Title: Geometry and topology for physicists 2021/2022 - Lecture 7
Speakers: Kevin Costello, Giuseppe Sdllaroli

Collection: Geometry and Topology for Physicists 2021/2022
Date: March 15, 2022 - 10:15 AM
URL.: https://pirsa.org/22030065

Pirsa: 22030065 Page 1/62



O rrenlations el /O“Jqurelw/i%s

< =[5

(9Y¥ 03 M an ﬂ )9/ m Kevin Costello
@YPQM+0\[L@Q; qu@,/r{", 50 W

1A p@vlffwg y;)
,)
Mot JJ

Pirsa: 22030065 Page 2/62



Pirsa: 22030065



w= Ll2) ba- nelza,  F So

/K !\éf/&ce Lo éj w~j
j SO /5 O« /9091%4/\@ ﬁ/ﬂd/@n) Q//é

Sovme onmf&/ugn.

irsa: 22030065 Page 4/62



Pirsa: 22030065 Page 5/62



Kevin Costello

Pirsa: 22030065 Page 6/62



Pirsa: 22030065

gj(—j(z/) n odx = Az nelz,

Kevin Costello

Page 7/62



5 (/Qmpaﬂbte LU/ Ud g1 vurew - -

le /\Oﬂ'{; /2 )’],lﬂ’
X il

% Kevin Costello ‘\g
’ﬂ’x,

mDm Coz,mf&r-cécéww& #’m X

of (-x, ) n x, = oAx, nelz,

X)

Pirsa: 22030065 Page 8/62



A orgmtolon o 24 1 o
O/wm % Clechie W C@@n'f@P'CL)C(lwg&
rofahon  at eonch P E /Y - Va/@mj C/E’*q’/i@ow%?%,
Or At eact PE N Ao o
5ma// Cinle amwn P

Ofl@ﬂ'f’aim mWL V7 jﬂ/% (€ 4%
@ 0{112/0’/01&,0\'\ o %5 C el

irsa: 22030065 Page 9/62



A vrentolon se 24 15 o ®
C//w?fﬂ Lf{ Clockwe V5 Cwmfwcloc&w
r@’}ﬁf?/m\ GNL Q@J e /Y 5 Va/@mj Cﬂnﬁwwb
Or At et e odmw o
5y q// Cinle amuns P

Of{@ﬂ‘/al.,;m m_(- ~ jm Kl
@ 0n,g,ﬂfC/LLW O %5 C}‘fTCLf
[ ool fo  frcluchee Ué@é“’%m

Kevin Costello

a a7

irsa: 22030065 Page 10/62



6mc{// Circle auns’ /2

0({@1’)7}011.,,},-\ m_K- ~ jm QT
@ @n,e/ﬂf@thY\ o %s Cirele
L@Q@/@ o 7(’10@“07174/‘6 O&[éﬂmﬂth

Pirsa: 22030065 Page 11/62



¥

Kevin Costello

irsa: 22030065 Page 12/62



Ozr;\e/n’fa‘ﬁ?w_s Or/nap /q pqu)%b
4

O o m@m,ﬂ&/ /M

W"Qﬂ’ﬂl(}\lwq; Ch@m‘ﬁ 50 W

ml]ﬁl(/‘&

7(‘1 ,O@"’(;LM j;) xl’

et (O%%) )0

irsa: 22030065 Page 13/62



irsa: 22030065 Page 14/62



irsa: 22030065 Page 15/62



irsa: 22030065 Page 16/62



irsa: 22030065

M ore ﬁ@n@lﬁ””?} T

JAent
— 5 o Cen9l? ;
on W%m L/ﬁn ¢ > o P

( L)D)(L 4 QC)MDI/ WC'AA/' /Lb{) 74) SCen {2) Kevin Costello

m O%)M /oemj 9 “/O_’L Wl\%ﬂ%@f
/) ﬂlw 15~  Nho C/Or\St’ﬂLE/n'f f)/Df‘m;a/(
[/\ecﬁw/ (r’/’ A&l)’ ong 57ok )

2)

Page 17/62



MOé)M /oef/mj/ 15 hot  eriented

No wﬁstﬁ{*@n‘{ fo‘fY\fa//

/) There 15 '.l
WC‘{O\H (’% Aﬁf on S5ole ) il ostelo 40
2,) m%_,
3
$ no C,onﬂ‘»{*é’.nf CI/\,OILL
(\3 4 C/[Oclwwt V2.

Pirsa: 22030065 Page 18/62



Anolles  exomde:
RIP: = { (s oo © € IR')

Kevin Costello

tj :)Cé§}z A ~ — X
/

Pirsa: 22030065 Page 19/62



F\aolhes  exom o<

ijz = { (faes> thromeh 06“2%}

fws] 1o

/}2”5 Cﬁﬂ'(LCLTn% o mo“L}W) ém\o/(
Cm/‘ 50 Cannot /ZIOM/\? an &lentatien.

irsa: 22030065 Page 20/62



Redundanay: ambiprolad porab 1~

A @ ore Toloatifed
~_ )

&

irsa: 22030065 Page 21/62



@@JM\JQA’\@ a/ﬂﬁﬁlﬂd(.ﬁ/{ (f)orr\h )~

A Q are TolonTifed

Caf,)&‘L) r\/( ZU&%T')
T 519&5 Shot  we 5000
ﬁy M Shyuo Aew@/

Pirsa: 22030065 Page 22/62



ﬁeaym\wfomcg wn%pvc/(a\/{ pumh )~

A Q ore Tolontifed

(«,,8) ~ (-, &+417)

5” ﬁ:lam‘b bl e B
ﬁw mo/m/w L@.mp/
/K/PZT—“ D 1sc 5@,.}\%? fo o ¥ ézm

band; AWM@ A%

m&pé{m é)&M\j 15 o I




Kevin Costello

irsa: 22030065 Page 24/62



Z’L% m%‘f"f””
v_?_f )
zwﬂ) i e (m)
K < U (C/D(/J PC’”(CA)
R . émo&/ /‘Fj/@

irsa: 22030065 Page 25/62



Zo@t&)u of el (m)
p{? e [ (CDUJ /’C””((é‘)
R Some émo&/ N)j,@w

/g' IEer’ e Ofwmlpc/ o0 rel>

o Uy Alam
£ = f(‘)L? C/&l,/‘ﬂ— ’“‘"‘A{m

S

irsa: 22030065 Page 26/62



[
—

/g Iijj; e Ofw/f]’?[\ﬂc// CO o ;\@//3 € F N
e
= £ ) oAayn- n e
1“:«9(7) o’tq},ﬁ, /10/07/1

£ Myn ez, =
Al &

irsa: 22030065 Page 27/62



irsa: 22030065

= 9ly) oy, - A 3

R

J9, b
As,  dyn— ndly, = "éf(nﬁ}z}o& =
¢ 2 /
ine  Thes /5 /)af;/wke 5 W& Nqre

gy n— acly, =)clet (%

J 7[ C/{d,/\ AM” :/j ﬂ(?//\/)déﬂf\ |
R

Page 28/62



irsa: 22030065 Page 29/62



irsa: 22030065 Page 30/62



Kevin Costello

Pirsa: 22030065 Page 31/62



/-"\ y CDUF‘V(-S }-{: 15 JKeuin Costello

) ]
Lo
hilg=>  hlp)=o

/ﬂ’f%m*ﬁnﬁ over The  Same P@MW

irsa: 22030065 Page 32/62



It N s o glebad momif !
( wmpcz.cff, 1.€. C,OSQJ @a\J EOW\&&JC) |
CM\'L m Wy /10 1LO 0‘44‘4@0 JKe\.Irir;.Costello

AR

pach Cmée (ﬂ/@ﬂ fn o coirl /Jm[va

irsa: 22030065 Page 33/62



It Nl s o glebad mamif !
( Compadt, 1.¢. C,OSQJ ane) Bomna&i)
Cch 1Y) U2 o Cuhes.

11

chc/ﬂn 04&, (ﬂ/t@ fn O C/D(J/}/Q /Jc’\?{%«

/r/nnl@y %
%/ ng eoc C/Méé Cem
colEn

Pirsa: 22030065 Page 34/62



-4 . ]

Kevin Costello

irsa: 22030065 Page 35/62



irsa: 22030065 Page 36/62






irsa: 22030065 Page 38/62



Kevin Costello

Pirsa: 22030065 Page 39/62






e L)
= £ (o) dap- ~o
2/\/@ o ofai‘n@ MsUU&( j {é?[

irsa: 22030065 Page 41/62



Pirsa: 22030065

Z/\/Q/ 0N ofa’a‘n@ M9UL0L( J {é?ﬂ

over  50me rﬂﬁm'
ChDUW/ 7 Poﬂ((j/\w

x,%0
1530

Orn eonch patdh, Covrclo are
X, Ay corlh If%)’; <

Kevin Costello

Page 42/62



R i |

1 - ) IIr
- 18 !
1 ...’ fll
Kevin Costello ‘ X '

irsa: 22030065 Page 43/62



Kevin Costello

irsa: 22030065 Page 44/62



irsa: 22030065 Page 45/62



Kevin Costello

f s, = Fubni

irsa: 22030065 Page 46/62



Pi

IIIII

: 22030065

Pu (W~ j Wlno%\
dw(w Lobagpe  Teiteym!
() = {Old,/\fi/jzﬂ

Page 47/62



irsa: 22030065 Page 48/62






Kevin Costello

irsa: 22030065 Page 50/62



/ﬂm@ﬂ;ﬂ_lﬁé; ™ E;\Q/nﬁt(m)

ol ¢
—Te. -
-
\\ f | Kevin Costello
o - |
OO — f/\) |
|
|
|
|
% N |
| ™
lﬂl and

Pirsa: 22030065

Page 51/62



o

//Lﬂ/l’\ l wé\Q,n '(M)

—— —'——-—"'_'_'_—‘———

Y

G"@/he/\!‘r/\ %% GMM -

fheprem.

Pirsa: 22030065 Page 52/62



[\/ || Kevin Costello

-
Compmolires  Greens M peem.
= (o) ool &

Pirsa: 22030065 Page 53/62



Pirsa: 22030065

G@h@\ro\( Vo (rreens

= (o] coorls O
ami {(7) 1}
dz 15 an oe~ ol | {U;W
K20, O has ~W Wj‘m
| (.[qpo(Q/ j =A-x
_ﬁo/,j 15 ON&AJ‘”} jfﬂf/k

Kevin Costello

Page 54/62



Kevin Costello

Pirsa: 22030065 Page 55/62






Kevin Costello

Pirsa: 22030065 Page 57/62



Kevin Costello

7(,10

irsa: 22030065 Page 58/62



Pirsa: 22030065 Page 59/62






=y

Kevin Costello

Pirsa: 22030065 Page 61/62



irsa: 22030065 Page 62/62



