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0 Dual vector space . V* : f : V- R aase R

linear function'd

% : """ * v

d
RG Icf ) -- §

"

fcxsdx Icftg) -- Icf)

✓ = R
}

Acv ) =v,
Iccf) -- c Icf)
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F-( tis) I Fctio) -- act,

\
{Fct ,p=aqt, Ftt's) :- Fettes )

#

iii) 14121=107 ,
12714=127 .

-

I act)

[ CM = 127 c c
,

L
~

• a
cand Aloha dawn act, .iq ! > si

exit) # alt'

.

"

@d) (f) = {
cut) " t ' 't no ocean

-

26ft) 444
={
duty Ketel



t
• Snatch;*÷!

-

y
'

1- E- A- StB

s.

a

.I .
.

No

Fct,s, =/
"
o

o Ete z

dat)
E et El

( CVT# 07 . 2

: show tht 10714=127 .

-

iv) we want to show tht pym = caliph) .

←
[ aplin - enemy

'FIH .

I
1 cap)rI=Iacpp) - 2 racpz) .

caput , stay =/
"" "t ""

let us define Cappy , xp)y Lts =\ put.is
'ft elk

yet-D 'Gta
app)

sa
d

y
P
!
A

/
,

'

'
I*t÷÷÷÷÷÷÷÷

. !
Seo

y
'd

p
Bt

y
t=
.

L try
(2ps ) r



12715 'T -19=105423 . i.IOI :

OFD=FntWpyq÷IGp.

theorem : f Xii path connected → THX,nD¥ThCX,aD
isomorphic

Def . Go G' are homeomorphic :

i ¢ys*ags=dcgg,
g- dog,

• trivial
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- X

let X ay betuohpdgl spaces .

y

f :X-Y og :X-Y
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✓
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I 2 3

1 23

Sg = 16 " 62%6=1 , 0,6261=6×6,023 -

⇒

gaegeneratmyretahons.tw
In = R 01 , 62, - - Gn -D

↳ 6%1
,
Q . if . -- Quoi - Q't ,}
#

this 't - B

④ a

Thes 't -1 ""in:& }

the cylinder ) =D

Thc 81×101171=21 Mics) -_ le) mics )=Le) .

MCR
") -- Le } .



p pthe -2,2 .mil?onsevikgerm0he) .

,THE) -- Le.am . .
. .}

P !D^z-g!
x and p are ⇐
generators of 17,52, ) e

apnpa - coupleMIA
d

⇐

'

M.CZ) . R 127,47)
Kanpur" ) →

* a 0£
spays .

17,15) - Le, xp , apa - tip . . - I

= { amp
"

mm -021 ) -

Camp) ( amp
" ') = ymth 'phth'⇒

Th ( T, ) = { ( min) / ( m,h)t(m5h')=(man! hehe))

r



17,5212=-2+02
#

Ghs '

nice . ?

÷÷÷¥÷i÷÷÷÷÷¥÷÷÷÷÷÷:#÷:
€9

. ÷¥'Ii
I

a. a. a.io .
ail
.

MEI -- breegropgenaatdg a.↳ a.

= , naiiaiiiaiiiiiii: - -

Yamaha
.

ite
.

tic -2g ) =
< a"" " t - -

9%7%6 , .ae?bI=e



# = 12 -gon II
,

aol.EE's I

-2
, : Idibia ,

' bi - I → a,b ,
-

- ha , - IT, CED --ZAZ
→

Klimt : e -

Ii¥E:i
.

①them -

-

ha '%ha÷e
.

Milk) -- la'%yb "thlK)=⇐%a=bhya
Balika → ba .

-

ab ai
'

.ba → a - bat.

⑧

% : pp
.

'Emmy
pp
'

- Real pingitore plane. R ? Lo) .



Twi ' f ni ' - IT
- Rp:-[ as I tenuto}
evil

ax
cut

"'

re- %:÷:c::

Rp
! %ppoiat points are

identified
.

÷:
"

÷
thlRp7=

"Yang ,
a'=L THCRPT -

- 22=6,23
die .

\

to : every compact surface aithtboundy Ef
' ①

2-0 :

g
orientable → Eg Nfta

non-orientable → ( Kc. RB) # Ig .



a) Find NLRB #ID

b) Find Milk # E) .

=

? Thc SUCH)= ?

F- If tf ) go.ua, → ggt - I

v. Ina:c:H: " - I:÷::÷ . ①
1471471

→ go.SU) - ad -bet @

a b
① .
@ → g=↳* a

. ) ta ③

Notion , Nitin

A= Notion , b - artists . 9=1 )
-Nitin, No- in ,

②→ a+¥g-
No , Nunn, as ER 8UtD={cx . ,x,,x,xD=IER

"

}



"

T4CSOC2D= ? ×
,
# "

JESOCZ) g=[
O Sino

xx

-Sino go
) Iso o em

gcO=oJ=gLO=zn)

8063=8
'

17,180 =D
-

1718931)= ? RESOLD R= Rico)

Rico, - ein'T" ' ' X E

"

÷:÷÷:÷÷÷÷÷÷



Rico) ESO (3) → ( in , O ) = DO =D

*⇐④ in ⇒ ¥7
^ 06 IT
n

# o - are

EMI is ,

in:÷::÷÷÷:S
↳ = Remix
'
"""
"

f-

tho.
→_• Rains

- Reins →" Iq



806) =

ME:

÷::
"

:
Rp = j Jim ①*
Rpc = bJ%e rpcris-RY.NL ⇒HEH

a

-

Higher Homotopy Groups Tn Motivation:

R
'

.
.

-

-

e

THR
'
- LD)=e

:@ i
.

- -

-

i

" "

THIRD - TKS ')=Le3 .

-
-
-Ju



"""

is't

-

s
'-r

J. y :S , - X

t
J : so;D
,,→X I fateful - n.

J:
: g. 5- X

y:kIIID→x Hofmann))- a.

s
.

D.
a.i÷,LI

, Hex



xxx 's

drop if a HLEH.in) - X
H (J o) ad Cx)

H is , D= pcx,
'{ Heeds ',tj=n. tf se

In = fondant - - hit

ME
= an if

@ In = In % D= n - dimmed loop
I

d : In- X 1 DROID- a.GI .
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④ Malsam) -_ Then ( Sh )
ht 's

pg : Bott to Raul Bolt area

{e} k -
- even

0 ThLUcnD=MhLSUcnD= { ns.hzmy
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0 The ( 0cm) -- 17hL Cm)= ( zz kaon mod 8

Z k= 3,7 mod 8 .
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Lecture 12 ; Sunday IFth Bahman 1399 .
-

Homology Groups .

c
, mi different from Cr .

C , CZ

⇒o
.

His ←- e. tag
µ .-4g .sc. HE IIe←← c. my

Homology ④.

"÷÷÷: two
R
"

I •PT O-Simplex .

→
rein.

3-Simplex

"

4¥71 2 -simplex

( Pop, ) = { see R
"

I a. = lap. + u -HP, a eco , n}



( Pop, Pz ) = { RE R
"

I R = hotel , 19+1219 ,
both-ibz=I }

. -?I
t

• P ,

2-Simplex .

491919 . Pip ) =L -simplex .={ a ER
"

I I=¥
.

Sik .
. ÷.li -- I }

€0.19 . ) should be linearly enidepacht .

Simplex p -

if 4919) is
'

a t
- simplex. P. . P, t.fi#?sP.eCPoPD

For P, app,) .

if CP. RR) is a 2-Simplex 49191,4919149Pa) e RR)

hp
.#

"
are e- faced p.pe ,

oriented simplex . omfg,

e- Hook> ;D; #BD

two simplex :p.
'

a 9191919 > # 49%197 # LRRB?
.

.
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. Es fifer: - - RD is an
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even pemutohifep.li PD .

1%19197=21919%7 = CRP. PD .
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8

K - { oh
,
or
.

on} → Such Hd :

i ) if Gi Ek - all faces for . E K .
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X
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•
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Kelemen . ': "" l
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49ps . 49749340.>.<B>
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I eiezg
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,
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= ? c! on
"
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"
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-

- Rah-Singh to
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? II 2 i!
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"
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e
.

de BRE . - R> ⇐ ÷
.
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J : Cn Ck)- Chick ) Dce PoP. . - 197=0 On
"
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Theorem : J=O . d
'

: ACK)- Cruck)

a ⇒ o.O;;
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49193-stop-149197

= RRR> - CBR> +49197+219197

= 4919> ask +4919>+ spots> = P. Pi
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G

C
,
NC
.

C- Cnlk) if G - G - DC CE Cmyk)

I
chain group fordun .

a-a④ -
N is an equivalence relation:

K¥4,46
Gnc , → C,-4=0 Circa- arc,

Circa , Cr - G - G - Gadd Cz -GDP dECn←
, PEG ,



C, - G -- C
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f are ⇒ a - a.⇒ a ¥,
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