
Area under the curve
#

God :

① Approximate the area in the shaded region .

② Riemann sum .



ve .

We consider a function f : *→ R ,
i. e . f takes

values in the set of real numbers and outputs values in the

same set ( self -map) .

f-GD
K

o Sum of area under rectangle = area under curve .

o Increase the number of rectangles to improve approx .



summationnotationclpsection1.tt#

We use the symbol
"

E
"

to denote sum Coded sigma)

for example :

or The sum of first 20 integers is

2011-2-1
. . .
t 20 = I i .

i=L

The sum reads : The sum of i from i = I to 20 .

Alternatively : 1+2-1 . . . +20 = E÷
,
-02
dummy variable

.

0 The sum of cubes is

Pt 23T . . . +203 =
i3 = 7¥ j3



summationnotationclpsection1.it#(contd . )

° Let f be any real naked function . A sum of a function
evaluated at integer points .

fix)

f-CD e- fest . . . + f Lao) = fci) ~i¥o
or A more formal sum

K

I aj = Azt Azt . . . Tak
ist

ai = i ,
a
,
= i3

,

a.e= fci)
-



Properties of sum ( them 1
-

-1.5 . in CLP)

An important property of sum is that its a linear operator
"

.

0 Closed under scalar multiplication .

For
any e ER , Iz ca, = c ( II.ai ) constantan
comeoutsideo
Closed under addition .

II. Caribe. ) - Iza, + ÷2b, ,cai - bi) - I. ai - FabiI.fait Gbi)
4

ICE + i ) j ca +b) = Not
it

( Feit Cdt) test37+(43+6)



Special seems .

-

n

• First n integer : I k = nCn → in class .

Z

K =/

n

• First n integer square : I K2 = nCnent)
ka

6

° First n integer cube : £+3 = nzgr } see text .
Kt 4

n

S = I k = 1+2+3-1 . . . t n

K= l
n

s = -2k = n Hn -1)+ . . . .
+ I

k=l
-

ZS = (htt ) +6+1 ) # . . +@ti ) = n Cha)



Backtoareasa-ndexampb.cl
: Find the area between the curve y=

2x and the

x-axis between x=0 and x =L.

:÷÷
,

'
"

x

Idea :

• Divide Iasb) n equal sized non- overlapping sub - intervals .

o For each sub interval
, approx using rectangle

° Add the area .



Example (contd) 7¥ = Yz
'

-

O
→

o Sub internal width : DX = Yn
a=0 ,b I 1 Xi - at DX

, xz=at2dX

① sub interval :# ×
,
= a + Dsc sci - at iisx . ÷: :

x , Xz - i
- - i
"
n
s.cz = a -1215k

⇒ ith sub interval is Ex ; . , ,x ;] xg=a+zsx
→ Ri -ati DX

① height ( right endpoint)
: f- Gci) is the height of ithratagle .

noRiemann sum :

Rn = -2 for ;) DX
foci ) = 2in it

n

f-ex) -- 2x = I 2nd . In = Zz Fyi = I. ncnz
Xi = in i= '

w

a limit as n → A :

Rn = 2ns -12N = 1 as n →A
-

2 m2 yn -30 asf



Appooximationusinglettendpo.int#
a÷Y=2

"

o Partition the interval [o, I]
into n uniformly sized sub- intervals .

The width of each sub - interval is od
, 4. Ic,

'
a

DX = In .

0 So
, xo=0 , XI In ,

a In , . . .
. kn = b

• The height of the ith rectangle is fox,-D= 2Cn
m

The total area :

Ln = fcxi Dx = ÷Z2cnI = (⇐n -¥1)
-

=¥(ncz - n)



Appooximationusinglettendpo.nl#contd )

0 Now
,
to get exact area we take n → a

fi?. Ln
= E: F. (ncn - n) = ?



Riemannsum
Let f :R→lR be any function .

Riemann sum is the sum of area of n rectangles
used to approximate area under curve from sea and x=b -

Xo XI Xz . . . . .
In

#

a b

o uniform width : Doc = Lb-a) In



Riemann sum (contd)
-

Ho II Iz kn

or the ordinate : #

a atDoc at2Dx . . . .

"

b = At n DX

xj= at i DX for i = O
, . . . , n ~

on The height : ¥1
÷:::':S: .us?jEIEEi:tsIi?..s

"" " "

using midpoint : f-(Kitz)
Riemann sum ¥yfCxi) Doc , sci -- x; for right endpoint

sci- see , for left .

Xi c- Tai , ,xI , fcxzi)



Rie(contd)

Consider the sub - interval Exit , see. ]

We can pick any point in Exi - i. sci )
to get the height of the rectangle .

Say we pick x! E Exo
. ,
,x;] .

Rn = Dx f-Gci) t Dxfcxi
) t . . . + Doc f- Cain)

And area = him Rn .

n -so



Riemann sum ( CLP Definition it - I ' II )
-

het a,b be too real numbers . Let n be a positive

integer and fox) be defined on [a, b] .

Set Bex -_ (b-a)in and then Cas above) divide the

interval [a, b ] upto n even sub - intervals Exa, ixia] and

let 049 be any point in Exa, ,xk ] .
Then the sum

N

2- fcx.ie) Dx
KEI

is called a Riemann sum .




