Applications
of Derivatives

;" T()PI(‘H Rate of Change of Quantities 3 |
\ <l
1. The position of a moving car at time ¢ is given by
f()=al+bt+c,t>0,where a, b and ¢ are real numbers greater
than 1. Then the average speed of the car over the time interval

[#,, ,] is attained at the point : [Sep. 06, 2020 (1]
(@ (t,—1)2 (b) a(t,—t)+b
(© (t,+1,)2 (d) 2a(t,+t)+b

2.  Ifthe surface area of a cube is increasing at a rate of 3.6
cm?/sec, retaining its shape; then the rate of change of its
volume (in cm?/sec.), when the length of a side of the cube

is10cm, is: [Sep. 03,2020 (ID)]
(@ 18 (b) 10
(c) 20 d 9

3. Ifafunction f(x) defined by [Sep. 02,2020 (D]

ae’ +bhe™, -1<x<1

2
= 1<x< .
f(x)=qex ) *<3 be continuous for some
ax? +2cx , 3<x<4

a, b, ceR and f'(0)+ f'(2) =e, then thevalue of ais:

1 e
b e —
@ 31 ® 53
e o
© 2 3er13 @ 23

4. A spherical iron ball of 10 cm radius is coated with a layer
of ice of uniform thickness that melts at a rate of 50 cm?/
min. When the thickness of ice is 5 cm, then the rate (in
cm/min.) at which of the thickness ofice decreases, is:

[Jan. 9, 2020 ()]

5 1
(@) on (b) Sin
1 1
(©) ET @ 18
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A2 mladder leans against a vertical wall. If the top of the
ladder begins to slide down the wall at the rate 25 cm/sec.,
then the rate (in cm/sec.) at which the bottom of the ladder
slides away from the wall on the horizontal ground when
the top of the ladder is 1 m above the ground is:

[April 12,2019 ()]
25
(@ 253 ® 73
25
© 3 (d 25

A spherical iron ball of radius 10 cm is coated with a layer of
ice of uniform thickness that melts at a rate of 50 cm*/min.
When the thickness of the ice is 5 cm, then the rate at
which the thickness (in cm/min) of the ice decreases, is :

[April 10,2019 (IT)]
nE B ——

@ e ®) 36x
S o 4

© o (d on

A water tank has the shape of an inverted right circular
cone, whose semi-vertical angle is tan™'. Water is poured
into it at a constant rate of 5 cubic meter per minute. Then
the rate (in m/min.), at which the level of water is rising at
the instant when the depth of water in the tank is 10m; is:
[April 09,2019 (IT)]

(@ 1/15=n (b) 1/10=

(©) 2/n @ 1/5n

Ifthe volume of a spherical ball is increasing at the rate of
47 cc/sec, then the rate of increase of its radius (in cm/sec),
when the volume is 288 tce,  [Online April 19, 2014]

1 1
@ ¢ ® 5

1 1
© 36 @ %
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Two ships A and B are sailing straight away from a fixed
point O along routes such that ZAOB is always 120°. Ata
certain instance, OA = 8 km, OB = 6 km and the ship A is
sailing at the rate of 20 km/hr while the ship B sailing at the
rate of 30 km/hr. Then the distance between A and B is

changing at the rate (in km/hr): [Online April 11, 2014]
260 260

@ NG b 57
80 q 80

© NeG @ 35

A spherical balloon is being inflated at the rate of 35cc/
min. The rate of increase in the surface area (in cm2/min.)
of the balloon when its diameter is 14 cm, is :

[Online April 25,2013
@ 10 ®) V10
() 100 (@) 10410

If the surface area of a sphere of radius r is increasing
uniformly at the rate 8 cm?/s, then the rate of change ofits
volume is : [Online April 9, 2013]

(b) proportional to /5

(c) proportional to 72 (d) proportional to

A spherical balloon is filled with 45007 cubic meters of
helium gas. Ifa leak in the balloon causes the gas to escape
at the rate of 721 cubic meters per minute, then the rate (in
meters per minute) at which the radius of the balloon
decreases 49 minutes after the leakage began is:

9 7
@ - ® 5

(a) constant

[2012]

2 9
© 3 @
Ifa metallic circular plate of radius 50 cm is heated so that

its radius increases at the rate of 1 mm per hour, then the
rate at which, the area of the plate increases (in cm?/hour)

is [Online May 26, 2012]
(@ S5n (b) 107
(¢) 1007 (d) 507

The weight W of a certain stock of fish is given by W'=nw,
where n is the size of stock and w is the average weight of
a fish. If n and w change with time ¢ as n = 2¢2 + 3 and
w= {2 — ¢+ 2, then the rate of change of W with respect to

tatr=11is [Online May 19, 2012]
@ 1 (b) 8
(¢ 13 @ 5

Consider a rectangle whose length is increasing at the
uniform rate of 2 m/sec, breadth is decreasing at the uniform
rate of 3 m/sec and the area is decreasing at the uniform
rate of 5 m%/sec. If after some time the breadth of the
rectangle is 2 m then the length of the rectangle is

[Online May 12, 2012]
(@ 2m (b) 4m
() Im (d) 3m
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Ifa circular iron sheet of radius 30 cm is heated such that
its area increases at the uniform rate of 61 cm?/hr, then the
rate (in mm/hr) at which the radius of the circular sheet

increases is [Online May 7,2012]
(@ 1.0 (b) 0.1
(© 11 ) 20

Two points A and B move from rest along a straight line

with constant acceleration fand f' respectively. IfA takes
m sec. more than B and describes ‘n’units more than B in
acquiring the same speed then [2005]

@ (f-fym*=f"n
®) (f+/m* = ff'n

© %(f+f')m e

1
@ (f=fm=2am
A lizard, at an initial distance of 21 cm behind an insect,

moves from rest with an acceleration of 2cm /s> and
pursues the insect which is crawling uniformly along a
straight line at a speed of 20 cm/s. Then the lizard will

catch the insect after [2005]
(@ 20s b) 1s
(©) 21s (d) 24s

A spherical iron ball 10 cm in radius is coated with a layer

ofice of uniform thickness that melts ata rate of 50 cm> /min.
When the thickness of ice is 5 cm,then the rate at which

the thickness of ice decreases is [2005]
1 . 1 .
(a) 36n cm/min. (b) T8n cm/min.
(©) —— cmymin. () - cm/min
54n 67
A point on the parabola y? =18x at which the ordinate
increases at twice the rate of the abscissa is [2004]
9 9
@ (§> 5] () (2,-4)
-9 9
© (? 5] @ (2.4)

The function, f(x)=(3x—7)x*?, xeR, is increasing

for all x lying in : [Sep. 03,2020 ()]

14 3
@ (=0, 0) U(G 00) (b) (-, 0) u[;, ooj

14
o (=53

14
(d) (—oo, —EJU(O, 0)
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Let f be any function continuous on [a, b] and twice
differentiable on (a, b). If for all x € (a, b), /2 (x)>0and

f"(x) <0, then for any ¢ € (a, b), ;EZ; f;(a) is greater

than: [Jan. 9, 2020 ()]
b+a W 1
@ 4 ®)
b-c i c—a
© @ 3=
. n T .
Let f{x)=x cos™ (-sin [x|), x € [—5,5}, then which of the
following is true? [Jan. 8,2020 (I)]
s T
(a) f’isincreasing in _E’O and decreasing in | 0s 2
, T
® /1 O=-7
(c) f’isnotdifferentiableatx=0
T T
(d) f~isdecreasing in (—5,0) and increasing in (0, Ej
Let f(x) = e*—x and g(x) =x*—x, x € R. Then the set of all
x € R, where the function h(x) = (fog) (x) is increasing, is :
[April 10,2019 (D]
1 -1 1
@ L7 |V (b) u[l )
© [0.0) @ [— O}u[l »)
If the function f: R — {1, -1} — A defined by
2
f(x) = 2 » is surjective, then A is equal to:
[April 09, 2019 (D]
(@ R-{-1} (b) [0,)
(©) R-[-1,0) (d) R-(=1,0)
Let f: [0: 2] — R be a twice differentiable function such
that /(x) >0, for all xe(0, 2). If ¢(x) = Ax) + 2 —x), then dis:
[April 08,2019 ()]
(a) increasingon (0, 1) and decreasing on (1, 2).
(b) decreasing on (0, 2)
(c¢) decreasing on (0, 1) and increasing on (1, 2).
(d) increasing on (0, 2)
If the function f'given by
f(x)=x3=3(a—2)x2+ 3ax+ 7, for some acR is increasing

in (0, 1] and decreasing in [1, 5), then a root of the equation,

S(x)-14

- =0(x#1) is [Jan. 12, 2019 (ID)]
.

@ -7 () 5

© 7 @ 6
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d—x
\/a+x \/b2 d—x)

and d are non-zero real constants. Then :
[Jan. 11, 2019 (I1)]

,x € R wherea, b

Let f

(a) fisan increasing function of x

(b) fis a decreasing function of x

(c) f'isnot a continuous function of x

(d) fis neither increasing nor decreasing function of x
The function f'defined by
fX)=x>-3x2+5x+7,is:
(a) increasingin R.

(b) decreasing in R.

(c) decreasing in (0, ) and increasing in (— oo, 0).

(d) increasing in (0, o) and decreasing in (— o, 0).

Let f(x) =sin*x + cos*x. Then fisan increasing function in

the interval :
St 3=m S5m

o 3 e BT

@ g

T T
o i3]

Let f'and g be two differentiable functions on R such that
f'(x)>0and g'(x) <0 forall x R . Then forall x:
[Online April 12,2014]

@ fEe)>fgkx-1) () fgx)>f(gkx+1)
© gf())>g(fx-1) (@) gf(x)<g(fx+1)
The real number  for which the equation, 2x3 + 3x + k=0
has two distinct real roots in [0, 1] [2013]
(a) lies between 1 and 2
(b) lies between 2 and 3
(c) liesbetween .1 and 0
(d) does not exist.
Statement-1: The function x2 (¢° + ¢ ) is increasing for
allx>0.
Statement-2: The functions x2¢* and x2e* are increasing
for all x> 0 and the sum of two increasing functions in any
interval (a, b) is an increasing function in (a, b).

[Online April 22,2013]
(a) Statement-1 is false; Statement-2 is true.
(b) Statement-1is true; Statement-2 is true; Statement-2 is

not a correct explanation for Statement-1.
(c) Statement-1 is true; Statement-2 is false.
(d) Statement-1is true; Statement-2 is true; Statement-2 is
a correct explanation for statement-1.

Statement-1: The equation x log x =2 — x is satisfied by at
least one value of x lying between 1 and 2.
Statement-2: The function f(x) =x log x is an increasing
function in [, 2] and g (x) =2 —x isa decreasing function in
[1, 2] and the graphs represented by these functions
intersect at a pointin [1, 2] [Online April 9, 2013]

[Online April 9, 2017]
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(a) Statement-1 is true; Statement-2 is true; Statement-2
is a correct explanation for Statement-1.

(b) Statement-1 is true; Statement-2 is true; Statement-2
is not correct explanation for Statement-1.

(c) Statement-1 is false, Statement-2 is true.

(d) Statement-1 is true, Statement-2 is false.

35. Ifflx)=xe"'™, x ¢ R ,then f{x)is
[Online May 12, 2012]
(a) decreasingon [-1/2,1]
(b) decreasing on R
(c) increasingon [-1/2, 1]
(d) increasingon R
36. Forrealx, let f(x)=x3+5x+ 1, then [2009]
(a) fis onto R but not one-one
(b) fis one-one and onto R
(c) fisneither one-one nor onto R
(d) fis one-one but not onto R
37. How many real solutions does the equation
x7+ 14x5 + 16x3 + 30x — 560 = 0 have? [2008]
@ 7 (b) 1
(© 3 (d 5
38. The function f(x) = tan~!(sin x + cos x) is an increasing
function in [2007]
b T
TERRTEE
@ (03 o (53
© (E E] %) (_E,Ej
4’2 24
39. A function is matched below against an interval where it is
supposed to be increasing. Which ofthe following pairs is
incorrectly matched? [2005]
Interval Function
(@ (o, ) X} —3x2 4 3x+3
(®) [2, ) 2% —3x2 —12x+6
1 2
(©) —3 3x” —2x+1
@) (~ 0,—4) 2 +6x2+6
;', T()PI(fH Tangents & Normals \ﬁ |
9 <]

40.
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If the tangent to the curve, y = f(x) = xlog x, (x > 0) at a
point (c, f{c)) is parallel to the line segement joining the
points (1, 0) and (e, e), then c is equal to:

[Sep. 06,2020 (ID)]

@ ® =

(d) ﬁ

41.

42,

43.

44.

45.

46.

47.

48.

49.

o rere €

Which of the following points lies on the tangent to the
curve x*e¥ + 2,/y+1 =3 atthe point (1, 0)?

[Sep. 05, 2020 (I1)]
@ 22 (b) 2,6)
(© 2,0 d) 2,4
If the lines x + y = a and x — y = b touch the curve
y =x2—3x + 2 at the points where the curve intersects the

x-axis, then % is equal to . [NA Sep. 05, 2020 (ID)]

Ifthe tangent to the curve, y = ¢* at a point (c, €) and the
normal to the parabola, y?= 4x at the point (1, 2) intersect
at the same point on the x-axis, then the value of ¢ is

[NA Sep. 03,2020 (I)]

6
If y= chos_1 {Ecoskx—ﬂsinkx}, then & atx=0is
= 5 5 x

. [NA Sep. 02,2020 (ID)]
Let the normal at a point P on the curve y>—3x*>+y+10=0

3
intersect the y-axis at (0, 5) If m is the slope of the

tangent at P to the curve, then |m| is equal to
[NA Jan. 8, 2020 (I)]

The length of the perpendicular from the origin, on the
normal to the curve, x> + 2xy — 3y* = 0 at the point (2, 2)

is: [Jan. 8,2020 (ID)]
@ 2 ) 42
(© 2 @ 242

X
If the tangent to the curve ¥ =—3 3 xeR,(x;ti\/g),
¥ -

at a point (a, B) (0, 0) on it is parallel to the line

2x+6y—11=0, then: [April 10,2019 (ID)]

(a) |6a+2B|=19 (b) |6o+2B|=9

(©) Ra+6p|=19 (d) Ra+6p=11

If the tangent to the curve, y = x* + ax — b at the point

(1, -5) is perpendicular to the line, — x + y + 4 = 0, then

which one of the following points lies on the curve?
[April 09,2019 (D]

@ (2.1 (b) (2.2)

(© @.-D d 2,-2)

Let S be the set of all values of x for which the tangent to

the curve y=f{x) =x*—x*—2x at (X, y) is parallel to the line

segment joining the points (1, f(1)) and (- 1, {— 1)), then S

is equal to: [April 09,2019 (D]

1 1
=1 -
@ {31} ® {3
1 1
o 5 o {3
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The tangent and the normal lines at the point (/3 , 1) to

the circle x? + )* =4 and the x-axis form a triangle. The area
of this triangle (in square units) is: [April 08,2019 (II)]

4 1
(@) N (b) 3

2 1
© 7 @ 75

The maximum area (in sq. units) of a rectangle having its
base on the x-axis and its other two vertices on the parabola,
y=12 —x2 such that the rectangle lies inside the parabola,

is: [Jan. 12,2019 (D)]
(@) 36 (®) 2042
(c) 32 d 1843

The tangent to the curve y = x2 — Sx + 5, parallel to the line
2y =4x + 1, also passes through the point :
[Jan. 12,2019 (ID)]

71 1

o (34) o 57
1

© [—gﬂ] @

3
The shortest distance between the point (5, Oj and the

curve y=+/x, (x> 0), is: [Jan. 10, 2019 (T)]

(@) g () ?
3 5
(© 5 (d) 1

2
The tangent to the curve, y=xe* passing through the

point (1, e) also passes through the point:
[Jan. 10, 2019 (ID)]

() G 2ej

(d) (3,60)

@ (2,3e)

(o) (%, Zej

A helicopter is flying along the curve given by
. .. (1
y—x*?=17,(x>0). A soldier positioned at the point [5 , 7)

wants to shoot down the helicopter when it is nearest to

him. Then this nearest distanceis:  [Jan. 10, 2019 (ID)]
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J5 1 [7
@ ® 343
1 [7 1
(c) g g (d E

If 6 denotes the acute angle between the curves,
y=10—x?and y =2 + x? at a point of their intersection,
then [tan 6| is equal to: [Jan. 09,2019 ()]

4 8
@ 5 ®) 7
7 8
© 17 @ 17
If the curves y2 =6x,9x% + by2 =16 intersect each other
atright angles, then the value of bis: [2018]
7
@ 5 (b) 4
© 2 @ 6
2

Let P be a point on the parabola,x? = 4y. If the distance of
P from the centre of the circle, x2 + 3% + 6x + 8 =0 is
minimum, then the equation of the tangent to the parabola

atP is [Online April 16,2018]
(@ x+4y-2=0 (b) x+2y=0
(c) x+y+1=0 (d x-y+3=0

Ifthe tangents drawn to the hyperbola 4y2 = x2 + 1 intersect
the co-ordinate axes at the distinct points 4 and B, then
the locus of the mid point of AB is|Online April 15,2018]
() x2—42+16x2)2=0
(b) 4x2—y2+16x2)2=0
(©) 4x2—y2—16x2y2=0
d) x2-42-16x2y2=0
If B is one of the angles between the normals to the ellipse,

x2 + 3y = 9 at the points (3C059,\/§Sin9) and

(—3sin O, V3 cos 0); [O,g) ; then 2.0_025 is equal to

sin
[Online April 15,2018]
2
2 b) —
@ 2 ® 7
1 V3
(© ﬁ (d) 7

A normal to the hyperbola, 4x2 — 9y% = 36 meets the co-
ordinate axes x and y at 4 and B, respectively. If the
parallelogram OA4BP (O being the origin) is formed, then
the locus of P is [Online April 15,2018]
(@) 4x2-92=121

(b) 4x2+92=121

(©) 9x2-42=169

(d) 9x2+42=169
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62. Thenormal tothe curve y(x — 2)(x—3)=x+ 6 at the point 68. If the tangent at a point P, with parameter t, on the curve
where the curve intersects the y-axis passes through the x=4t2+3,y=8t>— 1, t € R, meets the curve again ata
point: [2017] point Q, then the coordinates of Q are :
11 11 [Online April 9, 2016]
(@) (55] (b) (—5,—5] (@) (16t2+3,-6483—1) (b) (4t2+3,-8t3-2)
(© (2+3,83-1) d (2+3,-3-1)
() (%,%] ) [l, —lj 69. Thenormal tothe curve, x2+2xy—3y>=0, at (1, 1) [2015]
.. . 2 3 . (a) meets the curve again in the third quadrant.
63. The eccentricity of an ellipse whose centre is at the (b) meets the curve again in the fourth quadrant.
1 S (c) does not meet the curve again.
origin 1s 5 . If one of its directices is x = — 4, then the (d) meets the curve again in the second quadrant.
70. The equation of a normal to the curve,
equation of the normal to it at (1,2) is: [2017] . [ .
2 sin y = X sin g‘*‘y atx =0, is :
a) x+2y=4 2y—-x=2 ; ;
8 o gy: 1 % 4Z 2ym? [Online April 11, 2015]
64. Atangent to the curve, y = f(x) at P(x, y) meets x-axis at A (@) 2x - ﬁy =0 (b) 2x + \/?:y =0
and y-axisat B. IfAP: BP=1:3andf(a)=1, thenthecurve NG
also passes through the point :  [Online April 9,2017] (© 2y~ V3x =0 (d) 2y + N3x =0
! 1 71. Ifthe tangent to the conic, y— 6 = x? at (2, 10) touches the
(a) (—,24) (b) (EAJ circle, x% + y? + 8x — 2y = k (for some fixed k) at a point
3 (o, B) ; then (o, B) is : [Online April 10, 2015]
1 1 7 6 4 1
o) el Y elb
8 28 @ (71717 ® (717717
65. The tangent at the point (2, —2) to the curve, 6 10 g 2
x2y? — 2x = 4 (1-y) does not pass through the point : (©) (_ﬁ’ﬁ) (d) (_ﬁ’ﬁ]
[Online April 8,2017] ) o
72. The distance, from the origin, of the normal to the curve,
1
4.5 b) 8,5
@® [ 3) ® 63 x=2cost +2¢ sint,y:2sint—2tcostatt:%,is:
© -4,-9) d -2,-7 [Online April 10, 2015]
a) 2 b) 4
66. Consider @ ®)
© 2 @ 22
f(x) —tan”! 1+sinx xelo n 73. For the curve y = 3 sinf cos6, x = e%sin 0, 0 <0 <, the
1-sinx |’ 2 ) [2016] tangent is parallel to x-axis when 0 is:
[Online April 11, 2014]
T
Anormal toy=f(x)at X = — also passes through the point: 3n
6 @ — b 3
4 2
T T
© @ ¢
© (0,0) @ (O,z—nj 74. If an equation of a tangent to the curve,
' 3 y—cos(xt+f),—1 -1<x <1+, isx+2y=kthen kisequal
3 to: [Online April 25, 2013]
67. Letheacurvegivenbyy(x):1+\/4x—3,X>Z.IfPis (@ 1 (b) 2
2 m T
a point on C, such that the tangent at P has slope 3 then © 4 () B
a point through which the normal at P passes, is : 75. The equation of the normal to the parabola,
[Online April 10, 2016] x2=8yatx=41is [Online May 19, 2012]
(@ (1,7 (b) (3,—4) (@ x+2y=0 (b) x+y=2
© (4.-3) @ @3) © x-2y=0 @ x+y=6
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The equation of the tangent to the curve Y = ¥+ —5 | that
x

is parallel to the x-axis, is [2010]
@ y=1 (b) y=2
(c) y=3 (d) y=0
Angle between the tangents to the curve y = x* —5x+6
at the points (2, 0) and (3, 0) is [2006]
(@ m ® =
2
T n
c) — d —
(© S (d 1
The normal to the curve [2005]

x=a(cosp + @ sing),y=a(sing — @ cos@) at any
point 6 is such that
(a) it passes through the origin

(b) itmakes an angle g + @ with the x- axis
(c) it passes through [ag,— a)

(d) Itisata constant distance from the origin

The normal to the curve x = a(1+cosB),y=asinb at ‘0’

always passes through the fixed point [2004]
@ (a,a) (b) (0,a)
(© (0,0) (d) (a,0)

A function y = f(x) has a second order derivative

f"(x)=6(x—1).If its graph passes through the point
(2,1) and at that point the tangent to the graph is y =3x—

5, then the function is [2004]
@ (x+1)> ®) (x-1°
© (x+1)° d (x-1?

Let m and M be respectively the minimum and maximum

values of [Sep. 06, 2020 (I)]
cos® x 1+sin? x sin 2x
1+cos x sin? x sin 2x
cos® x sin? x 1+sin2x
Then the ordered pair (m, M) is equal to :
(@ (-3,3) (®) 3,-1
(© (-4,-1) @ (1,3)

Let AD and BC be two vertical poles at A and B respectively
on a horizontal ground. f AD=8m, BC=11 mandAB=10
m; then the distance (in meters) of a point M on AB from
the point A such that MD? + MC? is minimum is

[NA Sep. 06, 2020 (I)]
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The set of all real values of ), for which the function
f)=01- cos? x)-(h+sinx), x e —E,EJ , has exactly
one maxima and exactly minima, is:

[Sep. 06, 2020 (ID)]

11 33

@ (350 o33
11 33

© [-33] @ (23]

Ifx =1
f(x)=(3x* +ax—2—a)e", then:

is a critical point of the function

[Sep. 05, 2020 (IT)]

2
(@ x=1land x= —3 are local minima of f-
2 . .
(b) x=1and x= -3 are local maxima of f.
(¢) x=1lisalocalmaximaand x = —% isalocal minimaof £

. .. 2. . .
(d) x=1lisalocal minimaand x = -3 isalocal maxima of f.

The area (in sq. units) of the largest rectangle ABCD whose
vertices A and B lie on the x-axis and vertices C and D lie
on the parabola, y = x> — 1 below the x-axis, is :

[Sep. 04,2020 (IT)]

2 1
-~ b) ——

® 33 ()3\6
4 4
z d) ——

© 3 @ 5

Suppose f{x) is a polynomial of degree four, having critical
points at —1, 0, 1. If T={x e R| f(x) = f(0)}, then the
sum of squares of all the elements of T'is :
[Sep. 03, 2020 (IT)]
@@ 4 (b) 6
(© 2 d 8
Let f(x) be a polynomial of degree 3 such that f{—1)= 10,
f(1)=-6, f(x) has a critical point at x =—1 and f’(x) has a
critical point at x = 1. Then f{(x) has a local minima at
x= . [NA Jan. 8, 2020 (II)]
Let f(x) be a polynomial of degree 5 such that x =+1 are its
critical points. If = 4, then which one of the following is
not true ? [Jan.7,2020 (IT)]
(a) fis an odd function.
(b) A 4D =4.
(¢) x =1 1is a point of maxima and x = —1 is a point of
minima of f.
(d) x=1 is a point of minima and x = —1 is a point of
maxima of /.
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If m is the minimum value of k for which the function

f(x)=xvke— x2 isincreasing in the interval [0,3] and M

is the maximum value of fin [0,3] when k£ = m, then the

ordered pair (m, M) is equal to : [April 12,2019 (D]
@ (432 b) (433
© (333 @ (5.3/6)

Leta,,a,,a,, ....bean A. P. with a, = 2. Then the common
difference of this A.P., which maximises the producta a,

ais: [April 10,2019 (ID)]
3 8

(@ 5 (b) 5
6 2

(© 5 (d 3

IfS, and S, are respectively the sets of local minimum and
local maximum points of the function,
Sx)=9x*+ 12x° - 36x2 + 25, x€R, then :

[April 08,2019 (D]
(@) S,={-2}:5,={0.1} (b) S ={2,0}:8,= {1}
(© 8,= {-2.11:5,={0} (@ S,={-1}:5,= 10,2}
The height of a right circular cylinder of maximum volume
inscribed in a sphere of radius 3 is: [April 08,2019 (II)]

2
@ 6 () 33
© 23 @ V3

The maximum value of 3cos@ +5sin (0 - %j for any real

value of 0 is: [Jan. 12,2019 ()]

@ V19 0 2
© 34 d 31

Let P(4, —4) and Q(9, 6) be two points on the parabola,
y2 = 4x and let this X be any point arc POQ of this
parabola, where O is vertex of the parabola, such that
the area of APXQ is maximum. Then this minimum area
(in sq. units) is: [Jan. 12,2019 ()]

7 125
@ ® -

625 o 15
© - @

The maximum value of the function f{x)=3x3—18x2+27 x—40

on the set S = {xeR:x2+30S11x} is :

[Jan. 11,2019 (I)]
(b) —222
d 22

@ —122
© 12

96.

97.

98.

99.

100.

101.

102.

103.

o rere €

Let x, y be positive real numbers and m, n positive integers.

m_n
The maximum value of the expression _*y
(1+ x2m )(1+ yzn)
is: [Jan. 11, 2019 (ID)]
1
@ 1 ® 5
1 q m+n
© 4 @ 6mn

The maximum volume (in cu.m) of the right circular cone

having slant height 3 m is: [Jan. 09,2019 ()]
@ 6n b) 33n

4
© 37 @ 23

1 1
Let f(x) = x? + and g(x)=x-—, xeR-{-10,1}.

If h(x)= @ , then the local minimum value of h(x) is :
809 [2018]

@ -3 b 242

© 22 d 3

Let M and m be respectively the absolute maximum and
the absolute minimum values of the function,

f(x)=2x3-9x2+ 12x + 5 in the interval [0, 3]. Then

M —m is equal to [Online April 16, 2018]
(@ 1 (®) 5
(c) 4 (@ 9

Ifaright circularcone having maximum volume, is inscribed
in a sphere of radius 3 cm, then the curved surface area

(in cm?) of this cone is [Online April 15,2018]
(@) 83m (b) 62n
(©) 633n (d 8V2n

Twenty metres of wire is available for fencing off a flower-
bed in the form of a circular sector. Then the maximum area

(in sq. m) of the flower-bed, is: [2017]
(@ 30 (b) 125
() 10 ) 25

A wire of length 2 units is cut into two parts which are bent
respectively to form a square of side = x units and a circle
ofradius =r units. If the sum of the areas of the square and
the circle so formed is minimum, then: [2016]
(@ x=2r (b) 2x=r

(©) 2x=(m+4yx (d) @ n)x=nr

The minimum distance of a point on the curve y = x2 — 4

from the origin is: [Online April 9, 2016]
Jis \/E
(@) - (b) 2
15 J19
o3 @

EBD 83
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104. Let k and K be the minimum and the maximum values of

105.

106.

107.

108.

109.

110.
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(1+x)%6

the function f(x) = 06
+x

in [0, 1] respectively, then
the ordered pair (k, K) is equal to :

[Online April 11, 2015]
@) (270.4’ 1 () (270.4’ 20.6)
© @1 @ (1,29
From the top of a 64 metres high tower, a stone is thrown
upwards vertically with the velocity of 48 m/s. The
greatest height (in metres) attained by the stone,
assuming the value of the gravitational acceleration g =

32ms’ is: [Online April 11, 2015]
@) 128 (b) 88
© 112 (d) 100

Ifx =—1 and x =2 are extreme points of

f(x)= qlog|x|+[3x2 +x then [2014]

@ a=2p=-r (@ a=2p-

@ a=-6p=-3

The minimum area of a triangle formed by any tangent to

© a=-6p=>

22
the ellipse I3 + % =1 and the co-ordinate axes is:
[Online April 12, 2014]
(@) 12 (b) 18
(c) 26 d 36

The volume of the largest possible right circular cylinder

that can be inscribed in a sphere of radius = /3 is:

[Online April 11, 2014]
@ 335 0 335
(©) 4rn (d) 2rn

The cost of running a bus from A to B, is ?[av+é}
v

where v km/h is the average speed of the bus. When the

bus travels at 30 km/h, the cost comes out to be T 75 while
at 40 km/h, it is ¥ 65. Then the most economical speed (in

km/ h) of the bus is : [Online April 23,2013]
(@ 45 (b) 50
(©) 60 (d) 40
The maximum area of a right angled triangle with
hypotenuse 4 is : [Online April 22,2013]
h2 2
a) —— b) —
(@) b (b) 5
h2 h2
© (d —

2 4

111.

112.

113.

114.

115.

o rere €

fo)=x3+1.

Let a, b € R be such that the function f given by

f)=1In|x|+ bx%+ ax, x # 0 has extreme values at x =—1

andx=2

Statement-1 : / has local maximum atx=—1 and at x=2.
1 -1

Statement-2 : 4 = 5 and b= T [2012]

(@)
(b)

Statement-1 is false, Statement-2 is true.

Statement-1 is true, statement-2 is true; statement-2 is
a correct explanation for Statement-1.

(c) Statement-1 is true, statement-2 is true; statement-2 is

not a correct explanation for Statement-1.

(d) Statement-1 is true, statement-2 is false.

A line is drawn through the point (1,2) to meet the
coordinate axes at P and Q such that it forms a triangle
OPQ, where O is the origin. If the area of the triangle OPQ

is least, then the slope of the line PQ is : [2012]
1

@ — (®) —4
2 @ -2

© - @ -

Let f (—o0,00) = (—o0,) be defined by
[Online May 26, 2012]

Statement 1: The function f has a local extremum atx =0

Statement 2: The function f is continuous and

differentiable on (—00, OO) and f"(0)=0

(a) Statement 1 is true, Statement 2 is false.

(b) Statement 1 is true, Statement 2 is true, Statement 2 is
acorrect explanation for Statement 1.

(c) Statement 1 is true, Statement 2 is true, Statement 2 is
not the correct explanation for Statement 1.

(d) Statement 1 is false, Statement 2 is true.

Let f be a function defined by - [2011RS]
tanx’ %0

f(x)=1 «x
1, x=0

Statement - 1 : x =0 is point of minima of /'

Statement-2: /7 (0)=0.

(a) Statement-1 is true, statement-2 is true; statement-2 is
a correct explanation for statement-1.

(b) Statement-1 is true, statement-2 is true; statement-2 is
NOT a correct explanation for statement-1.

(c) Statement-1 is true, statement-2 is false.

(d) Statement-1 is false, statement-2 is true.

5 X
For x € (0,%), define f(x)= J.«/;sintdt. Then f has
0

[2011]
(a) local minimum at wand 2nt
(b) local minimum at w and local maximum at 27t
(¢) local maximum at tand local minimum at 27
(d) local maximumat wand 2nt
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Let f: R — R be a continuous function defined by

J(x) =

o [2010]
e + e

1
Statement-1:f(c)= 3’ for some c e R.

Statement-2 : 0 <f(x) < L ,forallx eR
22
(a) Statement -1 is true, Statement -2 is true ; Statement -
2 is not a correct explanation for Statement -1.
(b) Statement -1 is true, Statement -2 is false.
(c) Statement-1 is false, Statement -2 is true .
(d) Statement - 1 is true, Statement 2 is true ; Statement -2
is a correct explanation for Statement -1.
Letf: R — R be defined by
k—2x,if x<-1
SO =12x43] UJ: X >-1

Iff has alocal minimum at x =— 1, then a possible value of

kis [2010]
@ 0 ) -5
© -1 @ 1

Given P(x) =x*+ ax3 + bx2 + cx + d such that x =0 is the
onlyreal root of P' (x) =0. IfP(—1) <P(1), then in the interval
[-1,1]: [2009]
(@) P(-1)is not minimum but P(1) is the maximum of P

(b) P(-1)is the minimum but P(1) is not the maximum of P
(c) Neither P(—1) is the minimum nor P(1) is the maximum

of P

(d) P(-1)isthe minimum and P(1) is the maximum of P

Suppose the cubic x> — px + ¢ has three distinct real roots
where p > 0 and ¢ > 0. Then which one of the following
holds? [2008]

120.

121.

122.

123.

o rere €

(a) Thecubic has minima at \/% and maxima at \/%

(b) The cubic has minima at \/% and maxima at \/%

(¢) The cubic has minima at both \/% and \/%

(d) The cubic has maxima at both \/% and \/%

The function f(x)= g + 2 has a local minimum at
x

@ x=2 (b) x=-2
© x=0 (d x=1
The real number x when added to its inverse gives the
minimum value of the sum at x equal to
(a) -2 (b) 2

©1 (d) -1

If the function f(x)= 2x> —9ax? +12a°x +1, where
a >0 , attains its maximum and minimum at p and ¢

[2006]

[2003]

respectively such that p2 =g, then a equals [2003]
@ > OF
a 5 )
(o)1 (d 2
The maximum distance from origin of a point on the curve
4 (at at

X = a sin t-b sin ; ,y=acost—b cos s , both
a,b>0is

@ a-> (b) a+b [2002]

©Va? +p? @ Va? -p?

EBD_83
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Applications of Derivatives

_J@B)-f@)
by
L+t

2

1. (c) Average speed = f'(¢)

2at+b=a(t,+t,)+b=>1t =
2.  (d) Let the side of cube be a.

S—6a2 =B 1249 36-124.%
dr dr

dt
:>12(10)——3 62%—003
Vodd = 3299 50 [ 3 j 9
dt dt 100
3.  (d) Since, function f'(x) is continuous at x = 1, 3

S SW)=fA0)
=ae+be =¢ ..(1)
/B3 =13"
=9c=9%+6c=c=3a ...(ii)
From (i) and (ii),
b=ae(3—¢e) ...(iii)

ae* —be™ -1<x<l1
f'x)= 2cx l<x<3

2ax+2c¢ 3<x<4

FO)=a-b, £'(2)=4c
Given, £'(0)+ f'(2)=e

a-b+4c=e ...(1v)
From egs. (i), (ii), (iii) and (iv),

a-3ae+ae’* +12a=¢
=13a-3ae+ae’ =¢

&
e? —3e+13
4. (d) Let the thickness of ice layer be = x cm

= a=

4
Total volume V'= 3 (10 + x)}

a_ =47(10+ x)° ax
dt dt

Since, it is given that

& —50cm?/min

dt

Get More Learning Materials Here: &

Hints & Solutions

o rere €

From (i) and (ii), 50 = 4n(10 + x)
dx . .
= 50=4mn(10 + 5) o [ thickness ofice x = 5]

@—Lcm/min
= & 181

(b) According to the question,

dy
—25aty=1
a2
By Pythagoras theorem, x> + y? = 4 ..(1)

Wheny=1=x= /3
Diff. equation (i) w. 1. t. 7,
dx dy

— +
2 Ty T

|

y

|

dc  dy dx
—ty—=— = 3— +(-25=
= x— 0:>«fdt (-25)=0

de_25
> N cm/s

(a) Given that ice melts at a rate of 50 cm*/min.

- Yhee _s
dt

<— x —>

Viee = Tc(10+r) —fn(w)3

:C;—I:=4n3(10+ 2 _4 (10+r)2dr

Substitute r = 5,
dr 50

dr 1 .
50—4TE(225)—t = . = (225) ——18 cm/min
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M-350  Mathematics|
7. (@) 9. (@ A
----------- tan0=1/2
120°
10 m 3. (¢} B
5 m /min
l Let OA = x km, OB = y km, AB = R
(AB)? = (OA)? + (OB)? — 2 (OA) (OB) cos 120°
Given that water is poured into the tank at a constant RP=x>+3? -2 xy (_lj = x2 +y2 +xy ()
rate of 5 m*/minute. 2
dv - R at x =6 km, and y = 8 km
. —=5m>/min
dt _ R =62 182 +6x8=237
Volume of the tank is, Differentiating equation (i) with respect to ¢
L _» .
Vzgnr h () 2Rd—R =2x@+2yﬂ+(xﬂ+yﬁj
dt dt dt dt = dt
where r is radius and /4 is height at any time.
By the diagram, = L 2 x8%2042x6x30+(8x 30+ 6x20)]
ro1 2R
tan 0 = Z = E
1 260
AR 040)= =2
dh _ 2dr . dt 2x2437 V37
= h=2r=>—=— ...(ii)
dt dt 4
Differentiate eq. (i) w.r.t. ‘¢’, we get 10. (a) Volume of sphere V = 57573
av 1 dr 2 dh
—==| n2r—h+mnr"—
dt 3( dt dtj av_4a 42 dr
d 3 dt
Putting h=10,7=5 ddVS'thb ti
utting 2= 10, 7=5and —— =35 in the above equation.
dt 35 = 4’ ﬂ or ﬂ: 352 (1)
s Tomdn_dh 1 @ oA A
3 ar dt  5m ' Surface area of sphere = S = 4w
4
8. (¢) Volume of sphere V = o ..(1) a8 = 4n><2r><ﬂ zgnr_ﬂ
3 dt dt dt
dv 4 dr
= - 23t as 70 o
dt 3 dt —=— (By using (1))
dr dat r
4n = 4nr’. ot Now, diameter = 14 cm, r =7
1
- = ar as _ 10
r dt dt
Since, V = 288m, therefore from (i), we have y
4 3 288x3 n @ v=-n’ = Zogn? L (i)
288n = gn(r ):T=r d dr
=216=7 dr
— =6 S:4nr2:7:8 ar
dar 1
Hence, —=——. dr dr 1
’ = 8= 8mr— —=—
dr 36 g dt dt mr

Get More Learning Materials Here : i
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dr
Putting the value of o in (i), we get

ﬂ: 4mr? x L: 4r
dt r

av . .
= — is proportional to r.
t

(¢) Volume of spherical balloon = y = imﬁ
3

Differentiate both the side, w.r.t 't' we get,

Y (2] D)
dt dt
After 49 min,

Volume = (4500 — 49 x 72)n= (4500 —3528)t =972 n m°
= V=972nm’

972m = 2 1
3

= P=3x243=3x3=3%=(3%>}
= r=9

Given av =72n
dt
o dr
Putting I 721 and r =9, we get
72m = 4nx9x9[£j
dt

dr (2]
= —=| —
da \9

(b) Let 4 = mr? be area of metalic circular plate of
r =50 cm.

Also, given dr =Ilmm= Lcm
dt 10
A=
dA d 1
= Lo -on50.—=10n
dt dt 10

Hence, area of plate increases in 107 cm*hour.
(¢) Let W= nw

aw aw dn .
—=n—tw— (1)
dt dt dt
Given : w=¢F#—-t+2andn=27+3
dw dn
—=2r-1 — =
= at and i 4¢
.. Equation (i)
dw
= =22+ Q-1+ E-t+2) (4)
Thus, ”;_Vt” —2+3) Q-+ Q@) @

=1
=5()+8=13

15.

16.

17.

o rere €

(d) LetAbethearea, b be the breadth and / be the length
of the rectangle.

d4 dl ) db

iven: —=-5 —=2 Z__3
Given dt T odt Codt
We know, A=/(x b
= ﬁ:f.@+b.ﬂ:—3€+2b
dt dt dt

=-5=-3/+2b.
When b = 2, we have

w | o

—5=_30+4= (=
(b) Let A =mr’.

dA dr
— =2nr.—
dt dt

=3m

6m = 2n(30)%

3 dr N ar 1
= 30 & dr 10
Thus, the rate at which the radius of the circular sheet
increases is 0.1

0.1

(G))
w0 ¢ s+n

A t+tm v
u=0 4 s

%

As per question if point B moves s distance in ¢ time then
point A moves (s + n) distance in time (¢ + m) after which
both have same velocity v.

Then using equation v = u + at we get

fm
f=r

v=f(t+m)=f't=>1= ()

Using equation v =u?+2,as we get

I

V=2f(s+n)=2f's = ...(ii)

1
Also for point B using the eqn s = ut +Eat2’ we get

1.2
=—f't
s 3 f
Substituting values of t and s from equations (i) and (ii)
in the above relation, we get
fno 1 2,2
fu_f 2 (f,_ f)2

S (= f)n=s 4
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(¢) Let the lizard catches the insect after time t then
distance covered by lizard = 21cm + distance covered by
insect

:>%ﬁ2:4><t+21

:>%><2><t2:20><t+21

=12 -20r-21=0 =¢=2lsec
(b) Given that
Total radius » =10+ 5 =15 cm

dv
— =50 cm’/min = i(inr3j =50
dt dt\3

d
= 4nr2d—:= 50

ar__ 50 1 .
= u 475(15)2 fﬁcm/mm

. d dy 9
(a) leeny2:18x:>2y—y:18:—y:—
dx dx y
dy 2dx dy
QU ™ ar T
:>2—2:> =
y T

Putting in y2 =18x=>x=

o | \©

o (99
.. Required point is )

@ f(x)=0x-7)-x"
() =33+ (3x—7)-§x*”3

_15x-14
- 3513

+ +
—_——

0 14

15

For increasing function
14
f'(x) >0 then x (-0, 0)U s 0

(d) Since, function f (x) is twice differentiable and
continuous in x € [a, b]. Then, by LMVT for x € [a, c]

M: f'(a), e (a,c)
c—a

23.

24.

o rere €

Again by LMVT for x € [c, b]

JOZSO _ pprpeen)
—-C

f"x)<0 = f'(x)is decreasing

f©)-f(@) c-a
J®)-f(e) b-c
(d) f'(x)=x(mt—cos’ (sinfx]))

o))

= (" f (x) is increasing)

f(x)=
x(——x], x<0
2
§+2x, x>0
S(x)=
I
—=2x, x<0
2

T
Hence, f'(x) is increasing in (O,EJ and decreasing in

(b) Given functions are, f(x) = e'—x and g (x) = x>~ x
2

f@@) =¥ _(x?-x)

Given f'(g (x)) is increasing function.

L)) = ) @2x-1)—2x+1

= 2x=1)e" ™) 41225 = 2x=D[e™ ) ~1]20

For (f(g (x)))" 20,

(2x_1)&[e(xzfx)_1] are either both positive or
negative

- +ve

(SRR

@g www.studentbro.in



25.

26.

27.

Applications of Derivatives M-353
2 = 1-2a+4+a=0
(© f(x)=1 3 = a=5
- Then, f{x)=x"—9x*+ 15x + 7
2
X Now,
= () == f(x)
I-x f(x)-14
=0
2x x—1 2
S'(=x)= IS (=D
= X —9x% +15x+7—14
f(x) increases in x € (10, ) = (x— 1)2 =
Also f{(0) = 0 and
; __ —1)*(x-7
ngoof(x) =~ and f(x) is even function % =0=>x=7
+ Y
Set A=R-[-1,0)
. . x (d—x)
And the graph of function f(x) is 28. (a) f(x)= -
Ja+x? P+ -x)?
_ x + (x—d)
JaP+x* B+ (x—dy’
2,2 x(2x)
3 0 1 a +x" — —
24a”+x
S = 1,2
j 1 r (a”+x7)
—d)2(x—d)
‘ B+ (x—d) — D20
© fO=f@)+f2-x) . 2Jb* +(x—d)’
Now, differentiate w.r.t. x, (b2 +(x—d)2)
= x-r2-x
For f(x) to be increasing f (x) >0 a*+xt—xt PP+(x—d)? - (x—d)*
, , T 2, 232 32
= S0 -/12-0>0 @+ (B a-a)?)
= f10)>/C-x) 2 i
But /"(x) > 0 =f '(x) is an increasing function - 4 T b 7 >0
, , (a2+x2) (b2 +(x7d)2)
Then, f'(x)>f'2-x)>0
= x>2-x = f'(x)>0,0lxe R
= x>1 = f(x) is increasing function.
Hence, f(x) is increasing on (1, 2) and decreasing on (0, 1). Hence, f(x) is increasing function
(© flr)=x-3(@-2)x*+3ax+7,/0)=7 ’ '
29. (@) f(x)=x"-3x2+5x+7
J@)=0atx=1 For increasing
f'(x)=3x* —6x+5>0
= xeR
For decreasing
f(x)=3x —6x+5<0
> X
0l©.0 x=1 30. (¢) f(x)=sin*x+ cos*x

Get More Learning Materials Here : i

= f(x)=3x-6(a—2)x+3a
f=0

o rere €

'(x) = 4sin’ x cos x + 4cos® x (— sin x)
= 4sin x cos x (sin” x — cos’ x)

= —2sin 2x cos 2x = — sin 4x
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31.

32.

33.

34.
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f(x) is increasing when f"'(x) > 0

= —-sin4x>0 = sindx<0
35.
- xe(z,z}
4°2
y =sin 4x
T r
4 2

"

(b) Since f'(x) > 0 and g'(x) < 0, therefore

fx) is increasing function and g(x) is decreasing function.
>/t D>/ and g (x +1)<g(x)
=g+ DI<g[f®]and f[g x+ D] <f[g x)]
Hence option (b) is correct.

@ f(x)=2x+3x+k

fx)=6x*>+3>0VxeR (. x*>0)

= f(x) is strictly increasing function

= f(x) =0 has only one real root, so two roots are not
possible.

(©) Lety=x>.¢™
For increasing function,

ﬂ>0 =>x[2-x)e*]>0
dx
x>0, . 2-x)e*>0
1
:>(27x)—x>0
e

ForO0<x<2, 2-x)<0

1 .. .
. —<0, but it is not possible 37.

X
e
Hence the statement-2 is false.
(@ f(x)=xlogx,f(1)=0,/(2)=4
g)=2-x,g(1)=1,g2)=0
log 10 >1log4 = 1>1log4

1 f(x) =x log x, xe [1, 2]
log 4 >€(x) =2-x,x € [1,2]
X' X

[¢] 1 2

36.

38.

o rere €

Thus statement -1 and 2 both are true and statement-2 is
a correct explanation of statement 1.

© f(x)= xex(l_x),x eR
f'(x) = ex(lfx).[l +x— 2x2:|

- —ex(l_x).[bcz - x—l}

_ _2ex(1x),Kx N %j (x- 1)}

£(x) = =217 4

1
where 4 = (x‘*‘E) (X—l)

Now, exponential function is always +ve and f'(x) will

1
be opposite to the sign of 4 which is —ve in [—5,1}
) ) 1
Hence, f'(x) is +ve in —5,1

1
. flx) is increasing on [—5,1}

(b) Given that f(x) =x>+5x + 1

') =3x*+5>0, VxeR
= f(x) is strictly increasing on R
= f(x) is one one

.. Being a polynomial f'(x) is continuous and increasing.

on R with 1M f(x)=—»
X—>00

and lim f(x)=o

X—>0
. Range of f = (-0, ©) =R
Hence f is onto also. So, f is one one and onto R.
(b) Let f(x) =x" + 14x°+ 16x> + 30x —560
= =1 +70¢+48%+30>0,y x € R ..(0)

= fis an increasing function on R

Also lim f(x)=o and lim f(x)=-o ...(i1)

X—>0
From (i) and (ii) clear that the curve
y = f(x) crosses x-axis only once.
- f(x) = 0 has exactly one real root.
(d) Given that £ (x) = tan"! (sin x + cos x)
Differentiate w.r. to x
1

———.(cosx —sinx)
1+ (sin x + cos x)

S =

EBD_83
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Applications of Derivatives M-355

1 L. 4x* +x*-yhe’ + Y __)
ﬁ.[ﬁcosx—ﬁsmxj }1+y
1+(sinx+cosx)2 (dy) —43eY
> ==
dx ( 1 ) 4\
+
\/E(cos%cosx—sin%.sinx) L y+1 e J
- 1+(sinx+cosx)2
= [d_yj =-2
i dx Ji.0)
0 \/ECOS()H_Z) .. Equation of tangent;
1 x) =
1+(sinx+cosx)2 y=0==2(x-1)=>2x+y=2
Given that £ (x) is increasing Only point (-2, 6) lies on the tangent.
‘ 42. (0.50)
S f1(x)> 0= cos [x+ E) >0 The given curve y = (x — 1)(x — 2), intersects the x-axis at
4 A(1, 0) and B(2, 0).
T T T
ORI .~.@=2x—3;(d—y) =-1 and [d—yj =1
X dx dx/ .y X J(x=2)
T T
= vy <x< n Equation of tangent at A(1, 0),
Hence, f'(x) is increasing when y=—lx-)=x+y=1
S Equation of tangent at B(2, 0),
" E[_E’Z) y=l(x-2)=>x—y=2

Soa=1land b=2

a
when f'(x)=6x-22>0 ===

1
b 2
= x€[l/3,o) 43. 4
For(l,Z)Ofy2 =4x=t=1a=1
Equation of normal to the parabola

39. (c) From option (c), f(x) = 3x2 —2x+1 is increasing
=0.5.

.. f(x) is incorrectly matched with (—oo,%:|

40. (b) The given tangent to the curve is, =>t+y=2at+ at®
y=xlog, x (x>0) = x+y =3 intersect x-axis at (3, 0)
dy v Ay .
= —=—=1+I = D —=¢
dx Oge X y dx
p Equation of tangent to the curve
y .
:E:L_C =1+log,c (slope) =y = (x—c)
-+ Tangent to the curve and normal to the parabola
-+ The tangent is parallel to line joining (1, 0), (e, e) intersect at same point.
.'.1+10gec=e_(1) L0-ef=eB-c)=>c=4
¢ 4. (91

:>10gec:i—1:>logec:L
e—1 e—1

6 (3 4
y:chos —coskx ——sinkx
1 Pt 5 5

=c=e! 3 A
41. (c¢) The given curveis, x* e’ +2y+1=3 Let cos a = 3 and sin a= 5
Differentiating w.r.t. x, we get
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45.

46.

47
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6
Ly= chos_l {cosacos kx —sin asin kx}
k=1

kcos™ (cos(kx + a))

M=

=~
n

6
k(ke+a)="Y" (k*x+ ak)

1 k=1

Il
Me

=~
Il

b
dx

6
300D g,

k=1

A0)P=(x.y)
2yy'—6x+y'=0

' 6X1
= 7 1+ 2y

3_
2 M| (1+2y
—xl 6.X1

[By point slope form, y — y, = m(x — x )]
= 9-6y =1+2
= y =1
x, ==+2

12
Slope of tangent (m) = 3 ) =* 4

m| =4
(d) Given equation of curve is
X2+ 2xy—-3y"=0
=> x+2+2x) -6y’ =0
= x+ty+x) -3y =0

= Y@E-3y)=-(x+y)
dy _x+y
= dx 3y—x
& _x-3y
Slope of normal = & x-3y

Normal at point (2, 2) = a0
Equation of normal tocurve =y -2 =-1 (x — 2)
= xt+ty=4

Perpendicular distance from origin

0+0—4
= =22
2
X
(a) Given curveis, V=3
x“ -3
dy (x>-3)-x(2x) -x>-3
== 2 w2 2 a2
dx (x*-3) (x"=3)

48.

49.

50.

o rere €

a?-3 2 1

dy o =3 2 1
dxlgp (@*-3* 6 3

3 (@*+3)=(>-3) = a*=9

X

2 o o
Ad,ﬁ: So -3=—=>—=6
n BB

a’-3

1
=a=33p=%+—
b 2

These values of a and f satisfies [6o + 23| = 19
d y=x*tax-b

Since, the point (1, —5) lies on the curve.
=>1l+a-b=-5

=a-b=-6 (1)
g=3xz +a
dx

(&)
dx at x=1 =3ta

Since, required line is perpendicular to y = x — 4, then
slope of tangent at the point P (1, —5) = -1

3+a=-1

a=-4

b=2

the equation of the curve is y=x* — 4x — 2

(2, -2) lies on the curve

d) y=fx)=x’-x>-2x

B 32 9p

dx

fih=1-1-2=-2, f-H)=-1-1+2=0
Since the tangent to the curve is parallel to the line
segment joining the points (1, -2) (-1, 0)

Since their slopes are equal

-

:>3x2—2x—2=TO m

=>x=1,—
3

) -1
Hence, the required set S = ?,1

(¢) Equation of tangent to circle at point (\/g,l) is

\/§x+y=4

-
iV

2 2
Xty =4

P(/3,1)
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Applications of Derivatives M-357
. . 4
coordinates of the point 4 = ﬁ,o 53. (a) “i y2ox
A ! OAx PM ! X 1 x1 2 i
rea = —x0UA4Xx =5 TR T TR sq. units
2 23 3 P[ltz’i)
51. (c¢) Given, the equation of parabola is, 4 2
x2=12-y
t X
3
0|=.0
30
(0, 12)
(-, 12-1%) (t, 12-2)
1
/ / Here the curve is parabola with a = s
< 5
Let P(at?, 2at) or P 77 be a point on the curve.
Now, > = x
l A _dv_ 1

Area of the rectangle = (2¢) (12 — )
A=24t-2¢
dA

246
7 6f

dA
—=0=24-62=0
di

= (=%£2

Put

-2 +2

At ¢ =2, area is maximum = 24(2) — 2(2)°
=48 — 16 = 32 sq. units

52. (b) " Tangentto the given curve is parallel to line 2y =4x + 1

.. Slope of tangent (m) =2
Then, the equation of tangent will be of the form
y=2x+c

Line (i) and curve y=x?— 5x + 5 has only one point

of intersection.
2x+c=x*-5x+5
X2=Tx+(5-0)=0
D=49-4(5-¢)=0
29

= C=—T

. 29
Hence, the equation of tangent: y = 2x Y

Get More Learning Materials Here : i

54.

ydx _dx_2\/;

441) _!
dx atp t

equation of normal at P to y* = x is,

[r-3)4)

11,
=y = —[x+5[+zt

(@)

3
For minimum PQ, (i) passes through @ (5’ 0]

o 3
—3t+£+t—=0 =-4t+£=0
2 2 4
= (r-4)=0=>t=-2,0,2

t20=1=0,2

If1=0, P(0,0) = AP=

Ift=2,P(1, 1) = AP=

| w
ST

3 5
Shortest distance (E’ 0) and y=n+/xis %

2

(b) The equation of curve y = ye*

dy 2 2
= ——=¢" l+xe" 2x
dx
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Since (1, e) lies on the curve y = xexz, then equation o

tangent at (1, e) is
e x21+22) -1
yoe=(e7a+2e)) (-

y—e=3e(x—1)
3ex—y=2e
So, equation of tangent to the curve passes through the

4
point (5, 26]

© fx)=y=x7+7

dy 3
— —Jx>0
dx = 2 *

= f(x) is increasing function V x > 0

Let P )cl,)cl3/2 +7)

mszmathfl
3/2 1
3 —
1 2
= T 2% =1
XN—=
2
2
2
= 37X1—5
= 3x’=2x,—1=23x2+2x,-1=0
= 3x}+3x-x-1=0
= 30 +D-1x+1)=0
1
= x1=§ (‘.'x1>0)

1 1
Pl=7+——
= (3 3\/§j

P /L+L_l\ﬁ
“N27 36 6\3

57.

o rere €

£ 56. (b) Since, the equation of curves are

y=10-x* ..(Q)
y=2+x*..(1)

Adding eqn (i) and (ii), we get
2y=12=y=6

Then, from eqn (i)

x=42

Differentiate equation (i) with respect to x

] elE]
dr T \dx ) T N Ay ) 6 T

Differentiate equation (ii) with respect to x

D rn(B), gt (3], =4
dx = dx 2.6 and \ dx 2.6)

-4 |_8

At (2, 6) tan 0 _[1+(—4)><(4)J_15
4-(4) _ 8 8
At(—2,6),tanezm:_—lsﬁhanehg

o
- tan 6]= 5
(c) Let curve intersect each other at point P(x,, y,)

Y
y2=6x

P(X], Y])

/— X
R

9x% + by* =16

Since, point of intersection is on both the curves, then
..()

and 9x12 +by12 =16 ...(i)
Now, find the slope of tangent to both the curves at the
point of intersection P(x , y,)

For slope of curves:

Curve (i):

@), n-2
dx (XI’YI) M

2
yi =6x;
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Applications of Derivatives M-359

Curve (ii): Equation of tangent at (x, y,) is
dy B 9 y=mx+c
and gy =M =T
(x1,y1) Vi :y:i-x+c
Since, both the curves intersect each other at right angle aad
then, As tangent passes through (x,, y,)
27
mm, =-1= );1:1 :>b:27x—é . y:x1x1+c
byi yi N
.. from equation (i), b=27 xl 2 42—
6 2 ~c-n"% _ 1
58. (c) Let P(2t, 1*) be any point on the parabola. 4 40
Centre of the given circle C=(—g, —f) = (-3, 0)
For PC to be minimum, it must be the normal to the Therefore, y S I L =4y y=x x+1
parabola at P. 4y, 4y,

2
. _»=n_t-0 1

Slope of line PC X, — X, Tt +3 which intersects x axis at 4 [—, Oj and y axis at
X

Also, slope of tangent to parabola at P = & L [ 1 j
x 2 B|0,—
1 4y
.. Slope of normal = —
t Let midpoint of 4B is (4, k)
£-0_-1 h=—L
243t 2x
= B34+2t+3=0
2 — -
=S @HD@-r+3)=0 = x-—lg -1
.. Real roots of above equation is 2h 8k
t=-1
Coordinate of P= (2t, t2) = (- 2, 1) 1Y =1V
i Thus, 4| — | =] — | +1
Slope of tangent to parabola at P = ¢ 1 8k 2

Therefore, equation of tangent is:

0-D=CD&+2) 1 1

= x+y+1=0 =>—F=—+
59. (d) Equation of hyperbola is : 16k 4h

4? =%+ 1 L6k e
= —x2+4?=1 ==t
2 = h?=4k> + 16 h* k.

12 2 So, required equation is
1
(Ej x274y2716x2y2=0
60. (b) Since, x2+3y2=9

R -1 d
.a=1,b=_ V. _
’ =2x+6y =— =0
2 Y dx
Now, tangent to the curve at point (x;, y;) is given by 4
ly —x
dy = o=
4x2y, L =2x dx 3y
dx
. odx 3y
dy _2x; _ X Slope of normal is 75 =

dx R 37
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3(-) _3\/§sin9_\/§tane_m
_2NosY o,
dy (3cos0./35in0) 3cos0

( dxj
& | ———
dy (—-3sin 0.4/3 cos 0)

_3BeosO_ g om,
—3sin 6

As, B is the anagle between the normals to the given ellipse
then

tan p= | "2
1+ mym,

x/?_>tan6+\/§cot6
1-3

x/gtan6+\/§cot6
1-3tan O cot 6

So,tan f = ?|tan9+cot6|

I ﬁ sin® cos©
= cotp 2 |cosO sin®
1 B 1
= =—|—
cotf 2 |sinBcosO
1 NE) 2cotp 2
= = -
cotfp sin20 sin20 3

61. (c) Given, 4x2 - 92 =36
After differentiating w.r.t. x, we get

42.x-92.y. % =0

X
= Slope of tangent = L = had
dx 9y
So, slope of normal = A
4x

Now, equation of normal at point (x, y,) is given by

_ =9
4x,

Y=Y (x—xo)

As normal intersects X axis at 4, Then

A=[B% o) anap=|0,3%
9 4

As OABP is a parallelogram

.. midpoint of OB = ( , B%J = Midpoint of AP

Get More Learning Materials Here : i

62.

63.

So, P (x, y) = (ﬂ%j ()

9 4
“* (X, ¥p) lies on hyperbola, therefore
4(x0)? = 9(vp)? = 36 (i)

4y

From equation (i): x, = —

From equation (ii), we get

9x2 — 4y? =169

Hence, locus of point P is : 9x2 — 4y2 = 169
X+6

(¢) Wehavey= m

Aty-axis,x=0=>y=1

On differentiating, we get

dy (x> =5x+6) ()= (x +6) 2x =5)

dx (x2 —5x + 6)2

a4 .
x 1 at point (0, 1)

.. Slope of normal = — 1

Now equation of normal isy—1=-1 (x = 0)
= y-1=-x

x+y=1

11 o
L satisfy it.
1
(¢) Eccentricity of ellipse = 5

1
Now, 2 4sa=4x—=2=a=2
e 2

1
We have b? = a% (1 — &%) = a2 [I_Zj

=4 x S 3
4
.. Equation of ellipse is
22
X_+y_ =1
4 3

Now differentiating, we get

2y

X 3x
4+ xyv' =0 =_

4y
. 3 2 1
Ykm&ﬂ=—zxg=—z

Slope of normal = 2

EBD_83
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65. (d) xH°—2x=4-4y

.. Equation of normal at [1,%) is Differentiate w.r.t. 'x'
d d
2xy2+2y.x2. & -2=-4. &
3 dx dx
y— 3 =2(x-1)=>2y-3=4x-4
4x —2y=1 = Q(Zy.x2+4)=272x.y2
y dx
64. (c) Y, N dy 2-2x2x4 14 7
dxly 2( 2)x4+4 -12 6
BX . Equation of tangent is
7
. (y+2):g(x—2) or Tx—6y=26
& 2 . (2, -=7) does not passes through the required tangent.

s 1+sinxj
o 66. (d) f(x)=tan [,/—1_Sinx

Let y=f(x) be a curve
slope of tangent = f' (x)
Equation of tangent (Y —y) =’ (x) (X —x)

PutY=0
Yy
= X=|x-
( F@J
Put X=0 :>y_£+£ dy 1
= Y=y-xf'(x) 4 2 dx 2
Slope of normal =
= A= X—L,O (lj
f'(x) dx
and B=(0,y—xf'(x)) ) (n P j
AP:PB=1:3 Equation of normal at 64 12
3( _(z LA Y
= | x- y + x
= i) B
in 2y +2n
By _ 4y T e
= X=— = i x
f(X) V- 2x+—
ﬂ7—3dx C 5
y X Dy:X_3 y:—2x+?n

flay=1 =C=1 5

! ! This equation is satisfied only by the point (O, _nj

y=— is required curve and [2,§j passing 3
X

d_ 1,2
. 7. @ s
through Y:X_3 = 4x-3=9
= x=3
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So,y=4
Equation of normal at P (3, 4) is

4-2 @3
y-4=-3 -3

ie.2y—8=-3x+9

= 3x+2y-17=0

This line is satisfied by the point (1, 7)
(d)y P@*F+38F-1)

dy/dt dy

dt/dt  dx
Let Q=(4\2+3,80° - 1)
slope of PQ = 3¢

68.

= 3¢ (slope of tangent at P)

8> — 813
4% — 432
= P-NxA+20°=0
=N .+ -20)=0
(=22 (t+20)=0

=3t

—t
t=A(or) A= >

Q[A+3,-F—1].
(b) Given curve is
x2+2xy-3y*=0
Differentiatew.r.t. X

69.

dy dy
2X+2x—+2y—-6
ax YT

dx
8.,
dxJ,)

Equation of normal at (1, 1) is
y=2-Xx

Solving egs. (i) and (ii), we get
x=1,3

Point of intersection (1, 1), (3, -1)

Normal cuts the curve again in 4th quadrant.

=0

70. (b) Given curve is sin y = X sin [§+ y)

Diff with respect to x, we get

. d
cosy g—z = Sln(g+ yj +XCOS[§+y)_y

dx
sin [£+ )
3 y

dy
- — =
dx T
COSy — X COS §+y
d 3
D a0, 0)= V3
dx

2
= Equation of normal is y— 0 = *E x-0)

=2x +.3y=0
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71.

72.

(@)

(i)

o rere €

d X>-y+6=0

dy dy _
2x — e =0 o =2x
dy _4

e =210
equation of tangent
y—10=4(x—2)
4x—-y+z=0
tangent passes through (o, B)
4o—-B+z=0=>P=4a+z
and 2x +2yy'+8-2y'=0

2x+8 20+8
Y == =4
2-2y 2-28B
from (i) and (ii)

-8 2
a=—,p=—
17 P 17

82
1717

(a) Given that
x=2cost+2tsint

...(ii)

d . .
50, d—X:—251nt+2[tcost+smt]
t

d .
d_i/: 2cost—2[—tsmt+cost]

d_y =2tsint
dx

ﬂ _ 2tsint
dx 2tcost

ﬂ:tant

dx

&)
dx t=n/4

so the slope of the normal is — 1
T
Att=r/dx = N2 +—=
tt=m/4x NG and

y=\/§—n/2\/§

the equation of normal is

[y—(\/z—n/%/z)}=—1[(x—(x/§+n/2\/5))}

y—\/§+iz—x+ 2+7/242

22

X+y= 2\/5 , so the distance from the origin is 2
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73. (c¢) Given, y = 3 sin 6.cos 0
T
= x:E andy =0

d
d_JG/ = 3[sinB(—sin B) + cos O(cos 0)]
Thusx +2y =k Tk
d usx+2y=k = -=
d—g = 3cos®0-sin®0] = 3 cos 20 () 2
e 75. (d) x*= 8y (D)
and x = ¢ sin 6 When, x = 4, then y = 2
dx
%=eecose+sineee Now Q:ﬂzfﬂ =1
dc 8 4'dx] _,
= ¢ (sin 0 + cos 0) (i)
— = ¢’ (sin cos ..(il 1
d0 Slope of normal = “ =-1
Dividing (i) by (i) od
5 5 dx
dy _ 3cos26 _ 3(cos” B —sin” 6) Euqation of normal at x = 4 is
dx &% (sin@+cos0) % (sin@ + cos0) y-2=-1x-4
>y=—-x+4+2=-x+6
dy 3(cosB-+sin 0 )(cos 0 —sinH) —x+y=6
dx ¢?(sin+c0s0) 76. (c) Since the tangent is parallel to x-axis,
3(cosO—sin6O d 8
dy_ HcosOsinh) L =015 =0 5rod 5y
dx e X X
dy Equation of the tangent is y —3 =0 (x — 2)
Gi t ti llel to x-axis then — = 0
iven tangent is parallel to x-axis then —- = y=3
3(cosO—sinO d
o = 2os0sin®) 7 ) Z=2x-5 om = (x-S0 =1,
e X
or cos O —sin 6 =0 = cos 6 = sin 0 my =(2x=5)g 0y =1 = mmy =-1
6 o tan 1t 0T i.e. the tangents are perpendicular to each other.
t = t = =— .
= tan — tan R 78. (d) Given x=a(cos0+0sin0)
74. (d) Lety=cos(x+y) d
X . .
— —=a(-sinO+sin0+6cosb)
dy . dy . do
=> —=-sin(x+y)|1+— ..(1)
dx dx dx
= ——=abcos6 @)
Now, given equation of tangent is do
x+2y=k yza(sine—ecose)
-1 dy .
= — — =a|cosB—cosO+0sin6
= Slope 2 40 [ ]
_ dy _ . .
So, b _ 71 put this value in (i), we get =20 asin .. (i)
* From equations (i) and (ii) we get
-1 . 1 d
—=-sin (x+y) (1 ——j Y tan 0 = Slope of normal = — cot 9
2 2 dx
= sin(x+y)=1 Equation of normal at '0"' is
. . y—a(sin®—06 cos 0)=—cot 0 (x—a(cos 0+ 0 sin 0))
= Xry=g = =g = ysing® —asin?0 +a §cosQsing

=—xc0sQ +acos?® +apsingcosp
Now,E—x:cos(x+y) = Xxcosp +ysing =a
2 Clearly this is an equation of straight line which is at a
constant distance ‘a’ from origin.
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79. (d) Since,x=a (1 + cos 0)

:ﬂz —asin® and y =asin®
do

= Q: acos0
do

.'.@:—cote.
dx

.. The slope of the normal at 6 =tan 6
.. The equation of the normal at 0 is

y—asin® =tan0(x —a —acos0)

= ycos 0—asin 0 cos 0 =x sinb — a sin6 — a sind cosO

= xsin@— ycosO =asin
= y=(x—a)tan®
which always passes through (a, 0)

80. (b) f''(x)=06(x—1). Inegrating, we get
f'(x)= 3x2 —6x+c
Slopeat (2,1) = f'(2)=c=3
[ slope of tangent at (2,1) is 3]
() =3x% —6x+3=3(x—1)%
Inegrating again, we get f(x) = (x —1)3 +D
The curve passes through (2, 1)
=1=02-1’+D=D=0

L fE)=(x-1)
81. (b) C —C+GC,

2 l+sin’x  sin2x
Let f(x)=[2 sin’«x sin2x
1 sin?x  1+sin2x

R — R —2Ry; R, > R, — 2R,

0 cos’® —(2+sin2x)
=|0 -sin’x —(2+sin2x)|=—-2-2sin2x
1 sin’x 1+sin2x

f'(x)=-2cos2x=0

3n

=cos2x=0=>x= T

’

ENY

f"(x)=4sin2x

So, f "(%) =4>0 (minima)
m= f(%j —2-1=23

3
S "(Tn] =—4<0 (maxima)

Get More Learning Materials Here: &

M:f[%nj =2+1=-1

So, (m, M) = (-3, —1)
82. (5)

81 N/ |n

'

A—x— M B

—10-x—>

Let AM = xm

5 (MD)? +(MC)* = 64+ x* +121+ (10— x)* = f(x)
(say)

f'(x)=2x-2(10-x)=0

=4x=20=>x=5

f'(x)=2-2(-1)>0

- f(x) is minimum at x = 5 m.
83. (@) f(x)=(-cos” x)(A+sinx)=sin’ x(A +sin x)
= f(x) = Asin? x+sin® x ...(i)
= f'(x) =sinxcos x[2A +3sinx] =0
=sinx=0 and sinx = —% = x=a (let)

So, f'(x) will change its sign at x = 0, a because there is

. .. . (-t T
exactly one maxima and one minima in 7, E
— + — +
1 1 1
T T T T
- 0 a g
2
OR
— + — +
1 1 1 1
T T T T
T a 0 T
2 2
. 2\
Now, sinx = _T

2
:—1§——x313—ESXS§—{O}
3 2 2

Y If A=0= f(x)=sin’ x (from (i)

‘Which is monotonic, then no maxima/minima

So, e[—%, %] — {0}

o rere €
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Applications of Derivatives

84. (d) The given function
f(x)=Gx* +ax—2—a)e*
1'(x) = (6x+a)e* +(3x> +ax—2—a)e*

f(x)=[B3x* +(a+6)x—2]e"
-+ x =1 is critical point :

L f1)=0
=>@B+a+6-2)-e=0

=a=-7

L) = Bx2-x-2)e
=(Bx+2)(x-1De*

+ ., = +

=23 1

2
SoX = 3 is point of local maxima.

and x = 1 is point of local minima.
85. (d) Area ofrectangle ABCD

A=2x-(x* -1)=2x> - 2x

d—A:6x2—2
dx

For maximum area d—A:O:Mc:J_rL
dx NG)

2 \ _

d A B 12<0

w) 7B

d’4
dx?

(12x) :>(

&

Y

2

N

B
X

y=x-1

C
ety ©rx=1)

'

y

L_i‘_i
ENREIENE)

-+ The critical points are —1, 0, 1

.. Maximum area :‘

86. (a)
L) =kex(x+D(x—1) = k(x> —x)

:f(x)zk{%—%} +C

= f(0)=C

(re>0)

Get More Learning Materials Here : i

87.

88.

o rere €

v f(x) = f(0)
:kM+C:C

4
=x*(x*-2)=0
=x=0,2, -2
=T =1{0,v2, -2}
B) Letflx)=ax®*+bx>+cx+d
f=1)=10and f[1)=-6
—a+b-c+d=10 (1)
at+rb+tc+d=-6 .(11)
Solving equations (i) and (ii), we get

35

a= d=—
4

1
7’
= fX)=a(x*-3x>-9x)+d

') = % (**—-2x-3)=0

= x=3,-1

+ | —|
| |
-1 3
Local minima exist at x = 3

(d) flx)=ax’+ bx*+ cx®

5 4 3
lim{2+ax +bx” +cx ]:4

x—0 x3

= 2+c=4 = c¢c=2
f'(x) = Sax* + 4bx> + 6x*
= x}(5ax* + 4bx + 6)
Since, x = £ 1 are the critical points,
f'M=0 = S5a+4b+6=0 (1)
f'1)=0 = 5a-4b+6=0 ...(i1)
From eqns. (i) and (ii),

b=0and a_—ﬁ
=0 an 5

f(x)= _?6)65 +2x°

f'(x)=—-6x*+6x2=6x* (x> + 1)
=—6x2(x+1)(x-1)

— + —
| |
T

-1 1
f(x) has minima at x = — 1 and maxima atx = 1
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89.

90.

91.

92.

Get More Learning Materials Here: &

(b) Given function f'(x) = x\/ he—x2 = \/ PRERN

Differentiating w. r. t. x,

(3kx2—4x3)>
)= ZM 20 forx e [0, 3]

[ f(x) is increasing in [0, 3]]
=3k—4x>0=3k>4x
i.e., 3k>4x forx € [0, 3]
Sk>4ie,m=4

Putting k& = 4 in the function, f'(x) = x \/4 _ 52

For max. value, f“ (x) = 0

2 3
je, 12X —4Y o -3

2V 4x3 —x*

y=33 ie, M=33

(b) a=a+5d=2

Here, a is first term of A.P and d is common difference
LetA=a a,a.=a (a+3d) (a+ 4d)

17475

=a(2-2d)(2-4d)
A=(2—5d) (4—6d+2d)
dA
“
By %
(2= 5d) (- 6+ 4d) + (4 — 6d + 2dP) (— 5) = 0
8 2
—15#+34d-16=0=> d=—,—
53
F d7§£<0
ord= 53
8
Hence d=§ 93.

©) f(x)=9x*+12x3 - 36x*+ 25
fx)=36[x*+x*—2x]=36x (x— 1) (x + 2)
- + - +

] ] ]
T T T

-2 0 1

Here at -2 & 1, f''(x) changes from negative value to

positive value.

= -2 & 1 are local minimum points. At 0, f'(x) changes
from positive value to negative value.

= 0 is the local maximum point.

Hence, S, = {-2, 1} and S, = {0}

(¢) Let radius of base and height of cylinder be » and 4
respectively.

o rere €

Now, volume of cylinder, V= mr?h
Substitute the value of r? from equation (i),

h2 T
- Th| 9-— —omh—2p3
14 4 =V=9n n

Differentiating w.r.t. A,

For maxima/minima,

dv
T =0=h= 12

d dz_V = _é nth
an dh2 3

2
[—d Iz/] <0
dh W12

Volume is maximum when j = 2./3

(a) Let, the functions is,

f0)= 3c0s9+SSinG-cos%—Ssin%cose

= 3cose+5><§sin6—5><%cos9

(3—§jc059+5x£sin9
2 2

c059+£sin9

1
2

1 25 76
max f(0) = Z+TX3=1 T:\/E

EBD_83
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Applications of Derivatives

94.

9s.

96.

(b)

N

-----

Parametric equations of the parabola y* = 4x are,
x=randy=2t
| o2 1
Area APXQ =7 4 4l
9 1

=-5£+5¢t+ 30
=-5F—-1t-6)

1
For maximum area ¢ = E
| (Z)-12
.. maximum area = )" 4

(c¢) Consider the function,

Sx) =3x(x — 3?40

NowS = {x eeR:x*+30< 11x}
So x*-11x+30<0

. flx) will have maximum value for x = 6
The maximum value of function is,

A6)=3x6x3x3-40=122.

= xoe [5,6]

xmyn 1
A= =
(C) (1+x2m)(1+y2n) (x—m+xm)(y—n+yn)
m -m 1
Xty Z (M M2 =X F 22
5 (x".x™)

In the same way, y" + y" =2
Then, (x" + x™) (y"+ y") = 4
1
(xm +x—m)(y—n +yn)

L
= T4

Get More Learning Materials Here : i

97.

98.

@

R+r=0r=9 ..3)
Volume of cone

1
= Enrzh ...(ii)

From (i) and (ii),
=V= %n(9 —h*)h

1 3 dv 1 2
— —nOh-1) = 2 = n(9-342)
=h=3m )= 03

For maxima/minima,
dv

1 2
o= Lro-3m?)=0
an 0= 3™ )

=h=+3=h=3

dv 1
— ——n(-6h
an® 3( )

Here, 1;12
at h——\/g

Then, h = /3 is point of maxima

("~ h>0)

Now;

Hence, the required maximum volume is,

V= %n(9—3)\/§ =23n

X7 +—
(¢) Here, h(x)= ’1‘2 :(X_l)+ 2

1
When x——<0
X

1
x——+
X

215—2ﬁ

X

M-367

Hence, —2./2 will be local maximum value of h(x).

When x—l>0
X
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99.

100.

EBD_83

1 2 2 2 2
X——+ IZZJE = opr g2 = A, 107 & 16
x 1 3 9 3 9
X

Hence, 2./2 will be local minimum value of h(x).
(a) Here, f(x)=2x3—92+ 12x+5

= flx)=6x2-18x+12=0

For maxima or minima put f'(x) = 0

= x2-3x+2=0

= x=lorx=2

Now, f"(x)=12x—-18

= f"(H=12(1)-18=-6<0

Hence, f(x) has maxima atx =1

oo maximum value=M=f(1)=2-9+ 12+ 5= 10.
And, f"(2)=12(2)-18=6 >0.

Hence, f'(x) has minima at x = 2.

. minimum value = m = f(2)
=2(8)-9(4)+12(2)+5=9

S M-m=10-9=1

(a) Sphere of radius =3 cm

Let b, h be base radius and height of cone respectively.

So, volume of cone = % nh%h

qc

In right angled A ABC by Pythagoras theorem
(h _ r)2 + b2 — rZ (1)
= b2 =12~ (h—r)*=r>— (h* = 2hr + 1%) = 2hr — h?

. Volume (v) = % nh [2hr - h2] = % [2h2r - h3]

dv 1 27 _
%_5[4hr—3hJ—0:>h(4r—3h)—0
dv 1
LY _Llar—6hn
e 3[r ]
2

Ath:4_r’d_§:l‘:4r_ﬂx6:‘:l[4r—8r]<0

3 dn* 3 3 3

. 4r 4
= maximum volume ocurs at 4 = ? = E x3=4cm

As from (i),
(h—r2+b2=12

Get More Learning Materials Here : i

_(4-107 87

9 9

=b= 2\3/5 r=2J2 cm
Therefore curved surface area = nthl/

=nb«/h2+r2 :7T2\/§\I42+8 =8\/§ncm2

101. (d) We have
Total length =r+ 1+ 16 = 20

=2rtrg=20
_20-2r

=0

()

For A to be maximum

d_A:O =10-2r=0

dr or
=r=35

d’a
dr?
.. Forr=35 A is maximum

=-2<0

From (i)

C20-2(5) 10
8 =" 5 =2

2 2
= —X 5 =
A 5 (5)" =25sq. m

102. (a) 4x+2nr=2 =2x+nr=1
S=x%+nr?

1—mr 2
Sz[ j + 2
2
95 H(I=m ) =m o
dr 2 2

2 Il iom=0 ==
2 2 n+4

=Xx= = x=2r

n+4
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Applications of Derivatives
103. (@) D= \Jo? +(a®-4)°

DP=o’+0*+16-8a?=0a*- 702+ 16

dD*
— =4a’ - 14a=0
do

20202 -7) =0

;
2_ L
*=3

\__o /

49 49 15
=P -2
4 2 4 4
po 15
2
3
5
104. (2) Let fix) = % andx e [0, 1]
1+xg
£
1+x3)=(1+x) S —=(1+x)3(x3)
5
=>f(x)= 3
(1+x5)>

(N2 5o

:g L1+XSJ(1+X) ’ —(1+x)5x 3
[ 3 3
_3 1+x3 (1+x)°
5 2 2
| 1+x)° x5
2 2
X3 +x—-1-x x3 -1
=72 2 ~ 2 2%0
S1+x)5  xX3(1+x)°
Also, f(0)=1= f(x) € [27%4 1]
f(a) =204

105. (d) Let ‘u’ be the velocity
S.u=48 m/s, Given, g = 32
At maximum height v=10
Now, we know v> = u®> — 2gh
=0=(48)’-2(32h=h=36
Maximum height = 36 + 64 = 100 mt

Get More Learning Materials Here: &

106. (a) Let f(x)=olog|x|+px%+x

107.

o rere €

Differentiate both side,
Fi0) =24 2Bx+1
X

Since x = —1 and x = 2 are extreme points therefore
f'(x)=0 at these points.

Putx =—landx=2in f'(x), we get
—a2+1=0=>a+2p =1 (1)
%+4B+1=0 — o +8B =2 (i)
On solving (i) and (ii), we get
1
p=-3=>P=—
p p >

La=2

Let (h, k) be the point on ellipse through which tangent
is passing.

Equati ft tthk—x—h+y—k_l

quation of tangent at (4, k) TR

oo 10

aty X =

emoy 8

atx =9V, y = k

Area of AOB = lx[ﬁ)x[g):@

2 \h k hk

(648)° .

2 20

A” = 252 ..(1)

(h, k) must satisfy equation of ellipse

k2
_+_
16 81

16
W= 5(81—1(2)

Putting value of 42 in equation (i)
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k. 81(648)> @
16xk>(81-k%) 81k2 —k*

differentiating w.r. to k

-1
2AA" = a[ﬁ] 162k — 4k>)
81k% —k

2AA" = 2A 81k — 4k%) = A'= — 81k — 4k
Put A’ =0
= 162k -4k =0, k (162 — 4k*) = 0

9
_ - =
= k O,k \/z

A" =— (81 — 12/
For both value of k, A” = 405 > 0

9
Area will be minimum for & ﬁ
16 >

2= —81-k") =
h 81( ) =38
h= +242
Arca of trianglo AOB = X2 _ o0 i

rea of triangle = 2\/5><9 = sq unit

108. (¢) Given, radius of sphere = /3
Now, In AOAB, by Pythagoras theorem

(OA)* = (OB)’ + (ABY’

h (0
NS %)
A C
e————»
r
2
h 2
-
2 2
e
4 4

Now, volume of cylinder = A

(3 2\}’ _ _
V= ﬁk _TJ (using eq. (1))
3
= 3‘rch—i
4

Get More Learning Materials Here : i

Now, for largest possible right circular cylinder the
volume must be maximum

. For maximum volume, cj{—: =0

Now, Differentiating eq. 2) wrt. h

dv
dh

= 3p-2 h2

3
or 3TE—ZTCh2 =0 = }{:%;{hz

=>h=4=h=2

Now, volume (V) of the cylinder
(52

= TCL3—T)]’!:TE(6—2) =47

b
109. (¢) LetcostC= av+ 5

According to given question,

b
30a+—="175 i
a 30 ... ()
40a+i—65 i
20 ... (i)

On solving (i) and (ii), we get

1
a=5 and b = 1800

Now, C = av+é

b
:>v:\/::x/3600 = v=60 kmph

110. (d) Letbase=0>

NE

()

Altitude (or perpendicular) =

1 1
Area, A = 3 x base x altitude = 5 ><b><\/h2 —b?

db 2

..(ii) N d—A:l{\/hz—bz +b._—2b}

2Wh? —p?

o rere €
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111.

112.
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M-371

_llh%zbz]
20 2 _p2

Putd—A=0,:> b:i
db 2
. 1 h , W
Maximum area = — X ——=X4[h° —— = —
2 2 2 4

(b) Given that, f(x)=In|x|+bx* +ax
f'(x):l+2bx+a
X

Atx=-1, f'(x)=-1-2b+a=0
= a-2b=1 ..()

1
Atx=2, [@)=5+4b+a=0

1
= a+db= -2 ...(ii)

b=
4

N | =

On solving (i) and (ii) we get a =

1 x 1 2-x*+x
Th (X)=—-Z4—_=2_~ "7
us, f(x) 22 2x
_—x2+x+2_—(x2—x—2) _—(x+1)(x—2)
2x 2x 2x

So maxima atx =—1, 2

(¢) Equation of a line passing through (x,,y,) having

slope m is given by y — y, = m (x —x,)

Since the line PQ is passing through (1,2) therefore its

equationis (y —2)=m (x — 1)

where m is the slope of the line PQ.

Now, point P (x,0) will also satisfy the equation of PQ
y2=mix-1) > 0-2=m(x-1)

= 2=m@x-1)=> x-1=—
m

-2
= x=—+1
m

Also, OP = (3c—0)2+(0—0)2 =x :__2+1
m

Similarly, point Q (0,y) will satisfy equation of PQ
y—2=m(x-1)

o rere €

= y-2=m(-1)
= y=2-m and OQ=y=2-m

Area of APOQ = %(op)(og) = %(1 —%j (2-m)

(" Areaof A= %x base x height )

S ERase B B (]

(1,2)

ol
2
Let Area = f'(m) = 2—ﬂ —
2 m

, -1 2

=—4+—

Now,f(m) 2 2
Putf’' (m)=0

S>ml=4=>m= +2

Now, f"(m)= %
m

£ ()] e =5 <0

" 1
f (m)|m:—2 =5 >0
Area will be least at m = -2

Hence, slope of PQ is —2.

. (d) Letf: (—o0,00) = (—0,00) be defined by fix) = x> + 1.

Clearly, f{x) is symmetric along y = 1 and it has neither
maxima nor minima.

.. Statement-1 is false.

Hence, option (d) is correct.

tan x
, x#0
. (b)) f(x)=9 x
I, x=0
For x>0
tan x > x
ta
nx>1
X
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M-372  Mathematics
Y . k=2x, if x<-1
A 7. (o f(x)= 5 I :
y=tanx x+3, ifx>-—
— 2x+3
X Y X>X k-2x *
O 1
1
\ 4
Y Clear that f'(x) is minimum at (-1, 1)
Forx<0 = tanx<ux ~fED=1
= anx l=k+2= k=-1
o 118. (a) Given that P (x) =x* + ax3 + bx> + cx + d
f(0)=Tatx=0

= x=0 is the point of minima

So, Statement 1 is true. Statement 2 is also true.

115. (¢) f'(x)=~[xsinx
['(x)=0
= x=0 or sinx=0

= x=2n,1

1 .
f"(x)= Jx cos x +—=sin x

2/x

1 .
= ——=(2xcosx+sinx)

2x
Atx=m, f"(x)<0
Hence, local maxima at x =1t
At x=2m, f"(x)>0

Hence local minima at x = 27

X
e

e 42

1
116. (d) Given f(x)= =
@ ¥ +2e¢7F
(€ +2)e* —2e*F &

re=t—

S =0 = ¢2¥ 15— 92
=2 D=2
f"(\/z) =+ve

V2

1
.. Maximum values of f'(x) = i m

= 0<f(x)£L VxeR

242
1

Since, )« =« ——

1
3 22

— for some CeR,f(c):%

Get More Learning Materials Here : i

119.

= P'(x)=4x+3ax2+2bx+¢c

But given P'(0) =0 = ¢ =0
Px)=x*+ax3+bx?+d

Again given that P (— 1) < P (1)

= l-at+tb+d<l+a+b+d

= a>0

Now P' (x) = 4x3 + 3ax? +2bx = x (4x2 + 3ax + 2b)

As P' (x) = 0, there is only one solution x = 0, therefore

4x2 + 3ax + 2b = 0 should not have any real roots i.e. D <0

2
— 942-32b<0 = b>93i2>0

Hencea, b>0

= P'(x)=4x3+3ax?+2bx >0 Vx>0
P (x) is an increasing function on (0,1)
P(0) < P(a)

Similarly we can prove P (x) is decreasing on (- 1, 0)
P(E=1=> P(0)

So we can conclude that
Max P (x) =P (1) and Min P (x) = P (0)

= P(-1) is not minimum but P (1) is the maximum of P.

(@ Lety=x’-px+gq 3§=3x2—p
X

For maxima and minima

d_y:0 :>3x27p=0 :xzi\/g

dx
dzy d2y dzy
—2:6X — = +ve and—2 = —ve
dx dx x=\/£ dx xzi\/z
3 3

.. y has minimum at x = \/% and maximum at
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x 2 1 2 = x=aorx=2a.
120. (a) Given f(x)= St f'(x)=5——2=0
X

X f'(x)=12x-18a

>x=4=>x=2,-2; f"(a@)=-6a<0 .. fx)is max. atx = a,

A £"(2a) = 6a > 0
Now, f"(x)=— . flx) is min. at x = 2a

3

X o p=aandg=2a
f'(x)],_, =+ve= f(x) has local min at x = 2. ATQ, p? =g

1 * 2 = = =
121. (c) ATQ,y=x+;3ﬂ:1_L 4" =2a=a=2o0ra=0

dx x? but a > 0, therefore, a = 2.

For maxima. or minima., 123. (b) We know that distance of origin from

1
l-—=0=>x=4%1 = [2,.2
X2 (x3y) X" +y

2 2
dyzij(dy -2>0 —\/a2+b2—2abcos(t—a—t);
x> X dez Jx:] b
.y is minimum at x = 1 <va® +b% +2ab
122. (d)  f(x)=2x" —9ax® +12a%x+1 at
) 2 cos[t——j =—1|=a+b
f'(x)=6x"—-18ax+12a"; b/) in
For maxima or minima. . Maximum distance from origin=a + b

6x% —18ax+12a> =0 = x* —3ax+2a%> =0
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