



































































































































a vector space of dimension h

An Criss tensor on V is a multi linear map

W V x xV xVx V R

Let I V ke the ut of such maps

ex I oCV V

V R

V 1 7 xCV7

ex Yo V 7 V in fact To V V

v V s IR

L 1 7 acv

ee R IR R E YaoCR
X y 1 x y t tiny






































































































































ee det Ix XR s R E Tn CN

Xi ix It det

Tkm Jr V is a vector space of dimension nrts

Example A general NET o4R2 has the form

WH y E I Wijk Xiyizki j k i

W is determined by the 2 2 2 array Wijk

The basis huncheic for 73,0 R2 ane

x y z 1 xiyizk

To prove the Thm we will build a basis for TnsCV

we start with the domain






































































































































e en a basis for V

o o the dual basis for V

Consider the following subset of V x xV xVx x V

oil o ej se r teh isen le ji jr En

FIT By multilinearity every We YrdV is determined uniquely

by its values on this at

Now we build a basis for Tn V dual to this set

Given numbers Ikki k En and IE ti trEn

let ek ekg Ot Otr be the map

on V x W x Vx XV defined by

Ek ekg Ot Otr 4 Ns Vi Vr

x Cek h Lek Ott Y ok Cvn

This map is multilinear

tensor product

Remarkt






































































































































ek ekg Ot Otr Oil Ois ej e r

o Cee Cee oticej otrcejn

1 it ie_ke Halle and im _In for all m
0 otherwise

RemarkI There are n n n n n n artsm
s r

of these maps

Then form a basis of Tr lV

Every We Tr V can be expressed uniquely in the

form

k Ks
W W ee e g ot otrt tr

k Ks
ti tr

k k
where W W oh ok et etrti tr

2




































Example R IR R

X y l Hy't tiny

t tA basis of Yao 1112 7 is O o I let tz In

o o l ie i jen

Wi W ei ej on

So
g

orig oi oj

n o

I 01 0 g
i 4

Example def 11241122 R

X y 7 1 x 5 x'y

det o OZ 02 00



Now let's put all this structure on manifolds

let Tr lM p.WS peM WE 7ns TPM

Thin Yrs CM inherits from M the structure of a

smooth manifold of dimension nt arts

The map T Tr CM M is smooth

DEI A smooth er s tensor field on M is a

smooth map T M Tn M sit IoT Idm

i.e Tlp Cp Wept

In local coordinates given by a chart U d

wept WII Frcp
2

Hit dxut.gs

xodxtIcps1Ek
ksEh1EtitrEn

Henceforth we will simplify this to



Waa I WI ex x Tx's texts death

where x Cpl


