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PREFACE

HE book, of which this is the third edition, is intended as a

text-book of Dynamics, for the use of students who have some
acquaintance with the methods of the Differential and Integral
Calculus. Its scope includes the subjects usually described as
Elementary Dynamics, Dynamics of a Particle, and Dynamics of a
Rigid Body moving in two dimensions. It also includes an attempt
to trace the logical development of the theory.

Within the chosen range of subject-matter there are many
topics, such as the oscillation of a pendulum through wide angles,
which it would be inappropriate to omit although they are difficult
for a beginner. Articles dealing with such topics are marked with
an asterisk. A student reading the subject for the first time, and
without the guidance of a teacher, is advised to confine his atten-
tion to the unmarked Articles and the unmarked collections of
Examples inserted in the text. Many of these Examples are well-
known theorems, and some of them are referred to in subsequent
demonstrations. Collections of miscellaneous Examples are ap-
pended to most of the Chapters. It is hoped that these will be
useful to teachers and to students engaged in revising their work.
A few of them, which I have not found in Examination papers, are
taken from the well-known collections of Besant, Routh, and
Wolstenholme.

The works which were most useful to me in regard to matters
of theory, when I was writing the first edition of this book, were
Kirchhoff’s Vorlesungen iiber mathematische Physik (Mechanik),
Pearson’s Grammar of Science, and Mach’s Science of Mechanics.
The last ought to be in the hands of all students who wish to
follow the history of dynamical ideas. In regard to methods for
the treatment of particular questions, I am conscious of a deep

obligation to the teaching of Mr R. R. Webb.
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vi PREFACE

For the second edition the book was largely re-written and
entirely re-arranged. In the present edition few changes have been
made in the text. New Articles, which have been added, are
marked with the letter A, thus “102A.” The number of miscel-
laneous Examples has been reduced considerably, but it is hoped
that the most interesting have been retained, and that these are
still sufficiently numerous.

A  E. H LOVE

OXFORD.
April, 1921.

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



http://www.cambridge.org/9781107593459
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-59345-9 - Theoretical Mechanics: An Introductory Treatise on the Principles

of Dynamics
A. E. H. Love
Frontmatter
More information

U WS~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

CONTENTS

INTRODUCTION

T.

Nature of the science . . . .
Motion of a particle

Measurement of time

Determination of position

Frame of reference .

PAGE

St W O N

Choice of the time-measuring process and of the frame of re-

ference

CHAPTER I

=2

DISPLACEMENT, VELOCITY, ACCELERATION

Introductory . . . . .
Displacement .

Definition of a vector

Examples of equivalent vectors
Components and resultant
Composition of any number of vectors
Vectors equivalent to zero
Components of displacement .
Velocity in a straight line

Velocity in general .

Localized vectors . .
Formal definition of velocity .
Measurement of velocity .

Moment of localized vector

Lemma

Theorem of moments

Acceleration .
Measurement of a.cceleratlon .
Notation for velocities and acceleratlons
Angular velocity and acceleration .
Relative coordinates and relative motions
Geometry of relative motion

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107593459
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-59345-9 - Theoretical Mechanics: An Introductory Treatise on the Principles

of Dynamics
A. E. H. Love
Frontmatter

More information

viil CONTENTS

CHAPTER II

THE MOTION OF A FREE PARTICLE IN A FIELD OF FORCE

ART.

29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

52

53
54
55
56
57

58
59

Gravity .

Field of force .

Rectilinear motion in a umform ﬁeld

Examples

Parabolic motion under gra.v1ty

Examples

Motion in a curved pa.th .

Acceleration of a point describing a plane curve

Exzamples . .

Simple harmonic motion . .

Composition of simple harmonic motmns

Examples .

Kepler’s laws of planeta,ry motlon .

Equable description of areas .

Radial and transverse components of veloclty a,nd aeceleratlon

Examples . .

Acceleration in central orblt .

Examples . .

Elliptic motion about a focus .

Examples

Inverse problem of central orblts

Determination of central orbits in a given ﬁeld

Orbits described with a central a.cceleratlon varying mversely
as the square of the distance

Additional examples of the detex‘mlna.tlon of centra,l OI‘bltS in
given fields .

Conic described about a focus Foca.l chord of curvature

Law of inverse square. Rectilinear motion

Examples .

Field of the Earth’s grav1ta.t10n

Examples . .

Miscellaneous Emmples

CHAPTER III
FORCES ACTING ON A PARTICLE

The force of gravity
Measure of force .
Units of mass and force .

PAGE

27
27
27
28
28
30
32
32
33
34
35
36
37
37
38
39
40
40
41
42
44
44

45

46
47
48
49
50
50
51

57
58
59

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107593459
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-59345-9 - Theoretical Mechanics: An Introductory Treatise on the Principles

of Dynamics
A. E. H. Love
Frontmatter
More information

CONTENTS

ART.

61
62
63
64

65
66
67
68
69
70
71
72
73
74
75
76

~
{

78
79
80

81
82
83
84

85

Vectorial character of force

Examples .

Definitions of momentum and kmetxc 1eact10n
Equations of motion

EQUATIONS OF MOTION IN SIMPLE CASES

Motion on a smooth guiding curve under gravity .
Examples

Kinetic energy and work

Units of energy and work

Power

Friction

Motion on a rough plane

Examples .

Atwood’s machine .

Examples

Simple circular pendulum executmv small osc1llat10ns .

Examples

One-sided constraint
Examples

Conical pendulum
Examples

THEORY OF MOMENTUM

Impulse .
Sudden changes of motlon
Constancy of momentum

ix

PAGE
60
61
62
62

63
65
65

66
67
67
68
68
70
70
71
72
72
73
73

74
74
75

Moment of force, momentum and kmetlc reactlon about an

axis
Constancy of moment of momentum

854 Note (on Moments about a moving axis)

86
87
88
89
90
91
92
93
94

WORK AND ENERGY

Work done by a variable force

Calculation of work.

Work function

Potential function

Forces derived from a potentlal

Energy equation .

Potential energy of a particle in a ﬁeld of force
Forces which do no work

Conservative and non-conservative ﬁelds
Miscellaneous Examples .

75
7
78

79
79
80
81
82
83
84
84
85
86

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107593459
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-59345-9 - Theoretical Mechanics: An Introductory Treatise on the Principles

of Dynamics

A.E. H. Love
Frontmatter
More information
X CONTENTS
CHAPTER IV
MOTION OF A PARTICLE UNDER GIVEN FORCES
ART. PAGE
95 Introductory . . 88
96 Formation of equations of motlon 88
97 Acceleration of a point describing a tortuous curve 89
98 Polar coordinates in three dimensions . 90
99 Integration of the equations of motion . 91
100 Example 91
101 Motion of a body attachecl to a strmg or sprmg 91
102 Examples 93
1024 Force of simple harmomc type 93
103 The problem of central orbits 95
104 Apses . . 95
105 Examples . 97
106 Apsidal angle in nearly cn-cular orblt 97
107 Examples . 98
108 Examples of equations of mot1on expressed in terms of polar
coordinates . . 99
109 Examples of motion under severa.l central forces . 99
110 Disturbed elliptic motion 101
111 Tangential impulse 101
112 Normal impulse 103
113 Examples 103
Miscellaneous Examples 103
CHAPTER V
MOTION UNDER CONSTRAINTS AND RESISTANCES
114 Introductory . . 108
115 Motion on a smooth plane curve under a.ny forces 108
116 Examples . 109
117 Motion of two bodies connecbed by an mextenmble strmg 109
118 Examples 109
119 Oscillating pendulum 110
120 Complete revolution 112
121 Limiting case. 112
122 Examples 113
123 Smooth plane tube rotatmg in lts pla.ne 113
124 Newton’s revolving orbit . . 114
125 Examples 115
126 Motion on a rough plane curve under grawty 116

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107593459
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-59345-9 - Theoretical Mechanics: An Introductory Treatise on the Principles
of Dynamics

A. E. H. Love

Frontmatter

More information

CONTENTS xi

ART. PAGE
127 Examples . . . . . . . 117
128 Motion on a curve in general . . 117
129 Motion on a smooth surface of revolution w1th a vertlcal axis 118
130 Examples . . . . . . . . 119
131 Motion on a surface in general . . . . . . 120
132 Osculating plane of path . . . . . . . 121
133 Exzamples . . . . . . . . . 122
134 Motion in resisting medlum . . . . . . 123
135 Resistance proportional to the Velomty . . . . 123
136 Damped harmonic motion . . . . . . 124
136a Effect of damping on forced oscﬂla.tlon T §8
137 Examples . . . . . . 125
138 Motion in a vertical plane under grav1ty . . . . 126
139 Examples . . . . . . . . . 128
Miscellaneous Examples . . . . . . . 129

CHAPTER VI
THE LAW OF REACTION

140 Direct impact of spheres . . . . . . . 137
141 Ballistic balance . . . . . . . . 137
142 Statement of the law of reactlon . . . . . . 138
143 Mass-ratio . . . . . . . . . . 138
144 Mass . . . . . . . . . . . 139
145 Density . . . . . . . . . . . 139
146 Gravitation . . . . . . . . . . 140
147 Theory of Attractions . . . . . . . . 141
148 Mean density of the Earth . . . . . . . 141
149 Attraction within grav1tatmg sphere . . . . . 142
150 Examples . . . . . . . . 142

THEORY OF A SYSTEM OF PARTICLES

151 Introductory . . . e . . . 143
152 Centre of mass . . . . . . . . . 143
153 Resultant momentum . . . . . . . . 143
154 Resultant kinetic reaction . . . . . . . 144
155 Relative coordinates . . . . . . . . 144
156 Moment of momentum . . . . . . . . 145
157 Moment of kinetic reaction . . . . . . . 146
158 Kinetic energy . . . . . . . . . 146
159 Examples . . . . . 147
160 Equations of motion of a syst.em of pamcles . . . 147
161 Law of internal action . . . . . 148
162 Simplified forms of the equations of motlon . . . 148

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



http://www.cambridge.org/9781107593459
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-59345-9 - Theoretical Mechanics: An Introductory Treatise on the Principles
of Dynamics

A. E. H. Love
Frontmatter
More information
xii CONTENTS
ART. PAGE
163 Motion of the centre of mass. . . . . . . 149
164 Motion relative to the centre of mass . . . . . 149
165 Independence of translation and rotation . . . . 150
166 Conservation of momentum . . . . . 150
167 Conservation of moment of momentum . . . 150
168 Sudden changes of motion . . . . . 150
169 Work done by the force between two partlcles . . . 151
170 Work function . . . . . . . . . 152
171 Potential energy . . . . . 152
172 Potential energy of gra.vxtatmg sy stem . ) . . 183
173 Energy equation . . . . . . 153
174 Kinetic energy produced by 1mpulses . . . . . 154
THE PROBLEM OF THE SOLAR SYSTEM
175 The problem of 2 bodies . . . . . . . 154
176 The problem of two bodies . . . . . . . 155
177 Examples . . . . . . . 156
178 General problem of pla.netary motlon . . . . . 157
BODIES OF FINITE SIZE
179 Theory of the motion of a body . . . . . 158
180 Motion of a rigid body . . . . . . . . 160
181 Transmissibility of force . . . . . . 160
182 Forces between rigid bodies in conta,ct . . . . 161
183 Friction . . . . . . . . . 161
184 Potential energy of a body . . . . . . . 162
185 Energy of a rigid body . . . . . . . . 163
186 Potential energy of a stretched string . . . . . 163
187 Localization of potential energy . . . . . . 164
188 Power . . . . . . . . . 165
189 Motion of a stmng or cha.m . . 165
190 String or chain of negligible mass in contact Wlth a smooth
surface . . . . . N . . 166
Miscellaneous Examples . . . . . . . 167

APPENDIX TO CHAPTER VI
REDUCTION OF A SYSTEM OF LOCALIZED VECTORS

(a) Vector couple . . . . . . 171
() Equivalence of couples in the same plane . . . .17
(¢) Parallel vectors . . . . . . 172
(d) Equivalence of couples in pa.rallel planes . . . . 173
() Composition of couples . . . . . . . 174
(f) Systems of localized vectors in a plane . . . 175
(9) Reduction of a system of vectors localized in lmes . . 176

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



http://www.cambridge.org/9781107593459
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-59345-9 - Theoretical Mechanics: An Introductory Treatise on the Principles

of Dynamics
A. E. H. Love
Frontmatter
More information

CONTENTS xiil

CHAPTER VII
MISCELLANEOUS METHODS AND APPLICATIONS

ART. PAGE
191 Introductory . . . . . . . . . .177
SUDDEN CHANGES OF MOTION
192 Nature of the action between impinging bodies . . . 177
193 Newton’s experimental investigation . . .. . 178
194 Coefficient of restitution . . . . . . . 178
195 Direct impact of elastic spheres . . . . . . 179
196 Generalized Newton’s rule . . . . . . 180
197 Oblique impact of smooth elastic sphereb . . . 180
198 Deduction of Newton’s rule from a particular assumptxon . 181
199 Elastic systems . . . . . . 181
200 General theory of sudden changes of moblon . 182
201 Illustrative problems . . . . . . . . 182
202 Examples . . . . . . . . . . 185
INITIAL MOTIONS
203 Nature of the problems . . . . . . . . 187
204 Method for initial accelerations . . . . . . 187
205 Illustrative problem . . . . . . . . 188
206 Initial curvature . . . . . . . . . 189
207 Exzamples . . . . . . . . . . 190
APPLICATIONS OF THE ENERGY EQUATION
208 Equilibrium . . . . . . . . . . 191
209 Machines . . . . . . . . . . 192
210 Examples . . . . . . . . . . 193
211 Small oscillations . . . . . . . . . 193
212 Examples . . . . . . . 195
213 Principles of energy and momentum . . . . . 195
214 Examples . . . . . . . . . 196

Miscellaneous Examples . . . . . . . 198

CHAPTER VIII
MOTION OF A RIGID BODY IN TWO DIMENSIONS

215 Introductory . 204
216 Moment of inertia . 205
217 Theorems concerning moments of 1nert1a, 206
218 Calculations of moments of inertia 207
219 Examples 208
220 Velocity and momentum of I']gld body 209

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107593459
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-59345-9 - Theoretical Mechanics: An Introductory Treatise on the Principles

of Dynamics

A.E. H. Love

Frontmatter

More information
Xiv CONTENTS
ART. PAGE
221 Kinetic reaction of rigid body 211
222 Examples 213
223 Equations of motlon of r1g1d body 213
224 Continuance of motion in two dimensions 214
225 Rigid pendulum 214
226 Examples . 215
227 Illustrative problems. (Note on motlon of a tra.m) 216
228 Examples . 220
229 Kinematic condition of rollmg 220
230 Examples 222
231 Stress in a rod 226
232 Impulsive motion . . 227
233 Kinetic energy produced by 1mpu]ses 228
234 Examples 228
235 Initial motions 229
236 Small oscillations . 229
237 Illustrative problem 230
238 Examples 231

Miscellaneous Exa.mples 232
CHAPTER IX
RIGID BODIES AND CONNECTED SYSTEMS
239 Impact of two solid bodies 240
240 Impact of smooth bodies 241
241 Impact of rough bodies . 242
242 Case of no sliding . 243
243 Examples . 244
244 Impulsive motion of connected systems 244
245 Examples . 247
246 Initial motions and mltla] curvatures . 248
247 Illustrative problem 249
248 Examples . 251
249 Small oscillations . 251
250 Examples 252
251 Stability of steady motlons 253
252 Exzamples . 254
253 Illustrative problem (Energy a.nd momentum) 255
254 Kinematical Note . . 256
255 Examples. (Note on moments about a movmg axis) 257
MOTION OF A STRING OR CHAIN

256 Inextensible chain . 259
257 Tension at a point of dlscontmumy 259
258 Illustrative problems 260
259 Constrained motion of a chain under rrra.vnty 261

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107593459
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-59345-9 - Theoretical Mechanics: An Introductory Treatise on the Principles

of Dynamics
A. E. H. Love
Frontmatter
More information

ART.
260
261
262
263
264
265
266
267

268
269
270
271
272
273
274
275
276
277
278
279
280

CONTENTS

Examples

Chain moving freely in one plane Kmematwal equatlons .

Chain moving freely in one plane. Equations of motion
Invariable form

Examples

Initial motion

Impulsive motion .

Examples .

Miscellaneous Examples

CHAPTER X
THE ROTATION OF THE EARTH

Introductory .

Sidereal time and mean sola.r t:une
The law of gravitation .
Gravity .

Variation of grav: 1ty W1t.h la.txtude
Mass and weighing

Lunar deflexion of gravity
Examples

Motion of a free body near the Earth’s surface
Initial motion . . .
Motion of a pendulum .
Foucault’s pendulum

Examples

CHAPTER XI

XV

PAGE
262
263
265
266
266
268
268
269
270

279
279
280
281
282
283
283
284
285
286
287
288
288

SUMMARY AND DISCUSSION OF THE PRINCIPLES

OF DYNAMICS

Newton’s laws of motion. Field of force. Definition of force.
Mass. Constitution of bodies. Stress. Conservation of energy.
“Energetic” method. Frame of reference and time-measuring

process .

APPENDIX

Measurement and Units

INDEX.

290

304

308

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107593459
http://www.cambridge.org
http://www.cambridge.org

	http://www: 
	cambridge: 
	org: 


	9781107593459: 


