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Organization

seesyllabus

seewebsite
class Wed 8 15 9 30 WH 4

Thu i 1545 1700 EH 4

weeklyhomework

seewebsite

due a weeklater beforeclass handin or mailboxentranceRes I
3worstsheetsdonot countfor grading

nolatehandins no excuses exceptillnesslongerthanaweekI

TA PrabhatDakota
HWgrading
tutorial officehour announcedsoon

grade 20 HW
30 midterm ThaOct241
50 final tba

note if finalexamgradebetterthanmidtermgrade it replacesmidtermgrade

book Lee Introduction to SmoothManifolds



0 Overview Motivation

smooth manifolds

generalizationsof curvesandsurfaces

thingsthat locally looklikeRh butnotnecessarilygloballyleg spheretorus

butneednotbeembedded insome112

onbasiclevel topologicalmanifolds

moreinteresting calculus 1curvaturevolume needextrasmoothstructure

differentialgeometry moreextrastructure

e.g innerproduct RiemannianLorentziansymplecticmanifolds
distance

angles spdacetime phtase
spaceinclassicalmechanics

onlybrieflytouchedhere weratherprovidegeneralframework

thisclass reviewof calculusin112 ftlinearalgebra topology
rigorousdef of smoothmanifoldsandsmoothmaps allrelatedaspects

tangentspacegroupactions submanifolds rankthm embeddings

vectorfields tangentkotangent1vectorbundles

differentialforms

integration StokesHwa

liegroups



1Preparation

t.IE nifEtieteniulRm

derivative local approximationbylinearmap

recall a vector x EIR

scalarproduct ix y E x yi
norm 11 11 fix1414 t 1142
Landaunotation afat f1127112 is
ofht little0 if the Ego11h11

01h1 big0 if limp I an
h su

notesometimes h aEIR or h she isused

linearmap 112 HR L Xx te LAHL44 HEIR x yet

linearmap basischoice matrix

def ei i thposition ei canonicalbasisofIR

Lle l L emI uniquelydeterminelinearmap
columbu

vectorsofassociatedmatrix

Def let UalRmbeopen Then f U IR is calleddifferentiableat aEUif there
exists alinearmap L 1121112 s t

flxthl flxltlhto.ch V helR
total derivative D fla Dflat f 1a noteunique



Ex of D 7112 f x 11 112

f x 14 11 4112 111142exch 11411

3 Dfl x h 2cx h
in canonical basis Df11 2 x in

sDflxIh 2lx xu hY 2cxhs

i i
Thin f WIFEdifferentiableataeU 0 existsforall j anddflalh j.IT lalh

Converse

Ex furyk FIT for Gekko
O forlxiyl lo.ly

Had O 11 1,1 clearlysinceothercomponent ten

but f not continuousatCoco thusalsonotdifferentiableatlaol

Def f u IR withallpartialderivativescontinuous ouU f EC f is ofclass C


