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CBSE Class-12 Mathematics
NCERT solution
Chapter - 6

Application of Derivatives - Exercise 6.5

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

M £(x)=(2x-1)"+3

i) f(x)=9x" +12x+2

(i) £ (x)=—(x—1)" +10

(iv) g(x)= v +1

Ans. @) Given: f(x)=(2x—1)" +3
Since (2x—1)" 2 0 forall x& R

Adding 3 both sides, (2x—1] 32043 = f (x)=3

Therefore, the minimum value of f( x|} is3when 2x—1=0,1e, x=

This function does not have a maximum value.

() Given: f(x)=9x +12x+2

-

.
- T

= Flx)=9 ¥+ 42
Sl 3 9]

cowoo 4x 2
= flx)=9 x+—+ —
fx ; 3 043

&
LY -
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-

© 2y 4 2]
=9 x+2 | —=+2
773 9
ol L2
= f[_‘“:g _'|;+_; -2 1
- 2

Since 9' v+ | =) forall x= R

. 7%
Subtracting 2 from both sides, @' x+ — | —2=0-2

-

= flx)=-2

.
Therefore, minimum value of f | ] is —2 and is obtained when x+—=0,ie, x=

|I
o

And this function does not have a maximum value.

(iii) Given: f(z) = —(z —1)2 410 ........ (i)

since (x—1)" = 0 forall x R

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

—(x-1)+10<10

= f(x)=10 [Usingeq. @]

Therefore, maximum value of f ['_ _1:_'| is 10 which is obtained when +—1=1) i.e., v =
And therefore, minimum value of f ['_ J:_'I does not exist.

@v) Given: g(x)=x +1

Asx—® glx|—=x
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As x —+—XL g [._T.I — —C

Therefore, 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:
O flx)= |.T+ 2|—1

() g(z) =—|z+1/+3

(i) 72( x| =sin(2x)+3

(v) f(x)=fin4x+3|

W h(x)=x+1lx=(-11]

Ans. (i) Given: f(x)|=

+2|-1 @

Since |J:+ 2|£ () forall x= R

Subtracting 1 from both sides, |x+ 2 |— 2z=-1
= flx)z=-1

Therefore, minimum value of f| x| is —1 which is obtained when x+2 =0 ie., x=—2

From eq. (i), maximum value of /| |— ¢ hence it does not exist.

(ii) Given: g|x|=—|x+ 1|+ 3
Since |J:+1|3[] forall x= R

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

z+2/—-1> -1
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= g{x)=3

Therefore, maximum value of g ( J::I is 3 which is obtained when ++]1=1) i.e., v=—]
From eq. (i), minimum value of g (x| — —2 hence it does not exist.
(iii) Given: 71 x| =sin(2x|+5 . i)

Since —1=<sin 2x =] forall *= R

Adding 5to all sides, —]1+% <sinlx+5<]1+%

= 4=h(x)=6

Therefore, minimum value of / ['_ J:_] is 4 and maximum value is 6.
(iv) Given: f(x)= |5ir1 —1_1’+3|

Since —]=sgindx =] forall x= R

Adding 3 to all sides, —1 +3 <sindx+3 <1+ 3

= 2 'C_ff[:l’_'l =4

Therefore, minimum value of f ['_ J:_'l is 2 and maximum value is 4.
W Given: fi x|=x+lxe(-L1) 6))

Since —]« vl

Adding 1 to both sides, —1 +1 <« x+1<1+1

= 0 <k [-__T_'I < 2

Therefore, neither minimum value not maximum value of /; [' x| exists.

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

@ f(x)=x
(i) g(x)=x —3x

see T L ' ':_'L'-
(ii) 7| x)=sin x+cosx.0 < x < -

(v) fx|=sinx—cosx.D=<x=<27T

@ f(x)=x —6x" +9x+15

-

(vi) g[:.‘&’:]%-l-::l’} 0
2 x
1

(vil) g(x)=—
SR

wild) f(x)=xfl—x, x>0
Ans. (i) Given: ['_ _'l{_-| =x

S f(x)=2x and f(x)=2
Now f'(x)=0

— x=( [Turning point]

Again, when x =0, f"(x]=2 [Positive]

Therefore, » = () is a point of local minima and local minimum value = £ (| =0 '|:

(i) Given: g ['_ _T_] = —3x

g'(x)= 3%’ =3 and g" (x)=6x
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Now g'(x|=0

= 3x'-3=0

= 3(x*-1)=0

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

= x=—1 or x=1 [Turning points]
Again, when » = -],
g"(x)=6x=6(-1)=—6 [Negative]

+ = —] is a point of local maxima and local maximum value

2(~1)= [.-_1-.]_: _3(-1)=2
Andwhen x=1 g"(x|=6x=6(1)=6 [Positive]

x =1 is a point of local minima and local minimum value g [' 11 = [' 1 ]3 -3 [' 11=-2

(i) Given: /1| x]=sinx+cosx  O<x<— R @)
h'lxl=cosx—sinx and i"|(x)=—sinx—cosx

Now /i'[ x| =0
= cosx—sinx=10

— —sSiNX=—C05X

Sif X

=1

=
COS X

— tan v=1 [Positive]

% can have values in both I and III quadrant.

Material downloaded from myCBSEguide.com.

6/45


http://mycbseguide.com/

% A Complere guide for CREE stwaenis

%} myC BSEguide.com

-,

-
h !

But, < x < therefore, x is only in I quadrant.

i
LY

| o

!
tan x=1 =tan =
4
. T . :
.. X= — [Turning point]

':{ T o1 L '
At J:=I h|x)=—sinx—cosx

T om g k ' £ :—“I"-
—= h |x)=—sih——Ccos—

|

-1 -2
NN RN

= _J2 [Negative]

T, . . .
v = — 1s a point of local maxima and local maximum value

4

|

+
|._.
I
=

S f'(x)=cosx+sinx and f"(x)=—sinx+cosx

Now f'(x)=0
= cosx+sinx=0

— sSinX=—CO05X
7/45
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Sif X

=-1

COs X
— tan r=—1 [Negative]

% can have values in both II and IV quadrant.

tan x=—1 = —tan —
C o T
=tan T——  or tan 2T ——
3T 10
— tan x =tan — or tan —
4 4

3T 1T , ,
— x=— and x=— [Turning point]

3T s . . 3T 3T
At x=— f"[x|=—sin x+cosx = —SIHT+CDST

-
F

T omn g i ' .;. ':{%1: ':{u:
— h |x)=—sth T—— +cCOos T——
o \ 4 \ 4
. T T
= —S5In — —C0s —
4 4
-1 1
22
—2
= —= = _./2 [Negative]
3 2z
3T, : : :
% = — is a point of local maxima and local maximum value =
37y . 3« 3T
f —  =sin——cos—
4 ) 4 4
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- -

'l: -:_'L'_ b 'l:
—Ccos, T——
| e Gy

[
S e S e

. T T 1 1
SN +Cos— = —=+—= =2

VoA

. T
sin T——
4

1 e ,
At x= o f'lx)=—sinx+cosx

. 1T 1T
= —5if] —+Ccos —

- -
&
T

o o T T
— h'(x) = —sin| LT_I +cos| 2,-’{—:

f [ P
LS E LY -

k1
1
|

= .f2  [Positive]

(V) Given: f(x|= ¥ —6x" +9x+153
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Sf(x)=3x —12x+9 and f"(x)=6x—12
Now f'(x]=0

= 3x" —12x+9=0

= —4x+3=0

= (x—1)(x-3)=0

— x=] or x=3 [Turning points]

At x=1 f"(x)=6x-12=6-12=—6 [Negative]

+ =1 is a point of local maxima and local maximum value is

F()=(1) =6(1) +9(1)+15=19
At x= 3= fll['._-,l__.'] — 6_-'{-_12 = 5}{ 3 _12 _ 6 [POSitive]

+ = 3 Is a point of local minima and local minimum value is
F(31=(37 —6(3) +9(3)+15 =15

4

o o X -
(vi) Given: g(x|=—+—,x=0
N F 2 :II:_
.. 1 2
g'(x)==-3
o 2 :'I.i".
= :t-:_
2x
.-'I.-+2 .T—E n " _].
= [ ] [--\. ] and E [_‘q‘]: =
2, - N

Now g'(x|=0
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— (x+2)(x—2) 0o

=

2x”
= (x+2)(x-2)=0
_ _’:—2 or 1’:2

But x =], therefore ;=2 is only the turning point.

79
x =2 is apoint of local minima and local minimum valueis g(2}j=—+==12
S TR
o o A |
(vii) Given: /i x| = — =(x"+2)
T x+2 :
a4k
L= )T (20 = g

[.. N 2..]‘

B (z) = (w2+2>2(—2)—(—2i)<2><x2+2>2x
(22+2)
(242) [—2(2?+2)+82?]
(2242

—2x2 —4+822
(22427

-2(2-3x)

(427
Now /i'(x)=0

b
—iaX
=0

(2 +2)
— x =1 [Turning point]
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-2(2-3x") 2(2-0) -4 -1

At x=0, h"(x)= — 3 = %]
(2 +2) (0+2) & 4

. x =10 is apoint of local maxima and local maximum value is /1 [' 0)=

(viii) Given: f[ _'|;:| =xfl—x x>0

-1 .
C () = (1-0)T L (1mx) w1
) =xo(l-x)T —(1-x

—
= +afl—x
21— x *

—x+2(1-x) 2-3x

2fi-x W-=x
Nl=x(-3)—(2-3x]).

l—x

(-1)

1
2J1=x

An

d R
Fllx)=

bt | =

—6(1-x)+2-3x

4(1-x)2
3x—4
4{1-x)1

Now f'(x)=0
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turning point

|

- x=

is a point of local maxima and local maximum value is

22 23

=xfl—x=—
3 3 9

d | b2

" f [ x) haslocal maximum value at x =

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

p(x)=41+24x—18x"

Ans. Given: Profit function p(x)=41+24x—18 X

p'(x)=24-36x and p"(x)=-36

Now p'(x)=0
= 24-36x=10

4
= X=—

g

ad | ad

L

13/45
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At x=—=, p"[x]=-36 [Negative]

d |

| x) has alocal maximum value at x =

Ld | k2

=41+16-8=49

7. Find both the maximum value and minimum value of 3% — 8+ +12%" — 48+ 25

on the interval [0, 3].
Ans.Let f(x)=3x"—8x +12% —48¢+25 onl0,3]
L f(x) =128 —24x +24x—48
Now f'(x)=0
= 12 —24x" +24x—-48 =0
= ¥ =2x +2x—4=0
= (x-2)(x*+2)=0
— x=210r +— iﬁ
Since , — +,f2 is imaginary, therefore it is rejected.
x =2 1is turning point.

L Atx=1 f(2)=3(16)-8(8)+12(4)-48(2)+25=-39
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At x=0 f(0)=25

Atx=3, f£(3)=3(81)-8(27)+12(9)-48(3)+25=16

'-..-"l
II

Therefore, absolute minimum value is —39 and absolute maximum value is 25

8. At what points on the interval [[l 2 ,-T] does the function sip 2 attain its maximum
value?
Ans. Let f| x| =sin2x

= f'(x)=2coslx

Now f'(x)=0

— 2cos2x=10

— 2";':[2?""‘1]?

= 1’:[.2?’:4-1.]5

Putting 1 =0.1,2.3 +=— =
474747 4

Now f'(x)=sinlx

7T | . . AL
f [2n+1) I' 5111[_2?‘54-1_]3
{7
=sin AT+ —
\ 2)
kA . LwR
= [—1] sin 3 |—1]

15/45
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Putting 11 =101, 2. 3;

(5]
ENEES
P ; I _ [_._1..]_: -1

9. What is the maximum value of the function siny v+ cos v

Ans. Let f|x)=sin x+cosx

= f'(x)=cosx—sinx
Now f'(x)=0
= cosx—sinx=10

— —sSInX=—C05X

Era
tan x=1 = tan —
4
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T . .
— x = 1T+ — [Turning point]
4

- = - - -

fnT+— =sin, nT+— +cos T+ — |
\ 4 \ 4 \ 4

’ - i - - T
=(=1})"sin —+(—1) cos—
. o _]. . o _‘I.

§ . B 1 § . K 1
) =t )

VAR >

A |
2(-1) . —
J2(-1)

- =,

. ' T |
If » is even, then f: ::-,-T+: !=\E

LS

-

f ﬂl—-'.
If 7 is 0dd, then | 7+ =2

LY -

Therefore, maximum value of f( x| is .f2 and minimum value of 7 { x} is —.f2

10. Find the maximum value of 75~ —24--+1(7 in the interval [1, 3]. Find the

maximum value of the same function in [—l —1] )
Ans. Let (x| = 25 —24x+107

= f'(x)=6x 24

Now f'(x)=0

= 6x—24=0
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= x'=4

= x=12

— x=_2 or x=—2 [Turning points]
For Interval [1, 3], x =2 is turning point.

At x=1 f(1)=2(1)-24(1)+107 =85

Ly

Atx=2, f(2)=2(8)-24(2)+107=7
At x=3, £(3)=2(27)-24(3)+107 =89
Therefore, maximum value of f( x| is 89.

For Interval [ —3,—1], x=—2 is turning point.

At x=-1. f(1)=2(-1)—24(-1)+107 =129
At x==21, f(2)=2(-8)-24(-2)+107 =139
At x=-3, £(3)=2(-27)-24(-3)+107 =123

Therefore, maximum value of [' x| is 139.

11. It is given that at xx =1, the function * —§7+* + 4+ 0 attains its maximum value,

on the interval [0, 20]. Find the value of .

Ans. Let x| = X' —62x +ax+9

= f'(x)=4x —124x+a

Since, f ['_ J:_'l attains its maximum value at x =1 in the interval [0, 2], therefore f '['_1_'] =0

Lof(1)=4-1244+a=0
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= g—120=10

— a=120

12. Find the maximum and minimum value of -+ sip % on I:[l 2T ]
Ans. Let f|x)=x+sin 2x

= f'(x)=1+2cos2x

Now f'(x)=0

= 1+ 2cos2x=10

= 2Jcos2x=-1

-1
= coslx=—
2
T A
= —C0s— = Ccos, T——
2T
= cos—
27 T
= 2x=2nT+t " where nE Z = x=nTt—
3
g g T
For n=0, x=+— But x=—— E[Dj:{],therefore r=_
3 3 3
T T 7
For n=1 x=7ft—=7+— and T——
3 3 3
T
For n=2, x=27t—
3
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L

T

BER

But x=20+—=27T¢& I:[l l-T], therefore x= 271 ——
3
Therefore, it is clear that the only turning point of f'( x) given by x+sin 2x which belong

a 2m 4mx 5w
3737373

to given closed interval [[l 2T ] are, x =

At x=—
3
£ T T w27 V3 0540872192 nearly
33 3 2
2m
At x=—
3
R T AT :
f £'=£+Siﬂ£=2T_£=2-ID_D-S?=1-23 nearly
3 ) 3 "
/A
At x=—
3
f| 43_T :=4_T sin =% = 43FT+“‘E =4x1.05+0.87 =5.07 nearly
ST
At x=—
3
f. ? l _?+51ﬂ l[l-’.n_"z 335."_*{3_ =5x105-0.87=43% nearly

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

At x=21
f['llﬂ":] =27+sndTr=27+0=27=2x314=6_28 nearly
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Therefore, Maximum value = 2} 7 and minimum value = 0

13. Find two numbers whose sum is 24 and whose product is as large as possible.
Ans. Let the two numbers be x and }-

According to the question, x+ 1 = 24

And let z is the product of x and }-
— L=
= z=x(24—x] [Fromeq. ()]
= 7 =24x—x"
dz d'z

_ —_=2—]'_2_T and S :—2
ax dx”

dz
Now to find turning point, — =1}
ax

= 24-2x=0 = x=112

At .-II.F=1:’

a‘_.z: —=—2 [Negative]

ax”

+ =12 is apoint of local maxima and z is maximumat v =12.
Fromeq. (i), v=24-12=12

Therefore, the two required numbers are 12 and 12.

14. Find two positive integers x and } such that x+ 1 =60 and ;1 is maximum.

Ans. Given: x+ v =60 x>0 v=0 ... 6)
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Let P= y3° [To be maximized] ... (i)

Putting from eq. (i), x =60 — 1 in eq. (ii),

= £=1sm*—4f =47 (45— v .....(ii)
&
Now E—U
Y

P
It is clear that — changes sign from positive to negative as .} increases through 45.

o

Therefore, P is maximum when y = 43

Hence, - is maximum when » = &0 —45 =15 and

15. Find two positive integers x and } such that their sum is 35 and the product - v

is a maximum.
Ans. Given: x+ 1 =35
= v=35-x ..... @)

Let - = _'u;:'L'i

=

= »*(35-x) [Fromeq. ()]

dz

0o -y . P L5
—=x"5(35-x) (-1)+(35—x| 2x
. . 27T .

—,
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dz

ax

= x(35—x)" [ Sx+(35-x)2

dz

ax

= x(35—x)°[-5x+70 - 2x]

= Z o (35-%)°(70-7x)

ax

= f:?x['fii—x']“t['l[]—x'] .......... (ii)
e . A ;

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

= x=0or35—x=0o0r 10-x=0

= x=0or x=35or x=10

Now =z =]} is rejected because according to question, x is a positive number.
Also = 34 isrejected because from eq. (i), ' =35-35=0, but V is positive.

Therefore, = 1() is only the turning point.

=1
-

C A (35— x (65 —120x+350)
ax ' o '
d°z L 3 .
At x=10, 22 =7(35-10) (6%100—-120 10+ 350)

ax

= 7(25)°(~250) <0

. By second derivative test,

ax

Therefore, the required numbers are 10 and 25.
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16. Find two positive integers whose sum is 16 and sum of whose cubes is minimum.
Ans. Let the two positive numbers are x and }-

x+v=16

Let - = _T': +:L'3
= z=x+ ['_1 65— J:_'l': [From eq. (1)]
= z=x+(16) —x" —48x(16—x)

= (16) —768x+48x

-

d=z - <
= & = _768+96x and 22 _ 96
ax ax”
oz
Now — =0
ax

= —T68+96x =0
= x=28

At v =§ E = 0@ is positive.
ax
w = & is a point of local minima and z is minimum when = §.

1=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
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side of the square to be cut off so that the volume of the box is the maximum possible?

Ans. Given: Each side of square piece of tin is 18 cm.
Let 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 are

(18-2x).(18—21x) and x cm.
Let = denotes the volume of the open box.

z=(18-2x)(18-2x)x
= z=(18- 21’_1: x
— z=(324+4x" —T2x|x

=4y —T2x +35324x

dz ] 5
= £ _12x7—144x+324 and 22 45144
ax ax”
dz
Now — =0
ax

= 12x’—144x+324 =0
=x"—12x+27=0
= (x—9)(x—-3)=0
= x=9 or x=3
=9 isrejected because at =9 length= 18 —2x =18 — 2 9 =) which is impossible.
i = 3 is the turning point.
d'z

At v=3, 2% _ 743144 — —77 [Negative]
ax”
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- Z is minimum at i = 3 i.e., 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?
Ans. Given: Dimensions of rectangular sheet are 45 cm and 24 cm.

Let 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 are

(45-2x).(24-2x) and x cm.

Let = denotes the volume of the open box.
z=(45-2x)(24-1x)x

= z=(1080-138x+4x" | x

= 4x° —138x% +1080x

dz 1 - 5
— £ 127 -276x+1080 and £ 2 _ 24276
ax ax”
dz
Now — =0
ax

= 12x*—276x+1080=0
= = =23x+90=0
= (x—5)(x—18)=0

= x=5or x=18§

=18 isrejected because at =18 length= 24 — 2+ =18 -2 =18 =—12 whichis

impossible.
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i =5 is the turning point.

-
-

frd
dx

I

At x=35, =24x3-276=—-156 [Negative]

- Z is minimum at i = % i.e., 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.

Ans. Let PQRS be the rectangle inscribed in a given circle with centre O and radius a.

Let x and Y be the length and breadth of the rectangle, i.e., x = () and 1 = ().

In right angled triangle PQR, using Pythagoras theorem,
PQ* + QR? = PR?

= x 41 =(2a)

-
-

Let A be the area of the rectangle, then A= X" = . ! 4 H: — _T:
dA

— 1 . . — x
= —=+da" —x" +x —[—dx|=4da" - - ———
ax Emll'—lc;r‘ — Wda —x
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et —2x0

Jdat —x
C e g =2
iz 7 (~4x) —(4a® = 206 ) —t f‘-] ﬂ
_ I C A dat —x

And 47A
dx? [4a® —2x7 )

(42 —2x | (—x) +x(4a’ - 2x|

(] O

(4a® —2x°

das —2x*
— —_——
da® —x"

= 4a’-2x* =0

:;“"J::m"rl_'c:r

=0

2(2all6a* -24° E
|«J|r'_ || |_—E~Eﬂ' -4 [Negative]

LAt v — 7 ,d:‘a"z =
P2 2424 2247

ax”

. Aty —.f24,area of rectangle is maximum.
And fromeq. (), y =.f45% —24° =24
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i.e., x=yv :..,l'l.:;r

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.

Ans. Let x be the radius of the circular base and ' be the height of closed right circular
cylinder.

-

Total surface area (S) = 2 oy + 27x"

. S5
= Ytx=_—-= k (say)

-

Volume of cylinder (z | = 7x"

- -
- P |

= ,-TI: [From eq. (1)]

s

&
“a -

= z=mx(k—-x"|=m(loc—x"

-

-ﬂ'—E ﬂ'-‘z

= —=7|k-3x"| and = _ = 7(—Hx)=—-67x
ax ' ' ax” ' '
dz
ax

= m(k=3x"|=0
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s
= xy= |—
3
At += i E:_ﬁg E [Negative]
3 dx” 3
: : k
Z 1Ismaximumat y= |—.
3
k
k—=
Fromeq. (i), V= =
k
3
= 2 k = :-Il.-

3
—» 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.

Ans. Let x be the radius of the circular base and ' be the height of closed right circular

cylinder.

According to the question, Volume of the cylinder I-."l’: V= 100

100
== V= — ...(1)
-

Total surface area (S) = 2 7 + 2 Tx’

= 2+
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Co1000 50
=27 x——=+x" | [Fromeq. ()]
o TxXT J

= S=2T

=

F100 50
=207 —x +x
1 :1" --II
ds o100 d*s )
=27 —>x +1x and — =1
T ) dx

i
S

]
=
"H—

=2m1(4+2) =127 [Positive]

-
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LFEN )

. . "5
S is minimum when radius .- — £ cm
) | I
.1 .:'_-l'-__'
From eq. (1)
100
Yy=———"7
5003
X — |
:1 .:'_"L"-.u
- - 1
i ‘: .I-E
SNERPN
| |
i .:_-l'- |

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?

Ans. Let x meters be the side of square and ' meters be the radius of the circle.
Length of the wire = Perimeter of square + Circumference of circle

= dx+2my =28

= 2x+1y=14

14-2x
A

= v

Area of square = * and Area of circle = 71~

_ . . . C14-2x
Combined area (A) = = + 7v° =+ 7 —— |
.:lr |

L =
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dA 8 . rd
— f=::'f_—[ F—x) and d’A =2+E
ax T ' ax” T
adi
Now f:D
ax
= 2x——(T—x)=0
e .
= lx=—|T7—x]|
s

= 2mx=56—8x

= (27+8)x=356

36 28
= X= =
2or+8 m+4
And a L'IL = j+§ [Positive]
adx” T
28
. Ais minimum when x =
T+4
2
Therefore, the wire should be cut at a distance 4x = from one end.
T+4

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

8
Ris — of the volume of the sphere.
27

Ans. Let O be the centre and R be the radius of the given sphere, BM = x and AM = V
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In right angled triangle OMB, using Pythagoras theorem,
OM? + BM? = OB?

= (y-R) +x* =R’

= ' +R*-2Ry+x' =R’
= ' =2Ry+x' =0

= x =2Ry—17 . @)

Volume of a cone inscribed in the given sphere

(2)=smdy - 2 2(2Ry—3?)y
= z:?['ER}':—f] .......... (ii)
— Z _T(4Ry-31*) ana £ 2 ~Z(4r-6y)
ax ' dx” )
Now E:[j
ax

= ; (4Ry —3%) =0

= 4Ry-3)" =0
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4R

Z ismaximumat y=—

3

4R (4R SR’

. From eq. (i) 1; =R _ ' | =

16R.°

3;3} 3

8
= — (Volume of the sphere)

24. Show that the right circular cone of least curve surface and given volume has an
altitude equal to {7 time the radius of the base.

Ans. Let x be the radius and } be the height of the cone.
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. Volume of the cone (V) = = 7 v

-

And Surface area of the cone (S) = 7+, {5~ + 1

= S = 1 [ x? +J.': )=z (say) ....(i1)

i ,;lll_' ; ":
—+ ;L |
| ;L i

-

. K
v

£
L

- k(7 +y)

=3 il o]
T4

dz N 3 . dz . - 6Tk
= —=mTk| =27 +1| and — =71k| ﬁi}'4 |=—
@ A
dz
Now —=D
m-

= Tk| -2k~ +1]=0

g Jr
— "A+1=D
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, d'z 61K
At "1-=[-. Zﬁc_'lg m - ) i [Positive]

Lia] =

Z is minimum when V= [' 2k

W

» _k k
From eq. (i), * = T = -
©(2k)3
2 (2k):  o°
- r=- = Z— [From eq. (iii)]
2 2

= - =1x

— = fx

Therefore, Surface area is minimum when height = ,J'E (radius of base)

25. Show that the semi-vertical angle of the cone of the maximum value and of given
slant height is {51, (2

Ans. Let x be the radius, } be the height, [ be the slant height of given cone and & be the

semi-vertical angle of cone.

I“=x"+1"
= x=I'=y 6))
Volume of the cone (V) = — 7" ¥ o (ii)

= V= %;T[.i':—_];: |y
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T .
=—{I'y=-y)
3[-
N . Bt |
D P aa L T 6y =am
i 3 . E:L" 3 .
-
Now Lzﬂl
&
= Z(1r-3y%)=0
3 3 ;
= 1 -3y =0
— 3}':=|i|:
]
= V=—=
3
At 'L—Iil— @ :—2;_._". LI

= [Negative]

!
" Vismaximum at V=—f4
NE)
P S b
" Fromeq.(Q), v =] —— =

——
I

= l’=ﬁ%

". Semi-vertical angle, tan & =

-

v
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\EF
:Tﬁ:\ﬁ
N

= Sztan'ln.u'{z

26. Show that the semi-vertical angle of the right circular cone of given surface area

-

) .ol 1
and maximum volume is sifi il B

Ly -

Ans. Let x be the radius and } be the height of the cone and semi-vertical angle be &.

Total Surface area of cone (S) = . fv* + 17 + T

T3 1 &
= xox +V +x =—=k (say)

T
= x4+ =k—x
= xx+y7 ) =(k-x)
R B S S
= x +x v =k +x -2k

= x v =k -1k

= X = (1)
v+ 2k

Volume of cone (V) = = T v

1 [ &)

:_:_1" — ]

30 1P +2k
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1, v
= —Tht —= .
3 Vv +1k)
ﬂn;'r' ]. 1 -ﬂl ¥
= — =Tk —.—
ay 3 av v+ 2k

ol
|
:I:'._Iw-:.Il

U

1 =a)2k [height can’t be negative]

V=~ {21 is the turning point.

ay
Since, — = (J, therefore, Volume is maximum at 1 =~/ 2k
av i
" Fromeq. (i), v* = k = K = i
2ic+2k 4k 4
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2
Ji 7
- X 3 k 4
Now Semi-vertical angle of the cone 311 &= ﬁ = p = =—x o
x+ v C = C
” \/— + 2k
4
. a1
= & =sin 15

Choose the correct answer in the Exercises 27 to 29.

27. The point on the curve _-.;: =2y which is nearest to the point (0, 5) is:
@) [2+2.4]
®) (2+/2.0]

(© (0,0)
D) (2,2)

Ans. Equation of the curve is =2y

Let P( x, v | be any point on the curve (i), then according to question,

Distance between given point (0, 5) and P = \/ (x—2 '|: +{v—5 '|: =2z (say)
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—— =2 [Positive]

. Zis minimum and 7 is minimum at v =4
.. From eq. (1)

v =8

= x=+2.2

o 22,4 | and | —2.2.4 | are two points on curve (i) which are nearest to (0, 5).

Therefore, option (A) is correct.

28. For all real values of . the minimum value of ﬂ is:
1+ x+x

A)o

B)1

)3
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|

D) —
3
Ans. Given: (x| = ﬂ .......... @
0 I+ x+x”

(14 x4+ ) (1= x+23) = (1= x4 22 ) (144 22
:: fl[.. :II:-..] — 3 E al-ll:- 3 - E 3 — : E al-ll:- 3 E
|14+ x+x"|

o 1 ) (14 20 (1 x T ) (14 2x)
= flx)=- — . — '
[J+r+xﬂ

£1(x) A+2x—x+2x" —x +2x¥ —1-2x+x+ 2 —x' -2x°
= J | X)= : 1 2
[14+x+ x|

L. —242x° “2(1-x")
= flx)=- A e —3
(I+x+x)  (1+x+x")

=

Now f'(x)=0

—2(1-x"]
= 3 =0
|14+ x+x" |

= —2{1-x"|=0
= 1-x" =0

= x =1

= x==1

. x=1 and x = —] [Turning points]
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At v=-1,

from eq. (i),

At v=1,
from eq. (1),

1-1+1 1

= — [Minimum value]

1=
) 1+1+1 3

Therefore, option (D) is correct.

29. The maximum value of |__-.; [x—1)+ 1_| A N=x=]is

(A) 1
3

1
B) =
3

o1

(D) !
3

~ L
Ans. Let f[ I.'] =] J:['_J:—l_] +1)

1
(P —x41) 0=x=] 0

|I
b

)= (et L ()
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(2x-1)

3(x' —x+1]

LRy o]

Now f'(x)=0

(2x-1)

=

| k2
I
o

3xt —x+1)

—= 2x—1=10
1 . . . . . .
— x:; [Turning point] and it belongs to the given enclosed interval [} < x <] i.e., [0, 1].
1 .
At x = 5 from eq. (i),
o ) U1 i 1 o1
1Y 11 (1-2+47: 3
flo|=| s—c+1 =| === = 2] <1
v2) 4 2 ) L 4 J 4]
At x=10_. from eq. (i),
c . Lk
F(0)=(1)7 =1
At =1, from eq. (i),
. Lok
Fil)=(1-1+1)F =(1)F =1

" Maximum value of f(x) is1.

Therefore, option (C) is correct.
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