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APPLICATIONS OF DERIVATIVES

SYNOPSIS
ERRORS AND APPROXIMATIONS

1. Ilfy=f(x)andd xis a small change in x thée torresponding change i y
(approximately) is given by {x) 9 x. This is called the differential of yuis deted
by dy
Ody=f(x) 9x

2. The actual change or the actual error mgenoted by (y=f(x ® x)—f(X)

3. OyUdy=f(x) 9x

4. If 9 x be the error in x then the approximate-eadfi f (x) is
f(x+9x)0f(x)+f(x). 9x

5. Let9 x be any change in x afd v be the correspgnthange in y. Then

()9 yis called erroriny
9y
(i) Y is called relative error iny
oy
(i) Y *100 is called percentage error in y
6. Iff(x).=axX+bx+cthend f-df=a{ X)
7. If y 24.(x) is a homogeneous function of degneer y@ X then
(i) Relative error in y = n [Relative error in X]

(i) % erroriny = [% error in X]
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RATE OF CHANGE

. : d :
If x is any vanableﬁrepresents the rate of change of x at time ‘t".

ds

If s is the displacement of a particle atiith, then It

represents the veloeity of

the particle at that instant.

. . : . d :
If v is the velocity of a particle at time ‘then d_: represents the acceleration of

the particle at that instant.

. . . . pd d?
A particle moving on a straight line comesetstnfd—i =0 &d—tf =0
. . . o ... ds d?s
A particle moving on a straight line is at resimentarily |fa =0 &@ #£0

A particle, projected vertically upwards, atgithe maximum height when

ds
E—O

A particle acquires maximum velocity%?f =0

A particle changes.it’s direction%% =0 andj—ifi 0

If v is velocity of a particle moving along &aght line and v is expressed in
terms.of.displacement ‘s’ , then the acceleratibthe particle w%

[fp.(x,y) is a variable point on a curve pE f(x) , then its velocity at time 't' is

2 2
%j +(d_yj
dt dt
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The equations of motion of a particle P(x,oy a plane curve are given by

x = f(1), y = d(t). Then the velocity of the pate is given by
=P [0

If @ is a variable angle associated with a variabletp®j then% represents the

angular velocity of P at time t.

The rate of change in velocity is called theederation of the particle at t and is
denoted by a

_du_d(dsj_dzs_
Da=— =22 =22=
dt  dtidt dt?

o
2|8
&g

11
C
|o_

N

Let O be a fixed point and OX be a fixed ragt P be the position of the particle
on a curve C at time t such that XOFB.:Then% is called the angular velocity

2
and is denoted byp, % is«called the angular acceleration of the partatieut

‘O’ and is denoted by,
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INCREASING AND DECREASING FUNCTIONS

1.A function f(x) is an increasing function of x ds x increases, f(x) increases. i.e. f(x)

is an increasing function of X if g% X, = f(Xq) > f(x,).

2. A function f(x) is a decreasing function of X, as x increases, f(x)/decreases

Le if x> X% = (X)) <f(xp).
3.A function f(x) is an increasing function of xfi{x) > 0.
4. A function f(x) is a decreasing function of xfx) < 0.
5. & is increasing function of x if a > 1 and decregsirD.<a <.1).
6. log, x is an increasing function of x if a > 1 and d&ging function if O<a < 1)
7. If both f and g are either increasing or dasig, then fog and g of are increasing.

8.I1f any one of f and g are increasing and an abineris decreasing, then g of and fog are

decreasing.
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MAXIMA AND MINIMA

Let f be a real function which is differentiatale‘a’. If f* (a) = 0 then we say that
f(x) is stationary at x = a, (a, f(a)) is calledtsinary point f(a) is called stationary

value.

If there exist®> 0 such that f(xxf(a) for every a -6< x < a +dthen f is said to
have relative maximum at ‘a’. f(a) is called relat(local) maximum value.
If there exist®> 0 such that f(xef(a) for every a <6< x < a +06 then f is said to

have relative minimum at ‘a’. f(a) is called relegi(local) minimum value.

The points at which a function attains eithérximaim or minimum are called
extreme points or turning points of'the functiorexdimum or minimum values of

a function are called extreme values or turningi@alof the function.

Necessary condition for'extreme value of functio

If a function f(x) has extreme value f(a) théaj = 0, if it exists.

Sufficient conditions for extreme values:

Let f(x)dbe derivable at x = a

a) .X = a’is point of relative maximum of f(x)fi{a) changes sign from +ve to —ve
asx passes through the point x = a from left mbdght nbd.

b) x = a is a point of relative minimum of f(4)fi'(a) changes sign from —ve to

+ve as x passes through the point x = a from ledt to right nbd.

Note: If f}(a) has the same sign in the entire neighbourhdéodoa then x = a is

not extremum.
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Sufficient conditions for extreme values.

Let f(x) be derivable at x = a antl(f) exists and is non-zero.

a) f(a) = 0 andf(a) < 0= x = a is a point of relative maximum.

b) fi(a) = 0 and*f(a) > 0= x = a is a point of relative minimum.

If f(x) is increasing in [a, b] then f(a) = Mmum value and f(b) = Maximum
value of f(x) in [a, b].

If f(x) is decreasing in [a, b] then f(a) = Maximuvalue and f(b) =, Minimum
value of f(x) in [a, b].

1. The maximum value of a égs+ b sirfx is ‘a’ and minimum value = b (If a > b)

2. The minimum value of f(x) = a tan x + b ¢ot's 2/aband attains at

tan x =+/b/a.

3. The minimum value of f(x) =*@eé x + .coseé x is (a + bj and attained at

tan x =+/b/a
4. The minimum value of f(x) = & se¢"x + b coseis (&° + b*})¥* and it is
attained at tan x = (a/¥}.

m/2 .n/2 m N

5. The maximum value of f(x) = Sir .cos x is : = M and

m+n m+n

(m+n)z (m+n)

attained at tan x :\/E
n

1. The sum of.two numbers is k. If the sum @ifrtlsquares is minimum. Then the
numberstare K/2, K/2.

2. The sum of two numbers is k and the least stiieir squares is #2.

3. The sum of two numbers is K. If their prodigctnaximum, then the numbers
are k/2, k/2.

4. The product of two positive numbers is K. letlsum of their squares is
minimum, then the numbers d& , VK .

5. Sum of two numbers is k. If the product of Hguare of the first and cube of

the second is maximum then the numbers 2k/5, 3k/5.
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1.1fa>0,b >0, x >0, the least value(aj £ ax 2 is 2Jab .
X

2.1f x > 0, the least value of f(x) = xJ;L is 2.

1. The maximum rectangle inscribed in a cirglequare.
2. The maximum area of rectangle in a cube ofusadis 2f.

1. The maximum triangle inscribed in a cirdequilateral triangle.

2. The maximum area of a triangle in a circleatfius r is% r?&4. tnits.

1. The perimeter of a sector is ‘C’ cms. Theaximum, area of sector is

CZ
— S(Q. Cm.
16 q

2. Perimeter of sector is given. The area of g@stmmaximum. Then the angle of
sector is 2 radians.

3. The area of sector is ‘a’ sq. cm. Then thetlpagmeter of sector isv cm.

1. The hypotenuse of a rightangled triangleais If the area of triangle is

. . a  a
maximum. Then the sides af% —_
2 2

2. Two sides of artriangle are given. The aretheftriangle is maximum. Then the

angle between sidess2.
3. The sum of hypotenuse and one side of righkednigiangle is given. The area

is maximum. Then the angle between the side#3is

1. An open box of maximum volume is made frosgaare piece of tin of side ‘@’

by cutting for four equal square pieces from foarners and folding up the tin

then the length of square cutfgs.
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2. An open box of maximum volume is made from eamegular piece of tin of
length ‘a’ and breath ‘b’ by cutting four equal sge pieces from four corners and

folding up the tin. Then the length of box is {](/ﬁ+ b) —va® +b? —ab} :

2

2
1. The area of the greatest rectangle insciibed eIIipseX—2 + é =1is 2ab and
a

the sides arev2, b/2.
2. Maximum area of\ formed by a line through (xy;) and coerdinate axes is

2|X1, yll
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MEANVALUE THEOREMS

Rolle'sTheorem: If a functionf : [a, b]R is such that

i) Itis continuous ond, b]
i) Itis derivable ond, b) and

iii) f(a) = f(b) then there exists at least ot (a,b) such that f'(c)=0.

Lagrange's mean -value theorem or first mean - vakel theorem:

If a functionf : [a, b] Ris such that
i) Itis continuous ond, b].

ii) It is derivable on & b) then there exists at least ongl(a,b) such that

f)-f(@ _

b-a ©
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