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For theRiemannintegral let us consider f ab IR Ibounded1 Wedefine

a partition Pof ab is afinitesetofpoints xu x s t a to ex s exu ie tu b

the upperRiemannsum is Ulf P fi SEE ifAl ti ti a i

s thelowerRiemann sun is L If P In fi fix ti ti e i

theupperRiemannintegral If Alda if Ulf 8 alwaysdefined

thelowerRiemannintegral I fixldx supClf D alwaysdefined

draw picturestoillustratethesedefinitions
doYourecall a counterexample
i e a functionthatisnotRiemannintegrable

Then f ab IR isRiemannintegrable if upperandlowerRiemannintegralscoincide

b
Then If I find Ifindx IfAldy

E Jaxfix

Recall afewstandardresults

o f differentiableat I f continuousat E
butconversedoesnotholdi thereare even everywherecontinuousandnowheredifferentiablefats
product or Leibniz rule andchain rule

meanvaluethem let f ab IR becont anddifferentiable oulablThenthereis a z e lablwith

f z flbl flat
b d draw a picturetovisualizethis



f aib IR continuous s f integrable
FundamentalTheoremof Calculus

version 1 let f beintegrableonfab Fcout on tab anddifferentiableon aibwith

F Al fat Helab suchFarecalledantiderivativeof f Then

IfAldx Flb Flat

version2 let f beintegrableonCarb andcontinuousat Ie labl Define F Taibl IRby
FA Flat IfitIdt Then F is continuous on ab anddifferentiable

at I with F let f x canyouprovethis

integrationbyparts integrationbysubstitution

let us recallthefollowingnotation let f I IR I anopenintervalThen

f is ofclass C II if f is n timesdifferentiableandallderivatives f f if arecont

NextTaylorseries let f I IR I an openinterval

Wetry toapproximate f x near c e I bypolynomials s t thederivativesuptosomeorder

agreein C

For f n timesdifferentiable we unite f x Pu x Rnc x with

Pa x É II lx c the n thorderTaylorpolynomialabout c and

Rnicht the n thorderTaylor remainder

checkthatindeed Paid lol f lol k e a in



EI For fate wehavePu x É É
NoteWeknow that Ime IIF 0 legbyusing Hospital n times

checkthis

Notation Rn cHI of it d I as x C If ha olga as x c c In possibly wesay

hat is ofsmallerorderthangirl as x c for littleohofg
of x if

I 0 as x c

NoteThereis also the bigoh
notation hitk Olga if YI e constant asx c


