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Inverse Problem

Inverse Problem

To find the function when its derivative is given.

ds(t) )

ition S(7
~~| — position (?)

[Ex.] velocity v(t)(=

Antiderivative

Afunction F'(x) is an antiderivative ( or primitive integral ) of f(x)
f F'(x)=f(x) .

[Ex.] F (X) =X is an antiderivative of f (x) = 3x” because

% (x3 )= 3x?



Indefinite Integral

Example:

o 2
2, x¥3-2. x> +2 : antiderivatives of 3x

Theorem
When F'(x) = f(x), everyother
antiderivative is of the form
F (x)+ C  (C:constant)

Indefinite Integral
The collection of all antiderivatives of a function is called the general

antiderivative or indefinite integral of f(x) and denoted by f / (x)dx

Namely,

f fxpx=F(x)+C



Fundamental Indefinite Integrals

Differentiation

3 - 2
x+C - _ 3x
Integration

Algebraic Functions

< Differentiation > < Integration >

+1

ix”” =(n+1)x" = fx"dx= x

+C for n=-1
dx n+1

Example fxsdx = éxé +C

Note Ll 0
For n=—1 fx‘ldx = +C=—+C Meaningle433

—1+1 0




Graphical Interpretation.

Differentiation

Graph : Slope :
y=fx) =T d&
dx
Integration
Slope : Graph :
@ T y=f(x)
dx

<Another interpretation>

Graph: V= f(x) = Area
( We will study this laters )



Graphical Interpretation of Differentiation

How to find the derivative  y = l graphically from y =Inx




Graphical Interpretation of Integration

How to find the indefinite function graphically from y = 1

y=In]x+C

yv=lnx+C

Domain

y=l y=f%h




Algebraic derivation

For x>0 (Defined domain of ¥ =Inx)

d 1 1

_1 —_—— —_— —

o nx . E— fxdx Inx+C
For x<0O

From the graphical discussion, we assume ) = ln‘x‘

Pt x=-u (u>0)
From the chain rule
dy dlnp]) d(nu)de 1 N
dc dc  du dx u ( X

Forall x = () fldx=ln‘x‘+C
X




Fundamental Indefinite Integrals — Cont.

Trigonometric Integrals

d . .

—SINX =COSX == cosxdx=smx+C
dx

d . -

—COSX =-SInx == fS]ﬂde=—COSX+C
dx

d 1 1

—tan x = 5 = f 3 dx=tanx +C
dx Cos™ X Ccos” x



Fundamental Indefinite Integrals — Cont.

Exponential Integrals

d
— e =¢" = fexdx=ex+C
dx

X
L —a*lna = ddi=2—+C
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Basic Rules of Integration

Sum Rule

f{f(x)+ g(x)}dx =ff(x)§lx +fg(x)dx

Constant Multiple Rule

[ef (ki = e[ flxchix
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Examples 9-2 Find the indefinite integrals of the following function.

(1) (x+1)(x—2)

(2) sInx+ 2cosx

Ans.
(1) f(x+1)(x—2)dx=f(x2—x—2)2’x=fx2dx—fxdx—2fdx
= X _x2 -2x+C
3 2

(2) f(sinx+2003x}lx =fsinx+2fcosxdx

=—cosx+2sinx+C

12



Exercise

Exercise. 9-1 The slope of the curve y=£(x) is givenby 3x2 and
this curve passes the point (1,2). Determine the equation of this curve.

Pause the video and solve by yourself.
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Answer to the Exercises

Exercise 12-1] The slope of the curve y=f(x) is givenby 3x? and this |
. curve passes the point (1,2). Determine the equation of this curve. ’

f'(x)=3x" V4
f)=\3x*dx=2*+C
Since this line passes the point (1,2), (x', y)
f)=1+C=2 - C=1 c

y=x"+1 /

RY
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« Substitution Method
* Integration by Parts (IBP)
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Substitution Method (1)

Applicable when the integrand is of the form  f"(u(x))u'(x)

. 2 :
Example: (xI +1) X 81|n5 XCOS X

2 =D ' ' =
U=x-+1 U =2x| |[u=smx U =cCOSX

Let F'(u)=f(u) o Fu)= f fwdu @
From the Chain Rule %F (u(x))=F'(u)u'(x) = f(u)u'(x)

By integration, we have  F(u(x)) = f ' (x)dx 2
From @ and (2), we have

Substitution Method

f S ()’ (x)dx = f Jf (u)du

16




Substitution Using Differentials

leferentlal
u=u(x) — ——M(X) — —u (x
du —dx—
e

<Example> If u=x",then du=3x"dx

f S (uyu'(x)dx = f Jf (w)du

» du —dx

dx 17




Then 2x@ —1 ;. oxdx = %a’u

du
Substitution 1 1 1
f(x2 +1)° xdx =fu5 —du=—u’+C=—(x"+1)°+C
2 12 12
(2) Weput sinx=u
|
Then dx . cosxdx = du
cosxz =1 C COS X
Substitution 1 1

fsin5 xcosxdx = (u’du = gu6 +C = gsin6x+ C



Substitution Method (2)

Substitution Method

f J (x)dx = f S (x(£))x'(2)dt

This is also written as follows.

[f G - ff@@))% i

19



Examples 9-5 Find the indefinite integral of the following functions.

f xv1 - xdx

dx
Ans.  \Weput +I-x=¢ Then y=1—¢2 and Z=—2f.

Therefore

fx\/l — xdx = f(l — 1)(=21)dt = f(l — 1)¢(=21)dt

5 3
-2 —tz)dt=2(%—% +C=—%(2+3x)(1—x)\/1—x +C
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Integration by Parts

We studied the derivative of product

{F(x)g(x)Y=r,(x)g(x)+f(x)g(x)
After rearrangement, we have

F(x)g'(x)={f(x)g(x)}—f"(x)g(x)

Therefore, we obtain the following formula

Integration by Parts

f f(x)g(x)dx = f(x)g(x) - f f(x) g(x)dx
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Examples 9-5 Evaluate the following Integral.

f X COS xdx

fxcosxdx xsng_x fl sn%rdx xsinx+cosx+C

/




Exercise

Ans.

Pause the video and solve by yourself.



Answers to the Exercise

AMS. (1) Since (cosx)' =-sinx ,we put cosx = u
, du
Jo—=SINX = —
dx

. |
Therefore (052 xsin xdx =fu2(—du) = —§u3 +C = —%cos3 x+C
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