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A fewwordsabout linearAlgebra
Def A vectorspaceover112 oranyfieldF is a set Vwithtwooperations

addition VxV V

scalarmultiplication IR xV o V

that satisfy
V is an abeliangroupunderaddition i e associativecommutative Fzero f inverse

X H v H K v theV hi KEN

1 v f ve V
distributive t.tk v XivtXrVV veV X t cR

X Vtu X v t X w th w eV XEIR

Ex S IR n xmmatrices Polynomialsofdegreee u

Recallnotionsof linear combination linear in dependence basis

Def AmapT K w kwvectorspaces is linear if THY t.hu XiThiltXzT1vz

Thiv eV XiHEIR
A bijectivelinearmap is calledisomorphism

Note e f isomorphism f linear

V W isomorphic 3isomorphism sdink dinW

canonicalisomorphisms arethosethat involve noarbitrarychoices e.gofbasis

allnorms onfinitedimvectorspacesare equivalent Hull eeHulkEEHull
all lead tosametopology

givenbasis le en def isomorphism E IR V ECH Xie IV E chart

topologicalmanifold



Ei Eu anotherbasis EH EXie 7matrixofbasischangeAii i.e eiIEAiE
transitionmap E toEat E't xieil E.ir Eteil IFAixia FAIilw

EYEAi diffeomorphism

V E t Edefviabasis smoothatlas smoothmanifold

standardsmoothstructure

Next def derivatives for f M s N

Ideas need linearapproximationto f

derivativelivesinwhatwewillcallthetangentspace
but wantdef independentof anyembeddinginhigherdimspace

alsowantdef indepof coordinates

roughidea spaceof all directional derivatives

Recall directional derivativeof f1121112atpoint a indirection v
D la f Duflat flattil It Fri offlal
productrule DuffgCal flatDuglal t glalDuftal

Def For a ER a map w C91124 IR is called derivation at a if it is linear

andsatisfiesLeibniz rue wffg flatwog glal w f f f geTHR l
TaIR w w derivationat a

Note Dula is a derivation

some computationsshowthat Tati is isomorphic to112 orIRI a x IR the

v t Dula is isomorphism seenextHw geometrictangentspace

offla In1a is abasisofTalR Eilaf iCal


