Application of Derivatives

Questionl

Let g(x) = 3f(x/3) + f(3 — x) and f'(x) > 0 for all x€(0, 3). If g is
decreasing in (0, a) and increasing in (a, 3), then 8a is

[27-Jan-2024 Shift 2]
Options:

A.

24

B.

0

C.

18

D.
20

Answer: C

Solution:

g(x) = 3f( : ] +f(3-x)and ' (x) >0 vx € (0, 3)

| =

=f (x) is increasing function

g(x) = 3x %f( %} -£(3-x)

=f'( g)—f'(s—x)

If g is decreasing in (0, )
g(x) <0

f'( ’3—‘}—{(3—x)«=:ﬂ



f'( ;E_)c:f'(s-x)

-

= —<3—-x

=X = E
4

Therefore a =

E ]

Then Sa = 8x g 8

Question?2

Lo | b2

The function f(x) =2x +3(x) °, x € &, has

[29-Jan-2024 Shift 2]
Options:

A.

exactly one point of local minima and no point of local maxima

B.

exactly one point of local maxima and no point of local minima

C.

exactly one point of local maxima and exactly one point of local minima

D.
exactly two points of local maxima and exactly one point of local minima

Answer: C

Solution:



2

fE)=2x+3(x)°
-1

f=2+2 7

_ 1
—2(1+ _l)
o3

1 0
m

S50, maxima(M) at x=—1 & minima(m) atx=0

Question3

The function f(x) = —~——,x€ R —{-2,8}
X —6x—16

[29-]Jan-2024 Shift 2]

Options:

A.

decreases in (=2, 8) and increases in (—«, —2) U (8, »)
B.

decreases in (—«, —2) U (=2, 8) U (8, »)

C.

decreases in (—o, —2) and increases in (8, «)

D.
increases in (—«, —2) U (=2, 8) U (8, «)

Answer: B

Solution:



f)= ——
x —6x—16

Now,

i
f(x)= Llﬁ)q
(x"—6x—16)
£(x)<0

Thus f(x) is decreasing in

(=, —2)U (-2, 8) U (8. =)

Question4d

Let g:R-R be a non constant twice differentiable such that g'(1/2) =g

Y= l o(x)+e(2 —x
(3/2). If a real valued function f is defined as fx) = 5le@) g2 =], e

[30-Jan-2024 Shift 1]
Options:

A.

f'(x) = O for atleast two x in (0, 2)
B.

f’(x) = 0 for exactly one x in (0, 1)
C.

f(x) = 0 fornoxin (0, 1)

D.

f(3) 1 4) -1

vl

[SORRVS]

Answer: A

Solution:



- dlaiedi=t) o Bl) ()
f= B3 o 5) - ———=

1) and (1, %)

= rootsin (

b | =
b | e
R S

= f (x) is zero at least twice in ( ;

Question>

Let f(x) = (x + 3)2 (x — 2)3, x€[-4, 4]. If M and m are the maximum and
minimum values of f, respectively in [—-4, 4], then the value of M — m is :

[30-Jan-2024 Shift 2]
Options:

A.

600
392

608

D.
108

Answer: C

Solution:



f(x)=(x+3)"-3(x—2) +(x—2)°2(x +3)
=5(x+3)(x-2)(x+1)
f(x)=0,x=-3.-1,2

M

. 2
f4)=-216
F(=3)=0,£(4)=49 x 8§ =392
M =392, m=-216

M—-m=392+216=0608

Question6

If 57(x) —4f(i % ] =x>—2, Vx#0 and y = 9x’f(x), then y is strictly increasing in :

[1-Feb-2024 Shift 1]

Answer: B

Solution:



() + 41 }{) =2, Vx£0......(1)

Substitute x — =

On solving (1) and (2)

4 2
Sx =20 =4
fx)= S

Ox’

¥ =97 (x)

for strictly increasing

LI

dx

15"~ 1)>0

Question7

Letf: (0, 1) » R be a function defined by f (x) = - _1e_x, and

g(x) = (f(—x) — f(x)). Consider two statements
(I) g is an increasing function in (0, 1)

(IT) g is one-one in (0, 1)

Then,

[25-Jan-2023 Shift 1]

Options:

A. Only (I) is true

B. Only (II) is true

C. Neither (I) nor (II) is true

D. Both (I) and (II) are true

Answer: D
Solution:
Solution:
glx) = f(—x) - flx) = LFE
1—-e
R g'(x) — 2e 0

1—e)



= g is increasing in (0, 1)
= g is one-one in (0, 1)

Questiond

Let x = 2 be a local minima of the function

f(x) = 2x? — 18x% + 8x + 12, x € (-4, 4). If M is local maximum value of
the function fin (-4, 4), then M =

[25-Jan-2023 Shift 1]

Options:
A 12v6 - 2
B.12v6 — 2
C.18v6 — 2
D.18v6 —
Answer: A
Solution:
Sqlution:
f (x) = 8x> — 36x + 8 = 4(2x° — 9x + 2)
f(x)=0_

. V6 -2

. X =

2
No

W
£00 = (¥ -2x- )@ +4x - 1) +24x + 7.5

f(‘/G 2)=M=12\/€—2

2

2

Question9

Let the function f (x) = 2x> + (2p - 7)x> + 3(2p — 9)x — 6 have a maxima
for some value of x < 0 and a minima for some value of x > 0. Then, the
set of all values of p is

[25-Jan-2023 Shift 2]

Options:

A (3e]



Answer: C

Solution:

Solution:

f(x) =25+ (2p—-7)x*+3(2p-9)x— 6
f(x) = 6x> +2(2p — 7)x + 3(2p — 9)
£(0)<0

S 32p—9) <0

Questionl0

If the equation of the normal to the curve y = #(Xa_z) at the point

(1, —3) is x — 4y = 13 then the value of a + b is equal to .
[29-]Jan-2023 Shift 2]

Answer: 4

Solution:

Solution:

_ X—a
Y= x+b)x=2)
At point (1, —3),

3. 1-9
(1+Db)(1-2)
s1-a=3(1+b)...(1)
_ X—a
Now.y = c¥mx=2)
_dy _ (x+b)(x—2)x(1)-(x—a)2x+b—2)
dx (x + b)%(x — 2)°
At (1, —3) slope of normal is + hence ¥ = —4, 50, —4 = L+ b)(—l)z— 1 = a)b
4 dx (1 +b)%(—=1)

Using equation (1)
(L+Db)(=1)—=3(b+1)b

= —4 =
(1 + b)?
4 _ (=1)-3b _
= 4—7(14_})) (b=-1)
=b=-3
So, a=7

Hence, a+b=7-3=4

Questionll



Let ay, a,, ..., &, be the roots of the equation x’+ 3x” — 13x> - 15x = 0
and [o,|=z | a, | =...2 | o ].

Then o, a, — 0;0a, + a5, is equal to .

[29-Jan-2023 Shift 2]

Answer: 9

Solution:

Solution:

Given equation can be rearranged as

x(x®+3x* - 13x* - 15) = 0

clearly x = 0 is one of the root and other part can be observed by replacing x* = t from which we have
t?+3t2-13t—-15=0

= (t—3)(t*+6t+5) =0

So, t=3,t=-1,t=-5

Now we are getting x? = 3, x? = -1, x* = -5

=x = +V3, x = i, x = +V5i

From the given condition |o,|= | a, | =....=2 | a,|

We can clearly say that |a,| = 0 and

andlag| = V5 = | ay]

and |o,| = V3 = | o] and Jo,| =1 = | a]

So we can have, «, = V5i, a, = —V5i, ay = V3i,
o, = —V3, a5 =1, 05 = —i

Hence

o0, — 0300, + 05U
=1-(=3)+5=9

Questionl2

The number of points on the curve y = 54x° -

135x* — 70x> + 180x° + 210x at which the normal lines are parallel to
x+90y+2=0is:
[30-Jan-2023 Shift 1]

Options:
A. 2
B.3
C.4
D.0

Answer: C

Solution:



Normal of line is parallel to linex + 90y + 2 =0

1
m,=— ==

N 90
dx 1 dy
( dy)(xlyl) 90 ( dx ! xy,)
Now,
% — 270x* — 540%° — 210x% + 360x + 210 = 90
(4) normals
(]

Questionl3

If the functions f(x) = X + 2bbx + % and g(x) = % + ax + bx?, a = 2b

have a common extreme point, then a + 2b + 7 is equal to
[30-Jan-2023 Shift 2]

Options:
A 4

3
B. >
C.3

D.6

Answer: D

Solution:

S,olution:

f(x) = x* 4+ 2b + ax
g'(x)=x2+a+2bx
(2b—a)—-x(2b—-a)=0

S.x =1 isthe common root

Put x=11in f(x)=0 or g(x) =0
1+2b+a=0

7+2b+a=6

Questionl4

A wire of length 20m is to be cut into two pieces.
A piece of length /, is bent to make a square of area A, and the other

piece of length /, is made into a circle of area A,. If 2A, + 3A, is
minimum then (m,) : £, is equal to:

[31-Jan-2023 Shift 1]

Options:

A.6:1

B.3:1



C.1:6
D.4:1

Answer: A

Solution:

Solution:
d/

— 2 _

11+12—20=>d—ll——1
A= {2) anda=n( )
1=\ 7/ and Ay =m| 5
0> 3L°
LetS=2A1+3A2=—+H

8
I I
4 41 L,
Questionl15
1 + sin %x cos’x sin 2x
Let f(x) = sin’ 1+4cosx sin2x , X E [ %, %] . If a a B respectively
sin %x cos?x 1 + sin 2x

are the maximum and the minimum values of f, then
[1-Feb-2023 Shift 1]

Options:

A B2 —2vo = 22
B.B%+ 2vVa = 22
C.o> —p*>=4v3
D. o’ + [32 = %

Answer: A

Solution:
Solution:
C,»C, +C,+C4
2 + sin 2x cos?x sin 2x
f(x) = 2 4+sin2x 1+cos’x  sin2x

2 + sin 2x cos’x 1 + sin 2x

1 cos?x sin 2x
f(x) = (2 + sin 2x) 1 1+ cos’x sin 2x

1 cos?x 1 + sin 2x



R)-R, - R

Ry» Ry - Ry

1 cos’x sin2x
0 1 0

0 O 1
= (2 + sin 2x)(1) = 2 + sin 2x

=sin2x€[‘/7§,1]

f(x) = 2 + sin 2x)

Hence 2 + sin 2x € [2+ \/733]

Questionlo6

Let f (x) = 2x + tan™ 'x and g(x) = loge( {1+x%+ x), x € [0, 3]. Then
[1-Feb-2023 Shift 1]

Options:

A. There exists x € [0, 3] such that f(x) < gr(x)

B. maxf (x) > max g(x)

C. There exist 0 < x; < x, < 3 such that f(x) < g (x), Vx € (x, X,)
D. minf(x) = 1 + max g'(x)

Answer: B

Solution:

Solution:
f(x) = 2x + tan"'x and g(x) = In({1 + x* + x) and x € [0, 3]

1
X
0<x259

1=1+x*=<10

So, 2+ 1—10sf'(x)s3

%<f(x)<3 and \/i_osg'(x)s1

option (4) is incorrect

From above, g (x) < f(x) Vx € [0, 3]

Option (1) is incorrect.

f(x)&g (x) both positive so f(x)&g(x) both are increasing
So, max(f(x). atx =3is6+tan™'3

Max(g(x) at x = 3 is In(3 + v10)

And 6 + tan™!3 > In(3 + v10)

Option (2) is correct

Questionl?

If f (x) = x° +g(1)x+g (2) and
g(x) = f(l)x +xf (x)+f (X),



then the value of f (4) — g(4) is equal to
[1-Feb-2023 Shift 1]

Answer: 14

Solution:

Solution:
f(x)—x +g(1)x+g( )
( )—2X+g(1)
f(x) = ,
g(x) ( )x +x[2x+g(1)] + 2
g(x) = 2f(1)x + 4x + g (1)
g(x) = 2f(1)+4
g(X)
2f(1 )+4— 0
f(1) = -2
—2=1+g(1)=g(l)=-3
So, f(x)=2x-3
f(x)=x2—3x+c

c=0
f(x) =x?—-3x
gx) =-3x+2

f(4) — g(4) = 14

Questionl8

Let f : R » R be a differentiable function such that f '(x) + f(x) = if (t) dt.

If £(0) = e”2, then 2f (0) — £ (2) is equal to
[1-Feb-2023 Shift 1]

Answer: 1

Solution:

dy
dx

y
f(0

+y=k

ke+c

e
) -2

(0
= Cc= e_2 -k
L y=k+(e*—k)e ™™
> k=e?-1
Ly=(e?=1)4+e’¥
f(2) =2e % -1, f(0) =e”?
2f(0) — f(2) = 1



Questionl19

The sum of the abosolute maximum and minimum values of the function
f(x) = | x> -5x+6 | =3x + 2 in the interval [-1, 3] is equal to :
[1-Feb-2023 Shift 2]

Options:
A. 10
B. 12
C.13
D. 24

Answer: A

Solution:

Solution:
f(x) = |x*—5x+6|—-3x+2

x*-8x+8 ;x€[-1,2]
f(x) = .
—x>+2x—4 ;X € [2, 3]

max =17
mn=-17

Question20

Let the tangents to the curve x>+ 2x — 4y + 9 = 0 at the point P(1, 3) on
it meet the y-axis at A. Let the line passing through P and parallel to the
line x — 3y = 6 meet the parabola y* = 4x at B. If B lies on the line 2x—
3y = 8, then (AB)2 is equal to

[6-Apr-2023 shift 1]



Answer: 292

Solution:

C:x*+2x—4y+9=0
C:(x+1)%=4(y-2)
TP(1'3):x-1+(x+1)—2(y+3)+9=0
12x—=2y+4 =0

Tp:x—y+2=0

A: (0, 2)

Line | to x—3y =6 passes (1,3) is x—3y+8=0
Meet parabola :y2 =4x

=y’ = 4(3y - 8)

>y?—12y+32=0
=(y—-8)(y—4)=0

= point of intersection are

(4, 4)&(16, 8) lieson 2x—3y =8
Hence A: (0, 2)

B: (16, 8)

(AB)? = 256 + 36 = 292

Question21

Let a curve y = f(x), x € (0, ) pass through the points P ( 1, % ) and

Q ( a, % ) . If the tangent at any point R(b, f (b)) to the given curve cuts
the y-axis at the points S(0, c) such that bc = 3, then (PQ)? is equal to

[6-Apr-2023 shift 2]

Answer: 5

Solution:

Equation of tangent at R(b, f(2)) is
y — f(b) = f(b) - (x — b)
which passes through (0, c)
= ¢ — f(b) = f(b) - (—b)
3

= <~ £(b) = f(b) - (D)

_, bf(b)—f(b) _ _ 3

b? b’
flb)Y _ _ 3 _ f(b) 3
= d( T) = § = — 4+ A
Which passes through (1, 3/ 2)
3 3

= §= §+}\=>2\.=0

_1_1_ 3 _
fa)=5=3=gp=b=3



=c=1=0Q(3,1/2)
=PQ?=2%2+(1)>=5

Question22

The number of points, where the curve y = x> — 20x> + 50x + 2 crosses
the x-axis is :
[6-Apr-2023 shift 2]

Answer: 5

Solution:

Solution:
y=x5—20x3+50x+2

% = 5x* — 60x% + 50 = 5(x* — 12x% + 10)

dy _0sxt-12x*+10 =0

dx
2 12++v144 — 40
= X = 5

>x’=6+V26=>x*~6=%5.1
2

=2x"=11.1,0.9

=>x==+3.3, £0.95

f(0) = 2, f(1) = +ve, f(2) = —ve
f(—=1) = —ve, f(—-2) = +ve

The number of points where the curve cuts the x-axis = 5.

Question23

A square piece of tin of side 30 cm is to be made into a box without top
by cutting a square from each corner and folding up the flaps to form a

box. If the volume of the box is maximum, then its surface area (in cm? )
is equal to :
[10-Apr-2023 shift 1]

Options:
A. 800
B. 1025



C. 900
D. 675

Answer: A

Solution:

Solution:
Let the side of the square to be cut off be xcm.
Then, the length and breadth of the box will be (30 — 2x) cm each and the height of the box is x cm therefore,

J LJN

(30 — 2x) em

il v
€ > Xcm

30 em
The volume V (x) of the box is given by
V (x) = x(30 — 2x)*

4V _ (30 - 2x)? + 2x x (30 — 2x)(—2)

X

= (30 — 2x)? — 4x(30 — 2x)
= (30 — 2x)[(30 — 2x) — 4x]

= (30 — 2x)(30 — 6%)

=15,5

# 15 (Not possible)

{~V =0}

(Not possible)

Surface area without top of the box = [b + 2(bh + h{)
= (30 — 2x)(30 — 2x) + 2[(30 — 2x)x + (30 — 2x)x]
[(30 — 2x)% + 4{(30 — 2x)x}.

[(30 — 10)% + 4(5)(30 — 10)]

400 + 400

= 800cm”

d
0
0
0
X
X

Question24

Let g(x) = f(x) + f(1 — x) and f'(x) > 0, x € (0, 1). If g is decreasing in the
interval (0, a) and increasing in the interval (a, 1), then

tan"!(2a) + tan™?! ( el ) is equal to
[10-Apr-2023 shift 2]

Options:

51
A. T

c. 3u
p. 3

Answer: B

Solution:



Solution:

g(x) = f(x) +f(1 —x)&f (x) >0,x € (0, 1)
gx)=fx) -f(1-x%x)=0
=f(x)=f(1-x)

x=1-x

1

2

gx)=0

at x =

X =

1
2

g0 = f (x
g is concave

1

2

tan™!'2a + tan™! 1 +tan~ ' 2 + 1
o «

tan”!1 +tan"!2 +tan" '3 =1

)+f(1-x%x)>0
up
hence a =

Question25

In the figure, 6, + 0, = 7 and v3(BE) = 4(AB). If the area of ACAB is
2v3 — 3 unit 2, when % is the largest, then the perimeter (in unit) of

ACED is equal to

P
%2 Op
m| Y
A B
[10-Apr-2023 shift 2]
Answer: 6
Solution:
]'.
X tan 0,
i,
C D
X
X tan ﬂ_
n:
A X B

V3 BE = 4 AB



Ar(ACAB) = 2Vv3 — 3
Ixtan®, = 2v3 - 3
BE = BD + DE

= x(tan 61 + tan 62)
BE = AB(tan 61 + cot 91)

%tane1 + cot, = tan®, = V3, L

V3
I I
91 = 6 92 = g
I I
61 = g 92 = 6
e2- .n _ Oh _ @I
as 6_1 is largest .0, = 662 3
2= (2/3-3)x2 _ V3(2-V3)x2
B tan6, tan I
ana
x* =12 - 6V3 = (3 - V3)?
x=3-V3
Perimeter of ACE D
=CD+DE +CE B
=3V3+(3-V3)W3+(3—-V3)x2=6
Ans. (6)
Question26

Let the quadratic curve passing through the point (-1, 0) and touching
the line y = x at (1, 1) be y = f(x). Then the x-intercept of the normal to
the curve at the point (a, a + 1) in the first quadrant is .
[10-Apr-2023 shift 2]

Answer: 11

Solution:
Solution:
f(x) = (x + 1)(ax + b)
1=2a+2b
f'(x) = (ax + b) + a(x + 1)
1=(3a+b)
sb=1/4,a=1/4

2

2

fw)=3+1a+l= et o>
a+1=4

a =
normal at (3, 4)

y—4=—%(x—3)
y=0x=8+3
Ans. 11

Question27



Let f : [2, 4] » R be a differentiable function such that

(xlogex)f'(x) + (log x)f (x) + f(x) = 1, x € [2, 4] with f(2) = % and f(4) = %.
Consider the following two statements :

(A) :f(x) =1, forall x €[2, 4]

(B): f(x) = %, for all x € [2, 4]

Then,
[11-Apr-2023 shift 1]

Options:

A. Only statement (B) is true

B. Only statement (A) is true

C. Neither statement (A) nor statement (B) is true
D. Both the statements (A) and (B) are true

Answer: D

Solution:

Solutiqn:
I nxff(x) + Inxf(x) + f(x) = 1, x € [2, 4]
1

And £(2) = %,f(4)= x

Now xInx, %+ (In+1)yy=1

%(y-xlnx) =1
4 (f(x)-xInx) = 1
dx

- 4 xInxf(x)—x) =0, x €[2, 4]
dx

= The function g(x) = xInxf(x) —x is increasing in
[2, 4]
And ¢g(2) =2In2f(2)—2=In2-2
g(2) =4In4f(4)—4=1nd -4
=2(In2 - 2)
Now g(2) = g(x) = g(4)
In2 -2 =xlnxf(x) —x<2(n2-2)

1n2—2+isf(x)52(1n2—2)+i

xInx Inx xInx Inx

Now for x € [2, 4]

2(In2-2) 1 2(ln2-2) 1 _ . 1
xInx T Inx = 22 1n2_1 1n2<1

S f(x) = 1 for x € [2, 4]
m2-2, 1 _In2-2, 1 _1, 1 _1
xInx | Inx- 4nd T mda- 8T 22 B

of(x) = % for x € [2, 4] Hence both A and B are true.

Question28
If the local maximum value of the function

_ sin “x 8 8
£ (x) = ( V3e ) , X € (0, g),is k, then ( g) + 1§+k8isequalto

2sin x

[12-Apr-2023 shift 1]




Options:

A e +ef+ell
B. e’ +ef + e!!
C.ed+e° +ell
D.e*+e%+ el

Answer: A

Solution:
Solution:
J— .2

_ \/Se Sin X
Let y = ZSinx)
Iny = sin ’x-In 2\s/isnex )
1 V3e . .2 2sinx V3e,
yy —ln( ZSinx) 2sinxcosx + sin “x V36 - (—cosecx cotx)
= sinxcos[2ln ZZi?)nex) -1 ] =0
=>1n( 362 ) =1= —382 —e=sinZx= 3

4sin X 4sin “x 4
=sinx = ‘/73( as x € (O, %))

5\ 3/4

= localmax value = ( %) =38 = lg

- k8 = el!

8 8
i(l_{) rE ol et el
€ e

Question29

max { x — 2sin xcosx + :sin 3x } =
[13-Apr-2023 shift 1]

Options:

A. 0

B. o

C. 5o + 26+ 3v3

o+2-3V3
D. —%—

Answer: C

Solution:



f(x) = x —sin 2x + %Sin 3x

f(x) =1-2cos2x+cos3x =0
_5nm

T 6'6

f”(x) = 4sin 2x — 3sin 3x

Question30

The set of all a € R for which the equationx |[x-1 |+ |x+2|+a=0
has exactly one real root, is
[13-Apr-2023 shift 1]

Options:

A. (=, —3)
B. (-, »)

C. (-6, =)

D. (-6, —=3)
Answer: B

Solution:

fx)=x|x—-1|+|x+ 2]
X|x=1|+|x+2]|+a=0
x|x=1|+|x+2| =-a

All values are increasing.

Question31

Consider the triangles with vertices A(2, 1), B(0, 0) and
C(t, 4), t € [0, 4]. If the maximum and the minimum perimeters of such
triangles are obtained at t = a and t = B respectively, then 6a + 21 is

equal to
[15-Apr-2023 shift 1]



Answer: 48

Solution:

A(2, 1), B0, 0), C(t, 9) -t £ [0, 4]

1 B0

B1(0.8)=image of Bw.rt y=4

for AC +BC +~ AB to be minimum

m =__:l|
AB 2

line AB,=7x+2y=16

]

[

4 :]

=
e le

For max. perimeter

¢ (4.4)

B{0.0) %(1.1] -

AB=+/5 -BC=4v2 AC =413

B+ 215=24+24=48

Question32

The number of distinct real roots of the equation
x —7x—-2=0is
[24-Jun-2022-Shift-2]

Options:
A.5
B.7
C.1
D.3

Answer: D

Solution:



Given equation x —Tx—2=0
Let ) =x —Tx—2
Ff=T-7=7"-1)
andf'(.-c)=0 =x=-1

and f(-1)=-1-7-2=35>0
f)=1-7-2=-8<0

So, roughly sketch of f(x) will be

A\
/N

So, number of real roots of f{x)=0and 3

Question33

Let 2* be the largest value of A for which the function
f.(x) = A2x> — 362x% + 36x + 48 is increasing for all x € R. Then

f..(1) +f,.(—1) is equal to :
[24-Jun-2022-Shift-2]

Options:
A. 36
B. 48
C.64
D. 72

Answer: D

Solution:
uf () = 42x° = 36/x" +361 - 48
of ()= 1205 — 67x = 3)

For f,(x) increasing: (61)’ —121=0

AAE ['IL 33]

A

Lpd | =

Now, £, * (x) = gf —12x2+36x+48

w . N
SO+ ED=TI -1 5=T2



Question34

Let f(x) be a polynomial function such that f(x) + f (x) + f (x) = x° + 64.
Then, the value of ;im - is equal to:

i x—1

[25-Jun-2022-Shift-1]

Options:
A. -15

B. —-60

C. 60

D. 15
Answer: A

Solution:

o 2

SRR S Sl |

FEO+F ) +f () =x" +64

Let fix) = Crat bt tdxte
F)=5x" +4ax +3bx" = 2ex+d

F (x) =202 + 12ac +65x + 2¢
X(a+3)x' +(b+4a+200 + (c+3b+12a)" +(d +2c +6b)x+e+d +2c=x +64
=2a-5=0

b~4g+20=0

ce+3b+12a=10

d+2ec+6b=0

etd +2c=64

ca=—-3,5=0¢c=60d =-120, e=64
Af(0) =x = 52" = 60x" — 120x + 64

$ane s Toopens
NOW. lim X —3x 50.‘(1 120x + 64
x—1 r-

: 0
is{ = form
( 5 form)

By L' Hospital rule

oot -2 +120x-120
lim

x—=1 1

=-15



Question35

Letf :R->Randg: R - R be two functions defined by
f(x) = loge(x2 +1)-e ¥+ 1 and g(x) = ~——=%-. Then, for which of the

following range of a, the inequality f ( ( ) ) > f ( ((x - —) )
holds ?

[25-Jun-2022-Shift-1]

Options:

A. (2, 3)

B. (-2, -1)

C. (1, 2)

D.(-1,1)

Answer: A

Solution:
f)=log (X’ + 1)—e *+1

f(x} — 12.1’ ol

¥ +1

ox)=e -2
g-{x}— —e =26 =0 ¥YxeR
=f(x) Is Increasing and g (x) is decreasing function.

(= l}

L)) >r(efa-2))

=(a—-2)a-3)<0

—a€(2.3)



Question36

Water is being filled at the rate of 1cm? / sec in a right circular conical
vessel (vertex downwards) of height 35 cm and diameter 14 cm. When

the height of the water level is 10 cm, the rate (in cm? / sec ) at which
the wet conical surface area of the vessel increases is
[25-Jun-2022-Shift-2]

Options:

A. b

Va1
B 5
C. V26

V26
D. W

U-I’

Answer: C

Solution:

2
2, h°
h+25

_ ol - h\/
Now,S—Hrl—n(g)
_, dS _ 2v26mh dh _ 2v26

_ O o2
= 5£v26h

dt 25 __dt'" h
ds V26




Question37

If the angle made by the tangent at the point (x,, y,) on the curve

x = 12(t + sintcost), y = 12(1 + sint)?, 0 <t <

is 3, then y, is equal to:
[25-Jun-2022-Shift-2]
Options:

A. 6(3 +2v2)

B. 3(7 + 4V3)

C. 27

D. 48

Answer: C

Solution:

Ldy _

24(1 + sint)cost _ 1+sint _

" dx 12(1 + cos2t)  cost

(X ¥,) 2
= I
=t = 6
- I
So —12(1+sm6

II

27

with the positive x-axis



Question38

Letf(x) = | (x-1)(x*-2x-3)| +x -3, x € R. If m and M are
respectively the number of points of local minimum and local maximum

of f in the interval (0, 4), then m + M is equal to
[25-Jun-2022-Shift-2]

Answer: 3

Solution:

f(x)= |(x=1)(x+1)(x—-3)| +(x—3)
(x-3)x)) 3=x=4

f(x) = (x=3)2-%%) 1=x<3
(x-3)(x%) O0<x<l.
3x% — 6x 3<x<4

f(x) = -3 +6x+2 1<x<3
3x% — 6x O<x<l1.

f(3")>0 f(37) <0—- Minimum

f(1Y)>0 f(17) < 0> Minimum

X € (1, 3)f (x) = 0 at one point - Maximum
x € (3, 4)f (x) = 0

X € (0, Nf (x) =0

So, 3 points.

Question39

The sum of the absolute minimum and the absolute maximum values of
the

function f (x) = 3x — x* + 2 | =x in the interval [—-1, 2] is :
[26-Jun-2022-Shift-1]

Options:

A V17 +3




Answer: A

Solution:

x:—-l-:r:—E Wx € [—1 3_;F]
fix)=
-v17 ,)

4252 Yy E [ BT._]

B—VF]

FfEywhenx e [ -1,

f)=2x-4=0=>x=2
flx)=2Ax-2) =f(x)is always |
f)=2/(-1)=3

e R

f

37 )

]
.
a4 = ]
F

f(x)when x € [

Fx)y=—2x+2

fy=-2—1)
FfEy=0whenx=1

Fl) =3

=

s -3 :
absolute minimum value = absolute maximum value =3

[

Sum =
2 2

Question40

Let S be the set of all the natural numbers, for which the line -+ { =2

is a tangent to the curve ( g)n + ( %)n = 2 at the point (a, b), ab = 0.

Then :
[26-Jun-2022-Shift-1]

Options:
A.S=¢
B.n(S)=1



C.S={2k:ke N}
D.S=N
Answer: D

Solution:

Solution:

v M

(2) =l 7] =

Differentiating both sides with respect to x, we get

...J‘J_ﬁ]- ¥ N 1
= () et s o
l ¢ -._1
dy ;wi]
= 4y _
er l" l.]?!—l
B\ B
:_é['ﬁ'"_l
a\ ya
Now, 2% at(a, b)=—2 @T—l??
" dx 2 al ba a

Equation of tangent at (a, &) is,

w-0=-26-a

a
av—bz_x—a
b a
=>¥_1=-241
b a

X, ¥
==+ ==2
a &

-~ It is tangent for all value of ».

Question41l

Let f(x) = 2cos 'x + 4cot ™ x - 3x* — 2x + 10, x€[-1, 1]. If [a, b] is the
range of the function f, then 4a — b is equal to :
[26-Jun-2022-Shift-1]

Options:
A 11

B.11-m
C.11+m
D.15—-m

Answer: B

Solution:



Solution:

flx)= 2cos xtdeot k-3 —2x+ 10 ¥x [-1,1]

Sfe=-—2— - 3 —6x-2<0vxe[-L1]
Vi—x" 1+x

S0 fix) is decreasing function and range of £(x) is [f(1), f(—1)], which is [z + 3. 57+ 9]
Now 4a—b=4(x+3)— (57 +9)

=1l-=x

Question42

Consider a cuboid of sides 2x, 4x and 5x and a closed hemisphere of
radius r. If the sum of their surface areas is a constant k, then the ratio
X : I, for which the sum of their volumes is maximum, is :
[26-Jun-2022-Shift-2]

Options:
A.2:5
B.19:45
C.3:8
D.19:15

Answer: B

Solution:

Solution:

ax

132x Z=+6ar=0
dr

dx _ —bmr

dr 132>

Now 7 =40+ + %M

281203 8% opt =g

dr dr
2 —bm r b
i) . = 4 =
=120x [_ T 2ar =0

Question43

If y = y(x) is the solution of the differential equation



X % + 2y = xe™, y(1) = 0 then the local maximum value of the function

z(x) = x’y(x) — e, x € Ris :
[26-Jun-2022-Shift-2]

Options:
A.l-e

B.0

C. 1

D. % —e

Answer: D

Solution:

Solution:

2 d—1 +2v=x&,3(1)=0
adx

r fid.t

ay 2 x Sy B 2
=2+ Zy=g then e ¥ dx=x
ax  x

Fosipadiany
yox =lxddx
A 1 {m~, %71
w =x"¢ — | 2xe'dx

2 x x -
=x"¢ —2xe —&)+c
w=xd -2+ 28 ¢
e ST, D T
M =0 —Ix+2N te
O=etec=>c=—¢
VME).x e =x-1ye—e

1 x

Hx)=(x—1)ye—e
For local maximum z{x} =0
WD+ (x—1)e =0
ax==]

And local maximum value =z(—1)

=_—g
=]

Question44

The number of distinct real roots of x* — 4x + 1 = 0 is:
[27-Jun-2022-Shift-1]

Options:
A 4

B. 2



C.1
D.0O

Answer: B

Solution:

Solution:
f(x)=x*-4x+1=0
fx)=4x>-4
=4(x-1)x*+1+x)
fi-1) = =2 y

./
Y

-2

Question45

The lengths of the sides of a triangle are 10 + x, 10 + x* and 20 - 2x°. If

for x = kK, the area of the triangle is maximum, then 3Kk? is equal to:
[27-Jun-2022-Shift-1]

Options:
A.5

B.8

C. 10

D. 12

Answer: C

Solution:

Solution:

AD=10-x

-?0*

u

A D B
CD = V(10 +x%)% = (10 — x°)? = 2v10]x|




Area = %xCDxAB= %XZ\/E|X|(20—2X2)

A=v10|x]| (10 -%x%
d—A=\/EJ§[(10—x2)+\/ﬁ|x|(—2x) -0
dx X

=10 —x% = 2x°

3x* =10

x =k

3k? =10

Question46

If m and n respectively are the number of local maximum and local

2
minimum points of the function f (x) = [* ':2;_?7:{4(1 t, then the ordered
0

pair (m, n) is equal to
[27-Jun-2022-Shift-2]

Options:
A. (3, 2)
B. (2, 3)
C. (2,2)
D. (3, 4)

Answer: B

Solution:

Solution:
¥ .2
t°—5t+4
fx)=[] —————
) 0 2 +et
xt—5x2+4
2
2 +e°
x=00r(x*—4)(x*-1)=0
x=0,x==%2, x1
2x(x+ 1)(x— 1)(x+ 2)(x—2)

dt

f(x) = 2x

Now, f (x) = .
, (e +2)
f(x) changes sign from positive to negative at x = —1, 1 So, number of local maximum
points = 2
f(x) changes sign from negative to positive at x = —2, 0, 2 So, number of local minimum
points = 3
m=2,n=3
L]
Question47

The number of real solutions of x’ + 5x> + 3x+ 1 = 0 is equal to
[28-Jun-2022-Shift-1]

Options:
A. 0



B.1

C.3

D.5
Answer: B
Solution:

f(X) =x" +5x° +3x+1
f(x) =7x°+15x*+3 >0
~f (x) is strictly increasing function

X —®,y—>—xn
X = 0,y > ©
.. no. of real solution =1

Question48

Let I be a line which is normal to the curve y = 2x” + x + 2 at a point P
on the curve. If the point Q(6, 4) lies on the line I and O is origin, then
the area of the triangle OPQ is equal to___

[28-Jun-2022-Shift-1]

Answer: 13

Solution:
(xl.r Yl)
Q(6, 4)
y, —4 1




2x12+x1—2 1

X, -6 =_4x1+1
=6 —x, = 8x,” + 6x,° — 7x, — 2
=8x,” +6x,°—6x, -8 =0
Sox;=1=y,=5

=

001
Area = 6 4 1 | =13.
1 51
Question49

Let the slope of the tangent to a curve y = f(x) at (x, y) be given by

2tanx(cosx —y). If the curve passes through the point ( TR ) , then the

value of "/ ?yd x is equal to:
0

[28-Jun-2022-Shift-2]

Options:
— V9 iy
A.(2-V2)+ 7
-
B.2 5
I2) II
C.2+V2)+ 7
II
D.2+ vl
Answer: B
Solution:
dy

aix - 2tanx(cosx —y)

dy e
= Ix + 2tanxy = 2sin x
I . F.= ethanxdx _ SeCZX
. Solution of D.E. will be
y(x) sec’x = [ 2sin x sec’x dx
y sec’x = 2 secx +
0]

" Curve passes through (
nC=—2V2 _
.y = 2cosX — 2V2c0s’x

m/ 2 m/2 _
] ydx= [ (2cosx — 2v2cos*x)dx
0 0

NE

Question50



A wire of length 22m is to be cut into two pieces. One of the pieces is to
be made into a square and the other into an equilateral triangle. Then,
the length of the side of the equilateral triangle, so that the combined
area of the square and the equilateral triangle is minimum, is :
[29-Jun-2022-Shift-1]

Options:

22
A. —
9 +4v3

66
B. —
9+4v3

C. —22 _
4 +9v3

66
D. —
4 +9V3

Answer: B

Solution:

Solution:

a b
4a + 3b = 22
Total area = A =a’+ ‘/—3

=(22—3b) +v_32

ﬁ_z( 22—3b)(
% —(22—3b)

=4V3b = 66 9b
66 _
9+4v3

)+— 2b =0

Question51

Let f : R - R be a function defined by f (x) = (x - 3)"(x - 5)">, n;, n, €N.

Then, which of the following is NOT true?
[29-Jun-2022-Shift-2]

Options:

A.Forn, =3,n, =4, there exists a € (3, 5) where f attains local maxima.
B.Forn, =4,n, =3, there exists a € (3, 5) where f attains local minima.

C. For n, = 3, n, =5, there exists a € (3, 5) where f attains local maxima.



D. For n; = 4, n, = 6, there exists a € (3, 5) where f attains local maxima.
Answer: C

Solution:

Solution:

2 .2
lim (i( 12)51n (rIx)
x»1X —2Xx°+2x—-1

2 .2
im (x2— 1)sin (sz)
x»1 (X*—=1)(x—-1)
- lim sin 2(Hx)

x-1 (x —1)2

Letx=1+h
Swhenx—->1thenh->0

_ iy S0 2(m(1 +h))
o0 (14+h-—1)°
- lim sin 2(th)
h-0 h?
— limp?x S0 Z(mh)
h-0 (mth)?
=m’x1
= H2

Question>2

Let f and g be twice differentiable even functions on (-2, 2) such that
£(1) =0,£(1) =0,£(1)=1andg( 2) =0, g(1) = 2. Then, the

minimum number of solutions of f (X)g"(x) + f '(X)gl(x) =0in (-2, 2) is
equal to
[29-Jun-2022-Shift-2]

Answer: 4

Solution:

Solution: ,
Let h(x) = f(x)g(x) = 5 roots
~f(x) is even =

f(3) =l z) =dl=3) =elg) =
g(x)iseven:g( %) =g(_%) —0

g (x) = 0 has minimum one root
h (x) has at last 4 roots

Questionb3



The surface area of a balloon of spherical shape being inflated,
increases at a constant rate. If initially, the radius of balloon is 3 units
and after 5 seconds, it becomes 7 units, then its radius after 9 seconds
is:

[24-Jun-2022-Shift-1]

Options:
A9

B. 10

C. 11

D. 12

Answer: A
Solution:

We know,

Surface area of balloon (1) = amt

Lds _ d 2
T e

= ds
ot
ds dr

= —— =Barn —

at di

dr
=dg(2ryx =
ks

Given that, surface area of balloon is increasing in constant rate.

? = constant =k (Assume)
¢

=k=&1r E
i

=[kdt=]8mdr

#
=ki=8gx T+

ski=dmr <o (1)
Given at : =0, radius r=3
So, 0 =473+ ¢
—e=—36m

~ Equation (1) becomes
k= 4m - 360

Also given, ati=3, radius r=7
SR(5) = 4n(TY - 36
=k=32xm

-~ Equation (1} is

327t =4’ — 362
Nowatr=2

=327(0) = 4o — 36a
=Bx9=7"-9

= =81=2r=9




Question54

For the function
f(x) = 4log (x—-1) - 2x% + 4x + 5, x > 1, which one of the following is

NOT correct?
[24-Jun-2022-Shift-1]

Options:

A. f is increasing in (1, 2) and decreasing in (2, «)
B. f(x) = —1 has exactly two solutions
C.f(e)—f(2) <0

D. f(x) = 0 has a root in the interval (e, e + 1)

Answer: C

Solution:

Solution:

FE)=4log fx—1) - 2x" +4x+5. x> 1

fer= o-4-D)

Forl<x<2=f(x>=>0

Forx=2 =>f'(x) = 0 {option A Is correct)
fix)=-1 has two solution (option B is correct)
fle)=0

fle=1)=0

fle)- f(e+ 1) = 0 option D is correct)

Flo-F @)= %—4(2— 1)+8>0
=

Question55

If the tangent at the point (x,, y,) on the curve y — x> + 3x* + 5 passes
through the origin, then (x,, y, ) does NOT lie on the curve:
[24-Jun-2022-Shift-1]

Options:

Ax+ L=2



Answer: D

Solution:

P(X,, ¥,)

0(0, 0)

Given curve,

¥= ©+Ir+5
Slope of tangent,
dy

¥ = 32 1 6
ax <

¥,— 0
Slope of line joined by (x,, v} and (0, 0) is = '”—0
Il_

i 2
A — = 3x7 T oy
x

=y, = 3x13—6)c12 ______ 1)
Paint (x;. ¥,) is on the line,
pg=ng & 30 4500 (3)
.'.E‘pxl3 + le‘? = x13 + 3Jc12 s
SP e S
x =1 satisfy the equation
Now, ¥ =x13 & 33(12 5
=1+3+5
=9
(%, ¥) = (1.9)

Option D does not satisfy point (1, 9.

Question56

The sum of absolute maximum and absolute minimum values of the
function f (x) — 2x% + 3x — 2 | +sinxcosx in the interval [0, 1] is :
[24-Jun-2022-Shift-1]

Options:

sin(1) cos® (l )

2
A. 3+ .



B.3 + %(1 + 2 cos(1)) sin(1)

C.5+ Z(sin(1) + sin(2))
D. 2+sin( %) COS( %)

Answer: B

Solution:

Solution:
Fx)y= | 2x—Dx+2)|+ Slﬂzﬁ

0sx< L f)=(1-2mp-2) - B2

Fl)=—4x-3+cos2x<0

Forxz= =: f'(x}=4x—3—c052x2=0

bad | =

N 1
S0, minima occurs at x = =

SO pin = 2( %\Ji— %—2 —sj_nt: %J -cost: %)

sin 1

b |

30, maxima is possible atx=0o0rx=1

Now checking for x =0 and x =1, we can see it attains its maximum value atx=1

e f) | e=12+3-2|%

=3+ lsinZ
2

Sum of absaolute maximum and minimum value =3+ %(sm 1+5m2)

Questionb7

If the absolute maximum value of the function
3 2
f(x) = (x* — 2x + 7)e!?* ~ 12"~ 180x+31) 3, the interval [-3, 0] is f (a), then

i25-]ul-2022-Shift-1]
Options:

Ala=0

B.a=-3

C.a€(-1,0)

D.a€ (-3, —1]

Answer: B

Solution:



\ 2 3 _12x% -
Given, f(x) = (x* — 2x + 7)e!x’ = 12x* — 180x + 31)

£,(x) £,(x)
fl(x) =x"-2x+7
f,(x) = 2x— 2, so f (x) is decreasing in [—3, 0] and positive also
fz(X) — e4x3 —12x* - 180x + 31
le(X) — e4x3— 12x* —180x + 31 | 12x2 — 24x — 180

= 12(x — 5)(x + 3)e4x3—12x2—180x+31
So, f ,(x) is also decreasing and positive in {-3, 0}
. absolute maximum value of f (x) occurs atx = -3

Question58

The curve y(x) = ax’ + bx” + cx + 5 touches the x-axis at the point

P(—2, 0) and cuts the y axis at the point Q, where y is equal to 3 . Then
the local maximum value of y(x) is:
[25-Jul-2022-Shift-1]

Options:
A. 2

B. 29

37
C. T

D.

N[ ©

Answer: A

Solution:

Solution:
fix)=y= ax>+bx’ +cx+5 ... (i)

4Y _ 3ax% + 2bx + ¢ ... (ii)

dx
Touches x-axis at P(—2, 0)
2yl =0=-8a+4b-2c+5=0 ...... (iii)
Touches x-axis at P(—2, 0) also implies

d .
o, =0=12a-4db+c=0 .....(iv)

y = f(x) cuts y-axis at (0, b)
Given, . % lxeo =C=3

From (iii), (iv) and (v)

—_14_-_3_._
a= 2,b 4,0 3
2
- =X _ 32
=f(x) = 5 4x +3x+5
-32_3
f(x) = 2x 2x+3
- _73(x+2)(x—1)

f(x)=0atx=-2andx =1
By first derivative test x = 1 in point of local maximum Hence local maximum value of f (x) is f(1)



Questionb9

The sum of the maximum and minimum values of the function
f(x) = | 5x - 7 | +[x* + 2x] in the interval [ 2, 2], where [t] is the

greatest integer <t, is__
[25-Jul-2022-Shift-2]

Answer: 15

Solution:

f(x) = | 5x — 7 | +[x* + 2x]
=|5x—7 | +[(x+1)*-1
Critical points of

7

f(x) = g,\/ﬁ— 1,v6 —1,v7 —1,v8 -1, 2

- Maximum or minimum value of f (x) occur at critical points or boundary points
g(B) 2344210

t(g)=g+e=17

£(2)=0+a=4

5
as both |5x — 7| and x* + 2x are increasing in nature after x = 7

5
~f(2)=3+8=11

f( Z)mm —4andf(2) =11

5 max

Sumis4+11 =15

Question60

Let the area enclosed by the x-axis, and the tangent and normal drawn
to the curve 4x> — 3xy2 + 6x° — 5xy — 8y2 + 9x + 14 = 0 at the point (-2, 3)
be A. Then 8A is equal to

[25-Jul-2022-Shift-2]

Answer: 170

Solution:



Question61

Letf(x)= { x> -x*+10x -7 x=<1

-2x +log,(b*—4) x>1.°

Then the set of all values of b, for which f (x) has maximum value at
x=1,1is:
[26-Jul-2022-Shift-1]

Options:

A. (-6, —2)

B. (2, 6)

C.[-6, =2)u (2, 6]
D.[-V6, —2) U (2, V6]
Answer: C

Solution:

Solution:
x3—x2+10x—7 x=<1
f(x) = )
—2x+log2(b —-4) x>1.
If f (x) has maximum valueatx=1thenf(1+) <f(1)
-2 +1log,(b*-4)<1-1+10-7
log,(b*—4) <5
0<b*-4<32
()b?=4>0=2bE (-0, =2)U (2, »)
(i) b’ =36 <0=Db € [-6, 6]

Intersection of above two sets
be[-6, -2)u (2, 6]

Question62

If the maximum value of a, for which the function

f (x) = tan 12x — 3ax + 7 is non-decreasing in ( -5 g), is a, then

fa( g) is equal to
[26-Jul-2022-Shift-2]

Options:
A 8- 0

' 4(9 + %)
B.8 — 4t

9(4 + o?)



C 8( 1+n2)
) 9 + o’

I
D'S_Z

Answer: A

Solution:

Solution:
f(x)= tan”!2x — 3ax + 7

f ,(x) is non-decreasing in (— % %)

f(x)=0= >—3a=0
1+ 4x
=3a = 2 5
1+ 4x
2 1 6 =
SO,amaX= g( 1_[2 = 9+H2=a
1+4X%
f-(O) 21_3O._6
[ B) =1-3% 47
o

=8- 0 __
4(9 + 1)

Question63

Letl = 32 ( M)dx. Then
[27-Jul-2022-Shift-1]

Options:

A.%<I<3—rI

B. <l < =

[S21 )=
—
N

C. Mo < ‘%zr[
D. @<I <1

Answer: C

Solution:

Solution:
| comes out around 1.536 which is not satisfied by any given options.

n/3 _ m/3 : _
I 8x 2de>l> I 8sinx Zxdx
n/4 X n/4 X
n/3 :
Is1> | (—Ssmx—Z)dX
2 m/4 X

sinx

is decreasing in ( % %) so it attains maximum at x = %



m03 1 8sinx/3

I >H{4 /3 2|dx
I>\/§—%
Question64

Let a function f : R - R be defined as :

Oe—

(5—-t-3)dt ,x>4

f(x) =

%% + bx, x<4

where b € R. If f is continuous at x = 4, then which of the following
statements is NOT true?
[27-Jul-2022-Shift-1]

Options:

A. f is not differentiable at x = 4

B.f(3)+f(5) = 34—5

C. f is increasing in (—oo, ) U (8, =)

Q|-

D. f has a local minima at x = %

Answer: C

Solution:

Solution:

~'f(x) is continuous atx =4
=>f(47) =f(4")

=16 +4b = 54(5— |t—3dt

=2 +tdt+ (8 -t)dt
0 3

t* 3 tt 4
=2+ 5)0 +8t—§]3

=6+ %—O+(32—8)—(24— )

2
16 +4b =15



fx)<0=xE (—oo,% U (8, »)

’ ‘Y=g L 35
f(3)+f(5)=6 1 7
fx)=0=x= % have local minima

Question65

Let M and N be the number of points on the curve y5 -9xy+2x =0,
where the tangents to the curve are parallel to x-axis and y-axis,
respectively. Then the value of M + N equals

[27-Jul-2022-Shift-1]

Answer: 2

Solution:

Here equation of curve is
V- 9xy+2x=0..... (1)

On differentiating: 5y* dy _ 9y — 9x dy +2=0

d x dx
g = 9y —2
dx  5y*—09x
When tangents are parallel to x-axis then 9y —2 =0
M =1.

For tangent perpendicular to x-axis
5y —9x = 0...... (ii)
From equation (i) and (ii) we get only one point.

N =1.
"M+ N =2
Question66

A water tank has the shape of a right circular cone with axis vertical and
vertex downwards. Its semivertical angle is tan™! %. Water is poured in it
at a constant rate of 6 cubic meter per hour. The rate (in square meter
per hour), at which the wet curved surface area of the tank is

increasing, when the depth of water in the tank is 4 meters, is
[27-Jul-2022-Shift-2]

Answer: 5



Solution:

Solution:
& cu m/hr

tan 0= 3f4

Curved area =mryr® + h?

B , . 16r?
—nr\/r + —9

Question67

If the minimum value of f (x) = 57"2 + %£,x>0,is 14, then the value of a

is equal to:
[28-Jul-2022-Shift-1]

Options:
A. 32

B. 64

C. 128
D. 256

Answer: C

Solution:



5X2 (04
f(x)= —+ ={x>0}
2 %2

Question638

Let f : [0, 1] » R be a twice differentiable function in (0, 1) such that
f(0) — 3 and f (1) — 5. If the line y — 2x + 3 intersects the graph of f at
only two distinct points in (0, 1), then the least number of points

x € (0, 1), at which f (x) — 0, is
[28-Jul-2022-Shift-1]

Answer: 2

Solution:

If a graph cuts y = 2x + 5 in (0, 1) twice then its concavity changes twice. ~f(x) = 0 at at least two points.

Question69

The function f (x) = xe*! ¥ x €R, is :
[28-Jul-2022-Shift-2]

Options:



A. increasing in ( - % 1 )
B. decreasing in ( = 2)
C. increasing in (—1, - %)

D. decreasing in (— > %)
Answer: A

Solution:

Solution:

fx) =xe ¥ xR

f(x) =xeX 7% (1 —2x) + 17
ex(l —x)[x _ 2X2 +1]

- 7Y% —x - 1]

1Y% + 1)(x — 1)

~f(x) is increasing in (— % 1) and decreasing in (—oo, - %) U (1, »)

—_

Question70

The sum of the absolute maximum and absolute minimum values of the
function f (x) = tan'l( sinx — cosx) in the interval [0, 1] is :
[28-Jul-2022-Shift-2]

Options:
A. 0

B. tan~! ( 1

|
C.cos—l( A_) -

Answer: C
Solution:
Solution:

f(x) = tan™!( sinx — cosx), [0, ]
Let g(x) = sinx — cosx

— 7 _n _ o —no 3n
—\/2s1n(x _4)andx 46[ R
~g(x) €[-1, V2]

and tan~'x is an increasing function
~f(x) € [tan"!(—1), tan™ V2]



€ [ - % tan_lx/f]

..Sumoff__andf,_, =tan 'v2 — X

N

o () - B

Question71

Let f(x) = 3(X2 -2r+ 1, x € R. Then which of the following statements are
true?

P : x = 0 is a point of local minima of f
Q : x = V2 is a point of inflection of f
R : f is increasing for x > v2
[29-Jul-2022-Shift-1]

Options:

A. Only P and Q

B. Only P and R

C.Only Q and R

D.AllP,Qand R

Answer: D

Solution:

Solution:

f(x) = 3(x2—2)3+4' xER

f(x) = 81.3% ~2’

f(x) = 81.3% 2’ In2.3(x - 2) 2%

= (4861n2) (3% =2’ (x® — 2)x)
+ 1 - 1 + | +

1 ] T
2 0 J2
=x = 0 is the local minima.
” 2 3

£(x) = (4861n2) (3% -2+ (x* - 2)(5%% - 2 + 6x*In 3(x* — 2))
f(x)=0x=vV2
£ (y2%) > 0
£ (y27) <0
=X = V2 is point of inflection
f(x)>0Vx>V2 .
=f (x) is increasing for x > v2

Question72

If the tangent to the curve y = x> — x* + x at the point (a, b) is also

tangent to the curve y = 5x” + 2x — 25 at the point (2, —1), then |2a + 9b|
is equal to



[29-Jul-2022-Shift-2]

Answer: 195
Solution:
Solution:
Slope of tangent to curve y = 5x° + 2x — 25
dy

m ( dx/at2 -1
. Equation of tangent :y + 1 = 22(x — 2)
Loy =22x—45.
Slope of tangenttoy = x> —x? +x at point (a, b)
=3a’-2a+1

3a2-2a+1=22
3a’—2a-21=0
N _7
L a=3 or 3
Alsob=a%-a%’+a

Then (a, b) = (3, 21) or (- Z, - 131).

3
( - % - %) does not satisfy the equation of tangent
S~ a=3b=21

~|2a+9b| =195

Question73

Let a be an integer, such that all the real roots of the polynomial

2x° + 5x* + 10x> + 10x? + 10x + 10 lie in the interval (a, a + 1). Then, |a]
is equal to .
[26 Feb 2021 Shift 2]

Answer: 2

Solution:

Let f(x) = 2x° + 5x* + 10x> + 10x* + 10x + 10
Using hit and trial method,
f(-2)=-34<0andf(-1)=3>0
Hence, f (x) has arootin (-2, —1).
Again,
f(x) = 10x*+ 20x> + 30%x% + 20x + 10

= 10x2(x2+2x+3+ 2, lz)

X X



=10x2[ (x2+ lz) +2(x+ l) +3]
X X

=10X2[ (X+ %)2+1+2(x+ %)]

=102 [ (x+ %+1)2] > 0 Vx

=f(x) is strictly increasing function, since degree of f (x) is odd.
.~ It has exactly one real root.

Therefore, f (x) has atleast one root in

= la|=]-2] =2

Question74

If Rolle's theorem holds for the function
f(x) =x* —ax® +bx + 4, x € [1, 2] with £ ( 4] = 0, then ordered pair

(a, b) is equal to
[25 Feb 2021 Shift 1]

Options:
A. (5, 8)

B. (=5, 8)
C. (5, —8)
D. (=5, —8)
Answer: A

Solution:

Solution:

Given, f(x) = x° —ax* + bx + 4, x € [1, 2]
Here, f(1) = f(2)

> 1l—-a+b—-4=8-4a+2b-4
=>3a—,b= 7...(i)

Also, f (x) = 3x* — 2ax+Db

According to the question, f'( %) =0

42 4
- 3x (g) - 2a §) +b=0
=>—-8a+3b=-16... (ii)
From Egs. (i) and (ii),
a =5b=8
(a, b) =(5,8)
(a, b) = (5, 8)
Question75

Letf : R - R be defined as



—55x% if X< —5
f(x) = 2x° — 3x* — 120x if —5=x<4
2x° — 3x% — 36x — 336 if x=4.

Let A= {x€ R :f is increasing }. Then, A is equal to
[24 Feb 2021 Shift 2]

Options:

A. (=, =5) U (4, »)
B. (=5, »)

C.(—®, =5) U (-4, »)
D. (=5, —4) U (4, «)

Answer: D
Solution:
Solution:
—55x x< -5
Given, f(x) = { 2x° — 3x* — 120x -5=x<4
2x° — 3x* — 36x + 10 x = 4.
-55 x< -5
L f(x) = { 6(x* — x — 20) -5=x<4
6(x* —x — 6) x=4.
—-55 x< -5
f(x) = { 6(x — 5)(x + 4) —5=x<4
6(x — 3)(x + 2) x=4.
For f to be increasing, f (x) > 0
Now, f (x) = —55 is always less than zero.

f(x) =6(x—5)(x+4)<0,-5=<x<4
Critical points =5, —4
00 ¢ £ 4 i | + y 400

4 I 5

" Tl
N

[xE(—5 —4)
and_;”'(x) =60x—-3x+2)=0,x=4

Critical point, =3, -2

X € (4, ») ... (ii)
From Egs. (i) and (ii), f (x) is increasing in x € (=5, —4) u (4, «)

Question76



The triangle of maximum area that can be inscribed in a given circle of

radius r is
[26 Feb 2021 Shift 2]

Options:

A. an isosceles triangle with base equal to 2r
B. an equilateral triangle of height 2—3r
C. an equilateral triangle having each of its side of length v3r

D. a right angle triangle having two of its sides of length 2r and r

Answer: C

Solution:

Solution:

Let a AABC inscribed in a circle with centre O and radius r.
8% 2 .!: C

Let LZOBC =6

Now, area of AABC = %x Base x Height

A= %x(BC)x(AP)...(i)

Now, BC = 2BP

Consider AOBP, where OB =r
Then, BP = rcos6

Hence, BC = 2rcos©

Again, AP = AO + OP

where, AO =1

Consider AOBP, where OB =r
Then, OP = rsin6

= AP=r+rsin0

From Eq. (i), we get

Area = 1 X (2rcos0) x (r + rsin0)

2
A= rzcose(l + sin 0)
Now, g—‘g = r2(—sin9)(1 + sin0) + r’cos’0

= r2(00529 —sin6 — sinze)

= r2(1 — 2sin%0 — sin 0)

=r*(1 4+ sin6)(1 — 2sinO)

dA
Equate a0 - 0
= r2(1 + sinB)(1 — 2sinB) =0
r=r%1+sin0)(1 — 2sin0) = 0
i

= sin@ = %=>6= 5
2
Now, d—A<0, wheno = I
d 6? 6
II

=A is maximum, when 6 = 5

. Maximum area = r° cos( %) (1 + sin%) = =—r

Height = AP = =r

N



Consider AABP,
(AB)? = (AP)? + (BP)?

= ( ér)2+ ( \/z—gr)z['.'BP= rcos 9]

2
92, 32_42
—4r+ér 3r
= AB =+V3r

Hence, the AABC is an equilateral triangle with side v3.

Question77

The maximum slope of the curve y = %x‘l — 5x°> + 18x? — 19x occurs at the

point
[26 Feb 2021 Shift 1]

Options:
A. (2, 2)
B. (0, 0)
C.(2,9)

0. (5. 2]

Answer: A

Solution:
Solution:
Given, curve isy = %x“ -5 +18x* = 19x . .. (i)

First, find the slope of given curvei.e.dy/dx,
Differentiate Eq. (i),
4y Liay®) — 535 + 18(2%) - 19
dx 2

= 2x> — 15x* + 36x — 19
Now, let f (x) = 2x® — 15%* + 36x — 19 is slope of the curve and find its maximum value as follows,
f(x) = 2(3x%) — 15(2x) + 36 = 6x° — 30x + 36
Equate f (x) = 0 and solve for ' x ',
6x°—30x+36 =0
> x)-5x+6 =0
= x*-3x—-2x+6 =0
= (x-3)(x—-2) =0
= X =2 and 3

Now, f'(x) = %(GXZ — 30x + 36)

=12x - 30
Then, f'(2) = 12(2) —30 =24 — 30
=-6<0
and f(3)= 12(3)-30=6>0
. £7(2) < 0, this implies 2 is point of maxima.
- At x = 2, slope will be maximum.
Since, at x = 2, slope will be maximum, then y-coordinate will be,

y = %(2)4 —5(2)° +18(2)* - 19(2)

=8-40+72-38=72-70=2
. Maximum slope occurs at point (2, 2).




Question78

The shortest distance between the line x —y = 1 and the curve x? = 2y is
[25 Feb 2021 Shift 2]

Options:

A L
V2

<.

1

N

C.0

D.

N|—

Answer: B

Solution:

Solution:

Let (x, y) be any arbitrary point on curve x* = 2y and find the tangent line equation at this point, such that tangent line at
(x, y) is parallel to linex —y = 1.

To find tangent equation, differentiate the following equation so that we can find slope,

e 2y =0
2X—2% = 0 gives —§=X

Slope (say m, ) =x

Also, slope of linex—y=1ory=x-—1is1 (say m, ). Since, x —y = 1 and tangent line is parallel,
therefore, their slope be equal.

Hence, m;, = m, gives, x =1

Putx =1inEq. (i), wegety=1/2

Thus, (x,y) = (1, %)

(o}

Perpendicular distance between line x —y = 1 and point ( 1, ) is given as,

N| =

MM+ (Z)-n-1

P = __
V(1)% + (=1)
- ‘ =1
2V2
= i_ .~ using
2v2

( - using perpendicular distance formula)

Question79

If the curves x = y* and xy = k cut at right angles, then (4k)° is equal to

[25 Feb 2021 Shift 2]

Answer: 4



Solution:

If the curves cut at right angle, then product of slopes will be —1.

First curve x = y*
Differentiate it, we get

— 4,34y
1 4y dx
dy _ 1
dx 4y®
= Slope of first curve (m,) = Ls [at point (x, y,) ]

Yy
Second curve xy = k

Differentiate it, 0 = x dy +y
dx

o dy_ -y
dx X

Slope of second curve (m,) = _X_Y1 [at (x;, y,) ]

= m -m,= -1
1 -V -1

= — | — ]| =-1=>= = -1

4yl3 ( Xy ) 4y12x
= -1 = -1

4(y,)°
= y16 = %
Also, x y =k, using X, = yl4 we getk = y15 ork® = (yl)30
vyl = 7 theny,” = ( )
. _ _ _ 1)°_
-.(4k)® = 46-k6 = 46(y1) = a9 Z) =4
~(4k)® =
Question80
Let f (x) be a polynomial of degree 6 in x, in which the coefficient of x° is
unity and it has extrema at x = —1 and x = 1. If i, {& = 1, then 5f (2) is

x-»0 X

equal to ................
[25 Feb 2021 Shift 1]

Answer: 144

Solution:

f(x)=x6+ax5+bx4+cx3+dx2+ex+f

As, lim fx) _ 1 non-zero finite
x -0 X3
So,d =e=f =0and f(x) =x3(x3+ax2+bx+c)
Hence, lim L);) =c=1
x->0 X

Now, as f (x) =x%+ax’ +bx* +x°
andf (x)=0atx=1andx=-1



i.e. f'(x) = 6x° + 5ax* + 4bx® + 3x°

Now, f (1) =0

= 6+5a+4b+3=0

= ba+4b=-9...()
andf(-1)=0

= —6+b5a—-4b+3=0
= ba—4b =3 ... (ii)
From Eqgs. (i) and (ii),
a=-3/5and b=-3/2

. _6_35_ 3.4, .3

Cf(x)=x 5x 2x +X

) _ 6 3 3

. 5£(2) =5[2°- =(2)° - 5(2)4+(2)3]
3x32 3x16

=5[64 - 922X +38]

=320 — 96 — 120 + 40

= 144

Question81

If the tangent to the curve y = x> at the point P(t, t°) meets the curve
again at Q, then the ordinate of the point which divides PQ internally in
theratiol: 2 is:

24 Feb 2021 Shift 1

Options:
A =2t°
B.0

C. -t
D. 2t°

Answer: A

Solution:
Solution:
Slope of tangent at P(t, t3) = d—i ](t 8 = (3x%)* =t = 3¢?

d
So, equation tangent at P(t, t°) :
y—t> =3t3(x - t)
For point of intersection withy = x°
x® -t = 3t’ - 3t°
=(x — t)(x* + xt + t%) = 3t*(x — t)
For x =t
x* 4 xt + t* = 3t?
=x° + xt — 2t = O0=x—-t)(x+2t)=0
So, for Q : x = —2t, Q(—2t, —8t>)
ordinate of required point :
2t® — 8t 3
2+v1 -2t

Questiond2



4x° - 3x?

The function f(x) = —F%— - 2sinx+ (2x - 1) cosx :
24 Feb 2021 Shift 1

Options:

A. increases in [ 1 oo)
B. increases in ( — o, % ]

C. decreases in [ % 0 )

N+

|

D. decreases in ( — o0,

Answer: A

Solution:

Solution:
Given that

4x3 — 3x°
f(x) = =5
f(x) = (2x2 —X)—2cosxX + 2cosx
—sinx(2x — 1)
= (2x — 1)(x — sinXx)
Forx >0,x—sinx >0
x<0,x—-sinx<0

Forx € (—w, 0] U %,w),f'(x)zo

—2sinx + (2x — 1)cosx

Forx € [0, %],f'(x)so

=f (x) increases in [ % 0 )

Question33

The minimum value of a for which the equation -+ + . _ = o has at

sinx 1 —sinx

least one solution in ( 0, 7 ) is
24 Feb 2021 Shift 1
Answer: 9

Solution:

.4 + 1.
sinx 1 —sinx
=>f(x) =0=sinx=2/3

Let f(x) =




. _ 4 1
T = 373 7227379

f (X)max. - ®

f (x) is continuous function
=9

“Wnin

Question84

Let f be a real valued function, defined on R - {—-1, 1} and given by
f(x) = 3log,|

Then, in which of the following intervals, function f (x) is increasing?
[16 Mar 2021 Shift 2]

2
x—1

x+1

Options:

A (=, 1)U ([ L) - (13
B. (=, ) —{-1,1}

e [-11]

p. (==, 4] =11

Answer: A

Solution:

Given, f (x) = 3log, | =

+1|_x—1

=>f'(X)=—(X+1) 1—(X_1) 1, 2
(21 (x+1)° M
x+1
, _ x+1 2
=>f(X)—3(X_1)[X+1)]+(x—1)2

=>f,(X)=(x—l)(x+1+x11)

oy 3x—3+x+1
=>f(x)_(x—l) x—1)(x+1)
x-1)(x+1)
SO, fl(X) — 4:(2X2_ 1)
x—-1)(x+1)
Now,

+ = 4 +

+ + +
-1 1/2 1
For f (x) to be an increasing function, f (x) > 0.

Andf,(x)>0atx€(—oo,—1)u [ %00)
But domain of f(x) isx € (=, —1) U (1, «)
S0, £(x) > 0atx € (~w, =1)u [ £,1) u(1, =)

orxe(—oo,—l)u([%,oo) —{1})



Question85

The maximum value of z in the following equation z = 6xy + yz, where
3x+4y=100and 4x+ 3y =75 forx=0andy = 0 is
[17 Mar 2021 Shift 1]

Answer: 904

Solution:

z=6xy+y2

3x +4y <100

4x + 3y = 75

x,y=0

z=y(6x +Yy)
¥

N
(0, 25)

A B X
(0, 0) | (75/4, 0), (100/3, D}\

z will be maximum at the corner points.
75 — 3y
4

X =

Z = y(6x +Y)
= y[o[ B53) 4]

zZ < %(225 - 7y2)

(225y — 7y2) is a quadratic in y whose maximum value is %.
(225)*=4-0(=7)

4(-7)
225)> _ 50625

( _ -
2:4-7° 56 =904

Here, D =

SZ =

Question36

Letf :[—-1, 1] » R be defined as f (x) = a;zz +bx+cforallxe[-1, 1],
where a, b, c €ER, such that f(-1)=2,f(-1)=1and forx € (-1, 1) the

maximum value of f (x) is 1. Iff(x) = a, x € [-1, 1], then the least value

2
of a is equal to
[17 Mar 2021 Shift 2]

Answer: 5



Solution:

Given, f : [-1,1]-» R

and f(x) = ax’ + bx + ¢

f(-1) =a—Db+c =2 (given)...(i)
f(—1) = —2a +b = 1 (given)...(ii)
f'(x) = 2a

oo f (x) = 2a

max

Also, given maximum value of f (x) = %

i.,e.2a = %=>a=

¥
Forxe[-1,1

f(x) €2, 5]

.. Least value of ais 5.

Question87

The range of a € R for which the function
f(x) = (4a - 3)(x + log,5) + 2(a — 7) Cot( %) sinz( %), x # 2nm, n € N, has

critical points, is
[16 Mar 2021 Shift 1]

Options:
A . (-3,1)

C.[1, »)
D. (=, —1]
Answer: B

Solution:



Given, f (x) = (4a = 3)(x + log,5) + 2(a = 7) cot 2+ sin’ 5
= f(x) = (4a - 3)(x +log,5) + 2(a — 7) cos 7 sin 5
= f(x) = (4a - 3)(x + 1og,5) + (a — 7) sinx

= f(x) = (4a—3)(1 + 0) + (a — 7) cosx

= f(x) = (4a—3) + (a — 7)cosx

When f'(x) = 0, (4a —3) + (a — 7)cosx = 0
4a —3
7—a

As, —1 =cosx=1

So, -1 =< 47a_—3 <1

R 4a—3+120=>4a—3+7—a20
7—a 7—a
3a+4

= 7—a =0

} £ }

—4/3 7
a€[—4/3,7)..()
4a—3

7 & 1=0

- 4a—3—7+aS

7—a
5a — 10
M TR
2 7
a € (—m, 21U (7, »)...(ii)
From Egs. (i) and (ii),

ae[-42]

= COSX =

Now,

0

Question338

Let f (x) = 3sin*x + 10sin3x + 6sin’x — 3,x € [ — & g] . Then, f is:
[25 Jul 2021 Shift 1]

Options:

A. increasing in ( —%, %)
B. decreasing in (O' g)
C. increasing in ( —%, 0 )

D. decreasing in (—%, 0)

Answer: D

Solution:

Solution:

f(x) = 3sin*x + 10sin’x + 6sin’x — 3,x € [ —g, % .

f'(x) = 12sin®x cos x + 30sin?x cosx + 12 sin X cos x



= 6sinxcosx(2sin2x + 5sinx + 2)
= 6sinxcosx(2sinx + 1)(sin + 2)

- +
l ]
I I

bt | M =l=

_n 0
f
decreasing in (—% 0)
Question89
—éx3+2x2+3x , x>0
Let f : R - R be defined asf (x) = 3 . Then f is

X

3xe , x=0

increasing function in the interval
[22 Jul 2021 Shift 2]

Options:
N
B. (0, 2)

c.(-13]
D. (-3, —-1)
Answer: C

Solution:

Solution:
—4x3+4x+3 x>0
f'(x)
3e¥(1+x) x=<0

[T\
= >

Forx >0, f'(x) = —4x* + 4x + 3

. . 1 3
f (x) is increasing in 5 5)
Forx = 0, f'(x) = 3e*(1 +x)
f'(x)>0vVxe (-1, 0)
=f(x) is increasing in (=1, 0)

So, in complete domain, f(x) is increasing in (—1, %)

Question90

If a rectangle is inscribed in an equilateral triangle of side length 2v2



as shown in the figure, then the square of the largest area of such a
rectangle is

/

[25 Jul 2021 Shift 2]

Answer: 3
Solution:
A
D
'
b
B 60° | s
— e »
2J2-¢ F {
2
In ADBF L
tan60° = — 2P Ly - ¥Y3(2v2 —1)
2v2 —1 2
A = Area of rectangle =1 xb
A=1 x‘/2—3(2¢§—1)
dA _ V3., 5 _ 1.vV3
a1 —_7(2\/2 ) ——==0
1 =v2 B
A=1 xb=\/2><‘/73(\/2) =v3
>A’=3
Question91

Let 'a' be a real number such that the functionf (x) = ax’ + 6x — 15, xE€R

is increasing in( —w, 3 ) and decreasing in ( 2, ) . Then the function

g(x) = ax’ — 6x + 15, x € R has a:
[20 Jul 2021 Shift 1]

Options:

I

A. local maximum at x = —

B. local minimum at x = —

>



C. local maximum at x =

W

D. local minimum at x = %
Answer: A
Solution:
Solution:
¥

-B_3
2A 4

2a 4
=a = _66><4=a= -4
~g(x) = 4x* — 6x + 15

_—B__(=6)

Local max. at x = A = T24)
=3

4
Question92

The sum of all the local minimum values of the twice differentiable
function f : R > R defined byf (x) = x* - 3x* - 3£ @x + f"(1) is :
[20 Jul 2021 Shift 2]

Options:
A. =22
B.5

C. =27
D.0

Answer: C

Solution:

Solution:

£ (x) =x3—3x2—%f”(2)x+f"(1) ....... (i)
f(x) = 3% — 6x — %f "2) oo (i)

F(X) = 6X = 6..ro..n (iii)

Now is 3" equation
f'"(2)=12-6=6
f"(11 =0)

Use (ii)



f/(x) = 3x% — 6x — %f "(2)

3

f’(x)=3x2—6x—§x6

f(x) =3x*—6x—9

f'(x)=0

3x2—6x—9=0

=x = —1&3

Use (iii)

f"(x) =6x—6

f"(-=1) = -12 < 0 maxima

f"(3) =12 > 0 minima.

Use (i)

f(x) = x> — 3x% — %f "(2)x + £"(1)

f(x)=x3—3x2—%x68x+0

f(x) = x> — 3x? — 9x

f(3)=27-27-9%x3=-27
[ ]

Question93

The number of real roots of the equation e** + 2e3* — e* - 6 = 0 is
[2021, 31 Aug. Shift-1]

Options:
A. 2
B.4
C.1
D.0

Answer: C

Solution:

Solution:
f(x) =e™+2e*—e* -6
f(x) =4e™+6e™—¢*
= e*(4e* + 6e** - 1)
Let g(x) =¢€*
h(x) =4e™+6e*-1
gx) >0, VxE€R
h(x) =12e**+ 12 = 12e™(e* + 1)
h(x) >0, Vx ER
h(x) is an increasing function.
Minimum value of h(x) will be when
x> —o at [h(x)] . = —1 and [h(x)] =

] min max

f(x) = g(x) - h(x)
Now, h(x) is an increasing function and h(x) varies from —1 to +« . So, this
implies that h(x) cuts the X -axis at one point and which further implies f (x) changes its sign only at one point. Let's say
atx = «
f(x) =e™+2e*-e*-6
When, x » —o; f(X) > —6
X +oo; f(x) >+



—_— / y=-6

o

So, f (x) cuts the X -axis at a single point.

Question94

If R is the least value of a such that the function f (x) = x> + ax + 1 is
increasing on [1, 2] and S is the greatest value of a such that the

function f(x) = x> + ax + 1 is decreasingon [1, 2], then the value of
IR — S| is
[2021, 31 Aug. Shift-1]

Answer: 2

Solution:

Solution:

fl(x) =x’+ax+1

f(x) =2x+a

According to the question, f (x) = 0 for x € [1, 2]
For the least value 2x+a = 0

= a=—-2x=>a=-2=>R=-2

For the greatest value 2x+a =<0

= a=<-2x {x€I1, 21}

= a=s<—-4
R-S|=|-2+4| =2
Question95

Let f be any continuous function on [0, 2] and twice differentiable on
(0, 2). Iff (0) =0, f(1) =1 and f(2) = 2, then
[2021, 31 Aug. Shift-II]

Options:
A. f (x) =0 forall x € (0, 2)
B. f"(x) = 0 for some x € (0, 2)

C. f'(x) = 0 for some x € [0, 2]



D.f (x) > 0forallx € (0, 2)

Answer: B

Solution:

Solution:

f(0)=0,f(1)=1andf(2) =2

Let h(x) =f(x) —x

Clearly h(x) is continuous and twice differentiable on (0, 2)
Also, h(0) = h(1) =h(2)=0

~.h(x) satisfies all the condition of qule's theorem.
-~ There exist C, € (0, 1) such that h(c,) =0
=f(c)-1=0

= f(c)=1

also there exist ¢, € (1, 2) such that h'(cz) =0
f(c,) =1

Now, using Rolle's theorem on [c,, c,] for f(x)

We have f (c) = 0, ¢ € (c,, c,)

Hence, f (x) = 0 for some x € (0, 2).

Question96

Let A be the set of all points («a, B) such that the area of triangle formed
by the points (5, 6), (3, 2) and («, B) is 12 sq units. Then, the least
possible length of a line segment joining the origin to a point in A, is
[31 Aug 2021 Shift 2]

Options:
A. 4V5

B.

< |+
B [

C.

§||°°

D.

< |+~
[62] 1S}

Answer: C

Solution:

Solution:
Area = 12 sq unitts
a B 1
561

321
=24q—2p -8 =24

=240 -2 =32,4a0-2p+16=0
=220—-p—-16=0,20—-p+8=0
Distance from origin when B = 2 + 8 is
D = Vo’ + (2a + 8)* = {5a” + 32a + 64
=D? = 50 + 32a + 64

=

=+24




Now,-9(D?) = 0

da
»100 +32 =0
o= _16
5
=B = —% +8= %
o | (T () - 35 - %
Similarly, if p = 20— 16
_ 16
D=7
So, least possible length of line segment = %
Question97
Let f (x) be a cubic polynomial with f(1) = -10, f(-1) = 6, and has a
local minima at x = 1, and f’(x) has a local minima at x = —1. Then £ (3)

is equal to.
[31 Aug 2021 Shift 2]

Answer: 22

Solution:

Solution:

let f(x) = ax’ +bx* +cx +d
“and (1) =-10 and f(—-1)=6
Ja+b+c+d =-10

and —a+b—-c+d =6
“'f(x) has alocal minima at x=1
~f(1)=0

and f (x) has a local minima at x = —1
~f(-1)=0
Vvi(x) = ax° + bx’ +cx +d
.'.f'(x) = 3ax’ + 2bx + C
f(x) = 6ax + 2b

“f(-1)=0
=—-6a+2b=0
=b=3a...(3)
also f (1) =0
=3a+2b+c=0
=c=-9a.

By adding (1) and (2), we get
2b+2d = -4
=b+d =-2
=3a+d =-2
=d =-2-3a.

Putb=3a,c=—-9aandd = -2 —3ain (1) we get
a+3a—9%—-2-3a=-10
=—-8a=-10+2=-8

“b=3,c=-9and d =-2-3=-5
(x)=x3+3x2—9x—5
(3)=3*+332-9x3-5
7+27-27-5

~f
~f
=27-5

2
2



= 22

Question938

XZ

An angle of intersection of the curves, >+ y—i =1 and x* + y2 = ab, a > b,

o

is
[31 Aug 2021 Shift 2]

Options:

o

-1{a+
A. tan (\/_b)

_1 a—
C. tan (\/E)

[e))

va

)
o

B. tan_l(

N
o

o

D. tan” '(2vab)

Answer: C

Solution:

Solution:
Given curves

X +Y =1..)

and x* + y* = ab ...(ii)
From Egs. (ii)

y2 = ab - x*

From Eq. (i),

b*k? + a’(ab — x?) = a’b?
(b* — a*)x* = a’b(b — a)

=x2= azb
a+b
2 2
2_ ., _ab _ ab
y' =ab a+b a+b
Point of intersection (\/ a’ \/ ab’ )
a+b’ a+b

Now, differentiating Eq. (i) w.r.t. x, we have
dy _ _b’x _

Ix azy =m, (Let)

and differentiating Eq. (ii) w.r.t. x,

dy _ =x _

X~y m, (Let)

Let angle be 6, Then,

2
_ e
tane = u = a y
1+mm, bx?
1+==
a’y
_|xy@>-b* | _ | \/ a’h®  (a?-D?)
a2b2 (a + b)2 . a2b2
a_b

vab



=0 = tan™* ( a\/;_bb)

Question99

A wire of length 20m is to be cut into two pieces. One of the pieces is to
be made into a square and the other into a regular hexagon. Then, the
length of the side (in m) of the hexagon, so that the combined area of
the square and the hexagon is minimum, is

[27 Aug 2021 Shift 1]

Options:
-
2+V3

10
B. —
2+ 3V3

C.—_
3++V3

10
D. —
3+2V3

Answer: D

Solution:

Solution:
Let two pieces of wire one of length x and other of the length20 — x.

Wire of length x is made into a square
x4

x/4 x/4

x4

x\2
- Area of square = (Z) = Ag(let)

Wire of length (20 — x) is made into a regular hexagon.
a2

4 a
a a3
& J—
Area of hexagon = 6 X ‘%’;ﬁ
_3V3([20—x)\2[..._20—x
(Let)AH—T( . )[.a__6
Sum of both area
A=Ag+ Ay
) i
x* V3 2
16 * 2420 %) -
dA _x _ V3 5q_ ) - 3x—40V3 +2V3x
dx 8 12 o
dA _
ax- 0
40V3 40 _
X = —=———=40(2-V3
3+2V3 V3 +2 ( )
d?A _ 3+2V3
dx? = 24 >0

= Area will be minimum, when x = 40(2 — V3)



~. Side of hexagon = 20 - 40(2 = v3)

6
_20v3 - 30
B 3
_10(2v3-3) _ _ 10

3 2V3 +3
Question100

A box open from top is made from a rectangular sheet of dimension a X
b by cutting squares each of side x from each of the four corners and
folding up the flaps. If the volume of the box is maximum, then x is
equal to

[27 Aug 2021 Shift 2]

Options:

a+b—Va’+b’*—ab
12

A.

a+b—Va’+b%+ab
6

B.

a+b—Va?+b’-ab

C. =

a+b+ Va?+b%-ab

D. =

Answer: C

Solution:

Solution:
Length of box = a — 2x
Breadth of box = b — 2x
Height of box = x
Volume of box, V = (a — 2x) (b — 2x)x
>V = 4x° — 20x* — 2bx? + abx
Differentiating V w.r.t. x,
V’(X) =12x% — 4(a+ b)x + ab
Critical Point, V', = 0
=12x* —4(a+b)x+ab =0
Ly Ma+b)x {16(a +b)* - 4.12 . ab
B 2(12)
_(a+b)xya’+b’—ab
B 6
V'(x) = 24x — 4(a + b)
(a+b)— Va?+b*—ab

Forx = 6 , V' (x)<0

Hence, for maximum volume
a+b-Va?+b%-ab
X = 6

Question101



A wire of length 36m is cut into two pieces, one of the pieces is bent to
form a square and the other is bent to form a circle. If the sum of the
areas of the two figures is minimum and the circumference of the circle

is k(m), then ( 2+1 ) k is equal to
[26 Aug 2021 Shift 1]

Answer: 36

Solution:

Solution:
Letx +y = 36
where, x is perimeter of square and y is perimeter of circle

Then, side of square = % and radius of circle = %

2 2
Now, Sum of areas of square and circle, A = X+ X
16  4m

2 2
%, (36-x%)
~A=16%" nm

For minimum area

[y = 36 —x]

dA _2x  —2(36—x) _
Now, x =16 ¥~ am 0

Circumference of circle =y

= (36 — x)

_ap_ 144 _ 36m

=36 n+4 un+4

According to the question,
360

n+4
:(%+1)k= (%+1)

36m _
1'1+4_36

Question102

2
The local maximum value of the function f(x) = (% ) * , x>0
[26 Aug 2021 Shift 2]
Options:

1
A. (2Ve)®

5 (4

|0



2
C. (e)®

D.1

Answer: C

Solution:

Solution:
2

f0 = (2) x>0
X
~log f(x) = x2(log2 — logx)
f(x) = f(x)[—x + (log 2 — log x)2x]
f(x) =f(x).x(2log2 — 2logx — 1)
For maxima or minima put f(x) = 0, we get

2log2 —2logx—1 =10g(%) -1=0
X

2
Ve

Sign of fix) +

=X =

2ha

LAt = ‘/2—_ f(x) has maximum value.
e

4 2

Maximum = (%)E =ee

Questionl103

The function f (x) = x> — 6x? + ax + b is such that f(2) = f(4) = 0.
Consider two statements. ,
(S,) there exists x;, x, € (2, 4), X, <X,, such that f (x,) = -1 and

f (x,) = 0. (S,) there exists x,, x, € (2, 4), x5 < X, such that f is
decreasing in (2, x,), increasing in (x,, 4) and 2f'(x3) = v3f(x,). Then,
[2021, 01 Sep. Shift-II]

Options:

A. both (S,) and (S,) are true

B. (S,) is false and (S,) is true
C. both (S;) and (S,) are false
D. (S,) is true and (S,) is false
Answer: A

Solution:

Solution:

f(x) =x’-6x"+ax+b

v f(2)=0=2a+b=16
and f(4)=0=4a+b=32



Onsolvinga=8,b=0
() =x° - 6%% 4 8x = x(x — 2)(x — 4)

/ ) f
N
n # h ,.-;

f(x)=3x*-12x+8
f'(x)=0ﬁx=2+ %
€(2,4)
(

2
=>x—2+—andfx =-1
V3 )

v f(x,) = 0 and x,

= 3x1 —12x1+8=0
=x, =1, 3(S is true )
Now, 2(3x> —12x+8

32+ B F)H5-2)

=v3
%( S, is true )

—

= X =

w|o

Question104

Let f(x) = xcos™!(-sin | x|), x € [ %, 2], then which of the following is

true?
[Jan. 8, 2020 (I)]

Options:

A. f 'is increasing in (—— O) and decreasing in (0, %)
¢ =_I

B.£(0) = =5

C. f 'is not differentiable at x = 0

D. f'is decreasing in ( -= O) and increasing in (0, %)

Answer: D

Solution:

Solution:

"(x) = x(1t — cos™ (sin | x|))

=x(n— (%—sin_l(sin|x|))) =x(%+|x| )

x5+
x(3-



%+2x, x=0
'(x) =
%—ZX, x<0

Hence, f’(x) is increasing in (O, H) and decreasing in (_TH O)

2

Questionl105

Let f be any function continuous on [a, b] and twice differentiable on
(a, b). If for all x € (a, b), f2(x) > 0 and f"(x) < 0, then for any

c € (a, b), {P=+2 is greater than:
[Jan. 9, 2020 (I)]

Options:

+
Q

A2

B.1

C.b—C

D C—a

Answer: D

Solution:

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

X € [a, C]M =f'(a), a € (a, ¢)
c—a

Again by LMVT for x € [c, bl
HBL=EO) _ ¢p), p € (c, b)

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

f(a) > £/(B) = f(cg : g(a) > f(bg : i(C)
f(c)—f(a) _ c— a..¢

fb)—f(c) b-c'

=

(x) is increasing)

Question106

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

thickness of ice decreases, is:
[Jan. 9,2020 (I)]

Options:



Solution:

Solution:
Let the thickness of ice layer be = xcm

Total volume V = é11(10 +x)°

3
dv _ 2d X :
1t =41(10 + x) qt (i)
Since, it is given that
dv _ 3 . .
T 50cm” / min ...... (ii)

From (i) and (ii), 50 = 41(10 + x)
=50 = 4n(10 + 5)2%[ " thickness of ice x = 5]

dx 1 .
:H = mcm / min
Questionl107

Let the normal at a point P on the curve y2 - 3x% + y + 10 = 0 intersect
the y -axis at (0, 32). If m is the slope of the tangent at P to the curve,
then |m| is equal to .

[NA Jan. 8, 2020 (I)]

Answer: 4

Solution:

Solution:
P =(xy,y,)
2yy —6x+y =0

=>y, = ( 6X1 )

1+ 2y,

3 —

DRRE! 1+ 2y, _
= = - [By point slope form, y —y, = m(x — x;) ]

-X; 6%,

=9 -6y, =1+ 2y,
ﬁyl = ]_
.'.Xl = iz

I+

12

.. Slope of tangent (m) = (T) = +4



Question108

The length of the perpendicular from the origin, on the normal to the
curve, x% + 2xy — 3y2 = (0 at the point (2,2) is:
[Jan. 8, 2020 (I1)]

Options:
A.V2

B. 4V2
C.2

D. 2v2

Answer: D

Solution:

Solution:
Given equation of curve is x* + 2xy — 3y* = 0
22X + 2y + 2xy — 6yy = 0
=>X+y+xy —3yy =0
=y (x—3y) = —-(x+Yy)
_dy_ x+y
dx 3y-—-x

Slope of normal = —

Normal at point (2, 2)

Equation of normal to curve =y -2 = —-1(x—2)
=>x+y=4
.. Perpendicular distance from origin
0+0-14 5
= — = 2V2
|~

Question109

Let f (x) be a polynomial of degree 3 such that f(—-1) = 10,

f(1) = -6, f(x) has a critical point at x = —1 and f’(x) has a critical point
at x = 1. Then f (x) has a local minima at x =

[NA Jan. 8, 2020 (II)]

Answer: 3

Solution:



Letf(x)=ax3+bX2+cx+d
f(-1)=10and f(1) = -6
—a+b—-c+d =10....... (i)

=f(x) =a(x’-3x*-9%) +d

£(x) =%(x2—2x—3) -0
=>x=3, -1
+ | =1
| I
. | 3

Local minima existat x = 3

Questionl110

Let f(x) be a polynomial of degree 5 such that x = *1 are its critical
points. If = 4, then which one of the following is not true ?
[Jan. 7, 2020 (II)]

Options:

A. fis an odd function.

B. f(1) - 4f(-1) = 4.

C.x = 1 is a point of maxima and x = -1 is a point ofminima of f.
D. x = 1 is a point of minima and x = -1 is a point ofmaxima of f

Answer: D

Solution:

Solution:
f(x) = ax’ + bx* + cx®
. ax® + bx* + cx® )
il_I)I}) ( 2+ 3 4
=224+c=4=>c=2
f'(x) = 5ax* + 4bx> + 6x°

= x2(5ax2 + 4bx + 6)
Since, x = =1 are the critical points,
~f(1)=0=5a+4b+6 =0 ...(i)
f(-1) =0=b5a—-4b+ 6 =0 ...(ii)
From eqgns. (i) and (ii),

- -_6
b=0anda= 5

f(x) = _TGXS + 2x°
f'(x) = —6x* +6%° = 6x2(—x2 +1)
= —6x°(x + 1)(x — 1)
_1 + J._
0 I
~f(x) has minimaatx = -1 and maximaatx =1




Questionll1l

Let m and M be respectively the minimum and maximum values of

cos’x 1 + sin’x sin2x
1 + cos’x sin’x sin2x

cos?x sin’x 1+sin2x

Then the ordered pair (m, M) is equal to :
[Sep. 06, 2020 (I)]

Options:
A. (-3,3)
B. (-3,-1)
C. (-4,-1)
D. (1,3)

Answer: B

Solution:

Solution:
C,»C,+C,
Let

2 1+sin’x sin2x
f(x) = 2 sin’x sin2x

1 sin’x 1+sin2x
R1 - R1 — 2R3; R2 - R2 — 2R3

0 cos?0 —(2 +sin2x)

=1 0 -sin’x —(2 +sin2x) = -2 —2sin2x

1 sin’x 1 +sin2x
f'(x) =—-2cos2x=0

=>c052x=0=>x=%,34—1—I
f"(x) =4sin2x

So,f"(%) =4 > 0 (minima)
m=f(2)=-2-1=-3
f(?jTH) = —4 < 0 (maxima)
M =f(3z) ——24+1=-1
So, (m, M) = (=3, —1)
Questionl12

The position of a moving car at time t is given by

f(t) = at® + bt + c, t > 0, where a, b and c are real numbers greater than
1 . Then the average speed of the car over the time interval [t,, t,] is



attained at the point :
[Sep.06, 2020 (I)]

Options:

A (t,—t) /2
B.a(t,—-t)+Db
C.(t,+t)/2

D. 2a(t, +t,) + b

Answer: C
Solution:
Solution:
f(t,)—f(t
Average speed = f'(t) = M
t,—t
t,+t,

2at+b =a(t, +t,) +b=t= 5

Questionl113

If the surface area of a cube is increasing at a rate of 3.6 cm?/sec,

retaining its shape; then the rate of change of its volume (in cm? /sec.),
when the length of a side of the cube is 10 cm, is :
[Sep. 03, 2020 (ID]

Options:
A. 18

B. 10

C. 20
D.9

Answer: D

Solution:
Solution:
Let the side of cube be a.

—6alo 4S da = da
S=6a"= at —12a.dt=>36 12a. T

da _ da _

=12(10)a = 3.6 =dt = 0.03
V=a?s9¥ 232243 _ 30102, (2] =9




Questionl14
If a function f (x) defined by

ae*+be™ , -1=sx<1
f(X)= cx? , 1=x=3
ax’+2cx , 3<x=4

be continuous for some a, b, c € Rand f'(0) + £'(2) = e, then the value of
ais:
[Sep. 02, 2020 (I)]

Options:

A ——1
e“—3e+13

B.—2
e —3e—-13

C_%
e"+3e+13

D. —2%
e"—3e+13

Answer: D

Solution:

Solution:

Since, function f (x) is continuous atx =1, 3
~f(1)=£f(@1")

=sae+be l=c.... (i)

£(3) =f(3%)

=29c=9a+6¢c=c=3a...... (ii)

From (i) and (ii),

b=ae(3—-¢e)........ (iii)

f'(x) = 2Cx 1<x<3

2ax+2c 3 <x<4
f'(0) =a—Db, f'(2) =4c
Given, f(0) +f'(2) = e
a—b+4c=e..... (iv)
From egs. (i), (ii), (iii) and (iv),
a—3ae+ae’+12a=¢e
>13a—3ae+ae’=e

e

:)az—
e?—3e+13

Questionl15

f(x) = (3x-7)x*'3,x ER, is increasing for all x lying in :
[Sep. 03, 2020 (I)]

Options:



Answer: A

Solution:

Solution:
f(x)=Bx-7).x/3
1
f(x) = 3x2/3 + 3x = 7) . %x 3
_15x—-14
- 3x!/3
P, . +
0 14
15
For increasing function
£'(x) > 0 then x € (=, 0) U % - |
Questionl16

If the tangent to the curve, y = f(x) = xlog_x, (x > 0) at a point (c, f(c)) is

parallel to the line segement joining the points (1,0) and (e, e), then c is
equal to:
[Sep. 06, 2020 (ID)]

Options:

A.e—l
e

1
(e_]_)

(12

B.e

C.e

D e

e—1

Answer: B
Solution:
Solution:

The given tangent to the curve is,
y =xlogx (x> 0)



dy—1+10gx

dx
4y =1+ log c (slope)
dx e
“ The tangent is parallel to line joining (1, 0), (e, e)
-0
~1+ log Cc= e—_l
—_e _ =1
=logc = ] 1 =log,c = ]
1
=Cc =e€ — 1
(]
Questionl117

Which of the following points lies on the tangent to the curve
x*eY + 2Vy + 1 = 3 at the point (1,0) ?
[Sep. 05, 2020 (ID)]

Options:
A. (2, 2)
B. (2, 6)
C.(-2,0)
D.(-2,4)
Answer: C

Solution:

Solution:
The given curveis, x*. e + 2Vy + 1 = 3
Differentiating w.r.t. x, we get
43 + x4 y)e + L — = 0
( v) Vi+y

( —4}(36y

+ e

\/y+1

:( wo

Equat|on of tangent;
y—0= —2(x—=1)=2x+y=2
Only point (-2,6) lies on the tangent.

Questionl118

If the lines x +y = a and x — y = b touch the curve y = x> — 3x + 2 at the
points where the curve intersects thex -axis, then % is equal to

[NA Sep. 05,2020 (ID]



Answer: 0.50

Solution:

Solution:

The given curvey = (x — 1)(x — 2), intersects the x -axis at A(1, 0) and B(2, 0)
dx 2x 3'(dx)(x=1) land(dx (x =2) 1

Equation of tangent at A(1, 0)
y==-1x—-1)=2x+y=1
Equation of tangent at B(2, 0)
y=1x—-2)=2x—-y=2
Soa=1landb=2

ﬁg =

1_
b 5—0.5

Questionl119

If the tangent to the curve, y = e* at a point (c, e“) and the normal to the

parabola, y2 = 4x at the point (1,2) intersect at the same point on the x -
axis, then the value of c is .
[NA Sep. 03,2020 (II)]

Answer: 4

Solution:

For (1,2) of y’=4x=>t=1,a=1
Equation of normal to the parabola
=>tx+y = 2at + at®
=X +y = 3 intersect x -axis at (3,0)
X d X
y=¢€ = d—;’ =e
Equation of tangent to the curve
=sy—e‘=e’(x—c)
** Tangent to the curve and normal to the parabola intersect at same point.
n0—e“=e(3-c)=>c=4

Question120

Ify=k§1kcos'1 {%coskx—%sinkx} , then &Y at x = 0 is .
[NA Sep. 02, 2020 (II)]

Answer: 91



Solution:

Solution:
6
= -1[3 _ 4.
y = kzlkcos { 5coskx 551nkx}

_3 andsina < 2
Let cosa = 5and sina = 5

6

Ly = 2 kcos™'{cosacoskx — sinasinkx}
k=1

~Ycos(kx + a))

x
Q
@]
»

W
IMo 1Mo

—_

6
k(kx +a) = 3 (k’k + ak)
k=1

2 = 6(7)6(13) _o1

=

‘Q-

X<
Il

=

1Mo

Questionl121

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

M D? + M C? is minimum is
[NA Sep. 06, 2020 (I)]

Answer: 5

Solution:

Solution:

= "" 10

&
J
Let AM = xm
~(MD)? 4+ (MC)? = 64 +x* + 121 +(10 — x)* = f (x) (say)
f'x)=2x—-2(10—x)=0
=24x=20=>x=05
f"x)=2-2(-1)>0
~f(x) is minimum atx = 5m

Questionl122

The set of all real values of lambda for which the function
f(x) = (1 - cos’x) . (A + sinx), x € ( —2 g) , has exactly one maxima and

exactly minima, is:



[Sep. 06, 2020 (II)]

Options:

T

0. (-3.3) -
Answer: D

Solution:

Solution:

f(x)=(1- coszx)(}x + sinx) = sinzx(}\. + sinx)
=f(x) = Asin’x + sin’x ......(i)

=f’(x) = sinxcosx[2A + 3sinx] =0

=sinx = 0 and sinx = —% =x =« (let)

So, f (x) will change its sign at x = 0, a because there is exactly one maxima and one minima in (_TH %)

- -
b

x
2
OR
- + - +
T a4 0 =
- 2
Now, sinx=—%
2\ 3

=-1=<-

?slﬁ—is}xs%—{O}

“If A = 0 = f(x) = sin’x (from (i))
Which is monotonic, then no maxima/minima

So, 2 € (—%%) _ {0}

Questionl123

If x = 1 is a critical point of the function f (x) = (3X2 + ax — 2 — a)e*, then

[Sep. 05, 2020 (II)]

Options:
A.x=1andx = —% are local minima of f.
B.x=1andx = —% are local maxima of f.

C.x =1 is a local maxima and x = —% is a local minima of f.



D.x =1 is a local minima and x = —% is a local maxima of f.

Answer: D

Solution:

Solution:

The given function

f(x) = (3x* + ax — 2 — a)e*

f'(x) = (6x +a)e* + (3x*> +ax — 2 —a) e
f'(x) = [3x* + (a + 6)x — 2]

'x = 1 is critical point :

~Sf(1)=0
=(3+a+6-—-2).e=0
=sa=-7 ("e>0)

~f(x) = (3x* — x — 2)€*
= (3x + 2)(x — 1)e*

; ;

23 1

X = —% is point of local maxima.

and x = 1 is point of local minima.

Questionl124

The area (in sq. units) of the largest rectangle ABCD whose vertices A
and B lie on the x -axis and vertices C and D lie on the parabola,

y = x> — 1 below the x -axis, is:
[Sep. 04, 2020 (ID)]

Options:

A —2_
V3

w

1
B33

w

C.

W[

[~

D.

w
<
W]

Answer: D
Solution:
Solution:

Area of rectangle ABCD
A=2x.(x*-1)=2x"-2x

A oo

--dX—6x 2

For maximum area da =0=x= J_ri_
dx V3

d3A (dZA) —-12

— =(12x)=> | — =—==<0

d x? (12%) dx*,-=1 " V3

<.



= x-1

AL/

i .
{—x, ¥-1) (x, x-1)

Question125

Suppose f (x) is a polynomial of degree four, having critical points at
-1,0,1.IfT ={x €R|f(x) =1f(0)}, then the sum of squares of all the
elements of T is:

[Sep. 03, 2020 (I1)]

Options:
A 4
B.6
C.2
D.8

Answer: A

Solution:

Solution:
" The critical points are -1,0,1
(%) = k.ox(x+ 1)(x — 1) = k(x®* = x)

=>f(x)=k(xz4—X72) +C

=f(0) =C
+f (x) = £(0)

4 2
=2 Lo

4
=x2(x2 -2)=0
=5x=0,v2, —V2
=T = {0, V2, —V2}

Questionl126

If the function f given by f (x) = x> — 3(a — 2)x* + 3ax + 7, for some a € R
is increasing in (0,1] and decreasing in [1, 5), then a root of the
equation,% =0(x=1)is

[Jan. 12, 2019 (D)]

Options:



A. -7
B.5
C.7
D.6

Answer: C

Solution:

Solution:
f(x) =x°—3(a—-2)x*+3ax+7,f(0)=7

N]=ﬂat.f=l

mn
i

=

Clinm  x=1

=f'(x) = 3x* — 6(a — 2)x + 3a

£(1)=0
=1-2a+4+a=0
=a = 5
Then, f(x) = x> — 9x* + 15x + 7
Now,
f(x) — 124 -0
(x—1)
=>x3—9x2+15x+7—14_0
: -

(x—1)

2
:w =0=x=7

(x—-1)
Questionl127
Let f(x) = ; X — o d (;X 7 X € R where a, b and d are non-zero real
a " +Xx + — X

constants.

[Jan. 11, 2019 (ID)]

Options:

A. fis an increasing function of x

B. fis a decreasing function of x

C. f' is not a continuous function of x

D. fis neither increasing nor decreasing function of x

Answer: A

Solution:



f(x) = X _ (d —x)
Va?+x* Vp’+(d -x)?
— X + (x—d)
Va?+x* {b*+ (x—d)?
) x(2x) 2o a2 (x—d)2(x-d)
f’(x)=\/a + X 2\/a2+x2+\/b +(x—-d) sk d)
(@’ +x%) (b2 + (x —d)?)
_at+xt-x* b+ x—-d)-(x—-d)?
- (a2+x2)3/2 (b2+(x—d)2)3/2
a’ b?

@+ x)2 + O+ (x—d)) 2 >0
=f,(x)>0,IxER
=f (x) is increasing function.
Hence, f (x) is increasing function.

Questionl128

The maximum area (in sq. units) of a rectangle having its base on the x -

axis and its other two vertices on the parabola, y = 12 — x2 such that the
rectangle lies inside the parabola, is:
[Jan. 12, 2019 (I)]

Options:
A. 36
B. 20v2
C. 32
D. 18V3

Answer: C

Solution:

Solution:
Given, the equation of parabola is, x* = 12 —y
JJ
o

(0,12)

A

(—1, 12-4) (t, 12-%)

ZZ

/ \

vy
Area of the rectangle = (2t)(12 — t?)
A =24t -2t

At t =2, area is maximum = 24(2) — 2(2)3
=48 — 16 = 32 sq. units



Question129

The tangent to the curve y = x> — 5x + 5, parallel to the line 2y =4x + 1,
also passes through the point:
[Jan. 12, 2019(11)]

Options:

Solution:

Solution:

" Tangent to the given curve is parallel to line 2y = 4x + 1
.. Slope of tangent (m) = 2

Then, the equation of tangent will be of the form
y=2X+C...... (i)

' Line (i) and curvey = x? = 5% + 5 has only one point of intersection.
2x+c=%x>—-5x+5

x*—7x+(5-¢c)=0

2D=49-4(5-¢c)=0

=C = —Q
4
Hence, the equation of tangent: y = 2x — 24—9

Question130

The shortest distance between the point ( %, 0 ) and the curve

y = Vx, (x > 0), is:
[Jan. 10, 2019 (I)]

Options:
V5
A. -

V3

B. 2

O
N



5
D. 1
Answer: A

Solution:

Solution:

Here the curve is parabola with a = %

2
Let P(at?, 2at) or P ( tZ %) be a point on the curve.

Now, y* = x
dy _;-dy__1_
=>de 1 dx 2vx
dy 1

= ( H atp - t
.. equation of normal at P to y* = x is,

y=5) =-tlx-3¢)

=y = —tx+%t+%t3 ........ (i)

For minimum PQ, (i) passes through Q ( % 0)

-3, t ﬁ_ _ 3 _
St+s+g =0=-4t+t°=0
>t(tP—-4)=0=2t=-2,0,2

vt=0=t=0,2

t =0, P(0, 0)=AP=%

t=2,P(1, 1)=AP=\/—2g

Shortest distance (% 0) andy = vx is ‘/75
Question131

The tangent to the curve, y = XeX2 passing through the point (1, e) also
passes through the point:
[Jan. 10,2019 (I1)]

Options:
A. (2, 3e)

B. (%,Ze)



D. (3, 6e)

Answer: B

Solution:

Solution:
2
The equation of curve y = xe*
ﬂ=ex2.1+x.exz.2x
dx ,
Since (1, e) lies on the curve y = xe* , then equation of tangent at (1, e) is
2
y-—e= (e +2x2))x=1(x— 1)
y—e=3e(x—1)
3ex —y = 2e

=

So, equation of tangent to the curve passes through the point (% Ze)

Question132

A helicopter is flying along the curve given byy — x3/'2=7,(x=0). A
soldier positioned at the point ( %, 7 ) wants to shoot down the helicopter

when it is nearest to him. Then this nearest distance is:
[Jan. 10, 2019 (II)]

Options:

V5
A. 5

us]
(SIS
<_
wl|

@)
[l
<.
[SSIEN] |

D.

N =

Answer: C

Solution:

Solution:
f(x)=y=x3/2+7

dy _ 3%
=dx=2\/x>0

=f (x) is increasing function ¥Vx > 0



3
Let Pleft(xl, x,2 + 7)

my, =m,, = -1
3/2 1
X4 3.5 _
:>(x —l) at=t
T2
2 %’
=5>—-—= =
3 1
Xl—z

--3x,°=2x,—1=3x"+2x,—-1=0
=3x12+3x1—xl—1 =0
=>3X1(X1 +1) - 1(x1 +1)=0

Questionl133

If O denotes the acute angle between the curves, y = 10 — x> and

y = 2 + x° at a point of their intersection, then |tan 0] is equal to:
[Jan. 09, 2019 (I)]

Options:

A.

Ol

| oo

B.

—_
a1

|~

C.

—_
~

|

D.

—_
~

Answer: B

Solution:

Solution:

Since, the equation of curves arey = 10 — x*
y=2+%*....0)

Adding eqgn (i) and (ii), we get

2y =12=y=6

Then, from eqgn (i)

X =*2

Differentiate equation (i) with respect to x



Differentiate equatlon (ii) with respect to x
gx_2=( (26)_4 nd(dX(2,6)=_4

At (2, 6) tan 6 = (%) -8
At (-2, 6), tanb = 1(4%{_) (_4)((__44)) Ei =|tan6| =%
o tan6| =15
Questionl134

The maximum value of 3cos 0 + 5sin ( 0-% ) for any real value of 0 is:
[Jan. 12, 2019 (I)]

Options:

A. V19

C.vV34

D. V31

Answer: A

Solution:

Let, the functions is,

f(6) = 3cos0O + 5sin®.cosZ —5sin 2 cosO

6 6
V3
—3cose+5x75m9 59 cos O
_ 5 V3
= (3—§)cose+5x73m9

1 5v3

E COoSs e+TSHle

maxf (0) =

Questionl135

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

[Jan. 12, 2019 (I)]

Options:



c.$
D. 122
Answer: B

Solution:

Solution:
N

n

Parametric equations of the parabola y2 = 4x are,
x=t*andy = 2t

AreaAPXQ=% 4 -4 1

t22t1‘
9 6 1

—5t% + 5t + 30
—5(t* -t —

6)
2
of[e-4)'-2

For maximum area t =

S maximum area = 5(

Question136

The maximum value of the function f (x) = 3x> — 18x°% + 27x — 40 on the
setS={xER:x*+30 =< 11x} is
[Jan. 11, 2019 (I)]

Options:
A. -122
B. -222
C. 122
D. 222



Answer: C

Solution:

Solution:

Consider the function,

f(x) = 3x(x — 3)% — 40

Now S = {x € «R: x*+ 30 = 11x}
Sox’—11x + 30 = 0 =2xx € [5, 6]

~f (x) will have maximum value forx = 6
The maximum value of function is,
f(6)=3x6x%x3x3—-—40=122

Questionl137

Let x, y be positive real numbers and m, n positive integers.
The maximum value of the expression ~ is:

(1 +x*™)(1 +y™)
[Jan. 11, 2019 (1I)]

Options:
A1l

B.

N| =

C.

NP

m+n
* 6mn

Answer: C

Solution:

Solution:

= XnLyn = 1
(1+x")(1+y") & "+x™)(y 2 +79)
1

(x™. x_m)E =>x"+x" =2

In the same way, y" +y" =
Then, (x™ +x ") (y " +y")

1 -1
G +x My My 4

=

Questionl138

The maximum volume (in cu.m) of the right circular cone having slant
height 3 m is:
[Jan. 09, 2019 (I)]

Options:



B. 3V3m

II

O
Wk

D. 2vV3m

Answer: D

Solution:

Solution:

From (i) and (ii),
SV = %n(g —h?h

_1 iy odv 1 g a2
=V = 3r1(9h h ):dh 311(9 3h°)
For maxima/minima,
dv _ 1 _an2y
sh=+vV3=>h=v3-h>0

AV 1o
Now; T 311( 6h)

2
Here, (d—\g) <0
dh ath=v3
Then, h = V3 is point of maxima
Hence, the required maximum volume is,

V = %n(g —3)V3 = 2v3m

Question139

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

[April 10, 2019 (ID)]

Options:

1
A. 181

B. L



9
Answer: A
Solution:
Solution:
Given that ice melts at a rate of 50cm® / min.
dt
Vi = 2(10 + 1) - Zn(10)?
dv _ 4 2dr _ 2dr
= T —3H3(10+I‘) at 41(10 + 1) at

Substitute r = 5,
50 1

= E g = = C i
50 =4n(225) 4% = qt = Zm(225) ~ TanCm/ min

Question140

A water tank has the shape of an inverted right circular cone, whose

semi-vertical angle is tan™! . Water is poured into it at a constant rate of
5 cubic meter per minute. Then the rate (in m/min.), at which the level
of water is rising at the instant when the depth of water in the tank is
10m; is:

[April 09, 2019 (ID)]

Options:
A. 1/15m
B. 1/10m
C.2/n
D. 1/5m

Answer: D

Solution:



f tanB =172

—>

10m

l Sm /min

Given that water is poured into the tank at a constant rate of 5m>/ minute.
d_v = 5m®/ min
dt

Volume of the tank is,

where r is radius and h is height at any time.
By the diagram,
1

=r_1
tane—h 5

dt dt
Differentiate eq. (i) w.
dv _1( odr. . odh
it = 3(1121"dth+r1r T

Puttingh =10, r =5 and v _ 5 in the above equation.

dt
_750dh dh_ 1 .
5= 3 dt:dt 5rIm/mm.

r.t.

Questionl41

Let f(x) = e*—x and g(x) = x% — X, X € R. Then the set of allx € R, where
the function h(x) = (f og)(x) is increasing, is:
[April 10, 2019 (I)]

Options:

1
B. [0, 1] ulL, =)
C. [0, x)
D. [‘71,0] U1, o)
Answer: B

Solution:

Solution:

Given functions are, f(x) = e* —x and g(x) = x* — x
f(gx)) = e ¥ - ~2 —x)

Given f (g(x)) iszincreasing function.

A(f(gx) =e™ ¥ x(2x—1) —2x + 1

=@2x-1e* P+1-2x =2x-[e® ¥ -1] =0
For (f(g(x))) = 0,



2x—-1) & [ =¥ _ 1] are either both positive or negative
- ; +ve -ve =+
1 |
0 1

| =1

x € [o,%] U1, )

Question142

If the function f : R- {1, —1} - A defined by f (x) = 1f—2Xz, is surjective,

then A is equal to:
[April 09, 2019 (I)]

Options:
A.R-{-1}
B. [0, ")
C.R-[-1,0)
D.R-(-1,0)
Answer: C

Solution:

Solution:

=f(-%) = - fxz = f (x)

, 2X
f'(—x)= ——=-—
(—x) T
f (x) increases in x € (10, »)
Also £(0) = 0 and
lim f(x) = —1 and f (x) is even function

SetA=R-[-1,0)
And the graph of function f (x) is

-1 0 1

T

Question143

Letf : [0: 2] » R be a twice differentiable function such that f"(x) > O,
forallx € (0, 2). If p(x) =f(x)+f(2—-x), then P is:
[April 08, 2019 (I)]



Options:

A. increasing on (0, 1) and decreasing on (1, 2).
B. decreasing on (0, 2)

C. decreasing on (0, 1) and increasing on (1, 2).
D. increasing on (0, 2)

Answer: C

Solution:

Solution:

f(x)=f(x)+f(2-—x)

Now, differentiate w.r.t. x
f'(x)=f(x)—-f(2-x)

For f (x) to be increasing f'(x) > 0
=>f(x)—f'(2-x)>0

=f'(x) >f'(2 —x)

But f"(x) > 0 = f’(x) is an increasing function
Then, f'(x) >f'(2-x)>0

=2X>2—X

=x>1

Hence, f (x) is increasing on (1,2) and decreasing on (0,1)

Questionl44

If the tangent to the curve y = xx* - 3,x €ER, (x # +V3), at a point
(o, B)(0, O) on it is parallel to the line 2x + 6y — 11 = 0, then :
[April 10, 2019 (II)]

Options:

A. |6+ 2B| =19
B. |6a+ 2B| =9
C.|2a+6B| =19
D. |2a + 6B = 11

Answer: A

Solution:

Solution:

X
x? =3
(x2 — 3) — x(2x) _ -x?=-3
X (Xz _ 3)2 (Xz _ 3)2
-3 _ 2 _ 1
dxlwp (*-3° 6 3
3a*+3)=(®*—3)?=2a*=9

And, B = X =>(x2—3=%=>%=6

Given curveis, y =

d

)
1<
Il

[oN
< o

a’?-3

=2a=x3,p==

N|+—



These values of a and B satisfies |6a + 2B| = 19

Question145

If the tangent to the curve, y = x> + ax — b at the point (1,-5) is
perpendicular to the line, —x + y + 4 = 0, then which one of the following
points lies on the curve?

[April 09, 2019 (I)]

Options:
A. (-2,1)
B. (-2,2)
C. (2,-1)
D. (2,-2)

Answer: D

Solution:

Solution:

y=x"+ax—b

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

=a—-b=-6.... (i)

H=3x2+a

dx
dy =
(dX atx =1 3+a

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

a=-4

b=2

the equation of the curve isy = x° — 4x — 2 (2,-2) lies on the curve

Questionl146

Let S be the set of all values of x for which the tangent to the curve
y=1f(x) = x> —x% - 2x at (x, y) is parallel to the line segment joining the
points (1, £(1)) and (-1, £(—1)), then S is equal to:

[April 09, 2019 (I)]

Options:



Answer: D

Solution:

Solution:

fl)=1-1-2=-2,f(-1) =-1-1+2=0
Since the tangent to the curve is parallel to the line segment joining the points (1,-2)(-1,0)
Since their slopes are equal

=3x2—2x—2 = _22_0

-1 =1
=>x=1, 3

Hence, the required set S = { _?1 1 }

Questionl147

The tangent and the normal lines at the point (v3, 1) to the circle

x> + y2 = 4 and the x -axis form a triangle. The area of this triangle (in
square units) is:
[April 08,2019 (I)]

Options:

AL

<,

B.

W=

C.

é||“

D.

§|| =

Answer: C

Solution:

Equation of tangent to circle at point (vV3, 1) is V3x+y = 4

P(+/3.1)
N
ol M !
VAN

X+y =4

Ln

ﬂ+_v=4

coordinates of the point A = (\% 0 )

1 1 4 2 .
2 2 v V3 a



Question148

If m is the minimum value of k for which the function f(x) = x \/ kx — x° is

increasing in the interval [0,3] and M is the maximum value of f in
[0,3] when k = m, then the ordered pair (m, M) is equal to :
[April 12, 2019 (I)]

Options:
A. (4,3V2)

B. (4, 3V3)

C. (3, 3vV3)
D. (5, 3V6)

Answer: B

Solution:

Solution:
Given function f (x) = X\/kX -x* = \/kx3 —x*
Differentiating w. r. t. x,
2 4.3
£ix) = B A% 5 6 forx € [0, 3] [ (x) is increasing in [0,3]]
21 kx® — x
=23k —4x =0 = 3k = 4x
i.e., 3k = 4x forx € [0, 3]
ck=4ie,m=4
Putting k = 4 in the function, f (x) = xV 4x — x°
For max. value, f'(x) =0
2 _ 4.3

2\/4x -X

y=3V3ie,M =3V3

Question149

Let a,, a,, a3, ..... be an A. P. with a5 = 2. Then the common difference
of this A.P., which maximises the product a,;a, a,, is
[April 10, 2019 (II)]

Options:

A.

N|w

B.

ul]co



Answer: B

Solution:

Solution:

ag=a+ 5d =2

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

=a(2-2d)2-4d)

A=(2-5d)4-6d +2d?
dA _

Byﬁ—O

(2-5d)(—6+4d)+(4—-6d +2d2)(-5) =0

—1542 —16 = 82
15d “ + 34d 16—0=d—5,3
_ 8 d*A

Ford_5'dd2<0
Henced=§

5

[ ]
Question150

If S, and S, are respectively the sets of local minimum and local

maximum points of the function, f (x) = ox? + 12x3 — 36x% + 25, x €R,
then
[April 08, 2019 (I)]

Options:

A. S, ={-2};S,={0, 1}
B.S, ={-2,0};S,={1}
C.S,={-2,1};S,={0}
D.S;, ={-1}S,={0, 2}
Answer: C

Solution:

Solution:

f(x) = 9x* + 12x% — 36x% + 25

f'(x) = 36[x° + x* — 2x] = 36x(x — 1)(x + 2)
- + s +

| 1 ]
T T

T
s ) 0 ]
Here at —2 &1, f'(x) changes from negative value to positive value.
=-—2 & 1 are local minimum points. At 0, f'(x) changes from positive value to negative value.
=0 is the local maximum point.
Hence, S; = {-2,1} and S, = {0}

Question151



The height of a right circular cylinder of maximum volume inscribed in
a sphere of radius 3 is:
[April 08, 2019 (1I)]

Options:
A V6

9 =
B. §V 3
C.2V3

D. V3

Answer: C

Solution:

Solution:
Let radius of base and height of cylinder be r and h respectively

--------------------

2
.2, h" :

ST = 9.... (i)

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

_ h_z) _ my3
V—Hh(9—4 =>V—9r1h—Zh

Differentiating w.r.t. h

cjl_\lfl = 9m — %rxh2
For maxima/minima,
%1_\1/1 —0=h=vi2
and cézg/z' = —%nh
d°v <0

dh® Iy B
Volume is maximum when h = 2v3

Question152

A 2 m ladder leans against a vertical wall. If the top of the ladder begins
to slide down the wall at the rate 25 cm/sec., then the rate (in cm/sec.)
at which the bottom of the ladder slides away from the wall on the
horizontal ground when the top of the ladder is 1 m above the ground
is:

[April 12, 2019 (I)]

Options:



c.2

D. 25

Answer: B

Solution:

Solution:
According to the question,
dy _ _ _
at - 25aty =1
By Pythagoras theorem, X2 + y2 =4 ... (i)
Wheny=1=x=V3
Diff. equation (i) w.r. t. t,
dx

dx dy _
2th+2ydt 0

T

v

—— ¥ —

dx  dy _ 7dX ey =
=>th+ydt 0=>\/3dt+( 25)=0
dx _ 25

=dt—‘/§cm/s

Questionl153

If the curves y2 = 6x, 9x° + by2 = 16 intersect each other at right angles,
then the value of b is :
[2018]

Options:

A.

N[

B. 4

C.

N|©

D.6

Answer: C

Solution:

Solution:
Let curve intersect each other at point P(x;, y;)



y1=6x
P(x), y,)

N

9x*+by?=16

Since, point of intersection is on both the curves, then

y,> = 6%, ......(i)

and 9x,” + by, = 16 .....(i)

Now, find the slope of tangent to both the curves at the point of intersection P(xl, yl)
For slope of curves:

Curve (i):
( = = i
dx/(x,y,) h Y1
Curve (ii):
dy 9X1
and | =% =m. = ——1%
(dX (x1, ) 2 byl
Since, both the curves intersect each other at right angle then,
27
mym, = —1=>"1=1=b=272L
by, vy
. . . _ 1_9
-~ from equation (i), b=27x = = =
6 2
[ ]
Questionl154

Let P be a point on the parabola x> = 4y. If the distance of P from the
centre of the circle, x> + y2 + 6x + 8 = 0 is minimum, then the equation
of the tangent to the parabola at P, is

[Online April 16, 2018]

Options:

A x+4y-2=0
B.x+2y=0
C.x+y+1=0
D.x-y+3=0
Answer: C

Solution:

Solution:

Let P(2t, t*) be any point on the parabola.

Centre of the given circle C = (—g, —=f) = (=3, 0)

For PC to be minimum, it must be the normal to the parabola at P.

— 2 _
Slope of line PC = Yo=Y _t°=0

X, —x; 2t+3
_dy _x _
Also, slope of tangent to parabola at P = dx -2 - t
= Slope of normal = _Tl

2-0_ -1

2t+3 t




>t34+2t+3=0

S(t+1)(t*—t+3)=0

.. Real roots of above equationist = -1
Coordinate of P = (2t, t*) = (=2, 1)

Slope of tangent to parabolaatP =t = -1
Therefore, equation of tangent is:
(y=1)=(-1kx+2)

=2Xx+y+1=0

Question155

If the tangents drawn to the hyperbola Lly2 = x” + 1 intersect the co-
ordinate axes at the distinct points A and B, then the locus of the mid
point of AB is

[Online April 15, 2018]

Options:

A x*— 4y2 + 16x2y2 =0
B. 4x* —y* + 16x°y* = 0
C.4x* —y* - 16x*y* =0
D. x* — 4y* — 16x*y* = 0
Answer: D

Solution:

Solution:
Equation of hyperbola is:

Now, tangent to the curve at point (x,, y;) is given by
d
4 x 2y1d—§ = 2x,

2
Sdy _ 2% X%

dx 8y, 4y,
Equation of tangent at (x;, y;) is
y=mx+cC
sy=-L x+c
y 4y1 .
As tangent passes through (x,, y;)
XXy
=—+4cC
Y1 4y1
2
YO Mk N
4y, 4y,

X
Therefore, y = ﬁx + é =4y, y=xx+1
1 1

which intersects x axis at A( ;—1 0 ) and y axis at
1



B(0, )

4y,
Let midpoint of AB is (h, k)
h=_=L
~h = le
-1 -1
=% = op &V = g
1 2 _ _]_ 2
Thu5,4(8—k) _(ﬁ) +1
1 _ 1
16k?>  4h?
2
-1 = 18K 4 6x2
4h

=>h® = 4k* + 16h%k
So, required equation is
r— 4y2 - 16x2y2 =0

Questionl156

If B is one of the angles between the normals to the ellipse, x> + 3y2 =9

at the points (3 cos 0, v3sin0) and(-3sin0, v3 cos0); € ( 0, %) ; then 2590

is equal to
[Online April 15, 2018]

Options:
A V2

B.

§|| i

Sl

D.

~[ 3

Answer: B
Solution:
Solution:

Since, x* + 3y2 =9
=2x+6ydy/dx =0

Sdy _ =x
dx 3y
Slope of normal is _dx _3y
dy x
dx _3V3sin® _ & _
"\ Tady ) (3cos6, vIsin6)  3C0SO v3tan6 = m,
dx
& ( g_y)(—SsinG, V3 cos0)
_3V3cosO _ _ o _
= 3sm0 - v3coth =m,
As, B is the anagle between the normals to the given ellipse then
tanp = m, —m,
anb =173 m,m,

_ | v3tan® + v3 cotO _ v3tan® + v3 cotO
1 —3tan0OcotO 1-3



So, tanp = \/TS‘tane + cot9|

sin® |, cos©
cosO sin6
1
cotp 1sin6cos6
1 _ V3 2cotpf _ 2
= = = g
cotp sin26 sin26 V3

V3
cotp 2
V3
2

=

Question157

A normal to the hyperbola, 4x? — 9y? = 36 meets the coordinate axes x
and y at A and B, respectively. If the parallelogram OABP( O being the
origin ) is formed, then the locus of P is

[Online April 15, 2018]

Options:

A. 4x* - 9y* = 121
B. 4x* + 9y* = 121
C. 9x* — 4y* = 169
D. 9x* + 4y* = 169
Answer: C

Solution:

Solution:
Given, 4x* — 9y° = 36
After differentiating w.r.t. x, we get

4.2.X—9.2.y.:11—§=0

_dy _ 4&x
= Slope of tangent = dx ~ 9y
_ -9
So, slope of normal = I
Now, equation of normal at point (x,, y,) is given byy —y, = _4Xy°(x = X,)

0
As normal intersects X axis at A, Then

_ [ 13%, ) _( 13y0)
A_( 9 ,0)andB= |0, 1

As OABP is a parallelogram

o 13y, o
midpoint of OB = | O, 5 = Midpoint of AP

-13x, 13
So, P(x,y) = ( 9X°, %)

v (X, Y,) lies on hyperbola, therefore
4(x,)* = 9(yy)? = 36 .......(J0)
—9x

From equation (i): x, = 3 andy, = %

From equation (ii), we get
9x* — 4y* = 169
Hence, locus of point P is :9x* — 4y* = 169




Question158

Let f(x) =x*+Llandg(x) =x-1,x€ER-{-1,0, 1}

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

Options:
A.-3

B. —2v2
C.2v2
D.3

Answer: C

Solution:

Solution:

Here, h(x) = )1( =(x—l)+ 2
X

Whenx—l<0
X

g1, 2
X

1 <= -2v2

X
Hence, —2\/_5 will be local maximum value of h(x)
When x — ‘/?1 >0

1 2

SX ==+
X

122\/5
X—_
X

Hence, 2v?2 will be local minimum value of h(x).

Question159

Let M and m be respectively the absolute maximum and the absolute

minimum values of the function, f (x) = 2x3 — 9x% + 12x + 5 in the
interval [0,3] . Then M — m is equal to
[Online April 16, 2018]

Options:
Al
B.5
C.4
D.9

Answer: A



Solution:

Here, f (x) = 2x° — 9x* 4+ 12x + 5
=f'(x) = 6x>—18x+ 12 =0

For maxima or minima put f'(x) =0
=x?—3x+2=0

=>x=1lorx=2

Now, f"(x) = 12x — 18
=>f"(1)=12(1)—-18=-6<0
Hence, f(x) has maxima atx =1

S maximumvalue =M =f(1)=2-9+12+5=10.
And, f"(2) =12(2)-18 =6 > 0.
Hence, f (x) has minima at x = 2.
Sominimum value = m = f(2)
=2(8)—94)+12(2)+5=9
M-m=10-9=1

Questionl160

If a right circular cone having maximum volume, is inscribed in a

sphere of radius 3cm, then the curved surface area (in cm? ) of this
cone is

[Online April 15, 2018]
Options:

A. 8V3m

B. 6vV2m

C. 6V3m

D. 8V2n

Answer: A

Solution:

Solution:
Sphere of radius r = 3cm Let b, h be base radius and height of cone respectively.

So, volume of cone = %nbzh

In right angled AABC by Pythagoras theorem
(h—r)?+b*=r....()
=b’=r1r*—(h-1)* =r* - (h® =2hr + r*) = 2hr — h?

- Volume (v) = %nh[Zhr 12 = %[Zth — 13

o,

E - %[4hr —3h%* = 0 =>h(4r—3h) = 0

.



d®v _ 1

_4r d%v _ 1 _4r 1,
Ath = 3,dh2_3[4r % 6] =ilar-sr1<o
= maximum volume ocurs at h = % = % X 3 =4cm
As from (i),
(h—r)?+b%=r?
2 _ _h2 41’_161"2_8_1"2_16r2
=b“ = 2hr h—Z.?r 5 =73 9
_ (24 -16)r* _ 8r*
_—9_ =3
=b=%r=2\/§cm

Therefore curved surface area = mbl
=ubVh®+r? = m2v2V4%2+8 = 8v3ncm?

Questionl161

The function f defined by
f(x) = x> - 3x% + 5x + 7, is:
[Online April 9, 2017]

Options:

A. increasing in R.

B. decreasing in R.

C. decreasing in (0, «) and increasing in (- « , 0).
D. increasing in (0, «) and decreasing in (- «, 0).
Answer: A

Solution:

Solution:

f(x) =x>—3x°+5x+7
For increasing
f(x)=3x*—6x+5>0
=2x €R

For decreasing
f(x)=3x*-6x+5<0

Questionl162

The normal to the curve y(x — 2)(x — 3) = x + 6 at the point where the
curve intersects the y-axis passes through the point:
[2017]

Options:

|

’

A

N|+—
W[



5 (-4 -1)
¢ 53]

D. (5 -3
Answer: C

Solution:

Solution:
X+ 6
(x —2)(x—3)
Aty-axis,x=0=y=1
On differentiating, we get
dy _ (x* = 5x + 6)(1) — (x + 6)(2x — 5)
dx (x? — 5% + 6)*
dy _ .
aix - 1 at point (0,1)
. Slope of normal = -1
Now equation of normalisy—1 = —-1(x - 0)
sy—-1=-x
x+y=1
(11

A5 §) satisfy it.

We havey =

Questionl1l63

The eccentricity of an ellipse whose centre is at the origin is % If one of

its directices is x = —4, then the equation of the normal to it at ( 1, % )

is :
[2017]

Options:

A x+2y=4
B.2y —x=2
C.4x-2y=1
D.4x+2y=7

Answer: C

Solution:

Solution:

Eccentricity of ellipse = %

Now, —§=—4=a=4xl=2=a=2
e 2

Wehaveb2=a2(1—e2)=a2(1—i)



3

=4XZ=3
. Equation of ellipse is

2 2
X Yy _

1t3 =1
Now differentiating, we get
X 2y o o3X
=>2+ 3 Xy =0=y 1y
. 3,2 1
Vi sl =—-g%3=-3

Slope of normal = 2

. Equation of normal at ( 1, %) is

y—%=2(x—1)=2y—3=4x—4

dx -2y =1

Questionl164

A tangent to the curve, y = f (x) at P(x, y) meets x -axis at A and y -axis at
B.IfAP: BP =1:3 and f(a) = 1, then the curve also passes through the
point:

[Online April 9, 2017]

(b2
o (3.4]
c. [z}

D. (3. 55)
Answer: C

Solution:

Solution:

Lety = f(x) be a curve
slope of tangent = f’'(x)
Equation of tangent (Y —y) = f'(x)(X —x)
PutY =0
- __Y
=X = (x f’(x))
PutX =0




vf(a)=1=C=1

1

Y = is required curve and (2, %) passingthroughy = 13

X

o

Question165

The tangent at the point (2,-2) to the curve, X2y2 — 2x = 4(1 —y) does not
pass through the point:
[Online April 8, 2017]

Options:
A fad)
B. (8,5)

C. (-4,-9)
D. (-2,-7)
Answer: D

Solution:

Solution:
x2y2—2x=4—4y
Differentiate w.r.t. 'x'

2xy2+2y.x2.g—§—2 =—4.g

dy 2 _o_ 2
:>dx(2y.x +4)=2-2x.y

X

dy _2-2x2x4 _ —14 7

Tdxla-2 2-2)x4+4  “—12 6
. Equation of tangent is(y + 2) = %(x —2)or7x — 6y = 26

(=2, —7) does not passes through the required tangent.

Question166

Twenty metres of wire is available for fencing off a flowerbed in the
form of a circular sector. Then the maximum area (in sq. m ) of the
flower-bed, is:

[2017]



Options:
A. 30

B. 12.5
C.10

D. 25

Answer: D

Solution:

Solution:

£y

or
We have
Total length =r+r+16 =20
=2r+1r0 = 20

_20-2r

=0 T ....... (I)

— _ 0 2
A = Area —zexer

12 1 2(20—-2r
—Ere—ﬁr (—r )
A=10r—-r°
For A to be maximum
dA _po10-2r=0
dr
=2r=>5

2
dA_ _2<0
dr
S Forr =5 Ais maximum
From (i)

_20—-2(5) _ 10 _

Question167

Let f(x) = sin?x + cos*x. Then f is an increasing function in the interval :
[JEE Mains 2016]

Options:
a 13 %]
B 3%
c. |3.5]




II
D. 10, 7

Answer: C

Solution:

Solution:

f(x) = sin*x + cos*x

f'(x) = 4sin®x cosx + 4cos3x(—sin X)
= 4 sinx cos x(sin’x — cos?x)

= —2sin2xcos2x = —sin4x

f (x) is increasing when f'(x) > 0
=—-sin4dx>0=sindx <0

-xe (22
y=sindx
T by o
4 2
\’/
Question168

1 —sinx

Consider f(x) = tan™* [ { 222 ), x € (0, 1)

A normal to y = f(x) at x = 7 also passes through the point:
[2016]

Options:
N
5 (50
C. (0,0)

D. (0,2

Answer: D

Solution:

Solution:

f(x) = tan~" ( 1 + sinx )
1 —sinx



2
(sin§+cos§) 1+tan2
= tan™! 2 2 = tan"! 2
2 1 —tanx?2

X X
(sm——cos—)
X 2

— -1 II X
= tan tan(Z+§))
=n,x_dy_1
TY=3t27ax T2
Slope of normal = (_11 =-2
(&)
H II II II
Equation of normal at 51 + E)
II II _ _E
=g+ 13) =-2(x-§)
4n 211
o_ _ I
y g— 2X+3
_ _gy4 20
y=—-2x+ 3

This equation is satisfied only by the point (0, 2—)

Question169

Let C be a curve given by y(x) =1+ Vv4x -3, x> %. If P is a point on C,
such that the tangent at P has slope %, then a point through which the

normal at P passes, is :
[Online April 10, 2016]

Options:
A. (1,7)

B. (3,-4)
C. (4,-3)
D. (2,3)
Answer: A

Solution:

Solution:

So,y=4
Equation of normal at P(3, 4) is

y—4=—%(x—3)
ie.2y—8=-3x+9

=23x+2y—17=0
This line is satisfied by the point (1,7)




Questionl170

If the tangent at a point P, with parameter t, on the curve

x =4t> + 3,y = 8t> - 1, t €R, meets the curve again at a point Q, then
the coordinates of Q are :

[Online April 9, 2016]

Options:

A. (16t* + 3, —64t> — 1)
B. (4t* + 3, —8t° — 2)
C.(t*+3,t2=1)

D. (t*+3, -t°—1)
Answer: D

Solution:

Solution:
P(4t? + 3, 8t> — 1)
dy/dt _dy _
E% = d—% = 3t (slope of tangent at P)
Let Q = (42% + 3,823 -1)
slope of PQ = 3t

3 3
81;2 — SAZ _ 3t
4t — 4x
>t -32%t+22°=0
(t—2). (> +tA—-22%) =0
(t—=2A).(t+20) =0

- =t
t=2A(or)A = 5
~QIt2 + 3, —t3 -

1]

Questionl71

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

[2016]

Options:
A.x=12r
B.2x=r
C.2x=(n+4)r
D. (4 —ao)x =qr

Answer: A



Solution:

Solution:
dx+2nr=2=2x+1uar=1
S = x? + ur?
_[1—mr)? 2
S—( 5 )+nr

ds _ 1 —or
dr_z(

) (32) + 200

2
=%H+H+2nr=0=>r= 1

2
2 on+4

= _2 -
22X =———=2X=2T
I+

Questionl172

The minimum distance of a point on the curve y = x> — 4 from the origin
is:
[Online April 9, 2016]

Options:
V15
A

o

®
- -
N|E|

i

o
<.
Sl

Answer: A

Solution:

Solution:
D= ya? + (a? — 4)?
D’=o’+0*+16-8a% =a*-7a% + 16

2
dD” _ 4 - 140 =0
da
20202 = 7) = 0
=2
2

(o, 0’ - 4)
DZ—%—%+16 =—%+16=%
b vi5




Questionl73

The normal to the curve, x° + 2xy — 3y2 =0, at (1,1)
[2015]

Options:

A. meets the curve again in the third quadrant.
B. meets the curve again in the fourth quadrant.
C. does not meet the curve again.

D. meets the curve again in the second quadrant.

Answer: B

Solution:

Solution:
Given curve is
x2+2xy—3y2 =0..... (i)
Differentiate w.r.t.x
dy _evdy _
2X+2de+2y oy - 0
dy
=y =1
(dx (1,1)
Equation of normal at (1,1) is
V=2—X.... (ii)

Solving egs. (i) and (ii), we get

x=1,3

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

Normal cuts the curve again in 4 th quadrant.

Questionl74

The equation of a normal to the curve, siny = xsin ( 3+ y) atx =0, is
[Online April 11, 2015]

Options:
A.2x—V3y=0
B.2x+V3y =0
C.2y—V3x=0
D.2y+V3x =0
Answer: B

Solution:

Solution:



Given curve is siny = xsin(% + y)

Diff with respect to x, we get
II

3
dy sin(§+y)

cosy—xcos(%+y)

Cosyg—:*i:sin( +y) +XCOS(%+y) g_‘;’

= Equation of normalisy — 0 = —%(x -0)

=2x+V3y =0

Questionl75

If the tangent to the conic, y— 6 = x° at (2,10) touches the circle,
x> + y2 + 8x — 2y = k (for some fixed k ) at a point («, B); then («, B) is
[Online April 10, 2015]

Options:

A (-

Sl
Sle

|
|,_\

(
(-
(

oo
—_
~
—_
~

@]
-
~

| )

|
[EETEN
=
— —— —— —

D.

S
:
~

Answer: D

Solution:

Solution:

X —y+6=0
_dy _oody_
2X dIx Oﬁdx 2X

g =
dx|xy =@ 10
equation of tangent
y—10 =4(x —z)
4x—-y+z=0
tangent passes through («, B)
da—-B+z=0=p=4a+7z.... (i)
and 2x +2yy+8 -2y =0
,_2x+8_ 20+8 _
Y=o 2y~ 2-2p

from (i) and (ii)




Questionl76

The distance, from the origin, of the normal to the
curve,x = 2cost + 2tsint,y = 2sint — 2tcostatt = g, is :
[Online April 10, 2015]

Options:

A 2

B. 4

C.V2

D. 2v2

Answer: A

Solution:

Solution:

Given that

X = 2cost + 2tsint
dx _

o, i —2sint + 2[tcost + sint]

= 2cost— 2[—tsint + cost]

(7]

(o

2tsint

S RIS 2

_ 2tsint
x 2tcost

oo ol ala

= tant

o,

X

(% t=n/4= 1

so the slope of the normal is -1

Att=m/4x=vV2 +——andy=v2 —1/2v2
2v2 Y

the equation of normal is

[y— (V2 —m/2V2)] = —=1[(x — (V2 + 1/ 2V2))]
y—\/§+% = —x+V2+1/2vV2

X+y= 2v2, so the distance from the origin is 2

Questionl77

Let k and K be the minimum and the maximum values of the function
f(x) =4 +3°% §n [0,1] respectively, then the ordered pair (k, K) is equal

1+ x°6

to:
[Online April 11, 2015]

Options:
A (27%% 1)

B. (2795, 1)



C. (2—0.4’ 20.6)

D. (1, 2°)
Answer: A
Solution:
Solution:
3
Let f(x) = U +X)35 and x € [0, 1]
1+xg
3 2 3, =2
(1+x5)%(1+x) 5—%(1+x)5(x5 )
=>f'(x) =
3,2
(1+x5)

3 2 3 =2
=%[(1+x5)(1+x) 5_(1+x)5x b ]
3 3

_3] 1+4x5 _(1+%x)95
5 2 2
(1 +x)5 x5
2 2
x99 4x-1-x _ x5-1
"2 2z 2 z2°°
x9(1 +x)9 x5(1 + x)5

Also, f(0) = 1 = f(x) € [27%4, 1]
f(a) = 2794

Questionl178

From the top of a 64 metres high tower, a stone is thrown upwards
vertically with the velocity of 48m / s. The greatest height (in metres)
attained by the stone, assuming the value of the gravitational

acceleration g = 32ms>, is:
[Online April 11, 2015]

Options:
A. 128
B. 88
C.112
D. 100

Answer: D

Solution:

Solution:

Let 'u' be the velocity
~u=48m/s, Given, g = 32
At maximum heightv =0



Now, we know vi=u?- 2gh
=0 = (48)> - 2(32)h=>h = 36
Maximum height = 36 + 64 = 100mt

Questionl1l79

If the volume of a spherical ball is increasing at the rate of 4o cc/sec,
then the rate of increase of its radius (in cm/sec), when the volume is
2881 cc,

[Online April 19, 2014]

Options:

A.

ol

1
B. ¢
c. L
D. L

Answer: C

Solution:

Solution:

Since, V = 288, therefore from (i), we have
288mo = %H(I‘B) ﬁM =r

4
=216 =1°
=r=20

dr_ 1

Hence, - 36

Question180

Two ships A and B are sailing straight away from a fixed point O along
routes such that ZAOB is always 120° . At a certain instance, OA = 8 km,
OB = 6 km and the ship A is sailing at the rate of 20 km/hr while the
ship B sailing at the rate of 30 km/hr. Then the distance between A and
B is changing at the rate (in km/hr):

[Online April 11, 2014]

Options:



A 280
V37

260
B. 37

c. 8%
V37
80

D. =

Answer: A

Solution:

Solution:
A

0 B
Let OA = xkm, OB = ykm, AB = R
(AB)* = (OA)* + (OB)* —2(OA)(OB) cos 120°
R2=x2+y2—2xy(—%) =X+ VP Xy ... (i)
R at x = 6km, and y = 8km
R=V6"+8"+6x8 =2V37
leferentlatmg equat|on (i) with respectto t

dR dy
ZRE +2yd (x—+y )
—ﬁ[Z><8><20+2x6x30+(8><30+6x20)]
dR_ _ 1 11040 = 260
dt 2 x 2v37 V37
Question181

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

Options:

A f(gX)>f(gx-1)
B.f(g (x)>f(g(x+1))
C.gf(x)>g(x-1))

D.gf(x)<g(fx+1)
Answer: B

Solution:



Solution:
Since f'(x) > 0 and g'(x) < 0, therefore f (x) is increasing function and g(x) is decreasing function.
=>f(x+ 1) > f(x) and $g(x+1) $\=g[f(x+1)] Hence option (b) is correct.

Question182

For the curve y = 3sin0cos0, x = e’

parallel to x -axis when 0 is:
[Online April 11, 2014]

sin0, 0 = 0 = 1, the tangent is

Options:

31
A. T

B.

LSJ=|

II
C.z

II
D. 3

Answer: C

Solution:

Solution:
Given, y = 3sin0. cos6

% = 3[sinO(—sinB) + cos 6(cos 0)]

% = 3[00529 - sin26] =3c0s20 ...... (i)

and x = e%sin®

% =e%cos0 +sin6e’

% = ¢%(sin 6 + cos8) ......(ii)

Dividing (i) by (i)

dy _ 3cos20 _ 3(cos?0 — sin?0)

dx  e%sin® + cos) e®(sin® + cos 0)

dy _ 3(cos8 + sinB)(cos® — sin 6)

dx e®(sin 0 + cos 0)

dy _ 3(cosB —sinB)

dx e®

Given tangent is parallel to x -axis then % =0

_ 3(cosB —sin0)

0 )

e
or cos0 —sin® = 0 =cos6 = sin0
=tan0b =1 =tan0O = tanm =0 =%
Question183

If x = -1 and x = 2 are extreme points of f(x) = alog | x | +Bx* + x then
[2014]



Options:

Aa=2p=-1

2
B oc=2,[3=%
C.a=-6p=1
D a=—6,[3——%

Answer: A

Solution:

Solution:

Let f (x) = alog | x | +Bx* + x

Differentiate both side,

f'(x) =ox+2Bx+1

Since x = —1 and x = 2 are extreme points therefore f'(x) = 0 at these points.
Putx=—-1andx =2 in f’(x), we get

—a—-2p+1=0=a+2p=1.... (i)

2+4p+1=0=a+8B=-2 ... (ii)

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

6p=-3=p=-—

So=2

1
2

Question1384

The minimum area of a triangle formed by any tangent to the ellipse
16 + 31 = 1 and the co-ordinate axes is:
[Online April 12, 2014]

Options:
A. 12
B. 18
C. 26
D. 36

Answer: D

Solution:

o3)
AAY
NPER




Let (h, k) be the point on ellipse through which tangent is passing.
Equation of tangent at (h, k) = xh + yk _ 1

16 81
aty=0,x =1T8
81
atx=0,y==— "
1 16 81 648
Area of AOB = Ex (T) % (T] =T
2 (648)° .
A= % pE (i)
(h, k) must satisfy equation of ellipse
h2 '
16 tar !

h? = 8—?(81 ~1d)

Putting value of h? in equation (i)
AZ = __81(648)° ___ «a

16 x k(81 - k%) 81k’ —k*
differentiating w.r. to k

; 3
2AA u(g = k4] (162k — 4K°)
2AA° = —2A(81k — 4K%) =A’ = —81k — 4K°
PUtA =0
=162k — 4k° = U k(162 — 4k*) = 0

= +—

=k=0k= =
A" = —(81 — 12k?)

For both value of k, A" = 405 > D
Area will be minimum fork = +—

s
2 _ 16 13
h® = 81(81 k) =8
h=+2v2
Area of triangle AOB = m?‘_—x‘fz = 36 sq unit
2v2 x 9

Question185

The volume of the largest possible right circular cylinder that can be
inscribed in a sphere of radius = V3 is:
[Online April 11, 2014]

Options:
4~
g —

B.gVSH

C.4n
D. 21

Answer: C



Solution:

Given, radius of sphere =+v3
Now, In AOAB, by Pythagoras theorem
(OA)? = (OB)* + (AB)?

(V3)* = (%)2+r2
2 2

_h 2 o ., h° -
3—4+r=>r—3 Z (i)

Now, volume of cylinder = nr’h

2
\V4 =n(3—hz)h(using eq. (i)

Now, for largest possible right circular cylinder the volume must be maximum
. For maximum volume, ((11—\1[1 =0

Now, Differentiating eq. (2) w.r.t. h

dv _ ., 3 .2

an - 3o 4Hh

or 3m — %th =0=3n0= %th

2h’=4>h=2

Now, volume (V) of the cylinder = ( 3-= ) h =m(6 —2) =4n

Question186

A spherical balloon is being inflated at the rate of 35cc/min. The rate of
increase in the surface area (in cmzlmin.) of the balloon when its

diameteris 14 cm, is :
[Online April 25, 2013]

Options:
A. 10

B. V10
C. 100

D. 10v10

Answer: A



Solution:

Solution:
Volume of sphere V. = %nre'

dv _4 2 dr
1t —3.n.3r.

35=4nr2.%or—=

Question187

If the surface area of a sphere of radius r is increasing uniformly at the

rate 8cm? / s, then the rate of change of its volume is :
[Online April 9, 2013]

Options:

A. constant

B. proportional to vVr
C. proportional to r’

D. proportional tor

Answer: D
Solution:
Solution:
4 5 dV _, o dr
V—3nr =>dt—4nr qt (i)
g » 48 _ g dr
S =4nr =dt—8nr T
—gpedrdr_ 1
=8 =8 2 Tt T m
Putting the value of % in (i), we get
av = 4nr? x 1 =4r
dt ar
-4V is proportional to r.
dt
Question188

The real number k for which the equation, 2x> + 3x + k = 0 has two
distinct real roots in [0,1]



[2013]

Options:

A. lies between 1 and 2
B. lies between 2 and 3
C. lies between .1 and 0
D. does not exist.

Answer: D

Solution:

Solution:

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

f'(x) = 6x* + 3 > 0 Vx € R("'x* > 0)

=f(x) is strictly increasing function

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

Question189

Statement-1: The function x*(e* + e ¥) is increasing for all x > 0.
Statement-2: The functions x”e* and x”e”* are increasing for all x > 0
and the sum of two increasing functions in any interval (a, b) is an
increasing function in (a, b).

[Online April 22, 2013]

Options:
A. Statement-1 is false; Statement-2 is true.

B. Statement-1is true; Statement-2 is true; Statement-2 is not a correct explanation for
Statement-1.

C. Statement-1 is true; Statement-2 is false.
D. Statement-1lis true; Statement-2 is true; Statement-2 is a correct explanation for statement-1.

Answer: C

Solution:

Solution:
Lety = x*.e”
For increasing function,
4y S oo x[(2=x)e ] >0
dx
“x>0,.2-x)e*>0

=>(2—x)lX >0

X

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

lx < 0, but it is not possible

e
Hence the statement- 2 is false.



Question190

Statement-1: The equation x log x = 2 - x is satisfied by at least one
value of x lying between 1 and 2.

Statement-2: The function f (x) = x log x is an increasing function in [1,
2] and g (x) = 2 - x is a decreasing function in [1, 2] and the graphs
represented by these functions intersect at a point in [1, 2]

[Online April 9, 2013]

Options:

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

B. Statement-1 is true; Statement-2 is true; Statement-2 is not correct explanation for
Statement-1.

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

Answer: A

Solution:

Solution:
f(x) =xlogx, f(1)=0,f(2) =4
gx)=2-x,9g(1)=1,9g(2) =0
log10 >log4 = 1 > log4

Y

1y fix)=xlog x, xs [1,2]
log 4 ¢ ><g[x}=2 x, % € [I, 2]
X X

0 1 3

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

Questionl191

If an equation of a tangent to the curve,
y—cos(x+f),-1-1=x=<1+m,isx+ 2y = k then k is equal to :
[Online April 25, 2013]

Options:
Al
B. 2

II
C.z



D.

] )=|

Answer: D

Solution:

Solution:
Lety = cos(x +y)

aIx - sm(x+y)(1+dx) ...... (i)

Now, given equation of tangent is

x+2y=k

= Slope = _71

So, % = _71 put this value in (i), we get
_71= —sin(x+y)(1 —l)

2
=sin(x+y) =1

=>x+y=%=>y=%—x

Now, % —x =cos(x+Yy)

- =
:>x—2andy 0

Thusx+2y=k=>g=k

Question192

The cost of running a bus from A to B, is Rs. ( av + % ) ,where vkm / h is

the average speed of the bus. When the bus travels at 30km / h, the cost
comes out to be Rs.75 while at 40km / h, it is Rs. 65. Then the most
economical speed (in km / h ) of the bus is:

[Online April 23, 2013]

Options:
A. 45
B. 50
C. 60
D. 40

Answer: C

Solution:

Solution:

Let costC = av+%

According to given question,

b .
30a + 30 = 75 ...l (i)
40a + 2 = 65 ......(ii)



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

a=%andb=1800

Now,C=av+12
v

>—=a - —
dv v2

=V = \/g = V3600 =v = 60 kmph

Question193

The maximum area of a right angled triangle with hypotenuse h is
[Online April 22, 2013]

Options:
h2
A. 2v2.

B. =

D. =
Answer: D

Solution:

Solution:
Let base = b

N

b

Altitude (or perpendicular) = yh* —b?

Area, A = L1 x base x altitude = £ x b x {hZ— b

2 2
dA _ 1 2 2 2b
——==[{h*-D .
=715 ZH +b T
l[h2—2b2]

21 {n*-p?
Putd—A=O,=>b=£—
b 2




Question194

A spherical balloon is filled with 4500n cubic meters of helium gas. If a
leak in the balloon causes the gas to escape at the rate of 72m cubic
meters per minute, then the rate (in meters per minute) at which the
radius of the balloon decreases 49 minutes after the leakage began is:
[2012]

Options:

A.

~l©

B.

O[3

C.

©oIN

9
D. 5
Answer: C

Solution:

Solution:
Volume of spherical balloon =V = %nr3
Differentiate both the side, w.r.t 't' we get,
dv _ 2({dr
dp - A dt)
. After 49min
Volume = (4500 — 49 x 72)m = (4500 — 3528)1 = 972mm?
=V = 972mm’
~972m = %nr3
>r®=3x243 =3 x3° =3°%=(3%°
=T = 9
. dv _
Given T 721
Putting %—Y =72mandr =9, we get
+72m = 4m x 9 x 9( 4T

dt
-5 - (5)

Question195

If a metallic circular plate of radius 50cm is heated so that its radius
increases at the rate of 1mm per hour, then the rate at which, the area

of the plate increases (in cm?/ hour) is
[Online May 26, 2012]

Options:

A. bn



B. 10

C. 100n
D. 50m
Answer: B

Solution:

Let A = or? be area of metalic circular plate of r = 50cm.

Also, given dr _ Imm = icm

dt 10
~A = r?
dA _ dr _ 1 _
:ﬁ—andt —21'1.50.10—101'1

Hence, area of plate increases in 10n cm?/hour.

Question196

The weight W of a certain stock of fish is given by W = nw, where n is
the size of stock and w is the average weight of a fish. If n and w change
with time t as n = 2t> + 3 and w = t? — t + 2, then the rate of change of
W with respecttotatt =1 is

[Online May 19, 2012]

Options:
Al

B. 8
C.13
D.5

Answer: C

Solution:
Solution:
Let W =nw
dw dw dn
qr = nﬁ +w qr (i)
Given :w=t’—t+2andn =2t +3
dw _ . dn _
:H—Zt 1 and dt—4t
. Equation(i)
ﬁ‘il_": = (262 + 3)(2t — 1) +(t? — t + 2)(41)
Thus, LW =(2+3)2-1)+(2)
dt [t=1

=5(1)+8=13




Question197

Consider a rectangle whose length is increasing at the uniform rate of 2
m/sec, breadth is decreasing at the uniform rate of 3 m/sec and the area
is decreasing at the uniform rate of 5 m?/sec. If after some time the
breadth of the rectangle is 2 m then the length of the rectangle is
[Online May 12, 2012]

Options:
A.2m
B.4m
C.1lm
D.3m
Answer: D
Solution:
Solution:
Let A be the area ,b be the breadth and ell be the length of the rectangle.
dA _ dl db

Given : i 5, rrie =2, ﬁ 3
We know, A =1xb

dA dl _
:ﬁ_l —+bd—— 31+2b
=-5=-31 +2b
When b = 2, we have
—5=-31+4=1 =%=3rn
Question198

If a circular iron sheet of radius 30cm is heated such that its area

increases at the uniform rate of 6mcm? / hr, then the rate (in mm / hr)
at which the radius of the circular sheet increases is
[Online May 7, 2012]

Options:
A. 1.0
B. 0.1
C.1.1
D. 2.0

Answer: B

Solution:

Solution:



d_A=2Hr g
dt dt
6m = 2m(30) . dr

d
30 dt dt 10
Thus, the rate at which the radius of the circular sheet increases is 0.1

Question199

If f(x) = xe*'' "® x €R, then f(x) is
[Online May 12, 2012]

Options:

A. decreasing on [-1/2, 1]
B. decreasing on R

C. increasing on [-1/2, 1]
D. increasing on R

Answer: C

Solution:

Solution:

fx) =xe1 ¥ xR

f(x) =¥ 1 +x-2x%]
— _eX(l—X) ) [2X2 —x - 1]

= 2179 | (x+%)(x—1)]
f(x) = —2eX(1_X).A
where A = (x+%)(x—1)

Now, exponential function is always +ve and f’(x) will be opposite to the sign of A which is — ve in [ —%, 1 ]
o) . 1
Hence, f'(x) is +ve in [ —5 1

~.f (x) is increasing on [ —%, 1 ]

Question200

The equation of the normal to the parabola, x> = Syatx=4is
[Online May 19, 2012]

Options:
A.x+2y=0
B.x+y=2
C.x—=2y=0



D.x+y=6
Answer: D

Solution:

Solution:
x* = 8y .....(I)
When, x =4, theny = 2
dy _2x _x dy =1

NoW T =8 ~ 2 dxircs

Slope of normal = — =-1

|-

o,
»

Eugation of normal atx =4 is
y—2=-1(x—4)
s>y=-x+4+2=-x+6

=2X+y=06

Question201

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

f(x)=In|x| +bx? + ax, X # 0 has extreme valuesatx=-1and x =2
Statement-1 : f has local maximum at x = —1 and at x = 2.
Statement-2: a=.and b = 3}

[2012]

Options:

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

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

C. Statement-1 is true, statement-2 is true; statement-2 is not a correct explanation for
Statement-1.

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

Answer: B

Solution:

Solution:
Given that, f(x) = In | x | +bx* + ax

Af(x) = % +2bx +a

Atx=-1,f(x) =-1-2b+a=0
=a—2b=1... (i)

Atx=2,f’(x)=%+4b+a=0

On solving (i) and(ii) we get a = % b= —%

1 2-x*+x
2 2%

Thus, f'(x) = + — X +
X

X
2



_ —xX’+x+2 _ -x*-x-2) _—x+1)x-=2)

2x 2xX 2xX
\ FEEN
A ay *

So maximaatx=-1, 2

Question202

A line is drawn through the point (1,2) to meet the coordinate axes at P
and Q such that it forms a triangle OPQ, where O is the origin. If the
area of the triangle OPQ is least, then the slope of the line PQ is :
[2012]

Options:

Solution:

Solution:
Equation of a line passing through (x,, y,) having slope m is given by y — y; = m(x — x;)
Since the line PQ is passing through (1,2) therefore its equation is (y — 2) = m(x — 1)
where m is the slope of the line PQ.
Now, point P(x, 0) will also satisfy the equation of PQ
Sy=2=m(x—1)=20-2=m(x—-1)
s—2=mx—-1)=x—1==2
m
-2

=2x=—]—+1
m

Also, OP = { (x — 0)> + (0 — 0)° =X=_E2+1
Similarly, point Q(0, y) will satisfy equation of PQ
Sy—2=m(x—1)

=y —-2=m(-1)
=2y=2-mandO0Q=y=2-m

Area of APOQ = %(OP)(OQ) - %(1 - % )2 = m) (~ Area of A = %x base x height )

=% 2—m—%+2] =%[4—(m+%)]
_,_m_2
2 m
Q
(1,2)
= P

Let Area =f(m) =2 —

S
B[~



, _ -1 2
NOW,f (m) —74‘?
Putf'(m) =20
=>m°=4=m= 2
Now, f"(m) = =4
fu(m)l =_l<0

m=2 2
£"(m) |m=—2 = % >0
Area will be least at m = -2

Hence, slope of PQis -2 .

Question203

Letf : (—», ©) » (—x, ) be defined by

f(x) =x>+1.

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

Statement 2: The function f is continuous and differentiable on (—», x)
and £f'(0) =0

[Online May 26, 2012]

Options:
A. Statement 1 is true, Statement 2 is false.

B. Statement 1 is true, Statement 2 is true, Statement 2 is a correct explanation for Statement
1.

C. Statement 1 is true, Statement 2 is true, Statement 2 is not the correct explanation for
Statement 1.

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

Answer: D

Solution:

Solution:

Let f : (—o, ®) » (— o, ) be defined by f(x) = x> + 1.

Clearly, f (x) is symmetric along y = 1 and it has neither maxima nor minima.
therefore Statement- 1 is false.

Hence, option (d) is correct.

Question204
Let f be a function defined by -

nx
ta_' x#=0

f(x) =
1, x=0
Statement -1: x = 0 is point of minima of f
Statement -2: f'(0) =0
[2011RS]



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

B. Statement-1 is true, statement-2 is true; statement-2 is NOT a correct explanation for
statement-1.

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

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

Answer: B
Solution:
Solution:
tanx' X =0
f(x) = X
1 x=0
Forx>0
tanx > x
tanx -1
Y
y=tnx
X« X
O
v
tanx

For $x<0 \=\tan x :T > 1

f(0)=1atx=0
=x = 0 is the point of minima
So, Statement 1 is true. Statement 2 is also true.

Question205

For x € (0, 52—“) , define f(x) = /vVtsintd t. Then f has

[2011]

O X

Options:

A. local minimum at m and 20

B. local minimum at 1 and local maximum at 2m
C. local maximum at 1 and local minimum at 2o
D. local maximumat o and 20

Answer: C

Solution:



Solution:

f'(x) = Vxsinx
f'x)=0
=2x=0o0rsinx=0
=X = 21, I

f"(x) = Vx cosx + 1 inx
2Vx

1 .
= —=(2xcosx + sinx
2\/x( )

Atx =1, f"(x) <0

Hence, local maxima atx =1
Atx =2m, f"(x) >0

Hence local minima at x = 2

Question206

The equation of the tangent to the curve y = x + 4, that is parallel to the
X

X -axis, is
[2010]

Options:
Ay=1
B.y=2
C.y=3
D.y=0
Answer: C

Solution:

Solution:

Since the tangent is parallel to x -axis,

dy _ 8 _ _ —
E—O:l—;—O:x—Z:y—S
Equation of the tangentisy — 3 = 0(x — 2)
=y = 3

Question207

Let f : R =» R be a continuous function defined by
f(x) = ﬁ

e + 2e
Statement -1: f (c) = 1, for some ¢ €ER
Statement -2: 0 < f(x) = %, forallx €R

[2010]
Options:

A. Statement -1 is true, Statement -2 is true ; Statement - 2 is not a correct explanation for
Statement -1.



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

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

Answer: D

Solution:

Solution:

. 1 e*
Given f (x) = =
) e“+2e* e¥+2
, (e + 2)e* — 2% . &~
f'(x) =

f'(x) =0=e*+2=2e*
=e™=2=e"=v2

vE(V2) = +ve

: V2 1
.. Maximum values of £ =2 =
) 4 2V

1
=20<f(x)=s—VXER
(x) 2V?2

. 1 1
Since, 0 < = < —
3 2v2
= forsome c € R, f(c) =%

Question208
Let f : R =» R be defined by

f(X) — { k—-2x, ifx=<-1

2x+ 3, ifx> -1

If f has a local minimum at x = —1, then a possible value of k is
[2010]

Options:

A. 0O

C.-1
D.1

Answer: C

Solution:

Solution:

k—-2x, ifx=s-1
f(x) =

2x+ 3, ifx> -1



1

Clear that f (x) is minimum at (-1,1)
l=k+2=>k=-1

Question209

For real x, let f(x) = x> + 5x + 1, then
[2009]

Options:

A. f is onto R but not one-one

B. f is one-one and onto R

C. fis neither one-one nor onto R
D. fis one-one but not onto R

Answer: B

Solution:

Solution:

Given that f (x) = x* + 5x + 1

~f(x)=3x*+5>0, Vx ER

=f (x) is strictly increasing on R

=f(x) is one one

.. Being a polynomial f (x) is continuous and increasing.
on Rwith limf(x) = —

X = ©

and limf(x) = »

X = ©
.. Range of f = (—w, ©) =R
Hence f is onto also. So, f is one one and onto R.

Question210

Given P(x) = x* + ax® + bx? + cx + d such that x = 0 is the onlyreal root of
P(x) =0.If P(—-1) < P(1), then in the interval [-1,1]:
[2009]

Options:

A. P(—1) is not minimum but P(1) is the maximum of P

B. P(—1) is the minimum but P(1) is not the maximum of P

C. Neither P(—1) is the minimum nor P(1) is the maximum of P

D. P(—1) is the minimum and P(1) is the maximum of P



Answer: A

Solution:

Solution:

Given that P(x) = x*+ ax® + bx* + cx + d

>P'(x) = 4x° + 3ax’ + 2bx + C

But given P'(0) =0=>c=0

~P(x) = x* +ax® + bx® + d

Again given that P(—1) < P(1)
=]l—-a+b+d<l+a+b+d

=a>0

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

As P'(x) = 0, there is only one solution x = 0, therefore 4x* + 3ax + 2b = 0 should not have any real roots i.e. D < 0
2

=9a2—32b<0=b>%>0

Hencea,b >0

=P (x) = 4x° + 3ax* + 2bx > 0 Vx > 0

~.P(x) is an increasing function on (0,1)

~P(0) < P(a)

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

So we can conclude that

Max P(x) = P(1) and Min P(x) = P(0)

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

Question211

How many real solutions does the equation
x’ + 14x° + 16x° + 30x — 560 = 0 have?
[2008]

Options:
A7
B.1
C.3
D.5

Answer: B

Solution:

Solution:

Let f(x) = x’ + 14x° + 16x°> +30x — 560

>f/(x) = 7x° + 70x* + 48x* + 30 > 0, VX € R ......(I)
=f is an increasing function on R

Also limf(x) = o and lim f(x) = —o ........ (i)

X = © X —0o

From (i) and (ii) clear that the curve
y = f (x) crosses x -axis only once.
~.f (x) = 0 has exactly one real root.

Question212



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

Options:

A. The cubic has minima at \/ % and maxima at — \/ %

B. The cubic has minima at — g and maxima at \/ %

C. The cubic has minima at both \/ % and — \/ %

D. The cubic has maxima at both \/ % and — \/ %

Answer: A

Solution:

Solution:

Lety=x3—px+q=d—y= 3x* - p
dx

For maxima and minima

dy _ 2_ = - p
=L =0=3x p-O:x-i\/S

dx
d’y _ gxdy d’y

5 = 6x—=% - = +veand —5 o =-ve
dx dx®|x= R dx X=_\/%

-y has minimum atx = \/ % and maximum at

x=-y2

Question213

The function f (x) = tan”!(sinx + cosx) is an increasing function in
[2007]

Options:

A {0.5)

EE)
2' 2

B.

’

~——

I
2

1=

(
c. |
(

NIH
=
N

D.

Answer: D



Solution:

Solution:
Given that f (x) = tan_l(sinx + cosXx)
Differentiate w.r. to x

f'(x) = 1 5 .(cosx — sinx)
1 + (sinx + cosx)
= 1 1 .
V2. |—==cosx — ==sinx
— (\/2 V2 )

1 + (sinx + cos x)?
\/f(cosE .CcosX —sinZ | sinx)
4 4
1+ (sinx + cosx)2

\/Ecos(x+%)

f’(X) = 5
1 + (sinx + cosx)
Given that f (x) is increasing

~f(x) >Oﬂcos(x+%) >0

II II II
S>—=—<X+-<=
4 2

2
- ox<l
Hence, f (x) is increasing when

e (5

Question214

Angle between the tangents to the curve y = x> — 5x + 6 at the points
(2,0) and (3,0) is
[2006]

Options:

A 1

B.

LSJ=|

II
C.5

II
D. 7

Answer: B

Solution:

Solution:

d . = =
£=2X—5..m1—(2X_5)(2,0)__1

m, = (2x—5)3 g =1=mm, = -1
i.e. the tangents are perpendicular to each other.

Question215



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

[2006]
Options:
A x=2
B.x=-2
C.x=0
D.x=1

Answer: A

Solution:
Solution:
Given f (x) = 5 +X =f'(x) 27 0
sx’=4=x= 2, —2;
4

Now, f"(x) = =
X

f'"(x)], -, = +ve = f(x) has local min at x = 2

Question216

Two points A and B move from rest along a straight line with constant
acceleration f and f' respectively. If A takes m sec. more than B and
describes ‘n’units more than B in acquiring the same speed then
[2005]

Options:

A (f—f)m?=ffn
B.(f +f)m?="ffn
C. %(f +f)m = ff'n?
D.(f'—f)n = %ff’mz

Answer: D

Solution:

w0 ¢ s+n
v
- t+m

u=0 ;
=L z
As per question if point B moves s distance in t time then point A moves (s + n) distance in time (t + m) after which both
have same velocity v.

v




Then using equation v = u + at we get

v=f(tem) =ftat= 0 ()
Using equation v = u? + 2, as we get
vE=2f(s+1) = 2f's s = 2 (il
Also for point B using the eqn s = ut + %atZ, we get
s = %f’t2
Substituting values of t and s from equations (i) and (ii) in the above relation, we get
fn _ 1., f*m?
f"—f 2 (f'=1)?
(= f)n = 2f£m?
[ ]
Question217

A lizard, at an initial distance of 21 cm behind an insect, moves from

rest with an acceleration of 2cm / s> pursues the insect which is
crawling uniformly along a straight line at a speed of 20 cm/s. Then the
liard will catch the insect after

[2005]

Options:
A.20s
B.1s
C.21s
D.24s

Answer: C

Solution:

Solution:
Let the liard catches the insect after time t then distance covered by liard = 21cm + distance covered by insect

=%ft2=4><t+21

:%xet2=20xt+21

=t2-20t—21=0=t=2l1sec

Question218

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

decreases is
[2005]

Options:



1 .
A. %cm/mln

1 .
B. mcm/mm

1 .
C. M—Hcm/mm

5 .
D. Ecm/mm

Answer: B

Solution:

Solution:
Given that Total radiusr =10+ 5 = 15cm
dv d (4 3) =50

— 3 : a (=
dt—SOCm /mlnﬁdt 3nr

Question219

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

[2005]
Options:

A.

Interval Function

(—o,0) | £¥-3x2+3x+3

Function

[2, ) 20 =3¢ — 121+ 6

Interval Function




Interval Function

(—x,—4) | S+’ +6

Answer: C

Solution:

Solution:

From option(c) ,f (x) = 3x°—2x+ 1is increasing
when f'(x) =6x—-2=0

=>x€[1/3, »)

1

~.f (x) is incorrectly matched with ( — o, 3

Question220

The normal to the curvex = a(cos0 + 0sin0), y = a(sin® — 0 cos 0) at any
point 0 is such that
[2005]

Options:

A. it passes through the origin

B. it makes an angle frac pi 2 + theta with the x -axis
C. it passes through left(a frac pi 2, —aright)

D. It is at a constant distance from the origin

Answer: D

Solution:

Solution:

Given x = a(cos 9 + 0sin0)

:% = a(—sin® + sin O + 6 cos H)
dx

0
a

= =abcosO ....... (i)

y = a(sin® — 6 cos0)
dy

—<% = a[cosO — cosO + 6sin O]

(o

D

4y _ a0si i
:de absin® ...... (ii)

From equations (i) and (ii) we get

% = tan 6= Slope of normal = —cot6
Equation of normal at ' 0 'is
y —a(sin® — 0cosB) = —cotB(x — a(cosO + OsinBO))

=ysinO — asin’0 +ab cosOsin O

= —xcos0 + acos*® +absinOcosH

=xc0os0 +ysinO = a

Clearly this is an equation of straight line which is at a constant distance ' a ' from origin.




Question221

A point on the parabola y? = 18x at which the ordinate increases at
twice the rate of the abscissa is
[2004]

Options:

Solution:

Solution:
i 2 _ dy _ dy _
Giveny 18x=>2ydX 18 =dx

dy _2dx _dy _
ATQ Tt = dt “dx

9 )

=>—_2:y_—

2
Putting iny> = 18x = x =

< |©

©|©

. Required point is (% %

Question222

The normal to the curve x = a(1 + cos0), y = asin0 at ' 0 ' always passes
through the fixed point
[2004]

Options:
A. (a, a)

B. (0, a)
C. (0,0)

D. (a, 0)
Answer: D

Solution:

Solution:
Since, x = a(l + cos0)



[oH
»

=

= —asinfandy = asin®

= =acoso

[eTgeN
X< ok« @

= —cot0

.. The slope of the normal at 6 = tan©

. The equation of the normal at 9 is

y —asin® = tan6(x —a —acosH)

=ycosH —asinbcos® = xsinb —asin® —asinBcosO
=xsin® —ycos6 = asind

=y = (x—a)tan®6

which always passes through (a, 0)

Question223

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

[2004]

Options:

A (x+1)?
B. (x—1)°
C.(x+1)3
D. (x — 1)

Answer: B

Solution:

Solution:

f"(x) = 6(x —1). Inegrating, we get

f'(x) =3x*—6x+cC
Slopeat(2,1)=f(2)=c=3

[ = slope of tangent at (2,1) is 3]

~f(x) = 3x* — 6x + 3 = 3(x — 1)°

Inegrating again, we get f (x) = (x — 1)3 +D
The curve passes through (2,1)
21=(2-1°+D=>D=0

fx) = (x-1)°

Question224

The real number x when added to its inverse gives the minimum value of
the sum at x equal to
[2003]

Options:
A. -2

B. 2



C.1
D. -1
Answer: C

Solution:

Solution:
—xqpldy_,_ 1
ATQ,y—x+X=>dX 1 2z

For maxima. or minima.
1

1——2=Oﬁx=t1

X

2 2
4y-2.(43) 250
dx X dx“ /4=

1
~yisminimumatx =1

Question225

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 p2 = (, then a
equals
[2003]

Options:

A.

N+

B.3
C.1
D. 2

Answer: D

Solution:

f(x) = 2x° — 9ax” + 12a’x + 1

f'(x) = 6x> — 18ax + 12a*

For maxima or minima.

6x> — 18ax + 12a’ = 0 =x* — 3ax + 2a° =0
=X =ao0rx=2a

f"(x) =12x— 18a
f'"(a)=—-6a<0..f(x)ismax.atx=a
f'"(2a) =6a>0

~f(x) is min. at x = 2a
~p=aandqg=2a

ATQ,p’ =q
ca’=2a=a=2o0ra=0

but a > 0, therefore, a = 2.




Question226

The maximum distance from origin of a point on the curve
X = asint—bsin(%t) , Y = acost—bcos(%t) , botha, b > 0 is
[2002]

Options:

A.a-b

B.a+b

C. Va?+b?

D. {a*-b?

Answer: B

Solution:

We know that distance of origin from
(x,y) = {x* +y°

= \/a2+b2—2abcos(t—%t)

<ya®+ b’ + 2ab
[cos(t—%t) }min=—1] =a+b

“. Maximum distance from origin =a+b




