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MATHS ( QUESTION BANK )

6.APPLICATION OF DERIVATIVES

Single Correct Answer Type

The maximum value of the function f(x) given by f(x) = x(x — 1)2,0 < x < 2,is
a)o b) 4/27 c) —4 d) 1/4

For a given integer k, in the interval [27rk + %, 2rtk — %] the graph of sin x is

a) Increasing from -1 to 1 b) Decreasing from -1 to 0

c) Decreasing from 0 to 1 d) None of the above

If 6 is the semi vertical angle of a cone of maximum volume and given slant height, then tan fis given by
a) 2 b) 1 ) V2 d) V3

The value of b for which the function f(x) = sinx — bx + c is decreasing in the interval (—oo, ) is given
by

a)b<1 b)b>1 c)b>1 db=<1

The function f(x) = 2x3 + 3x? — 12x + 1 decreases in the interval

a) (2,3) b) (1,2) (-2 1) d) (-3,-2)

If f(x) = 2 x + cot™* x + log(V1 + x2 — x), then f(x)

a) Increases on R

b) Decreases in [0, )

c) Neither increases nor decreases in (0, ©)

d) None of these

The maximum value of f(x) = 3 cos?x + 4sin®x + cosg + sin g, is

a) 4 b)34++2 Q) 4++2 d) 2 ++2

If ax* + b?y* = ¢®, then maximum value of xy is

A stone is dropped into a quiet lake. If the waves moves in circles at the rate of 30cm/sec when the radius
is 50 m, the rate of increase of enclosed area is
a) 30 T m?/sec b) 30 m?/sec c) 3w m?/sec d) None of these

. The equation of the tangent to the curve x = t cost,y = tsint at the origin is
a)x=0 b)y=0 x+y=0 d)x—-y=0

. The rate of change of the surface area of a sphere of a sphere of radiusr,when the radius is increasing at
the rate of 2 cm/sis proportional to




1 1
a) - b) — qr d)r?
T r

. The maximum value of (1/x)%, is

a)e b) e® c) el/e d) (1/e)'/e

If f(x) = 2x3 — 21x% + 36x — 30, then which one of the following is correct

a) f(x)has minimum at x = 1 b) f(x)has maximum at x = 6

c) f(x)has maximum at x = 1 d) f (x)has maxima or minima

. An edge of a variable cube is increasing at the rate of 10cm/s. How fast the volume of the cube will

increase when the edge is 5 cm long?

a) 750 cm 3/S b) 75 cm 3/5 c) 300 cm3/5 d) 150 cm 3/S

. The tangents to the curve x = a(6 —sin#),y = a(1 + cos ) at the points § = (2k + 1)m, k € Z are

parallel to:

Ay=x b)y =—x cy=0 dx=0

. The normal to the curve 5x> — 10x3 + x + 2y + 6 = 0 at P(0, —3) meets the curve again at the point

a) (-1,1), (1,5) b)(L-1),(-1,-5) o (-L-5,(-L1)  d)(~15),(1,-1)

. The normal to the curve represented parametrically by x = a(cos8 + 8 sinf) and y = a(sinf — 0 cos 0)

at any point 6, is such that it

a) Makes a constant angle with x-axis

b) Is at a constant distance from the origin

c) Passes through the origin

d) Satisfies all the three conditions
3x2+12x—-1,-1<x<2

Iff(x)z{ 37-x, 2<x<3

a) f(x) is increasing in [—1, 2]

b) f(x) is continuous in [—1, 3]

) f(x) is maximum atx = 2

d) All the above

* The value of ¢, in the Lagrange’s Mean value theorem % = f'(c), for the function f(x) =

x(x —1)(x — 2) in the interval [0, 1/2], is

a) b) 1 - Y21 92

4 6 8

If f(x) = kx — sinx is monotonically increasing, then

a)k>1 b) k> -1 k<1

Let f(x) = x3 — 6x% + 15x + 3. Then,

a) f(x) >0 forallx eR

b) f(x)>f(x+1) forallx ER

c) f(x) is invertible

d) None of these

. The diagonal of a square is changing at the rate of 0.5 cm s~1.Then, the rate of change of area , when the

, then

area is 400 cm2 is equal to

1 10

cm?/s d) —=cm?/s
0v3 / ) /

a) 20\/§cm2/s b) 10\/§cm2/s c) V2

If ax? + g = ¢ for all positive x, where a, b, > 0, then

a) 27ab? = 4¢3 b) 27ab? < 4¢3 c) 4ab? = 27¢3 d) None of these

. The equation(s) of the tangent(s) to the curve y = x* from the point (2, 0) not on the curve is given by
4098

Y=g

b)y—1=5x-1)




81 27

d) 32_80( 2)
Y223 81\* 73

4096 2048( 8)

- The value of ¢ in Rolle’s theorem for the function f(x) = @ defined on [—1,0], is

1++/5
2

a) 0.5 b) c)

. The point on the curve vx + \/; = +/a at which the normal is parallel to the x-axis, is

a) (0,0) b) (0,a) c) (a,0) d) (a,a)

. The value of x for which the polynomial 2x3 — 9x2 + 12x + 4 is a decreasing function of x, is
a)-1<x<1 b)0<x <2 c)x>3 di<x<?2

. The function f(x) = 1 — x3 — x° is decreasing for

a)1<x<5 b)x <1 x=>1 d) All values of x
.y = {x(x — 3)}? increases for all values of x lying in the interval

1 _2‘/§ d) —05

3
a)0<x<E b)0<x <o ) —o<x<0 dl<x<3

If m denotes the slope of the normal to the curve y = —31log(9 + x?) at the point x # 0, then,
a)me [—1,1] bymeR—-(-1,1) c)meR-—[-1,1] dme(-1,1)

2_
Iff(x) = ;—Jri, for every real number x, then the minimum value of f(x)

a) Does not exist because f is unbounded
b) Is not attained even though f is bounded
c) Isequalto 1
d) Is equal to —1
. The function f(x) = |px — q| + r|x|,x € (—o, ), wherep > 0,q > 0,7 > 0 assume its minimum value
only at one point if
a)p #q b)r #q r#p dp=q=r
If the function f(x) = %
a)k<1 b)K>1 c)K<?2 d)K >?2
. A man of 2m height walks at a uniform speed of 6 km/h away from a lamp post of 6 m height. The rate at
which the length of his shadow increase is
a) 2km/h b) 1km/h c) 3km/h d) 6km/h
. A ABC is not right angled and is inscribed in a fixed circle. If a, 4, b, B be slightly varied keeping c, C fixed,
then
da db

cosd ' cosB
a) 2R b) )0 d) None of these

. Avalue of ¢ for which the conclusion of Mean value theorem holds for the function f(x) = log, x on the
interval [1, 3] is

is increasing for all values of x, then

1
a) 2logsz e b) Eloge 3 c) logz e d) log, 3

b . .
If ax + o = c for all positive values of x and a, b, ¢ are positive constants, then

2 2 2 C2

c c c
a > b — c > d >
)ab_4 )ab<4 )bc_4 )ac_4

Let f(x) = fox Co:t dt. Then,atx = (2n+ 1) g,f(x) has

a) Maxima whenn = —2,—4, —6, ... and minima whenn = —1,—-3, -5, ...
b) Maxima whenn = —1,—3, -5, ... and minima whenn =1, 3,5, ...

c) Minima whenn = 0, 2,4, ... and maxima whenn = 1, 3,5, ...

d) None of these




n n
* The line g +% = 2 touches the curve (g) + (%) = 2 at the point (a, b) for

a)n = 2only b)n = —3 only c) Anyn € R d) None of these

. The pressure P and volume V of a gas are connected by the relation PV/% = constant. The percentage

increase in the pressure corresponding to a deminition of 1/2 % in the volume is

2) 1% b) 1% 9 1% d) None of these
2 4 8

In the mean value theorem % =f'(c),ifa=0,b = %and fx)=x(x—-1)

(x — 2), then value of c is

a)1_g b) 1 ++V15 CJ1—g d)1++21

1
IffCo) = 4x242x+1
a) 4/3 b) 2/3 01 d) 3/4

. The diameter of a circle is increasing at the rate of 1cm/sec. When its radius is 7, the rate of increase of its

area is

then its maximum value is

a) m cm?/sec b) 2w cm?/sec c) m? cm?/sec d) 22 cm?/ sec?
. The minimum value of 2x + 3y, when xy = 6, is

a) 9 b) 12 08 46

. The equation of the normal to the curve y* = ax3 at (a, a) is

a)x+ 2y =3a b)3x—4y+a=0 c)4x+3y="7a d)4x -3y =0

. The value of c in Rolle’s theorem when

f(x) =2x3—5x%—4x+3,x €[1/3,3],is

a) 2 b) —1/3 c) =2 d) 2/3

Suppose the cubic x3 — px + q has three distinct real roots where p > 0 and q > 0. Then, which one of the
following holds?

a) The cubic has maxima at both % and — g b) The cubic has minima at% and maxima at — %

c¢) The cubic has minima at—g and maxima at% d) The cubic has minima at both g and — g

. The chord joining the points where x = p and x = q on the curve y = ax? + bx + c is parallel to the
tangent at the point on the curve whose abscissa is

b) p ; q 9 % d) None of these
. nis a positive integer. If the value of ¢ prescribed in Rolle’s theorem for the function f(x) = 2x(x — 3)" on
the interval [0, 3] is 3/4, then the value of n is
a)5 b) 2 c)3 d) 4
. The shortest distance between the line y — x = 1 and the curve x = y?is

a)% by 2V3 g 32 d)g

8 5
If the distance s covered by a particle in time t is proportional to the cube root of its velocity, then the

acceleration is
a) A constant

1
b) x s3 ) x— d) « s°
s

. The distance travelled s(in meteres) by a particle in t second is given by, s = t3 + 2t? + t.The speed of the
particle after 18 will be

a) 8cm/s b) 6 cm/s c) 2cm/s d) None of these

Using differentials, the approximate value of (627)/# is

a) 5.002 b) 5.003 c) 5.005 d) 5.004

. The length of the subtangent at any point (x;, y;)on the curve y = a*, (a > 0) is

1

2x
loga c) loga d) a“*tloga

a) 2loga b)




Using differentials the approximate value of V401 is

a) 20.100 b) 20.025 c) 20.030 d) 20.125

. Aladder 10 m long rests against a vertical wall with the lower end on the horizontal ground. The lower
end of the ladder is pulled along the ground away from the wall at the rate of 3 cm/s. The height of the
upper end while it is descending at the rate of 4cm/s, is

a) 4v/3m b) 5v/3m c) 6m d) 8m

- A cubic f(x) vanishes at x = —2 and has relative minimum/maximum at x = —1 and x = gsuch that
f_llf(x)dx = 1—:. Then, f(x) is

a)x3+x%—x b)x3+x%2—x+1 A)x3+x?2—x+2 d)x3+x2—x-2

. . 1 1 .
- The different between the greatest and least values of the function f(x) = cosx 5 cos 2x — 3 €os 3xis

2 8 3 9
a) - b) = c) — d) =
)3 )7 )8 )4

. The number of real roots of the equatione*™ 1 + x —2 =10
a)l b) 2 c)3 d) 4
If f(x) = sin® x + cos® x, then which one of the following is false?

Q) f() <1 b) f() < 2 I f)> D <5

. Theset {x® — 12x: =3 < x < 3}isequal to

a){x: —16<x<16} b){x: —12<x<12} ¢)Jf{x: —9<x<09} d) {x:0 <x <10}
Ifxy = a’and S = b%x + czy where a, b and c are constants, then the minimum value of S is

a) abc b) va bc c) 2abc d) None of these
Letg(x) = f(x) + f'(1 —x) and f"(x) < 0,0 < x < 1. Then

a) g(x) increases on [1/2,1] and decreases on [0,1/2]

b) g(x) decreases on [0,1]

c) g(x) increases on [0,1]

d) g(x) increases on [0,1/2] and decreases on [1/2,1]

Select the correct statement from (a), (b), (c), (d) The function f(x) = xel™

a) Strictly increasing in the interval G, 2) b) Increasing in the interval (0, o)
c) Decreases in the interval (0, 2) d) Strictly decreasing in the interval (1, o)

If% + % + % + -t —a"Z_l + a, = 0. Then the function f(x) = apx™ + a;x™ 1 + a,x" 2 + -+ + a, hasin

0,1)

a) Atleast one zero b) At most one zero c) Only 3 zeros d) Only 2 zeros

. A particle is moving along the curve x = at? + bt + c.If ac = h?, then the particle would be moving with
uniform

a) Rotation b) Velocity c) Acceleration d) Retardation

. The approximate value of (33)%/° is

a) 2.0125 b) 2.1 c) 2.01 d) None of these

. Atan instant the diagonal of a square is increasing at the rate of 0.2cm/sec and the area is increasing at the
rate of 6cm? /sec. At that moment its side is

30 30 d) 15
2) Ecm b) 30vZ cm ) cm )15 cm

. A missile is fired from the ground level rises x metres vertically upwards in t seconds where x = 100t —
22—5 t2.The maximum height reached is
a) 200 m b) 125m c) 160 m d) 190 m
- The intercepts made by the tangent to the curve y = fox |t| dt, which is parallel to the line y = 2x, on y-axis
are equal to
a)1,-1 b) —2,2 c)3 d) -3
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. The function f(x) = tanx — x

a) Always increases

b) Always decreases

c) Never decreases

d) Some times increases and some times decreases

. The maximum value of xy subject to x + y = 8, is

a)8 b) 16 c) 20 d) 24

. The tangent to the curve y = 2x? — x + 1 is parallel to the line y = 3x + 9 at the point

a) (3,9) b) (2,-1) 21 d) (1,2)

. The point P of the curve y? = 2x3 such that the tangent at P is perpendicular to the line 4x — 3y + 2 = 0 is
given by

a) (2,4) b) (1,v2) ) (1/2,-1/2) d) (1/8,-1/16)

If the parametric equation of a curve given by x = e’ cost,y = e’ sint, then the tangent to the curve at the
point t = /4 makes with axis of x the angle

a)o b) /4 c) /3 d)m/2

- All points on the curve y? = 4a (x + asin Z) at which the tangents are parallel to the axis of x lie on a

a) Circle b) Parabola c) Line d) None of these
. The point of inflexion for the curve y = x°/? is

a)(1,1) b) (0, 0) c) (1,0) d) (0,1)

. The minimum value of 2x + 3y, when xy = 6, is

a) 12 b) 9 c)8 d) 6

If (x) = x2 — 2x + 4 on [1, 5], then the value of a constant ¢ such that% = f'(¢c),is

a)o b) 1 c) 2 d) 3

Let a, b be two distinct roots of a polynomial f(x). Then there exists at least one root lying between a and
b of the polynomial

a) f(x) b) f'(x) c) f'(x) d) None of these
. A population p(t) of 1000 bacteria introduced into nutrient medium grows according to the

. _ 1000t
relationp(t) = 1000 + TTIYER

a) 1100 b) 1250 c) 1050 d) 5250

If f'(x) = (x — a)*™(x — b)?™*1 where m,n € N, then

a) x = b is a point of minimum

b) x = b is a point of maximum

c) x = b is a point of inflexion

d) None of these

. A point is moving ony = 4 — 2x2. The x —coordinate of the point is decreasing at the rate of 5 unit per
second. Then, the rate at which y-coordinate of the point is changing when the point is at (1,2)is

a) 5 units b) 10 units c) 15 units d) 20 units

. The point of the curve y? = 2(x — 3) at which the normal is parallel to line y — 2x + 1=0

a) (5,2) b) (— % —2) J (5,-2) d) (; 2)
. The function f(x) =

The maximum size of this bacterial population is

X
is
1+|x|
a) Strictly increasing b) Strictly decreasing
c) Neither increasing nor decreasing d) Not differential at x = 0
. The function f(x) = 2x3 — 3x2? + 90x + 174 is increasing in the interval

1 1 59
a)§<x<1 b)§<x<2 )J3<x<— d)—o<x <o

4

<
Let f(x) = {lxll’ fo;(())r<x|x:|6 2, thenatx = 0, f has




a) A local maximum b) A local minimum c) No local extremum d) No local maximum

. The set of values of a for which the function f(x) = x? + ax + 1 is an increasing function on [1, 2] is

a) (=2,) b) [—4, ) ¢) [0, =2) d) (=, 2]

. A particle moves along the curvey = x? + 2x. Then, The point on the curve such that x and y coordinates

of the particle change with the same rate is
a) (1,3) 15 1 3
) (33) 9 (-3-3) VLD
Given P(x) = x* + ax® + bx? + cx + d such that x = 0 is the only real root of P'(x) = 0.1f P(—1) <
P(1),then in the interval[—1,1]
a) P(—1) is the minimum and P(1)is the maximum of P.
b) P(—1) is not minimum but P(1)is the maximum of P.
c) P(—1)is the minimum and P(1)is not the maximum of P.
d) Neither P(—1) is the minimum nor P(1)is not the maximum of P.
If the equation a,x™ + a,,_1x""! + - + a;x = 0 has a positive root a, then the equation
na,x" 1+ n-1a,_x"%+-+a; =0has
a) A positive root less than a
b) A positive root larger than a
c) A negative root
d) No positive root
If the error committed in measuring the radius of the circle is 0.05%, then the corresponding error in

calculating the area is

a) 0.05% b) 0.0025% c) 0.25% d) 0.1%

. The edge of a cube is equal to the radius of the sphere. If the rate at which the volume of the cube is

increasing is equal to 4, then the rate of increase of volume of the sphere is
d) None of these

b) 4wA c) %

2
* Tangent is drawn to ellipse % + y% = 1 at (3v3 cos8,sinf) (whered € (0,7/2)). Then the value of 8 such

that sum of intercepts on axes made by this tangent is minimum, is

a)m/3 b)m/6 c) /8 d) /4
Roll’s theorem is not applicable to the function f(x) = |x| for —2 < x < 2 because

a) f is continuous for —2 < x < 2 b) f is not derivable for x = 0

c) f(—=2) =f(2) d) f is not a constant function

. The abscissa of the point on the curve

y = a(e¥/* 4+ e=¥/%)
Where the tangent is parallel to the x-axis, is
a)o b) a ) 2a d) —2a

. The value of a in order that f(x) = sinx — cos x — ax + b decreases for all real values of x is given by

99,

100.

101.

102.

a)a=+2 b)a <2 cJa=1 da<1
Let f(x) = 1+ 2x? + 2%2x*+. ... ... + 21%%2% Then, f(x) has

a) More than one minimum b) Exactly one minimum

c) Atleast one maximum d) None of the above

If the subnormal at any point on y = al™™x™ is of constant length, then the value of n, is

a)l b) 1/2 c) 2 d) -2

The normal to the curve x = a(1 + cos 6),y = asin 0 at 6 always passes through the fixed point
a) (a,0) b) (0,a) c) (0,0) d) (a,a)

If tangent to the curve x = at?,y = 2at is perpendicular to x-axis, then its point of contact is
a) (a,a) b) (0,a) c) (0,0) d) (a,0)
Ify = 4x — 5 is tangent to the curve y? = px3 + q at (2, 3) then (p, q) is




a) (2,7) b) (=2,7) ) (=2,-7) d) (2,=7)
. A particle is moving in a straight line. At time t, the distance between the particle from its starting point is
given by x = t — 6t2 + t3.1ts acceleration will be zero at
a) t = 1 unit time b) t =2 units time c) t = 3 units time d) t = 4 units time
.If y = 4x — 5 is a tangent to the curve y? = px3 + g at (2, 3), then
a)p=2,q=-7 b)p=-2,q=7 Ap=-2,q=-7 dp=2qg=7
- Let the function g: (—o0, ) — (— g,%) be given byg(u) = 2tan"!(e%) — % Then, g is
a) Even and is strictly increasing in (0, o) b) Odd and is strictly decreasing in (—oo, o)
¢) 0dd and is strictly increasing in (—co, 00) d) Neither even nor odd, but is strictly increasing in
(_Oor Oo)
. The tangent to the curve y = 2x? — x + 1 at a point P is parallel to y = 3x + 4, then the coordinates of
Pare
a) (2,1 b) (1,2) ) (=1,2) d) (2,-1)
.Let a, b, ¢ be positive real numbers and ax? + b/x? > 2 for all x € R*. Then,
a) 4ab > c? b) 4ac > b? c) 4bc = a? d) 4ac < b?
. The function f(x) = x* — 62 x% + ax + 9 attains its maximum value on the interval [0, 2] at x = 1. Then,
the value of a is
a) 120 b) —120 c) 52 d) 60
- The point on the curve Vx + ,/y = Va, the normal at which is parallel to the x-axis, is
a) (0,0) b) (0,a) c) (a,0) d) (a,a)
. The equation of the tangent to curve y(2x — 1)e?(1=®) at the points its maximum, is
a)y—1=0 b)x—-1=0 Ax+y—1=0 dx—y+1=0
.If for a function f(x), f'(a) = 0,f"(a) = 0,f"'(a) > 0,thenatx = a, f(x) is
a) Minimum b) Maximum c) Not an extreme point d) Extreme point
. The function f(x) = x + sinx has
a) A minimum but no maximum b) A maximum but no minimum
c) Neither maximum nor minimum d) Both maximum and minimum
. Gas is being pumped into a spherical balloon at the rate of 30ft3/min.Then, the rate at which the radius
increases when it reaches the value 15ft is

1 . 1 . 1 . 1 .
a) —ft/min b) Zo—ft/min ¢) 55ft/min d) ft/min

2 2

' The equation of tangent to the curve x? - y? = 1, which is parallel to y = x, is

Ay=x=t1 b)y=x-1/2 Ay=x+1/2 dy=1-x

2 2 2 2

" If the curves % + % = 1and % - % = 1 cut each other orthogonally, then

a)a’?+b?=12+m? b) a? — b? =12 —m? ca?—-b:=1>+m? d)a?+ b2 =1>—-m?
. A point moves along the curve 12y = x3 in such a way that the rate of increase of its ordinate is more than

the rate of increase of abscissa. The abscissa of the point lies in the interval

a) (—2,2) b) (=00, —2) U (2, ) c) [—2,2] d) None of these
. The smallest circle with centre on y-axis and passing through the point(7,3)has radius

a) /58 b) 7 c)3 d) 4
. The point in the interval [0 ,27], where f(x) = e* sinx has maximum slope, is

7I b T d 3
a); )5 m )5

. The perimeter of a sector isp. The area of the sector is maximum, when its radius is
2) Jp b 9 )
P Jr 2 4

. The normal at point (1,1) of the curve y? = x3is parallel to the line
a)3x—y—2=0 b)2x+3y—7=0 Q) 2x—3y+1=0 d)2y —3x+1=0
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121. A particle moves in a straight line so thats = v/t,then its acceleration is proportional to
a) (velocity)? b) velocity c) (velocity)? d) (velocity)3/2
122.If PQ and PR are the two sides of a triangle, then the angle between them which gives maximum area of
the triangle, is
am b) /3 c) /4 d) /2
- The function f(x) = acosx + btanx + x has extreme valuesatx = 0 and x = %, then

2 2 2 2
a) a 3,b 1 )a 3,b 1 c)a 3,b 1 )a 3,b 1

124. The distance between the origin and the normal to the curve y = e?* + x2 atx = 0 is
a) 2 b) 2
V3
. The function f(x) = x e~ strictly
a) Increases in the interval (0, o)
b) Decreases in the interval (0,2)
¢) Increases in the interval (1/2, 2)
d) Decreases in the interval (1, ©)
.If f and g are two decreasing functions such that gof exists, then gof, is
a) An increasing function
b) A decreasing function
c) Neither increasing nor decreasing
d) None of these
. The length of subnormal of parabola y? = 4ax at any point is equal to

a) \2a b) 2v2a c) % d) 2a

.If tangent to the curve x = at?,y = 2at is perpandicular to x-axis, then its point of contact is
a) (a,a) b) (0,a) c) (0,0) d) (a,0)

. The abscissa of the point on the curve ay? = x3, the normal at which cuts off equal intercepts from the
coordinate axes is
a)2a/9 b) 4 a/9 c) —4a/9 d)—-2a/9

. The point on the curve y = 2x? — 6x — 4 at which the tangent is parallel to the x-axis, is

2(3:7) (3-3) 96 0

.If the function f(x) = x3 — 6x2 + ax + b satisfies Rolle’s theorem in the interval
2v/3+1

[1,3] and f’ (—3) = 0, then

a)a=-11 b)a=-6 cJa=6 d)a=11
. 2e ifx<1
Letg(x) = {log(x -1), if x>1
a)y—2x =6+log?2 b)y +2x =6 +log2 y+2x=6-—log2 d)y+2x =—-6+log2
.If f is an increasing function and g is a decreasing function on an interval / such that fog exists, then

2 Y

. The equation of the normal to y=g(x)at the point (3,log 2), is

a) fog is an increasing function on /
b) fog is a decreasing function on [
c) fog is neither increasing nor decreasing on [
d) None of these

. N characters of information are held on magnetic tape, in batches of x characters each, the batch
processing time is @ + fx? seconds, a and f are constants. The optical value of x for fast processing is,
a) a/p b) B/ ) Ja/B d) /B/a

. The longest distance of the point (a, 0) from the curve 2x? + y? — 2 x = 0, is given by

a)\1-2a+a? b)J1+42a+2a c)J1+2a—a? d)J1-2a+2a?
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. The coordinates of the point on the curve y = x? — 3x + 2 where the tangent is perpendicular to the
straight line y = x are
a) (0.2) b) (1.0) c) (=1,6) d) (2,-2)

. The tangent and normal at the point P(at?, 2 at) to the parabola y? = 4 ax meet the x-axis in T and G
respectively, then the angle at which the tangent at P to the parabola is inclined to the tangent at P to the
circle through T, P, G is
a) tan~1¢? b) cot™1 ¢? c)tan™'t d) cot™1¢

. The normal to the curve x = a(cos 6 + 6sin@),y = a(sin 6 — 6 cos 0) at any point 6 is such that
a) It is at a constant distance from the origin b) It passes through (‘12_”’ —a)

c) It makes angle g — @ with the x-axis d) It passes through the origin
Jf £(x) = xe*7%) then f(x) is

a) Increasing on [— % 1] b) Decreasing on R c) Increasing on R d) Decreasing on [— %, 1]

. The function f(x) = 2x3 — 15x% 4+ 36x + 4 is maximum at
Ax=2 b)x =4 c)x=0 d)x=3
. A particle moves on the parabola y? = 4ax in such a way that its projection on the y-axis has a constant
velocity. Then its projection on x-axis moves with
a) Constant velocity b) Constant acceleration c¢) Variable velocity d) Variable acceleration
- The points of extremum of the function ¢(x) = flx e~t*/2(1 — ¢2)dt, are
a)x=0,1 b)x=1,-1 )x=1/2 d)x=-1/2
. A stone is thrown vertically upwards and the height x ft reached by the stone in t seconds is given by x =
80t — 16t2. The stone reaches the maximum height in
a) 2s b) 2.5s c) 3s d) 1.5s
.If ax? + bx + 4 attains its minimum value —1 at x = 1, then the values of aand b are respectively
a)5,—-10 b) 5,-5 c) 5,5 d) 10,—5
- The function f(x) = log(1 + x) — % is increasing on
a) (0, ) b) (—,0) ) (—o0, ) d) None of these
. Let f(x) = e*sinx, slope of the curve y = f(x) is maximum at x = a, if ‘a’ equals
a)o b) /4 c) /2 d) None of these
- The slope of the tangent to the curve y = V9 — x2 at the point where ordinate and abscissa are equal, is
a)l b) -1 )0 d) None of these
0 < x <§,then

a) cos(sinx) > cosx
b) cos(sinx) < cosx
c) cos(sinx) = sin(cos x)
d) cos(sin x) < sin(cos x)
. In the mean value theorem f(b) — f(a) = (b — a)f'(c),ifa = 4,b = 9 and f(x) = v/x, then the value of ¢
is
a) 8.00 b) 5.25 c) 4.00 d) 6.25
.If the function f(x) = (2a — 3)(x + 2sin3) + (a — 1)(sin* x + cos* x) + log 2 does not possess critical
points, then
a)a € (—,4/3) U (2,)
b)a € (4/3,2)
c)a € (4/3,»)
d) a € (2,)
.If s = ae® + be~ ! is the equation of motion of a particle, then its acceleration is equal to
a)s b) 2s c) 3s d) 4s
. The angle of intersection of the curves y = x? and x = y? is




a) tan™? (g) b) tan~1(1) c) 90° d) tan™?! G)

. A spherical balloon is expanding. If the radius is increasing at the rate of 2 cm/min, the rate at which the
volume increase (in cubic centimeters per minute)when the radius is 5 cm, is
a) 10w b) 100w c) 200w d) 507

. If the radius of a circle be increasing at a uniform rate of 2cm/s. The area of increasing of area of circle ,at
the instant when the radius is 20 cm, is
a) 70mcm? /s b) 70cm?/s c) 80mecm? /s d) 80 cm?/s

. The abscissa of the points, where the tangent to curve y = x3 — 3x%2 — 9x + 5 is parallel to x — axis, are
a)x=0and 0 b)x=1and — 1 c)x=1and —3 d)x=—-1and3

Jf f(x) = x3 — 6x2% + 9x + 3 be a decreasing function, then x lies in
a) (—oo0,—1) N (3,0) b) (1,3) c) (3,) d) None of these

.If the curve y = ax® + bx? + cx is inclined at 45° to x-axis at (0, 0) but touches x-axis at (1, 0), then
A)a=1,b=-2,c=1 bla=1b=1c=-2 ca=-2b=1c=1 d)a=-1,b=2,c=1

. The value of x for which
1+ xloge(x +Vx2+1)=>Vx2+ 1are
a)x<0 b)0<x<1 c)x=0 d) None of these

. The function f(x) = x™%, (x € R) attains a maximum, value at x which is
a)2 b) 3 9 %

d)1

. The value of ¢ in (0, 2) satisfying the Mean value theorem for the function f(x) = x(x — 1)?,x € [0, 2] is
equal to

3 4 1 2
2 b) = - a2
a7 )3 93 )3

. If the ratio of base radius and height of a cone is 1 : 2 and percentage error in radius is 4 %, then the error
in its volume is
a) 1% b) 21 % c) 31% d) None of these

. The values of a in order that f(x) = v/3 sinx — cosx — 2ax + b decreases for all real values of x, is given
by
a)a<1 b)a>1 )a<v2 d)a <2

. The function f(x) = cos(m/x) is increasing in the interval
a)(2n+1,2n),neEN

b
)(2n+1,2n),n€N

d) None of these

*If the curves Z—Z + 31’—; = 1 and y* = 8x intersect at right angle then the value of a?is equal to
a) 16 b) 12 c)8 d) 4
. Let f(x) and g(x) be differentiable for 0 < x < 1, such that f(0) = 2,g(0) = 0, f(1) = 6. Let there exista
real number c in [0, 1] such that f'(¢) = 2g'(c), then the value of g(1) must be
a)1 b) 2 c) -2 d) -1
. If a differentiable function f (x) has a relative minimum at x = 0, then the function ¢(x) = f(x) + ax + b
has a relative minimum at x = 0 for
a) Allaand all b b) Allbifa =0 c)Allb >0 d)Alla >0
. The point at which the tangent to the curve y = 2x? — x + 1 is parallel to y = 3x + 9, will be
a) (2,1) b) (1,2) 39 d) (=2,1)
. The maximum slope of the curve y = —x3 + 3x2 + 2x — 27 is
a)5 b) —5 c) 1/5 d) None of these

Pagel|11




169. For the curve y™ = a" 1x if the subnormal at any point is a constant, then n is equal to
a)l b) 2 c) -2 d) -1
170. On which of the following intervals is the function f(x) = 2 x? — log|x|, x # 0 increasing?

a) (1/2, )
b) (—o0,—1/2) U (1/2, )
c) (—oo,—1/2) U (0,1/2)
d) (=1/2,0) U (1/2, )
. The abscissa of the point on the curve ay? — x3, the normal at which cuts off equal intercepts from the
coordinate axes is
4a 2a
b) 5 c) — 5 d) — 5
If f(x) = sinx — cos x, the interval in which function is decreasing in 0 < x < 27, is

57 3m T T 3w 51 d) None of these
3 [5 7] 0 [3-3] 977 )
173. The function f(x) = g + % has local minimum at
a)x =-2 b)x =0 x=1 d)x=2
174. The least value of the f(x) given by f(x) = tan™! x — %loge x in the interval [1/v/3,/3], is
)%+ 7log, 3 b) %~ 7log, 3 Q) %~ 7log, 3 )%+ 7log, 3
. If the line ax + by + ¢ = 0 is a normal to the curve xy = 1, then
a)a>0,b>0 b)a>0,b<0 c)a<0,b<0 d) Data is insufficient
. Let y be the number of people in a village at time t. Assume that the rate of change of the population is
proportional to the number of people in the village at any time and further assume that the population
never increase in time. Then, the population of the village at any fixed t is given by
a) y = e + ¢, for some constantsc < 0and k >0 b)y = ce*t, for some constantsc > 0and k < 0
c) y = et + k, for some constantsc < 0andk >0 d)y =k e, for some constantsc > 0and k < 0
. The equation of the tangent to the curve x* — 2xy + y? + 2x + y — 6 = 0at (2,2) is
a)2x+y—6=0 b)2y+x—-6=0 c)x+3y—8=0 d)3x+y—-8=0
- The length of the normal to the curve x = a(6 + sinf),y = a(1 — cos0)at 6 = %is

a) 2a . a
b) 5 )7z d) V2a
. The maximum value of functionf (x) = sinx (1 + cosx),x € R is

33/2 35/3 3

a) 2 b) 2 c) 5 d)

. The minimum value of 2x% + x — 1 is
1 3 9 9

a) — 7 b) 5 c) — B d) 3
Ifx = t? and y = 2t, then equation of the normal att = 1, is

a)x+y—-3=0 b)x+y—-1=0 Ax+y+1=0 dx+y+3=0
. The side of an equilateral triangle is ‘a’ units and is increasing at the rate of A units/sec. The rate of

37/5
4

increase of its area is
V3 d) None of these

2
a)ﬁ/la b)V31a c) ;Aa

-Ifa and b are positive numbers such that a > b, then the minimum value of asec 8 — btan 6 (0 <f< g)
is
) ! b) ! ) 2 2 d) 2 2
a) —— — c) Va2 —
N JZ 152 altb a’—b
.If y = x™, then the ratio of relative errors in y and x is
a)l:1 b)2:1 c)l:n dn:1




. How many real solutions does the equation x” + 14x° + 16x3 + 30x — 560 = 0 have?
a)5 b) 7 Al d) 3
. The function f(x) = x3 + ax? + bx + c,a? < 3b has
a) One maximum value b) One minimum value
c) No extreme value d) One maximum and one minimum value
. The fixed point P on the curve y = x% — 4x + 5 such that the tangent at P is perpendicular to the line x +
2y — 7 = 0 is given by
a) (3,2) b) (1, 2) c (2,1) d) None of these
. If the area of the triangle, included between the axes and any tangent to the curve xy™ = a™*1 is constant,
then the value of n is
a) -1 b) -2 Al d) 2
. The radius of a circular plate is increasing at the rate of 0.01 cm/s when the radius is 12 cm. Then, The
rate at which the area increase, is
a) 0.24mwsqcm/s b) 60 T sqcm/s c) 24 wsqcm/s d) 1.2 tsqcm/s
.If g(x) = min(x, x?) where x is real number, then
a) g(x) is an increasing function
b) g(x) is a decreasing function
c) g(x)is a constant function
d) g(x) is a continuous function exceptatx = 0
. The angle between the curves y = a* and y = b* is equal to

a—>b a+b
) () by (=7 )
) tan 1+4+ab ) tan 1—ab

logb+loga ) loga-loghb |)

-1
1+logalogb d) tan ( 1+logaloghb

c) tan~?! (

. . . . . . . . m 3T\ .
- The function which is neither decreasing nor increasing in (5’ 7), is

a) cosec x b) tan x c) x? d) |x — 1]
. On the interval [0, 1] the function x2°(1 — x)”° takes its maximum value at the point
a)o 1 1 1
b) 7 c) > d) 3
194. A function f is defined by f(x) = e* sinx in[0, r]. Which of the following is not correct?
a) f is continous in [0, 7] b) f is differentiable in [0, ]
c) f(0) = f(m) d) Rolle’s theorem is not true in [0, 7]
.If xy = c?, then minimum value of ax + by is
a) cVab b) 2¢Vab ) —cVab d) —2c¢Vab
Ifx — 2y = 4, the minimum value of xy is
a) -2 b) 0 )0 d) -3
. The function f (x) = (9 — x?)? increasing in
a) (=3,0) U (3,00) b) (~,-3)UB,©) o) (~0,-3)u(0,3)  d)(-3,3)
. The real number x when added to its inverse gives the minimum value of the sum at x equals to
a) 2 b) 1 c) -1 d) -2
. The points on the curve 12y = x3 whose ordinate and abscissa change at the same rate, are
a) (—2,-2/3),(2,2/3) Db)(-2/3,-2),(2/3,2) c¢) (—2,—2/3) only d) (2/3,2) only
.Let P(2,2) and Q(1/2,—1) be two points on the parabola y? = 2x. The coordinates of the point R on the
parabola y? = 2x, where the tangent to the curve is parallel to the chord PQ, are
a) (2,-1) b) (1/8,1/2) ) (V2,1) d) (—v2,1)
dff(x) = ﬁ—log(l +x),x > 0,then f is
a) an increasing function b) a decreasing function
c) both increasing and decreasing function d) None of the above
. The equation of the tangent to the curve x = 2 cos® 8 and y = 3 sin3 6 at the point, 8 = /4 is
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210.

211.

214.

215.

216.

217.

218.

219.

a) 2x + 3y = 32 b) 2x — 3y = 32 ¢) 3x + 2y =3V2 d)3x — 2y = 3v2

. The length of the subtangent to the curve x? + xy + y? = 7 at (1,—3) is

a) 3 b) 5 d) 15

3
c)g

xTL

*The line (x/a) + (y/b) = 2, touches the curve — + z—: = 2,at

an

a) (b,a) b) (=b,—a) c) (a,b) d) None of these

. The tangent to the curve y = x® — 6x% + 9x + 4,0 < x < 5 has maximum slope at x which is equal to

a) 2 b) 3 c) 4 d) None of these

-If ST and SN are the lengths of the subtangent and the subnormal at the point 8 = g on the curve x =

a(@ +sinf),y = a(l —cosf),a # 1, then
a) ST = SN b) ST = 2SN c) ST? = aSN3 d) ST3 = aSN

. Any tangent to the curve y = 2x° + 4x3 + 7x + 9

a) Is parallel to x-axis

b) Is parallel to y-axis

c) Makes an acute angle with the x-axis
d) Makes an obtuse angle with x-axis

. A circular metal plate is heated so that its radius increases at a rate of 0.1 mm per minute. Then the rate at

which the plate’s area is increasing when the radius is 50 cm is
a) 10  mm/minute b) 100 # mm/minute c) m mm/minute d) —m mm/minute

. The two tangents to the curve ax? + 2hxy + by? = 1,a > 0 at the points where it crosses x-axis, are

a) Parallel

b) Perpendicular

c) Inclined at an angle of /4

d) None of these

The maximum value of xy when x + 2y = 8 is

a) 20 b) 16 c) 24 d)8
f (x) satisfies the conditions of Rolle’s theorem in [1, 2] and f(x) is continuous in

[1, 2], then flzf’(x) dx is equal to

a)3 b) 0 1 d) 2

- The angle between the tangents to the curve y? = 2ax at the point where x = % is

a) /6 b) /4 c) /3 d) /2

. If the velocity v of a particle moving along a straight line and its distance s from a fixed point on the line

are related by v? = a? + s2, then its acceleration equals

a) as b) s c) s? d) 2s

The value of x for which the polynomial 2x3 — 9x2 + 12x + 4 is a decreasing function of x, is
a)-1<x<1 b)0<x <2 c)x>3 dli<x<?2

The sum of two numbers is 20. If the product of the square of one number and cube of the other is
maximum, then the numbers are

a) 12,8 b) 3, 4 c) 9,12 d) 15,18
Coordinates of a point on the curve y = x log x at which the normal is parallel to the line 2x — 2y = 3, are
a) (0,0) b) (e, e) c) (e%,2¢e?) d) (e7%,—2e7?)
Which of the following functions is not decreasing on (0,7 /2) ?

a) cosx b) cos2 x c) cos?x d) tanx

If f(x) = (ab — b? — 2)x + fox(cos4 6 + sin* 8)d0 is decreasing function of x forallx € Rand b € R, b
being independent of x, then

a) a € (0,V6) b) a € (—V6,V6) c) a € (—6,0) d) None of these

Consider the following statements S and R :
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S: Both sin x and cos x are decreasing function in (E’ rr)

R: If a differentiating function decreases in (a, b) then its derivative also decreases in (a, b)
Which of the following is true?
a) Both S and R are wrong
b) Both S and R are correct but R is not the correct explanation for S
c) Sis correct and R is the correct explanation for S
d) S is correct, R is wrong
.Letf (x) = [ e* (x — 1)(x — 2)dx. Then, f decreases in the interval
a) (—o0,—2) b) (—2,—-1) c) (1,2) d) (2, )
. A spherical balloon is being inflated at the rate of 30cc /min. The rate of increase of the surface area of
the balloon when its diameter is 14cm, is
a) 7 sq cm/min b) 10 sq cm/min c) 17.5 sq cm/min d) 28 sq cm/min
. A man 2 metres tall walks away from a lamp post 5 metres height at the rate of 4.8 km/hr. The rate of
increase of the length of his shadow is
a) 1.6 km/hr b) 6.3 km/hr c) 5 km/hr d) 3.2 km/hr
223. The equation of the tangents at the origin to the curve y2 = x2(1 + x) are
a)y=+x b)x =ty Ay=+2x d) None of these
224. A particle moves along a straight line with the law of motion given by s? = at? + 2bt + c. then the

acceleration varies are
1

1 1 1
a) - b) 5 c) - d) 2
. If a particle moving along a line follows the law t = as? + bs + c, then the retardation of the particle is
proportional to
a) Square of the velocity
b) Cube of the displacement
c) Cube of the velocity
d) Square of the displacement
.Let f(x) = x3 —6x? + 12x — 3. Then atx = 2, f(x) has
a) A maximum
b) A minimum
c) Both a maximum and a minimum
d) Neither a maximum nor a minimum
. The set of all values of a for which the function
_(Jaxa
fx) = ( —
Decreases for all real x is
a) (=00, ™)

b) [_4}3—2_\/5

—1>x5—3x+log5

U [1,00)

c) <—3, 5- g) U (2, )
d) [1,)

. A sphere of radius 100 mm shrinks to radius 98 mm, then the approximate decrease in its volume is
a) 12000 7 mm?3 b) 800 7 mm3 c) 80000 7 mm?3 d) 120 # mm?3

. The value of c in Lagrange’s mean value theorem for the function f(x) = x(x — 2) when x € [1,2], is
a)l b) 1/2 c)2/3 d)3/2

.If the curves x2 = 94(9 — y) and x2 = A(y + 1) intersect orthogonally, then the value of 4 is
a) 3 b) 4 c)5 d) 7




231. The length of subtangent to the curve x2y? = a* at the point (—a, a) is
a) 3a b) 2a ca d) 4a
232. The real number x when added to its inverse gives the minimum value of the sum at x which is equal to
a) =2 b) 2 1 d) -1
233. The equation of the normal line to the curve y = xlog, x parallel to 2x — 2y + 3 =01is
a) x+y=23e? b)x —y = 6e~? c)x—y=3e? d)x —y = 6e?
234. Let f(x) and g(x) are defined and differentiable for x > x, and f(xy) = g(xo), f'(x) > g'(x) for x > x,,
then
a) f(x) < g(x) for some x > x,
b) f(x) = g(x) for some x > x,
c) f(x) > g(x) forall x > x,
d) None of these
. If the semi-vertical angle of a cone is 45°, then the rate of change of volume of the cone is
a) Curved surface area times the rate of change of r
b) Base area times the rate of change of
c) Base area times the rate of change of r
d) None of these
. For the curve y = x e”*, the point
a) x = —1is a point of minimum
b) x = 0 is a point of minimum
c) x = —1is a point of maximum
d) x = 0 is a point of maximum
- The function f(x) = log, (x3 +Vx6 + 1) is of the following types:
a) Even and increasing  b) 0dd and increasing c) Even and decreasing d) Odd and decreasing
. The slope of the tangent to the curve x = 3t> + 1,y = t3 — 1,atx = lis

a) 0 b)% ¢) o d) -2

. If the function f: R — R be defined by f(x) = tanx — x, then f(x)
a) Increases b) Decreases c) Remains constant d) Becomes zero
. The extreme values of

T TC
4 cos(x?) cos (§ + xz) cos (5 - xz) over R, are

a)-1,1 b) -2, 2 c)-3,3 d)-4,4
. If the rate of change of sine of an angle 6 is k, then the rate of change of its tangent is

a) k? b) O k Ok

k2
2
. .. ax“+2bx+c .
* The maximum and minimum values of y = ————are those for which
Ax?+2Bx+C

a) ax? 4+ 2 bx + c —y(Ax* + 2 B x + C) is equal to zero
b) ax? + 2 bx + ¢ — y(Ax? + 2 Bx + C) is a perfect square

dy d’y
c) - = Oand—= =10
d) ax?® + 2 bx + ¢ — y(Ax? + 2 B x + C) is not a perfect square

243. Angle between the tangents to the curve y = x? — 5x + 6 at the point (2, 0) and (3, 0) is
/[ s T s
a) 5 b) g c) 7 d) 3
244. Let the function f: R = R be defined by f(x) = 2x + cosx, then f
a) Has aminimum atx =«
b) Has a maximumatx = 0

c) Is decreasing on R
d) Is increasing function on R




250.

251.

252.

253.

254,

255.

. The equation of the normal to the curvey = e

. The slope of the tangent to the curves x = t? + 3t — 8,y = 2t? — 2t — 5 at the point (2, —1) is

a) 22/7 b) 6/7 c) -6 d) -7

- The function xvV1 — x2, (x > 0) has

a) Alocal maxima b) Alocal minima
c) Neither a local maxima nor a local minima d) None of the above

. The attitude of a right circular cone of minimum volume circumscribed about a sphere of radius r is

a)2r b)3r c)5r d)3/2r

. . t3 . Cy . .
*If a particle moves according to the law s = 6t2 — Y then the time at which it is momentarily at rest is

a)t =0only b) t = 8 only c)t=0,8 d) None of these

Jdf f(x) = x? + 4x + 1, then

a) f(x) = f(—x), forall x b) f(x) # 1, for all x=0
c) f""(x) > 0,for all x d) f(x) > Lforx <4
The function f(x) = cot™! x + x increasing in the interval
a) (1, ») b) (=1, ) ¢) (=00, ™) d) (0, )
If the normal to the curve y = f(x) at the point (3, 4) makes an angle 377[ with the positive x-axis, then
f'(3) is equal to
3 4 d)1
a) -1 b)—= oK )
A minimum value of fox tet*dt is
a)o b) 1 c) 2 d) 3
The equation of motion of a particle moving along a straight line is s=2t3 — 9t? + 12t, where the units of s
and t are centimeter and second. The acceleration of the particle will be zero after
a)Es b)zs 9 ls d) 1s

2 3 2
1

1+x
Ax=0 b)x=1 x=4 d)x =3
The edge of a cube is equal to the radius of a sphere. If the edge and the radius increase at the same rate,
then the ratio of the increases in surface areas of the cube and sphere is
a)2m: 3 b)3:2m c)6:m d) None of these

The minimum value of x? + — is at

- The function f(x) = f_xl t(et — 1) (t — 1)(t — 2)3(t — 5)°dt has local minimum at x =

a) 0 b) 1 c) 2 d) 3

. The slope of the tangent to the curvex = 3t> + 1,y =t3 —latx = 1is

b) 0 c) -2

a)% d) oo

. The point in the interval [0, 21], where f(x) = e* sin x has maximum slope is

a) % b) g O d) None of these
~2I*I at the point where the curve cuts the line x = 1/2, is
a) 2e(ex +2y) =e?—4

b) 2e(ex — 2y) = e? — 4

c) 2e(ey —2x) = e? —4

d) None of these

.In [0, 1] Lagranges Mean value theorem is NOT applicable to

%—x, x<% sinx 0

a) f() =1 1 ) ) b fG) =% * *7
X ==
' T2

k(i_ x 1, x=0
c) f(x) = x|x]| d) f(x) = |x|




261.

262.

273.

“If the function f(x) = x3 — 6 x? + ax + b defined on [1, 3], satisfies the Rolle’s theorem for ¢ =

If 8 is the angle between the curves xy = 2 and x2 + 4y = 0, then tan 6 is equal to

a)1l b) -1 c) 2 d)3

A stone thrown upwards, has equation of motion s = 490t — 49t2.Then, the maximum height reached by
it ,is

a) 24500 b) 12500 c) 12250 d) 25400

.If f(x) is a function given by

sinx sina sinb T

f(x) =|cosx cosa cosb|,where0<a<b< >
tanx tana tanb

Then the equation f'(x) =0

a) Has atleast one root in (a, b)

b) Has at most one root in (a, b)

c) Has exactly one root in (a, b)

d) Has no rootin (a, b)

.If (x) is continuous at x = a such that p(a) < 0 and f(x) is a function such that

f'(x) = (ax — a? — x*)$(x) for all x, then f(x) is
a) Increasing in the neighbourhood of x =

b) Decreasing in the neighbourhood of x =

c) Constant in the neighbourhood of x = «

d) Minimum atx = «

. The point on the curve y = x3 at which the tangent to the curve is parallel to the x-axis, is

a) (2,2) b) (3, 3) c) (44) d) (0,0)

. The function f(x) = cot™! x + x increases in the interval

a) (1' Oo) b) (_ 1, Oo) C) (_oo' oo) d) (0' Oo)
2v/3+1

75 then

a)a=11,b=6 b)a=-11,b=6 c)Ja=11,b€R d) None of these

. The function f(x) = tan™!(sin x + cos x) is an increasing function is

9 (33) 5 (-73) 9(03) 9(-33)

. The height of a cylinder is equal to the radius. If an error of @% is made in the height, then percentage

error in its volume is
a)a% b) 2a % c) 3a% d) None of these

. The condition f(x) = x3 + px? + gx + r(x € R) to have no extreme value, is

1
a) p? < 3q b) 2p? < q ) p* <74 d) p* > 3q

. Given that f is a real valued differentiable function such that f(x)f"(x) < 0 for all x € R. It follows that

a) f(x) is increasing b) f(x) is decreasing c) |f(x)| is increasing d) |f(x)| is decreasing

. A given right circular cone has volume p and the largest right circular cylinder that can be inscribed in the

cone has a volumegq. Then, p: q is

b) 8:3 c)7:2 d) None of the above
The function f(x) = 10% is increasing in the interval
a) (1,2e) b) (0,e) c) (2,2e) d) (1/e, 2¢e)

274. The maximum value x3 — 3x in the interval [0, 2] is

a) -2 b) 0 Q) 2 d)1




275. The function f(x)=ax+ g, b, x > 0 takes the least value at x equal to

a) b b) Va c) Vb d)jé

. The maximum area of the rectangle that can be inscribed in a circle of radius 7, is
a) nr? b) r? c) nr?/4 d) 2r?
Jdff(x) = kx3—9x% +9x + 3isincreasing on R, then
a)k <3 b)k >3 k<3 d) None of these
. A spherical iron ball of radius 10 cm, coated with a layer of ice of uniform thickness, melts at a rate of
1007w cm3/min.The rate at which the thickness of decreases when the thickness of ice is 5 cm, is
a) 1cm/min b) 2 cm/min 9 Lcm/min d) 5 cm/min
376
* The minimum value of (1 + sin1" a) (1 + L ), is

cos™a
a)l b) 2 ) (1 + 2n/2)2 d) 4
. The number of critical points of f(x) = |x|(x — 1)(x — 2)(x — 3) is
a)l b) 2 c)3 d) 4
. A particle moves on a line according to the law s = at? + bt + c. If the displacement after 1 sec is 16 cm,
the velocity after 2 sec is 24 cm/sec and acceleration is 8cm/ sec? |, then
a)a=4,b=8c=4 b)a=4,b=4,c=8 cJa=8b=4c=4 d) None of these
- At what point on the curvex® — 8a?y = 0, the slope of the normal is — %?
a) (a,a) b) (2a,—a) c) (2a,a) d) None of these

. The equation of tangent to the curve y = be /@ at the point where it crosses y —axis, is

X y X y
a)ax+by=1 b)ax —by =1 C)E_E:1 d)E+E:1

284. The function f(x) = x?e~* increases in the interval

a) (0,2) b) (2, 3) c) (3,4) d) (4,5)
285. The slope of the tangent to the curve y = cos™!(cosx) at x = — %, is

a)1l b) 0 c) 2 d) -1

) _(k—2x, ifx<-1
Let f: R — R be defined by f(x) = {2x +3 ifx>—1
If fhas alocal minimum at x = —1, then a possible value of k is

a) 1 b) 0

286.

d) -1

1
Cc) ——
) 2

. The minimum value of 2 log,y x —log, 0.01,x > 1, is
a)1l b) -1 c) 2 d)1/2

‘Letf(x) =vx—1+ \/x + 24 —10vx — 1,1 < x < 26 be real valued function, then f'(x) for 1 < x < 26is

a)o d) None of these
€)2vx—-1-5
i1 )

289. A function f is defined by f(x) = 2 + (x — 1)?/3 in [0, 2]. Which of the following is not correct?
a) f is not derivable in (0, 2) b) f is continuous in [0, 2]
c) f(0) =1(2) d) Rolle’s Theorem is true in [0, 2]
. The number of values of x where f(x) = cos x + cos+/2x attains its maximum is
a)l b) 0 c) 2 d) Infinite
. The circumference of a circle is measured as 28 cm with an error of 0.01 cm. The percentage error in the

b)

areais

1 1
a) — b) 0.01 c) =
)14 ) )7

In(m+x) .
In(e+x)’

d) None of these

292. The function f(x) =




304.

- Let f(x) = x3 use Mean value theorem to write

a) Increasing on [0, o)

b) Decreasing on [0, ©)

c) Increasing on [0, r/e) and decreasing on [r/e, o)

d) Decreasing on [0, t/e) and increasing on [z /e, o)

[t 2T = £1(x + 6h) with0 < 8 < L.Ifx # 0, then
lim 6 is equal to

h—0

a) -1 b) -0.5 c) 0.5 d)1

. For the parabola y? = 4ax, the ratio of the subtangent to the abscissa is

a)l:1 b)2:1 c)x:y d)x?:y

Afab = 2a+ 3b, a > 0, b > 0, then the minimum value of ab is

a) 12 b) 24 d) None of these

1
C) —
)4

. Let f(x) be a function such that f'(a) # 0. Then, at x = a, f(x)

a) Cannot have a maximum

b) Cannot have a minimum

c) Must have neither a maximum nor a minimum
d) None of these

. The equation of the one of the tangents to the curve y = cos(x + y),—2n < x < 2r that is parallel to the

linex + 2y =0,is

s T
a)x+2y=1 b)x+2y:E C)x_|_2y:Z d) None of these

. . 1, . .
- The function f(x) = asinx + 3sin 3x has maximum value atx = g The value of a is

a) 3 b)l c) 2
3

1
d) =
)2

. The length of tangent, subtangent, normal and subnormal for the curve y = x? + x — 1 at (1, 1) are 4,B,C

and D respectively, then their increasing order is
a)B,D,A,C b) B,A,C,D c)AB,C,D d)B,A,D,C

.IfP(1,1),Q(3,2) and R is a point on x-axis is, then the value of PR + RQ will be minimum at

a) (g 0) b) (% o) ) (3) d) (1,0)

.If 2a + 3b + 6¢ = 0, then at least one root of the equation ax? + bx + ¢ = 0 lies in the interval

a) (0,1) b) (1, 2) c) (2,3) d) (1, 3)

. If the rate of change of area of a square plate is equal to that of the rate of change of its perimeter, then

length of the side is
a) 1 unit b) 2 units ) 3 units d) 4 units

Jdf f(x) = 3x* + 4x3 — 12x2 + 12, then f(x) is

a) Increasing in (—oo, —2) and in (0, 1) b) Increasing in (-2, 0) and in (1, o)

c) Decreasing in (-2, 0) and in (0, 1) d) Decreasing in (—o0, —2) and in (1, o0)
Let f be differentiable for all x. If f(1) = —2 and f'(x) = 2 for all x € [1, 6], then

a) f(6) =5 b) £(6) <5 c) f(6) <8 d) f(6) =8

305. f(x) = x3 — 6x2 — 36x + 2 is decreasing function, then x €

306.

307.

a) (6,0) b) (—o0, —2) c) (—2,6) d) None of these

Tangents are drawn from the origin to the curve y = cos x. Their points of contact lie on

a) x%y? = y? — x? b) x?y? = x? + y? c) x%2y? =x% —y? d) None of these
2

Iff(x) = f;cz *1e=t* dt, then f(x) increases on

a) (—2,2) b) (0, ) c) (—,0) d) None of these

. The greatest value of f(x) = (x + 1)¥/3 — (x — 1)*/3 on [0,1]is

a)o b) 1 c) 2 d) -1




309. A spherical iron ball 10 cm in radius is coated with a layer of ice of uniform thickness that melts at a rate of
50 cmz/min. When the thickness of ice is 15 cm. then the rate at which the thickness of ice decreases, is
5 : 5 . 5 : 1 .
a) p cm/min b) Py cm/min c) Ton cm/min d) Ten cm/min
.If the curve y = 2x3 + ax? + bx + ¢ passes through the origin and the tangents drawn to itat x = —1 and

x = 2 are parallel to the x-axis, then the values of a, b and care respectively
a)12,-3and 0 b)-3,-12and 0 c)-3,12and 0 d)3,-12and 0

2 2
* The length of the smallest intercept made by the coordinate axes on any tangent to the ellipse Z_Z i—z =1,
is
b b
a)a+b b) a 42' J a 1‘ d) None of these

. The curve y — e*” 4+ x = 0 has a vertical tangent at the point

a) (1,0) b) at no point c) (0,1 d) (0,0)
. The interval in which the function f(x) = x e?™* increases is

a) (—,0) b) (2, ) c) (0,2) d) None of these
- If f(x) satisfies the conditions for Rolle’s theorem in [3, 5], then f35 f(x) dx equals

a) 2 )0 d)—i
3

. While measuring the side of an equilateral triangle an error of k% is made, the percentage error in its area
is

a) k % b) 2k % c)g% d) 3k %

b) —1

. An object is moving in the clockwise direction around the unit circle x? + y2 = 1.
V3
2
rate at which thex —coordinate changes at this point is (in unit per second)

a) 2 b) 3v3 c) V3 d) 2v/3
. The point of parallel 2y = x?2, which is nearest to the point (0, 3) is

a) (£4,8) b) (£1,1/2) c) (£2,2) d) None of these
- The functiony = x — cot 1 x — log(x +Vx? + 1) is increasing on

a) (—o0,0) b) (—0, 0) ¢) (0,0) d) (— o0, 0)

* The maximum distance from the origin of a point on the curve x = asint — sin (%) ,y =acost —

As it passes through the point (E’ ),1ts y —coordinate is decreasing at the rate of 3unit per second.The

b cos (%t) botha,b > 0, is

a)a-—b>b b)a+b c) /a2 + b2 d) /a2 — p2
320. For what value of a, f(x) = —x3 + 4ax? + 2x — 5 is decreasingV x?
a) (1, 2) b) (3, 4) R d) No value of a
321.1f4a + 2b + ¢ = 0, then the equation 3ax? + 2bx + ¢ = 0 has at least one real root lying in the interval
a) (0,1) b) (1,2) c) (0,2) d) None of these
322. The minimum value of e ®*=**+x%) is
a)e b) e? o1 d)e?
323. If the Mean value theorem is
f®)—fla)=®B-a)f'(c)
Then, for the function x? — 2x + 3 in [1,;], the value of c is
a) 6/5 b) 5/4 c) 4/3
_sin(x+a)
sin(x+b)’
a) Minima at x=0 b) Maxima at x=0
c) Neither minima nor maxima at x=0 d) None of the above

a # b,thenyis




339.

340.

.Ifa < 0, the function f(x) = a®* + e~** is a monotonically decreasing function for values of x given by

a)x>0 b)x <0 cx>1 dx<1

.If @ is the angle between the curves x y = 2 and x? + 4y = 0, then tan 6 is equal to

a)l b) -1 c) 2 d)3

. The equation of the tangents to 2x? — 3y? = 36 which are parallel to the straight line x + 2y — 10 = 0 are

d) None of these
288 1
a)x+2y=0 b)x+2y+ EZO C)x+2y+ E 0

.If the function f(x) = x® + 3(a — 7)x? + 3(a? — 9)x — 1 has positive points of extremum then

a)a € (3,0) U (—o0,—3)
b)a € (—o,—3) U (3,29/7)
¢) (=,7)

d) (—,29/7)

. The minimum value of (x — a)(x — b) is

(a — b)? )0

a) ab b) 2

- The function f(x) = x + % has

a) Alocal maxima at x=1 and a local minima atx = —1
b) A local minima at x=1 and a local maxima atx = —1
c) Absolute maxima at x = 1 and absolute minima atx = —1
d) Absolute minima at x = 1 and absolute maxima at x = —1

. The triangle formed by the tangent to the curve f(x) = x? + bx — b at the point

(1, 1) and the coordinates axes, lies in the first quadrant. If its area is 2, then the value of b is
a) -1 b) 3 c) -3 d)1

. The length of the longest interval, in which the function 3 sinx — 4 sin® x is increasing, is

T T 3
a) 3 b) 3 c) > d)m

Jdf f(x) = x%,logx and f(0) = 0, then the value of a for which Rolle’s theorem can be applied in [0, 1] is

a) -2 b) -1 )0 d)1/2

If2a+ 3 b+ 6¢c =0, then at least one root of the equation ax? + bx + ¢ = 0 lies in the interval

a) (0,1) b) (1,2) c) (2,3) d) None of these

. If there is an error of 2% in measuring the length of a simple pendulum, then percentage error in its period

is
a) 1% b) 2% c) 3% d) 4%

.If g(x) = min(x, x?), where x is real number, then

a) g(x) is an increasing function b) g(x) is a decreasing function
c) f(x) is a constant function d) g(x) is a continuous function exceptatx = 0

1 3
- The slope of the tangent to the curve y = sin"!(sinx) at x = Tn, is

a)l

b) —1

)0

d) Non-existent

.If the function f(x) = 2x3 — 9ax? + 12a?x + 1 attains its maximum and minimum at p and q respectively

such that p? = g, then a equals

a)o b) 1 c) 2 d) None of these
Maximum slope of the curve y = —x3 + 3x2 + 9x — 27 is

a) 0 b) 12 c) 16 d) 32

If a’x* + b?y* = ¢®, then maximum value of xy is




)< b) < )<
a) — — C
vab ab v2ab

. If the volume of a sphere is increasing at a constant rate, then the rate at which its radius is increasing,is
a) a constant b) Proportional to the radius
c) Inversely proportional to the radius d) Inversely proportional to the surface area
.If 1° = 0.017 radians, then the approximate value of sin 46° is
0.017 1.017 d) None of these

a) 0.7194 b) W C) T

. A particle moves along a straight line according to the law s = 16 — 2t + 3t3, where s a metre is the
distance of the particle from a fixed point at the end of t seconds. The acceleration of the particle at the
end of 2 s is
a) 36m/s? b) 34m/s? c) 36m d) None of these

344. The line(s) parallel to the normal to the curve xy = 1 is/are
a)3x+4y+5=0 b)3x —4y+5=0 c)4x+3y+5=0 d)3x—4y—-5=0
345. The rate of change of the surface area of the sphere of radius r when the radius is increasing at the rate of

2 cm/s is proportional to
1 1
a) = b) = c) r? d)r
r r
. The angle of intersection of the curves y = x2,6y =7 —x3at (1,1) is
T n T d) None of these
a) 2 b) 3 ) >
.The two curves x3 —3xy? + 2 =0and 3x?y —y3—-2=0
a) Cut at right angel b) Touch each other c) Cutat an angle g d) Cot at an angle %

. If a particle moves such that the displacement is proportional to the square of the velocity acquired , then
its acceleration is

a) Proportional to s2 b) Proportional to si2 c) Proportional to % d) A constant

. The point (0, 3) is nearest to the curve x? = 2y at
a) (2v2,0) b) (0, 0) c) (2,2) d) None of these
. The two curves x> — 3 xy? + 2 = 0 and 3x2y — y3 — 2 = 0 intersect at an angle of
a) 45° b) 60° c) 90° d) 30°
. A point on the parabola y? = 18x at which the ordinate increases at twice the rate of the abscissa, is
a) (2,4) b) (2,-4) 9 (_ 9 ’ _9> d) (2 ’ 9 )
8" 2 8 2
. Angle between y? = x and x? = y at the origin is
a) 2tan™?! (E) b) tan~?! (f) c) z d) r
4 3 2 4
.14+ x)"<1+x™ where
ajn>1 bJ)0<n<landx>0 <c¢)Jn>1landx>0 d)x<0
- The function f(x) = flx{Z(t —1)(t —2)3 + 3(t — 1)?(t — 2)?} dt attains its maximum at x =
a)1l b) 2 c)3 d) 4
. The equation of the tangent to the curve y = e~*| at the point where the curve cuts the line x = 1, is
a)x+y=e b)e(x+y)=1 y+ex=1 d) None of these
. The angle between the tangents at those points on the curve x = t> + 1and y = t? — t — 6 where it meets
x-axis is

4 5 10 8
-1 b -1 -1 d -1 ( )
a) ttan (29) ) £ tan (49) ) tan (49) ) £tan 29

. The equation of normal to the curve x?y = x? — 3x + 6 at the point with abscissa x = 3 is
a)3x+27y=79 b) 27x — 3y =79 c)27x+3y =179 d)3x—-27y =79
.If f and g are two increasing functions such that fog is defined, then
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a) gof is an increasing function

b) gof is a decreasing function

c) gof is neither increasing nor decreasing
d) None of these

. The function x* is increasing, when

1 1
a)x>g b)x<g c)x<0 d) For all real x

- The equation of the tangent to the curve y = x + % that is parallel to the x-axis, is
a) Y=0 b) Y=1 c) Y=2 d) Y=3
. The angle of intersection of the curves y = x2,y = 7 —x3at (1, 1) is
a) /4 b) /3 c) /2 d) None of these
Iff(x) = %, for every real number x, then minimum value of f(x)
a) Does not exist b) Isequal to 1 c) Isequalto 0 d) I equal to —1
JAf f(x) = |x| + |x — 1| + |x — 2|, then which one of the following is not correct?
a) f(x) hasaminimumatx =1
b) f(x) has amaximumatx = 1
) f(x) has neither a maximum nor a minimum at x = 0
d) f(x) has neither a maximum nor a minimum at x = 2
. OB And OC are two roads enclosing an angle 0f120°. X And Y start from ‘O’ at the same time. X Travels
along OB with a speed of 4 km/h and Y travels along OC with a speed of 3 km/h. The rate at which the
shortest distance between X and Y is increasing after 1 h is

0]

B////<§i?\\\\C

a) V37km/h b) 37 km/h ¢) 13 km/h d) V13km/h
. The function y = a(1 — cos x) is maximum when x is equal to
am b) /2 c) —m/2 d) —m/6
- The minimum value of f(x) = e (x*=x7+x?) jg
a)e b) —e 1 d) -1
Jff (x) = x%logx and f(0) = 0, then the value of a for which Rolle’s theorem can be applied in [0, 1], is
a) —2 b) —1 A0 d)1/2
.Iflog, 4 = 1.3868, then log, 4.01 =
a) 1.3968 b) 1.3898 c) 1.3893 d) None of these
. There is an error of+0.04cm in the measurement of the diameter of a sphere. when the radius is 10 cm, the
percentage error in the volume of the sphere is
a) +1.2 b) +1.0 c) £0.8 d) +0.6

Jf f(x) = aloge |x| + bx? + x has extremum at x = 1 and x = 3, then
a)a=-3/4b=-1/8 b)a=3/4b=-1/8 c)Ja=-3/4b=1/8 d) None of these

. A variable triangle ABC is inscribed in a circle of diameter x units. If at a particular instant the rate of
change of side ‘a’ is x/2 times the rate of change of the opposite angle 4, then A =
a)m/6 b) /3 c) /4 d) /2

- The equation of the tangent to the curve y = 4xe*at (—1,_74)15

4
a)Y=-1 b)y=—- )x=-1 d)x =—
e e

x2+1

373. Iffe) = [, e~t’dt, then f(x) increases in
a) (2,2) b) No value of x c) (0, 00) d) (—o0,0)
374.1f [0, 1], Lagrange’s mean value theorem is NOT applicable to




sin x 0
="' *7

Z_ 1, x=0
> X

c) f(x) = x|x| d) f(x) = |x|
375'f(x) — (ezx_l) is

e?¥+1
a) An increasing b) A decreasing c) An even d) None of these
376. The curve x = y? and xy = k cut at right angles, if
a)2k?=1 b) 4k? =1 c) 6k? =1 d)8k? =1
377. If the sum of the squares of the intercepts on the axes cut off by the tangent to the curve x'/3 + y1/3 = q
(witha > 0) at P(a/8,a/8)is 2, thena =
a)1l b) 2 c) 4 d) 8
. If normal to the curve y = f(x) is parallel to x-axis, then

1/3

dx

C E =

. the speed vof particle moving along a straight line is given by a+ by? = x?(where xis its distance from
the origin).The acceleration of the particle is

X X X
a) bx b) E C) E d) %

d) None of these

dy dy
a) — = b)—=—=1 0
)dx 0 )dx

. A right circular cylinder which is open at the top and has a given surface area, will have the greatest
volume if its height h and radius r are related by
a)2h=r b) h = 4r c) h=2r dh=r

. The point on the curve x2 + y? = a2,y > Oat which the tangent is parallel to x-axis is

a) (a,0) b) (-a,0) 9 (a V3 ) d) (0,a)

272 ¢
. The normal to the parabola y? = 4 ax at (at?, 2at,) meets it again at (at3, 2at,), then
2 N fth
a) tltZ =-1 b) tz = _tl _t_ C) 2t1 = tz d) one of these
1
383. _er-1 .
flx) = e S
a) An increasing function on R
b) A decreasing function on R
c) An even function on R

d) None of these

* The interval of increase of the function F(x) = x — e* + tan (277T) is

a) (0,0) b) (—o0,0) ¢) (1,00) d) (—o0,—1)

. Divide 12 into two parts such that the product of the square on one part and the fourth power of the
second port is maximum, are
a) 6,6 b) 5,7 c) 4,8 d)3,9

. The position of a point in time ‘t’ is given by x = a + bt — ct?,y = at + bt?.Its acceleration at time ‘t'is

a)b-c b)b+c c) 2b—2c d) 2./b2 + ¢2

asinx+bcosx . .
-If f(x) = —————=1is decreasing for all x, then
csinx+d cosx

a)ad —bc >0 b)ad —bc <0 cJab—cd >0 d)ab—cd <0
. The value of ¢ in Lagrange’s theorem for the function f(x) = log, sin x in the interval /6,5 /6] is
4 T 2 d) None of these
a) 2 b) > c) 3

389. The largest value of 2x3 — 3x% — 12x + 5 for —2 < x < 4 occurs at x is equal to
a) -4 b) 0 Al d) 4
390. The denominator of a fraction is greatest then 16 of the square of numerator, then least value of fraction is
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394.

398.

399.

400.

401.

404.

.Letf(x) ={

a) —1/4 b) —1/8 ¢) 1/12 d)1/16

. A particle moves in a straight line so that s = /¢, then its acceleration is proportional to

a) (velocity) 3 b) Velocity c) (velocity)? d) (velocity)3/2

. The greatest value of sin® x + cos® x is

a)1 b) 2 ) V2 d)v3

. A cone of maximum volume is inscribed in given sphere, then ratio of the height of the cone to diameter of

the sphere is
2 3 1 1
= b) = Z d) =
3 )3 93 )3

X

The maximum value of f(x) = on[—1,1]is

4+x+x2

1 1 1 1

= b) == Z d) =

a) - ) -3 ) = )2
. The length of the subtangent at (2,2) to the curve x°> = 2y*is

5 8 2 5
2 b) = z 4>
a5 )3 g )3

. If a point is moving in a line so that its velocity at time t is proportional to the square of the square of the

distance covered, then its acceleration at time t varies as
a) Cube of the distance

b) The distance

c) Square of the distance

d) None of these

- Definef (x) = fox sint dt,x > 0. Then,

a) f is decreasing only in the interval (O, g) b) f is decreasing in the interval [0, ]

. . T . S
c) f attains maximum atx = 2 d) f attains minimumatx =«

The distance covered by a particle in t second is given by x = 3 + 8t — 4t2. After 1s its velocity will be

a) 0 unit b) 3 units ) 4 units d) 7 units

The angle between the curves y2 = 4x + 4 and y? = 36(9 — x) is

a) 30° b) 45° c) 60° d) 90°

If the slope of the tangent to the curve y = e* cos x is minimum at x = a,0 < a < 2 &, then the value of a is

a)o b)m c) 2m d) 3m/2

If f(x) = 2x3 + 9x2 + 1 x + 20 is a decreasing function of x in the largest possible interval (-2, —1), then

A=

a) 12 b) —12 c)6 d) None of these

|x3 + x? 4+ 3x + sin x| (3 + sini),x #0
0, x=0

minimum value) is

a)l b) 2 c)3 d) Infinite many

, then number of points (where f(x) attains its

- In the interval (-3, 3) the function f(x) = g + %,x #0is

a) increasing b) Decreasing

c) Neither increasing nor decreasing d) Party increasing and party decreasing

A particle is moving in a straight line such that the distance described ‘s’ and the time taken ‘¢’ are given
byt = as? + bs + ¢,a > 0. If v is the velocity of the particle at any time ¢, then acceleration is

a) —2av b) —2av? c) —2av3 d) None of these

.In the interval [0, 1], the function x> — x + 1is

a) Increasing b) Decreasing
c) Neither increasing nor decreasing d) Do not say anything




406. A spherical balloon is being inflated so that its volume increase uniformly at the rate of 40cm®/minute.

The rate of increase in its surface area when the radius is 8 cm is
a) 10 cm3/minute b) 20 cm3 /minute c) 40 cm3/minute d) None of these

. The radius of a circle is increasing at the rate of 0.1 cm/s. When the radius of the circle is 5 cm, the rate of
change of its area, is
a) —mcm?/s b) 10mcm? /s c) 0.1mcm?/s d) mem?/s

. The product of the lengths of subtangent and subnormal at any point of a curve is
a) Square of the abscissa b) Square of the ordinate
c) Constant d) None of these

. The function f(x) = x'/* is
a) Increasing in (1, o) b) Decreasing in (1, o)
c) Increasing in (1, ) and decreasing in (e, o) d) Decreasing in (1, ) and increasing in (e, o)

. _ ax+b
- If the function f(x) = Py o—,

a)a=0,b=1 b)a=0b=-1 cJa=1b=0 d)a=-1,b=0
. Moving along the x —axis there are two points with x = 10 + 6t,x = 3 + t2.The speed with which they are
reaching from each other at the time of encounter is
in cm and t is in seconds)
a) 16 cm/s b) 20 cm/s c) 8cm/s d) 12 cm/s
- Let f, g and h be real-valued functions defined on the interval [0, 1] by f(x) = e* + e‘xz,g(x) =
xe**+e *% andh(x) = x%e** + e *".If a, b and ¢ denote respectively, the absolute maximum of f, g and h
on [0, 1], then
a)a=bandc # b b)a=canda #b cJa*bandc# b da=b=c
413. The points of contact of the tangents drawn from the origin to the curve y = sin x lie on the curve
a)x2—y?=xy b) x? + y? = x2y? ) x2 —y? = x2y? d) None of these
414. The angle between the curves,y = x2and y? — x = Oat the point (1,1), is

T 4 T 3
- -1_ — -1_
a) > b) tan 3 ) 3 d) tan 2

. If sum of two numbers is 6, the minimum value of the sum of their reciprocals is

6 3 2 1
6 b)> z d)
3 )3 93 )2

has an extremum at P(2, —1), then

. For what values of¥, the function f(x) = x* — 4x3 + 4x2 + 40 is monotonic decreasing?
a)0<x<1 b)l<x<2 c)2<x<3 d4<x<5
. The point on the curve y? = x, the tangent at which makes an angle 45° with x-axis is

11 11 1 1 11
2 (73) b (5.4) I (5.-3) D (5.5)
4°2 2°4 2" 2 2°2
. If the function f(x) = cos|x| — 2 ax + b increases along the entire number scale, the range of a is given by

b 1 3
aJa<b b)g =— C S d ——
) )a > )a< 3 )a > >

. The distances moved by a particle in time t seconds is given by s = t3 — 6t? — 15t + 12. The velocity of
the particle when acceleration becomes zero is
a) 15 b) —27 c) 6/5 d) None of these

. The radius and height of a cylinder are equal. If the radius of the sphere is equal to the height of the
cylinder, then the ratio of the rates of increase of the volume of the sphere and the volume of the cylinder
is
a)4:3 b)3:4 c)4:3m d)3m: 4

- For the function f(x) = x + i, x € [1, 3], the value of ¢ for the Lagrange’s mean value theorem, is

a)l b) V3 c)2 d) None of these
. The minimum value of 4e?* + 9e~%* is
a) 11 b) 12 ¢) 10 d) 14
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423.

424,

439.

.Lety =x

The abscissa of the points, where the tangent to the curve y = x3 — 3x2 — 9x + 5 is parallel to x-axis, are
a)x=0and0 b)x =1and -1 c) x =1and -3 d)x = —1and3
Letf(x) = 1+ 2x2 4+ 22x* +... +21%x20. Then, f(x) has

a) More than one minimum b) Exactly one minimum

c) atleast one maximum d) None of the above

2¢=* then the interval in which y increases with respect to x is

a) (=0, ») b) (=2,0) ¢) (2, ) d) (0,2)

. . 1. . .
- The function f(x) = asinx + 3sin 3x has maximum value atx = g The value of a is

a) 3 b) 1/3 c) 2 d)1/2

. If the distance ‘s’ metres traversed by a particle in t seconds is given by s = t3 — 3t2, then the velocity of

the particle when the acceleration is zero, in metre/second is
a) 3 b) -2 c) -3 d) 2

.If m and Mrespectively denote the minimum and maximum of f(x) = (x — 1)2 + 3 for x € [-3,1], then

the ordered pair (m, M) is equal to
a) (=3,19) b) (3,19) ) (=19,3) d) (=19,-3)

. The function f(x) = x'/* is increasing in the interval

a) (e, ) b) (—oo,e) c) (—e,e) d) None of these

X
* The equation of the tangent to the curve y = 4e” 4 at the point where the curve crosses y-axis is equal to

a)3x +4y =16 b)4x +y =4 )x+y=4 d) 4x —3y = —12

.Ininterval [1, e], the greatest value of x? log x is

1 1
2) 2 b) zlog ¢) e?loge d) None of these

Ve

. The line which is parallel to x-axis and crosses the curve y = v/x an angle of 45°, is

1 1

a = — b = C :1 d :4
)y 7 )y 3 )y )y

. The angle between the curves y = sinx and y = cosx is

a) tan~1(2v2) b) tan1(3+/2) c) tan~1(3v3) d) tan~1(5v2)

. For a particle moving in a straight line, if time t be regarded as a function of velocity v, then the rate of

change of the acceleration a is given by
d?t d?t d) None of these

a) g2 — b) g3 — c) —o3 -
)adv2 )a o ) @

. The minimum value of 27¢052% . 815In2X g

a) 1/243 b) =5 ) 1/5 d)1/3

. The minimum value of px + qy when xy = r?, is

a) 2ry/pq b) 2pq Vr c) —2rpq d) None of these

Jdff/(x) = (x — a)?™(x — b)?P*! where n and p are positive integers, then

a) x = a is a point of minimum

b) x = ais a point of maximum

c) x = ais not a point of maximum or minimum
d) None of these

Letf(x) = (x —4)(x = 5)(x — 6)(x — 7) then

a) f'(x) = 0 has four roots

b) Three roots of f'(x) = 0liein (4,5) U (5,6) U (6,7)
c¢) The equation f'(x) = 0 has only one root

d) Three roots of f'(x) = 0liein (3,4) U (4,5) U (5,6)
The set of values of a for which the function
f(x)=2e*—ae™™+ 2a+1)x -3

is increasing on R, is




a) (0,0) b) (=, 0) ) (—o0, ) d) None of these
440. A particle is moving along the curve x = at? + bt + c. If ac = b? then particle would bemoving with
uniform

a) rotation b) velocity c) acceleration d) retardation

Asinx+6cosx .

- Function f(x) = =— is monotonic increasing, if
2sinx+3cosx

a)A>1 b)A<1 QA< 4 d)A>4

.If x + y = 8, then maximum value of x2y is

2048 2048 2048 2048

a) 9 b)ﬁ ‘) 3 dJ?

443.1f y = 4x — 5 is a tangent to the curve y? = px3 + q at (2, 3) then
Ap=2q=-7 b)p=-2,q=7 cp=-2,q=-7 dp=2qg=7
444, The function f(x) = tan™! x — x is decreasing on the set
a)R b) (0, o) c) R —{0} d) None of these
445. The function f defined by
f(x) = x3 — 6x% — 36x + 7 is increasing, if
a)x >2andalsox > 6 b)x > 2andalsox < 6
c) x>—2andalsox <6 d)x < —2andalsox > 6
. The length of the normal at point 't’ of the curve x = a(t + sint),y = a(1 — cost) is
a) asint b) 2asin3(t/2) sec(t/2) c) 2asin(t/2)tan(t/2) d) 2asin(t/2)
. The values of 'x' for which the function (a + 2)x3 — 3 a x2 + 9ax — 1 decreases monotonically throughout
for all real x are
Aa< -2 b)a > -2 c)-3<ax<0 d) —c0o <a< -3
. The distance travelled by a particle upto time x is given by f(x) = x3 — 2x + 1. The time c at which the
velocity of the particle is equal to its average velocity between times x = 1 sec and x = 2 sec, is

a) 1.5 sec 3 7
b) 5 sec c) V3 sec d) 3 sec

. The number of points on the curve y = x3 — 2x2 + x — 2 where tangents are parallel to x-axis, is
a)o b) 1 c) 2 d) 3

_*
1 41+ e 1 1
a) — 3 b) — 7 c) 7 d) g
. The maximum value of x/* is
a) 1/e® b)e c) el/e d)1/e
. The sides of an equilateral triangle are increasing at the rate of 2cm/s.The rate at
Which the area increases, when the side is 10cm is

- The maximum value of f(x) = on[-1,1]is

a) V3cm?/s b) 10cm? /s ) 10v/3cm?/s d) %cmz/s

Jdff(x) =x3 + bx? + cx + d and 0 < b? < ¢, then in (—o0, )
a) f(x) is strictly increasing function b) f(x) has alocal maxima
c) f(x) is strictly decreasing function d) f(x) is bounded
. Twenty two meters are available to fence a flower bed in the form of a circular sector. If the flower bed
should have the greatest possible surface area, the radius of the circle must be
a)4m b)3m c) 6m d) 5m
. The greatest value of the function f(x) = xe™ in [0, o], is
a)o b)1/e c) —e d)e
. Consider the following statements :
I. The function x + % (x # 0) is a non-increasing function in the interval [—1, 1]

[I. The maximum and minimum values of the function | sin4x + 3| are 2, 4




463.

IIl. The function x2 log x in the interval has a point of maxima
Which of the statement given above is/are correct?
a) (Donly b) Only (2) c) Only (3) d) All (1), (2) and (3)

If @ and B(a < B) are two distinct roots of the equation ax? + bx + ¢ = 0, then

b b b b
_ b _ _ d _
a)a > 5 )B < P c)a< 2a<ﬁ )B < 2a<a

. The function f defined by f(x) = 4x* — 2x + 1 in increasing for

1 1
a)x<1 b)x >0 C)x<§ d)x>§

. The function f(x) = x%2e~2*,x > 0.Then, the maximum value of f(x) is

1 1 1 4
- b) — il d) —
a)e )Ze C)e2 )e4

. The function f(x) = 1 — x3

a) Increases everywhere b) Decreases in (0, )
c) Increases in (0, o) d) None of these

- If the function f(x) = % + x2 has a maximum at x = —3,thena =

a) -1 b) 16 c)1 d) 4

. When the tangent to the curve y = x log x is parallel to the chord joining the points (1, 0) and (e, e), the

value of x is

a) el/1-e b) e(e-1(2e-1) c) e% d) e—1
e

If the normal to curve y = f(x)at the point (3,4) makes an angle 37r/4 with the positive x-axis, then
f'@)is
a) 1 b) -1 3 3

-7 d 5

464. The tangent and the normal drawn to the curve y = x? — x + 4 at P(1,4) cut the x-axis at A and B

469.

respectively. If the length of the subtangent drawn to the curve at P is equal to the length of the subnormal,
then the area of the triangle PAB in sq units is
a) 4 b) 32 c)8 d) 16

. The distance 's'meters covered by a body in t seconds,is given by s = 3t? — 8t + 5.

The body will stop after

3 4
a)ls b)ZS ) §s d)4s

. Let f be continuous on [1, 5] and differentiable in (1, 5).If f(1) = —3 and f'(x) = 9 for all x € (1,5), then

a) f(5) = 33 b) £(5) = 36 ¢) f(5) < 36 d) £(5) =9

. Let P be the point (other than the origin) of intersection of the curves y? = 4ax and ay? = 4x3 such that

the normals to the two curves meet x-axis at G; and G, respectively. Then, GG, =
a) 2a b) 4a c)a d) None of these

.The functiony = x3 —3x2+6x — 17

a) Increases everywhere

b) Decreases everywhere

c) Increases for positive x and decreases for negative x

d) Increases for negative x and decreases for positive x

If the function f(x) = ax3 + bx? + 11x — 6 satisfies the condition of Rolle’s theorem in [1, 3] and

f' (2 + %) = 0, then the values of a, b are respectively
a)-1,6 b)-2,1 c)1,-6

1
d)—1,=
)15

. If the distance 's'metres traversed by a particle in t seconds is given by

s = t3 — 3t2 then the velocity of the particle when the acceleration is zero inm/s is
a) 3 b) -2 c) -3 d) 2




471. The function f(x) given by
x+1 1 1
f)| 1 x+1 1 |isincreasing on
1 1 x+1
a)R b) (—2,0) c) R—1[-2,0] d) None of these
.Let g(x) = f(x) — 2{f(x)}* + 9{f (x)}3 for all x € R. Then,
a) g(x) and f(x) increases and decrease together
b) g(x) increases whenever f(x) decreases and vice-versa
c) g(x) increases for all x € R
d) g(x) decreases forall x € R

473.1fy = f:xcz where c is a constant, then when y is stationary, xy is equal to

a) 1/2 b) 3/4 c)5/8 d)1
474. The equation x log, x = 3 — x has, in the interval (1, 3)
a) Exactly one root b) At most one root c) Atleast one root d) No root
475. If there is 2% error in measuring the radius of sphere, then... will be the percentage error in the surface
area.
a) 3% b) 1% c) 4% d) 2%
. The function f(x) = x + cosx is
a) always increasing b) always decreasing
¢) Increasing for certain range of x d) None of the above
.If the curve y = ax? + bx + c¢ passes through the point (1, 2) and the line y = x touches it at the origin,
then
a)a=1,b=-1,c=0 Dbla=1,b=1c=0 cJa=-1,b=1,c=0 d) None of these
. The function f(x) = sin* x + cos* x increases, if
A)0<x<m/8 b)r/4 < x < 3m/8 c)3n/8 < x <5m/8 d)57/8 < x < 3m/4

* The length of the normal at any point on the catenary y = c cosh G) varies as

a) (abscissa)? b) (ordinate)? c) Abscissa d) Ordinate
. The normal to a curve at P(x, y) meets the x-axis atG. If the distance of G from the origin is twice the
abscissa of P, then the curve is a
a) Ellipse b) Parabola c) Circle d) Hyperbola
.Letp(x) = ag + a;x2 + a,x* + -+ a,x2" be a polynomial in a real variable x with 0 < ay < a; < a, ... <
a,. The function p(x) has
a) Neither a maximum nor a minimum b) Only one maximum
c) Only one minimum d) Only one maximum and only one minimum
. The value of ¢ in Rolle’s theorem for the function f(x) = x3 — 3x in the interval [0, \/§] is
a)1 b) —1 c) 3/2 d)1/3

. . 2 p? .
* The minimum radius vector of the curve 2—2 + o 1is of length

a)a—>b b)a+b c)2a+b d) None of these
. The first and second order derivatives of a function f (x) exist at all points in (a, b) with f'(c) = 0, where
a < ¢ < b. Furthermore, if f'(x) < 0 at all points on the immediate left of c and f'(x) > 0 for all points on
the immediate right of ¢, thenatx = ¢, f(x) has a
a) Local maximum b) Local minimum c) Point of inflexion d) None of these
. Let f(x) = cos x sin 2x. Then, min |f(x): —m < x < m| is greater than
a) —=9/7 b) 9/7 c)-1/9 d)-2/9
-In (—4, 4) the function f(x) = f_xlo(t4 —4)e * dt has
a) No extrema b) One extremum c) Two extrema d) Four extrema
. If the polynomial equation
Apgx™ + A X"+ ap_ x4t ax? tax+ag =0
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n positive integer, has two different real roots @ and S, then between « and (3, the equation

na,x" 1+ n-1a,_x"2+-+4+a;, =0has

a) Exactly one root b) Almost one root c) Atleast one root d) No root
. The function f(x) = sin* x + cos* x increasing, if
s
8

T 3w 3 5m
b)Z<X<— C)E<X<_

a)0<x<
8 8

- The point of the curve y = x2 which is closest to (4, — %), is

a) (1,1) b) (2,4) 9 (g ’ f) d) (f ’ E)
3’9 3’9
. The equation of the tangent to the curve y = (1 + x)¥ + sin~(sin? x)at x = O is
a)x—y+1=0 b)x+y+1=0 )2x—y+1=0 d)x+2y+2=0
. A circular sector of perimeter 60 m with maximum area is to be constructed .The radius the circular are in
metre must be
a) 20 b) 5 c) 15 d) 10
If f(x) and g(x) are differentiable functions for 0 < x < 1 such that f(0) =2,g(0) =0,f(1) =6,9(1) =
2, then in the interval (0, 1)
a) f'(x) =0forall x
b) f'(x) = 2 g'(x) for at least one x
c) f'(x) = 2 g'(x) for at most one x
d) None of these
. The function f(x) = 2x3 — 3x? — 12x + 4 has
a) No maxima and minima b) One maximum and one minimum
c) Two maxima d) Two minima

- The function f(x) = |Xx—21|
a) (2, ) b) (0,1) ¢) (=90,1) U (2,) d) (—o0, o0)
. The tangent drawn at the point (0, 1) on the curve y = e?*, meets x-axis at the point

a) (% o) b) (— % o) c) (2,0) d) (0,0)

.Let f(x) = cot™1{g(x)}, where g(x) is an increasing function on the interval (0, ). Then, f(x) is
a) Increasing on (0, )
b) Decreasing on (0, )
¢) Increasing on (0,7 /2) and decreasing on (7 /2, )
d) None of these
. The radius of a cylinder is increasing at the rate of 3m/s and its altitude is decreasing at the rate of 4m/s.
The rate of change of volume when radius is 4m and altitude is 6m, is
a) 80w cum/s b) 144w cu m/s c) 80 cum/s d) 64 cum/s
. The Rolle’s theorem is applicable in the interval —1 < x < 1 for the function
a) f(x) =x b) f(x) = x? ) f(x) =2x°+3 d) f(x) = |x|
2_312) i
e € O/2) s
2) a® — b? b) a? — b? 0 a? + b? d) None of these
2 2
- If f (x) satisfies the condition for Rolle’s theorem is [3, 5], then f: f(x) dx equals
a) 2 b) -1 o0 d)-4/3
. If there is an error of a% in measuring the edge of a cube, then percentage error in its surface is

a
a) 2a % b) E% ¢) 3a % d) None of these

is monotonically decreasing on

“Ifa > b > 0, then maximum value of

. The range of values of a for which the function f(x) = (a®> — 7a + 12) cos x + 2(a — 4)x + 3e> does not
possess critical points, is
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503.

a) (1,5 b) (1,4) U (4,5) c) (1,4 d) None of these
Rolle’s theorem is applicable in case of ¢p(x) = a**,a > 0 in
a) Any interval b) The interval [0, 7] c) The interval (0,7/2) d) None of these

504. The line g + % = 1 touches the curve y = be™*/% at the point

513.

a) (a, g) b) (—a, g) 9 (a, %) d) None of these

.If the line ax + by + ¢ = 0 is a tangent to the curve xy = 4, then

a)a<0,b>0 b)a<0,b>0 c)a<0,b<0 d)a<0b<0

- The length of the subtangent to the curve vx + ﬁ = 3 at the point (4, 1) is

a) 2 b) 1/2 o) 3 d) 4

. logx . .
* The maximum value of% in (2, 0),is

a)l b)2/e c)e d)1/e

. logx .
* The maximum value of %, is

a)1/e b) e c) 2/e d)1

.If an error of k % is made in measuring the radius of a sphere, then percentage error in its volume is

a) k% b) 3k % ¢) 2k % d) k/3 %

. The point (s) on the curve y3 — 3x? = 12y, where the tangent is vertical (parallel to y-axis), is (are)

a) (i%,—z) b) <ig'1> c) (0,0) Q) (i%,Z)

Ify = alogx + bx? + x has its extremum at x = —1 and x = 2, then

1 1 1 1
a)a=2b > Ja=2b > cAa 2,b 2 )Ja 2,b 2

. If the area of the triangle included between the axes and any tangent to the curve x™y = a" is constant,

then n is equal to

a)1l b) 2 c) 3/2 d)1/2
For the curve xy = c? the subnormal at any point varies as

a) x3 b) x?2 c) y? d) o

514. Gas is being pumped into a spherical ballon at the rate of 30ft3/min.Then,the rate

518.

at which the radius increases when it reaches the value 15 ft, is

1 , 1 . 1 .
a) 35-ft/min b) ——ft/min ¢) 55ft/min d)

1

15ft/ min

. Aladder 10 m long rests against a vertical wall with the lower end on the horizontal ground. The lower

end of the ladder is pulled along the ground away from the wall at the rate of 3 cm/s. The height of the
upper end while it is descending at the rate of 4 cm/s, is

a) 4/3m b) 5v/3m c) 5v2m d) 6 m

. The number of values of k for which the equation x3 — 3 x + k = 0 has two distinct roots lying in the

interval (0,1) are

a) Three

b) Two

c) Infinitely many

d) New value of k satisfies the requirement

. The critical points of the function

— 2sin2 (X) +sin (%) = (2
f(x) = 2sin (6) + sm(3) (3)
Whose coordinates satisfy the inequality x?> — 10 < —19.5x, is
9
a) —6m b) 6w ) 7”

x sint

The points of extrema of f(x) = [ —— dt in the domain x > 0 are




yis T
a) (2n+1)§,n=1,2,... b) (4n+1)i,n=1,2,...

) (2n+1)%,n=1,2,... d)nmr,n=1,2,..
. The distance travelled by a motor car in t seconds after the brakes are applied is s feet, where s = 22t —

12t2. The distance travelled by the car before it stops, is

a) 10.08 ft b) 10 ft c) 11ft d)11.5ft
.Ifa < 0, the function (e** + e~%¥) is a decreasing function for all values of x, where

aA)x<0 b)x >0 Jx<1 dx>1
. A condition for a function y = f(x) to have an inverse is that it should be

a) Defined for all x

b) Continuous everywhere

c) Strictly monotone and continuous in the domain

d) An even function
. Which one of the following is correct?

Ify = x5 —5x* +5x3 — 1, then

a) y is maximum at x = 3 and minimum atx =1 b) y is minimum atx = 1

c) y is neither maximum nor minimum atx = 0 d) None of the above

2_
Iff(x) = ;—Jri, for every real x, then the maximum value of f

a) Does not exist because f is unbounded
b) Is not attained even though f is bounded
c) Isequalto 1
d) Is equal to —1
dff(x) =x+ %, x > 0, then its greatest value is

a) -2 b) 0 c)3 d) None of these

2x2
. ) 1 .
The maximum value of (;) ,is

a)e b) {e o1 d) el/e
. The length of the subtangent to the curve x? + xy + y? = 7 at (1,—3) is
a) 3 b) 5 c) 3/5 d) 15
. The absolute maximum of x*° — x2° on the interval [0, 1] is
a) —1/4 b) 0 c) 1/4 d)1/2
- The function f(x) = xVax —x%,a >0
a) Increases on the interval (0, 3a/4)
b) Decreases on the interval (3a/4, a)
c) Decreases on the interval (0, 3a/4)
d) Increases on the interval (3a/4, a)
. If there is an error of 0.01 cm in the diameter of a sphere, then percentage errors in surface area when the
radius = 5 cm, is
a) 0.005% b) 0.05% c) 0.1% d) 0.2%
. The side of a square is equal to the diameter of a circle. If the side and radius change at the same rate, then
the ratio of the change of their area is
a)l:m byr:1 2:m d)1:2
tanla—3x3,0<x<1
—6x, x=>1
a)o b) 1 c) 2 d) -1
. Tangent of the angle at which the curves y = a* and y = b* (a # b > 0) intersect, is given by
logab b lOg% logab d) None of these

VTH logab 1+ (loga)(logb) I+ (log a)(log b)

" The value of a for which the function f(x) = { has a maximum atx = 1, is

Page|34




533. In a right triangle BAC, £A = g and a + b = 8. The area of the triangle is maximum when £C, is
a)m/3 b) /4 c) /6 d) /2
534. An isosceles triangle of vertical angle 26 is inscribed in a circle of radius a. Then area of the triangle is
maximum when 6 =
a)m/6 b) /4 c) /3 d) /2
If s = et(sint — cost) is the equation of motion of a moving particle, then acceleration at time ¢ is given by
a) 2 ef(cost + sint) b) 2 et(cost — sint) c) et(cos t —sint) d) et(cos t + sint)
. If from Lagrange’s mean value theorem, we have
Fa = LOSO
a)a<x;<b bJa<x; <b da<x <b da<x;<bh
. The slope of the tangent to the curve y = x? — x at the point where the line y = 2 cuts the curve in the first
quadrant is
a) 2 b) 3 c) -3 d) None of these
. The function f(x) = x(x + 3)e~1(1/2)% satisfies the conditions of Rolle’s therorem in [-3, 0]. The value of ¢
is
a)o b) -1 c) -2 d) -3
. The length of the subtangent to the curve x?y? = a* at (—a, a) is

a a
a) > b) 2a c)a d) 3

hen

. The equation of the tangent top the curve y = 1 — e*/2 at the point on intersection with the y-axis is

a)x+2y=0 b)2x+y =0 x—y=2 d) None of these
. If the volume of a sphere is increasing at a constant rate, then the rate at which its radius is increasing is
a) A constant b) proportional to the radius

c) Inversely proportional to the radius d) Inversely proportional to the surface area
. x—1x+12x+1
The function f(x) givenby f(x) =| x+1x+32x+ 3 |has
2x+12x—14x+1
a) One point of maximum and one point of minimum

b) One point of maximum only
c) One point of minimum only
d) None of above

. The perimeter of a sector is a constant. If its area is to be maximum, the sectorial angle is
yad 7/ad c c
a) < b) T c) 4 d) 2
. The interval in which the function x3 increases less rapidly than 6 x? + 15 x + 5, is
a) (=%, —1) b) (=5,1) ) (=1,5) d) (5, )
. If a particle is moving such that the velocity acquired is proportional to the square root of the distance
covered ,then its acceleration is

1
a) a constant b) o 2 ) = d) o s
s

. The coordinates of the point on the curve x = a(6 + sin8),y = a(1 — cos ) where tangent is inclined at
an angle % to the x-axis are
a) (a,a) b) (a(m/2 —1),a) c) (a(mr/2+1),a) d) (a,a(m/2 + 1))

. For the function f(x) = xe*the point
a) x = 0 is a maximum b) x = 0 is a minimum
c) x = —1lis a maximum d) x = —1 is a minimum

. The circumference of a circle is measured as 56 cm with an error 0.02 cm. The percentage error in its area
is
a)1/7 b) 1/28 c) 1/14 d) 1/56




549.1f f(x) = sinx/e* in [0, mr], then f(x)
a) Satisfies Rolle’s Theorem and ¢ = %, So that f'(g) =4
b) Does not satisfy Rolle’s Theorem but f’ G) >0
c) Satisfies Rolle’s Theorem but f* G) =0

d) Satisfies Lagrange’s Mean Value Theorem but f’ G) =0

. For the curve xy = c?, the subnormal at any point varies
a) x? b) x3 c) y? d) y3
- The minimum value of e (?**~2x+1)sin *xjg
a)o b) 1 c) 2 d)3
. A stone is thrown vertically upwards from the top of a tower 64 m high according to the law s=48t-
16t2.The greatest height attained by the stone above ground is
a) 36 m b) 32 m c) 100 m d) 64 m
.2x3 —6x 4+ 5isan increasing function, if

1
a)0<x<1 b)-1<x<1 c)0<—-lorx>1 d)—l<x<—§

. The set of all values of the parameter a for which the points of minimum of the functiony = 1 + a?x — x3

2

xZ+x+2 .
<0,is

x2+5x+6

a) An empty set b) (—3v3,-2V3)
c) (2v3,3V3) d) (—3v3,-2v3) U (2v3,3V3)
. If m be the slope of the tangent to the curve e?Y = 1 + 4x?2, then
aygm<1 b)m| <1 c)ml>1 d) None of these

satisfy the inequality

* The minimum value of 2(x2_3)3+27, is
a) 227 b) 2 o)1 d) 4

. The equation of the tangent to the curve (1 + x?)y = 2 — x, where it crosses the x-axis, is
Ax+5y=2 b)x -5y =2 C)5Sx—y=2 d)5x+y—-2=0
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6.APPLICATION OF DERIVATIVES

: HINTS AND SOLUTIONS :

1 (b)
We have,
fx) = x(x - 1)?
=S f(x)=(—1)2%+2x(x—1)
> f"xX)=x—-1)Bx—-1)

The changes in the signs of f''(x) are shown in

diagram

- 1 & On differentiating w.r.t. r, we get

2
Clearly, f (x) attains a local maximum at x = %and av._m [ r

dr 3
a _
ar —

2ry 12 —r2 + ——(-2r)

2V1z — 12

alocal minimumatx =1
Put

- Maximum value of f(x) = f G)
T3
@ AR

Since, 2wk — T<sinx <2mk+2
2 2 > r2(2-r?)—-r?]1=0

—+ 1=
N

2
~ At r= l\/z,d—v < 0, maxima
3’ dr2

h=

In AABC,tanf =
T T

- <sinx < > ©
Which increase from—1 to 1. Given that f(x) = sinx — bx + ¢
Similarly, for other values of k it is increase from ~f'(x) =cosx—b

—1to 1. For decreasing, f'(x) < 0, forall x € R.
(c) =>cosx < bforallxeR=>b>1.
Volume of cone, V = grzh ()

Given, f(x) = 2x3 + 3x2 —12x + 1

= f'(x) = 6x% + 6x —12

For f(x)to be decreasing, f'(x) < 0




=>6(x2+x—2)<0
>x+2)x-1)<0
=>x € (-21)

(a)

We have,

flx) = 2x+cot‘1x+log(\/1+x2—x)

=2

1 X
+ (=1
V14 x2 —x W1+ x2
1+2x2 1

= [0 = T =

1+2x2 J(1+x2)
1+x2  1+x2
x? +V1+x2{(V1+x2 -1}
1+ x?

> 0 for all x
Hence, f(x) is an increasing function on (—oo, o)
and in particular on (0, o)
(0

We have,
X

x
f(x) =3cos?x + 4sin?x + cosz+ sinz

= f'(x) =

= f'(x) =

x X
= f(x) =4—cos’x + cosz+ sinz

, o 1( . x x .
= f'(x) = sin2x —E(smg— cos;) (i)

= f'(x) = 2sinxcosx 1(sinx cosx)
B 272 2

x X

] _ . 27 27
= f'(x) = Zsmx(sm > cos 2)

1 b X
+ > (sinz — Ccos E)

! — f —qj f i f i f
= f'(x) = (cos > sz) {2 sinx (cos > + 51n2)
+ 1}

2
x x X
= f'(x) = (cosz — sinz) {2\/5 sin x sin (E + Z)
+ 1}
2
For local maximum or minimum, we must have

ffx)=0
x X 0
= —_— _=
COS2 SlI'l2
X in> tanx 1=>x
= —_ = e —_= —_
COS2 SlI'l2 2 2

Now,

f"(x) =2cos2x — i (cosg + sin g) [Using (i)]

= f" (g) = 2cosn—%(cos%+sin%)

1
=—2-——<0

2V2
Thus, f(x) attains a local maximum at x =

T
2
Local maximum value = f (g) =4+ \/2—7 =4++2

c6x4—a2x8)4

Let f(x) =xy=( —

1/cx* — a2x®\ >/*
= ! =
PR
(4x306 _ 8x7a2)
b2 b2
Put £'(x) = 0

c
> x=z=

21/4-\/5

3/2

c3/2 c3
4 (61/“'\5) " V2ab

a
{.e)t the radius of the circular wave ring by r cm at
any time t. Then, % = 30 cm/sec (given)
Let A be the area of the enclosed ring. Then,
A=mr?
dA dr

:>E= ZHTE

=>dA—2 ><50><30 2sec = 30m? m?
P T 100m sec = 30m* m*/sec

(b)
We have,

x =tcostandy = tsint
d . d .
~ = =cost —tsintand =X = sint + t cost
dt dx
At the origin, we have
x=0,y=0=tcost=0andtcost=0=>t=0
The slope of the tangentatt = 0 is
dy
dy _|[ac
dx | @
at/ =g

sint + tcost
= )y =

cost —tsint/i—g

So, the equation of the tangent at the origin is
t—0=0x—-0)=>y=0

(9

Surface area of sphere S = 4nr? and % =2

ds dr
 — =4 X 2r— = 8nr X 2 = 16nr
dt dt

> — &7
dt




()
X
Let f(x) = G) = x* = ¢ %198X Then,

X
f'tx) =-— (%) (logx +1) = —x*(logx + 1)
Now,
flx)=0
= —x*(logx+1)=0
Slogx+1=0=>logx=—-1=>x=e"
Clearly, f""(x) <Oatx =e™?!
Hence, f(x) = x™* is maximum for x = e~1. The

1

maximum value is e'/®

(3]

Given, f(x) = 2x3—21x? +36x — 30

= f'(x)=6x%>—42x+36

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

= 6x2—42x+36=0 > x=6,1

And  f"(x) =12x — 42

f"(1)=-30 and f"(6) =30

Hence, f(x) has maxima at x = 1 and minima at
x=6

(a)

Let [be the length of an edge and Vbe the volume
of cue at any time t.

=3x5%x10cm3/s
= 750cm3/s.

()
dy _ —sinf

We have, — = Tcosd

Clearly, Z—z =0for6 =2k + )

So, the tangent is parallel to x-axisi.e.y = 0

(b)

We have,

5x°—10x3+x+2y+6=0 ..»0)

Differentiating with respect to x, we get
d

25x* —30x2+1+2 _y=0
dx

= Z_icl = —%(25954 —30x%+ 1)

i(@g __1
dx 0,-3) 2

The equation of the normal at (0, —3) is

y+3=2x—-0)=>2x—-y—-3=0

Solving (i) and (ii), we obtain the coordinates of

their points of intersection as P(0, —3), (1,—1)

and (—1,-5)

Hence, the normal at P(0, —3) meets the curve

againat (1,—1) and (—1,-5)

(b)

We have,

dx

i a(—sinf +sinf + 0 cosf) = a b cosH

and,j—z = a(cosd —cosf +0sinf) =abfsind
1

v dx/db =tanf = & = —cotf
dx

Hence, the slope of the normal varies as 6

The equation of the normal at any point is

y —a(sinf — 6 cos )

= —cotf {x —a(cosB + Osinh)}

= xcos 8 +ysinf =a

Clearly, it is a line at a constant distance |a| from

the origin

(d)

We have,

3x2+12x—-1, -1<x<2
f(x)z{ 37-x, 2<x<3
Clearly, lim f(x) = lim f(x) = f(2)
x—2~ x-2%

So, f(x) is continuous at x = 2

Hence, it is continuous on [—1, 3]

Thus, option (b) is correct

We find that

f'(x) =6x+12>0forallx € [-1,2]

= f(x) is increasing on [—1, 2]

Thus, option (a) is correct

Also,

f'(x) < 0forallx € (2,3]

= f(x) is decreasing on (2, 3]

Hence, f(x) is attains the maximum value at x = 2

So, option (c) is correct

(b)

Given, f(x) = x3 — 3x% + 2x

= f'(x) =3x2—6x+2

Now, f(a)=f(0)=0

And f(b) = £ ()

1) 0)-3

By Lagrange’s Mean Value Theorem

fb)-fa

— =g @
3_

=8 =3c2-6c+2

2
= 12c2—-24x4+5=0

This is a quadratic equation in c.




24 ++/576 — 240
B 24

C

=1+—
=76

But c lies between 0 to%

~ wetake,c =1— g

(@)

Since,f (x) = kx — sin xis monotonically
increasing for all x € R.Therefore,

f'(x) > Oforallx € R

=>K—cosx>0

= K > cosx

= K > 1 [~ maximum value of cosx is 1]
(<)

We have, f(—1) <0

So, f(x) > 0 for all x € R is not true

Now, f'(x) = x3 — 6x? + 15x + 3

= f'(x) =3x%2 —12x + 15

=S f'(x)=3(x%—4x+5)=3{(x—2)2+1}>0
forallx € R

= f(x) is strictly increasing on R

= f(x) is invertible on R

(b)

Let D denotes the diagonal of the square.

Given,
daD _ 0.5cm

T s (D)

Since, A=400=3D? = D = 20V2 (= D;)
On differentiating w. r. t. t, we get

dA d (D?

@=alz)

=20V2x% 0.5

=10v2cm?/s

()

Consider the function f(x) given by

b
f(x)=ax2+;—c,x>0

Clearly, f(x) = 0forallx >0 [+ ax? +§ >c
(Given)]

Also, f'(x) = 2ax — %and f'(x)=2a+ i—g

For points of local maximum/minimum, we must

have
1/3

f’(x)=0:>2ax3=b=>x=<%)

b\1/3
Now, f" {(z) }: 2a+4a = 6a >0

Therefore, f(x) attains a local minimum at x =

G)"

Now,
1/3

@)} @) -

p\1/3 p2/3g1/3
v _ 2/3 1/3 _
= f{(2a> } =3 + b=/>(2a) c

But, f(x) = 0forallx >0

p2/3q1/3

s
1

= (b2a)1/3 (m + 21/3> >c

= 3(b2a)l/3 > 22/3¢ = 27ab? > 4¢3

(9

Suppose the tangent from the point (2,0) toy =

x* touches the curve at (x4, y;). The equation of

the tangent at (x4, y;) is

Y —y1 = 4x7 (x — x1)

If it passes through (2, 0), then

0—y; =4x7(2—x)

= y; = 4x7 (% — 2)

= xf =4x3(x; —2) [+ (x1,y,) liesony = x* -

y1 = x7]

=>3x;—8x3=0

=x3(3x,—8)=0

= x; =0o0r,x; =8/3

Now,x; =0,andy; = xf = y; =0

x; =8/3,andy, = x{ >y, = (2)4 = %

Thus the points of tangency are (0, 0) and (8/3,

4096/81)

Hence, the equations of the tangents are
4096 _ 2048 ( 8)

2/3

+b2BRAYE-c>0

y=0andy=—-Sr=5-(¥—3
(b)
The equation of given curve is Vx + \/y = Va

. 1 4 1 dy_O
NG Zﬁdx_
Wy

dx Vx
The normal is parallel to x-axis, if

dx
(d_) = 0 = x1 = 0
y (x1,y1)

~ From equation of curve, y; = a
-~ Required point is (0, a)

27 (d)




Let f(x) = 2x3 —9x% + 12x + 4
= f'(x) = 6x2 —18x + 12
f'(x) < 0 for function to be decreasing
= 6(x2—-3x+2)<0

= (x?-2x—-x+2)<0

= x-2)(x—-1)<0

= 1<x<?2

(d)

Given that, f(x) =1 — x3 — x°
On differentiating w.r.t. x, we get
f'(x) = —=3x? — 5x*

= f'(x) = —(3x2%+ 5x%)

= f'(x) < Ofor all values of x
(@)

We have, y = {x(x — 3)}?

W, 3)(2x — 3
= ax(e - 3) (20 - 3)

dy 3
Clearly,a >0for0<x< >

Hence, y is increasing for 0 < x < 3/2
(b)

We have,

y = —=3log,.(9 + x?)

9 + |x|?
6|x|
(d)
We have,
x?—1 2
f(x):x2+1=11_x2+1
Clearly, f(x) will be minimum when ﬁ is
maximum i.e. when x? + 1 is minimum.
Obviously, x? 4+ 1is minimumatx = 0
~ Minimum value of f(x) is f(0) = -1
(c)
We have, f(x) = |[px — q| + r|x]|,x € (—00, )
—px +q—71x, x<0
={-px+q+rx, 0<x<gq/p
px—q+rx, q/p<x

>1sml>1>meR—-(-1,1)

Y

[P o y=/()
q
0 > X

ap O a/p
when r=p when r <p

(@) ()
y

q

X
0 q/p

when r>p

(©
Thus, f has infinite points if minimum, ifr = p
In case, p # r, then x = 0 is point of minimum, if

r>pandx = %is point of minimum, if r < p
(d)

Sincef(x) - sinx+cosx

o~ f'(x) > 0forall x
K—2

- (sinx + cosx)

>5K-2>0=>K>2

(c)
In AADC , tanf = ——

x+y
\ )
m N
O\

y B x C

Ksinx+2cosx . . .
—————isincreasing for all x

> 0 for all x

A

And in ABCE, tan@ = 2

X
2 6 5
S == = =
x x+y Y x
On differentiating w. r. t. t,we get

dy _ dx _ dx _ NP
i 2 i 3km/h [ i 6,g1ven]

(a)

Using Mean value theorem,
oy S

fllo)=—F——

- 3-1

1 loge3—loge1
c 1

=c

(@)

Let f(x) = ax + g. Then,

= =21
log, 3 083 ¢

ax+§2cforallx>0

= f(x) = cforallx >0




= c is the smallest value of f(x)
Now,

b
f’(x)=0:>a—p=0=>x:i

and, " (x) =i—2> 0 for x =\/E

a

. o b
Thus, f(x) attains a local minimum at x = \/;

- ()

f0l

= Vab ++Vab = ¢

= 2Vab > c = ab 21—2 [+ a,b,careall
positive]

(b)

We have,

X

[+ cis the smallest value of

f(x)—f—dtx>0=>f(x)— ij,x>0
0

Sf0 =020

T
:cosx=02x=(2n+1)z,nEZ

Now,
cosx

@) =
> 100 = -

xsinx — cosx

x2
n n
-7 (@403 =~

B 2( 1)n+1
T @2n+Dn

="

T
:f”((2n+1)i> >0forn=-2,—-4,—6,...

<0forn=0,246,..
>0forn=1,3,5,..
<O0forn=-1,-3,-5,..

Hence, f(x) attains respectively minima, maxima,

minima and maxima

(o)
We have,

X n y n
@) +G) =2
s n—1+nyn—1d_y=0
an b"  dx
d_y _ bn xn—l Q
(dx)(a_b)
The equation of the tangent at (a, b) is

PO S
y a = ax a a b—

= —Bforalln
a

dx an yn-1

Thus,g + % = 2 touches the curve (i) at (a, b) for
alln

(©

We have,

PV1/* = ) (constant)

1
:>logP+ZlogV=log/1
:>1dP+ 1

Pav 4V
dP 1pP

dV 4V

W AP = ap AV
T dv

AP 1PAV
= - —— —
4V

ar x 100 haid x 100
> — =———

P 4V
1

AP><100 X
> — = ——X ——
P 4 2

1[“AVX100_1(_ )
=57 = (given

(<)

From mean value theorem f'(c) =
Given,a=0 = f(a)=0

and b:% > f(b)_g

Now, f'(x) =(x —1D(x—-2)+x(x—2)+
x(x—1)

)= —-D(c—-2)+c(c—2)+c(c—1)
=c?-3c+2+c?*—-2c+c*—c

= f'(c)=3c?>—6c+2

By definition of mean value theorem
MEMIORI(O

—a

fb)-1f (@)
b—a

= 3c?—6c+2=

5
= 3c2—6c+-=0
c C 4

This is a quadratic equation in ¢

6+V36—15 621
2x3 6
Since, ‘¢’ lies between [0,%]

\/2_1( V21
c=1——

Cc =

neglecting c =1+ r

(@)
1

' f(x)=4x2+2x+1
On differentiating w.r.t. x, we get




' _ —(8x+2) .
feo = (4x2+2x+1)2 (D)
For maxima or minima put f'(x) = 0

1
= 8x+2=0 = x=—Z

Again differentiating w.r.t. x of Eq. (i), we get
[(4x2+2x+1)2(8)—(8x—2)2x]
" _ (4x?+2x+1)(8x+2)
f (x) - (4x2+2x+1)*
1o 1\ _
Atx=—z,f (—Z)— ve

f(x) is maximum at x = _%

~ maximum value of f(x)

(D=
4/ max 4><i—2><l+1
16 4
_ 1
=1 2
a2t !t
_ 4 _4-
T 1-2+4 3
(b)
Let f(x) =2x+ 3y
f(x)=2x+178
, 18
= f(x)=2—x—2

Put f'(x) = 0 for maxima or minima

18

= 0=2-— = x =43
X

[+ xy = 6, given]

12} 36 124
And fr@=% = @)=
~ Atx = 3, f(x) is minimum.
The minimum value is f(3) = 12

()

On differentiating given curve w. . t. x, we get

36
3—3>0

d
4 y3 % = 3ax?
(dy) 33 3
=

W) aw " 2a 3
~ Equation of normal at point (a, a) is

_ 4
y—a=-3@x-a

= 4x+3y="7a

(b)
Let f(x) =x3—px+q
Then f'(x)=3x%-p

Put f'(x)=0 = x=\/§,—\/§

Now, f"(x) = 6x

At x = \/g, f'(x)=6 /2 > 0, minima

And atx = — /2, f"(x) < 0, maxima

(a)
Forx =p,y = ap?bp + ¢
Andforx=q, y=aq®’+bq+c
aq?®+bq+c—ap?—bp—c

a-p
=a(@+p)+b

Slope =

Y pax+b=alq+p)+b
Y = 2ar+b=a(q+p)

(according to the equation)
L _atp
2
(©
Clearly, f (x) is continuous and differentiable on
the intervals [0, 3] and (0, 3) respectively for all
neN
Also, f(0) =f(3)=0
It is given that Rolle’s theorem for the function
f(x) defined on [0, 3] is applicable with ¢ = %
~f'(e)=0
=2(c=3)"+2nc(c-3)"1=0
[+ f(x) = 2x(x = 3)" = f'(x)
=2(x —3)" + 2nx(x — 3)* 1]
=2(c-3)"Yc—-3+nc)=0
3 3 3
=>Z—3+Zn=0=>n=3 ['-'c=Z]
(a)
Given,
y—x=1
= y=x+1
dy
Ix 1

. . (11
< point on the curve is (Z' 5)

. required shortest distance

1 1
-3+1 32

V2




. d
Since,s3 xv == =
dt
d?s 3k ds
= —_— = Se —
dt? dt
2

dcs
—= 3k%s°  [fromEq.(i)]

Hence, acceleration of particle is proportional to

Given, s =t3 +2t* +t

ds )
= v=—=3t“+4t+1
dt

Speed of the particle after 1 s

_ (dS)
V=D = dt (t=1)
=3%x12+4x1+1=3+5=8cm/s
(b)
; — X ay _ _x
Given, y=a* = S =a loga
Now, length of subtangent at any point (x1, y;)
y a* 1

- dy/dx ~ an loga - loga

(0

Let AB = xm, BC = ym and AC = 10m
x2+vy%2 =100 ..(»0)

Be——x—>/4
On differentiating w.r.t t,m we get
2 dx +2 @ _ 0
Yae T YVar T
= 2x(3)—2y(4) =0
4y
> xXx=—
=3
On putting this value in Eq. (i), we get
16 )
9V +y“ =100
2 _ 100x9
= Y =73
(9

Since f(x), which is of degree 3, has relative

=36 = y=6m

L . 1
minimum/maximum at x = —1 and x = pe

Therefore x = —1,x = %are roots of f'(x) = 0.

Thus, x + 1 and 3x — 1 are factors of f'(x)
Consequently, we have
ffx)=2x+1)Bx—-1)=1Bx2+2x—-1)
S f(x)=Ax3+x%2—x)+c

Now, f(=2) =0 [Given]
=>c=21 (1)
We have,

14

1
ff(x)dx =3
Z1

1

14

= f[l(x3+x2—x)+c]dx:?
1

eyt a2 14
SAx*+ [cdx=7=>T+2c=7=21+
3c=7 ..(i)

Solving (i) and (ii), we getA = 1,c =2
Hence, f(x) = x3 +x?2 —x + 2
(d)
1
f(x) = cosx + Ecost — §cos3x

=  f'(x)=—sinx-sin2x+sin3x
Put f'(x)=0
. 3x X . 3x 3x
= 2sin—cos= = 2sin—cos—
2 2 2 2

- 3x 3x x
> sm7 = 0,cos— = cos—

2 2
2nm 3x
= x=7,7=2nni

:>Atx=0,2?ﬂ,
At x =0

_q. L1
[=1+3-37%

. 7 13 27 9
~ difference= 5 +—=—=-

127 12 4
(@)
Let f(x) = e*~1 4+ x — 2. Then,
f)=e"+1-2=0
= x = 1 is areal roots of the equation f(x) = 0
Let x = a be other real root of f(x) = 0 such that
a>1
Consider the interval [1, ]
Clearly, f(1) = f(a) =0
So, by Rolle’s theorem f'(x) = 0 has a root in
(1, a)
But, f'(x) =e* 1+ 1> 1forallx
o f'(x) # 0 forany x € (1,a)
This is a contradiction
Hence, f(x) = 0 has no real root other than 1
(d)
We have,
f(x) =sin®x + cos® x




= f(x) = (sin? x + cos? x)3 — 3(sin® x
+ cos? x)(sin? x cos? x)

. 3.
= f(x) =1—3(sin?xcos?x) =1 —Zsm22x

o f(x) <1, forallx [ —%sin2 2x < 0]

_3_1 .. 32
and, f(x) > 1 4—4forallx [ 2 sin 2x =

_3]
(@)

3 dy 2
Lety = x° — 12x = E:Bx —-12
Put 2 =0, 3x2-12=0

dx

= x =412
At x=2, y=23-12(2)=-16
At x=-2, y=(-2)-12(-2)=16
Hence, option (a) is correct
(9]
We have,
xy = a?and S = b%x + c%y

2,2

a

=S =>bh%x+

das c?a? d3s  2c?a?
= =p% - and — =
dx x2 dx? x3

For local maximum or minimum, we must have
c?a?
=7

=
=X

2
Clearly, % > 0forx = %a

So,x = % is the point of local minimum

2
Local minimum value of S = b? (%) + c? (%)
2abc
(b)
We have,
gx)=f)+f(1—-x)
~g' x)=f"(x)—f'(1—x)forallx € [0,1]
Now, f"(x) < O0for0<x <1
= f'(x) is a decreasing function on [0, 1]
> f)>fl-x)ifx<1-—x
and,
fflo<f'l—x)ifx>1-x
> f0)-f'A-x)>0ifx <
and,
fle)—f'(1—x) < 0ifx >
=g'(x)>0ifx €(0,1/2)
and,
=g'(x) <0ifx € (1/2,1)

= g(x) decreases on [1/2,1] and increases on
[0,1/2]

(d)

Since, f(x) =xel™

fl(x) = —xel™ + el™*

=el™(1—x)

= f'(x)<0, V(1,0)

(a)

Consider the function

n+1 x" xn—l
d(x) = ay +a17+a2 + -

n+1 n—1

X2
+a,1 > +a,x
Since ¢(x) is a polynomial. Therefore, it is
continuous on [0, 1] and differentiable on (0, 1)
Also, $(0) =0
Qo a, a
d (1) = —
and, ¢(1) n+1+ n n-—2
= 0 [Given]

+ o+ ay

- 6(0) = b(1)

Thus, ¢(x) satisfies conditions of Rolle’s theorem
on [0, 1]

Consequently, there exist ¢ € (0, 1) such that
¢'(c) =0ie.c €(0,1)isazeroof ¢'(x) =

agx™ + a x4+ -+ a, = f(x)

(9

Given, x = at*> + bt +¢

o (speed) X = 2at + b
speed) - = 2a
. zx
= (acceleratlon)ﬁ = 2a

= The particle will moving with
Uniform acceleration.
(a)

On differentiating given equation w. r. t. x, we get
dx

25
- = 100 - 7.(2t)—100-25t
At maximum height, velocity % =0
100—-25t=0 = t=4
25x16
x=100%x4— > = 200m
(b)
We have,
y=[leldt ..(0)
dy

5= |x
I |x|

Let P(x4,y;) be a point on the curve (i) such that
the tangent at P is parallel to the line y = 2x
=~ (Slope of the tangent at P) = 2

Page |47




dy

:>(—) =2=>|x1|=2$x1=i2
dx (x1.y1)

Now, y = f§|t|dt

x
2

X
tdt=7, ifx>0

l—ftdt _ <o
. 2
cxy=22y;=2andx; =-2=2y;, =-2
Thus, the two points on the curve are (2, 2) and
(=2,-2)

The equations of the tangents at these two points
are

y—2=2(x—2)andy+2=2(x+2)
respectively
Or,2x—y—2=0and2x—y+2=0
respectively

These tangents cut off intercepts —2 and 2
respectively on y-axis

()

We have,

f'(x) =sec’x—1=>0forallx [~ |secx| >

1 for all x]

Hence, f(x) always increases

(b)

Let P = xy. Then,

P=x(8—-x) [ x +y =8 (given)]

, dpP Zp
>P=8x—x :a=8—2xandﬁz—2

For maximum and minimum, we must have

dP
—=0>8-2x=0=>x=4
dx

d*p
Clearly, = —1 < Oforall x

Hence, P is maximum when x = y = 4. The
maximum value of P is givenby P =4 X 4 = 16
(d)
Givencurveisy =2x2 —x+1 ..(i)

dy

= —=4x-1
dx x

Since, tangent to the curve is parallel to the given

liney = 3x + 9. Then, slopes will be equal
4x—-1=73

= x=1

FromEq. (i), y=2(1)?-1+1=2

Hence, required pointis (1, 2)

74 (d)

Let P(x;,v;) be a point on y? = 2x3 such that the
tangent at P is perpendicular to the line 4 x —
3y+2=0

Dy G =712 (@), =5

(1)
Now,
yZ — 3x3

:>2y%=6x2:>(%)

_ 3
(x1.y1) N
From (i) and (ii), we get

3x?

..(ii)

_ E _ 2
= =y, = 4xg ..(iii)
Since (x;,y;) lies on y? = 2x3
cy2=2x3  L.(iv)
Solving (iii) and (iv), we get
(4x)?>=2x3=>x,=0,x, =1/8
Putting the values of x; in (iv), we get
1

= 0; = i_
B4 B4 16
Hence, the required points are (0, 0), (1/8, 1/16),
(1/8,—1/16)
(d)
We have,
x =elcostandy = e'sint

dx

= — =-¢el(cost —sint) andd—y
dt dt

= el(sint + cost)
dy dy/dt sint+cost (dy)
o = = === =00
dx dx/dt cost—sint dx/i=r/a

So, tangentatt = % subtends a right angle with x-

axis

(b)
We have,

y? =4a (x + asing) (D)

= Zy% = 4a(1 +cos§)

For points at which the tangents are parallel to x-
axis, we must have

dy
a_0

X X X

= 4a (1+cos—)=0=>cos—=—1=>—
a a a
=02n+ Dm

For these values of x, we have sing =0

Putting sing = 0in (i), we get y? = 4ax

Therefore, all these points lie on the parabola

y? = 4ax

77 (b)




Given y = x5/2

dy 5 5p @y _

Cdx 2 " dx?
P

At x=0,2=0"3=0

3
and d—{ is not defined
dx
Whenx =0,y =0
~ (0,0) is a point of inflexion

(@)
Let f(x) =2x+3y and xy =6

.18
= f(x)= x+7

On differentiating w.r.t. x, we get

18
f'(x)=2—ﬁ

Put f'(x) = 0 for maxima or minima
18

= 0=2—-— = x=13
X

(<)

p(t) = 1000 +

1000t

100 + t2
(100 + t2)(1000) — 1000t (2t)

= PO=0+ (100 + t2)2

(100 — t2)

(100 + t2)?

Put p’(t) = 0 for maxima or minima

= 100-t?=0

= t=%10

Now, p''(t) = 1000

(100 + t2)%2(—=2t) — (100 — t2)2(100 + t2)2t

% (100 + t2)#
[(100 + t2)(=2) — (100 — t2)(4)]
(100 + t2)3

[600 — 2t?]

(100 + t2)3

At t=10, p"(t) <0

~ The maximum value is

(10) = 1000 4+ —2000
PR = 100 + 100
10000

=1 =1
000 + 200 050

= 1000

= 1000t

= —1000t

(a)

We have,

f'(x) = (x —a)*™(x — b)>™*!
~f'x)=0=>x=a,b

For x = b — h, we have

f'(x) =(b~-h—-a)*"(=h)*™1 <0
and for x = b + h, we have

f'(x) = (b+h—a)®™h?>™1 >0

and f"(x) = 36

x3
36
B ROEE:
~ At x = 3, f(x) is minimum
The minimum value of f(x) is
f(3)=23)+3(2) =12
(b)
Given, f(x) =x?2—2x + 4
f'(x)=2x-2
By applying Mean value theorem
f'(c)=2c—-2=0
>c=1
(b)
By the algebraic meaning of Rolle’s theorem
between any two roots of a polynomial there is
always a root of its derivative

Thus, as x passes through b, f'(x) changes sign
from negative
Hence, x = b is a point of minimum
(d)
Given equation of curve is
y =4 —2x?




dx
L= —5,at point (1,2)

dy :
= —4(1)(=5) = 20unit/s
(3]
Given y?=2(x-3) ..(D)
d d 1
= Zy—y =2 = add =—
dx dx y
-1
(ay/ao 7
Slope of the given line=2
Ly = -2
From Eq. (i), x =5
~ Required point s (5, —2)
(a)
Given, f(x) =

Slope of the normal=

X
1+|x|
x|

, (1+|x|)1—x7
F®=——a7Rne

>0Vx€ER

C (1 xD?
= f(x) is strictly increasing

(d)

Given, f(x) = 2x? — 3x%2 + 90x + 174

o f1(x)6x% — 6x + 90

Now,D =b? —4ac=36—4x6x90<0
~ f'(x) > 0Vx € (—o0,0)

(@)

Given,

| x|, for0 < |x| <2

f(x)={1, forx =0
It is clear from the graph that f(x) has local

maximum.

y

1

(a)

We have,

f)=x*+ax+1

> f'(x)=2x+a

For f(x) to be increasing on [1, 2], we must have
f'(x) >0forallx €R

Now,

f'x)=2x+a

= f"(x)=2>0forallx R

= f’(x) is increasing for all x € R

= f'(x) is increasing on [1, 2]

= f'(1) is the minimum value of f(x) in [1, 2]
Thus,

f'(x) > 0forallx € [1,2]

=>f'(1)>0
>2+a>0>a>-2>a€(—2,0)

(9

Since, o _ L . (D)

at  dt
Given equation of curve is
y =x%+2x
Y xtr2)™
> — = R
at YT
= 1=2x+2 [from Eq.(i)]
= x=-1/2, y=-3/4
~point on the curve is (— l, — E).

2’ 4
(b)
Given,p(x) = x*+ ax® + bx? +cx + d
= p'(x) =4x3+3ax? +2bx+c

~ x = 0 is asolution for p’(x)=0,
= ¢c=0

wp(x) =x*+axd+bx?+d..(1)

Also,wehave p(—1)<p(1)
= 1l—a+b+d<1l+a+b+d
= a>0
.~ p'(x) = 0,only when x=0
and p(x)is dif ferentiable in (—1,1),we should h
at the

points x = —1,0 and 1 only
Also ,we have p(—1) < p(1)
~ Maximum of p(x) = max{p(0),p(1)}
And minimum of P(x)=Min {P(-1), P(0)}
In the interval [0,1]

p'(x) = 4x3 + 3ax? + 2bx
= x(4x? + 3ax + 2b)
~ p'(x)has only one rootx
= 0,then 4x? + 3ax + 2b = 0 has

No real roots.

(3a)2—32b <0
a2

> —<b
32

b>0
Thus, we have a>0 and b>0
v p'(x) = 4x3 + 4ax?® + 2bx > 0,vx € (0,1)
Hence ,p(x) = p(1)
Similarly,p(x) is decreasing in [-1,0].
Therefore, Minimum p(x)does not occur at x =
—1.
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(a)

Let f(x) = apx™ + ap_x™ 1 + -+ a x. Itis
given that « is a positive root of f(x) = 0. Also,
we observe that f(0) = 0. Thus,x =0andx = «
are two roots of f(x)

By Rolle’s theorem, f’(x) = 0 has at least one real
root between 0 and a

anapx™ 1+ (n—Dap_x" % +--+a;, =0
Has at least one real root between 0 and «

(d)

A p—

= logA = logm + 2logr

ad 100 =2 x ar
= — = _
A 100

=2x0.05
=0.1%
(b)

Equation of tangent at (3v/3, cos 8, sin 8) is
xcos® ysinf

+
3V3 1
Thus, sum of intercepts= (3vV3sec6 + cosec §) =
f(6) [say]

= f'(0) =
Put f'(6) =0

3v3sin3 0 — cos3 6
sin? @ cos2 @

1
~ sin30 = Wcos3 0

S otnf=— o g="
anf = — =—
NG 6

n dz

Also, for 0< 8 <=,—-<0 andfor T<o<
6°do 6

.. Vs
~Minimum at 8 = .

(b)
Since, f(x) —|x|,V—-2<x<2
:{—x, V-2<x<0
x, V0<x<2
This function is not derivable at x = 0, therefore
Rolle’s theorem is not applicable

()

Given equation of curve is

X

y = a(ea + e7*/%)
4y =a (e"/a.l - e‘x/a.l>
dx a a
Since, the tangent is parallel to x-axis,

dy

=0

dx
= (e¥/2—e¥/a)=0

= e¥r=1 =5 x=0

97 (a)
Given, f(x) =sinx —cosx —ax + b
On differentiating w.r.t. x, we get
f'(x) =cosx +sinx —a
For decreasing function, f'(x) <0
= cosx+sinx—a<0
= a>cosx+sinx
Since, —V2 < cosx + sinx < V2
a=+2
(b)
f(x) =1+ 2x% 4+ 2%2x*+... 4210420
fl(x) =4x + 4.22x3+...420.210x19
= x(4 + 4.2%x%+...+20.219x18)
For a maximum or minimum, put f'(x) = 0
> x=0
But 4+ 12.2% + x2 + -+ 4+ 20.19.21%%8 > 0
For x<0 = f'(x)<0and x>0 =
f'(x)>0
~ Exactly one minimum.
(b)
We have,

Length of the subnormal = y%

n-1

1—nx

y=ql™
~ Length of the subnormal = y nal~
n(al~m)2x2n"1
Since the subnormal is of constant length
~22n—-1=0=>n=1/2
(a)
Given, x = a(1+cosf), y =asinf

dx

. dy
%—a(—sme), E—acos@

dy —cosf
dx  sin@
Equating of normal at the given point is

n-1 _—

Tlx —

=

n6 = 220 v — a1 + cos 6
y—asing =——|x a](1 + cos )]

[t is clear that in the given options normal passes
through the point (a, 0)
101 (c)

d
We have, x = at? = d—’: = 2at

and y = 2at :%zZa
. v_2e_1
=~ Slope of tangent ol s
1

> — =00

=
102 (d)

t =0 = Point of contactis (0, 0)




Curveisy? = px3 +q

dy
. 2y—= = 3px?
Yo, =3px

(dy) 3p.4
= —_ = —
dx 2,3) 3

= 4=12p

= p=2

Also, curve is passing through (2, 3)
. 9=8p+q

= q=-7

~(p,q)is (2,-7)

103 (b)

Given,x =t — 6t% + t3
On differentiating, w. r. t. x, we get
& — 1 —12¢t + 3t2
dt
Again, differentiating, we get
—-12 + 6t
d?x

Tl 0 = t = 2units time

Given equation of curve is
2 _
y?=px’+q

dy
2ya = 3px?

_Zp

(dy) _3p(2?

dx) s 2.3
The equation of tangent at (2, 3) is
(y—3)=2p(x—2)
= y=2px—(4p —3)
This is similartoy = 4x — 5

2p=4and 4p—3=5

= p=2andp =2
Since, the point (2, 3) lies on the curve

9=8+q = q=-7 ["p=2]
(0

Given, g(u) = 2tan~1(e%) — g,for U € (—o0, )

Now, g(—u) =2tan"1(e™%) —%

n
= 2(cot™1(e%)) — >

=2 (T antew)) =
—2(2 tan™ " (e )) >
=-gW)

g(u) Is an odd function.

’ _ 1 u _
Also, g'(u) =2 e 0>0

Which is strictly increasing in (—oo, o)
(b)

Given curveisy = 2x? —x + 1

Let the coordinate of P are (h, k)

On differentiating w.r.t. x, we get
@ _ 4x —1
dx X

At the point (h, k), the slope

d
= (—y> = 4n—-1

dx (h,k)
Since, the tangent is parallel to the given line y =
3x+4
= 4h—-1=3 = h=1k=2
-~ Coordinates of point P are (1, 2)
(a)
Let f(x) = ax? +% —c¢,wherea,b,c > 0and x >
0

’ 2b 1" 6b

Then, f'(x) = 2ax — x—3andf (x) = 2a +

For local maximum or minimum, we must have
pr /4

ror=am-beros()

1/4
Clearly, f”{_ (g) } =2a+6a>0

p\1/4

Therefore, x = + (Z) are points of local
minimum

Local minimum value of f(x) is given by

f{(&) }—a(a> +b(E) —c=2Vab—c
But, it is given that

f(x) = 0forallx [ ax? +f—2 > c]

~2Vab —c > 0= 4ab > c?

(a)

Since f(x) = x* — 62 x? + ax + 9 attains its

maximum atx =1

~f'(x)=0atx =1

> f'(x)=4x3—-124x+a=0atx=1

>4—-124+a=0=>a =120

(b)

On differentiating given curve w.r.t. x, we get
1 1 dy

——+—.—Z=0

2\x zﬁ dx

dy= ﬁ

dx  x

The normal is parallel to x-axis, if

ay (x1,¥1) Y1
(i)
Since, the point (x;,y;) lies on a curve
Vi + vy =+a

= 0+,/y;=va [fromEq. (ii)]
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= yi=a -~ Points of contact are (3, 2) and (—3,—2)

~ Required pointis (0, a) ~ equations of tangents are
110 (a) y—-2=x-3) = x—y—1=0

y = (2x — 1)e20-0 and y+2=x+3 = x—y+1=0
115 (c)

dy 5
- = (1-x) _ _ 2(1-x)
dx 2e 2(2x —1)e The two curves are

_ 2(1-x) _ 2 2 2 2
= 22279 (2 — 2x) T+l =1 () andZ-L =1 (i)
— 4_62(1—x)(1 _ x) a b l m
Put, = (dy) B b2 (dy) m?x
Now, %Y= _8e2(1-0)(1 _ x) — 4¢2(1-%) dx)c, a2y’ \dx 12y

dx?

d> The two curves mtersect orthogonally, iff.
y
<_) —4<0

x=1

d Differentiating with respect to x, we get
=0 x=1

®), (@), -
dx Cy dx (;2

So, yismaximumatx = 1,when x =1,y = 1. 2
b x m X

Thus, the point of maximum is (1,1). = —— T =-1
The equation of the tangent at (1,1) is y y

q & = = m?b2x? = a?1?y? ..(iii)
y=1=0x-1)=>y=1 s :
Subtracting (ii) from (i), we get
(C) 2(1 1 =0 .
If f'""(a) > 0, then it is not an extreme point X (az ) Ty ( _2) =0 ..>iv)
(b) From (iii) and (iv), we get
Given function is f(x) = x + sinx 1 (l _ l) _ 1 (l + i)
On differentiating w.r.t. x, we get m2b?\a? [? a?l?\b? = m?

2 _ 2 — _p2 _ 2 2 _p2 2 2

f'(x) =1+ cosx >l —a*=-b*-m"=>a*—-b°=01"+m
For maxima or minima put f'(x) = 0 116 (b)
= 1l4+cosx=0 = cosx=-1 = x=m We have,
Again differentiating w.r.t. x, we get ay d dx dy > 0and dx >0
f"(x) =—sinx,at x =nf""(n) =0 dt ~ de’dt dt
Again differentiating w.r.t. x, we get "' (x) = Now, 12y = x*
— oS X,
) =1
At x = m, f(x) is minimum
(b) 4 4 We have,
LetV = gnr3 = Ypmpr2dl dy dx

dt dt
30 dt dt

T axnx15x15 | Xtdxdx

o [ v_, 15] 4 dr” dt
= ——ft/min|+—=30,r = dx
30m dt :>(x2—4)a>0=>x2—4>0=>x

€ (—,—-2) U (2,00)

dat

Given Y 1 (D) (b)
’ N Let the centre of circle on y-axis be (0.k).

2x dy

dy 2x = d>=7+B—-k)>=D (say)
= 9 3 y On differentiating w. r. t. k, we get

. . . . dk
Since, tangent is parallel to given line, then D
y Put —=0=>k=3

3y 2 d*D
Now,— = 2 > 0 minima,

3 2
0 Letd =/(7—-0)2+ (3 —k)?
T YT V7 -02+B-k
. . dD
Now, slope of the liney = x is 1 —=0+2B-k)(-1
-1 > x=2 ) dk
From Egs. (i) and (ii), we gety = +2 dk?




~ Minimum value at k=3 is d=7
Hence, minimum circle of radius 7.

(b)
f(x) =e*sinx
f'(x) = e*cosx + sin xe*
f"(x) = —e*sinx + cosxe* + e* cosx + e*sinx
2e*cosx
For maximum slope
f'(x)=0
= 2e*cosx =0
= cosx =0

m 3w
=—,—,Vx € [0,27]

[—e*sinx + e* cos x]

s
-~ slop is maximum at x = 5

(d)
- Perimeter of a sector=p

Let AOB be the sector with radius r
A

N

N

/

B
If angle of the sector be 6 radius, then area of
sector,
A=27%0 .(0)
And length of arc, s =8
S
> 0=-
T
-~ perimeter of the sector

p=r+s+r=2r+s ..(i0)

On subtracting 8 = %in Eq. (i), we get

==Ts

1 1
S) :

24
= s=—
r

Now, on substituting the value of s in Eq. (ii), we
get

24
p=2r+(7) = 24 =pr—2r?

On differentiating w.r.t. r, we get

For the maximum area, put

_ A — _P
ZE—O: p—4r=0 = r—4

120 (b)
Given, y? = x
On differentiating w.r.t x, we get

d
2y£ = 3x?

3

2

-~ Equation of normal at point (1, 1) is

dy 3x? s (dy) 3
dx 2y dx/ (1,1 B

1= 2G-1)
y-1=-3(
= 2x+3y=5

Hence, the equation of line parallel to above line

will be

in option (b), ie,

(a)

Given that, s =/t

_ ds _ 1

Cdt 24t

1 dv _ 1

2.2¢3/2

2x+3y=7

vV=— = =
24t t
2

- 3

(2vt)

= q=-2v3

= qgxvd

(d)

Let PQ = a and PR = b, then A= %ab sin©

v —1<sin6 <1

~ Area is maximum whensin0=1= 0 = g

(a)

f'(x) = —asinx +bsec’x +1

Now, f'(0) = 0 and f" (g) =0

=> a=

= b+1=0and-§+43—”+1=0

> b=-la=—-3

3

124 (c)

Given curve is

y = e?* + x?

At x=0,y=1

~ Any point on the curve is

d

& 2e2x 4 2x

dx

1 1

Slope of normal at (0,1)= ~70 = "3

-~ Equation of normal is
1
—1=—Z(x=0
y 3 (x—0)

= 2y—2=-x
= x+2y—2=0




Required distance=|% = 3x? = 2ay,
) = 9xi = 4a’y? ..(i)
= NG From (i) and (ii), we get

x3 4a

(d) 9x{ = 4a? <—1> =X =
We have, f(x) = x e1™* a
= f'(x) =el™(1 —x) < 0forallx € (1, 0) (d) .
So, f(x) strictly decreases in (1, ©) Given, y=2x*—6x—4 = ﬁ =4x—6
(a) Since,
Let x4,x, € R such that x; < x,. Then,
X < Xy
f(x1) > f(xy) [+ fisadecreasing function] > y= 2; _ 6; 4= —=
= g(f(x) <g(f(x2) [+ _ .. (3 17
g is a decreasing function] ~ Required point is (Er - 7)
= gof(x1) < gof (x2) (d)
(d) v fx)=x3—6x%+ax+b

y? = 4dax On differentiating w.r.t. x, we get
. dy _2a fl(x)=3x*-12x+a
Tdx y By the definition of Rolle’s theorem

d 2
Length of subnormal= yd—z = y;a =2a Fl(O)=0 = f' (2 n i) —0
V3
(c) 12 1
- 2

Given, x = at®and y = 2at = 3(2+—> =—12(2+—)+a=0

dx dy V3 V3

E=2at and E=2a

d d
Z=0 > Z=4x-6=0 >
dx dx
3
X =z
2

1 4 1
L ) 22 L) e
=~ Slope of tangent, (Z—z) =221 3 V3 V3

2at t
= 12414+4V3-24—4V3+a=0

= a=11
(b)
For the point (3,log 2), we take y = g(x) =
log(x — 1)
" v_ 1@
ﬁZayE=3x2 dx (x—1) dx
dy 3 x? ~ Equation of normal is
= y—log2 =-2(x—3)

= y+2x=6+log2
134 (¢)

Let T be the processing time. The number of

= %:oo, => t=0 [given]
~ Point of contact is (0, 0)

(b)
We have,
ay? = x3

1
(3log2) 2

= - = —
dx 2ay

Let (x4,y;) be a point on ay? = x3. Then,

ay? =x3  .(0)

The equation of the normal at (x;, y;) is N
2ay, batches is < and the processing time of one batch

-y, =——(x—x
Yy—Nn 3x12 ( 1)
This meets the coordinate axes at

3x2 2ay,
A<x1 +Z’O> and B <O,y1 + 3, )

is @ + B x? seconds
-T—N(+ 2)—N(a+ ):>dT
h _xa px7)= x px dx
a
=N (- +5)

Since th 1 cuts off lint ts with th
mee . © normat cuts oft equal Iercepts wi ¢ For fast processing T must be least for which ar
coordinate axes dx
3 x? 2 ay;
Lxpt=— =y +
175 a 7 3 x4
(2a + 3x,) _ (3x; + 2a)

2a N 3xq

= X1




2
Clearly,%=Ni—':> 0 for x =\/§

. a
Hence, T isleast when x = |-

B

(d)
Let (x,y) be the point on the curve 2x? + y? —
2x = 0. Then its distance from (a, 0) is given by
S=J(x—a)?+y?
=>S2=x2-2ax+a’*+2x—2x? [Using2x?

+y2—-2x=0]
=282=—x2+2x(1—a)+a? ..(0)

ds
:>25d—=—2x+2(1—a)

For S to be maximum, we must have,

ds
azOz—2x+2(1—a)=0:>x=1—a

2
It can be easily checked that % <0Oforx=1-a

Hence, S is maximum forx =1 —a
Puttingx =1 —ain (i), we get S =
Vi-2a+2a?

(b)

Given curve is

= Required point is(1,0).

()

The equations of the tangent and normal to y? =
4ax at P(at?,2at) are

ty=x+at* ..(0)

and,y + tx = 2 at + at® ..(ii)

Liens (i) and (ii) meet the x-axis at T (—at?, 0)
and G(2 a + at?,0) respectively

Since PT is perpendicular to PG. Therefore, TG is
the diameter of the circle through P, T, G

Hence, the equation of the circle is
(x+atH)(x—2a—at>)+(y—-0)(y—-0)=0
= x2+y2 —2ax —at*(Qa+at?) =0

sty _oa=0
x ydx a=
:dy_a—x
dx

=>’m1=(

2a 1 .
)P = E = ; ...(ll)
Let 6 be the angle between the tangents at P to

the parabola and the circle. Then,

1 1-t?
My =My ¢ ¢

tan @ = =t=60=tan" 1t

14+mym, 1 41t
2t?

(a)
Given, x = a(cosf + 6sinf)
And y = a(sin6-06 cosH)

dx
= E: a(—sin@ + sinf + 6 cos 9)

g 0 cos 6
7 = b cos

And Z—Z = a(cosf — cosf + 6sinf)

=

> Y_ sine
de—a Sin

d
%ztan@

So, equation of normal is
] _ cosf
= y—asinf +afcosf = ~Sing
—afsinf)
ysinf — asin? 8 + af cos 0 sin 6
= —xcos 6 + acos? 0 + af sinf cos O
= xcosf+ysinf =a
It is always at a constant distance ‘a’ from origin.
(a)
f(x) — xex(l—x)
On differentiating w.r.t. x, we get
f’(x) — ex(l—x)+x.ex(1"‘)_ (1-2x)
= (=91 + x(1 — 2x)}
= X% (_2x2 + x + 1)
Itis clear that e*(1=%) > 0 for all x
Now, by sign rule for —2x? + x + 1

F'(x)>0,ifx € [-%,1]

(x —acos @

So, f(x) is increasing on [—%, 1]
(a)
f(x) =2x3—15x% + 36x + 4
On differentiating w.r.t. x, we get
f'(x) =6x?—30x+36 ..(»I)
For maxima or minima f'(x) = 0
= 6x2—-30x+36=0
= x2-5x+6=0
= x—-2)x—-3)=0 = x=2,3




Again differentiating Eq. (i), we get

f"(x) =12x —30

= f"(2)=24-30=-6<0

Therefore, f(x) is maximum at, x = 2
141 (b)

We have,

y? = 4ax

+( ) _, d?x
at) = “Yarz

= y X 0 + (Constant)?
d?x [ dy

=2a— |+ =
adtz dt

= Constant
d?x

: —
dt?

= Projection (x, 0) of any point (x, y) on X-axis

moves with constant acceleration

(b)

We have,

X

ox) = f e~ /2(1 - 2)dt = ¢’ (x)

1

= Constant

— e—xz/Z(l _ xZ)
Now,
PxX)=0=21—-x2=0>x=+1
Hence, x = %1 are points of extremum of ¢ (x)
(b)
Given, x = 80t — 16t2
dx
= T 80 — 32t
At maximum height% =0
t = 255
144 (a)
Let f(x) = ax®+ bx + 4
On differentiating w. r. t., we get
f'(x) =2ax+b
b

For minimum, put f'(x) =0 = x= -

Since, it is given that at x = 1 minimum value is -1

1=-2 = 2a+b=0 ..()
And f(1)=a+b+4=-1

> a+b+5=0  ..(i)

On solving Egs. (i) and (ii), we geta = 5,b = —10

145 (a)
Given, g(x)1 + x) — %

ey 1 (2+x)2—-2x
"f(x)_1+x_ (2 +x)?

x2

T A+ 0 +2)?
Clearly f'(x) > 0 forall x > 0.

146 (c)

Let m be the slope of the curve y = f(x). Then,
dy
=X
= m = e*(sinx + cos x)
dm

= T e*(sinx + cosx) + e*(cosx — sinx)

dm .
= — = 2e*cosx
dx

2

= = 2e*(cosx — sinx

For maximum/minimum value of m, we must

have

dm m 31
—=0=>cosx=0>x=—-,—etc.
dx 2° 2
d?*m T
Clearly,— < O forx ==
y'dx2 2

. . Vs
Hence, m is maximum when x = >

(b)

We have,

y=v9—-x%2 ..(D)

Clearly, y is positive and defined for x € [—3, 3]
For the points whose ordinates and abscissae are
same i.e.y = x, we have

x=+/9—-x2=22x2=9=x=+

3
--y=iﬁ [y =x]

But, y > 0. Therefore, xy =y = %
o 3 3

So, the point is P (ﬁ’ ﬁ)

Now,

p

dy —X (dy)
=

y=49—-x2=>—=

dx 9 — 42 dx

148 (a)

We know that cos x is decreasing on (0,7 /2) and

T
sinx<xfor0<x<§

s
~ cos(sinx) > cosx for0 < x < 5
Also,

s s
0<cosx<1<§for0<x<§

T
and,sinx < x for 0 <x<§

s
~ sin(cosx) < cosx for0 < x < 5




Hence, cos(sin x) > cos x and sin(cos x) < cos x
for

A
0<x< E
(d)
Given, f(b) — f(a) = (b — a)f'(c)

b) - 3-2
ﬁf’(c):f(l);—i(a):9—4

f(x) = (2a—3)(x+2sin3)
+ (a — 1)(sin* x + cos* x) + log 2
= f'(x) = 2a — 3+ 4(a — 1) sinx cos x (sin? x
— cos?x)
= f'(x) =2a—3— (a—1)sin4x
If f(x) does not have critical points, then
f'(x) = 0 must not have any solution in R
= (2a —3) — (a — 1) sin4x = 0 must have no
solution in R

. 2a-3 .
= sin4dx = - must have no solution in R

1 or, >1
or 1
a—2

= < Oor, >0
1 ST

a-— a-—
=>a€(1,4/3)or,a € (—x,1) U (2,0)
=>a€ (—,1)U(1,4/3) U (2,0)
Fora = 1, we have

f'(x)=—-1+0

= f(x) has no critical point fora = 1
Hence, a € (—,4/3) U (2, )

(d)

. . d
Given, curveisy = x2 = —=

(), =2=m Gay)

And x =y? = 1223’%

= 2x

y _ 1 5% =1_
= E - 2y = (dx)(lll) T2 my (SaY)
~ Angle of intersection at the point (1, 1) is given
by

= 6 =tan"?! <3>
=tan ' (-
4
153 (c)
Let volume of sphere IV = %nr

=}dV_4 2dr_4 2 (9 “dr_z
E— nr E— T[T'()[E—]

dv
o= 8m(5)? = 200 cm3/ min [+ r = 5¢cm]

3

154 (c)
Let area of circle,A = nr?

a _, A 202
> —= — = — =2m.20.
ac ac T

dA 5
= : /s

Given, y=x3—-3x2—-9x+5
d

= D32 _6x—9
dx

We know that, this equation gives the slope of the

tangent to the curve. The tangent is parallel to x-
axis.
dy
o=
= x=-13
156 (b)
v f(x) =x3—-6x>+9x+3
On differentiating w.r.t. x, we get
fl(x) =3x?>-12x+9
= f'(x) =3(x%—-4x+3)
For decreasing, f'(x) < 0
= (x—3)(x—1) <0,
x €(L1,3)
(a)
We have,
y =ax3+ bx? +cx ()
= 3—3: =3ax?+ 2bx + ¢ ..(ii)
It is given that

0 = 3x%2—-6x—9=0

d
(_y) =tan45°=>c=1
dx (0,0)

Also,

(d_y) =0=>3a+2b+c=0=>3a+2b+1
dx/ 1,0)

=0 [vc=1]
Clearly, a = 1 and b = —2 satisfy this equation
Hence,a =1,b = —-2andc=1
()
Let f(x) =1+ xlog.(x + VxZ + 1) — V1 + x2
Clearly, f(x) is defined for all x € R

Page |58




Now,

vn > x x
f(x)—loge(x+ X +1)+\/x2+1_\/x2+1
=>f’(x)=loge(x+ x2+1)

= f'(x) >0forallx ER [ x+Vx?+12>

1 for all x € R]

= f(x) is increasing on R

= f(x) = f(0) forallx >0

> 1+xloge(x+\/x2+1)—\/1+x2
=>0forallx >0

= 1+xloge(x+\/x2+1) >/1+x2forallx

=0

(3]

Given, f(x) =x7*

= logf(x) = —xlogx

On differentiating w.r.t. x, we get

1
m.f’(x) =—logx—1
= f'(x) = —f(x)(1 +logx)
Put f'(x) =)0

= logx=-1 = x=e"

1
f7) = =f")A +logx) — f(x)

- F +log? -1

1

At x =5,

e

f""(x) =—ef (l) < 0, maxima

e

Hence, at x = i, f(x) is maximum.

(b)
fx) = x(x = 1)?
fl(x) =2x(x— 1)+ (x — 1)
=x-1DRx+x-1)=x-1)Bx—-1)
2)—f(0
Fio =R

(C—l)(3C—1)=T=1

3c2—4c=0
c(3c—4)=0

c=0 orc=12
3
~ The value of cin (0, 2) is%

(o)

Let r be the base radius and h be the height of the
cone. Then, 2r = h. Let VV be the volume of the
cone. Then,

“ AV = dVA
A=A
= AV = 4nr? Ar

AV 100 4Amtr? Ar
= — =

|4 2o
3
=31

Ar
X 100 =3 (7X 100)

(b)
Given, f'(x) < 0,Vx €R

> 3cosx+sinx—2a<0,Vx€ER

V3 1.
= 7cosx+zsmx <aVx€ER

Vs
=>sin(x+§) <aVx eER
= a=1 [ sin(x+%)$1]

(d)
We have,

I N
fGo) =cos(2) = f'(x) = sin ()
For f(x) to be increasing, we must have
f'(x)>0

T T
= Fsm (;) >0

L
= sin (;) >0

s
=>2n7r<;<(2n+1)n

1 1
>—>x> =>xE(

2n 2n
164 (d)

+1

2 2
Given curves arex—2+y—=1
a? = 12
2x 2y dy
— =2 =90
2 12 dx

dy 12x

- ay = (ay)

Andy® = 8x = 3y2 2 =8
dy _ 8
dx ~ 3y2

=

=m, (say)

For 6=2,1+mm, =0

—12x\/ 8
- 1+(a2y)(3_yz>=0
= 3a?(8x)—96x =0
= a’=4
165 (b)
Consider the function ¢(x) = f(x) — 2 g(x)
defined on [0, 1]

As f(x) and g(x) are differentiable for 0 < x < 1.

Therefore, ¢ (x) is differentiable on (0, 1) and
continuous on [0, 1]
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We have,

$0) =f(0)-2g9(0)=2-0=2

¢ =f1)-2g9(1)=6-2g9(1)

Now, ¢'(x) = f'(x) =2 g'(x)

= ¢'(c) =f'(c)—24'(c) =0 [Given]
Thus, ¢ (x) satisfies Rolle’s theorem on [0, 1]
- $(0) = (1)
22=6-2g1)=>g(1)=2

(b)

P =) +a

v ¢'(0)=0

= f'(0)+a=0

= a=0 (~f'(0)=0)

Also, $'(0) >0 (~ f"(0) > 0)

= ¢'(x) has relative minimum at x = 0 for all b if
a=0

(b)

Given curveisy = 2x2 —x + 1

On differentiating w.r.t. x, we get

dy

— =4x—1
dx x

Since, this is parallel to the given curve y = 3x +
9
~ These slopes are equal
= 4x—-1=3 = x=1
Atx =1, y=2(1)?-1+1 =2y=2
Thus, the pointis (1, 2).
(a)
Given,y = —x3 + 3x% + 2x — 27
D —3x% + 6x + 2
dx
Let slope z = % =-3x2+6x+2

Then, 4z _ —6x+6
dx

. .. dz
For maximum or minimum put Pl 0

= —6x+6=0
= x=1
d?z .
Now, — = —6 < 0, maxima
dx?
The maximum value of z at x = 1, is given by
z=-3+6+2=5

(b)
For the curve y" =a

d
nyn—ly_ di’ =q*!
ay

~Length of subnormal=y = -

n—1x

an—l an—l

=Y X len_1 = nyn—z

For constant subnormal, n should be 2

170 (d)
We have,
f(x) =2x*—log|x|
2x%—logx, x>0
=f= {2 x? —log(—x), x<0

1
:>f”(x):4x—;forallx¢0

For f(x) to be increasing, we must have
f'x)>0

1
=4x—->0
x

4x%—-1
>—— >0
X

- oo -1/2 0

2x—1)(2x+1
= ( )x( ) >0
=>x2x—-1)2x+1)>0
=>x€(—1/2,0) U (1/2,0)
(b)
Let P(x;,y;) be the point on the curve ay? = x3
where the normal cuts off equal intercepts from
the coordinate axes. Therefore,
Slope of the normalat P = +1

1
T®,
dx/p

d

=>(—y) +1
dx P
3x?

2ay;
= 9x{ = 4a’y?
= 9x} = 4ax3 [+ (x,y,) liesonay? =x3=0

dy

— = 3x?2
dx x

=+1 [ ay? = x3 = 2ay

- ay? = 23]
4a

$x1=0,x1=_
9

At (x; = 0,y; = 0), the normal is y-axis

So, the required point is (xq,y;), where x; = %a
(d)

v f(x) =sinx — cosx

On differentiating w.r.t. x, we get

f'(x) = cosx + sinx

= \E(%cosx +%sinx)

=2 (cos % cosx + sin% sin x)
=2 [cos (x - %)]

For decreasing, f'(x) < 0




=543
= T<x<%
(d)

Since, f(x) = % +

1
frx) = 27 32
For maxima or minima, put f'(x) =0

1 2 0
—_—_— = =
2 x2

Now, f"(x) = 13

> frR)=:=
And ]"’(—2)=—8

Hence, f(x) has local minimum at x = 2

x =42

> (0, minima

1
2
4

1 .
=-3 < 0, maxima

174 (b)

We have,

1
f(x) =tan"1x — Eloge x
1 1

14+x2 2x

2x — 1 — x?

=5 f'llx)=—

f1e) 2x(1 + x?)
faff(x)=0=22x—1—-x2=0=>x>-2x+1
=0=>x=1

= f'(x) =

Now,

1= ) Do (3

T 1
=g+zloge3

and, f(\/?) = g— %loge 3
Hence, the least value of f(x) is g - iloge 3
(b)
The given equation of curveis xy = 1
dy dy y
- Y T ax . x
Let (t, %) be any point on the curve at which

normal to the curve can be drawn

(g)(t%) - _tlz

So, slope of normal= t2
Therefore, the given line ax + bx + ¢ = 0 will be
normal to the curve, if

Since, t*2>0

Either b >0, a<0
or a>0, b<O
176 (b)

Given, % « y,where y is the position of village
1

=>—dy=kdt
y

= logy =logc+kt [onintegrating]

= 10g%= kt =y =ceft

(a)
Given,x? —2xy+y?2+2x+y—6=10
On differentiating w.r.t.x, we get

d d d
2x—2<y+x—y>+2y—y+2+—y=0

d dx dx
At (2,2)
dy dy dy
4_2(2+2d_>+4a+2+a_0
dy
. =_2
dx
. Equation of tangent at (2,2) is
y—-2)=-2(x-2)
> 2x+y=6
(d)
Given curves are
x = a(@ + sinf),y = a(1 — cosH)
dy dy/d6
dx dx/d6
_a(sinf)
~a(1 + cos6)

. 6 0
2sin—cos—
2 2

2
~ length of normal=y |1+ (%)

= a1+ (12 =+2a
(@)

Given,

f(x) =sinx (1 + cosx)

1
= f(x)=sinx+§sin2x

On differentiating w.r.t. x, we get
f'(x) = cosx + cos 2x
Put f'(x)=0




cosx +cos2x =0

= 2cos (32_x) cos (;) =0

X 0 3x 0
—1 —_ = =
cos2 , COS >

T
= x=7r,x=§

Now, f"(x)= —sinx —2sin2x

. .2
Atx = g,f”(x) = —smg— ZSHl?n

= _‘/75_\/§< 0, maxima

~ maximum value

F(5)=sin(3) (14 cos3)

2(1+3)
2 2
_3V3 332

4 4
(c)
Let y=2x?>+x—1
y=4x+1
For maxima or minima, put y’ = 0

1
= =—=
=7y

Now, y" =4 =+ve

C 1
Yy Is minimum at x = ~32

Thus, minimum value = 2 (— =
9

8
Alternate

Here a >0

. 4ac—b?
~ Minimum value=

_4x2(-D-1_ 9

4x2 8
(@)
v x=t%andy =2t
~Att=1, x=1landy =2
ay
Now, &y _a_2_1

dx 9 2t ¢t
dt

d
©),. -
dx (1,2)

~ Equation of normal is
y—2=—-1(x—-1)

> x+y—-3=0

(d)

Lety = a secf — btanf

% = a secOtanh — bsec?6
Put Z—Z =0 = secH(a tanb — bsecd) =0

= sinf =§ ( secl # 0)

d?y . b
Now, 202 > 0,at sinf = -
~minimum value is

B a b b
y_a\/az—bz Va? — b2
—VZ B2

d)
We have,
y=x"
= logy = nlogx
ldy n R dy ny

ydx x dx «x

dy
s Ay = —A
Y dx x

n A Ax A Ax
:>Ay:—yAx:>—y:( )Xn:>—y+—:

X y y X
(9

Let f(x) =x7 + 14x° + 16x3 + 30x — 560
f'(x) =7x%+ 70x* + 48x% + 30 > 0,Vx € R
~ f(x) is increasing
f(x) = 0 has only one solution
186 (c)
Given, f(x) = x3 + ax? + bx+c,a’? < 3b
On differentiating w.r.t. x, we get
f'(x) =3x%>+2ax+b
Put f'(x)=0
= 3x2+2ax+b=0
_ —2at V4a® -12b
B 2x3
_ —2a+2Va2-3b
6
Since, a? < 3b,
x Has an imaginary value.
Hence, no extreme value of x exist.
(<)
We have,

X

= X

ey
dx dx

Let (x;,y;) be a pointon x y* = a™*1. The

equation of the tangent at (x4, y;) is

xy®" =a""l = y" +nxy

N S
y=y= X, (x—xq)

This meets with the coordinate axes at A((n +
(n+1)y,

1)x;,0) and B (O'T)

~ Area of AOAB = %(n + 1), - (n+1) "

n

2
= Area of A0AB =™y ()

Since (x;,y,) lies on xy™ = a™*!

n

y

=0>-—=-—=

nx




a™tl fl(x) =25x2* (1—x)"*(1—4x) > 0
2yt =a™"(xy,y) > x =
e (1, 71) ! i And if x > i, then

Putting the value of x; in (i), we get F/(x) = 25x2* (1 — x)?*(1 — 4x) < 0

Area of AOAB = = (nJ;l) atly ntl Thus, f’(x) changes its sign from positive to

This will be a constant, ifn = 1 negative as x passes through 1/4 from left to
189 (a) right.
2 Hence, f(x) attains its maximum at x=1/4
194 (d)

Given, f(x) =e*sinx, x € [0, 7]
N z—‘t‘ = 2m(12)(0.01) = 0.247 sq cm/s At x =0, f(0)=0
@ And atx=m, f(r)=0

. ) Also, itis continuous and differentiable in the
&~ g(x) = min(x, x*) . .
given interval.

Hence, it satisfies the Rolle’s theorem.
Hence, option (d) is the required answer
(b)

Given curve is

The area of circular plateis A = nr

2
— 2 _c
Xy =~¢ 2}7—?

bc?

Let f(x)zax+by=ax+x—2

y On differentiating w.r.t. x, we get
It is clear from the graph that g(x) is an increasing bc?

function f'x)=a-— =z

(d) For a maximum or minima, put f'(x) = 0
The point of intersection of given curve is (0, 1). =S ax?—bc2=0

On differentiating given curves, we get be? "

ay _ x ay _ g x 2 — L = —

dx—aloga,dx—blogb = X 7 = X ic\/;

= my =a” loga,m, = b*logh

At (0,1) m, =log a, m, =log b Again on differentiating, we get f" (x) =

tan = "2

1+mym, At6 x = c\/g, f"(x)>0

loga —loghb

1+ logalogh %~ f(x)is minimum at x = c\/g

2bc

= tan™

b.
The minimum value at x = cf

r(et) e et 2

abc + abc 2abc

The graph of cosec x is opposite in interval (7r 37”)

2c a

Vb ab

2 (a)

(b) Given, x —2y =4

Given, f(x) = x22(1—x)7° Let A=xy > A=2y%+4y
= f'(x) =25x2* (1 —x)7° — 75x25(1 — x)7* L 4+ 4y

= 25x%*(1 — x)7*(1 — 4x) dy 5

Put, f/(x) =0 = x=0,1,- For extremum value, 7= = 0

If x<%,then = y=-1




d?A . 1
Now, o7 = 4 > 0, minima y12 =2x; 2> x = 3 [+y=1/2]
At y=-1, Hence, the required pointis (1/8,1/2)
x=4+2(-1)=2 (b)
A=xy=2(-1)=-2

1
Given curveis f(x) = — —log(1 + x
~ Minimum value of xy is —2 f&) x+1 8( )

On differentiating w.r.t. x, we get
(a) 1 1

Given, f(X) — (9 _ xZ)Z f’(x) = — > —
S f(0) =209 - x?)(-2%) el
Now, put fz(x)=0_ ~ = f<x)=_[x+1+(x+1)2]
> 209-x9)(-2x)=0 = x=0,4+3 = f'(x) = —ve, whenx > 0

-, * - . . .
Fr—— ; i ~ f(x) is a decreasing function

-3 0 3
" P . . (C)
f7(x)Is increasing in (=3,0) U (3, ) Given curves are x = 2cos3 @ and y = 3sin3 9

b
(b) . ¥ _6cos?6sin,

Let f(x)=x+% > f’(x):1_x_12 ©oae

Y .
For maxima and minima, put f'(x) =0 w0 9 sin® 0 cos 6

= 1_l=0 = x=41 ~dy 95sin? 6 cos 6 3
> - “ &~ 6cos2@sme . zne
Now, f"(x) =33 Atg=C o 3ppf=_2
2 4 dx 2 4 2
Atx=1 fr()= Also, at9=%,x=2cos
At x =1, f"(x) =+ ve, minima
And at x = -1, f"(x) = —ve, maxima And y =3sin*6 =3 (717
Thus, f(x) attains minimum valueatx =1 32
199 (a) =

We have, 1 ﬁ) is
12y = x° V2l 4

12dy_ ,dx <y—£>= 3<x—i>

= 12 = 3x2 d_y:d_x] = 4y—3\/§=—6x+3\/§
dt  dt = 3x+2y=3V2

(d)

Given curveis x? + xy + y2 =7

dy_

dx

Equation of tangent at (

=>x =32

Hence, the points are (2,2/3) and (—2,—-2/3) =  2x +x3_y+y +2y
X

(b) dy (2x+y)

Let R(x;,y;) be the point on the parabola y? = 2x = dx m

suc;l that tangent at R is parallel to the chord PQ . (d_y) _ —2-3) _ 1
(—y) = Slope of PQ dx/¢1,-3 (1—06)
R

dx y
1 —-1-=2 d ~ Length of subtangent= 3; =

0

Yy

Y
=>—== p” ax
272 ()

Let the point of contact be (x4, ;)
The equation of curve is
xn yTl
>—=2= == —4—=2

Y1 7 2 a™  bm

Since (x4, y;) lies on y? = 2x N (Z_Y) _
X/ (x1,¥1)




The equation of line is g + % =2

dy _ _b .
(E)(xﬂl) =— ..(ii)
From Egs. (i) and (ii), we get

b p" X1

_ay aes
" @y > = ..(iii)

Also, (xq,y;) lies on the given line

yi1=b and x;=a

y=x3—6x*+9x+4
Now, & =3x2 —12x +9
dx

Let u=%2=3x2_12x+9
dx

Now, & = 6x — 12
dx
Put Z—: = 0 for maximum or minimum
 6x—12=0
= x=2
Now,atx =0, u=9
atx =2, u=-3
andatx =5, u =24

Thus, the maximum of u(x),0 < x < 5is u(5)

Hence, x =5

()

Given,

x=a(f +sinf) and y=a(l—cosh)
dx dy

= E=a(1+cost9) and E=asin9

dy asin@ 0
—=—————=tan—
dx a(l+cosB) 2
Now, length of subtangent= |
_a(l—cosB)

"~ tan(6/2)
Y

= Length of suntangentat 8 = >

=
dy/dx

=asinf

ST = asi T
—asmz—a

And length of subnormal= |y %|

6
= SN =a(l-cos 9).tan§

= a.2sin? Etani

= Length of subnormal at 6 = g,
SN+a.2l2=a
Hence, SN = ST

207 ()
We have,
y=2x2+4x3+7x+9

:Z—z=10x4+12x2+7>0foralleR

Thus, any tangent to the given curve makes an
acute angle with x-axis

209 (a)

At the point where the given curve crosses x-axis,
we have
y=0
sax?=1 [Putting y = 0 in ax? + 2hxy +
by? = 1]

1
>x=1t—

Va
Thus, the given curve cuts x-axis at P[(1/+/a, 0)
and Q(—1/va,0)
Now,
ax? + 2hxy + by? =

=2 +2h< dy+
ax x oty

:>dy_ ax + hy
dx  hx+by

= (2), =5
x/p han dx

_ (Y

- (@),
Hence, the tangents are parallel
(d)
Given, y = 8;—x

__ 8x—x?

Let p=xy >

d 1
=32 (8 —2x)
For maxima or minima, put % =0
8—2x=0
> x=4
d?p

Again, e i

1
d?p
— 2=
( dxz) <0

Thus, function is maximum atx =4 and y = 2
Therefore, maximum value of p =4 X2 = 8

(b)
2

f FrG)dx = [FE = £(2) — fF1) = 0
1

[+ f(x) satisfies the condition of Rolle’s theorem |
L@ =fQ)

(d)

We have,

y?2=2ax ..(i)




dy a
dx y
Putting x = %in (i), we gety = ta
Thus, the two points on the curve (i) are P(a/2, a)
and Q(a/2,—a)

d d
(_y) =1and (—y) =-1
dx P dx Q

Clearly, (%)P X (%)Q =-1

Hence, the angle between the tangents at P and Q
is aright angle

(b)

We have,

v

v
= 20— = 25 ® v— = s = Acceleration = s
ds ds

214 (d)

Since, f(x) = 2x3 —9x2 =12x + 4
= f'(x) = 6x% —18x + 12
For function to be decreasing f'(x) < 0
=>6(x2-3x+2)<0
>x-2)x-1)<0
>1<x<2
(@)
Let the numbers be x, y.,
x+y=20 > y=20—x
Let §=x3(20-x)?

das
= = 2x3 (20 — x)(—1) + 3x%(20 — x)?

. . ds
For maximum or minimum, put il 0
= x2(20—x)(-2x+60—-3x)=0
> x=0,x=12o0rx=20

x cannot be 0 or 20

Now = =x2(20 — x)2[60 — 5x]

For 0<x<12%>0and 12<x<20,% <0
dx dx

S is maximum atx = 12
For x =12,theny =20—-12 =8
The required numbers are 12, 8
(d)
Given curve is y = xlog x
On differentiating w.r.t. x, we get
dy
I 1+ logx

The slope of the normal = L L

- (dy/dx) - 1+logx
The slope of the given line 2x — 2y = 3 is1
Since, these lines are parallel

' -1

" 1+logx
and y = —2e
~. Coordinates of the pointare (e™2 — 2, —2e~?)

=1 > logx=-2 > x=e 2

-2

218 (b)

f'(x) = (ab —b%? —2) + cos*x +sin*x < 0
=ab — b? — 2 + (sin? x + cos? x)?
—2sin®?xcos?x <0

1 1
= ab—b2—1<(§>sin22x<z

= 2ab—2b*-2<0

= 2b%>—-2ab+3>0

~(=2a®)—4.23<0

=a’°<6

= —\/E <a< \/6

(d)

We know that, sin x and cos x decrease ing <x<

1, so the statement S is correct

o a NS
The statement R is incorrent which is clear from
the graph that f(x) is differentiable in (a, b)
Also,a <x; <x,<b
But f"'(x;) = tan§; < tan, = [ (x)
= Derivate is increasing
()
Given that, f(x) = [ e*(x — 1)(x — 2)dx
On differentiating w.r.t. x, we get
fl'(x) =e*(x—1)(x - 2)
- + -

12 )

Since, f(x) is decreasing
“ f'x)<0 =2 efx—-1DHx—-2)<0
Sk-1Dx-2)<0 = 1<x<2
(b)
Let volume of sphere(V) =§ mr3

dr 35

= — =

dt 4nr?

Let surface area of sphere(S)= 4mr?

= =2X dr
dt anr e

=2 X4nr X
r 4172

pri 10sq cm/min




223 (a)

The equations of the tangents at the origin can be
obtained by equating the lowest degree term to
zero. So, the required tangents given by
y2—x?2=0=>y=+x

224 (a)

Given, s=vat? + 2bt + ¢
ds _ 2at + 2b _ at+b

dt ~ NatZ+2bt+c  Vai® + 2bt + ¢

vat2+2bt+c+a

(at+b)—22+2b) _ (2at+2b)

|[ 2Jat2+2bt+c -!
|l (VatZ+2bt+c) J|
2

dtz (VatZ + 2bt +¢)
_ac—b?

> dtz 3

(o)

We have,

t=as’+bs+c

= Acceleration « =
S

ds
=>1= (2as+b)E

ds 1 dzs B 2a ds
Tdt 2as+b dir (2as + b)2 dt
(d)

_ (dS)
BT
We have,

flx)=x3—6x2+12x—3
= f'(x) =3x%2 —12x + 12,f'(x) = 6x — 12 and
) =6
We observe that f'(2) =0, f"'(2) = 0 but
flll(z) i O
So, x = 2 is neither a point of local maximum nor
a point of local minimum. In fact, it is a point of
inflexion
(b)
For f(x) to be decreasing for all x, we must have
f'(x) < 0forall x
(\/a +4
=5
1—a
<\/a + 4
=
1—a
(\/a + 4 ) va+4
= -1]1<0=

1—a

—1>x4—3 < 0forall x
3
—1>x4 <§ for all x

<1

—a
This inequality is trivially true for all a satisfying
a>1lieac€ (1)

Soletustakea <1

Since Va + 4 is real, therefore a > —4
Thus,wehave -4 <a <1

For these values of a, we must have

Va+4
1—a
a+4<1-a
> (@+4)<1+a*-2a
=>0<a’-3a-3

3++v21 3—+21
>a=>2——or,as——

2 - 2
3—-v21
:>—4Sa§—2 [ a=—4]
3—-v21
.T]u(l.oo)

1

Hence,a € [—4
(o)
Let x be the radius and V be the volume of the
sphere. Then, V = gnx3

av
’ " dx
We have, x = 100 and x + Ax = 98
“Ax =-2
Now, AV = & Ax

dx

= AV = 41 x 1002

dv
X =2 [ (—) = 47 X 1002
x=100

= 4mx?

dx
= AV = —800007w
Hence, decrease in volume is 800007 mm3
(b)
On differentiating given curves respectively
dy dy) 2x
C1

2x=-947" = (E ~ o4

And 2x=4 %
dx

d 2
N (_3’) _ X
dx/., A

For orthogonally,

@), @), -
dx/¢, \dx/, B

2x (2x .
From given curves,
9A9 —y) =A(y+1)
Since, x2=94(9-y)
> x%= 9A(9 8) =94
FromEq. (i), — =1

9A2
49 A L A=24
_— = =
9A2

= y=28




231 (o) From (i), we have
Equation of the curve is x?y? = a* ¢(x) > 0forallx >x, [+ ¢'(c)>0andx—
On differentiating w.r.t. x, we get xo > 0]
= f(x)—gkx)>0 forallx > x,
= f(x) >gx) forall x > x,
L Y _y (b)
dx x Let r be the radius of the base, h the height and [
(d_y) =_ (i) =1 slant height of the cone with semi-vertical angle
dx/(-aa) —a 45°, Then,
Therefore, length of subtangent at the point r="handI? =12 + h2 = 212

(—a,a) Let V be the volume. Then,
y _a 1 1

=—=—-—=q

dy 1 V==nr’h=—nur3
(dx) 3 3

dv dr dr

() = — = r? — = Area of the base X —

dt dt dt

dy
22y — 22x =0
X ydx+y X

1 dA 1
LetA—x+; ﬁa—l—ﬁ 236 (a)

dA . .
Put ol 0 for maxima or minima We have,

dx
Again on differentiating w.r.t. x, we get For maximum or minimum, we must have

2 2 d
d_A:£3 d°A =2>0 —y=0:>ex(1+x)=0:>x=—1
dx? x3 et

1 _ x dy_ x x
1__2:() = x=-1,1 y=xe*'>—=e " t+xe
X

e dx

d2
Now, &2 = 2¢% + x ¥

s~ Aisminimumatx =1 ’ dx?

> e 12-1)>0
x=-1

© (&
Given, y = xlog,x dx?
24 i +logx =1+ logx Hence, x = —1 is a point of local minimum
X X » ) (b)
Slope of normal= Z__y = —1+logx We have,
o _ dy _ fG)+f(=x) =logl=0= f(=x) = —f(x)
And given lineis2x -2y +3 =0 = s 1 So, f(x) is an odd function
Since, normal line is parallel to the given line Now,
1
_ =1 = g2 x) =1lo x3+ x6+1
1+ logx - x=e f& g( ) .

Now, intersecting point of given curve and x = = f'(x) = 1 {sz + 6x }
e %is(e7%,—2e7?) x3+Vxe+1 2Vx6 + 1
~ Required equation of line is _ 3x? >0

y+2e?=1(x—e?) > x—-y=3e"2 Vx® +1
234 (c) = f(x) is increasing

Consider the function ¢p(x) = f(x) — g(x) on the (a)

interval [x, x]. Clearly, ¢ (x) satisfies conditions Given curveisx = 3t* + 1,y = t> — 1

of Lagrange’s theorem on [x,, x]. Therefore, there Forx=13t?+1=1 = t=0

exists ¢ € (xg, x) such that d_x — 6t ﬂ — 342
) — () = () — x0) de~ dx
= o) =¢'(O)x—x) ...(D) Now, &= (a)=32_¢
Now ’odx ax 6t 2
¢() = f(x) — g(x) (ﬂ) _9%_,
= ¢’ =f"(0)—g'® dx/(e=0) 2
=¢'()=f"()-g' (>0 [f'(x)> 239 (a)
g' (x) for x > x,] v f(x) =tanx —x




On differentiating w.r.t. x, we get
00 5 L 1 L 1—cos?x
x) =sec’x—1= -1l=—
cos? x cos? x

Since, 0 < cos? x < 1 for all values of x
~ f'(x) > Ofor all values ofx. Thus, f(x) always
increases
(a)

— 2 T2 T_ .2
Let f(x) =4cos(x )cos(§+ X )cos (5_ X )

= 2 cos(x?) [cos (2?”) + cos(ZxZ)]
[+ 2cosAcosB = cos(A+ B) + cos(A — B)]
2 cos(x?) [—% + cos(2x2)]
= —cos(x?) + 2 cos(x?) cos(2x?)
—cos(x?) + cos(3x2) + cos(x?)
f(x) = cos(3x?) e
f'(x) = —[sin(3x*)](6x)
For extremum, put f'(x) = 0
= —sin(3x?)(6x) =0
=> x=0n
Put x = 0,+/m in Eq. (i), we get

f(0) =cos(0) =1
And f(m) = cos(3m) = -1

241 (b)

d
E(sin@) =k=cosf =k

~d(t 6) = 29!
d@ an = sec =

kZ
(b)
ax?+2bx+c

Letf(x) = Ax2+2Bx+C
Let P(x4,y,) be a point on the curve y = f(x)
where y is maximum or minimum. Then, at P

dy d?y
—=0and—#0
dx dx?

The equation of the tangent at P(x;,y,) is

y—y1=<d—y)P(x—x1)=>y

dx

- [,

ax?+2bx+c

Puttingy =y, iny = -—"——"——,

we get the x-

ax?+2bx+c

coordinate of P. This means thaty = T12BriC

gives only one value of x
This is possible only when ax? + 2bx + ¢ —
y(Ax? + 2Bx + C) is a perfect square

243 (a)

Now, mim, = —-1Xx1=-1
Hence, angle between the tangents is %
244 (d)
We have,
f(x) = 2x 4+ cosx
= f'(x) =2—sinx >0forallx € R
= f(x) is an increasing function
(b)
Given curve are
x=t>—-3t—8, y=2t2—-2t-5 (1)
When x = 2, then
2=t*+3t-8
= t?+3t-10=0 = t=2,-5 (i)
When y = —1, then
—-1=2t*-2t-5
= 22-2t—4=0 > t=-1,2 ..
From Egs. (ii) and (iii), t = 2
On differentiating Eq. (i) w.r.t. t respectively, we
get
Z=2t+3 and FL=4r-2
dy dy/dt 4t—2
dx  dx/dt  2t+3

(dy) _8-2 6
dx (t=2)_4+3_7
246 (a)

Let f(x)=2xV1l—x?
i

VI-x2
= For maxima or minima, put Z—z =0
L L
V2

But x > 0, therefore we have x = -
N

VI—x2(—4x)—(1-2x%)—=

1-x2

X =

Now, f"(x) =

_2x*—3x
- (1- x2)3/2

1 .
=> f" (ﬁ)=—ve, maximum.

(1-x?)

da

3 32
=2 =12t -
2 dt

2
CandiE=12-3t
2 dat?

When the particle is momentarily at rest, we have

ds d?s
—_ = nd —
" Oa ddtzth
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Now,
ds

pri 0=>t=0,t=8

Clearly, &s #0fort=0,8
dt?

()

Given, f(x) = x2+4x + 1

> f'x)=2x+4

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

= 2x+4=0

> x=-2

Now, f"(x)=2>0

()

f(x) =cot™lx+x

1
:f’(x):—1+x2+1

— xz )

= T Clearly, f'(x) >forallx.
So, f(x) increases in (—o, ).
(d)

Slope of the curve at an angle 8 = %ﬂ is

Slope of the normal =

(&

dy/dx

I
= ff3)=1
(@)
Let f(x) = fox tet” dt
= f'(x) =[xe*’] [by Leibnitz rule]
For maxima or minima, put f'(x) =0 = x =0
Now, f"(x) = e*’ + 2x e*’
F/(0)=1>0
~ f(x) is minimum atx = 0
f)=0
(a)
Givens = 2¢3 — 9t? + 12t > = = 6t — 18t +
12

d?s

Again, = 12t — 18 = acceleration

If acceleration becomes zero, then
3
O=12t—18:>t=Es

. . 3
Hence, acceleration will be zero after =35.

254 (a)

1

— 52
Let f(x) =x"+——

f’(X) = 2x —m.Zx

For a minimum, put f'(x) =0 = x =0
So, the function has minimum value at x = 0.
(b)

Let the length of an edge of the cube be x units.

Let S; and S, be the surface areas of the cube and

sphere respectively. Then,
S; = 6x%and = S, = 4mx?
dasq

as dx dx
=>—=12x—and S, = 8nx— = &
dt dt ac 7 22

256 (d)
We have,
X
f(x) = f t(et — 1) (t— D(t—2)3(t —3)°dt
-1
= f'(x) = x(e* = D(x — D(x - 2)*(x - 3)°
Now, f'(x) =0=>x=0,1,2,3
Clearly, f'(x) changes its sign from negative to
positive in the neighbourhood of x = 3
So, x = 3 is a point of local minimum
(b)
Given, x=3t>+1and y=t3-1
%=6t and %=3t2
dy dy dt t
dx dt dx 2
Since, x=1 = 1-3t>+1
= t=0
dy
v 0
(b)
(Slope) f'(x) = e* cosx + sinx e*
= e*V2sin(x + m/4)
f"(x) = V2 e*{sinx + m/4} + cos{x + m/4}
= 2 e*.sin(x + 1 /2)
For maximum slope put, f"'(x) =0
= sin(x+mn/2) =0
= cosx =0
~ x=m/2,3n/2
f""(x) = 2e* cos(x + /2)
f'""(r/2) = 2e*.cosm = —ve
Maximum slopeisatx = n/2
(b)
We have,
_ e?* x <0
y=e = {e‘zx,x >0
The line x = 1/2 cuts this curve at the point
P(1/2,e™Y)
d

Y _
Also,a = {

2e?* x <0
—2e 2, x>0




) (ﬂ) _ 2 f(x) is continuous on [a, b] and differentiable on
" \dx x=1/2 e (a,b)
The equation of the normal at P is Also, f(a) = f(b) =0
1 e 1 Therefore, by Rolle’s theorem there exists at least
y_2_5<x_§) one ¢ € (a, b) such that f'(c) = 0
= 4(ey — 1) = e2(2x — 1) = 2e(ex — 2y) Hence, f'(x) = 0 has at least one root in (a, b)
=e?—4 264 (a)
(a) Since ¢(x) is continuous at x = a such that
For Lagrange’s Mean value theorem we know, ¢(a) < 0. Therefore,

f (x) should be continuous in [a, b] and ¢ (x) < 0 for all x in the neighbourhood of x = a
differentiable in] a, b [. Now,

( l_x X <1 f'(x) = (ax — a? — x*)$(x) for all x in the nbd of
(a) Given, f(x) = 2 2 2 x=a
(1 _ x) x> 1 = f'(x) = —(x? — ax + a®)p(x) for all x in the
2 2 nbd of x = «

Wthh is Clearly not differentiable atx = = fl(x) >0 fOI‘ all xin the led Ofx =qa

~;as RHD at (x = 1/2) = —1 and LHD at [+ %% — ax +a? > 0 for all x]

(x = 1/2) = 0 =>Lagrange’s Mean Value is not = f(x) is increasing in the nbd of x = «
applicable. (d)

Where option, (b), (), (d) are continuous and Given curveisy = x3

differentiable. dy 2
> —=3
(d) dx
The point of intersection of given curves are (2, - Since, the tangent is parallel to x-axis
d
D =20 5 3x2=0 = x=0,y=0
On differentiating the given curves respectively dx

X ty=0 = —=-7 We have,

dy 1 -1 1
=== =_ X)=cot™tx+x=>fx)=——+1
S m (dx)@_l) . f f0) =170

X2

=1+x2

And 2x+4% =0
dx
> my= (d_y) S Clearly, f'(x) > 0 for all x
(2!_1)

dx

111 (<)
1| = Since f(x) satisfies conditions of Rolle’s Theorem

2 on. Therefore,
f =703
Given, s =490t — 4.9t> >1-6+a+hb=27-54+3a+b
. §=490_9_8t >2a=22>a=11
dt As f(1) = f(3) is independent of b. Therefore,
A stone is reached the maximum height when a=11landb € R
=0 (b)
= 490-98t=0=>t=50 Since, f (x) = tan™" (sinx + cos x)
~ Maximum height att = 50 = F(x) = .
s =490(50) — 4.9(50)% = 12250 1+ (sinx + cosx
263 (a) V2 cos (x + %)
We know that sin x, cos x and tan x are continuous 1+ (sinx + cosx )2
on [a, b] and differentiable on (a, b). Therefore,

So, f(x) increases in (—oo, )

)2 (cosx —sinx)

For f(x) to be increasing,




Hence, option (b) is correct, which lies in the
above interval.

(c)
Let h be the height of the cylinder. Then, its
volume V is given by
V =mh3 [~ 7 =h]
dv

2 32
=>dh 3mh

_ av

# AV = —-Ah

= AV = 3mh? Ah

S 10023
1% h3

= 3a

Ah
Ah x 100 =3 (7x 100)

(a)

Given, f(x) =x3+px®+qx+r

= f'(x)=3x*+2xp+qorf'(x)<0
Clearly, f'(x)>0

Now, b%—4ac <0

= 4p®?—-4x3x%xq<0

= p?<3q

(d)

We have, f(x) = f

2
= f'(x) = 2xe~(+1)" _ gyt

= f'(x) = 2x {—e(x2+1)2 - e"‘4}

For f(x) to be increasing, we must have
f'(x)>0

= 2x {—e(‘x2+1)2 - e‘x4} >0

=>x<0 [~ e (¥+1)" < e "]

= x € (—00,0)

Hence, f (x) is increasing on (—oo, 0)

(a)

Let H be the height of the cone and a be its semi-
vertical angle. Suppose that x is the radius of the
inscribed cylinder and h be its height

~ h=QL=0L-0Q

=H —xcota

V =Volume of the cylinder

= nx?(H — x cota)

Also,p = %n(H tana)?H ...(~0)

v _ 2Hx — 3x? cot
dx—n( x — 3x° cota)

.V is maximum when x = %H tana
And q = Vyax = n%HZ tanzaéH
= %p [from Eq. (i)]

Hence, p:q =9:4

(b)
Clearly, f(x) is defined for allx > 0
We have,

! X)) =— —_—=
For f(x) to be increasing, we must have

f'(x)>0

1—logx
=2———>0=>1—-logx>0=logx<1=x
X

logx 1 1—logx
gx 1 _1-logx

<el
Also f(x) is defined for x > 0. Hence, f(x) is
increasing in the interval (0, e)

274 (c)

Given, f(x)=x3—3x
f'(x)=3x%-3

For maxima, f'(x) = 6x

> 3x2-3=0 = x=+1
x=1€][0,2]

At x =1, f"(x) > 0, minima

f(0)=0, f(1) =—-2and f(2) =2

Hence, maximum value is 2

275 (d)

Given, f(x) = ax + g
On differentiating w.r.t. x, we get
b
flx) =a- 32
For maxima or minima, put f'(x) =0

X =
a

Again, differentiating w.r.t. x, we get
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" 2b
fl'(x) = F
At x = \lg' f"(x) = +ve
= f(x)is minimum atx = \/g

. f(x) has the least value at x = \/g

(d)

Area of rectangle, A = 2x. 2Vr2 —x2
= 4x\1%2 — x2

dA  4(r® - 2x?)

dx Vr2 —x2

D C

A ‘ B
. . dA
For maximum or minimum put = 0

= X =—

V2
. d?A r
It can be easily checked that =z < 0 forx =

The maximum value of A is given by

277 (b)

Since f(x) = k x3 — 9 x? + 9 x + 3 is increasing
onR

s~ f'(x)>0forallx € R
=3kx?—18x+9>0forallx €R
=>kx?—6x+3>0forallx €R
=>k>0and36—-4(k)(3)<0=>k>0andk >
3=>k>3

(a)

) av .
Given, — = 100recm3 /min

_d(4 ) 1007 = 3 dr_3007r
Tae\3" )T rdt_4n

. (dr) _ 300 -1 .
dt)y—s 4x3x25 cm/min
()

1 1
Letf(a) - ( sin™ a) (1 + cos™ a)

1 1
= f(a) =1+
f@) sina cos™a sin"acos™«

ncosa nsina

> f'(@) = -

- +
sin™la  cos™tla
n{cos? a — sin® a}

 sin"*lqcos™q
Now, f'(@) =0 = cosa =sina = a =n/4
Clearly, f(a) is maximum ata = 0 and a = /2
and between two maxima there is one minima
Hence, = m/4 gives the minimum value of f ()

and is given by f (g) =(1+ 2"/2)2

280 (d)
We have, f(x) = |x|(x — 1)(x — 2)(x — 3)
_ x(x—1Dx—-—2)(x—3),x=0
_{ —x(x —1D(x —2)(x —3), x <0

FNaWS
i

y
It is clear from the figure that, there are four
critical points
ie,0,a,B,y
(a)
We have,
s=at?+bt+c ..(I)
ds ‘s
== 2at +b ..(iQ)
d?s
> = 2a ...(iii)
Att =1, wehaves =16
~a+b+c=16
Att = 2, we have

2
% —24and%E=8=2a+b=24and2a =8
dt dt

Solving these equations, we get
a=4,b=8andc =14
()

Given curve is x3 — 8a? y = 0.

On differentiating w.r.t. x, we get

d
3x? — 8a? & 0
dx
dy 3x2
dx  8a?

=~ Slope of the normal = —

—8a2 —

Given, —Si =2 5 x2
3x 3

At x =12a, y=+a

~ (xy) = (2a,a)

(d)

Given equation of curve isy = be /@




Since, the curve crosses y-axis ie,x = 0
= y=be™® = y=b

On differentiating Eq. (i) w.r.t. x, we get
dy -b

- = -x/a
dx a

. d -b _ —-b
At point (0, b), (d—z)(o » =—e 0/a — —

-~ Required equation of tangent is
-b
-b=—(x-0
y —(x—0)

y X

> -—1=--
b a
Xy

= —4+>==1
a b

284 (a)

285

287

Given, f(x)=x%e™*

= f'(x) = 2xe ¥ — x%e™*

For f(x) To be increasing, f'(x) > 0

= 2xe ™ —x%e™* >0

>e*2-x)>0

= x € (0,2)

(d)

The graph of y = cos~(cos x) is shown diagram

Clearly, y = cos™!(cosx) = —xfor—m < x < 0
dy

T
so—=—-latx=—-
dx 4

MY

k+2{
L
-1
vk+2>1
k<1

(d)
Lety = 2log;¢ x —log, 0.01. Then,
y = 2logox — log, 1072

=:»y=210g10x+1 =2{10g10x+

logq, x}

0810 %X
>4 x > 1]

(@)

From Rolle’s theorem in given interval, [1,26],

f(1) = (26) = 5 function satisfy all the condition

of Rolle’s theorem, therefore in [1,26], at least,

there is one point for which f'(x) = 0

(d)

Given, f(x) = 2 + (x — 1)%/3

By using Rolle’s theorem, the given function is not

differentiable at x = 1, which cannot satisfy

Rolle’s theorem.

(a)

Given, f(x) = cosx + cosv2x

=  f'(x) = —sinx —V2sinV2x

= f"(x)=—cosx —2cosV2x

For extremum value, put f'(x) =0

=> —sinx—V2sinV2x=0 =

~ At x=0,f"(x) <0, maxima

~  f(x) Is maximum only once.

(b)

We have, f(x) =

x=0

log(m+x)
log(e+x)

Clearly, domain of f(x) is (—e, o)

Now,
log(e+x)  log(m+x)

fe = 7H(;Cg(e + x%;
= f'(0)

_ (e +x)log(e +x) — (m + x) log(m + x) _
B (mr + x)(e + x){log(e + x)}? - (@
Let g(x) = xlogx for x > 0. Then, g'(x) = (1 +
log x)
Now,

gx)>0=>1+logx>0=>logx>-1=x

>e‘1=1
e

Thus,
g(x) is increasing on (1/e, )
=>g(m+x)>gle+x)forallx >0
“Ttx>e+x> 1/e]

forallx >0
= (r + x)log(m + x) > (e + x) log(e + x) for all

x>0 ..(ii)

From (i) and (ii), we find that
f'(x) < 0forallx € [0,)

Hence, f(x) is decreasing on [0, o)
(9

Given, f(x)=x3




fle+h) =(@x+h)? = Slope of the tangent = —%
Now, f(x) = 3x2
f(x +6h) =3(x +0h)?

. +h)— )
Given, WT”(X) = f'(x +6h) i dz —%in (i), we get

x +h)® —x3 1 1
%=3(x+19h)2 —5= —sin(x + y) (1_§>

x3 4+ h3 + 3xh(x + h) — x3 s sin(x +y) =1 ..(ii)
h Now,
= 3(x% + 6%h? + 2x6h) y = cos(x + y) and 1 = sin(x + y)
= h%+3x% 4+ 3xh = 3x* + 30%h” + 6x6h 5y24+1=12y2=0=2y=0
= h+3x=30%h+ 6x0 Putting y = 0 in y = cos(x + y) and sin(x +y) =
Taking limit on both sides, we get 1, we get

lim(h + 3x) = lim (36 + 6x0) sinx=1andcosx=0=x=-2,-
h—0 h—-0 2’ 2

= 3x=6x ;11339 Thus, the points on the curve y = cos(x + y)
) 1 where tangents are parallel to x +2y =0 are
> pf=5=02 (m/2,0), (=37/2,0)
294 (b) The equation of the tangent at (7/2,0) is

We have, 1 T T
dy 24 y—O——E(x—E):x+2y—E

—=4a=>-—=—
dx dx vy (c)
Y Given, f(x) = asinx + %sin 3x has minimum

y? =4ax = 2y

value atx = g then f'(x) =0 at x =§

-~ Length of the subtangent = dly ==
ax v

= f'(x) =acosx+ cos3x

:f’(g)zacos§+cos(3xg)=0

So, subtangent: Abscissa=2x:x=2:1

(b)

Given,

1
= ax§+cos(n)=0

2a

a

a—3 > -—-1=0>a=2
202 2
Now,let z =ab =— (d)

a-3

ab=2a+3b = (a—3)b=2a = b=

On differentiating w.r.t. x, we get Given, y =x?+x—1
d 2[(a —3)3a — a? 2[a®> -6 d
dz _2[(a—3)3a—a’] _2[a’ - 6a] LW
sa (a—3)2 (a —3)? dx

d
For a minimum, put% =0 At (1,1), d—i =3=m
= a’-6a=0 = a=0,6 ~ Length of tangent,

2 y1V1 + m? 1\/1+9‘_\/10
3 3

—¢g 42 _
At a=6, — = tve A= - =
When, a =6, b =4
yi| _ 1

o (@b) g = 6 X 4 = 24 Length of subtangent, B = =3
(d) Length of normal,
For the function f(x) = |x|, f'(0) # 0 but f(x) C = |}’1m| = [1V1+9| =10
has a minimum at x = 0. So, none of the options is
correct

297 (b)
We have,

And length of subnormal, D = |y;m| =3
Now, increasing order isB, A4, D, C.

(@)

Given,2a+3b+6¢c =0
Y =dycos(x +5) 4 Let f'(x) = ax®*+bx + ¢
=== —sin(x + y) (1 + d—z) (1) ax®  bx2

Since the tangent is paralleltox + 2y =0 fe) = 3 * 2 Tex




2ax3 + 3bx? + 6¢cx + 6d ~0—y, =—sinx; (0—x;) = y; = x; sinx;
6 (D)

= f(x) =
Now, f(1) = %W =0 Also point (x;,y;) liesony = cos x

And f(0) =0 Y1 =cosxy ...(ii)
« F(0) = £(1) From (i) and (ii), we have

2
There 0 and 1 are the roots of the polynomial sin? x, + cos? x, = Y1 4+ 2 = x2 = y2 + y2x2
1 1572 V1 1=V1 TYiX1

f(x).So by Rolle’s theorem, there exists at least 1

one root of the polynomial f'(x) lying between 0 Hence, the locus of (x;,y,) is x* = y? + y?x?

and 1. (c)

(b)

Let at any point t, the length of a side of the
2

square be x. Then, = f'x) = (2x + 1)e‘<x2+1) _ oy ot [Using

A = Area = x? and P = Perimeter = 4x Leibnitz’s rule]
b o X nd 2 = 4% ,
=g - X gpand =4 = f'(x) > 0forall x € (—,0)
It is given that = f(x) is increasing on (—, 0)
dA dP dx 4dx 5 (c)
ac de  Fac T a7 F) = (x+DV3 = (x — D3
(b) o 1
= =2/3 _ Z(y —1)"2/3
Since, f(x) = 3x* + 4x3 — 12x2% + 12 £ 3 G+ 1) 3 (=1
f'(x) = 12x3 + 12x? — 24x Now, put f'(x) = 0
= — 1 1
12x(x ~ D(x +2) o > SGHD =g -1
For above it is clear that f'(x) increasing in (- 3 3
2,0)and in (1,00) = (x-1)?=x+1)7?
304 (d) > x=0
At x =0, f"is negative, so it is maximum.

2

x2+1 ,
We have, f(x) = f e tdt

x2

By Lagrange’s mean value theorem there exists
¢ € (1,6) such that ~ The greatest value of

IO f) =0+ -(0-1"=2
frle)=—c—7 ©

N f(6z;+ 2 _ £(0) Given,%(gnﬁ) = —50

dr _ 50

>2 [+ f'(x)=2forallx € [1,6]] iy
=>f(6)+2=>10=f(6)=38 dr 50 1 _
© =z (E)ms = Thmrx225°  1gpCm/min
Given, f(x) =x%—6x*—36x+2 Hence, the thickness of ice decrease by
f'(x) =3x*—12x—36 1/187 cm/min
For decreasing, f'(x) < 0 (b)
= 3(x*—-4x-12)<0 Given equation of curve is
= (x-6)(x+2)<0 y=2x3+ax?+bx+c (i)
=> —2<x<6 = 0=2(0)+a(0)+b(0)+c [passes
= x€(-2,6) through (0, 0)]
(© > ¢=0 (i)
Let (x4, y,) be one of the points of contact. Then, On differentiating Eq. (i), we get

the equation of the tangent at (x4, y;) is dy

—~ =6x%+2ax+b
dx

Since, the tangentatx = —1 and x = 2 are
= —sinx; (x — xq) parallel to x-axis

y—=—Y1=\52 X—X1)=Y—N1
dx (x1,y1)

This passes through the origin d_y -0
dx




At x=-1, 6(-1)2+2a(-1)+b=0
> 6-—2a+b=0 ..(iii)
Atx =2, 6(2)>+2a(2)+b=0

= 24+4a+b=0 .(iv)
On solving Egs. (iii) and (iv), we get
b=-12 c=0

a=-3, and

(@)
The equation of the tangent at point

2 2
P(cos 8, b sin @) to the ellipse z_Z + % =1is

X y .

—cosf +=sinf =1

a b

This cuts the coordinate axes at A(a sec8,0) and
B(0, cosec 6)

~ AB? = a? sec? 0 + b? cosec?8

Let Z = a? sec? 6 + b? cosec?6. Then,

az
— = 2a?sec?@tan @ — 2b? cosec?H cot b

ao

s dz _ g2 sin@ 2b%cosé
de a cos3 6 sin3 @

dz 2a?sin* @ — 2b? cos* 6

T

sin3 8 cos3 8

. 2 b? b
-.E=Oztan Hzﬁztanezi —

Now,

a’z 2 4 2 2

ik 2a“ (sec* 6 + 2sec” ftan“ 0) +
2b?(cosec*d + 2 cosec?8 cot? §) > 0 for all &

. .. b
~ Z is minimum when tan 8 = i\/;

For this value of 8, we have
b a
Z=a2(1+—)+b2(1+—) = (a+b)? = AB
a b
=a+b
(@)
Given equation is
y—e¥+x=0
> eV=x+y
On taking log on both sides, we get

log(x +y) = xy
On differentiating w.r.t. x, we get

d
x+y + (1 * dx
d 1
= % (y +x X
dy _yG+x)—1
dx 1—x(y+x)
Since, the curve has a vertical tangent

dy = 1 + 0
Y — — OO0 —_ =
I x(x +y)

Which is satisfied by the point (1, 0)
313 (d)
We have,
f)=xe**= f'(x) =e?*(1 —x)
For f(x) to be increasing, we must have
fl(x)>0=>e>*1-x)>0=>x>1
Hence, f(x) is increasing on (—oo, 1)
314 (d)
Since, f(x) satisfies all the conditions of Rolle’s
theorem in [3, 5]
Let f(x) = (x—3)(x—5)=x%2—8x+15
Now, f35f(x) dx = f35(x2 —8x + 15) dx
3 2 5
= ? - T + ISxL
125
= (T_100+75>_(9_36+45)

= 18 = 4
3 3
(b)

Let x be the length of a side of the triangle. Then,
its area A is given by

A—\/g 2:>dA—\/§
2 T2

316 (b)
The equation of given circle is
x2+y2=1
On differentaing w.r.t. t, we get

Let (x,y) be any point on the parabola 2y = x?

Let f() == 02+ -3)2=x*+ (-
3)2

2
= f’(x)=2x+2<x7—3)(x)




Put f'(x)=0 = 2x (1 + x; — 3) =0 Clearly, e @' =x*+x) will be minimum when x* —
S x =042 x3 + x? is minimum

) Now,
Now, f"(x)=2+2 (7 - 3) + 2x(x) x4 x? = x2(x? — x4 1)
At x =0, f"(x)=2-6<0, maximum —xz{(x—l)z
At x =2, f"(x)> 0, minimum
At x = =2, f"(x) > 0, minimum So, the minimum value of x* — x3 + x2is 0

+z}20forallxeR

L Atx=42 = y=2 Hence, the minimum value of e " =x7+x%) jg 00 =
~ Required point is (+2, 2) (b)
318 (d) Let f(x) =x%—-2x+3

We have,
Since, f'(c) = M
y=x—cot‘1x—log(x+ 1+x2) 271

1 1 —243-(1-2+3) 1

+1+x2_m > 2c—-2= 2 Ep =5

dy 1+x2+1-vV1+x2 5 3 2

TaxT T i = e=; €[]
dy V1+x?(V1+x2-1) 324 (o)

— = +1=>0forallx .
dx NEl + x2 Given, y = sin(x+a)

Thus, the given function is increasing for all x € sin(x+b)

(=00, )

[given]

dy

dx

(b) sin(x + b) cos(x + a) — sin(x + b)cos(x + a)
Let P(x, y be a point of the curve = sin?(a + b)

at at .
x=asint—bsin(—),yzacost—bcos(—) dy sin(b—a)

b b = =T oI
dx sin?(x + b)

and, O be the origin. Then, dy
at\)2 For maxima or minima put, v 0
2 _ i — hain [ —
opP —{asmt bsm(b)} Sin (b—a) =0
at It means no value ofx;, it is neither maxima nor
+{acost—bcos(—>} .
b minima.

We have,
) fx) =e*™ +e

minimum i. e. equal to —1 = f'(x) = a{e™ — e™ %}

Clearly, OP? is maximum when cos

= OP? = a® 4+ b? — 2ab cos( ) 325 (b)

alx®  a®x®

In that case, we have = f'(x) = 2a {ax + +

OP?=a?’+b*+2ab=(a+b)?=>0P=a+b

(d)

W f(x) =—x3+4ax?*+2x-5

o f'(x) = —3x2% + 8ax + 2 Now,

Since, f(x) is decreasing. Vx, therefore f'(x) < 0 a’x?  a*x*

> 32 4+ 8ax +2 < 0 fE)<0=x<0 {H 31 Tl

=3x2—-8ax—2>0

Now, D = (=8a)? — 4(3)(=2) < 0 + } >0

= 64a’+24 <0 Hence, f(x) is decreasing on (—o0, 0)

Sar<—2 326 (d)

8 ) The point of intersection of given curve is
Hence, no value of a exist.
(=2,-1)

322 (9 On differentiating the given curve respectively, we
get

3! 5!
a’x? a*x*
= f'(x) = 2a’x {1 =t
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dy dy 2x

—=0=>—=—

dx dx 3y
The slope of the given line is —1/2

If the tangent is parallel to the given line then
dy 1 2x 1 3y

dx 273y 27%T 7%

Putting x = —%y in 2x? — 3y? = 36, we get
2

2<91L6>—3y2=36=>y2 =—%

This does not given real values

Hence, the required tangent does not exist

(b)

We have,

f)=x>+3(@a—7x?+3@@*-9x—-1

= f'(x) = 3x% + 6x(a—7) +3(a? —9)

If the function f(x) has a positive point of

minimum, then f'(x) = 0 must have positive

roots

= x = 0 is less than the roots of f'(x) = 0

= f'(0) > 0 and Discriminant > 0

=>4(a—7)>—4(@*—-9)=0and3(a*-9) >0

=>7a—-29<0anda*—-9>0

29
=a<— and (a<-3 or a>3)=>a€

(—o0,—3) U (3,29/7)
(b)
Given, f(x)=x +§

, 1
= [f@=1-5

= For local maxima or local minima, put

n 2
Now, f"'(x) = =
Atx =1, f"(x)= 12—3 > 0, local minima

17} _— 2

Atx =-1, f"(x) = e
= —2 < 0, local maxima
(c)
Given curveisy = f(x) =x2+bx—b
On differentiating, we get Z—i =2x+b

The equation of the tangent at (1, 1) is
1= (), =D
j— = | — =(x —
y dx (1,1
25y—-1=0bB+2)(x—-1)
= 2+b)x—-y=1+b
X y o
@ 14p ¢
(2+b)
1+b

So, OA=—

2+b

and OB =—(1+b)

1 1+b
Now, area of A AOB = > 715" [-Q+b)]=2
(given)
= 4Q2+b)+(1+b)?*=0
= 8+4+4b+1+b*+2b=0
= b2+6b+9=0
= (b+3)??=0 =>b=-3
(a)
Let f(x) = 3sinx — 4sin x = sin3x
Since, sinx is increasing in the interval[— g, %]
T T
3 ) <3x < > =
. s s s
Thus, length of interval = |E(_ E)| =3
(d)

To satisfy Rolle’s theorem, it should be continuous

in [0, 1].
> lim f(x) = £(0)

[using L'Hospital’s rule]




Which shows a > Ootherwise, it would be

discontinuous also when

a > 0, f(x) is differentiable in (0,1)and f(1)
=f(0)=0.

Clearly @ > 0,thus a = %is the possible answer.

334 (a)

Consider the function
_a x3 N b x? N
fe =3t ro

we have, f(0) = 0 and,
_2a+3b+6c

(1)_a+b+ _0
fA)=3+5+c= 6 ~5

=0[+2a+3b+6c=0]
Therefore, 0 and 1 are roots of the polynomial
f(x)
Consequently, there exists at least one root of the
polynomial f'(x) = a x? + bx + ¢ lying between
Oand1
()
(b)
The graph of y = sin~1(sin x) is shown in diagram
[t is evident from the graph that

dy _ _ m 3n
== 1forallx€(2, 2)

3T,
Hence, the slope of the tangent at x = Tﬂ is—1

(c)

Given, f(x) = 2x3 —9ax? + 12a? x + 1 attains

maximum and minimum at p and q respectively.
ff®®) =0, f'()=0

f"(») <0 and f"(q)>0

Since, f'(p) =0 and f'(q) =0

=  6p®’—18ap+12a2=0

And 6% —18aq + 12a*> =0

= p?-3ap+2a®>=0

And ¢g?-3aq+2a*=0

= p=alaq=a22a ..(i)

Now, f"(p) <0

> 12p-18a<0 = p<ia .(i)

The time period T of simple pendulum of length [
is given by

l
T =2m |—
g

= logT = log2n+%(logl —logg)
1dT 1 dT T

CTa Al 2

It is given that% x 100 =2

Now, AT = L Al
oW AL =

=>AT—TAl
21

AT><100 1(AlxlOO) 1><2
2_ = —|— = - =
T 2\1 2

336 (a)
» g(x) = min(x, x?)
. g(x) is an increasing function

And f"(@) >0 = 12¢q—18a>0 = g¢q>
Za ..(iii)

From Egs. (i), (ii), (iii), we get

p=a, q=2a

Now, p? =gq

= a*=2a = a=0,.22

Butfora = 0, f(x) = 2x3 + 1 which does not
attains a maximum or minimum for any value of
X.

Hence, a = 2

(b)

Let f(x) = —x3 + 3x% + 9x — 27

The slope of this curve f'(x) = —3x% + 6x + 9
Let g(x)=f'(x) = -3x2+6x+9
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On differentiating w.r.t. x, we get
g'(x)=—-6x+6
For maxima or minima putg'(x) =0 = x =1
Now, g"(x) = —6 < 0 and hence,at x =1, g(x)
(slope) will have maximum value

[6(D)]max = =3 X 1+ 6(1) +9 = 12
(<)

Given, a?x* + b2y* = c®

6 — a2x*\*
cb-a? x“)l/4

and let f(x) =xy=x( ™

1/4
644 _ a2x8> /

> f@) = (c =

On differentiating w.r.t. x, we get

, 1/cSx% — a2x8\"* f4x3c6  8x7q?
['e9=4 T b

For maxima or minimum, put f'(x) = 0
4x3c®  8x"a?
bz bz
4x 3
= F(C —2a*x*) =0

c6 . c3/2
=— =
2a2 ~ /4

21/4\/—, f (x) will be maximum

c3/2 ~ c12 1z \V*4
21/4Ja)  \2a?b? 4a?b?

c1z \ V4 c3
) (W> " VZab
(d)
Given that, % =k (say)

= Rate of increasing radius is inversely
proportional to its surface area
()
Given, s=16—2t+ 3t3
ds d?s

= —=-2+49t> >—=18t
dt + e

Att = 2s, acceleration a= E =18 x 2 = 36m/s?
344 (b)

We have,

-1
= Slope of the normal at any point = o =X
dx

2

>0
Clearly, slopes of the lines given in options (b)
and (d) are positive
(9
Let surface area of sphere,
_4 3 2
S = §nr = i = 4nr I

ds S
> = 4nr?(2) = 8nr? - ke r?

346 (c)
Given equation of curves are y = x2 and 6y = 7 —

Now, mym, =2 X (——

(@

On differentiating the given curves respectively

dy) _ xi-y?
(dx Cy T 2xy =M (SaY)

dy _ —2xy
And (E)cz == M (say)

m1 X m2 = _1

Hence, the two curves cut at right angles
(d)

Since, s v? =>v—k\/_

1
Now, acceleratlon =k—
dt zf dt

—k— ks [-.-U=E=k\/§]
kZ
= 7 =constant

(©

Let P(x, y) be the point on the curve x? = 2y such

that it is nearest to the point A(0, 3). Then,

AP? = x? + (y — 3)?

> AP2=2y+(y—-3)2 =y —4y+9

=(y—-2)2+5=>5

Clearly, AP? is minimum when y = 2 and the

minimum value of AP is /5

Puttingy = 2 inx? = 2y we getx = +2

Hence, the required points are (2, 2) and (-2, 2)
351 (d)
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Equation of parabola is y? = 18x....(J)
dy dx cdy

18 ==
dt

> 2y—=
Yt dt

=22y =18

92 9
~ From Eq. (i), (E) =18x=>x = 3

- Point i (9 9)
~ Point is 3'3)

(0
Given curves are y? = x and x2 =y
On differentiating w.r.t. x, we get
dy —-EX
Zydx— 1and 2x = ™

dy _ 1 d
Y _ 2and¥

dx 2y dx
At (0,0)

= 2x

Let f(x) = (1 +x)" — (1 + x™). Then,
() =n1+x)" 1 —nx"1
= f'() =n{(1+x)" " —x""1}

1 1
=10 = n{(l +x)1 xl-"} <0,
ifn=01—-n=0andx >0

= f(x) is decreasingwhenx >0,0<n <1

= f(x) < f(0)

>4+ x)"-1+x™)<0

>1+x)"<1+x"if0<n<landx>0
354 (a)

We have,

fG) = f 2@t - 1)t - 2)°
1

+3(t— 1%t —2)?}dt

X

> f(x) = f(t — 1) (t —2)*(5t — 7)dt

1

= f'(0) = (x - Dx—2)*(Gx—7)

For maximum or minimum, we must have

f'x)=0=>x=1,2,7/5

Now,

f"(x)=(x—-2)2Gx—7)+5(x—1)(x —2)?
+2(x—=2)(x—1)(5x—=7)

= f"(1)<0,f"(7/5)>0and f""(2) =0

Hence, f(x) attains its maximum atx = 1

dx
dt

|

355 (d)
The curve y = e~ cuts the line x = 1 at (1,1/e)
Now,
_ e*,x <0
y=e = {e‘x,x =0
) ﬂ _{ e¥,x <0
“dx  l—e¥,x>0

:(dy> o, 1
dx)y—1 ¢ = e

The equation of the tangent at (1,1/e) is

1 1
y_g=—g(x—1):ey—1=—x+1=>x+ey

=2
356 (c)
Given, x =t?+1 and y=t>—-t—6
%=2t and %=2t—1
dy dy/dt 2t—1
dx  dx/dt 2t
When, it ,meet x-axis, theny = 0
t?—t—6=0
> y=23,-2
(@i =5 =e=m eyl

dy __E__
And (a)at i my [say]

5 5
Required angle= itan'l{ e }

10
= +tan"?! {—}

49
(b)
Given curveis x>y = x> —3x + 6
Atx =3, 32(y)=32-3(3)+6
2

On differentiating Eq. (i) w.r.t. x, we get
dy
2 2 =2x-3
xy +x I X
dy 2x—3—2xy
dx x?
(dy 6-3-2x3x> 1

dx)(&g) 32 B

~ Equating of normal is
S=5k-3)

y—3z=oW

= 27x-3y=79

(@)

Let x4, x5 € R such that x; < x,. Then,
X < Xy
= f(x1) < f(xy) [+ isanincreasing function]

Page| 82




= g(f(xl)) < g(f(XZ)) [.'. f”(X) — 12x2 + 4
g is an increasing function] (x%2+1)3
= gof (x)) < gof (%) At x=0
Hence, gof is an increasing function £(0) = %‘;:4 > 0, minima
(a) . Then, minimum value of f(x) atx = 0 is
Lety =x 0% — 1
Sn differentiating w.r.t. x , we get f(0) = 211 -1
d—jt' = x*(1 + logx) 363 (b)
For i . . We have,
or increasing function,
dy fO) = x|+ Ix =1 + |x = 2|
>0 —3x + 3, x<0

dx
— <
= x*(1+logx)>0) = 1+logx >0 xx++13' 10<_xx<<21

1 1
= log,x >log,— = x>-— 3x — 3, x=2
€ e -3, x<0

. .. . 1
Function is increasing when x > - "
¢ SO =91" 1<x<2

() 4 3, x> 2

We have,y = x + = Clearly, f(x) is not differentiable at x = 0, 1, 2

On differencing with respect to x, we get It is evident from the definition that f(x) attains a
dy 8 minimum at x = 1 but it does not have a

dx - %3 maximum or minimum atx = 0,2

-1, 0<x<1

Since, the tangent is parallel to x — axis, therefore (RS
d_y=0 y=-3x+3 y=-3x-3
dx =x+3

y X
= x)=8 =x=2andy=3 (0, 3)7 2,3)
() ; y=x+1
The two curves are y = x? and 6y = 7 — x5.
These two intersect at (1, 1)
Now,

dy dy
Y x dx X ™ dx (1,1)

d x? d
and, y=y—x3=>d—z=—7=>m2=(—y

dx)(l,l) -

_l v Y'
2

Clearly, m; m, = —1 (a)
Thus, the angle of intersection of two curves is /2 After time ¢ the distance covered by X is 4t and Y
362 (d) is 3t.

_ x?-1 Let shortest distance between X and Y is 4. Then,
flx) = " (for every real number x)
f'(x) =

2+1 by cosine law
gy /<>\
I 4x .
= f (x) = (X2+1)2 (1) B 1200 C

(x2+1)(2x) — (x2 —1)2x o
For mlrzjrcna or maxima, put f(x) = 0 A% = (4t)* + (3t)* — (4t)(3t)2 cos 120°
G2+ 1)2

0 > x=0

1
= A% =16t% + 9t? — 24t? (——) =37t? ....(i)
(x2+1)4—(4x)2(x2+1)2x 2
Now, f"(x)= > A=+37t

(x2+1)4

Ift = 1h,then A = V37km
Now, differentiating Eq.(i)w. r. t. t,we get
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24A" = 37(2¢t)
After t = 1h, we get
237 4" =2(@37)

= A" =+37km/h
(@)

y =a(l— cosx)
On differentiating w.r.t. x, we get
(1)
Put y' = 0 for maxima or minima
= sinx =0
= x=0m
Again differentiating w.r.t. x of Eq. (i) we get
y"=acosx = y"(0)=0 and y"(n) = —a
Hence, y is maximum whenx = 1
()

x*—x3+x2=x2(x>—-x+1)

_ 2| 1)2 N

=x"[{x =3 2

» f(x) = eX"~¥+¥* ]| attain minimum

At x=0

= Minimum of f(x) =1

(d)

To satisfy Rolle’s theorem it should be continuous
in[0, 1]

ie, RHL= f(0)

y' =asinx

— = 0 (using L’'Hospital’s rule)

Which shows a > 0 otherwise it would be
continuous also

When a > 0, f(x) is differentiating in (0, 1) and
f)=f(0)=0

Clearly, @ > 0, thus a = %is the possible answer
()

Lety = f(x) =log, x,x = 4and x + Ax = 4.01
Then,

d 1 d 1
—y=;andAx—001=><y> =

dx Adx/ -4 4

dy 1
Ay—d—Ax——x001—00025

~log,4.01 =y + Ay
= log, 4 + 0.0025
= 1.3868 + 0.0025

369 (d)
Given error in diameter=10.04
~Error in radius, é6r = +0.02
~percent error in the volume of sphere

4

§(=mr?

=—x100 = —£3 )

v —mr3
3

X 100 = £0.6

38
x 100 :TX 100

_ 3x40.02

370 (a)
Forx >0orx <0
f'(x) =;+2bx+1
- f'(1)=0 = a+2b+1=0
And f'(3)=0 = §+6b+1=0
On solving Egs. (i) and (ii), we get
a=-3/4, b=-1/8
(b)
We have,
X

a
E " 2sin4 [USIHg R=

= a=xsinA

(D)
...(if)

2sin A]

A

:da_ AdA
1t = x cos 7t

di_ AdA
T2ar XSy

1 T
=>cosA=§:>A=—

3
(b)
Given curve is y = 4xe”*

da
dt

di

T 2dt (gwen)]

dy
— = 4e* + 4xe”*
dx

Ac (-1,-3), (%)(_1,_3)

0
~ Equation of tangent is

( —)—0(x+1)

y=—g

=4e 1 +4(-1e 1 =



373 (d)
. 241 _42
Given, f(x) = f;cz e tdt 2/3 W23 dy
2 2 22 = — [ — —_ —_— —
= f(x) = e (") 2x — e~ (%) 2 ) (x) > (dx>p 1

= 2xe~ (2D _ p20%41} The equation of the tangent at P is
a a
Here, e2¥*" > 1 y——=—1(x—§)=>x+y——

8 4
—(x*+2x71)
And e™™ T > Ofor all x This cuts intercepts — 2 and £ with each of the
For f'(x) >0,x <0 _ o 4+
coordinate axes

374 (d) 2
There is only one function in option (a), whose —+—=2>2a’=16=>a=4

e L1 . . 16 16
critical point € (0,1) but in other parts critical (©)

ax 0

point0 & (0,1). Then, we can say that functions in
options (b), (¢) and (d) are continuous on [0, 1]

and differentiable in (0, 1) This is parallel to x-axis

1 1
7% x <3 = _Lzo

z (@)
(l - x) , x=2 >
. 2 2 (c)
Here, Lf’ (—) =-1 Given equation is a + bv? = x?
And Rf’ ( ) On differentiating with respect to t, we get

0+b(2 mﬁ

Qe ()
L dv dx

= f is non-differentiable at x = 5 € 0,1) = b & tar

~ LMVT is NOT applicable to f(x)in [0, 1] dv X d_x
(a) T 4t vbde

1 dv X (. dx_
Given, f(x)— dt E( E—”)

e?¥+1
fl) = «
f(x)isan odd functlon And V =nr?h

Slope of the normal= —

Now, for f(x) =

e2x +1 =—f® Surface area, S=2nrh + nr?

2
Now, f'(x) = (1+ 73 >0,Vx€E€R From Eq. (i), h = Snr

2nr
= f(x) is an increasing function

(d)

av
The curves xy = k and x = y? intersect at = —== (5 37T7”2) =0 [say]
P(k?/3,k/3) = 5 3m~=0=>5_3m~2

Yy On putting the value of S in Eq.(i),we get

Now, xy = k:>x—+y—0=>d =—-=>
* x 3nr? =2nrh+4+nr’=r=nh

r
From Eq. (ii),V = = (S — mr?)

©),--7
ax/p k1/3 (d)
dy N dy 1 R (dy) 1 Given curve is

x=y2:>2ya:

dx 2y ap=2k1/3 x*+y*=a

If given curves intersect orthogonally, then

@), %(@), -1~
dx/c, " \dx)., K137 213

=>8k?=1
(c)

We have,
x1/3 & y1/3 = ql/3




. y==%a
But y = Ogiven
y=a
= Required point is (0, a)
Alternate It is clear from the graph, tangent is
parallel to x-axis for y > 0 is at (0,a)

(d)
We have,
e?* —1
f0 =1
2(e?* +1)e?* —2(e?* — 1)e?*
(e2x + 1)2

S ') =
2x
! —
= f'(x) = @& +1)2
So, f(x) is an increasing function on R
384 (b)
We have, f(x) =x—e* +tan (271:)
=> ffx)=1-¢*
For f(x) to be increasing, we must have
f'lx) >0 = 1—-e*>0
=> e*<1
=2 x<0 = x€(—x,0)
(0
Let x and y be a two parts. Then,
x+y=12
Let P = x2%y*
= \/E =xy? =1L [say]
= L=x(12-x)?
dL
= —=(12-x)%?-2x(12—-x)
dx
For maxima, pot % =0
= (12—-x)[12-3x]=0
> x=12,x=4
At x = 4, itis maximum (= x # 12)

>(0forallx €R

Hence, it is maximum, when the parts are 4, 8

(d)

Given pointis x = a + bt — ct?
. . . . d%x
Acceleration in x direction = ol —2c
2y

Lo o d
and acceleration in y direction = = 2b

-~ Resulatant acceleration

d2x\? d2v\?
:\/<W> +(F> =/ (=2¢)2 + (2b)?
= 24/ b? + c?

asinx+bcosx . .
pnepr— decreasing for all x

387 (b)

Since f(x) - csinx+d cos
~ f'(x) < 0forall x
ad — bc
=
(csinx + d cos x)?
=ad—-—bc<0
(b)
Clearly, f(x) = logsinx is continuous on [7/
6,5 /6] and differentiable on (/6,5 1/6).
Therefore, there exists ¢ € (/6,5 m/6) such that
5m b4
r)-r6)
5

T T

6 6
—log, 2 + log, 2

< Oforall x

f'(©) =

= cotc =

2T

3
s
:>C0tC=0=>C=EE(T[/6,5T[/6)

(d)
Let f(x)=2x3-3x2-12+5
f'(x) = 6x% —6x — 12
For maxima or minima, put f'(x) = 0
6x2—6x—12=0
> x=-1,2
Now, f""(x)=12x—-6
f"(-1)=—-12 -6 = —18 < 0, maxima
f(x) is maximum atx = —1
At x=-1, fx) =—-2-3+12+5=12
At x =4,f(x) =128—-48—-48+5 =37
Hence, largest value of f(x) in the given interval
is 4
(b)

Let the number be x, then f(x) = ad

x?+16
On differentiating w.r.t. x, we get

, (x2+16).1 — x(2x)
frx) = 3 3

(x2 +16)

_ x*+16-2x% _ 16—x2 .
T (x2+16)2  (x2+16)2 - (D)
Put f'(x) = 0 for maxima or minima
fl(x)=0 > 16—x>=0 = x=4,—4
Again, on differentiating w.r.t. x, we get
fll(x)
_ (x* +16)* — (=2x) — (16 — x*)2(x* + 16)2x

(x? +16)*
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At x=4,f"(x)<0
. f(x) is maximum atx = 4
Andatx = —4, f"(x) > 0 f(x) is minimum

—4 1

~ Leastvalue of f(x) = -——=—¢
(@)

Given,s =Vt
ds 1

dt 2

w___ 1 a=

dt 2.2t3/2 (2v)’
= a=-2v3 =2axv3
(a)
Let y=sin®x + cos3x

o = 3sin® x cos x — 3 cos? x sin x

= 3sinx cosx (sinx — cosx)

d
Put, y—O 3sinxcosx (sinx —cosx) =0
Vs
= x=0ZorZ
2 4
. . T
Now, y has its maximum value atx=00r5and

Ymax = 1
(a)

Let the diameter of the sphere is AE = 2r

Let the radius of cone is x and height is y
~ AD =y
Since, BD? = AD.DE
= x2=yQ2r—-y) ..()
Volume of cone,
1 1
V =cnx?y = cmy(2r —y)y
3 3
= Zn2ry —y%)

On differentiating w.r.t. y, we get

dV_1(4 3%
4y = 3"y =3y

. . av
For maxima and minima, put @ =0

1
= 37 (4ry —3y?) =0

= y(@r—-3y)=0
i 0
= ==
y 3 T'
Again on differentiating w.r.t. y, we get

a’v 1
d_yz = §TL’(4T‘ - 6y)
4 d?v

Aty=-r

5T 523 n(4r—8r)——

4
~ Volume of cone is maximum aty = 37

height of cone

Now, required ratio =
ow, req 0 Diameter of sphere

ar
_Y_3_*2
2r 2r 3

(9

RACY T4t x+x?
On differentiating w.r.t. x, we get

, 44 x+x%—x(1+2x)
fle) = 2

(4+x+x?)

For maximum, put f'(x) =0 = ﬁ =
> x=2,-2
Both the values of x are not in the interval [—1, 1]
-1 -1
A= iy
f() = —% (maximum)
(b)

Given, 2y*=x
s 4y
dx

4+1+1
5

= 8y = 5x*

dy 5% s
<E>m) “8(2)3 4

=~ Length of subtangent=

y _ _ 8
dy/dx - 5/4 s

(@)
f(x) = f sintdt,x =0

0
= f'(x) = sinx

s
Now, f'(x) > 0in0 < x < 5

~ f(x) is increasing in 0< x < %
(a)

Given, x = 3 + 8t — 4t?,

On differentiating, w. r. t. X, we get

_ _g g
V=T

Att=1,v =8 —8 = 0 unit

(d)

Curves y2 = 4x + 4 and y? = 36(9 — x) intersect
at P(8,6) and Q(8,—6)

2 _ ay _ ) 2
Now, y —4x+4:>2ydx—4=>(dx)61y




and y? = 36(9 — x) = 2y > = 36 = (dy) =
C

dx

2
Clearly, this product is —1 at P(8, 6) and Q(8, —6)
Hence, given curves intersect at right angle
(b)
Let m be the slope of the tangent to the curve y =

e* cosx. Then,

m= d_y = e*(cosx — sinx)
dx

dm
= i e*(cosx —sinx) + e*(—sinx — cos x)
x
= —2e*sinx
and,
d*m _
—2e*(sinx + cosx)

o—=0=2sinx=0=>x=0,1,2 1
dx

2
Clearly, (ZTT >0forx=m

Thus, m is maximum at x = . Hence,a =

(a)

Since f(x) is decreasing in the interval (—2,—1)
~f'(x) <Oforallx € (—2,-1)

= 6x2+18x+ A< 0forallx € (—2,—1)

= x = —2 and x = —1 must lie between the roots
of the polynomial 6x2 + 18x + A

But, (—2,—1) is the largest possible interval in
which g(x) < 0. Therefore,x = —2and x = —1
are the roots of polynomial g(x)

~ Product of the roots = (—2) X (—1)

=>A— 2=>A=12
z= =
(a)
f(x)
1
_ {lx3 + x? +3x+sinx|(3+sin(;)),x #0

0, x=0
Letg(x) = x3 + x? + 3x + sinx
g'(x) =3x%+2x + 3+ cosx

2x
=3<x2+?+1)+cosx

=3{(x+2) + 2t cosx> 0
= X 3 9 CoSsXx

And2 < 3 +sin(3) < 4

X
Hence, minimum value of f(x)is 0 at x =0
Hence, number of points=1

403 (b)

i —*,3 mex) =132
Given, f(x) = g f'(x) = "
Putf"(x) =0 =>x =43
+ | - | - s

I 0 I

3 | 3

Thus, f (x)is decreasing in the interval (—3,3).
404 (c)
Given, t =as?>+bs+c
ds ds . o

= 1= ZaSE +b o [differentiating]
= 1=2asv+bv ..(I)

ds dv dv . o s
=>0= ZaEv + ZaSE +b e [differentiating]

= dv(z +b) = —2av?
dt as = av

dv
dt
dv

dt

= (1) = —2av? [from Eq.(1)]

v

= = —2av3

(©

Letf(x) =x?2—x+1
=>f'(x)=2x—-1

=f'(0)=-1

And f'(1) =1

Thus, function is neither increasing nor
decreasing.

(d)

Letarea, A = tr?

: —tonx01=n [

Tl T TR T ['dt
= 0.1cm/s]

(b)

Length of subtangent = y Z—;

and length of subnormal= y 2—32

~» Product = y?
= Required product is the square of the ordinate

(©
Lety = x1/*
On taking log on both sides, we get
1
1 =—1
ogy = _logx
ldy 1 logx 1-—logx

ydx x%?  x2 X

R d_y _ 1/ (1 - logx)
dx x
Now, x*/* > 0 for all positive values of x

And 8% 0in (1,e)

1/x

x2




And 128X < 0in (e, ) Hence, the locus of (h, k) is x? — y? = x

x2
~ f(x) isincreasingin (1, e) and decreasing in 414 (d)
(e,) Given, y =x
) d
©@ A 2x
We have,

ax+b

@
—_ 3 m =\|—
fx) = (x—1)(x—4) (D) P\
, a(x—1)(x —4) — (ax + b)(2x = 5)
= f'(x) = 5 >
(x—12%?(x—-4)
Itis given that f(x) has an extremum at P(2, —1).
Therefore,
2a+b —2a+ (2a+b
=——————and0 = ( ) _ (%Y _1
2-D2-4 (2-1)2(2-4)? ™ =\ an = 2
(:>)2a th=2andb=0=a=1b=0 If 6 be the angle between the two curves
c
They will encounter if tanf = | m
10+6t=3+t2 = t2—6t—7=0 = t T+m+my
=7 3
o ' : —tan-1(2
Att =d7s, moving in a first point = 6 =tan <4>
2 =E(10+6t) =6 cm/s (c)
Att = 7s, moving in a second point Let two numbers be x and y, then
x+y=6 (1)
Let (i)

2

-1

3
1+2><§ 4

1
1 —my | 2—7

d 2
UZZE(3+t)
=2t=2%X7=14cm/s

~ Resultant velocity =v, —v; =14 — 6 = 8 cm/s = z= - + —

(d) On differentiating w. r. t. X, we get
Given function dz 1 1

f@) =e +e PR AN R

g(x)=xex2+e—x23nd PutZ=—0=>-L4+_1 _—p
2 2 dx x2  (6—x)2

h(x) = x%2e*” + e ™" Are strictly increasing on [0, f—(6-x)2+x2=0

1]. Hence, at x = 1, the given function attains > 12x—136=0

absolute maximum all equal to e + i = x=3

2
(9 Now, 2Z=24_2

Let (h, k) be a point of contact of the tangents dac? dsz (6-x)°

drawn from the origin to y = sin x. Then, (h, k) At x =3, -5 > 0, minimum
lieson y = sinx Hence, minimum value at x = 3 is
~k=sinh ..(0) 1.1 2

Now, d =:§-+E§ 3

o dy dy _ b (b)
Yy =sinx,= a = CO0SXx = (a)(h,k) = COS f(x) — x4— _ 4x3 + 4x2 + 40

The equation of the tangent at (h, k) is f(x) = 4x® —12x? + 8x
y —k = (cos h)(x — h) For monoatonic decreasing f"(x) <0

This passes through (0, 0) = x(4x?) — 12x + 8<0
x(x>=3x+2)<0

= x(x—-1Dkx-2)<0
From (i) and (ii), we get

k2 + :_z =1 [Squaring and adding] m ﬁ
s __J() 1\:/2

& —k =—hcosh= % =cosh ..(ii)




= Xx€(—x,0)U(1,2) On differentiating w.r.t. x, we get
7 (@) Y 3y _6x—9
Given, y?2=x ..(i) dx
Since, tangent is parallel to x-axis
d
Y0 5 3x2-6x-9=0
dx

= (x+Dx-3)=0 = x=-1,3
424 (a)
> 51 /() = 4x + 16x3+... 210,20, x19
1 = 4x(1 + 4x%+...+5.210%18) (D)
- Y= = f"(x) =4+48x* + -+ 21°380.x% > 0
From Eq. (i), if y = %’ then x = i ~ f(x) is minimum at x = 0. [from Eq. (i)]

© (d)

We have, We have,

f(x) = cos|x| —2ax+b y=xze‘x=>d—y=2xe"‘—xze_x
= f(x) =cosx —2ax+b [+ cos(—x) = cosx]
= f'(x) = —sinx — 2a

Also, slope tan45° =1

For y to be increasing, we must have
dy

Now, d—>0:>e—x(—x2+2x)>0:>—x2+2x>0
f(x) is increasing for all x € R = x€(0,2)

= f'(?;r) > 0 forall x EnR Hence, y is increasing on (0, 2)
:f’(§)>0:>—sin§—2a>0:>—1—2a>0 426 (c)

S>a<—1/2 Since, f(x) = asinx + %sin 3x has maximum at

(a)
Let r be the radius of the cylinder. Let V/; and V, be
the volumes of the sphere and cylinder

respectively. Then,

4
vV, = 5111"3 andV, = nir

Vs
acos§+cosn= 0

3

v Given, s =t3 —3t?
d TS
anold—t2 = 3mr? d—z > =4 = % =3t2 -6t ..(I)
dt
d? .
(b) ) =5 = 6t—6=0 |[given]
Let y =4e?* +9¢™%* = d—z = 8e?¥ — 18e™%* = t=1
d?y On putting value of t = 1 in Eq. (i), we get
— = 16e** + 36~ ds
dx —=3x1-6x1=-3m/s

For minimum, put Z—i’ =0 = 8e2¥_18e %X = dt

av; dr
=L =4nr?=
dt dt

=

0 (b)
=  et* = = oy = 1 10g2 Given,
4 4

1 9 d%y f(x) = (x - 1)2 + 3! x € [_3! 1]
At x=110gz, ﬁ>0 = f’(x):Z(x—l)
- Minimum value at x = llogg is For maxima and minima, put f'(x) =0 = x=1
N Now, f"(x) =2, minimaVx € R
2(310g2 -2(>10g2 ’ v
y = 10198) 4 9o~ 10%) At x=1, f()=(1-1)*+3=3
1/2 -1/2
= 40 1 gpoe) Atx=-3, f(-3)=(-3-12+3=19
Here, m=3 and M =19

—4lp9l-12
Shyt937 (d)

423 (d) We have, f(x) = x'/*
- y=x3-3x2-9x+5 Clearly, f (x) is defined for all x € (0, o)
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Now,

Fo) = x12

= f(x) = e(l/x) loge x

VN _ o1)x 1 | 1
= f'(x)=x —Fogex+p
x*(1 - log, x)
2
For f(x) to be increasing, we must have
f'(x)>0
x*(1 - log, x
( i 8eX) _
x
—log,x >0

= log,x <1 [+ xY*and x? are positive]

>x<e=>x€(0,e)

(0

As the curve crosses y-axis ie,x = 0
y=4e V=>y=4

Given, y=4e *

. Equatlon of tangent at (0,4) is

y—4=-1(x—-0)

= x+ty=4

()

Given, f(x) = x%log x

On differentiating w.r.t. x, we get

f'(x) =Qlogx + 1x

For a maximum put f'(x) =0

=> QRlogx+1x=0 = x=e"Y20
c0<e V2«1

None of these critical points lies in the interval
[1e]

So, we only compute the value of f(x) at the end
points 1 and e

We have, f(1) =0, f(e) = e?

Hence, greatest value of f(x) = e?

(b)

Let y = k be a line parallel to x-axis

It crosses the curve y = vx at P(k?, k)

1 () _ 1
Now,y = \/_:E Zﬁ:(dx)p_Zk

It is given that y = k crosses the curve y = v/x at
an angle of 45°

_(dy) = tan 45° = !
), T 2k

. L 1
Hence, the required lineis y = >

433 (a)
Equation of given curves are
y =sinx ..(i)
and y = cosx ...(ii)

On solving Egs. (i) and (ii), we get
s

xzz

-~ Point of intersection of curves is (

)

. d
Fory = smx,d—z = CcoSX

dy 1
@) =k=m G

dy .
Fory =cosx = —, = —sinx

(%)xzn/tl -

my —
~ tan B = =
1+mym,

= tan® = 2V2 = 0 =tan" 2\/_)
434 (c)

Lett = f(v, then)

dt_ 1

w2 E T w

” “:f'u

= af"(v)—+—f (v)=0

N 2f”()+da><1—0 da
¢ VT a T dt
(a)

Let f (x) = 27°°S2* x 815I"2X Then,

f(X) — 33cos2x+4sin2x

Clearly, f(x) will be minimum when 3 cos 2x +
4 sin 2x is minimum

We know that

—va?+b? <acosx+ bsinx <+ a?+ b?

»—=5=<3cos2x+4sin2x <5
= The minimum value of f(x) is 37° = —

243
(a)
Let Z = px + qy. Then,
2
T
Z=px+q7 [« xy =12]

dZ qr?

= — = —_—
dx p x2

For maximum or minimum, we must have
dz qr?

=0=>x=+% |—
dx x== p




qr?
Forx = Y we have

d>zZ 2qr?
dx?2  x3
2
Hence, Z is minimum for x = ’% with the

minimum value given by
r2  qr?
Z=p q_+ LA 27r./pq
J7 far®
p

We have,

f'(x) = (x — a)®™(x — b)>P**
~f'x)=0=>x=a,b

When, x = a — h, we have

f'(x) = h*"(a + h — b)?P+1

When x = a + h, we have

f'(x) = h*"(a + h — b)?P+1

We observe that as x passes through a, f'(x) does
not change sign

Hence, there is neither a maximum nor a
minimum atx = a

438 (b)

We have,

fO)=x-Hx-5)(x—-6)(x—7)

Clearly, f(4) = f(5) = f(6) =f(7) =0

By Rolle’s theorem, there exist a; € (4,5),a, €
(5,6),a; € (6,7) such that
fla)=0,i=1.23

Since f'(x) is a cubic polynomial. Therefore,
a4, a,, a5 are the only roots of f'(x) = 0

439 (a)

We have,

f(x)=2e*—ae™*+Q2a+1)x—-3

= f'(x) =2e*+ae™*+ (2a+1)

For f(x) to be increasing on R, we must have
f'(x) >0forallx € R

= 2e*+ae ™+ (2a+1)>0forallx R

= 2(e¥)?+ (2a+1)e* +a>0forallx €R
=2y?2+ (2a+1)y+a>0forally =e* >0
Thus, the vertex of the parabola given by y =
2x%(2a + 1)x + a must be on the left side of the

origin and the ordinate at x = 0 must be positive

2a+1
—( )<Oanda

—-b
>0 [Using:% > 0and f(0) > O]

1
=>a>—§anda>0=>a>0=>a6(0,oo)

440 (c)

Given curveis x = at? + bt + ¢
On differentiating w.r.t. t, we get

WX et +b
a ~ “°
2
Again on differentiating, we get X 2a

dt?
(d)

F = 2sinx + 3cosx
On differentiating w.r.t. x, we get
(2sinx + 3 cosx)(Acosx — 6sinx)
£ = —(Asinx + 6 cosx)(2 cosx — 3 sinx)
(2sinx + 3 cos x)?

The function is monotonic increasing, if f'(x) > 0
= 31 (sin? x + cos? x) — 12(sin? x + cos?x) > 0
=31—-12>0 (~sin?x+cos?x=1)

= 1>4

(d)

Let A=x%y=x%8-x)
= A=8x%—x3

Asinx + 6 cosx

[given, x +y = 8]

dA
= — =16x—3x?
dx

. . dA
For maxima or minima, put ol 0
16

=0,—
X 3

> 16x—3x%2=0 =

d?A
Now, = 16 — 6x

2
(5 A)x_m =16 — 32 < 0, maxima
T3

dx?

2 3
» Maximum value= 8 (%) - (%) = %
(@)

Since (2, 3) lies on y? = px3 + q. Therefore,

9=8p+q ..()
Now,

y?=px’+q
dy
= 2y — = 3px?
ydx px

dy 3px? (dy) 12p
> — = = | — = =

dx 2y dx/ (2,3 6
Since y = 4x — 5 is tangent to y? = px3 + g at (2,
3)

2p

d
(_y) = Slope of the liney = 4x — 5
dx/ 2;3)

>2p=4=>p=2

Puttingp = 2 in (i), we getq = =7
444 ()

We have, f(x) =tan"1x — x

1
1+x2

= f'(x) =

2
—1=1+’;2<0fora11xER—{O}
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Hence, f(x) is decreasing on R — {0}
(d)

Given f (x) = x3 —6x? —36x +7
= f'(x) =3x% —12x = 36

For f(x)to be increasing, f'(x) > 0
=3(x%?—4x—-12)>0
>x-6)(x+2)>0

=>x>6

And x < -2

(0

Given curve is

x = a(t+sint),y = a(l — cost)

S P it eos) = asing
dt—a COS ,dt—a Sin

~dy dy/dt  a(sint)
“dx  dx/dt a(l+cost)
.t t
2sin-cos- t
_ 2 "2 _
=——=—F°=tanz
2COSZE 2

2
Length of the normal=y_[1 + (%)

=a(1l—cost) ’1 + tan? (%)

= a(l — cost) sec (%)

zasin () sec(;)
= 2asin“ |z ) sec| =
2 2
= zasin ) n ()
= 2asin > an >

(d)

If f(x) = (a+2)x3—3ax? +9 ax — 1 decreases

monotonically for all x € R, then

f'(x)<O0forallx € R

=>3(a+2)x*—6ax+9a<0forallx €R

= (a+2)x?—2ax+3a<0forallx €R

= a + 2 < 0 and Discriminant < 0

>a<-2and4a’*—-12a(a+2)<0

>a<—-2and—-8a?—-24a<0

>a<-2anda(a+3)=0

s>a<-—-2anda<-3o0ra=0

>a<-3>-0<a<-3

(3]

By Mechanical interpretation of Lagrange’s mean

value theorem, the time ¢ at which the velocity of

the particle is equal to its average velocity

between times x = 1 secand x = 2 sec is given by
: f@2)-f@)

filo) = T o_1

=>302—2=m [“f)=x3—-2x+1 = f'x

= 3x?-2]
=3c2=9=¢=+3sec
(9
We have,
y=x3-2x>+x-2
dy

>~ =3x%2—4x+1
dx

At the points where tangents are parallel to x-
axis, we must have

dy ) 1
—=0=>3x"—-4x+1=>x=1,>
dx 3

Thus, there are two points on the curve where
tangents are parallel to x-axis

(d)

Given, f(x) =

x
4+x+x2

2
Let f(x) = % then u = 22X+

4
=—+1+x
x

du 4 d?u
Tdx o x2 7 dx? %3
. .. du
For maximum or minimum, puta =0
4
= 1-==0 = x=4%2
x
du_ _ 8
Tdx2 T (2)3
d?u
Atx = -2, iz
s~ Atx =2, f(x)is maxima
And at x = =2, f(x) is minima
It is increasing function in the given interval

o~ Atx = -2 < 0, maximum

=1 > 0, minima

~ The maximum value atx = 1 is

. 11
f()_4+1+1_€
(c)

Given, y = x'/*

1
logy = —logx =f(x) [say]
, 1—logx
f'(x) = Tz
1-logx _

For maxima and minima, e 0
> 1-logx=0

= x=e
Now, f"(x)=

At x=e

f'(x)=-ve<0

f (x) is maximum and maximum value of x
1/e

e’/®.

-x—2(1-logx)x
(x2)?

1/x —
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452 (c)

If x is the side of an equilateral triangle and A is
its area, then

V3 ) dA 3 dx
A= Tx = I = TZxE
Here, x = 10cm and % =2cm/s
4=V
4
(@)
Here, f(x) = x3 + bx? + cx + d
= f'(x) =3x%2+2bx +c
(As we know, if ax? +bx+c>0forallx
=>a>0and D <0)
Now, D = 4b? — 12c = 4(b?> — ¢) — 8¢
(whereb? — c < 0 and ¢ > 0)
~D = (-ve)or D <0.
= f'(x) = 3x? + 2bx + ¢ > Ofor all x € (—o0, )
Hence, f(x)is strictly increasing function.
(b)
We have,
f(x) =xe™™*
=>f'(x)=e™*(1—x)
~ffx)=0=>x=1
Now,
f(0)=0

1

and, lim f(x) = lim xe ™ = lim = = lim — =0
X—00

xX—00 xX—o0 e x—00 €%

2(10)2 = 10v/3cm?/s

Hence, the greatest value of f(x) is é

(0

By Rolle’s theorem, between any two roots of a
polynomial f(x) there is a root of its derivative
f'(x). Therefore,

2ax + b = 0 has aroot between a and 8

b
=>a<—%<ﬂ

_b]
T 2a

[':Zax+b=0=>x

(d)

Given, f(x) = 4x* —2x + 1

= f'(x) = 16x3 -2

For maxima and minima, put f'(x) = 0
=16x3-2=0

Sx ==
*=3

In interval G, 00),put x=1
f'(1) = 16 — 2 = 14 [increasing]

459 (c)

Given, f(x) = x2%e™?*
f'(x) = 2xe ¥ — 2x2%e™%¥
=2x(1—x)e™?*
For maxima or minima, put f'(x) = 0
2x(1—x)e™?* =0
> x=0,1
Now, f"(x) = 2x(—1De 2 +2(1—x)¢ " —
2.2x(1 — x)e™%*
f"(0) =0+ 2e° =2 > 0, minima
And f"(1)=-2e"2+0-0= —ez—z < 0, maxima

Thus, maximum value is f(1) = 1.e™? = el

(b)

Given, f(x) =1 —x3

f'(x) = —3x?><0,Yx ER

So, f(x)is decrease in (—o0, o)

Hence, option (b) is correct.

(d)

We have,

flx) = %+ x?=f'(x) = —9%+ 2xand f"(x) =
242

If f(x) has a maximum at x = —3, then
f'(=3)=0and f"(-3)<0

Now, f'(-3) =0 = —%: 0=>a=-54

But, f"(=3) ==~ +2>0

Thus, there is no value of a for which f(x) has a
maximum atx = —3

464 (d)

Given equation of curveisy = x2 — x + 4
Slope of tangent at P(1, 4) is

d d
s - (@),
dx dx (1,4)

~ Equation of tangent is
y—4=1x—-1)=> y—x=3 .(I)
And equation of normal at point P(1, 4) is
y—4=—-1x—-1) = x+y=5 ..(i)
Since the tangent cuts x-axis at A(—3,0)
And the normal cuts x-axis at B(5, 0)

L 1 4 1
~ Area of APAB = > -3 0 1

5 01

= % |[4(=3 — 5)]| = 16 sq units

465 (c)

Given, s =3t2 -8t +5
and U=E=6t—8
dt

The body will be stopped when velocity is zero

Page |94




4
> 6t—8=0 = t=§s

466 (a)

By Mean value theorem

p=LE IO,

_f®+3
.

9 = £(5) > 33

(b)

We have,

y? =4ax ..(i)and, ay?® =4x3 ..(ii)
Solving the two equations, the points of
intersection of the two curves are (0,0), (a, 2a)
and (a,—2a)

Let us take the point (a, 2a) as point P

Now,

dy
y? —4ax:>2yd

So, the equation of the normal to (i) at P(a, 2a) is
y—2a=-1(x—a)=x+y—3a=0 .. (i)
Now,

. dy , (dy\ _12a°
ay? = 4x3 = 2ay o 12x% = (E)P = a7

=3

So, the equation of the normal to (ii) at P(a, 2a) is
y—2a=—§(x—a):>x+3y—7a=0 .(iv)
Clearly, (iii) and (iv) cut x-axis at G;(3a, 0) and
G,(7a,0)
% G1G, = 4a
(a)
We have,
y=x3-3x2+6x—17

dy

:E—3x2—6x+6=3{(x—1)2+1}

> 0 forall x
Hence, y increases for all values of x
(o)
By Rolle’s theorem, f(1) = f(3)
= a+b+11-6=27a+9b+33 -6
= 13a+4b+11=0 ..(0)
Now, f'(x) =3ax?+ 2bx + 11
1
= f'(2 +—)
2+
3 (2+ 1>+2b(2+ 1)
= 3a — —
V3 V3
+ 11

0=3a (4+1+4)+4b+2b+11
= .
3 V3 V3

13 +4b+—12 +2b+11 0
= a JR— =
\/_ \/_

12a

= _11+T+\/_+11 0

= 6a+b=0 ..(i)
From Eq. (i) and (ii),
a=1 b=-—

(©
We have, s = t3 — 3t?
On differentiating with respect to t, we get
45 _ 342 _ -
ol 3te -6t ..(0)
Again differentiating Eq. (i), we get
dZ
=6t—6=0 = t=1
dt?
On putting the value of t = 1 in Eq. (i), we get
ds

E=3x1—6x1=3—6=—3m/s

(c)
We have,
x+1 1
f)y=| 1 x+1
1

..[from Eq.(i)]

1
1 0
=>f'x)=1 x+1
1 1
x+1 1 1
1 0
1 1 x+1
x+1 1 1
+| 1 x+1 1
0 0 1
= f'(x) =3{(x + 1)? — 1} = 3(x? + 2x)
For f(x) to be increasing, we must have
f'(x) > 01
=3(x%+2x)>0
>x24+2x>0>x<—-2o0rx>0=>x
€ER—-1[-2,0]
(@)
We have,
g(x) = f(x) = 2{f()}* + 9{f (x)}* forallx € R
= g'(x) = f'(x) = 4f Q) f" () + 27{f ()} f' (%)
forallx € R
= g'(x) = [1 = 4f (x) + 27{f (x)}*]f'(x) for all
X €ER
Clearly, 27{f (x)}? — 4f(x) + 1 is a quadratic
expression with discriminant less than zero. So,
its sign is same as that of the coefficient of {f (x)?}
i.e. positive for all x € R
Thus, g'(x) and f’'(x) have the same sign
Hence, g(x) and f (x) increase and decrease
together
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473 (a)

We have, y = xre

1+x2
For stationary values of y, we must have,

(1+x2)—(x+c)(2x)_0
(1 + x2)2 N
214+x2—2cx—2x>=0=2x%>42cx—1=0

T 1+x2
[Putting x? from (i)]

Let f(x) = (x —3) log, x
Clearly, f(x) is continuous on [1, 3] and
differentiable on (1, 3)
Also, f(1) =0 =f(3)
Hence, by Rolle’s theorem there exists at least one
c€(1,3)suchthat f'(c) =0
(c=3)
= log, c + =0=>clog,c=3-c

= x = cisarootofxlog, x = 3 — x, wherec €
(1,3)
(9

2r

Given,ﬁ X100 =2 = 6r = —
r 100

Surface area, S = 4mr?
6S = 4m2r. ér
2r  16mr?
100 ~ 100
Now percentage error in surface area
88 16mr? 1

— X100 = X
s 100 47r?

X 100 = 4%
(a)

v f(x) =x+cosx

On differentiating, we get f'(x) = 1 —sinx
f'(x) > 0 for all values of x

(> sinx is lying between-1 to +1)

~ f(x) is always increasing

(b)

We have,

y=ax?+bx+c ..(i)

d "
= ﬁ =2ax+b ..(i0)

The curve (i) passes through (1, 2)
~2=a+b+c ..(i)
The line y = x touches the curve (i) at the origin

dx
=>b=1
Putting b = 1 in (iii), we get
atc=1
Also, the curve (i) passes through the origin
~c=0
Hence,a=1,b=1landc =0
(b)
We have,

dy .
( ) = (Slope of the line y = x)
(0,0)

3 1
f(x) =sin*x + cos*x = Z+ZCOS4x

= f'(x) = —sin4x

For f(x) to be increasing, we must have
f'(x)>0

= —sin4x >0
ssindx<0=>n<4x<2man/d<x<m/2
(b)

The length of the normal at (x, y) to a curve is
given by

Here, y = c cosh (E) = 4y

. X
=sinh=
dx c

- Length of the normal

X x
= /1 inh2= = h(=
y [1+sin - Yy cos (c)
x
c

=y—C2 ['-'y:ccosh ]

Thus, length of the normal varies as the square of
the ordinate

(d)

Let the equation of normal is

dx
Y—y=—@(X—x)

It meets the x-axis atG. Therefore, coordinates of
)

G are (x+ydx,0

According to given condition,

d

x+y£=2x = ydy =xdx

On integrating, we get

2 2
y X
i =
> 2+c

(<)

P(x) = ap + a;x? + apx* + - + a,x?"

Where, a, > a,_1 > an,_,..>a, >a; >ag >0
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= P'(x) =2a;x + 4a,x3 + -+ 2na,x?"1
= 2x{a, + 2a,x% + -+ + na,x?""%}
Where,
(a; + 2a,x% + 3azx* + - + na,x?"2) >0
For all xeR

P'(x) > 0,whenx > 0
Thus, {P’(x) < 0,whenx > 0

ie P’ (x) changes sign from (—ve) to (+ve) atx =

0
Hence, P (x) attains minimum atx =0
= Only one minimum atx = 0.
(b)
Let radius vector is r
v 12 = x2 42
2.,2
- TZZ%HZ < a
For minimum value of r
d(r?) —2yb?a?
dy T 2-b2p
= y2=b(a+b)
x?=a(a+b)
= r?2=(a+b)?
= r=a+b
(@)
We have,
f(x) = cosxsin2x = 2sinx — 2sin®x
Let sinx = t. Then, for x € [—m, ], we have t €
[-1,1]
Let g(t) = 2t — 2 t3. Then,
min f(x) = min g(t) wheret € [—1,1]
Now,g'(t)=2—6t2=0:t=i%
We have, g"'(t) = —12t
Clearly g"'(t) > 0 fort = —1//3
Hence, g(t) attains its minimum value at t =

—1/3. The minimum value of g(t) is given by
1 2 2 4 7 9

(B w9

Hence, the minimum value of f(x) is — % >

+2y=0

7 9
—=>-=
9

7
()

Given, f(x) = ffm(t4 —4)e ™ dt
On differentiating w.r.t. x, we get
F100) = (x* = 4)e

For maxima or minima, put f'(x) = 0
= x=+V2, 12

Again on differentiating w.r.t. x, we get
/() = —4(x* —4)e ™ 4+ 4x3 e™4*

At x =2 and x = —/2, the given function has
two extreme values
488 (b)
f(x)sin*x + cos* x
= (sin? x + cos? x )2 — 2 sin? x cos? x
B sin® 2x (1 — cos 4x>
4

2

_3+1 4
—Z ZCOS X

For f(x)to be increasing, f'(x) > 0
= —sin4x >0
= sin4x <0

3w
:>7r<4x<7

n< <3n
= — —
1°*%7g

(@

Let the required point be (x, y) on the curve

N2
So,d=_[(x—4)%+ (y + E) should be
minimum

Let D:(x—4)2+(y+§)2
2

~ D =(x—4)2+(x2+%>

= D=x*+2x?—-8x

D'=4x3+4x—8
Put D’ = 0 for maxima or minima
x4+ x—-2=0 => x=1
Now, D" = 12x2 + 4
atx=1 D"=16>0
. D is minimum when x = 1
Hence, the required pointis (1, 1)
(@)
Given, y = (1 + x)¥ + sin~(sin% x)
At x=0,y=1
Let y=u+vwhereu=(1+x)Y,v=
sin~1(sin? x)
= logu = ylog(1+ x)

dul y dy

—— +log(1 + x) Tr

1+x
1

T Vi-sinZx
. Dy
Codx

.2sinx cosx

+log(1 + )dy]
Og xdx

1+ x
sin 2x

Cos X
dy
I [1—(1+x)Y]og(x + 1)]

(1+x)Yy sin2x
= +
1+x COoS X




dy 1
a 0,1) - m
~ Equation of tangent is
y-1D=1x) = x—y+1=0
491 (c)
Perimeter of sector= 2r + r8
= 60=2r+r6 [given]

=1

60 — 2r
= 0=
T
r2 _ mr?(60-2r)
360°  r360°

Area of sector, 4 =

180° (30 —-7)
dA
dr _ 180°

dA
For maximumarea, —=0 = r =15

ar
dza
NOW, d? 180° (O 2) - < 0

~ Itis maximumatr = 15m
(b)
Let ¢(x) = f(x) — 2 g(x),x € [0,1]
Clearly, ¢(x) is continuous on [0,1] and
differentiable on (0, 1) as f(x) and g(x) are
differentiable on [0, 1]
Also, $(0) = f(0)—2g(0)=2—-0=2
and, (1) =f(1)-2g(1)=6—-2%x2=2
= 6(0) = (1)
Thus, ¢(x) satisfies all the three conditions of
Rolle’s theorem. Consequently, there exists a
point ¢ € (0, 1) such that
P’ =0=f"(c) -
(b)
Given, f(x) = 2x3 —3x%2 — 12x + 4
On differentiating w.r.t. x, we get
f(x) =6x%—6x—12
For maxima or minima put f'(x) = 0
= x2—x-2=0 = x=2,—-1
Again differentiating, we get f"'(x) = 12x — 6
= f"(2) = +ve, f'"(=1) = —ve
~ Given function has one maximum and one
minimum
494 (c)
We have,

—— (30 —2r)

29'() = 0= f'(c) = 2g'(0)

1—x
|x—1| x2
x—1

x<1l,x#0

f&x) =

2 x=>1

Clearly, f (x) is not differentiable at x = 1. Also,
1 2
Y2 53’
rrw={ <,
el
x—2
%3
2—x

x<1l,x#0
x> 1,

, x<1l,x#0

, x>1
%3

Now,

f'(x) <0

= 2—x

>x<lorx>2
= x € (—00,1) U (2,0)
(b)
Given curveisy = e?¥
On differentiating w.r.t. x, we get
ﬂ—z“:(ﬂ) =2e% =
dx dx (0,1)
Equation of tangent at (0, 1) with slope 2 is
y—1=2(x—-0)=> y=2x+1
This tangent meets x-axis
~y=0
1
= 0=2x+1 = x=—§
-~ Coordinates of the point on x-axis is (— % 0)

496 (b)
We have,
f(x) = cot™ {g(x)}

1 !
= f'(x) = _W‘g (x)

= f'(x) < O0forallx € (0,7)
+ g(x)is an increasing
function on (0, )
g'(x) > 0forallx € (0,m)

= f(x) is decreasing on (0, )
(a)
Let h and r be the height and radius of cylinder.

. ar ﬂ _
Given that s 3m/s, e 4m/s
Let volume of cylinder, V = nr2h

av dh+h2 dr]
dt_nr dt "t

At r=4m




And h = 6m

. % = n[—64 + 144] = 80mcum/s

498 (b)

Let f(x) = x?,
f=f-D=1

Also, f(x) is continuous and differentiable in the
given interval

(b)
Let f(x) =
Then,

fl) =

ab(a?-b?)sinx cosx

a?sin? x+b? cos? x

ab(a? — b?)
a?tanx + b? cotx
ab(a? — b?)
= f(x) = 5
(avtanx — bycotx)” + 2ab
Clearly, f(x) will be maximum, when (a\/tanx -

2

bv/cotx)" is minimum. But, the minimum value of
avtanx — b+/cotx is zero. Therefore,

aZ_bZ

Maximum value of f(x) = —

(d)

Given f (x)satisfy Rolle’s theorem in [3, 5].
~ f(x)is continuous in [3,5]

And f(x)is differentiable in]3,5]

And f(a) = f(b) = Oie,f(3) = f(5) =0
Let f(x) = (x —3)(x = 5)

o f(x) =x?—8x+15

8x?2 >
—+ 15
2 xL

5 3
f (x? —8x = 15)dx = [— —
3 3

Let x be the length of an edge of a cube and S be
its surface area. Then,

as
S=60x2=>a= 12x

as=2
T T

= AS =12x Ax
AS 12x Ax
= —x100 =
6x2

S
= 2a

Ax
0= 2(—x 100)
X

(b)

We have,

f(x) =(a?—-7a+12)cosx + 2(a — 4)x + log 2
= f'(x) =—(a—4)(a—3)sinx +2(a —4)

= f'(x) = (a—4){—(a—3)sinx + 2}

If f(x) does not have any critical point, then
f'(x) = 0 does not have any solution in R

~a—4 +#0andsinx = ﬁ is not solvable in R

:>a¢4and|%|>1
>a+4and|a—3| <2

2>a#4andl1<a<5=a€(1,4)U(4)5)

504 (d)
sy = be
Ly
“dx a
= e Xt=1=¢0
. x=0
FromEq.(i),y =b
Hence, point of contact is (0, b)
505 (c)
Given curveis xy = 4

4

. dy
Cdx

-x/a

b

(D)

4
x?
4_a
b

) 4b
= x¢*=—>0
a

x2

Which is true when
a>0,b>00r a<0,b<0
506 (b)
We have,
Vx+,y=3
1 1 dy
5> —4— ==
2\x zﬁdx

S

=

Vx
-2

=~ Length of the subtangent = | a

507 (d)
Let y

__logx

1
dy x.;—logx.l _ 1-—logx
dx B
For maxima, put W _ 0

dx

x2 x2

1—logx
—g—O = x=e

xZ
d?y xz(—i)—(l—logx)Zx
ax? (x2)?

Now,

dx?

d?y .
At x =e,— < 0, maxima
dx?

=——e ¥t=—— (slope off+
a a

dy/dx| -

ol

2

. . 1
~ The maximum valueatx = eisy = -

508 (a)

dy
dx

)(4,1)




Let f(x) = log

Now,

f@) =22 o f) =
For maximum or minimum, we must have
f'x)=0=logx=1=>x=c¢
f'(x)>0forx <eand f'(x) <Oforx >e
Thus, f'(x) changes its sign from positive to
negative in the neighbourhood of x = e

So, x = e is the point of local maximum
Now, f(e) = loge = ;
(b)

Let x be the radius and VV be the volume of the

sphere. Then,

v 4 av 4
= — = — =
37Tx dx X

We have,

logx

2

Ax
—x100=k
X

v =2y
DT

= AV = 4nx?Ax

AV 4mx? Ax Ax
= —Xx100 =—F——Xx100 = 3(—>< 100)

4 2 a3 x

3
= 3k

(d)
Given curve is y3 + 3x2 = 12y
On differentiating w.r.t. y, we get

Since, tangent is parallel to y-axis

dy

—=0 =212-3y?=0

dx ”

> y2=4 > y=42
4

Then, x = iﬁ

Aty = —2,x cannot be real

. _ 4

~ The required point is (i 7 2)

(b)

Given, y =alogx + bx? + x

dy a
> ——=-—+2bx+1
X x

f(x) is defined for x > 0

—a—2b+1=0 = a+2b=1 ..()
And 2+4b+1=0 = a+8b=-2 .(i)

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

a=2b=—-
2

(@)
Let P(x4,y,) be any point on the curve x"y = a™
Then,

xty, =at (1)
Now,

x"y =a"

dy dy  ny
= n—-1 n_- —0 =
nx y+x Ix =>dx X

(D == (H =
dx (x1,y1) X1 dx (*1,¥1)

]
The equation of the tangent at P(x4,y;) is
na"

Yy=—Y1=— =7 (X —xq1)
Xq

n+1
X1 N
nam

This meets the coordinates axes at A ( +

X1, O) and B (O v, + ) respectively

~ Area of AAOB = > (OA X OB)
n+1
= Area of AAOB =+ (xl Y1
2\ nam

)(n+5r)

= Area of AAOB = %(% + xl) (z—: + %)

1 X1
[Using (i)
= Area of AAOB = l@a xim

Clearly, the area will be constantif1 —n =
Oi.,en=1
(©

. C
Given, y =

X

=)
dx_c x2

~ Subnormal at any point = y. 2—:;

o2 3
=y ( x2> c};

~ Subnormal o y3

(a)

Given that, % =30ft3/ minandr = 15 ft

Volume of spherical balloon
4

dt  axmx15x15 307

At x = —1and x = 2,y has its extrema. 515 (d)
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Let AB = xm,BC = ym and AC = 10m
x2+y%2 =100 (1)

2x(3) —2y(4) =0

=3 v _ 4 ]
= 3m/s, i m/s

On putting this value in Eq.(i),we get

16 )

?y +y=100 >y =6m

(d)

Let there be a value of k for whichx3 —3x + k =
0 has two distinct roots between 0 and 1

Let a, b be two distinct roots of x3 —3x + k=0
lying between 0 and 1 such thata < b

Let f(x) = x3 =3 x + k.Then, f(a) = f(b) =0
Since between any two roots of a polynomial f(x)
there exists at least one roots of its derivative
f'(x). Therefore, f'(x) = 3 x? — 3 has at least one
root between a and b. But, f'(x) = 0 has two
roots equal to &1 which do not lie between a and
b

Hence, f(x) = 0 has no real roots lying between 0
and 1 for any value of k

(b)
rw=2(3)sm(F)es () + (5)e0s3- 5)

- (5) 2 sin( )cos( <) - 2sin® (%)]

= (5)sm (3 cos(5) - 25 3)

Putf'(x) =0 & sin(z)zo

= tan (g) =1

x x T
=>g:k7t,kelorg=nn+z, nel
x?—10< —19.5x

& (x+9.75)? < 105.0625

& (x—05)(x+20)<0

e -20<x <05

So, the critical points satisfying the last inequality

will be 0, 6m, — 2%

518 (d)

Given curve is f(x) = fx RLLE

On differentiating w.r.t. x, we get
="
X
For point of extreme, put f'(x) = 0
sinx
= — =0 = sinx=0

= x=nm,n=123,..

(a)

Given, s = 22t — 12t?
ds

V= — =22 24t
V=t

When the car stop, v = 0,22 — 24t =0

. 11
St=—
12

2

: —22(11) 12(11) = 10.08 ft
C ST ee12 12)

(@)
Let f(x)=e¥®+e ¥, a<0
Now, f'(x) =ae*™ —ae™**
For decreasing, f'(x) <0 = a(e™ —e %)<
0
> a(e?¥* -1)<0
= e?*>1 = x<0 [+ a<0]
(d)
We have,

)= x? -1
fo) = x?2+1

x2+1-2

= f(x) - xz + 1
> f) =1-—5 7= =

Clearly, f'(x) =0forx =0

Also, f'(x) < 0forx < 0and f'(x) > 0forx >0
Therefore, x = 0 is a point of minimum with the
local minimum f(0) = —1

4x
(x%2 +1)2

524 (d)

_ 1
f(x)—x+;

On differentiating w.r.t. x, we get

1
f'(x)=1—x—2

For maximum put f'(x)=0
wx2—1=0>x=41
Again differentiating, we get

Since, x > 0, so we can checkonlyatx =1
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Aty x=1, f"(x) >0

= f(c)isminimumatx =1
Atx=1, f"(x)>0

= f(x)isminimumatx =1

~ No maximum value can be found

(b)

2x2
Let f(x) = G)
Clearly, f(x) is defined for all x > 0
Now,

flx) = e—2x2 log, x
2x2

= f'(x) = (%) {—4xlog, x — 2x}

2x2

1
= f'(x) = —(;) 2x (2log.x +1)

For local maximum, we must have
f'(x) =0=2x(log.x+1)=0=x

— e—1/2 [ x> 0]
It can be checked that f"'(e"'/?) < 0
Therefore, f(x) attains maximum value at x =
e~1/2. The maximum value of f(x) is given by

f(e‘l/z) _ (61/2)2/9 _ pl/e

—20x1°

Now, put 2 = 0 ie, 20x1% (2x%° — 1) = 0
1

= x=0 or x20=§

When x=0, y=0

1
And x?% = >

_(1)2 11
Y=\2) 72771

Also, x=1, y=0
Hence, absolute maximum value of y is 0
(a)
We have, f(x) = xVax — x?
Clearly, f(x) existfor0 < x < a
Now,
x(a — 2x)
2Vax — x?
_ 2ax— 2x?% + ax — 2x?
2Vax — x?2
00 3ax — 4x?
= f(x)) = ——
2Vax — x?

For f(x) to be increasing, we must have

f'(x) =+ax —x%+

, 3ax — 4x? 5
f'(x) >0 ———=>0=>3ax—4x*>0

2Vax — x?
>0<x< 5
S
530 ()
Let x be the length of a side of the square and r be

the radius of the circle. Then,
x = 2r [Given] andZ =%
dat ~ dt

Let A; and A, be the areas of the square and circle
respectively.
Then,

Ay =x%and A, = nr
dA dx dA dr

= —1=2x—and —=% = 2nr—
dt dt dt dt
dA dx
sl § 2

2

- 2 dx dr
dt dt
= =— wx =2rand——=
2 9mr¥ dt dt
dt dt

(d)
We have,
tan"la—3x%,0<x <1
f@) = { —6x, x=1
If f(x) attains a maximum at x = 1, then f'(1)
must exist and should be zero. This means that
f (x) must be continuous and differentiable at x =
1
We observe that f(x) will be continuous atx = 1,
iftan~la = -3
But, (LHDatx =1)=(RHDatx =1)=—-6#0
for any value of a
Hence, there is no value of a for which f(x) has a
maximum atx = 1
(b)
The equations of given curves are
y=a* ..(i)
And y = b* ..(ii)
From Eq. (i) my = Z—z =a*loga
And from Eq. (ii) m, = Z—i = b*logh
From Egs. (i) and (ii), we get
a*=b*=>x=0
Let a be the angle at which the two curves

intersect
my—mp

S tanag = ———
1+mym,
_a*loga—b*logh
" 1+ a*b*(loga)(logh)

log%
~ 1+ (loga)(logb)
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533 (a)
Let 2C = 6.Then, b = acos@

~a+b=8=>a(l+cosf)=8=>a=
Let A be the area of AABC. Then,

1+ cosf@

1
A= Eab sin @
1 8 8cosf

== X
214+ cosf® 1+ cosb
32cos@sind _ 16sin2 6

- (14 cos8)?2 (14 cosB)?
2c0s26 (1+cosB)?+2sinf (1+ cosh)sin2 6
{ (1 + cosh)* }
cos2 0 (1 + cosB) + 2sin® G cosb
(1+ cosB)3 }

= A X sin @

= d (A) = 16
de "~

d A) =32
i’ﬁ( ) = {

d (2c0s?260 —1)(1+ cos@) + 2cosf — 2cos> 8
=>—(A) =32
do (1+ cosB)3
_ 32(2cos?6 + cos — 1)

(1+ cosh)3
C

B c A
32(2cosf —1)(cosB + 1) _ 32(2cosf —1)

(1+ cosH)3 " (14 cosh)?
For maximum or minimum, we must have

dA—
3@()—

d(A)—0:>2 0=1= 9—1=>9—7T
70 = cosf = cosf =2 =3

Clearly, dd_e (A) > 0 in the left neighbourhood of § = w/3 and % (A) < 0 in the right neighbourhood of 6 =
/3
So, A maximum when 6 = /3

534 (a)
We have,
AD =a+acos28and BC =2BD =2asin286.
Therefore, area A of the triangle ABC is given by

1 2
A=§BC><AD =§a2(sin29+sin29c052 0)

1
= A= azsin29+5a2 sin4 6
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dA
" Tg= 2 a®cos26 + 2a%cos4 0

For maximum or minimum, we must have

dA
ﬁ=0:>c0529=—cos49:>29=7r—49

=60 ==
6

2
For this value of 8, we find that % <0

Hence, A is maximum for 8 = /6

(b)
The equation of the curve is

y=x2-x ..(i)

The abscissae of the points of intersection of (i)
and the line y = 2 are the roots of the equation
2=x%—x

=>x2—x—-2=0

>x-2)x+1)=0

>x=-1,2

= x =2 [+ Pointof intersection is in first
quadrant]

Putting x = 2 in (i), we gety = 2

Thus, the required point of intersection is P(2, 2)
From (i), we have

Given, f(x) = (x? +3x)e~(1/2)
F1() = (2% + 3x) e~/ (_ %)
+ (2x + 3)e~(1/2)x
= —%e‘(l/z)x{x2 —x — 6}

Since, f(x) satisfies the Rolle’s theorem

1
fle)=0 = —Ee‘(c/z)(c2 —-c—6)=0

c=3,-2
c=3¢[-3,0]

dx 3y
dy _
At (-a,a), ==
Now, length of subtangent to the given curve at
(—a,a)is
y a

dy/dx 1

_at _q

-ad.a

540 (a)

For y-axis,x = 0
. y=1-e°=1-1=0
d 1 d 1
:>—y=0——ex/2:><—y> = —=
dx 2 dx (0,0) 2

~ Equation of tangent is
1
—0=—-=(x—0
y 5 (x—=0)

= x+2y=0
(d)

. av
Given, —=k
dt

V=—mr3

3

prilyy [from Eq.(i)]
= Rate of increasing radius is inversely
proportional to its surface area
(d)
We have,
x—1 x+1 2x+1
f)=|[x+1 x+3 2x+3
2x+1 2x—1 4x+1
= f(x)
x—1 x+1 2x+1
2 2 2 [
3 -3 -1
f(x)

-1 2 3 .
AP [Arplying 2~ £ =i

3 ¢ —7 C3 - C3—2C;

= f(x) =-12(x—1) —2(-14+6) + 3(—12)
= f(x) =—-12x—8

Clearly, f'(x) # 0 forany x € R

So, f(x) has no point of maximum or minimum
(d)

Let length of sector is [ and radius of sector isr.
_ 2mrf

"~ 360°
nré

Perimeter of sector P = 26? + 2r
p

Applying R, - R, — R
R; = R3; — 2R,

> r=

I

T 360°  360° (22
360°

A
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an_ ap? |(E2+2) —02(Z042)n
do ~ 360°

For maxima for minima, put Z—z =0
<2n9 4 2) 401 —0
360° 360°

216

— =2 = 0 =2rad
360°

Thus, area of sector will be maximum, if sectorial

angle is of 2 rad.

544 (c)

Let f(x) = x3and g(x) = 6x? + 15x + 5

It is given that the rate of increase of f(x) is less
than that g(x).

Therefore,

L (10 < 2 (90)
= 3x2 < 12x + 15
>x?2—4x—-5<0
>x-5kx+1)<0=>-1<x<5>=>x

€ (—-1,5)
(@)
If velocity acquired by the particle is proportional
to the square root of the distance covered, then its
acceleration is a constant

546 (c)

We have,
x =a(0 +sinf),y = a(l —cosH)

d
.ﬂ_ﬁ_ asin® o

o = _—=t —_
dx ¥ a(l+cosb) any
de

Since the tangent is inclined at an angle 7 /4 with
x-axis

0 T T
tanz = tanZ =0 = 5

Putting, 6 = %, the point on the curve is (a (% +

1))

(d)

Given, f(x) = xe*

= f'(x) =e*+xe*

= f'"(x)=e*+xe*+e¥=2e*+xe*
For maxima or minima, put f'(x) = 0
= e*(14+x)=0

= x=-1

At x=-1, f"(x)>0

~ Atx = =1, f(x) is minimum.

()

Given circumference of a circle S = 2nR = 56

Error 6S = 2 6r = 0.02
0.02

2n
Let area of circle , A = nr?

= or=

6A
~ Percentage errorin 4 = a x 100

or
=2xXx—x100
T

0.02% 1
=2X —=L % 100 = —
217TX28 14

(9

Given, f(x) = pre

Here, f(0) =0, f(mr) =0

Also. f(x)Is continuous in [0, ]Since, every
exponential function and trigonometric function

is continuous in their domain and it is
differentiable in the open interval.

Now f’(x) _ e*(cosx—sinx)
Put f'(x) = 0

T
:>cosx—sinx=0:>x:Z

T
“f'(3) =0
(d)
Given curve is xy = c?
On differentiating w.r.t. x, we get
dy —c?
dx ~ x?

Length of subnormal = yZ—z
_yx(=0? _ —yc? [ c?

sinx

eXx

~ from Eq. (i), x = 7

~. Subnormal varies as y3
(b)
Given, y = e(2x?-2a+1)sin?x

)

. . d
For minimum or maximum, putd—z =0

. e(2x?-2x+1) sinzx[(4x —2)sin? x
+2(2x? —2x + 1) sinxcosx] = 0

= (4x —2)sin?x +2(2x% — 2x + 1) sinx cos x
=0

= 2sinx[(2x — 1) sinx + (2x2 — 2x + 1) cos x]
=0

= sinx=0

.y is minimum for sinx = 0
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Thus, minimum value of

y = e(2x?-2x+1)(0) = 4,0 — 1
Alternate

Let f(x) = g(2x?—2x+1)sin®x
Since sin®x >0

And 2x%?-2x+1>

4ac—b2)
4a

4(2)(1)-22
4(2)

1
= 2x2—2x+125

(2x2 —2x+1)sin?x >0

f () min = e®=1
(0
Given, s = 48t — 16t2

ds
At the greatest height, VZ% =0
= 48-32t=0

3

= t=-—

2
2

. s = 48)(5—16(5) = 36m
Total height = 64 + 36 = 100m

(0

Let f(x) =2x3 —6x+5

On differentiating w.r.t. x, we get

f'(x) =6x%-6

Since, it is increasing function

= 6x2—-6>0

=2 (x—-Dkxx+1)>0

= x>1 or x<-1

5 a
=0 & x=+—
V3
Si dzy 6 . .. f a
ince, — = —6x, so y is minimum for x = — —
) ax? S0y NG

. x2+x+2
Since, x% + x + 2 > 0 for allx, so for = <
x“+5x+6

wemusthavex2+5x+6<O.Ifxz—%,we
have,
a’? 5a
?—ﬁ+6<0
= a?-5V3a+18<0
= (a-2v3)(a—-3V3)<0
= a€ (2V3,3V3).
555 (b)

( minima =

1]

We have,
ey =1+ 4x?
dy

>e?.2-—-=8
e dx X

d
= (1+ 4x2)—y = 4x
dx
dy  4x

T dx 1+4xz
4|x|
14 4|x|?
Now,
AM. > G.M.

1+ 4|x|?
LA o
= 1+ 4|x|? = 4|x|

4)x|
=>1=>

_m:12|m|:|m|S1

556 (c)

. 2_3)3 . .
Function 2(**~3) %27 js minimum when (x? —
3)3 + 27 is minimum

2
Clearly, 27 + (x2 — 3)3 = x? {(xz - ;) } > 0 for

all x

Therefore, the minimum value of (x% — 3)3 + 27
is zero for x = 0. Hence, the minimum value of the
given functionis 2° = 1

557 (a)

The given curveis (1 + x2)y =2 —x ...>i)

It meets x-axis, wherey =0 20=2—-x>x =
2

So, Eq. (i) meets x-axis at the point at the point (2,
0)

Also, from Eq. (i), y =

2-x
1+x2
On differentiating w.r.t. x, we get

dy (1+x*)(-1)—(2-x)(2x)
dx (1+x2)2

dy x?—4x-1
> —=——

dx (1+x2)2
=~ Slope of tangent at (2, 0)=
_4-8-1 5 1

BT O
-~ Equation of tangent at (2, 0) with slope — % is

22-4(2)-1
(1+22)2

1
y=0=-c(x-2)

> 5y=-x+2
> x+5y=2
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