Title ¢
Datbe ¢

Sec:l?on S

Remark ¢

Zoom Lecture 4 Notes @

Apeil 4* 1020
Administrative Details

Zoom Efz?ue-bée,

O Keep picrophane muted when rot spaaking

2) When microphme is muted holding
spacelar will tempocarily unmube you

& jooc! for quick gqueshions

3 Msng the chot frakure you can
Eype ?ueskus amd caice hand
Aw-:hj lecture .

4) Ivt"l'l‘a,uy , lets say Ht you can use
the Sfo.ceLa.r éa'lurc $ u‘n-]'eruré me
or  ask gw&shms

s)

Euo.\alinj video s aNre.ciod'eA ss T
won't be 'I'alkn‘j 'S mrse.l"(‘

RemarK? Class Foemat ®
D) 1.5=2 he of lechure from
iPad W/  lceales
2) During lecture | T'I1 perredically give
waini- exercises Hhab youll have a.
a few mindes o Unial about.
= My altewpt do Keep you evga.jeé
3) Conclude w/ execcises | hists, ad QA.

RemacR® Notes
VLU post “on-filled 7 handuniten
wote gbekre_ class on class wolppezje.
) Post fifled 0n” wotes affer class,
3) Netes for matenal ot was skipped due +o
vanious constraints has been )oosJ-oJ Jo
class “'e')’f"ﬁ"‘



©)

Remark ¢ Outline for r“e,m.‘umj classes
) Homolojy
N Alje\amic. descrption/detection
of voids in a space
< Prove that ven-orantable
Surfoces can wot L
reabized wm R
=> Can't a.c,l-ual,ly visualize.
2) Diffecenbal Topology
< Vector fields
O Euler chacacteristic via caleulus
< Hairy Rall Theorem
3) Wild World of Topology
< Examples ol cray -Hu‘,ﬂs ot
com happen in -I'oPolon
v Sholle wa{-op}/ Tkecry
2 Whet T 4o

Be{ore: TO?OL’SY — > G‘rmPs
( X Uy (X)

L :v\c94&9 loo PS

H. (%)

L Encoécs voa'cls

Ex umf)le.: Torus

L o0-dir't vod s coan cow\emcn'b
O (-dintL veidis lops 0 O O
LB 2 - dim'L void 5 mside versus oubsrde.
.\’ Vechs field = acrow at wery fo;/\"'
Jhat *con']'fnmu-sly vary "

um‘p a \:q.u /SM‘F‘MG vl Whair

r"'u$4 it have a cowl{c_k.?

, whew

”’a:l"r LQ“. =



Secttond Motivation for H°Ml'°jy @

Defin#hn: A Eo[zjcnal Comt ,.ex IS a jlw::.] 04
vechces, ecljesl awd {)o\zjms . Glu,.‘,j

means edpes are watched a\nfj verhices ,
polUMS acg ma‘l‘u\«&«l a[onj eJJo,S.

Examf\e,% Y Ramdom oonple,x

)=k

2) Torus X

QU
bf zb ~ @ 7> (o
3) Torws (@) .
el

Exmf\¢: \AJ\nar!' a,‘re, %e Lofps in vhis ka? @
| | |
A 93 ’CG L
il ///Fs¢ €
L 6y (N I LA T és
WZZm
|\ &; es e,'q -
\ €
~ | | | \ | e
€
61\61218‘
6\—2\6’4 eretg

} e._;u»'u Since ‘ob-SLt GecosS F
€, €6 5y e

Purple = Blue -+ pratc
Green  isn't ceally looy. So we shouldnt
care doout it
So in denns of loops WLOJY shadd ancode ?
) Igrore non - loops and Hahify achial
loops
2) Have notion of a.lelinj loops
3) Foce give ways do deform loops +o
eiw\)alzv\": LeepS .



O|esxamper D (Z,#);5 &=Z ,*=+ @
So we add numbess ijd, new one.
e = O

2) (Ryo, =):% G = ke
<= matkplication of positive ceal #s.

Sectond G'rou.f "ﬂm&o/‘y and Woerd Gmups

De;&n-'*huz A Mﬂ gmwr is a set G and
om o{oro-.'éfo.n & Yot eats o elements

of G and spi"'s out & new ene st 3
D (Unital) T e, G 36 forall

566 ) ec,,rj :;J

€o is called Jhe identity Sumit,
2) (Tnvecses) fo- oll g€ 6,3 g'e6

gy e
Y (Asnciative)

(§#3:) %95 = 3\4’(3;1’33)
4) (Cmmutative)
§#9e = greg




De’!\'iai'l':m: A
)

word Jooup consist of 2 ®
A alphabet , e, list of spmbols
boy—, 0y, as,...,a}

List of gemecators W, ..., Wm SG
eadh Wi is word spelled v/ alphadet
List of rilg_\\k;m/s_

eo.oL. Ci @S word S{e,“-ecl wl Wy ,\u; l.
o} —a;

Co ey Cn St

- or ot
w\ure w.-' is Same Word as Wy bul w/ a; ~ 05

pal|

Ej-

weabe

Gives o Jrc)u,f <Wt,.»,\um|r|r,_,f‘f\>

Wled'b'e! D Elements ace words °L+a...‘a¢££ fron

Wca+ma'|£.‘:y wPiOS o{: W3 eor Wi-|.
Two words are eﬁu,.:u Ff

“.) ﬂ&%‘wﬁe \e-Htrs

i) Cameel a; w/ aj'

iii) Remove subword thab is a ¢ .. ¢
)
Tf Inl= empty | Yhew dw,,.cywn? g

AJAH‘EM o"' woon S "7’ Ce aca+ena+nba.

Example? ) (8,07

R exanle, Hhings Leoke lice

aob ~ aba , abb ~ Lal ~ bba
We  weite , etc.

So aaablab ~ a*b’ ~ & Ux he b k.

aa. = a”

> eguiv o sagi,
2) da,b, c| b o =<
The celadion be! => b=c. Inc(ceclj
G3) a0 _ G
b ~ bee ~cbe ~ ¢
So amy word we Je’é w/ abc is equiy
h 2 weed we Je-ls w) 2‘.«54— a.,la
=> (‘LJ)’;C | be'? = (a.)b>

whee = means -M'c), aLeracHy gioe dhe
$ame “ltw:juajc",

called a qu._e_, woo od geongp.



3) 2a,b,e | ¥ 12 aby w
As in (), ab a rd. => a~b
= a2=(b) =) = 0
So abs-h-acHy
la,b,e | e b2, abl2 & faye et oS
H) (9=<a,b,e,d |ae,db,al by et 450y
Let's S‘imfli-‘:y.
Ac above, a~c' a~d” ped
Se (RN={ala*?

L we Ccam re,,olace B,c,A o 1AVerse

w/ am a or A-—(.




KWKg <W|J.—-, Wr'a.l {‘IJ—--J (‘“> j(ues o

‘OfeSacl'o-‘l'im o§ o word jt‘ouf).

Diﬁerm-l' (MS. can 3iue Sawme jr—ou{) as

we saw above.

Clcu'm.g <\M.' ,,_JWM | P\J---)('n>

is o
co mmutative gcoup .

Proof 2 (Unital)
I&awlw'iy = empby wedd.
(Twoerses)
Switch a; w/ ai' oc ai' v/ ai +
get invecse. Eg. (@003 as) = ala,
Tndeed,

4 . ®) - o )
(AQ 4.10.,_) (a-b‘ a| a;‘) 3 a_.a.lal q. Qe

@ =0

(ASTOCEQ'I"U& + C,‘-"\mws.)

T"o“&w; ‘F'DM fea.rra.wj§nj lc'H'e(‘S. d

»

De}u:hm'é /4. j’ﬂau‘) \wmm(\f}u‘sm l)&*ﬁ.ue,m Jnau’;g @

G od H is amp P16—U s
Cp(jt'j-v) = Cp (j v.) r C.‘ﬂ (j&)
w T+ f;gfa,l's 'ute additive /dr'f stauct uce

Bramde? 0 P Z = Z by P 770

Pn+wm) = F7-(new)

ZIn+ FF~

= @)+ L ()

= P s JCP hom

) PR, +) — (Reo,*)
P(xey)= "7

X
, PR=e

= e
- P(- ¥ (y)
=> Cp is jr‘: hom .



A

wonr

RemarK % ;Cp \rwmomocpkiswl behveam Free @
j(‘au.fs is &.S$f7nmm‘é of Lonrds
tn one Yo words i1 another
= Suffices b secity what happeus
L jWahrs
s P wiy,way = dvi,.., Ve
Plws) = v - vt here ¥j€ 2.
Exanplet V) e,e,,6.7 2, R RA
by Se) = vav
9 (&) = Vave!

-1
2 (&) * WV,

NO‘" ko.ré 4o \/ uutL |'+5 ajrp hom

Definiian® The Kemel of o J“"‘f’ \rwwmbr‘f)l/u'sm
P:G —H is
Kee(9)=79€G1 @ (9) = eu |

Queestion® wl"-a'é s Ke,m,&[ for howeo mrpL.‘SW\ og
-Fre,e woccl Srou‘)s?

Angwecﬂ \})orAS %dt Aml'iL hwue 'lYa.nrla'l:io(\S‘
> wuds Sewl' + emﬂ;y worcl.

o
Example? <808, 67 — {uevi,vi> a5 behre

A\Ay word in LHS s of dhe %rm

eleled L amdlez.
3(ederel) = va vtV v yst
A TV
;:‘:f:" O &=> -m-L=0z=L0-nz20c=ntm

{=> J=n=-m

Ker(3) = {eve;er

] = <e° e 627



Claim * K""'(@) s a jrou.f.

Proo'F: K&f‘ C<?’) < G‘ J s we a,:lcl
65 we wouwld 7a G.
(CMW*ASI)

Tis bomr\/ASSOC- n CT) so i+ is when

(‘es+r.‘c\~it7 Yo elements in Kemel .

(uw;'l'al)

iy pwu n.u'!’e.sl Cp(ec-,) = e\

= Ker(?) has ypni.

(Taveres)

gy peev- V\.B‘l'eS} Cp(j-') T cp(j)

Se Pl9l=0 => P(g7)= 09y = O’
~o

=> Kec (®) has raverses. a

RemarK < CP‘ <W|,.,,w,\> —> <V|I___‘V'_>
= Ker () = Ry xe7 ot

-t .
¥; T woerds in Wi'S o Wi S

P(x) ew\(\’:y word = O

st

Qh-eS'\'l‘Ms \/t)\'to."' ace “\b Kune,ls e'.g J»Lc, &Ll—bwt\‘j 2
(=4
y Laybe > > Let? Ly

a e, br>e’  cr=et,

Answere Wrde elm of LHS a<e Qm me‘e.
Qo(a."b"“c‘) = evl C—mé-,@ L 6»{—»‘.—1,

Zem iff eu‘oé'y ward

¢=> Ll powers are zero.

= o =
Ker (@) = ganbm ca-m}.

n-vw-2




Examples La,b, e ©. le, £ ®
P = et
ey = 3
@ () ="
@ (a"L"ce) = et
| n-A _fm—n'
Zew i n-L =0 =m-n

=> ,\_;ﬂ"—'VM

Ker(¥) = ?aﬂbnc" K = (abe 7

Remak? T B € wyewny = G

collechion of wonds obtained from wi |
B = dbe,o, b >

Then e obtain vew word geowp &/R

is a

G/B = (\AJ(, cemy W I b°,"':b|¢>

La,b,e ,42=6G
2= laccedddd D>
GrB = Lobc,d| &>
) Lab>=G
B=<dab'7 e
G/ = {ablab"?

= Lla>

Excample? 1)




§€c.+u'cd8 Chaivx com\a\exes M 'Poly'jo:\al H‘Dmlo3y®

Definitions A Q}L\&l Comelzx consist of
‘) ? worcL J(‘ou.‘)s

Cs = ZVo A Ve ?
Ci = e, ..., ™
Cv= ¢ :g’)"‘)'.‘#"">

2) 2 JCou‘) ]rwwwvu-erplu's\m-s

Callermz 9. C2 — C,

operatocs o 7P Sl —Ce

o . 'Y
"fa.l‘i'*‘iﬂ.l -“one

ete .

st 9"’9;()‘): O
Denote vhis by (Co,3.)

Lemma. ©

Ptoo'c S

(—‘ /_\/ on‘JS Lw"'.by 3.,,

Im (3.) < Ker(2) @

\/ = word in iche of 9. .
=5 3 % € Cz st 3;(X3=y

2\(7) = 8‘°3,_CX) =0

=% Y e Ker(9))

=> T»m () ¢ Ker (3) a5 desired. 0

DC‘Q’&[‘HM: 'Tl\-e. LOM l&jy jf‘ou.PS' O‘L CC’) ;°> Cure

Ho (C.,a.) T Co /le CD-)

= INe,o,Va | DiCeo), ..., D))
H, (C.,2.)

= Ker(8\) /Tw(32)
=X, X 182 (%), 3 (20D
where 9.(X:) =0

h(C.,3.) = KKer (22)

= <7o,-.., Ya.>
where . (\/,) =0



E xauf)|e°°

C. = Vo ? &)
¢ = LY
Co = <47
2, (€)= !
2.(%) =0
WO wm(u'ée.
Ho = Ve 1 2(e0) 7
= v vt S

We clain Ker(3) = 05,
9. (e’) = vu" =6 ff n=0
=> ey ¢ Rer iff n=0 ie,el=0
=> H = {0 | 2(&#))

=2 olo%

=47
By defn, 3u(%.)=0
= H, = Rer (3:) = <%?

Exomple® C. = <V°,Vl > @
Ci=<e., e p
Co = L3>
9, (%) =0
O (ee) = v | i(eN= VoV
We should checte Heat Huic is a.c“u.au)/
& chain complex e, 3,-3.=0.
Tadeed | 9.°0.(4")= (D=0 vn.
We comf.,,{;e,
He = e,V | 3(en), 3ued >

=<dvo,Ui | viv', Veui' S

= Ve y
O=aelen)= Vvl vl vims (WY
$f n=m = Ker(3) = <e.e.>
Hi= {ece [ 2. (#) 7

= {e.e |05

= {esei>
Ho = Kee(a) = {F. )




@

Coshruchat Let X = eo\?ljmal complex .
Pick direchin  foc each elje,
Pek ocientodton of each pelygen
&> way do sweep out eAjes.
These need 4o be c,om(;a-hlale wl any
jm‘:ﬂs Hat we did. Recall diff
behoeen Tores and Klein botdle.

X

) mean clockwise

R,emackg &7

“Sw e.eP "
of c.ounl'er - clockewise Jxrec,‘h‘u 4o

re.al aF Se?. o‘f e%je,s on \POMMAM}/

b

Coshrectin? (contianed)

Lobel vertices® ., ..., Ve
6&353 50/ ey én
‘FG-CCS : :eo , ") fw\

Define
Co(X) = <u., oo 2P

C, (X\ = <$a/ cemy e.«>
Cz(X\ = <£s, u)fwx>

Defwme

e
az(faw\ =d, f’"{i}e.)
(e"’ €q
T e;lee €ze. ¢,
9. (edge) = 3,(5="")
= v

-\ -| -)

e, S+ar+-'¢:7

lac. +o
ceod didn +

mattes.

Erample? Do (A)




Claim * (C,. (X),a-) is & cham c.om,Dle.x @Def—:,\:kué’ The l'\,omoLo'jY of X. is e Irwvuo\,o‘?y@
04 J‘{ae cham ComPlex (C.(X), 3.) L

Proof 2 We need Denote & b)« H.(X).

S1°0s («oly 0!\) = O
j Examrl&e X= pont = Ove
‘B7 e,xaw-flﬁl Cb = 4V¢>

Ve _
.03, (a&e. c. =d?
Vo o v, Lo = (}'
=5 (e e 6—() H»C#ﬂ = <V°>/IM (@) = dw>
Uo eija/£a¢¢5

- -t

| I
= UpVo Vs ' Vels

, So H.=0'—'H-,_.

= VeVl ViV Ve Vs

=0 D




Example * S*= 3()\\3(‘& =

o

Vo
Coe = <Qvo,u.)
C = (a?
Co= (F>
Ho(s?) = v, vi | a(a) P
= Lve, vi [ ViV
= Ly

A (S = Ker(3) /Tm (22)
We compute Ker (31).

A"V = v'v" =0 {¥f n=o0
= Rer(3) = O

= { (=<7

We  compube Rer (2.).
2.(F)= a"a" = ©

= H($*)= Ker(2.)= {FS

RemarK ®

TOprojicau.y ) bd'/\ﬁ-"’ does edc}\ Hi (X) @
D

wean .

D) Hs (X) = 7 of coan oomPern‘l'S
D H(X) = Liops Hot ane equivalent

u() "-o ')u-s\rv‘t? ocfosS -fu.es
) H-z (X) = 1-dind VofAs

= Wil e,xf)l,a.o‘n rore viext week |



EKﬂMPle‘.‘ Tl'- Torus

v
v z VY
C, = &V>
<, = <a,b$
c. = LFy,
We oom?u:l;e

He= (Vv 2, (a), 2,0) Y
= (v lVV_', vv™

= ZV(610>
= <4vy

Need 4o determie Ker (31) .
Note ()= vw'=0
.= yv' =0
=> Ker(d.) = <&a,b%>
= H,=<a,b| 2u(F)y
= {a,b| aba'b')
=dlabl| oS
-<a,bS
Note 2.(F) = aba'bl'=0
=3 H, = Kec(2:) = {F.

Exw'\fl.&% YOu. Squl,Aa ComeL'e H- o:‘:

) Cu‘rc,,.e_ \@\/
b
i)
sk W@V
O

jus-]' 4o 36‘6 a feel for e method

of ampu{-a{'n'orl .



Exavr\fle% Klein botHe

Co = Qv
C,=<"20a\%Y
C.= LF>
Sim. o tors case, 4, = <v=
Note
()= vw'=0
2.(¥) = v =0
= Wer ()= <a,b?
= ll, = {a,b| 9.(F) 7
= {a,bl aba’'b?
da,b | b* >

Note,

4 n "
A(F) = a"b"a"b = L =0

i n=0 => Rer() =0
= }, = 45

Claima® X = suclace s Yoo HX) s incle,PenJevr(' ®

Peoot 2

ac 4“\6 0‘/\».‘5@ o‘f Foly‘jonal S'L(ualum

T oy Sey pmoce next weelt bt
e idea s the -folLowﬁU.

Given 2 dillecond Polija( shuctures
say Xo and X

1, we find Some
common re,wtnhemewl' Xz.

Thom we show H.(X) = H.(Yq.)

wd Ho(X) = Ho(Xa) | whick
implies Jhe claim.

We ae:t fom Xo o Xi via we,t"fmwfnj
3 dillerwt  types of wodificationg .

So e just needs Jo show Hat vVhese
modifications den't change H. .

The acguoment is in a simlac spirt

b He f)roa-[ Yot Jhe Euler
eharad‘er.'d’\'u s iad. o‘f \ooly. shr. o



&

Corouoryg The dorus is wot Ifuoneomorfldc +o e
Rlein LeotHe.

Proof ¢ T so, Hen o f’°l)" ste He beus

detemmines a (°(7’ ste. f Klein LottHe
Cince M\-ay have o commen P°l7 ste .

Heic \n.avnol?jies wmust be Hhe came.
However‘) by our above cpm{m-l—a-l—.‘oas and

He  above claiw) we see Hhab Hhis can't
Ma‘opm,

=> Cannot )e l'wmeow»orp)n‘c. 0




Sectiont Exercises @

(V)
Eveccise ¢ Cowzfu:ée Jre la.owwlbjy of o collechon
of Y2 clfsd:oi‘n'l’ Poin'}S.

@
Exercised C°m‘7u:&e melzvy o( M hivs band .

®
Execcise 8 Show ot H. ('!‘re.ex = v ? Joo
Vo a vectex in He tree.
Show ¥at Hi(dree) = 0% £

i=l,2,

®
Execcised Show Yhat H, (Geaph) 5+ (0?2 f
omd on.lf ;{: %&(jc‘af)]q is wot a
'l‘re,e.

®
Eveccise 3 Exp\ain wlaY H, (Su:l:c-c.e) is ezw'v do

G ‘I'l'ec word JrouP w/ eithec O oc
j— WbrA(S;).

O]

Exerese® Show -“ta.‘é X = orentulle Sur\lace)
hen  H(X) i cguiua’ewl' dbo o free
word jmu’P w/ Zj words where
j = A cltm‘l' L.oles in X
What do Jhese words c,ocre.s‘w«; -1-0?

& Stact w/ j=| oc jzl,

Remark? Tn dhe solutions below , we y
Jo \'»Jl\l:jlfl' J’Le Ke,)( ‘;om-"s via %.

The % is 'nl& +a.l1.ewa), M«A‘& )tou-

should Fows on. Euer)f-l'tuhj else is J'us+
additional details do make i+ precise
a~d i ocowLS,



%lwfigg Co = <V\,---,\/‘u,7 @
C, = <> } Ne €$&5/La¢,@3 (){p)

C. = 4%
G‘r)'—‘—"> l.l‘zo-:H,_

Finally, Ho = &V, Via 2 /i (31)
But o e{?cs s« TIm(2) =0
=> H, = <V-,---,Vq;_>

\UA

Y.‘/&.\{kst_/* 5 one  leler for eoch coanected
W

eomponent l

® v a )
Selikin?  Msbius band = [
w (< v
Co = L V,w?>
ci= a,b,e”
Co = {F)
We compute

Ho = dv,wl 3i(a), 3,(b), 3 ()7
= dv,w [ wv Wt vwt?
2 VY (o QWS | g.,,.‘..u,;,\j)
C—Omfu\’-‘-e Kec (@) .
A (a"b"e?) = vtV vt = O
ff pem-L =0 = 2-n-w
=> Ker(3)= 2a™ "]
= 3 (a0 f
={ac,bc D>



= H, = {ac,be | 2.(A a
= {ac,be | cba'bp F>*=eb
=<4 be Y
= {be
We compube 32 (F)= beba™= O
=> H, = Kec(3:)=D
So one connected compment, one loop),
omd 2ere 2-dinl uoids.
G M5bius band is connected | Las
no 2-dinL yoids omd really only
wey hos dhe one loop Hhat weaps
around Yhe core of Vhe band.
So dhese compu+o.-]-ions agree

w/ owr indui -)l-;on.

®

Solutiond The second fmn’: of he 1%&5"‘!‘0&’! -F'a“pw;u

@

fom <he solution +o ?_u.eS‘HoA >.
The fist pork we gove Ly induction,
Spse we build owe deee wp in steps 3
To, ..., Ta, add He
vectex vi  and dhe u‘kje e + T o
obtain Ty awd To = vo.

InAu.c.-l-:ue,ly, we claim dhat

Ho (Ti) & ()= = Qv

for i=0 s vocuously follows.

Se spse it holds for Ti-t | we want bo
show it holds for Ti.

ty defn,

Ho (Tio) = dvey o vie L Bule)), oo, Bu(en) D
Ho (Ts) = (\i.__v | (e, ..., 9.(e;)>

w\uere we

SO — Sim?lf‘("ies 4o sa7 Vo =V, =--= Vi.|
No w 3.(6’5) = \V; V;‘ Lir seme O sis 1 -1

=Y v =V;= Vo= etc. ia Ho (T"')



® q
=) HOCT‘) = (\lo> &l éV.'> J @ Solution® The Pun.c.l,\lfae, is -uw,‘t & jro_‘oh is M@
So Ho(Ta=Tree) = Z\'0>) as desired. a tree i Yhe J(‘a,f)]n has wore than

Essewl'l‘au}(_, ble e tee was one Seg of e:%es Loﬂﬂcc_'l':nj hweo
comected snd He detects connected ¥

Jesﬁacl' vertices u.sinj “aeSe_ +Fwo
Key ok ’
?,,m)f um,oonewl's) Ho (Tree) should Ve Sei. we cam Prm a voa-trival loop
port~
e_%u,iv o o free wocd ‘jroulb w/ amd Hus H, #0 | Cbn\lerf&ly) H #o
one la‘H'e('/wdri. | = 4 a LooP =) we cam coastruct

&""wo differant sez. o‘;‘ e%es.
First , we shows Hhat

Fwrtatree = (M) +0

ance [g is vu:‘l" a +.-e2, _‘3 +o

2

vertices W and V  aud o

Sa_%. of e%jes Co,.eeyCn  and

Ao,.¢-'4w~ u.a,é Cﬂﬁ'\ec,‘l' w —l-o \V;




Since. these ace seq of eclje,s He @,
ond o'F € a.Jrez.s ! e start

e'f ivt ., Sim . ‘be Cl,' o-d A,’u
So if we have
o—>0 o——e
w; eéi yi d; %
Hen Vi =

w';-!lj Wo"w)\ln‘:V (*)

Xi = Yfﬂ ) yosz Xm =V

ND""Q)
(e —-ean 4.4 )
=3,(ea)--- 9,(e~) 3, (d37) - 2, (d)

-1 -\ -
S VoW . Wn Xo V., o
(*) C (/] o4 Vn X y

x;_l‘ YM
We' Va Ye Xom

® {

= w'vwy
=0
= Ker (@) #0 |

Since Im(32) =0 =s H /(M =*0.

Pcture o

Now we show

H(((\) O => f v\O‘l'a.‘lTe,e
Since B ()= KeeR)  (2m(@D)=0)
= 3 LUONL lo--- &y s'é

3. (eo--ey) =0



ust'f\j nototion fam above ) Spse we have

o—>0
w; ei

then
O = 3i(€--ew)

= VoW - Ve Wi

So each Vi hes o comcel off w/
some Wi. Now we construct hoo
Seg. of edses ot comect w. b
Vo
The fiest seg s simple €o.
We iadu.c:("‘ue,(y coastict dhe other.
Set d = e..

Set  da =€, Llere 0t ,#l ¢ n

e, V;

[

[ 4 > L 4

w, Cvow,

n

Wiy

‘l}-—‘ 853 wLe\-e, O.';'i;#lén@

‘3 - V\'i <t e‘i ' 3

Si.n(_e, all vectices caumcel o‘F‘f 5 euau-l'\w.ur
\Hi = W, . So He d; jiue ansthe
Se._gu.eu.ce,.

'By defn , 1" i wot a tcee. n



®
Solution ﬂs?v He Commeet sum of)emﬁn‘o. w/ Planar

cln‘a.‘jms , we culd create a ‘,la.n.o.r &jw
-(;r a-vlr sucface |97 jlw‘ly e{"'s 0":
vey g::b euer}/ suf‘pa-oe admits o ]oa(yjona\

S‘ITU—O‘I'U-S'& wl o Sia lC rolyjcn.

= C,(X])= {F) Lhexw F i
He sm‘jl& ?Dlrjon.
T{ 9.(¥) =G Hhen
H(X) = Rer () = <F?
Tf 2.(F) 20, Jhen
b (X) = ke () =< S
Ts is What we needed 4o show. 1T

Solu‘tgg Recall that # X = surface , Hhen

HIX) s :‘aJe,PenJen-\L of dhe choice of
{)ol.?((jonal stuctuce .

So t compte we should pick a nice one.
usrtj He commeet sum operabion w/ planar
Jfajrwhs , we culd creote a planac dom
b a gemus g sucface by gluing edges

o‘F 4j -30,. 4o %ms‘e[ues in Pan‘rs as
|‘“u5+r'a+e¢l loc[ow.

g=2°*

3 = a-rLi‘|'ro.ry :




For j‘-'-Z.) Hhis look kke &

2 'usl\bj M curves

Co = LV?

Ci=<aub, o 09, by
Cr=<F

3, (a:) = wWi=0
3.(i)=vv'=0

=> Rer(3) =<, b, ., ag,by >
3:(F) = aba’bl' -~ aybg ay by
= O

=> Ker (91.) = <F>

Ccmbin;,j all of Jhis yields
Ho = 4V 1 .o, 2uCas), 2,0
=4v) vt v LY
= 2v) e,
= 2v's
#, = Ker () /T (32)
= Laybi, ., ay,by L 32(F) 7
= {a, b, ., “3,\93 | o>
= e, b, 8y, by >
H, = Ker(3.) = <F/”



