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NOTE

The Local Examinations Syndicate was fortunate in securing Sir
Cyril Ashford’s help and interest after his retirement from Dartmouth
in the preparation of practical physics exercises for the Higher School
Certificate Examination. Most of the problems in this book were set
in that examination between 1932 and 1947. They thus combine the
originality and interest which they owe to their author with the merit
of having been worked over by moderating examiners in the laboratory
and at meetings. In their present form they have also benefited from the
fact that the author was able to judge their suitability from the success-
ful and unsuccessful solutions sent in by many examination can-
didates, and from the comments of their teachers. The Syndicate
welcomes Sir Cyril Ashford’s re-use of these practical problems as
the basis of a teaching text-book which will make available in Schools
and Universities the results of the author’s pioneering efforts over
a period of 15 years.

J. L. BRERETON

SYNDICATE BUILDINGS
CAMBRIDGE

February 1949
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PREFACE

In the early stages of his science course a boy lacks reasoning power
and first-hand acquaintance with the properties and behaviour of
materials, so that he cannot fully comprehend a logically connected
course of lecture-demonstrations. During those stages, laboratory
work should therefore, so far as is practicable, go hand-in-hand with
the lectures. By the time the boy enters what is commonly called the
post-certificate stage the conditions have changed; he can then follow
lectures and demonstrations without having previously handled the
apparatus himself, and consciousness of the true relation between
theory and practice in an inductive science is beginning to dawn
on him. The need for individual experimentation is certainly not
lessened at this stage, but its main purpose becomes for the time being
the verification of theory which has been, or can be, developed by
deductive logic from earlier, more fundamental, experiments, and
the practical testing of hypotheses, sprung perhaps from his own,
perhaps from a more mature, scientific intuition.

The emphasis should now be laid on the best way of using his
available instrumental equipment to establish or reject a particular
theoretical result, and on the extent to which his experiments do
establish it. Laboratory technique and manipulative skill in general,
the setting up of apparatus and the precautions for accuracy of
observation in a particular case, and the reduction of those observa-
tions, all enter into this procedure. New powers of a general kind,
applicable to any particular problem, have to be developed, so that
there is no longer any strong reason for close relation between lecture
and laboratory work; indeed, laboratory work may almost be kept
in a separate compartment, to be developed concurrently with his
growing body of theoretical knowledge, whereby each may be ready
to come to the assistance of the other as need arises. Hence the
exercises forming a laboratory text-book for this stage need not have
any logical sequence and are therefore capable of being taken in
any order (which is a great convenience in a school laboratory with
its necessarily limited equipment), nor do they need to cover the
whole of the lecture course.

There is already available a considerable body of traditional ex-
periments designed to illustrate the lectures appropriate to this
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X PREFACE

stage; to propose new ones calls for justification. Many of those
included in this book, which is primarily designed for the last year
of the school course, are intentionally concerned with theory which
the schoolboy is unlikely to have studied, and the verification of
such theory by experiment is a procedure in line with the foregoing
arguments. In others the results to be tested can be deduced from
theoretical work with which he is more or less familiar, but the
general lay-out of the experiments and the methods of reducing the
observations in such a way as to check the theory effectively may be
unfamiliar to him. In every case the aim has been to present the
problem as one in Practical Physics, with the laboratory functioning
at least as the Court of Appeal rather than as a place where lectures
can be revised at leisure, and preferably as a real laboratory where a
boy can try out hypotheses and determine physical or instrumental
constants, free from authoritarian influences.

The outlines of relevant theory with which experiments are pre-
faced in many text-books are often worded in such a way as to
convey the impression that that theory settles the matter by its own
authority, and that the boy succeeds in his experiments only in so
far as his results agree with it; that he is to do the experiment for
the sake of practice in experimenting, and that it is his manipulative
skill, not the theory, which is being put to the test. It is in the
belief that this is to deny Physics its true status as an inductive
science that a vigorous attempt has been made here to banish any
such impression from the boy’s mind and to make him realise that
teachers and text-books alike ‘abide our question’.

Most of these exercises are based on questions set during the last
15 years in the Higher School Certificate papers of the Cambridge
University Local Examinations Syndicate, and grateful acknowledge-
ment is made to the Syndics for their permission to use them in
this form. The exercises have of course been radically transformed
and amplified to fit them to form part of a teaching course, and
care has been taken to increase rather than diminish the extent to
which their original design was influenced by the foregoing con-
siderations. The use of examination questions as a basis for a teach-
ing course has the merit that the problems set for solution in a
practical examination must be so designed that they can be carried
through in every one of a wide variety of laboratories, some at any
rate possessed of a very slender
sequence, all the experiments in
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PREFACE xi

exception, require no apparatus that does not already exist in every
laboratory where the book is likely to be used. This puts into effect
another general principle which the author believes to be of con-
siderable importance, that a student should learn to rely on his own
powers rather than on elaborate equipment; in C. V. Boys’s words,
not ‘to bow down to the brazen image that the instrument maker
has set up’, but to make the very best use of what is to hand, how-
ever simple it may be.

In some of these practical problems the boy cannot be expected
to know, to have been taught, or even to have access to books or
publications containing the relevant theory. Notes on this theory
have therefore been appended to individual exercises.

It is by no means essential, though it is desirable, for him to
master the substance of these notes; they may in some cases be too
advanced for him, but it will do him good to see how much of them
he can follow at the stage he has reached in his theoretical work, and
to realise that he can safely and properly explore by experiment
ground which is beyond his present range of theory. From that
point. of view there is really no need for him even to glance at these
notes, but they are at hand in case he is moved to do so. Their
presence may be rather intimidating to a student unless he under-
stands that this is their purpose, and that for him the actual experi-
ment is the all-important matter; it is hoped that this will be made
plain by the teacher and that he may not himself be misled into
overrating the difficulty of the course. The fact that most of the
experiments have been carried out under examination conditions by
hundreds of VIth Form boys, with a measure of success represented
by normal distribution curves, should dispose of such misappre-
hensions.

An Introduction has been provided in which a number of prac-
tical points in the reduction of observations is set forth. Teachers
usually prefer that their pupils should follow local customs in the
setting-up of apparatus and the choice of precautions for accuracy;
they would be unlikely to welcome outside interference in these
matters. On the other hand, the art of reducing observations may
almost be said to be one and indivisible; it would take too long for a
demonstrator to teach it separately to each pupil, but it is of such
practical importance that the demonstrator may well wish to be able
to refer the student to some treatise on the subject; such treatises are
not usually to be found in elementary text-books; it therefore seemed
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Xii PREFACE

desirable to attempt to meet the need here, even in this restricted
form. It will be seen that graphical methods, with emphasis on
linear equations, have been given the preponderance that is now
common in teaching laboratories.

In the Introduction, appendices and some of the notes on theory
a few unpublished pieces of theoretical work have been included;
the author can only express the hope that they will withstand
criticism and plead that he has at least offered his critics facilities for
testing their truth by designing experiments for that purpose, in
accordance with the principles set out in this preface.
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