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PREFACE.

1 owe a great debe of pratitnde to an old pupal for the resilts
of ooensaal conversation T had oath him saome s or soven vears
ago, T that cecesien Mr 1 & ML DParker disconvsod of polors
amd molors I such wise Uhal i seomed Lo bis tulor high L
o rah the duwst fron bhe wvelome of Clifford’s Aathenotiond
Papera Iying on Lhe shelves; for otherwise e tntur s pagal
hale fair to change places.  Many davs of west Tuberesting work
anl thought have been the sequel of that talk within the walls of
Urmewl College,

The treatiwent below of whar Chifford ealled Bi-natersions
runs on two sharply-defined hnce Quoternions amd the Ao
dehnungelehre have both becn pressed iolo th seeviee, nd G
bilp from them bas bal 1o very different kinds of devolepuicnt.
Beither developuient conlid, in wmy opimon, be well sparal. The
firat =eoms to bo allicd to metrical goometry and  the secund
b dlescriptive: At any vate T do ot sce how, 1 fow wonls,
bebber Lo deseribe the essential choroteristica of the fwe. For
e prveise idoas the reader mnst study tho subject ilsichl

o far as the prisuaet troakise cateertel, these developtients
took ploce in twe perisds. 1 Bad done whiat 1T esokl an the
quaternion medel, bat  being  dissitisfiol  Bocanse s many
yuestions which  prescntod themselves wore thereby hint fs
perlectly answered, T put the work asude.  Mewwhile 1 tiod
been Ied by Sir Robert Ball's Thesry of Seeews (Dulidin, 18751
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te stuidy the Awsdebwingsdelre {15802), and was delighted to
find that the gaps conld apparently be filled from this ssuvee,
O taking the subject up agam e was fonnd thot this surmise
WHE  Correct,

Perhaps the most siviking fact that has come to light i the
investigation s one that appearcd almoss s the outsob, aml oo
which wainly fudueed me 1o proceed, T mean the fack tha
every quaternion formuls exeept snch as involve ¥V admits of an
cotonion Juterpretalion—s geomeliienl interprotation mach more
ceneral than that which 16 was primarily eant to have.  There
t= marter for vetlectinn in that the foundeors of Quaterniens, while
they were busying themselves coly with vecler apd quatermion
conceptinns, werw, all the time, unkoown s thomselves, establishing
ntar anid ootoninn imths

Thero iz a0 eoresponding though less steildmge el eonoeslol
with the sevopd method of development. The sinivments ol
Ompalernions worse always intended to have Tl eoe mecnning—
of comrse with ooy vapations of forme when put oty wonds—
bt the Auvsdlehnunaslelrn: was intended to he a general frame-
work of symebols whose applications shondl be o many. prosvaness
of themghlt. It = ibemfore not sorprising that there are
peemptricad lerprotations. which were oot developed, even 3f
serinnaly eontoplaled, by Ursssmann, Such are the applications
of the Aunslohoungsichve below, T caimot beliove that Grass-
mann coutemplated such applieations  of hie ealewlue W only
heeamse appercatly  be pever coneeives] of o magnitwde other
than swero whose * peweread valpe" in his own technieal sense,

iFaE RO

It muy b asked why, i this treatise, T stark de sovs, tistead
of taking all Bhatl Cliffoad Bas done for grantel. The rossons ane

(10 thee ddesteability of makimg the brewtise g lfcontained 3 (2 the

et that CHifRand visss a0 metfisd 11i;|:H.'I:Li. ent on fhe propertics

ol wem-Enelideon spmec, wherens 1 oregord £he sulyject as veforring
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tos Boelbibsa sy and @33 T o not altogether understod all of
Clifomls wegnments

The treatise suffors in form, sonwewhat, feome the et thit it
was uetb, in bhe meaking, moeanl o Be oo book bt s paper” s
will b lircetly uxp!nim'll. I T Dewd from the hoegiuning oon-
terrplnted the ook form, o i when the teatise beeame destinod
tor take that form, I hod thoughe reelf nstifial, or tdeed Dind
had the conemge; o roewst the whole appropriately, it wonlid have
T o lemiak dhomblial in lengih, withowt peobable any veakevial
mathemetionl amplification,  Nob only i=0F too eondensed, whee
the argumenl s firly coveral, bnt many steps of ressoning are
left ot which the vewdor will peguire patience to aupply, as
T ipself have fmud in rewding e prooshoets. T ean bt
apelogise 1o the vender for these mbber Irctating defeets,

There 15 a defect wholly mmeonneeled with this, wlich quaditiol.
crilic= may help 1o ponedy, T orefer o the terminology. 1 have
fentut mysell compelbod oo invent quite a Ltble vocabolory ; and
il evor thers was an anthar in sweh an aoeewfrtadde posbion
wheee ioranee of dead and other Bugages was wore profonnd
thiay the woiter's, Topdey hime Ahoat the ter * Uhelonton™ T <hadl
spesik direetly. The theee gromps of terms sogueitor, toues
aetditor, pitch; aml teister, versar, trawslotor; and welocity motor,
foree wioter, sdieention molor s ad thobr eongeners am {pomding
eriticism ) content withe  The groep ol tonos coferring to limow
metor fonetions of metors ) geserad fosefon, conoatutioe Foaction,
pengil functicn, ewergy fonetion | are passable,  The termis coneerd,
coptetor, aedol quiedenien (or aeie?) aml some besa frogquently
nsetl seem to me lke wnwilling conseripts bogmng sl awy prico
for smbetitmtes, The term voegleon us usel o Lo trenbise o
ahjectionalile on the gronml that i closhes with the techieal
I:u-n.llih}_l: nl‘1h-_- EARTITOn TN T 1h .-Ugrhl':l_ T T el I|l||1]g|1l 1 hizid '|||:I.'
seviond ineonvenicnee wonld rosnbe T should have meed sonwe =uekh
berm na veplocesment, but T thonght seeiative betber [T st b



