First exaw\FV/S &5 wMFMcAA’lW\é w F(S)

We Ax o field k oﬁ chascdvishe 2 [{g- H—;) fo avord
S)ayLS, We also work withaut ‘jmcjlf\gs.

S= chlinder = S'x [0)1] D

Awo D}JQ@}; Lot ‘n \
N,

L % 7 | I’WW {LDILI) = < F/i>
>ZS< T 2 -dimensia at

“ly | > \ k ~vecdkr spucl
>, |
The on o,zcra/hw (s }.4'1 Mqllo/l—/) = han [lo,él)
At " conpts bigans ' e

Q, = lupw
L]QL"
q

D

There ae Ao such )a?gmj m the Pl“c—lw\(, and 'ﬁ\zy ae
rigid madube IR ¥ At (H,(0,%)).

Both huye u'Apt,d' P amd w"Pu‘l' (Z,

S p'(p) =9 +9 =0 (chw=2)
(Cl(];);% ?’ (no bigms with “"'PHZ)



Thes 20 wmd p'z0 5 wele huuols
cohaphic G0 Tl complex seit 00

H (hom (Lo, 1)), p') = b (Lo, 4,) =Lp,g >

2-dn E-Y.S.
Nyt melz,= Sume bud roleg 8‘6 Lo wd L, Waf%d
Lmvn (LnLo) = k(?,7,> agmh/ jamL how We

look o Jaidmas Iike i
LOELl

W

There gre still 4wo loijons, but how the mpwt 15 9,
and  Afhe OW/‘pw” s P

| —
() = ptp =0 (choz)
f:'(;,) =6 (M bigus with me)

So a@a'w\ H (L‘-(MA lLl/LD), f“); <?/¢>

Obserype. Huct A5 conpubeiv s evidbitly “dual " 4o
the  one cumsideed before.

Ne\(‘}, same Lp bt cldawg(, L

i L

‘\ lo { W(LﬁL')$<F/7//r>S>
\ /s r 3 r 4":‘”'.“

) k-V.s.

[y
\ e



Thes looks low% hike He fist case
Now Hre one Y bigms

L /

I

.\
\ 1 Lo
\ j r 3\ p
ovtout s ik r/ inpuet p
o p\:} 61, qw}pu} (1/

Ths p'(p)= 045 Skl hane ' op'=0
r,:'.‘(;’f G5 b prd |
1)z0
r{‘:l (g);‘D N,)‘]:e_ }l’(F’*r‘)ﬁﬁfl"gari*fS’/'D

(Cw2)
kg,,(r,‘): Span{i/s, ,:+r£ 3~ diin
T (v)=Spn §g4sy 4 ~dime.
) = ) r
5o Ao (Loh), p') = Ko <‘i//‘/_z*_2=([w1, (43+5])

e 2857 ol
Th all cades, we 30'7' 2~ dum u;hlwolw
TS s at an ECLI\JM’}} s MFM.SM"'S the
colwmdlagy  H'(S); k) o S'=6=L



¢
R the noct set ff txanples, let S=disk (o plane)

Corside ham [Li L)) B (< )

how (o, 1) = Lag ¥

L3 how (Lo, Ls.) =480, 7
lMAM(Lo ls) =032

% l’WM “’ LZ) (4127
Lo | "= hon (L Ls ) =<a,5>

hom (Lz,Lﬁ) (azg>-
L&‘,_; (}/W\?Wltez /uz/ cowvvhl'/‘] 'll‘riavx‘j(p_,s MW ) M—f/lfr’

/Mz‘ hom LL))LL) & ham U/o,L‘)ql‘“"‘ (Lo,Lz)

So ‘Mz(qlz,qol ) = Q



/" (ay,a/q,z) a1 5—

alg (qlz/ O|> Qo}_
L'b

1
(le/ ql} = 4oz

[ (%z, zv,) = Q,,
Twnmay (A5, a5) = G A (<K
This operedhun B Gasoctating ¢
/"Z (qw, 1"‘2(“12, %)) :/"L(azs,qoz) = Qs
pE( Mo (s a,),00) = p%(aps, @0) = Gy

ﬂ/u!) ajsoaa?{’lvw)'y L5 w\‘l’V\!LSSeo’// 173 17?4/-6,1/»4&/‘
‘ﬁcm;l? vg Y- -gms Aot m%c«r’w/a betinean Ahe

fwo products

\

f —
// \K\ 5£u¢

\
/uz(aza)}f’(qn/qu 4’8‘” W;»H/] s),?‘ o Lz.



A AA

‘/— m witod ‘-daym with sl o L?
S//‘/'
\
/>§ ,ﬁ( W (s, a), ay)
e

j——v\‘lre,map{clawamb the movie is

a 22
al qo | 12 Qol
? Qg@ G
- s
QAyz, ao__s a, <

Next | b wo chaugz Lz, 5o that (T s nst SFraigledt

(LO/LI) = (QO,>‘
kumtlto Ly) -<ao,_> N
lo)Ls) = <a,,, 4,
m%L\/L‘:)) ={A,27
hr (L, L o)
ha (LzlL;) =LGz3 >




We <+ill [’LaU‘& tkl(“,z ) a“) = Qpq
Mi( R, Rpy ) = 03

buit /"z(“zm A, ) =0

%o f’li ( aZﬁ, /41(61'2/ ao, ))= /(42(423) a@; );: am
MZ(M‘L(QZ'ﬁ)q,z)/ qbl‘) - /4?/0/ qu) — O

And (stiet) associativity £k

But we also Lla«w, lu' and /u's A/uw/

T /Mz(az’ﬁ,{"z(alz,qo,)) ’/’{Z(/"‘Z[azaq/z)/%/)

= qO’S - O

- /‘Al( /“3(&23/61'2/ o))
Se /AZ 3 assoriibire 14[)4\: [’Lumﬁbflﬂq



Oke last éwlp‘e {)(aw\p(,L

Sedsk o how (L, L)) = {a>
ham ( Ly, Lz ) = O
l'l'llW\ (Lb/ L“b) = <J>

I hown (L), L2) = {b>
L‘*‘m" (L//L'}) =D
e CLz,Lg) = {c>

| - . - .
NdA/ {\A = 0 aund [442':,0 $o /4,12 L8 a.SSOC/Q'/Iw_.

B+ /‘A’é[c/bla) = c‘.#D.
So even though a}soch/ﬁ{/f%
lA—o[ds/ we sHill ?d' <Y V3 hi@her mecrfafrca/

i far wwvf(.wv



