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Next We'll develop integral calculus and apply it to analyzing the domes
of the HagiaSophia the Roman Pantheon and the St Louis Arch

MotivatingexamI Consider a 4 her road trip where the velocity yen
traveled is the following so UH x t

Question How far didyou travel sofis 30 i 120 IsThere are two ways to answerthis c

Meth area under curve
I 2 3 4 hors

OE te 2 TI h 30 mi

le te 3 60hi 2h 120mi total distance 30 t Rott5 165mi

k te 4 45 II I h 15mi

Method2 odometer

check your odometer after I before the trip Subtract thesevalues

44 Ho GET 10157315 165 mi

This is halfof the fundamental theoremof calculus

It works more generally notjust for piecewise functions

e X'G velocity is the derivative of distance

Total distance is

Area under the curve of XY4ix
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takederivative

Rigida Function fly fly rate ofchange

wa t9 area under one

keyconcept net area or signed aree from a to b

Notation to beexplained later
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Example Consider the following road trip
60

0 4 Traveling awayfromhome at gomp oµ30

KEI Travelingtowards home at 30mph
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Riemannsu.ms approximate area under the curve

left Riemann sum AHHH right Riemannsung
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leftRiemansun Area_ffgsxtflbsx fksxtffbdxtfkfs.it DX

RightRiemainsam Area Fli Dx tf DX tf Dx flysxtff5J tf6D

Alternatively the midpoint or any other point can be
chosen as height
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Regardlessof which Riemann sun we choose
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Define A ft dt
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Bigideni If Aug is the area function of fix then d Atx Hx

In otherwords thederivative area functions are infuctions

This is the Fmdamtofcanu.pl
IffiscontinuousoncaidarddifferntiableonlaidthudffatffHdtft
we say that Atx is an antiderivative of fix
Proposition If Fa and Guy are antiderivatives of fag ie F47 641 Axl then

FCH HH C for someconstant Because F G O F G c

Consider a function fan We know Alx is an antiderivative

let F beany otheranti
derivative

Then Fly Atx 1C f b Fla A b C Ala c Recall Alako

A b fabfanDx
This is the Fundamental Theorem of Calculus Part2
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Before we do examples let's practice anti derivatives

Notation If F't fan then we write fix dx tTxtc
we call this an indefinite integral

A definite integral has the form fabflyd



D
Practice with antiderivatives indefinite integrals

f I dx x C I dx C n t I

I x'dx Ix C 3 2 4 dx x 4 Xtc

Jet dx Etc I e d L e t C

f Sin x dx cos Xtc f sin kxdx cos textC

f cos x dx sin x C f cos kx dx theSin text C

if dx In x C Trxdx x dx 1 c Zx c

Practicewith definite integrals
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Zaf 3 sin x dx 3 cos x lo
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I 1 1 dx 16 see graph area.sn tarea8orfj xdx fixdx
8 t 8 exercise

Application Averagevalueof a function

Consider 3 football teams Clemson 8 wins
Ncsu 5 wins

USC 3 wins

The average wins 8 1553 163 5.33

µNow consider a continuous quantity fix

The amrine of fay on a exsb is fabfix Dx
Ex Suppose the elevation on a 5mile hike is fix 60 3 650 2 1200 4500 ft
Find theaverage elevation IfO
AIS 1560 x 650 2 1200 4500 dx zoo

I 15 4 6503 3 6005 4500x

115154 655157 600157 450015 23958.3ft
Derivutivesvs.irtg.rs

Derivatives haveformulas product quotient chair rules

So we can always take the derivative of e g sin Has

Integrals have no such formulas For example if ex'd has no closedform

Computing integrals is more of an art



Recall the chain rule ft f gas f gag gyp Agha g'Cx where F f

Now integrate both sides fffgCx g4x dx F glad
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