, 140, 145, 171, 412

Osgood’s Theorem, 54, 65, 325

p-function, 487, 517

Pappus’s Theorem, 332, 346

Parallelepiped, volue of, 169

Parallelism, condition of, 166

Parallelogram, law of addition, 154, 163,
307; of periods, 486; vector area of,
165

Parameter, 135; integrals with a, 281

Partial derivatives, 93; higher order,
102

Partial differentials, 95, 104

Partial differential equations, 267; char-
acteristics of, 267, 279; Charpit's
method, 274; for types of surfaces,
269; Laplace’s, 526 ; linear, 267, 275,
524 ; Monge’s method, 276 ; of physics,
524 ; Poisson’s, 548

Partial differentiation, 93, 102 ; change
of variable, 98, 103

Partial fractions, 20, 66

Particular solutions, 230, 524
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Path, independency of, 298

Pedal curve, 9

Period, half, 468; of elliptic functions,
471, 486; of exponential function, 161;
of theta functions, 468

Periodic functions, 161, 458, 484

Permanence of form, 2, 478

Physics, differential equations of, 524

Planar element, 254, 267

Plane, normal, 81; tangent, 96; oscu-
lating, 82, 140, 145, 171, 412

Points, at infinity. 481; consecutive, 72;
inflection, 12, 75, 521; of condensation,
388, 40 ; sets or suites of, 380 ; singular,
119, 476

Poisson’s equation, 548

Poisson’s Integral, 541

Polar coordinates, 14, 79

Pole, 479; order of, 480 ; residue of, 480 ;
principal part of, 483

Polynomials, Bernoulli’s, 451; Legen-
dre’s, 252, 440, 466, 527 ; root of, 159,
482

Potential, 308, 332, 348, 527, 530, 539,
547 ; double surface, 551

Potential energy, 107, 224, 301, 413

Potential function, 301, 547

Potential integrals, 546 ; retarded, 512;
surface, 551

Power series, 428, 433, 477; descending,
389, 397, 481

Powers of complex numbers, 161

Pressure, 28

Principal normal, 83

Principal part, 483

Principal radii and sections, 144

Principle, Hamilton’s, 412; of energy,
264 ; of momentum, 264; of moment
of momentum, 264; of permanence
of form, 2,478; of work and energy,
293

. Probability, 387

Probable error, 389

Product, scalar, 164; vector, 165; of
complex numbers, 155; of operators,
149 ; of series, 442

Products, derivative of, 11, 14, 48; in-
finite, 429

Projection, 164, 167

Quadratic form, 115, 145

Quadrature, 313. See Integration

Quadruple integrals, 335

Quotient, limit of, 145; of differences,
30, 61; of differentials, 64, 67; of power
series, 446 ; of theta functions, 471

Raabe’s test, 424

Radius, of convergence, 433, 437; of cur-
vature, 72, 82, 181; of gyration, 334;
of torsion, 83

INDEX

Rates, 184

Ratio test, 422 -

Rational fractions, characterization of,
483; decomposition of, 20, 66 ; inte-
gration of, 20; limit of, 37

Real variable, 35. See Functions

Rearrangement of series, 441

Rectifiable curves, 311

Reduced equation, 240

Reducibility of circuits, 91

Regions, varieties of, 89

Relation, functional, 129

Relative maxima and mimima, 120

Remainder, in asymptotic expansions,
390, 398, 456; in Taylor’s or Mac-
laurin’s Formula, 55, 306, 398

Residues, 480, 487; of logarithmic de-
rivatives, 482

Resultant, 154, 178 ; moment, 178

Retarded potential, 552

Reversion of series, 446

Revolution, of areas, 346; of curves,
332; volume of, 10

Rhumb line, 84

Riccati’s equation, 250

Riemann’s surfaces, 493

Right-hand derivative, 46

Right-handed axes, 84, 167

Rigid body, energy of a, 293; with a
fixed point, 76

Rolle’s Theorem, 8, 46

Roots, of complex numbers, 155; of
polynomials, 156, 159, 306, 412; of
unity, 156

Ruled surface, 140

Saddle-shaped surface, 143

Scalar product, 164, 168, 343

Scale of numbers, 33

Series, as an integral, 451 ; asymptotic,
390, 397, 456; binomial, 423, 425;
Fourier’s, 415; infinite, 39, 419; ma-
nipulation of, 440; of complex terms,
423 ; of functions, 430; Taylor's and
Maclaurin’s, 197, 435, 477; theta,
467. See various special functions

Set or suite, 38, 478; dense, 39, 44, 50

Shortest distance, 404, 412

Sigma functions, ¢, oq, 523

Simple harmonic motion, 188

Simple pendulum, 509

Simply connected region, 89, 294

Simpson’s Rule, 77 ’

Simultaneous differential equations, 223,
260 .

sin, sin—1, 3, 11, 21, 155, 161, 307, 436,
453, 499

Sine amplitude, 507. Seesn

Single-valued function, 40, 87, 295

Singular points, 119, 476

Singular solutions, 230, 271
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Singularities, of functions of a complex
variable, 476, 479 ; of harmonic func-
tions, 534

sinh, sinh—1, 5, 453

Slope, of a curve, 1; of a function, 301

Small errors, 101

Small vibrations, 224, 415

sn, sn—1, 471, 475, 503, 507, 511, 517

Solid angle, 347 .

Solution of differential equations, com-
plete, 270 ; general, 269 ; infinite, 230 ;
particular, 230,524 ; singular, 230, 271

Solution of implicit functions, 117, 133

Speed, 178

Spherical codrdinates, 79

Sterling’s approximation, 386, 458

Stokes’s Formula, 345, 418

Strings, equilibrium of, 185

Subnormal and subtangent, 8

Substitution. See Change of variable

Successive approximations, 198

Successive difterences, 49

Suite, of numbers or points, 38 ; of func-
tions, 430 ; uniform convergence, 431

Sum, limit of a, 36, 24, 51, 419; of a
series, 419. See Addition, Definite in-
tegral, Series, etc. : :

Superposition of small vibrations, 226,
525

Surface, area of, 67, 339; closed, 167,
341; curvature of, 144; developable,
141, 143, 148, 279; element of, 340;
geodesics on, 412; minimum, 404, 415;
normal to, 96, 341; Riemann’s, 493;
ruled, 140; tangent plane, 96; types
of, 269 ; vector, 167; w-, 492

Surface integral, 340, 347

Symbolic methods, 172, 214, 223, 260,
275, 447

Systems, conservative, 301; dynamical,
413

Systems of differential equations, 223,
260

tan, tan—1, 3, 21, 307, 450, 457, 498

Tangent line, 8, 81, 84

Tangent plane, 96, 170

tanh, tanh—1, 5, 6, 450, 501

Taylor's Formula, 55, 112, 152, 305, 477

Taylor’'s Series, 197, 435, 477

Taylor's Theorem, 49

Test, CauchyZs, 421; comparison, 420;
Raabe’s, 424; ratio, 422; Weierstrass’s
M-, 432, 455

Test function, 355

Theorem of the Mean, for derivatives,
8, 10, 46, 94 ; for integrals, 25, 29, 52
359

Thermodynamics, 106, 294

Theta functions, H, H,, 8, 6,, as Fourier’s
series, 467; as probucts, 471 ; define
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elliptic functions, 471, 504; logarith-
mic derivative, 474, 512 ; periods and
half periods, 468; relations between
squares, 472; small thetas, 6, 6,, 528 ;
zeros, 469

Torsion, 83 ; radius of, 83, 175

Total curvature, 148

Total differential, 95, 98, 105, 209,
295

Total differential equation, 254

Total differentiation, 99

Trajectory, 196 ; orthogonal, 194, 234,
260

Transformation, conformal, 132, 476;
Euler’s, 449 ; of inversion, 537; orthog-
onal, 100; of a plane, 131; to polars,
14, 79

Trigonometric functions, 3, 161, 453

Trigonometric series, 458, 465, 525

Triple integrals, 326 ; element of, 80

Umbilic, 148 -

Undetermined coefficients, 199

Undetermined multiplier, 120, 126, 406,
411

Uniform continuity, 42, 92, 476

Uniform convergence, 369, 431

Units, fundamental and derived, 109;
dimensions of, 109

Unity, roots of, 156

Unlimited set or suite, 38

Vallée-Poussin, de la, 373, 555

Value. See Absolute, Average, Mean

Variable, complex, 167; equicrescent,
48; real, 35. See Change of, Functions

Variable limits for integrals, 27, 404

Variables, separable, 179, 203. See
Functions

Variation, 179; of a function, 3, 10, 54 ;
limited, 54, 309 ; of constants, 243

Variations, calculus of, 401 ; of integrals,
401, 410

Vector, 154, 163; acceleration,174; area,
167, 290 ; components of a, 163, 167,
174, 342; curvature, 171; moment,
176; moment of momentum, 176;
momentum, 173; torsion, 83, 171;
velocity, 173

Vector addition, 154, 163

Vector differentiation, 170, 260, 342, 345 ;
force, 173

Vector functions, 260, 293, 300, 342, 345,
551

Vector operator y, see Del

Vector product, 165, 168, 345

Vectors, addition of, 154, 163; com-
planar, 169; multiplication of, 155,
163 ; parallel, 166 ; perpendicular, 165 ;
products of, 164, 165, 168, 345; pro-
Jjectio:s of, 164, 167, 342
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Velocity, 13, 173; angular, 346; areal,
175 ; of molecules, 392

Vibrations, small, 224, 526; superposi-
tion of, 226, 524

Volume, center of gravity of, 328 ; ele-
ment of, 80; of parallelepiped, 169;
of revolution, 10; under surfaces, 32,
317, 381; with parallel bases, 10

Volume integral, 341

Wave equation, 276
Waves on water, 529

INDEX

Weierstrass's integral, 517

Weierstrass's M-test, 432 .

Weights, 333

Work, 107, 224, 292, 301; and energy,
293, 412

Wronskian determinant, 241

z-plane, 157, 302, 360, 433;
the, 490, 497, 503, 517, 543

mapping

Zeta functions, Z, 512 ; ¢, 522

Zonal harmonies. See Legendre’s poly-
nomials



