PRACTICAL
LEAST SQUARES



Published @ 2017 Trieste Publishing Pty Ltd

ISBN 9780649114313

Practical least squares by Ora Miner Leland

Except for use in any review, the reproduction or utilisation of this work in whole or in part in
any form by any electronic, mechanical or other means, now known or hereafter invented,
including xerography, photocopying and recording, or in any information storage or retrieval
system, is forbidden without the permission of the publisher, Trieste Publishing Pty Ltd, PO Box
1576 Collingwood, Victoria 3066 Australia.

All rights reserved.

Edited by Trieste Publishing Pty Ltd.
Cover @ 2017

This book is sold subject to the condition that it shall not, by way of trade or otherwise, be lent,
re-sold, hired out, or otherwise circulated without the publisher's prior consent in any form or
binding or cover other than that in which it is published and without a similar condition
including this condition being imposed on the subsequent purchaser.

www.triestepublishing.com



ORA MINER LELAND

PRACTICAL
LEAST SQUARES

ﬁTrieste






PRACTICAL
LEAST SQUARES



PRACTICAL
LEAST SQUARES

BY

ORA MINER LELAND, BS., C.E.

Dean of the College of Engineering and Architecture and the School of
Chemiatry, Univeraity of Minnesola, Member of the American
Boeiety of Cicil Engineers, American Associafion of
Engineers, Socicty for the Promofion of Engineering
Education, American Asronomical Soctety, e,

Pirar Epition
Firre Turneasion

McGRAW-HILL BOOK COMPANY, Ixc,

NEW YORK AND LONDON
1821



Coryrigur 1921, vy THE
Metiaw-Hie Bookg Comeany, Ine.

PRINTEDR 1N THE IINITED STATES OF AMERICA

ASTRANCYY DEPT.



TO
MY WIFE
WHOSE LOYAL ASSISTANCE
HAS CONTRIBUTED IN GREAT MEASURE
T 1T PREPARATION,
THIS BOOE 15 AFFECTIONATELY

DEDICATELD

ve23380



PREFACE

Triz book results from the author's experience in tenching
the subject of Least Squares and the Adjustment of Observations
to classes of civil engineering students at Cornell University.
As the time allotted to this work became more and more limited,
the available textbooks beeame less adaptable to the scope of
the course. To meet this condition, a series of chapters entitled
“ Notes on the Adjustment of Observations " was prepared and
used as a text. With these notes as a basis, this book has been
written.

It & demgned particularly for use in short courses of instruction
and by enginecrs and scientists in comnection with their private
practice. 1t will not replace the more elaborate treatises on the
subject but the author hopes that it will introduce the student
directly to the simpler methods of solving the ordinary problems
in adjustment.

The plan of the work is essentially practical. After a general
introduction devoted to a consideration of the charscter and
oceurrence of errors, the adjustment of direct, indirect, and
eonditioned ohservations is taken up in detail and illustrated
by mumerical applications to triangulation, leveling, astronomy,
and the derivation of empirical formulas. Not until after this
practical treatment of the determination of the best values of
the unknown guantities is the precision of observations discussed,
together with the computation of the mean square and probable
errors of the ohservations and results. Finally, the prineiples
of probability and the analytical derivation of the Law of Error
are given in appendices.

The utility of this arrangement should be obvious, By far
the greater number of applications of Least Squares do not
require a considemation of the precision of the resulie nor a
knowledge of the mean square or probable errors. Moreaver,
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the subject of the preeision iz usually the most troublésome part
of the work for the student or the beginner to understand,
Therefore, the praetical methods of adjustment are explained
directly and fully, without regard to the probable errors or to
the theoretical derivation of the Law of Errar, A special effort
hag been made to explain the procediore in ench ecase as eom-
pletely as necessary for the beginner ag well as the practitioner,
even at the risk of criticism for undue length., The usual
difficulties experienced by students seem to justify this effort,

In Appendix D there iz given an outhne of a short course of
instruction suitable for civil engineers. This plan was carried
out successfully by the auther in sixtecn lessons. While it is
not at all desivable to rvestriet the work so severely, if no more
time ean be given to it the eourse iz still very much weorth while.

The author is indebted to many excellent works and has
endeavored to make specific acknowledgments throughout the
ook wherever due. In the preparation of the original notes
and their application to class instruction, his thanks are due
to his former colleagues, Professors P H. Underwood and L. AL
Lawrence, for their assistance and suggestions.

0. M. Levnawno,
Minwuarons, Minx,

Sepember, 1921,
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