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Prof SorenPetrat Office 112 Research I

Organization

Seewebsite
Class Thu 9 45 wit 4 shifted to Tue 9 45 WH l

Fri 11 15 WH 4

Weeklyhomework

seewebsite

due aweeklater beforeclass

2worstsheetsdonotcountforgrading
nolatehandins no excuses exceptillnesslongerthanaweek

TA Dmytro Rudenko

HWgrading

tutorial officehourannouncedsoon

Grade 100 finalexam up to 10 bours fromHW

Mainreferents Lee Introduction to SmoothManifolds



0 Overview Motivation

Topology justshortintroduction

definitionsbasicnotionsandpropertiesexamples

basicmathematicalstruct retodefineconvergencecontinuity connectedness compactness

Smooth Manifolds

generalizationsof curvesandsurfaces or solutionstosystemsofequations

thingsthat locallylooklikeRn butnotnecessarilygloballyleg spheretorus
butneednotbeembedded insome IR
onbasiclevel topologicalmanifolds

moreinteresting calculus curvaturevolume needextrasmoothstatue

differentialgeometry moreextrastructure

e.g innerproduct RiemannianLorentziansymplecticmanifolds
distance

angles Facetime Mase
spaceinclassicalmechanics

onlybrieflytouchedhere weratherprovide generalframework

structureofthisclass

reviewof calculusin IR ftlinearalgebra
topology

rigorousdef of smoothmanifoldsandsmoothmaps tallrelatedaspects

tangentspacegroupactions
submanifolds rankthin embeddings vectorfields

tangent cotangentvectorbundles

differentialforms

integration Stokesthem

Liegroups



1 ReviewofDifferentiation in IR

Derivative local approximationbylinearmap

Recallsomenotation

vector x EIR

Scalarproduct x y I x y
norm Axl FEE flawitnittt
Landaunotation afat FIR IT is

oh littleo if II t o
och bigO if I p II an

notesometimes h act or how isused

a map C R R is linear if Xxxx L A ly V XEIR Fayette
a linear

map
basischoice matrix

let bilinmbe a basisof R e.g bi e it i thposition canonicalbasisofRY
Then Lle l Lien uniquelydeterminethelinearmap

d d
columnvectorsofassociatedmatrix

Next Differentiability

Def
let U II beopen Then f U R is calleddifferentiableat a ell if there
exists alinearmap L R R s t

fix th felt the o ht then

total derivative D fla Dflat f la noteunique



Ex o f D IR f x lull

f x tle 11 411 1h11 t 2 xin 11411

Df x 4 2exiles
incanonical basis Df11 21 1 x

Death 21 1 x 2 xh

Thu chainrule

let f U V bedifferentiableat teh g
KW differentiableat flyer Thengot is

differentiable at X and D gotta DglfalloDfa

Ex filth it fixkini g
IR IR glyke fgoflixkglfixike.lt

Df 1 1 21 1 x Dg like DlgofAl e 2 x x

Dlgofl x h Ze Xhs


