Cambridge University Press

978-1-108-01925-5 - History of the Inductive Sciences: From the Earliest
to the Present Times, Volume 2

William Whewell

Frontmatter

More information

CAMBRIDGE LIBRARY COLLECTION

Books of enduring scholarly value

Philosophy
This series contains both philosophical texts and critical essays about
philosophy, concentrating especially on works originally published in
the eighteenth and nineteenth centuries. It covers a broad range of topics
including ethics, logic, metaphysics, aesthetics, utilitarianism, positivism,
scientific method and political thought. It also includes biographies and
accounts of the history of philosophy, as well as collections of papers
by leading figures. In addition to this series, primary texts by ancient
philosophers, and works with particular relevance to philosophy of science,
politics or theology, may be found elsewhere in the Cambridge Library
Collection.

History of the Inductive Sciences

A central figure in Victorian science, William Whewell (1794-1866) held
professorships in Mineralogy and Moral Philosophy at Trinity College,
Cambridge, before becoming Master of the college in 1841. His mathematical
textbooks, such as A Treatise on Dynamics (1823), were instrumental in
bringing French analytical methods into British science. This three-volume
history, first published in 1837, is one of Whewell's most famous works.
Taking the ‘acute, but fruitless, essays of Greek philosophy’ as a starting
point, it provides a history of the physical sciences that culminates with the
mechanics, astronomy, and chemistry of ‘modern times’ Volume 2 focuses on
the rise and development of modern mechanics in the seventeenth century.
Whewell shows how Galileo’s laws of motion exemplify a paradigmatic

shift from ‘formal’ to ‘physical’ sciences — a new approach concerned with
explaining causes rather than merely observing phenomena. It also discusses
the implications for physical astronomy of Newton’s discoveries.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/9781108019255

Cambridge University Press

978-1-108-01925-5 - History of the Inductive Sciences: From the Earliest
to the Present Times, Volume 2

William Whewell

Frontmatter

More information

Cambridge University Press has long been a pioneer in the reissuing of
out-of-print titles from its own backlist, producing digital reprints of

books that are still sought after by scholars and students but could not be
reprinted economically using traditional technology. The Cambridge Library
Collection extends this activity to a wider range of books which are still of
importance to researchers and professionals, either for the source material
they contain, or as landmarks in the history of their academic discipline.

Drawing from the world-renowned collections in the Cambridge
University Library, and guided by the advice of experts in each subject area,
Cambridge University Press is using state-of-the-art scanning machines
in its own Printing House to capture the content of each book selected for
inclusion. The files are processed to give a consistently clear, crisp image,
and the books finished to the high quality standard for which the Press
is recognised around the world. The latest print-on-demand technology
ensures that the books will remain available indefinitely, and that orders for
single or multiple copies can quickly be supplied.

The Cambridge Library Collection will bring back to life books of enduring
scholarly value (including out-of-copyright works originally issued by other
publishers) across a wide range of disciplines in the humanities and social
sciences and in science and technology.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/9781108019255

Cambridge University Press

978-1-108-01925-5 - History of the Inductive Sciences: From the Earliest
to the Present Times, Volume 2

William Whewell

Frontmatter

More information

History of the
Inductive Sciences

From the Earliest to the Present Times

VOLUME 2

WirLriaM WHEWELL

CAMBRIDGE

UNIVERSITY PRESS

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/9781108019255

Cambridge University Press

978-1-108-01925-5 - History of the Inductive Sciences: From the Earliest
to the Present Times, Volume 2

William Whewell

Frontmatter

More information

CAMBRIDGE UNIVERSITY PRESS

Cambridge, New York, Melbourne, Madrid, Cape Town, Singapore,
Sao Paolo, Delhi, Dubai, Tokyo, Mexico City

Published in the United States of America by Cambridge University Press, New York

www.cambridge.org
Information on this title: www.cambridge.org/9781108019255

© in this compilation Cambridge University Press 2010

This edition first published 1837
This digitally printed version 2010

ISBN 978-1-108-01925-5 Paperback

This book reproduces the text of the original edition. The content and language reflect
the beliefs, practices and terminology of their time, and have not been updated.

Cambridge University Press wishes to make clear that the book, unless originally published
by Cambridge, is not being republished by, in association or collaboration with, or
with the endorsement or approval of, the original publisher or its successors in title.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/9781108019255

Cambridge University Press

978-1-108-01925-5 - History of the Inductive Sciences: From the Earliest
to the Present Times, Volume 2

William Whewell

Frontmatter

More information

HISTORY

OF THE

INDUCTIVE SCIENCES.

VOL. IL

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/9781108019255

Cambridge University Press

978-1-108-01925-5 - History of the Inductive Sciences: From the Earliest
to the Present Times, Volume 2

William Whewell

Frontmatter

More information

HISTORY

OF THE

INDUCTIVE SCIENCES,

FROM THE EARLIEST TO THE PRESENT TIMES.

BY THE

REV. WILLIAM WHEWELL, M.A.,

FELLOW AND TUTOR OF TRINITY COLLEGE, CAMBRIDGE ; PRESIDENT OF THEB GEOLOGICAL
SOCTETY OF LONDON.

IN THREE VOLUMES.

Aapmadia Eovres Staddaovoty dAAqAos.

VOLUME THE SECOND.

LONDON :

JOHN W. PARKER, WEST STRAND.
CAMBRIDGE : J. anp J. J. DEIGHTON,

M.DCCC.XXXVIIL

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/9781108019255

Cambridge University Press

978-1-108-01925-5 - History of the Inductive Sciences: From the Earliest
to the Present Times, Volume 2

William Whewell

Frontmatter

More information

CONTENTS

or

THE SECOND VOLUM L.

THE MECHANICAL SCIENCES.

BOOK VL
HISTORY OF MECHANICS, INCLUDING FLUID
MECHANICS.
Page
Introduction . . . . . . . . b
CrartERr I.—PRELUDE 10 THE EPocu oF (GALILEO.
Sect. 1. Prelude to the Science of Statics . . . 7
Sect. 2. Revival of the Scientific Idea of Pressure. Stevinus.

Equilibrium of Oblique Forces . . 14
Sect. 3. Prelude to the Science of Dynamics. Attempts at

the First Law of Motion . . . 17
Cuaprer II.—Inpuctive Eroca oF GaLiLEo. DIscOvVERY

or THE LAaws oF MotioN iN SivpPLE CASEs.

Sect. 1. Establishment of the First Law of Motion . . 22
Sect. 2. Formation and Application of the Notion of Acce-

lerating Force. Laws of Falling Bodies . 26
Sect. 3. Establishment of the Second Law of Motion. Cur-

vilinear Motions . . . . . 36
Sect. 4. Generalisation of the Laws of Equilibrium. Prin-

ciple of Virtual Velocities . . 39
Sect. 5. Attempts at the Third Law of Motion. Notion of

Momentum . . . . . . 44

CrapPTER 1II.—SEQUEL 10 THE EPoCcH OF GaLILEO. PERIOD
or VERIFICATION AND DEpUCTION . . 52

CuAPTER 1V.—DiscoveryY oF THE MEcHANICAL PRINCIPLES

oF FLuIps.
Sect. 1. Rediscovery of the Laws of Equilibrium of Fluids 61
Sect. 2. Discovery of the Laws of Motion of Fluids . 67
VOL. II. a

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/9781108019255

Cambridge University Press

978-1-108-01925-5 - History of the Inductive Sciences: From the Earliest

to the Present Times, Volume 2
William Whewell

Frontmatter

More information

vi CONTENTS OF THE SECOND VOLUME.

CHAPTER V.—GENERALISATION OF THE PRINCIPLES OF

MECHANICS.

Sect. 1. Generalisation of the Second Law of Motion.

tral Forces

Sect. 2. Generalisation of the Thu'd Law of MOthIl

tre of Oscillation. Huyghens .

Page

Cen-
72

Cen~
79

Cuarter VI.—SEQUEL oF THE GENERALISATION OF THE PRIN-
c1pLEs oF MEcHANICS. PERIoD oF MAaTHEMATICAL DEDUC-

TION. ANALYTICAL MECHANICS. 91
1. Geometrical Mechanics. Newton, &c. 92
2. Analytical Mechanics. Euler 93
3. Mechanical Problems . . 94
4. D’Alembert’s Principle . . 96
5. Motion in Resisting Media. Ballistics 97
6. Constellation of Mathematicians . 98
7. The Problem of Three Bodies 100
8. Mécanique Céleste, &c. 106
9. Precession. Motion of Rigid Bodles 108

10. Vibrating Strings . . . 110
11. Equilibrium of Fluids. Figure of the Earth. Tides 111
12. Capillary Action . 113
13. Motion of Fluids 114
14. Various General Mechanical P11nc1ples 118

15. Analytical Generality. Connexion of Statics and Dy-
namics . 119
Note on Leonardo da Vinei 122

BOOK VII
HISTORY OF PHYSICAL ASTRONOMY.
CuaPTER I.—PRELUDE 10 THE INDUCTIVE EPoOCH OF

Newron 127

Cuaprer 11.—THE INpucTivE EPocr or NEwToN. Disco-

VERY OF THE UNIVERSAL GRAVITATION OF MaTTER, Ac-

CORDING T0 THE LAW OF THE INVERSE SQUARE oF THE

Disrance . . . 152

1. Sun’s Force on Different Planets . . 153
2. Force in Different Points of an Orbit 154

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/9781108019255

Cambridge University Press

978-1-108-01925-5 - History of the Inductive Sciences: From the Earliest
to the Present Times, Volume 2

William Whewell

Frontmatter
More information
CONTENTS OF THE SECOND VOLUME. vii
Page
3. Moon’s Gravity to the Earth . . 157
4. Mutual Attraction of all the Celestial Bodles . . 163
5. Particles of Matter . . 173
Reflections on the Discovery . . . . . 180
Character of Newton . . . . . 183

Cuarrer 111.—SEQUEL To THE EPocH oF NEwWTON. RECEP-
TION OF THE NEWTONIAN THEORY.

Sect. 1. General Remarks . . . . 188
Sect. 2. Reception of the Newtonian Themy in England . 190
Sect. 3. abroad . 198

CiapTer IV.—SEQUEL To THE Epocit oF NEWTON, CONTI-
NUED. VERIFICATION AND COMPLETION OF THE NEWTO-
Ni1aN THEORY.

Sect. 1. Division of the Subject . 206
Sect. 2. Application of the Newtonian Theony to the Moon 207
Sect. 3. to the Planets,
Satellites, and Earth . . . . 216
Scet. 4. to Secular
Incqualities . . . . . 225
Sect. 5. to the New
Planets . . . . . . . 229
Secl. 6. to Comets . 236
Sect. 7. to the Figure
of the Earth . . 240
Sect. 8. Confirmation of the Newtonian Theox y by L‘q)eu-
ments on Attraction . 245

Sect. 9. Application of the Newtonian Theory to the Tldes 246

CuAPTER V.—DISCOVERIES ADDED TO THE NEWTONIAN

TaEORY.
Sect. 1. Tables of Astronomical Refraction . . 254
Sect. 2. Discovery of the Velocity of Light. Romer . 257
Sect. 3. Discovery of Aberration. Bradley . . 258
Sect. 4. Discovery of Nutation . . . 260
Sect. 5. Discovery of the Laws of Doub]e Sms The two
Herschels . . . . . . 262

@ 2

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/9781108019255

Cambridge University Press

978-1-108-01925-5 - History of the Inductive Sciences: From the Earliest
to the Present Times, Volume 2

William Whewell

Frontmatter

More information

Viii CONTENTS OF THE SECOND VOLUME.

CuaprTER VI.—THE INSTRUMENTS AND AIDS OF ASTRONOMY
DURING THE NEWTONIAN PERIOD.

Page
Sect. 1. Instruments . . . . . . . 266
Sect. 2. Observatories . . . . . . 275
Sect. 8. Scientific Societies . . . . . . 278
Sect. 4. Patrons of Astronomy . . . . 280
Sect. 5. Astronomical Expeditions . . . . 282
Sect. 6. Present State of Astronomy . . . 283

THE SECONDARY MECHANICAL SCIENCES.

BOOK VIII.
HISTORY OF ACOUSTICS.
Introduction . . . . . . . 203

CuAPTER I.—PRELUDE To THE SoLUTION oF PROBLEMS IN
Acoustics . . . . 295

CraprTER I1.—PROBLEM OF THE VIBRATIONS OF STRINGS . 302
Crarrer I11.—ProBLEM oF THE PropacaTioN oF Sounp 310

CoaprTeER IV.—PROBLEM OF DIFFERENT SOUNDS OF THE
SAME STRING . . . . 317

CHAPTER V.—PROBLEM oF THE Sounps oF Prres . 321

CuAPTER VI.—PROBLEM OF DIFFERENT MODES OF VIBRATION
oF Bopies in GENERAL . . 325

BOOK IX.
HISTORY OF OPTICS, FORMAL AND PIIYSICAL.

Introduction . . . . . . . 359

FORMAL OPTICS.

CraprEr I—PRIMARY INDUCTION OF OpTics. Ravs op
LicaT AND Laws or REFLECTION . , 342

CuarTER II.—Discovery oF T0E Liw oF REFRACTION 344

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/9781108019255

Cambridge University Press

978-1-108-01925-5 - History of the Inductive Sciences: From the Earliest
to the Present Times, Volume 2

William Whewell

Frontmatter

More information

CONTENTS OF THE SECOND VOLUME. ix
Page
Craprer III.—Discovery or Tt Law oF DispErsion
BY REFRACTION . . . 349
CHAPTER IV.—DiscovERY OF ACHROMATISM . . . 362

Cuaprir V.—~DiscoveEry oF THE Laws oF DouBLE RE-
FRACTION . . . . 366

CuapTER VI.—DiscovERY oF THE Laws oF PorLarizaTion 372

Cuaprter VIIL.—Discovery or THE Laws or THE CoLoURs
or Tarx PrLaTEs . . . 378

CuapteEr VIII.—ATrroyers To DiscovEr tuE LAws oF
OTHER PHENOMENA . . . 381

CaaprTER I1X.—Di1scoveEry oF THE Laws oF PHENOMENA
or DrporLarizep Licut . . . 384

PHYSICAL OPTICS.

CaAPTER X.—PRrELUDE TO THE Epocur or YouNG AND
FRrRESNEL . . . . 390

Cuarter XI.—ErocH or Youna aND FRESNEL.

Sect. 1. Introduction . 402
Sect. 2. Explanation of the Penodlcal Colouls of Thm

Plates and Shadows by the Undulatory Theory 404
Sect. 3. Explanation of Double Refraction by the Undu-

latory Theory . 412
Sect. 4. Explanation of Polalua,tlon by the Undulatoxy

Theory . 415
Sect. 5. Explanation of D1polanzatxon by the Undulatory

Theory . . . . . . 424

CuaprTER XIT.—SEQUEL TO THE EPOoCcH OF YOUNG AND
FRESNEL. RECEPTION OF THE UNDULATORY THEORY . 430

Cuarrer XIII.—CoONFIRMATION AND EXTENSION OF THE

Un~puratory Tnrory. . . . 442
1. Double Refraction of Compressed Glass . . 443
2. Circular Polarization . . . . . o444

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/9781108019255

Cambridge University Press
978-1-108-01925-5 - History of the Inductive Sciences: From the Earliest
to the Present Times, Volume 2

William Whewell
Frontmatter
More information
X CONTENTS OF THE SECOND VOLUME.
Page
3. Elliptical Polarization in Quartz 447
4. Differential Equations of Elliptical Polanzatlon 448
5. Elliptical Polarization of Metals . . 449
6. Newton’s Rings by Polarized nght 450
7. Conical Refraction 451
8. Fringes of Shadows 451
9. Objections to the Theory . . 452
10. Dispersion, on the Undulatory Theory 453
11. Conclusion . . R . . 457
BOOK X.

HISTORY OF THERMOTICS AND ATMOLOGY.
Introduction 465
THERMOTICS PROPER.

Cuarrer 1.—THE DocrriNes or CONDUCTION AND
RapraTion.

Sect. 1. Introduction of the Doctrine of Conduction 468
Sect. 2. Radiation 472

Sect. 3. Verification of the Doctrines of Conduction and
Radiation 475
Sect. 4. The Geological and Cosmologlcal APP]ICdthH of
Thermotics . . 476
). Effect of Solar Heat on the E'ufh 477
2. Climate 479
3. Temperature of the Interxol of the Ea1 th 481
4. Heat of the Planetary Spaces 484
Sect. 5. Correction of Newton’s Law of Cooling . 485
Sect. 6. Other Laws of Phenomena with 1'espect to Radi-
ation . . 488
Sect. 7. Fourier’s Theory of Radlant Heat 489
Sect. 8. Discovery of the Polarization of Heat 492

Caaprrer II.—THE Laws or CHANGES 0CCASIONED BY HEAT.

Sect.

Sect.
Sect.

Gay-Lussac . . .
2. Specific Heat. Change of Consistence .
3. The Doctrine of Latent Heat

1. The Law of Expansion of Gases. Dalton and

496
498
499

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/9781108019255

Cambridge University Press

978-1-108-01925-5 - History of the Inductive Sciences: From the Earliest
to the Present Times, Volume 2

William Whewell

Frontmatter

More information

CONTENTS OF THE SECOND VOLUME. x1
ATMOLOGY .

Cuaprer IIL.—THE RELATION OF VAPOUR AND AIR.
Page
Sect. 1. Prelude to Dalton’s Doctrine of Evaporation . 501
Sect. 2. Dalton’s Doctrine of Evaporation . 509

Sect. 3. Determination of the Laws of the Elastlc chu
of Steam . . 514

Sect. 4. Consequences of the Doctnne of Evapomtwn
Explanation of Rain, Dew, and Clouds . 518
Craprrer 1V.—Puysican Tueories oF HraT . . 524
Thermotical Theories . . . . . . . 525
Atmological Theories . . . . . . 529
Conclusion . . . . . . . . 533

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/9781108019255

Cambridge University Press

978-1-108-01925-5 - History of the Inductive Sciences: From the Earliest
to the Present Times, Volume 2

William Whewell

Frontmatter

More information

ADDITIONAL CORRECTION IN VOL. II.

Page 105, linc 14, Eunler was the true author of the method of the
variation of elements. The first essay of this method appears in a memoir
in 1749; and it was further developed in another memoir in 1753, ten years
before that of Lagrange mentioned in the text. See Laplace, Mécanique
Celeste, livre xv., page 305, 310.
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As pilot well expert in perilous wave

That to a steadfast star his course hath bent,
‘When foggy mists or cloudy tempests have

The faithful light of that fair lamp yblent,

And covered heaven with hideous dreriment;
Upon his card and compas firms his eye,

The maysters of his long experiment,
And to them does the steddy helm apply,
Bidding his winged vessel fairly forward fly.

SPENSER, Faerie Queen, b. ii. ¢. 7.
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"Exet Téhos 87, £ ovdéy éumodaw ére.
Zscavrus. Prom. Vinct. 13.

You, Force and PowEr, have done your destined task ;
And nonght impedes the work of other hands,
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INTRODUCTION.

WE enter now upon a new region of the human
mind. In passing from Astronomy to Mechanics
we make a transition from the formal to the physical
sciences ;—from time and space to force and mat-
ter ;—from plenomena to causes. Hitherto we have
been concerned only with the paths and orbits, the
periods and cycles, the angles and distances, of the
objects to which our sciences applied; namely, the
heavenly bodies. How these motions are produced ;
—by what agencies, impulses, powers, they are
determined to be what they are;—of what nature
are the objects themselves;—are speculations which
we have hitherto not dwelt upon. The history of
such speculations now comes before us; but, in the
first place, we must consider the history of specula-
tions concerning motion in general, terrestrial as well
as celestial. We must first attend to Mechanies,
and afterwards return to Physical Astronomy.

In the same way in which the developement of
pure mathematics, which began with the Greeks,
was a necessary condition of the progress of formal
astronomy, the creation of the science of mechanics
now became necessary to the formation and progress
of physical astronomy. Geometry and mechanics
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vi INTRODUCTION.

were cultivated for their own sakes; but they
supplied ideas, language, and reasoning to other
sciences. If the Greeks had not cultivated Conic
Sections, Kepler could not have superseded Ptolemy ;
if the Greeks had cultivated Dynamics, Kepler might
have anticipated Newton.
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