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acceleration, 32

angular, 30

Coriolis, 36

of one point moving on a rigid body, 35

partial, 57

and partial velocities, 60

of two points fixed on a rigid body, 34

action and reaction, law of, 108

addition theorem for angular velocities, 28

amplification factor, 464

amplitude, 460

steady-state, 461

angles

body-three, 6, 321, 337, 483, 488

body-two, 6, 321, 337, 339, 483, 488

orientation, 6, 317, 336

space-three, 321, 337, 339, 483, 488

space-two, 321, 337, 483, 488

angular acceleration, 30

partial, 57

scalar, 31

angular momentum, 79, 228, 254, 385

central, 27, 79, 266, 385, 417, 437, 451

principle of, 228, 255

angular speed, 24

angular velocity, 19, 20

addition theorem for, 28

definition of, 20

and direction cosines, 334

and Euler parameters, 341

holonomic partial, 51

matrix, 334

nonholonomic partial, 51

and orientation angles, 336

partial, 39, 51

simple, 24, 25

simplification of expressions for, 47

and Wiener-Milenković parameters, 345

antenna, 308

approximations, 292

astatic center, 391

astronomical reference frame, 192

attitude, 247, 361

auxiliary reference frames, 28

axis of rotation, 306

balancing, static, 68

ball-and-socket joint, 374

beams, elastic, 396

beats, 462

bevel gear, 366, 397

binormal, vector, 357

body-three angles, 6, 321, 337, 483, 488

body-two angles, 6, 321, 337, 339, 483, 488

bouncing, 237

bound vector, 100

buoyancy forces, 410

Cartesian coordinates, 39

cavity, spherical, 247, 397

central angular momentum, 27, 79, 266, 385, 417,

437, 451

central axis, 390, 391

central inertia dyadic, 80, 81

central inertia scalars, 81, 401

central principal axes, 87

central principal moments of inertia, 87

central principal planes, 87

central principal radii of gyration, 87

centroid, 70

characteristic equation, 88, 469

checking function, 246

circular frequency, 289, 460

circular orbit, 247, 360

circular wire, 406

closed-form solutions, 261

coefficient

inertia, 182, 419

of kinetic friction, 122, 231

of restitution, 230

of static friction, 122, 230

collisions

inelastic, 230

perfectly elastic, 230

component of a vector, 8

cone

right-circular, 217, 368

truncated, 366

configuration, 39
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configuration constraints, 39

conservation

of angular momentum, 228

of energy, 228

of mechanical energy, 244

principle of, 228, 244

constant

damping, 116, 249, 398

gravitational, 103, 454

spring, 111, 174, 435

constraint equations

holonomic, 39, 136

nonholonomic, 48, 240

linear, 48, 138

nonlinear, 55, 140

rheonomic, 40

scleronomic, 40

constraint forces, 134, 142, 277

identification of, 135, 143

constraint torques, 142, 277

identification of, 143

contact forces, 109

continuation method, 285

contributing interaction forces, 116

contributions, potential energy, 173, 418

control laws, 447

coordinates

Cartesian, 39

curvilinear, 64

cyclic, 255

generalized (see generalized coordinates)

ignorable, 255, 442

normal, 291

orthogonal curvilinear, 64

pseudo-generalized, 395, 434

Coriolis acceleration, 36

Coulomb friction forces, 122

couple, 104

simple, 104

torque of, 104

coupling, dynamic, 419

critical damping, fraction of, 289

critically damped free vibrations, 458

cube, 415

curvature, principal radius of, 357

curvilinear coordinates, 64

orthogonal, 64

cyclic coordinates, 255

cylinder, 407, 425

and piston, 407, 425

damped harmonically forced vibrations, 460

damper

magnetic, 247

nutation, 266

viscous fluid, 116, 247, 397, 428

damping constant, 116, 249, 398

damping factor, 284

damping, critical, 289

dashpot, 266, 415

degrees of freedom, 48, 56

derivative

first, 9

notation for, 12

ordinary, 10, 14–17

of products, 13

representations of, 11

second, 14

of sums, 13

total, 15

differential equations

dynamical, 240

kinematical, 45, 240, 339, 360, 488

linear, 289

of motion, 265

numerical integration of, 265

differentiation

ordinary, 13

successive, 14, 15

of sums, 13

in two reference frames, 27

of vectors, 1

direction cosine matrix, 2, 3, 309, 316, 327, 334,

346, 384, 483

direction cosines, 2, 309

angular velocity and, 334

disk, sharp-edged circular, 48, 140, 392

displacement amplification factor, 464

dissipation functions, 178, 415, 416

distance forces, 109

door, 22

double pendulum, 116, 372

dyadic, 77

central inertia, 80, 81

inertia, 78–81

scalar postmultiplication of, 78

scalar premultiplication of, 77

symmetric, 252

time derivative of, 252, 385

unit, 78, 307

zero, 252

dynamic coupling, 419

dynamical differential equations, 240

dynamical equations, 191, 424

additional, 202

Euler’s, 427

Kane’s, 191

linearization of, 205

eigenvalues of a symmetric matrix, 89, 290

eigenvectors of a symmetric matrix, 89, 290

ellipsoid, inertia, 97, 388

energy

conservation of, 228
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kinetic (see kinetic energy)

mechanical, 244

conservation of, 244

potential, 163, 214

energy integrals, 243, 441

engine, reciprocating, 425

equivalence, 105, 147

Euclidean norm, 284

Euler parameters, 326

angular velocity and, 341

Euler rotation, 306

Euler theorem on rotations, 328

Euler vector, 326

Euler’s dynamical equations, 427

Euler’s first law, 427, 451

Euler’s second law, 427, 451

exact closed-form solutions, 261

extension of a spring, 174

feedback control laws, 447

first derivatives, 9

fluid damper, viscous, 116, 247, 397, 428

force amplification factor, 464

forces

acting on a rigid body, 113

buoyancy, 410

constraint, 134, 142, 277

contact, 109

contributing interaction, 116

Coulomb friction, 122

distance, 109

gravitational, 412

inertia, 128, 129

generalized (see generalized inertia forces)

noncontributing, 148, 158

terrestrial gravitational, 118

forcing function, 289

formulation of equations of motion, 191

Foucault pendulum, 192, 206

fraction of critical damping, 289

free vector, 100

free vibrations (see vibrations)

freedom, degrees of, 48, 56

frequency

circular, 289, 460

natural, 289

friction, coefficients of, 122, 230, 231

gains, 447

gear, 366

bevel, 366, 397

pinion, 398

reduction, 397

train, 225

generalized active forces, 109

contribution of a rigid body to, 113

holonomic, 109

nonholonomic, 110

generalized coordinates, 42

number of, 44, 374

generalized impulse, 223, 437

generalized inertia forces

contribution of a rigid body to, 129, 401

and Gibbs function, 403

holonomic, 128

and kinetic energy, 184

nonholonomic, 128

generalized momentum, 223, 437

generalized velocities, 48

Gibbs function, 389, 403

contribution of rigid body to, 389

and generalized inertia forces, 403

gimbal, 25, 317, 430

gimbal lock, 325

gimbal ring, 7, 25, 444

gradient, 388

gravitation

law of, 103

gravitational constant, 103, 454

gravitational force per unit mass, local, 111

gravitational forces, 412

terrestrial, 118

gravitational torque, 412

Guldin’s rules, 381

gyration, radius of (see radius, of gyration)

gyroscope, 7, 8, 25, 317, 430

gyrostat, 256

Hamiltonian, 243, 440, 441

harmonic oscillator, 242

helix, 382

holonomic

constraint equation, 39, 136

partial angular velocity, 51

partial velocity, 51

system, 48

homogeneous kinetic energy functions, 182

Hooke’s joint, 105, 405

ignorable coordinates, 255, 442

impulse

generalized, 223, 437

normal, 230

tangential, 230

inelastic collision, 230

inertia

maximum moment of, 97, 383

minimum moment of, 97, 383

moment of, 72

principal moments of, 87

product of, 72, 382, 387

inertia coefficient, 182, 419

inertia dyadic, 78–81

inertia ellipsoid, 97, 388

inertia forces, 128, 129

generalized (see generalized inertia forces)
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inertia scalars, 72

central, 81, 401

evaluation of, 83

inertia torque, 129, 400, 401

and angular momentum, 400

inertia vector, 71

initial perturbations, 275

integrals

energy, 243, 441

of equations of motion, 163, 240, 241

momentum, 254

integration, numerical, 265

interaction forces, 116

Jacobian, 284

Kane’s dynamical equations, 191

Kepler’s first law, 404, 454

Kepler’s second law, 404, 454

Kepler’s third law, 454

kinematical differential equations, 45, 240, 339,

360, 488

kinetic energy, 179

and generalized inertia forces, 184

relative, 418

of a rigid body, 179, 416

of a robot arm, 418

rotational, 179, 417

translational, 179

of a triangular plate, 416

kinetic energy functions, 182

kinetic friction, coefficient of, 122, 231

kinetic potential, 255, 427, 442

Lagrange’s equations, 62

of the first kind, 427

of the second kind, 428

Lagrangian, 427, 440

law of action and reaction, 108, 135

limit, 10, 19

line of action, 100

linear differential equations, 289

linear momentum, 102, 254, 437

principle of, 255

linear spring, 174

linearization of dynamical equations, 205

linkage

planar, 361, 373, 374, 394, 451, 452

motion analysis of, 361

local gravitational force per unit mass, 111

logarithmic decrement, 457

lumped-mass model, 296

magnetic damper, 247

mass center, 67, 69

of a uniform body, 70

mass distribution, 67

mass matrix, 290

matrix

angular velocity, 334

direction cosine, 2, 3, 309, 316, 327, 334, 346,

384, 483

mass, 290

modal, 290

skew-symmetric, 327

stiffness, 290

symmetric, 89, 290

unit, 311

maximum moment of inertia, 97, 383

mean solar time, 192

measure number of a vector, 8

mechanical energy, 244

conservation of, 244

minimum moment of inertia, 97, 383

modal matrix, 290

modal truncation, 292

mode, normal, 291

moment

about a point, 101

of inertia, 72

bounds, 387

maximum value of, 97, 383

minimum value of, 97, 383

principal, 87

of minimum magnitude, 390, 391

momentum

angular (see angular momentum)

generalized, 223, 437

linear, 102, 254, 437

momentum integrals, 254

motion constraints, 48

motion variables, 39, 45, 428

motions resembling states of rest, 220

natural frequency, 289

Newton’s law of gravitation, 103

Newton’s second law, 135, 192

Newton-Euler method, 451, 452

Newton-Raphson method, 283

Newtonian reference frame, 191, 192, 421

secondary, 199

systems at rest in a, 213

noncontributing forces, 148, 158

nonholonomic

constraint equations, 48, 240

linear, 48, 138

nonintegrable, 51

nonlinear, 55, 140

partial acceleration, 58

partial angular acceleration, 58

partial angular velocity, 51

partial velocity, 51

system, 48

complex, 56

simple, 48, 61, 138
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nonlinear, algebraic equations, 282

normal coordinates, 291

normal impulse, 230

normal mode, 291

numerical integration, 265

nutation damper, 266

nutation generator, 275

orbit

circular, 247, 360

of a satellite, 21

ordinary derivative, 10, 14–16

evaluation of, 17

orientation angles, 6, 317, 336

angular velocity and, 336

orthogonal curvilinear coordinates, 64

orthogonality, 294

oscillator, harmonic, 242

overdamped free vibrations, 459

Pappus, theorems of, 381

parallel axes theorems, 81

parallelepipeds, 4

partial acceleration, 57

nonholonomic, 58

partial angular acceleration, 57

nonholonomic, 58

partial angular velocity, 39, 51

holonomic, 51

nonholonomic, 51

partial derivatives

first, 9

second, 14

partial differentiation, 9

successive, 14

partial velocity, 39, 51

acceleration and, 60

holonomic, 51

nonholonomic, 51

Passerello-Huston equations, 62, 427

path point, 359

pendulum

double, 116, 372

Foucault, 192, 206

simple, 413

perfectly elastic collision, 230

period, 456

perturbations, 205

initial, 275

phase angle, 460

pinion gears, 398

piston, 407, 425

piston rings, 407

planar linkages, 361, 373, 374, 394, 451, 452

Poisson’s kinematical equations, 335

postmultiplication, scalar, 78

potential energy, 163

principle of stationary, 214

potential energy contributions, 173, 418

precession, 436

premultiplication, scalar, 77

pressure, 123

principal axis, 87, 386

central, 87

principal moments of inertia, 87

principal normal, vector, 357

principal plane, 87

principal radius

of curvature, 357

of gyration, 87

principle

angular momentum, 228, 255

of conservation of mechanical energy, 244

energy conservation, 228

linear momentum, 255

of stationary potential energy, 214

product of inertia, 72, 382

bounds, 387

pseudo-generalized coordinates, 395, 434

pseudo-motion variables, 395, 434

pure rolling, 365

rack-and-pinion drive, 369, 398

radius

of curvature, 357

of gyration, 72, 382

minimum, 386, 388

principal, 87

of a shell, 386

reciprocating engine, 425

reduction gear, 397

reference frames, 1

astronomical, 192

auxiliary, 28

inertial, 191

Newtonian, 191, 192, 421

secondary, 199

systems at rest in a, 213

relative velocity, 418

replacement, 105

rest

motions resembling states of, 220

in a Newtonian reference frame, 213

resultant, 100

rheonomic constraint equation, 40

rigid body, 1

acceleration of one point moving on a, 35

acceleration of two points fixed on a, 34

angular acceleration of a, 30

angular velocity of a, 19

constraint forces acting on a, 142

forces acting on a, 113

kinetic energy of a, 179, 416

rotational motion of a, 19

time derivative of vector fixed in a, 20
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rigid body (cont.)

velocity of one point moving on a, 35

velocity of two points fixed on a, 34

robot arm, 369, 378, 398, 401, 402

dynamical equations for, 424

feedback control laws, 447

kinetic energy of, 418

potential energy contribution of, 418

rolling, 138, 365, 397, 423

cone, 368

pure, 365

without slipping, 148, 365

rotation

axis of, 306

Euler, 306

simple, 2, 306, 308, 311, 317, 328, 331, 336

successive, 3, 317, 321–323

rotational motion of a rigid body, 19

rotor, 7

of a gyroscope, 25, 317

Routhian, 442, 443

satellite, 21, 348, 421, 476

scalar angular acceleration, 31

scalar postmultiplication, 78

scalar premultiplication, 77

scalar triple product, 354

scanning platform, 315

scleronomic constraint equation, 40

second derivatives, 14

Serret-Frênet formulas, 357

shear, 123

sidereal

day, 192

time, 192

simple angular velocity, 24, 25

simple couple, 104

simple nonholonomic system, 48, 61, 138

simple pendulum, 413

simple rotation, 2, 306, 308, 311, 317, 328, 331, 336

skew-symmetric matrix, 327

slipping, 148, 365

smooth surfaces, 148

solar time, 192

space curve, 357, 363

space-three angles, 321, 337, 339, 483, 488

space-two angles, 321, 337, 483, 488

spacecraft, 247, 266, 308, 315, 348, 404, 408

formation flying, 404

spherical cavity, 247, 397

spin-up, 348

spring

extension of, 174

linear, 174

torsion, 116, 174

spring constant, 111, 174, 435

spring modulus, 116, 174

square of a vector, 13

static balancing, 68

static friction, coefficient of, 122, 230

stationary potential energy, principle of, 214

steady motion, 217, 436, 455

steady precession, 436

steady-state amplitude, 461

steady-state response, 460

stiffness matrix, 290

successive differentiation, 14

in various reference frames, 15

successive rotations, 3, 317, 321–323

symmetric dyadic, 252

symmetric matrix

eigenvalues of, 89, 290

eigenvectors of, 89, 290

symmetry considerations, 88

tangent, vector, 357

tangential impulse, 230

terrestrial gravitational forces, 118

thrust bearing, 366

time derivative

of a dyadic, 252, 385

of a vector fixed in a rigid body, 20

topspin, 237

torque, 104

constraint, 142, 277

gravitational, 412

inertia, 129, 400, 401

torsion, 357

torsion spring, 116, 174

total derivative, 15

transient response, 460

translational motion of a point, 19

triple product, scalar, 354

truncation, modal, 292

truss, 296

tumbling, 348

undamped free vibrations, 456

undamped harmonically forced vibrations, 462

underdamped free vibrations, 457

unit dyadic, 78, 307

unit matrix, 311

unit vectors, mutually perpendicular, 2, 8

universal gravitational constant, 103, 454

variable-speed motor, 463

vector

bound, 100

Euler, 326

free, 100

measure number of a, 8

square of, 13

unit, 2

Wiener-Milenković, 331

vector binormal, 357

vector functions, 6, 14

www.cambridge.org/9781107005693
www.cambridge.org


Cambridge University Press
978-1-107-00569-3 — Dynamics
Carlos M. Roithmayr , Dewey H. Hodges 
Index
More Information

www.cambridge.org© in this web service Cambridge University Press

Index 511

vector principal normal, 357

vector tangent, 357

velocity

angular (see angular velocity)

of approach, 229

holonomic partial, 51

nonholonomic partial, 51

of one point moving on a rigid body, 35

partial, 39, 51

relative, 418

of separation, 230

of two points fixed on a rigid body, 34

vibrations

critically damped free, 458

damped harmonically forced, 460

overdamped free, 459

undamped free, 456

undamped harmonically forced, 462

underdamped free, 457

viscous fluid damper, 116, 247, 397, 428

Wiener-Milenković parameters, 331

angular velocity and, 345

Wiener-Milenković vector, 331

wrench, 390

zero dyadic, 252
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