Application of Derivatives
Chapter-6 %
3Tdb st &b T TIANT
| MCQ:- (@gfaBed U3 - | Q 6 Tangent is parallel to x - axis then slope-
wef @1 x-318 & AR @ Al Y9Urdl-
Q1 f(x)=sinx is increasing in @@ -1 (b) 0
f(x) = sinx f&a v ¥ qefa= 2 — (c) oo (d) None /&I 81
Q7 Slope of tangent at x=2 , where curve
(a) (%r) (b) (71',37”) y=x"-2x
by =x'-2X A x =2 W W 3@ $T aTal =
T () 2 (b) 4
© (0,7) o (-.%) ® 2 o
Q2 The function f(x)=x’-6x*+9x+3 is de- Q8 Slopeofline 4x-2y+8 =0 is-
creasing for @ 4x-2y+8=0 & &I 2-
B f(x)=x"-6x’+9x +3 & TN & forg (a) 4 (b) -2
(@ Ix|I<3 ®) Ix|>3 (c) 8 (d) 2
() -3<x<3 (d) None of these/ Q9 If curve y = x* _
3 ! y =X’ then slope of normal at x =1
g?lﬁ _\q ﬁ—&“ :Iﬁl is-
afy apy=x* 2 @ x=1 R M9 &1
Q3 The least value of k for which YqurdaT 28—
f(x) = x*+kx + 1 is increasing on (1,2) is- (@) 2 (b) -2
ka fog a9 & fag f(x)=x"+hkx+1 , 1 1
aravrd (1,2) wx aefaE @ 2 () 5 (d) -7
(a) -2 (b) -1
(© 1 (d) 2 Q 10 The slope at the point (1,«/3 ) of the curve
x’+y’ =4 is-
Q4 The least value of f(x)=¢*+e™ is @b X’+y'=4 & fag (1,/3) wem & —
f(x) = e*+e™ &I YFaq = 2- (a) -% (b) %
(@) -2 (b) 0
(c) 2 (d) None of these/ © -V3 d 3
3 A BIS T8
Q 11 If m, and m, are slope of tangents at any point
Q5 The maximum value of f(x)=(x- 2)(x-3) on the curve.The tangents are perpendicular if
is- Ife m, 3R m, 9% @ fd RAig w < sl
f(x) =(x-2)(x-3)" &1 wewH a1 2- @Rl B oTd -
el Y@ wER aad @ afy -
(a) % (b) 3 (a) m;=m, (b) m; Xm;=-1
4 m;, _ .
© = (@ 0 © m, =2 (d) None /®Ig &Y |
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Q12

Q13

Q14

Q15

Q16

Q17

HefT-12 (TOTe

Tangent and normal is

w3l @r R Al © -

(a) Parallel to each other at point on the curve
faw & fag W FuR

Perpendicular each other at point on the
curve /9% & fa=g WR ov¥ad

Does not intersect each other/t& &Y ®I
gfse T8 ava

None of these / 5779 & ®Is 8! |

(b)
(©

(d)

The rate of change of the area of a circle with
respect to its radius r , when r = 6cm.

qd & 89%d & URddd @1 R AT r b wE
o7 8 ft |, afe r = 6em.

(b) 7 ecm’/cm
(d) 67 cm’/cm

(a) 12cm’/cm
(©

1277 cm’/cm

The normal at the point (1,1) on the curve
2y+x* =3 is

as 2y+x'=3 @ g (1,1) wR aifres 2-

(a x+y=0
(¢) x+y+1=0

(b) x-y=0
(d x-y+1=0

The equation of normal to the curve x* =4y
passing through (1,2) is

ap xXX=4y @ fag (1,2) A oA drel aifiier o
AT~

(a x+ty=3
© x+y=1

(b) x-y=3
d x-y=1

The line y=x+1 is a tangent to the curve
y* = 4x at the point

@ y=x+1 9% y'=4x & &9 fag w®
et bt 2 |

(b) (2,1)
@ (-1,2)

@ (1,2)
© (1,-2)

The approximate value of /37 is
V37 &1 af=de 9 2-

{46 }

Q18

Q19

Q20

(a) 6.08
(c) 5.6

(b) 7.08
d) 9.2

Equation of the tangent to the curve y = x* at
x=1is

% y=x" & x=1 W @l @1 &1 gfiaor 2

(a) 2x+y-1=0 (b)y 2x-y-1=0
() 2x-y+1=0 (d) None of these /
3T A B T8 |

If f'(x) > 0 forall x €la,b[ then f(x) is -

afe £(x) >0 wft xela,b[ @ f(x) &

(a) increasing / qEfu=

(b) decreasing / grEHIT

(c) both increasing and decreasing /
i iR s QY

(d) None of these / 379 4 &g &S

The approximate value of «/R is
/26 &1 afec @9 @ -

(@ 6 (b) 5.1
() 5.8 (d) 5.9

Very Short Questions (2 Marks)

Q1

Q2

Q3

Q4

QS

In the curvey’ =4x obtain the slope of the
curve at the point where y = 2

9% y'=4x # 9% > 39 95 &1 yqordr
e I8t y =2

Find the point on the curve y = x’ - 2x* + x - 2
where the tangents are parallel to the x - axis
b y=x'-2x’+x-2 W 39 fIg3n &I AreqH
BN 5 o @ el Y@l x-31E & wHaN 8l

Find the rate of change of the area of a circle
with respect to its radius r when r = 3cm

a1 r @ 9nig 99 @ a9%d & uRdad I )
Srd @) o9 r = 3cm
Examine whether the function

f(x) =x’-4x +3is increasing or decreasing
atx=12?
qar? f& weq f(x)=x"-4x+3 ,x=1 W
qefaE @ a1 T @ ?

Find the approximate change in the volume v of a
cube of side x caused by increasing the side by 1 /.
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Ife a7 B qorr x,1% gfg sl @ a1 e v
@ afiee aRdTT sma & 2

Q 6 Find the maximum value of f(x)=x"-4x+2
B f(x)=x'-4x+2 & Sfas
HqE AT PR ?

Q7 Show that the function given by f(x) =3x +17
is strictly increasing on R
g @ifig R f(x)=3x+17 4 Usd Hed
fRaz ggwE 2 |

Q8 Find the slope of the normal to the curve
x=acos’@ , y = asin’0 atO = % ?
9% x=acos’0 , y=asin’0 & 0=% R
IR B ygordl S HIfoy ?

| Short Questions (3 Marks) |

Q1 The radius of a circle is increasing at the rate
of 0.7cm/s . What is the rate of increase of its
circumference ?
TP ga @ B 0.7cm/s @ R/ A 99 @
2zual uR @1 3fg @ % |1 27

Q2 A balloon which remains spherical has a vari-
able radius. Find the rate at which its volume
is increasing with the radius when the radius is
10 cm
U R Sl Wad TerbR Yedl 8, & Hrear
aRdaTeiia 2 | B & ae s & uRkdad
B R Fd BIY o9 341 10 cm @ |

Q3 Find the intervals in which the function f given
by f(x)=2x*-3x is
Javrel Fa v oA f(x) =2x-3x @
ggcd WA f-
(a) strictly increasing / fFfRaR aefwm=
(b) strictly decreasing / FRAOR =

Q4 Prove that the logarithmic function is strictly
increasing on (0,)
Rig AT fo agmuea woq (0,00)
fRax adwE Bom 2 |

Q5 Find the equation of all lines having slope -1
that are tangent to the curve y = X} 1°X #1
gqurar -1 areft wHft Y@rR &1 gHfiever ga
PIfY I 9% y=X11,x¢1 P el st
e |

Q6 Find the equation of the normal at the point
(am*,am*) for the curve ay’ = x* ?

PefT-12 (o1
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Q7

Qs

a% ay’=x' & fag (am’,am’) w e
T FHIHROT FT1d BIY ?

Find the maximum and minimum values of
f(x)=9x*+12x+2 ?
B f(x)=9x*+12x +2
fr=rcas w9 9ma @Y ?
Find the maximum profit that a company
can make if the profit function is given by
p(x)=41-72x-18x* ?

afe ar wead p(x)=41-72x-18x" ¥ y<d
g d fedl suft grT Iffa Swaww o™ s
PIforg ?

BT HEaH 3R

Long Questions (5 Marks) |

Q1

Q2

Q3

Q4

QS

Q6

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

e g1 wEag sra s fEer AT 24 @ @ik
&1 VB Seawd & ?
Show that all the rectangles inscribed in a

given fixed circle , the square has the maximum
area.

frg @ifviy f& va Ry w1y ga & siafa w+h
amgal ¥ 9 &1 &9%he Swdcad wial 2

Find the maximum and minimum values of
3x*-8x*+12x*-48x+25 in [0, 3].?

siawrel [0,3] .k 3x*-8x*+ 12x*- 48x + 25
@ Sedcdd 4 AR Freaq 9 sa sifvie 2

4sin@ . .
Prove that y=—5""_—~-0 , is increasing in
0 I 2+ cosO
g it @ [0, 5] 0 y= 500, -
Th AN B @ |

2 2
Find points on the curve % + {_6 =1 at which

the tangents are

(a) parallel to x-axis (b) parallel to y-axis

2 2
ﬂ?ﬁ%+i’—6=l R 99 fagail &1 Fra ifeg

51 av et Y@
(a) x-318T & G @
(b) y-31e7 & WHIGR &

Show that the closed right circular cylinder of
given surface and maximum volume is such
that its height is equal to the diameter of the
base.
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Q7

fig vy f$ usa Yy 9 wewd IRAT @
T P SIS L, AR & A P ax[6E) il

2

Find the absolute maximum value and the
absolute minimum value of

f(x) = sinx + cosx , xe[0, 7] ?

siavrd xe[0,77] ¥ wam f(x) = sinx + cosx

@ fRUE "eaw iR e freaa 99 s &Y

?

Answer : "Application of Derivatives Solution”

Solution of MCQ

91 - Marks)
I-(d) 2-(a) 3-(a 4-(c) 5-(c) 6-(b) 7-(a)
8-(d) 9-(d) 10-(a) 11-(b) 12-(b) 13-(c)
14-(b) 15-(a) 16-(a) 17-(a) 18-(b) 19-(b)
20 - (b)
Solutions of very short questions
(2- Marks)
1 Ans : - Given Yy’ =4X .ccerereee (1)
d.w.r.to x
dy _
ax =
dy _2
d—X - ? .............. (2)
aty=2
_dy| _2_
slope Sdax)., 2 1
2 Ans:- Given curve
y=xX"2X"+X"2 e (1)
d.w.r.to x
d
T =30 AX T (2)
tangents are parallel to x - axis
dy _
ax -0
= 3x-4x+1=0=>3x-1)(x-1)=0
-1 1
=X 1 Py 3

From equation (1)
when x=1=
y=1-2.1°+1-2
y=1-2+1-2=-2
. Point =(1,-2)

when x=%=>

HefT-12 (TOTe

(32342
_.50
Y=27
1 50

.. Point = <§, - —)

3Ans: -
Let

A = Area of circle (J0 BT &%)
r = radius of circle (3d & fwam)
we know
A=7xr’

dw.r.tor

dA _

dr = 2y
atr =3cm
dA _
W r=3cm - 2”(3)

=67 cm’/cm
4 Ans : -

f(X)=xX"=4Xx+3 covrerrenen (1)

d.w.r. to x

For increasing or decreasing at x = 1

x=1 R q=f9 a1 g @ fae
f1(1)=2.(1)-4

=2-4

=-2<0

So, f(x) is decreasing at x = 1
x=1 TR f(x) gTGHT 2 |

5Ans: - .
Let, y = volume of cube of side x

(ST x T F1 P ATIAT)

sv=x’
d.w.r. to x
dv _ >
dx ~ 3x

Now change in volume
(39 3mgad § uRda)
—dv
AV =4y X
=3x’ X ax
=3x’ X (1% of x)
1
j— 2
=3x" X100 XX
=0-03x’

FHEINA. — voT I5-TE-37 [ fnyed RAawor 1 (2024)



6 Ans : -
f(X)=X"-4X+2 cervrrenene (1)

d.w.r. to x
f'(x)=2x-4

for critical point,
f'(x)=0

=2x-4=0=2x=4
Sox=2
Now from equation(2) = x =2
= f"(2)=2=+ve Maximum
*. equation(1) = x =2
=1(2)=2°-4(2)+2

=4-8+2
=-2
7 Ans : -
Given f(x)=3x+17
Let x,,x,€R
x; < X
= 3x, < 3x,

=3x;+17 < 3x,+17
= f(x,) < f(x,)
Hence , f(x) is strictly increasing on R
Id: R wR f(x) FRax ashime 2
8 Ans: -
Given x = acos’0
d.w.r.to 0

slope of normal = %
SIEECECIIE L ot
4
-1
-tan%
=1

Solutions of short questions
(3- Marks)

1Ans:-
Let r =radius of circle (3a & frsan)

¢ = circumference of circle (@ @1 uRfE
we know
c=27xr
d.w.r. tot

de _,_dr
E_zn'dt .............. (1)

given (far ?)
rate of increase of radius = % =0-T7cm/s
.. equation(1) = % =2m(0-7)

=1-47 cm/s

2 Ans : -
Let r = radius of balloon (T&ER @I )
v = volume of balloon (TR & 3AT)
we know
v= i71'1~3
3

d.w.r.tor
dv _ 2
atr=10cm =
dv

% = 3acos’ O (- sinB) Eme =4x(10r
= 4007 cm’/cm
And y = asin’0
dw.r.to O
dy 3Ans: -
0= 3asin’ O (cosO) Given f(x)=2x’-3x
dy d.w.r. to x
dy _ 4@ _ 3asin’0(cosO) f(x)=4x-3
dx dx  3acos’O (-sinO) f tical Doints —
do or critical points
=-tan0 f(x)=0
at(9=% =>4X:;3=0 =4x=3
= X= 4
FeT-12 (oD ) FMSINE. - e IF-He-3w Teas e faawor 87 (2024)
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fx)=0 fx)>0

Clearly f(x) is strictly increasing on (% , oo>
(%,oo)@lr_cﬂﬁl TR f(x) FRax aefam 2
and f(x) is strictly decreasing on (-oo , %)

,('00,%) FRTel WR f(x) FRaX graw= 2 |

Let f(x) = logx = f'(x) = %

when xe(0, ), f'(x) >0
-, f(x) is strictly increasing in(0 , o)
(0,0) w f(x) PRax asfar 2
SAns:-

d.w.r. to x

dy _ -1

dx (x-1)
=-1= (x-ll)z { dy = slope =- 1}
=(x-1V=1
=>x-2x+1-1=0
=x(x-2)=0
=x=0,2
When x=0=

from equation(1) =

Y= 0-1
y=-1
point = (x,y)
=(0,-1)
equation of tangent at (0,-1)
y-yi=m(x-x,)
yt1=-1(x-0)
x+ty+1=0
When x=2=

from equation(1) =

HefT-12 (TOTe

{50 }

_ 1
Y=21
y=1
point=(x,y)

=(2,1)

equation of tangent at (2,1)
y-yi=m(x-x,)

y-1=-1(x-2)
y-1=-x+2
x+y-3=0
6 Ans.
Given curve (Rear Tt %)
Ay’ = X" veveecaene (1)
d.w.r. to x

dy _ 3x’
= dx = 2ay
at (am’, am®)
slope of tangent = g—y ( :
el e am’  am’
( BT mai 3(am’y

2a(am®)
—3m
2

Equation of normal at(am’, am")
(am’, am’) W AT BT THBIOT

-1
3m

2

y-am’= (x-am?)

3 -2 2
=Yy-am —m(x-am)
= 3my - 3am’ =- 2x + 2am’
= 2x +3my -3am’-2am’ = (

7 Ans : -
Given function (F&3T 3T War)
f(x)=9x>+12x+2
=9x’+6x+6x+4-2
=(3x)+2-3x-2+(2)-2
f(x)=3x+2F -2 cvrrerruenees (2)
clearly,
3x+2) >0
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(3x+2y-2>-2
For minimum

(R & ferg)
3x+2=0

=X =-?
.. minimum value of f (f&T <FAAH )
A
=(-2+2)-2
=0*-2
=-2
S f(x)>-2Vx

.. f(x) has no maximum value.
f(x) &1 9&H q49 T8I B |

8 Ans: -
Given
p(x)=41-72x- 18X ..cveeeuenen. (1)
dp _
ax = T2 -360X .eeerreeeennnnnenes (2)
d’p
o 36 ceeeernrenennnenes (3)
For critical point —
dp _
dx
=-72-36x=0
= 36x =-72
=>X=-2
. d’p B B
equation(3) = prel 36 =-ve

Maximum value at x =-2

X=-2 U} HgH A ® |

equation(1) = p(—2) = 41-72(-2)-18(-2)
=41+144-72
=113

Solutions of long questions

(5- Marks)

1Ans:-
Let one number = x

other number = 24 - x
Function (wer)

y = product of two numbers
(] wATa BT o)

HefT-12 (TOTe

{51}

g—i =24 2X ceevrerressenns (2)
d2
=2 (3)
For critical point
dy _
ax - 0
=24-2x=0
=x=12
d’y
eqnuation(3) > e ey 2(-ve)
x=12

.y is maximum at x = 12
clearly
one number = x = 12
other number =24-x=24-12=12
.". The numbers = 12 and 12

2 Ans ;
Let EBCD be a rectangle inscribed

in a circle of radius r and centre o.

(AT EBCD ga & T 0P A4 @
3Y gq BT Foar raem $5 o2 |
Let ZCEB =6 D -
Then
EC=2r, EB=2rcos 0
and BC = 2rsin@
10
E B

Let A = area of rectangle EBCD
JAd EBCD &1 &9%d
A=EBXBC
A = 2rcos6 X 2rsin@
A = 4r’cosO - sinf@

A =2r'sin20 .............. (1) (. r = constant)
g—g =4r’c0s20 ...uueueue. (2)
2
352 =-8r’sin20 ................ (3)

. . dA _
For critical points = a0 0

= 4r’cos20 =0
= c0s20 =0

_TT - T
=20 = 2 0= 4

2
equation(3) = % .= 8r’(-ve)  [maximum]

.'.EB=2rcos€=2r~cos%=2rxﬁ=ﬁr
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. . i . +
BC = 2rsinf = 2r- sm% =2rX % =/2r 2+ cosﬁ)%i(“sme) - 4sing 42+ cos0) déose)
EB = BC ) (2+cosOy -
_ (2+c0s0)-4cos6 -4sinf -(0-sinf) _,
.. EBCD is a square Proved (2+cosO)
3 Ans - - _ 8cosO +4cos’0 +4sin’0 _
Glilwsfen (2 cos@Y :
_ 8cosO+4 _,
f(x)=3x"-8x’+12x’-48x +25 ........ (1) (2+ cos@Y)
d.w.r. to x _ 8cosO +4-4-cos’0 - 4cosO
£1(x) = 12x° - 24x> + 24X - 48 ....00rn(2) (2% cos0)
N _ 4cos0 - cos’0
f'(x)=36x*-48x+24 ... (3) (2+cosOY
For critical points — dy _ cosO-(4-cos6)
ff(x)=0 do (2+cosOY
= 12x°-24x>+24x-48 =0 In[O,%],cosH > 0=-cosO@ <0=4-cosO >0
= 12(x*-2x*+2x-4)=0 c.c080(4-cos@) > 0and (2+cos@) > 0
= 12[x*(x-2)+2(x-2)]=0 . c0s0(4-cosz6’) L. A
S (¢ +2)(x-2)=0 (2+ Qo a0
+2=0 So, y is increasing on [0 , %]
X' =-2 5Ans: -
x=v-2 & [0,3] Given
or XY
o tie =1l (1)
x-2=0 < [0,3] ) 16
5 d.w.r. to x
X —
2x 2y dy _
Sx=2 9 t16 ax =0
equation(3) = £'(2) = 36(2) - 48(2) + 24 :f_z% -
=144-96 +24 dy _ 16x )
a 72 (+Ve) = dX 9y ..............
So, x = 2 is a point of local minima (a) tangent is parallel to x - axis
Now equation(1) = f(2) =-39 dm T x-S B FHR B
- L AN [ G
f(3)=16 sx=0
.. Maximum value of f(x) =25 at x = 0¢[0, 3] equation(1) = 0 +% ~1
.. Minimum value of f(x) =-39 at x = 2¢[0, 3] V=16
4 Ans ; - y=+4
Given - points (Rrgd)  =(x,y)=(0,+4)
y= 4sin0@ _ 0 (1) (b) tangent is parallel to y - axis
2+cos@ T T wef Y@ y-aE| & waran @
d.w.r.to 8 ax_, _9_y=0
dy _d [ 4sin6 |_d6 dy T 16x
d0 dO [2+cosO| dO y=0
HEIT-12 (TI0T<) = FMEITA, — woar IF-TF-3eR [eas fyed Rawor & (2024)
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equation(1) = X72+0 =1=x=9
=x=%3
points (fA=g¥) =(x,y)=(+3,0)
6 Ans ; -

Let /\

r = radius of cylinder
dod @Y B

h = height of cylinder
de B STy .
~N 202020

s = surface area of cylinder
I BT Y TG

v = volume of cylinder gg= &1 amaa+
we know
s =2xr*+27xrh

2xerh=s-27xr’> .h=
and (311%)

v=7r’h

_s-Zn'rz) {By (1)}

- 2
\4 71'1‘( 27T

6
from eqution(4)

G| e G

s volume w1ll be maximum

2_ S
Now r T3
s = 6xr’
HefT-12 (TOTe

from equaion(1)

b = b7r’ - 27x?
= 27Tr

_ 4xr?
=h= 27TY
= h=2r

clearly height of cylinder is equal to diameter.
W g, 99 B HATs AN b axI6% ¢ |

7 Ans : -
f(x) = sinx + cosx , xe[0, 7] ......... 1)
d.w.r. tox
'(x) = cosx - sinx
For critical point —
f'(x)=0
cosx - sinx =0
tanx = 1 _%6[0,71']

Now equation(1) =

atx = % = f(%) = sin%+ cos%

“ErETA

atx=0= f(0)=sin0+cos0=0+1=1
atx =7 = f(r)=sint+cost=0-1=-1

.". absolute maximum value = ﬁ atx = %

e acaw W= =/2:x= %
.. absolute minimum value=-latx =7
e s @ = =-1;x=7m
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