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F = ma, xi, 4, 11, 50, 63

action, 158
comet, 184
harmonic oscillator, 160
Lennard-Jones potential, 165
pendulum, 34
projectile, 179
action, in Hamilton’s principle, 79
adiabatic change, 168
adiabatic invariant, 170, 174
angle variable, 156
harmonic oscillator, 162
pendulum, 35
projectile, 180
angular momentum, 65, 85, 183
aphelion, 184

bead on a circular loop, 67, 123
Borges, J. L., xi

canonical transformation, 138
harmonic oscillator, 138
time-dependent, 149

center of mass momentum, 8

comet, 181

contingency, 178, 183

coordinates
center of mass, 7, 85
collective, 6
generalized, 53
parabolic, 80, 106, 130
relative, 85
spherical, 54

cyclotron frequency, 104

d’Alembert’s principle, 50, 62, 67

for free particle, 65
for lever, 49

for pendulum, 56
for springulum, 55

degree of freedom, 45, 54
double pendulum, 196

elevator, 51
energy

conservation, 11, 16

for conservative forces, 12
gravitational, 11

kinetic, 15

potential, 12

Feynman, R. P., 80
fictitious force, 92

force

applied, 46, 50, 69

centrifugal, 53, 65, 99, 109, 169
conservative, 14

of constraint, 5, 46, 89

Coriolis, 53, 99

electrostatic, 102

fictitious, 66, 114

friction, 13

inertial, 53, 66

Lorentz, 102

free particle, 63

Gamma Quadrant, 8
gauge function, 95, 141
generalized acceleration, 92
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generalized coordinates, 53, 67
accelerating reference frame, 91
rotating platform, 96

generalized force, 28, 70

generalized momentum, 30, 84
conjugate, 84
conserved, 84, 88, 92
double pendulum, 197
free particle, 84
Lorentz force, 104
mass on a train car, 92
in matrix form, 88, 114
pendulum on a rolling cart, 88
rotating platform, 98

generalized velocity, 69

generating function, 139
harmonic oscillator, 142
type-1, 142, 149, 171
type-2, 143, 151, 157

Halley, E., 181
Hamilton, W., 133
Hamilton—Jacobi equation, 145
comet, 183
projectile, 178
separable, 147, 148
time-dependent, 151
two-dimensional harmonic oscillator, 147
Hamiltonian, 121
bead on a circular loop, 125
comet, 182
double pendulum, 198
harmonic oscillator, 135
in polar coordinates, 148
mass on a train car, 125
masses on springs, 192
projectile, 177
time dependence, 126, 173
time-dependent harmonic oscillator, 172
Hamilton’s equations, 123
in action—angle variables, 159
pendulum, 31
polar coordinates, 118
stationary coordinate system, 117
Hamilton’s principal function, 149
Hamilton’s principle, 77
harmonic oscillator
action—angle variables, 136, 160
canonical transformation, 138
Hamiltonian, 135
Lagrangian, 95

in rescaled coordinates, 135

time-dependent, 170

type-1 generating function, 142

type-2 generating function, 143
holonomic constraints, 47, 62, 75
Hoth, 54

inclined plane, 43
in-phase mode, 190
integrable, 134, 199

jerk, 17

kinetic energy, 15, 72
as function of momentum, 115
as function of velocity, 113
in matrix form, 113, 119
in polar coordinates, 64
in special relativity, 126

Lagrange, J.-L., 75
Lagrange multiplier, 58
Lagrange’s equation, 75
pendulum, 30
rotating platform, 99
springulum, 76
Lagrangian, 63, 75
ambiguity in, 94
bead on a circular loop, 124
center of mass and relative coordinates, 86
double pendulum, 197
for Lorentz force, 104
mass on a train car, 92
masses on springs, 188
masses on springs, in normal mode
coordinates, 191
pendulum on a rolling cart, 87
rotating platform, 98
rotating platform, polar coordinates, 99
springulum, 76
Lanczos, C., 48
Legendre transformation, 121
Lennard-Jones potential, 164
lever, 48

mass on a rotating rigid rod, 110

mass on a train car, 91, 125

mass whirling at the end of a string, 111
mechanical advantage, 49, 59

Menard, P., xii
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momentum, see generalized momentum
Murray, B., 154

Newton, I., xi, 3
Noether’s theorem, 85
normal modes, 187

out-of-phase mode, 190

pendulum, 5
in Cartesian coordinates, 20
in polar coordinates, 23
Solvay, 167
using d’Alembert’s principle, 56
pendulum of the mind, 19, 196
pendulum on a rolling cart, 86
perihelion, 184
period, 155, 159
periodic motion
abbreviated libration, 177
libration, 156, 170
rotation, 155
phase space, 32, 127
bead on a circular loop, 128
comet, 184
double pendulum, 198
Lennard-Jones potential, 165
masses on springs, 194
Poincaré surface of section, 193
point particle, 3
polar bear, ice skating, 111
polar coordinates
acceleration in, 25, 65
kinetic energy in, 28, 64, 109

magnetic field Lagrangian, 104
rotating platform, 99
velocity in, 24
potential energy, 14, 41
principle of least action, 79
principle of virtual work
dynamics, 50
statics, 48
projectile, 176

reasoning, deductive versus inductive, xii
restless interconversion between kinetic
and potential energy, 30, 79, 108

Solvay pendulum, 167

spring, 12

springulum, 54, 76

static equilibrium, 41

swinging Atwood machine, 175
symplectic, 152

tension, 21, 26

trajectory
comet, 187
projectile, 181

vector potential, 102
virtual displacement, 43, 51, 57
virtual routes, 77
virtual work, 45
by applied forces, 69
by inertial forces, 71

water balloon, 10
work, 13
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