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Preface

This book is entitled Dynamics of Constrained Mechanical Systems. The constrained mechanical
systems, in my opinion, contain the three kinds of the systems, i.e. the holonomic systems, the
nonholonomic systems and the Birkhoff systems. The book covers the following six parts.

Part I Fundamental Concepts in Constrained Mechanical Systems. The part has 6 chap-
ters: Constraints and their classification, Generalized coordinates, Quasi-velocities and quasi-
coordinates, Virtual displacements, Ideal constraints, Transpositional relations of differential and
variational operators.

Part II  Variational Principles in Constrained Mechanical Systems. It covers 5 chapters: Dif-
ferential variational principles, Integral variational principles in terms of generalized coordinates
for holonomic systems, Integral variational principles in terms of quasi-coordinates for holonomic
systems, Integral variational principles for nonholonomic systems, Pfaff-Birkhoff principle.

Part III  Differential Equations of Motion of Constrained Mechanical Systems. It covers
11 chapters: Lagrange equations of holonomic systems, Lagrange equations with multiplier for
nonholonomic systems, Mac Millan equations for nonholonomic systems, Volterra equations for
nonholonomic systems, Chaplygin equations for nonholonomic systems, Boltzmann-Hamel equa-
tions for nonholonomic systems, Euler-Lagrange equations for higher order honholonomic systems,
Nielsen equations, Appell equations, Equations of motion of mixed type, Canonical equations.

PartIV  Special Problems in Constrained Mechanical Systems. It covers 8 chapters: Stability
of motion and theory of small oscillations, Dynamics of rigid body with fixed point, Dynamics
of relative motion, Dynamics of controllable mechanical systems, Dynamics of impulsive motion,
Dynamics of variable mass systems, Dynamics of electromechanical systems, Dynamics in event
space.

Part V  Integration Methods in Constrained Mechanical Systems. It covers 6 chapters:
Methods of reduction of order, Dynamics algebra and Poisson method, Canonical transformations,
Hamilton-Jacobi method, Field method, Integral invariants.

Part VI Symmetries and Conserved Quantities in Constrained Mechanical Systems. The
part has 10 chapters: Noether symmetries and conserved quantities, Lie symmetries and Hojman
conserved quantities, Form invariance and new conserved quantities, Noether symmetries and
Hojman conserved quantities, Noether symmetries and new conserved quantities, Lie symmetries
and Noether conserved quantities, Lie symmetries and new conserved quantities, Form invariance
and Noether conserved quantities, Form invariance and Hojman conserved quantities, Unified
symmetries and conserved quantities.

The emphatic discussions in the book are: the equations of motion of nonholonomic systems;
the theory and application of special problems; the integral methods and the symmetries and
conservative quantities.

The mathematics tools in the book are simple. Advanced mathematics, such as modern
differential geometry, are not involved. Interested readers can read some relative reference books.

The book is addressed to graduate students, professors and researchers in the areas of applied
mechanics, applied mathematics and applied physics.

In spring of 1963, I began to learn the knowledge of nonholonomic mechanics and finished my
graduate dissertation under the direction of Professor Lu Yiling in Peking University. In autumn
of 1981 I visited the Labovatoire de Mécanique Théorique in Université de Besangon, presented
my work on the nonholonomic mechanics, and obtained the direction of Professor Capodanno.
P. In spring of 1982, I finished my These de Doctorat d’Etat under the direction of Professor
Pironneau I in ENSM at Nantes France.

The great majority of my papers and my books are published in Chinese. In order to exchange
experience of study on dynamics of constrained mechanical systems, I decide to write this English
book. This book is written by myself and my colleague Dr Wu Huibin.
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