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‘Ihis cewl s inended te sesve az an iawedecion to ke peemety of tha acbon
ut dizesee grogsos o A otes transfomaticos. Too subject marer has now
beer snadivd week changivg points of emplhasis Jar over 8 hoadred years. e
mnest feeenl developriens beive conaected with the eery of 2-mantfuds -
see, for evamnple, she napers or Paincare |77 214 Thorscor [191]. Abaul
15345, the s wellkaowa (but virtually wnobtuiosble) | enchel Mielser
VA MIECTI 0 appeases . Sadly, Cac mantseripl never appeaced 2o 276, wnd chis
fiure Dodcar ekl @llenpls to display at loesc some of e bewuliso] gea-
Muzirical i2:&% 1o be found 0 thel meausesipr, as well a5 some rorg —coenl
Crad Lezrdid

The lexl a5 heas wriller: weiq Lae coaviclion Thas genmelrical explasa-
Lins wre essen o To1 8 T endersieadicg of ke rcarenial sl kan Liweeer
Al 4 maerix el riphl seem, a peemetric preol e almaal 2eriais 1y move
praoftalea Furcher, nlieicver fresgailale, resu s shog ] b stiaed oa Frozonrlal
i5 meariaalL under canjrganad, g weaking 1he ‘nirinse aatose of tle resai
naee appaienl. Despire e fae? that the suhiecr rmatier i@ concernsd with
gronps: of izomelnies of hyperbalic geamchy, many pehlizacnns vely on
Evcliceun rarirmarey wod peomelry, However, the recens develaprzols have
Agdin =mphasized the nesl [ hyperbolic peomety, and L have focleded a
cuTnprelies o chayrier v :i1'ﬁ|:,-'||-;:ﬁ| (Oe peemalic] hyperooiic peomecry.
T is hopedd il chis chapeer wil' serve s o * dicticnary ™ of foroulee 12 pluoe
Lyperoolic peorneiny and as sech will be ol ulsrest amd o o ils awa sigh..
B of ths, 194 Torma® iz SiFeront Srcn the orler chislers: Fere, there 15
a darger cumbar af shorier sections. carh deveded 8 pacticalm cgsgll g
Ltheme.

Tae wevt js imcendad 1o be of an iotceductory nateze, aod [ svake o
Epo.ugwes fie wiving dera.led {and somesimes clemenary) preof. Tndecd,
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S dafe e PO ol e In paak hs s |:|:_1.-p||:|i|5u|, clhe Feg; ]J.:";
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CHAAPTHE 1
Prelimirary Material

51.1, Motat:on

W uze 1he followdng nototien. Foeet, & %) 02 and L deaute ke inoezen, th
=21ianR 3, 1he real and coanp ey eonbors respeatiezlz UL doneles Feoae o n”
suatcTaions [(Sectias 2.2

Ay usoad, R denotes Euclidzan a-space, moiypieal oaink ono ths Wing
x=dx.,.. ,x]) with

EHECE s SN Nty LI

Bosler that I 7 = 0, iaem 2 denoles e poddloe sypare coot of - he
o] basds ol = 05 ge 80 womee, [oT sxampe, @ — L0 L Oh
Thr At subezis of R warmanl spovial mention, caoely

= dneh! | x] = 1L
W= ok a0,
and

M= el |2 =10
T= the case o 7 Uderl ficd with %) ma a=0l] o3e A ans 5A e the wni
dic and -nit £oTle st ey
Tae aotutios x =+ x*fhor cenr plerdenneas the ANction mapeping 1z =
t1e Samouin will e clour o the contert. Functions nape o Tragsfoctnc -
wanst ag enthe fgfv e FoT arew oy, the mage 7 lia often written gy jx smiiting
Trucietzh The compoaition of fanctions 3 wditben as oo this 35 Lthe mop
B figlag
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Al ke cenalbhestha we neodd are derivakle Tro=1 “2nsen's =aalily bore
arac] ob this, ses | &, O -apter

Jensew®s Liegnality, Lot ¢ brogr posiciee esnee a7 osed X wizh gl i1
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Jurreaie sad By The coonpelex case Jodlo s Doz e e case eod Lthosaeen, of
werunss, bz prove] oy climenls oy neage,

Tabing X - {0 x5 wowd pi — o, we Tad tha £2.2.00 vielow the
pesera, Anlhooe |-.J—C»=;.'-m Iy coves dncyual .y

R

whews 4 hES MOE B0 QRS g BP0

T atder 1e apply oL 1y we need a fuppl,' of cotiver funerlo=s: o snfficzent
conditien Jor o oo b2 conser s thor @' » O om g, &, Thus, for exnsapk,
the funetions 20G 7an and eor® afe o conveda on (0, a3, Twis shows, for
jasiance, thooif 64, .. W Harec] @il &2 then

Co_ 0w @% e, — e oo 6,
| =
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Wil o= v 4 el s b e

Lzt = -4 Jap s .
=l 1 ¥]
I = -an v b

2tan .

[ 115 s il
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Agtan iz cobver Lz rveeld:
Wt s by >Ei2aw

and “1c datired ihegue ity follows immes otely (malzg 1ht tn® w <t a0
bath desominors 1Te poitve),

5.3 Alesbrs

W aball assL e el aziTe wiLa the hasic ideds eoniemin: oos und 1LE @
Teasor K140 weoTOT Spaces, I oz exarmpla, we shal: s elzmeniary focs: 1bout
the zeaup ¥, &7 peviautacizns =T (L2 .. vl b penlkslar, &, 15 pRasccled
hr Iranzpssiticng A angther eanmzle, we menlan Fat i x - & i a
hontemine @l ier af flee geearr 07 i e greeen B0 ken thie Bere! B ] Fe
el by s B e L gresiem! gavieg ir s B arrenraiee b N

Pre g hean crmemt im the growp 6 The ch—anes roegiate oo ane -
~lETremts .I:|::4.I|_1 o Fes) sod e cemjusacy elasais [l TN N
pachibicn 0% In passitg o mintinh thal The maps - — opo band v — g !
Choth T mnlneoarscl) wlae 3 2sectal eede i rhe ader wack 1A waeubutiotn -
e gard b

[3.7F] —phg -F

nr cnr poepssss thas shouls Be viswnt 33 e anmpescien o g amnd a
E?ﬁplz}lli. al n 1

et Db A s 2nth subaevanns Feg {F belsagmne B same itd -1i- 2ot
e asqns Pl the nmvem o e -I'uI Fron =rale *s ard The el I'JI- Tmve "‘"'I|:.'
the ceidy m eommir BEen £ s b Jivee pvaser o th 1T amd o i if
each pondo has 2 onuque eXEEes0L 25 7 0 g, PR min Dwn T e gy
hr_lrm: m Har same |'_F_- I':-'=1n'rp|r.'. Al thas 2all v or oaber in The 1240

3.4, Topolozy

Wi shall ez b snoeledes of thanlogy sefFeiont. for cxamTic, to disouss
HansdorT spaccs, conroored spaczs, compact apaces, pradoct apaess Lod
horeonorphiTns In partowlar 5 Y w0 5 1= sonieswows wesp ar o
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spene X Lo a Hausdent spece Tooomea Ui L Rumeamiorphie As specidl
cRdL |.|]'::=. ol bopoagizs we menlion the J-a.r-:ll: lupu]u,_: ¢ (1 which svery
suber, 15 opzu) and the ooology derival o a ue ru., B4 g2l ¥, An
Peererielr e od woie eIl spank S, a0 L0l B e par | Y, b palie s

g fE = e

LA I JEUssEl L7 o ooy e plan

Br_eflv, e s 3w Lhe gl wetion oI e guolizat 1o gy oduces be o
giver Muovlion, Lzt X by any aopoloecei soace, 121 Y bz aws uoaeciop.y scl
arl 2l 5 X = Moeapye Tooetow A sc sl T of Fis open iCaud oale g WET)
Ik oo suiael of X e dess ol open subzes ol Vs odesd 2 o olog
.fr_r it T oaamd in gl Lhe guocirae copudg, iealoced e W1 s woepclowy,
Jie sutoracicully senumuous, The folksewe bwec igsulls oz the quu iz
WP, dne usell_

Propnzicon L4 1. Ler X be o sopciogue spaes s sepsose thal 0 maps X
oty ¥ Lan F obe e aopudeg o oa ¥ oo w5 bt queetived cosoligpon 1
anaaed by §

(L) 0N =3 end e, then 5o S
(A WG N = 0¥ 5w somimian el o, e 3 o= 5L

P, Supposthat /0 X« (¥ Fiiscentdnodss JTF 3o & e FO 1A
_sltupenm.iund,n“rtm.ﬁ“ O, ir addizlea, [ & = (¥, .:i-"‘u..unmm
map then 1L 25 cpdics s ) F"-F 1snpe:|1|1£ smdsc FiT TN lr...
As U is surfeeive. "[f"F’]-lfm.ﬁ”i:.:F' 3

Propestdon 14,2, Susposc taai " mee X e T whbore X awd ¥ ore topefogioel
FRACA, ¥ AARG L GHOTENT Opsitg) F . FOr dack ap gt Y or I defise
ol X e ZEhvp, mf TADEG b confinnines 8 s ol o0 35 i codiruen,

PRuxar, A3 F iz continaous. tho conting:ce gfg cmpliesshat af 3. . oorsL 2nose
[oar ¢, i3 contioaous, For an open subsec ¥ ool & (we coEnrme, of corrae, s
£ i+ ¢ topaiogizal space] we hayve

MY = T T

an:s Fia s opee im XL Ty the defmition T he 2o ol rapalne, g (KD s
opcen in Y an g i enntimoen.

A alternetive Rppranei 10 rhe guodicnl bopwilngy i= &y cqueak-es rela-
tiana Ff X carcics an eqicvalence telaton 8 wilh reprivale= e clesses 4],
thez XA lhe space ol cquwivaler oo clagsca) inbiztisa the quationt fopolomy
indiced S t3e man x — [, Fqually, ary sarjed-we fimidam F & — ¥
Inz ices an eqmvekoc: Tatier, R on X by <%y i7ard ~nly & =) — Ol
t=d ¥ ran he identificd wrt XAR. Az e cxamplz, 12107 e 9 groag al Femerne
mospaisieE of o wipological space X anen taclf and 11 F map cach w i X
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to e F-ochi. [x)i0 XG0 A A ia civen the indooge yuoten| iopa.cmy. Lhen
X — X0 s coatinuuus be Ly case (ix ako an open map bece age J
1Eopemn X tha ea 1s

__I'-- Ill_i'lll"_.' _ lJ g': [_.rll
e

Finall=, vae ceader will beme£L rom 40 umelarsle oo o e ering, spaies
and BRcoao, sur e altbiough nasst o e Zialesta) i this ook was be me
moepmlmiy of (hecr fdess, Sorce of (hon iz fveopae? Sricly in Chapter &
for Toromer oformatios, dhe rewder i orelzrod so fer examcien [, [80.

[337. [307. 3] anc [ 047,

$..5 Tepelegical Groups

A ratalzmcal grows i balth o proup an? A topoloricl. Spoos Lie 190
strustures being relied by the raguizemen. Thor the meps =0 o x " [of C
anbe 1 ana tx P sz (cf U8 Goonto G are Coolmudaos: ohviowsly,
0% T3 given the produe. opolaey Tweo 1o polog enl groags 023 fananehle
when there (s 0 bijoeoea of ooe (ouo the 5oner which is boh o gboap 5o
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L |'||5_|.-.'tﬁ| AT

ot acy yan O, 1o space O » v Liae 3 nakwral mopo oy wnbh epen w014
A% |- whers A pr cpent & Lhe ap A k- [x, 1) o3 -gmeamirphiim
o Foaloer w e and ths s (v po-— P & B ool o mha el feos
onto € 3t Faiows that v-+=p 15 3 cootuovs mep ok £ anta sl with
contmucns averse v — .y ! and $7 ee Ravs the [llseanz alomentary b
Lt | Y]

raprsican 150 Jaoe ¢l g i T Sl vigp v — wrin g bommear phoim 7 10
vz PRRRD D TEY Foed 0 3ie o dhe i o
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Topooogs Dt wr have th=fallowe 3 g Cirs lary of Prapeaitnn 15

I"ﬂrlll.n:.r 1.53 de=1f he r.n'.-j“'.h‘.-jl.-’j‘..' LAt f.'ﬂ'_.l‘h:- sape gl Phe

er ':.FT} s g Tuer eirca et f_}j- I:__]l - I'r':" [ ripen cand a1 adeoerefe
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L= 18

where @ i some goemend al G W s ladl b ol oo joodie ey o Q2]
Lol these maps aod woin Uds oonaeed, s el o D g woigue Dl
mcimn, odiozly o0 The flerales ace e by b e aalion

wad = i,

becauss 1oy ixdueton)

Ny — Tl el e l,. Wl
= .J"“'l-u'l".'.-'-' S H R

= &% Yiula

YmooeEen ciromats aocs, 1he fetatod oommuLe =or (5 chnsarees ta the
sdenhily e A iy, rae ifzrares &g coreergs B oo anigus fived point
a ol ¢z =d il —e arsop o nestion 50 acretz, chon e st hase 2= =
Trsamne bow xawnp'.’:nirh aszc[Ins] 001 1 lemma L2 5] 5 ad Chaptac 5
vl Ths 1ead

Canally et 07 hes 2 1n-aiaeer” groce and & oo -atreal anbgranp of £
Then O sarmizy halh the gsosl sieoetores of a qocoticat gecap and the

111 =1 1:’“|I'rl'| (HA)

Lhecresn 15305 ' o8 0wl 2wegriag af o tanalsdgiea) groder G, i 5,00
vl rag anund Alrannaee oo Sapoligiead grie g

Fooaproot aod B lagcaer wborioad ooy, see |20, 22 1248 07, [ 0F]
and " |

1.6, Anclhvsis

W oass mn a hasie knsweleder ol analybic fne cos braren anhas o7 Che

e lex noan® ancd, = pEchienla-) rhe Taet that these funct-nns reap opon

sl o owts S wpeethr reamples, wr =t ien Mok rrandnermalang
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