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PREFACLE TU THE THIRD EDITION,

In pEepraragg Ui tiinl odimion of  Kellawd  and  Theit's
Tudroducdion fo Quateesions 1 hove heen goided  mainly by
two conmideratione.  In the first place, the avempe mathe-
matical stodent af todlay attaing oither at achool or in his
aarly eollage conrses a much  higher stamlard than was
passible in 1873 when Kelluul wrote, or even in 1831, the
date of the second edition. 18 secoeed, therefore, desiralilo
to delete many of the very simple geemetrien] illnstrations
which formed a large part of the text, indicating  their
mabure by a wond, or tmeeaferning them s excreises to the
end of the approprinte chapter.  In this way valmable space
has been guined for the discussion of problems more fitted
ta bring out the power and heauty of the guaternion
eulenluz,

It is right to mentien, however, that Chapter 1. has Lgen
lefi exactly sa Kolland wrote it; amd the greator pars of
Chagrer 1L i simply reproduced.

The aceom] condideration was the necessity for presenting
the main featnres of Hamilton's great calenlus o a heief hat
veu bogically complete fupm.  This bas led o the ressating of
Chapters [11, and IX,  In the pew Chapters IT1 and TV, the
culenlis in jts essential features is developed systematieally
from the defizition of a guastervion se Vhe complex number
which measures the wmtio of two vestors, with the farther
asEnmption that the asseciative law holds in produet combing-

:;;tllj. i
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tions  Frem these two root principles the whole of Hamilton's
powerfal vechor alpebim ovelves itselfl simply and natorally.
It is hoped that the mode of presentation will remove
she difficnlty which some boave cxperienesd] in secopting
Homilton's ideotifiontion of vector sod qualntel versor,
(XBrien, Homilion's brilliaue eontemporary, confessed chat
the diffienlty was to bim insurmountabile.  But the ditfiealty
e really ereated by the seepric him=ell, who fafls oo see
that, =0 far ns the mathewmatical dotinilion gess, o vector
muantity jooagupternions ba= g mich wider sighificasoe than
the atep or displacement or velocity by means of which the
simple. summation iociples ars tet ilosetel. The law
of vector additingg whicli @3 common b all kinds of vectors,
including  the Hamiltonian, determimes nothing as o the
|.l1.'|'.r| ] [_ﬂnthll:l i.‘l:llllilillilri'ull.-u ‘I'hd:h?. I!mj‘ I‘II:! :|.I|Il.'l|I'I-I|!.'|I Wi
ploas wenony veetors, #0 long as the law of veetor addition
iz satlsfied. Now it iz proved in Chaptie 118 18, that
quadrantal versors’ oley the vector law of additien, They
are therefore trne vestors @ el henee follows, from the pes
metricad point of view, the analytical identification of vactor
and quadrntal versor.  The identification, no doult, regores
every vertor (whitever physical qpatity it ney symbaolise)
to- be anbject analytically to the quudmntal versor laws in
prodicct combinations ; bt this, a5 Homalton himeell proved,
ia tantamount te requiviug thit three or wmere vectors in
prodiuct ‘combimmtions oy the assoeintive iw.,  There is
thue perfeet consistency thromzhont.

Froam  Ehs in'lf||1 af view ol Hirn llllil.':l.'.‘l-l-.'lu Ll ll“lll'tl.“,:.‘
mentionsd whove conmot, of convse, preesent el CThe
quaternion is then o guantity invelvieg foor dnits, which are
defined ns reprodocing themselves in prodeot comslinatisne
aned nx li.'iF.-Lnf_'L'ihg |:'|.-_':I'I.:|ir| gl-lil:r.|| laavs, The nmathematicsl
properties of the guaternion being thas  cstalilished, the
utility «f the calening will dopendd simply opon the mode of
interpretation,  Thus Profissor (L L Joly, by o new incer
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peetation of the quaternion, has vecently  developed an
interesting treatoenl of projective geometry,

In Chapter IX. o completely new section s been imtro-
duced  on dynumieal  applications.  Thin stemed e be
spacially ealled for, inmsmuach s vector des and notations
are mow o familine  teatwre of some of onr best modern
books on muathemsaticw] physies. Tt is o e hoped that
they: will become a0 more mwl more, and that the prerful
Tamiltoninn method which develops the ideas and wnder-
lies the notation will borome equally familiar,

The kst four srgicles of Chapter IX. have to do with
e ghief piecties of the cemarkable differential pemibor
Differentiation fn the ordinary sense wos excludel from the
earlier editions, although the method wos implicitly nsed in
she trentment of fanpgente I wis impossible, however, Lo
aive any tre dlea of the power of guaternions in dynwmics
without the explicit introduction of differentistion ; und this
consideration  seemed o me te outweigh sl considerns-
tions based om artifcial distinctions s to what 18 or s
not - suitahle in oan elementary book. The mathematical
student who s able to wppreciate the exquisite lLeautics
of the linenr veetor funckion a8 expounded in Chaprer X
will kave wo difienlty i appreciating the significanee of
Nabdw,

Tait's wery mstructive  Ubapter Noo has heen  beft
practically untomched, Tt e the work of a recosnised
master, aml has been a source of mspiration 0 wany
students of the subjenrt. As a pupl of both hellaml and
Tait, uml 22 a colleagne and friend of the latter, | have
had peculine pleasive in preparing this third edition of
cheir joint work, amd trast thac 32 vy deaw che machematien
stuchent juto am atteactive aosd  Jacgoly onexploved  fleld of
mathematies, Amlytically the quaternion ia wow known 1o
take s place in the goneral theory of complex nonmbeps
aml contineous groapa | it G resarkeble tat it shoub] heve
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pm?idsd for the geometry and dynamics of onr viethle
nniverse a ealonlus of preat power and eimprlicity,

My thanks mre due to Mr, Petar Les=, M. AL tor las careful
pmnf reacding of all but the very ecarliest Chapters.

O, G KROTT,
Forsnuman Wy cnsars,;
Cvdedaer, 1IN,



PREFACE TO sECOND EDITHON

Iw pregering this seeond edition for press 1 love altereld as
slightly vs pessible these portions of the work which wers
wrtken entirely by Troll Rellawl.  The mode of presenta-
o which he employed] must always he of great interest,
if ‘only from the fact that he waz am exeeptiooally able
teacher: bue the suceess of the work, as an ntrodnetion
to o method which iz now rapully advaneing in genaral
estimation, would of ttself have hoen a sulficient motive for
mwy refraining from any seriouz alteration.

A thinl reason, bad such been necessary, would have
presented  iell in the fact that 1 have nwever congidered
with the necessary care thoae metaphyaical goestions eon-
peten] with the g th apd alevelspment of il el
iegs, to which my  fate  venetated]  eacher paid el
particular attention,

My own part of the Vook (inclading wmainly Chapter X,
and worked out Examples 180—24 o Chapter 1X) was
written hurriedly, aml while T was decply enmuged with
work of a very different kind ; so that [ hod no hestation
it determining to re-cagt it where 1 faneted [ conld improve ie

[, 2, TAIT.
Umivunsimy oF Boxavmi,
Novewgbor, 1581,



