C'A,ﬂ'ﬂ/z'cai‘z'ons
j{vcn a wap Frsls !
let £ ifo]— S' be the map 7[°f—=7_é

_ where
[zl;—J \i 7(8) = (cos 274, s1q 27F)
S —-—;"?5
ﬂ!:’? says e tj a Um/bae [ ¢ f’fO./J"’/R of £ once we chopss
e of 7f{°)

W vew dletre the oliyfce of ¥ to be the nem ber
A £ = F11- Foo)
yote: tF T is another sucly bt Aoon F$(5)= Fls)k for some K

so $(0)-F(0)= Fro)+b-(Fi+k) = Fl0)- (o)
aond the deyree (5 well- debied




7‘—‘:5'-—; s! aqolj-' S'>58’! o e Llomofvlw'c
&>
Ay 1= Ay 7

froof: @) let F: S'xfo,d = S' be the bomotopy
/&f' 'E-'foﬂxz'o,/]—a s' be the w120 soclh that

F[?[g)’{—) = FIs¢) foi1] xfo (] F
. _ 0 1)d
let +,§ be litts of 'fa%/? S'xfo] —— 5

@s abore
by W10 3! It of F w Fifadxfo,d—R with Fteo=Ft)
by unireness of P2 th /z}‘fm'y we Ruow
Es.0)- FI9) smce Fl50) i a lH of F
et ¥:ifo.]—>5S":¢1— Floft)= Flie)
Set Filod =R Meof ¥ s¢ 510)=F )
Tilol) = R I of ¥ st Fe)s FLO)
we can @ssome § o= i)
note we. have ﬁjwe'n b)/

2
7 //// 7
F

50 deg F = Flo)-Floo)=5 1) - ¥ (o)
dey g = Fun) - Blo) = 7 19~ 5710

bt ¥l = FlHekh  soe k

avtd a(qaﬁf—deifz—/



(é:) aAssvme o’ej £ = d.e/aj

et & be e Qm7/6 between F(:.0) ano('7((¢0)

/&" /?f "51’75[ be 7C 9(1,9)
vofation ‘fif/bu%r _\ F(1.0)
avt]/e t O

set Hist) = K, = F6) Q /

So H(s0)= £(s) 4
H'[fll) =z Reo‘P(S) e H([hD), l) = Re-" -Ff({,o)) :f([{(O))

s0 ate homh;p/ we @u asswae  ((19)) = /0[/60))

[ From &) we Roow r/? F c/nc,&drzjc/ vner /dr;/,.
let FJ fo,(]= $' be as alwe (note -F/°7=7'10) éy aéous)
let 72’,?/:{0, (7= $' be /d[fs of ‘F,/g, /ﬁ.f/aﬁuf)y

st 7270)-1}“/0)
new/ d@#‘d?j =5 _?'({):;;"{1)
set Hlse): t ) +1-¢) g (5)
note: [flot)=+ Flo) +(-t) 5 (0)= £ ()
Hlut) = ¢ Flr) « (-) 510) - 210
S0 pOZ/;" [0,r]—9,<l Aecends to @ . He: st s ¥e

f/{. 7(06 Aomoh’ay of £ h‘jﬁ?

exesse: 1) e oustant wap F :$' 55" has /?/ee 0
2) Ft T (5, (08) = T (5,010) is mokipleation by Aot
e 2 —>Z “~need 1o homotop £ #
by )] Prene b pr!



Loro //afy I12:

7‘11/0 maps fj S'—>5s" ace homm‘b/azo
@

Fo =9 TS5 (1) = T (5 (1,0Y)
In pa/h'm&/, Fislss' /tomofep/ca/[y i@l
E 1t widuees e/ ma/) o4 T ( S,' ((,o))

Froof: 1mediate from erertses 7

Romork: 4o nmays ov1 s" are oom/o/&:té/ Aetemmed é/v (A ./
femma |3
a map f: 91’95/ extends fo a map F D55’
&
a/ey f=

Froof: =) lee P:ilo)xs — D*

(r. o) — {49) { /
polor Loo/ .-

j(M F-'P‘L’?5 suth toat f'7 v=df
set HIs€)= FoF(s,¢)
e s a honﬂoz“b@/ Prom
H(s 0)> Fo P(s0)= Flo 5)= pt
N 0rigiut
o
Hls = Fofls )= Fly, = (5
50 F = Lomstent --a@:{: 0

(€) f dejf"O, the, 3 a /lomaﬁy/ H:5'x So, =) s!
st H(50)= £Cs) G Hiso) = pt
o e ot anndued mp gt
F:D"5$ that 7«/0%/@4‘1 e
extends f B M



ene/Use: '
thuk o’f $ as the w(F ciele m €

let £, 6= 5 2452" Cy eomt r
—
show deg(f, )= = Ie

T2 14 Fundomental Th2 of Hoohrs)

ony non-constant Compler polyvomal P(2) has a reot
€. 2, soch that P(z)=0D

M‘- A ma [rz/o .’ e ae uszhf a(jeé/a('c {'qoo/o/o)/ > prove basi,
factzs about ,ooéwzomcéz/s !
Troof: ¢ Ple)= 2" q, 2" % . +az2ta n21
assyme P(2) has no rost
let M=wmaxfla,l .. 15,13 aud choose kzmax §l 2am]
note: Pre)= 2°(1+ a,_, 4+ ...+q¢§£‘—« fﬂoéﬂ
bre)

s0 if 12]= k/ then N ,
o) * leat| 7 * - Wl

cM(F i) Em 2
” -
S M zam 'ZL

ptha) o — well-detned
let fis55" 21— ool e e s

] b SUmpto
s rfeads +> ( asvmproy

. 2 ' P(k?) /
F:D'— 5. ZHIP(A?)I



but let P (%)= 2" [+ tblz)
From aéoue f’ (2) *0 for I2(=k

1
’Sab“’m?‘a&’ from £ o £(2): f:))n'-‘ };ﬂ 12:/,,

deg £= nx0 B f=f by "1 ;

= 2"

lemma 15
It £:5'2 3" & tonpaueons and FEX)=-Foc) VA
then /ej(F) s ool

Broot: ﬁlb&u svely aa Ffis's s'
let F:lo.d— S be as cbove (12 7[‘ =Ff)
le ¢ Q- f(o) and p (@) = ({‘?} where L K-—Bf and
g, = q°+z
note  F(4):F((-w)z-f((ue))=-a  aud
p"('f-?\:fg:f whe e é':%;*"{i
let 'F,= 'Fl[o.:/,j /_9 Q
{“: f/[./lclj O
l/’_ {

smee H(9)= f@ (-x))= = (=) l-—*“l‘
adl L#

Q
a (x-'n)= =9 (4 (\
we hare £, (x)= Fld = f(;-fﬁ) g

- - Flg () - £y G- )) = - F - t8) = A (- )

50 f 'P; 5 @ /lf-fm[ £ Sﬁ/ﬁ7 at G, thes 70'(‘/1,)-51 some T
auw/ ;:{X’Vz)+(/L [5 Q /nrf <>7L A:ZVQ(J—?S, 5fa¢ﬁ“j at goux?_:'(;



s0 FL):Alx-Rr1+% & o bt of f, sty at 1('4)=h
Now ;L:(f): T (414t = Z;*’ % 2 & 1453 +2+]
note 17-7*: < @ /n‘?‘—a‘)c f
S0 ey @)z Frdiin-feF () - A L.
Th*® 16 Borsvk-Ulam T):
There dogs uot eatst a lorfuaupus may
fis*oss!
Sendt-'ay an ﬁpoﬂéc/ ,aaz/}é’ fo aaﬁ'poﬂé/ Porls

Pk 55" & wch 0 map
thea let- S'c S* be the epuator

'7C,5/ ' 51"7 5’ ;aﬁs'gef F£-x) =)

50 de/a 7c/l is odd é/ lewnma |5
but 7C/ eatends over northera hemlé/ﬂ/ze/e_
50 /@ 5/ =0 é/ /emmq /3 KS ﬁ
Th2 (7 (Borssh-lam I ):

Any Ltonthauou s ma/ 70757:’”"W2 rmust- send a pa(/‘
of aAH,Ooala/ /aozr}fy fo fhe Same /00/;11"

Proat: 31M any CorDAuou s 7C".§z—>//?2
aesme T * FCR) PxéS®
F0 - F-x
then consiler g:s 5l x> Im
Qe § i lonhAnous
clearly 9(-x)=-g(9 & Vﬁféﬁ

ﬁema/\}z The lmp//g; that at- an)/ pomz” "7 ‘hMe these ore anﬁ/oop(a/ /oom(:
on the earth with the same fCM,oe/m‘we ard homidit zy

[ . - . /‘ “ iaa. o~ Amﬂ“ fl\o‘A 2enmra fl Mn:‘.a Dhmﬁ'}"o()



742 13 ( Hom sandwich th*™):

/8{’ K,, 7?,_, Rg be three Lonnected open /@/&4{ (n //?3
each of wheel (s bowaddeoA ard of Pacte Vcé/me

7Zen 3 a ,oéme h/tt(&A cuts thewm 40/70 b}’ VOlUma

M: let 52cK3 be a /4'79, 5/49/9 @ Dot~ or?u'v Wﬁum'y all}
Juom x € St fet b be e lne %_,,o(ﬁé

X Gndl orﬁm

for cach 7, g plane /‘3-,,( perpendicalor
t B ot cuts B 15 half

/e(’ 9(5{x):0{(.51‘&4c¢ o7c fﬂ( '&bm 07ty 11

lvhere d,09>0 if P o
same sife of 0/57¢:4 as ?r)

gresise: Show d;[") are contauous 74441‘:'0/:5 d',: S‘— R
]ﬂ é}aaﬁon of planes pe//en/céuéf to Lx
Cow(?émoaﬁly vary with x
Volvme of regions of Ry wt by plane
aorzfm'uouély vary Wit eq*” of fy{ane
cleorly olj (-x) = -d, (x)
consder f $% ﬂ?z: x > (d,(x)-d, (), d (x)-Ay [x))
W17 = dx swch that £(9)=FC-X)
S0 ALK ~dly (¥ = di(-¥) =y (-K) = =l (¥) 1, ()
20,00 = 2d,(x) = d (x)=d,(x)
stmilorly ol ()= o, (x) = 4, (%]
S0 J plane L €0 b Moot etz R KRy 14 half | 7



