
 EXERCISES 10 10 5

1 M is f o for f xy 92 3
y x2 1

which is f 1R IR mooth since it is apolynomial
Wejustneed to check that 0 isnot a vital value
for f

df 2ydy 3 dx dx 2yd 13 2 1 dx

df 0 iff 27 0 no y o

3 2 1 0 so

however f E 0 IE 1 0 so
no critical point is in theprimageof 0

Thus M is a smoothmanifoldof dim 2 1 1 by
the regularlevelset them

2 die
am dx so critical values includevalueswhose preinges

contain points that have tangent lines parallel to

But we needto study it on TM which we can

computeby Prop 3.2.16 as kerdfex.nl

TamM v1ExtraFy Zyk 13 2 174 0

V Curv21 Lv 3 2 1,247 0

So die IM v1147 4 7 am so

we have a critical point of die whenever V1 o



for all vectors on TexuM

V o yzo then x 0 are criticalpts of it
but xdEMif f xol x2 1

andthus thospts are 1,01 10,014,0
and thecriticalvalues are 1,0 1

1811016 Inefficient g studsthe in toseewhereit isthecase justify w the picture
crit points per are givenby ditpill 0 and
since dike diekx.nl

taie
and

for some reasons as choke T.amM KerCdfkxm

soKerdiekxm 2KerCdfkxy
end this reasoning about euclidean vectors main

rank it rmplyingtITEELEE.se
LHS is aim ofTherestfollows or rres needto
lookatwhengrads
on padlet

3 If P 101 is a critical valueofP thiscannot be the
case

dP E dx fdy P x e xy in suchthat 710,01 0

and IPego 0 gives a counterex

There are verymanyofthem



EXERUSEL wt 5 10

1 An Ir SI tensor is amultilinearmap
e

they generalize the conceptof vectors IR sinceV V

and correctors R One can think of them or

multidimensional matrices

Thespaceof erist tensorsendofCsr tamers is n dimensional

and given a basin eisofV and Ei of theyhavethe
force

T 9 lj Ei E's

and they are the building blocks to define
differential forms afteroutingmonetization and
also innerproducts symmetric positivedet.IO21

teuorstcristTeusorfields are sectionsof the iris tensorbundle
on a manifoldM that is smooth function that
send a point PEM IPETT TPM TIM
so in this sense they on functions that pointwise
produce tensors of the typeabove on the vectorspaceIM



3
Then outysymmetric 10,51 tensor fields are

the diff forms

Symm posdefinite 10,2 tensor fields
on themetrics

2 a
g x IF d X d Y

Xp 242 22,77 pe

b 0g xjod xj

d post 0dg coso degsin dg sino

cosodg p sink do some

Sino fcosodo some

cosfdpodf fososi.nods do doodg
f2sin2odoodo sino dead

goososino d do doodp
post doodo

deodf 82 doodo since sin 6522



EXERUSES 8pts
for all ye C MI

Efx 8434 FXgyp gY fXy

gYp fg 179 g f Xy gfYXe

fg XY y LfXgY g Yf X y

from whichthedoom follows

EXCEL 8 10 14

1 Lynn damn xp dy condso be

d H Ly Hy
affiliates but
it is harder

DH dn H E y H y

2 dy dyndxi dxindy
can dxhndyilf.in dxinndyi



n dindy 1 ndx ndyn
Since in L due toantisymmethy

every flipping due to the even number of
variables requires an even number of flips
then terms and there are

n.M 11 cn 21 1 ways ofordering thepairs
dxindyi

dz yidki
dy n y n dxindgin.i.ndxrndy.net

n dxandgen adindynndt
since already all dx auddy occur

indy ER w est n o coff
volume form

BSince 8 1H XfH i Y InFyi 241 weonlyneedto

compute the end compere termby term to check this

naizxitbify.tl forsome CofusalibiC

M Lx 9 C Yi di H

14 lxpldyt lxntdyindxd txefif.to dxi

bidxitaidy



DH DH E n

dHffidxixyfdyi.tt dz

dH1Fz1 H2

Yjidxi ftp.dyit I
of d 7 yidxi

ff.INY dxi fyfdyi
Sofrom 21

ai If and bi 4 41

Thus 111 gives
C Yify H

That is C Tiff n

therefore



Xn yet Fyi an Ex Ii on 3 a Fyi

Hilt Fyiget 418117 72

Comparing term by term givesthe answer


