ms JoHNSoN HoMoMr)iZPNlSA/l.
/B\’rman‘s qucsh'oni ,S [I(Sg)l K(Sj )] < 007

\I\Ml Now depine
T: I(Ga') — /lg H

where H- H (83',-1)
, (7)
e N H = 7[ = I;ee okelian gfoup.
« K(S) € ker T

—]7;’5 ansSwers gs‘ﬂnan 'S c}uesja'oz«.

La’aor'- « T caplures all OF HI(I{%))Z)

. K [89) = Ker T

o ANSwer n&ga:h've/q a Quesil'on of
Chill"ngwarthi s K[Sg) the Su)pgm,\to
ot T(Sq) preserving all w"nolfng AmberS
oY cunes.

e Al ZHS® cane From K(Sy)

« L(Sq) exp. distorted i Mod(Ss)

e and mvch more . . .




Tensoe % Wepce Feomuets

Vow = (v@w : VeV)weW>/l>n'[t'mrff11
\aas\‘s A Y {) \/=<€i>, W:<¥J>
M(O{fm V- dim \n/) - chimensional .

ViV = (VeV)/ (vew=-wev)
= (VeV)/(vev).
= image of VOV — VeV
VOW F—— VoW -W8YV

basis : eine; ¢ (2)'dlm31‘am@(,

So A.KV } (V' A /\Vk> / En"l'nw&x‘
and . ..
Via---AVk = 590 (T) VamA---A V).
- ( Ir<\) Avmersioral.

MRV = image of ©°V — &V

Vio--® Vg 2_% Sn(T) Ve 8 - ® Vaixy
T ¢ 2¢



“DesinTiop

let ['=
S (S) 2
T I

The |
ohnSon /’l
omama;’/yl"!Bm 13
z: I(S
I(5;) —s Hom (H.N)

aiV
w;neb 'el:(mf)'(x) = fle)e!
15 any l{f{ of ¥ 4 £

What about A°H 7

° AlH s 7
| H haf’gv’&a arb — [4 E]
° \[\? (H) A?'H) ;c ,_ll)*sg) +0 £'_, i 'x‘ ’:;5
l“ Sl\ow Im T AZ _‘: e
m IS Im ASH : H ®A1
He A*H

arbac —
o®
(bAc) + b (cad) + & (
anb)



The Imace of A Dewi TwisT

Conside/ ﬂ
d |
(L) (-l
M | & oo\
7 A
pnus K

A()w'an on r: ﬂ(x):x Xe{\\(w) 6;(“)'__0(3)53]
TJ(X):'}X}_' Xei“‘\p‘)“vdk)pkz‘

Se: T(T7)([x1)= | o [xJ] = N

but  both eqwm\ | ln N
= 7(Ta) = O.

This is Jusjt ong "Dehn tuist but -

}\Idumh’rt(: If ¢ Mod (Ss) [e I/Sg')
then (W)= hTlr).

(s fml“gktgru)wrd)

Thus /((gg') £ Ker T.



“THE /MAGt of A Bounowc sz /VIA?

el £/
v v ¥ Y v v | Y
dl’ ; g

let §=TgTc"

Compele : {(u:) = Swi§” fk fa)=otc 17k
C(g) =SB~ 12k F(p)=Bi 1rk+l
¥(o(r.+|) de 0 k41

lt\

Now wriie down all f(X)X" ¢ }\J = AlH X¢ §°“»ﬁi§

Ceda; = L8 ol <= Lfen ] n Loti]
F(g) B =0, g\ < (Bealn[p]
¥(0(k+|)0(k+| = 55‘ < 2[0(]/\[,3}
foox™ = <> 0 othwwise.

— -[(1() LZ ([[3 }@([ﬁkn]/\[o( ]3 [“‘L’X@([ﬁkﬂ}l\[‘g]\
A Cﬂkﬂﬁx ® (2[0( AP ]\

K
= E(D( LB & Cpen)

\/

%“mT(Z o => TRirman O]Mcsf\‘on‘



THE IMGE oF TAu

Yecall PHe— HeA*H

yio  aprbac— a® (bac) + by (cad) + c e (0Ab)

/E@? lm L = AgH

?:\/\ the (\(x\&)»f&\\*\{) I T s amg?-(e,?, A/\d
AZH IS one of o GL'\‘({Q?S in N*"He H.

/E- S:O_T giZ /U (ead% ha\/e,:

(consider  the

Xi AV A € |
st boumoh'ng qu‘r).

I\low UsSe g? ‘b hoVe JC"\\‘S Oufoumd )

A?P“{ g\%mo\ Xe—VY 2 — — X2
(ot\njr basts elements Fixed).

to X./\\{\Awl J(O%LJC ’X\AW\AXL

APPN X <> Xe, <>\ o ogh

X’L A\{z A\{\

~X2 Y A X,

H\Sh(’f %Or\us Sl'm;\a( -



\I\[HY \f\{ouu) SoHNSoN TRINK of TH\%(.7

T(3a) s by defintion. the Kernel of

Mod (S3) — Aut (P/P') |
Thm Yon Notice Hhat toists aboud SLP
CusVesS Conj uga’fe 5\1 Cofknmmj(a‘vors ano

% MO Csnjuga*ﬁ EU\ noyi= Cormudodors

In other words the grwur acks Jchvifﬂ\\\

on P/L-I"l"'] ard the later does vot.

The mop T measures HYus actione.



—mE JoHNSBN HDMoMo’ZPHISM VIA MAPPING-'O’QI

g € MOO\ [Sé) s rnappfng {orus M;

(e T(sq) = HT(My) = H* (328",
but ring Structure (of, intersechion theory)
con be dferent

Given g), want T(f) ¢ PH.

’B\\ \’a\iing dua\s) the i3 the same as an a‘Jc. ll"nw{
function that tokes as inpwt 5 elts of H

and ontpits & number”

As above, there 18 an incdlusion
12 H(sy) = Himg) = Halily,d)

The desired fonction 15 p\t cup product
or , dually, triple ntersechion.

Lek's check. thic dees the right thing on BP
M?s,



\:‘rs’c, let's give an exp‘(u”c olescrif)f\'a’b 0‘? L.
Il e o ¢ we get @

b in Mp fom ¢ o SO
‘ momg\:ef ’&A‘[C& Qt)

Qe Nmo\o@us So wt Con

‘ N e ‘(\omo\ogx\ to %c\‘
a choed Sut(‘;au, ie. olt.

of HZ(M-f)

Now fix o BP mgﬂﬂg\cﬁacc\%} o u 0

Onlw one Cufve from S‘to‘ %@1\ St,'mplec‘h(‘/ b}S\S
aghs moved., namely ¢ The canes a &b gve
Pl n Mf m{ersutm at @nb)x S The
GAe C gives & Suréuz, of %@nus 2 as in obow
'O\Me) in*@rsec:bﬂg (O&(\B*S‘ \n One pomJt

s oives the form [@IACLIALCY | as desied.

A\\ oJc\rw lerms o 2x0.




THE JoNNSo)l HoMoMoR?HISM VIA THRE \‘AcomAN

ijar{;fng Pol'n‘l'. A3 H 2 H, (Tzﬂ)' 7L)

ﬁ"_d va&amaP "-6;‘—’1—13

cortespording to T (Sg) — H, (Qé)

By K(G1) thery, the rap i nde up to
MO‘\D?\\-

Le,’t gé I(%) Then J“f IS /’Iomojto’)lb Jtoj
q,ﬂd [thC = I‘MJ., )
m howm‘opxi givcs a mappfng Jcoms n T?
W epresents an elt of HA(T )

Ag&in, lets ek this coes the n”ﬂlr\‘t 'H‘\lnﬁ
on ’BP MoRS. ConS\‘O\wr‘.

(fo ]

Observe. thot [ go&’tors ﬁ\rous\n :

(OGN




Eoch torus M&P3 o a cordinde Z-torus Yo A
Wt

0300

The BY map is obtoined b\1 pus\m\hg the
leftmost torus abng .

WM 'S \\avpmfn% n _rlg ? The Xy AV, torus
s moving in the Vo - direction, traving owt the,
5 -dorus XiAYy Az

Bix s is emd\\t the \‘ma%co? the BP map
undexr T I

Aﬂ’oﬂl_ﬂf dﬁrimjﬂOVl . MOY"qama (J Lov\a\ayl /l/ttﬂ\goc,.\
Skows that k(89,) IS ﬁm, k&m@l OF fhl,ac\\'ow
of Mid(Sq) on the Compadtly supp. Col\ow\o\og\t

qronp ‘o‘r\ the COnV\‘C)\ Space of tux Po\'n‘rs
in Ss

Co.n Jou See d\‘red\q 4t this adion s ‘L’?



Wikt Ao e Crosen Case ¢

Since T(Sq) = I(Sﬁ )/ T UT(Sq)

(we huve 6 map
7: T(Sq) — MR
| ) T(mUt(ss))

Claim: T (MUT(Sg)) = imageob { —/AH
QWMW X /= wWAX
whare w = X AY, +---+ XS/\\{S
Now) 1T, (AT[Sg) IS 304. [7\1 BP maps o)p

Ofmus Of‘"

(v ooy |

—> (XA, + -+ Xqa AWy ) A Y3 = w A Y

Now app\\\ Sp-acfn‘ow Note g‘) Qxcs W,
and acs ‘cmns‘x‘twe\\« on asis elemonts o
H. That dees i-t!

Pt anctrur any ) the arbigaity 15 because &
BP bounds o 2-chains in S, the differnce
bu’nq 63.



“Tue CuiLuNGworTH CLASS

X = nonsfngt,{,ow V(’,d“m/ gﬁlD{ on gg' _

Wy (}) = #* tims X rotodes a/ong }
well def on /wmotopl1 Classes

Xa,X’L ‘ljwo nonsfngu’ar vw’ra/ ﬁe/ds
A szly)"wx,[y) 1S a Cohomo/og\(

chass, denoted o (X1,X2).

A co}\oww,oa\( C,ass IS a gmd;l'm on CleUS
tat 15 Zevp on bewrdaries = (t s
Zo o Swull LU(JJLS (Coc,tj(/u, wnd/ﬁ’oh).
S wx(‘}) s not a Cocﬂd”’ because 1t
evaluokes to 21 on Small 100,95, but

d(Xl) Xa ES.



Let [ e T(5q). Consider the Cw\c‘cl’on

€6 x (1) = Wx (1(’(%) - wx(})
Th\‘s 1s the Clﬂan%c oc u{mlmg number”
induced \)\‘ -F

Two g’\ac’cS‘- 0, € x = d[Xn[m(x))

@ €f,x is indep. of X/

Pod of @ gy (1) = wx(fP)- wx(h)
= Wiy (D) -wx(1)
= {d(§7(9),X), §)

?Y00¥ OV@: Q‘j}xz(?\- Cg)m(}) = wx,_(ﬁ(n)
- Wy 1) - Wy ()~ Wx (1)
=(d(X|)X’L) ) ?UH) ’<O\(X\,Xz), }>

= <O‘(X|,Xz)) g(@\-1'> []

So we mowy worte ¢ This is an elt or H*QH



fact. g = ep4e,  for DheT(Sy).
ve €0 I{gﬁ') ‘—"H 1S o I‘\Dmoma"ﬁ;‘l‘%’t-

PP egn(d) = W (FR(P)-wx(})
= wxl§ (h('m)" wy(h()

+ wy (h(P) = wx ()
= ¢¢(hlD) + enlt)
= e () +enld). O

Let H6)= e This is the Chillingworth class
The contrackion C: /lgH — H
KaaZ — 1 [z + yavxs (o)
Theorero HE)= C(T(F)).
Need o check. two Hhings

0, /\/Mumlhlt{ - t(hfh') = b tF) .
@ t& CeT agree onaBmearﬁcnug‘.



Imhee o8 A BP map wimer T

ConS\’ole/: (‘o’ d% v O
d|

Clz (TeTd )) = C(X\A\l\/\\{z\ = 2‘12

TeTa leaves all the acb (Sfd geom.
SYm. basis)  Fixed ﬂ)cupf H and
ts lmac&e, ar bound a torus wl’d\ two holes,

al & N.

Fix & nonsingular vecksr fcld X §3 hane N.
CA N wnﬂ\ diSkS) D &(D lgoumb_o\l) ¥a olz
E:x’cmd Xt to copped N s 2 pis.

Fix nonsing. vecker Celds Y Y o DD
Hove wy(@2)=wy(az) = *].
and Wy (aq_) wx(az) = mdax of Slmgu’m4\1
Wy (@) - wx(az ) = ivdlex of Smgu/owrk(,
But Z indiws = X (T3 =0-

= wy(ad)-Walra)=2 i+ you gt the
Syns nﬂM []



SIGNED STABLE LENGTNS — |lemer's ThEorEM

We may consider Cx(Sgq) as a dicecked
gfaf\t’. give/n two vertices of an ed%c,
one ies 1o the left of the homology b
one 1o the gt

= SignLd distance 0’5 on verhaes-

ngﬂ&d Stable langfh:
s (V, £vy
¢)‘ (‘F) = l"m d v *)

Nn—oo n

for $eTIS3). This is ingep. of basept V.
—>  SsL: I(S)) — H.

T heorepnr.  SSL = 't/Z.



