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PREFACK.

Tar function of laboratory instruetion in physics iz twofeld.
Elementary eourses are intended to develop the power of discrimi.
nating observation and to put the student in personal contact with
tho phensmena and general principles disenssed in fexthooks and
lecture demenstrations.  The apparatus provided should be of the
simplest possible nature, the sxperiments assigned should be for
the most pact qualitative or only roughly quantitative, and cmphasis
should be placed on the principles illusiraled vather than on the
accuracy of the pecessary mossurements. On the other lund,
lahoratory courses designed for more mature students, who are
gupposed to have o working Lkuewledge of fundamental prineiples,
are intended to give instruetion in Lthe theory and practice of the
methods of precise measurement that nnderlie all effective research
and supply the data on which practieul engineering enterprises arc
bazed. They should also develop the power of logieal argument
and expression, and lead the smdent to draw rational conclosions
froon Tz observations. The instruments provaded should be of
standard design and efficieney iu order that the slodent may gain
practice in making adjustents and observations under as nealy
ws gy be the same eonditions that prevail in ariginal investigation,

Measnrements are of little value in either research or engiveering
applications unless the precision with which they vepreseng the
measnred magninde is definitely known,  Consequently, the stu-
dent should be tanght to plan amd execute proposed weasurementls
within definitely pregeribed limils apd to determine the aceuracy
of the results actually attained, Bines the treatment of these
matters in available laboratory manuals s fragmentary and often
very inadeqguate if not misleading, the author some years ago under-
took to impart the necessary instruction, in the form of lectures,
to o elass of junior engineering students,  Subsequently, textbouks
on the Theory of Errors and the Method of Least Bguares wers
adopted but most of the applications to actual practice were still
given by leeture. The present treatise is the result of the experi-
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Vi PREFACE

ence gained with a number of succeeding classes. It has been
prepared primarily to meet the needs of students in engineering
and advanced physics who have a working knowledge of the differ-
ential and integral caleulus, It is not intended te supersede but
to supplement the manuals and instruction sheets nsually employed
in physieal laboratories, Consequently, pariienlar instruments and
methods of measurement have been deacribed only in so Lar as they
gerve to illustrate the prineiples under diseussion.

The usefulness of such a lreatise wag suggested Ly the marked
tendency of laboratory students fo earcy ouf proscribed work ina
purely automatic manner with slight regard for the significanee or
the precsion of their ncasorcments.  Consequently, an endeavor
has been made to develop the general theory of measnrements and
the errors to which they are subject in a form so clear and conecise
that it can be comprehended and applied by the average student
with the preseribed provieus training. Teo thiz end, numerienl ex-
amples have besn lutroduced and completely worked out whenever
this conrse seemed likely to aid the student in obtaining a thorgugh
graap ol the principles they illustrate, On the other land, inherent
diffienliics have not been evaded and it 18 nof expected, or cven
desired, that the atudent will be able to master the subject without
vigorous mental effort.

The fiesh seven chaplers deal will the geweral principles that
underlie all measurements, with the nature and distribution of the
errarg lo which they ase subject, and with the metheds by which
the most probable result 1 derived from a sories of discordant
measurements.  The wvarionz types of measwrenent met with in
practice ave cluszified, and general methods of dealing with each
of them are briefly discussed.  Conatant cvvovs and mistukes are
treated at some length, and then the unaveidable aceidental errors
of observation are explicitly defined. The residuwals correspunding
to actual measurements are shown to approach the true aceidental
errors as limits when the number of observations s indefinitely
inereased and their nornal distribution in regacd to sign and mag-
nitude is explained and illostrated. After a preliminary noticn of
its significapce has beeu thus imparted, the law of sccidentsl errors
is stated empirieally in a form that gives explicit representation o
all of the factors involved. It is then proved to be in conformity
with the axioms of accidental errors, the prineiple of the arithmetical
mean, and the results of experience. The wvarious characteristic
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errors that are eommonly used as a measure of the accidental errors
of given series of measurements are clearly defived and their signifi-
canee is very carefully explained in order that they may be used
intelligently. Practical methods for compuoting them are developed
and illusteated by numerisal examples. 5

Chapters eight to twelve inclusive are devoted to a general dis-
cuzsion of the procision of messnrements based on the principles
setablished in the preceding chapters. The ecriteria of aceidenial
errors and suitable methods for dealing with censtant and systematic
errors are developed in detail. The precision measare, of the result
computod from given obeervations, is defined and its significance ia
explained with the aid of numerical llusttations.  The proper basis
for the oriticism of reported messurements and the selection of
suitable numerieal values [rom tublea of pliyaical constants or other
published data is emtlined ; and the importance of a careful estimale
of the precision of the dats wlopted in engineering and scientific
peachios i emphasized.  The applications of the Lheory of errors to
the determination of snitable methods for the execation of proposed
measurements are discussed at some length and illustrated,

Tn chapter thirleen, the relation between messurement amd Te-
search 13 pointed out and the general metheds of physical research
are outlined. Graphical methods of reduction and representation
arc explained and same applications of the method of least sgnares
are developed.  The importance of thnely and adequate publieation,
or olher report, of completed investigntions is emphasizod and some
snggastions relative o the form of such reports are given

Throughout the book, particalar attention is paid to methols of
eomputation and to the proper use of significant figures. For the
eonvenicines of the student, a number of useful tables are brouglit
tugether at the end of the volume.

A. pr ForesT TArMER.

Brown Usiversmy,
July, 1912,






