
 

LecturelFTheFundamentaltheoremsTI

Maihpmint of today's lecture

taking the dope function fax mud f'Cx
and

taking the area up to x functian FG mudfffetide
are inverse operations

Let In be an open interval

Definition P I R is a primitive or antiderivative

off I IR if P f an I

FTII Indefinite integrals yield primitives

Assumemu f integrable on a Y x e a b and Ce la b

e.g f is
bounded t piecewise monotonic on fa b

or f is piecewise continuous on a b

Set AGI f f fade Sf x c a b If is continuous at

Therm A x exists and equals find at
every
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You've probably all had enough of using FTC II to com care

integrals but here is one we weren't able to do from the

definition of the integral fractional powers

qtl qtl

EXYWe showed x hti7xEfwanyqc.Q So
qtl

is a primitive for so long
as g f l and for Osa Eb

Jab 9d b a by FTC II
get

E 21 If q 1 define tar x o tog x f te de

By FTC I log've

Ex31The FTC s elucidate the relationship between the MVTs

Suppose we only knew the one for derivatives and let f

be continuous or a b Then f is integrobh there and

ffeldt Fam is continuous on a b by Lecture 12

differentiable an a b7 with F f by FRI

So F satisfies the hypotheses of the MVT for derivatives and

F c C a b it F c Fcb Tca Since F f

FCbl Flat fabfeldx FTCII this reeds feel fabffelde

If g is also continuing on la b with primitive G

and fog her pnm.ru H then applying the Cauchy MVT to

HEIG gives Hla Hlbl that hence f
Sabfeng dx

Gila Glbt flat jab gextdx
which is the weighted MVT for integrals



Ex 41 pct vertical position of bail

VH1 p cel velocity
act Ct p Ct acceleration

If a a is constant then VCE Got t Vo Vo Vc

and the change in postmen is p T plot IoTCaottrolde Go trot

For instance if the bun starts from nest v 07 and no g
accelthen p T plot T2 mene

gnuity
But if we factor in air resistance instead of P y
we here to integrate p e

g r p which is a full fledged
differential equation Can't solve this yet µ
Proofs The key point is that the rate of accumulation

of area under the graph of a function is proportional to its height
e

See ya
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All we need to do is to make this a bit more precise



Proof of FTC I We must show that Alexi exists El fix
provided f is continuous at x

Compute A'C 1in AGth ACH fithfetide feelde
Lim

h so h h so h

Inigo th f feu de

To show this limit exists let C 20 by continuing

off at x F J o s t

t E x d xt S lfki E fxz.tk
Taking Ocha S Ex Xth e x d xt d and so C

holds on the interval of integration By the comparison property
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hence I th f hfc.ci de fix E E e e This gives

f htJ hffe de f x and a similar analysis reversing

inequalities gives the kin I
hso

Proof of FTC I Define Aca Heide By FTC I El
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continuity of f AEx fan So P A are both primitives
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