Moﬁewoﬁg FYDF&/(?\UA a‘\Q free Toes &
N ’f IX| =7 He. F(X)ﬁ‘z.

) ﬂ IXI 22 Hwe FOO 7 nonabelian T see
’W"::, nete .’{ _lx'j\EX Hrew XJx"J" 5 a redwcedl
et ¢ Rl T
’Ll‘t (’OLV\“ch fmwi Ej induchon oot aéF(X))jfro(
lMPtLA (j #id for L a
> Famows thoorens Clard %Fmg :

T He F"cx> e subgrenp of FX) 40 Hire
xSt sl adi At HAFY) (1. o

o i A o S
The  wniversal T”P‘@ £ free e

/‘[’Leofevvxl L(,‘t ‘L X ———9‘:()() b{ "rev, a‘qc(u(g?by\ WP
ﬁ&‘jaa"""fo‘“i’F:X’—"éﬁa
%C\'S, %/I&Lm I a Whiyy e hww%&(fm‘#ﬁ
PP — 6 swel Ak .

X 1 F)

SNy e T
;

g mop




2
?&m &(&, :

__ﬂ\\j MW%%A&MW CLS-d/X rr/(’(i\(
u.nfcluga 64*7\«() (“.F "'0 rSvmnfeuJ/nk) (ovv(zum‘v;éfx Suc/t

’{'eka:t QV@ MQ\O D]QE(BX —i“’ () ¢ an behe _wM‘f‘O
| W\ar Oga""""f’i (‘rlMaMcwao’a(W,; F(X)*iﬁ C] .

&z’@ii C‘)zive,q ’F“ X — Cq' we weed o Mwe_

£ F(x) — G At "adfeu WﬁC\_F o —the sel X,
go set I(\A) = (r,‘l) aV\Ot 8&\/% a r(.o(ULCLAL LODVJL

&

X x5 e FQ()) set

—

fv\.

,p(xlgl... ka) = ;(X()e"—(()(z)él {(X,\) :
gf/\(.Q /()(XL) AN 4.Q,Q egzm«f’rff% a'von() 6 &V\A fc=‘l(/
e Auck o —the rb@\t hand side mialeey semse au cn
F‘(’“é

B/QXW\Uct O/‘f él It (s QCLAJ fo c\/\écL_ CcaleA avui\/er(
vl/c\a,'ts"f \‘S: L\Of:\nmo%(?w\, .er ‘/f
XU X" e V) and \Af‘gz’“e Fo)
(IR (RIS af“) = )& 3iff' --—3,3"“

(50 there bhaa locen gome

vre\ﬂ”\ CinC C.(a—'{’ﬁ’n— )

o —

T (x5 xf«)(jﬁ -,jfj)> - { (xf‘---ﬁi"éﬁﬁ‘ "jﬁ")
o o p S
S HCOARTECT el IO R (8



,C(x‘fx£>f;(3£3§f> £ i(x) 16(1) 4)(}»35”

¢ avxcd abiow in G

= ; ('X.f‘ - ‘an> , Sitee ? 1T a L\omamaaju"m
g /g r< u,m we H ﬁums also ‘/’gvvt f’O() s
ungue o {e ”“’M°QJ@W\ P

pe—



24

Cﬂg%_: E\/&(\j W G is e M’Lagg Efxom

—

.f;réé 94‘0\&{7 F o under a lfvomomo?gtm —— (%.

/PI"_C/ Congider  tho o Q@ o a st andl
-C/reccbt ’(’ﬁ.z /(*)me CGFOM() F(G‘D_ "WULQ 3 an o‘ovxm
map of seks meémwe\j ek o F(Q) 4
G, it s =9

(gt elﬂmz..dﬁ) ((d'mp et )
Ba He  wniversall W/:B %F F(Q)) Howres o
\/\U\NLWV\W)O‘&L(M “f: F((-,) -——?(:7 Hrat Sa}rgﬂu Cp(j):s)
Co Cf [ Surj(d@\/e«

——

M . E\/&:j W é{ i3 ISOMOYFZ\(C’% F(X)/N)
(/\)\/\.aﬂl X H Sve %CL ou\& T\IC”F(X) \J Sovve

/ﬂf\w&) T wWe ace 8/1\/@\, o g«"ﬂt() &, we can S(ea&%
G up o ra’omovfeuiw, !o(j 8;\/((5 a st X ad «a

Nov g L Stdog«wt\o N9 F(X) such +lett (= F‘(X)/{\{.
Ré\nep\)”:

G‘l\/éw (L8 a/me G) w()



e

25

3@%«1:&& %J»La et S < CHRS obqemadl’iﬁ ke
(0) Totecsechon of all subgrops of G comtaining S,
1e oY \,L\VQ/QQVCH
@ Ho er e a3
SeH
((() ﬂ i3 a SLAEGW() HC G suwaa “f’e\oft SCH
and S i a 8owru:&1:j st 163)\( H Thes Wileiay
/Ryy e\m:D he H, we can wrde W oA a(aﬁrootmi
h’-S,SL-'-S,\ PB‘Y SO cﬁxou,a_ﬁfggitsugkl.

i/()L Coun CLLSO &ﬂ.g\‘flt "[/Cu. \fl&('\/\.a_Q %u‘oéfrm‘() 5@ a_

up & A Ebr)&sﬂeutbs‘—ﬁ.’ljtrs
g & g

Aebned o
(i) The tntecsechon of @00 nocmal MGYWFZFF
C7 Cm—(umt‘\nj S, Le H oY ¢ qUL ct,ae;aH
) T
) ]

SeH

(ﬁ) Tt @ aSubarmlp HCG, swch Hiedk S<H
andl é\/é’—:’J L\é{—{ can bﬁexr)re/v«ki asafrmluct,

h = L $.9, gl%g;' ---fgh&g,f'
Aﬂw Sorvie cheice %g S € SUS-I a‘ni 5; GG




So, we can  Specdy noemal w%’wﬁd 27@ F(x)
Vi Hoe or | s

we Ma

Peb i let X be a sband YEFO) a st of
(reduced) worels. 4%/3 Q B sad + be the
Tw{) Aefined @ Meratos X and  rel actrony
Y G,’XFOO/N) where N a0 e wocmal -
0{ F(X) yw&éo( (b \/ \/\IL SQ.CS

<>< l \/> S a ’Fnuv&zéam oﬁé

TeX rM: < } are \(ange ) \raua(z} I is \vvuck

Exaw\pgt : Su@pf/&e Q = <<l, ‘Dl g = l‘oL, b - \‘ci) a[oai;'-—fi>.
(Note; We often wrte w=id /{’vf eadh weV s

Some  books [Sowrces do S1n ‘ol [ ist the fowunds y
V\/Tn\ ne CﬂleLthfA> j:s ’Fg\jts az\%mk({ar M 7

\/\ﬂ/wdc 3 [ Wom (c {07

Usefd Theoven Lot X be a set and Y€ F)

and  G=<xX(Y> T} H = any @«UMP guwncte&
b& X and H %xf’\‘q a0l Hu relathions in Y’

e Huare o an onfo ‘/lmom%m G———)H




2.7

M The tacutn Map X —H dzew a s-uju‘t(va
Momma%&m Fx) -5 H 58, sigessal fmfma

oA A free o FOO . Since H seishies alll relabons
we kKnow ae\/CF(X) gaj—rs@'u L\O(])frAEH.

maﬁefz Y = Zevr 4’0) ond snce ker € mwMQ,Q““exv\\
VLN A << \/ >> C‘cc( Le Bui —“+Hiow "t'eufc 3 Suﬁ-{cﬁxfg

mep Fx) o/
/<< \/>> — fker ¢
1K 11
G nce H b(J ’Vfuc

C’l A <X ‘ \/7 ’ﬁf‘f‘(' NOMWAJCMW‘Te\Lovcm.
g“ we have a sujegﬁve, hWVLsW\wr/eu‘&v\ C\"‘"H o4 CLAMLQ_

(_____’___)
pa——

CMhan e Q"a“’\l’e‘L, e can clheck /{’a«,‘t «P&

6= <o jok Ll =1, €074y
contaias cloments a b At %a:hS% PRIV G S |
and abab' 2 | and sewe as WW £ s
Specifiadly we cantnbec 0=, Lo and chedlc:

AP |

6 b7 - ST
b ok = (= kc'j =] =



2¥

S‘, ‘ij “‘/’ﬁ_q f)\renbm “’!qu;orm, %A(S a llW\/koch Ui~

Y: <Lab |a4:«‘ol, cffo”f.d(, aba\o"a‘i?““’av 3*\"“"'
b Tla)=c (1) =i
On —the otfler hand, by similer Okr(jw'\/uﬁl«i%\.ﬁm&
o hemeo movehugm, (f/fQ%“—9<a,bla4=(‘fi,a1§’=.‘o¢,aloal;'azb
oflven y ()= a, () =b, ¥ =ab and $(-)= o2
Then  check Hat ¢ 4,4 t are mveric fo ome anctlar .
F(fla)) = $(:)=a
¢ (405)) - %(J) L so Yo i e e m@uu(ﬁa
and.
FOHD) = F(a) = ¢
TH)) = ¢) )

T(9) = $lan) =y -k se fo Y i 4,
bJ relafions @y /\Mg )

TOIED) =@y = > -,

'7/(1% @ gncl Y /)mvr‘c@ ITDM%W
ab | gt @lred wball'-d> & @,



2
/I/UM“qo Oq‘j /,F X o Bacte and Gly (X | \7,> . T

Mot & s Runctel vauw« dl . (ivea a Tovp G
/th/fﬁxuc exist ‘@\M":t \j X MA Y W‘/K\ C‘L(j<x l\/>

-»,[/euw we %tj Q « /gwtdj o sended

Exam ﬁé E\/cg Awcte (’ s frtcj tfre .
"oga/‘wu’s %’m(ipe&&&( 6aj St S = QG and

obscrve "H?\ai "’e g_‘_)é&

2 — 4.
LL&Q} a uuuc\ux. l/ ’e\,r&w\ CFF'(S)——-SG ‘(’e
cjf(ﬁ) v a0l W‘r"’“() Qs Aoacke cnd 5o

Q Mﬂwtan | r&s (—’ﬁm:fc) VW—(/H"\IO) ca;l'\bw‘(‘&‘&'
Nd ect«,ca/ g 3 33 . wluure L J'[) SN, Lt P CT(S)
be Ale get cf? rdeu.cL voovddlg

{gugjgk | 57l and 4:9; 7 G tn C1}
with 4>9; - A not lb&%{\b
Tleen Rcku(f), Mg (((3"‘3‘\3“) 995 ‘3‘0 =cd e

Thas there & o Suisa:h' e wum

S) /
F( )/<?>>_——> F(S/u(tf 6 and e

her Hcg hmicctive., To do 'lfws note —teuff

{ﬂM/ 6» » Yo f‘” and L\I\"Fﬂ—é'/t"l’e‘-f set FLQLWU%*‘S
39 0(03409\ ancler Mbp(xccdww St ce

@‘N>Cj3r\” ﬂak'\( C)J"’(/r-'; n



30

Tt F(‘ﬂ/'\\ = {3\\[, g ,3,,(\3} C Snee s means
)F(S)/(\{\ — \FLS>/VL<FL<l;W ) s gun\rSéueL‘v’a M—a.()
F(s)/«‘?»_/a \:(S‘)/m/(e mwst alio e -4 ey

K T oan \'SDW\cvgé\Am, Tt aQ> F(S)/@RW <o
G > <S 1> and —fuw 1S «@'nr&c&j ?fuac&qi

Kemad ﬁni\‘f\j exavvtg&/s cc{z won.~ fon cbel (cw&cud‘c@(

(\XUE r”(\\nrkdj M‘) W T exhe \-3 had..
A torrecbon Ao what T wioke onthe board w of aus
3 Ae followin exw(gé:
(Fl‘rﬁ, note Ff éhl’ <X'l 7l> and 6,}‘<Xz\)/;>

Ahen Grxaa > (XX | Y, 0y, 0 fabal | ack,beks 1Y

So F, x| o~ oo, e
5 <a, b, x’j , AXG X = ajad =bxlb'x'= L,JE‘J"'*«‘A?

Sinw ‘T‘: > <CL,B l 525> TThae & = /ﬁnd:ab ‘hr(se}ctcc('
The keend of fue howmodhim. FxB — 7 ﬁ
6\/&«5 W o i 3 a,)@arud’fj F:hd:dj aﬂx

bt Tnot  Sunckely  presesched

A betle EXa-MP‘éL (T (a Harf;e, ‘00,8,(/ !2;74201) ‘
Recdl ek SLn, k)  donstes —the grng of
nxn madrices widh endvies o dueld k. whidh have
detecminant 1. We coudh also rc\plact k wtﬂxav\J
cing  (commutdive) contouning 1.



30,5

Let Cl be an\j power o/’? Sovwe 'TYZM V‘LW\A.JQL(\)
ond ]EI e fReld «{3 ovdler 9 Fads: "The
V\o—(—a;hvw\ H'?/[X] means %u PO(\jﬂmwz n’"r\j wﬂ’{}\

Lo e%‘u‘tvcﬁ L -ﬂ—;’

+ SL2, B s st Andely genurcked
;SL(n, E[x}) TS "K\M“Ee\ij amwd:ci l:f ez 3.
In Afact:

SLBLE) 5 et Finitely presented

- SLGa, K ID) s ﬁwr*dj presected . for w2 ¢

%0 SL(W,E [X:D s a e te e"(“"’“reﬂ,x

R - ‘:DL%L"W"‘\“‘\':B /-\Q Ao [me,u»cfzdxm a&cli
\’XMF&*C W S oua Mi,(,atLM (UW%W




31

A b(i F) OQrSCLAA/hM 4 »Pvce, ?Yoakud‘i ;
The Aee product <f T2 Ge o andher aaungl of
o conshuchon Hed adamts o wnwerdad €WFC(% T+
1S a chu() constucted  ay @(LM
C’li\/a\ a "D@M\b cfff W {Gu |Ce1’1( , »@vm ’\’eu,
pe X:CQ Qi and add one limat dovgbed g ol o
ﬁYM Xu{(f{] A word o X I3 a 347\,(,@&&,

Ca(,a% ) suwd Haat age Xu{(zu ancl. F i il
\dlﬂZV\ afr&_ A WDYDL [ rduu_& r]o';

(i\ No a; o "(’cu, lcQJw\-’("t\‘(j Q/Q_UM(It " ana C%J

UC) a; and ay, e nevee Reonn e Seme I &J.
(ve) Gy = \\M(Jtu &t Viza,

As  before, o evuptj word ol 2 (ed, i ) T oreducdd
INrcke  ceduced words o a, ... .a, , ah b{;ﬁDYL' Paw

K G donce e st o all rohd ks o

-t ¥

“]j(«L m M‘M 'Tf Wéw&e«af\m, wethe ¢ anceladro
l Mcmﬁ tJ f QL,IOL'GCE e

(a.az%ﬂpﬁ,‘ bzk,@) =a, cbb, whene C=a,b, 1
No‘(;c ’f’ﬁmjt "rfu\f'c/‘s an l‘qc(u.Azov\ Mo

HE TTAG e i) g
3



52
L f(?zwt, LI a \f\wawoffv'ﬁ’“'~

fack - TF G, ¢, ace TP Aon Q¥ @
%&ihgﬁu a un(me,Q FYDPCKB RY e\/eg g\)ac\r oﬁg
VnMOMu-f(/L(M-A (ﬁ (%\"—9 H  andl (‘()2,: GL‘—) H “"eLo_rL P
A Un\que nAap § . é(*Cq;—ﬁ tf withy ‘Ful = ‘-57
,\f}.__ 3
/Lk o"(euu ws—roﬁs J
?
H é—(——at
‘:(’,L/] \\3\, g 1{' Covmmuk ed
. <

1,
sz Cz*ciz

E"a""‘fe’» : Su(apm we  have Awo co(aiue/f Z) QLJ

7= | and - ‘

L& <S> 'Z%,<t> Gw@« av:j avmrn 6)

cnd av\(? @(LW\,U\*X 3‘,\1\66\’ -—{/euL Q_&S\‘Shwu)iﬁ
Cﬁ(g):a &Vli {(t):h A_LJ(,CrM\\/\,L {/\O\N\Mg(d&\«m
480 — G, and 4, 4tY— G, Than Ahe
(,Lvu\/ade FYdeﬁ {% <S> %<—t> = Z—x Z saad "’e\e\i/
'{’6*1/‘6 excsts (miv]UL (f Z*Z————ﬁé sudh —thaC
Too=9 . Bt Ahe means A st {s,t)<2<7
has e wam‘fj that fov any chocces D}E ¥(s) "3 and_

CFH)’L,:_ “+are's a l/\mommf&m —‘F 7xl — 6
wett Cf(s)j ande Flt)=l .



373
jh o’{'e\.zr war&/s oNL  (dn C/{/\L(,k “f‘e\a‘,‘t

L+ L= Ffsa3) , e free g o Al sl st

—
e

Caﬂc(ud.n'ef\: LOJ(C\ c ot o’( wo*-’(/., Ore K\mm“"e‘:i#

eve \ch TP FX) s jwt & &'FCCCA_Q case f?
)é?P'Y‘oAULC[\‘S‘ S}){L(ﬁ‘gaﬁ,‘% , Jl:f we (ot {Zx \'xe X}
donste a _ﬁaw(J 5‘€ c,ofh‘u, 4 “‘(’6{ \w‘éeg,us, e ,&, Lac,(/\
xe X, faw
Foo = %X'Zx.
Erampke ’
APY‘WW fﬁz “X: Gld can be O%C/Qiulét(ﬁm :

Suppsse  G; > <X [Y:) for each ieT. e
;(;G‘. . <¢4U,X5 ‘ u\/z>. o dude 0ot 4

Lex

Y exentation 4 ’l’€\¢ clasaed U'@qo’ e need. *
s U X; . /) = F QXO
hode AL SO =FWD 4

%aj—\ggejsuf& reclm‘ru,t u,vu\/MaQ, fﬂ"’{&"/\‘j E&(_c:sc ﬂww&d



M«t‘oc’w\i ande Solvabr PNreuPs =1
U |

The /éj&&gﬁjﬁ ‘DD\VCLLreL. Tm,(g\s oo LI_FS"VY?QQ_Q(; mobvade
jﬁéﬁ kj ff So\vmé Po(Jnomca,Q aclu.aigbvi vial vadieals,
S“\w&}\ o wilprtect e e —fhen o mohoad

yvumiim Sw "/‘F i S{u&d —Jf solualbe and.
tan—think S A conceglt G o shede ) (,f\g
are o ome sense “aluoct, CJ%QQM«J W |

Let G be @ grovo. Denste s conee of, G L
C(C{) - (jéH l 3"1"4:“l 'é" TS heé‘?) and @5‘&,
/f(}\a:{ C(C—L) 'E 1 V\.OYM«Q/Q M é’l -/ICU.UA wic Mi,j Cm%l?Q.Lr
e quticet G/C(a)., and s centre TS/,

St

C2<G> - cf@éé(@))) , wtu,r(, Cl: G — G/C.('G)
i e quotiect map. ~Than we have o liwmens

Lewmwia - i{f rFf G —>H 3 anje@ o /f’""f"h
7):( 3«‘3’%{33 and N<IH 3 ru:YMa.Q V(ﬁk
£ = {ge 6 L £ eN]

T & novwdl S’\Ja'r\’vxv4 H

Proof - Nste ) s
} none g avw( poie
i, be £N). —hian Mf]ﬁ o




<

-
g(a)),P(L,) el\f = ’]Q(q_F((o)"' :jf(@b")e ?\[ = abs'eN
g’o I\fn L MM - S;ce.Tt\SVLWYM.a.Q1 b‘;t'
g G and q,é’(f‘\[) loe ax‘vm. “Thew -—((\j)jc(a)'f)(j)r'€h{
2rn e M 4 no\rm&Q,? and. ’F(:)){(‘k){( YZ{Z( o
= 35‘ N N ) Jd

: é , So = nwm&'

Thas C(Q) 4 @ . Coninue anawﬁmb, and wake
o M‘r\t’hm:
Ok . .

§ Cet C‘(CJ C,Céx) and_ (; (G) = 9. (C <G/C“((,,)>>
hirt 4O (0) 5 e gty
F—ﬂ\L 5{7&01&9‘1@ nwv‘vw.ﬁ EWJOJ»«»J[G{

Ldl < ¢ (6) < ¢,¢6) <.
rs caﬁﬂu;e vf‘KL afcaw((ilj ch/'razz $erie) O‘% G
Debntim : A g G~ called ndpotet F e
exats o sud Atat C.(6) = Q. (Ad = C(6)=6

&ﬂﬁ k;n).
ExamF\KL’l E\/sz TW(’) é wﬂl{k {él(': P“ (P a‘oY“vwa)

') r\(/,Do'fen'E. (Ma:jé( cqﬂ%d &%&o\r(,m 7>

ﬁﬂt recadl “7%1 class eyaafnbnr

[GL=1Cce)|+ 2016 ¢

Sum ver

¢
Con:jwsac.\j dow o oiove Jran 1 Bﬁtht,



MW ‘:f ‘Gl:‘?“, vfetux Ao‘tLM S ce
IGl=1G coal IC™) |

«H\,L tecms lG‘C(K)( must oL,Q,Q be JJ\/\X’(%. 5) i> So
we  have /eru\m——tf{ cl aas aﬂ/wJ\w:

l)" = lC(G) l+ 6UV”LS\L3LL B p

_— ICCG)I < OQ(\/LSLIOab r, s il V\DV\.’Q'Y('\AELQ-

now whin we 4uke C\?/C,Cé{) , uwe 6;::& anstha

F—(jrvvf Co/jmv\ s ovdlee .Fm ~£~ry SOVWwe vw) j( w>0O
—n s Centre 5 nm{'Yl'WbQ A gan Erwtj a el
Ci(Q) < - i als

| ) G . Then G/C;(G) S also a F =
nC |—t‘S_‘iY;Vt\C&-Q’ ‘:’hf’ bccw Aot Mccln A Q"Cz(é\)

rS m(Pd‘fueé. O’Ifux'”l% C(G/CQ(Q)> s VquLYl‘wx_Q,

ol we 3diq Tyvod@a C5(6>CG
be ¢ cccre 61 R chl’el s qawces/fmuﬁf'hrnuwde,w

e\/eud"‘»ﬂﬁ_ﬂj CK(C‘L) :’C? aw* Q i3 nll(;ﬁ‘(u\f(‘x

Co



