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acatastatic constraint, 266
acceleration, 28, 29
angular, 30
due to gravity, 118
in cartesian coordinates, 31
in intrinsic coordinates, 33
in polar coordinates, 32, 33
of fluid, 160, 161
relative, 28, 43, 71
action, 284, 303
activity equation, 105
Adams, J. C., 49, 96
angles, Euler’s, 224, 225
angular acceleration, 30
angular momentum
of a particle, 120
of a rigid body, 170, 171, 195, 196,
201
of several particles, 138, 139
angular velocity, 30
anomaly, true, 89, 126
Appell, P., 269
approximation techniques, 4, 5, 8
Aristotelian space-time, 75
axioms, xii—xiv, 64~6, 74
axis, principal, 198-203

Berkeley, G., 84
body, 11, 35
Bunge, M., 66

canonical transformations, 290-3
cartesian coordinates, 31
catastatic constraint, 266
centrifugal force, 41, 76, 82, 115
centroid, 134-7, 139, 141
coefficient of friction, 61, 189, 190
coefficient of restitution, 130, 233
compound pendulum, 186-9
conic sections, 126

conservative fields, 108-13
conservative systems, 113, 114
constant of gravitation, 91, 93-5

constraint, 155-9
acatastatic, 266
catastatic, 266
holonomic, 157, 158, 237, 264
nonholonomic, 157, 158, 265
of rigidity, 166, 167
rheonomic, 159, 238, 254, 265
scleronomic, 159, 265
workless, 159, 244
contact transformations, 290-3, 299
continuity equation, 161
coordinate transformations, 197, 198
coordinates
cartesian, 31
Euler’s angular, 224, 225
generalised, 237-9
ignorable, 251, 252
intrinsic, 32, 33
plane polar, 31, 32
Coriolis force, 76, 79, 82, 115
curvature, 33, 34
of space, 26, 27

degrees of freedom, 155, 156
density, 160

deterministic motion, 14
Dicke, R., 98

dimensions of space, 18
double pendulum, 255-7

earth, motion relative to, 76-82
eccentricity, 89, 126
Einstein, A., 70, 85
ellipsoid of inertia, 203
elliptic orbits, 87, 89, 126, 127
energy
conservation of, 113, 114, 253-5
kinetic, 105, 137, 138, 173, 185, 212,
213, 23942
potential, 109, 110, 140, 214
energy integral, 112-14, 159, 253-5
Eotvos, R. V., 98
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equations of impulsive motion
for a particle, 121-3
for a rigid body, 229-31
Lagrange’s, 269-71
equations of motion
Euler’s, 211
for a fluid, 164, 165
for a particle, 48-52, 103, 120
for a rigid body, 168-70, 172, 184,
185, 208-11
for several particles, 141, 143, 144
Hamilton’s, 287-91
Lagrange’s, 246-50, 267, 268
equimomental systems, 173, 212
Euclidean space, 12, 23, 24, 27, 69, 70,
76
Euler, L., 284
Euler’s angles, 224, 225
Euler’s equations, 211
event, 75

falsification of theory, 8, 50-3
fictitious forces, 40-2, 49-52, 64, 73, 76,
115, 249
fields
conservative, 108-13
gravitational, 90, 92, 93, 106, 116-19
irrotational, 106-8
scalar, 23
vector, 23, 105, 106
fluid dynamics, 159-65
force, 10, 3944, 47, 49-51, 64
apparent gravitational, 78
centrifugal, 41, 76, 82, 115
centripetal, 64
conservative, 109-13
Coriolis, 76, 79, 82, 115
definition of, 39, 43
external, 141, 143
fictitious, 40-2, 49-52, 64, 73, 76, 115,
249
generalised, 244-6
gravitational, 41, 56, 73, 88, 89, 139
impressed, 40-2, 64, 73
impulsive, 121-3
internal, 140-3
moment of, 120
monogenic, 111
of constraint, 157, 268
resistive, 55
time dependent, 110, 111, 115
Foucault, J., 80
Foucault’s pendulum, 50, 80-2
frame of reference, 12, 17, 67
inertial, 38, 39, 52, 724, 82, 83
rotating, 71, 72, 75-81, 84
friction, coefficient of, 61, 189, 190
fundamental equation, 261, 264

Galilean transformation, 74, 84
Galileo Galilei, 86, 94, 98
general relativistic correction, 98-100
Gibbs, J. W., 269
gradient, 108
gravitation, 86-102

constant of, 91, 93-5

universal law of, 93
gravitational field, 92, 93, 106

constant, 102, 118-19, 139, 140

of a particle, 116

of a spherical body, 117

of several particles, 117
gravitational force, 88, 89, 92, 93, 101,

102

apparent, 78, 101, 102
gravitational mass, 92, 97, 98
gyration, radius of, 173, 174

Hamilton-Jacobi equation, 297-300

Hamilton’s characteristic function, 301-
3

Hamilton’s equations of motion, 287-91

Hamilton’s principal function, 295, 296

Hamilton’s principle, 276-81

Hamiltonian function, 288

harmonic oscillator, 303, 304

Hertz, H., 66

Hohmann transfer orbit, 128, 129

holonomic constraint, 157, 158, 237,
264

holonomic systems, 157, 158

hyperbola, 127

ignorable coordinate, 251, 252
impulsive motion, 121-3, 229--34, 269-
71
inertia, law of, 38, 39
inertia tensor, 196
inertial frame of reference, 38, 39, 52,
72-4, 82, 83
initial cqnditions, 14
integrals of equations of motion
angular momentum, 120, 146, 147
energy, 112-14, 253-5
generalised momentum, 251
in Hamiltonian form, 292
Jacobi’s, 252-5, 268
linear momentum, 119, 146
intrinsic coordinates, 32, 33
inverse square law orbits, 89, 125-9,
305, 306
irrotational fields, 106, 107

Jacobi, K. G. J., 285
Jacobi’s integral,
in analytical mechanics, 252-5, 268,
288
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Jacobi’s integral (cont.)
in celestial mechanics, 115, 150
Jupiter, 92

Kepler, J., 86, 87
Kepler’s laws, 87-9, 92, 94
Kilminster, C. W., 66
kinematics, 33, 34
kinetic energy
in generalised coordinates, 23942
of a particle, 103
of a rigid body, 173, 185, 212, 213
of several particles, 137, 138
Kénig's theorem, 138

Lagrange multipliers, 266, 267

Lagrange’s equations
for a conservative system, 249, 250
for a holonomic system, 246-50
for a nonholonomic system, 267-9
for impulsive motion, 269-71

Lagrangian function, 249, 281

lamina theorem, 175, 176

Lanczos, C., 111

Leverrier, U. J. ]., 49, 96

line integral, 106

linear momentum, 119, 134
conservation of, 119, 146

Mach, E., 37, 45, 46, 65, 66, 84
Mach’s principle, 84, 85
McKinsey, J. C. C., 66
manifold, 18
mass, 43-7, 65
centre of, 134
definition of, 43
gravitational, 92, 97, 98
inertial, 46, 97, 98
ratio, 45, 46
variable, 150-2
Maupertuis, P. L. M. de, 284
Mercury, advance of perihelion, 50, 95,
96
modelling, 1-8
moment, 120
moment of inertia, 171-82, 195, 196,
200-3
momental ellipsoid, 203
momentum
angular, 120, 138, 139, 170, 171, 195,
196, 201
generalised, 240-2, 251, 287
linear, 119, 134
monogenic forces, 111

Neptune, 49, 96
Newton, 1., 11, 16, 37, 39, 46, 64, 65, 84,
924

newton, 47
Newtonian space-time, 75
Newton’s bucket experiment, 84
Newton’s law of gravity, 93, 94
Newton’s law of motion, 74

first law, 38, 65

second law, 47, 65

third law, 44, 65, 90, 97, 141, 142
nonholonomic constraint, 157, 158, 265
nonholonomic system, 157, 158, 267-9,

271-3

normal modes of oscillation, 258-60

orbits, 87-90, 125-9
oscillations
normal modes, 258-60
simple harmonic, 303, 304

parabola, 127
parallel axis theorem, 174, 175, 197, 198
particle, 12, 35, 37, 141, 142
pendulum,
compound, 186-9
double, 255-7
Foucault’s, 50, 80-2
simple, 124, 125
planetary motion, 2, 86-97, 99
Pluto, 96
Poisson bracket, 292-5
polar coordinates, 31-3
position vector, 27-9
relative, 17, 25, 68
potential energy, 109-14
due to a centrifugal force, 115
due to a particle, 116
due to a spherical body, 117
due to several particles, 117
in a constant field, 118-19, 140, 214
potential function, 108, 245, 246
generalised, 111
time dependent, 110, 111, 114, 115,
253
power, 104, 105
pressure, 162
primitive concepts, 10-13
principal axis of inertia, 198-203
principal moment of inertia, 200-3
Principia, Newton’s, xi, 16, 37
principle of least action, 282-5
products of inertia, 196
projectiles
vertical motion, 55-7
with Coriolis force, 79
with resistance, 59-62
without resistance, 57-8

quantum mechanics, 13-15, 37, 303
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radius of gyration, 173, 174
rectilinear motion, 53-7
Reeve, J. E., 66
relativity
general, 27, 70, 85, 89
Newtonian, 68-76
special, 20, 70
resistive force, 55
restitution, coeflicient of, 130, 233
rheonomic constraint, 159, 238, 254,
265
rigid body, 166-8
degrees of freedom of, 167
equations of motion of, 168-70, 172,
184, 185, 208-11
Euler’s equation for, 211
kinetic energy of, 173, 185, 212, 213
rockets, 152—4
rolling motion, 34, 192, 271-3
rotating frames of reference, 71, 72, 75—
81, 84
Routh, E. J., 252

Saturn, 92
scalar field, 23
scalar quantity, 22
scleronomic constraint, 159, 265
second, 21
semilatus rectum, 89, 90, 126
semimajor axis, 89, 127
simple harmonic motion, 303, 304
simple pendulum, 124, 125
space, 10-12, 16-18, 69, 70
space-time, 27, 70, 75
speed, 29
spinning top, 224-8, 257, 293, 294
Sugar, A. C., 66
Suppes, P., 66
systems
acatastatic, 266
catastatic, 266
conservative, 113, 114
equimomental, 212
holonomic, 157, 158
nonholonomic, 157, 158, 267-9, 271-
3

systems (cont.)
of particles, 132-50
rheonomic, 159
scleronomic, 159

testing
models, 6-8
theories, 8, 9
three body problem, 115, 148-50
time, 10-12, 19-22, 69, 70
time derivative, 29, 72
top, spinning, 224-8, 257, 293, 294
transformations
contact (or canonical), 290-3, 299
coordinate, 197, 198
Galilean, 74, 84
true anomaly, 89, 126
two body problem, 147, 148
Tycho Brahe, 86, 90

Uranus, 49, 96

variable mass, 150-2
variational principles, 276-85
vector field, 23, 105, 106
vector quantity, 22
vectors, 23-5
parallelogram law of addition, 23, 47
position, 27-9
scalar product, 24
vector product, 25
velocity, 28-9
angular, 30
components of, 31-3
generalised, 238, 239
relative, 28, 69, 70
virtual displacement, 242, 243, 265, 266,
276, 277
virtual work, 243
viscosity, 163
vorticity, 164
Vulean, 96

weight, 100-2
work, 104
virtual, 243
workless constraint, 159, 244
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