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P.A.M. Dirac, one of the greatest physicists of all

times, said: ‘‘A physical law must possess mathe-

matical beauty’’. In this meaning the beauty of

classical mechanics lies in fact that it can all be

derived from the two postulates: the relativity and the

Hamilton’s principles.

This book is intended for an undergraduate course

in classical theoretical mechanics taken by students

majoring in physics, applied mathematics, or engi-

neering. The reader is not assumed to have any

previous knowledge beyond that contained in stan-

dard courses in general physics, mathematical

analysis (differential/integral calculus and differential

equations), basic differential geometry and linear

algebra. There is a set of exercises at the end of each

chapter. Harder sections and exercises are marked

with a star, and several chapters include the problems

(with hints), which are rather longer than the standard

exercises, and which solutions involve studies in the

library (or on the Internet).

The book consists of nine chapters and three

appendices.

Chapter 1 addresses basic issues of Calculus of

Variations. It has arisen from attempts to solve

extreme problems that occur naturally in theoretical

physics and mathematics. Three classical minimisa-

tion problems taken from geometry and physics,

respectively, are described and discussed. These

include: the isoperimetric problem, the brachis-

tochrone problem and the Fermat’s principle of least

time. Later on, the Frenet–Serret equations are

derived for a light ray propagating in the nonuniform

refractive medium.

Chapter 2 reviews the mathematical and physical

aspects of Lagrange Mechanics, including the four

principles by which particle dynamics may be

described. It introduces variational principles through

Maupertuis’ principle, Jacobi’s principle, Hamilton’s

principle and d’Alembert’s constraint principle (or

principle of virtual work). The four-step Lagrangian

method is elucidated as constructive approach to

obtain the equations of motion in configuration space.

Then the several spectacular applications to the var-

ious equations of pendula, to the bead on a rotation

hoop problem and to the Atwood machine equations

are considered, together with the concise discussion

of the Noether theorem for discrete Lagrangian sys-

tems. The chapter ends with a presentation of the

relationship between symmetries of the Lagrangian

with conservation laws. The role of center-of-mass

frame in mechanics is also clarified.

Chapter 3 presents briefly the elements of Hamil-

tonian Mechanics and shows how the motion of a

mechanical system with n degrees of freedom can be

described in the 2n-dimensional phase space. The

Hamilton’s canonical equations of motion are con-

cisely derived from the Lagrangian equations of

motion and the Hamilton–Jacobi equation for particle

dynamics is sketched. In addition, the Hamiltonian

optics and wave–particle duality, and the motion of a

charged particle in an electromagnetic field are dis-

cussed. It illustrates the direct connection between

Lagrangian and Hamiltonian methods and inspires

further development of mathematical concepts. Next,

a closed-form formulation for one-dimensional
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Hamiltonian dynamics is developed. It first presents

solutions for simple harmonic oscillator, the motion

of a particle in the Morse potential and the mathe-

matical pendulum problem. In conclusion, analysis of

the constrained motion of a point particle on a cone in

the presence of gravity field, is performed.

The Motion in a Central-Force Field is one of the

oldest and widely studied problems in theoretical

mechanics. Chapter 4 is focused on time-independent

central-force planar problems in which the principles

of conservation of energy and angular momentum are

only needed to describe the geometry of the possible

trajectories. It first presents a general formulation of

the planar dynamics, and then extends the analysis to

the case of homogeneous central potentials. The

discussion encompasses the determination of the full

solutions of the Kepler problem, the isotropic simple

harmonic oscillator problem, and the problem of

internal reflection inside a potential well. The

importance of the Laplace–Runge–Lenz symmetry is

also underlined.

The elastic scattering of two particles is examined

within Collisions and Scattering Theory, in Chapter 5.

The kinematic and dynamic aspects of collisions pro-

cesses are described and discussed. Explicit

expressions for scattering cross sections are obtained

which utilize classical and modified Rutherford

approach. The soft-sphere problem and the elastic

scattering by a hard surface are considered also.

A brief analysis, together with the terse derivation

of basic equations of The Motion in a Non-Inertial

Frame, are the theme of the Chapter 6. This problem

is quite important, particularly when a system is

rotating. For example, when an orthonormal frame is

affixed to the surface of Earth, then frame rotates with

Earth’s motion and is therefore non-inertial. In this

context, the solution for the Coriolis-corrected pro-

jectile motion in the non-inertial frame is obtained as

well as the Frenet–Serret–Coriolis formulas are

derived. The Foucault pendulum problem in a rotat-

ing frame of reference is also demonstrated.

Chapter 7 handles Rigid Body Motion. For the

description of the rotation of a rigid body, two frames

are considered: a fixed frame attached to the labora-

tory and a body frame attached to the rigid body itself

and moving along time. After discussing some

important aspects of rotational mechanics (motions of

a torque-free symmetric and asymmetric tops, etc.),

the selected problems of the mathematical modeling

of precession and nutation processes are considered.

The exact solutions of the sleeping-top equations in

terms of the Weierstrass function, close the chapter.

Chapter 8 presents Normal-Mode Analysis applied

to the several mechanical systems. One-degree-of-

freedom equation of linear oscillator is investigated

first. Then, the two-degree-of-freedom system is

analyzed. The classical two block-and-spring system

together with the system of two pendula coupled by

means of a spring, are described in some detail.

Finally, the stability of the sleeping top is discussed.

Chapter 9 deals with the Continuous Lagrangian

Systems. The extended lagrangian formalism for a

one-dimensional continuous system describing

transverse waves propagating on a stretched string is

illustrated first. Next, the lagrangian formulation for

single-component field is derived from variational

principles for field theory. The basic conservation

laws for continuous systems are obtained from first

principles, and the wave-action conservation law

refers to Schroedinger’s equation, is discussed. Using

an extension of lagrangian formulation and Noether

method, the Euler equations of compressible ideal

fluid flow are recovered.

The book concludes with three valuable appen-

dices. Appendix A is devoted to a brief presentation

of the various mathematical materials that are used in

the main text. The subject matter of this appendix is

split into five sections devoted to cubic polynomial,

integration by trigonometric substitution, Frenet–

Serret formulas, methods of linear algebra and ele-

ments of mathematical numerical techniques.

Appendix B covers basic concepts for the Jacobi and

Weierstarss elliptic functions. In appendix C a non-

canonical single-particle Hamiltonian mechanics is

presented briefly. As an example, the Hamiltonian

perturbation methods are applied to the problem of

the perturbed classical harmonic oscillator.

In summary, this book provides a very interesting

presentation of ideas and methods from classical

mechanics. It is reasonably self-contained, and should

be also regarded as recommended reading both for

the novice and the expert in theoretical mechanics. I

have no hesitation to say that Brizard’s book is a

valuable contribution to the considered subject.
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