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Maxima and Minima 18.1 Q1
flx)= Ay S geds OHIR

=4x? 4w +1+3

= (2x - 1% +3
(2x - 1% 2 0
=  [(2x-1%+323

= fl{xjéf{%}
1

Thus, the minimum wvalue of £ (x] is 3 atx = 5

Since, {(x) can be made as large as we please. Therefore maximum value does not
exist :

Maxima and Minima 18.1 Q2
* The given function is fx) =— (x — 1} + 2

It can be observed that (x — 1) = 0 for everv x € R.
Therefore, fx) =—(x— 1+ 2 <2 forevaryx€R.
The maximum value of fis attained when (x — 1) =0,
E—1D=0=>x=F
~Maximum value of f=Al)=—(1 -1} + < =7
Hence, function fdoes not have a minimum valize

Maxima and Minima 18.1 Q3
Fx)=|+2| ong
e +2|z 0 for x e R
= flx)z0forallxenr
So, the minimum value of f(xj is 0, which attains atx = -2

Clearly, f(xj = |X + 2| does not have the maximum value,

Maxima and Minima 18.1 Q4

h(x) =sin2x + 3
Welknowthat— 1 <sin 2x = 1.
=>—1+5=sin2x+5=<1+3
=d<gin2x+5=8

Hence, the maximum and minimum values of /1 are 6 and 4 respectivelv.

Maxima and Minima 18.1 Q5



Ax) =lsindx+3|
Welnow that—1 <sin 4x < 1.
=2=sndx+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 &
Here, we observe that the values fo(xj increase when the values of » are

increased and £[x) can be made as large as possible,we please.

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

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

So, f(») does not have the minimum value,

Maxima and Minima 18.1 Q7

glx)=—|x+1|+3
Welmow that — x+ 1| <Oforevery xe R.
Therefore, gix) = —|x + E| +iz3forevarvxy ER.

The maximum wvalue of gis attained when|x + 1| =0 -

x+1=0
= x=-1
~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



fx)=16x" - 16x +28 on R
16x% - 16X + 4 + 24

= (4x -2)% + 24
Mo,
|I4X—2:|2:_“|:| far all » R
=  (4x-2)°+24224 for all x e R
=

= Fix) f[é]
1

Thus, the minimum value of £ (x) is 24 atx = 5

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[xj=x3—1|:|r‘|R

Here, we obhserve that the values of f(xj increases when the values of x are

increased and £{x) can be made as large as we please by giving large values to .

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

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

So, f(x) does not hawe the minimum walue,
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Maxima and Minima Ex 18.2 Q1
Fx)=(x-5)"
Fix) = a(x-5)°

Far local maxima and minima

f'(xj=D
= 4(x-5)° =0
= ¥-5=10
= % =5

f'[x) changes from -wve to +wve as passes through &.

S0, x =5 is the point of local minima

Thus, local minimum wvalue is #(5) =0

Maxima and Minima Ex 18.2 Q2



sg'(x)=3x"-3

Now,

g(x)=0=223x"=3= x=1I
g'(x)=6x

g'(1)=6>0

g'(-1)=-6<0

Bv second denvative test,x = 1 is a point of local minima and local minimum value of gatx=1

isg(l)=1"—-3=1-3=-2. However,
x=-1 is a point of local maxima and local maximum wvalue of g at

x==1lisg()=1F-3(-1=—1+3=2

Maxima and Minima Ex 18.2 Q3
z

f(xj=x3[x—lj
Frin) = 3 (- 1%+ 2% (x - 1)
=[x - 1) {3X2 (% 1) +2X3}
=[x - 1] {3x3 L 3 2 2}:’3)
= (x -1 f5x % - 37
=X2|:X—l:||:5}(—3:l
For all maxima and minima,
flix)=0
= xz(x—lj[Sx—3)=D
=% X=III,1,E
g

Atx = = f'(x) changes from +ve to - ve

| w

3. g i
X o= E is point of minim a.

Atx =11"(x) changes from -ve to +ve
X% =115 point of maxima

Maxima and Minima Ex 18.2 Q4



Fx) =[x - 1) (% +2)°
Flloe) = (x+2)% + 2(x - 1) (x +2)
=[X+2:|[X+2+2X—2]

=[x +2)[3x)
For point af maxima and minima
flix)=0
= (¥ +2)x3x =10
= & =0,-2

Atx =-2 f'(x) changes from +ve to - ve

x =-21s point of local maxima

Atx =07'(x) changes from -ve to +ve

x =015 point of local minima

Thus, local min value = £{0) = -4

local max value = £(-2) = 0.
Maxima and Minima Ex 18.2 Q5
Fx) =[x - 17 (x+ 1)
Frix) =3 -1+ 1% 200 - 197 [x +1)
=[x -2)%(x £ 1) [3[x+ 1)+ 2(x - 1))
= (¥ - 195 (x + 1) (5x = 1)

For the point of local maxima and minima,

flix)=10
= (x—l)z(x+lj(5x+lj=ﬂ
= x=1,—1,—l
L

Here,
Atx =-17"'(x) changes from +wve to - wve sox =-1is point of maxima,
, F

1. . i
Atw = - '[#) changes fram -wve to +ve sox = < is point of minima

1
g
Hence, local max value =0

3456

local min walue= - ——,
3125

Maxima and Minima Ex 18.2 Q6



f[xj=x3—6x2+9x+15

f'(xj=3x2—1zx+9

3{;{2—4;( +3)

3w -3)[x -1)

Far, the point of local maxima and minima,

flix)=10

= 3x-3(x-1)=0

= =31

&t x =-1, f'(x) changes from +ve to - ve
x =115 point of local maxima

At x =3, f'[x) changes from -veto +ve
# =3 ispoint of local manima

Hence, local max value = f(lj =19
local min value= (3] = 15,
Maxima and Minima Ex 18.2 Q7
flx)=sinzx, D<x, 7
f'(x)=2cos2x

For, the point of local maxima and minim a,

flix)=0
= 2x = E,B—H
22
F 3x
= i e
4’ 4
At i %1 f'[x) changes from +ve to - ve
I . % :
W= 7 is point of local maxima
3T .
At X o= = f'(x) changes from -wveto +ve
X = 5; is point of local minima,

Hence, local max value = f{%} £

local min value = f{%} =-1.

Maxima and Minima Ex 18.2 Q8



fx)=sinx—cosx, 0<x<2n
S'(x)=cosx+sinx
S'(x)=0=cosx=-sinx= tanx——l:;»x-B—n ?—E €(0,2n)

f"(x)=-sinx+cosx

N
Therefore, bv second derivative test, ¥ = ——1s a point of local maxima and the local maximum
i 4 P

3n
value of fat ¥ =“E‘is

3m . 3m In | Tt s e
— |=85In—-Cc0f§—=—+—= \.‘E Howewver, x == 15 a point of local minima and the
7 [ 4 ] 4 4 B 2 N

Iy . T Tn (I
local minimum value of f at x:?Tﬂis f[—J#SInT—EDS—m——— = —JE_
Maxima and Minima Ex 18.2 Q9
flx)=cosx, Dax<x

Flix)=-sinx

Far, the point of local maxima and minima,

flix)=0
= -sinx =10
= » =0, and &

But, these two paints lies outside the interval [0, r)

So, no local maxima and minima will exist in the interval (D,Jrj.

Maxima and Minima Ex 18.2 Q10



f'[xj = 2cos2y -1

For, the point of local maxima and minima,

flix)=0
= 2cos2x —-1-=
1 T
= CcosZy = Z =cos—
2 3
=% 2X=£,—£
3 3
r I
= X=—,-—
] ]
&t X o= —g, f'{x) changes from -veto + ve
T, . .
Bers g s point of local manima
At X = g, f'[xj changes fram + ve to - ve
o, . 3
X o= - is point of local maxima
3
Hence, local max value=f il £—£
f 2 G
E —nJ3
local min value = f|-Z =£+£.
] 2 ]

Maxima and Minima Ex 18.2 Q11
T

. T
¥)=251Nx — %, —— =X =
flx) TS SX =

For checking the minima and maximia, we have
fll¥)=2cosx =1 =10

==-cosx=i=cosl
2 3
= ¥ = — l l
3’3
At x = — %,ﬂx] changes from —ve to + ve
= X = — % Is point of local minima with value = —ﬁ— %
At x =—, f(x) changes from +ve to + ve

T
3
= ¥ = % is point of local maxima with value = ﬁ— %

Maxima and Minima Ex 18.2 Q12



(@) =Tmx e ("Uzm"g T_

2Wl-x J1-x
C2(l-x)-x  2-3x
Co2I-x 2%
f(x)=0= ;E% :ﬂ:}?—h:ﬁ:}x:%
) -1
o Ja-_x{-J}-(z_ax)[iﬂ)
! {x)gg Pex
Jr:}{_3)+(2_3x][éﬁ%f?J
) 2(1-x)
_ —ﬁ(l—x}-i—{{—fu}
4(1-x)?
_ Jx—4 )
4(1-x):

2
3[ ]—4
.f{%]= 3 - E_if: _i§<n
G OCE)
3 3 3

Therefore, bv second derivative test, x ééis a point of local maxima and the local maximum

value of fat x:% is

Maxima and Minima Ex 18.2 Q13



We have,
Fx)=x3(2x - 1)°
o) = 32 (2x - 1) + 3% 2 - 1) <2

3x? (25 - 1)7 (2x - 14 2x)
= 3w (4 - 1)

For, the point of local maxima and minima,

flix)=10
= 3w (4% -1)=10
1
=% ¥ =0,—
4
At X= %, f'[x) changes from -wve to + ve
1 . . L.
A 5 i= the point of local minim a,
. 1 -1
local min value = = | = ——.
4 g1z
Maxima and Minima Ex 18.2 Q14
We have,
f(xj=i+3,x>lj
2 X
1 2
f'[xj= Ly
T
For the point of local maxima_and minima,
flix)=10
1 2
= Sispaan)
2 2
= P
= X o= 4,—-.4"&_}
= xK=2,-2
it x =2, f'[x) changes fram -weto + we

¥ =2is point of local minima,

local min walue = f[zj =z,



Maxima and Minima Ex 18.2 Q15

|
x'+2

—{Zr}
{x:+2}2

—2x
e = ) 2 x = 0
(:-:3+2)

Lglx)=
~g'(x)=
g'(x)=0=

WNow, for values close toxr =0 and to theleft of 0, g'l:.t:l > (). Also, for values close tox=0and to

theright of 0. g"(x) <0

Therefore, by first derivative test, x =0 is a point of local maxima and the local maximum walue

1
Df ﬂ .1"""""""":""'.-
g(0)isgs =7
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Maxima and Minima 18.3 Q1(i)

Flx)= x* B2 41205 + 2
F(x) = 4x® - 124 +120 = 4[x% - 31x + 30}
FU(x)=12x2 - 124 = 4[3x2- 31)

For mazima and minim a,

fiix)=10

= 4fx® -31x +30)= 0

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

= ¥ =51,-6

Mo,
F'(s)=176>0

= x =5 is point of lacal minim a
FU(1)=-112<0

= # =11is point of local mazima
f'(-6)=308>0

= x =-6 is point of local minima

local max value = £ (1) = 68
local min value = F(5) = -316
and = £{-6) = -1647.

Maxima and Minima 18.3 Q1(ii)



We have,
f{xj=x3—6x2+9x+15
Fix)=3?-12x +9

= 3{x2—4x+3)
Flix)=68x-12

=6(x-2)
For maxirna and minima,
f'(xj=lil
= 3{X2—4X+3)=|:|
= 3x-3)(x-1)=0
= x¥=31
Mo,
f{3)=6=>0
x =3 is point of lacal minim a
f"l:lj =-6<0

x =11is 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) +2)°
Filx) = [0 +2)7 2 [ - 1) e2)
)

[X+2 [X+2+2x 2]

=[x +2)[3x)
and, F'(x)=3(x+2)+ 3
=6x +06
For rmaxima and minim a,
flixy1=0
= B3x(x+2)=10
= x =0,-2
M oy,
FU0)=6=>0

» =0 is point of local minima
f-2)=-6<0
» =-2 15 point of local maxima

local max value = f[—Ej =0

local min value = f|:EI:| = -4,

Maxima and Minima 18.3 Q1(iv)



2 2
f|:x:|=;—x—2,x>lil
-2 4
Flim) = +—
)= 2+
4 12
and, "[x - _le
(x)=23- 22
For maxima and minim a,
flix)=0
-2 4
= +—=10
xZ 53
. —2(}(3—2)=D
x
= X =2
Mo,
f"[gj=i_E=l_E=i<D
a a] 2 4 4

# =2 is point of lacal maxima

lacal may value = ;F|[2:| =

M|~

Maxima and Minima 18.3 Q1(v)
We have,
Flx)=xe®
flix)=e" +xe = (¥ +1)

Flixs)=e [x+1)+&%

=e" [x +2)
For mazima and minima,
fllx1=0
= e [x+1)=0
= x=-1
Mo,

e _ —1=l
fl'li-1)=e E_}III

x =-11is point of local minima

Hence,

local min value = £{-1) = _—1
g

Maxima and Minima 18.3 Q1(vi)



We have,

f(xj=i+3,x>ﬂ
2 X

, 1 2
fl[Xj:E_F
1 4

and, (xj=x—3

For maxima and minima,
flix)=0
1 2
—-—=10

= 2 k<
x% -4

= =0
22

= N =2-2

Mo,
Fi(2) =250

=2 is point ofminima
YWe will not considerx = -2 asx =0

local min value = £(2) =2,

Maxima and Minima 18.3 QI(vii)
We have,
1
f(xj = (x+lj|:x +Ej§, xE -2

Flix) = [X+2)l3+%|:x+lj[x +2:|_?2

(x +2)_?2 [x +2+%[X+1)]

(3 + 2]__32 (4% +7)

1]
(TR

2 =3 1 -2
and, f"(x)=—a|:x+2j3 |:4x+?j+§|:x+2j3 = &

For mazima and minima,

flix)=10
1 ==
= E[x+2:|3|[4x+?:|=lj
7
= No= -
4
Mo,
=2
()5S
4) 3l 4
M= il is paint of minima

. -7 -3

local min value=f| —| = —=.
4 i

43

Maxima and Minima 18.3 QI(viii)



We have,

flx)=wy32-x7,-E5xsE

Flix) =32 -x +2—,ﬁx[—zxj

) z[zz-xz)- 22

2,22 - x2
_ 64- 4y
2432 - K7
—2 (B4 - 4x*
2432 - 57 xII—BX)Qx -2}
weo 232 - 52
and, f"[x)= >
4[32-x )
-4{32-x2}xax + 4y [64—X2)
= 3
B[BE—XEF
For maxima and minima,
f'[x] =0
4[15-x2)
= —_— =1
232 - w2
= X = x4
Mo,
F1(4) - 4% 4(B4-16- Bx3§+8x16:| 3,

8(32-16)2

¥ =4 is point of maxim a

Maxima and Minima 18.3 Q1(ix)

Local Maximum value = f(4)
=44/32 - 4%
-4J32-16
=416
=16

Local minimum at x = — 4,

Local Minimum value = f(—4)
= — 432 (47
- _4J32-16
= -4y/16

=—-16
Maxima and Minima 18.3 Q1(x)



i

% %

I I”

I+

w U,
I
o

Mo,
1 2
f'lal==>0asa=10
E]
X =& is point of minima
f"(—a]=£<[l asa 0
e
w = -3 is point of maxima
Hence,

local max value = f(—aj = -23

local min value = £{3) = 2a.

Maxima and Minima 18.3 Q1(xi)



o2 - 2
_ ooy’
2—x2
[z-zxz)zw
NZ - xF [ ) + ———
Fi _ 2wt
(%)=

=

B —[2—X2)4X+4X—4X3

3
2- 7
For mazima and minima,
flix)=10
o1 -x®
oA
u'z—xz
= N ==1
Mo,
f'1)<0
= x =11is point of local maxima
Fl'-1) =0
= x =-11s point of local minima
Hence,

local max value = f(l) =1
local min value = f[—lj =-1,

Maxima and Minima 18.3 Q1(xii)



f(xj=x+\f"1—_x

1 2fl-x-1

Fix - =
) 241 - x 241 - x
_ 2 fl-x -1
zm[ L JJ )
£ 'u'rl—x '\llll—X
(] =
4(1-x)
For mazima and minima,
flix)=10
2f1-x-1__
2401 -
= 1—,>f=l
2
= x=1—l=3
4 4
Mo,
(Z)<o
4
3 . . .
= X=E is point of local maxima
Hence,

3 g
local max value = ===,
4] 4

Maxima and Minima 18.3 Q2(i)
Flx)=(x -1 (x-2)"°
() = (x - 2 +2x - F=2)

=[x =2])[x -2+ 2x - 2)
=[x - 2][3x - 4
FUx)= (3% - 4)+3[x-2)

For mazima and minim a,

f'( j=E|
= [x-2)(ax-4)=0
= X=Ei
3
M Oy,
Frz)> o

» =2 05 local minim a

() -2<0
3

4 . )

N = 3 is point of local maxima
4% 4
local max value = §f|l—=|=—
3 27

local min value = f|:2) =0,

Maxima and Minima 18.3 Q2(ii)



Eqﬂ—x
_ 2{1-x)-x
2-“"1—)(
_ 2 -3ax
2af1 - &
[E—BX)
2441 - -3
FL'II Xl[ :I+ \ll—)‘:’
(%] =
4{1-x)
For mazimum and minimum,
f'[xj=l:l
- 2—-3ax -0
215
2
= W=
3
Mo,

~h
f'__‘\
0] ma
e

M

=

is point ofmaxima

x
I
L] ma

2
local max value = f[—] = —.
3) 33

Maxima and Minima 18.3 Q2(iii)



Flx) = - (x - 107 (x
Fx) = =30 - 1% e+ 107 - 2(x - 1) (3 +1)

=[x -1)" [x+1)[3x +3 + 2x - 2)

+1:|

= - (% =17 [ + 1) (B +1)

FUxy = =2 (= 1) [+ 1 (8 + 1) - (% - 197 (Bx + 1) - 5(x - 197 [x + 1)
For mazimum and minimum value,

f'[xj= 0
= —[x—ljzix+1j[5x+1j=lj
= X=11—11—l
g
Mo,
i) =0

w =1isinflection point
F'-1)=-4x-4=16 >0

x =-11s point of minima
0 ] N PV it
5 EE 25

-1 . . .
X o= = i= point of masxima

Hence,

1 3456
local max value = fl- = | = ——

g 3125
local min value = f[—l) = 0,
Maxima and Minima 18.3 Q3
We have,

v = alogx + b +x

ol
Y F okl
v X
2
and d—};=_—i+ 2h
lrl's X
Far mazimurm and minimum value,
@ _q
(wi's
E
= —+2hx +1=10
x
Given that extreme value exist atx =1,2
= 3+2h=-1 - i}
E+4,|’_,‘| = -
2
= 3+8h=-2 -—={ii)
Solving (j and (i), we get
-1
3= O s e
) 6

Maxima and Minima 18.3 Q4



log x

The given function is /' {x) =

x
X | ! tll— log x

7(x) = \x/) _ I—Itzg_r

X x°
ND“.‘-;-‘= fﬂ { X } U.
=1-logx=0
= logx=1
= logx =loge
=x=¢

1)
x| - _|—[I—|og.r}[lr]
Now, /" (x)=———,
I
x—2x(1-logx)
= S
_ —3+2logx
e

—3+2oge -3+ -

Now, f*(¢)= 3 _1lugt _ _ﬁ:-._ _ J <0
e e ¢

Therefore, by second derivative test, f is the maximum at x =¢.

Maxima and Minima 18.3 Q5

g
fl:Xj=X+2+X
Flix) = _42+1
(% +2)
Fl'ix)= 8 5
[ +2]
Far mazimurm and minimum valde,
flix)=10
= -4 -+1=0
[x+2:|
= |:X+2j2=4
= 2 +4x =0
= X[x+4)=0
& =0,-4
Moy,
f"[Dj=1>D

x =0 is point of minima
FU-4)=-1<0

x = -4 is point of maxima

local max value = F(-4) = -6

local min value = £{0) = 2,



Maxima and Minima 18.3 Q6
We have,

v = tanx - 2x

2

y'=secx -2

y'' = 2sec? x tanx

For maximum and minimum wvalue,
y'=0

= sec?x =2

= SEeCX = iJQ_

7 37
= X ==,=

4’ 4

y"(%}=4>0

N . .
X = 7 is point of minima
3
"= |=-4<0D
g [4]

37 . . .
X = - is point of maxima

Hence,
may value=f 3—” e _1_3_:7
4 2
min value = f(i] =1- 1.
4 2
Maxima and Minima 18.3 Q7

Consider the function
f{x)=x*+ax®+bx+c

Then f'(x) = 3x* + 2ax + b

It is given that f{x) is maximum at x =- 1.
L (-1)=3(-1)+2a(-1)+b=0

= f'{-1)=3-2a+b=0..(1)

It is given that f{x) is minimum at x = 3,

L F(3)=3(3Y+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 c, it can be any real number.
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Maxima and Minima 18.4 Q1(i)
The given function is /(x)=4x ——l—.\':.

L l(x)= 4—~]2—(2x) =4-x
Now,

f(x)=0 = x=4

Then, we evaluate the value of f at critical point x =4 and at theiend points of the
intcrval[_z’ 2] .
2

4

f(4)=|6—%(|6):16-8:8

f(—2)=—8—%(4)=—8~2=—10
.f( )=4(3)—l(3): =18—%|= 18-10.125 = 7.875

2) 202
Hence, we can conclude that the absolute maximum value offon[_g’ 2 is 8 occurring atx =4
2

to| o

and the absolute minimum value of f on [_2. 2:| is =10 occuming at x = =2,
2

Maxima and Minima 18.4 Q1(ii)



The given ﬁﬁlcﬁonisf(.r)=(x—|]’ +3.
S (x)=2(x-1)

Now,

S(x)=0= 26— =0=x=1

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

F(=3)=(-3-1) +3=16+3=19

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

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

Maxima and Minima 18.4 Q1(jii)
Let fix) = 3% — 8 + 1232 — 48x + 25.
o f(x)=12x ~24x7 + 24x - 48
=12(x" -2x" +2x-4)
=12[x*(x~2)+2(x~2)]
12(x-2)(x*+2)

Now, f’(x} ={givesx =2 or x2+ 2 =0 forwvhich there are no real roots.
Therefore, we consider only x =2 €[0, 3].

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

F2)=3(16)-8(8)+12(4)-48(2)+25
=48-64+48-96+25
=-39
F(0)=3(0)-8(0)+12(0)-48(0)+25
=25
F{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 occurring atx =10

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

Maxima and Minima 18.4 Q1(iv)



i‘r{X}={X—2}m

= f'{x]=ﬁ+[x—2]2¢%

Put F'{x)=0

= -1+ *“2 _p

2afx =1

2[x—1]+[x—2]=

=
2w — 1
ax -4
= al =0
2ogx =1
4
= N= =
3
I 0w,
f{1]=|:|

Q- 3
Fle)=(o-2)y5-1=7/8=142

The absolute maximum walue of f[x] is 14@ at x =9 and the absolute

_"‘Eatx

9

. . 4
minimum value is E

Maxima and Minima 18.4 Q2



Let fix) = 2x° — 24x + 107.

o (x)=6x" - 24 =6(x" - 4)
Now,
f(x)=0 =6(x"-4)=0=x"=4=x=12

We first consider the interval [1, 3].

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

AD=2(8)—24(2)+107=16—48+107=73

ADN=2(1)—-24(1y+107=2—-24+ 107 = &3

A3 =227y — 243y + 107 =54 — 72+ 107 =89

Hence, the absolute maximum wvalue of\fx) in the interval [1, 3] is 89 occurning atx = 3.
Next, we consider the interval =53, —1].

Evaluate the value of fat the critical pointx =—2 £ [-3, —1] and at the end points of the interval
[1.3]

A3 =2(27) —24(=3) + 107 =54+ 72+ 107 = 125

Maxima and Minima 18.4 Q3



f(x)=cos" x+sinx
f'(x)=2cos x(~sinx)+cosx

=-2sinxcosx+cosxy
Now, f'(x)=0

= 2sinxcosy = cosx = cosx(2sinx—1) =0

= siny=— or cosx =10

bd | =

z:).:::%, or -z:asxe[ﬂ,n]

T it
MNow, evaluating the value of f at critical points¥ =‘i“a“d XS ga_nd at the end points of the

imerval[[),n] (i.e, atx =0 and x =), we have:

2
f E] cos” —+$|nE: £ +i:E
6 2 4

i ¢
F(0)=cos’ 0+sin0=1+0=1
7(n)=

(m
f[Ej COs —+sm£mi}+]ml
2 2

cos’ m+sinm={=1) +0.£1

b
Hence, the absolute maximum value of fis~" occuming at ¥= “5 and the absolute minimum

4

. . 4
value of fis 1 occurring at ¥ = U;asﬂ“dﬂ?-

Maxima and Minima 18.4 Q4



We have

4 1
fin)=12x3 —gGxr3
1
= 288 -1
f(xj=16x3—%= [x2 )
w3 w3
Thu5,f[j=D
1
- g
a3

Further note that f'(xj isnot defined at ¥ =0,

So, the critical points are x =0 and » =

o=

Evaluating the valueof f at critical points x = D,é and at end points of the
interval x =-1 and x =1

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

Fo)=12(n fJ (DJ— 0

@)l
fy=12(0¥ s (1= 6

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

and absolute minimum walue of fis %atx 4 é

Maxima and Minima 18.4 Q5

Given,

fx) = 2w - 10k + 364 1

f (1) =6%% - 30x +36=6 (x% - 5x +8) = 6 (x - 2) (- 3)
Mote that Fll:xj =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 &

atw=1 f1)=2[1%)-15[17]+36 (1) +1- 24
atx =2, f[2) =2[2%) - 15[2%)+36(2) + 1 =29
atx =3, f(3) =2(3%)-15[3%) +36 (3) +

atx =5, f[5) =2[57] - 155? )+36(5j+1= 56
Thus we conclude that the absolute maximum value of fon [1,5] is &6,

occurring at x=15, and absolute minimum walue of fon [1,5] is 24 which
oCours at ®=1.
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Maxima and Minima 18.5 Q1

Let x and v be the two numbers,
Given thatx + v = 16

Let 5=X2+y2

From (i} and [ii)
g =X2+|115—X:]2

s
=2 2115 - -1
& - axa2(15-x)(-)

=2x - 304+ 2x
= 4x - 30
[ 3w, d_3=
o
— 4x —30 =10
1%
= X o= —
2
Since,
z
% _4sn
2
15 . . ..
X o= = is the point of local minima.
So, from (i)
15 1%
=15-=2=22
¥ 2
) 15 1%
Hence, the required numbers are EREEE
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Maxima and Minima 18.5 Q2

Let x and v be the two parts of 64,

X+ y =64 - i}
Let S =x7 4yt -==[ii}

From (i) and [ii}), we get
S = x3+[64—xj3
ds
(ol's

ax?+3 (64 - x)% < (-1

o3 [4095 ~ 128y +x2)

~3(4096 - 128x)

For maxima and minim a,

as

av
= ~3(4096 -128x) =0
= N =32
[ 3w,

2
2% -38450
e ks

x = 32 is the point of local minim a.

Thus, the two parts of 64 are [32,32],
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Maxima and Minima 18.5 Q3
Let x and v be the two numbers, such that, »,v 2 -2 and
1 )
X4y == -—1i
y=3 (0

Let S=x4y” === i

From [} and (i}, weget

3
S=x+[l—x]
2

Z
as 1
E=1+3{§—XJ X(—l:l

1—3{i—x+){2}
4

l+3x—3xz
g

For maximum and minimum,

G._S=|:|
fo by
1 2
= —+ 3w -3x° =0
4
= 1+12% - 1254 =10
= 12x2-12x-1=10
12 + {144 + 48
= X o=
o4
1
= X=—i£
o 24
i
e =__4
2 43
_ L - 1 QL P
2 Ja3l2aaa
M oy,
a4
—— =3-6x
fo by

1 1 ds 11
o “E‘E*ﬁ”[“[ﬁ‘ﬁn
=3{+3]=2J§>D
NE]
1.1 is point of local minima
R
fram i)

SN

Hence, the required numbers are

[ e

-
e
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Maxima and Minima 18.5 Q4

Let x and v be the two parts of 15, such that
¥+y =15 =i
Also, & =x%y® azm i)

From (i) and [ii), weget

s = x2(15- x)°

a5 =
o= 2 (15-x) - 3x%(15- x)

= (15- x)? [SDX gy 2 3x2]

z

= Sx [15- %176 - x)

For mazxima and minim a,

as
= -0
Qe
=  Ex(15-x)(6-x)=0
=> ¥ =0 15, 6
oo,
2
Z:—Sz=5[15—xj2(E—Xj—5X::<2|:15—xj|:6—x:|—5x|[15—xj2
I
2
At xw =10, di2=1125>|:|
(wrs
x =005 point of lacal minim a
2
At x =15 d—2= 0
(r i
x =15 is an inflection point.
2
at x=a,di2=—243|:|<|:|
rits
X = 6 is the point of local maxima

Thus the numbers are 6 and 9.

Maxima and Minima 18.5 Q5
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Let » and /i be the radius and height of the cvlinder respectively.

Then, volume () of the cvlinder is given bv,

V=mrh =100 (given)
0
TU,I

~oh
Surface area (5) of the cylinder is given by,

2
S:hﬁ+hm=hﬁ+£ﬁ

-
T
.'.ﬁ=4mr—zgﬂ, d? =£1-:rr+£’i:'r']I
dr F dr P
ﬁ:ﬂ = 4xr=2‘::ﬂ
dr re
. 2000 50
=r=_—=
dn o

i
[5nj¥
== —
i
1
5an d°sS

Now, it i4 observed that when r = [— —— > ().
n dr”

~Bv second derivative test, the surfacesarea is the minimum when the radius of the cvlinder

t
is E} om -
n

1
Whenr:[ﬂy, - 100 g 2:{50 =2[2]3 -
m = = 2 s
n[?@]’ (50)* (=)
Fld

Hence, the required dimensions of the can which has the minimum surface area is given by

; 1
radius = (ﬂ]: ¢m and height = Z[EJS cm
13 T

Maxima and Minima 18.5 Q6
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We are given that the bending moment M

(ij M=%x—%x2
A WL,
ax 2

For mazima and minima,

r'_‘|.—M=D::> &—WX=D:>
ax 2
[ ©wy,
Y
—2=—W<D
ax
Lo . .
X o= > is point of local maxim a.
} Wx  Wx®
fii} Moo XX
3wt
dht _ W wx®
ax 3 L2

For maxima and minima,

at a distance » from one end of the beam is given by

%
it
ra|r-

ol

is the required number.

a W Wx®
-0 = -0
ax = 3 12 =
[ ©wy,
dM 2w
i L2
2
At x=i, d—M=—£<D
3 ae? AL
o= % is point of local maxima
s «.Er
= i
ax r
2
242
=_—"— <0
-
ro ) .
N o= E is the point of local maxima
From [i)
y = r
N}
Hence, x d W i
1 = = = 7=
N 2

Maxima and Minima 18.5 Q7
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Let a piece 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.

Now, side of square =i.

4

Let » be theradius of the circle. Then, 2nr =28~/ = r= EL(ER - f}.
¥

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

A = (side of the smn&u‘a@:2 + 1

I | ’
=g qt| (28
15”[21:{ }}
I’ | 2
= e (28— ]
16+4n:{ )
dd 21 2 P
SR A L (8- (1) = (28
di Iﬁ+4n( )1 8 2;:( )
d* A4

- l+i::l:!
di* 8 2=

Now, ﬁﬂ:ﬁl = i—i{ZS—I}:{}
el 8 2n

8n
= (n+4)/-112=0
:}f:;.}.i..%..
n+4
Thus, when! = -i-!-z-,i-_-f}-
an+4 dl”
. . ) .. 112
.+ Bv second derivative test, the area (4) is the minimum when/ =—4.
m+

Hence, the combined area is the minimum when the length of the wire in making the square

112 28a
cm

2 cm while thelength of the wire in making the circle is 28 ~ ——— =
m+4 n+4 w+4

is

Maxima and Minima 18.5 Q8
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Let the wire of length 20 m be cut intox cm and v cm and bent into a square and equil ateral
triangle, so that the sum of area of square and triangle is minimum.

M oy,
X +y =20 =i}
x =4 and y = 33
Let g = sum of area of square and triangle
3 "
3=a’2+£c‘.'2 —[ii}
4
. NE) .
- area of equilateral & = T[l:lne side)

We have, 41+ 3a =20
=4/=20-3a

_ 20—-3a
==

From (i), we have,

_ 2
5=[2o SGJ | ‘Ea?

= |

4 g

Ezz[MJ[ij+2a SER

da 4 4 4

To find the maximum or minimum, % =0
20-3a Y -3 NE)
J— —_ + —_— =
=>2( 2 J( 4} 2ax 2 0
= —3(20—-3a)+4ay/3 =0
=>—60+9a+4a\/§=0
=9a +4ay/3 =60

= a(9+4y3)=860
60
== ——:
9+443
Differentiating once again, we hawe,
2
d’s _ 9+4y3 0
da’ 8

60

9+443

Thus, the sum of the areas of the square and triangle is minimum when a =

We know that, I=¥
50
20-3
o= [9+4ﬁ]
4
e 180+ 8043 - 180

4o+443)
L _20V3
9+ 443

Maxima and Minima 18.5 Q9
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Let » be theradius of the circle and a be the side of the square.

Then, we have:

2mr +4a =k (where k is constant)
_ k~2mr
4

=da

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

I:R - Eﬁr}I
16
did _ _— 2(k—2mr)(-2m) o m(k—2mr)
dr 16 4

A=mw+a’ =w’ +

an,ﬁ*-—l]
dr
nlk—2m
= Emﬂz{—r}

&r=k~-2mr

=(842n)r=k
k k
F= =
8+2n  2(4+n)

2 ']
Now, ——---‘;-=2?!+£-}G
dr 2

2
Whenrzmﬁ--m, g--gb-ﬂ.
24m ) \

k

24 )

=~ The sum of the areas is least whenp =

I k
_k_' |2{4m }]_&(4:; Wk dk k.
T4 44w ) 44(m)Em T

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
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AEBC is aright angled triangle. Hypotenuse i = AC =5 cm.

Letx and y one the other two side of the triangle.

x%4y?=og -—=[i}

Area of AABC = %BC = A8

= T = Zxy - {ii}
From |:|j and (iij
S=%xm§5—x
ok llﬁ 22 }
e Y = R
v 2 2,25 - x 2
1[25—){2—){2]
2 J25- x®
_%25-2%}
2| of25 - x?
For mazima and minim a,
s
= =0
lrl's
a2
_ zlﬁ]ﬂ
2| o - &2
= x=5ﬁ
M oy,
[25-2x2)2x
«JEE—sz(—4xj+
d’ 1 2425 - 2
g 2 {25—;{2:]
BRI,
5 g% 1| 2 AF
,l':'l't &= B = —
2 axt 2 25
2
=—E<EI
Z
N o= = is a point local maxima
,,JIEE_ 1

Maxima and Minima 18.5 Q11
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A8 is a given friangle with 48 = 3,8C = b and Z48C = &,

AL in perpendicular to BC.

ED = 35n#&
[ i,
Area of AABC = éxac x A0
1 .
= A=§bxa~5|n5'
34 1
— = _3zbcosg
dg 2

For mazima and minim a,

G._Azu
el
1
= Eab:|:155'=lj
= cosg8 =0
= .5'=£
2
[ 2w,
44 1 .
—2=——a.b5|r‘|-9
g
z
A 1
At - L. _Zab<n
2 dq8°
g =g is point of local maxim a

Maximum area of A = lab Sir'|£ = lab.
2 2 2

Maxima and Minima 18.5 Q12
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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 the box is x cm.

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

Vi) = x(18 — 2x)

SV (x)=(18-2x)" ~4x(18-2x)
=(18~2x)[18 - 2x ~ dx]
=(18-2x)(18-6x)
=6x2{9mx]{3m1’)
=12(9-x)(3-x)

And, V"(x)=12[~(9-x)-(3-x)]
=-12(9-x+3-x)
=-12(12-2x)
=-24(6-x)

Maximum volume is V, -3 =3 x[18 =2 x3)*

= \=3x12°
- V=3x 144
= V=432 ¢m°

Maxima and Minima 18.5 Q13

Let the side of the sguare to be cut off be x'@m “Then, the height of the box is x, the length is 45 —
2x, and the breadthis 24 — 2x.

Therefore, the volume F(x) of the box is given by,

V{x)=x(45-2x)(24-2x)
= x(1080 - 90x - 48x + 427
=4x" —138x" +1080x
SV (x)=12x" - 276x+1080
=12(x" - 23x+90)
=12(x=18)(x-35)
V"(x)=24x-276=12(2x-23)

Nowzp"[:x]uﬂ —x=18andx=35
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Itisnot possible to cut off a square of side 18 cm from each comer of the rectangular sheet.

Thus, x cannot be equal to 18.

SX=D

Now. V"(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 5

CITl.
Maxima and Minima 18.5 Q14

Let !/, b, and /i represent the length, breadth, and height of the tank respectively.
Then, we have height () =2 m

Volume of the tank = 8m’

Volume ofthetank =7/ = b=k

~B=l=h=x2

:>I.b=4:>b=f}

Now, area ofthe base=[b=4

Area of the 4 walls (4) =2h00+ &)

.*.Azd[ﬁui]
!

:ﬁd—A=4[|—i.,]
el [
Now, d—Az{I

dl

4
e} I—I—I=D
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= =42
However, thelength cannot be negative.

Therefore, we have [ =4,

cp=did,
rF2
2 )
Now, d—f#j—;
dl !
2
When [ = 2, d szmﬂf}{l.
dl 8

Thus, by second derivative test, the area is the mininaim when [ =2.
Wehavel=b=h=2

~Cost of building the base =Rs 70 = (IB) =Fs 70 (4) = Rs 280

Cost of building the walls =Rs 2k {/ + 5) = 45=Rs0 () (2 + 2}
=Rs 8 (90)=FRs 720

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

Hence, the total cost of the tank will be Es 1000.

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

b roaas
Itis given that the perimeter of the window is 10 m.
LxH 2y n 10
2
mx(l+%)+2y=lﬂ

= 2y=10—x(1+§)

el \\\lv\
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Thus, when x = 20 then d ,,,,, <0

. k ) 2
Therefore, by second derivative test, the area is the maximum when length y = _0 m
n+4

Now,

2
Vo5 20 [2+n]=5m5{-+n] 10

a+dl 4 1+d0 n+4
Hence,_therequired dimensions of the window to admit maximum light is given

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

.

Maxima and Minima 18.5 Q16
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A I B
The perimeter of the window = 12 m
= {0+ 2by+ {1+ Ih= 12
= A+2h=12 - (il
Let S = Area of the rectangle + Area of the equilateral &
From (i},
- l{lzz-al} ; Elz

4

P I 5—.;@[«!3_—%}

dl B
For maxima and minima,
ds
—=n
cll
= 5—@{«5-%J|=D
5 kg &} = 14
1 A
(V5 - 5] ANV
2
I O, E=—ﬁ[f—£}=—3+£{ﬂ
diz 2 2
12 = ; ¢
| = is the point of local maxima
6-+3
Fram (i),
1z
12-3
pac SBEEE [5-ﬁ]= 24 - 6.3
2 2 6 -3

Maxima and Minima 18.5 Q17
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A sphere of fixed radius (R) is given.

Let » and /i be the radius and the height of the cvlinder respectivelv.

From the given figure, we haveh =2\ R™ —»".

The volume (V) of the cvlinder is given by,

V=wh=2w'vE ~r°

dv 5 2mr’{-2r}
o m A RS At
dr 2 RZ _rl

3 X

=4nry R -1 - s :

R;_r»

Rﬂ_r‘.“

Now, Etﬁ-:(} = 4nrR’ —6nr' =0
dr
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=P o= wq-3v-v
) 2 1 ("2-")
- VR - (4aR —le—I)-{dnrR -6ur‘}2m
MNow, =
ar (&)
{R: - }(fhtR2 "|3ﬂr=}+ r'{d»irr.r';'v?2 mﬁm'}}
= i
(R =r")
_ AnR =220 R + 1207 + A R
(k=)
Now, it can be observed that atp” = gﬁl,f{ffm <0
3 Tt
~The volume is the maximum when p* = v%'m;?i

2 [, 28 (R 2R
“’henrzzgi;;ﬁheheight of the evlinderds 2 RJ—TEE ?EE

Hence, the volume of the cvlinder is the maximum when the height of the cvlinder isE.

Maxima and Minima 18.5 Q18

Let BFGH be a rectangle inscribed in a semi-circle with radius r.
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Let! and & are the length and width of rectangle.
In ADHE

HEZ = OE® - OH*

=  HE=b= |r?- {gf — (i)

Let g = Area of rectangle

2
=th=1x rz-[iJ
2

1
S = St o F
2

di=ll 4r2_||'2_L:|
al 2 arl _ 2
1 4rE—gzog
_E 4."'2—.'12
_ 2r? - 2
a2

For mazima and minim a,

a5
al =10
2 .z
e &:D
4r? 2
= ! = +.02r

&lsno,

s
220 ati=a2r
air?

So, the dimension of the rectangle

5 e r
f=x2r, b= r2-| 2] = =

2) T &
area of rectangle = /6 = \Er xL
2
=rZ

Maxima and Minima 18.5 Q19
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Let # and /1 be theradius and the height (altitude) of the cone respectively.

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

Vzlnrzh:hz—%&;—
In ¥

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

§=mrl (where [ is the slant height)

= +h

., 9K @ r\f‘}:r{'+ e
e L R e S—
nr

=l ||?[2rﬁ +9V1

r

ar’

as o
e
L e s L
2t -gp?

rintrt opt

2t —9p?

Pyt 1917

Nuw,ﬁ=0:> 20t =91 =t =£
dr 2n
T g2
Thus, it can be easily verified that when p® = ?f..?,fm'g
s
L . . 9
~ Bv second derivative test, the surface area of the cone is the least whenr =-~-~-m2 —
-
1
pz I 1607 E}
thnr"=9 2,h=3—_= 3, LI . 3,."‘}5” =2
2 - w9 a3

Hence, for a given volume, the right circular cone of the least curved surface has an altitude
equal to /7 times theradius of the base.

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

Let v be the volume of greatest cone ABC, Ifis obwious that, for maximurm
volume the axis of the cone must be along the diameter of sphere,

Let 20 = x and A0 =08 = &
= BD = 4R% - x% and AD = £ + ¥

[ 0w,
v=lm’2h
3
1 z
= —gB80°x AD
3
1
=§H[Rz—xz}x(R+xj
d—v=£[—2¥(R+xj+R2—xz]
dy 3
_ A a2 -
-E[R IxR 3x]

For maxirmurn and ol

a
il
el
= 3[22-2x2-3x2:|=0
3
i
= —|[R - 3% [R+x)|=0
A ICEERICE)
= B-3x=0o0rx =-8
- X_R & =-R 15 not possible as, x = -8 will make the
3 altitude 0O
[ O,
G'2
C - Ik -6x]
oS 3
2 g4
st ox==, == -Ilor-zr]
37 gw? 3

-4a8
= il <0

X = % is the point of local masxim a.
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Volume of the oone=%m:ran

=>U=£1n:r2h
3

Squaring both the sides, we have,

(5]
Wi | Zarh
3

= éﬁ“hz...(i)

2
= 7%h? = 3}...(2)

Consider the curved surface area of the cone,
Thus,

C=mnrl

Squaring both the sides, we have,

Ci=q74"

Ye know that |2 = r? + h?

= Ci=q%2 (rz + hz}

= C2=17* + 17h*

2

= C2=g7* 4 %_ [(From eguation (23]
r
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ABC is an isosceles triangle such that AB = AT
The vertical angle ZBAC = 28
Triangle is inscribed in the drcle with center @ and radius a.

Draw &AM perpendicular to BC.
- AABC s an isoscales triangle the circumcentre of the cirde will lie o
the perpendicular from & to BC,

Let O be the circumcentre.
ZBOC =2x28 =48 ... [Using central angle theorem|

£C0M =26 ... [v AOMB and AOMC are congruent triangles]
0A=0B=0C=a....[Radius of the drcle]

In AQMC,
CM = asin2g and OM = acos28

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

BC =2asin28.......... (1)
Height of AABC = AM = AD + OM
Al = a+ amsza........[zj

Areg of ALBC is,
1
A= = *BCx AM
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Differentiating equation (3} with respect to &

d_’ﬂ” = 52[266526+_1x460546]
e =

da _ 28 (005 26+ cos 48)

de

Differentiating agin with respect to &
@ = 28" (-2sin 26 - 4sin 48)
der

For maximum value of area equating dA =0

2a° {00528+ cos48) = 0
COs28+ cosdB =0

Cos28+ 2cosf26-1=0
(2oos28-1){2a0s26+ 1) = 0

coe28=% or cos28=-1

2= " or28-1
3

T T
B=— or 8= =
& 2
If 26 = x it will not form a triangle.
a=Z
&

2

Also % is negative for &=

=

Thus the area of the triangle is maximum when & = r

and Minima 18.5 Q23
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Here, ABCD is a rectangle with width A8 = » cm and length A2 = ¥ cm.

The rectangle is rotated about A2, Let v be the volume of the cylinder so formed.

v = ariy -
Again,

Perimeter of ABCD = 2/ +5) = 2[x + ) -==(if}
= 36 =2(x +y)
= yo=18-x -~ (iii}

Fram (i} and (i), we get
v-ar?(18-x)= :r{lElxz —X3}|

= a‘_v =1 {36){ - 3){2}
lol's

For maxirma or minima, we have,
av

— =10
lel's
= z(36x—3x2}=u
= 3ﬂ{12x-x2]=0
= x[12-x)=10
= x =0 [Mot possible) ar 12
x =12 om
Fram {iii}
y=18-12 =6 om
Mo,
a4y
,:.-)(—2=H|:36_6X:|
at |:X=12,y=6)ﬁ=ﬂ(36—?2)=—36ﬂ<0
e
(¥ =12,y = 6] is the point of local maxim a,
Hence,

The dimension of rectangle, which wiout maximum walue, when
revalved aboutone of its side is width =12 om and length =6 cm.

Maxima and Minima 18.5 Q24

Letr and f be the radius of the base of cone and height of the cone respectively.
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Let 0D = x
It is abvious that the axis of cone must be along the diameter of shpere for maximum wolume of cone.

Maow,
In ABOD, 80 = Jr% - &%
= 4144 - %%
AD = A0+ 0D =R +x =12+ x
v = volume of cone = %m’zh
1 2
= V=§JTBD x AD

= %ﬂ [144—x2) (2 +x)

= %ﬂ [1?28 + 144y —12x2—x3)

3—:= %5{144-24)(- 3x2}

For maximum and minimum of v,

=1
ax
= 1z(144—24x-3x2}=0
2
= x==-12,4
x =-12 is not possible
x =4
oy,
2
d_“; =T (-24-6x)
e 3
a4
At ¥=d——=-2a(d+x)
e
=-2yx8=-167 <0
x =4 is point of local maxim a.
Hence,
Height of cone of mazimum volume = R +x
-12+4
=16 cm.
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we have, a dosed cylinder whose volume v = 2156 cm®

Let r and & be the radius and the height of the cylinder. Then,
v = zrh = 2156 -— i)

Total surface area= 5 = 2arh + 2a0°
= g = EJT."'“'.' +.":I "_(iij

From (i} and [ii)

5 - 2156xg+2m’2
ds 4312

—_— = = —+ d4ar
ar ,r'2

For maximum and minimum

a5
pulay
ar
—4312 + 4
= ———-=10
-
5 4312
= re o=
4
= r=7
M 0w,
d%s BE24
—=—=—+4rx0farr=7.
dr r
r =7 isthe point of local minim'a
Hence,

The total surface area of closed cylinder will be munimum atr =7 cm.

Maxima and Minima 18.5 Q26

Letr be the radius of the base of the cylinder and & be the height of the cylinder.
L=k,

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

It is obwvious, that for mazimum wvolume of cylinder ABCD, the axis of cylinder must be along the
diameter of sphere.

Let oL = x
fr=2x

Mo,

InAA0L, AL = JAOZ - 02

= 75— 52

MO,
volume of cylinder = 2r2h
= Vo= g AL ML

= [75- x%)x2x

=
]

For magima and minima of v, we must have,

d—v=ﬂ[150—6)(2:|=0
i
= & =5 om
a2
Also, — = -l2sx
ax
AT x=F, —d22=—6DﬂX<D
ax

» =5 is pointoflocal mazima.

Hence,

The maximum volume of cylinder is= s (75-28)»x10= 500 cm ¥,
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Let x and v be two positive numbers with

2

D e

Let S=x4+y

s =X+\II."2—X2
G"S_l X
aw 2 i3

Far magima and minima,
a5
r)'s

R
= P L
2

= 2L

EE

x B v are positive numbers

0

= M=

i
e
o2
2
'« I
g2 P _ .2
A=, =N 3 =
B T
.'"2
N 2
_+_
gz or
G sl d?e 5
! NEJG"XE 2 <0
2
Since 5 <0, the sum is largest when x =y =
ax

Maxima and Minima 18.5 Q28
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The given equation of parabolais
X% = 4y - i}

Let £ (x,y) be the nearest point on (i) from the point A(0, 5)

Let & be the square of the distance aof # from A
5 =x?+(y-5)° —- i)

From [i,
S=dy+(y- 5]2

a5
= E=4+2|{y—5j

For magima or minima, we have
a5

—=10
ay
= 4+2(y-5)=0
= 2y =h
= Wo=23
From (i)
x%=12
x =243
= P = [2«5,3) and g = [—2\@13)
[ TwRTr
z
Ij—5= 2=10
a‘yz

£ and £' are the point of lacal minima

Hence, the nearest points are £ {2@,3) and P'{—Exﬁ, 3).
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Let P [x,¥) be apaoint on
2

o= -== i
Let g be the square of the distance between A (2, -8) and ~,

g=(x-20"+(y+8)" ——- (i}

For mazima and minim a,

45 _
dy
k]

= Y +i6-0
4

[ i,
y: 4
d%s
At y=-4 ——=12%0
dy
v =—41is the point of lacal minima
From [i)

Thus, the required pointis [4,-4) nearest to [2,-8).
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Let P (x,y) be a point on the curve,

x% =8y -—={i}

Let A =1(2,4) be a point and

let g = square of the distance between £ and A
5= (x -2 +(y-4° —-{ii}

Using (i}, we get
5 2
g = [x-2)2+[%-4]

2
d_s_z(x 2)+2[”; 4] 2

ay B
[X BE)X
Also, Z‘lxii =2+ %[xz -32 +2X2]

=2 +%[3x2 —32]

For maxima and minim a,
ds

—=20
ax
{x 32)
=
= 32% B4 +x° - 32x =0
= -64=0
= x =4
M oy,
ds 1
At x=4, ——=2+_[16x3-32]=2+1=3>10
dic? 16
x =4 is paoint of local minima
From (i)
z
X
= -z
¥ g

Thus, £ (4,2) is the nearest point,
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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 A#
= s =X2+(y —5)2

Using (i},
S =2y +(y- 5)2

as
—=2+2[y-EL
g ~2+2ly-d)

For mazima and minim a,

L

dy
= 2+2v-10=10
= v =4
[ 2w,

2

d—52= 2=0

oy

v =4 is the point of lozal minima
From

)
ro=+2.f2

—{ii)

Hence, {iEﬁ, 4) is the closest point on the curve to A(0, 5).
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The given equations are
Vo= X+ Tx 42 -—=[i)
and  y =3x-3 -~ i}

Let £ (x,y]) be the point on parabola (i) which is closest to the line i)

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

- |y—3x+3|

12 + (-3)°
|x2+?x+2—3x+3|
= S o= ===[1
7 (iif)
- a5 _2x +4
b P J1o
For mazima or minima, we have
as
Eﬂ;_ ]
2x Y
= =0
Nt
= = =2
From [i)
¥=4-144+2 = -8
[ i,
5 _ 2 g
ax?  J10

Hence,
The closest point on the parabola to the liney = 3x -3 is [-2,-8).
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Let P{x.y) bea peointonthe curve ¥* =2x which is minimum distance from the point 4(L 4).
Let
5 =square of the length of AF
§=(x-1) +(y-4)’
Using this equation, we have
§=x+1-2x+y" +16-8y

S=x -2+ 2 +17-8y
4

-

s=£ _gy+17 [smcex=

.2'|
J

STk

] B
X
|

Mow,

2y =2 iz minimum poin

Hence, iz at a minimum distance from the point(1, 4) .
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The given equation of curve is

o =x¥43axi4ax -27

Slope of [i)
m=d—y=—3x2+5x+2
(ot
[ 2w,
dﬂ: -Gy + 6
i
2
and 'j—=—Eu< ]
e

For maxima and minim a,

bl

Hence, maximum slope=-34+46+2=5

g

-

x4+ =10
o=
@=—E‘<D
el

x =1ispoint of local maxima

Maxima and Minima 18.5 Q35
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e have,

z
Cost of producing »x radio sets is Rs, % +38% + 25

Selling price of » radio is Rs, X{ED - gJ

So,
Profit on x radio sets is

For mazima and minim a,

@ _q
A
= IE—EX=|:|
2
= x =10
&lso,
g4e -3
—=—2=10
gx® 2

x =10 is the point of local maxima

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

S0,

z
Cost of producing & radio setsis Rs. % + 35 + 25

. . - X
Selling price of x radio is Rs, X[EEI - E]

Profit on x radio sets is

For mazima and minim a,

Alsa,

G._'D=|:|
A
3
15-—x =10
2
X =10
g% -3
—=—2=10
vt 2

x =10 is the point of local maxima

Hence, the daily output should be 10 radio sets,

Maxima and Minima 18.5 Q36
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Let 5(x) be the selling price of x items and let C (%) be the cost price

of ® items,
X e
Then, we have S(x)= [5— —Jx = EBu—- —
100 100
and C[xj=§+5[l[l
Thus, the profit function P (%) is given by
2 2
Plx)=5(x)- Clx)=Sx-—— -2 _son= 240 _gog
100 & L 100
' 2 b
P == _ -
|:><:I 5 &0
Mo, F‘I[x]= 0
24X g
L L0
= ®o= E:‘5—4><5III=24III
! 1
Also P (&)= “tg

So, P (240 = —%{D

Thus, ® = 240 is a paint of maxima.
Hence, the manufacturer can earm maximum profit,
if he sells 240 item s,

Maxima and Minima 18.5 Q37
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Let! be the length of side of square base of the tank and & be the height of tank.

Then,

volume of tank (v)= 1%k

Total surface area (s = /% + 4th

Since the tank holds a given quantity of water the volume (v) is constant,

v = 12k

()

Also, cost of lining with lead will be least if the total surface area is least,

So we need to minimise the surface area.

Mo,

S ={*+4h

From (i} and [ii)

S=."2+1—V
s iy
i P A
i 2

For masimum and minimum

I

bl

[ i,

AT

ds _
ar
Lt
2;-?=n
2% 4y =0
152 2y = 2tk
12[t-2h]= 0
! =0 ar 2k
=0 is not possible,
! = 2k
2
12 =
2
{ = 2h, ‘j_g;»u for all A,
!

f =2k ispoint of local minima

2 is minimum when ! = 2R

Maxima and Minima 18.5 Q38
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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,

- -1
| —y

Let&8F = &
= A8 =25

Cost of material of top and front side = 3 » cost of m aterial of the botiom of the box,

= Sxowx o+ xH o+ xh+ 2wk +2xh = 3 w2x?
= x4 Zxh + 4wk = Bx°

= 4x? _Fxh =0

= 2x[2x -3R) =10

= X=%Drh=%‘/

YMolume of hox = 2y < x =k

= c = 2x2h

oy .
= h= v === {ii
Moy,

& = Surface area of box = 2 {2}{2 + 2xh +Xh)

= S=2{2X2+3xh}

From [i

s=2(2x2+3X—CJ

For maxima and minim a,
9% _oflax-3 o0
ety 2){2

= Ex®-3c=0
1

o ¥
= ¥ o=|—
%)
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[ 2w,

chE . .
N o= [E] is point of local minima

Most ecaonomic dimension will be

1
% = width = [3£]3
a2

[

2x =length = 2 [3—':]
)

1

b - height = = - 5{3_’:}3 .
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Let 5 be the sum of the surface areas of 2 sphere and 2 cube.
5= dar® + 6% -—={i}
Let v = volume of sphere + volume of cube

= W =%m‘3+a'3 ———[ii:l

G
L 2
av - 3fs-4nr®|Z [-4x
—=4r — =
ar 2 & &]
For mazima and minim a,
ol _
ar
L
= 4HF2=£[S—4HF2:]2KEF= 0
il
= 2ra[2r-/]=10
=10, 'll—
2
M oy,
2 1 z
dd—z = Bar - ETK[{S - 4;?."2:]]2 - Sar .
s a l
2{3—45#‘2:]2
At r = i
z2
Ille
g3r — z 2
a4y {2 2r [ 1212 - 27!
_2=,T___’T Jor- —F |oaqm- 2|22l 2
dr 2 .5 Y, J6 | 2afE

Maxima and Minima 18.5 Q40
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Let ABCDEF be a half cylinder with rectangular baze and semi-dreular ends,
Here 4B = height of the cylinder

AB =h

Let r be the radius of the cinder.

Volume of the half eylinder is W = %xr‘h

2
== -
i

o TSA of the half cylinder is
S = LSA of the half oylinder + area of two semi-droular ends + area of the rectangle (base)

2
s=xm+%+§+hx2

S-[m’+2’]h+ e
24
S=[T|:r+3]?+m-2

S={n+ 2]%+ wr’

Differentiate S wrt r we get,

ds 2v(-1

T |:|:t+2:] xT[F—]+ 2([’}

For maximum and minimum values of 5, we have ? =40
r

=:-|{1L+2}:<2—V[:21-]+2nr=0
Tr
2v
= 2 = Zar
fr+ }XF T
But2r=0D
ShiD = mx+2

Differentiate E wrt rowe get,

dr
d= Vo2
prede [x+ 2];):[—_54-211'3 ]

Thus £ will be minimumwhen h : 2ris s : = - 12.
Height of the cylinder ;| Diameter of the circular end

TIT+2

Maxima and Minima 18.5 Q41

Let ABCD be the cross-sectional area of the beam which is cut from a
circular log of radius a.
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A0 =3 = AC =23
Letx be the width of log and v be the depth of log ABCD
Let S be the strength of the beam accaording to the questian,
5 = xy* —(i)

In AAEC
x4y = [Eajz

= W o= [25)2 - x7 -—=[ii}

From (i) and [ii}, we get

S=x {(Eajz - Xz)

a5 otz Lz z
= E-(ﬂka —x}—zx
= d—s=4~a2—3x2

ax

Far magima or minima

a5
o
e
= 43° - 3% =10
2
= XE = 4i
3
2a
o=
43
From [ii},
& z
yz = 452 - 4i = Bi
3 3
P
=Z23ax |—
y-2ax 2
M,
2
d_§=_6x
lel's
23 2 s 123
at N=—, yv=,]-83 —=-—0<10
NE] Y \[; dw? Nz
x = E—Q,y = \EEa is the point of local maxima.
Ja 3
Hence,

The dimension of strongest beam is width = x = 23 and depth = v = \EEa.

NE)
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Letf be aline through the paoint 2 (1,4) that cuts the x-axis and y-axis.

Mow, equation of ! is

y—d4=mx-1)

-4

x - Intercept is and v - Intercept is 4 - m

let s=-""%,4_m
i
G‘.—S=+i—l
adrn <

For mazima and minim a,

a5 _
lolsal
e
= —-1=0
o
= =2
[ i,
g’s B
drn® me
ds
A1 m=2, —=-1<10
r
z
== G‘—Sz=l}lil
(o les

F= -2 is point of local minima,

least value of sum of intercept s

M-t aim

Maxima and Minima 18.5 Q43
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The area of the page PORS in 150 cm?®

Also, AB+C0D =3 cm
EF+GH=20Cm

3 A R
|
g B R
E—F G H |
P a
|
P D [a]
b

Letx and y be the comhbined width of margin at the top and bottom
and the sides respectively,

x=3cm andy =2 cm.

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

= A=p'Qwq'R

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

= A=[b-2)[1-3) - (i

Also,

Area of 2GRS = 150 om °
= th = 150 - {ii}

From (i) and [if)
150

a-b-2)[E-3)

For maximurm and minimurm,
dA _ {150_3}(5_2]{_150]: q

abs | b h2
150 - 3k b2
= Qq—muj( 2:'=|:|
b b
= 1506 - 26 - 1506+ 300 = O
= 35 +300=0
= b =10
Fraom [iij
{ =15
[ i,

24 -1E50 [ 1 4}
LA -150) - —+—
agh* h* he k7
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A1 b =10

g44 15 1 4
?='ﬁ'15n['ﬁ m]
=-1.5-.15[-10+ 4]
=-1.5+.9
=-0.6<0

b =10 is point of local maxima.

Hence,
The required dimension will be /=15 cm, & =10 cm.

Maxima and Minima 18.5 Q44

The space s described in time ¢ by a moving particle is given by
5=t - 40¢% 4+ 30¢% +80¢ - 250

. ds
velocity = e gt - 12062 + 60t + B0

. I:"ES 2
Acceleration = 2 = — = 20¢° - 2404 + 60#
at
I iy,
93 _ et 040
ot

For magima and minim a,

da

2o

ot
= E0#2 - 240 =10
= 6D(t2-4}=|:|
= t==2
I iy,

d%a

— = 120t

ot

g%z

At t=12, —2=24D>D
dt

t=2%2is point of local minima

Hence, minimum acceleration is 160 - 480+ 60 = -260,
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Maxima and Minima 18.5 Q45

We have,

4

. t
Distance, s = T—2t3+ 427

) s
velocity,v = 2 = 7 —6¢% 4+ 8¢
T

Acceleration,s = d— =
at

I - 12+ + 8

For velocity to be masimum and minimum,

[ 2w,

a1

bl

[ i,

v
ot
Stf-12t+8=0
EL_12i-.,;'l-fl--ﬁi-—‘éilﬁ
a]
o HB
G
2 2
t=24 =, 2-—=
3 3
g4
—2=E|t—12
at
2 —
¢ LI d';_”— [ 3]—12=£<D
B & 5
z
te2a d_£=a 2+i]-12=£>|:|
Ras J3 g2
2 . .
At = E—E, velocity Is maximum
For acceleration to be maximum and minimum
s
= -0
at
afr-12=10
t==z
a3
—2=EI}|:|
at

At, # =2 Acceleration is minimum.
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