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6.APPLICATION OF DERIVATIVES

10.

11.

Single Correct Answer Type

The function x* decreases in the interval

1

a) (0,¢) b) (0,1) J (O'E) d) None of these

_(4x —x3+1In(a®—-3a+3),0<x<3
f(x)_{ x — 18, x>3
Complete set of values of a such that f(x) as a local minima at x = 3 is
a) [-1,2] b) (—,1) U (2, ) c) [1, 2] d) (—o0,—1) U (2, )
If a’x* + b2y* = ¢®, then the maximum value of xy is

2 3 3 3
a) — b < ¢) — )

Vab ab v2ab 2ab

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)5n/8 < x < 3m/4

If there is an error of k% in measuring the edge of a cube, then the percent error in estimating its volume

is
k
a) k b) 3k o) 3 d) None of these

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

%—x, x<% w £0
a) f(x) = (1 )2 . b f)=1"% * ¥ .

kz—x ,XZE 1, x=
c) f(x) = x|x| d) f(x) = |x|

A rectangle is inscribed in an equilateral triangle of side length 2a units. The maximum area of this
rectangle can be

2 2
2) V3a® ) Y@ Q) a? d) ﬁza
If the function f(x) = % is strictly increasing for all values of x, then
a)K<1 b)K>1 c)K<2 d)K>2

If f(x) = x® + 4x? + Ax + 1 is a monotonically decreasing function of x in the largest possible interval
(=2,—2/3), then

a)l=4
b)A =2
c)l=-1

d) A has no real value
Ifa + b + ¢ = 0, then the quadratic equation 3ax? + 2bx + ¢ = 0 has
a) At least one rootin [0, 1] b) One root in [2, 3] and the other in [—2, —1]
c) Imaginary roots d) None of these
Let the function f(x) be defined as follows
x3+x2—10x,-1<x<0
fx) = cosx, 0<x<m/2
1+4+sinx, n/2<x<nm
Then f(x) has
a) Alocal minimum atx = /2
b) A global maximum at x = 7 /2
c) An absolute minimum at x = —1
d) An absolute maximumatx =
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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)
Neith dd, but is strictly i ing i
c) 0dd and is strictly increasing in (—oo, ) d) (jloo :)even nore s STy Tnereasing

The length of the largest continuous interval in which the function f(x) = 4x — tan 2x is monotonic is

a)m/2 b) /4 c) /8 d)m/16
The distance between the origin and the tangent to the curve y = e?* + x? drawn at the pointx = 0 is
) b) ) = Q-
a) — — c) — —
V5 V5 V5 V3
Which of the following statements is true for the function
[Vx, x=>1
3, 0<x<1
o=y 0
3~ 4x, x <0

a) It is monotonic increasing vV x € R

b) f'(x) fails to exist for three distinct real values of x

c) f'(x) changes its sign twice as x varies from —oo to oo

d) The function attains its extreme values at x; and x,, such that x;,x, > 0

The normal to the curve x = a (cos @ + 0sinf),y = a (sinf — 6 cos 0) at any point 0 is such that

a) It makes a constant angle with the x-axis b) It passes through the origin
c) Itis at a constant distance from the origin d) None of these
If m is the slope of a tangent to the curve e¥ = 1 + x?, then
a) lm| > 1 bym>1 cgm>-—1 d)m| <1
IfA>0B>0andA+ B = g, then the maximum value of tan A tan B is
1 1 c)3
) 7= b) 2 d) V3

At any point on the curve 2x2y? — x* = ¢, the mean proportional between the abscissa and the difference
between the abscissa and the subnormal drawn to the curve at the same point is equal to

a) Ordinate

b) Radius vector

c) x-intercept of tangent

d) Sub-tangent

The tangent to the curve y = e** at a point (0, 1) meets the x-axis at (a,0) wherea € [—2,—1],thenk €
a) [-1/2,0] b) [-1,—-1/2] c) [0,1] d)[1/2,1]

The volume of the greatest cylinder which can be inscribed in a cone of height 30 cm and semi-vertical
angle 30° is

a) 4000 1r/3 cubic cm b) 400 t/3 cubic cm c) 4000 w/v/3 cubiccm  d) None of these

The angel made by the tangent of the curve x = a (1 + sint cost); y = a(1 + sin t)? with the x-axis at any
point on it is

1 1—sint 1 1+sint
) 4 (m+20) b) cost ) 4 (2t—m cos 2t
The value of a for which the function f(x) = asinx + (1/3) sin 3x has an extremum at x = /3 is
a) 1l b) —1 )0 d) 2
Let f (x) be a function such that f'(x) = log; /3[logs(sinx + a)]. If f (x) is decreasing for all real values of
x, then
a)a€ (1,4) b) a € (4, ) c)ac€(2,3) d)a € (2, )

If f(x) = x3 + 7x — 1, then f(x) has a zero between x = 0 and x = 1. The theorem that best describes
this is

a) Mean value theorem b) Maximum-minimum value theorem

) Intermediate value theorem d) None of these
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The triangle formed by the tangent to the curve f(x) = x? + bx — b at the point (1, 1) and the co-ordinate
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
If f(x) =x3+ bx? + cx + d and 0 < b? < ¢, then in (—o0, )

a) f(x) is strictly increasing function b) f(x) has alocal maxima

) f(x) is strictly decreasing function d) f(x) is bounded

A cube of ice melts without changing its shape at the uniform rate of 4cm3/min. The rate of change of the
surface area of the cube, in cmz/min, when the volume of the cube is 125 cm?, is

a) —4 b) —16/5 c) —16/6 d) —8/15

Tangents are drawn to x? + y? = 16 from the point P(0, h). These tangents meet the x-axis at Aand B. If
the area of triangle PAB is minimum, then

a) h =12V2 b) h = 6v2 c) h=8V2 d) h =42

The minimum value of e(2¥*~2x+1)sin®x jg
a)e b)1/e a1 d)o

If f(x) and g(x) are differentiable functions for 0 < x < 1 such that f(0) = 10,g(0) = 2,f(1) = 2,g(1) =
4, then in the interval (0, 1)

a) f'(x) = Oforallx b) f'(x) + 4g'(x) = 0 for at least one x
c) f'(x) = 2g'(x) for at most one x d) None of these
The function f(x) = YX5-,(x — K)2 assumes the minimum value of x given by
5
a)5 b) . 3 d) 2
Let f(x) = [ e* (x — 1)(x — 2)dx. Then f decreases in the interval
a) (—o0,—2) b) (—2,-1) c) (1,2) d) (2, +0)

A value of C for which the conclusion of mean value theorem holds for the function f(x) = log, x on the
interval [1, 3] is

1
a) Eloge 3 b) logs e c) log, 3 d) 2logs e
On which of the following intervals is the function x1°° + sin x — 1 decreasing?
a) (0,/2) b) (0,1) c) (m/2,m) d) None of these

Let C be the curve y = x3 (where x takes all real values). The tangent at A meets the curve again at B. If
the gradient at B is K times the gradient at 4, then K is equal to

a) 4 b) 2 ¢ -2 d)%

Letg(x) = 2f (g) + f(2—x)and f"(x) < 0V x € (0,2). Then g(x) increases in

a) (1/2,2) b) (4/3, 2) 0) (0,2) d) (0, 4/3)

The curve given by x + y = e*” has a tangent parallel to the y-axis at the point

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

The co-ordinates of a point on the parabola y? = 8x whose distance from the circle x> + (y + 6)? = 1is
minimum is

a) (2,4) b) (2,—4) c) (18,-12) d) (8,8)

Consider the following statements is S and RS: Both sin x and cos x are decreasing functions in the interval

Gm)

R: If a differentiable function decreases in an interval (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 of S

c) S is correct and R is the correct explanation for S

d) S is correct and R is wrong

All possible values of x for which the function
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f(x) =xInx —x + 1is possible is

a) (1,0) b) (1/e, ) ¢) [e,0) d) (0,1) U (1, 0)

If the length of sub-normal is equal to the length of sub-tangent at any point (3, 4) on the curve y = f(x)
and the tangent at (3, 4) to y = f(x) meets the coordinate axes at A and B, then the maximum area of the
triangle OAB, where O is origin, is

a) 45/2 b) 49/2 c) 25/2 d) 81/2

If at each point of the curve y = x3 = ax? + x + 1, the tangent is inclined at an acute angle with the
positive direction of the x-axis, then

a)a>0 b)a <3 ) —V3<a<+3 d) None of these
The value of c in Lagrange’s theorem for the function f(x) = logsin x in the interval [n/6, 57/6]
a) n/4 b) n/2 c) 2n/3 d) None of these

Let f be continuous and differentiable function such that f(x) and f'(x) have opposite signs everywhere.

Then

a) f is increasing

b) f is decreasing

c) |f| is non-monotonic

d) |f| is decreasing
2—|x2+5x+6|, x# -2

f(x):{a2+1, x=-2

a)lal =1 b) lal <1 cJa>1 da<1

Ina AABC, £B = 90°and b + a = 4. The area of the triangle is maximum when 2C is

a) /4 b)m/6 c) /3 d) None of these

The curve represented parametrically by the equations x = 2Incott + 1and y = tant + cott

, then the range of a, so that f(x) has maxima atx = -2, is

a) Tangent and normal intersect at the point (2, 1)
b) Normal at t = m /4 is parallel to the y-axis

c) Tangent att = m/4 is parallel to the liney = x
d) Tangent att = 1 /4 is parallel to the x-axis
Which of the following statements is always true?
a) If f(x) is increasing, then f~1(x) is decreasing
b) If f(x) is increasing, then % is also increasing

c) If f and g are positive function and f is increasing and g is decreasing, then f /g is a decreasing function
d) If f and g are positive function and f is decreasing and g is increasing, then f /g is a decreasing function
Let f: R — R be a function such that f(x) = ax + 3 sinx + 4 cos x. Then f(x) is invertible if
a)a € (-5,5) b)a € (—x,5) c) a € (=5, +x) d) None of these
The lines tangent to the curves y3 — x2y + 5y — 2x = 0 and x* — x3y? + 5x + 2y = 0 at the origin
intersect at an angle 6 equal to

s s s I
a) g b) Z C) § d) E
The number of solutions of the equation x3 + 2x? + 5x + 2 cosx = 01in [0, 27] is
a) One b) Two c) Three d) Zero
If a variable tangent to the curve x?y = ¢ makes intercepts a, b, on x-and y-axes, respectively, then the
value of a?b is

4 27 4
a) 27¢3 b) —¢3 c) —c3 d)=c3
) ) 7 I ) Z c ) 9 c
_(lx],for0 < |x| <2 _
Let f(x) = { 1 forx =0 then atx = 0, f has
a) Alocal maximum b) No local maximum c) Alocal minimum d) No extremum
2
The largest term in the sequence a,, = 31700 15 8iven by
529 8 49
a) b) — 9 d) None of these
49 89 543
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The point on the curve 3y = 6x — 5x3, the normal at which passes through the origin, is

a) (1,1/3) b) (1/3,1) c) (2,—-28/3) d) None of these
Iff(x) = x+sinx;g(x) =e ™ u=+vc+1—+c;v=+vc—+c—1;(c > 1), then

a) fog(w) < fog (v) b) gof (u) < gof (v) c) gof (W) > gof (v) d) fog(u) < fog (v)
Iff"(x) >0,vx€R,f'(3) =0andg(x) = f(tan?x — 2tanx + 4),0 < x < g, then g(x) is increasing in

s T s T
2 (0.3) b (5:3) 9 (03) ) (53)

If f(x) = kx® —9x? + 9x + 3 is monotonoically increasing in R, then

a)k<3 b)k <2 k=3 d) None of these

The greatest value of f(x) = cos(xe*] + 7x? — 3x),x € [~1, ) is (where [] represents the greatest
integer function)

a) -1 b) 1 o0 d) None of these
If ¢(x) is a polynomial function and ¢’ (x) > ¢(x),V x = 1 and ¢ (1) = 0, then
a)p(x)=20,vx=>1 b)p(x) <0,Vx=1 Ap(x)=0,vx=1 d) None of these

A given right cone has a volume p, and the largest right circular cylinder that can be inscribed in the cone
has a volume q. Then p: q is

a) 9:4 b) 8:3 c) 7:2 d) None of these

The slope of the tangent to the curve y = V4 — r? at the point, where the ordinate and the abscissa are
equal, is

a)—1 b) 1 o0 d) None of these

If the function f(x) = 2x3 — 9ax? + 12a?x + 1, where a > 0, attains its maximum and minimum at p and
q, respectively such that p? = g, then a equals to

a)l b) 2 J % d)3

If a function f(x) has f'(a) = 0 and f""(a) = 0, then

a) x = a is a maximum for f(x) b) x = a is a minimum for f(x)

c) Itis difficult to say a and b d) f(x) is necessary a constant function
If3 (a + 2¢) = 4 (b + 3d), then the equation ax® + bx? + cx + d = 0 will have

a) No real solution b) At least one real root in (—1, 0)

c) Atleast one real rootin (0, 1) d) None of these

= a has at least one solution in the interval

The least value of a, for which the equation ﬁ + l_slmx
(0,m/2),is

a)9 b) 4 c)8 d)1

The radius of a right circular cylinder increases at the rate of 0.1 cm/min, and the height decreases at the
rate of 0.2 cm/min. The rate of change of the volume of the cylinder, in cm3/min, when the radius is 2 cm
and the height is 3 cm is

8m 3n 21
-2 b) —— -— d)—
a) =2p ) = c) z ) z
. _ In(m+x) .
The function f(x) = et
a) Increasing in (0, o) b) Decreasing in (0, o)
¢) Increasing in (0, /e), decreasing in (1r/e, o) d) Decreasing in (0, /e), increasing in (1t /e, o)

min{f(¢t):0<t<x};0<x<1

If f(x) =4x3 —x? — 2x + 1and g(x) = 3 lex<2 theng(i)+g(%)+g(§) has the

value equal to

a) 7/4 b) 9/4 c) 13/4 d)5/2

Let f'(x) = e*? and f(0) = 10.1fA < f(1) < B can be concluded from the mean value theorem, then the
largest value of (A — B) equals

a)e b)l—e ce—1 d1l+e
Iff(1) =—=2and f'(x) = 4.2 for 1 < x < 6. The smallest possible value of f(6) is
a)9 b) 12 c) 15 d) 19
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If the line joining the points (0, 3) and (5, -2) is a tangent to the curve y = x—il then the value of c is

a)l b) -2 c) 4 d) None of these
If f(x) = x5 — 5x* + 5x3 — 10 has local maximum and minimum at x = p and x = g, respectively, then
(. q) =
a) (0,1 b) (1, 3) c) (1,0) d) None of these
The maximum slope of the curve y = —x3 + 3x2 + 9x — 27 is
a)o0 b) 12 c) 16 d) 32
Let f(x) = (1 + b?)x? + 2bx + 1 and let m(b) be the minimum value of f(x). As b varies, the range of
m(b) is
a) [0, 1] b) (0,1/2] c) [1/2,1] d) (0, 1]
If x + 4y = 14 is a normal to the curve y? = ax3 — 8 at (2, 3), then the value of a + S is
a)o9 b) -5 )7 d) -7
. X .
The maximum value of f(x) = Tz is
1 b1 1 ol
a) 1 ) 3 C) 6 5
The function f(x) = tan~!(sinx + cos x) is an increasing function in
T s T T

) (~332) b (0.3) 9 (~32) (7 32)
Tangent of acute angle between the curves y = |x2 — 1] and y = V7 — x?2 at their points of intersection is
a) ﬁ b) ﬁ c) ﬂ d) ﬂ

2 2 4 4
f:R > R, f(x) is differentiable such that f(f(x)) = k(x® + x), (k # 0), then f(x) is always
a) Increasing b) Decreasing
c) Either increasing or decreasing d) Non-monotonic
f(x) = |xlog, x| monotonically decreases in
a) (0,1/e) b) (1/e, 1) ¢) (1,) d) (1/e, %)

x+2,-1<x<0
Let f(x) = xl’ x=0
> 0<x<1

Then on [—1, 1], this function has
a) A minimum b) A maximum
c) Either a maximum or a minimum d) Neither a maximum nor a minimum

The number of values of k for which the equation x> — 3x + k = 0 has two distinct roots lying in the
interval (0, 1) is

a) Three b) Two c) Infinitely many d) Zero

A rectangle of the greatest area is inscribed in a trapezium ABCD. One of whose non-parallel sides AB is
perpendicular to the base, so that one of the rectangle’s side lies on the larger base of the treapezium. The
base of trapezium are 6 and 10 cm and AB is 8 cm long. Then the maximum area of the rectangle is

a) 24 sq.cm b) 48 sq. cm c) 36 sq.cm d) None of these

x sing,forx >0

then the number of points in (0, 1) where the derivative
0, forx =0

Consider the function f(x) = {

f’(x) vanishes is

a)o b) 1 c) 2 d) Infinite
The function f(x) = x(x + 4)e*/? has its local maxima at x = a, then
a)a=2v2 b)a=1-+3 Ja=-1++3 dya=-4
f(x) = (x —8)*(x —9)>,0 < x < 10, monotonically decreases in

76 76 76

—, (672 (2
a)<9 10] ) (8.5 0 [0,8) ) (510

The x- intercept of the tangent at any arbitrary point of the curve % + % = 1is proportional to
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a) Square of the abscissa of the point of tangency

b) Square root of the abscissa of the point of tangency
c) Cube of the abscissa of the point of tangency

d) Cube root of the abscissa of the point of tangency

The vertices of a triangle are (0, 0), (x cos x) and (sin3 x, 0)where 0 < x < % The maximum area for such a

triangle in sq. units is

@3ﬁ mig 6V3
32 32 32

2
Tangent is drawn to ellipse ;—7 +y% =1at (3V3cos8,sinf) (whered € (0,7/2)). Then the value of 6 such

c) 3% d)

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

a)m/3 b)m/6 c) /8 d) /4
If f(x) = x% logx and f(0) = 0, then the value of @ for which Rolle’s theorem can be applied in [0, 1] is
a) -2 b) -1 o0 d)1/2
If the normal to the curve y = f(x) at the point(3, 4) makes an angle % with the positive x-axis, then f'(3)
is equal to
3 4 d)1
2) -1 b) -~ 9 < )

The three sides of a trapezium are equal, each being 8 cm. The area of the trapezium, when it is maximum,
is

a) 24/3 sq. cm b) 48+/3 sq. cm ) 72v/3 sq. cm d) None of these

Let f(x) = cosmx + 10x + 3x2 + x3,—2 < x < 3. The absolute minimum value of f(x) is

a)o0 b) —15 c)3—-2m d) None of these

If the function f(x) = ax® + bx? + 11x — 6 satisfies conditions of Rolle’s theorem in [1,3] forx = 2 + %,

then value of a and b, respectively, are

a) —3,2 b) 2, —4 c 1,6 d) None of these

Let f be a continuous, differentiable and bijective function. If the tangent to y = f(x) at x = a is also the
normal to y = f(x) at x = b, then there exists at least one ¢ € (a, b) such that

a)f'(c)=0 b) f'(c) >0 c) f'(c) <0 d) None of these
A function f is defined by f(x) = [x|™[x — 1|™, Vx € R. The local maximum value of the function is
(m,n € N)
a) 1 mmnt (mn)mn
b n,m _ d——
ym'n c) (m + n)m+n ) (m + n)m+n

Let f: R — R be a differentiable function for all values of x and has the property that f(x) and f'(x) have
opposite signs for all values of x. Then,
a) f(x) is an increasing function b) f(x) is a decreasing function
c) f2(x) is a decreasing function d) |f (x)| is an increasing function
The largest area of a trapezium inscribed in a semi-circle of radius R, if the lower base is on the diameter,
is
a)ﬂRZ b)ﬁRZ ) ERZ d) R?

4 2 8
A factory D is to be connected by a road with a straight railway line on which a town A4 is situated. The
distance DB of the factory to the railway line is 5v3 km. Length AB of the railway line is 20 km. Freight
charges on the road are twice the charges on the railway. The point P(AP < AB) on the railway line should
the road DP be connected so as to ensure minimum freight charges from the factory to the town is
a) BP = 5km b) AP = 5km c) BP =7.5km d) None of these
If f be a continuous function on [0, 1], differentiable in (0, 1) such that f(1) = 0, then there exists some
c € (0,1) such that

a)cf'(@)=fle)=0  b)fi()+cflc)=0 ) fil(c)=cflc)= 0 d)cf'()+fc)=0
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103. The function f(x) = g + % has a local minimum at

a)x =2 b)x = -2 )x=0 dx=1
104. The least perimeter of an isosceles triangle in which a circle of radius r can be inscribed is
a) 4V/3r b) 2v/3r c) 6vV3r d) 8v3r
105. sin"!(sinx), x > 0
If f(x) = %. x =0, ,then
cos Y(cosx), x <0
a) x = 0 is a point of maxima b) x = 0 is a point of minima
c) x = 0 is a point of intersection d) None of these
106. In the interval [0, 1], the function x2>(1 — x)7° takes its maximum value at the point
a) 0 1 1 1
b) 1 c) 5 d) 3
107.If f(x) = alog|x| + bx? + x has its extremum values ax = —1 and x = 2, then
aJa=2,b=-1 b)a=2,b=-1/2 ca=-2,b=1/2 d) None of these

108. A bell tent consists of a conical portion above a cylindrical portion near the ground. For a given volume
and a circular base of a given radius, the amount of the canvas used is a minimum when the semi-vertical
angle of the cone is
a) cos™12/3 b)sin~12/3 c) cos™11/3 d) None of these

109. A box, constructed from a rectangular metal sheet, is 21 cm by 16 cm by cutting equal squares of sides x
from the corners of the sheet and then turning up the projected portions. The value of x so that volume of
the box is maximum is

a) 1 b) 2 c)3 d) 4
110. The maximum value of the function f(x) = sin (x + g) + cos (x + %) in the interval (0, %) occurs at

T b T T q T

17 )% 7 )3

111. If the function f (x) increases in the interval (a, b), and ¢(x) = [f(x)]?, then
a) ¢(x) increases in (a, b)
b) ¢ (x) decreases in (a, b)
c) We cannot say that ¢(x) increases or decreases in (a, b)
d) None of these
112. The maximum value of (logx)/x is

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

113. Suppose that f is a polynomial of degree 3 and that f"'(x) # 0 at any of the stationary point. Then
a) f has exactly one stationary point b) f must have no stationary point
c) f must have exactly two stationary points d) f has either zero or two stationary point

114. A cylindrical gas container is closed at the top and open at the bottom, if the iron plate of the top is 5/4
times as thick as the plate forming the cylindrical sides, the ratio of the radius to the height of the cylinder
using minimum material for the same capacity is

a) 3:4 b) 5:6 c) 4:5 d) None of these
115. f(x) = (x — 1) |(x — 2)(x — 3)|, then ‘f” decreases in
1 1 1
a 2——,2) b (2,2+—> c (2+—,4) d) (3,0
(2-% 22+ ) (24 ) (3,)
116. The minimum value of 2(<*~3) +27 i
a) 227 b) 2 1 d) None of these
117. The normal to the curve 2x? + y?2 = 12 at the point (2, 2) cuts the curve again at
22 2 22 2
a) (_ < _) b) (_’ _) 9 (-2,-2) d) None of these
9" 9 99

118. Let f(x) be a function defined as below: f(x) = sin(x? — 3x),x < 0; and 6x + 5x2,x > 0 Then at
x=0,f(x)
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a) Has alocal maximum b) Has alocal minimum ¢) Is discontinuous d) None of these
119. If f'(x) = |x| — {x} where {x} denotes the fractional part of x, then f(x) is decreasing in

1 1 1
) (-2:0) (-3 9 (-3 9(z)
120. A differentiable function f(x) has a relative minimum at x = 0, then the function y = f(x) + ax + b hasa
relative minimum at x = 0 for
a) Allaandall b b)Allbifa=0 c)Allb >0 d)Alla >0
121. The number of points in the rectangle {(x,y)| — 12 < x < 12 and —3 < y < 3} which lie on the curve
y = x + sin x and at which the tangent to the curve is parallel to the x- axis is

a)o0 b) 2 c) 4 d)8
122. The greatest value of f(x) = (x + 1)/3 — (x — D3 on [0, 1] is
1
a)l b) 2 c)3 d) 1
123. consider the function f:(—00,00) - (—00,0) defined by f(x) = ,a > 0. Which of the following is not
true?

a) Maximum value of f is not attained even though f is bounded
b) f(x) is increasing on (0, ) and has minimum at x = 0
c) f(x)is decreasing on (—oo, 0) and has minimum atx = 0
d) f(x) is increasing on (—o0, o) and has neither a local maximum nor a local minimum atx = 0

124. The fuel charges for running a train are proportional to the square of the speed generated in km per hour,
and the cost is Rs. 48 at 16 km per hour. If the fixed charges amount to Rs. 300 per hour, the most
economical speed is
a) 60 kmph b) 40 kmph c) 48 kmph d) 36 kmph

125. A lamp of negligible height is placed on the ground #; away from a wall. A man ¢, m tall is walking at a
speed of % m/s from the lamp to the nearest point on the wall. When he is midway between the lamp and

the wall, the rate of change in the length of this shadow on the wall is
5¢ 2¢ ? ?
a) ——2 m/s b)——zm/s c) —?2 m/s d)——2 m/s
126.If f:R -» Rand g: R — R are two functlons such that f(x) + f"(x) = —xg(x)f'(x) and g(x) >0VxER,

then the functions f?(x) + (f’(x))2 has

a) Amaximaatx =0 b) Aminimaatx =0
c) A point of inflexion at x = 0 d) None of these
127. Given that f'(x) > g’(x) for all real x, and f(0) = g(0), then f(x) < g(x) for all x belongs to
a) (0, ) b) (—,0) ) (—o0, ) d) None of these

128. The global maximum value of f(x) = log;o(4x3 — 12x? + 11x — 3),x € [2,3] is
3 3
a) —5logyo 3 b) 1 +logo 3 c) logyo 3 d) 5108103
129. A functiong(x) is defined as g(x) = %f(sz -1) +% f(1 —x)?and f'(x) is an increasing function, then

g(x) is increasing in the interval

2 2
a) (-1,1) b) —\/;,0 u \/;,oo
d) None of these
o[-

130. Let f(x) = { 2 4 8 fojor xx ; % . Then x-intercept of the line, that is, the tangent to the graph of f(x) is
a) Zero b) -1 c) =2 d) —4

s
131'f(x) =4tanx —tan®x + tandx,x # nn+§
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132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

a) Is monotonically increasing b) Is monotonically decreasing

c) Has a point of maxima d) Has a point of minima

Let f(x) = ax3 + bx? + cx + 1 have extrema at x = a, 8 such that aff < 0and f(a)f(B) < 0. Then the
equation f(x) = 0 has

a) Three equal real roots b) One negative roots if f(a) < 0and f(8) > 0

c) One positive roots if f(a«) > 0and f(#) <0 d) None of these

If f(x) = f;j“ e~t*dt, then f(x) increases in

a) (2,2) b) No value of x c) (0,) d) (—,0)

The number of tangents to the curve x3/2 + y3/2 = 2a3/2, a > 0, which are equally inclined to the axes, is
a) 2 b) 1 Q0 d) 4

At the point P(a, a™) on the graph of y = x™ (n € N) in the first quadrant, a normal is drawn. The normal

intersects the y-axis at the point (0, b). If lim, o b = %, then n equals

a)l b) 2 c) 3 d) 4
The curves 4x? + 9y? = 72 and x?2 — y? = 5at (3, 2)
a) Touch each other b) Cut orthogonally c) Intersect at 45° d) Intersect at 60°

AB is a diameter of a circle and C is any point on the circumference of the circle. Then
a) The area of AABC is maximum when it is isosceles

b) The area of AABC is minimum when it is isosceles

c) The perimeter of AABC is minimum when it is isosceles

d) None of these

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

x oy Xy
a)a—g—l b)ax+by =1 cax—by=1 d)a+5—1

Let f (x) and g(x) be differentiable for 0 < x < 1, such that f(0) = 0,g(0) = 0, f(1) = 6. Let there exists a
real number c in (0, 1) such that f'(c) = 2g’ (¢), then the value of g(1) must be

a) 1 b) 3 c) —2 d) -1

A curve is represented by the equations x = sec? t and y = cott, where t is a parameter. If the tangent at
the point P on the curve, where t = /4, meets the curve again at the point Q, then |PQ| is equal to

NERE by 55 REAL AL
2 2 3 2
.2
If the function f(x) = Hf{%, where t is a parameter that has a minimum and maximum, then the range

of values of t is
a) (0,4) b) (0, ) ¢) (—,4) d) (4, )
In which of the following functions is Rolle’s theorem applicable?

x, 0<x<1

a)f(x):{o’ =1 onf01]

b) f(x) = {TO B 7TxS=x0< O on [-7,0]

Q) () =2 on [-2,3]

X

x3-2x?-5x+6
d) Fx) = {T if x# 1lon[-2,3]
—6, if x=1
A point on the parabola y? = 18x at which the ordinate increases at twice the rate of the abscissa is
9 9 99
a) (2,6 b) (2,—6 c (—,——) d (—,—)
) (2,6) ) (2,-6) ) g3 g3

. 2 1 , .
At what points of curve y = §x3 + Exz, the tangent makes the equal angle with the axis?

DGR (=) EYmicLo oGm0l m-1-)

f(x) = (x — 2)|x — 3| is monotonically increasing in
a) (—oo, 5/2) U (3! oo)
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146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

b) (5/2, )

0) (2,)

d) (=,3)

A wire of length a is cut into parts which are bent, respectively, in the form of a square and a circle. The
least value of the sum of the areas so formed is

a? a a a?
a)n+4 b T2 C)4(7T+4) d)4(n+4)
The rate of change of the volume of a sphere w.r.t. its surface area, when the radius is 2 cm, is
a)l b) 2 3 d) 4

A function is matched below against an interval where it is supposed to be increasing. Which of the
following parts is incorrectly matched?

Interval Function
a) [2,0)2x3 —3x2 - 12x + 6 b) (—,00)x3 — 3x? + 3x + 3
1
) (—oo, —4]x3 +6x2+6 d) (—oo,g] 3x2 —2x+1
Forallx € (0,1)
a)e* <1+x b)log,(1+x) <x c) sinx > x d) log, x > x
0.6
The maximum value of the function f(x) = (1:26 in the interval [0, 1] is
a) 204 b) 2704 1 d) 206
The real number x when added to its inverse gives the minimum value of the sum at x equals to
a)l b) —1 c) —2 d) 2

Suppose that f is differentiable for all x and that f'(x) < 2 forall x.If f(1) = 2 and f(4) = 8, then f(2)
has the value equal to

a) 3 b) 4 c)6 d) 8
The least natural number a for which x + ax™2 > 2,Ve€ (0, ) is
a)l b) 2 5 d) None of these

3
The set of value(s) of a for which the function f(x) = % + (a + 2)x%? + (a — 1)x + 2 possesses a negative

point of inflection is

a) (—o0,—2) U (0,0) b) {—4/5} c) (—2,0) d) Empty set
The number of real roots of the equation e*"1 + x — 2 = 0 is

a)l b) 2 c) 3 d) 4

Given g(x) = i—j and the line 3x + y — 10 = 0, then the line is

a) Tangent to g(x) b) Normal to g(x) c) Chord of g(x) d) None of these

Iff(x) = ﬁ and g(x) = ﬁ, where 0 < x < 1, then in this interval

a) Both f(x) and g(x) are increasing function

b) Both f(x) and g(x) are decreasing function

c) f(x)is an increasing function

d) g(x) is an increasing function

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

A function y = f(x) has a second-order derivative f"'(x) = 6(x — 1). If its graph passes through the point
(2, 1) and at that point tangent to the graph is y = 3x — 5, then the value of f(0) is

a)l b) -1 c) 2 d)o
Function f(x) = |x| — |x — 1] is monotonically increasing when
a)x <0 b)x >1 gx<l1 do<x<1

sin2x

The greatest value of the function f(x) = — — on the interval (O, E) is
51n(x+z) 2

2)— b) V2 91

\/E d) _\/E
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162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

of the curves x? — y? = 8and

The angle of intersection of the normals at the point (— %,%)

9x% + 25y% =225 is

Let h(x) = x™/™ for x € R, where m and n are odd numbers and 0 < m < n, then y = h(x) has

a) No local extremums  b) One local maximum c) One local minimum d) None of these

Let f(x) be a twice differentiable function for all real values of x and satisfies f(1) = 1,f(2) =4,f(3) =9

Then which of the following is definitely true?

a) f'"(x) =2,forvx € (1,3) b) f"'(x) = f'(x) = 5, for some x € (2,3)

c) f'"(x)=3vx€e(23) d) f"(x) = 2 for some x € (1,3)

If f(x) = xe**~V then f(x) is

a) Increasing on [—1/2,1]

b) Decreasing on R

c) Increasing on R

d) Decreasing on [—1/2,1]

A man is moving away from a tower 41.6 m high at a rate of 2 m/s. If the eye level of the man is 1.6 m

above the ground, then the rate at which the angle of elevation of the top of the tower changes, when he is

at a distance of 30 m from the foot of the tower, is

a) —% radian/s b) —22—5 radian/s c) —% radian/s d) None of these

Let f(x) = xV4ax — x2,(a > 0). Then f(x) is

a) Increasing in (0, 3a), decreasing in (—o, 0) U (3a, o)

b) Increasing in (a, 4a), decreasing in (5a, o)

c) Increasing in (0, 4a), decreasing in (—oo, 0)

d) None of these

The slope of the tangent to the curve y = f(x) at [x, f(x)] is 2x + 1. If the curve passes through the point

(1, 2), then the area bounded by the curve, the x-axis and the line x = 1is
5 6 1 d) 6

a) 3 b) < c) g

The abscissa if points P and Q on the curve y = e* + e™* such that tangents at P and Q make 60° with the

x-axis

V37 . (V3+/5 V3+V7
a)In( - )andln( . ) b)In( . )

V73 V3+V7
O 1n (Z25) &) £ 1n (E2)
The maximum value of x*e™*" is
a) e? b) e~? c) 12e7? d) 4e~2
The two curves x = y2,xy = a® cut orthogonally at a point, then a? is equal to

b) 3 c) 2

1 1
a) 3 d) 5
Let f: R = R be a differentiable function ¥V x € R. If the tangent drawn to the curve at any point x € (a, b)
always lies below the curve, then
a) f'(x) >0,f"(x) <0Vxe€(ab)
b) f'(x) >0,f"(x) <0V x € (a,b)
c) f/(x)>0,f"(x) >0V x € (ab)
d) None of these
The function f(x) = (4sin?x — 1)"*(x? — x + 1),n € N, has alocal minimum at x = %, then
a) n is any even number b) n is an odd number
c) nis odd prime number d) n is any natural number
Consider the function f(x) = x cos x — sin x, then identify the statement which is correct
a) f is neither odd nor even
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175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

b) f is monotonic decreasingatx = 0
c) f hasamaximaatx =m
d) f hasaminimaatx = —m

Multiple Correct Answers Type

Iff(x) = [ Si:tdt,x > 0, then

a) f(x) has alocal maxima at x = nm(n = 2k, k € I)

b) f(x) has alocal minima at x = nm(n = 2k, k € )

¢) f(x) has neither maxima nor minima at x = nn(n € I'")
d) f(x) has alocal maxima atx = nu(n = 2k — 1,k € ")

The angle between the tangents at any point P and the line joining P to the origin, where P is a point on
-1 X

the curve in (x? + y?) = ctan ~,cis a constant, is

a) Independent of x b) Independent of y

c) Independent of x but dependent on y d) Independent of y but dependent on x

Letg'(x) > 0and f'(x) < 0,Vx € R, then

a) (fx+ 1) >g(f(x- D) b) f(gx — D) > f(g(x + 1)

0 eg(fx+ 1) <g(f(x-1D) d) g(glx + D) <glelx - 1)
3x24+12x—1,-1<x <2

Iff(x):{ +37—x,2<xs3 » then

a) f(x) is increasingin [—1, 2]

b) f(x) is continuous on [—1, 3]

c) f'(2) does not exist

d) f(x) has the maximum value at x = 2
Let f(x) = [x? = 3x — 4|,—1 < x < 4, then

a) f(x) is monotonically increasing in [—1, 3/2] b) f(x) is monotonically decreasing in (3/2, 4)
¢) The maximum value of f(x) is 24—5 d) The minimum value of f(x) is 0

In which of the following graphs is x = c the point of inflection?

X : C X
The angle formed by the positive y-axis and the tangenttoy = x? + 4x — 17 at (5/2,—3/4) is

T T
a) tan~1(9) b) 5 tan~1(9) 0) o+ tan~1(9) d) None of these
Let f be a real-valued function defined on the interval(0, ), byf (x) = Inx + f;‘ V1 + sintdt. Then,

which of the following statement (s) is (are) true?

a) f" (x) exist for all x € (0, o)

b) f'(x) exists for all x € (0, 00) and f' is continuous on (0, ), but not differentiable on (0, )
c) There exists @ > 1 such that |f'(x)| < |f(x)| for all x € (a, )

d) There exists § > 0 such that |f(x)| + f'(x)| < B from all x € (0, =)

Which of the following function has point of extremum at x = 0?

(where {x} represents fractional part function)

a) f(x) = el b) f(x) = sin|x|
_(x*+4x+3,x<0 _(Ixl, x<0
) /() =| —x, x>0 d)f(x)_{{x}, 0<x<1

Let f and g be increasing and decreasing functions, respectively from [0, o] to [0, =]. Let h(x) = f(g(x)).
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185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

If h(0) = 0, then h(x) — h(1)is

a) Always zero b) Always negative

If f(x) = (sin?x — 1)", then x = %is a point of

a) Local maximum, if n is odd

c) Local maximum, if n is even

In the curve y = ce*/? the

a) Sub-tangent is constant

b) Sub-normal varies as the square of the ordinate

c) Always positive d) Strictly incre

b) Local minimum, if n is odd
d) Local minimum, if n is even

c) Tangent at (x1, y;) on the curve intersects the x-axis at a distance of (x; — a) from the origin

d) Equation of the normal at the point where the curve cuts y-axis is cy + ax = c?
Let P(x) = ag + a;x? + ayx* + --- + a,x?" be a polynomial in a real variable x with 0 < a, < a; < a, <

...< ay. The function P(x) has

a) Neither a maximum nor a minimum

b) Only one maximum

¢) Only one minimum

d) Only one maximum and only one minimum

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

cJa<0b>0 d)a<0b<0

Leth(x) = f(x) — (f(x))2 + (f(x))3 for every real number x, then

a) his increasing whenever f is increasing
b) h is increasing whenever f is decreasing
c) his decreasing whenever f is decreasing

d) Nothing can be said in general
ex

For the function f(x) = ——, which of the following hold good?

1+eX’
a) f is monotonic in its entire domain

b) Maximum of f is not attained even though f is bounded

c) f has a point of inflection

d) f has one asymptote

If f(x) = 2x + cot™ T x + log(V1 + x2 — x), then f(x)
a) Increases in [0, )

c) Neither increase nor decreases in [0, )

b) Decreases in [0, )
d) Increases in (—oo, )

The angle between the tangents to the curves y = x2 and x = y? at (1, 1) is

4 3
a) cos™! 3 b) sin™?! A

The critical points of the function f'(x) where f(x) =

a) 0 b) 2

3 1
c) tan~?! 2 d) tan™? 3
|x=2] .
7, 1S
c) 4 d) 6

asing

Let f(x) = asx® + azx* + azx? + a,x, where a] s are real and f(x) = 0 has a positive root a,. Then

a) f'(x) = 0hasaroot a; suchthat 0 < a; <
b) f'(x) = 0 has at least two real roots

c) f"(x) = 0 has at least one real root

d) None of these

The values of parameter a for which the point of minimum of the function f(x) = 1 + a?x — x3 satisfies

2
. . 2
the inequality % < 0are

a) (2v3,3V3) b) (—3v3,-2V3)
Let f(x) = (x — 1)*(x — 2)",n € N. Then f(x) has
a) A maximum at x = 1 if nis odd

¢) A minimum atx = 1ifnis even

The function f(x) = —x% + f—c has a

c) (-2v3,3v3) d) (-3v2,2v3)

b) A maximum at x = 1ifnis even
d) A minima at x = 2 if n is even
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a) Minimum atx = 2if1 =16 b) Maximum atx = 2ifA = 16
¢) Maximum for no real value of 4 d) Point of inflectionatx = 1if1 = -1
198. If f(x) and g(x) are two positive and increasing functions, then which of the following is not always true?
a) [f(x)]8™ is always increasing
b) If [£(x)]8™ is decreasing, then f(x) < 1
) If [f(x)]8® is increasing, then f(x) > 1
d) If f(x) > 1, then [f(x)]8® is increasing
199. (x-1)(6x-1)
Let f(x) = 2x-1 A

0, ifx ==
2

, ifx;tl
2

Then atx = %, which of the following is/are not true?

a) f has alocal maxima

b) f has an local minima

c) f has an inflection point

d) f has a removable discontinuity
200. If f(x) = x3 — x%2 + 100x + 2002, then

1 1

a) £(1000) > £(1001)  b) f(m) > f(m) O fx—1>fx—2) d)fQx—3)> f(2x)
201. The value of a for which the function f(x) = (4a — 3)(x + log5) + 2(a — 7) cotgsin2 g does not possess

critical points is

a) (—o0,—4/3) b) (=00, -1) c) [1, ) d) (2, )
202. The function f(x) = ffl t(et — 1) (t — 1)(t — 2)3(t — 3)°dt has a local minimum at x =
a)o0 b) 1 c) 2 d)3
203. For the function f(x) = x*(12log, x — 7)
a) The point (1, —7) is the point of inflection b) x = e'/3 is the point of minima
c) The graph is concave downwards in (0, 1) d) The graph is concave upwards in (1, o)

204. The function f(x) = x¥/3(x — 1)
a) Has two inflection points
b) Has one point of extremum
c) Is non-differentiable
d) Range of f(x) is [—3 X 278/3, o0]

205. x2+3x,-1<x<0
Let f(x) = —sinx,0 <x <7m/2 then
-1 - cosx,% <x<m
a) f(x) has global minimum value —2 b) Global maximum value occurs at x = 0
c) Global maximum value occurs atx = & d) x = /2 is point of local minima

206.
If composite function f; <f2 <f3 ( (fn(x))))> ntimes is an increasing function and if r of f; s are

decreasing function while rest are increasing, then maximum value of r(n —r) is

2_ 2
a) nTl, when 7 is an even number b) nT, when 7 is an odd number
2_ 2
) nTl, when n is an odd number d) nT, when n is an even number
207. Which of the following pair(s) of curves is/are orthogonal?
a) y? = 4ax;y = e ¥/%@ b) y? = 4ax; x? = 4ay at (0, 0)
c) xy = a?x? — y? = b? d)y = ax;x? + y? = ¢?
208. The smallest positive root of the equation tanx — x = 0 lies in
s I 3t 3m
a) (0, 5) b) (E,ﬂ> c) (n,7) d) (?,27'[)
2_
209. Iff(x) = X1 for every real number x, then the minimum value of f

x2+1’
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210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

a) Does not exist because f is unbounded b) Is not attained even through f is unbounded
c) Isequalto 1 d) Is equal to —1

The function y = % (x#2)
a) Is its own inverse b) Decreases at all values of x in the domain
c) Has a graph entirely above the x-axis d) Is unbounded

An extremum of the function f(x) = Z%x cosm(x+3)+ % sinm (x + 3),0 < x < 4 occurs at

a)x=1 b)x =2 c)x=3 dx=m
Let f(x) = (x? — 1)™(x? + x + 1), then f(x) has local extremum at x = 1, when
ajn=2 b)n=3 an=4 dn=6

Let f(x) = log(2x — x?) + sin % Then which of the following is/are true?

a) Graph of f is symmetrical about the line x = 1

b) Maximum value of f is 1

c) Absolute minimum value of f does not exist

d) None of these

Which of the following function/functions has/have point of inflection?

a) f(x) = x®/7

b) f(x) = x°
c) f(x) =cosx + 2x
d) f(x) = x|x|
The number of values of x where the function f(x) = cos x + cos(v/2x) attains its maximum is
a)0 b) 1 c) 2 d) Infinite
The equations of the tangents to the curve y = x* form the point (2, 0) not on the curve are given by
a)y=0 b)y—1=5(x—-1)
109 _20ts, ) Dy 20,2
V=% =7 \* 73 Y7243 81" 73

If f'(x) = g(x)(x — a)? where g(a) # 0 and g is continuous at x = a, then

a) f is increasing in the neighbourhood of a if g(a) > 0

b) f is increasing in the neighbourhood of a if g(a) < 0

c) f is decreasing in the neighbourhood of a if g(a) > 0

d) f is decreasing in the neighbourhood of a if g(a) < 0

Let the parabolas y = x(c — x) and y = x? + ax + b touch each other at the point (1, 0), then
aJa+b+c=0 b)a+b=2 cA)b—c=1 d)a+c=-2

The abscissa of a point on the curve xy = (a + x)?, the normal which cuts off numerically equal intercepts
from the coordinate axes, is

a a
)~ b) vZa )% d) —V2a
ForF(x) = [ Ox 2|t| dt, the tangent lines which are parallel to the bisector of the first coordinate angle is
1 1 3 3
a =X — - b = - C =X — = d = -
Jy=x 2 Jy=x+ 2 Jy=x 5 Jy=x+ >

Let f(x) be an increasing function defined on (0, ). If f(2a%? + a + 1) > f(3a? — 4a + 1), then the
possible integers in the range of a is/are
a)l b) 2 c)3 d) 4
3 2
The co-ordinates of the point(s) on the graph of the function f(x) = % - 5% + 7x — 4, where the tangent

drawn cuts off intercepts from the co-ordinate axes which are equal in magnitude but opposite in sign, is
a) (2,8/3) b) (3,7/2) c) (1,5/6) d) None of these

Let f(x) = asx® + ayx* + azx® + a,x? + a,x, where ajs are real and f(x) = 0 has a positive root a,.
Then

a) f'(x) = 0 hasaroot a; suchthat 0 < a; < b) f'(x) = 0 has at least one real root

c) f"(x) = 0 has at least one real root d) None of these
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224,

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

1_xx2 where the tangent is inclined at an angle of% to the x-axis are

2) (0.0) b) <\/§ - ?) J (—zé) d) (— V3, ?)

Which of the following is/are correct?

a) Between any two roots of e* cos x = 1, there exists at least one root of tanx = 1

b) Between any two roots of e* sin x = 1, there exists at least one root of tanx = —1

c) Between any two roots of e* cos x = 1, there exists at least one root of e* sinx = 1

d) Between any two roots of e* sin x = 1, there exists at least one root of e* cosx = 1

If the tangent at any point P(4m?,8m3) of x3 — y2 = 0 is also a normal to the curve x3 — y? = 0, then the
value of m is

V2 V2

a)m=? b)mz—? om=— dm=—-—

V2 V2
2/3 tan[x]
Given f(x) = 4~ (3-x) g0 = {_ * P 0G0 = (xh kGO = 5980 thenin [0, 1]
1

Points on the curve f(x) =

]

Lagrange’s mean value theorem is NOT applicable to the (where [-] and {-} represents greatest integer
functions and fractional part functions, respectively)

a) f b) g ) k d) h
Which of the following pair(s) of curves is/are orthogonal?

a) y? = 4ax;y = e7*/2@ b) y? = 4ax; x? = 4ay at (0,0)
c) xy =a%x*—y?=>h2 d)y =ax;x? + y%2 =c?

Which of the following hold(s) good for the function f(x) = 2x — 3x2/3?
a) f(x) has two points of extremum

b) f(x) is concave upward for V x € R

c) f(x) is non-differentiable function

d) f(x) is continuous function

In which of the following functions, Rolle’s theorem is applicable?

a) f(x) =|x|in-2<x<2 b) f(x) =tanxin0<x<m

A f(x) = 1+(x—2)§in1 <x<3 d) f(x) =x(x—2)*in0<x <2

Let f(x) = 2x — sinx and g(x) = Vx, then

a) Range of gof is R b) gof is one-one

c) Both f and g are one-one d) Both f and g are onto

For the cubic function f(x) = 2x3 + 9x2 + 12x + 1, which one of the following statement/statements hold
good?

a) f(x) is non-monotonic
b) f(x) increase in (—o0, —2) U (—1, ) and decreases in (=2, —1)
c) f:R = R is bijective

d) Inflection point occurs at x = —3/2
The function M has no maxima or minima if
sin(x+b)
a)b—a=nmnel b)b—a=02n+1m,nel

c)b—a=2nm,nel d) None of these

Which of the following is true about point of extremum x = a of function y = f(x)?

a) Atx = g, function y = f(x) may be discontinuous

b) At x = q, function y = f(x) may be continuous but non-differentiable

c) Atx = q, function y = f(x) may have point of inflection

d) None of these

Let f(x) = x* — 4x3 + 6x? — 4x + 1, then

a) f increases on [1, ) b) f decreases on [1, o)

c) f hasaminimumatx =1 d) f has neither maximum nor minimum
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236.

237.

238.

239.

Leth(x) = f(x) — (f(x))2 + (f(x))3 for every real number x, then

a) his increasing whenever f is increasing b) h is increasing whenever f is decreasing
c) his decreasing whenever f is decreasing d) h is decreasing whenever f is increasing
Which one of the following curves cut the parabola y? = 4ax at right angles?

a) x2+ y? =a? b)y = e7*/2a c)y=ax d) x? = 4ay

Let f(x) = ax? — b|x|, where a and b are constants. Then at x = 0, f(x) has

a) A maxima whenevera > 0,b > 0

b) A maxima whenevera > 0,b < 0

¢) Minima whenevera > 0,b < 0

d) Neither a maxima nor a minima whenevera > 0,b < 0

Let f(x) = sinx + ax + b, then which of the following is/are true

a) f(x) = 0 has only one real root which is positive ifa > 1,b < 0

b) f(x) = 0 has only one real root which is negativeifa > 1,b > 0

c) f(x) = 0 has only one real root which is negative ifa < —1,b < 0

d) None of these

Assertion - Reasoning Type

This section contain(s) 0 questions numbered 240 to 239. Each question contains STATEMENT 1(Assertion)
and STATEMENT 2(Reason). Each question has the 4 choices (a), (b), (c¢) and (d) out of which ONLY ONE is
correct.

240

241

242

243

a) Statement 1 is True, Statement 2 is True; Statement 2 is correct explanation for Statement 1
b) Statement 1 is True, Statement 2 is True; Statement 2 is not correct explanation for Statement 1
c) Statement 1 is True, Statement 2 is False

d) Statement 1 is False, Statement 2 is True

ae*+be™™
ceX+de~*’

Statement 1: The fynction f(x) = is increasing function of x, then bc > ad

Statement 2: f'(x) > 0 forall x

Statement 1:  Both f(x) = 2 cosx + 3 sinx and g(x) = sin"! == — tan~! % are increasing for

Vi3
x € (0,m/2)
Statement 2: If f(x) is increasing then its inverse is also increasing

Statement 1: If f(x) is differentiable in [0, 1] such that f(0) = f(1) = 0, then for any A € R, there
exists csuchthat f'(c) =1f(c),0<c<1

Statement 2: If g(x) is differentiable in [0, 1], where g(0) = g(1), then there exists c¢ such that
g'(c)=00<c<1

Statement 1: The ordinate of a point describing the circle x? + y? = 25 decreases at the rate of 1.5
cm/s. The rate of change of the abscissa of the point when ordinate equals 4 cm is 2 cm/s
Statement 2: xdx + ydy =0
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244 Let f: R — R be a continuous function defined by

245

246

247

248

249

250

251

252

1
f&) =

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

eX + 2e™*

f(c) = é,for some ce R.

0<f(x)$%,

for all x € R.

Lagrange’s mean value theorem is not applicable to f(x) = |x — 1| (x — 1)

|x — 1| is not differentiable at x = 1

Forall a, b € R the function f(x) = 3x* — 4x3 + 6x% + ax + b has exactly one extremum

If a cubic function is monotonic, then its graph cuts the x-axis only once

Observe the following statements
Then which of the following is true?

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

f(x) = 2x3 — 9x? + 12x — 3 is increasing outside the interval (1, 2)

f'(x) <0forx € (1,2)

The points on the curve y? = x + sin x at which the tangent is parallel to x-axis lies on a

straight line

: : d d
Tangent is parallel to x-axis, then d—z =0or=

f(x) =|x —1| + |x — 2| + |x — 3| has point of minima atx = 3

f(x) is non-differentiable at x = 3

If f(x) = x(x + 3)e™*/2, then Rolle’s theorem applies for f(x) in [—3, 0]

LMVT is applied in f(x) = x(x + 3)e~*/? in any interval

3 2
fx) = x? + % + x + 5 has positive point of maxima for a < —2

x? + ax + 1 = 0 has both roots positive for a < —2

If f'(x) = (x — 1)3(x — 2)8, then f(x) has neither maximum nor minimum at x = 2

f'(x) changes sign from negative to positive at x = 2
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253

254

255

256

257

258

259

260

261

262

Statement 1:

Statement 2:

The maximum value of

2
(V-3+4x—x%+ 4) + (x—5)% (wherel <x <3)is 36

The maximum distance between the point (5, —4) and the point on the circle
(x—2)2+ y?2=1is6

Consider a curve C: y = cos™1(2x — 1) and a straightline L : 2px —4y + 27z —p =0

Statement 1:

Statement 2:

Statement 1:

Statement 2:

The set of values of ‘p’ for which the line L intersects the curve at three distinct points is

[—2m, —4]
The line L is always passing through point of inflection of the curve C

If f(x) is continuous in [a, b] and differentiable in (a, b), then there exists at least one

¢ € (a,b), then L@ _ 1 ©©

b3-a3 3c2
f(b) —f(a
f,(c) ( ) ( )

= b , cE€(a,b)

Let f(x) = (x3 — 6x% + 12x — 8)e”*

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

f (x) is neither maximum nor minimum at x = 2

If a function x = 2 is a point of inflection, then it is not a point of extremum

Iff(0) =0,f'(x) =In(x + V1 + x?), then f(x) is positive for all x € R,

f (x) is increasing for x > 0 and decreasing for x < 0

. . . . Vs
Both sin x and cos x are decreasing functions in (5, n)

If a differentiable function decreases in an interval (a, b), then its derivative also
decreases in (a, b)

The function f(x) = x* — 8x3 + 22x2 — 24x + 21 is decreasing for every x € (—,1) U

(2,3)
f (x) is increasing for x € (1,2) U (3, ) and has no point of inflection

f(x) = x + cos x is increasing for Vx € R

If f(x) is increasing, then f'(x) may vanish at some finite number of points

If g(x) is a differentiate function g(2) # 0,g(—2) # 0 and Rolle’s theorem is not
x%-4
g(x)
If f(a) = f(b), then Rolle’s theorem is applicable for x € (a, b)

applicable to f(x) = in [—2, 2], then g(x) has at least one root in (-2, 2)
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263

264

265

266

267

268

269

270

Statement 1: The tangent at x = 1 to the curve y = x3 — x2 — x + 2 again meets the curve at x = 0

Statement 2: When the equation of a tangent solved with the given curve, repeated roots are obtained
at point of tangency
Let f: R — R is differentiable and strictly increasing function throughout its domain

Statement 1: If |f(x)]| is also strictly increasing function, then f(x) = 0 has no real roots

Statement 2: When x — o or - —oo, f(x) — 0, but cannot be equal to zero

Statement 1: The function f(x) = x In x is increasing in (1/e, )

Statement 2: If both f(x) and g(x) are increasing in (a, b) then f(x)g(x) must be increasing in (a, b)

Statement 1: If both functions f(t) and g(t) are continuous on the closed interval [a, b], differentiable
on the open interval (a, b), and g’ (t) is not zero on that open interval, then there exists
some c in (a, b), such that
f'e) fb)—-f(a)

g'(c)  gb)—gla)
Statement 2: If f(t) and g(t) are continuous and differentiable in [a, b], then there exists some ¢ in

(a,b) such that f'(c) = % andg'(c) = % from Lagrange’s mean value

theorem

Statement 1: A tangent parallel to x-axis can be drawn for f(x) = (x — 1)(x — 2)(x — 3) in the interval
[1,3]
Statement 2: A horizontal tangent can be drawn in Rolle’s theorem

Statement 1: et £(x) = sin(cos x) in [0, g], then f(x) is decreasing in [0, g]
Statement 2: (o5 x js a decreasing function V x € [0,%]

Observe the statement given below
Which of the following is correct?
Statement 1: f(x) = xe ™ has the maximumatx = 1

Statement 2: f'(1) =0and f"(1) <0

Statement 1: «f > % for291<a <p

Statement 2: £ (y) = logTex is a decreasing function for x > e

Lety = f(x) is a polynomial of degree odd (= 3) with real coefficients and (a, b) is any point
Statement 1: There always exists a line passing through (a, b) and touching the curve y = f(x) at some

point
Statement 2: A polynomial of degree odd with real coefficients have at least one real root
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271

272

273

274

275

276

277

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

If 27a + 9b + 3¢ + d = 0, then the equation f(x) = 4ax3 + 3bx? + 2cx + d = 0 has at
least one real root lying between (0, 3)

If f(x) is continuous in [a, b], derivable in (a, b) such that f(a) = f(b), then at least one
point ¢ € (a, b) such that f'(¢) =0

sinx tan x
X2

The value of [limx_,0+ ] is 1, where [.] denotes the greatest integer function

For (0,%),sinx <x<tanx

For the function f(x) = x? + 3x + 2, LMVT is application in [1, 2] and the value of c is
3/2 because

[f LMVT is known to be applicable for any quadratic polynomial in [a, b] then ¢ of LMVT is
(a+Db)/2

If Rolle’s theorem be applied in f(x), then Lagrange Mean Value Theorem (LMVT) is also
applied in f(x)
Both Rolle’s theorem and LMVT cannot be applied in f(x) = |sin|x||in [— z n]

4’4
The graph y = x3 + ax? + bx + ¢ has extremum, if a? < 3b

y is either increasing or decreasing Vx € R

Let f(x) = 5 — 4 (x — 2)?/3, then at x = 2 the function f(x) attains neither the least value
nor the greatest value
At x = 2, first derivative does not exist

Let f: R — R be a function such thatf(x) = x3 — x? + 3x + sinx. Then, f is
one-one
f(x) is decreasing function

Matrix-Match Type

This section contain(s) 0 question(s). Each question contains Statements given in 2 columns which have to be
matched. Statements (A, B, C, D) in columns I have to be matched with Statements (p, g, 1, s) in columns II.

278.

A) f(x)=I2x—1|+[2x — 3|

(B) f(x)=2sinx—x

Column-I Column- II
(p) Has no points of extrema

(q) Has one point of maxima
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279.

280.

©) fl)=Ilx—1|+|2x - 3]
M fO) = x| —]2x - 3|
CODES:

A B C D
a) q r s p
b) S S r q
c) p q r s
d) r p q s

Consider function f(x) = x* — 14x2 + 24x — 3

Column-I
(A) Two negative real roots (p)
(B) Two real roots of opposite sign (@
(C) Fourreal roots (r)
(D) Noreal roots (s)
CODES:
A B C D
a) r S q p
b) s r p q
c) p q r s
d) q p s r
Column-I
(A) The sides of a triangle vary slightly insucha  (p)
way that its circum-radius remains constant, if
da+db N dc b 1= |m|
cosA cosB cosC - mb
then the values of m is
(B) The length of sub-tangent to the curve (@
x2y? = 16 at the point (—2, 2) is |k|, then the
value of k is
(C) The curve y = 2e?* intersects the y-axis atan (r)
angle cot™! |(8n — 4)/3|, then the value of n is
(D) The area of a triangle formed by normal at the (s)

point (1, 0) on the curve x = eI with axes is
|2t + 1|/6 sqg. units, then the value of t is

Forp > 120

(r) Has one point of minima

(s) Has infinite points of minima

Column- II

For-8<p<-5

For3 <p << 120

Forp < —8or—-5<p <3

Column- II
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281.

282.

A B
a) P, q I,S
b) I, S P, q
c) r,q p,s
d) p,s I, S
A) /
B

TT

©
D) . ﬁ
CODES:

A B
a) r S
b) q p
c) p q
d) S r

Letf(x) =(x—1)™2 —-x)";mne€Nandm,n > 2

r,q

p,s

p.q

r,q

Column-I

q

Column-I

p,s

r,q

P, q

p

(p)

(@

(r)
(s)

Column- II

T
y

Column- II

(A) Bothx =1andx = 2 are the points of minima (p) mis even

if

(B) x = lisapoint of minimaand x = 2is a point (q) misodd
of inflection if
x = 2 is a point of minima and x = 1isapoint (r) niseven
of inflection if

©
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283.

284.

D)

Both x = 1 and x = 2 are the points of
inflection if

CODES:
A B C D
a) P,r p.s qr q,s
b) p,s qr p.r q,s
c) q,s p.r p,s p.,r
d) q,r q,s qr p,s
Column-I
(A) Acircular plate is expanded by heat from

B)
©

D)

radius 6 cm to 6.06 cm. Approximate increase

in the area is

If an edge of a cube increases by 2%, then the

percentage increase in the volume is
2
If the rate of decrease of% — 2x + 5is thrice

the rate of decrease of x, then x is equal to
(rate of increase is non-zero)

The rate of increase in the area of an
equilateral triangle of side 30 cm, when each
side increase at the rate of 0.1 cm/s is

CODES:

A B C D
a) S q r p
b) q r p S
c) r p S q
d) p S q r

(s) nisodd

(p)

(@
(r)

(s)

5

072w

Column- II

Match the points on the curve 2y? = x + 1 with the slopes of normals at those points and choose the
correct answer.

A)
(B)
©
D)

Column-I
(7,2)
1
(O'ﬁ)
(1,-1)

(3.V2)

CODES:

(1)
(2)
(3)
(4)
()

—4\2

—22

Column- II
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A B C D
a) 2 4 3 1
b) 2 5 3 1
) 2 3 5 1
d) 2 5 1 4

285.
Column-I
(A) y?=4xandx? =4y (p)
(B) 2y? =x3andy? =32x (@
(© xy=a%?andx?+ y? =2a? (r)
(D) y? =xandx3+ y3 = 3xy at other than (s)
origin

CODES:

A B C D
a) q p,s p.q r
b) r P, q q p, s
) pq p,s r q
d) q r p,s p.q

286.
Column-I

(A) f(x) =x*logx (p)
®) f(x) =xlog,x @
© iy lo8x )
M) flx)=x7* (s)
CODES:

A B C D
a) Qr p,s q r
b) p,s p,s qr q
c) q qr p,s p,s
d ps s q p

Column- II

90°

1
Any one of tan™! % or tan~1(163)

OO
1
tan1-
an™" 7
Column- II
f (x) has one point of minima

f (x) has one point of maxima
f(x) increases in (0, e)

f(x) decreases in (0,1/e)

287. The function f(x) = \/(ax3 + bx? + cx + d) has its non-zero local minimum and maximum values at
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288.

289.

x = —2 and x = 2, respectively. If a is a root of x2 — x — 6 = 0, then match the following

Column-I
(A) The value/values of a
(B) The value/values of b
(©) The value/values of ¢

(D) The value/values of d

CODES:

A B C D
a) p S r q
b) r q p s
c) S p q r
d) q r S p

Column-I

@A) f)=0x-1)3%0x-2)°
(B) f(x) =3sinx +4cosx —5x
© sin7r2—x,0<xS1

flx) =
X2 —4x+41<x<?2

@) f(x)=(x-1>%°

CODES:

A B C D
a) Qr r,s pr IS
b) r,s q.r p.r q
c) p.,r r,s S q,r
d) p p.r r,s p,r

Column-I

A) _ _(logx,x<1
Atx =1,f(x) = 2x —x2x>1
B x—1,x<?2
Atx=2,f(x)=40, x=2
sinx,x > 2
© 2x+3,x<0
Atx=0,f(x)={5 x=0
x> +7,x>0

Column- II
(p) =0
(@ =24
(ry >32
(s) —2
Column- II

(p) Has points of maxima
(q) Has point of minima

(r) Has point of inflection

(s) Has no point of extrema

Column- II

(p) Isincreasing

(qQ) Isdecreasing

(r) Has point of maxima
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D) e x<0 (s) Has point of minima
Atx=0,f(x)=4 0, x=0

—cosx, x>0

CODES:

A B C D
a) S r q p
b) r S p q
c) p q r s
d) q p s r

290.
Column-I Column- II

A f(x)=sinx—x2+1 (p) Has point of minima
(B) f(x)=xlogex—x+e* (q) Has point of maxima
© flx)=-x34+2x2-3x+1 (r) Isalways increasing
(D) f(x) = cosmx + 10x + 3x% + x3 (s) Isalways decreasing
CODES:

A B C D
a) p q r s
b) r s p q
c) s r q p
d) q p s r

Linked Comprehension Type

This section contain(s) 35 paragraph(s) and based upon each paragraph, multiple choice questions have to be
answered. Each question has atleast 4 choices (a), (b), (c) and (d) out of which ONLY ONE is correct.
Paragraph for Question Nos. 291 to -291

A cubic f(x) = ax® + bx? + cx + d vanishes at x = —2 and has relative minimum/maximum at x = —1 and

. 1 1
x = zandif [ f(x)dx ==

On the basis of above information, answer the following questions

291. The value of c is
a) —2 b) —1 o d) 2

Paragraph for Question Nos. 292 to - 292

A window of fixed perimeter (including the base of the arch) is in the form of a rectangle surmounted by a
semi-circle. The semi-circular portion is fitted with coloured glass, while the rectangular portion is fitted with
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clear glass. The clear glass transmits three times as much light per square metre as the coloured glass.
Suppose that y is the length and x is the breath of the rectangular portion and P is the perimeter.
On the basis of above information, answer the following questions

292. The ratio of the sides y: x of the rectangle so that the window transmit the maximum light is
a) 3:2 b)6:6+7 c)6+m:6 d)1:2

Paragraph for Question Nos. 293 to - 293

Consider the function f: (—o, ) — (—o0, ) defined by

()_x2+ax+1 0<a<?2
fx_x2+ax+1' @

On the basis of above information, answer the following questions

293. Which of the following is true?
a) 2+a)’f"" M+ R2-a)?f""(-D=0
b) (2 —a)?*f"" (1) - 2+ a)*f""(-1) =0
A f"Mf (-1 =Q2-a)?
df"Wf"(-1D =-2+a)?

Paragraph for Question Nos. 294 to - 294

Tangent at a point P; [other than (0, 0)] on the curve y = x3 meets the curve again at P,. The tangent at P,
meets the curve again at P; and so on

294. If P, has co-ordinates (1, 1) then the sum lim,, o 274 xi is (where x4, x5, ..., are abscissas of Py, P,, ...,
n

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

Paragraph for Question Nos. 295 to - 295
Consider the curve x = 1 — 3t2,y = t — 3t3. If a tangent at point (1 — 3t?,t — 3t3) inclined at an angle 6 to the

positive x-axis and another tangent at point P(—2, 2) cuts the curve again at Q

295. The value of tan 8 + sec @ is equal to
a) 3t b) t c)t—t? d)t?— 2t

Paragraph for Question Nos. 296 to - 296

A spherical balloon is being inflated so that its volume increases uniformly at the rate of 40 cm3/min

296. At r = 8, its surface area increases at the rate
a) 8 cm?/min b) 10 cm? /min c) 20 cm?/min d) None of these
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Paragraph for Question Nos. 297 to - 297

3
x
f(x) =sin"tx +x2 —3x+5,x€ [0,1]

297. Which of the following is true about f(x)?
a) f(x) has a point of maxima b) f(x) has a point of minima
c) f(x)isincreasing d) f(x) is decreasing

Paragraph for Question Nos. 298 to - 298

Let f'(sinx) < 0and f"(sinx) >0V x € (0,%) and g(x) = f(sinx) + f(cos x)

298. Which of the following is true?
a) g’ is increasing b) g’ is decreasing
c) g’ has a point of minima d) g’ has a point of maxima

Paragraph for Question Nos. 299 to - 299

—x?2+4x+a x<3

Consider function f(x) = { 4% + b, 3<x<4
—Zx +6, x=>4

(For questions 6 to 8 consider f(x) as a continuous function)

299. Which of the following is true?
a) f(x) is discontinuous function for any value of a and b
b) f(x) is continuous for finite number of values of a and b
¢) f(x) cannot be differentiable for any value of a and b
d) f(x) is continuous for infinite values of a and b

Paragraph for Question Nos. 300 to - 300

If ¢(x) is a differentiable real-valued function satisfying ¢'(x) + 2¢(x) < 1, then it can be adjusted as
! d 2x d
e? P’ (x) + 2e?*¢(x) < e?* or (ezxqj(x) _eT) <0 Oranx (¢(x) _ %) <0

dx
Here e?* is called integrating factor which helps in creating single differential coefficient as shown above.
Answer the following questions:

300.1fp(1) = 0 anddz—;x) > P(x) forall x > 1, then
a)P(x)>0vx>1 b) P(x) is a constant function
) P(x)<0vx>1 d) None of these

Paragraph for Question Nos. 301 to - 301
Leth(x) = f(x) — a(f(x))2 + a(f(x))3 for every real number x
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301. h(x) increases as f(x) increases for all real values of x if
a)a € (0,3) b)a € (—2,2) c) [3,0) d) None of these

Paragraph for Question Nos. 302 to - 302

f(x) = x3—9x% + 24x + ¢ = 0 has three real and distinct root a, # and y

302. Possible values of ¢ are
a) (—20,-16) b) (—20,-18) c) (—18,-16) d) None of these

Paragraph for Question Nos. 303 to - 303

Consider the graph of y = g(x) = f'(x), given that f(c¢) = 0, where y = f(x) is a polynomial function

Y
’ y=gx)=/"(x)
a c b

)

303. The graph of y = f(x) will intersect the x-axis
a) Twice b) Once c) Never d) None of these

Paragraph for Question Nos. 304 to - 304

Let f(x) = 4x? — 4ax + a? — 2a + 2 and the global minimum value of f (x) for x € [0, 2] is equal to 3

304. The number of values of a for which the global minimum value equal to 3 for x € [0, 2] occurs at the end
point if interval [0, 2] is
a)l b) 2 c) 3 d)o0

Paragraph for Question Nos. 305 to - 305

Let f(x) =x3—-3(7—a)x?—3(9 —a®)x + 2

305. The values of parameter a if f(x) has a negative point of local minimum are
58 d) None of these
2) ¢ b) (-3,3) Q) (-0 2) )

_w’_

14

Paragraph for Question Nos. 306 to - 306

1 X
Consider the function f(x) = (1 + ;)

306. The domain of f(x) is
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a) (_1' O) U (O, OO) b) R — {0} C) (—OO, _1) U (01 OO) d) (0, OO)

Paragraph for Question Nos. 307 to - 307

Consider the function f(x) = x + cosx —a

307. Which of the following is not true about y = f(x)?
a) Itis an increasing function b) It is a monotonic function
c) It has infinite points of inflection d) None of these

Paragraph for Question Nos. 308 to - 308

Consider the function f(x) = 3x* + 4x3 — 12x?

308.y = f(x) increases in the interval
a) (—1,0) U (2,) b) (—,0) U (1,2) c) (=2,0) U (1, ) d) None of these

Paragraph for Question Nos. 309 to - 309

. . x%—6x+4
Consider the function f:R - R, f(x) = ~orta
309. f(x)is
a) Unbounded function  b) One-one function c) Onto function d) None of these

Paragraph for Question Nos. 310 to - 310

Consider a polynomial y = P(x) of the least degree passing through A(—1, 1) and whose graph has two points
of inflection B(1, 2) and C with abscissa 0 at which the curve is inclined to the positive axis of abscissa at an

angle of sec™1+/2

310. The value of P(—1) is
a) —1 b) 0 1 d) 2

Paragraph for Question Nos. 311 to - 311

Let f(x) be a real-valued continuous function on R defined as f(x) = x?e ¥l

311. The values of k for which the equation x?e~1*| = k has four real roots

8 4
a)0<k<e b)0<k<e_2 C)O<k<e_2 d) None of these

Integer Answer Type

312. At the point P(a, a™) on the graph of y = x™(n € N) in the first quadrant a normal is drawn. The normal
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313.

314.

315.

316.

317.

318.

319.

320.

321.
322.

323.

324,

325.

326.

327.

328.

329.

330.

331.

332.

intersects the y-axis at the point (0, b). Iflim,_, b = % then n equals
x2 —3x| +a,0<x <23 5

Let f(x) = 3 2 If f (x) has a local maxima at x = =, then greatest value of |4a| is

—2x+3, x == 2

Let f(x) be a non-constant thrice differentiable function defined on (—o0, ) such that f(x) = f(6 — x)

and f'(0) = 0 = f'(2) = f'(5). If n is the minimum number or roots of (f"'(x)?) + f'(x)f""(x) = 0in the

interval [0, 6], then the value of n/2 is

A right triangle is drawn in a semicircle of radius % with one of its legs along the diameter. If the maximum

area of the triangle is M, then the value of 32vV3M is

P(x)
X3

Consider P(x) be a polynomial of degree 5 having extremum at x = —1, 1and lim,_,, ( — 2) = 4. Then

the value of [P(1)] is (where [-] represents greatest integer function)
2
The number of non-zero integral values of ‘a’ for which the function f(x) = x* + ax3 + 3% + 1 is concave

upward along the entire real line is

Water is dropped at the rate of 2m3/s into a cone of semi-vertical angle 45°. If the rate at which periphery
of water surface changes when the height of the water in the cone is 2 m is d, then the value of 5d is

For a cubic function y = f(x), f"(x) = 4x at each point (x, y) on it and it crosses the x-axis at (—2, 0) at an

angle of 45° with positive direction of the x-axis. Then the value of |%| is

3
Number of integral values of b for which the equation x? — x = b has 3 distinct solutions is

. . o . . 9.
The least area of a circle circumscribing any right triangle of area —is

If a is an integer satisfying |a| < 4 — |[x]|, where x is a real number for which 2x tan™! x is greater than or
equal to In(1 + x?2), then the number of maximum possible values of a (where [-] represents the greatest
integer function)

If m is the minimum value of f(x,y) = x? — 4x + y2 + 6y when x and y are subjected to the restrictions

0 <x <1and0 <y <1, then the value of |m| is

Lety = f(x) be drawn with £ (0) = 2 and for each real number the tangent toy = f(x) at (a, f(a)), has x

intercept (a — 2). If f(x) is of the form of keP*, then (%) has the value equal to

x3/5ifx <1
Let = -
etf () {—(x -2)3ifx > 1
Suppose a, b, ¢ are such that the curve y = ax? + bx + c is tangent to y = 3x — 3 at (1, 0) and is also
tangent to y = x + 1 at (3, 4), then the value of (2a — b — 4c) equals

then the number of critical points on the graph of the function is

x+2,x<-1
Let f(x) ={x%,—1 < x < 1, then number of times f’(x) changes its sign in (—oo, ) is
(x—22%x=>1

A curve is given by the equations x = sec? 8,y = cot 6. If the tangent at P where § = /4 meets the curve
again at Q, then [PQ] is, where [ ‘] represents the greatest integer function

From a given solid cone of height H, another inverted cone is carved whose height is h such that its volume
is maximum. Then the ratio H /h is

There is a point (p, q) on the graph of f(x) = x? and a point (r, s) on the graph of g(x) = _78, wherep > 0
and r > 0. If the line through (p, q) and (7, s) is also tangent to both the curves at these points,
respectively, then the value of p + r is

Let f(x) be a cubic polynomial which has local maximum at x = —1 and f'(x) has a local minimum has at
x = 1.If f(—1) = 10 and f(3) = —22, then one fourth of the distance between its two horizontal tangents
is

A rectangle with one side lying along the x-axis is to be inscribed in the closed region of the xy plane
bounded by the linesy = 0,y = 3x and y = 30 — 2x. If M is the largest area of such a rectangle, then the

2M
value of —is
27
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333.

334.
335.

336.

337.

338.

339.

If the slope of line through the origin which is tangent to the curve y = x3 + x + 16 is m, then the value of
m-—4is

If d is the minimum distance between the curves f(x) = e* and g(x) = log, x, then the value of d® is

The least integral value of x where f(x) = log; /, (x? — 2x — 3) is monotonically decreasing is

A curve is defined parametrically by the equations x = t? and y = t3. A variable pair of perpendicular
lines through the origin ‘O’ meet the curve at P and Q. If the locus of the point of intersection of the
tangents at P and Q is ay? = bx — 1, then the value of (a + b) is

Let C be a curve defined by y = ea+b** The curve C passes through the point P(1, 1) and the slope of the
tangent at P is (—2). Then the value of 2a — 3b is

Let £ (x) = {Ix3 + x? 4+ 3x + sin x| (3 + sini),x #0
0

minimum value is

If the curve C in the xy plane has the equation x? + xy + y? = 1, then the fourth power of the greatest

distance of a point on C from the origin, is

" then number of points where f(x) attains its
, =20
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6.APPLICATION OF DERIVATIVES

: ANSWERKEY :

1) c 2) b 3) c 4) b (9) abd 10) a 11) ad 12)

5) b 6) a 7) d 8) d a,b,c,d

9) a 10) a 11) b 12) «¢|13) ¢ 14) b, 15) a,c 16)

13) b 14) a 15) ¢ 16) ¢ a,b,c

17) d 18) b 19) a 20) d|17) ad 18) ab,c 19) ab,c 20)

21) a 22) a 23) d 24) b a,b,c

25) ¢ 26) ¢ 27) a 28) b|21) ab 22) acd 23) acd 24)

29) d 30) c 31) b 32) ¢ a,b,c

33) ¢ 34) d 35) d 36) a|25) abd 26) b, 27) ad 28)

37) d 38) b 39) b 40) d b,d

41) d 42) b 43) c 44) b (29) a,b,c,d 30) a,b,c,d 31) a,b,c,d 32)

45) d 46) a 47) ¢ 48) d cd

49) d 50) d 51) d 52) d|33) ab,cd34) c 35) d 36)

53) ¢ 54) a 55) ¢ 56) a a,b,d

57) ¢ 58) d 59) ¢ 60) b|37) ac 38) acd 39) abc 40)

61) a 62) a 63) a 64) b cd

65) ¢ 66) b 67) a 68) dj41) b 42) a.c 43) ad 44)

69) b 70) d 71) b 72) d a,c,d

73) ¢ 74) b 75) b 76) d|45) a.c 46) ab 47) b,cd 48)

77) a 78) ¢ 79) a 80) ¢ a,b

81) ¢ 82) b 83) d 84) d(49) ab,c 50) abd 51) ab,c 52)

85) b 86) d 87) a 88) b ab

89) ¢ 90) a 91) b 92) d|53) abd 54) ab,d55) ab,cdb56) d

93) d 94) b 95) b 96) d|57) ab,d58) abd 59) ab,c 60)

97) a 98) ¢ 99) ¢ 100) a a,b,c

101) a 102) d 103) a 104) c|61) a.c 62) a.c 63) bd 64)

105) a 106) b 107) b 108) a a,c

109) c 110) a 111) c 112) d|65) ab,c 1) d 2) a 3) a

113) d 114) c 115) a 116) c 4) a

117) a 118) b 119) a 120) b|5) c 6) d 7) a 8) b

121) a 122) b 123) d 124) b|9) d 10) d 11) b 12) a

125) b 126) a 127) b 128) b|13) c 14) a 15) b 16) b

129) b 130) b 131) a 132) d|17) ¢ 18) a 19) ¢ 20) a

133) d 134) b 135) ¢ 136) b|21) b 22) ¢ 23) d 24) a

137) a 138) d 139) b 140) d|25) c 26) c 27) b 28) b

141) c 142) d 143) d 144) a|29) a 30) a 31) a 32) a

145) a 146) d 147) a 148) d|33) b 34) a 35) b 36) a

149) b 150) c 151) a 152) b|37) d 38) ¢ 1) b 2) a

153) b 154) a 155) a 156) a 3) a 4) d

157) ¢ 158) ¢ 159) b 160) d|5) a 6) b 7) b 8) c

161) c 162) b 163) a 164) d|9) b 10) ¢ 11) a 12) b

165) a 166) a 167) a 168) a|13) d 1) b 2) b 3) a

169) b 170) d 171) d 172) c 4) a

173) a 174) b 1) b,d 2) 5) a 6) b 7) b 8) a
ab 3) b,c 4) a,b,c,d 9) d 10) a 11) a 12) a

5) a,b,c,d 6) ab,d 7) b,c 8) 13) b 14) b 15) a 16) ¢
b,c 17) d 18) ¢ 19) d 20) c
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21)

5)
9)
13)

4)

AN

1)

6)
10)
14)

w O

2)

7)
11)
15)

O O

3)

8)
12)
16)

S W

17)
21)
25)

3
5
7

18)
22)
26)

3
9
5

19)
23)
27)

5
8
1

20) 8
24) 4
28) 4
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6.APPLICATION OF DERIVATIVES

: HINTS AND SOLUTIONS :

1

(9

v f'(x) = x*[1 + logx] = x* log(ex)

f'(x) <0

= log(ex) < 0

>0<ex<1

=>0<x<1/e

(b)

Clearly, f (x) in decreasing just before x = 3 and
increasing after x = 3. For x = 3 to be the point of
local minima, f(3) < f(37)

= —15<12—-27 + In(a? —3a + 3)
>a’—-3a+32>1

= a € (—,1) U (2,)

(9

a?x* + b2yt = 6

Differentiate f(x) w.r.t. x,

, 1/cox* — a2x8\ /* (4x3¢5  8x7a?
Sr@=g7% ) 7w "

4x3c®  8x7a%

Put f'(x) = 0, 3
= xt = c® >x=+ e
= 2a? = —21/4a
3/2
Atx = Zf/T\/a,f(x) will be maximum,
c3/2 o1z o1z \1/4 c12 \1/4
So f (21/4\/6) - (2a2b2 - 4a2b2) - (4a2b2)
v2ab
Alternative method:
Since A.M. = G.M.
2.4 2.4
LI (T
6
= abx?y? < )
< ¢
=>xy <
2ab
. 1 f . c3
Hence, maximum value of xy is NorT3
(b)

We have f(x) = sin*x + cos* x = z + icos 4x

= f'(x) = —sin4x
Now, f'(x) >0 = —sin4x > 0 = sin4x < 0 =
T <4x <2m
>n/d<x<m/2
(b)
V = x3 and the percent error in measuring
x=%x100=k

X
The percent error in measuring volume
=2 %100

v
av

Now, — = 3x?
dx
dV  3x%dx dx
= dV =3x%dx = —= —=3—
V X X
av dx
~— X100 =3—x 100 = 3k
V X
(a)

For Lagrange’s Mean value theorem we know,
f(x) should be continuous in [a, b] and
differentiable in] a, b [.

1 1

. 7 0 X<y

(a) Given, f(x) = 1 5 1
- — >

(2 x) X =3

Which is clearly not differentiable at x =

%; as RHD at (x = 1/2) = —1 and LHD at

(x = 1/2) = 0 =Lagrange’s Mean Value is not
applicable.

Where option, (b), (c), (d) are continuous and
differentiable.

(d)
A,
D C
Bl A 'D'_l B Cl

LetBD; =x = BC; = (a — x)
s

= BC = (a—x)tan§=\/§(a—x)
Now, area of rectangle ABCD,
A= (AB)(BC) = 2+3x(a — x)

2

x+a—x

- as 23 (2)

(d)
Since f(x) =

2
= ﬁTa (using AM. > G.M.)

Ksinx+2cosx . . .
————— isincreasing for all x,
sinx+cosx
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10

12

13

14

therefore f'(x) > 0 for all x
K-2
(sinx+cos x)2
>K—-2>0=>K>2
(@)
Here f'(x) <0

> 0 forall x

2
=>3x2+8x+/1S0\7’xE(—2,——)

3
Then situations for f'(x) is as follow:
-2 -2/3
l 1 / \ v

-2\/-2/3

Given that f(x) decreases in the largest possible
interval (—2, - 2), then f'(x) = 0 must have roots
—2and —-2/3
= Product of roots is (—2) (— E) =25 1=1

3 3
(@)
Consider the function f(x) = ax3 + bx? + cx + d

on [0, 1] then being a polynomial, it is continuous
on [0, 1] and differentiable on (0, 1) and

fO=f1)=d
f(0)=d,f(1) =a+b+c+d=d]asgiven
a+b+c=0]

=~ By Rolle’s theorem, there exists at least one

x € (0,1) suchthat f'(x) =0

= 3ax?+2bx+c=0

Thus, equation 3ax? + 2bx + ¢ = 0 has at least
one root in [0, 1]

()

Given, g(u) = 2tan"1(e%) — %,for U € (—o0, )
Now, g(—u) = 2tan"1(e™%) —%

= 2(cot~1(e™)) —g

=2 (E - tan‘l(e”)) — %

2
=-gw)
g () Is an odd function.
' _ 1 u_
Also, g'(u) =2 e © 0>0
Which is strictly increasing in (—oo, 00)

(b)
f'(x) =4 — 2sec?2x = 2(1 — tan? 2x)

For the continuous domain (— z ),f’(x) = 0in

T
4’4
=53]
8’s

' i T _TulE X
and f'(x) < 0in (—4, 8] V] [8,4)
So the required largest continuous interval is
T T V1
[~5/5) tength =

()

Putting x = 0 in the given curve, we obtainy = 1

15

16

17

So, the given pointis (0, 1)

Now, y = e?* + x2 =Y _ 2% 4 2y

dx
d
(@) 0 =2

The equation of the tangent at (0, 1) is
y—1=2(x-0)=>2x—y+1=0 (1)
Required distance = length of the L from (0, 0) on
D=%

V5
(©
Function is increasing in (—oco, —2) U (0, ),
function is decreasing in (-2, 0)

. ‘ Yy
| N | | Ly=x
R o B ] B e S o
X O\ |
X7y dfeee- P & e Beeofedosnosdons
Xy . :
) ,X : : :
[ J [ 1 PR R PR B
SO L S SR N X O 1 A SO o
Y y=yx
X - x
4 I 3 2 1/ 01 2 3
y/
x = —2islocal maxima, x = 0 — local minima

Derivable Vx € R — {0, 1}
Continuous Vx € R

()
x=a(cosf+ 0sinh),y =a (sinf — 6cosh)
dx

d—0=a(—sin9+sin9 + 6 cos8) =abcosb

€Y)
%=a(c059—c059 +6sinf) =a0bsinb

(2)
= Z—z = tan 6 (slope of the tangent)

= Slope of the normal = —cot 8
~ Equation of the normal is
y—a(sinf — 6 cos )

cos 6

sin 6

—a (cos 0 + 0 sin 0))
= ysinf — asin? 6 + af sin cos 6
= —xcos@ + acos? 8 + ab sin 6 cos O
=>xcosf +ysinf =a
As 0 varies, inclination is not constant. Therefore,
(a) is not correct
Clearly, it does not pass through (0, 0)

a

Its distance from the origin = |-———————
Vcos2 0+ sinZ2 6

= a’
Which is a constant
(d)

. - d
Differentiating w.r.t. x, we get e 2= 2x

dx
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18

19

20

dy_ 2x Cre¥ =1+x2)
dx 1+ x2 e x

2x i 2 |x|
= = — [ —
m 1+x20rm 1+ [x]?

But1+ |x|2 —2|x| = (1 —|x)2=0
=1+ |x|?> > 2|x|,

~Im|l <1
(b)
GivenA+ B =60°=>B =60°—A
V3 —tan4
= tanB =tan(60° — A) = ————
1++/3tanA4

Now z = tanAtan B
_ t(3-t) _ V3t-t?
T O1+V3t | 1+V3t
Where t = tan A

%__(t+\/§)(\/§t—1)20

2
dt (1 ++/3t)

>t=1/V3

=t =tanA = tan 30°

The other value of rejected as both A and B are

+ve accute angles
1 dz

1 dz _

Ift < Aas positive and if t > Ha- Ve
Hence maximum when t = % and maximum
1
value = -
3
(@)
Y
°—2% r R X
Given curve is 2x%y? —x* =c (1)
Sub-normal at P(x,y) = yZ—z (2)

From (1), we get 2 (xZZyZ—z + 2xy2) —4x3 =0

dy _ x C )
dx x2y (3)

Now, x (x —yy') = x? — xyz—z

=x%—(x* - y*) [from (3)]

= yZ

= Mean proportion = \/x (x —yy') =y
(d)

% = ke®* = k at (0, 1). Equation of the tangent

isy—1=kx

. . . . L 1
Point of intersection with x-axisis x = — . where

21

22

23

24

25

— l —_ 2)

" r *  30tan30°

30—-h

-
From geometry, we have =

30tan30° 30
= h =30-+3r
Now, the volume of cylinder, V = mr?h =
nr?(30 —/37)
20

v _ _ 2\ — 20
Now,letdr—0:>7t(60r 3V3r )—0=>r—\/§

2
Hence, Vpax = (%) (30 - \/5%) = T[% X 10
_ 40007
-3

(a)

dx a

—=a+=2cos2t =a[l+ cos2t] = 2acos?t

dy 2

and % = 2a (1 +sint) cost
dy 2a(l+sint)cost (14 sint)

> — = =
dx 2a cos?t

Then, the slope of the tangent

(cos (t/2) +sin(t/2))?
= Tcos2(t/2) -sin2(t/2)
_l+tang E+d)
_1—tan%_ n 4 2

T + 2t
I

cost

tan @

(d)

If f(x) has an extremum at x = ©/3, then
f'(x)=0atx =m/3

Now, f(x) = asinx + %sin 3x

= f'(x) = acosx + cos3x

f'(m/3)=0

= acos(r/3)+cost =0
>a=2

(b)

We must have log; 3(logs(sinx + a)) <0 Vx € R
= logz(sinx +a) >1Vx €R

=sinx+a>3 Vx€R

=>a>3—sinx VxER

>a>4

()
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26

27

28

29

f(0)=—-1;f(1) =7.So f(0) and f(1) have
opposite sign

()

y=x2+bx—b=>3—z=2x+b

= Equation of the tangent at (1, 1) is
y=1=02+b)(x—-1)
>b+2)x—y=b+1

x-intercept = % =04
and y-intercept=— (b + 1) = OB
Y
y=x’+bx-b
X' \ / / X
0 A
B
YI

Given area of triangle OAB is =2
= %OA X 0B =2

1/b+1

=3(55z) b+ DI=2

=>b2+ 2b+1=-4(b+2)

=>b*+ 6b+9=0

=>(b+3)?=0=>b=-3

(@)

Here, f(x) = x3 +bx?> + cx +d

= f'(x) =3x%2 4+ 2bx + ¢

(As we know, if ax? + bx + ¢ > 0 forall x
=>a>0and D < 0)

Now, D = 4b? — 12¢ = 4(b%? — ¢) — 8¢

(whereb? — ¢ < 0 and ¢ > 0)

~D = (—-ve)or D <0.

= f'(x) = 3x% + 2bx + ¢ > Ofor all x € (—o0, )
Hence, f(x)is strictly increasing function.

(b)
% = —4 cm3/min;$ =?whenV = 125 cm?
dav dx
V=x%8=6x2 > — = 3x? —
* YT T @
—4 =32
4=32% (1)
das dx
Also;—leE
as _

——E;WhenV=125=x3:> x=5
dt x
:(dS) I CRr

a). .= cm”/min
(d)

30

31

32

33

34

35

B \0/ A X
Let 2CO0A =60 = 0A = OC secH = 4secf
Also 2£0PC = 6 = OP = OC cosec 8 = 4 cosec

Now, Apap= OA OP = —=

sin 26
For Ap,p to be minimumsin26 = 1= 0 = %
= P = (0,4v2)
(©

1\2 1] .
Giveny = e(2x?—2x+1)sin®x _ ez[(x_i) +Z] sin? x

Clearly, the minimum value occurs when
2
sin?x = 0 as [(x—%) +ﬂ >1/4
(b)
We know that there exists at least one x in (0, 1)
for which
f)—-f0) f'x)
g() - g(0) g

2-10 _ f'(x) , oo
2 gm OF f'(x) + 4g'(x) = 0 for at least

one x in(0, 1)

()

fO)=(C-1D2+(x—-2)2+(x—-3)%+ (x—4)?
+ (x —5)2

f'x)=2[x—-14+x—-2+x—-3+x—-4+x-5]
= 2[5x — 15]

f'(x) = 0givesx =3 and f"(x) > 0 forall x

~ f(x) is minimum for x = 3

()

fx) = f e*(x—1)(x—2)dx

For decreasing function, f'(x) <0

se*x—1Dx—-2)<0

>x-Dx—-2)<0=>1<x<2 (ve*>0Vx
ER)

(d)
Here, f(x) = log, x

NOE fb) — f(a) N 1 _ log, 3 — log, 1

b—a c 3—-1
1 1
:Ezzloge?’:) c=2logse
(d)

f(x) =x10 +sinx — 1
= f'(x) = 100x*° + cos x

Page |40



36

37

38

39

fo<x< %, then f'(x) > 0, therefore f(x) is
increasing on (0,1/2)
If0 < x <1,then
100x°? > 0 and cosx > 0 [ x lies between 0 and
1 radian]
= f'(x) = 100x%° + cosx > 0
= f(x) is increasing on (0, 1)
If% < x < i, then
100x%° > 100 [+ x>1=x% > 1]
= 100x%° + cosx > 0 [~ cosx = —1
= 100x%° + cos x > 99]
= f'(x) > 0 = f(x) is increasing in (/2, )

(@

B(T, T?)
(t, $) 4
%=3x2=3t2atA
T3_ t3
~3t2 = e =T2 4+ Tt + t2

>T2+ Tt—2t2=0
>5T-t)(T+2t)=0=>T=torT =
(T = tis not possible)

-2t

Now, my = 3t? and mp = 3T?
mp  T? 4t?
my  t2 t%

(d)

Wehaveg'(x) = f' (g) —f'(2—x)

Given f"'(x) < 0Vx € (0,2)

So, f'(x) is decreasing on (0, 2)

Let§>2—x=>f’(§)<f’(2—x)

(using T = —2t)

Thus, V x > %,g’(x) <0
4

= g(x) decreasing in (3 2)

. L 4
and increasing in (0, —)

3
(b)

Differentiating w.r.t, x, we get 1 + Z—z =

dy)
Xy =
e (y +x——)or

dy ye™ —1

dx 11— xeXy

dy
—=0=>1-—xe” =0
dx

This holdsforx =1,y =0
(b)

40

41

42

Any point on the parabola y? = 8x (4a =8 ora =
2) is (at?, 2at) or (2t?, 4t)
For its minimum distance from the circle means
its distance from the centre (0, —6) of the circle
Let D be the distance, then
z=D?=(2t?)? + (4t +6)?

=4 (t*+ 4t* 4+ 12t + 9)

'dz—4(4t3+8t+12)—0
e =

=163+ 2t+3)=0
=>16(t+1)({*—-t+3)=10
>t= -1

2
% = 16 (3t + 2) = +ve, hence minimum
-~ pointis (2, —4)
(d)
From the graph, it is clear that both sin x and cos x
in the internal (7/2, ) are the decreasing
functions

y
y =sinx Y

N =CO0S X

T } X
o 2 T X [0} n/Zv

14 14

Therefore, S is correct

To disprove R let us consider the counter
example,

f(x) =sinxin (0,7/2)

So that f'(x) = cosx

Again from the graph, it is clear that f(x) is
increasing in (0,7/2), but f'(x) is decreasing in
0,7/2)

Therefore, R is wrong. Therefore, d. is the correct
option

(d)

fx)=xInx —x+1

S f(D)=0

f'x)=1+Inx —1=1Inx

~f'f(x) <0if0<x <1

and f'(x) > 0ifx > 1

(b)

Length of sub-normal = length of sub-

1+

tangent:d—yz +1
dx
If %= 1, equation of the tangent y — 4 = x — 3
=>y—x=1,areaofAOAB=% ><1><1=§
If &=
dx

y—4=-x+3

1 49
=>y+x=7,area=;x7><7=7

—1, equation of the tangent is

Page|41l



43

44

45

46

47

(o)

d

Y 3x%2 —2ax+1

dx

Given thatd—y >0
dx

= 3x%2 —2ax+1>0forall x
=>D<0or4a*>-12<0

=>—-V3<a<+3
(b)

7() = toesin(5)

T 1
= logsin—= logz = —log2,

6

f(z)—lo sinz——lo 2

6/~ 0BSIg T TI08
1

f'(c) =——cosx = cotx

sin x
By Lagrange’s mean value theorem,

f(5m/6)- f(n/6) _
Gn/6)-(/6)

T
=>cotc=0>=>c=—=

2
Thus, ¢ =~ € (n/6, 57/6)
(d)
_(fG.f(x) =0
el =156 o) <0
d _ (), fx) >0
= alf(x)l - {—f,(X),f(X) <0
Now as f(x) and f'(x) keep opposite sign, then
~If@I<0
Hence |f| is decreasing
()
f (x) will have maxima at x = —2 only if

a’?+1=22>=a|l =1

N — A— —l
y=2-1x2+5x%6 /1 . I
A SOOI U N S

of
s
&
B -
Q

y
(c)
A
b
0
B 2 C
bcos@ =a=>bcos8+b=4o0rb= *
1+cos @

4 cos @
>q=———

1+ cos@

48

49

50

51

1 :
= area = A= Eba sin @

1 4 4 cos « sing = 4 sin 20
“21+cosf1+cosf oM "~ (14 cos0)?
2c0s 260 (1 + cos8)? +

dA 25sin 26 (1 + cos ) sin
=>—=4

do (14 cosB)*

dA
:Ezo:c0529(1+c056)+sin2951n0=0
or cos 28 + cos@ = 0orcos20 = —cosO =
cos(m — 6)
orf ==

3

Therefore, A is maximum when 6 = %
(d)

x=2Incott + 1,y =tant + cott
Slope of the tangent

(dy) sec?t — cosec? t 0
dx/ =1 — 2 cosec?t
4 cot t ="
4
(d)

If f(x) increases then f~!(x) increases. Refer
figure

y=/x)

y=r"(

If f(x) increases, then f'(x) > 0

i(L) = L™ 95 L decreases

dx \f(x) f2(x) fx)
i({):f’g—fg’
dx \g g?

If f and g are +ve functionsand f' < 0and g’ <
0, then % (é) <0

(d)

f'(x) =a+3cosx —4sinx

=a + 5cos(x + a), where cosa = %

For invertible, f (x) must be monotonic

= f'(x) =20Vxorf'(x) <0Vx
=>a+5cos(x+a)=0ora+5cos(x+a) <0
= a=—-5cos(x +a)ora < —5cos(x + a)
=2>a=>50ra<-5

(d)

Differentiating y3 — x?y + 5y — 2x = 0 w.r.t. x,
we get

3y?y' — 2xy —x%y'+5y'—=2=0
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53

54

55

, 2xy + 2
>y =——"———
3y2— x%2+ 5
Differentiating x* — x3y? + 5x + 2y = 0 w.rt. x,
We have 4x3 — 3x%y? — 2x3yy' +5+2y' =0
3x2y%2 —4x3 -5
B 2 —2x3y
Thus, both the curves intersect at right angle
(d)
Let f(x) = x3 + 2x%2 + 5x + 2 cos x
= f'(x) =3x% +4x +5—2sinx
Now the least value of 3x? + 4x + 5 is
D (4)?-43)(5) 11
4a 4(3) E)
And the greatest value of 2 sinx = 2
= 3x2+4x+5>2sinx Vx €ER
= f'(x) =3x?+4x+5—2sinx >0Vx E€R
= f(x) is strictly an increasing function also
f(0) =2and f(2mr) > 0
Thus, for the given interval, f (x) never becomes
Zero
Hence, the number of roots is zero

= }’('0,0) =2/5

>y

= }’(’0,0) = —5/2

(9
x?y = ¢3
Differentiating w.r.t. x, we have
dy 2y
Z—t2xy=0=>-—=——
T dx X

Equation of the tangent at (h, k)y — k =
—2 (x—h)
y =0 gives x =%= a,and x = 0 gives
y=3k=b
Now, a?b = 223 = 2 p2j = 273

’ 4 4 4
(a)

y

From the graph f(0%) < f(0)and f(07) <0 =
x = 0 is the point of maxima

(©
. . _ x
Consider the function f(x) = 31200) (D
o) = (400 —x%)
F' &) =x w2002 =

When x = (400)'/3, (- x # 0)
x = (400)3 —h=f'(x) >0
x = (400)"3 +h=f'(x) <0

56

57

58

59

60

~ f(x) has maxima at x = (400)*/3
Since 7 < (400)'/3 < 8, either a, or ag is the
greatest term of the sequence

49 8 49 _ 8
“a, =—andag = —and — > —
543 89 543 7 89
49 .
= a, = — is the greatest term
77 543
(a)

Let the required point be (x;,y;)
Now, 3y = 6x — 5x3
d
532 6 152
dx
dy
—=2-5x2
=z dx ¥
d
= (—y> =2 53(12
dx/ ey 1)

The equation of the normal at (x;, y;) is

y_ylzz_sxlz (x_xl)

If it passes through the origin, then

O_Y1:2_5x12 (0_x1)

>n=7%s O

Since (x4, y;) lies on the given curve

Therefore, 3y; = 6x; — 5x3  (2)

Solving equations (1) and (2), we obtainx; = 1
andy; =1/3

Hence, the required pointis (1,1/3)

()

u=VeFI—e

1
U=———andv =
Vet+1++/c

Clearlyu < v

Also, f is increasing whereas g is decreasing
Thusu < v

= f(w) < f()

= gof (u) > gof (v)

(d)

g'(x) = (f'((tanx — 1)? + 3))2(tanx — 1) sec® x
Since f"'(x) > 0 = f'(x) is increasing

So, f'((tanx = 1)2 +3) > f'(3) = 0vx € (0,5) U

3)

Also, (tanx —1) >0x € (%,g)

1
c—1+/c

So, g(x) is increasing in (%,%)

(9

f'(x) = 3kx? —18x + 9 = 3 [kx? — 6x + 3]
>0,vx €R

=>D=b*—4ac<0,k>0,ie,36—-12k <0

>k=>3

(b)
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62

63

64

Since cos 8 < 1 for all 8. Therefore, f(x) < 1 for
all x

()

Given ¢'(x) —¢p(x) >0Vx >1

e *p'(x)—p(x)}>0vx =1

d
= ae"‘d)(x) >0vx=>1

~ e *¢(x) is an increasing function Vx > 1
Since ¢(x) is a polynomial

e p(x) >elp() > e*Pp(x) >0 [+ d(1)
=0]
=>¢x)>0
(@)
Q .
o[ X H
Al — P

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 = mx?(H — x cot @)

Also,p = %n(H tana)?H (1)

av
— = m(2Hx — 3x? cota)

dx
So,Z—ZzO :>x=00rx=§Htana’;
v 2mrH <0
—_— = —2T
2
dx x=§Htana

So, V is maximum when x = %H tana
— _ 4o 51

q = Vhpax = naH tan agH

[from (1)]

_ 4 niptan®a _ 4
T 27 mtan?a 9p
Hence,p:q = 9:4
()

Herey > 0.Puttingy = xiny = V4 — x?, we get
x= V2,2

So, the point is (vV2,v2)

Differentiating y? + x? = 4 w.rt. x,

2y3—i+2x=00r2—1= ud

d
> at(V2,V2), 2 = 1

y
(b)
f(x) =2x3 —9ax? + 12a%x + 1

65

66

67

68

o f'(x) = 6x%2 —18ax + 12a? and f"'(x) = 12x —
18a
For maximum/minimum, 6x? — 18ax + 12a? = 0
=>x%2—-3ax+2a?=0
>x—-—a)(x—2a)=0
=>x=aorx =2a
Now, f"(a) = 12a — 18a = —6a < 0
and f"(2a) = 24a — 18a = 6a > 0
~ f(x) is maximum at x = @ and minimum at
x =2a
=>p=aandq = 2a
Giventhatp?=q=>a?=2a=a(a-2)=0=>
a=2
(9
When f"'(a) = 0, then f'"(a) must also be zero
and sign of f""(a) will decide about maximum or
minimum
(®) 4 3 2

ax bx cx
Let f(x) =T+T+T+ dx,

Which is continuous and differentiable

a b c

f(0) = 0,f(—1)=Z—§+§_d
1 1

=Z(a+2c)—§(b+3d)= 0

So, according to Rolle’s theorem, there exists at
least one root of f'(x) = 0in (—1,0)

(@)
Since a = ( ,4 . ),a is least
Sinx 1-sinx
da [ 4 N 1 ] 0
> —=|— =
dx sin?x (1 —sinx)? cosx

We have to find the values of x in the interval
(0,m/2)

= cos x # 0 and the other factor when equated to
zero gives sinx = 2/3

d%a 4 1 ]
Now,— = |— ] —sinx
" dx? sin2x ~ (1-sinx)?2 ( )+
[ & ]COSZX
sindx  (1-sinx)3
; 2 4 5
Putsinx = gandcoszx =1-;=¢

. d%a Cos [ 8
Tdx? 8/27

>0
= @ is minimum and its value is

4 1

_+—
2/3  1-(2/3)
(d)

Given, V = nr2h

+2><27]5—81><5—45
9 9

=6+3=9

Differentiating both sides, we get
awv rdh
ac "

+2r—h)= (dh+2hdr)
dt ") T a dt
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70

71

72

dr 1 dh 2
dat 10 ™ ar T T 10

C;_Z - <r (_ %) t2h (110)>

Thus, whenr = 2and h = 3,

— (-r+h)

av 1'[(2) 2T
s CErI=T
(b)
xIn () + (e In(e + x) — wIn(r + x)
fl(x) — (Tt+x) ( )

(In(e+x))2(n+x)(e +x)
Nown+x>e+x=>ln(e+x)<0=>f (x)<O0

andalsoeIn(e+x) <mIn(m+x) = f'(x) <0

Thus, f(x) is decreasing

(d)

f'(x) =12x? — 2x — 2 = 2[6x? — x — 1]
=20CBx+1(2x—-1)

f(x),if 0 Sx<%
Hence g(x) = f(%),if%SxS 1
3—xifl<x<2
1 3 5 1 1 5
=5(3)+s(z)+e(3) =7 (3)+7(3) +2(3)

5

(b)

Applying LMVT in [0, 1] to the function y = f(x),

we get
f'(c) = M for some ¢ € (0,1)
c2 f(l) — f(0)
et = —mM———
1
=f(1)—- 10 = < for some ¢ € (0,1)
Butl< e <ein 0,1
=>1<f(1)—10<e
=>11<f(1)<10+e
>A=11,B=10+e
>A—-B=1-e¢
(d)
Using Lagrange’s mean value theorem, for some
c€(1,6)
SUCh that fl(c) — f(6)_f(1) — f(6)+ 2

5 5
= f(6)+2>21
= £(6) = 19

>4.2

73

74

75

76

77

(©
The equation of the lineisy — 3 = ﬁ (x —0),
ie.,
x+y—-3=0
o dy  —c
y_x+1 dx (x4 1)2

Let the line touches the curve at (a, )
—-C

—3=0 (%) =—__- _
s>a+pf 3—0,(dx)a,ﬁ—(a+1)2— 1 and
c
P =
c
>——==1lorp*=cor3—a)’=c
(c/B)

= (a +1)?
>3—a=x(a@a+Dor3—a=a +1
>a =1S0,c=(1+1)?=4

(b)
d
& o sx?(x—1D)(x—3) =0
dx
2x=0,1,3
+ o+ -
0 i 3

Clearly x = 0 is neither a point of maxima nor a
point of minima as derivative does not change
signat x =0

x = 1is a point of maxima and x = 3 is a point of
minima

(b)

y =—x3+3x%+9x — 27
d

2 o 3y 4 6x 49
dx

Let the slope of tangent to the curve at any point
be m (say)

dm
:>m:—3x2+6x+9z>az—6x+6

d?m

el —6 < 0 forall x

Therefore, m is maximum when Z—T; = 0, i.e.,, when
x=1

Therefore, maximum slope = -3+ 64+ 9 =12
(d)

fx) =1 +bHHx?+2bx+ 1

The graph of f(x) is upward parabola as
coefficient of x? is 1 + b? > 0

= The range of f(x) is [%, 00), where D is

discriminant of f (x)

4b? — 4(1 + b?)
=mb) = =105y
=>m(b) = 1552 € (0,1]

(a)
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79

80

81

dy 3ax?

y2=ax3®-f >

dx 2y
= Slope of the normal at (2, 3) is
dx _o2x3 1 1
(_E) T 3a(2? 2a 4

(23)
>a=2
Also, (2, 3) lies on the curve
29=8a—-f=2>=16-9=7=>a+=9
(©

(1+4x +x2)1 —x(4+ 2x)
frx) = AV
(14 4x + x?)

1—x2
T (14 4x + x2)2
For maximum or minimum f'(x) =0 =x = +1
For x = 1, f'(x) changes sign from positive to
negative as x passes through 1

Therefore, f(x) is maximum for x = 1, and

. 1 1
maximum value = ==

1+4+1 6
(a)

Here f(x) = tan~1(sin x + cos x)

1
A f’(x) =

- cosx —
1+ (sinx + cosx)z(
Ccosx —sinx
2 + sin2x
T T .
For—; <x< 4/ Cosx > sinx

sin x)

PR . . m T
Hence, y = f(x) is increasing in (— E’Z)
(9
Solvingy = |x2 —1|and y = V7 — x2
We have |x% — 1| = V7 — x2
S>xt—2x2+1=7—x2
>x*—x2-6=0
> x?2-3)x*+2)=0
>x=+3
Points of intersection of the curves y = |x% — 1|
andy = V7 = x2 are (i \/§,2)
Since both the curves are symmetrical about the
y-axis, points of intersection are also symmetrical

Now,y=x2—1:>d—y:2x
dx

_ 4y _
=> my = I i2) 2V3
And y=vV7—-x2 = Z—i’:—%

_dy _ V3 9= 5v3
= mz—a(ﬁ'z)——— = tan —|T‘
(9
fFF() = k(x> +x) = f'(f(0))f'(x)

= k(5x* + 1)

= f(x) is always increasing or decreasing as

82

83

84

85

k(5x* + 1) is either always negative or positive
(b)

f(x) = |xloge x|

For g(x) = xlog, x,

1
g'(x) = x;+ log,x =1 +log, x
= g(x) increases for e, 00) and decreases for

(0.3)

Graph of y = g(x) = x log.x

(@)
/e

Graph of y = f(x) = [x log x|

(b)

o 1/e 1

From the graph, f(x) = |xlog, x | decreases in
1)

e
(d)
f(0) > f(0")and f(0) < f(07),hencex =0 s
neither a maximum nor a minimum
(d)
Let there be a value of k for which x3 — 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 that a < b. Let
f(x) = x3 —3x + k. Then f(a) = f(b) = 0. Since
between any two roots of a polynomial f(x),
there exists at least one root of its derivative
f'(x). Therefore, f'(x) = 3x2? — 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)
6
4 %
8 f F
G ;
: X
B H z C
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Let rectangle BEFG is inscribed
Its area, A = xy

Now AFEC and ADHC are similar, i.e.,

x 10—y _x _x
:5_—4 =>y=10 =>A—x(10 2)

where x € (0, 8]

NowZ—i = 10 — x. Now for x € (0, 8)

dA .
— > 0 = Aincreases. Hence A,;,,x occurs when
dx

x=28
8 2

Hence, max area = Ap.x = 8 (10 - E) =48 cm
(d)
f (x) vanishes at points where

4 I
sin—=0,i.e.,—=km,k=1,2,3,4,..

X x

1
Hence x = p

"(x) = sin® —ZcosZ i
Also f'(x) = sin———cos—, ifx+#0
Since the function has a derivative at any interior
point of the interval (0, 1), also continuous in [0,

1] and f(0) = f(1). Hence, Rolle’s theorem is
applicable to any one of the interval

o 1] 53] [l

Hence, there exists at least one c in each of these
intervals where f'(c) = 0 = infinite points

()
1 =
£l = —5e 72— 8)
Clearly, x = 2+/2 is the point of local maxima
(b)
fxX)=(x—-8)*(x-9)°0<x<10
= f'(x) = 4(x —8)3(x —9)°> + 5(x — 9)*(x — 8)*
=(x—-8)3(x—9*4(x —9) +5(x — 8)]

— 9(x — 8)3(x — 9)* (x —g)

Sign scheme of f'(x)
A S 1
8 76/9 9
f'(x) <0,ifx € (8 ) = f(x) decreases if

76
X € (8,;)
(9
%+%= 1= ay?+ bx? = x%y? (1)
2a 2bdy dy ay?3
x3  y3dx dx  bx3
Equation of the tangentat (h, k) isy — k =
bh3 (x —h

For x-intercept, puty = 0

90

91

Ly bh?3 tho e h[bhz + akz] _ h[hzkz]
ak? ak? ak?
3
~a

= x-intercept is proportional to the cube of
abscissa

(a)
sin3 x cos x
fly = T2
, 3 sin® x cos? x — sin* x
= f'(x) =

2

f'(x) =0 = 3sin?xcos?x —sin*x =0
= 3cos?x —sinx =0

= 4cos’x—1=0

1
= Ccosx = >
=>x = g, which is the point of maxima
- (V3/2)’(1/2) _3V3
max 2 32
(b)

Equation of tangent at (3v/3, cos 8, sin 8) is
xcosf ysinf

+
3v3 1
Thus, sum of intercepts= (3\/§ secO + cosec 9) =
f(6) [say]

3v/3sin3 6 — cos3 6

= f'(0)=
') sin? @ cos? @
Put f'(6) =0
1
. sm39—mcos39
S otmf-— o §=_
anf = — =—
V3 6
Also, for O<9<”E<O and for
T dz
_<9<Ed9>0

~Minimum at 8 = g
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96

(d)
To satisfy Rolle’s theorem, it should be continuous
in [0, 1].
= lim f(x) = f(0)
n-o0t

. logx
= lim =0
n-o0t x4
= lim 1/x 0 [using L'Hospital’s rule]
n-0t —gx =41 8 P
. 1
= lim,,_, o+ e
= lim,,_,o+ —=x%=0

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.

(d)
Slope of the tangent y = f(x) is % = f (%) (3,4

Therefore, slope of the normal = L

Nz () 3,4
___t
f'(3)

= tan <¥> (given)
Sf3)=1
(b)

8 B

8
5 F ¢

1
A= (AB x AE) + 2 (EDE X AE)

= (8x8sinf) + 8sinf x 8cos O
= 64sin6 + 32sin 260

Let%z 0= 64cos B+ 64cos20 =0

= 2cos?0 +cosf—1=0

= (2cos@ —1)(cos@+1)=0
=cosfd=1/2=0=mn/3
= Aoy = 64§+32§=

2 2

= 483

32V3 + 16V3

(b)

f'(x) = —msinmx + 10 + 6x + 3x2
=3(x+1)2+7 —msinmx > 0 forall x

~ f(x) isincreasingin -2 < x < 3

So, the absolute minimum = f(-2) =1 —20 +
12 -8

(d)

fxX)=ax®+bx?>+11x—6

97

98

99

100

Satisfies conditions of Rolle’s theorem in [1, 3]
= f(1)=f3)
>a+b+11-6=27a+9b+33-6

= 13a +4b =-11 (1)

and f'(x) = 3ax? + 2bx + 11
2

:>f’(2 +%>=3a(2+\/i3_> +2b (2+%)

+11=0
=>3a(4+§+%)+2b(2 +71§)+11=0 )

From equations (1) and (2), wegeta=1,b = —6
(a)
Since the same line is tangent at one pointx = a
and normal at other pointx = b
= Tangent at x = b will be perpendicular to
tangentatx = a
= Slope of tangent changes from positive to
negative or negative to positive. Therefore, it
takes the value zero somewhere. Thus, there
exists a point ¢ € (a, b) where f'(c) =0
(9
(—D)mHnx™m(x — D™ ifx <0
D)"xm™(x-1Dif0<x<1

xM(x — 1D, ifx=>1
Let g(x) = x™(x — 1), then
g (x) =mx™1(x - D"+ nx™(x — 1)1
=x""1(x — )" Ymx — m + nx}

] 12 m

Now f (x)=0=>g(x)=0=>x=0,1orm—+n

f(0)=0,f(1) =0and

m n mm™n"(—1)"
f<m+n)= =D W
mmnt

- (m + n)mtn

We have f(x) =

>0

~ the maximum value = _m™n
(m+n)m+n
(o)
fOf'(x) <0Vx €ER
1d
(2
= de(f () <0

d
—(f* <0
> —(f2()
= f2(x) is a decreasing function

(@)

o F °

AD = ABcos@ = 2R cos 8 ,AE = AD cos 6
= 2R cos? 6

= EF = AB — 2AE = 2R — 4R cos? @
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DE = AD sin@ = 2R sin 6 cos 6
= Area of trapezium,

1
S =5 (AB +CD) x DE

1
=E(ZR+2R—4Rc0529)x2Rsin9c059

= 4R?%sin3 6 cos O

as

i 12R? sin? 0 cos? 8 — 4R? sin* 6

= 4R? sin? 6 (3 cos? O — sin? §)

For maximum area, % =0=>tan’f =3 >

tan6 = V3

(0 is acute) = Sy = ¥R2

(@)
(Town)
4 x P B

§5\/§

:D (Factory)
Let the charges for railway line be k Rs/km
Now the total for eight charges, T = kx +

2k+/(20 — x)2 + 75
LetE = 0= k + 2k
dx

2:-20) _ _

2,/(x-20)2+75

= 4(x — 20)%2 = 75 + (x — 20)?

= (x —20)? =25 > x = 25,15 = x = 15 (as AP
< AB)

= PB=AB — AP =20—-15=5km

(d)

Consider a function g(x) = xf (x)

Since f(x) is continuous, g(x) is also continuous

in [0, 1] and differentiable in (0, 1)

Asf(1)= 0

~ g(0)=0=g(1)

Hence Rolle’s theorem is applicable for g(x)

Therefore, there exists at least one ¢ € (0, 1) such

thatg’(c) =0

=>xf'(x)+f(x)=0

=>cf'(c)+flc)=0

(@)

We have f(x) = §+§

S0 =5 - SHand f1() = 5

Now f'(x) =0=>x2=4=>x =42

~f"(x) >0forx =2

Therefore, f has local minima at x = 2

104 (c)

105

106

B C

Let ABC be an isosceles triangle in which a circle
of radius r is inscribed

Let ZBAD = 6 (semi-vertical angle)

In AOAE,0A = OE cosec 8 = r cosec 8, AE =
rcotd

= AD = 0A+ 0D =1 (cosecO + 1)

In AABD,BD = AD tan6@ = r (cosec6 + 1)tan 8
AB = AD sec8 = r (cosec 8 + 1) secf

Now, the perimeter of the AABC is S = AB + AC +
BC

= 2AB + 2BD (~ AC = AB)

S = 2r (cosec 8 + 1)(sec8 + tan8) or

S = 4r(1+sin )2
- sin 26

das
=5 = 4r [2(1 + sin @) cos O sin 26

— (1 +sin6)?2 cos 20]/(sin 26)?
= 8r(1 + sin )[sin 26 cos 6 — cos 26 sin O

— cos 20]/(sin 26)?
=8r(1+sin@)(sinf — 1 + 2sin? H)/(sin 20)?
= 167(1 + sin8)?(sin§ — 1/2)/(sin 20)?
For maximum or minimum of §,dS/d6 = 0 =

sinf =1/2
~0=m/6 (~ sin@ # —1as @ is an acute
angle)

Now if 8 is little less and little greater than /6,
then sign of dS/d6 changes from -ve to +ve.
Hence S is minimum when 8 = ©/6, which is the
point of minima

Hence, the least perimeter of the

A= 4r[1 + sin(m/6)]?/sin (/3) = 63/3r

(a)

f(0) =m/2,f(07),f(07) =0

Hence x = 0 is the point of maxima

(b)
Lety = x2°(1 —x)7
d
N 25x%4(1 — x)7° — 75x%5(1 — x)74

dx
= 25x%*(1 —x)"*(1 — x — 3x)
=25x%*%(1 — x)7*(1 — 4x)

Clearly, critical points are 0, 1/4 and 1

. d
Sign scheme ofd—i/
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0 1/4 1
Thus, x = 1/4 is the point of maxima
(b)
We have f(x) = alog|x| + bx? + x

a

= f'(x) =;+2bx+1
Since, f(x) attains its extremum values at
x=-12
= f'(-1) =0and f'(2) =0
>-a-2b+1=0and-+4b+1=0>a=2

andb = -1/2
@@ )
9 h
i
H
ML

Given volume and r
Now, IV = volume of cone + volume of cylinder

T
= grzh + nr?’H
3V

s
V=§r2(h+3H):>H=%

Now, surface area, S = nrl + 2nrH =
3V

3V _h
nr Vh2 + 12 + 2nr X <ﬂ

3
S h 2nr

Now,letd—=0=>m‘———=0
db h2+72 3
h r /5
>———=->5h=4?=>—-—=—=tanb
212 3 R
6 2 0 12
=4 = - = —_
cos 3 cos 3

(©
The dimensions of the box after cutting equal
squares of side x on the corner will be
21 — 2x,16 — 2x and height x
V =x(21 - 2x)(16 — 2x)
= x(336 — 74x + 4x?)
orV = 4x3 + 336x — 74x? = = = 12x? + 336 —
148x
2

% _ gives x = 3 for which d—z is -ve and

dx dx
hence maximum
(@)

) I I

fx) = sm(x +€) + cos (x +g)

= 25in(x+%+%)

] 5n
= \/fsm (x +E)

. 5w T
Its maximum value = V2 when x = =3

. T 51 6m—51 T
ie,whenx ==—== =—
2 12 12 12

111 (c)

¢'(x) = 2f () f"(x)
We do not know the sign of f(x) in (a, b), so we
cannot say about the sign of ¢’ (x)

112 (d)

_logx

Y=
dy 1 11
RAp— _Z
dx x? gx +

Y
dx ogx orx =e

Forx<e=logx <1
andx >e=logx >1

d .
Atx =e, d—i’ changes sign from +ve to -ve and

hence y is maximum at x = e and its value is

loge
g _ o1

e
113 (d)

The derivative of a degree 3 polynomial is
quadratic. This must have either 0, 1 or 2 roots. If
this has precisely one root, then this must be
repeated. Hence, we have f'(x) = m(x — a)?,
where «a is the repeated root and m € R. So, our
original function f has a critical pointatx = «
Also, "' (x) = 2m(x — a), in which case

f"(a) = 0.But we are told that the 2nd derivative
is non-zero at critical point. Hence, there must be
either 0 or 2 critical points

114 (c)

Closed

Open

Let x be the radius and y the height of the cylinder
gas container. Also let k be the thickness of the
plates forming the cylindrical sides. Therefore, the
thickness of the plate forming the top will be 5k /4
Capacity of the vessel = vol. of cylinder

=nx?y =V (Given) =y = V/(mx?) (1)
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Now, the volume V; of the iron plate used for
construction of the container is given by
V, =n(x + k)?(y + 5k/4) — nx?y
dv; 50 1
> =L = 2k(x + k) X (W—x—g)
For maximum or minimum of V;, dV; /dx = 0
= x = [4V /(5m)]Y/3
For this value of x, d?V; /dx? is +ve
Hence, V; is minimum when x = [4V /(5m)]/3
Now x = [4V /(5m)]Y/3
= 5mx3 = 4V = 4nx?y = x/y = 4/5
Hence, the required ratio is 4:5

(@

/(1,0) ’\ (2I, 0) '\ (3: 0)

(2-143,0)  (2+1A43,0)

fO) = —=1D|(x—2)(x —3)

Letg(x) =(x—1D(x—2)(x—3)
=x3-6x2+11x-6

=g'(x) =3x2 —12x + 11

12+V144 —132  12+V12

gx)=0= c -
P
T3
Hence, f(x) decreases in (2 - %, 2) U (2 + \/i? 3)
(@)

Then given expression is minimum when

y = (x? — 3)3 + 27 is minimum, which is so when
x=0

Hence ynin = 0

3
= Min. value of 2(**=3)+27 jg 20 = 1
(a)
dy 2x
2x24+ y2=12—=——
x y dx y

Slope of normal at point A(2, 2) is %

Also point B (— %, — g) lies on the curve and
2-(-2/9) _ 1

2—(=22/9) 2

Hence the normal meets the curve again at point

(22 2)
9’ o9

slope of AB is =

(b)
f(0) =sin0=0
f(*)-o0*

119

120

121

122

f(0) = Jim_ sin(x? — 3x)

= lim sin(h? + 3h) - 07
Thus, f(0*) > f(0) and f(07) > f(0)
Hence, x = 0 is a point of minima
(a)
[0 = Ixl—{x} = |x| = (x — [x])

= |x| —x + [x]
Forx € (—1/2,0),
ffx)=—x—-x—-1=-2x—-1
Also,for—%<x<0:>0<—2x<1:>—1<

—2x—-1<0

= f'(x) < 0= f(x)decreasesin (—1/2,0)
Similarly, we can check for other given options
say forx € (=1/2,2)

( 1
|(—x)—x—1,—§<x<0

f'(x)=4 x—x+0, 0<x<1
| x—x+1, 1<x<?2

\

Here f(x) decreases only in (—1/2,0), otherweise
f(x) in other intervals is constant

(b)

Since f(x) has a relative minimum at x = 0,
therefore f'(0) = 0and f"'(0) > 0

If the function y = f(x) + ax + b has arelative
minimum at x = 0, then

%:Oatx:o = f'(x)+a=0fora=0

>f'(0)+a=0=2>0+a=0 [~f'(0)=0]=>a

=0
Now, 22 = £"(x) = (%)xzo = f"(0)>0 [+
f"(0) > 0]

Hence, y has a relative minimum atx = 0 ifa = 0
and b can attain any real value

(@)

y=x+sinx:lf%=1+cosx=0,then
cosx = —1

=>x=4m+3m..

Alsoy = +m, + 31 ...

But for the given constraint on x and y, no such y
exists. Hence, no such tangent exists

(b)

We have f(x) = (x + 1)1/3 — (x — 1)/3

1 -2 1 -2
SFE =36+ DT -3k D
(x —1)2/3 — (x + 1)?/3
RGN EE
Clearly f'(x) does not existat x = +1
Now, f'(x) =0
= (x— 123 = (x+ 1?3
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=>(x—-1)2%=(x+1)?
> -2x=2x=>4x=0>x=0
Clearly, f'(x) # 0 for any other values of
x € [0,1]
The value of f(x) atx =01is 2
Hence, the greatest value of f(x) = 2
(d)
x2—
We have f(x) = =0 s

Clearly range of fis [—1,1)

a 2a

' _ 4ax
Now, f'(x) = Gy
" 4a
and f"'(x) = o (a — 3x?)
Sign scheme of f'(x)
- ) +
x=0
Y
y=1

—
L

(0,-1)

= f(x) is decreasing on (—oo, 0) and increasing
on (0, o)

Therefore, f (x) has alocal minimum atx = 0

(b)

« Fuel charges « v2. Let F represents fuel charges
> Fuxv'=sF=kv? (1)

Given that F = Rs. 48 per hour, v = 16 km per
hour

3

=248 =k(16)° =2k =—
(16) 16

3v2

From (1), F = T
Let the train covers A km in t hours

:A=vtort=’;1

R 3 A 3vA
= Fuel charges intime t = —v% x = = =—
16 v 16

= Total cost for running the train,

C-SU}L+3OO><}L
- 16 v
E_g_mozandﬂ_eooa
dv 16 v?2 vz~ v3

. . dac
For the maximum or minimum value of C, = 0

601

= v = 40 km/hr. Also, 25| =
v= Also, 3| = Gy

A>0)
= ( is minimum when v = 40 km/hr

(b)

> 0 (.-.

v=4

126

127

128

129

A
o
5
B P 0
fe L >
Let BP = x. From similar triangle property, we
(A0 _ L
ge ll - X
_ Ll _ d(A0) _ -lilpdx
= A0 = dat  x2 dt’ when
L d(40) 20
=2 a5 M
(@)

fO)+ ") = —xg(x)f'(x)

Leth(x) = F2() + (f' ()’

= h'(x) =2f()f"(x) + 2f () f" (x)

= 2f" () [-x]gC)f' (x)

—2x(f'()) 8 ()

= x = ( is a point of maxima for h(x)

(b)

Let h(x) = f(x) — g(x)

hMx)=f'(x)—g'(x) >0Vx ER

= h(x) is an increasing function and

h(0) = f(0) —g(0) =0

Therefore, h(x) > 0 Vx € (0,) and h(x) <

0Vx € (—0,0)

(b)

Letg(x) = 4x3 — 12x%2 + 11x — 3

=g'(x) =12x? — 24x + 11

=12(x —1)2 -1

= g'(x) > 0forx € [2,3]

= g(x) is increasing in [2, 3]

F(Omax = fF(3) = logyo(4.27 — 12.9 + 11.3 — 3)

= log10(30)

=1+logy 3

(b)

g'(x) =xf'2x* - 1) —xf'(1 - x?)
=x(f'2x* = 1) - f'(1-x%))

g'(x)>0
Ifx > 0,2x2 —1>1—x?2 (as f' is an increasing
function)

2 2
=3x?2>2=x€|—0o,— [z |U| |z,
\/; \];
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Ifx<0,2x2—-1<1—x?

130 (b)

131

132

=23x2<2=2>x€| - E E >x€e|— E,O
3.3 3
y
0,8) ¢
0 X

Lety = mx + c be a tangent to f(x)
y=x%+ 8forx >0
mx+c=x*+ 8
x%2 — mx + 8 — ¢ = 0 (for the line to be tangent
D= 0)
am?=48-c) (1)
Againy = —x?2,forx <0
mx +c = —x?
x2+ mx+c=0
D=0>m?=4c (2
From (1) and (2), we get
c=4m=4
~y=4x+4
Puty=0=>x=-1
(@)
Here, f(x) = 4tanx — tan? x + tan3 x
= f'(x) = 4sec’x — 2tanx sec? x
+ 3tan? xsec? x
=sec?x (4 — 2tanx + 3tan®x)

2 4
= 3sec2x{tan2x —§tanx +§}

= ssecteffnx3) +(3-3)
= 3sec’xj|tanx —3 379
1\ 11
= 3sec?x (tanx ——) +—1>0,Vx
3 9
Therefore, f(x) is increasing for all x € domain
(d)
From the given data, graph of f(x) can be shown
as

(b)

N aN
N

(C)

e\,
N

(©

133

134

135

136

Thus from graph, nothing can be said about roots
when the sign of f(«) and f(f) is given

(d)
2
Given, f(x) = f;z et dt
= f'(x) = e~(+1) 2 _ o=(x%) 2
— er—(x4+2x2+1){1 _ e2x2+1}
Here, e2*""" > 1

And e~ *"+2%*1) > 0for all x
For f'(x) >0,x <0

(b)

Given curve is x3/2 + y3/2 = 243/2 (1)

%\/E + %ﬁ % = 0 (Differentiate w.r.t. x)
v _ ¥

T TH

Since the tangent is equally inclined to the axes

L4y
f—=t1
NE Jx
f— =41 — —=
NN
= Vx =y

Putting /y = Vx in (1), we get
2x3/%2 = 203/ = x% = a3
~ x=aandsoy =a

(©)

y=x"
Z_i’ = n ™1 = pg1
Slope of the normal = — %
na
y
(0, b)
(a, a")
y=x
P
e
! X
¥o
y!
Equation of the normal y —a™ = — — (x—a)
Put x = 0 to get y-intercept
— A 1 . — N 1

y=a"+-—=;hence,b =a" +——

0, ifn<2
limgob =142, ifn=2

oo, ifn>2
(b)

4x% + 9y2 =72
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141

Differentiating w.r.t. x, we have

gr+18y Y oo _AX
= e —_ = ———
x Y dx dx 9y
@v__r3__2
At(3,2),d = =5 X5 2
Alsoxz—y2=5=>d—y=fAt(3,2),d—y:§
dx dx 2

~ The curves cut orthogonally

(@)
C

Area of AABC, A = %AC x BC

% (dsin@)(d cos 8), where 6 € (0,7/2)
d2

= —sin26
4sm

Which is maximum when sin 260 = 1or 8 = /4
Hence, AC = BC, then the triangle is isosceles

(d)

y = b e */% meets the y-axis at (0, b)
in% = pex/a (-1

Again—=bhe x/a ( )

a

At (0,b), 2 = pe® (-1) = -2

~ required tangentisy — b = — % (x—0)
X X
or Z + Z =1
(b)
Applying Rolle’s theorem to F(x) = f(x) — 2 g(x),
we get F(0) =0,
F(1) = f(1) —2g(1)
=>0=6-2g(1)
=g(1) =3
(d)

2, 1)
P

Eliminating t gives y?(x — 1) = 1
Equation of the tangentat P(2,1) isx + 2y = 4
Solving with curve x =5and y = —1/2

1 3v5
=0 (s-3)=re=

(0

142

143

144

145

2

o0 ="
(=43 —2x) - (t+3x—x?)
- (x — 4)?

For maximum or minimum, f'(x) = 0

—2x?2+11x—12—-t—3x+x2=0

—x?2+8x—(12+t)=0

For one maxima and minima,

D>0

=64—4(12+1) =0

=216—-12—-t>0=>4>tort <4

(d)

a. Discontinuous at x = 1 = not applicable

b. F(x) is not continuous (jump discontinuity) at

x=0

c. Discontinuity (missing point) at x = 1 = not

applicable

d. Notice thatx3 — 2x2 —5x + 6 = (x — 1)(x? —

x—6)

Hence, f(x) = x? — x — 6ifx # 1and

f() =6

= f is continuous atx = 1.S0 f(x) = x> —x— 6

is continuous in the interval [—2, 3]

Also, note that f(—2) = f(3) = 0. Hence, Rolle’s

theorem applies f'(x) = 2x — 1

Setting f'(x) = 0, we obtain x = 1/2 which lies

between —2 and 3

(d)
We havey? = 18x (1)
dy dy 9
2 2y—=18=>—-—=-
ydx > dx y

Giventhatd—y=2 =>2=2:>y:2
dx y 2

Putting in (1), we get% 18x = x = g

... (99
Hence, the point is (E’E)

(@)

2 1
2.3, _,2
y 3x +2x
ody 2

- —3x2+12x=2x2+x
dx 3 2

Since the tangent makes equal angles with the
axes
dy

>—=41
dx —

= 2x2+x=+1
>2x2+x—-1=002x*+ x+1
= 0 has no real roots)
>Q2x-Dkx+1)=0
1
>x=zorx=-1

2
()
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148

149

fO) = (x—2)|x—3|

For, f(x) =(x—2)(x—3)=x2—-5x+6
f'(x)=2x—-5=0=>x=5/2

Now, the graph of f(x) = (x — 2)|x — 3] is

o 2 52 3

Clearly from the graph, f(x) increases in
(—,5/2) U (3,)

(d)

Given4x + 2nr = a

Where x is side length of the square and r is
radius of the circle

1
A=x%+nr? =—(a—2nr)% + nr?

16
dA . a . 1 d?A,
e 0 givesr = Yoy for which —, is +ve and
hence minimum
4 5 am 4a
= = — = — =
x=a rr=a n+4 wnw+4
_a
x T+ 4
2 2 a*
oo A = = —
x“+rem 2+ 4)
(a)
4
V==nmnr3S = 4nr?
av _ dmy? as _g
dr — wr “dr 4

dv._dV/dr 4mr? 1

:E_dS/dr_ 8nr 2

Whenr = 2,ﬂ=3= 1
ds ~ 2
(d)
When f(x) =3x%2 —2x + 1
~ff(x) =6x —2

f isincreasing = f'(x) = 0
:>6x—220:>x2%

(b)

y=e":>d—y=e"

dx
Then, equation of the tangent atx = 0 is

y—1=1(x—0ory=x+1

150

151

152

Graph of y = e* always lies above the graph of
y=1+x,

Hence,e* > 1+ x = x > log,(1 + x). Hence, b. is
true

c.iswrongas sinx < x for x € (0,1)

and d. is wrong as x > log, x for Vx > 0

(c)

f(x)

~0.6(1+x)7%*(1 +x%°) — 0.6x7%*(1 +x)*°
= (1 + x06)2

(14 x96) —x7%4(1 + x)?!
(14 x0€)2(1 + x)04
(1 +x%9)x%% — (1 —x)
(14 x90)2(1 + x)04x04
x04 —1
=0.6
(1 4+ x96)2(1 + x)04x04
Hence, f(x) is decreasing
= f(x)max = f(O) =1
(a)
Let f(x) =x+ %

~f'(x) =1 —%andf”(x) = %
1

For maximum/minimum, f'(x) = 0= 1 — =0

=0.6

=0.6

<0 Vx€(0,1)

>x2=1>x+1

f(x) is minimum at x = 1 [ f"(x) = % =2> 0]
(b)

Using Lagrange’s mean value theorem for f in [1,
2]

forc € (1,2),% =f'(c)<2
=fQR)-f) =2

=>f)<4 @O

Again using Lagrange’s mean value theorem in [2,
4]

ford € (1,2), /=12 = f1(q) < 2
=>fBH-fQ2)< 4

=>8—-f(2)<4

= f(2) =24 (2)
From (1) and (2), f(2) = 4

153 (b)
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157

Let f(x) =x +ax™? -2

= f'(x)=1-2ax3=0=x=(2a)"/3
Also f'"(x) = 6ax™* = f"((2a)/3) > 0
= x = (2a)'/3 is the point of minima
For x + ax™? — 2 > 0 Vx we must have
f(2a)3) >0

= a)3+aa)™?P-2>0
=2a+a-22a)**>0

= 3a > 2(2a)%/3

= 27a3 > 32a?

= a>32/37

Hence, the least value of a is 2

(a)

fl(x) =ax?*+2(a+2)x+ (a—1)
f'"(x)=2ax+2(@+2)=0

2 o : . .
=>x=- % which is the point of inflection

Given that, we must have - aT+2 <0

= (=0, =2) U (0,0)

()
Letf(x)=e¥14+x—-2=>f'(x)=e*1+1>
Ovx €eR

Also when x — oo, f(x) = o and when

X = 0, f(x) > o0

Further f(x) is continuous, hence its graph cuts x-
axis only at one point

Hence, equation f(x) = 0 has only one root
Alternative method:

Alsoe* 1 =2—x

As shown in the figure, graphs of y = e*~! and
y = 2 — x cuts at only one point. Hence, there is
only one root

(a)
x+2
g(0) =-—7
MR CEE
Slope of given line = —3 == —— = —3

(-1
=>x =2,alsog(2) =4

(2,4) also lies on given line

Hence the given line is tangent to the curve
() )

We have f(x) ZE’O <x<1

158

159

160

161

5 Fi(x) = sinx — x cosx
sin? x
_ cosx (tanx — x)
- sin? x
We know thattanx > x for0 < x < m/2
= f'(x)>0for0<x<<1
Hence, f(x) is an increasing function

x =
g(x) tan x
') tanx — xsec’x sinxcosx —x

= xX) = = -

& tan? x sin? x

sin 2x — 2x
~ 2sin?x
=S99 hered € (0,2)
" 2sin2(6/2) ’

We know thatsing < 6 forv 8 >0

= g'(x) < 0 = g(x) is a decreasing function
()

It is a fundamental property

(b)

We have f"(x) = 6(x — 1)

Integrating, we get f'(x) = 3(x — 1)? + ¢ (1)
At (2,1),y = 3x — 5istangenttoy = f(x)
“f'(2) =3

From equation (1),3 =32 -1?+ c=>3=3+
c=>c=0

“f'(x) =3(x - 1)?

Integrating, we get f(x) = (x — 1)3 + ¢’

Since the curve passes through (2, 1)
21=0Q2-13+cd=>c=0

s fl)=(kx—-1)3
“f(0) = -1
(d)
f@) = Ix[—|x—1]
—x—(1—-x), x<0
=<{x—(1-x), 0<x<1
x—(x—1), x=0
-1, x<0
={2x —1, 0<x<1
1, x=1
0 12 1

Graph of the function is that f(x) clearly increases

in (0,1)

()

Fo) = (silnx.+ cosx)? —1 _ ﬁtz -1
7 (sinx + cos x) t

or f(x) = $(®) =2 (£ —3)
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164

Where t = g(x) = sinx + cosx,x € [0, /2]
g'(x) =cosx —sinx =0=tanx =1
=>x=mn/4and g"(x) = —ve
Atx=0,t=1 ~te[LV2]

Now ¢(t) = \/f(t — %) where t € [1,/2]
o' (t) =\/§(1+t12)= + ve

Therefore, ¢(t) is increasing
Hence ¢ (t) is greatest at the endpoint of interval

[1,V2]ie.t =2

1
) = 60 =ﬁ[ﬁ—ﬁ =1
Alternative method:

sin 2x 2 sin x cos x
f(x)

. ™ 1 .
sin (x + Z) % (sinx + cos x)
1

secx + cosec x
For x € (0,/2), maximum value of secx +

=22

cosec x occurs when secx = cosec x or x = 7'[/4

22 _ 22 _

Hence =—F—5 =
s fmax sec%+cosec§ 2v2

dy x 1 y
> — = = — = =
dx vy dy/dx x
_ii)_ 1 _Z3MN2_3
V2'V2)' dyj/dx T -5/v2 5
Also 9x? + 25y2 = 225
= 18x + 50 dy—O

X ydx_

dy 9 dx 25y

= =—— —— =
dx 25y dy 9x
At the point (— %,%)

dx 25X 3/V2 _

“dy  9(=5N2) 9
Since the product of the slopes = —1. Therefore,
the normals cut orthogonally, i.e., the required

At the point (

5
3

angle is equal to g

()
, m m-n m _(even)
h'(x) =—x"n =—x \odd
n n
As h'(x) is undefined at x = 0 and h’(x) does not
change its sign in the neighbourhood. So, no
extremums

(d)
Letg(x) = f(x) — x%. Wehave g(1) = 0,g(2) =
0, g(3) =0

[+ f(D)=11(2)=413)=9]

From Rolle’s theorem on g(x),g'(x) = 0 for at
leastx € (1,2).Letg'(c;) = 0wherec; € (1,2)
Similarly, g(x) = 0 for atleast one x € (2, 3). Let

g'(c;) = Owherec, € (2,3)

~ glc) =g'(cz) =0

By Rolle’s theorem, at least one x € (cq, ¢;) such
that g"’(x) = 0 = f"(x) = 2 for some x € (1,3)
(a)

£x) = xex(1=)

= f'(x) = e¥07%) 4 (1 — 2x)xe*(1=%)
=—e*0-)2x2 —x - 1)

= —eX002x +1)(x — 1)

Sign scheme of f'(x)

165

- + -

I I
-1/2 1
~ g(x) is increasing in [-1/2, 1]
(a)
Let CD be the position of man at any time t. Let

BD = x,then EC = x.Let £ZACE = 0
A

166

1.6

X
D B

Given, AB = 41.6m,CD = 1L.6mand = =2m/s
AE=AB—EB=AB—CD=416-16=40m

We have to find Z—f whenx = 30 m

From A AEC,tan 6 =42 D
EC X
Differentiating w.r.t. to t, sec? 6 a0 _ _—420%
dt x< dt
24 dg —140
= _— =
sec T e
dg —80 5
= It = ) cos“ 0
80 «x? B
arcrrl
_ X ]
Vi 40
ae 80
= At xZraor (2
When x = 30 m,ﬁ -2 —iradian/s
dt 302+ 402 125
167 (a)
f(x) = xv/4ax — x?
S ) 2 24 x(4a — 2x)
x) =+4ax — x? + ——=
2V4ax — x?
_ 2x(3a —x)
Vdax — x?2

Now if f'(x) >0
= 2x(3a—x)>0
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169

170

171

172

= 2x(x —3a) <0

= x € (0,3a)

Thus, f(x) increases in (0, 3a) and decreases in
(—0,0) U (3a,4a)

()

Slope of the tangent at (x, f (x)) is 2x + 1

= f'(x) =2x+1

= f)=x+x+c

Also the curve passes through (1, 2). Therefore,
f)=2
22=1+1+c=>c=0>f(x)=x*>+x

1
= Required area = f (x? + x)dx
0

2 xA\' 1 1 5

3 2 0 3 2
(b)
y=e*+ e‘x:%=ex—e‘x=tan9,where9

is the angle of the tangent with the x-axis
For 8 = 60°, we have tan 60° = e* — ¢™*
> e - V3e*-1=0

V37 V3 ++7
=— => x=loge<—2 >

= e*

(d)
fO) =xte™ = ()
= 4x3e™*" 4 xte™" (—2x)
= 2x3e™*"(z — x2)
Sign scheme of "' (x)
+ - + -

i3 0 -2

Hence, f(x) is maximum at x = +v2 = Maximum
2

value = 4e~

(d)
Solving the curves, we get point of intersection
(a* a)

Forx = yz,d—y =L
dx 2y
At (a?, a),% = i
d
For xy = a3,d—3; = —%
At(az,a),% = —% = —i

Since the curves cut orthogonally
1 1
fom X——=
(©
f'(x)<0,f"(x)<0

1
-1=2a%*=1> a2=§

173

o a }, ol a -
@:f'x)>0,/"x)<0 (b):f'(x)<0,/"(x)<0

o a b o a b
©):f'x)>0,/"x)>0 (d):/"(x)<0,/"(x)>0
Clearly for f'(x) > 0, f" (x) > 0 [in figure]
tangent always lies below the graph

Or f'(x) <0,f"(x) > 0 [in figure (d)) tangent
always lies below the graph

(a)

f(x)=(4sin?x—1D"(x2—x+1)
x?2—x+1>0Vx

T
£(3)=0
T[+
f <—> = lim (4 sinx — D" (x> —x+1)
6) o
=— 0+
f (%) = lim (4 sinx — 1" (x> —x+1)
Xo—
6

= (= 07)" (a positive value)

f (%) > 0 if n is an even number

174 (b)

175

f'(x) = —xsinx =0whenx =0orm
7)== <0
f'(0‘+) = I(-)(f)(*—) < 0'

,
: :

: :
S O S Y F

} no sign change

This also implies that f is decreasingat x = 0
= (b) is correct

f"(x) = —(xcosx + sinx)
f"(m) = —(—m) > O minimaatx =m
f"(—m) = —(n) < O maximaatx = —m
(b,d)
,. \ _ sinx
Feo===
Forf'(x) =022 =0 = x=nn(n € I,n £ 0)

X

Page |58



X Ccosx —sinx

f'(x) = -
f"(nm) =%<Oifn= 2k —1and > 0 if
n=2kkelt

Hence, f(x) has local maxima at x = nm, where
n = 2k — 1 and local minima at x = nm,n = 2k,

wherek € I'*
176 (a,b)
Let P(x, y) be a point on the curve In (x? + y?) = P A
ctan™! % Refer the graph for the answers
Differentiating both sides with respect to x, we 180 (a,b,d)
get At the point of inflection, concavity of the curve
2x+2yyr ¢ (xy'-y) y_ 2xtcy changes irrespective of any other factor
(2+y?)  (x+y?) zY = cx-2y s (say) 181 (b,c)
Slope of OP =Z = m, (say) (where O is origin) d d
* ’ y=x2+4x—17:—y=2(x+2)=>(—y)
Let the angle between the tangents at P and OP be dx dx/ =5
0 =9
2x+cy y _ . . fe
- g — my— my| | oy x| E :> tan.G =9, wh.ere 0 is the angle with positive
anf = T+ mum,| . 2tey?| T ¢ direction of x-axis i .
cx?-2xy = Angle with y-axisis >+ 6 =~ & tan"19
_1(2 o
=6 =tan! (;) which is independentof xandy |[1g2 (b,c)
177 (b,c) Here, f'(x) =%+\/1+sinx,x>0butf(x) is

+ g(x) is increasing and f(x) is decreasing

not differentiable in (0, o) as sin x may be—1 and
>gx+1)>gx—Dand f(x+1) < f(x—1)

1" 1 cosx . .

o Fla(x + 1)} < f{a(x — 1)} and then f""(x) = =t NEETY: will not exists.

gf(x+ D} <glf(x— 1)} =  f'(x) Is continuous for all x € (0, «) but
178 (a,b,c,d) f'(x) is not differentiable on (0,00).

We are given that ~ Option (b) is true

3x2+12x —1,-1 < x < 2 Also, f'(x) <3, if x>1

re = 3 T LT And f(x) >3, if x> el

Thenin [-1,2], f'(x) = 6x + 12 s~ Let a=e?

ffx)=0=>x=-2 = Option (c) is true.

= f(x) decreases in (—, —2) and increases in (d) It is not possible as f(x) —» oo whenx — co.

(=2, 00) Hence, (b, ¢) are the correct options.

Also f(27) =3(2)2 + 12(2) =1 = 35 183 (a,b,d)

And f(2+)=37-2=35 ~ Guphory =

Hence f(x) is continuous

¥ . IGraphot‘y:sin [x]
rey _ (6X+12,-1<x<2
ro={"10 NS

: y :
- l}L S
= f'(27)=24and f'2Y) = -1 P T
Hence, f (x) is non-differentiable at x = 2 Graph of Graph of

Also, f(2*) < f(2)and f(27) < f(2) Flx) = {xz +4x+3,x<0 F) = {g%i ;(())

Hence, x = 2 is the point of maxima
179 (a,b,c,d)

—X, x=0
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Since g is decreasing in [0, )
~Forx>y>0,g(x)<gly) (O

Also g(x),g(y) € [0, ) and f is increasing from
[0, 00) to [0, )

~ For g(x),g(y) € [0, )

Such that g(x) < g(y)

= f(g(0) < f(g(y)) where x > y

= h(x) < h(y)

= his a decreasing function from [0, o) to [0, )
s~ h(x) < h(0),vx =0
But h(0) = 0 (given)
~h(x)<0,vx >0 (2)
Also h(x) = 0,vx >0
[as h(x) € [0, )]

From (2) and (3) we get h(x) = 0,Vx >0

(3)

Hence, h(x) —h(1) =0—-0=0,vx =0
(a,d)
f(x) = (sin?x — 1"
/s
f(3)=0

F(E) = G0y anar ()= ooy
Ifniseven f (%Jr) and f (ﬂ?_) > 0,then x = %is
the point of minima

If nisodd f (”%) and f (g) < 0,thenx = gis the

point of maxima

(a,b,c,d)
We have y = ce*/®
dy ¢ dy 1
= — = — x/a = — = —
dx a ¢ dx ay
=> ———— = qa = const.

dy/dx

= sub-tangent = const.
yZ
= —

= Length of the sub-normal = y% = y% a

(square of the ordinate)

Equation of the tangent at (xq,y¢) isy —y; =
% (x —xq)

This meets the x-axis at a point given by

N =% (x—x)=>x=x-a

The curve meets the y-axis at (0, ¢)

(@), =

o= =c/a

dx/ (o,c)

So, the equation of the normal at (0, ¢) is

1
y—c=——((x—-0)>ax+cy =c?

c/a
(9

The given polynomial is p(x) = ay + a;x% +
ax* 4+ +ax?,x ERand0 < ay < a; <a, <
e < an

188

189

190

Here we observe that all coefficients of different
powers of x, i.e,, ag, a4, a,, ... a, are positive

Also, only even powers of x are involved
Therefore, P(x) cannot have any maximum value
Moreover, P(x) is minimum, when x = 0, i.e,, a,
Therefore, P(x) has only one minimum
Alternative method

We have

P'(x) = 2a;x + 4a,x3 + - + 2na,x*"1

= x(2a, + 4a,x? + - + 2na,x*""2)

Clearly P'(x) > 0 for x > 0 and P'(x) < 0 for
x<0

= P(x) increases for all x > 0 and decreases for
allx < 0

Therefore, P’ (x) has x = 0 as the point of maxima
(b,c)

Let the line ax + by + ¢ = 0 be normal to the
curvexy =1

Differentiate the curve xy = 1 w.r.t, x, we get

+x d—y = d—y = — X
Y dx dx x
©,.,, -
= |— = ——
dx (x1.¥1) X1
=~ Slope of the normal = I
1
Slope of the given line = _Ta
Given that 2 = == (1D
V1 b

Also (x4, y7) lies on the given curve = x;y,; = 1
(2)

From (1) and (2), we can conclude that a and b
must have opposite sign

(ac)

We have h'(x) = f'(x)[1 — 2f (x) + 3f(x)?]

2 1
=37/ [(F0)" -5 f0) +5]
=3f'([(f(x) — 1/3)* + 2/9]
Note that h'(x) < 0 whenever f'(x) < 0 and
h'(x) > 0 whenever f'(x) > 0,
Thus h(x) increases (decreases) whenever f(x)

increases (decreases)
~ (a) and (c) are the correct options

(a,b,c)
ex
fo) = 1+e*
e*(1+ e*) —e*e* e*
"(x) = = >0V
= /1) 1+ e9)? A+e)z” "
€ER

= f(x) is an increasing function

. eX
Also, lim,,_, 4, o = 0 and
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. e* . 1
iy o —— = lim, 0 — = 1

1+e* T+
X
Hence, the graph of f(x) = 1iex is as shown
y
y=1

1

/ 0, 1/2)

e*(1+e¥)?-2(1+e¥)e*e¥

! —
Also, f'(x) = Tre 0
=>1+e*)—2e*=0
>e*=1

= x = 0 which is point of inflection
x = 0 is the inflection point and f is bounded in

(0, 1)

No maximum and f has two asymptotes
(a,d)

We have

f(x) =2x+cot™tx +log(/1+ x% — x)
Sf =2

1+ x2

1 X
+ (=1
V1I4+x2 —x\W1+x2

_ 1+2x? 1 1+2x* (1 +x?)

T 1+4x2 1+ x2 14x2 1+ x2
2 2 2_

=t LU > 0forall x

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

(a,b,c)

y =x? :Z—z: 2x =2at(1,1)

x=y2=>y=\/;

av_ 1 _1
dx_zﬁ_zat(l’l)
_1 3 3
= tanf = 2 __=—2 _-—=_
1+2(_l) 1+1 4

2
= 6 =tan™? > -
=tan~ ' — = cos
4
(a,b,c)
Obviously,atx = 0, f(x) = o0

.~ f"(0) does not exist
Yy

J/QUC =X
So, x = 0 is a critical point
x—2

=z x=2
Now, f(x) =14,_%
Z 0<x<?2

194

195

196

197

198

At x = 2,4 the function f(x) is not differentiable,
so they are critical points.

(a,b,c)

f(x) = asx® + ayx* + azx® + ax? + ax

= f(x) = 0 hasonerootx =0

Also, given that f(x) = 0 has positive root a,
Thus, the equation must have at least three real
roots (as complex root occurs in conjugate pair).
Thus f'(x) = 0 has at least two real roots as
between two roots of f(x) = 0, there lies at least
onerootof f'(x) =0

Similarly, we can say that f''(x) = 0 has at least
one real root. Further, f'(x) = 0 has one root
between roots x = 0and x = gy of f(x) =0
(a,b)

2
Given that = tat2

S——<0=>x€(-3,-2)
X“+5x+6

We have to find the extrema for the function
f(x) =1+a?x —x3

For maximum or minimum, f'(x) = 0
=>a?—-3x2=0o0rx = i%andf”(x) = —6x is
+ve when x is negative

If a is positive, then the point of minima is - —=

V3
i.e.,—3<—%<—20r2\/§<a<3\/§

and if a is negative, then the point of minima is —=

V3

ie,—3< % < —2or-3V/3<a< -2V3
Then, a € (—3v3,-2V3) U (2v3,3V3)
(a,c,d)
Graph of f(x)

y when 7 is even when 7 is odd
R B R (VAN R

y!
(a,c,d)

f'(x) =2x -z ff(x) =0 =>x= (E)
IfA=16,x =2
" 21
Now, f"(x) = 2 +;
~ifA=16,f"(x) > 0,i.e., f(x) has a minimum at

x=2

Also, f" {(2)1/3} =2+ % =2+44>0

Hence, f(x) has maximum for no real value of 4
When A = —1, f"(x) = 0ifx = 1. So, f(x) has a
point of inflection at x = 1

(a,b,c)
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Lety = f(x)8®

dy f'(x)

-~ = g(x) 7 !
= 4 = FOR® |50 o+ g () log f ()
F(x)8®, g(x), f(x), f'(x) and g’ (x) are positive,
but log f (x) can be negative, which can cause
dy
dx
If f(x) <1=logf(x) <0, which does not

. d .
necessarily make d—z < 0, hence statement (b) is

< 0, hence statement (a) is false

false
d
f(x) < 0 can also cause d—i > 0, hence statement

(c) is false. But reverse of (c) is true

(a,b,d)
,()_12x2—12x+5>ov R
f&) == =1 x
y
¥ lél/l X
6 2
yo

Hence f is increasing Vx € R

x = 1/2 is the point of inflection as concavity
changesatx =1/2

(b,c)

f(x) =x3 —x2+ 100x + 2002

f'(x) =3x*—2x+100 >0Vx €R

~ f(x) is increasing (strictly)

1 1
"'f<2000) >f<2001)
Also, f(x—1)> f(x—2)asx —1>x —2forVx

201

202

203

(a,d)

We have f(x) = (4a — 3)(x + log5) +
2(a—7) cot%sin2 g

= (4a —3)(x +log5) + (a — 7) sinx

= f'(x) =(a—-3)+(a—7)cosx

If f(x) does not have critical points, then
f'(x) = 0 does not have any solution in R

Now,f’(x)z0=>cosx=47a__a3
4a -3
= [5— |S1 [+ [cosx| < 1]
S>-1<— - <1=q-7<4a-3<7-a

—a

=>a=>-4/3anda <2
Thus, f'(x) = 0 has solutions in R if —4/3 < a <
2
So, f'(x) = 0 is not solvable in R ifa < —4/3 or
a>2ie,
a € (—oo,—4/3) U (2,)
(b,d)

X

Flx) = f Eet — 1) (£ — 1)(t — 2)3(¢ — 3)5dt
-1

= f'(x) = x(e* = D(x - D(x - 2)*(x = 3)°
The critical points are 0, 1, 2, 3
Sign scheme of f'(x)

- - + - +

o 1 2 3

Clearly x = 1 and x = 3 are the points of minima

(a,b,c,d)

fx) =x*(12log, x —7);x > 0

=2 = 16x3(3log, x — 1) and 22 = x2 (9log, x)
dx ge dx?2 ge

d

% =0=>x=¢el/3

1/3 4%y 1/3 ; :
Atx=e ,ﬁ>0hencex=e is point of
minima

d?%y d%y
Also,for0 <x <1,— <O0Oandforx >1,—5>0
dx dx?

Hence x = 1 point of inflection and for 0 < x < 1,
graph is concave downward and for x > 1, graph
is concave upward

204 (a,b,c,d)

f)=x"x-1)
df(x) 4 1/3 1 1 1
=—X —_————— — —
dx 3 3 x2/3  3x2/3
= f'(x) changes sign from -ve to +ve,atx = 1/4,
which is point of minima
Also, f'(x) does not exist at x = 0 as f(x) has

vertical tangentatx = 0

= [4x — 1]
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207

. 4 1 12 1 2 1

=5 mr+ 5557 =5 2 )
2 2x +1
=G|

~f'"(x)=0atx = — % which is the point of
inflection at x = 0, f"'(x) does not exists but
f"(x) changes sign, hence x = 0 is also the point
of inflection

From the above information the graph of

y = f(x) is as shown

X
1/4 /

1, 0)

——t
an ©

Also, minimum value of f(x) is at x = 1/4 which
is —3x278/3
Hence, range is [—3 X 278/3, o0)

(a,b,c,d)
-1 : :
| |
2 y = -sin X T
: ! y=rl-cos x
y= >c2‘+f37<‘ ST T preeees
"""" 2"
From the graph global minimum value is
f(—1) = —2 and global maximum value is
f(0) =f(m)=0
(cd)

r must be an even integer because two decreasing
functions are required to make it increasing
function

Lety=r(n—r)

. n-1 __ n+1 .
When nisodd, r = —-or—- for maximum

. n .
values of y when n is even, r = > for maximum
value of y

2_
Therefore, maximum (y) = nTl when n is odd

2
Vs .
and " when n is even

(a,b,c,d)

a. y2=4ax:>m1=y’=27a
Y= e 20 s my =y = — W2 = _ 1,
2 2a 2a
my;m, = —1. Hence, orthogonal
b. y? = 4ax
;_ 4a — 2a .
>y = SRR not defined at (0, 0)
x? = 4ay
. W
=Y =2 " 2a 0at (0,0)

~ The two curves are orthogonal at (0, 0)
c.xy = a?,x?—y?=p?
a? a? ~

a?

x1y1_
dy=ax,=>y =a

mm, = — —1 = orthogonal

_n
Y1

It is clear from the graph that the curves y = tanx
and y = x intersect at P in (1, 31t/2)
Thus, the smallest +ve roots of tanx — x = 0 is

(m,3m/2)
209 (d)
x2—-1 (x*+1)-2 2
f) == = 2 =172
x-+1 xc+1 xc+1
For f(x) to be min x22+1 should be max, which is so
if x> + 1isminand x? + 1isminatx = 0
' _0-1 1
. fmin - 0+1 -
210 (a,b,d)
_2x—1
y= x—2
dy 2(x—-2)—(2x—-1) -3
—= = <0Vx %2
dx (x —2)?2 c—-22 "
Therefore, y is decreasing in (—oo, 2) as well as in
(2, )
2x—1 2y —1
= = =
Y x—2 x y—2
o N x) = zxx_—21 ~ f(x) is its own inverse
211 (a,c)
2—x 1
f(x) = cosn(x+3)+;sinn(x+3)

f'(x) = —%cosn(x+3) —(2—x)sinm (x + 3)

1
+;cosn(x+3) =(x—-2)sint(x+3)=0

x=2,1,3
f"(x) =sinm(x+3)+n(x—2)cosm (x + 3)
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212 (a,c,d)
) =@ - DM - DRx+ 1)
+ 2nx(x? + x + 1)}
=@+ D" (x-D*"Q2x+1)
+ 2nx(x + D™(x — D*(x? + x
+1)
If power even, them neither max not min.
n=2,46 (v n+1=odd)
213 (a,b,c)
X
f(x) =log(2x — x?) + sin7
TX
=log(1—(x—1)%) + sin7
om(l—x)
fA-x)=logl—(1—-(x—-1)?))+ sin———
X
=log(1—x?) + cos —-
Also, f(1+x) =log(1—(1+ (x — 1)) +
. m(1+x)
sin ——=
2
X
=log(1—x2) + COS X —-
Hence, function is symmetrical aboutline x = 1
Also, f(1) =1
Also, for domain of the function is 2x — x? > 0 or
x €(0,2)
For x > 1, f(x) decreases hence x = 1 is point of
maxima
Also, maximum value of the function is 1
Also, f(x) — oo, when x — 2, hence absolute
minimum value of f does not exists
214 (c,d)
fx) = x7
-8
= f'(x) = —§§x7, here f'(x) does not change

f"QD)=—-n<0,f"2)=0,f"3B)=m>0
Therefore, x = 1isamaximum and x = 3isa
minimum, hence x = 2 is the point of inflection

sign, hence has no point of inflection
Graph of f(x) = x07
: y

2

For f(x) = x8, f'(x) = 30x*, but f’(x) does not
changes sign in the neighbourhood of x = 0
f(x) = cosx + 2x

= f'(x) = —cosx,

= f'(0)=0forx=02n+1)n/2,neZ

Also, sign f'(x) changes sign in the
neighbourhood of (2n + 1)m/2, hence function

215

216

217

218

has infinite points of inflection

_ _(—x%,x<0
f@) =xlxl = { x2,x>0
, _(—2,x<0 , L
= f'(x) = {xz,x S 0,heref (x) changes sign in

the neighbourhood of x = 0, hence has point of
inflection

(b)

The maximum value of f(x) = cos x + cos(v2x)
occurs when cos x = 1 and Cos(\/fx) =1

= x =2nm € ZandV2x = 2mn,m € Z

2mm
——>>m=n=

Comparing the value of x, 2nm = N

0= x=0only

(ac)

Given,y = x*
dy

= — = 4x3
dx x

Equation of Tangent at (x,y) is
Y —y=4x3(X —x)
It pass through (2, 0), then
0—y=4x3(2-x)
= —x*=4x32-x) (vy=2x%
= x3(8—4x+x)=0
= x=0, x= 3

_(8\* 4096
v=(3) =5
Point of contact are (0, 0) and (

Loy = 0’
§ 4096)
3’ 81
Equations of tangents are

4096
y—0=0 = y=0 and y—8—1

8\’ 8
=4(3) (+3)
B 4096 2048 8

> y=0and y- g = (x-3)
(a,d)
Since g(a) # 0, therefore either g(a) > 0 or
g(a) < 0.Let g(a) > 0. Since g(x) is continuous at
x = a, therefore there exists a neighbourhood of a
in which g(x) > 0.
= f'(x) > 0 = f(x) is increasing in the
neighbourhood of a. Let g(a) < 0. Since g(x) is
continuous at x = q, therefore there exists a
neighbourhood of a in which g(x) < 0
= f'(x) < 0= f(x)is decreasing in the
neightbourhood of a

(a,c,d)
y=x(c—x) €))
y=x%+ ax+b (2)

Slope of (1) curve = ¢ — 2x
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220

221

And at (1, 0), c — 2 = my (say)
Slope of (2) curve = 2x + a
at (1,0),2 + a = my (say)
Curves are touching at (1, 0)
=> my =m,
= 24+a=c—-2 3
Also (1, 0) lies on both the curves
= 0=c—1land0=1+a+b (4)
Solving (3) and (4), we get
a= -3,b =2,c=1
(a,0)
xy = (a+ x)?
=> y+xy' =2(a+x)
Now y' = +1
>ytx=2(a+x)
2
atxy tx=2(a+x)

2
:ix=2(a+x)—M

=+ x2
=+ x2

(a+x)(x—a)
2 — q?

> 2x2=a’=> x=+

N

(ab)

X

y F(x)=f 2|¢| dt
0

~ F'(x)2]x] =1
1

= 4=
*=E3

1 1/2 1
Fl=)= 2|t| dt = {t?}?
> F(3)=] aae= e

and F(-3)=[""2|t|at

-1/2 1
—Zf tdt =—-
0

=

4
~ Equation of tangent at G,i) and at (—%, - i)
are
7= 1(-3)
y-z=Llx—3
1
> y=x—-—
1 1
and y+,= 1(x+5)
N 1
> y= -
y=xTyg
(b,c,d)

Since f is defined on (0, o)

Therefore, 2a? + a + 1 > 0 whichistrueas D < 0
Also3a? —4a+1>0
Ba-1(@—-1)>0=>a<1/3ora>1 (1)

As f is increasing hence

fQRa?+a+1)> f(3a?—4a+1)

222

223

224

225

226

=>2a’+a+1>3a%>—4a+1

=0>a%?-"5a

=>ala—5)<0=(0,5 (2)

From (1) and (2), we get

Hence,a € (0,1/3) U (1,5)

Therefore, possible integers are {2, 3,4}

(a,b)

Since the intercepts are equal in magnitude but
opposite in sign

d
:—y =1
dxlp
NowZ =x2 - 5x+7=1
dx

=>x2—-5x+6=0

=> x=2o0r3

(a,b,c)

Clearly, f(0) = 0.So f(x) = 0 has two real roots
0, 2g(> 0). Therefore, f'(x) = 0 has a real root a;
lying between 0 and a;. So, 0 < a4 < ag

Again, f'(x) = 0 is a fourth-degree equation. As
imaginary roots occur in conjugate pairs,

f'(x) = 0 will have another real root a,.
Therefore, f''(x) = 0 will have a real root lying
between a; and a,. As f(x) = 0 is an equation of
the fifth degree, it will have at least three real
roots and so f'(x) will have at least two real roots

(a,b,d)
X
fx) = T2
1+ x?
o f’(x) = ﬁ = 1’i_e_,x = 0,— \/§’\/§
= The point are (0, 0), (i V3, F ‘/73_’)
(a,b,c)

a. Letf(x) = e¥cosx—1

= f'(x) =e* (cosx —sinx) = 0

= tanx = 1,which has a root between two roots
of f(x) =0

b. Let f(x) = e*sinx — 1,

f'(x) =e* (sinx +cosx) =0

= tanx = — 1, which has a root between two
rootsof f(x) = 0

c. Letf(x) = e™* —cosx,

f'(x) =—e* +sinx=0

= e~ * = sin x, which has a root between two
rootsof f(x) = 0

(ab)
x—y?r=0 (D
dy
2y X —— = 3x2
= yxdx x

Slope of the tangent at
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228

229

_ 3x?

d
p=2 =
2y

| =3m
dxlp

(4m?,8m3)

~ Equation of the tangent at P is

y —8m3 = 3m (x — 4m?) or y = 3mx — 4m3
(2)

It cuts the curve again at point Q. Solving (1) and
(2), we get x = 4m?, m?

Put x = m? in equation (2)

=y =3m(m?) —4m3 = —m3 . Qis (m?,—m3)
ay

dxl(m2,—m3)

Slope of the tangent at Q =

3 (m*) -3
——=—m
2 x(-m3) 2
1 2

(=3/2)m _ 3m

Slope of the normal at Q =

Since tangent at P is normal at Q = ﬁ =3m
= 9m? =2

(a,b,d)

f is not differentiable at x = %

g is not continuous in [0, 1] atx = 0
h is not continuous in [0, 1]atx = 1
k(x) = (x +3)M2% = (x + 3)p, where 2 < p < 3,
which is continuous and differentiable
(a,b,c,d)
a. y?> = 4ax andy = e ¥/2¢
y' Zy—aandy’ = —i e~¥/2a = —i
Let the intersection point be (xq,y;)
y'=Zandy’ = —— y
Vi 2a

mym, = —1. Hence orthogonal
b.y? = 4ax and x? = 4ay

, _ 4a _ 2a

y' = — == notdefinedatx =0
2y1 N

12
" 4a
=~ The two curves are orthogonal at (0, 0)

c.xy = a’and x%? — y? = b2
2

y

=2 0atx=0
2a

a

mm, = — —— = —1 orthogonal

X1V1 a?
d. y = axand x? + y? = ¢?
y'= aandy' = -
Y1
mym, = - | orthogonal
Y1 X1
(a,b,c,d)

1
f’(X) =2-2x"1Y3=2 (1 —m>

x1/3 -1
-2(5)

Sign scheme of derivative is

N i +
——t |

0 1

f (x) has point of maxima at x = 0 and point of

minimaatx =1
Also f(x) is non-differentiable at x = 0

230 (d)

231

232

233

1. f(x) = |x| are not differential at x = 0
2. f(x) =tanx is discontinuous at x = %
2
3. f(x) =1+ (x — 2)3 gives real and
imaginary value atx = 1
4. Only function which satisfies Rolle’s

therorem is
fx)=x(x—2)2in0<x<2

(a,b,c,d)
f(x) =2x —sinx = f'(x) =2 —cosx >0 Vx.
Hence, f(x) is strictly increasing, hence one-one

and onto g(x) = x1/3

=g'(x) = gx‘2/3 > 0 Vx, hence g(x) is strictly
increasing and hence one-one and onto

Also, gof is one-one

gof (x) = (2x — sin x)'/3 has range R as the range
of 2x —sinx is R

(a,b,d)

fx) =2x3+9x% +12x + 1

= f'(x) = 6[x% + 3x + 2]

=6(x+2)(x+1)

f'(x) < 0forx € (—2,—1), where f(x) decreases
f'(x) >0 forx € (—oo,—2) U (=1, ), where

f (x) increases

f'(x)=2x+3=0

= x = —3/2 is the point of inflection

0, 1)

From the graph, f is many-one, hence it is not
bijective
(a,b,c)
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f6) = sin(x + b)
fx)
_sin(x + b) cos(x + a) — sin(x + a) cos(x + b)
- sin?(x + b)
sin(b — a)
~ sinZ (x+b)

If sin(b —a) = 0,then f'(x) = 0 = f(x) will be a
constant,i.e,b —a=nmorb—a=(2n+ rmor
b — a = 2nm, then f(x) has no minima

(a,b,c)

The following function is discontinuous at x = 2,
but has point of maxima

f(x) = |x| has point of minima at x = 0, through
it is non-differentiable at x = 0

Yo
.................... T S S
""""" 7""'1'--3--—----.-----—---- Fo---
___________________ 3 IR SR SO S
................... S S S S
—t—t —t—+—x
3. 2 il 123

f(x) = x%/3 has point of inflection at x = 0, as
curve changes its concavity at x = 0, however
x = 0 is point of minima for the function

(a)
fl(x) =4(x3—-3x2+3x—-1)=4(x-1)3%>0
forx > 1

Hence, f increases in [1, ©). Moreover, f'(x) < 0
forx <1

Hence, f has a minimum at x = 1

(ac<)

Given, h(x) = f(x) - (f@)” + ()’

- R = () = 2f () f'(x) + 3(f(x))2f'(x)
= {1-2@ +3(f@)°}

237

239

240

Discriminant of the quadratic equation

3(£(0)) - 2f(x)+1=0
Is(—2)2—-431=-8<0

= 3(F(0)° = 2f(x) + 1> 0,Vf(x) € R(~ 3 > 0)
= Sign of h'(x) will be same as that of sigh of
f1)

~ h(x) is increasing whenever f(x) is increasing
and h(x) is decreasing whenever f (x)is
decreasing.

(b,d)

For y? = 4 ax, y-axis is tangent at (0, 0), while for
x? = 4ay, x-axis is tangent at (0, 0)

Thus the two curves cut each other at right angles

d 2a

=~ Also for y? = 4ax,d—§ =5 =m
Fory — e—x/Za'd_y — __1 e—x/Za — -y =m,

dx 2a 2a
>mm, =-—1
= y2 = 4ax and y = e"*/2% intersect at right
angle
(a,b,c)

f'(x) =cosx+a
y
Yy
bx'b>0,a>1 ] b<0,a>1
x' X x' / X
X0 o a/xo
y,

b<0,a<-1

Ifa > 1, then f'(x) > 0 or f(x) is an increasing
function, then f(x) = 0 has +ve rootif b < 0 and
-verootifb >0

f'(x) =cosx+a

Ifa < —1,then f'(x) < 0 or f(x) is a decreasing
function, then f(x) = 0 has negative root if b < 0

(d)

£ = 2(ad — bc)

(ce* + de™%)?
and f(x) is an increasing function

“ fl0) >0
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243

244

. 2(ad — bc)
(ce* + de=%)2

.~ 2(ad —dc) >0
= ad > bc

= bc<ad

(@

Statement 2 is obviously true

Also, for f(x) = 2cosx + 3sinx = V13 sin(x +
tan—123

o 12
= g(x) =sin™! % —tan?! 5 Hence, statement 1
is true

(a)

Consider, F(x) = e ™ f(x), € R
F(0) =f(0)=0
FD=e'fM=0

». By Rolle’s theorem, F'(c) = 0

F'() = e (f'(0) = 2f (x))
F'(©)=0=e(f'(c) = f(c)) =0
= f'(c) = Af(c),0<c< 1

(a
Given, x%2 + y2 = 25

= 2xdy+2ydy=0

dy «x

dx _;
dy/dt  x

dx/dt y

1.5 3

Tdx/dt | 4

dx_1.5><4
dt 3

=2cm/s

()
1
f(x) =—

x =
e ox

2 1

. ¥+ 2\2
Using AM > GM,—% > (ex.e—x) ,aseX* >0

2

245

246

247

N I P ~<—
ex ex+—x 2\/5
e

L forallx € R

. 0<f(x)S2ﬁ,

=statement Il is true and statement I as for some

« )

e

= f(c) = %which is not true

Alternate
@) = 1 B e*
flx CeX42e % e2X 42
, (e?* + 2)e* — 2e%*.e*
= =
f') =T )7

= f'(x) =0 e? +2=2e%
> e2X=23e¥ =42

Maximum value of f(x) = ‘/Ti = %
(d)

Though |x — 1| is non-differentiable at
x =1,(x — 1)|x — 1] is differentiable at x = 1, for

which Lagrange’s mean value theorem is
applicable

(a)
b _ 2 _ a’y _
dx—le(x x+1)+aanddx2—

12(3x2 —2x+1) >0

day . . . .
= d_z 1S an increasing function

But % is a polynomial of degree 3 = it has exactly

one real root

(b)
f'(x) = 6x% —18x + 12

For increasing function, f'(x) > 0
2 6(x?2—3x+2)>0
>6(x—2)(x—1)>0
>x<landx > 2

~ f(x)Is increasing outside the interval (1, 2),
therefore it is true statement.

Now, f'(x) <0
>6(x—2)(x—1)<0
>1<x<?2

~A and R are both true, but, R is not the correct
reason.
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248 (d)
Given, y? = x + sinx

d
= 2y£=1+cosx

d
Here, -0
dx
= cosx =-—1
= sinx =0

~ FromEq. (i), y? = x
1
F-D=r(3)=0

s ffx)=al(x+1) (x - %)

I<2+2 1)
=a |(x*+-x—2
3 3

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

!
) =2 +x2 -0+ ()
Where 4 is constant of integration

And f(=2)=0

al
= S (-8+4+2)+1=0

- 2a’
T3
From Eq. (i),

f(x) =%,(x3+x2 —x+2)

Also, [ f(x)dx ==

a [? 14
= —f (B +x?—x+2)dx =—
3, 3

0+2a’f1 2-2)d 14
= —_— — = —
3 ), A=

2a' (1 14
= {—+2}=—

3 (3 3
14a’ 14
= =—
9 3
> a =3

249

250

Then, f(x) =x3 —x2 —x +2
On comparing with f(x) = ax3 + bx?> + cx + d
~a=1,b=1c=-1,d=2

(d)

Statement 2 is true as f(x) is non-differentiable at

x =1,2,3.But f(x) has a point of minima at
x =1landnotatx =3

(b)

x(x + 3) and e™*/? are continuous and
differentiable every where, so x(x + 3)e™*/? is
continuous and differentiable

And f(=3)=f(0)=0

And f'(x) = (x? + 3x).e7*/?

1
= (— E) +e7¥/2. (2x +3)
1
= —Ee"‘/z(x2 +3x —4x — 6)

1
= —Ee"‘/z(x2 —x—6)

=—%e"‘/2(x—3)(x+2)
~© flx)=0 = x=3,-2
3¢[-3,0]

2w x=-2€[=3,0]

~ Rolle’s theorem is verified

LMVT is also applied
o n_ fb) = f(a)
f'(o) = T h—a

ie, Rolle’s theorem is a special case of LMVT

Since, f(a) = f(b) = f'(c)=0

251 (a)
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2

ax
—+x+5

3
Fo) =% +5

= f'(x) =x*+ax+1

If f(x) has positive point of maxima, then point of
minima is also positive. Hence, both the roots of
equation x + ax + 1 = 0 must be positive

= sum of roots - a > 0, product of roots 1 > 0
and discriminantD = a® —4 > 0

>a< -2

(9
It is clear from figure f''(x) has no sign change at
x=2

Hence, f(x) is neither maximum nor minimum at
x =2

Let y = V=3 + 4x — x?

= x? +y? —4x + 3 = 0 or point (x, y) lies on
this circle

Then, the given expression is (y + 4)? + (x — 5)?,
which is the square of distance between point
P(5,—4) and any point on the circle x? + y? —

4x + 3 = 0 which has centre €(2,0) and radius 1

Now CP = 5, then the maximum distance
between the point P and any point on the circles
is 6

2
= Maximum value of (V—3 +4x — x?% + 4) +
(x —5)?%is 36

(b)
. . . . 1m .
Point of inflection of the curve is (E’ E) and this

satisfies the line L

255

T

Slope of the tangent to the curve C at (%, ;)

dy -2 1

dc  J1—- @2x-1)% Vx— x?
= _(x—x2)"1/2

dy 1 (1-2x) 1

dx? 2(x—x2)3/2 =3

d

dy|  _

dxx:1/2

As the slope decreases from —2, line cuts the
curve at three distinct points and the minimum
slope of the line when it intersects the curve at
three distinct points is

=3
= -7
1
0-3
p
E € [-m, —-2] = pe€[-2n—4]
(b)

Let h(x) = f(x) — f(a) + A(x3 — a®)
Where, 1 is selected in such a way
h(b) = f(b) — f(a) + A(b® —a3) =0 ..(I)
but h(a) = 0

hence, h(x) satisfies all conditions of Rolle’s
theorem

* c€(ab)
~ h'(c)=0
= f'(c)—0+34c2=0

9’
A= 3%
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_ f)~f(@)

From Eq. (i), 1 = 03—a%)

Cf)—f@ f'()
" (b3—a3)  3c?

(c)
f(x) = (x®—6x%+12—8)e*

= f'(x) = e¥(x3 — 6x% + 12x — 8)
+e*(3x% —12x + 12)

=e*(x3 —3x% + 4)

= f'(x) = e*(x® — 3x2 + 4) + e*(3x% — 6x)
=e*(x3 —6x+4)

= f'(x) = e¥(x3 — 6x + 4) + e*(3x% — 6)
=e¥*(x3 +3x% — 6x — 2)

Clearly, f'(2) = f'(2) = 0and f' # 0, hence
x = 2 is the point of inflection and hence not a
point of extrema. Thus, statement 1 is true

But statement 2 is false, as it is not necessary that
at point of inflection, extrema does not occur.
Consider the following graph (figure)

f'(x) = In(x+ 1+x2) = —In(w/1+x2 —x)
= f'(x) >0forx>0and f'(x) < Oforx <0

= f(x) is increasing when x > 0 and decreasing
forx <0

Hence, forx > 0, f(x) > f(0) = f(x) >0
Again f(x) is decreasing in (—o0, 0)

Then forx < 0, f(x) > f(0) = f(x) >0
= f(x) is positive for all x € R,

Thus, Statement 1 is true and follows from
Statement 2

(0

Statement 1 is true, but statement 2 is false as

259

260

261

262

consider the functions in statement 1 in (0, g)

(@)
f(x) =x* —8x3 +22x% — 24x + 21

f'(x) = 4x3 — 24x% + 44x — 24
= 4(x3 — 6x% + 11x — 6)
=4(x—-1D(x—-2)(x—3)

Sign scheme of f'(x)

From the sign scheme of f'(x), f(x) increases for
x €(1,2) U (3,0)

Since f(x) is a polynomial function, which is
continuous, and has no point of inflection,
intervals of increase and decrease occur
alternatively

(b)
f(x) =x+cosx

~f'(x)=1—-sinx > 0Vx ER,
~ f(x) is increasing

Statement 2 is true but does not explain
statement 1

Therefore, according to statement 2, f'(x) may
vanish at finite number of points but in statement
1 f'(x) vanishes at infinite number of points

(9

Statement 1 is correctis f(—2) = f(2) = 0 and
Rolle’s theorem is not applicable, then it implies
that either f(x) is discontinuous or f'(x) does not
exist at at least one point in (—1, 1). Since it is
given that g(x) is differentiable, g(x) = 0 has at
least one value of x in (—1,1)

Statement 2 is false as f(x) must be differentiable
in (a, b) is not given

(d)
Whenx =1,y =1

dy

d
3x2—2x—1:>(—y) ~0
dx x=1

dx
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= Equation of the tangentisy = 1
Solving with the curve, x3 —x2 —x +2 =1

> x3—x2—x+1=0=>x= —-1,1(1is
repeated root)

=~ the tangent meets the curve again at x = —1

-~ statement 1 is false and statement 2 is true

()
Suppose f(x) = 0 has real root say x = a, then
f(x)<Oforallx <a

Thus |f (x)| becomes strictly decreasing in
(—o0,a) which is a contradiction

(<)
Both f(x) = x and g(x) = x3 are increasing in
(—1,0) but h(x) = x, x3 is decreasing

(9
Statement 1 is correct as it is the statement of
Cauchy’s mean value theorem. Statement 2 is false

as it is necessary that ¢ in both f'(c) = %
andg'(c) = U ) g( 80~ 8@ i5 same
(b)

fG)=&-Dx-2)(x—-3)
=x3—6x2+11x—6

f'(x) = 3x2 — 12x + 11
Put f'(x) = 0

= 3x2—-12x+11=0

12 + V144 — 132 5+ 1
> X = — + —
6 V3
1<2+ ! <3
>~ _\/§_
(b)

f(x) = sin(cos x)
= f'(x) = —sinx cos(cos x) < 0 for Vx € [0%]

Statement 2 is also true, but it is not the only
reason for statement 1 to be correct

(@

Given f(x) = xe™

269

270

271

272

f'(x)=e™™ — xe‘x

f”(x) = e ™ +xe™

=2 +xe™*

For maximum, put f'(x) =0 = x=1
And f"(1)=-1<0

- Both A and R are true and R is the correct
reason for A.

(@)

log,
f(x) = L

x2

= f'(x) =

f'(x) >0for1—log.x >00rx<e= f(x)is
increasing

f(x) is decreasing for x > e
e<29l<a<p
= f(a) > f(B)

log.
"7p

= fBlog. a > alog, B

N log, a
o

= af > pe

(a)
Equation of atangentat (h,k) ony = f(x) is

y—k=f'"(Mx-h) (1)
Suppose (1) passes through (a, b)

b —k = f'(h)[a — h] must hold good for some
(h, k)

Now hf'(h) = f(h) — af'(h)+ b=0
represents an equation of degree odd in h

3 some ‘h’ for which LHS vanishes

(@)
Consider f'(x) = 4ax® + 3bx%? + 2cx + d

= f(x) =ax* +bx> +cx* +dx +e

f(0) = eand f(3) = 8la+27b+9c+3d+e
=3R27a+9 +3c+d)+ e=e

Hence, Rolle’s theorem is applicable for f(x)

= there exists at least one c in (a, b) such that

flle)=0
(b)
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Let f(x) =sinxtanx —x% = f'(x) =
sin x sec? x + sinx — 2x

= f"(x) = 2sinxsec? x tanx + secx + cos x — 2
= 2sinxtanxsec?x + (cosx + secx —2) > 0 Vx
T
e(03)
= f'(x) is an increasing function
= f'(x) > f'(0) = sinxsec?x + sinx —2x > 0
= f(x) is an increasing function
= f(x) > f(0)
= sinxtanx —x2 >0
= sinx tanx > x?

Thus, statement 1 is true, also statement 2 is true
but it does not explain statement 1

()
Verify by taking f(x) = lx? + mx + nin [a, b]

(b)
For Rolle’s Theorem and LMVT, f(x) must be
continuous in [a, b] and differentiable in (a, b)

Hence, Statement | is true

Since, f(x) = |sin|x|| in [—%,ﬂ is non-

differentiableinx = 0

Hence, Statement Il is also true

(@

For no extremum

ﬂ>0 or Q<Oforallx€R
dx dx

d
. —y=3x2+2ax+b>0
dx

= 3x242ax+b>0
» D <O
= 4a*—-43.b<0

= a’<3b

276

277

278

(d)

Statement 1 is false as f(x) = 5 — 4(x — 2)?/3
attains the greatest value at x = 2, through it is
not differentiable at x = 2, and for extreme value
if is not necessary that f'(x) exists at that point

Statement 2 is obviously true

(c)
f'(x) =3x%+2x + 3+ cosx

2x
=3{x2+?+1}+cosx

s{(x+2) 2+l
X 3 9 Cos x
2

(4 D) S cos >0
X 3 3 CoS x

[ 5

~ f(x) is an increasing function

2
>0,—-1<cosx < 1]

= f(x) is one-one

(b)
a.s. Graph of f(x) = [2x — 1| + |2x — 3]

4&

p—
e

Y e S M A
=39

From the graph f(x) has infinite points of minima
b.s.f(x) =2sinx —x = for f'(x) =2cosx—1 =
0 we have cos x = 1/2 which has infinite points of
extrema

cr. Graph of f(x) = [x — 1| + |2x — 3]

From the graph f(x) has one points of minima
d.q. Graph of f(x) = |x| — |2x — 3]
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From the graph f(x) has one point of maxima

(a)
f"(x) = 4x3 — 28x + 24
=4(x3 —7x + 6)

=4(x3 —x2+x?>—x—6x+6)
=4(x—1D(x*+x—-16)
=4(x—-1D(x+3)(x—2)

Graph of y = f(x)

(-3, -120)

Now, nature of roots of f(x) + p = 0 can be
obtained by shifting the graph of y = f(x) by p
units upwards or downward depending on
whether p is positive or negative

(@)

a. Given siZA - sirl')lB - silcqc
~da=2RcosAdA

db = 2R cos B dB

dc =2RcosCdC
da db dc
v COSB+ =2R (dA+dB+dC) (1)

cosC

AlsoA+B+C=mnSo,dA+dB+dC =0 (2)
From equations (1) and (2), we get

= 2R (say)

da db dc +1=1
cosA cosB cosC -
>m=+1
b. x?2y?2=16> xy= +4 (1)
=
Lor =
ST 7 ldy/dx
Differentiating (1) w.r.t x, wegety + xy' =0 =
r_ 7Y
Yy =%
= L = =
Lsr = | 2] = IxI > Ly =2
> k=412
c. vy = 2e%* intersects y-axis at (0, 2)
d d
D gerx =4
dx dxlat x=0

283

284
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~ Angle of intersection with y-axis = g -
tan~14 = cot™1 4
=>n=2or-1

d .
d. d—z = e%"™Y cos y : slope of the normal at

(1,0) =-1
equation of the normalisx + y =1

Area = 1

2
>t=1-2
(b)

a. r =6cmoér = 0.06
A= nr? = 64 = 2nrér = 21 (6)(0.06) = 0.72
b. V = x3,8V = 3x%6x

oV ox
—Xx100=3—X%x100=3%x2=6
V X

C (x—2)%=3%

> x=5
d A= \/Tg x?
=>dA_\/§( dx)_\/§X30x 1 3v3
ac 2 \"ar) T 2 10 2
(b)
Given, 2y? =x+1
d d 1
= 4y—y =1 = td =—
dx dx 4y
~ The slope of the normal is
dx _ 4
dy =TV
dx _ - _
5. (dy)(m = —4(2) = -8
dx -4
6. (E)(oi) Tz —2V2
vz
dx A —
7. (5)(1,-1> = —4(-1) =4
dx
ax = —4(\2) = =42
(dy)(&\/i) ( )

-~ Options (b) satisfy the all four statements.

()
a.y? = 4x and x? = 4y intersect at point (0, 0)
and (4, 4)

Ci:y? =4x Cp:x? =4y

dy 2 dy «x

dx y dx 2

dy dy

- =00 — =0

dxlgo dxlg o

Hence, tan 8 = 90° at point (0, 0)
dy 1 dy

dx (4,4) 2 dx (4,4)
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3
= |—2 = —
tanf = 2

1+2x+
2

b. SolvingI:2y? = x3 and II: y? = 32x; we get
(0,0), (8,16) and (8, —16)

at(O,O)%%(OO) =0 for
at (0,0)3—3: 00 = oo for Il

Hence, angle = 90°
dy _ 3x%2 364

== =—=-—=3forl
dx(8'16) 4y 416
dy 32 16 LforII
—_— = —— = or
dx(8,16) 2y 16
t 9_3—1_2_1
Y T3 T T2

= angle between the two curves at the origin is
90°

¢. The two curves are

xy = a? (D

x2+ y2=2a%> (2)

Solving (1) and (2), the points of intersection are
(a,a)and (—a, —a)

Differentiating (1), dy/dx = —y/x = m, (say)
Differentiating (2), dy/dx = —x/y = m, (say)
At both points, m; = —1 =m,

Hence, the two curves touch each other
dy?=xx3+ y3=3xy

d d 1
For the 1stcurve, 2y 2 =1= | =—
dx dxlp 2y
. d -x2
Again for the 2nd curve, —y| =4
dxlp  yi—-x1

solving y? = x and x3 + y3 = 3xy;
ye+ y3=3y =2y3+1=3= y3=2
~y; =2Y3and x; = 2%/3

1 4
1 1 23— 23
Now m,; = T=7,My=—F—73 > X
2x 23 23 23-23
11—
my, — my m 1 4
tane = = 2 = |— :23
1+mym, —+ my| M
1
= 163

1
~ 0 = tan"1(163)

286 (b)

a. f(x) = x%logx

For f'(x) = x(2logx + 1) = 0,= x = %Ewhich is

the point of minima as derivative changes sign
from negative to positive

. . 1
Also, the function decreases in (O, ﬁ)
b.y = xlogx

4y _ o x 1 _ 2y _1
:>dx—x><x+logx><1—1+logxanddx2—x

287

288

d 1
For=2 =0 Slogx=-1=2>x=-

dx e
d? 1
_y:_ze
dx?

>0atx ==
1/e e

N 1

= y is min for x ==
log x

¢ f() =

For f'(x) = 1_:;gx =

0,x = e. Also, derivative

changes sign from positive to negative at x = e,
hence it is the point of maxima

df(x)=x7*

f'(x) =—x"*(1+logx) = 0= x =1/e, whichis
clearly point of maxima

()

Since f(x) is minimum at x = —2 and maximum
atx = 2,letg(x) =ax3+bx? +cx+d

~ g(x) is also minimum at x = —2 and maximum
atx =2

~a<0

waisarootofx?2 —x—6=0,ie,x =3,-2
La=-2

Then, g(x) = —2x3 + bx?> + cx + d

wg'(x) = —6x% + 2bx + ¢ = —6(x + 2)(x — 2)
(+ g(x) is minimum at x = —2 and maximum at
x=2)

On comparing, we get

b=0andc =24

Y'

Since minimum and maximum values are positive
~g(-2)>0=2>16—-484+d>0=d > 32
andg(2) >0=>-16+48+d >0 =d > -32
Itis cleard > 32

Hence,a = —2,b = 0,c = 24,d > 32

(@)

aqr f(x)=(x—-13(x+2)°

= f'(x) =30 —1D2(x+2)>+5(x —1)3(x + 2)*
= () = (x — 1D?(x + 2)*[3(x +2) +5(x — 1)]
= (x— 1)%(x + 2)*[8x + 1]

Sign of derivative does not change at x =1 and
x=-=2

Sign of derivative changes sign at x = —1/8 from
-ve to +ve

Hence, function has point of minima

Also, f'(x) =0forx =1and x = -2

Hence, function has two points of inflection

b.r,s f(x) = 3sinx + 4 cosx — 5x
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= f'(x) =3cosx —4sinx —5 < 0, hence f(x) is
decreasing function

Also, f'(x) = —3sinx —4cosx =0 for infinite
values of x, hence function has infinite points of
inflection

c.pr

L

y =sin (nx/Z)é

1 2

From the graph x = 1 points of maxima as well as
point of inflection

drsf)=(-D¥ = @M=2@-1D7520
for all real x

7
Also, f'(x) = —gé (x —1)"s which changes sign

atx =1
Hence, x = 1 is point of inflection
(b)

a.r. From the graph x = 1 is point of maxima

x—1,x<?2

b.s.f(x)={0, x =2
sinx, x> 2

f(2)=0,f(2%) =sin(2*) >0and f(27) > 0,
hence x = 2 is point of minima

2x+3 x<0

5, x=0

C-p-f(x)={
x>+7, x>0

f(07)=3,f(0) =5,f(0") =7, hence
f(07) < f(0) < f(0)

Thus, f(x) is increasing at x = 0

e ™ x<0
d.q.f(x)={0, x=0
—cosx, x>0

f(0)=0,f(0")=-1,f(07)=1
Thus, f(07) > £(0) > f(0%)
Hence, f(x) is decreases at x = 0
(d)

f(x) =sinx —x?+1

f'(x) = cosx — 2x

291

= f'(x) < 0forx > x,

f'(x) > 0forx < x,

Hence x = x, is point of maxima

bpf(x) =xloge.x —x+e™*

f'(x) =logex+1—1—e*=logox —e™*

; A
51 //1 o2 3 4
e I A Sty SUTTEI SERLLR S

From the graph for

x < xg, e *>log.x,=2f'(x) <0
Forx > x4,e™ <log, x,= f'(x) > 0
Hence, x = x, is point of minima
csf(x)=—x3+2x2-3x+1

f'(x) =-3x2+4x -3

Now D = 16 — 4(=3)(=3) = —20 < 0
Hence f'(x) < 0, for all real x

= f(x) is always decreasing

dr. f(x) = cosmx + 10x + 3x2 + x3
= f'(x) = —mwsinmx + 10 + 6x + 3x?
=3(x% +2x + 10/3) — mw sin x
=3((x +1)?+7/3) —msinmx

Now min. value of 3((x + 1)? + 7/3) is 7 but
maximum value of 7 sinx is &

Hence, f'(x) > 0 for all real x

Hence, f(x) is always increasing

(b)

Fren=r"(3)=0
~ f'"x)=alx+1) <x - %)
(i)

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

aII
flx) = ?(x3 +x2-x)+21 ..(0)
Where 4 is constant of integration
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And f(-2)=0

"

a
= S (-8+4+2)+1=0

. A B 2all
T3
From Eq. (i),

n

f(x) =a?(x3 +x%2—x+2)

Also, 1 f(x)dx ==

a 1 14
= —f (B +x*>—x+2)dx =—
3 ), 3

0+2a”f1 2 _2)dx =
= _— — = —
3 ), T =3

2a" (1 14
- ShE+el-=

3 3 3
14a" 14
= =—
9 3
= a’'=3

Then, f(x) =x3—x%2—x+2
On comparing with f(x) = ax3 + bx? + cx +d

~a=1b=1c=-1,d=2
(b)
Let y be the length and x be the breadth of the
rectangular portion. Total perimeter of the
window is

2x + 2y + G) ny = P (say)

Let amount of light per square meter for the
coloured glass bep. If L is the total light
transmitted, then

L = 3pu X Area of rectangle portion+ p X Area of
semi-circular portion

1
= 3uxy +§ uy?

= u[;y(P—(2+g)y)+ény2]
- %:%[3P—6(2+g)y+%y]
Put EZO

3P

51T

12 + =
2

= y=

293

294

dzL—”( 12 57T)<0
dy? 2 2

3P
Yy 2'12+5n/2
X

T 3P
P- (2 + E) S
B 6 _ 6
T (12+451/2)-3R+7n/2) 6+m
(@)

f&x) =

(x?+ax+1) — 2ax

x2+ax+1
2ax

Cx2tax+1
o Frx) = — (x% + ax + 1).2a — 2ax(2x + a)]

(x2+ ax + 1)
__ [ —2ax%+2a ]

(x2+ax+1)2

—9g [—2HD :
=2a [(x2+ax+1)2] ()
and
f”/l (x) -
2 (x2+ax+1)2(2x)—2(x2—1)(x2+ax+1)(2x+a)
a (x2+ax+1)*
_5 2x(x?+ax+1) —2(x* = 1)(2x + a)
- ca (x?+ax+1)3
4a(a+2) _  4a

Now, f"(1) = (@+2)3?  (a+2)?
4a(a-2) _  4a

And f(-1) = Z-a)? _ (a-22)?
o R+ a)? ")+ Q2 —-a)? f""(—1) = 4a —4a
=0

(a)
Let P, (t;, t3) is a point on the curve y = x3
L dy
dxlie, 3
Tangentat P, isy — t3 = 3t? (x — t;)

= 3t?

€Y)
The intersection of (1) and y = x3

= x3 -t =3t (x—t;)

= (x—t)(?+ xty+ t3) - 3t2 (x—t) =0
= (x—t)?(x+2t)=0

If P,(t,, t3), then

(t, — t)* (t, +2t)) =0

sty = =2t (t, # t1)

Similarly, the tangent at P, will meet the curve at
the point

P; (t3 t3) when t; = —2t, = 4t; and so on

The abscissa of Py, P,, ..., B, are

t1, —2tq, 4ty, ..., (=2)" 1 t; in G.P

Jh_ts_t
Tt ty s
vty =ttty =ty rand t, = tr

Ifx; =1,thenx, =-2,t; =4, ..

= ... = =2 (rsay)

Then lim,_, o Y= xi = sum of infinite G.P. with
n

Page |77



295

296

297

common ratio (—1/2) with first term 1

_ 1 _2
(-1 3
1-(-3)

(a)

dy 1-—9t?
a— v =tanf

=9t? — 6tanf,t—1=0

= 3t =tanf + secH

= tan 0 + secH = 3t

(b)

Let V be the volume and r the radius of the
balloon at any time, then

4
V= (5) TL'T3
dv 4 dr
— == 2y __
T (3) G
> W _ 4mr? — = 40 (gi
i r P (given)
dr _ 10
dat  mr2 ©)

Now let S be the surface area of the balloon when
its radius is r, then S = 412

> 8 grr & (2)
dat dt
From (1) and (2), % = 8”7”;_;)2 = 8T_0

When r = 8, the rate of increase of S = 88—0 =

10 cm? /min

= Increase of S in % minute = 10 X (%) =

5 cm?/min

If ry is the radius of the balloon after (1/2) min,
then 4 r? = 4m(8)? + 5

Orr? —8%2 = % = 0.397 nearly or 1 = 64.397 or
r; = 8.025 nearly

= Required increase in the radius =, — 8 =

8.025 -8
= 0.025 cm
(b)
3
Let f(x) =sin™1x + x? — 3x +x?
1
= f'(x) = +2x — 3+ x?
===

= f'(x) = 0 for some x = x; € (0,1)

298

299

Ay

y

X =X

X

and f”(x) = m

= x = x4 is the point of minimum

f (x) is continuous Vx € [0, 1]

Hence, the global maxima existatx = OQorx =1

f(0)=0,f1)=n/2-5/3<0

f(0) is global maxima Vx € [0, 1]

= f(x) < f(0),x € [0,1]

=>sin"lx+x2—-3x+x3/3<0
2

- x(9 —x9)

+242x>0,vxe (0,1)

= sin~ 1 x + x?

(@)
g'(x) = f'(sinx) cosx — f'(cos x) sinx
= g"(x) = —f'(sinx) sinx + cos? x f"'(sin x)

+ f"(cos x) sin? x

— f'(cosx) >0 Vx € (0,/2)
(asitis given f'(sinx) = f'(cosx (m/2 —x)) < 0
and " (sinx)
= f"(cosx (m/2 — x)) > 0)
= g'(x) is increasing in (0,7/2). Also g'(r/4) = 0
=>g'(x)>0VxE G,%) andg'(x) < 0Vx €
(0,m/4)
Thus g(x) is decreasing in (0, w/4)
(d)
If £ (x) is continuous then f(37) = f(3*) = -9+
12 +a

vx € [0,1]

=3a+b=>2a+b=3 (1)
Alsof(47)=f(4")=>4a+b=-b+6=2a+
b=3 (2)
= f(x) is continuous for infinite values of a and b
—2x+4, x<3
Also, f'(x) ={% 3<x<4 For f(x) to be
b
— 7 x> 4

differentiable, f'(37) = f(3*) @ a = —2and
_2 =aqa=-2

>b=28
Hence, f (x) can be differentiable
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a<0,6<0 a>0,6>0 interval (—20,—16)

f(0)=c<0
f()=1-94+24+c=c+16 < O0for
Vc € (—20,—-16)
f(2)=8-36+48+c=c+20>0
a€(1,2)=>[a]l=1
f(3)=27-81+72+c=18+¢

= f(3) < 0ifc € (—20,—18) or £(3) > 0 if
c € (—18,-16)

or B € (2,3)ifc € (—20,—18)

and 8 € (3,4) ifc € (—18,—-16)

300 (a) Now f(4) =64 —-144+96+c=16+c <
dP(x) 0Vc e (—20,—-16)
b G f(5) =125-225+120+c=c+20 >0 Vc
AP € (—20,—16)
o ¢ Pm>0 SyeE@5)=>[y]=4
d x Thus,
= Pe™) >0 []+[]+[]_{1+2+4,—20<c<—18
= P(x)e~* is an increasing function @ B V1=11+3+ 4,-18<c < —16
= P(x)e™ >P(De lvx >1 Now if ¢ € (—20,—18)
=>P(x)e*>0Vx>1=P(x)>0 vx>1 a€(1,2),B€(23),y€45)
301 (a) = [a]+[Bl+ ¥l =7
h(x) = FGO) — a(f(0)” + a(f ()’ Ifc € (—18,-16),a € (1,2),8 € (3,4),y € (4,5)
= 100 = 100 = 2af Gf' () s gy =S
+ 3a(f(x))2f’(x) f'(x) < 0Vx € [a,b],so f(x) is adecreasing
=>h'(x) =f"(x) [3a(f(x))2 —2af(x) + 1] function and f(c) = 0 = f(x) cuts x-axis once
Now h(x) increases if f(x) increases and when x = ¢
304 (b)

3a(f(x))2 —2af(x)+1>0forallx €eR

5 f(x) = 4x? — 4ax + a? — 2a + 2. Vertex of this
= 3a >0and4a°—12a <0

. a
=a>0anda € [0,3] parabola is (5, 2— Za)
= a€[0,3] Case1:0<§<2
302 (a) In this case, f(x) will attain the minimum value at

Let g(x) = x3 — 9x2 + 24x = x(x? — 9x + 24)
=>g'(x) =3(x—2)(x—4)

Sign scheme of g(x)
+ . +
2 4
y
204 (2, 20)
(5, 20)
1 1 )
18 G, 18) V= g(x) >3=—-2a+2=>a= —3 (Rejected)
16+ 4(1,16) Case2:2>2
(4, 16) 2
X' —— X In this, f (x) attains the global minimum value at
O 41 2 3 4 5
x=2
3! Thus £(2) = 3
For three real roots of =>3=16—-8a+a*—-2a+2=>a=5%+10
f(x) = x3 —9x% + 24x + ¢ = 0,c must lie in the Thusa =5+ V10
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Case3:§£ 0

In this case, f(x) attains the global minimum
value at x = 0. Thus f(0) =3
Convert the following graph

=>3=ag2-2a+2=>a=1++2. Thus,
a=1-+2

Hence, the permissible values of a are 1 —+/2 and
5++10

f(x) = 4x? — 49x + a? — 2a + 2 is monotonic in
[0,2]

Hence, the point of minima of function should not
lie in [0, 2]

Now f'(x) =0=8x—4a=0=x=a/2.1If
~€[0,2]

= a € [0, 4]

For f(x) to be monotonicin [0,2],a & [0,4] =
a<Oora=4

(a)

fx)=x3-3(7—-a)x? -39 —a*>)x+2

= f'(x) =3x%2 - 6(7 —a)x —3(9 — a?)

Forreal root D > 0,
>49+a>-14a+9-a>20=>a<> (1)
When point of minima is negative, point of
maxima is also negative

Hence, equation f'(x) = 3x2 — 6(7 — a)x —

3(9 — a?) = 0 has both roots negative

For which sum of roots = 2(7 —a) < 0ora > 0,

which is not possible as from (1), a < i—i

When point of maxima is positive, point of minima
is also positive

Hence, equation f'(x) = 3x2 — 6(7 — a)x —

3(9 — a?) = 0 has both roots positive

For which sum of roots =2(7—a) >0=>a <7
(2)

Also product of roots is positive = —(9 — a?) > 0
ora’?>9

or a € (—o0,—3) U (3,) (3)

From (1), (2) and (3); a € (—o0,—3) U (3,58/14)
For points of extrema of opposite sign, equation
(1) has roots of opposite sign

=a€ (-33)

(9

foo=(1+ %)x,f(x) is defined if 1+~ > 0

x+1
= T>O=>(—oo,—1)u(0,00)

Now f/(x) = (1+2)" [In (1+3)+5=

14122
X
1 1 1
=(1+-)pn@+-)— ]
X X x+1

X
Now (1 + i) is always positive, hence the sign of

! . 1 1
f'(x) depends on sign of In (1 + ;) -—
1\ 1
LetgC) = In(1+3) -
1 -1 1 -1

g = Tt G T xa 12
X

(1) for x € (0,00),g"(x) <0

= g(x) is monotonically decreasing for x € (0, o)
= g(x) > lim g(x)

=>gx)>0

and sinceg(x) > 0= f'(x) >0

(2) forx € (—o0,—1),g'(x) >0

= g(x) is monotonically increasing for
X € (—oo0,—1)

= g(x) > lim g(x)
=>gx)>0=f'(x)>0

Hence from (1) and (2) we get f'(x) > 0 for all
x € (—o0,—1) U (0, )

= f(x) is monotonically increasing in its domain

Also lim,_, 4 o (1 + %)x =e

X
= 00

i (12) = o (142

The graph of f(x) is shown in figure

Rangeisy € (1,) — {e}

307 (d)
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309

310

f(x)=x+cosx—a=f"(x)=1—-sinx >0Vx
€ER

Thus f(x) is increasing in (—o0, ), as for

f'(x) = 0, x is not forming an interval

Also f""(x) = —cosx =0

T
=>x=(2n+1)5,nEZ

Hence infinite points of inflection
Now f(0) =1—a
For positiveroot1 —a < 0 = a > 1. For negative
rootl—-a>0=>a<1
(©
f(x) =3x* + 4x3 — 12x2
= f'(x) =12 (x3 + x? — 2x)
=12x(x — D(x + 2)

The sign scheme of f'(x) is as follows

- + - +

1 ] 1
T T

-2 0 1

The graph of the function is as follows

A
NZERV,

x=1
Thus, we have,
f(=2)=-32and f(1) = -5
Hence, range of the function is [—32, )
Also, f(x) = ahas noreal roots ifa < —32

(d)

()_x2—6x+4
flx Cx242x+4
_ 8x
x%+2x+4
) (x? +2x+4) —x(2x + 2)
f'(x)=-8 2 2
(x2+2x+4)
_ g —x2+4 . 8(x*—4)
- (x2 4 2x +4)2|  (x2 + 2x + 4)2

f'(x)=0=>x=2o0r-2
4-12+4 -4 -1

D=4y 123
( 2)_4+12+4_
f C 4—4+4
The graph of y = f(x) is as shown
y
5
©, 1) -
O 2 x y=0
-2 -1/3-;-|-/
Hence—§ <f(x)<5
(9

311

312

Since two points of inflection occur at x = 1 and
x=0
=>P"'(1)=P"(0)=0
2 P'(x) = a(x? —x)
x3  x?
>Px)=a|l—=———=|+b
x)=a <3 > ) +
Also, Given (d—y) =sec™'v2 =tan"!1
dx x=0

Hence, P'(0) =1,sob =1

x3  x?
>Px)=a|l=—-—=|+1

(%) a<3 2>+

x4— 3

Px)=a|=-=—

(x) a(12 6>+x+c
AsP(-1) =1
=>a(£+%)—1+c=1 =>%+c=2 (D
P(1) =

( 1)+1+ 1
= _— =

“\12 76 ¢

a+c (2)
= — — =

12

Solving (1) and (2),
Wehavea = 6and ¢ =%

4

e = 6( e pr gk
= = —_——— —_
x 12 6)7%"2

1 1 1 1
=>P(-1)=6(=+1)—1+2=1and P(0) =
3 2

x°  x
= P’(x) = 6<?—7> +1= (X— 1)2(2X + 1)
(<)
2,—X >0
Weh =2—m=fe'x—
e have f(x) = x“e x2e%, x <0
, e *(2x —x2),x >0
= =
f1e) {e"(x2 +2x),x <0
f(x) increases in (—o0, —2) U (0, 2)
and f(x) decreases in (—2,0) U (2, ©)
, e X¥(x?—4x+2),x=>0
= =
f1e) {e"(x2 +4x +2),x<0

f'(x) = 0 has four roots. Hence, four points of
inflection

(2)

y=x"

? =nx"1=ng"?!
x

1

Slope of normal = ——-—
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315

1

Equation of normaly — a" = ——= (x —a)
Put x = 0 to get y-intercept
— N 1. — n
y=a*+—=;Henceb =a" + ——
0 if n<2
lim,ob = % if n=2
o if n>2
9
3 _ 9
f(—)=O=>l1m|x2—3x|+aS0=>aS——
2 X3 4

Hence, greatest value of |4a| is 9

(6)

fG)=f6-x) (1)

On differentiating (1) w.r.t. x, we get

ff)=—-f6-x) (2

Puttingx = 0, 2,3,5 in (2), we get

f'(0)=—=f(6)=0

Similarly f'(2) = —f'(4) =0

f/3)=0

[ =-f1)=0

~flO)=0=f'@D=f'G)=06G)=f1
=f'(4) =f'(6)

~ f'(x) = 0 has minimum 7 roots in [0, 6]

Now, consider a function y = f'(x)

As f'(x) satisfy Rolle’s theorem in intervals

[0,1],[1,2],[2,3],[3,4],[4,5] and [5, 6]

respectively

So, by Rolle’s theorem, the equation f"'(x) = 0

has minimum 6 roots

Now g(x) = (£ ())° + £/ () f " (x) == h'(x),

where h(x) = f'(x)f" (x)

Clearly h(x) = 0 has minimum 13 roots in [0, 6]
Hence again by Rolle’s theorem, g(x) = h'(x) has

minimum 12 zeroes in [0, 6]

(%)

BC X CE = AC X CD

= (BC)(CE) = x(1 — x)
But BC = CE
BC = Jxd=2)
xVx — x?

2
4

= Area A=

x3—x

= A’=
2

316

317

318

319

dA?  3x?% —4x3
= =
dx 2

2
if %~ o
dx

= x = 3/4 which is the point of maxima

. . 33
Hence, maximum area is ETS

(2)
Given lim,_,q (% - ) =4
P(x
lim (3) =6
x-0 X

Consider P(x) = ax® + bx* + 6x3
= P’(x) = 5ax* + 4bx3 + 18x?
Now, P'(-1) =0 = 5a — 4b = —18
andP'(1) =0 = 5a+4b =-18

~ On solving, we geta = —Tm’ b=0

Hence, P(x) = _Tlng + 6x3
12

= P(1) = =

(4)

f"(x) =12x*+ 6ax+3=>0Vx ER

=36a%>—-144<0

= Number of non-zero integral values of ‘a’ is 4

= 2 [Herer = h,as 8 = 45°]

=a€[-2,2]

(5)

B

We have

dV_ 55 d (1 3>

dt act\3 "

szl T2
dt dt nr?

Now, perimeter = 27r = p(let)

4

> % (2nr) =2m (ﬁ) ==

1)

Whenh=2m=r=2m
d 4

Henced—i == 1m/s

(3)

f(x) = 4x

fl(x)=2x*+¢C

Given f'(-2) =1 =C=-7

afl(x)=2x2 -7

(2) (Using equation
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f(x) =§x3 —7x+C,f(=2)=0

0= 16+14+C=>C— 26
-3 -3
: ()—23 7 26—1(23 21x — 26)
..fx_gx X 373 X X
~ f(1) =-15
(1)
x3
fO)=——x=b

Sffx)=x2=-1=0

~x=1or —1

For three distinct roots f(x;) - f(x;) < 0 where
x; and x, are the roots of f'(x) = 0

—=S= = constant
T 2
2 2

Area of the circles A(x) = nr? = @; (x? +
y? =4r?)

T 25\*
A(x) = —|x? + (—)

4 X

nx 2mS?
A =2

(x) 2 x3

= x* =482
= x2=2§

xZ 2 ZS 2
ss2=2Y =Y

4 4

=>y2=2S

Therefore, least area of circle = nr? =
%(x2 + y?2) = 1S = 9 sq. units

9)

Lety = 2xtan™'x — In(1 + x?)
' = 2tan-1x + 2x 2x
e P A

323

>y >0Vx€eR,y <0Vx€ER™

=>y=>0,Vx€R

~ 4 —|[x]| takes the values 0, 1, 2, 3, 4

{ lal < 4 —|[x]1}

la| < 4 = |[x]] is satisfied by

a=0,%1,+2,43, +4,

Therefore, number of values of a is 9

(3)

We have f(x,y) = x2 + y2 — 4x + 6y

Let (x,y) = (cos @,sin @), then 6 € [0,7/2] and

f(x,y) = f(8) = cos? 8 + sin? 6 — 4 cos
+ 65sinf

f'(6) =6cosO +4sinf >0V0 € [0,m/2]

~ f'(80) is strictly increasing in [0, /2]

“f@min=f(0)=1-4+0=-3

324 (4)

325

326

We have f(0) = 2
Nowy — f(a) = f'(a)[x — a]

For x intercepty = 0, so

 f@ f@
T F@ T i@l
_f@ _1
@ 2

-~ On integration both sides w.r.t. a, we get
In f(a) = % +C

f(a) = Ce/?

f(x) = Ce*/?

fFO)=C= C=2

~ f(x) = 2e¥/?

Hencek=2,p=l:5=4
2 p

(3)

A, B, C are the 3 critical points of y = f(x)

At B, it has vertical tangent, hence non-
differentiable
At 4, it is non-differentiable

AtC,Z =0
dx

9)

=ax? + bx+C'd—y=2ax+b
Y "dx
Whenx=1,y=0=>a+b+c=0 (1)
ay =3and 2 =1
axly=1 axly=3
2a+b=3 (2)
6a+b=1 (3)
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Solving (1), (2) and (3)

G= TP EReE T,
~2a—b—4c=-1-4+14=9
(4)
1Lx< -1

f'(x) = {ZX. —1 < x <1f'(x) changes sign at

2(x—2),x>1
x=-1,0,1,2

Yy

M/I\/ .
-2-10| 1 2
(3)
Yo _leo3g=—latg =2
dx x 2 2 4

Also the point P for 8 = n/4is (2, 1)

Equation of tangentisy — 1 = — % (x—2)
orx+2y—4=0 (1)

This meets the curve whose Cartesian equation on
eliminating 6 by sec? § — tan?6 = 1is

V= @

x—1

Solving (1) and (2), we gety =1, —%
~x =25

. . . 1
Hence P is (2,1) as given and Q is (5, - E)

45 35
S P

(3)

_R(H—-h)
"mTH

Volume V =

=R e
T 3H2

) av _ TR?
“dh~ 3H?
B TR?2
" 3H2

ZY_oifh =2
dh 3

1_ R*(H-h)*

- h
3 H?

[(H—h)? —2h(H — h)]

(H — h)(H — h — 2h)

330

331

332

H . . . H
and h = 3 Isapoint of maximum = o= 3

(5)
y = x? andy:—g;quzandsz —g (D

Equating % at A and B, we get

2p=1‘_2
>pri=4 (1)
Y
() =x*
Ap, 9)
X
0
B(r, s)
_a-s _ P
NowmAB—p_r:Zp—p_r
= p?=2 +8:> 2 _ 16
pr=eprT = P =
16 16 10 % 0) 4
25> ——= = = =
il r r p
~r=1Lp=1
Hencep+ r = 5
(8

Let f"(x) = 6a(x —1)(a > 0)
2

= f'(x) = 6a (%—x>+b =3a(x*—2x)+b

Given f'(-1) =0

=29a+b=0=>b=-9a

= f'(x) =3a(x*-2x—-3)=0
=>x=-—1and3

So,y = f(—=1) and y = f(3) are two horizontal
tangents

= Distance between theses tangents =

lf3) = f(=DI=|-22-10]

(5)
Yy
y=3x y=30-2x

Yy y

0] X1 X2 X

A= (x3 —x1)y

y=3x;andy = 30 — 2x,
30—y y

A(ly) = -=

) ( 5 3)y

6A(y) = (90 — 3y — 2y)y = 90y — 5y2
64'(y) =90 — 10y = 0
=y=94"(y)=-10<0
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336

21
X1 = 3; Xy = 7

21 159 135
= A= (5 -3)9=5-=—
)

y=x34+x+16

d
(—y) =3x{+ 1
dx X1,Y1
23x2+1= 71

X1

=3x} +x; =x) +x, + 16
= 2x3 =16

=5x =2y, =26

& m=13

8

Since the graphs of y = e* and y = log,, x are
symmetrical about the line y = x, minimum
distance is the distance along the common normal
to both the curves, i.e., y = x must be parallel to
the tangent as both the curves are inverse of each
other
dy
dxly,

_ex1_1

= x;=0andy, =1
=> A=(0,1)andB = (1,0)
= AB =2
(4)
x2-2x-3>0
=>2x-3)x+1)>0
=>x<-lorx>3 (1)
Now, f(x) = logy /»(x* — 2x — 3)
_log.(x* —2x — 3)

log.(1/2)

2x — 2

I = Gog. /)2 — 25— 3)

For f(x) to be decreasing f'(x) < 0
x—1

~ Gog. /G - D+ D)

=>x>1 (2)

From (1) and (2); x > 3

(7)

x=t%4y=1t3

dx

337

338

339

dx 2

dy 3t

3t
y—t3=7(x—t2)

2k — 2t3 = 3th — 3t3

W t3=3th+2k=0 (1)
P R(h, k)
B
0 | ¥e
titot; = —2k (put tyt, = —1); hence t3 = 2k

Product of roots

Now t; must satisfy equation (1)

= (2k)® -3 (2k)h+2k =0
=>4y2—-3x+1=00r4y?=3x—1
=a+b=7

(5)

y = e®*b** passes through (1, 1)

= 1= ea+b

=2>a+b=0

also (%)(1,1) =

= eathx* . opx = —2
= el . 2p(1) = -2
=>b=-1landa=1

-2

=2a—3b=5

(1)

f(x)

:{ng’ + x? +3x+sinx|<3+sin(§)),x #0
0, x=0

Letg(x) = x3 + x? + 3x + sinx
o f'(x) =3x24+2x+ 3+ cosx

2x
=3(x2+?+1)+cosx

~3{(x+2) + 2 cosx >0
= X 3 9 Cos x

and 2 < 3+sin(§) <4

Hence, minimum value of f(x)isOatx =0
Hence, number of points = 1

(4)

Letx =rcosf,y =rsinf

= r?(1 +cosfsinf) =1

2

=7 _—
2 j—

= T j—

Page | 85



Page| 86

DCAM classes

Dynamic Classes for Academic Mastery




