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INTRODUCTION

WHAT IS CLASSICAL MECHANICS?

This is an introductory book on Classical Mechanics. Mechanics is the branch of science that
deals with the motion of objects, how that motion changes with time, the conditions required to
induce certain types of motion, etc. Classical Mechanics restricts us to circumstances where the
speeds we encounter are small compared to the speed of light and the objects we deal with are
generally of macroscopic size. Fortunately, almost any situation we are likely to meet in everyday
life satis�es these restrictions, so the results of classical mechanics have a wide variety of applications
in science and engineering. Furthermore, some of the most important principles of mechanics|
such as the conservation laws for energy and momentum|can be fully explored within classical
mechanics.

Why is it important to study classical mechanics? We can think of four reasons:

� The modern scienti�c view of the world, to a large extent, begins with classical mechanics.
Newer developments, such as quantum theory and relativity, have all grown from roots in
classical mechanics.

� The contents of the subject|the physical laws and principles you will learn, and the methods
of applying them to practical problems|are important and relevant in many other �elds. A
civil engineer designing a bridge, an automobile designer laying out the speci�cations for the
engine or the safety air-bag of a new model, a geologist estimating the likely severity of the next
California earthquake: all are using, directly or indirectly, the principles of classical mechanics.

� The structure and development of classical mechanics is a good example of the aims and meth-
ods of scienti�c study. We will see how experimental results and mathematical representations
are combined to create testable scienti�c theories, and how the impossible complexities of
most real-life physical situations can be reduced to soluble problems by identifying the essen-
tial physical features of the system. This way of working is what distinguishes the scienti�c
approach to situations from the many other ways of looking at them (e.g. artistic, political,
business.).

� The study of classical mechanics is an excellent introduction to the art of problem solving.
When you �nish this book you should be able to extract the essential features of a problem,
use them to set up and solve the appropriate mathematical equations, and make quick and
easy checks on your answer to catch simple mistakes.

The book will have succeeded in its aims if you come away from it with a grasp of the basic
principles governing the motion of objects, a feel for the scienti�c method, and a strengthened
ability to wrestle with diÆcult problems until they are solved.
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HOW IS THE BOOK ORGANIZED?

The book is organized with a fairly rigid structure, to make it as easy as possible for you to
locate the information that you want. There are 13 chapters, each of which consists of about one
week's work for a student in a freshman physics course. A typical chapter contains:

� a brief Overview setting out the main themes of the chapter;

� the Essentials, a concise but complete discussion of the topic, explaining what you need to
know and giving cross-references to related problems;

� a Summary of the material covered to help you review the topic and to provide a handy
reference guide for problem solving;

� a set of Problems and Questions designed for self-testing and for sharpening problem-solving
skills.

Answers are given to all numerical problems. In addition, some problems come with hints to
help you get started, while others have fully worked-out solutions to show you how to apply the
ideas and equations in the Essentials to problem solving. Some of the worked solutions include
comments on general problem-solving techniques or on the relevance of the particular problem to
other areas of physics.

Furthermore, many chapters include Supplementary Notes which discuss some aspects of the
material in a wider context, such as how particular points relate to the real world or how they may
be developed into more advanced concepts. You don't need to know this material to progress to
the next chapter, but it should provide a starting point if you are curious to see how the arti�cial-
seeming problems you may be doing �t into the rest of physics.

About every third chapter (Chapters 3, 7, 10, and 13) consists of review problems rather than
new material. The problems in these chapters tend to be slightly more challenging and may use
physics from more than one of the preceding chapters. In this sense they are a better representation
of \real" applications of classical mechanics than the more specialized problems in normal chapters.

HOW TO USE THIS BOOK

Each chapter (except for the review problem chapters) consists of two di�erent types of mate-
rial. One type de�nes what you ought to know: this includes the Overview, the Essentials, and the
checklist of new ideas in the Summary. The second type applies this knowledge to problem solving:
in this category are the Problems and Questions, Solutions, and Hints.

The Essentials, as the name suggests, are the heart of the book, and your main tool for
acquiring the information you will need. They are intended to include everything that you will need
to solve the problems and master the material of the chapter. Our goal in writing the Essentials

was to be as concise as possible, but not more so. We hope that in most cases you will appreciate
and bene�t from this conciseness, but we recognize that you may sometimes want a more detailed
discussion. For such cases we recommend that you consult one of the more standard introductory
physics textbooks.

If the Essentials are the main tool for accessing the necessary information, the main learning

activity should center on the Problems and Questions. You haven't really understood a given topic
until you can apply it in solving problems; conversely, the step-by-step process of setting up and
solving a problem will often be of more help in grasping a complicated idea than reading an abstract
theoretical explanation. For that reason, problems come in three varieties:
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� S-type problems, which come with completely worked out solutions;

� H-type problems, which come with hints in the form of questions, and answers to these ques-
tions;

� problems with just the answer given.

You will probably �nd that in many cases the worked solutions will be very useful, but you
need not study them in detail if you already know how to solve them. You should nonetheless check
them for comments (marked Learn), which may be of more general relevance.

SOLVING PROBLEMS

Solving problems is a key part of classical mechanics, or indeed any �eld of science. The
theoretical and mathematical frameworks we construct are only of value if they can be applied to
understand the behavior of the physical world. Therefore, one of the objectives of this course is
to help you to develop your problem-solving abilities. One way to do this is to adopt a general
problem-solving strategy. This section outlines such a strategy, and the worked solutions you �nd
in this book will normally follow the steps shown here. We believe this is a useful framework for
attacking any new problem|but feel free to use any method that works for you! The guidelines
are not rigid: for some problems, one or two of the steps shown may be unnecessary, while for more
complicated situations you may have to apply some of them more than once.

Some parts of the approach described here may not seem natural at �rst. Why think through
the whole problem conceptually before starting on the math, instead of writing down the equations
straightaway? Why calculate everything with symbols �rst, instead of putting in the numbers
immediately? With practice, we think you will agree that working from general physical concepts
down to speci�c numerical values is usually the most e�ective way to solve problems: it minimizes
the risk of making simple numerical errors, and it usually does more to help develop your physical
intuition.

Step 1: Conceptualize

Read the problem through carefully, noting the information you are given
and the information you are asked for. If appropriate, draw a diagram
of the situation. Decide which physical concepts are involved and which
areas of the theory you have learned will be relevant. Think through your
approach to solving the problem.

Step 2: Formulate

Express your verbal concepts in mathematical terms. This implies iden-
tifying the necessary equations, de�ning the proper symbols, choosing
the appropriate reference frames, etc. We strongly recommend that you
introduce symbols to represent any numerical values that you are given.
Make sure that you know the physical signi�cance of all the symbols you
have introduced. Check that your formulation makes sense: do you have
enough equations to calculate all your unknown quantities, for example?
Work out a strategy for solving the equations.
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Step 3: Solve

Solve your equations algebraically, i.e. rearrange them so that the quan-
tity you want to evaluate is expressed in terms of other quantities whose
values are known. It is usually best to do this symbolically, with algebra,
rather than numerically, with arithmetic, for several reasons:

� the algebraic solution is more general: you can substitute in more
than one set of numbers, which may be useful later in the problem;

� mistakes are easier to �nd;

� the physical behavior of the system should be easier to visualize.

Once you have the algebraic solution, substitute numerical values if you
have been asked to do so.

(The only common exceptions to this advice are problems with multiple
parts which are not closely connected; in such cases it may well be easier
to evaluate each answer numerically before going on.)

Step 4: Scrutinize

Always check to see if your answer makes sense.

� One of the most powerful tools for doing this is dimensional analysis.
To �nd the dimensions of a quantity, we express it in terms of more
basic concepts: for example, a velocity, whether measured in m/s,
miles per hour, or furlongs per fortnight, is always a length divided
by a time: [velocity] = [length]/[time], where square brackets denote
\dimensions of". Dimensional analysis involves determining the di-
mensions of each term in an equation and asking two questions: (i)
are they the same (it is meaningless to add quantities with di�erent
dimensions|the sum \1 kg + 2 m" is nonsensical), and (ii) are they
what we expect (if we are calculating a distance, we expect its di-
mensions to be [length], not, say, [length]/[mass])? Note, however,
that dimensional analysis cannot uncover errors which involve pure
numbers, such as a missing minus sign, or a factor of 1

2
or 2�.

� Missing minus signs or numerical factors can often be caught by
considering special cases which are easy to visualize. In a prob-
lem involving two masses, for example, we might ask if the solution
behaves sensibly when one mass becomes vanishingly small, or ex-
tremely large.

� In problems which have numerical solutions, you should also ask
yourself if the magnitude of the numerical value seems reasonable:
for example, if you were asked to calculate the speed of a car engaged
in a collision, an answer of 700 mph would seem unlikely to be correct!

If the authors of this book were given 10 cents every time a student
submitted a test answer which he or she could have known was obviously
wrong, we would be quite rich.
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Step 5: Learn

Once you are convinced that your solution is correct, take the time to look
at how it �ts into what you already know. Does it explain phenomena you
have noticed in everyday life, but not understood? Is it unexpected or
surprising? Does it lead you to make predictions about more complicated
systems? Does it illustrate the use of some technique that might be useful
for other problems? Have you understood the problem well enough so that
now you will be able to quickly solve problems that are closely related?
You should �nd that problem solving gives you much more insight into
the physics you are learning than simply reading the theory.

NOTE: This approach to problem-solving was suggested by a similar strategy outlined in Physics:

The Nature of Things, by Susan M. Lea and John Robert Burke.
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