Integration and
Its Applications

3.0 LEARNING OUTCOMES
At the end of this unit, the student will be able to:
% Define the terms: primitive or anti derivative and indefinite integrals
% Understand integration as inverse process of differentiation
% Understand the indefinite integrals as family of curves

% Find the integral of simple algebraic functions by substitution, using partial fractions
and by parts

% Define definite integral as area of the region bounded by the curve y=f(x), the x-
axis and the ordinate x=a and x=b

% Apply properties of definite integrals

% Apply the definite integral to find consumer surplus-producer surplus
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3.1 Introduction:

We already know how to find the differential coefficient (derivative) of a given function. We also
know that the derivative of a function is a function, e.g., the derivative of the function x> w. r. t.
x is the function 2x. Now, we want to find out the function whose derivative is the given function.
Suppose the given function is 2x itself. One function whose derivative w.r.t. x is 2x is undoubtedly
x2. But, there could be many other functions such as x*> + 5, x2 + 2, x> - 1,...,whose derivative w.r.t.
x is 2x. In fact, the derivative of x> + ¢, where ¢ is an arbitrary constant, w.r.t. x, is 2x.

In this section, we shall discuss the process of integration and different methods of integration
along with some applications.

(" The concept of integration is widely used in business and economics. Some of them are )
as follows
v' Marginal and total revenue, cost, and profit;
v" Capital accumulation over a specified period of time;
L v Consumer and producer surplus; )
Integral of a function
d(Flx)) . o C o .
= =F (x), then we say that the integral or primitive or anti-derivative of f(x) w.r.t. x is

F(x) and, symbolically, we write
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ff[xjdx = F(x).

In [f(x)dx, x is called the variable of integration. The function f(x) is called the integrand. The
symbol | stands for the integral.

(Flzx)
%x} = f(x), then we also have % = f(x), where C is an arbitrary constant, therefore,
X

by definition, the integral of f(x) w.r.t. x is F(x) + C, i.e., J.f(x)dsz(x)+C

The integral of f(x) w.r.t. x is not unique as c¢ can be assigned infinitely many values. It is due
to this indefinite nature of integral, we call it as indefinite integral. If C is assigned the value C,, then
F(x) + C, is a particular integral of f(x) w.r.t. x.

The process of finding integral of a function is called integration.
Hence, Integration, as understood above, is nothing but Inverse process of differentiation
Let us consider the following examples:

The Process of Integration and Differentiation are inverses of each other

' Differentiation

2
X ’

Integral X2+1, Derivative

OR OR
Anti derivative )(2—2 2 X Differential
OR Coefficient
Primitive
X2+ c Integration
d

We know that derivative of x*> w.r.t. x is 2x and we write e (x?) = 2x

Now we may say that anti-derivative (primitive) of 2x w.r.t. x is x?
i 2 i 2 : i XE - i
Further, .- (x*+1) = 2x, .- (X" +2) = 2x, _ ( 3) = 2x ...

d
Generalizing this, we may say e (x* + C) = 2x which means that anti-derivative of 2x can be

x> +1, x2+ 2 and so on, thereby leading to infinitely many anti-derivatives. Thus, to accommodate
all such anti-derivatives, we may say anti-derivative of 2x is x> + C where C is an arbitrary constant
or in general called parameter which leads to family of integrals.

d
In general, if ax ) +C) = f(x) then anti-derivative of f(x) w.r.t. x = F(x) + C which is also called

indefinite integral because C can take any arbitrary value.
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Geometrical Interpretation:

Understanding the integral as family of curves

Consider the curve f(x) = 2x, as discussed earlier, anti-derivative of 2x w.r.t. x is x>+ C = y say

ForC =0,y =x?
ForC=1y=x2+1

For C = -1, y = x*>-1 and so on

Thus, we get the family of parabolas whose vertex moves on y axis for different values of
C which can be seen in figure below. This gives the geometrical interpretation of indefinite integral.

Thus, we may conclude : indefinite integral gives the family of curves members of which can be
obtained by shifting any one of them parallel to itself.

Y https://mathinsight.org/indefinite_integral intuition

¥ https://mathinsight.org/applet/indefinite_integral function

Cis called
constant
of
integration

F(x) is called
Antiderivative
OR Primitive

| is the sign
of integral

f(x) is
called

integrand

fix)dx is
called the
element of

integration.
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We already know the formulae for the derivatives of many important functions. From these
formulae, we can write down the corresponding formulae (referred to as standard formulae) for the
integrals of these functions, as listed below which will be used to find integrals of other functions.

Derivative Formulae

Corresponding Integral

d Xn+l Xn+l

axl sl =x" n#-1 J.xndx= N + C where n # -1
n

In particular,i(x) =1 J.ldX =x +C

dx

d X % X %

&(e):e J.edX=e + C

i a” =a% xd )

dx{ loga -4 J.a *= loga "

I%dx: log|x| + C

Proof: Case 1: x > 0
d(log(|x|) _d(logx) 1
dx i x

Case 2: x <0

dlog(|x]) _dlog(-x) 1\ 1
dx dx x
X X X
Some Standard Integrals, we will use (without proof)
S. No. Expression Integral
1 [L2, 2
1 I 5 o dx 10g‘x+x+a + C
X" +a
2 I : dx lo ‘X‘FVXZ—aZ +C
Vx? —a? 8
2
3 J.VX2+32 dx %xlx2+a2+a? log ‘x+\/x2+a2 +C
2
4 J.\sz—az dx %\/xz—az —a? log ‘x+\jx2—a2 + C
1 1 X—a
=1
5 J‘Xz_azdx 2ng+a + C
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a?—x2 2a

2
7 J.\/a2 —x% dx X Va2 -2 +a?sin‘1 [EJ+C

2 a

Properties of Indefinite Integral

P1. The process of differentiation and integration are inverses of each other as follows:

P1. (a) d%ff(XJdX - () P1. (b) fd%f(XJdX= fx) + C

P2. [[f(x) + g(x)]dx = [f(x)dx + [g(x)dx
P3. [kf()dx - k [ f(x)dx

Example 1

Evaluate the following Integrals

a) [(x+3)(x+ 2)dx b) f“?;ldx

2 1
o J[ve+ Z] ax S e L

Solution: (a) Let I = [(x + 3)(x+ 2)dx
x+3)x+2)= x?*+5x+2

Hence, I = j(x2+5x+2)dx - [x2dx + [5xdx+ [2dx

-S| . L

= +C, +5 +C,+2x +C
2+1 1 2 2 3
3 z

Xx
?+5?+2x+C1+C2+C3
x?  s5x®
at @ + 2x + C where C = C;+ C, + C;

NOTE: Now onwards, in such situations we will add C only once

b) Let1=fx3x:1dx= fI—idx+ fx—lzdx

fxdx + [x2dx

K1+1 I{_2+1 2 i KE 1

T =
(o —2+1 2 -1 2 x
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o ter1= f[Vi+ & dx = V& +2vxE+[H] dx

= fxdx+f2dx+fidx

2
x? +2x+log|x| +C

_ f ; | Vx+a—/x+b

1
_ dx ;
d) Letls= fﬁ+ X+b Vx+a+yx+b Yx+a—/x+b ax

J‘ ﬁm—xf}(ﬁ-b
=) xra)—(x+b) ™

_ f\fax_la i fvax_+bb 0
(x+a)3/2 o (x+b)3/2

“@bE (@b *©
2

3 3
= 3ab) [(x+a)2— (x+Db)2] + ¢
Example 2.

The marginal revenue of a company is given by MR = 80+20x+3x2, where x is the number of units
sold for a period. Find the total revenue function R(x) if at x=2, R(x) = 240.
Solution: We have @ng}} =80 + 20x + 3x”* We find the total revenue function R(x) by integrating

both sides w.r.t. x

[EED dx = (80 + 20x + 3)dx

= R(x) =80x+ 10x*+x3 + C.
The constant of integration C can be determined using the initial condition R(x=2) = 240.
Hence, 160 + 40 + 8 + C = 240 = C = 32.

So, the total revenue function is given by
R(x) = 80x + 10x% + x>+ 32.

Methods of Integration:

In previous section, we discussed integrals of those functions which were readily obtainable from
derivatives of some functions. It was based on inspection, i.e., on the search of a function F whose
derivative is f which led us to the integral.
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However, this method, which depends on inspection, may not work well for many functions.
Hence, we need to develop additional techniques or methods for finding the integrals by reducing
them into standard forms. Some important methods are as follows

_—

N
Methods of
Integration
o T
" TN P
Integration by Integration using Integration by
Substitution Partial Fractions Parts
e o N o Moo ezl

3.2 Integration by substitution

Rule of substitution

[ f(g(x))g'(x)dx = [ f(£)dt, where g(x) =t

Proof:
d d d d d
Jr0d) _ad 708 , & _ fog e = la)e'@

di I
Note: When we make the substitution g(x) = t, we have 7_ = & "(x) ...(1). Since, the formula established

above allows us to write g'(x)dx as dt, we may be formally allowed to write equation (1) as g'(x)dx = dt while
dx

, z: does not mean dx : dt.

working out the solution. Although

Similar rules may be established such as

J F(x)f'(x)dx = [ tdt, where f(x) = t
Consider J 2x[Vx?+ 1]dx

Here the integrand is 2x[vx* 4+ 1 ]Jfor which we do not have direct formula applicable to get the

integral.
d
If we assume x? + 1 = t and differentiate, we get 2x = i which is formally written as 2xdx = dt

xn+1

Thus, given integral becomes [ Vtdt which can be determined using the formula _,r x"dx = T

+ C where n# —1

1
3

_ e g =
[Vtdt =1- . c 2t 4 c

2
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2 =
putting the value of t we get, [ 2x[x? + 1 ]dx = E(Xz +1)z + C

Following the above rule, we may also write Jf(x)dx=[Ff (g (t))g'(t)dt where x = g(t)

Thus, we observe that the given integral [f(x) dx can be transformed into another form by
changing the independent variable x to t by substituting x = g (t) and dx = g'(t)dt

Some common substitutions that usually work well are:

Integrand Substitution

f(x) Put f(x) = t or t?
logx Put logx =t or x = €t
fog(x) or f(g(x)) Put g(x) = t
[f"" Put f(x) = t°

Important Rule: If [f(x)dx = F(x) + C then [f(ax +b) dx = = F(ax+b) + C
o

Proof: let ax + b = t differentiating we get a dx = dt

Thus, integral becomes [f(t) i dt = i [f(t) dt = lfr (t)+ C = 1 F(ax+b) + C
=z =z

Example 3

Evaluate the following:

a) [vV2x+3 dx b) Jet5x dx
) J(ax + b)2 dx d) [[a* + a=*]?dx
Solution:
(2x + 3% C
S 5 _ Gxem™
a) JV2x+3 dx = 2(5} +C = 2 + C
E%—Ex
b) Jet5x dx = +C
-5
(ax + b)*
c) J(ax + b)2dx = 3+ C

d) LetI= [[a*+ a*]?dx = [a?* + a~2* + 2a*.a *dx
2x -2x

a
+
2 -2

a

+2x+ C
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Example 4

Evaluate the following integrals by the method of substitution

a) [x/x+ 2 dx b) J = dx o) [3¥3%ax

Solution:
a) LetI=Jx/x+2 dx
letx +2=tdx =dtand x =t-2
I becomes, [ (t—2)vt dt = [ (9¥* dt - [ 2(9"* dt

5 3
2tz
=— - 2— + C
5 3
= i
2x+ 2)2 4 +232
_2+2)7 4T
5 3
Remark: we may also substitute x + 2 = {2
X
b) LetI=fﬂv,m dx Let x -1 =t*givesdx =2t dtand x = t* + 1
5 2¢
Thus, I becomes = f 2+ 2 dt=—+2t+ C
3

l\JILkJ

Z(X; +2y0x—1+C

d) Letl= f33r3xdx Put 3* = t which gives 3*log3dx = dt

X
:EIt 33

dt= — =
I becomes -’r log3 |:1|:|g3::l2+ C= |:1ng3}2+ C

Alternatively, we may put 3% =t

Example 5
1 1
Evaluate a — dx b —_—_— x
) f*u“9+4x2 )f Vo+ 4 x+x2

Solution

LetI = r————— =

a) Le f\‘) +4x2 f \;(Zx) +3
[using J.;dxﬂog x+Vx* +a*|[+C]
VxZ +a?

1 .
:Elog| 2x + 49 + 4x2| + C
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1
b) Letl = f JET Ani® dx

Consider 5 + 4x + x> =5 -4 + 4 + 4x + x? (by method of completion of squares)
=(x + 22+ 12

1
Thus,I:f \de =log| x +2+,/(x+2)?+ 12| + C

=log| x+2+454+ 4x+x2| +C

Example 6

The weekly marginal cost of producing x pairs of tennis shoes is given by

200
MC =17 + " where C(x) is cost in Rupees. If the fixed costs are < 2,000 per day, find the cost
x+

function.
200

Solution: As MC = 17 + —
x+1

C(9 = IMCdx =[ [17 + 2] dx = 17x + 200 log|x+1| + C
x+1

Given that, when x = 0, C(x) = 2000
2000 = 17(0) + 200 logl + C which gives C = 2000
Hence, C(x) = 17x + 200log|x+1| + 2000

Exercise 3.1

Q1. Evaluate the following:

) Jx2+1)(x—2)dx i) f(eri]zdx
x® +x% +x+1 .
i) f— dx iv) [+/3x+ bdx
a+1
1 1 . 1
v) f(xz - ;)(xz — ;) dx vi) fmdx
Q2. Evaluate the following by substitution method
) x+ e%X . dx
i) f 21 g% dx ii) f = dx
i [ il ) B v Ta—
iii)) (1+xe*)2 X iv) gﬂ.m X
2x —2Xx x —-x
e~ "+ e ) 3e*-5e
V) f —EM_ o—2x dx Vi) f —4ex e dx
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iy 2x-3 1
vii) f— dx viii) fm

x2-3x—-18
x—1 a—1
i) J- a Joga +x dx
a* + x@
1-2x y |
. . e ——— dx e : dX
Q3 F|nd |) f w.|'l 1+ xz ”) f \'1'3x2 +2x_1

Q4. If the marginal revenue function of a firm in the production of output is MR = 40 — 10x? where X is
the level of output and total revenue is T 120 at 3 units of output, find the total revenue function.

X
Q5. The marginal cost function of producing x units of a product is given by MC = \JZE00+ 22

Find the total cost function and the average cost function, if the fixed cost is ¥ 1000.
(Note: Average Cost Function is obtained by dividing cost function by number of units produced.)

Q6. The marginal cost of producing x units of a product is given by MC = x vx + 1. The cost of producing
3 units is ¥ 7800. Find the cost function.

3.3 Integration by Partial Fractions

We know that a rational function is defined as the ratio of two polynomials in the form
P(x)
Qx)

Depending on the degree of P(x) and Q(x), a rational function can be classified as Proper or
Improper.

, where P(x) and Q(x) are polynomials in x and Q(x) # 0.

If the degree of P(x) is less than the degree of Q(x), then the rational function is called proper,
otherwise, it is called improper.

We may reduce the improper rational functions to the proper rational functions by the process
P(x)
Qix)
= Divisor X Quotient + Remainder. Thus, P(x) = Q(x) X T(x) + R(x) where degree of R(x) < degree
of Q(x)

of long division Thus, if is improper, then we may divide P(x) by Q(x). We know that Dividend

R(x)
Q=)

P(x) _ Q(x)xT(x) + R(x)) _ Q(x)x T(x) .\ R(x) _
Q(x) Q(x) Q(x) Q(x)

Therefore, T(x) +
Example7

Identify the following expressions as Rational Functions. Further classify them as Proper or
Improper. If Improper, express them as sum of a polynomial and proper rational function.

1 Vx (x+1)(x+2)
—3x%+ 4x-5 b) (x+1)(22+3) ) (x+3)(x+4)
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Solution

1 1

a) In Py g 5bo’ch numerator and denominator are polynomials, hence 3424 4x_c 52
rational function
Note : 1 is a constant polynomial of degree 0.

As degree of numerator < degree of denominator, hence it is a proper rational function.

\l"; _ \/’; \,-'IE
b) In (x+1)(2x+3) 542+ cx43 SiNCe numerator is not a polynomial, hence (x+1)(2x+3)

is not a rational function.

(x+1D)(x+2)  x%+3x+2
c) In (x+3)(x+4) T %2+ 7x+12 both numerator and denominator are polynomials, hence

(x+1)(x+2)
(x+3)(x+4) is a rational function

As degree of numerator = degree of denominator, hence it is an improper rational function.

x2+ 3x+2

Consider 2+ Txt12

dividing numerator by denominator, we get

X+ 7x + 12 ) + 3x + 2(1

- x>+ 7x + 12

—4x -10
Thus, x2 + 3x + 2 =1 x (x2 + 7x + 12) + (—4x - 10)
x?+3x+2  1x(x?+ 7x+12)+(—4x-10) _ (x®* +7x+12) (—4x—10)
X2+ 7x+12 X2+ 7x+12 T X2+ 7x+12 X%+ Tx +12

(—4x—10)

=1 4+ ———+—== is the required sum of polynomial and proper rational function.
(x+3)(x+4) d POy prop

For the purpose of Integration, we shall be considering those rational functions as integrands
whose denominators can be factorised into linear and quadratic factors. In order to evaluate Integral

Pix) P(x}
with integrand G5, where P (x) and Q(x) are polynomials in x and Q(x) # 0 and 5 is a proper
g Qix) poly Qix) prop

rational function. It may be possible to write the integrand as a sum of simpler rational functions
by a method called Partial Fraction Decomposition. Then the integration can be carried out easily
using the already known methods.

Here is the list of the types of simpler partial fractions that are to be associated with various kind
of rational functions.
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S.No. | Type of Rational Function Corresponding Partial Fractions Decomposition
1 px+q A N B
(x+a)(x+Db) x+a x+b
px® +qx +c A B C
2 + +
(x+a)(x+Db)(x+c) x+a X+b Xx+c
3 px + q2 A N B _
(x+a) x+a (x+a)
2
A px” +qx + 02 A B C ;
(x+a)(x+Db) x+a x+b (x+b)
px* +gx +c A +Bx+C
5 (x+a)(x2+b) x+a  (x?+b)
px+q A B

Consider (x+a)(x+b) = x+a  x+b" In order to find A and B, we may write px + q = A(x

+ b) + B(x + a). The partial fractions are so designed that this equation turns out to be an identity.
Equating coefficients of x and constant terms on both sides, we get p = A + B and q = Ab + Ba,
which can be solved to get A and B. Similarly, we may find A, B and or C for other cases

Example 8

Express the following as sum of two or more partial fractions and hence integrate

1 3x—2 (x—1)(x-2)
a) (x—1)(x+3) b)(x+1)(x—2)2 ) (x-3)(x—4)
Solution:
1 A B

a) Let (x—1)(x+3) - (x—1) + (x+3)

~1=Ax+3) +Bx-1) =Ax+3A +Bx-B
1=(A+B)x+3A-B

Comparing coefficients of x and constant terms on both sides we get
A+B=0and3A-B=1

1 1
Solving we get, A = and B = 73
1
—_— _ip B X
et - | -D@+3) & % X —Jezmdx

1 1
= Jlog|x-1] — 3log|x+3| + C
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3x—2 . A B c
x+1)(x-2)2  (x+1) = (x-2) ' (x—2)2

b) Let

3x-2 = A(x-2)? + Bx+1)(x=-2) + C(x+1)
3x—-2 = A(X*> - 4x + 4) + B(*-x-2)+C(x+1)
=(A+B) X+ (4A-B+C)x+4A -2B + C

Comparing coefficients of x?, x and constant terms on both sides, we get
A+B=04A-B+C=3,4A-2B+C =2

. -5 5 4
SolvmgwegetA—?,B—;,C—E

S — . -5 1 N 5 1 N 4 1
x+1)x—-2)2 9 (x+1) 9(x—-2) 3(x—2)2

=2 s =t e, Sp 1 i T
Let I = f (x+1)(x—2)> dx - 5 (x+1) 0% + EJ.(X—2) der 3] (x—2)* =

B
3(x—-2)

+ C

I= '?sloglx s +§10g|x —2|—

(x—1)(x—-2)  (x®-3x+2) (x®-7x+12+4x—-10) _ ,, _ 4x—10
(x—3)(x—4) N (x2-7x+12) - (x2-7x +12) - (x2-7x+12)

4x—-10 4x—-10 A B
A%% - = +
(x2-7x +12) (x—3)(x—4) (x-3) (x—4)

No

4x-10 = A(x—4) + B(x-3) = (A + B)x + (-4A - 3B)
A+B=4 -4A-3B=-10
Solving we get A = -2, B=6

4x—-10 —2 6

5 @-7x112) =3 T =9

l[x—‘l)(x—z}: 1+ -2 6

(x=3)(x—4) (x-3) M (x—4)

Hence,

(x—1)(x—2) -2 6
tet1 = [ dx= 0+ 5+ ]

= x —2log|x-3| + 6log|x-4| + C
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Exercise 3.2

Q1. Integrate the following expressions

_ x+1 i x
-_—— i
) (x+2)(x+4) @2+ 1(x%+2)
1 _ 1
i) — iv)
| x((log x)2—3109x+2)
) 3x—2 ) 1
V) ——————— vi) —
(x—2)%(x+2) 2% + &
S5x+4 %
vii) — viil) —————1
x—1){=+2} x—1)"(z+2Z)
i) . ) !
iX) —F)—— X) ————
x(x*—1) x(x"+1)
) 1—x
xi) ———
x(1—2x)
5x%+30x+51

Q2. The marginal revenue function for a firm is given by
2
(x+3)

2x

Show that the revenue function is given by - f ol s

Q3. Find the total revenue function and demand function, if the marginal revenue function is given by

ab

3.4 Integration by Parts

Now we will discuss one more method of integration, that can be used in integrating products
of functions.

If u and v are any two differentiable functions of a single variable x (say). Then, by the product
rule of differentiation, we have

d ~ d d

—iluwv)=v—u)+u—\V

dx ( ) dx( ) dx ( )
Integrating both sides w.r.t. x, we get

uv = fvd% (u)dx + fud% (V)dx = fud%[v)dx = uv—.,-‘-i":%c dx e @)
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d
Let u = f(x) and (V) = g(x)

Then (i) becomes [ f()g(x) dx = () g dx - | [£(). [ g0 dx]dx = i (1) =f'x)

If we take f as the first function and g as the second function, then this formula may be stated
as follows:

“The integral of the product of two functions = (first function) x (integral of the second
function) — Integral of the product of (derivative of the first function) and (integral of the second
function)”

There is no particular rule for choosing a function out of the two given functions in the integrand
to be first or second. The one which is easily differentiable may be taken as first function and second
function should be such that its integral is readily available.

Usually, the order of first and second functions should be in the order of ILATE functions, where
I L, A, T, E stand for inverse trigonometric function, logarithmic function, algebraic function,
trigonometrical function, exponential function. This works in most of the situations.

Example 9

Integrate the following;:
a) xeX b) logx
Solution :

a) Letl= [ xe®dx
Assuming x as first function and e as second function, and applying by parts, we get

I=x [e**dx— f[i (x) [ e?*dx]dx + C

2% 2%

=] =]
1 e
2 2
2X 2X
e e
=x— — — +C
2 4

b) Let1= [logxdx= [1.(logx)dx
Assuming logx as first function and 1 as second function, and applying by parts, we get

I=1logx [1dx— [[=(logx).[1dx]dx + C
dx

= (logx). x - [~ (x)dx + C
= (logx). x= x + C
Integral of the type: | eX[f(x) + f'(x)]dx
Let I = [ eX[f(x) + f'(x)]dx= [ e*f(x) dx+ [ e*F'(x)dx = I, + I, say
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Applying Integration by Parts in 1, we get

1= G0 [ e dx— [ [22)[ e dx]dx = f(x)er - [
Thus, = f(x)e —J.f de+J. f'(x)dx+C = f(x)e*+ C
Example 10
Evaluate
a) [ e¥[x? + 2x]dx b J e"[f‘ﬂgx+i]'i'ec
x—1
o Je d) f[mg,‘C {mg@z]d}:
Solution :

a) Letl = f e*[x? + 2x]dx, Here f(x) = x*> and f(x) = 2x

)e*dx+C

~ by the rule e*[f(x) + f'(x)]dx = f(x)e* + C we get, ] = e*x2 + C

b) Letl= Je* [Iﬂgx + ﬂ dx, Here f(x) = logx and f(x) =

* by the rule e*[f(x) + f'(x)]dx = f(x)e* + C we get, = e*logx + C

Q) Let1=fe"[xx;21]dx= fe"L%—é]dx= fe"E+;—21]dx

1
Here f(x) = = ! and f'(x) =
x x

~ by the rule eX[f(x) + f'(x)]dx = f(x)e* + Cwe get,] =

1
logx (logx)?

d) Let1= J [ Jdx

Method 1
Let logx =t ~ X = e'implies dx = e'dt

-1
Hence, 1 = f et [— E— {t:]_z] dt. Here f(t) = and f(t) =

1
~ by the rule[ et[f(t) + ' ()]dt = f(t)e* + C we get, I = etz +C

1
I=x—+C
logx

1
e*—+C
X
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Method 2

1 1
LetI = f [@] dx — f [(logx)2

L=/ [@]dXZ 1] [@].1dx

1
Assuming logxS first function and 1 as second function and applying integration by parts

Jdx =1, + 1,

i |
[ = — ot s e
. logxfldx f[dxl fldx]dx
- = x—f[ —x]dx+c
logx (logx)? "x
= - dx+C = —x + dx +C
logx f [ ] L ogx f (1 gx)z]
ThusI_l ]dx+C f[( gx)z]dx— -
Exercise 3.3
Q1. Integrate the following functions
i) x e>*3 i) x log(x? + 1) iii) x2eX
iv) xlogx v) xlog2x vi) x?log x
vii)  (x%+ 1)logx viii) x (log x)?
Q2. Evaluate the following
) J e [x 2 —2x7%]dx i) J e™[log3x +_]dx
2x—-1 1
iy [ e?* [ ldx iv) f[lﬂglﬂg}iJr{mgW]

3.5 Definite Integral

So far in this topic, we have studied about the indefinite integrals and discussed a few methods
of evaluating these. In this particular section, we shall define definite integral of a function.

b ;
A definite integral is denoted by fa f(x)dx where a is called the lower limit of the integral and

b is called the upper limit of the integral.

Definite Integral has a fixed value.

Integration and Its Application m



Area Function

If f(x) is a continuous function defined over [a, b], then we define f: f(x)dx as the area of the

region bounded by the curve y = f (x), the ordinates x = 24 and x = b and the x-axis. Let x be a given
point in [a, b]. Then the shaded area in the figure given below is a function of x denoted by A(x)

and is called the Area Function. Clearly, A(x) = f; fxl)dx,a=x<bh

Y= f(x)

First fundamental theorem of Integral Calculus

Theorem 1 : Let f be a continuous function on the closed interval [4, b] and let A (x) be the area
function. Then A’(x) = f (x), for all x € (a, b).

Second fundamental theorem of Integral Calculus
Following theorem enables us to evaluate definite integrals by making use of anti-derivative.
Theorem 2 : Let f be continuous function defined on the closed interval [4, b] and F(x) be an anti-

derivative of f(x). Then fab f(x)dx = F(x)|2 = F(b) - Fa).

b
Note: In f (x:l dX, the function f needs to be continuous in [a, b].
ia

Further, any anti-derivative works, i.e. If we take the anti-derivative as F(X) + C, the value of the definite
integral will still turn out to be F(b) — F(a).

. b
Steps for calculating fa f(x)dx
(i) Find the indefinite integral J f(x)dx. Let this be F(x).

b
(ii) Evaluate F(b) — F(a) which is equal to the value of fa f(x)dx
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Example 11

Evaluate the following definite integrals:

3 5 1 1 4 x
2], wdx 0 Jo Tz X o i G

2

d) FVX2+4de o) [y xe*dx D e &

Solution :

a)

b)

d)

f x3dx ==

Iy =% = log VT F 22 |13

= log|1+V1 + 12| - log|0+V1 + 02|

= log(1+v2)- logl= log(1+V2)

x

Let I = [*

1 (x+1)(x+4)

x - A + B
(x+1)(x+4)  (x+1) ' (x+4)

Consider

x = A(x+4) + B(x+1)

(A+B)x + 4A+B

comparing coefficients of x and constant terms on both sides
A+B=14A +B=0

X

=1
— B =
g’

Ll | e

Solving we get, A =

x - -1 1
GrDx+4) 3 x+D

1
(x+4)

4
8

I = _?1log|x+1|+§log|x+4|f =—%log%+§log§

X+ dax= IV + 4+ Flog|x+ VaT+ 4 |2

- 3V2T+ 2+ Slog|2+ V2T + 4| — [SVoT +4 + Slog|0 + VOT+ 4]
V8 +2log(2 + V8) — 2log2 = V8 + 2 [log(2 + 2v2) — log2]

2242 lag(i + v"f)
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e) Letl= fﬁl xe*dx

Consider | xe*dx = xJ e*dx— [ [dix (x) [ e*dx]dx

xe* — [ [1.e¥]dx
= xe* — ¥
I=xe*— e¥[g=lel — el —(0e® — e?) =1

2
5 x-

f) LetI:famdx

2" _ x?  x?-3x+2+3x-2
Consider (o Yx—2)  x2—3x +2 x2—3x +2
x% —3x+2 32 _ 3x—2
xT—3x +32 xT—3x +2 (x—1)(x-2)

Let 3x—2 - A n B
e-D@E-2) @-1) ' (x-2)

3x-2 = A(x-2) + B(x-1)= (A+B)x + (-2A — B)

Comparing, we get 3 = A + B, -2 =-2A - B

Solving we get, A = -1, B =4

1= 14—+

4
1) y dx

(x—2

= [x — log|x-1| + 4log|x-2|]I3
=5 — log4 + 4log3 - [3 -log2 + 4logl]
=2 - log2 + 4log3
Evaluation of Definite Integrals by Substitution

We are aware that one of the important methods for finding the indefinite integral is the method
of substitution.

Steps to evaluate definite integral by the method of substitution

1. Consider the integral without limits and substitute, y = f (x) or x = g(y) to reduce the given
integral to a known form.

Obtain the new limits by putting original limits in the substituted expression.

Integrate the new integrand with respect to the new variable without mentioning the
constant of integration.

4. Find the values of answer obtained in (3) at the new limits of integral and find the
difference of the values at the upper and the lower limits.

TIP : The step of changing the limits and not re-substituting to get the integral in terms
original variable may save time and avoid tedious calculations.
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Let us understand this, with the help of a few examples.

Example 12
Evaluate the following:
0
a) f_llxzvngr 1dx b) _,r_g xWx+4dx
Solution:

a) Letl= f_ll it 4 1dx

Let x* + 1 =t implies 3x*> dx = dt

when x = -1, t =0 and when x =1, t = 2

I becomes, f; '\E %

3 3
33 0 o9

|4=
i~

c) Letl= f_oax\/x+4dx

letx+4=t. . dx=dtand x=t-4
When x =-3,t=1, when x=0,t =14

I becomes, f;[t— )4/t dt = ff[tjﬂ-"z dt - 11‘1*4(tj1,*2 dt

=2_t2|4_ 2_t2|4
5 1 3 1
54 3|4
22| 422
T 5| 3
1 1
5 S 3 3
2.42  2.12 8.42 8.12
-5 5 3 3
64 2 [64- 3]_ 62
"% & la al =&
_ —94
15

Exercise 3.4

Evaluate the following definite integrals

E‘z 1 v.
dx i ~logx
fe oz ) J e dx
log4 V3 X
i) Jioga 2 dx v | o &
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1 i |
T o . 1 S a0 =
v) fl} V1 —x dx Vi) _Jr[:I ey 1+ e* gx

5 1 ]
vii) f4 VxZ—16 ¥ viii) Iolog(1+2x)dx

1 3t2
w Jo VXZT+ 9 dx 9 J 1) o

3.6 Some Properties of Definite Integrals

Here are some important properties of definite integrals. These will be useful in evaluating the
definite integrals more easily.

S.N. | Property Remark/ Proof
P1 - - The value of definite integral is independent
[ = f Rt of the variable.
: : Proof: Let F(x) be an anti-derivative of f(x)
w.r.t. x. Then F(t) will be the anti-derivative
of f(t) w.r.t. t.
b
[, fG)dx =F()|5=F (b) - F(a)
b
I, f(®dt=F(®)|5=F @) - F@)
b b
Hence, [, f(x)dx = [ f(t)dt
b a
P2 J. f(x)dx = —J. f(x)dx Let F(x) be an anti-derivative of f(x) w. r. t. x.
a b

Then, by the second fundamental theorem of

calculus, we have
[LE(x)dx=F () - F (a)
- [F (a) - F (b)]

- _I': f(x)d=
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b c b

P3 f f(x)dx = f f(x)dt+ f f(x)dx Let F(x) be anti-derivative of f(x) w. r. t. x.
Then [ f(x)dx = F(b) - F(a)
=[F(b) — F(c)] +[F(c) —F(a)]
= _I': f(x)dt + _I':J f(x)dx
b b
P4 ff(x)dx= ff(a+b—x)dx Lett = a + b - x. Then dt = - dx.
When x = a, t = b and when x = b, t = a.
b a
f f(x)dx = f f(a+ b — £)(—dt)
a b
= —j;f(a+h —t)dt
= +[fla+b—Ddt by P2
= f: fla+b—x)dx by P1
P5 ; ; Let t = a — x. Then dt = — dx.
ff(x)dx— ff(a—x)dx When x =0, t = a and when x = a, t = 0.
0 0 . .
ff(x)dx= J'f(a— t)(—dt)
0 a
= — [Cfa—tdt
= +J; fla—dt by P2
= _r: fla— x)dx by P1
Za a a
P6 j f(x)dx = ff(x)dx +j f(2a—x)d¥ We may write LHS as [y fGdx + f:af(X}dK
0 0 0

Let t = 2a — x. Then dt = — dx.

When x = a,t = a and when x =2a, t = 0
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Thus, J,  f(x)dx = [ f(2a— t)(—dt)
=[5 f(2a—tat

=[S f(2a —x)dx
2a a E}

f f(x)dx=ff(x)dx+ff(za—x)dx

0 0

pP7

J 2660 = 2 [ ()dx if f(2a-x) =| f(x)

[P E()dx= 0 if f2a-x) = -f(x)

We know that

J3 " £G)dx = [ f(x)dx + [ f(2a —x)dx by Pé
Case i) Let f(2a-x) = f(x)

2a B a

f () dx = f () dx+ f () dx

0 0 0
= 2 [J f(x)dx

Case ii) Let f(2a-x) = -f(x)
2a

f f(x)dx:ff(x)dx—ff(x)dx _ 0
0 0

0

P8

fﬂ f(x)dx= 2 f; f(x)dx if f(x) is even

2 f(x)dx= 0 if f(x) is odd
Note:

A function f(x) is said to be even if

f(-x) = f(x)

eg. f(x) = x is even as f(-x)

= (xP = %= ()

A function f(x) is said to be odd if
f(-x) = - f(x)

e.g., f(x) =x®is odd as f(-x)

= (XP= = ()

We may write

a

f i f 6 dx + f 6(x)dx

0

a

-a
Consider f_ua f(x)dx and put x = -t which
gives dx = -dt
When, x = -a, t =aand when x =0, t =0

ff’(x)dx: ff(—t)(—dt) = J:f(—t)dt: ff(—x)dx
-a a 0 0

a a a

f o f f(—x)dx + f () d

-a 0

Case i) f(x) is even i.e. f(-x) = f(x). Hence,
a0 f(dx = [i(ax+ [J(x)dx = 2J; fx)dx
Case ii) f(x) is odd i.e. f(-x) = -f(x). Hence,

s T f(Xdx = — [Fe(x)dx+ [C(x)dx = 0
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Let us illustrate the use of these properties with the help of some examples.

Example 13

Evaluate the following definite integrals

a) f; |x—2]dx b) f_zl |x2 —x|dx
Solution: a) Let I = f; |X—2|dx

(x—2), X2

We know that ‘x_z‘:{—(x—Z) << D

= [0 |x—2]ax+ [ [x—2]|dx by P,

P —(x—2)dx+ [ (x—2)dx

(x 2) '[K—E}zlq,
= |[} 2 2

(2—2}2 (0—2)2 (4-2)% (2-2)%
-=-F5 =% 1k — 3 |
—24+2=4

b) LetI:f1 |x3—x|dx

Let x> —x=0 gives x = -1, 0, 1

—(x® —x), x< —1

x}*—-x), —-1=<x<0

—(x*—-x), 0=x=1
x®*—-x), x=1

Clearly, |x3 - x| -

As 0,1 e (-1, 2)

We may write, | =f_01 |x® —x|dx + fol |x® —x|dx+ flz |x® —x|dx by P

- f_ol(x?' —x)dx+ fl —(x® —x)dx + flz(x?' — x)dx
L R
g ) - £ g B8-S

1 11
-7, +2+—= —
4 4
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Example 14

1 e”
Evaluate f_ 1 m dx
il e*
Solution Let I = f_l mdx ........ (1)

Here a=-1,b=1
Replacing x by a + b - x i.e. 0 - x, we get
—X

a | o
I=f_lmdx by P,

1 e X
I :f_ 1 m dx... (2)

Adding (1) and (2), we get

1 eX+e %
21:f ——dx

1 X 4 X
1
21 =) 1ldx
21 = x|%,
A=1- (1) =2
I=1
Example 15
1 logx
Evaluate f

0 logx +log(1—x)

fl logx

Solution Let I = 0 logx + log(l_x) dX ........ (1)

Replacing x by 1-x, we get

1 log (1—x)
- fo log (1—x) +log (1—(1—x)) dx by P,
fl log(1—x)
I= 0 log(l_x) +1°gx ....... (2)

Adding (1) and (2), we get

1 logx + log(1—x)
21 =)o 1og(1—x) + logx
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21 :fﬂl 1dx

21 = XlG
2 =
1
I= 9
Example 16
fa =
1 3x+ %4—xdx
3
3 VX
Let I = —dx . 1
et 1= Jy 3 P 1)

Here a=1,b =3
Replacing x by a + b - x i.e. 4 - x, we get

I—f3 3V4—X
"Y1 33 —x+3a—(ax)

dx by P

—f P \/‘d ....... )

Adding (1) and (2), we get

3 3
Vx + 34—
21=f3—x xdx

1 32 —x+3%
or = [ 1dx
N
21 = x|}

21=3-1=2givesI =1

Exercise 3.5

Q1. Evaluate the following definite integrals:

+1 <1
) J2feodnwereio=(50 0 134

fﬂlx‘\fl — xdx iii) f ﬂx— Zldx
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5 J= a 2020
iv ——dx \Y;
) 1 1'lln'x_i_ \l'lﬁ_x ) fo x2020 + (a_x)2020 dx

vy el +lx—2]+ |x—4ldx iy [2 1 ox

2 144e%
1 2% +|x|+1 . 1
—d —x )" d
vil) "r—lx2+2|x|+1 X ) -’rci x (1 —x)" dx
2 I 1 1—%
X) f_z(xﬂ + %)*\-'4 + x°% gx Xi) f—l Eﬂg l+de
- 2
4 _ X
xii) f_11 T dx
B

2
Q2. Evaluate fﬂ [K]d}'i where [.] denotes Greatest integer function

3.7 CONSUMERS’ SURPLUS AND PRODUCERS’ SURPLUS

CONSUMERS’ SURPLUS (CS)

Let us first recall Demand Curve

What Is the Demand Curve?

The demand curve is a graphical representation of the relationship between the price of a good
or service and the quantity demanded for a given period of time. In a typical representation, the
price will appear on the left vertical axis, the quantity demanded on the horizontal axis.

Understanding the Demand Curve

We know that as per the law of demand as the price of a given commodity increases, the
quantity demanded decreases, all else being equal. Thus, the demand curve will move downward
from the left to the right as shown in the figure given below:

Price

Quantity
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Let us assume that the prevailing market price is p,. Let the quantity of commodity sold at price
p., as determined by demand curve be x_ as shown in figure below.

Price

Yo

Quantity

Ko

A consumer surplus happens when the price that consumers pay for a product or service is less
than the price, they're willing to pay. It is the measure of the additional benefit that consumers
receive because they are paying less for something than what they were willing to pay. Consumers’
surplus always increases as the price of a good falls and decreases as the price of a good rises.

However, there are buyers who would be willing to pay a price higher than p,. These buyers will
gain from the fact that the prevailing market price is only p,. This gain is called Consumers’ Surplus.

It is represented by the area below the demand curve p = f(x) and above the line p = p,,.

A
}7

L

QO

"= s
P .

B 1)
Po

o x A X

Quantity

Thus, Consumers” Surplus, CS = [Total area under the demand function bounded by x = 0, x =
x, and x-axis — Area of the rectangle OAPB]

s CS = f:o ﬂ:X) dx - PoXo

Example 17

Find the consumers’ surplus for the demand function p = 25 - x - x2 when p, = 19.
Solution: Given that, the demand function is p = 25 - x - x2, p, = 19
19 =25 - x - &2
> +x-6=0
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>x+3)(x-2)=0
= x =2 (or) x = -3
" X, = 2 [demand cannot be negative]
Pk, = 19 x 2 =38
z 3

2 2 - X 8 22
CcS=[,(25 - x —x )dx - 38 = 25x - — - - | —38=50-2— ;-38="

Example 18

1
The demand function for a commodity is p = —.
X+1

Find the consumers” surplus when the prevailing market price is 5.
10

Solution: Given that, Demand function, p = —
¥x+1

10
p0=5:>5=x+—1:>x=1 i.e.x0=1

PoXo = 5

1 10
Cs = Jy 79X - px,

= 10 [log(x + 1|5 -5.
= 10[log 2 - log 1] -5 = 10 log2 - 5

PRODUCERS’ SURPLUS (PS)

What Is the Supply Curve?

The supply curve is a graphical representation of the relationship between the price of a good
or service and the quantity supplied for a given period of time. In a typical representation, the price
will appear on the left vertical axis, the quantity supplied on the horizontal axis.

Thus, a supply curve for a commodity shows the quantity of the commodity that will be brought
into the market at any given price p.

As the price of a given commodity increases, the quantity supplied increases (all else being equal).

Price
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Suppose the prevailing market price is p,. At this price a quantity x,, of the commodity, determined
by the supply curve, will be offered to buyers as shown in figure below.

Price

Yo

*o

However, there are producers who are willing to supply the commodity at a price lower than
p,- All such producers will gain from the fact that the prevailing market price is only p,. This gain
is called ‘Producers” Surplus’.

It is represented by the area above the supply curve p = g(x) and below the line p = p, as shaded
in figure below.

o
A

]

o Quantity /‘

Price -

Thus, Producers” Surplus, PS = [Area of the whole rectangle OAPB - Area under the supply
curve bounded by x = 0, x = x, and x - axis]

ie. PS = pyx,— J3° e(x)dx

Example 19

The supply function for a commodity is p = x> + 4x + 5 where x denotes supply. Find the
producers’ surplus when the price is 10.

Solution: Given that, Supply function, p = x2 + 4x + 5
For p, = 10, we have 10 = x* + 4x + 5 = x> + 4x - 5 =0
>x+5) (x-1)=0=>x=-5orx=1
Since supply cannot be negative, x = -5 is not possible.
=>x=1
As p, =10 and x, = 1 ?pyx, = 10

x 1
Producers” Surplus, PS = pyx, - fu = g(x] dx= 10 __[0 (x? +4x +5)dx

52 1 n -
=10 - [T+2X +5x[1=10-[5;+2+5] =3
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Equilibrium Price and Quantity

On a graph, the point where the supply curve P = S(Q) and the demand curve P = D(Q)
intersect is the equilibrium. The equilibrium price is the price where the amount of the product that
consumers want to buy (quantity demanded) is equal to the amount producers want to sell (quantity
supplied). This mutually desired quantity is called the equilibrium quantity.

PA
Demand Supply
curve curve
P}Z D(Q) PfS(Q)

/ ™

Point of
equilibrium

QY

[ Q()

Refer to following link for further details
Yy https://www.youtube.com /watch?v=W5nHp An6FvQé&t=20s

Steps to find equilibrium price and quantity

1) Solve for the demand function and the supply function in terms of Price (p).

2) Equate x_ (quantity supplied) to x,; (quantity demanded). The equations will be in terms
of price (p)

3) Solve for p, the value so obtained will be called equilibrium price.

4) Substitute equilibrium price into either demand or supply function (or both—but most
times it will be easier to put into supply function) and solve for x, which will give required
equilibrium quantity.

Example 20

Suppose that demand is given by the equation x, =500 — 50P, where x, is quantity demanded, and
P is the price of the good. Supply is described by the equation x .= 50 + 25P where x, is quantity
supplied. What is the equilibrium price and quantity?

Solution : 20 We know that, for equilibrium price x; = x,
hence we get, 500-50P = 50+25P
i.e. 450 = 75P which gives P = 6
putting P = 6 in x; = 500 — 50P we get x = 500 - 50(6) = 200

m Applied Mathematics



Exercise 3.6

1)  If the demand function is p = 35 - 2x - x*> and the demand X, is 3, find the consumers’ surplus.
2) If the demand function for a commodity is p = 25- x?, find the consumers’ surplus for py = 9.

3) The demand function for a commodity is p = 10 - 2x. Find the consumers’ surplus for (i) p = 2 (ii)
p = 6.

4)  The demand function for a commodity is p = 80 - 3x - x2. Find the consumers’ surplus for p = 40.
5) If the supply function is p = 3x2 + 10 and X, = 4, find the producers’ surplus.

6) If the supply function is p = 4 - 5x + x2, find the producers’ surplus when the price is 18.

7) If the demand and supply curve for computers is D = 100 - 6P, S = 28 + 3P respectively where P

is the price of computers, what is the quantity of computers bought and sold at equilibrium?

CASE BASED QUESTION

Question: The second new species named Puntius euspilurus is an edible freshwater fish found
in the Mananthavady river in Wayanad. The epithet euspilurusis a Greek word referring to the
distinct black spot on the caudal fin. The slender bodied fish prefers fast flowing, shallow and clear
waters and occurs only in unpolluted areas. It appears in great numbers in paddy fields during the
onset of the Southwest monsoon.

Suppose that the supply schedule of this Fish is given in the table below which follows a linear
relationship between price and quantity supplied.

PRICE P PER KG (IN X)) QUANTITY (X) OF FISH SUPPLIED (IN KG)
25 800
20 700
15 600
10 500
5 400

Suppose that this Fish can be sold only in the Kerala. The Kerala demand schedule for this Fish is
as follows and there is a linear relationship between price and quantity demanded.

PRICE(p) PER KG (IN ) QUANTITY (x) OF FISH DEMANDED (IN KG)
25 200
20 400
15 600
10 800
5 1000
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Q1. Which of the following represents the Price (p) - supply(x) relationship?

X X
a)p=65-5 b)p=65+5
X X
c) p=-15+ 5 dp=15- 7
Q2. The equation of demand curve can be given by
a)p=30—% b)p=3o+%
X X
c)p=20—E d)p=20+m
Q3. The value of x at equilibrium is
a) 1400/3 b) 600
c) 15 d) 200/3
Q4. The equilibrium price is
a) 400 b) 20
c) 600 d) 15
Q5. The consumers’ surplus at equilibrium price is
a) 18009 b) 13500
c) 9000 d) 4500

Miscellaneous Exercise

Q1. Integrate the following

i) x3ex” i) | 'ixtj:'i dx

ii) fj,,_f; dx iv) f?_—l dx

v [ o vi) [(1+x)logx dx
Q2. Evaluate the following

3 A
) o @ 0 Iy, 1:x%dx
ii) f: log(i—l) dx iv) f;xzmdx

1 1
V) f—lm dx vi) f_lllel—x dx

P X

[ laeby ) -3

Q3. Show that BT dx = m +2x + C

Q4. A firm finds that quantity demanded and quantity supplied are 30 units when market price is T 8 per
unit. Further, if price is increased to ¥ 12 per unit, demand reduces to 0 and at a price of ¥ 5 per
unit, the firm is not willing to produce. Assuming the linear relationship between price and quantity
in both cases, find the demand function, supply function and consumers’ surplus and producers’
surplus at equilibrium price.
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SUMMARY

This reverse process of differentiation is termed as Integration.

A function f which on differentiating gives f' is called anti-derivative (or

primitive) of the function.

d
L (F(x) + C) = f(x) then anti-derivative of f(x) = F(x) + C which is als

because C can take any arbitrary value.

o called indefinite integral

Formulae of Integration

n+1

xdx —1
f n+l+ C where n #

J1ldx =x+C

Jedx = e+ C

1
f;dx = log|x| + C

1
f VxZtaZ 9x =log(x +yx* +a%) + C
1

/

JaxZ—gZ dx = log(x +/xZ2 —a%)+ C

5
—— g2
f\.f}{z + 72 dx=§uK2+32 + 7 log [x +x? 4+ a?|+C

X 2
JVx?—a?dx = ;sz —ig —a? log |x +v/x* —a?| + C
1 1 x—a
J ooz e=logl ] +c
Xx“—a ’
1 X
f dax =—log|—/—| +c
az—x 2a a-—x
Type of Rational Function Corresponding Partial Fractions Decomposition
px +q A B
(x+a)(x+b) x+a « x+b
px*+qx+c A B C
+ +
(x4 a)}x+BHx+c) x+a x+b  X+c
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PX+q A B
(x +a)? x+a | (x+a)?
px*4+qgx+c A B C
(x + a)(x + b)? x+a @ x+b ' (x+b)?
px*+qx+c A Bx+C
x+a)(x2+ b) x+a | (x2+b)

> INTEGRATION BY PARTS: [ f(x)g(x)dx = f(x)[ g(x)dx -| [F(x). [ g(x) dx]dx

b
> A definite integral is denoted by fa f(x)dx where a is called the lower limit of the integral and

b is called the upper limit of the integral.
Definite Integral has a fixed value.

» Let f be continuous function defined on the closed interval [a, b] and F be an anti-derivative of
b
. Then, J, fC)dx = F(x)|3 = Fb) - Fa).

> Properties of Definite Integral

b b
Jf(x)dx= ff(t)dt

b a
Jf(x)dx= —bff(x)dx

[fdx= [*fG)dt+ [f(x)dx where a <c<b

b b

Jf(x)dx= ff(a+b—x)dx
ff(x)dx= ff(a—x)dx

T f(x)dx = ff(x)dx+ff(23—x)dx

m Applied Mathematics



2 joaf(x)dx

J' " f(x)dx ={2 joaf(x)dx

if f(2a-x) = f(x)
0 if f(2a-x) = -f(x)

if f(x) is even

0 if f(x) is odd

Cost Function, C(x) = [MC(x)dx where MC is Marginal Cost

Revenue Function, R(x) = IMR(x)dx where MR is Marginal Revenue

» Consumers’ Surplus, CS = f:o f(x)dx - pyx, where f(x) is the demand curve

> Producers’ Surplus, PS = px, - _Ir;” g(x)dx where g(x) is the supply curve

» The equilibrium price is the price where the amount of the product that consumers want to buy
(quantity demanded) is equal to the amount producers want to sell (quantity supplied). This
mutually desired amount is called the equilibrium quantity.

EXERCISE 3.1

Ql i) ——

Q2 ) éiog(xg + e?¥)+C

—1

14+ x X

+C

v) %Eag|e2"—e‘2"| +C
vii) log |x? —3x — 18| +C

ix) iiog(ax + x*) +C

Integration and Its Application

ANSWERS

Vi)

viii)

3

1
——=+2x+C
3 X

2
2(3x +5)2

9

+C

2 2 3
SIE +4)2+ (x—3)2]+C
2log (Wx +1)+C

2
» e
3(1+x°)3
( B . e
2

X

-x 7
—X+—l0g‘4eX +5e 7|+ C
8 8

—4:
1+ logx




Q3. i) log|x+Vx?+1| -2vx2+1+C

i) \Tglog|x+§+1d|xz+?x—§|+c
10 x?
Q4. R(x) = 40x - g + 90

v %2 +2500+ 950

Q5. C(x) =y xZ+ 2500 + 950, Average Cost = "

4, LN 3 116776
@ -(x +1)2--(x +1)2 + 5

EXERCISE 3.2

Q1 i) ;—llog|x+2|+ ziloglx+4| +C i) zilogl x2+1|—2ilog|x2+2| +C

1
i) x+log(e*™™—1) +c iv) log|logx — 2| - log|logx — 1| + C

1

V) ziloglx—ZI— —Ziloglx+2|+C

X— 2
vi) -x—eX* +log e+ 1] +cC

vii) %loglx— 1| + ziloglx + 1| —2log|x+ 2|+ C

u |
3(x-1)

vii) —log|x — 2| — — = log|x + 2|+ C

+C X) ilﬂg|1—%

1 1
iX) ;lﬂgll—; *e
xi) log|x| — 21 lﬂg‘l 1— 2X‘+ C

EXERCISE 3.3

2X+3 2X+3 2
Ql i) xez . 94 +C iy = 2” [log(x* + 1) — 1]+cC
2 2
i) xZeX- oxe™ + 2%+ C v) Llogx—% +c
2 2 3 3
v) X?logZX—XI+C vy Flogx—%+c
3 2 2 2 2 2
vii) [%—I— x]logx—%_xJ,C viii) M_x_logx_l_x_J,C
2 2 4

m Applied Mathematics



Q2

i)

ii)

EX

—+C
xZ

EZX

2X

EXERCISE 3.4

i)

ii)

v)

vii)

iX)

log2
slogs _,logz

log2

4 x-"E

log2

2
10 + 5 log3

EXERCISE 3.5

Q1.

Q2.

xi)

1

19
2
4

P fu

1
(n+1) (n+2)

EXERCISE 3.6

1.

Integration and Its Application

27

128

52

Vi)

viii)

viii)

xii)

e3%log3x
E——
= C

1
x[loglogx - lngx] +C

20
2log2

242 +2log[1++/2]

=]
ta
4]



CASE BASED QUESTION
1. ¢ 2. a 3.b 4. d 5.d

MISCELLANEOUS EXERCISE

al. )€ -Dac

1 1 x2—3
iiiy 7 log |x*—9] + Slogl=| +C
e¥ 1

v) IOg»a?‘+1 Texyg ¥ c

N
Q2. i) 3 + 3log2 —log 3

i) O

v) 1

2x

Q4. Demand Function: p = 12 - 15

X

Supply Function: p = I 5

Consumers’ Surplus = 60
Producers’ Surplus = 45

iv)

Vi)

Vi)

s

=(1-5) ve

15

log |2% +v/4¥—1
log|2- #v47 -1 |
log 2

(X +§)Iogx-x-

12842
105

= c
— +
4

[ [
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