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PREFACE

o

tunt braneh, of Mathcwatirs.  Those who teach Gemuehy

Tocninean Geometry 15 now recoghlznl 4y inpor-

shondd luve some knowledge of this subjocl, and all whe
aee lutercelod in Wathematics will find mueh to stinmlase
them amid el for thew to enjoy o Do sovel resulls and
views Lhat ib progonks.

This book b an stbaopl Lo give s sinple aml diroes
azeoynh of the Nen-Euelidean (Genmetry, sl one which
presupposca bub Titlle knowledge of Mathematios,  The fivst
thres vhaplers wssume s Tnowledge of only Plane and Bolid
Geometry sand Trigonomelry, und ilw enlive book etu be resd
Ly amc whn has taleen the matlhemstionl courses conuaonly given
i oy colleges,

Nov gpeeinl glaim to originality con be msde for whib is
ablished Tepe,  The propesitions have loug hoon estals
Tished, andd in vazious ways.

Bome of the provfs wmay be
new, bulb athors, s alecady given Ty wiiters o this sulbjeet,
condd not Ue woproved,  These have come to e chicfly
tlongh the translatiens of Profezsor George Broee Halsted
of the Undveraity of Tewws.

L am particalarly indebted to my friend, Arnold 13, Chace,
Ser, of Valley Fally, BT, with whon T have studisd and

disemased the subject.
HEEXRY 1 MANNING
Provigser, duniy, 161
It}
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NON-RUCLIDEAN GROMETRY

INTRODBUCTION

Tus axioms of Geomotry were finmerly vegubded as lows
of thouglhl which an intelligent mind could neither deny nor
fovealigate.  Not ouly wers e axioms to which we have
heen accustomed Tound to agree with our experience, bul
it wag belicwed that we could not rewson on the supposition:
iMal any of thew are ot bve. T lias beon shown, howover.
slat it 38 possible to take a set of axiens, wholly er Lo parl
confradicting those ol Fawlil, sl boild ap s deometry as
comsistent as s

We ghall give the two wmost inporlant Non-Fuelidesn
CGeometrien.® Do Whose (ke axioms and definifions sre talen
s in Telid, wich the exception of those relating to paralld
Tines.  (hnithing Lhe axiom on parallelst we are lod to fhree
hypoblescs of these extahlishes fhe Ceometry of 1uelid,
while cach of the other two glves ws a sexies of propositions
Woth interesting sud uselol.  Todeed, as long Aa we can exan-
e bul o limited portion of the wniverse, it is not possible te
prove that the system of Huclid is beve, valher than one of
the two Nop-Tuelidesn Geonelrics w
dasoribe.

We shall wdopt an arvangoment which onables vg Lo prove
firat the propesitions common io the theee Geometries, then
Lo produce a aervics of propositions wad the fvigonnmelrieal
formule for wach of Ehe two Geonetrios which differ from

ih we are about to

= Bee Historical Nobe, p. I | See . Bl



2 WON-EUCLIDEAN GROMETRY

that of luelid, and by analytival wethods to derive some of
their most striling properiies,

We do not proposo Lo investigate divecly she foundations
of Gemnetry, nov aven w pomt ouk all of the usswnpilons
which have been made, conscionsly or unconsviously, in this
study.  Leaving nndisturbed that which shese Geomelrles
bave in common, we are fres to x our allention upon thoir
dilerences. By a conercte cxposition it may be possible to
learn wiore of che waiure of Geomenry shan fron abstract
theery alome.

Thus we shill ewploy most of the levis of Geametry with-
out repeating the dofinitions given in onv text-books, and
asaume that she Bgures delined by tlese teyme exisl.  Tn
partionlar we sssume

L The ecistence af steaiphe Bnes delermined by any fwo
gotats, and thal the shortest poth letween twy points i w
straight fine,

IT. %c existonce of planes deterwined fy uny thone prints
not in o straight line, wad et e straigll Too Jodalng ony tive
potnts i u plae Ties wholly in e pluis.

M. That geonetvical fguecs eoa b saved cdout without
choaginy their shope v slze

IV, Lt o point wiving aling @ line fram awe position t
witdther pressex Dhogegh cvery point of the {ine betwewi, wnd
that 1 goomelrieal mugnitude, for seouple, an angls, or the
length of o portion af ¢ fine, verging from one selfie to anctier,
pteases thevigh all inlermediaie velbues,

Tu sopie of the propositions the preot will be omitied or
ouly the methed of proot snggested, wheve the details ean be
aupplied from our conunon fext-books,



