Week 7, 10/3 and 10/5

Tuesday, October 3, 2023 12:29 PM

Co -core

\-2
(amelliml
poir

can fup wpside down:

0~
‘ Cav\wl\ing
. Poﬁl‘

Example:

m & Handlebocty deLow pos ition
I of o 2-mfd




Can think of +his as be,'mJ

rhis gives a gonus 2 Hergaard .Svl'\hiv of Some I-mfd

Erampe:  T2= 9'xS'

S'- O (0-n) U (i-n)
=D v D

NS

o-h t=h
Shes'= (DLybiYx (Dl v D))
: D'."(DLU D,) v (Df‘)x(DLUD+‘>
= (DD u(DLx Dy ) v (D) =D v (D) = DY)
A o~~~ (e ——
O<h \-h ([ 2 2-h
How ore 'dfuﬂ arfached to one ounotne s
tine  of o D o Ahickened (0-h) L (1-W)
Q.. *

e ot one S ulce
v (2-h)

can vedraw disk o bu.y a kud.‘—l‘:lqne




_(B\

Exampie:  T>= §'%x5'xS!

T2 0-4) v(1-w) v (1) v (2-n)
S'z (0)v (1-h)

T:xS'z (0-h) v (1-h) v ((-h) v(1-h) L (2-k) v (2-k) u (2-h) Y (3-L)

(‘.,ross;nj with 0-h s ke cwss;ug (%E j) wetn ntenval

£)

hicken:







(&)

Exevcise:

Find o hawndle detomyp. for 2—3 x S

PIMENSION &5V

KIRBY DPlAGRAMS

Wiique  O-handle Dq, l e Rgui“’j
@um NnOwW  gn Wt ‘Iual- dvraw Lomalwwg t; cxH-aLh-‘zj wjioh

The o\HﬂUr\ir\j rej.'oh Lor |Hdandles = (QD')X D* = 'D‘B_U. [)3

Araching Sphw fov  2-handie; = (abz)x{oj = S'x 423



A‘H’&bl\il\j sphww for 2-handile; = (apl)x{oj = S‘A ia}
OMA n~eed “+o Sreti% a -rram‘-rc\;

What about e  3- and Y- handits?
|n A ()oS’?d "i—McJ, we fan addumt Hwwwe ic one Y-handle

Duaﬂ,&-\’j gives uS thot the (mion oy the 3- and'-handies
will bt O U Sewme (I-h)s  whtch is t} S'xp3
™M
m= # 8 3-handies

o( § sxp?) = #8'xs?
M ™M

= 9 (wwion o, O-, -, and 2- hanates) = H $'xS*?
M

Theorem ( Laudebadn - ?o-énanu)

ﬁml Self -diffec of _1:5\,‘52 ext+ends oven h,s'xbz
m

Consequences ©
\) Need boundany of (0-n)v (1 h)s v (2-h)'s 4o be FrS'xS?

2)) we dont need o Specify the 3= or {- handles
(mmﬁ‘m ways of q,H-uchiny JIves us the same '-/—mf’o()
G;Lamﬂe'-

5‘!

Nove:




O—0

l isotopits

°U-

Exerust: confirm the iswopa

Q- L=

+rouble Som< i““rg gves up Hat

s 8 C%ovivauu,nt +o above

me'\nas of 2-handles tHhat Jo over o I|-handle have
an  omb w'\\';.

Romaue: Later, we will descvibe a way +o cesolue
this cw\bi]ui-‘-y

Cxample



Sk S 0-h v3h
s'»> 0-h v |-k

S%X\S' = o-k v "'\ ua,“ o “_h

@ @ U (3-h) v(4-k)

hmg\e:
Re>>S'
RP3: 0-hv [-hv 2-h v 3-h ( t % E )
S'= 0-hv I-h

Re2x S'= (0-h) v 2(1-h)5 U 2(2-h)'s v 2(3-h)'s v (4-h)

Lm anotutr owe hondle

S



U2(3-h)s v(4-h)

DOuBLES -

m“ wid  with bownduJ_ Can :"-wm e doubte of VW

o= I(T=M) = m Vi, -M

e POt =8"

e D (Z's" 1’)”) = Zz.g m

Cx: DHS = #3 NES)

®
®
©)

©-@©

Ex: Xz Ymld with no 35— or Y- hanalles



DX = X v handles
eam 2-h of X ~~ new 2-h
fam -h o K M nw 3-h

O-h o X —~ Y-h

Suificient Yo wndewovand wp 4o (2-h)s

* eath new Jd-hondle h‘ is o eopy of an od Z-handie h

Lorth  ofe  and  cocore ?M—ouha.ha.ed

h' odaoed +o 23X atonq Lotk sphow 3 h

OAfathing Sphut for K is

otavhing Sphont O-framed mutidion oF h

set Ex.4.b.3 of Gompf
omd  Stipsict  for +he
-thin’ expew\u-h‘on.

= dsue DX of X is obrained by q.dajv:? o 0--frawmed
movdian 4o eath  2-handie of X, ‘twan outtacking
2 omd Y-handles.

Exroump\es.
S*xD”

(N ) ()l



w (STFO)V(D V)

enevtase. Yow axa Wu-g demhfed 7
D, xD* ~ DD

Swaps e :Faurow (-ﬁb{,t e bM—&)

lowern  dimamasional cuw\.ﬂ-ba,: \;\omb‘mg

& /(D

baumdouxa hos wmenhix
\
I. (o]

V (4-h) 0 D mwat ve S3

Su ‘“N;S 5 Szxs-&.

Exowp\e -

IRP>



Ex: Y -wld X witw \oou»\ola.vua X

‘&
e,
DX Ci))s

Cremige: (veen o K'\(ba duagram :Gz(a LI-M\OJ/ :Fr\ola rmnﬂ-ﬁo“ :Fof l'b‘()()

Qveo*‘\onx Can we read off e nroweerion foum o o Y-mid ;e,amo\ hanale
A AP S HHON / \Ci“’a OUUWV\?

Ruwmarue - Smooth H-mlfds  with \oownolauJ have an intowection foum
Qu: H.(X) @ . (X)— &
(G;b) l—’) b ‘—7

Signed count of intev-ection
points between Sm.



Po’unr.s petween ome.
curfaces veprertnt-
ihj a ono b
_GJMM&-P("{L, ird-?jm.ﬁ' bilinear :fo-uwo
~cant o Poincarw dmliy inthe yame My waen X 1S not closed)
(4 &x need wnet be wnimodulan

GX&ME-&‘-
Sz th Qx = O

Let R be a rif\j
fn R-homology  spheu M s o manifold Witk

Hy (M R) = Hu(5" R)

We  will N°SHJ tar abort R =% and Nn:-3
ini'egm homology :phm.c]

Ex . 55 1S +He AiMpl-uf £XanPI~€. %a.n &HS?'
En: Poincovs tomology sphene

s () T

: A and i( ‘ ,r‘))
Ex: H's sums of these ( f,?,.,

rel. pnme

Ex: Sj (K) ¥ ned#d and any knot K

EX: 3 2 s o WHS® sa
S (K) 1

P+0

fatonal homo\yj sphere but wotr oun #HS3



Exevise: X o Y4-mfd with .bouanolan(«j_

Qx s wnimodulon &= X isa disjoint umion of &HS’%

Theorem:
ey X bt & Y-mbd with no 1 or 3 handles , deombed by
o g.muwtb une L. Then

Oy = .Qjmzin(; matix

D\'Dbc aea

Comider X, (K) == n-trace of K
L»-l-uw.-e n—,‘F«ogmfd 2-hanale
orrached o K

Genvtaror, for R (XalK)): F
tore Seifvut swiface F e K
Ez(F'MI\!d into B")U(Lore of Z—h)

B A rawih a few
m*. .s F ' F ? (d dimensipns
! dswn) 2
A\ F
F = !:_MJJAGJ wp& of core r:\t
V) =
ounnlu s auvmj into B o-K'
> lus
F pushed (deepen) annulu
o B

Exeruse: ﬁi |{'—\|= n

The povtadlel copy o0y core Intowetts S2in K!

lncwihj !F-ramilry n weans (K K)=n

Tdea: Lk(K,g)=n = FeK'in S?

Now for a LFromed Link:




{,:J' -

N framed K, ~> T

N N
FieFieng  oe behu

A

‘-'"fj © Asswme F_-J deepert in B than ]/::

”~

. F o B! e in o collan T XS3
of 9B’

Fj Jothcal in Hais  cellan

(

0 \
)



EX'- ES; -2 2-7 -1 -2 -2 -3
-2

S\M‘;lcj wovnected '-l-M\cd X wwose 2 s Poincarw H°M°(°9(7 Splrwu

omd Wos nteuccrion  foum Q¥ = Es
w

Fkumbiﬁg of DX bundles over Sl

Q D bundie over St

Ex:

N

; (oo -
DX SC\/) s X ox [‘? ;]

O - (5]

Q.' Waen  do wo K““J ’*“T]‘“W represent twa Somne Y-mfd 7
A: KIRBY (ALLULUS

Theorom: (Cfo)
Gaiven ey wo Wandle JeompasiHons Hor a Compact wid

W o} possibe 4o ger ffvom one +O Gmotnen ba ov
Sequente o hoamat\ealioes | m&-\"vg/mvx'\b\i\o\-ﬁy c,qumj
‘;m\r} 3{ ‘Aowuu‘eo, o ‘lSo{-of'\es (w'.ﬂq'm \Ws)




Emof‘-
1-ponawmtier families 05 Mormc fumctions.
——

Compare 40 Heegaard wowes  (isotopies, hanaleolicleg,
S-\-ab;lijmw/ oh-eq hb,’tia#ﬁbw)

Cqmcebl.ihq Paivs -
v}
(v_-l) -wandte W, _

ke -homotle "‘\:

N‘\-n.owu-g 'OPW VB he nteweets bett sphee of "‘P"I
Wswmld of a Aiwjl-e \oor‘h-e

Houdleolide

with indices k,, k2

v
Ywo  \e-handles L’\.’ h,_ (D‘k‘v\) ottached 4o ;)X
B homatestide of h, over h,

— iSotope Ol-ﬁar.h‘mj .Qfl'wua- A& of h, in a(x Uln,)
P\ﬁ-s'h'l\f\j it Aevoss et 3Fh-g,ﬂ e ‘Dc kZ

Example (cl\m ?.)

A A N/aia

4@

he




Crample : (c\im 3)

7% AW

Cﬂﬂ we JAouble Strand notathon 4o keep track 96 tat f«wmingf




