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PREFACE TO FOURTH EDITION

This manual is an outline of the laboratory experi-
ments given in ithe courses in general Physics at the
Ulniversity of Minoesata. The laboratory work, in
these ecourses, supplements the lectures sand recitations.

The experiments given in a junior eourse of onc
nquerter in electrical measurements are also ineluded in
the geetion on electrigity. .

It is taken for granted that the student has acquired
a general knowledge of a subjeet before it is considered
in the luboratory and no attempt iz made in the manual
at completeness in subject-matter or in explanations
The work is done under the guidance of an instruetor
who furnishes sny additional mformation necessary,

The student should fael that acceptable results depend
upen hiz gwn ability to properly adjust the wpparatus,
and he alone shoyld plun and execnte the details of the
experiments, subject of couree to the eriticism of the
instructor,

We here wish to thank Professors L. 'W. MceKechan,
John T, Tate and 1. F. Miller for valuahle suggestions,
eriticiams, pnd pssistance during the preparation of this
manual.

AnTuony ZELuNY,
Hexwt A. Erixsor.






INTRODUCTION

Work in the Physical Laboratory brings the student
into first-hand toueh with physical prineiples and physi-
cal apparatus, and the impressions produced through the
senses furnish a solid foundation for further study.

The close attention to every detail and the cxercise
of deliberate judgment which are required in every
experiment if & worthy result is to be obtained, tend to
produce a habit of acewracy which iz of inestimable
value. This training is obtained only when every effort
is made $o get the very best result that the time aliowed
for the experiment and the apparstus employed will
permit.

Before obaervations on any experunent sre begun,
the theory Jof the experiment should be mestered as
well as the functions of the varous parts of the apparatus
which is to be used. Without guch study, neceseary
observations may be omitted or taken in the wrong
way, and apparatus whose value depends upon its accu-
racy may he injured permanently beswuse of a lack
of knuwledge of its delicatc paris. - Furthermore it is
important to determine the degree of accuracy of every
result which is obtained.

Errore.—For varionus reasons it is impossible to obtain
the absolute value of an unkaown quantity, Any
measurement is affected, to a greater or less extent, by
errors which may be classified under the two heads:
constant and accidenial. .

As examples of constent errors may be mentioned the
following:

Physical errors, or crrors which arise out of physical
sources, &.g., change of length of & stee] tape with tem-
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viii INTRODUCTION

perature; instrumental errors, such ga fauliy construe-
tion or adjustment of apparatus; perscnal errors, or the
personal equation: blunders, Constant errors ean often
be eliminated or corrected for.

Under aecidendal errors are grouped those which remain
aftor the constant errors have been taken into gocount.
It i not possible to determine the magnitude of the acei-
dental error. The best that can be done s to determine
the probable limits within which the true result lies.

A number of rules and methods for finding these
limits have been developed m the Theory of Least
Sguares.

The rigid apphication of these roleg in the elementary
laboratory is hardly jusiifiable. However some simple
method for detormining the first figure in the result
affected by the aeeidentsl grror i# hegessary, and, there-
fore, the mastery of the following ia required.

Error in a Single Reading.—Instruments should be
read to u fruetion of their sallest division and henee
the last figure in the reading is an estimated quantity,
the aecuracy of which depends upon the experience of
the observer and the size of the amallest division. Esti-
mgte fractions in tenths, and record decimally, In
genern] the estimstion iz liable 40 be correct to within
one of the estimated parts. The quantity so estimated
must be ingluded in the result as the lagt significant
figure and one of the estimated parts may be taken as
the probable limit of error in the reading.  For example,
if in the reading 2.56 the Iast figure was obtained by es-
timating, the reading iz liable lo contaln an citor as
Inrge as 001, This fact muy be expressed by writing
the result 2.56+ I meaning that the true value prob-
ably lies between 2.56-+ .01 and 2.56—.01.

Error in an Average.—If several readings of the same
quantity are taken they will differ among themselves




