DAY FOURTEEN

Maxima and
Minima

CLearning & Revision for the Day)

+ Maxima and Minima of a Function + Concept of Global Maximum/Minimum

Maxima and Minima of a Function

A function f(x) is said to attain a maximum at x = q, % Greatest value/
. . : Local Local absolute

if there exists a neighbourhood (a =9, a + 9), x # a maximum maximum maximum
ie. f(x) < f(a),0x Oa@-9,a+9), A C

x # alh >0 (very small quantity) / Local minimum

of f(x)at x = a.

In such a case f(a) is said to be the maximum value X b X
A function f(x) is said to attain a minimum at

Least value/
absolute minimum v

x = q, if there exists a neighbourhood (a -9, a + )
such that f(x) > f(a), Ox O(a -9, a + 9), x # a.

Graph of a continuous function explained local maxima (minima) and absolute maxima
(minima). In such a case f(a) is said to be the minimum value of f(x) at x = a.

The points at which a function attains either the maximum or the minimum values are known
as the extreme points or turning points and both minimum and maximum values of f(x) are

called extreme values. The turning points A and C are called local maximum and points B and
D are called local minimum.

Critical Point

e A point ¢ in the domain of a function f at which either f' (¢) =0 or f is not differentiable is
called a critical point of f. Note that, if f is continuous at point ¢ and f* (¢) =0, then there
exists h >0 such that f is differentiable in the interval (¢ - h, ¢ + h).

e The converse of above theorem need not be true, that is a point at which the derivative
vanishes need not be a point of local maxima or local minima.

Method to Find Local Maxima or Local Minima

First Derivative Test
Let f be a function defined on an open interval I and f be continuous at a critical point ¢ in L.
Then,
(i) If f'(x) changes sign from positive to negative as x increases through c, i.e. if f' (x) >0 at
every point sufficiently close to and to the left of ¢ and f'(x)<0 at every point
sufficiently close to and to the right of ¢, then ¢ is a point of local maxima.



(ii) If f' (x) changes sign from negative to positive as x
increases through point ¢, i.e. if f' (x) <0 at every point
sufficiently close to and to the left of cand f'(x)>0 at
every point sufficiently close to and to the rlght of ¢,

then ¢ is a point of local minima.

(iii) If f'(x) does not change sign as x increases through c,
then c is neither a point of local maxima nor a point of
local minima. Infact, such a point is called point of

inflection.
YT Point of local maxima Point of non-differentiability
N (€1)=0__ and point at local maxima
7 |
&7 NG |
3 i/ Point of non-differentiability
i o §  butitis a point of local
! ~ ‘ ;
! minima Q¢ 3 | minima
X . - X
(@) Cq [ C3 Cy
v

Graph of f around ¢ explained following points.

(iv) If ¢ is a point of local maxima of f, then f(c) is a local
maximum value of f. Similarly, if ¢ is a point of local
minima of f, then f(c) is a local minimum value of f.

Second or Higher Order Derivative Test

(i) Find f'(x) and equate it to zero. Solve f'(x)
roots be x = q,, a,,..

=0 let its

(ii) Find f''(x)and at x = a,,
(a) if f'' (@) is positive, then f(x)is minimum at x = q.
) if f''(a) is negative, then f(x) is maximum at
x=aq,.

(iii) (a) If at x=gqa,f " (q)=0, then find f''(x). If
f'""(aq) 20, then f(x) is neither maximum nor
minimum at x = a.

(b) If f''" (a,) =0, then find f*(x)
(c) If f¥(x) is positive (mlmmum value) and f"(x) is
negative (maximum value).
(iv) If at x=aqa,,f"(q)=0, then find f*(x)
similarly.

and proceed

Point of Inflection
At point of inflection
(i) Itis not necessary that 1st derivative is zero.

(ii) 2nd derivative must be zero or 2nd derivative changes
sign in the neighbourhood of point of inflection.

nth Derivative Test

Let f be a differentiable function on an interval I and a be an
interior point of I such that

() f(@=f"@=f"(@ ==

(ii) f"(a) exists and is non-zero.

=0and

Important Results

e Ifniseven and f"(a) <00 x =ais a point of local

maximum.

e If nis even and f"(a
minimum.

)>00 x =ais a point of local

e Ifnisodd O x = ais a point of neither local maximum nor
a point of local minimum.

axb

¢ The function f(x) 4 has no local maximum or

minimum regardless of values of a,b,cand d.
e The function f(0)
O/m0d

0=tan"'J/—0.
nQd

=sin™ B [¢os” O attains maximum values at

e If ABis diameter of circle and C is any point on the
circumference, then area of the A ABC will be maximum, if
triangle is isosceles.

Concept of Global
Maximum/Minimum

e Let y = f(x) be a given function with domain D and
[a,b] O D, then global maximum/minimum of f(x)in [a,b] is
basically the greatest / least value of f(x)in [a,b].

¢ Global maxima/minima in [a, b] would always occur at critical
points of f(x) within [a, b] or at end points of the interval.

Global Maximum/Minimum in [q, b]

In order to find the global maximum and minimum of f(x) in
[a,b].

StepI  Find out all critical points of f(x)in [a,b]
[i.e. all points at which f'(x)=0] and let these
points arec,,c,,...,c,.
Step I Find the value of f(c,), f(c,) ..., f(c,) and also at the
end points of domain i.e. f(a) and f(b)
Step Il Find M, — Global maxima or greatest value

and M, - Global minima or least value.
where, M, = max {f(a), f(c,), f(c,),..., f(c,,), fb)}
and M, =min {f(a), f(c,), f(c,)..... fc,), f(b)}

Some Important Results on Maxima
and Minima

(i) Maxima and minima occur alternatively i.e. between
two maxima there is one minimum and vice-versa.

(ii) If f(x) - © as x - a or b and f'(x) =0 only for one
value of x (say c¢) between a and b, then f(c) is
necessarily the minimum and the least value.

(iii) If f(x) » — as x - a or b, then f(c)
maximum and greatest value.

is necessarily the

(iv) The stationary points are the points of the domain,
where f' (x) =0.



(DAY PRACTICE SESSION 1)

FOUNDATION QUESTIONS EXERCISE

1 If fis defined as f(x) = x + l,then which of following is
X

true? = NCERT Exemplar
(a) Local maximum value of f(x)is — 2
(b) Local minimum value of f(x) is 2
(c) Local maximum value of f(x) is less than local minimum
value of f(x)
(d) All the above are true

2 If the sum of two numbers is 3, then the maximum value
of the product of the first and the square of second is
= NCERT Exemplar
(a) 4 (b) 1 (c) 3 (d) 0

3 If y =alogx + bx? + x has its extremum value at x =1

and x =2, then (a, b) is equal to
@i oFd off of5E

4 The function f(x) =a cos x + b tan x + x has extreme

values at x =0and x = E, then

(b)a==,b=-1

Mm\l\)

b=1 dya==,b=1
(d) 3
5 The minimum radius vector of the curve

ig+% =1is of length
Xy

(a) 1 (b) 5 (c) 7 (d) None of these

6 The function f(x)=4x°% -18x% + 27x -7 has
(a) one local maxima = NCERT Exemplar

(b) one local minima
(c) one local maxima and two local minima
(d) neither maxima nor minima

2 _

7 The function f(x) = has

) no point of local minima

) no point of local maxima

) exactly one point of local minima
)

a
b
c
d) exactly one point of local maxima

(
(
(
(
[k —2x, if x<-1

%X +3, if x>-1
If fhas a local minimum at x = —1,then a possible value

8 Letf : R — R be defined by f(x

of kis = AIEEE 2010
1
(a) 1 (b) O (c) 5 (d) -1
9 The minimum value of 9x + 4y, where xy =16 is
(a) 48 (b) 28 (c) 38 (d) 18

10 If the function f(x) =2x* —9ax® +12a°x +1,where a >0
attains its maximum and minimum at p and g
respectively such that p? = g, then a is equal to

1
(a) 3 (b) 1 (c) 2 (d) >

11 1f f(x) = x* + 2bx + 2¢® and g(x) = - x* — 2cx + b’ such
that minimum f(x) >maximum g(x), then the relation
between band c is

(a) 0O<c<bv2
¢ c|>|b[~2

12 Let f(x) be a polynomial of degree four having extreme

E)E: 3,then 1(2)is

() [cl<[b[~2

(d) No real values of band ¢

values at x =1and x = 2. If Iirr?) é+ i

equal to = JEE Mains 2015
(a) -8 (b) -4
(c)0 (d)4

13 If a differential function f(x) has a relative minimum at
x =0, then the function @ x) =f(x) + ax + b has a relative
minimum at x =0 for
(a) allaand allb
(c) allb>0

(b) allb,ifa=0
(d) alla>0
14 The denominator of a fraction is greater than 16 of the
square of numerator, then least value of fraction is
(a) -1/4 (b) —1/8
(c) 112 (d) 1/16

15 The function f(x) =ax + 9 b, x > 0 takes the least value
X
at x equal to
(a) b (b) Va (c) b @ 2

tan x

16 Let f be a function defined by f(x) = % X xX#0
g 1

. x=0
Statement | x =0is point of minima of f.
Statement Il ' (0) =0. = AIEEE 2011
(a) Statement | is true, Statement Il is true; Statement Il is a
correct explanation for Statement |
(b) Statement | is true, Statement Il is true; Statement Il is
not a correct explanation for Statement |

(c) Statement | is true; Statement Il is false
(d) Statement | is false; Statement Il is true

17 The absolute maximum and minimum values of the
function f given by f(x) = cos? x + sin x, x 0[0, 1]
= NCERT Exemplar
(b) 1.25 and 1
(d) None of these

(a)2.25and 2
(c)1.75and 1.5



18 The maximum value of f(x) = —— on [-11] is
4+ x+x°

1
a) —— b) —— c) — d) —
(a) 4 (b) 3 (c) 5 ( )5
19 Ininterval [1,e], the greatest value of x*log x is

(a) ° (b) l\ogi (c) e’log+/e (d) None of these
e e
20 If x is real, the maximum value of w is
3x°+9x +7
= AIEEE 2007
17
a) 41 b) 1 Cc) — d) —
(a) (b) (c) Z (d) 1
21 The maximum and minimum values of
f(x)=sec x +log cos? x, 0 < x < 2T are respectively
= NCERT Exemplar
(a) (1,-1)and {2 (1-1log?2), 2 (1 + log?2)}
(b) (1,-1)and {2 1-log?2),2 (1-log2)}
(c) (1,-1)and (2, - 3)
(d) None of the above
22 The difference between greatest and least values of the
function f(x)=sin2x = x, on on
E ‘2 E = NCERT Exemplar
s

(c) 3m (d) —

(a) m (b) 21 p

23 The point of inflection for the curve y = x°/?is
(@ (1. 1) (b) (0.0) (c) (1,0) (d) (0, 1)
24 The maximum area of a right angled triangle with
hypotenuse h is = JEE Main 2013
h° h? h? h?
a) —— b) — c) — d)
(a) 273 (b) 5 (c) 7 (d) 1
25 A straight line is drawn through the point P (3, 4) meeting
the positive direction of coordinate axes at the points A
and B. If O is the origin, then minimum area of AOAB is
equal to
(a) 12 sqg units
(c) 24 sqg units

(b) 6 sq units
(d) 48 sq units

26 Suppose the cubic x® — px + g has three distinct real
roots, where p >0 and q > 0. Then, which one of the
following holds?

(a) The cubic has maxima at both\f and (

(b) The cubic has minima at ﬁ and maxima at — JE

(c) The cubic has minima at - \/g and maxima at \/%

(d) The cubic has minima at both \E and - \E

27 1t A(x, y,),B(x,, y,)and C(x,, y,) are the vertices of a
A ABC. A parallelogram AFDE is drawn with D, E and F
on the line segment BC, CA and AB, respectively. Then,
maximum area of such parallelogram is

(a) % (area of AABC) (b) %(area of AABC)

©) é(area of AABC) (d) % (area of AABC)

28 If y =f(x)is a parametrically defined expression such
that x =31* =18t+7and y =2t =15¢* + 24t + 10,
O x O[O, 6].
Then, the maximum and minimum values of y =f(x) are
(a) 36,3 (b) 46,6 (c) 40, -6 (d) 46, -6
29 The value of a, so that the sum of the squares of the

roots of the equation x> —(a — 2)x —a +1=0assume
the least value is
(a) 2 (b) 1 (c) 3 (dy 0
30 The minimum intercepts made by the axes on the
2 2
tangent to the ellipse XY o is
16 9
(a) 25 (b) 7 (c) 1 (d) None of these

31 The curved surface of the cone inscribed in a given
sphere is maximum, if

4R

- R 2R
@ h=—

(b) h :5 (c) h =? (d) None of these

32 The volume of the largest cone that can be inscribed in a
sphere of radius R is = NCERT

(a) gof the volume of the sphere
(b) % of the volume of the sphere

(c) %of the volume of the sphere

(d) None of the above

33 Area of the greatest rectangle that can be inscribed in
2
Y

the ellipse X— +2—=1is
a® b?
(a) vab (b) g (c) 2ab (d) ab

34 The real number x when added to its inverse gives the
minimum value of the sum at x equal to = AIEEE 2003

(a) 2 (b) 1 (c) 1 (d) -2
35 The greatest value of
f(x)=(x +1)"® =(x =1)"*on [0, 1] is - AIEEE 2002
(a) 1 (b) 2 (c) 3 (d) 1/3
36 The coordinate of a point on the parabola y* =8x whose
distance from the circle x* +(y + 6)? =1is minimum, is
(a) (2,-4) (b) (2,4) (c) (18-12)  (d) (8, 8)
37 The volume of the largest cylinder that can be inscribed
in a sphere of radius r cm is
@ 418 b ) 41 © 41 410
J3 sf 2J3 52
38 Maximum slope of the curve y = —x® +3x® +9x =27 is
(a) 0 (b) 12 (c) 16 (d) 32

(d)




39 Ifab=2a+3b,a >0, b>0, then the minimum value of ab

is
(a) 12 (b) 24
(c) % (d) None of these

40 The perimeter of a sector is p. The area of the sector is

maximum, when its radius is

1 p
(@ \p (b) 7 (c) B (d)

ENI ko]

(DAY PRACTICE SESSION 2)

PROGRESSIVE QUESTIONS EXERCISE

2 2
1 The minimum radius vector of the curve a—z + b—z =1is of
Xy

length

(@) a-b (bya+b

(c) 2a+ b (d) None of these
2 f(x)=x" - 4| x|and

mmin {f(t): -6 <t < x}, x O[- 6, 0]
gx)=0 , then g(x) has
mmax {f(t): 0 <t < x}, x 0(0, 6]
(a) exactly one point of local minima
(b) exactly one point of local maxima
(c) no point to local maxima but exactly one point of local

minima
(d) neither a point of local maxima nor minima
-x% + 2 - + 0<sx<3
3 f(X):D4X x” +log(a” —-3a + 3),
x —18, xz3

Complete the set of values of a such that f(x) has a local
maxima at x = 3, is
(@) [-12]

(c) 2]

4 The point in the interval [0, 21 , where f(x) =

(b) (o, 1) O (2, )
(d) (o0, =) 0 (2, )

e” sin x has
maximum slope is

b1 s
(a) 7 (b) 5
(c) m (d) None of these

5 The total number of Iocal maxima and local minima of the
%2 +x)*, -3<x¢< —1

function f(x s
, —1 <x<2

(a) 0 (b) 1 (c) 2 (d) 3
6 If 20 m of wire is available for fencing off a flower-bed in
the form of a circular sector, then the maximum area (in
sqm) of the flower-bed is = JEE Mains 2017

(a) 12.5 (b) 10 (c) 25 (d) 30

7 The cost of running a bus from Ato B, is ¥ %v + b
%

where v km/h is the average speed of the bus. When the
bus travels at 30 km/h, the cost comes out to be% 75

10

11

12

13

75 while at 40 km/h, it is¥ 65. Then, the most
economical speed (in km/h) of the bus is » JEE Mains 2013

(a) 45 (b) 50 (c) 60 (d) 40
Ox* =2, _1<x<43
If f(x %% V3 < x <243, then the points,
2/3<x<4

&

- X,

where f(x) takes maximum and minimum values, are

(a) 1,4 (b) 0,4
(c) 2,4 (d) None of these
2 ’ -1
Let f(x @x + X +3x+smx|§3+sm;§ Xzo,then

H 0, x=0
number of points [where, f(x) attains its minimum value]
is

(a) 1
(c) 3

A wire of length 2 units is cut into two parts which are
bent respectively to form a square of side = x units and a
circle of radius =r units. If the sum of the areas of the
square and the circle so formed is minimum, then

(b) 2
(d) infinite many

(a) 2x = (Tt + 4)r (b) 4 - mx =1
(c)x=2r (d)2x=r
Letf(x)=x?+ %and g(x)= —l, x OR = {=1,0,1. If
X X
h(x) = (X), then the local minimum value of h(x) is
X) = JEE Mains 2018
(a)3 (b)-3 ) -242 (d)2v2
n2
The largest term in the sequencea, =————is given b
9 q " n®+ 200 9 v
529 8
b) 2
® 9 49 () 89
[} 49 (d) None of these
543

All possible values of the parameter a so that the function

f(x)=x*-3(7-a)x* -3(9-a°)x + 2 has a negative
point of local minimum are
(a) all real values

(c) 0e)

(b) no real values

(d) (.0



14 The circle x? + y® =1cuts the
X-axis at P and Q. Another circle
with centre at Q and variable
radius intersects the first circle at
R above the X-axis and the line
segment PQ at S. Then, the
maximum area of the AQSR is

(a) 44/3 sq units
443 .
(c) 5 sQ units

1

(d) 2 (a)
1 (0 12 (o)
21 (b) | 22 (a)
31 @ | 32 (b

10 20
)

R x2+y?=1

15 Given, P(x)=x* + ax® + bx® + cx + d such that x =0'is

the only real root of P' (x) = 0. If P(=1) < P(1), then in the

interval [-1,1] .

= AIEEE 2009

P (a) P(= 1) is the minimum and P(1) is the maximum of P

(
(c
(d

ANSWERS

3(d 4 (a) 5 (b) 6 (d)
13 (b) 14 ()  15(d) | 16 (b)
23(b)  24(d) 25 26 (b)
33 () 34 (b)  35(b) 36 ()

3( 4 (b) 5 (0 6 (q)
13 (b) 14 (o) 15 (b)

b) P(= 1) is not minimum but P(1) is the maximum of P

) P(= 1) is the minimum and P(1) is not the maximum of P
) Neither P(= 1) is the minimum nor P(1) is the maximum
(b) 144/3 sq units of P

(d) 15+/3 sq units

Hints and Explanations

SESSION 1
1 Lety:x+l o o1
X dx b's
Now. LA 0 0 x¥=1
dx
O x==*1
2
O d y = i,therefore
dx X
d’y
—(atx=1)>0
- ( )
2
and dy(atxz—1]<0
dx
Hence, local maximum value of y is at
x = - 1and the local maximum value

=-2

Local minimum value of y isat x =1
and local minimum value = 2.
Therefore, local maximum value — 2 is
less than local minimum value 2.

2 Let two numbers be x and (3 - x).

Then, product P = x(3 - x}

dpP

— =-2x(3-x)+(3—-x

ax ( )+ ( ¥

2

P 5 3-3x) and T = 6x-12
dx dx*

For maxima or minima, put z—P =0
X

0O B-x)83-3x)=00x=3,1

At x =3,
d*P

%

=-6<0

dx*

So, P is maximum at x = 1.
0 Maximum value of P =1(3-1f = 4

3 - A
dx x

o g%ﬁ =a+2b+1=0
X Loy

] a=-2b-1

and%@ =%+ ab+1=0
xU._, 2

0 $+4b+1:0

O-b+4ab+t=003p="1
2 2

O b:_—landazl—l:—
6 3 3

4 f'(x)=-asinx+bsec x+1
I ,am
Now,  f'(0)=0and f @Eﬁ 0

O b+1:03nd—§+%+1:0

=18-12=6> 0 [minima]

7 (d) 8 (d) 9 (a) 10 (o)
17 (b) 18 (c) 19 (a) 20 (a)
27 (a) 28 (d) 29 (b) 30 (b)
37 (b) 38 (b) 39 (b) 40 (d)

7 (0 8 (b) 9 (a) 10 ()

0 be-nac-2
3

5 The given curve is 4.9 o
x y

Put x = r cos6, y = rsin 6, we get

r’ = (2sec 8} + (3 cosec )
So, r* will have minimum value
(2 + 3}.
or r have minimum value equal to 5.

6 f(x)=4x’-18x"+27x-7
f'(x)=12x" =36x+27
=3(4x* -12x + 9)=3(2x -3}

f(x)=00 ng (critical point)

Since, f'(x)> 0for all x < 2 and for all

x>§
2

Hence, x=2isa point of inflection i.e.,
2

neither a point of maxima nor a point
of minima.

x:% is the only critical point and f

has neither maxima nor minima.
X -2 _dy _ -4x

7 Fory =
R i P




10

11

0 d—y>0, forx< 0
dx

and <0, forx>0

dy
d;
Thus, x = 0is the point of local maxima

for y. Now, (v),_, = ~ (positive). Thus,
2

x = 0is also the point of local
X -2

maximum for y = 2 .
-4

If f(x)has a local minimum at x = -1,
then
lim_f(x

x--1"

0 lim2x+3= lim 1< -2x

x--1 X -1

O -2+3=k+2 0O k=-1

= lim f(x)

X1

LetS = 9x + 4y

Since, xy =16 is given.

O v = 16 or S=9x+ 64
X X
On differentiating both sides, we get
dS 64 .
& -g- Nt
& 2z (i)
ds 64 8
— =00 —=90 x=% —
X 3
Again, on differentiating Eq. (i)
d*S _ 128
w.r.t x, we get — = ——
s X

e 8
Hence, it is minimum at x = — and
minimum value of S is

S, = 9%@+ 4(6) =

We have,
f(x)=2x" - 9ax’ +12d" x+ 1
f'(x)=6x" —18ax + 12d
f''(x)=12x - 18a

For maximum and minimum,
6x° —18ax + 12d° = 0

O X -3ax+2d =0

] X =aorx=2a

At x = amaximum and at x = 2a

minimum.

g p'=q
0 & =2a 0a=2o0ra=0
But a > 0, therefore a = 2
Minimum of f(x) = - D
4a
_ - (ab* - 8c?)
4
=2¢* - b’

12

13

14

and maximum of g(x) = - M
4(-1

=b* +¢’

Since, min f(x)> max g(x)

0 2¢* =b*>b* + ¢*

O c¢? > 2b*

0 lc|>+2|b|

Central Idea Any function have
extreme values (maximum or
minimum) at its critical points, where
f(x)=0.

Since, the function have extreme values
atx=1and x = 2.

O f'(x)=0atx=1and x =2

u] f'M)=o0and f'(2) =

Also it is given that

hma f =30 1+1in01%=3

O limM =2

x-0 X

O f(x)will be of the form
ax' +bx’ +2x°

)is of four degree polynomial]

[ flx

Let f(x)=ax* +bx’ +2x* 0 f'(x)
= 4ax’ + 3bx* + 4x
O f(1)=4a+3b+4=0 .(1)
and f'(2)=32a+12b+8=0
n] 8a+3b+2=0 .. (ii)

On solving Egs. (i) and (ii), we get
a=lp--
2

0 f(x :X?—z;zuzf

0 f)=8-16+8=0
gx)=f'(x)+a

. @ 00 f'(0)+a=0
0 a=o0 [+ f'(0
Also, ¢(0)> 0 [+ f'(0)> 0]

O @(x)has relative minimum at
x = 0forallb,ifa=0

Let the number be x, then

flx)=

X
X + 16
On differentiating w.r.t. x, we get
Fix)= (x* +16) [ - x(2x)

(x* + 16Y
X +16 -2 16 - X

= = ()
(x* + 16Y (x* + 16Y

Put f'(x) = 0 for maxima or minima
f'(x)=0 0 16-x =0

O x=4,-4

Again, on differentiating w.r.t. x, we

get

(x* + 16Y (-2x) - (16 - x*)
e (xZ +16)2x
frxy= (x* + 16)" At

x=4,f"(x)<0

15

16

17

)is maximum at x = 4.
)> 0, f(x

Of(x
andatx— -4, f''(x
minimum.

O Least value of
-4 1
fro=—t =1

16 + 16 8
b

Given, f(x)=ax + —

On differentiating w.r.t. x, we get
, b
x)=a- —
f'(x) 2
For maxima or minima, put f'(x)= 0
b

O x = [=
a

Again, differentiating w.r.t. x, we get

Frix) = Zb

Atx = \f fix

O f(x)is minimum at x = \/E
a

= positive

O f(x) has the least value at x = \/E
a

Htanx X#0
f(X] =0 x !
=8 x=0

tan x

As >1,0x#0

X
O f (0+ h)> f(0) and f(0 - h)> f(0)
Atx =0, f(x) attair}s minivma.
Now, £(0)= lim f(h]; 1(0)

tanh
= lim — &

h-o0 h Theo R

[using L’ Hospital’s rule]

1 tan®6 = sec? 8 — 1]

2h* 2

Therefore, Statement II is true.
Hence, both statements are true but
Statement II is not the correct
explanation of Statement 1.

Given, f(x)=cos” x + sinx, x 0[0, 1]
Now,
f'(x)=2cos x (-sinx) + cos x

= - 2sin xcos x + cos x

For maximum or minimum put
f'x)=0

0 -2sinxcosx +cosx =0

0 cosx(-2sinx+1)=0
| cos X = Oorsinle
2
0 X:E‘E
6 2

For absolute maximum and absolute
minimum, we have to evaluate



Note

18 -

19

20 Let

o), FEEH S ETH A
Atx =0,

f(o ]—cos 0+sin0=17+0=1

Am—ff§ﬁ ws@ﬁﬂm—

g
SBBH L 15,
g2zg 2 4

Atx:E,

2
f @E§=cos2 ?ﬁ+ sin L= +1=1

2 2 2

Atx =TI,
f(mM)=cos*m+sinmt=(-1f + 0=1

Hence, the absolute maximum value of

fis 1.25 occurring at x = T and the
6

absolute minimum value of f is 1

. T
occurring at x = 0, — and TU
2

If close interval is given, to determine
global maximum (minimum), check the
value at all critical points as well as end
points of a given interval.
X
(x)=—X
/ 4+ x+ X
On differentiating w.r.t. x, we get
, 4+ x+ X' - x(1+2x
fi(x)= (Lr2x)
(4+ x+ XY
For maximum, put f'(x) =0
4-x
4+ x+ xXf
Both the values of x are not in the
interval [-1, 1].

=00 x=2,-2

-1 -1
0 ft-1)=——+ =71
1 4-1+ 1 4
1 1
= — = _ (maximum)
4+1+1 6
Given, f(x) = x* log x

On differentiating w.r.t. x, we get
f'(x)=(@2log x+1)x
For a maximum, put f'(x) =0
O (logx+1)x=0
] x=e'"”0
0<e<1
None of these critical points lies in the
interval [1, e] .
So, we only compute the value of f(x)at
the end points 1 ande.
We have, f(1)=0, f(e)=
Hence, greatest value of f(x)=e

fx)=1+ 10

3§f+3x+3§
3

21

22

%X leu

So, the maximum value of f(x

Y
x=-"2is

2
fﬁ_ﬁﬁ:1+44glle+40:41

2

3
2

Given, f(x) = sec x + log cos® x

O f(x)=secx + 2 log(cos x)
Therefore,
f'(x)=sec x tan x -2 tan x
= tan x (sec x — 2)

f'x)=0

O tanx:Oorsecxzchosle
2
Therefore, possible values of x are
b 5T
x=0x=Tand x = —orx=".
3 3

Again,f''(x) = seC x(sec x — 2)

+ tan x (sec x tan x)
=sec’x + sec x tan” x — 2 seC’x
=sec x [sec‘zx + tan’ x — 2 sec x)
Of'0)=11+0-2)=-1<0
Therefore, x = 0is a point of maxima.
frmM=-1(1+0+2)=-3<0
Therefore, x = Tis a point of maxima.

f”ﬁgﬁ2ﬂ4+3—@:6>0

TU. . o
Therefore, x = — is a point of minima.
3

f”g?@:2m+3—@:6>0

Therefore, x = SMisa point of minima.
3

Maximum value of y at x = 0is
1+0=1

Maximum value of y at x = Ttis
-1+0=-1

Minimum value of y at x = ;lis
2+ 2 log1 =2(1-log2)

2
Minimum value of y at x = 5—; is

2+ 210g1=2[1 - log2).
2

Given, f(x) =sin2x — x
O f'(x)=2cos 2x -1
Put f'(x)=0 O cosZX=%
0 2x=-"or g x=-" o 1
3 3 6
Now, f ﬁ»ﬂﬁ—sm[— )+ LS
2 2

23

24

25

26

and f QZEQ: sin(m) —;T[ = —ET[

Clearly, TUis the greatest value and — I
2

is the least.

Therefore, difference = 5 +

1 T _
— =T
2

Given, y = x**
dl:E X2 d’y :EXI/Z

dx 2 Td¢ 4
2
Atx:o,dl:O,dJ:
dx dx*

3
and d—y is not defined,
dx’

whenx =0,y =0
(0, 0)is a point of inflection.

Area of triangle, A = 1X1 h - x
2

0 - o
dA-l —x2+7x[zx) =0
dx 2 g 2./h* - X* g

o x=2
2
C
h
\/hlglx2
A X B
d*A h
O —<Qatx=-—+
dx 2
2 2
[} A= 1 x i h* i: i
2 W2 2 4
Let the equation of drawn line be
X, V= 1, where a > 3,
a

b > 4, as the line passes through (3, 4)
and meets the positive direction of
coordinate axes.

Wehave,§+é=1lj b= 4
a b (a=3)

a

Now, area of AAOB,

1o 20
2 (a=13)

dA _2a (a-6)

da  (a-3f
Clearly, a=6 is the point of minima for A.
Thus, A, = 2X36 _py sq units
Let f(x)=x" - px+q

Maxima

/

Vol3

[
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28

Then, f'(x)=3x - p
7

Put "(x)=0

] x= \E,— b
3 3

Now, = 6x

At x= ff” —6\/;>0
3 [minima]
andatxz—\/;f"(x]<0

We have, AF || DE and AE || FD

[maxima]

B D C

Now, in AABC and AEDC,

ODEC = OBAC, JACB is common.

0 AABC OAEDC

Now, b-y =*n ng(b—y)
c b

Now, S = Area of parallelogram
AFDE = 2 (area of AAEF)

O S =2 ﬁ% XysinA@

= E(b - y)ysinA

b
ds
sin A -2
dy % ﬁ v)
Sign scheme of—s,
d
b2 T

Hence, S is maximum when y = é [}
2

S ax = ¢ %ﬁx ésinA

= %bc smAa (area of AABC)
We have,
dl:stz -30t+24=6@-1)(t-4)
dt
andd—X—ﬁt—18—6(t—S]

dt
Thus, dy _-1t-4)

dx (t=3)

which indicates thatt =1, 3 and 4 are
the critical points of y = f(x

Now, dz},/ d %@Eﬂ

f-bt+11, 1
(t -3} 6(t—3]

29

30

31

2
At =197 <o
dx’*
O t = 1is a point of local maxima.
d’y
At(t = 4),
( )dx2

O t = 4is a point of local minima.

At(t =3), dy and —— d'y are not defined
dx dx*

>0

and change its sign.
2

d’y

is unknown in the vicinity oft = 3,

thust = 3 is a point of neither maxima
nor minima.
Finally, maximum and minimum values

of expression y = f(x)are 46 and -6,
respectively.
Leta and B be the roots of the equation

X -(a-2)x-a+1=0

Then, a+B=a-20B=-a+1
Let z=ao*+ p°
=(a + BY - 20B
=(a-2f+2(a-1)
=d -2a+2
] d—Z—ZG—Z
da
Putd—z 0, then
da
O a=1
] d—z—2>0
dd

So, z has minima at a = 1.
So,a® + B has least value for a = 1.
This is because we have only one
stationary value at which we have
minima.
Hence, a = 1.
Any tangent to the ellipse is
Xcost + Lsint = 1, where the point of
4 3
contact is (4cos t, 3sin t)

x ,_ v
4sect  3cosect

or =1,

It means the axes Q (4sec t, 0)and

R(0, 3 cosec t).

0 The distance of the line segment QR is
QR* =D =16sec’t + 9cosec’t

So, the minimum value of D is (4 + 3f

orQR =7.

Let S be the curved surface area of a

cone.

32

OA=AC-0C=h-R
In AOAB,R* = r* + (h - R}

0 r=~2Rh-H

0 S =rmul=mn(2Rh-h)Nh +1*)
= (TW2Rh - h* )(2Rh)

LetS* =P

0 P =1 2R(2Rh* - h*)
Since, S is maximum, if P is maximum,

then
dap =2T°R(4Rh - 3h*)=0
dh
0 h=02f
3

Again, on differentiating Z—i, we get

d*p

=2 TCR(4R - 6h)
dh*

dP 4R

LetOC = x,CQ =r

Now, OA = R [given]

Height of the cone=h = x + R
O Volume of the cone

=v="Lnrh ()
3

—>—>

P VO

Also, in right angled AOCQ),
oc* + CQ* = 0Q?

al X+t =R

o PR - (i)
From Egs. (i) and (ii),

v =§T[(RZ—X2)(X+ R) (i)

[h=x+R]
On differentiating Eq. (iii) w.r.t. x, we
get

v _1_..,

=R - x)-2x(x+ R

3 [ )= 2x( )l
0 YV oTg ¢ o _axm

dx 3
0 V- M _oxn -3y

dx 3

dv _m .
0 —=—(R-3x)R+x (v

™ 3( ) ) (iv)
For maxima, put d—V=O

dx
8] g(ﬂ—sx)(3+x):o
R R

O X ==

orx=-R 0 x=—
3 3

[since, x cannot be negative]
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34

35

36 -

On differentiating Eq. (iv) w.r.t. x, we get

—3)(R + x) + (R - 3x)]

So, V has a local maxima at x = R /3.
Now, on substituting the value of x in
Eq. (iii), we get

2
V:E%{z—i%@]+ﬁ§
2
:T[ R %nRgﬁ
27

0o vs= E x Volume of sphere

Y,
(-acos,bsinB)|(acos®, bsing)
7 0
X' \ / X
C D
(~acosB,-bsinB) | (acosB,-bsinB)
v
Area of rectangle ABCD
= (2acos 0) (2b sinB) = 2ab sin20
Hence, area of greatest rectangle is
equal to 2ab when sin 20 = 1.

Let fx)=x+ L
X
. 1
"(x)=1- —
(%) e
For maxima and minima, put f'(x) = 0
D1-L=o0x=¢%1
X
Now, f''(x)= =
' x*
At x =1, f"(x)= +ve [minima]
and atx=-1, f''(x)=-ve [maxima]

Thus, f(x)
x=1
Given that, f(x
On dlfferentlatmg w.r.t. x, we get
Frx=t o1 _ 1 O
3 Bx +17%  (x-17"H
—_ 1]&/1 X + 1]2/{
-1y
Clearly, f'(x)does not exist at x = + 1.
Now, put f'(x) = 0, then
x -1 = (x+ 1f°0 x=0
At x=0
fea=+ 1" ~(0-1)" =2
Hence, the greatest value of f(x)is 2.

attains minimum value at

(x + 1]1/3 _ X—l)”a

y*=8x. But y*=4ax

0 4a=8 0 a=2

37

38

Any point on parabola is (at®,2at),
ie., (2%, 4t).
For its minimum distance from the
circle means its distance from the centre
(0,— 6) of the circle.
Let z=(2*f + (4t + 6f
=4t +4a* +120+ 9)
dz - 44t + 8t +12)

dt

16(t° +2t +3)=0
t+1)t*-t+3)=0

t=-1

O ooo O

dZ
d 2
So, point is (2, 4).

=16(3t* +2)> 0, hence minimum.

We know that, volume of cylinder,
V = mRk*h

—>
R
2
In AOCA rzzﬁ"l@ + B
2
2
O R*=r i
4
2
0 V:nErz—h—Hh
o ad
0 V= wth - TR L()
4

On differentiating Eq. (i) both sides
w.r.t. h, we get

dv . 3T’
=t -
dh 4
d*v _ —31h
dh* 2
For maximum or minimum value of V,
2
Voo g -3 oy
dh 4
ar* 2
0 W==2-0 h="r
3 3
2
Now, E)H%é =-\3mr<o0
JE

Thus, V is maximum when h = ZTF, then
3

P T
4 4LN3 3

3
MaxV = mii*h = 2T

ENG)
Let f(x)=-x'+3x +9x-27
The slope of this curve
f'(x)=-3x +6x+9

Let

g(x)=f'(x)=-3xX +6x+9

On differentiating w.r.t. x, we get

g'(x)=-6x+6

For maxima or minima put g'(x)
O x=1

=0

at

12

Now, g''(x) = — 6 < 0 and hence,
x =1, g(x) (slope) will have maximum
value.
O[g(1)]pex = =3 %1+ 6(1)+ 9=
39 Given,
ab=2a+3b 0 (a-3)b=2a
0 p=_24
a-3
Now, let z=ab = L.ZS

On differentiating w.r.t. x, we get

dz=2[[a—3)20—az]:

2[d - 6dq

da (a -3}
For a minimum, put d—z =0
da

0 &-6a=0

O a=0,6
d*z .

Ata =6, — = positive
i’

When a=6, b=4

0 (ab),, =6x4=24

‘min

40

-+ Perimeter of a
sector = p

Let AOB be

the sector with Q
radius r.

If angle of the

sector be O radians,

then area of sector,

A=1rg
2

and length of arc,s =r6 0O 8= §

0 Perimeter of the sector
p=r+s+r=2r+s

On substituting =

2A

=R BEe oo o2t

(a -3y

r

.(i)

Sin Eq. (i), we get
r

Now, on substituting the value of s in

Eq. (ii), we get

p=2r+§ziﬁﬂ 2A=pr-2r
r

On differentiating w.r.t. r, we get

dA
2—=p-d4r
dr RS
For the maximum area, put
@y,
dr
O p—4r=20
r=P
4

2



SESSION 2

Clearly, f'(x)changes its sign at x = = 1
from positive to negative and so f(x)has

So,atv = \/E the speed is most
a

1 Let radius vector is r. local maxima at x = — 1. economical.
Or=x+y Also, f 0) does not exist but f'(07)< 0 [0 Most economical speed is
, a v , O & 0 and f'(0")> 0. It can only be 1nferred
0 rl:yzi_ybz-"yl BF+7:1E that f(x hasaposs1b1htyofam1n1mum C:a\E+b\E:2m
at x = 0. Hence, it has one local maxima a b
For minimum value of r, at x = — 1 and one local minima at x = 0 1
der’) _ 00 _2yb'd +2y=0 So, total number of local maxima and € =2 2 x 1800 =2 x 30
dy (y* -b*} local minima is 2. O ¢ =60

0 y*=bla+b)
0O x =daa+b)
0O r*=(+bf0r=a+b

6 Total length =2r + r6 =20 0% -2],-1< x<+3

Hx &. ..
‘ 8f[x]D\/§3x2[
B
Y

2 Bold line represents the graph of
v = g(x), clearly g(x)has neither a
point of local maxima nor a point of r r

-x2/3<x<4

local minima.
‘ /2 y=2-2|
| Y a \
| 3 |
! y =x2~4lx| ) Lomnen 1 ‘ !
_20-2r X 3 v L4 X
P\ o U O=—— -0 Vo V3 23
_6 -4 Now, area of ﬂoxl/ver—bed, y=3-x
A=-1 Y
2 From the above graph,
l 0-2r .
o L 0 A= g;g Maximum occurs at x = 0 and
3 Clearly, f(x)in increasing just before 2 r minimum at x = 4.
x = 3 and decreasing after x = 3. For 0 A=10r -r* 0x + x +3x+sin x|
x = 3to be the point of local maxima. O dA _ 10— or B o X£0
f®)=z f3-0) dr B gﬁi *sin @g@
0 -15212-27 + log (@ —3a+ 3) For maxima or minima, put%= 0. S| 0, x=0
O 0<d-3a+3<10 1sas2 dr )
0 10-2r=00r=5 Let g(x)=x"+ X +3x +sin x
4 (Slope) f'(x)=e" cos x + sin xe* 20 - 2(5)0 g'(x)=3x" +2x+ 3+ cos x
=e*V2 sin (x + T74) d Ape = (5 7————
. 2 H 5 8 =3 ﬁ# Xy 1@+ CoS X
=2 {sin (x + T74) 1

+cos (x + TU4)} =_—x25x2=25sqm

=2e” [$in (x + T/2)
For maximum slope, put f''(x)= 0

C“N

2
O
=3§x+1§ +§D+cos x>0
o) 39

7 Let c =av + —

v
O i + 12) = . 1
sin (x + ™. )_ When v = 30km/ h, thenc =% 75 and2 <3 + sin E‘ﬁ<4
O cos x=0 b Ix
0 X =T/2,31/2 g 75=30a+ 20 - (i1) Hence, minimum value of f(x)is 0 at
f'(x)=2e" cos (x + T/2) x=0.
When v = 40 km/h, thenc¢ =% 65 o
fr(m2) = 2e* [kos TT=—ve b Hence, number of points = 1
. . - 0 65= 40a + ..(ii) _ o _
Maximum slope is at x = T0/2. 40 10 According to given information, we

BE+xf-3<xs-1 On solving Egs. (ii) and (iii), we get have

5f(x=0 2 X1 —1< x<2 a= 1 and b =1800 Perimeter of square + Perimeter of circle
g3 ’ 2 = 2 units
y On differegniating w.r.t. v in Eq. (i), 0 4x + 2T0 =2
7C:a_72 O :1—2X ()
A dv v n

For maximum or minimum ¢,3 Now, let A be the sum of the areas of

X /\ X de _ 00 v=+ \/E the square and the circle. Then,

=) 0>/(—%, 0 [0 dv A= X+
d’c - b =x + nw
(-3,0) S ? ( 70 ,
Y 0 A(X)zxz+w

1



Now, for minimum value of A(x),

da _
dx
0 2x+ 2(-2x 0-2)=0
Tt
0 X:2—4}(
1
X + 4x =2
u| x=_ 2 (i)
T+ 4
Now, from Eq. (i), we get
1—2DL
_ T+ 4
r=
T
_Tm+4-4 1
= - "= .. (iii)
T+ 4) T+ 4
From Eqgs. (ii) and (iii), we get
X =2r

11 We have,
fx)=x+ Landgx)=x-1
x X

0 hx= &
g(x)
12
Xz+i -—q+2
0 h(x)= f:ﬁx Xﬁl
xX-= x-=
X X
o e 432,
T
1 1 2
—— Cx — — O | o
x ;f”@" XEJ'X_l (242, =)
X
X—l<0,
X
@X-l§+ 2 (-, 242
X x -

1
X
0 Local minimum value is 2v/2.

12 Consider the function

_ x
1= 500
iy = o (400 = xT)
F=x (x* + 200¥
when x = (400)'”, (- x £ 0)

x=(400)" - h0O f'(x)>0
x =(400)" + hO f'(x)< 0
0 f(x)has maxima at x = (400)'"*
Since, 7 < (400)'* < 8, either q, or q, is
the greatest term of the sequence.
_ 49
" 543
8

and a, = —
89

13

14

and ﬁ> 8

543 89

0 a= 49 i the greatest term.
543

f(x)=x"-307-a)x -39-d)x+2
f'(x)=3x" - 6(7 - a)x - 3(9 — a)
For real root D 2 0,
0 49+ d -14a+9-d =20

58
0as —

14
For local minimum
f'(x)=6x-6(7-a)>0

O 7-X
has x must be negative
O 7-a<0

O a>7

Thus constradictory, i.e., for real roots

a< 38 and for negative point of local
14

minimum a> 7.
No possible values of a.

From the given figure coordinate of Q is
(-1,0)
The equation of circle centre at Q with
variable radius r is

(x+1f +y* =1 (i)
This circle meets the line segment QP at
S, whereQS =r
It meets the circle x* + y* =1at ...(ii)

or* -2 r
RE—S2

-0
myeys
o 2 u]

[on solving Egs. (i) and (ii)
A = Area of AQSR
=1x0s x RT
2

=%r %.Wl—rzg
[since, RT is the y-coordinate of R]

=%[rz\ 4-1%]

_8r-3r’

4,4 -1°

?zo,whenr[B—Srz]:Ugiving
r
_ |8
r=1°
3
4,/4 - r* (8 — 9r%)
-(8r-3r°) (z4r)
g dia 4-r
dr* 16 (4 - %)
2
When r= \/E, theni—?< 0
3 r

. . 8
Hence, A is maximum whenr = |—.
3

Then, maximum area
= 8 4 — E = ﬁ sq unit
4x3\ 3 9
Given,

P(x)=x"+ax* +bxX +ox+d
0 P'(x)=4x"+3ax’ + 2bx + ¢
Since, x = 0is a solution for

P'(x) = 0, then
c=0
0 Px)=x'+ax’ +bx +d ..(1)

Also, we have P(- 1)< P(1)
O1-a+b+d<1+a+b+d
] a>0
Since, P'(x)= 0, only when x = 0 and
P(x)is differentiable in (- 1, 1), we
should have the maximum and
minimum at the points x = = 1, 0 and 1.
Also, we have P (- 1)< P(1)
0 Maximum of P(x) = Max {P(0), P(1)}
and minimum of P (x) = Min
{P (= 1), P(0)}
In the interval [0, 1],
P'(x) = 4x* + 3ax’ + 2bx
= x(4x* + 3ax + 2b)
Since, P'(x)has only one root x = 0,
then 4x* + 3ax + 2b = 0 has no real
roots.
O (3af -32b<0
0 9a <b
32

O b>0

Thus, we have a> 0andb > 0.

0 P'(x)=4x" + 3ax’ + 2bx> 0,

0 x0(0,1)

Hence, P(x)is increasing in [0, 1].

0 Maximum of P(x) = P(1)

Similarly, P(x)is decreasing in[-1, 0].
Therefore, minimum P(x) does not
occur at x = - 1.



