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 Area and Antiderivatives




Derivative of Area

Let the area of ABQP be S(x) y S
When X increases by # , / 8 Q
the area increases by

dS =S(x+h)-S(x)=hf(x) >(x)

A P
Derivative of S(x) ° y 2
as .. S(x+h)-S(x) X+ h
dx B }lzlil(l) h - f(X)
S'(x) = f(x)

Area function S(x) is one of antiderivatives of f(x) .




Area and Indefinite integral

Let F (x) be an arbitrary antiderivative.
S(x)=Fl(x)+C

From the definiion S(a)=0 at x=a
L 0=Fla)+C .. c=-F(a)
Therefore  S(x) = F(x)-F(a)

When X =b | the area is given by
S = F(b)-F(a)

y

/~




Definite Integral

F(b)—F(a) is called the definite integral of /(x) over [a, b]
b
and written by Saf(x)dx or [F(x)}

b
a

Definite integral

jf F()dx =[F@)] = F®) - Fa)

Since [F(x)+ C]ZZ{F(b)—i‘ C}—{F(a)+ C}
=F(b)—F(a)
[reo]

b
a

F(x) is an arbitrary antiderivative. )



Properties of Definite Integrals

Linearity of the definite integrals
(1) f K (o b = ke f Sk
@ [ gl = [ (ki (gl
y y=f(x)

T o

Reversing the integration

@ [l = Sl

Additivity for adjacent integrals

O [ (k= O+ [ 7o




Examples 13-1 Find the followina definite integral
' S (x*2—3x+1)dx

_____________________________________________________________________________________________________________________________

Siz(x2—3x+1)dx—s x*dx— 38 xdx-l-g dx

8] AL

$B—(—20 32— (=2%  ,_/(_
_ (3 — > +{4—(—2)}




Examples 13-2 Find the following definite integrals.

(1) 3 1 (2) =
S—1x dx—g_lx ax J(')Z sin 2640
Ars.
(1) S:x dx—Sl_lx dx=S:x dx+Sl_1x ax
frae[5]

(2) fzsin2¢9a’«9 _ [—00829}2 _ - (-1 ~ (-1 _1
0 2 0 2 2 7



Exercises

Pause the video and solve by yourself.



Answer to the Exercises

Ex.10-1 Find the following definite integrals
| S: (xz—x)dx-l-gj (x%2—x)dx
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e Integration by substitution
* Integration by parts
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Integration by Substitution

Integration by Substitution (1)

For the function X = g(%)

f a=g(a)and b=g(p)

hen "l = [ (el

Integration by Substitution (2) u

f a=u(a) and B =u(b)

then j;b (o) (5 ) = jj S (ot Jeu




S (2x+1)%dx

Ans.
XA
Put 2x+ 1 = %
g i1
Then F_1 1 ) S
X = —2— ) dx = 7dl‘ /
X 0 — 1 Q 1 é ?
t | 1— 3 -~
Therefore

1 s, (%31 5, 1(, "_1{#]3_
SO(Zx-I-l)dx—Slt Zdt—ZStdt 5| 7 110



Examples 10-5 Evaluate the following integral

f2x2\/x3 + ldx
0

Ans.
Weput u=x>+1,then  du =3x%dx

Therefore,
1 R DA
fzxz\/x3+1dx=f\/; —du =—f9u2du=— Zy2l =22
0 1 3 3J1 313 9
i 11
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Integration by Parts

We learned

[0 (e¥be = (o)~ [/ (clelek

In the case of definite integral

[ 1k el = [/ (e)g ()], - [ £/ (e)gxe

Example
xcosxdx J;ﬁ (smx) dx =[xsin x]og —j;% (x), &idx
Y _ : 5

[ |gx) =5—j;2sinxdx=5—[—cosx2=§—l
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Exercises

Ex.13-2 Find the following definite integrals
| S"‘ dx

Pause the video and solve by yourself.
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Exercises

Ex 13-2  Find the following definite integrals
' S"‘ dx

ANs. \We can solve this as follows. Put 2x +1=¢

then x= t—_l, dx = la’t
2 2

- The new limits of integration are
t(-3)=-5 and f(-D=-1

Therefore,
-1 dx = _3 1 _3 1 6
— d i dt = —|—| =-—]
f—z (2x +1) f—s t f 2 [ }_5 25
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Exercises

Ex.13-3 Find the following definite integrals

fzxzexdx
0

Pause the video and solve by yourself
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Exercises

Ex.13-3 Find the following definite integrals

fzxzexdx
0

In this exercise, we apply the formula twice as follows.

jj x*edx = [xzex:t - jj 2xe*dx = 4e* - 2([xexﬁ — j;z exdx)

= 4¢° —2(282 —[ex:t) = 4e° —4e” + 2(62 —1)= 2(62 —1)
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