Ex 18.1

Maxima and Minima 18.1 Q1
fix)= 4x?_dx+4 on R
=4x? - 4 +143
=(2x-1)%+3
(2x-1)° =0

=  (x-1)7+323
1
Fix)e F|=
= () [2]
Thus, the minimum walue of F (x) is 3 atx = %

Since, #{x) can be made aslarge as we please. Therefore maximum wvalue does not
exist g

Maxima and Minima 18.1 Q2

* The given function is fix) =— (x — 12 + 2
It can be observed that (x — 1 = 0 for everv x € R.
Therefore, fix) =—(x — 12+ 2 < 2 forevavx €R.
The maximum value of fis attained when (x — 1) =10.
x-D=0=2x=1
~Maximum value of f=f{1)=— (1 — 1P+ 2 =2
Hence, function f does not have a minimum value.

Maxima and Minima 18.1 Q3



Fix)=l+2 onR
e +2|= 0 forx e r
= flxjzoforalxer
So, the minimum value fo[xj is 0, which attains atx = -2

Clearly, f{x) = |¥ + 2| does not have the maximum value.

Maxima and Minima 18.1 Q4

hix) =sin2x + 3
Welnow that — 1 =sin 2x = 1.
=—-1+53=simn2x+5<=1+5
=4=sin2x+3=6
Hence, the maximum and minimum wvalues of /1 are 6 and 4 respectively.

Maxima and Minima 18.1 Q5

Ax) =lsindx+3|
Welmow that —1 =sim4x = 1.
=2<=sindx+3<4

=2 =lsindx+ 3

=4

Hence, the maximum and minimum values of fare 4 and 2 respectively.
Maxima and Minima 18.1 Q6

f(xj =2x¥+5 on R

Here, we observe that the values fo(x) incorease when the values of x are

increased and f(xj can be made as large as possible, we please,

So, f(x] does not have the maximum value,

Similarly f (x) can be made as small as we please by giving smaller values to x,

Sa, f(x) does not have the minimum value.

Maxima and Minima 18.1 Q7
gy =—|x+1]+3

Welnow that —jx+1| < 0foreverv x€ R.

Therefore, g(x) = —|x + El +323 forevavx € R
The maximum value of g is attained when|x + l| =0
x+1l=0

= xr=-]

~Maximum value of g=g(—1) = —|-1+1+3=3

Hence, function g does not have a minimum value.

Maxima and Minima 18.1 Q8



Flx) = 16x7 - 16x +28 on R
= 1657 - 16x + 4+ 24

= (4x -2 + 24
O,
(4)(—2)220 for all x = 8
= (4 —2)° +24 2 24 for all x <R
1
= Flxlzfl=
02 7(3]

Thus, the minimum value of £ (x) is 24 atx =

P =

Since f{x) can be made as large as possible by giving difference values to x,

Thus, maximum wvalues does not exist,

Maxima and Minima 18.1 Q9

f(x)=x3—1DnR

Here, we observe that the values of f(x) increases when the values ofx are
increased and F(x) can be made as large as we please by giving large values to .
So, f(x] does not have the maximum value.

Similarly, f[x) can be made as small as we please by giving smaller values ta x.

S0, f(x] does not have the minimum value.



Ex 18.2

Maxima and Minima Ex 18.2 Q1
Fx)=(x-5)°
Fx) = 4(x-5)°

For local maxima and minima

flixi=0
= 4(x-5° =0
= ¥-Eb=10
= =5

f'{x) changes from -wve to +wve as passes through 5.
So, ¥ =5 is the point of local minim a

Thus, local minimum value is #(&8) =0

Maxima and Minima Ex 18.2 Q2



g(x)=0=23"=3=>x=¢#l

g'(x)=6x
g'(1)=6=0
g'(-1)=-6<0

By second derivative test,x = 1 is a point of local minima and local minimum wvalue of gatx =1

isg(l)=1-3=1-3=-2 However,
x==—11is a point of local maxima and local maximum value of g at
x=—-lisg(})=CIP -3 D=—-1+3=2

Maxima and Minima Ex 18.2 Q3
Flx)=x?(x-1)°
Frix) = 32 (x - 1%+ 257 (v - 1)
=[x -1) {3;{2 [x-1) +2X3)
={x-1) {3;(3 -3x%+ 2)(3)
= (x - 1) {5x° - 3% ?)
=x2|:x—1)[5x—3)
For all maxima and minim a,
Flix)=0
= X2[X—lj[5x—3)=ﬂ
= K= IZI,l,E
=

atxw=2r (x) changes from +wve to - ve

E 1
5
W=

3 ¢ :
N is point of minima.

Aty =17F"(x] changes from -ve to +wve
X =1is point of maxima
Maxima and Minima Ex 18.2 Q4
Flx) = (x - 1) (x +2)°
Flix) = (x+2Y +2(x - 1) [x+2)
=lx+2)(x+2+2x-2)

=[x +2)3x)
For point of maxima and minima
flix)=0
= (¥ +2)=x3x =0
= x=0-2

Atx = -2 F'[x) changes from +ve to - we
¥ =-2 15 point of local maxima

Atx =0 f"(x) changes from - we to +ve

x =010z point of local minima

Thus, local min value = f(D) = -4

local max value = F{-2) =0,

Maxima and Minima Ex 18.2 Q5



)= (x-1)° (x +1)°
Flx)=3(x-17 (x+1 42 (% - 1) (x +1)
= (-1 (e 13 (0 + 1)+ 2x - 1))
= (% - 197 (% + 1) (55 + 1)

For the point of local maxima and minim a,

flixj=0
= (X—l)z(){+l)(5x+l)=|:l
= x=1,—1,—E
5

Here,
Atw=-1 f'(xj changes from +we to -wve sox =-1is point of maxzima.
s F

1. . .
Atw =- '[¥) changes from - wve to +we sox =-z is point of minima

1
T

Hence, local max value =0

- 3456
local min value= - ——

3125’
Maxima and Minima Ex 18.2 Q6
f(xj = x%-6x% 405 +15

f'(x)=3x2—12x+9

=3{x2—4x+3}
=3 -3)ix -1)
For, the point of local maxima and minim a,
flixj=0
= 3x-Fx-1)=0
= x=231
At x =-1, {'(») changes from +ve to - ve

x =1is point of local maxima
At wo=3, f'(x) changes from - wve to +wve

x =73 is point of local manima
Hence, local mag value = f(lj =19
local min value = £(3) = 15,

Maxima and Minima Ex 18.2 Q7
flx)=sin2x, D<x,r
Flix)= 2cos2x

Far, the point of local maxima and minim a,

flix]=0
= 25 = E,B—ﬂ
22
T 3x
= N o= —_—
4" 4
At = %, f'{x) changes from +we to - ve
Az . .
x o= e iz point of local maxima
3 ,
At = - f'ix) changes from - weto +wve
3r . ; s
x o= e is point of local minima,

Hence, local max value = f[%] s
local min value = f[BT’TJ = e

Maxima and Minima Ex 18.2 Q8



fixy=sinx—cosx. 0<x=<2n

f"(.‘r} =Ccosx+sinx

. 11 ?'r
f(x)=0=cosx=—sinx=tanx=—-1=>x e(0,2n)
f"(x)=-sinx+cosx
(3
In 3 1 1 e
1—J —5|n—+u:|s— ——=——F==—v2 <0
o 4 v2 W2
«f TK Tm | | =
7 [—J] —5|n—+ms— —=+—==v2>0
4 4 N2 N2
) 0 . 3;'[ . " - .
Therefore, by second derivative test, ¥ = 4 is a point of local maxima and the local maximum
n
value of fat ¥= =yl
(3w 3n 7 A 1 I~ 77
,?'| — |=s5in1——c0s—=—=+—== 2. However, x = i a point of local minima and the
4 4 4 V2 42 4
7 (TmYy . Tm T 1 1 —
local minimum value of fat x = Ll - Jfl— | = SN — —CO5— R iy et P
4 V4 4 4 V22

Maxima and Minima Ex 18.2 Q9
fixl=cosw, Dex<n

Flix)=-sinx

For, the point of local maxima and minim a,

flixj=0
= -sinx =0
= ¥ =0, and =

But, these twao points lies outside the interval [0, )

So, no local maxima and minima will exist in the interval [DJﬂ).

Maxima and Minima Ex 18.2 Q10
Flix)=2co52x -1

For, the point of local maxima and minima,

flixi=0
= 2cos2x - 1=
1 E:d
= COS2X = = =C0S—
2 3
= 2x=£,—£
3 3
k) k)
= X=—=,-=
=] =]
At X = —gJ f'(x) changes from - veto + ve
. . .
Bers == is point of local manima
At X gJ f'{x) changes from +veto - ve
-
x = = is point of local maxima

3

Hence, local max value = § i P
G 2
: b

local min value = f[— EJ =

Maxima and Minima Ex 18.2 Q11



flx)=2sinx — x, —

r\J|,:|

s
X =
2

For checking the minima and maxima, we have
fllx)=2cosx —1 =0

1 T
= [C0S¥X =— =C05—

2 3
ay—_ LT
3’3
At x = — %,f(x] changes from —ve to + ve
=x=- % is point of local minima with value = —ﬁ— %
At x = %,f[x] changes from +ve to + ve
=X = % Is point of local maxima with value = ﬁ— %

Maxima and Minima Ex 18.2 Q12

() =T b (1) =T e

2V1-x 21-x
_2(]—.\‘)—.1:_ 2-3x
T 2. 20-x
.f‘(x)=u:>;ﬁﬂzz-spo:»x:%
. -1
N K i, 73
f(x)gi P—=x
Jl—_x(—3)+(2—3x)[i.ﬁf;)
B 2(1-x)
. 5(1-x)+(2-3%)
4{2-.\');
_ 3_\'—4“
4(1-x):

3 4["2]324[;]3_2(;]3”

Therefore, by second derivative test, x =-§—is a point of local maxima and thelocal maximum

f,[_z_]f[i]_'* 24 -1

value of fat x:% is

Maxima and Minima Ex 18.2 Q13



We have,
Fla)=xlax-1)°
F{x) = 32 (2 - 1) + 3x% (2 - 1) x2
= 3% (2x - 1)7 (2% - 14 2x)
= 3% [ - 1)

For, the point of local maxima and minima,

flixi=0
= 3x% [4x -1)=0
= X=D,l
ES
At X = %, f'(x) changes from - ve to + ve
L. . L
TR 5 is the point of local minim a,
) 1 -1
local min value = | = | = —.
4 L1z
Maxima and Minima Ex 18.2 Q14
Wwe have,
f(xj=i+g,x>0
2 X
1 2
flix)==-—=
I: ) 2! X2
Faor the point of local maxima and minima,
flixj=0
—  Sesitamp
2 2
= x¥2-4=0
= x = %, -4
= N=2-2
At % =2, f'[x) changes from -veto + ve

x =2 is point of local minima,

local min value=#(2)=2,

Maxima and Minima Ex 18.2 Q15

o B
g(x)=0= " —0=x=0
(v +2)

Now, for values close tox =0 and to theleft of 0. g_:'{ v} > 0. Also, for values close tox=0and to

theright of 0,g'(x) < 0.

Therefore, by first derivative test, x = () is a point of local maxima and the local maximum wvalue



Maxima and Minima 18.3 Q1(i)
Flx)=x% - 62x7 +120x + 9
Flix)=4x®-124x +120 =

Ex 18.3

4{x3 — 3w+ 30}

FUix)=12x% - 124 = 4{3x2 - 31)

Faor rmaxima and minima,
flix)=0

= 4[x* -31¢ +30)= 0

= 4[x* - 31x +30)= 0

= x=51-6

o,
FU{s)=176> 0

= ¥ =5 is point of local minima
FUl=-112<0

= x =1is point of local maxima
FU(-6)=308>0

= x =-6 iz point of local minim a
local max value = £(1) = 68

local min value = #(5) = -316
and = f(-6) = -1647.

Maxima and Minima 18.3 Q1 (ii)



We have,
f(x):x3—6X2+9X+15
Flix) =3 - 12x +9

=3[x2—4x+3)
Fllix)=fx-12
=6(x-2)
For maxima and minim a,
Flix)=10
= 3{x2—4x+3)=tl
= 3x-3)(x-1)=0
= x=231
Mo,
Fr(3)=6>0
x =3 is point of local minim a
Frl)=-6<0

x =1 iz point of local maxima

local max value = £{1) = 19

local min value = #{3) = 15,

Maxima and Minima 18.3 Q1 (iii)
We have,

Flx) = (x - 1) (x +2)°
Fiix) = (r +2) 42 (x - 1) (x +2)
)

=(x+2(x+2+2x0-2)

=[x+ 2)(3x)
and, F"(x)=3(x+2)+3x
=6x+06
Faor rmaxima and minima,
f'ix)=0
= 3x(x+2)=tl
= x =0,-2
N oy,
f'o)=6=0
x =0 ispoint of local minima
fr-2)=-6<0

x =-2 1z point of local maxima

local max walue = (-2 =10

local min value = £(0) = -4,

Maxima and Minima 18.3 Q1(iv)



2
f ===, o
(X) S X >
-2 4
Flix)= +—
()= Z+75
4 12
and, ¥f"[x S E e
(x)= 13- 3
Faor maxima and minima,
flixj=0
-2 4
= —+—=10
PR
- —2(x3—2)=0
x
= =2

O,

f"(g)_i_E_i_E_j<D
s s 2 4 4

x =215 point of local maxima

local max value = f[z) = %

Maxima and Minima 18.3 Q1(v)
We have,

fix)=xe*

flixi=e" +xe* =" (¥ +1)

flix)=e(x+1)1+8”

=& (x+2)
For maxima and minima,
Flix)=0
= ef ¥ +11=10
= x=-1
Mow,

1
fri-1=eltl=Z>n
(1)=& - 2
x = =115 point of local minima

Hence,

local min value = £(-1) = _—1

Maxima and Minima 18.3 Q1(vi)

We have,

f(x)=£+3,x>tl
'S
, 102
f (X)=§_X_2
4
and, f'"[x)=—
()= 55
For maxima and minim a,
flixj=0
1 2
—-—=0
= 52
x2-4
= =0
22
= x=2-2
o,
f"(2)=%>0

x =21z pointofminima
We will not consider » = -2 asx =0

local min value= £({2) =2,

Maxima and Minima 18.3 Q1(vii)



We have,

f(x)=[x+1)(x+2)%, Kz -2
f'(x)=[x+2)'3+%[x+1)(x +217F

= [x +2)%?(x +2+%[x +1)]

= E(X +2)__32(4x +7)

iy

2 = 1 =
and, iz S+ 21T (A + T+ =[x+ 217 x
d, o £x) g( 2)3 (4 +7) 3[ 2} 4

For maxima and minim a,

Flix)=0
1 =
= E(X+2:]3 (4 +7)=10
7
= ¥=-_
4

o,

-7 . . L.
X = - is point of minima
local min value = f[;] = j

Maxima and Minima 18.3 Q1 (viii)

We have,
Fla)=ny32-x%,-5sxss
Fris)=ya2 - w2+ — 2 (- 2x
()= N (-2x)

2(32-x2)- 22

232 - x®
_ B4-4xt
2432 - x2
-2 (64 - 457
2432 - %7 x(—BXjM x[-2x)
" 2432 - x?
and, F'ix)= -
4[32—x }
-4[32-x2]xax+4x{54-x2)
= 3
8{32—x2)§
For maxima and minima,
Flix)=0
4{16—X2)
= —_— =10
2432 - &2
= x = 14
T O,
Fo(d) - 4x4(64-16- 8x3§+8x16) <o

8(32-18)2

x =4 ispoint of maxima

Maxima and Minima 18.3 Q1(ix)



Local Maximum value = fi4)

=432 -4°
=4y/32-16
=416

=16
Local minimum at x = —4;
Local Minimum value = fi—4)

= 4432 (-4)
= -432-16
416

=-16
Maxima and Minima 18.3 Q1(x)
z
a
F - =
[#) X+X
2
3
flix)=1- —
()= 1- 5
23°
Fl'ix) = —
()= =5
For maxima and minima,
Flix)=0
2
a
= 1-—=10
Wz
= xZ-5 =0
= N =3

o,
" 2
f'llal==>Dasa>0
a
x = ais point of minima
f"(—a)=£<ﬂ asa >0
E]
x = -3 is point of maxima
Hence,

local max value = f[—a) = -2a3

local min value = 7(3) = 2a,

Maxima and Minima 18.3 Q1(xi)



242 - &7
_ 2-2x®
g
P-—zxz}zx
NI (4] + ——xxs—
£ _ 2—)*.’2
(x)=

=)

_ —{2—x2)4x+4x—4x3

3
- )2
For maxima and minima,
flixj=0
2f1-x2
O et
N2 - %2
= x=*1
O,
')« 0
= ¥ =1is point of local maxima
f'i-1=0
= x =-11is point of local minima
Hence,

local max value = f(l) =1

local min value = £(-1) = -1,

Maxima and Minima 18.3 Q1(xii)

Fla)=x+41-x
Fix)=1- 1 2yl-x-1
24/1-x 241-x
_ 241-w -1
2{1—;{[ ! ]+{ )
f'(){)= -u'rl—X '\Illl—X
41-x)

For maxima and minima,

Flix)=0

&h—x—l_n

21 -x
= \1"1—X=%
= x=1—£=§

4 4

T O,

(2o

4
3 . .

= X=Z i point of lozal maxima
Hence,

3 g
local max value=f| ===,
4] a4

Maxima and Minima 18.3 Q2(i)



Fx) =[x - 1) -2)°
Flx) =[x -2)° +2(x - 1)(x - 2)
r-2)[x -2+2x-2)
(x-2)(3x -4

' x)= (3 -4)+3[x -2
For maxima and minima,

f'(x)=l:|
= (¥ -2)(av-4)=0
= ;{=:2,j
3
Mo,
£(2) > 0

¥ =2 is local minima

r(3)--2<o0
3

4 . . )
¥ = — ispoint of local maxima

4
local max value =¥|—|=—
3 27

local min value = f[2j =0.
Maxima and Minima 18.3 Q2(ii)
Flxl=xAl-x

f'(x)=m+2 2 (1)

-
~ 2(1-x)-x
2-|'|1—X
_ 2-3x
2af1-x
(2 -3x)
2441 - x [-3
£ _ [ )+ \ll—X
()=
4{1-x)
For maximurm and minimurm,
Flixi=10
= 2-3x -0
21—
2
= ¥ ==
3
o,

W

g

Moo=

<o

iz point ofm axima

| ra

2 2
local max value = f{ J

37 3E
Maxima and Minima 18.3 Q2(iii)



2

Flx)=-(x
Frix) =

—1)3[x +1
=-3x - (x + 17 -2 (x - 1% (x 1)
(¥ -1) )
(3 117 [x + 1) (B +1)

Frix)=-2(x - O(x + (5% +1) - (v - D7 (5 + 1) - 5(x - 17 [x + 1)
For maximum and minimum wvalue,

Flix)=0

2(;(+1 (3% +3+2x - 2)

= —(x—l)z(x+1)(5x+1)=tl

1
= x=1,-1,-=
5

MO,
Fl'ity =0
x =1izinflection paoint
FU'-1)=-d4x-4=16>0
» =-11is point of minima

P i DY - e s P
5 25)"5 " s

-1 . )
X = - is point of maxima

Hence,

1 2456
local max value = f|-=|= ——
5 3125

local min value = f(—l) =0,

Maxima and Minima 18.3 Q3
We have,

y = alogx + bx? +x

o
LAY THVNE |
dx X
2 —_
and o‘_}; = —i+2b
=28 X
For maximum and minimum wvalue,
¥ _ g
dx
3
= —+2bx+1=10
x
Given that extreme value exist atw = 1,2
= a+2b=-1 -
Ziab=-1
2
= 248h=-2 - i}
Salving (i) and (i), we get
-2 -1
o
3 &}

Maxima and Minima 18.3 Q4



T .oy logx
I'he given function is /' (x) = ——.
x

(10
.\'| _|—|0g.\’

i |-logx
Fx)= - J‘:; = {-.h -

-
Now, f(t J=10

=1-logx=0

= logx=1
= logx=loge

—x=e
1)
x| —= |—[I—I0g.\‘}{3.\']
NG}W’,_J""“ {1) _ LooX ) -
¥
X 2x(1-logx)
= =
_ —3+2logx
¥
—34+2loge -3+2 -
Now, f"(e)= 2 _'.ngt = JTh: J <0
e e ¢

Therefore, by second derivative test. /7 is the maximum at x=e.

Maxima and Minima 18.3 Q5

ES
f(X)= X4+ 2
f'(x): -4 Z+1
(= +2]
LI p——
(x+2)
For maximum and minimum wvalue,
Flix)=0
= i2+1=0
[x+2)
= (x+2)2=4
= xZ4+4x =10
= X(X+4)=D
x=0,-4
Mo,
frim=1-0

x =0 iz point of minima
FU'i-41=-1<0
¥ = -4 is point of maxima

local max value = f(-4] = -6

local min value = £{0) = 2,

Maxima and Minima 18.3 Q6



We have,
¥ = tanx - 2x

y'=seciy -2
v ' = 2 sec? x tanx

For maximum and minimum wvalue,

y'=no
= seclyx =2
= secx=ir-.f§
x 3=
= No=——
4 4

y"[%):tt}ﬂ

T ) .
X =7 is point of minima
aT
"= |=-4<0D
(%)

3n . . .
¥ = >y is point of maxima

Hence,

rnax value=f 3 =—1—3—ﬂ
4 2

min value = :“'[EJ -

4 2
Maxima and Minima 18.3 Q7
Consider the function
Fl)=x®+ax®+bx+c
Then f'{x) = 3x* + 2ax + b
It is given that f{x) is maximum at x =- 1,
L1 = 3(-1 + 2a(-1)+ b = O
= f{-1)=3-2a+b=0..(1)
It is given that f{x) is minimum at x = 3.
S (3 =33 +2a(3)+b=0
=f(3=27+6a+b=0..(2)
solving equations (1) and (2), we have,
a=-3and b=-9
Since f'{x) is independent of constant ¢, it can be any real number,



Ex 18.4

Maxima and Minima 18.4 Q1(i)

The given function is / (x)=4x~ -Ij-x:.

o f(x)= 4%(2_:]:4—3;
Now,

F(x)=0 = x=4

Then, we evaluate the value of f at critical point x = 4 and at the end points of the
interval| 2, 2 .
2

1
_f(4]=16—§(|6)=16—3=8

f(_z):_s_%@}:_s_z:_m

I 2 =4 2112 m]S—EmIS—IO.IIZSm?.S?S
2 2] 2\2 8

Hence, we can conclude that the absolute maximum value offon[_l 2:| is 8 occurring atx =4
2

and the absolute minimum value of fon [_2, gj| is —10 ocowrring atx =—2.
2

Maxima and Minima 18.4 Q1(ii)



The given ﬁﬁlc’tionis f[.x}=(x—|]: +3.

S (x)=2(x-1)
Now,

S(x)=0=2x-1)=0=x=1

Then, we evaluate the value of f at critical point x = 1 and at the end points of the interval [-3, 1].
F)=(1-1) +3=0+3=3

F(=3)=(=3-1) +3=164+3=19

Hence, we can conclude that the absolute maximum value of fon [-3, 1] is 19 occuming atx =

—3 and the minimum value of fon [-3, 1]is 3 ocowrring at x = 1.

Maxima and Minima 18.4 Q1 (iii)

Let fx) = 3x* — &3 + 122 — 48x + 25.

s (x)=12x" - 245" + 24x - 48
=12(x" - 2x" +2x -4}

12[ 5" (x-2)+2(x~2)]

=12(x-2)(x*+2)

Now, 7'(x)= pgivesx =2 or x*+ 2 = 0 for which there are no real roots.
Therefore, we consider onlv x =2 [0, 3].

Now, we evaluate the value of fat critical point x = 2 and at the end points of the interval [0, 3].

£(2)=3(16)-8(8)+12(4) - 48(2)+25
=48 —64+48-96+25
= -39
£(0)=3(0)-8(0)+12(0)-48(0)+25
=25
£(3)=3(81)-8(27)+12(9) - 48(3)+25
=243-216+108-144+25=16

Hence, we can conclude that the absolute maximum value of fon [0, 3] is 25 ocowrring atx =10

and the absolute minimum value of fat [0, 3]is — 39 occurring at x= 2.

Maxima and Minima 18.4 Q1(iv)



f{x):[:x—z)m
= f'(x]:ﬁ+(x—2)ﬁ

Put f'fx]=0

= A= 14 Y2 g

2«!')(—1
2 — —
I ) Rl Glelc) B
2w =1
- 3X_4=D
2afx -1
4
= ==
3
TN oy,
f{y=no

f[4] [4 ] f4 4-6 -2  -z2.5
B I A O L O Pl
3 3 3 33 33 2
Fl9)=(o-2)y8-1=7,8=142
The absolute maximum value of f{x) is 14\5 at x = 9 and the absolute

-2.43
9

EltX=j.
3

minimum value is

Maxima and Minima 18.4 Q2
Let flx) = 2x° — 24x + 107.

S f(x)=6x"~24=6(x"-4)
Now,
f(x)=0 =6(x-4)=0=x" =4=x=42

We first consider the interval [1, 3]

Then, we evaluate the value of f at the critical point x =2 € [1, 3] and at the end points of the

interval [1, 3].

ADN=2E)-24(2)+107=16—-48+ 107=75

AL=2(1)—-24(1) +107=2—-24+ 107 =83

f3)=2027)—24(3)+ 107=54 72+ 107 =89

Hence, the absolute maximum value of f{x) in the interval [1, 3] is 89 occumring atx = 3.
Next, we consider the interval [-3, —1].

Ewaluate the value of fat the critical pointx =—2 € [-3, —1] and at the end points of the interval
[1.31

A3)=227)-24(3)+107=-54+72+107=125

Maxima and Minima 18.4 Q3



F(x)=cos® x+sinx
F'(x)=2cosx(~sinx)+cosx

~25in X Cosx +cosy
Now. f"(x) =0

=> 28INXCOSX = COS X => cos.r(?sin_r—l_} =1

= sinxy=— or cosx =10

bd | =—

o= E_ or I asx e [U.Tt]
6, il

n T
Now, evaluating the value of f at critical points ¥ =7 and x = o and at the end points of the
& i)

inter\—'al[q}_n] (i.e., atx="0and x = n), we have:

. !_; -

I T ¢
=008 —+Sin—=

fi=
I\f‘,’ 6 6 :l.‘
F(0)=cos’ 0+sin0=1+0=1

s

f(m)=cos’ m+sinm={-1) +0=1

-
{

i

i
\

(SRR

;T LW
] cos’ —+sin—=0+1=1
), 2 2

3 T
Hence, the absolute maximum value of fis n occurring at ¥ = 6 and the absolute minimum

) i n
value of fis 1 occurning at ¥ = (J,';;-Hﬂdﬂ.

e

Maxima and Minima 18.4 Q4

We have
a1
fz)=12x3 -6x3
1
. z o2 2(sk-1)
fix)=16%39-— = 5
w3 w3

Further naote that Fl(x) isnot defined at x = 0.

So, the critical points are ®x =0 and % =

an ) =

Ewvaluating the valueof f at critical points x = D,% and at end points of the
interval ¥ =-1and x =1

f-=12(-1% - s(-1)% =18

f(0)=12(0)-6(0)=0
(&)

fi1) = 12(1)%_6[1)% =6

Hence we conclude that absolute maximum value of fis 18 at x=-1

and absolute minimum wvalue of fis %atx = 7

Maxima and Minima 18.4 Q5



Given,

fx)= 223 1507 v 38n+1

f () =6x% - 30x +36 =6(x% - 5x +6) = 6[x - 2)(x- 3
Mote that f'(x) =0 gives x =2 and % = 3
We shall now evaluate the value of f at these points

and at the end points of the interval [1,5],
e atw=1,2,3 and 5

Atw =1, F(1) = 2[1%)-15[1%] +36(1)

5 ()
atw =2, f(2) =2(2%) - 15[2%)+36(2) +1 -29
Atx =3, f(3) =2[3%) - 15[3%| +36(3) + 1 - 28
Atw =5, f(5) =2[5%) - 15[5%) + 36(5) +1 = 56
Thus we conclude that the absolute maximum value of fon [1,5] is 56,

occurring at x=5, and absolute minimurm value of fon [1,5] 15 24 which
accurs at ==1,



Ex 18.5

Maxima and Minima 18.5 Q1

Let x and y be the two numbers.

Given thatx + v = 16 -]
Let s=xZ4yc -—={ii)
From (i) and (ii]

5] =X2+(15—X)2

ds
—_— =z Z115- -1
& ~2rsz(15-x)(-1)

=2x - 30+ 2%
= 4x - 30
MO, G‘.—S=IZI
ax
= 4w —30=10
15
= ¥ ==
2
Since,
2
95 4w
axE
15 . . L
M= = is the point of local minima
Sa, from (i
15 1%
=15-2-2=
¥ 2
. 15 15
Hence, the required numbers are ERER

Maxima and Minima 18.5 Q2



Let x and y be the two parts of 64.

X +y =64 - i
Let g =xF 4y’ - i}

From (i) and (ii], we get
g =X3+(64—Xj3

as e 2

a=3X +3 (64 - 217 x([-1)

3x2—3[4096— 128y +x2]

-3{4096 - 1285

Faor rmaxima and minima,

as

= -0

e
= -3[4096 -128x)=10
= x =32
Mo,

2
d_;= 38450
ax

x = 32 15 the paint of local minima.

Thus, the two parts of 64 are [32,32),

Maxima and Minima 18.5 Q3



Let x and y be the two numbers, such that, x, v 2 -2

1 .
;{+y—E (i
Let S=x+y® - {ii)

Fram (l) and (ii)J weget

For maximum and minimum,

% o
dx
1 2
= —+ 3w -3x°=0
4
= 1+12x —12x% =10
= 12x%-12x-1=10
12 + 144 + 48
= M —_—
24
1
= x=—i£
2 24
1 1
= ¥=+__
2 43
- o 1t 1
2 J2'z R
Tl Oy,
2
d—82=3—E|X
ax
1 1 g% 1 1
At X=o-—2=, —==3|1- [—-—]
2 37 ax 2 3
= +i =2-.fr§>D
Na)
1 1 . . o
¥ == - is point of local minima
2 43
frarm i)

Hence, the required numbers are %— —

Maxima and Minima 18.5 Q4

and



Let » and v be the twa parts of 15, such that
¥+ y =15 =i
also, & =x?%3 -—={ii)

Fram (l) and (ii), weget
3 = x2(15 - x)°
rjr_i=2;([15—;()9‘—3)(2(15—x)2
= (15—x)2[3nx - 2x? —3)(2]

= sx (15— )% (6 - %)

For maxima and minima,

as

i
=  Sx(15-x)%(6-x)=0
= x =10, 15 &

Moy,
a3z z
d—2=5[15—x) (B-x)-5xx2 (18- x][6 - x) - Ex [15- x)
fi

z

z
Atx =10, di2= 1125> 0
ax

x = 0is point of local minima

d2
At x=15 Z>._9
ax
x =15 is an inflection point.
2
At x =6, d32=-2430<0
ax

¥ =6 is the point of local maxima

Thus the numbers are 6 and 9.
Maxima and Minima 18.5 Q5
Let » and  be theradius and height of the cvlinder respectively.

Then, volume (V) of the cylinder is given by,

V o= mth =100 (given)
100
'

soh

Surface area (S} of the cvlinder is given by,

, 200
§=2nr +2nrh = 200" +
’

S 00 S 400
;,i..q 200 o 4 ]

o ——. " +—
dr Feodr
A 200
9 g 200
dar e
. 200 50
f- — _—
4 T
1
{50
S et |
o

1
(500 d'S

2
L) dr

Now, it is observed that when r = (.



~Bv second derivative test, the surface area is the minimum when the radius of the cyvlinder

IR
— | cm-

W/

is

Wl _"f 50\ g oo 2x50 - (50 | i
\ T n|,fﬁ(] ]: [5(]}; (x) i T/
7 o

\

Hence, therequired dimensions of the can which has the minimum surface area is given by
H 1
r4

. _{50) , {503
radius=|{ | ¢m andheight=2 — | cm.
V) LA

Maxima and Minima 18.5 Q6
We are given that the bending moment M at a distance x from one end of the beam is given by
0] M = ﬁx - E;{Q

2 2

M _ WL
=8 2

For maxima and minima,

M g W oo x=Lt
@ 2 2
T O,
2
1w <o
e
Lo . )
o= 2 iz point of local masxim a.
3
i) oae =M
3 3
aM W Wk ®
v 3 L2
For maxima and minima,
M gL oW o b
e 3 12 )
T O,
g™ 2w
v L2
LoodiM 2w
At ¥="m, —=-"= <0
\ﬁ ety \5!_
X o= - is point of local maxima
N
ad?s r
= _2=_£2
dx r
2
2"5<D
-
Hs =% is the point of local maxima
From (i)
y = r
N3
r ro .
Hence, x = —=,¥ = —= Is the required number.
20 NE

Maxima and Minima 18.5 Q7



Let apiece of length [ be cut from the given wire to make a square.

Then, the other piece of wire to be made into a circle is of length (28 — ) m_

_

4

Now, side of square

Let » be the radius of the circle. Then_ 2ar =28~/ =2 r= —EIH(ER - .’j‘

¥ 8

The combined areas of the square and the circle {4)is given by,

A =(side of the square,j:2 +

P | :
| (281
16“{211:( )}

TR ,
=TE+E;{{28_1)

dd 21 2 [
e = e e[ 2R = [ =1 ) == =
TR LA
2
d?4 0

1

5-(28-0)

11

— e —

dl 8 2n

Now, “_o = i—i—{zs—f)=0
di 8 2n

. al —4(28-1) o

8n
=(n+4)/-112=0
[= 112
n+4
Thus, when!/ = -1-!-?-'—, d-f\
n+4 dl”
. — . . 112
- By second derivative test, the area (4) is the minimum whenf=—4 .
m+

Hence, the combined area is the minimum when the length of the wire in making the square
is-—l-—l-%- cm while thelength of the wire in making the circle is 28~ 12 = 28n
w+4 n+d4 w+4

Maxima and Minima 18.5 Q8

Let the wire of length 20 m be cutintox cm and ¥ cm and bent into a square and equilateral
triangle, so that the sum of area of square and triangle is minimum .

T oy,
X+ =20 i)
x =4 and v = 33

Let g = sum af area of square and triangle

s=2+ X5 - (i}

- area of equilateral & = ?(Dne sidejz]



We have, 4/+3a =20
=4/=20-3a

_ 20-3a
==

From (i), we have,

_ 2
5:[20 aa] +J§ 5

= |

4 P

% 2[M][_—3] v2ax Y2

da 4 4 4

ds
To find the maximum or minimum, E =0

=2[@)[%ﬁj+2a xg =0

= —3(20-3a)+4ay3 =0

= -60+9a+4ay3=0

=90q +4a,/3 =60

»al9+4y3)=60

B0

T 9+4y3

Differentiating once again, we have,
2

s salE

=0

Thus, the sum of the areas of the square and triangle is minimum when a = _ 80
9+443
20-3a

4

o 20—3[jffﬁ]

180+ 8043 - 180
4o +4y3)
Lo _20¥3
9+443
Maxima and Minima 18.5 Q9

Let » be the radius of the circle and a be the side of the square.

We know that, | =

= | =

Then, we have:

27 +4a =k (where & is constant)
k—2mr
4

=a=

The sum of the areas of the circle and the square (4] is given by,

(% ~--2m‘)I
16
LA, 2(k-2mr)(-2n} zzm_n(k—hrr)
dr 16

A=m’+a’ =mw’ +

Now,ﬁ=0
dr

= 2 zM

Br=k-2nr



= (8+2n)r =4
k k
== =—
8+2n  2{d+m)

_-'._1 2
Now, i—._= 24+ 50
i 2

o When r = —— !L ——————— \ cr"4 =0,
2(4n ) dr
~ The sum of the areas is least whenp = L
2(4m )
' k T 2(4m ) E(dm e & 4k k
When r = e L -
2({d4= ) 4 44(m ) 44 = )4 »

= 2

Hence, it has been proved that the sum of their areas is least when the side of the square is

double the radius of the circle.

Maxima and Minima 18.5 Q10
AEBC is aright angled friangle. Hypotenuse b = AC =5 cm.

Letx and y one the other two side of the triangle.
x2+y2 =25 ———[i)

Area of AE8C = %BC = A8
= g —lx - {ii}
B ¥

From (lj and (ii)

8=lx E-x
2

ds _ £[4f25_){2 _L}
e 2 225 - 52

[25—){2—;(2]
W25- K2
_3[25-2;3]
2| os-x2
Faor maxima and minima,
ads
dx
1[25-2)(2}
= 222" _|=n
2| yfos -2

= =52

R

T O,
BT () (25- 2x%)2x
2h N [N F ——
@ 1 oufos 52
ax? 2 [25—}(2)
o B
at o5 @ _1l B
= , e
2 av 2 25
2
=-—=«0
2
M= S is a point local maxima
)Jz— 1

Maxima and Minima 18.5 Q11



ABC is a given triangle with 48 = 3, BC = b and £ABC = &,
AD in perpendicular to BC.

8D = as5ing
T O,

Area of AABC = %xBC x AD

1 . ,

= A =§bxasme =i

A 1

—— =_zhcosd

dg 2

Faor maxima and minima,

aa
a8
= —abCDSS-D
2
= cosgé =0
= 9=£
2
Mo w,
dA 1,
——=-—-absing
de® 2
z
st 8= 74 _laco
2’ ge®
g =g is point of local maxima

. 1 . 1
Maximum area of & = —absin 2 = Z ab,
2 2 2

Maxima and Minima 18.5 Q12
Let the side of the square to be cut off be x cm. Then, thelength and the breadth of the box will

be (18 — 2x) cm each and the height of thebox is x cm.
Therefore, the volume Fix) of the box is given by,

M) =x(18 — 2x)

V(x)=(18=2x)" ~4x(18~2x)
=(18~2x)[18 = 2x - 4x]
=(18-2x)(18-6x)
=6x2(9-x)(3-x)

3-x}

Maximum volume is V, =3=3x(18-2x 3)°

= V=3x12°
=V=3x144
= V=432 cm’

Maxima and Minima 18.5Q13



Let the side of the square to be cut off be x cm. Then, theheight of thebox is x, the length is 45 —
2x, and the breadthis 24 — 2x.

Therefore, the volume Fix) of the box is given by,

V{x)=x(45-2x)(24-2x)
= x(1080 - 905 —48x + 4x7)
=4x" —138x" +1080x
S V'{(x)=12x" —276x +1080
=12(x7 —23x+90)
=12(x=18)(x-5)
FT(x)=24x—-276=12(2x—23)

Nowzy'[x} =0 =x=18andx=73

Itis not possible to cut off a square of side 18 cm from each comer of the rectangular sheet.
Thus, x cannot be equal to 18.

ax=35
Now. F"(5) =12(10-23) =12(-13}=-156 <0

'+ By second derivative test, x = 5 is the point of maxima.

Hence, the side of the square to be cut off to make the volume of the box maximum possible is 3

cm.

Maxima and Minima 18.5 Q14
Let !, b, and h represent thelength, breadth, and height of the tank respectively.

Then, we have height (i) =2 m
Volume of the tank = 8m?
Volume ofthetank =[x b=k

nB=]=h=2

::Jb:él::sb:-‘—}

Now, area of the base=[b=4

Areaofthe 4 walls (4) =2k {I+ &)

Now, d—sz‘.}
dl
= 1—%:0



=]=42
However, the length cannot be negative.

Therefore, we have I =4.

p=titog
I 2
2
Now, d :! #2
dl |
z
When ! =2, d;m%m-h:{]

Thus, by second derivative test, the area is the minimum when [ =2
Wehave[=b=h=12.

~Cost of building the base = Rs 70 = ({5) = ERs 70 (4) = Rs 280

Cost of building the walls =Rs 2h (/+ 5) = 45=Rs90 (2) (2 + 2)
=Rs8(90)=Rs 720

Required total cost = Rs (280 + 720) =Rs 1000

Hence, thetotal cost of the tank will be Rs 1000.

Maxima and Minima 18.5 Q15
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Radius of the semicircular opening = %

.t
2
e
X

Itis given that the perimeter of the windowis 10 m.
X2y hn =10

2
::.-x[] +-g-]+2_v =10

:>2y=i[}—x[}+g]

l =
:}y=5—x[£+1]

~Area of the window (4) is given by,




= x(]+EJ =5
4
5 20
s — =
[ :f!] n+4
1+~
4
Thus, when x = 20 then _1 <0,
T+4 alx”

Therefore, by second derivative test, the area is the maximum when length x =
n+4

Now,

2
pos- R (2em) g @) o,

nidl 4 1+4  ned

Hence, therequired dimensions of the window to admit maximum light is given

by length = 20 m and breadth = m.
n+4

a+4

Maxima and Minima 18.5 Q16




A | B
The perimeter of the window = 12 m
= {+ 2by+ {1+ 1h= 12
= A+ 2b=12 0 ()
Let S = Area of the rectangle + Area of the equilateral 4
Fram (i},
- |{122—3I] L B

4

g5 6—3I+§I= 5—@{\5—%}

dl
For maxima and minima,
ds
=-0
dl
= 5—@[«4’_—%]|=D
G 12
= I T BB
B(E-1) °-
2
M ow, E:—«E[J——EJ=—3+£<D
diZ 2 2
12 = 3 ]
| = is the point of local maxima
6-3
Fraom (i),
12
12 -3
bo12-8 [5—J§J=24—5J3—
2 2 63

Maxima and Minima 18.5 Q17

A sphere of fixed radius (R} is given.

Let » and / be the radius and the height of the cvlinder respectively.

=4nrV R =1t - .——\—-——,—

-Hzr'(ﬂ’; - ]—L't.-"'
VR —r
darf’ b’

VRt

iV .
Now, —=0 = dnrR’ —6ar =0
dr



= o= _-3.”
) W4R2_18 2 _4 R="6 £ (“2")
o ay VR (R )k —ar), s
4 2 > 2
dr (R —-F )
(R: - ](4KRZ -1 Sn'r:]+ r'(é:r.r'lwl’2 ———Gm")
(% -7y
_ AR 2207 R + 120" +4nr’ R
(k2 -r)
Now. it can be observed that at p* = :?'-E-i,i:-—ii <0
3 Tdr

2
~The volume is the maximum when p? = mjm

: [ 28 [R 2R
When :gﬁ—zthe height of the cylinder is 2 R - =2 -
3 3 3\

Hence, the volume of the cvlinder is the maximum when the height of the cylinder is JE ;

Maxima and Minima 18.5 Q18
Let FFGH be a rectangle inscribed in a semi-circle with radius r,




Let! and b are the length and width of rectangle.
In AQHE
HE? = 0E® - OH®

2
= HE = b= 2-[1]
5

Let & = Area of rectangle
2
=lh=1x rz—[—J
z
s=tnfarz 2
z
2
i 1[\;—#2-;2 i f_}
ai 2 a2 _ 2
1{4«-24?—!1
2 4r? -2

2r?_g?

Jar? g2

For maxima and minim a,
ds
gl =0
2z
2 - g
f4r? -2

= [ =+ 2

Also,

a2
Z — =0 att = '\|’2_|'—
ai?

Sa, the dimension of the rectangle

2 S r
J'=~J§r,b= re-|=| = —

r

N

area of rectangle = fh = 2r x

=."2.

Maxima and Minima 18.5 Q19



Let» and /i be the radius and the height (altitude) of the cone respectively.

Then, the volume (I} of the cone is given as:

V:lnrzh:bhzir;
n ¥

The surface area (5) of the cone is given by,

&=l (where [ is the slant height)

=t +

. 9K g r\n"}:r{'-i— e
=mr|r + e
Ty e
! Z_ 6 2
=—~mr" + O
r

.u’_S: 2 / Z?ﬁq Pl
dr r
B L
B e f'nxrﬁ+9V2
2t 9P

2t -9y’
it ot
?*‘.Ictw,ﬁ =0= 20t =9 = = ng
dr 2n-
2 g
Thus, it can be easilv verified that when ¢ = EK?,gmg =1
n o drt
. . . 9F?
~ Bv second derivative test, the surface area of the cone is theleast when :--i-m-;—.
T

When r* =

1
72 - 2672 k]
LA [2n9r JZ- 3 N2 _Jar.

i o’ ot

Hence, for a given volume, the right circular cone of the least curved surface has an altitude
equal to /2 times theradius of the base.

Maxima and Minima 18.5 Q20
We have a cone, which is inscribed in a sphere.

Let v be the volume of greatest cone A8C. Ifis obvious that, for maximum
volume the axis of the cone must be along the diameter of sphere.




LetoD =% and A0 =08 =8

= BD =+RZ-xZ and AD = R + x
O,
v=lm’2h
3
1 2
= —gBD* = AD
3
1 2 z
=§ﬂ{R —x )x(R+X)

2
I
MIEAE

[—EX(R +x)+R2—X2]

[Rz - ¥R - :-wz]

For maxzimum and minirmum
v
il
[=2's
= E[Rz—sz—3x2]=D
3

= %[[R—Ex)[R+x)]=D

= B-3xw=00r%x=-8
- = R o =-R s not possible as, x = -2 will make the
3 altitude 0
Mo,
G“z
2 - Il-2r-6x]
ax? 3
At x-S ﬂ=f[—2R—2R]
3 gx? =
_ —4qi 0
3
o= % is the point of local maxima.

Maxima and Minima 18.5 Q21



Youme of the oone=%m’3n

=>V=l:r|:r2h
3

Squaring both the sides, we have,
2
We= [E :ru’th
3
- e o)
9

2
= P = %_...(2)

Consider the curved surface area of the cone.
Thus,

Z=aqrl

Squaring both the sides, we have,

Ci=773?

We know that 12 =2 + h?

= CZ=qn%? [r2 + hz}

= C?=x7r*+ 27h°

= C%=n%4 4+ o2 (From equation (2))
el g

Maxima and Minima 18.5 Q22
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ABC is an isosceles triangle such that AB = AC,
The vertical angle £BAC = 28
Triangle is inscribed in the drcle with center O and radius a.

Draw &AM perpendicular to BC.
- ABBC s an isoscales triangle the circumeoentre of the cirde will lie o
the perpendicular from A to BC.

Let O be the circumeoentre,

ZBOC =2x28 =48 .......[Using central angle theorem|
ZC0M =28 ... .[vAOMB and AOMC are congruent triangles]
Of=0B=0C=a.... [Radius of the drcle]

In ACMC,
CM = asin28 and OM = acos28

BC = 2CM...[Perpendicular from the center bisects the chord |

BC = 2asin2a.......... (1)
Height of AABC = AM = AQ + OM
AM=a+acos28........(2)

Area of ARBC is,
i
A== xBCx AM

Differentiating equation [3) with respect to &

dA _ a° [2c0828+1x4cos46J
de 2

da_ 2g° {cos 26+ cos 48)

de

Differentiating agin with respect to &
A . .
Z =28 (-2sin28- dsin4ds

For maximum value of area equating j—i; =0

25’ {oos 26+ cos 46) = O
cos28+ cosda=0

cos28+ 2cos®26-1=0
(2oos2e-1){200s28+ 1) =0

ccs28=% or cos28=-1

26=2 or2e=1x
3

T T
8=—= 0or 8= =
s 2

If 28 = n it will not form a triangle.

z
&
2

Also d—i is negative for 8= z
da 3]

L B=

Thus the area of the triangle is maximum when &= g
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Here, ABCD is a rectangle with width A& = » cm and length A2 = v cm.

The rectangle is rotated about AD. Let v be the volume of the cylinder so formed.

v =y i)
Again,

Perimeter of ABCD = 2{/ +b) = 2({x + ) (1)
= 36 = 2{x +v)
= wo=18-x (11

Fram [i} and (i), we get
v — g’ (18 -x])= 5[18)(2 —X3}

j_: = {36x - 3)(2)

For maxima or minirma, we have,

& g
ax
= n{35x—3x2)=0
= 3;;(12)( —xz) =0
= x[12-x)=0
= x =0 (Mot possible] or 12
¥=12cm
From (i}
¥y =18-12 =16 on
O,
a4y
G‘X—z =T [36 - E\X)
At (x=12Jy=5)ﬂ=x(35—?2)=—353<|:|
e
[ =12,y =6) is the point of local maxim a,
Hence,

The dimension of rectangle, which wiout masimum value, when
revolved about one of its side is width = 12 on and length = 6 cm.
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Letr and & be the radius of the base of cone and height of the cone respectively.

A




Let &0 = x
It is abvious that the axis of cone must be along the diameter of shpere for maximum volume of cone,

Mow,
In A800, 80 = J2% - x*
= 144 - x?
AD = AO+ 0D =R +x =12+ x
v = wolume of cone = %m’zh
1 z
= Vo= EJTBD w AD

= %5[144—)(2) (2 +x)

- %E[I?EB+144X —12x2—x3)

2:—; = %3(144—2%— ax )

For maximum and minimum of v,

av _
ax
= %,, 144—24x-3x2}=n
= ¥=-12,4
x =-12 is not possible
x =4
Mo,
2
d_i =Z(-z4-6x)
s 2
FRY
At =4, —— = -2g(d+x)
[e'g
=-25x8=-16r <0
x =4 is point of local maxima.
Hence,
Height of cone of maximum volume = R +x
-12+4
=16 cm.
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we have, 3 dosed cylinder whose volume v = 2156 cm®

Letr and k be the radius and the height of the cylinder. Then,
v = areh = 2156 --- (i

Total surface area= & = 2xrh + 217
= g=2ar(h+r) -—={ii}

Fram (i) and {ii)

5o 2156 =2 v or?
ds 4312
—_—=- + dar
ar ,r2

For maximum and minimum

ds
= _n
ar
—4312 + 4ar®
= —_— u]
r
2 4312
= =
4
= r=7
MO,
d%s 8624
— = — +4r >0 foarr="7.
ar r
r =7 is the point of local minima
Hence,

The total surface area of closed cylinder will be munimum atr=7 cm.
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Let r be the radius of the base of the cylinder and h be the height of the cylinder.
Livi = h.




Let R =543 cm be the radius of the sphere.

It is obvious, that for maximum wolume of cylinder ABCD, the axis of cylinder must be along the
diameter of sphere.

Let oL =X
h=2x

O,

InAACL, AL = +JA02 - 012

= 475 - 52

T O,

v = volume of cylinder = ar2h
= v o= g ALT ML
(75~ x?)xax

For maxima and minima of v, we must have,

av _ [150-8x%]-0
[el's
= x =5 on
G“z
Also, —I;= -12xx
[=2's

At x=5 —— =-60gx <0
ax

x =5 iz point of local maxima.

Hence,

The maximum volume of cylinder is= # (76 - 28) % 10= 500« cm?®,
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tet x and v be two positive numbers with

X py? o2 ()
Let S=x+Vy -=={ii}

S =x +rf-x? fram i)

d_s_ _ »

ax 2 _ o2

For maxima and minima,
as
ax

o & =
= x=orZ-x?
= 2X2=."2
roo-r
R

x By are positive numbers

o

= XN =

.
¥ = —=
N
2
2 Al -x® 4 =
o -
Alsa, == = ; i
[els re-x
P2
e
ig 2
2 ﬁ £
at, x= @B |__ &
JE iy 2 re <0
2

2

Since <0, the sum is largest when x =y =

d _r
dx® ﬁ
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The given equation of parabola is

e gy —()

Let #(x,v) be the nearest point on (i) from the point A(0,5)

Let 5 be the square of the distance of # from A
g =x?4(y-5) (i}

Fram (i},
S=dp+(y- 5)2
as

E=4+2(y—5)

For maxima or minima, we have

ds _
ady N
= 4+2[y—5)=D
= 2y =6
= ¥ =3
From i)
x2=12
¥ =t2.43
= P={2«f3_,3) andP'=(—2J§,3}
Mow,
aZs
F=2>D

£ and £' are the point of local minima

Hence, the nearest points are £ [2@,3) and P'{—EJEJ 3).
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Let P (x,¥) be apuointon
yE = ax (i)

Let & be the square of the distance between 4 (2,-8) and F.

g=(x-2)"+(y+8)° (i}
Using (i},
2 2
¥ z
S=[T_E] +(y+8)
as _[¥* y
E=2 T—E )(—+2|:}f'+8)
y3_8y+2y+16
4
2
= i1s
4

a5 _q
dy
3
= Y t16=0
4
= ¥ o=-4
Mo,
@’ _3y”
y: o 4
2
at ¥ o= -4, d—sz=12>u
¥
y = -4 is the point of local minima
From (i)
2
x=¥__4
4

Thus, the required point is (4,—4) nearest ta I:EJ—EI).
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Let P (x,¥) be apointon the curve,

2 gy (i)
Let A =(2,4) be a paint and
let g = sguare of the distance between £ and A
5 =[x -2) 4y - 4)° - {ii)

Using (i), we get
2
2 [ x®
g=[x-2) +[?—4]

2
d_s=2(x—2j+2[%— ]xz—x

dy g
[x2—32}x
2
Alsa, d—i: 2+L[X2—32+2X2:|
ax 16

=2+ %[3)(2 - 32]

Faor maxima and minim a,

a5 g
e
x[x2—32}
= 2(X—2)+—=D
16
= 32x B4+ x°-32x =0
= x¥-B4=0
= x =4
I o,
g%z 1

At K=4 —=2+4_—[16x3-32]=2+1=3>0
g Z 16

x =4 ispoint of local minima

Thus, 7 (4,2) is the nearest paint,
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Let #{x,y) be a point on the curve x% = 2y which is closest to A (0,5]

Let g = square of the length of AP

= g =X2+(y—5)2 -—={(ii)
Using (i),

S =2y + (y - 5)2

z—i=2+2(y—5)

Faor maxima and minim a,

a5 _

ay B
= 242y -10=10
= ¥ o=4
O,

2

d—s=2> u]

dy?

¥ =4 is the point of local minima
From (i)

r=+2./2

Hence, {iEﬁ, 4} is the closest point on the curve to 4(0, &),
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The given equations are
W= xZe T2 —={i}

and yw=3x-3 -—={ii)
Let #(x,¥) be the paint on parabola (i} which is closest to the line [ii]

Let 5 be the perpendicular distance from P to the line (i,

. [ - 3x + 3
124 (-3)°
beZ+ 70+ 2-304 5
= 5= ===[n
75 (iif)
- c"_5‘=2x+4
e Jio
For maxima or minima, we have
as _
dx
2x 4y
= =0
J10
= ¥ =-2
From (i)
y=4-14+2 =-8
MO,
ﬁ:i}ﬂ
ax® 1o

. % =-2,y = -8) is the point of local minima,

Hence,
The closest point on the parabola to the line y = 3% -3 is [-2,-8).
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Let P{x,y) bea pointonthe curve p* = 2x which is minimum distance from the point 4({L 4).
Let
§ =square of the length of 4F
S=(x-1) +(y-4)°
Using this equation, we have
§=x"+1-2x+3* +16-8y

=% =2+ 2 +17-8y

5=

[P

%—s;.-+1? |:S1'.ﬂcex= 4

ba|®

s _ s
R PR
ay -

For maxima and minima, we have

Henee,

)| is at a minimum distance from the point{1,4).
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The given equation of curve is

yo=xT+3x2 42x - 27 -—= i)
Slope of (i)
dy 2 "
=L o _axPiex 42 —
m=—= X+ Bx + fii}
Mow,
d—= —-Gx +6
ax
z
and d—m=—6< 0
a2

dm
v
= by +6=0
= ¥=1
@=—6<D
e 2

x =1is point of local maxima

Hence, maximum slope=-3+6+2=5
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We have,

z
Cost of producing » radio sets is Rs. XT + 35 +25

Selling price of » radio is Rs. X[SD—%]

So,
Profit on » radio sets is

Faor maxima and minima,

P _q
[=2's
= 15-2x-n
2
= x =10
Alsa,
d%r -3
——=—=0
dv? 2

x =10 is the point of local maxima

Hence, the daily output should be 10 radio sets.
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We have,

2
Cost of producing » radio sets is Rs. X 435w +25

4
. . L x
Selling price of » radio is Rs. X[SD——]

2
So,

Profit on & radio sets is

2 z
p=Rs |sow-" - 35y _2g

2 4
ae
L -ED-x-2-35
ax

Faor maxima and minima,

#
[=2's
= 15—Ex=D
2
= & =10
Also,
g% -3
——=—=0
dv? 2

x =10 is the point of local maxima

Hence, the daily output should be 10 radio sets=.
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Let S{x) be the selling price of x items and let C (%) be the cost price

of % items.
" e
Then, we have S(x)= [5— —]x =Ex- —
100 100
and C(x)=§+SDD
Thus, the profit function P (=) is given by
2 2
P(r)=5[x)-C(x)=8x-—~ % so0-2Fy X o
100 & 5 100
! 2 ¥
p = -
(H) 5 1]
Mo, P (®)=0
24 _F
5 50
= ¥ = —xE0=240
! 1
also P N
=0 £ 0

So, P (240) = -%«:n

Thus, = = 24005 3 point of maxima.
Hence, the manufacturer can earn mazimum profit,
if he sells 240 items.
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Let! be the length of side of square base of the tank and & be the height of tank.
Then,

vaolume of tank (v =2k
Total surface area (s)= /% + 4k

Since the tank holds a given quantity of water the volume (v} is constant.
v =1%h --[i)

Also, cost of lining with lead will be least if the total surface area is least.
So we need to minimise the surface area.

g =%+ 4ik == (i)

MO,
Fram (i) and (i)

8=."2+4;|—v
as 4
oo 1
ar IE

For maxzimum and minimum

@ _
ar
LY
= 2I—F=D
= 2% 4y =D
= 1% =2v=2t%
= I*[l-zr]=0
= f=0a0or2h
! =0 is not possible.
! = 2h
MO,
ﬁ—2+&
ai =
2
&t =2k :T;}D far all A,

! =2h is point of local minima

2 is minimum when ! = 2h
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Let ABCOEFGH be a box of constant volume ¢ We are given that the
box is twice as long as its width.

LetBF =&~
= A8 =2x

Cost of material of top and front side = 3 x cost of m aterial of the bottom of the box.

= 2 XX + NP+ XP o+ 2xh 4+ Zxk = 3 2xF
= 2% + 2xh + 4xh = B2

= 4xZ - Bxh=10

= 2% [2x -3h) =10

= x=% Dl’h=2?x

Volume of box = 2x xx =k

= c=2x2h

c .
= h= o -=={ii]
O,

g = Surface area of box =2 [2)(2 + 2xh +Xh)

= 8=2{2x2+3xh)
From (i)
g=2 [2 4 ?'X—CJ
2w
ac

For maxima and minim a,

d_8=2[4x-§i]=n

ad 2;{2
= Ex3-3c=0
1
23
= N=|—
)
O,

0l

2
E=2 4+3i :»Da5x=E
a2 X 8

1

cE . -
o= (E] iz point of local minim a

Most econamic dimension will be
1
x = width = {%’:]S

1
2x =length = 2 [%:]3

1
h = height = 2 - 3[3_':]3
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Let s be the sum of the surface areas of 2 sphere and a cube.
5= dar? +6i° -—1i)

Let v = volume of sphere + volume of cube

= W =%m’3+I3 (1)

From (i)

;/ﬂ
[u}

1

v o 35— 4ar?)Z (o4
— =gt —| x| —
ar 2|7 6 &

For maxima and minim a,

av _
dr
L
= dgr? = 1{5— 4}7."2}2 w2r =10
5]
= 2ra[2r-{]=10
=10, 'f—
2
o,
1
G'zv_ 27 2473 gar?
= er—ﬁ[{s—cbrr ” —72 T
2[3—4;7:’ }2
At rat
2
||'2
g4 i 2x B — 2g [ 1247 - 29/7
L a2 R —& = I R
PR 4 RO i et - by
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Let ABCDEF be a half cylinder with rectangular base and semi-dreular ends.
Here &B = height of the cylinder

AB =h

Let r be the radius of the cylinder,

Yolume of the half cylinder is v = %:r"n

2V
= =
are n

. TSA of the half cylinder is
S = LSA of the half cylinder + area of two semi-drecular ends + area of the rectangle (base)

2
S=1trh+%+g+hx2’
S-{:n:r+2’]|"l+ zre

2y 2
S=(mr+r)—+ar

(o + 2) 2%+

S= {11:+2}%+ w?

Differentiate S wrt r we get,

ds 2vf-1
T [[l+2] xT[F—]+ 2xr}

For masd mum and minimum values of S, we have % -0
r
=[n+ 2]x2—v[%21-]+ Znr =0
P

2v
= 2 = 2ur
[r+ ]x? w
Butzr=>0
thiD = mxe2

Differentate E WL we get,

dr
d*s Vo2
i (t+2];x;+2ﬂ':0

Thus S will be minimum when h @ 2ris ¢ a2 - 12.
Height of the cylinder ; Diameter of the circular end

TIW+2
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Let ABCD be the cross-sectional area of the bearm which is cut from a
circular log of radius &




ADd =a= AC =22
Letx be the width of log and y be the depth of log ABCEH
Let & be the strength of the beam according to the question,
S =xy? -=={i

In 8AE8C

xT 42 = [23)2
= W o= [2&)2 - x® —={if
From {i) and (i}, we get

Z=x ‘(2&)2 - xz)

o U S 2

= {4a - x )— 2

as

= T2 - 457 - 3Nt
aw

For magima or minirma

as
dy
= 45 - ax2 =10
2
= x%= R
3
-C
4=
From {ii],
2 2
y2=45-2 4i=8i
3 3
2
=23 ,—
y-200 B
Mo,
s
ax

2
At X=2—aJy=\[EEaJ d_.2=_12_a<0
Nz 3 i W3

W= éEa] iz the point of local maxima.

Tk
it
e by

Hence,

The dimension of strongest beam is width = x = 23 and depth =y = Eza.

el
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Let/ be aline through the point P[1,4) that cuts the x-aris and y-aris.

Mow, equation of / is

y-d=mix-1)

x — Intercept is Mot and y —Interceptis 4-m
m
let s=""%14-m
et
G"_S' = +i—1
ol ran?

(==
anm
= iz—l—D
e
= o= 2
T O,
d%s 8
dm? me
ads
At m=2, —=-1<0
are
2
o= -2 —dsz-1>ﬂ
are

m = -2 is point of local minim a.

least value of sum of intercept is
-4
rr
=3+6=90
Maxima and Minima 18.5 Q43

The area of the page PORS in 150 om?

+4-m

Also, A5+ D=3 cm
EF+GH=2Tm

5 g R




Letx and y be the combined width of margin at the top and bottom
and the sides respectively.

¥=3cmandy =2 cm.

Mow, area of printed matter = area of #'Q'R'S"

= A=pP'Qwq'R'

= A=[b-yi[l-x)

= A=(b-2)(-3) -0

Alsa,

Area of PQRS = 150 om 2
= th = 150 - (i)

From (i) and {if)
A= (b_zj{lfTD_a]

For magimum and minimum,

d_’q= E_g +(b_2) _@ =0
db b b*

150 - 3b b-2
= Q+(—150j ( j =0
b h*
= 150h - 36% - 1506+ 300 =0
= -36%+300=0
= b =10
From (i)
! =15
O,
g%4 -150 1 4
el —150[——2+b3]
At b=10
2
@A 15 gl
52 10 100 1000
=-1.5-.15[-10+ 4]
=-1.5+.9
=-0.6<0
b =10is point of local maxim a.
Hence,

The required dimension will be ! = 15 cm, b = 10 cm.
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The space s described in time ¢ by a moving particle is given by

s =t - 40#% + 3087 + 80¢ - 250

. ds
velocity = = 5% - 1202 + 60F + B0

! a?s 3
Acceleration = a = F = 2087 - 240 + 607

Mo,
da

== - B0r? - 240
at

For maxima and minima,
da

2o
at
= 0% - 240 =10
= 50[t2-4)=0
= t=2
Mo,
2
d—j: 120¢
ar
%3

At t=2 —=240>0
ar

t=2is point oflocal minima

Hence, minimum acceleration is 160 - 480+ 60 = -Z260,
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We have,

. t?
Distance, = = T—2t3+ a7

. s
YVelocity,v = = N S ]2
. dzs 2
Acceleration,s = g =3 -12t+8
[

For welocity to be maximum and minimum,

Y _q
at
= 2-12t+8=0
- EL_12i«,,|'1‘51-4-—96
]
]
=]
2 2
t=P+ -, 2-
N3 3
Mo,
a4
—2=E|£‘—12
qt
2
At r=2-2, d_:=5[2-3]-12=_'12<0
B R 5
z
tezy o, d_£=6[2+i]—12=£>n
V3 at V3 VB
2 T .
Att=2—E, velacity is maximum
For acceleration to be maximum and minimum
a2 _
fris
= Gr-12=10
= t=2
MO,
2
d—i:ﬁ}ﬂ
fris

At, t=2 Acceleration is minimum.,



