CL\QP‘!’;@V‘ |l TL)& Seifeck -van Kaynpe,n theorem

IV\ H’HS (J/m‘)!:ef‘, we Slﬂow l')ow '{:o uw&er‘sl:am& TY, (bUV)
i ferms of WV ad U,

5 (“ )

:'\rch/ we Wi” cover Jtlnr‘e& Secé‘ions of a\gebmic pre}immaries,




Alashra_terminclogy  (From Seckion 52)

Letk G 6" be Groups,
A \nomomo.:phism 5$:6G—>6"  slistes £ ('x/g) = $(2)- —Hg) V’X,g e Q.
Tts  kemel 5§~ (e’), where ¢! is the ideatiy w6,

A homomocphism 15 an ororphism £ it s bi\)‘ec[-ive.

A sdbgroup H of G is poomd F xhe? e H Vael al VYhel
or e%u\'valenHj, 1+ %H=Hn: \7/¢Ké6

I1f so, the _dﬂuoé'eyn‘ group G/H has  elements  the cosets xH VZGG,
with 3\/17“‘) O?erm’;icn GCH)@H)'-’(%_&;)H

Noke 5 G— GM 15 a sureclie howomocphisn, vith lernel M.

% +— = H

Conv@m, p it homomorphitm jC: é}-*’él )5 Sur'er_l:;ve, H/:av; its  hemel 4 S Notmal
y P )
i é), wd e induced map G/N —> G’ 15 an iSowarpArSM,

wN — $a)

n



M Diceck sums of abelian groups

Seckion 6% Free PraQuc-Es of groups
Seckion 69 Free groups

Let gédo{ey be o Lomly of (akelmn?) grovps.

Mogal: In the lerajorj AL of abelian Groups,
the Ca%ejorzm\ Pro&uué 15 the dicect Pra&ucé TG,
and the cateqoricnl coproduck is the diced sum E Gor
J_V\ JCW_ Cot{'egory é.p_ 01[ grou S,
H\e Ca‘l:ejori(.u\ Pro&uué 15 H«a irect Pro&ucé -]T,XG, ,
and. the CaJceqmml opoduck is the free prv&w,é FKox Qor

SCL\&‘QU\\&’ D\'re(;(,' ?rooQuczl/'S of (abdian?) groupr -]To(éoc

Direcjc Sums O-F a’o@’i&m groups @,x Gor (Sec":w\/\ é?’)
Free Pra&uclcg of grovps HKor Gor ( Sechion é8>
Fr‘ee/ Otbelian groups D Z (S@o{fow é?)

Free groups ¥ 2 CS& Eion éc()



M Direck sums of abelian groups

LQE géqé(xéj’ b?, o -paw\;,y U‘F (&Lelmn?) graupf.

The dicect pesduct TTaes G is o growp with operation given by

(%x),x”' (ﬂo(>,,‘ey = (94,,('510/)0(&3', Thig 3¢ onlj o ddFerence in  nokakion,
= Alddive  notalion for  Abelin groups,

960(),,(,,3—+ (30()9443‘ (940(+Ljo/)o(éj’.

Ex T 7 x Z/H we have (&,i>+ (3,3>‘—= (5, O),

Ln
ond we  have —(2,0=(-2-D= (-2,3.

Un'w@rSa\ prope/rl,y (COL‘LeSorL(_a\ pm&uc%) N ﬁp and. &’

H 37;9 ;EE_G,,( Given any (ahelmn?) group H and
! ‘Fami’ﬂ of hommorphims gﬁ:H%GB VB&I
\LWB Hw,re exists a Whigue \'wmomof(.)}]iSm 5“")"1:[_6«
with Mo §= £ VpeD.

S—B
G
G (Todeed, let 50 =(utus Vhell)



Re,s{;ritjc ottention ‘ko abelian groups g@u%txej’ (wkem o ULniverSa) Prnpefly LIDMS)

Thé’_ Al]recé Sum @Né)’ G)D( 1S 'Hne SML)SY‘OMP 01/: -n;e'ré)o( C.DY)SiSéfnj
ot those éupfes (’)‘o()wey With = L&a« for ol but fimée_b many X,

For J WCiniJ:e, Bues Gx = Tyes o,

Ex To 7624 we hawe (3,1)+(3,3)= (50),
ond we  have —(2,0=(-2-D= (-2,3.

Wniversal — property (Cajcegomca\ co\om&uc@ in Ab:
H <‘37;" g@x Givu\ any al)@’ian group H and
’ ) ‘Fami’j of  homomorphisms $4:Ga— H VBEJ,—
_fr T LB H\ere exists a Wnigue %omomorphim §=§2_60<%H
B with $eiy=4p VpeT.
Gy

(Todeed, lek (g gt~ T Syloa). )



EX Let 3 be \mCche and G\ 7 VB

T e %L\a‘[; @o{efz (eq,wppcd with the P"’Je”(’ ons ’YB>
is vot the cobesprcal poodick m Ab

CW\S\&@Y‘ H Tro(éjz w.‘H’l {‘)’p;ﬂ’@ VB

CD re C‘IZ IY) COFYQCé:
= JLé Li35™ 2

T ‘
R l% N l“ﬁ
G, -



Sec Lion 68 :

]:ree Pr‘o&uc‘és of groves
NOW, le:k géu%txéj' Eé, /8 -\Cam:}g of grovps.

The, -@rea Pr@ﬂmm@ %o(ej G?o( Wl” 5a‘l’.’§1£9 qu WL.‘V@rSa‘ Prope({j
making it the coprauct in Gyt

Hear

~o K 6“ Givul an u H awi
/ =3 any  aro
:‘]‘.; . ‘Familﬂ of %mquorphisms {r@‘élg"’H VB“—I
e T Lp there exists a Whig e \’WMomo\rf)hiSm 5‘:3&_6‘,{9""
8 with §°L$=§a Y PeD.
Gy

Whet 15 & more 6><plich@ defmibion of +the Lree Praﬂuo% ¥es G §



Fisk lets do an example.
let  2-3.5"64.4,9.3=X97 and ZA=f¢ 1"y e} =<r | ey
Thouﬂh hese growps - are o.loc)mn, thae  free meuL{- Z* Z/‘f is not.

TEs elements ace finile worﬂs Slf\'Oh as
3?' 2 e ond r r g .

/lA ”:Pl(.ml: 0v) ,O@lfs lk& —
(g}fj’gzr)rgrg gr[({“r/r‘j =9 rzj;
(r ‘3ng'?)(g ¢ 3' r) = r"g r_g_fg' r 3- v ——’r'g v 3"1\&

Tnverses Jook like (3;1(392()’\: (_‘32—(—3 9-}



For another e,xowane, Jet Z=<9>/ Z=<)’l>, andl Z/'f=<*|rq>.

E\e/me/nlzs of H;e ‘Fr% pmogoto{: Z‘*Z*Z/"I are '\ﬁim& worﬂsf 5uch oS
gh*rh rg_?w and  hrhg',

Mm”:ip,iw{'ion looks  ike A
(3hzr%rg'?}f)%r3h'lj'\) = gh'heg vl g

cu\,l ) .
Wy g rheg i )= b g .

A4

=1 ZM

/VIOFQ, e/ne,rm”j/ JCIM 6/6;07&/)%5 O‘F‘ 7*‘.,(?; Gq ove reduced wonﬂs‘n[‘m;Jca S‘-{:rinﬂ_g

O‘F hon\ eml:ilry e'emwl': in H)e Ge(lS such Hm& aol\ja.tenf ,ef-éer; Qre ‘me &i#e,re,wl' Gq'S.
TO Yhu)é;p!y, ConCa.‘{?ena:ée, a.noQ ‘!H\an Y‘eJAce,

The '\DQ-&/IJ;I'II.'y s J:he, e/vv;pi-j word.

C\!\@cl('\nj aSSoc\o\%i\/E%j 19 l’!ﬂ\rﬂ, \Ouk 1’:%@ UKVI'\V&’Sa) ‘Droperéj
is  relaked to a4 weaker exctension Pmpar{;y Ht \/)@}Ps,




M ]:ree Pr‘o&uc‘és of grovps
NOW, le% géu%txéj’ 10& /8 ‘\Caw\;}g of 5r0upf.

The Free profuct Fes Gor il Satisty the wnvers.| Propo,({j
YYlaL|e'm_q L the co\orc&ud: in é\Q’

H <37;‘ :ﬁ@ — a veduced wod of lewﬂ:!'a one
[ s
k Do You See Now whj the
G(; definikion of g makes sense !

00 90)= 50, 6) Fonlon): B, () Whore o € P Wi,



Lf’/\é GW be, o ﬂmup.
E|€/|m<’//lff Y et are _con,'./\ga\{e ‘1-( 3:6%54 —ﬁ)r Some Céé.
A noewal subgrowp of G is one thut  contains all Can\')vlﬁa&es of- its elewents.

For & a subset of G, leb N be bhe

inLerseckion of  all nocmal Sm})jmups of G Canlammj S

Can you see why N s a nocms) subamp ol G 7
Y Y Jroup

Tt 5 called Y least nocmal SMJagmup Coyrkammj S.

Lemma ’”1& l&qs"’ norm‘ Subjr‘oup No-@ G Cawéain{/y S 15 3ewera\‘:e& bﬂ a\“ Can\jujaécs O‘F e)emeni; OF g.

PC Lt V' be Hhe subgmup of G generbel by all Conugobes  of elements 1 S,
Clearly N'et sine N 15 norwal,

To show Ned' i sufices to show N is normal i G. SO, et zeN' ad ce@,
Then =22, , wth %, =c s for some ;G and s Scrﬂ}sﬁg'mj Sc€S or SZ‘ES.
So cec” = () (en) .. (L%wc")= ((cc.) 5 [cc.)")((ccl) Slﬂccl)'o' ((Cﬁw)sw(ccw)_\)’

giving cee” el!, as desiced.



M Let G=G*6,, Ni norml in élL/

/\/ ‘(fl'lb lemL normal Subgrnu‘) op Gl Comémm'nj /\/| am’i A/r_, Prooﬁ uses ‘H’l@
Then G/ = G/1) * (Go/e).

COro"&rg I1C /\/ is H«, ]eas—[- Vlorm, SML_grvup
of G “cnlawng Gy, then (6¥G)N2G;,

Whiversal propecty



Secéian éq Frea 3raups

A M i5 ]fDVﬂDPp)II'L ‘[jo %Mejz,
POSSiHQ notakion s *o(e5<3°f>, where <90<>=Z...,g;ﬁgi,gi,gé,gf,..,% is infinike (,ydf(--

A M@_ﬁ_ﬁw@ 1S ]50morp})f¢ 1’70 @o(ej’z.

There are wtivers] pnperties charckerizing these as the "free objecks' in the
Categories Gp ok Ab of grups and  abelien groups respechively.

AV\j Smb\gramp OF @::| Z iSomorp)n'L ‘Eo @‘;\Z 'rEUr‘ NéEwm,

S'\milar]«j/ an SMbgrowp of a ftree group 1> free.
(Ona beantiful oot wses  covering §paces.)

But, sueprisingly, Z¥Z =HZ7 Yus o Subgroup
'|50Mar|o}n'l, to *’LL‘;Z for any inéejer n!



LTndeed, the Subgmup of Z*Z={a,by ﬁene//aéei by
b/ (kl)of‘, ba ', e, ol s iSomarp}HL to ¥ Z,

E_X The element &b&b&—zbgalb_,ﬂzza_| 1S in the
Subgroup H of 7xZ genecabd by b, aba” aba?

Aside: (a"ba®)'= 2k "0
Cl‘l@bk £l4#\'(’

ababa P = (abe)(a? b s )W BL) (a7 b'a) (aba) abe)
s the Wiigue.  \Way to wrle Hhis elemerdt a5 a FW“QML of-
te terms b aba' a’ba™ aund Hheir inverses.

One  can  Show there 15 on \5z>moqo}4i:m H;>Z*Z*Z=<ga,g,,gz>
b A — 90
O.a.—\ S 9‘

R —



{5,[@4@ ?@ﬁﬂ{mﬁjong
]_el: Z=§9«3qey be « sot (mﬁ ge_,neméwg)

awd  R= freleex be o seb  (of relodions)
with 1y e 49« VP Recall <gop=L... Gu: Gu. %, 4e, .3 s Hhe

infiibe cyic groap with geneator g,
Then CZIRY 15 +he gmup (K <Ca)/N,
where N is  the least norml vagraup Conéammﬂ R. T his QW/%WL"Z'?OV! 1S...
'%nfé@jj g@n@rx[zeﬁ 'h[ 2 ém‘ée,
Ex <a, b> =Jx 7 ® Ginbel, presented if Z R fnte:

’ I<9l,---,9ﬂ|r\,...,f‘m>.
E {ab | aba'b' )= 707

E_X <P, S l.p", 57—/ SrSF> 19 1‘:[44 &Jwﬂm\ 4 roup (Symp,efcriés oF regu;)mr n—jan>

Srs=r"

Ex <o<\, ofy, 3, B, Bay by | o5 ﬁ;> = (o, 0, B, B, 9>

The. group isomorphism problem  (deciliag & buo Findely prosented grags are isoworphic) 15 undecidbe.
IY\ Some ‘F‘:!\;L&[y prQSCWII:ZQ gravps H,,e word Pn;lpl@yn (&w&mj -(.(- 0 wor& S Hne 'l&&l:ilzj) 15 Mn&aak”e,




Cockion 70 The Seiferk-ven ](m»npen Hreorem

—H’)m (gehﬁeﬁl:—\/an l(avnpén) )_6{’ X’ L'{"\/ Wflle U,\/ open  n X/

W'r':[ﬂ U, \/,M"\/ Pa{‘h—connecéeﬁ, and Ao € UaV. Tl’\&n H/;e lﬁoynamrphism
B0y, (W) %, (V2) — 7, (K %)

15 shqu{-ive, and ks kermel N i the least normal Sv‘lojroup Com‘;m‘nmj

all woeds of the form  L(g)"iy(g) for 961V\(\/l“\/, ).

Hence  (X)= (m (w) (V) /N. L/m(l/\)&
() 100

)

| S D

(o b )=
ju(o(o.() IRCANCAN




Seclion 70 The Seifert-van ](m»npen heoren

—H’)m (gehﬁeﬁl:—\/an l(avnp&n) )_6{7 X’ L'{"\/ Wflle U,\/ open  n X/

W]‘H’I u,V,M"\/ PWHG—LWIVI@LL&Q/ OU’I& Xo E u“\/ TI’\&W H/;e hoyuamorphism
B0y, (W) %, (V2) — 7, (K %)

15 swju{-ive, and ks berne]l N i the least norms Sv‘bjroup Com‘;m‘nmj

all woeds of the form  L(g)"iy(g) for géﬂ“\(\i“\/, ).

Hence ﬂ](X)’——‘ (TT’.((A)*TF\(\/)) //\/, ~ 'WI(IA)

Wl(M>:<°<\,°(zf°(37 ’\Y\(\/>=<P’\,@1,Q;> TT',(WV)=<3>

,n,| (X)E <°<\, O<L, °<'7/ El, El, E} J Lu(6>—| LV(6)> le;e 1""(8): 0(3 CLV\& b\/(ﬂ)z PB
= <0(\, X,, Xy, 9\, B, [55 \ °<3_| E1\7
=~ <o<\l e, B, Br, 9>



To see Hot  the pa{% ~comected  as §rnrmp£;an 15 Necessary,
Note Huk £ X=5" with WV a5  drawn,
then  E 5 b even  surjective,

Lf UV s sivply connecked then
}Z" ’W.(.U\?KTV.(V)—’7 W,(X) 15 an ]somorp%ism.

E_X Tf,(\ﬁ.jum e/\gh{'>=1",(5\"5‘)§<a,l>>. N Q@

/V\Orl 3ewem”9, i (Y,ga) and (Z,zo> ove {:Wa Po‘mlceQ SPaces, ‘H«em quir
wedse suwm  YVE is the gquotient space (Y_U_ Z)/(Lj.,'vza).

True XY e {JJ[ pobh-commerted Y hes a conbmckibe  bhd Ny about Yo,
O conploxes”  (ond pobh-comeded Z has a conbbble wbb Nz abnd 2,
Hnevn APP\j‘mg ‘Hne Coro”::mj
(th U= W2, VM2, DoVetyetip=s (oV=YeR)
gives T, (YD =, (y) * 7,(2).




_H’nm (gehcer#—\faw Kawpen) Ld’ X’uu\/ with u,\/ open  in X/
with WV, UV pa{’h-cownecéeﬁ/ and  xo € UaV. T—l'l@n Hae I/IOMrnorfhrSM

1-" ,\T) ([’(/W")*TTI(V/%) K ’IY; (X%)
i5 swja{—;ve/ and iks  hemel N i the least  noewa| Sv\lojmup Con%ainmj

ol words of the form L) Ly(g) o géﬂ“\(\/{“\/, b).
HQ/I/IC& 'W\ (X>£: (ﬂll([/o *Wl(\/)) //\/' y’w'w(u) :)lk
Proo Shebch  (lbing Mobder Th .20) 1, (Wav) ) m(X)
aumg atiney m | )
/Vu'[:a{;ion’ A 'Fac-‘;vﬁzaﬁiaw 0(: [?jé TT'.[X) s Qa praJZw_{' m ﬁ’[\/) /J\I
m

)-B (-0 with each 1] 10 10w or m(0).
Recoll from the proof of  Munkres Thm 99, tt [£] has a Aadorization
E‘g ] = B'@J[W.gﬁj' .---[u(h—l S’u-R\:—J["(n—lg'n] —

"E([h\‘l[h] T D‘h—u] D'HJ), Hemce D s S‘u(jec.—é]ve,




I£ i5 C]ear Ne leer(i) Since ¥ éT]“,(Ua\/)
:E-(Lu[ﬁ) bv[ﬁ)) I[ Lu(q\ )I(w( ))

I\ \\'

|d@wJﬁer

3 Lalg)” I(w(@»
Ja(talg)™ yeliv(g)

s

Since U\ \\/z/’

X commutes,

Aside

Gien any C & W(M)*ﬂ,(\/)

We have _55_(( w@lw@ C )

I ll

S'\m\[ay ‘For Con\)ugai;es=

I(c,) @ (i
3(0) 2

Jentity,

()"uds) E(c)

I‘E Yemain$ ‘L‘o Sl’law ber[ )

e if

two far:l:an?:aéons l’lav& 'H)e, Same. \mae

2([h] - L) = 2(Iw) - In,J),

qu one. (an b& OHMM&Q ‘F\mm
[h] em(Uay) as JWg in M (w)
ie. Ly Applying  relakions in .

J:La oi’ber‘ })j re\gam?mj
or T, (l/) and Y‘e&ucmj




¢ Le\‘: FIKI_A’X bé a l’)amoJ:Dpy ‘)[rovw ‘/II“'L\}Q ‘1:0 L\,I"-LI’.
° B«j Compackness of TXT (and Hhe Lebesue aumber lemma)
We  Con %MLV’.‘Ja IxT '1/\\};7 small  Sqnares, each magped into U o V.
T N

02 \/ \/U\\A%a % ><
WV [ WVIVIU
WlW |V |V]|UN
A N e I
h, W, Wy

¢ A{' eaf,l'l Ver\‘:ex of Hﬂe Smb&iV\'Sivw, dqoose 17N pm‘fL\ in U, n V, or i M"\/ ‘Lo o .

hd O|04:mn ‘Hae lolme '!CGLJL'DriZ—a-/:{ov; ‘From qu reﬂ one ]oj reﬁaﬂimﬂ Ho& 3”’—% ,aop Y
(ihclutXMj Hae Pm’fi’lf Lo a{,,) as ngg n \/ 'mseaﬂ 0|C in M, Ufing a re/,aéitm n /l/.
Thew L)oynoéope aLroSS Ha& Slma.“ square,

¢ Cochinua ULV:-]:':) we oloéam ‘lI:I'Ie, fachr:&aémn [ln\']“' D’lll]
WC row Dm]'“ D\J after applyinj relations in N,



—H'Hm (geixﬁe,r%—\/an l(awp&n) )_e{,' X’ u"\/ wd:(n u,\/ open  in X/

with W, V,M“\/ Pa‘Ha-r_ownecééeQ/ and %, e LaV. Tl‘\e,n Hae howamwphism
B0, (U ¥, (V%) — 1 (X %)

15 surjective, and ks heme] N i the least normal Smlojmup con%mnmj

all words of the form 1 (g)" iylg) for gém(\/{"\/, ).

Hence m(X)’——! (TT’,(IA)*W\(\/)) yan : 1 (W)

L I
il S

n y P

Ex Tn the I[M}J;E/lj preswée& wse, (s Tﬁ(u:%>=<°<\,..-,°4u| Vi, \Q>
(V%) =<<(>.,..., B | Sy, e, Sn Y
'ﬂ'.(uﬂv,%)= 6\)---/39 \'E\, ~ey ‘L’Q,\?

Ehen T, (X,n)g-(og,...,xn, E\,...,(ém \ Moo ¥a, Sy Sn, La(9) (9), ..., Lu(gf)"tv(3,)>.

AS_'I&L L\A(%\ﬂv)—\.b\/(ﬂ@x): Lu(ﬂz)_l Lm(ﬂu)_| iv(3\> Lv(ﬂ) = LV\(Q-«_)—‘ Lm(f].)_‘ Lv(3.> Lu\(57_> Lm(ﬁz)_’ Lv[9L>.




—”’)m (gehceﬁl:—\fan kavnp&n) )_6{' K= UV with u,\/ open  in X/

w'l’},’[ll l,{,V,lAn\/ Pa‘Ha-LovmecJ:ézQ/ am& Ko € u"V TI’)@W Hoe lﬂOmamorfhiSlq
D0y, (W) %, (V) — 7, (X %)

15 Swju{-ive, and iks  heme| N i the least Y\orvwa| SMlogvnup con%minmj

all woeds of the form  1(g)"iy(g) for gém(\/{"\/, ).

Hence m(X)-—’! (TT’,((A)*W\[\/)) yan ~ 1 (W)

COm“ayg Given Hhe LlerHvéseS of the ‘[:heorew/
i UV s S'nmplj Connecked, then

B, (W) %, (2) — 7, (K %)
5 an  Somorphism.




—H’)m (gehceﬁl:—\fan kavnp&n) )_6{’ K= UV with u,\/ open  in X/

w'l’},’[/l l,{,V,lAn\/ Pa‘Hq—Lovmec%ézQ/ and Xo € u"V TI’)@W Hoe. lﬂOmamorfhiSM
D0y, (W) %, (V) — 7, (X %)

15 surjeckive, and ks heme|l N s the least norwa| Smbgmup con%minmj

all woeds of the form  1(g)"iy(g) for gém(\/{"\/, ).

Hence 1 (X)= ( (w) (V) /W. L/m(l/\)&
>
_m_Yg_CO “0 6'\\/&/\ Jclfle Ll 5es o-(: ‘Ha& '{:Lleorew/ ™ (WV} ™ OO
Vo Simp]7 Conwecée&,:WH’zlfléw 9 nduces an ]SDmorP}"ISM m /J
T, (Ul N — 7, (X 2) m V)~

where N s the least norma) subgroup of o (U) lecmning
all words of Lhe form la(g) Hor 3E:ﬂ’,(l/{"\/,xo>, Q.




E_X Le_k T=5%S" be +he Lopus,
We alreaty saw  (T)2 m (S)xm(§) = Z>Z,

Alberabively, agly SVK with (W= <a,b V)

I'(V)=§J%’ i (M’\V)= <3>, LM(@)’-’ abalh
v qet

1Y,(3T)f~—’<m, b |aba'b™)y=7x7.

Ex Lt T#T be e doble Lorus.

Aply  SVK  with (W)= aib, a, be ),
1\[\/)=Zuﬂ%, T, (UV) =492, itu(g)= oo b agbaa b
v get

ﬂ,(T8#T>':—<a\,b., 0 by | abal'b ab.a) b ),

AS]&&’ IV] l’]nmeworl(, yau\ (ﬁé‘l’@ﬂ”ﬂﬂé 'm(T*T) VlSI'I/’j
SVK on A Whion \Asing ooi—ﬁrﬁer@wé- Pieces.




Ex let RP® be red projecl—we:a Space * _ /
PP= S/, where w~-n YxeST, 5’2
We Alreadv Saw T, (IKW)%’ Zh  swne RP? NAZ
has o Simply connected  O-Afoll  covering Space (59. RP2

Alkernativel;, agply SVK  with (U)= <0*>,
1[(\/): g iﬂ}, ™ (u"V)= <6>, 'Lm(g)"O\Z

o qet

= (al oty = 2)




ac
E_X Ld’ K ba Haa Klein ]OoEHe,.

fy VK it ()= <aby, ol Y L
I.fv):éux%, (V)= 459, vala aba'b -
0 je:f:

mK)=<a b | aba'b )

’jctﬁ:er, We w;” See ‘[fL)M’{' anj Covaam{' S‘MF’F‘%C& 1S l/)ameomrph,‘c ‘I‘:a in“ner
e

Z'sp%ere St the n—fold copreted  Sum  of b A+ ¥ or
the m-fll  comeded Sam of Qm'bed;;./e [)Iomes wz'

wm Lines
Usmg SV\(, we  Can  ompte the  Fdamentsl grovps of thee surfaces
(awi Lheir a\oeham?za%ms) to Shw Mo two  Suckuces on Ehis ist are homeomorpbfc

T (w) g<ah[7'/---/ (lmbw l “lbﬂ.—‘b:—l”' anLn a: bv;'> with  abelianization @3’: 2.
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