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Exercise 6.5

1. Find the maximum and minimum values, if any, of the following functions given by:

iy S =(2x-1) 43
(i) flx)=9x +12x+2
(il flx)=—(x=1)"+10
(iv) g(x)=x +1

Solution:
(i) Given function is:

flx)=(2x-1)"+3

oy 2
As, (2x-1) =0 forallx e R
Adding 3 both sides, we get

(2:0-1) +320+3

Flx)z3

Page No: 231

x=

The minimum value of f(x) is 3 when 2x — 1 = 0, which means

This function does not have a maximum value.

(ii) Given function is:

) =9 +12x+2

Using squaring method for a quadratic equation:

. { - 4.‘{- 2\'
x)=9 X +—+= |
f () SRERE)

[, 4x (2
=9 x+—+ = -
£ (%) BT EY
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/ e
9 ¥+ =20
As . 3 forallx e R

Subtracting 2 from both sides,

Therefore, minimum value of f(x) is -2 and is obtained when

o -2

x+==0 x=—
3 thatis, 3

And this function does not have a maximum value.

(iii) Giverl function is: ¥ ** - ... (i)
as U E0 ¢ an ke R

Multiplying both sides by —1 and adding 10 both sides,

~(x-1) +10<10

f(x)<10 [Using equation (1)]

Maximum value of f(x) is 10 which is obtained when
x -1 = 0 which implies x = 1.
And minimum value of f(x) does not exist.

(iv) Given function is: £ (x)=x"+1

At x— g[:x_]—}:::

At ¥~ g[:_‘r:l —
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Hence, maximum value and minimum value of g(x) do not exist.

2. Find the maximum and minimum values, if any, of the following functions given by:

() flx)=fc+2]-1
(i) gl(x)=|x+1|+3
iy () =sin(2x) +3
(iv) f(x)=|sin 4x+3|

(v) .
Solution: (i) Given function is: f[-x-]:|x+ 2|—1 .......... (1)

h(x)=x+1lxe(-11)

As |'T+ 2|'3 0 forall *= R

-1 = —_
Subtracting 1 from both sides, e+2[-22-1

flx)z=-1

Therefore, minimum value of f(x) is -1 which is obtained when x + 2 =0 or x = -2.

From equation (1), maximum value of BE) 2B once it does not exist.
(il) Given function is: £()=—F+1[+3
As = +1z0 forall *= R

Multiplying by —1 both sides and adding 3 both sides,

—|xe+1]+3=3

glx)=3

Maximum value of g(x) is 3 which is obtained when x + 1 =0 or x = -1.

glx)—>—x

From equation (1), minimum value of , does not exist.
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(iii) Given function is; *t*) =sinl2x]+3 (i)

AS —1=sin2x =1 for a” xe R
Adding 5 to all sides, ~1+3 =sinlx+3<1+3

4=<h(x)<6

Therefore, minimum value of Al x) is 4 and maximum value is 6.

(iv) Given function is: £(x) =]sin 4x+3|
As —1=sindx =1 for all e R

Adding 3 to all sides, ~1 T3 Zsin 2x+5=1+3

Therefore, minimum value of f(x) is 2 and maximum value is 4.

(v) Given function is: h(x)=x+lxe(-Ll) (i)

As —lex<cl
Adding 1 to both sides, ~1+1<x+l<l+]
0<hlx)=2

Therefore, neither minimum value not maximum value of h(x) exists.

3. Find the local maxima and local minima, if any, of the following functions. Find also the
local maximum and the local minimum values, as the case may be:

iy /()=

iy 8(X)=x —3x

F (1] =sin x+cosx 0 <x< z
(iii) 2

x) =sin x—cosx.0 < x< 27
(iv) flx)=sinx—cosx,0<x<2T
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V) flx)=x —6x +9x+15
Co.x 2
glx)]=+=,x>0
(vi) 2 x
o(x)= :1
(vii) Tox+1

) Flx)=xl-x.x>0

Solution: (i) Given function is:
fl(x)=2x and Fl(x)=2

(viii

flx)=%

Now /(=0
*=0 [Turning point]
Again, when x = 0, f(x)=2 [Positive]

o= S(0)=(0)"=0

Therefore, x=0, is a point of local minima and local minimum valu

(ii) Given function is: £(x) =23

g'[x_]=31':—3 "(x)=6x

and £
Now € (+)=0
3t —3=0

3(x*-1)=0
3(x+1)(x—1)=0

x=-1 or *=1 [Turning points]
Again, when x=-1

g'(x)=6x=6(-1)=-6 [Negative]

= _:_ =9
x=-1 is a point of local maxima and local maximum value g(-1)=(-1) -3(-1)=2
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And

when x=1; £ (%) =6x=06(1)=6 [Positive]

| ;T‘\'
. , 0=y — I
Gy L.l x| =sinx+cosx | 2
(iii) Given function is: (x) - =

h'(x)=cosx—sinx and " (x)=—sinx—cosx

ow ()20

cosx—sinx=10

—sinxX=—C05 X

sin
=1

COs X

tan x=1 [Positive]

x can have values in both 1st and 3rd quadrant.

|

0 xe

But, -

I

As, tan x=1

- T .
* T3 B'[x)=-sinx—cosx

- T
— 51 ——C05—
+ 4

https://byjus.com
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T
X=—
4 is a point of local maxima and local maximum value
Ty o T
I, — | =sin—+cos—
- L4) 4 -

(iv) Given function is: flx)=sinx—cosx (0<x<27) (i)

f'lx)=cosx+sinx and f"(x) =—sin x+cos x

Now 7 (%) =0
cosx+sinx=0
Sifl ¥ = —COSX

sin x

=-1

CO5X

tan x=~1 [Negative]

X can have values in both 2nd and 4th quadrant.

K
tan x =tan — tan —

" 4 and
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_EE 3T+ 3T
At T fU(x)=—sinx+cosx _ —sin—+cos—
T T
—51n T—— +|:|:us "l'——
= h'(x) _ 4) 4 )
— 51l — —Co5 —

= - 2 [Negative]
{3 3T T

.T=3E f|— |=sin——cos—

So, 4 is a point of local maxima and local maximum value = 4

.| "1' | T
sin, T—— —1:1::5 T——
\ 1) \ 4

T 1
_+ - -
_ sin 1 CDS 1 ,ﬁ J—

T
At YT, f'(x)=-sinx+cosx

. 4T 1T
— S8l —+Ccos —

i Y -
.| a ! Fral
—sin, 20—— |[+cos, 2T——
1 4 i 4

Which implies; GO L4 \ 1)

. L T
51 — +C0s —

-
-
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i 'IT___.T"‘, . -.-'.. -
4 is a point of local maxima and local maximum value = - ~ 4

i

| T
sin Z;T—Il—cnﬁ 2a—

HlE

|
— F)

: r -1 1 -
- 4 4 =

NN

Y — vF iyl 1z
(v) Given function is: f(x)=x —6x"+9x+15

F(x) =3 —12x+9 ang /(x)=6x-12

Now /(%) =0
3t —12x+9=0
v —4x+3=0

(x—1)(x—3)=0

x=1 or ¥=3 [Turning points]

o ||"__= -—12=6—-172 —— .
At ¥=L f(x)=6x-12=6-12=-6 [Negative]

. =, _:‘-_ pan . 5_
x=1ljsa point of local maxima and local maximum value is £(1)=(Q1) -6(1) +9(1)+15=19

- II.'-'= C— F'r= _"_|.= 1t1
At ¥=3. F(x)=6x-12=6x3-12=6 [Positive]

-

. =, 3_ - . £_1%
*=3 js a point of local minima and local minimum value is F(3)=03) -6(3) +9(3)+15=15

A .
ng’_‘J=i+—=x> 0
(vi) Given function is: 2 x
g

X
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v —4
= 2."{:
x+2)(x=2) 4
B (==
= ke and x
Now & (¥)=¢

(x+2) E;T_ 2)

2x =0
(x+2)(x-2)=0
p)

— T - —
X=—a or X=a

But *> 0 therefore *=2 is only the turning point.

I
(]

g(l]: +

-— . . . . oo . i
*==< is a point of local minima and local minimum value is

ko | ka2
ko | ka2

hx)= 31 =[1’:+2]_1
(vii) Given function is: x +2
()= (1) (2 +2)7 (2) =
‘ ‘ [x°+2)
: £ and

(F+2) 2-2x2( +2)2x

B (x) =

(x*+ :]4
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. -2(2-3x") 2(2-0) —4 -
M X|= "1 ‘3'= 3'=_=_
A x=0. (Fe2f (02 E 2

[Negative]

x = 0 is a point of local maxima and local maximum value is

(viii) Given function is: S )=l x <l
flix)= 1%[\1—1]__1 di[:l—x_] +41-x.1
i X

—
+a/l—x
— 24f1—-=x !

—x+2(1-x) 1-3x

- 2yl-x - 2J1-x
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3 is a point of local maxima and local maximum value is

2 2 [ 2 2.3
—'=_" —_— X =— 1——:—
faj,l WIS 30009

3(2)_4
72 \3) B
G
401-% |
Again L3
Y4 —
2 —13 _ 1 <0
g 1P of LY
i‘h3j| L3 |

x=
Therefore, f(x) has local maximum value at

ad | bt

4. Prove that the following functions do not have maxima or minima:

ORARd
(i) g(x)=logx

(iii) er] =% +x +x+1

Solution: (i) Given function is: flx)=¢
F(x)=+

Now /(%) =0

g =0

But this gives no real value of - Therefore, there is no turning point.
S (%) does not have maxima or minima.

(ii) Given function is: g(x)=logx
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1 = 0 (which is not possible)
f(x) does not have maxima or minima.

(iii) Given function is: A(x)=x+x" +x+1

B'(x)=3x" + 2 +1

Now 7 (%) =0

3t +2x+1=0

—1+.f2i

= 3

Here, values of x are imaginary.
h(x) does not have maxima or minima.

5. Find the absolute maximum value and the absolute minimum value of the following
functions in the given intervals:

(i) flx)=x".xe[-2.2]
(ii) flx _]—5111 x+cos x.x [0, 7]

‘ 1, [ .9
fI:'n.)] =dx——x".x= —2=—:|
(iif) 2
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vy £ (9= (x—1)" +3.xe[-3.1]

Solution: (i) Given function is:

f(x)= 3y

Now /(=0

3¥ =0

Therefore, absolute minimum value of F(%) is =8 and absolute maximum value is 8.

(ii) Given function is:

f'(x)=cosx—sinx

Now / (+)=0
cosx—sinx=10

—sinx=—Ccosx

tan x=1 [Positive]

x lies in I quadrant.

ks
tan x=1=tan —

x==
So, 4

f(x)=x"xe[-2.2]

f[x] =sin x+c05x=xE[D=;T]
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f-"?r“; , ?1'+ T 1 . 1 7

—  =sin—+cos—=—f4=+—F==1+/.
L 4] 4 4 2 N2

F(0)=sin0+cos0=0+1=1
flr)=sin T+cosT=0-1=-1

Therefore, absolute minimum value is -1 and absolute maximum value is 1.

. 1 , ™
f[.‘rj :4_1:—;:':‘::{6_ —l; I
(iii) Given function is: - wooosS

f(x) =4—1;(2x_] =4-x

Now /) =0
d—x=1
E.—Z.E\:
v=24 | '2}|
'4]—16—1 16)=16—8=8
At _'l;'=;1.= f[\ L E( J_ =

, 1
—2)=4(-2)-=(4)=-8-2=-10
At ¥="2 f(=2)=4(=2) 2[ )

| =13_E=E
' g 8

b | =

Fa Y
| o
. =
’ <
[ Y]
N =

3

Therefore, absolute minimum value is —10 and absolute maximum value is 8.

(iv) Given function is: fx)=(x-1] +3.xe(-3.1)

flix)=2(x=1)

Now /=0
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2(x-1)=0
x=12(-31)

ap ¥=L F()=(1-1) +3=3

At ¥=3. F(=3)=(-3-1)" +3=16+3=19

Therefore, absolute minimum value is 3 and absolute maximum value is 19.

6. Find the maximum profit that a company can make, if the profit function is given

SR A .-:
by plx)=41+24x-18x"

Solution: Given function is: Profit function ¥

p'(x)=24-36x and p"(x)=-36
Now 23] =0
24-36x=10

24 2
==

36 3

2
*=3 p"(x)=-36 .

At 3,9 [Negative]

= .
plx) has a local maximum value at

5
r=—
At 3, Maximum profit
I«" 2"'.| I-" 4".|
41+24) 2|18 |
_ 3 L9

=41+16-8=49

https://byjus.com
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7. Find both the maximum value and minimum value of
3x* =8 +12x" —=48x+25 gn the interval [0, 3].

Solution: Consider /(%) =3% ~8¢ +12x’ ~48x+25
F(x) =122 =245 + 2448

on [0, 3]

Now f'(x)=0
12 —24x° +24x—48=0
=2 +2x—4=0

(x=2)(x*+2)=0

x= 2 or xr= iﬁ
As x=12 s imaginary, therefore it is rejected.

here*=2 is turning point.

ap X=2. f(2)=3(16)-8(8) +12(4)-48(2)+25_ _39
pp =0 £(0)=23
ap =3 F(3)=3(81)-8(27)+12(9)-48(3)+25=16
Therefore, absolute minimum value is =39 and absolute maximum value is 25.

F'r" . : - . . .
8. At what points on the interval [D”'T] does the function it 2 attain its maximum value?

‘x| =sin 2x
Solution: Consider fx)=sin 1x

f'(x)=2cos2x

ow £ (3)=C

2eos2x =10

https://byjus.com
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2x=(2n+1}§

T
x=|2n+l]—
x=(21+1)7

n=0123 " 1°

3_1{
4

| L
*‘|éq

E
Put 4

flzxj =sin 2x

Now

=

[ T .o
fLL_r+1]I:| =sin I:_rz+1]

|

o T
sin, T+ —
| 7 J|

Also f(U]=51nU=D and f[lfr]=sin4fr=0

As f':'TJ attains its maximum value 1 at -

|
*‘|éq

r=

N
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s 1“: (sm 1“:
. . L1 \"g )

Therefore, the required points are 4 Jang Lt

9. What is the maximum value of the function sinx+cosx’

Solution: Consider  (¥)=sinx+cosx

f'(x)=cosx—sinx

Now / (+)=0
cosx—sinx=10

—sinxX=—C05 X

A

tan —

tan x=1 — 4

i

X=niT+—

Here 4 is a turning point.

ST AT T ! )
f| nT+— |=sin| niT+— |+cos| nT+—
W 4) \ 44 \ 4 )

n R I il n .:‘1'-
=1} sin —+(-1} cos—

Ay

If nis even, then

https://byjus.com
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f ?:-,-T+;:=—\E

If nis odd, then

Therefore, maximum value of fx) is *J'E and minimum value of fx) is _”vE-

10. Find the maximum value of 2x° —24x+107 in the interval [1, 3]. Find the maximum value

of the same function in [-3.-1].

o at au 10
Solution: Consider flx)=2x" - 24x+107

fl(x)=6x"—24

ow /(310

6 —24=0

x=21 gr Xx=-1 [Turning points]

For Interval [1, 3], x=1 g turning point.
ap =1 F(1)=2(1)-24(1)+107 =85

At ¥=2. F(2)=2(8)-24(2)+107 =75

ap ¥=3. f(3)=2(27)-24(3)+107 =89

Therefore, maximum value of ﬂ'ﬂ is 89.

2

For Interval A is turning point.

A x=-L F(1)=2(=1)-24(-1)+107 =129

https://byjus.com
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At X=-2. F12)=2(-8)-24(-2)+107 =139

A X=-3. F(3)=2(-27)-24(-3)+107 =125

Therefore, maximum value of fx) is 139.

11. It is given that at *=% the function * —62x" +ax+9 attains its maximum value, on the
interval [0, 20]. Find the value of -

R g .
Solution: Consider /1) =% —62x" +ax+9

f(x)=4x —124x+a

As, f(x) attains its maximum value at *=1 in the interval [0, 2], therefore £'(1)=0
F(1)=4-124+a=0
a—-120=0

a=120

12. Find the maximum and minimum value of X*Tsin X gn [D= T]

= i D
Solution: Consider f (x) =x+sin 2x

F'(x)=1+2cos2x

Now /(=0

1+ 2cos2x=0

https://byjus.com
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2T
COs —
= 3
T ]
dx =22 _ x=nrtl
3 where "€ 7 = 3
X =+ T X T X z
— -5 AT i F_P T3
For 7 =0. 3 But 3 'Z[D“'T], therefore 3
—1 1=Ei£ T+ T—E
For "=* 3 = 3 and 3
, x=2rtZ
For " == 3
T I 5T
x=2r+=>27e[0,27] X=dT——=—
But 3 , therefore 3 3

)

Therefore, it is clear that the only turning point of 7 ') given by **sin

o 2x 4w Sx

27 T Ty g A
closed interval [%-27] are, 3 3 3 3
T
Xx=—
At 3
f.Ei=E+sin£=z+£=1ﬂ5+ﬂ_8?=1.E‘-'2
2T
XxX=—
At 3
T 2
F) AT AT e B 100872103
3 ) 2
(approx.)
4T
r=—
At 3
7l i | A a8 AT B 050872507
b 3 J 3 3 3 2 (approx_)

https://byjus.com
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5
xX=

At 3

(approx.)

At x=0 F(0)=0+sin0=0

At X= 2T

=5x105-087=438

F(27)=2m+sin47=27+0=27=2x314=628

(approx.)

Therefore, Maximum value = =T and

Minimum value = 0.

13. Find two numbers whose sum is 24 and whose product is as large as possible.

Solution: Consider the two numbers be x and y

According to the question,

y= 24 —x (l)

xty=24

And Consider Z is the product of * and +-

I=xy

z =x(24-x) [From equation (i)]

z=24x—x

“_pmo2 2Z_

dx and ::2".1’: B

= —0
Now to find turning point, @

https://byjus.com
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24-2x=0 = x=112
At =12 ax [Negative]

-— 17 . . . . . -1
x=12js g point of local maxima and < is maximum at * =12

From equation (i), * = 24—-12=12

Therefore, the two required numbers are 12 and 12.

14. Find two positive integers x and y such that *7¥ =60 gng %~

Solution: Given function is; ¥+ =60.x>0.2>0 (i)

X

Consider P = [To be maximized] .......... (ii)

)’r=50—}

Putting from equation (i in equation (ii),

p= (60-¥) v =607 3"

P 180y —41F = 4y (45-»)
a A (iii)
L0
Now &
437 (45-1)=0
y=0.45

P

iS maximum.

Itis clear that & changes sign from positive to negative as * increases through 45.

Therefore, P is maximum when &= 45.

Hence, 7 is maximum when X=60-45=15 54 ¥=45.
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15. Find two positive integers x and y such that their sum is 35 and the product Vs a

maximum.

Solution: Given function is:
y=35-x .. (i)
Consider Z =%V’

(35— .T_:I:

x+1v =35

[From equation (i)]

& 25(35-x)  (-1)+(35-x)

ax

dz 4

& o x(35-x)*[-5x+(35-x)2

2 _(35-xf 5023512

& o x(35-x) [-5x+70-2x]

ax

& o (35-%) (70-7x)

&

d= - 4 ’

& _7x(35-x)* (10-x

dx L 9 N
£ o

Now &x

7x(35-x) (10-x) =0

.T=|:| or 35_l’=|:| or ].D_.-'i':[:l

.T=|:| or .T=35 or .-';"=1|:|

Now *=0 is rejected because according to question, * is a positive number.

Also *=33 is rejected because from equation (i), ¥ =35-35=0, but * is positive.
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Therefore, x = 10 is
only the turning point.

@2 _7(35-x (6x* —=120x+350)
dx” ) ’

. 22 _7(35-10) (6x100—120 %10+ 350
At *=1U 0 de

_ 7(25)°(-250) <0

dz
By second derivative test, @ will be maximum at *=10 when ¥

Therefore, the required numbers are 10 and 25.

16. Find two positive integers whose sum is 16 and sum of whose cubes is minimum.

Solution: Consider the two positive numbers are * and -+

x+y=16

y=16-x . (i)
Consider Z =% T¥
z =_T3+[:1I5—_T_]3

[From equation (i)]

z=x+(16) = —48x(16-x)

_ (16) —768x+48x"

“ o _768+96x  LZ-96
dx and &x”
@
Now &x =0
768+ 96x=0
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x=_

2796
At x=8 dx is positive.

*=8 js a point of local minima and 2 is minimum when *=§.

y=16-8=8

Therefore, the required numbers are 8 and 8.

17. A square piece of tin of side 18 cm is to be made into a box without top, by cutting a
square from each corner and folding up the flaps to form the box. What should be the
side of the square to be cut off so that the volume of the box is the maximum possible?

Solution:
Each side of square piece of tin is 18 cm.
Consider x cm be the side of each of the four squares cut off from each corner.

Then dimensions of the open box formed by folding the flaps after cutting off squares

L AN L I P
are (18—2x),(18—1x] and x cm.

Consider z denotes the volume of the open box.

z=(18-2x)(18-2x)x
z=(18- ZJ:_']: x
z={324+4x" - T2x)x

— 4x — T2 +324x

Which implies
Z 128 144x+324 ZZo24x-144
ax and ax”
dz
Now &x =0

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

)
m BYJ U S NCERT Solutions for Class 12 Maths Chapter 6 Application of

The Learning App . .
Derivatives

12x° —144x+324 =0
=x —12x+27=0
(x=9)(x=3)=0
x=9 gr x=3
*=3 is rejected because at *=7 length = 18—2x=18—2x3=0 which is impossible.
x=3 js the turning point.
d:—:i:=2—1 x3-144 =-T2
At x=3 de [Negative]

z is minimum at x=3 that is, side of each square to be cut off from each corner for maximum
volume is 3 cm.

18. A rectangular sheet of tin 45 cm by 24 cm is to be made into a box without top, by
cutting off square from each corner and folding up the flaps. What should be the side of
the square to be cut off so that the volume of the box is maximum?

Solution: length and breadth of a rectangular sheet is 45 cm and 24 cm respectively.
Consider x cm be the side of each of the four squares cut off from each corner.

Then dimensions of the open box formed by folding the flaps after cutting off squares
(45—-2x),(24 -2x)
are * A and x cm.

Consider z denotes the volume of the open box.
z=(45-2x)(24-2x)x
z=(1080-138x+4x | x

= 45 138" +1080x
dz

= 12x—276x+1080 T s —24x-276

ax and -a'-_T:
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azs
Now @x =0

12x"—276x+1080=0

=x —23x+90=0

(x=5)(x—18)=0

.Tzi or .T=18

x=18 jg rejected because at x=18 length = 4-Ix=18-2x18=-12 which is impossible.
Here x = 5 is the turning point.

-

Z —24%3-276=—156

At Xx=3 dx [Negative]

£,

z is minimum at x = 5 that is, side of each square to be cut off from each corner for maximum
volume is 5 cm.

19. Show that of all the rectangles inscribed in a given fixed circle, the square has
maximum area.

Solution: Consider PQRS be the rectangle inscribed in a given circle with centre O and radius a.
Consider x and y be the length and breadth of the rectangle, that is, x>0 and y>0

In right angled triangle PQR, using Pythagoras theorem,

PQ? + QR? = PR?

¥ +17 =(2a)
_:L': =4da’ -

Consider A be the area of the rectangle, then A = xy = *v34a” —x

dA — 1 o — x
—=yda —x tx———(2x|=yda - ——————
ax 2ofda — Jdat -
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4 —2x°

Ji7 7 () (4t~ 26— 2
' ‘ NIV

-ll_.-"

Ci"n." [’4'&,1 _ 21__] II

(402 =24%) (=hx) +2{ 4 =24

(4 =22 )2
d’A _ —12a%x+2x

ax”

[:40’: —2x ]:

—2_1:[:5:13 — ]

_ (4022

dA _
Now &x

0
4(2‘: —2_'-;:

4&': —_'If: =0
—'1'{1':—2_'{': =|:|
_T=~.E,g

dA 2 (v2a)(6a" —247) YA

At x=+2a @c 22a N

L . .
At -~ =+2a , area of rectangle is maximum.

And from equation (1), }'=m =\E,_.I’

. my — ¥
thatis, =~ * =2a

[Negative]
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Therefore, the area of inscribed rectangle is maximum when it is square.

20. Show that the right circular cylinder of given surface and maximum volume is such
that its height is equal to the diameter of the base.

Solution: Consider x be the radius of the circular base and y be the height of closed right circular

cylinder.

Ty + 21

Formula for Total surface area (S) = -

Volume of cylinder (z)=mxy

N
ax }
=~ * J[From equation (i)]

7= ,-T_T[:JEC —.T: ] = ,.T[ifo{—lj ]

Z (k-3
dx ' " and
£ :,-T(—ﬁ:n.’]:-ﬁ;?l’
dx” '
=0
Now &x
Tl k=3x"|=0

\/E
x=,l—
3
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k dz \(I
x=,l- —::_6:&'— —
At 3 dx 3 [Negative]

i

Xx=,l—

Z js maximum at 3
P
3

s
From equation (1), \/;

o
- 3 - 2x

Which implies, Height = Diameter

Therefore, the volume of cylinder is maximum when its height is equal to the diameter of its
base.

21. Of all the closed cylindrical cans (right circular), of a given volume of 100 cubic
centimeters, find the dimensions of the can which has the minimum surface area.

Solution: Consider x be the radius of the circular base and y be the height of closed right circular
cylinder.

According to the question, Volume of the cylinder 7> =100

(i)

B TR
Total surface area (S) = <F% T=7*

2a(xp+xt)

100
2T x——+x" |

e | :
= N X /' [From equation (1)]
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100
] —+x I
S = LTX J

4s 200 . 0
g ¥ S P
dx” \ T

as
Now &x

0
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1
(50

X= —
L)

radius cm

From equation (1)
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22. A wire of length 28 m is to be cut into two pieces. One of the pieces is to be made into
a square and the other into a circle. What should be the length of the two pieces so that
the combined area of the square and the circle is minimum?

Solution: Consider x meters be the side of square and y meters be the radius of the circle.
Length of the wire = Perimeter of square + Circumference of circle

—11’+2}T_}' =28

2x+my=14

Area of square = ¥ and Area of circle =

Combined area (A) = ¥ + TV = x" +

.T:+i['?—x']:

= T '

E :21’—E['?—I']
ax T '

(14-2xY
i

T )

and
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a T
2o

Now &ax

21—§{T—1]:D
g,

2x=—|T—x

2mx=56—-8x

(27+8)x =36
56 28
_'IL": =
Ir+8 m+4
d*A

=2+

8
And & T [Positive]

28
2

A is minimum when T+4

Therefore, the wire should be cut at a distance

7+4 from one end.

23. Prove that the volume of the largest cone that can be inscribed in a sphere of radius

8

Ris 27 of the volume of the sphere.

Solution: Consider O be the centre and R be the radius of the given sphere, BM = x and AM

=y
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In right angled triangle OMB,

OM? + BM? = OB?
using Pythagoras theorem
(y—R) +x' =R

v +R*=2Ry+x" =R"°
' =2Ry+x' =0

-

x

o= )

[zj:im 1 —E[:ZR}'—}'::]}'
z:EfER}' -1
3v0 T (2)
Ty ay) I
dce 3¢ *and &x
=<0
Now &x
Z(4Ry-317) =0
3 L r
4Ry 317 =0
317 =4Ry
4R
y=—
3
Jo R A2 _Thp 2R
At 3 et \ 3 _;'l
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Z(4R -8R
= 3 '
—4R
= 3 [Negative]
4R
y=—
Z js maximum at 3

Substitute the value of y in equation (1), we get

| o

" (Volume of the sphere)

I
[

24. Show that the right circular cone of least curve surface and given volume has an
altitude equal to W2 time the radius of the base.

Solution: Consider x be the radius and y be the height of the cone.
-y

Volume of the cone (V) = 3

Xrv=—=k

T (say) .......... (1

And Surface area of the cone (S) = =N T
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=t (x +3t) =z
: ’ (say) ....(2)
ke )
z=0.—|—+y |
Vi) J
k| £:+_:L' .
= LY i
_ Th(7+y)
& Tk 2k~ +1]
' and
d'z 6k
— = k| 6l |=
2= wioe]=- 4]
£ o
Now &

[
s

(26 positive]
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- ]
Z is minimum when * (2k)
k k
X =TT
. . (2k)3
Again, From equation (1), :
2% (2 Y
] "ﬂ}k i B 2 _?
- 2(2k) [From equation (3)]
ve=2x
y=+2x

Therefore, Surface area is minimum when height = V2 (radius of base)

25. Show that the semi-vertical angle of the cone of the maximum value and of given slant
: . -1
height is tan N

Solution: Consider x be the radius, y be the height, | be the slant height of given cone and € be
the semi-vertical angle of cone.

Iinl :.T: +_:L':
e 1)
1,
—axy
Formula for Volume of the cone (V) = 3 .......... (2)

V:3 ) ’

Ty 3
o F‘_:L'—_:L:]
S(ry-y

ﬁ:f[’ﬁ _3}-3‘]
m 3 L r

and
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Now
T ioa 3
—(I*=33%)=0
SUSEY
I* =317 =0

3}.2 — |il:

= 3 [Negative]

i
:_L'=_
V is maximum at \5

T: = f: — i — E_F
From equation (1), _ 3 3
[
x= JE —_—
NG
tand =2
Semi-vertical angle, Y
!
V2
EE =2
- 5
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Which implies, € =tan™~2
26. Show that the semi-vertical angle of the right circular cone of given surface area and
17
-1

sin” | — |.
. . | |
maximum volume is ‘“3*’

Solution: Consider x be the radius and y be the height of the cone and semi-vertical angle be g.

And, Total Surface area of cone (S) = T‘lm + Tx”

x4+ y? 4 =§=k

T (say)
X+ =k—x
P+ 27 ) = (k=2

4,211 4 :
X +xyv =k+x —2kx

.T:_:L': — JEC: _zh__:
K
X =— Iy
VoRAE (1)

l:—'rx:}'
Volume of cone (V) = 3

1 [ B

=T = ¥
_ 3V 2k )

1 ¥

37 Ly 42k
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1 L[ +2k)1-p2p

(32 +2k) | |
= : ‘ - [Using quotient rule]

; C{2k=37)
av_1 . | )

@ 3 2k
3 Do, (2)
-
&
Now &V
L (26-37)
1 [ - : =|:|
3 (Vi +2k)
=2k
v =2k

y=~2k [height can’t be negative]

Here ¥ =~2% is the turning point.

dav
— =0

As, @ therefore, Volume is maximum at * =

e __K_k

x = =
From equation (1), 2k+2k 4k 4

VEk

2
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siné = -
Now Semi-vertical angle of the cone VTV
Jie
T k 4 1
—— =5 "or 3
K +2k
4
Which implies
g = 5i11'11

Choose the correct answer in the Exercises 27 to 29.

-

27. The point on the curve © =2V

< which is nearest to the point (0, 5) is:

(A) (2V2,2) (B) (2v2,0) (C)(0,0) (D)(2,2)

Solution:
Option (A) is correct.

Explanation:

Equation of the curve is * ==¥ ... (1)
Consider P(x, y) be any point on the curve (1), then according to question,

.-’_2.: + . __5.:
Distance between given point (0, 5) and P = \/['1 Jr=) o, (say)

o F=d+(y-5)
_2p+(y-5) :
= : * [From equation (1)]

— z'=2p+p +25-10p

= "=y —8y+125 _ Z (say)
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=2
[Positive]

". Z'is minimum and 2 is minimum at * = *

From equation (1), we have x' =8

— x=+2.2

(24/2.4) . (-2472.4]

nd ' are two points on curve (1) which are nearest to (0, 5).

1—x+x7
28. For all real values of x, the minimum value of 1+x+x" js:

(A)O B)1 (©3 (D) 1/3
Solution: Option (D) is correct.
Explanation:

Given function is:

. 1-x+x*
fX)=r—
+x+x (1) _
[f1+_1:+_'|:J \]i[fl—x+_1:1\]—[fl—J:+:|::\]i[fl+_ﬁ:+_ﬁ:1‘]
f'l:-.ll:.jl — \ 4 ci-ll.- 3 K " r dx " Fl
s, [:1+_'l.’+_'l.f::]‘
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o (120 (e 12
X == J 5 i )
= (1+x+27)
fIIZT:] _ —1+2.T— .'li'+2_-|;: _.T: + 21.3' _1_ 21’+l’+ 2:{: —_-.;2 _21;'
= (14x+)
P
= [\1+ .T+_T::]‘ _ [:1+-T+_T: :'l‘
Now f I:"‘J =0

-2(1-x")
— [:1+.T+.T::]: -0

— —2[}—1"?] =0

= 1-x" =0

= x =1

= x=11

~ x=1 and *=-1 [Turning points]
At x=-1,

from equation (1),

_L+lel g
1-1+1

f(=1)

At x=1,
from equation (1),

£(1)

_1-1+1 1
1+1+1 3 [Minimum value]
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29. The maximum value of

E
) .3/ (B) 1/2 €)1
Solution:

Option (C) is correct.

Explanation:

Fx)=[x(x-1)+1F

Consider
1
|I_.'F-' —."{+1_]3 0<x<1

=\ y T T (l)

f'(x]=1['x*—x+11-= i[’f—x+1‘]
- 3 v F dl__. E

(2x-1)

_ 3P —xt1)

Now /) =0

¥=—
At 2 from equation (i),

[x(x—1j+1]3‘5=0c_:xc_:1 .

is a turning point and it belongs to the given enclosed interval 0=x=1 thatis, [0, 1].
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(1) (11 (1-2+4) (3
P AT b g )
:\_2 _,J ;\,_4 2 Jl ;'\. 4 "JI :\'4"J

At =0 from equation (i),

At *=1 from equation (i),

1

f(1]:|:1—1+1]-é =(1)F =1

-- Maximum value of f[xj is 1.
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