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Q.1

Sol.

Q.2

Sol.

MATHEMATICS

SECTION-I

Straight Objective Type

This section contains 6 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D),
out of which ONLY ONE is correct.

A particle P starts from the point Z, = 1 + 2i, where i = /1. It moves first horizontally away
from origin by 5 units and then vertically away from origin by 3 units to reach a point Z,. From

Z, the particle moves /2 units in the direction of the vector |+ j and then it moves through

an angle g in anticlockwise direction on a circle with centre at origin, to reach a point Z,. The

point Z, is given by
(A) 6 + 73 (B) -7+ 6j (C) 7 + 6j (D) -6+ 7;

Imaginary axis
»

F

(D) \

Z' = (6 + 3 Cos 45°, 5 + [ sin 45°) = (7, 6) = 7 + 6i

2

by rotation about (0, 0)

ZZ iﬁ iﬁ
z, = e = Z=7(e?)
T Y
Z, = (7 + 6i) (coszﬂsmzj =(7+6i)()=-6+7i
T T T
Let the function g: (e, ) — (_lej be given by g(u) = 2 tan? (evY) - 5 Then, g is

(A) Even and is strictly increasing in (0, o)

(B) Odd and is strictly decreasing in (mco, )

(C) Odd and is strictly increasing in (—w, )

(D) Neither even nor odd, but is strictly increasing in (e, o)
(©)

g(u) = 2tan (eY) - g for ue (o0, 00)

g(- u) = 2tan™' (e") - g
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= 2(cot? (ev)) -

i
2

T -1 u T
=2 (E—tan (e )j_i

= n - 2tan™ (e') - g

n -1 u = -
=5 - 2tant (e¥) = -g(u)

g(-u) = -g(u) = g(u) is an odd function

Q.3 Consider a branch of the hyperbola x?2 - 2y? - 2 ox -4 2y -6 =0

with vertex at the point A. Let B be one of the end points of its latus rectum. If C is the focus
of the hyperbola nearest to the point A, then the area of the triangle ABC is

2 3 2 3
(A)l—\/; (B) E_l (C)1+\/; (D) §+1

Sol. (B)

(x=V2 _ (y+V2? _
4 2

for A(X, y)

e = 1+E—\/§
"V a2 2 y

X=- 2 =2 = x=2+ 7
For C (x, vy)

x- J2 =ae = g

™~
\ A C
Xx= e + 2 / \

AC= g+ 2 -2->2 =6 -2
b> _ 2
BC= — =5 =1

1+si 1-si
*sinx and y = SInx bounded by the
CoS X cos X

Q.4 The area of the region between the curves y =

. T,
lines x = 0 and x = le
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Sol.

V2-1

@ g (1+t?W1-¢? &
V241 4t
J

© 0 (1+t2)\/1—t2 a

(B)

[\/1+sinx Jl—sinx}
- dx
cos X Cos X

o—n|3

X X
2tan= 2tan=
2 _ 2
x 1+72X 1 X
]1_ 1+tan 5 1+tan 5
= - dx
0‘ 1—tan2§ 1—tan2§
X 2 X
1+tan® > 1+tan™ =
2 2
% 1+tan5 1—tan5
J 2 2
= X X dX
ol {1-tan= 1+tan=
2 2
T
]1_ 2tan—
= dx
0 1 —tan?X
2
X 1 X
Put tan 5 = t, > sec? de = dt
tanE
8 4t
dt

0 (1+t2) 1-t2

astan - = o -1
ﬁj‘l at

0 3 (1ee2pri-g O
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Q.5 Consider three points P = (- sin(B-a), — cosB), Q =(cos( B -a), sinf ) and R = (cos(B-o + 6),

sin (B-06)), where 0 < o, B, 6 < % Then,
(A) P lies on the line segment RQ (B) Q lies on the line segment PR
(C) R lies on the line segment QP (D) P, Q, R are non-collinear
Sol. (D)
For collinear points
-sin(p - o) —-cosp 1
cos(p - o) sinf 1
cosB-oa+6) sin(B-6) 1
Clearly A # 0 for any value o, B, 6 hence points are non- collinear
Ailter method : (by observation)
. cos6 sin @ -
4 2 3
(=sin(p — o), — cos P) (cos(Bp — o), sin B)
c0s6.cos(B — o) — sind sin(B — o) cos@sinp —sindcosp
In the case R = sin® + cos 6 ' sin® + cos 6
cos(B-a+6) sin(B-0)
R'= | sin6+cos6 'sing+coso
= (cos(B-o+0), sin (B-6)), if sinp + cosg) = 1
Which is not possible if 0 < ¢ < % Hence points are collinear.

Q.6 An experiment has 10 equally likely outcomes. Let A and B be two non-empty events of the
experiment. If A consists of 4 outcomes, the number of outcomes that must have so that. A
and B are independent is
(A) 2, 4 o0r8 (B) 3, 6 or9 (C) 4 or 8 (D) 5 or 10

Sol. (D)

2
P(A) = 5
For independent events
P(A~B) = P(A) P(B)
2
P(AnB) < ¢
5
P(AAB) = 12 3 4 (Maximum 4 outcomes may be in A~B)
= TR = 907 107 107 10 . . 4 N
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1
() PAAB) = 15

1
= P(A) P(B) = 10

1
P(B) = 10X 2= a4 Not possible

(i) PANB) = = 2

x P(B) = 10

= P(B) =

Il
(03]

5
10’ Outcomes of B

(i) P(AAB) = —

5 = P(A) P(B)

2 3
EX P(B) = E

P(B) = , not possible

DNw

(iv) P (AAB) = %

4
= P(A). P(B) = 0= P(B) = 1, Outcomes of B = 10

Q.7 Let two non-collinear unit vectors zand p form an acute angle. A point P moves so that at

any time t the position vector O_>P (where O is the origin) is given by jcost + psint. When P

is farthest from origin O, let M be the length of C?P and (; be the unit vector along C?P' Then

A b= o2 and M 5 5)2 B) a-b dM 5 5)2
() G = g, p adM= (1+&b) (B) 4 = g p and M= (1+&b)
Q) ¢ a+b dM 5 5)2 D) ¢ a-b dM S 5)2
© 4= 5,5 dM= (1+23b) ®) G = gp adM= (1+2ab)
Sol. (A)

op = acost +psint

- \/(é.écosz t+ (B. E))sin2 t+ Zé.Bsintcost)

lop! = V1+2absintcost

lopl = Vi+absin2t
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— [ o~ . _ _ Y
|OP|max= 1+ab at sin 2t = 1 = t= Z

1

- n _ A A
opatt=2)="15(G+p)

— t—E é :
unit vector along op at 4] = |é+6|

X eX
8 Lletl = —dx,J= a5 dXx
Q j e e +1 je’4x+e’2X+1

Then, for an arbitrary constant C, the value of J-I equals

1 e —e* +1 1 e +e* +1
(A) Flog | g T € (B) 3log | @x_oiq] T €
1 e —e*+1 1 e +e™ +1
€ Flog |2 gyy) + € (D) Jlog | — gy ] + C
Sol. (C)
3x
e
= dx
j1+e2x+e
PR Gl
1+e” +e®
(u* -1)
= u= e
J‘1+u +u? ( )
1
1- = |du
J( uzj
= 1 5
1+-= +u
u2
1
1-—= |du
( u?

6 ABLES, 608-A, TALWANDI, KOTA & (0744) 2405510
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Q.9

Sol.

1 |u2—u+1

a EI |u2+u+1

e _eX+1

+ C

e +e¥+1

Let g(x) = logf(x), where f(x) is a twice differentiable positive function on (0, ) such that
f(x + 1) = x f(x) then for N = 1, 2, 3......

o e (-

1 1 1 1 1 1
(A) —4{1+§+£+ ....... +W} (B) 4{1+9+25+ ....... +(2N—1)2}
1 1 1 1
C) 41+ =+ ——+...... D) 41+ =+ —+......
(©) { tgtost (2N+1)2} (D) { totost +(2N+1)2}
(A)

f(x) = e = e = f(x + 1)
= xf(x) = xey™®
g(x + 1) = log x + g(x)
ie.gx +1) -gx) =logx L. (1)

1
Replacing x by x - =

olxv3) - olx3)

s}

= log(2x - 1) - log2

" X+l " X—l _—4
. 9 2] — 9 2 = (2X—1)2 ..... (2)
Substituting. x = 1, 2, 3........ N in (2) and adding
1 1 1
uN+=| _ A"l = - _ 1+ =+—+...... +
g ( 2] 9 (ZJ * { 25 (2N -1)°
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SECTION-II

REASONING TYPE

This section contains 4 reasoning type questions. Each question has 4 choices (A), (B), (C) and (D),
out of which ONLY ONE is correct.

Q.10 Suppose four distinct positive numbers a,, a
b, =b, + a,and b, = b, + a,.
STATEMENT-1 : The numbers b,, b,, b,, b, are neither in A.P. nor in G.P.
and
STATEMENT-2 : The numbers b,, b,, b,, b, are in H.P.

a,, a,are in G.P. Let b, = a,, b, = b

27 37 2

(A) STATEMENT-1 is true, STATEMENT-2 is true; STATEMENT-2 is correct explanation for
STATEMENT-1
(B) STATEMENT-1 is true, STATEMENT-2 is true; STATEMENT-2 is not a correct explanation for
STATEMENT-1
(C) STATEMENT-1 is true, STATEMENT-2 is false
(D) STATEMENT-1 is false, STATEMENT-2 is true.
Sol. (C)
leta, =1,a, =2, a3 =4,4a, =28
~b,=1,b,=3,b,=7,b, =15
Clearly b,, b,, b,, b, are not in H.P.
Statement-2 is false

Q.11 Let a, b, ¢, p, g be real numbers. Suppose o, B are the roots of the equation x2 + 2px + g = 0

1
and o, E are the roots of the equation ax? + 2bx + ¢ = 0 where Bze {-1, 0, 1}

STATEMENT-1 : (p? - q) (b2 -ac) > 0
and
STATEMENT-2 : b # paorc # ga

(A) STATEMENT-1 is true, STATEMENT-2 is true; STATEMENT-2 is correct explanation for
STATEMENT-1

(B) STATEMENT-1 is true, STATEMENT-2 is true ; STATEMENT-2 is not a correct explanation for
STATEMENT-1

(C) STATEMENT-1 is true, STATEMENT-2 is false

(D) STATEMENT-1 is false, STATEMENT-2 is true.

Sol. (B)
x>+ 2px +q=0
o+ B =-2r . (i)
o =9 L (i)
ax? + 2bx +c =0
a+;=—T2b ...... (i)
%=§ ........ (iv)
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oa+ﬁ2 B %2
(p? -a) (b2 - ac) = [(—_2 J —“ﬁ] 2 | B

N

1
pa #b =ao + B z o+ B = B? =1, p= {-1, 0, 1}, correct

Similarly

o
Ifc # qa :aE = aof

1
= a[ﬁ—gj 20

1
= o = 0, and B—B;tO: B #{-1,0,1}

Statement-2 is true.
Both statement-1 and statement-2 are true, But Statement-2 do not explains statement-1

Q.12 Consider

Sol.

L,:2x+3y+p-3=20

L,:2x + 3y + p + 3 = 0, Where p is a real number

and C : x> + y2 + 6x - 10y + 30 =0

STATEMENT-1 : If line L, is a chord of circle C, then line L, is not always a diameter of circle C
and

STATEMENT-2 : If line L, is a diameter of circle C, then line L, is not a chord of circle C

(A) STATEMENT-1 is true, STATEMENT-2 is true; STATEMENT-2 is correct explanation for
STATEMENT-1

(B) STATEMENT-1 is true, STATEMENT-2 is true; STATEMENT-2 is not a correct explanation for
STATEMENT-1

(C) STATEMENT-1 is true, STATEMENT-2 is false

(D) STATEMENT-1 is false, STATEMENT-2 is true.

(<€)
(X +3) +(y-52=09+25-30 =4
(X +3)2 + (y - 52 = 22

ABLES, 608-A, TALWANDI, KOTA & (0744) 2405510 9
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Centre = (3, - 5)

If L, is diameter, then 2(3) + 3(-5) + p-3 =0
p =12

wLis2x +3y +9 =20

L is2x + 3y + 15 =0

2
Distance of centre of circle from L, equals

23)+3(-5+15 6 _ |
| J2? 1 32 | = i3 < 2 (radius of circle)
- L, is a chord of circle C.

2
Statement-2 is false

Q.13 Let a solution y = y (x) of the differential equation

2
X Jx2_1dy -y Jy?_1dx = 0, satisfy y(2) = Na)

ala

STATEMENT-1 : y(x) = sec (SeC_IX——)
and STATEMENT-2 : y(x) is given by

(A) STATEMENT-1 is true, STATEMENT-2 is true; STATEMENT-2 is correct explanation for
STATEMENT-1
(B) STATEMENT-1 is true, STATEMENT-2 is true; STATEMENT-2 is not a correct explanation for
STATEMENT-1
(C) STATEMENT-1 is true, STATEMENT-2 is false
(D) STATEMENT-1 is false, STATEMENT-2 is true.
Sol. (C)

dy YWY’ -1

ax T o1
[
yWy? -1 xyx? -1

sect y = sect! x +cC

2
given x = 2 and y = E

2
-1— — -1
Therefore sec NE] sec! 2 + ¢
o,
6 3
C — — E
B 6

Thus y = sec (sec! x -n/6)
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[ 4 \/5}
= cos COS " — —CO0s 7 = o
J3 1 3
= cos [cos 1[§+ 1—X—2 1—Zj]
i 3 1 1
y T x T2 ! x>
SECTION-III

Linked Comprehension Type

The section contains 2 paragraphs. Based upon each paragraph,3 multiple choice questions have to
be answered Each question has 4 choices (A), (B), (C) and (D), out of which ONLY ONE is correct.

Paragraph for Question Nos. 14 to 16
consider the function f : (- w, ) = (o, «) defined by

x? —ax+1

f(x) = 0 <ax<?2

x> +ax+1’
Q.14 Which of the following is true ?
A 2+apf"1)+2-a)y2f(-1)=0 (B) (2 -a)}f(1)-((2+axf(-1)=0

(C) f(1) f(-1) = (2 - a)? (D) f'(1) fi(- 1) = - (2 + a)?
Sol. (A)
(x2 +ax+1)—2ax
fx) = ——
X“ +ax+1
) S
x> +ax +1
. (x? + ax + 1)2a — 2ax(2x + a)
FOg = - (x2+ax+1)2
—2ax’ +2a (x2 -1 _
= - (x2 +ax+1)2 =2 (x2 +ax+1)2 ............... (1)
(x? +ax + 1)2(2x) - 2(X2 - 1)(x2 +ax + 1)(2x +a)
f'(x) = 2a .
(x2 +ax + 1)
2x(x? 1) - 2(x% - 1)(2
_ 0 x(x +ax + ) (x )( X+a)

(x2 +ax + 1)3

ABLES, 608-A, TALWANDI, KOTA & (0744) 2405510 11
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-x>+3x+a )
= 4a (xz +ax+1)3 ...... (i)
4a(a+2) 4a
F1) = (a+2)3 = (a+2)
by L Ma-2) %
(2-a)° (-2

~2+a)yf'1)+ (2-a)yf(-1) =4a-4a=20

Q.15 Which of the following is true?

(A) f(x) is decreasing on (-1,1) and has a local minimum at x = 1

(B) f(x) is increasing on (-1,1) and has a local maximum at x = 1

(C) f(x) is increasing on (-1,1) but has neither a local maximum nor a local minimum at x = 1

(D) f(x) is decreasing on (-1,1) but has neither a local maximum nor a local minimum at x
Sol. (A)

When x e (-1, 1)

x2<1 =x2-1<0

- fi(x) < 0 = f(x) is decreasing

4a
Also, at x = 1, f'(1) = (a+2)2 > 0 (since 0 < a < 2)

f(x) has a local minimum at x = 1

x

e fl
Q.16 Let g(x) = | &
0

1+t)2 dt
Which of the following is true?
(A) g'(x) is positive on (- ,0) and negative on (0, )
(B) g'(x) is negative on (-« ,0) and positive on (0, )
(C) g'(x) changes sign on both (-, 0) and (0, )
(D) g'(x) does not change sign on (—oo, )

Sol. (B)

(e

g'(x) = m-e

e2x _1 eX
= 2a 2
(ezx +ae® + 1) 1+e*

12 ABLES, 608-A, TALWANDI, KOTA & (0744) 2405510
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g'(x) =0, ifex-1=0,ie.x=0
if x <0,ex<1 =g <0

Paragraph for Question nos. 17 to 19
Consider the lines:

L Xx+1 y+2 z+1
tt3 1 2
L X-2 y+2 z-3
21 2 3

Q.17 The unit vector perpendicular to both L, and L, is

" i+ 75+ 7k - ~i—7j+5k © ~i+7j+5k ) 7i-7i-k
J99 53 5V3 Jo9

Sol. (B)

The equations of given lines in vector form may be written as
Lt F = (=] -2 -g) +2a(Bi+j + 2¢)

1

and L, @ F = (2] -2j +3)) +1(j+2] + 3)

2

- Vector perpendicular to both L, and L, is

= -{-7j + 5%

w N X

j
1
2

= W

(-i-73+ 5|2)

Y1 (77 + 5

Required unit vector =

1 A A A
= ﬁ (—I—7J+5|()

Q.18 The shortest distance between L, and L, is

17 41 17
(A) 0 ® 73 © 5 ® 5
Sol. (D)

Shortest distance between L, and L, is
‘{(2 (-1))i +(2-2)j+ B = (~D)K}. (i - 7j + 5&)‘
| " |

‘(3i+4k).(—i—7j+5k) o
=‘ 5\/5 ‘: —5\/5 units

ABLES, 608-A, TALWANDI, KOTA & (0744) 2405510 13
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Q.19 The distance of the point (1, 1, 1) from the plane passing through the point (-1,-2,-1) and whose

Sol.

normal is perpendicular to both the lines L, and L, is

2 7 13 23
(A) ﬁ units (B) ﬁ units © ﬁ units (D) ﬁ units
(©)

The equation of the plane passing through the point (-1,-2,-1) and whose normal is perpendicular
to both the given lines L, and L, may be written as

x+1)+7(y+2)-5(z+1)=0
iie.x + 7y - 52+ 10 =0

|1+7-5+10| 13
The distance of the point (1, 1, 1) from the plane = |J1+49+25| = 75 units

SECTION-1IV

Matrix-Match Type

This section contains 3 questions. Each question contains statements given in two columns, which
have to be matched. Statements in Column I are labelled as (A), (B), (C) and (D), whereas
statements in Column II are labelled as p,q,r and s. The answers to these questions have to
be appropriately bubbled as illustrated in the following example.

If the correct matches are A-p, B-q, B-r, C-p, C-gq and D-s, then the correctly bubbled matrix will
look like the following

®
)
@
@

Q.20 Consider the lines given by

L :x+3y-5=0

1

L :3x-ky-1=0

2

L,:5x+2y -12 =20

Match the Statements/Expressions in Column I with Statements/Expressions in Column II and
indicate your answer by darkening the appropriate bubbles in the 4 x 4 matrix given in the ORS.
Column I Column I1

(A) L, L,, L, are concurrent, if (p) k =-9

6
(B) One of L, L,, L, is parallel to at least (q) k = - 5

one of the other two, if

(C) L, L, L, form a triangle, if (r) k = %
(D) L, L, L, do not form a triangle if (s) k=5
Sol. A-s;B-p,q;C-r,D-p,q,s
(A) Solving L, and L,
X _ y _ 1
-36+10  +12-25  2-15
14 ABLES, 608-A, TALWANDI, KOTA & (0744) 2405510
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Q.21

Sol.

o

e x=2,v=1

L,, L,, L, are concurrent, if (2, 1) lies on L,

. 6-k-1=0 = k=25

(B) Either L, is parallel to L, or L, is parallel to L,,

1 3 3 -k
Theng—Ior§—7
-6
= k=-9o0ork = 5
(C) L, L, L, form a triangle, if they are not concurrent, or not parallel
6 5
.'.k;t5,—9—§:k—g

(D) L,, L,, L, do not form a triangle, if

6
K—5,—9,—§

Match the Statements/Expressions in Column I with Statements/Expressions in Column II and
indicate your answer by darkening the appropriate bubbles in the 4 x 4 matrix given in the ORS.

ColumnlI Column II

2
(A) The minimum value of X +ox+4 is (p) O

X+2

(B) Let A and B be 3 x 3 matrices (9 1
of real number,

where A is symmetric, B is skew-

symmetric, and (A+ B) (A - B)

= (A - B) (A + B). If (AB)t = (-1) AB

where (AB)t is the transpose of the matrix

AB, then the possible values of k are

(C) Let a =log, log,2. An integer k satisfying (r) 2

(-k+37)

1< 2 < 2, must be less than

1
(D) If sing=cos¢, then the possible values of E(e + 0 - g) are (s) 3

A-r;B-q,s;C-r,D-p, r

(A) Let y = X*+2x+4
X+2
= X+ 2-y)x+@4-2y)=0
= (2-y)?-44-2y) >0
= y>+4y -12 > 0
=Y <6y >2

. Minimum value of y is 2

ABIEDS, 608-A, TALWANDI, KOTA @ (0744) 2405510 15
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Q.22

(B) (A +B)(A-B) =(A-B) (A+B)

= A2 - AB + BA - B2 = A2+ AB - BA - B?

= AB = BA

(AB)t = (-1)x AB = B'At = (-1)k AB

= - BA = (-1)<' AB (since Bt = - B, At = A)
= B.A = (-1)~! AB

N (_1)k+1 =1

- k + 1 is even, or k is odd

O 1< 2(_k+3_a)< 2

=5 0<-k+32<1
a = log, log; 2 = 3 = log,2

= 32=1log,3 (1)
~k<log3<2 L (2)
and 1 + k>log,3>1 = k>0 ... (3)
- k<2

by (2) and (3) 0 < k <2 = k

1 (k is an integer )

T
(D) sing= cos¢ = coS (E_e) coso

N g— 0 = 2N + 0, neZ
Y
= 04+ —E=—2nn,inez
1 T
- = (eiq)_fj = -2n, neZ
LY
Consider all possible permutations of the letters of the word ENDEANOEL. Match the Statements/

Expressions in column I with the Statements/Expressions in Column II and indicate your answer
by darkening the appropriate bubbles in the 4 x 4 matrix given in the ORS.

ColumnlI Column I1
(A) The number of permutations containing (p) 5!

the word ENDEA is

(B) The number of permutations in which (q) 2 x 5!
the Letter E occurs in the first and the

last positions is

(C) The number of permutations in which (r) 7 x 5!
none of the letters D,L,N occurs in the

last five positions is

(D) The number of permutations in which (s) 21 x 5!
the letters A,E,O occurs only in odd
positions is
Sol. A-p;B-s;C-q,D-q
(A) If ENDEA is fixed word then assume this as a single letter
Total letters = 5, total number of arrangement = 5!
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(B) If E is at first and last places then

7!
Total permutation = 1= 21 x 5!

(C) If D, L, N is not in last five position

«DLNM - « E,E,E,A,0—>
. 4! 5! |
Total permutation = 2 X 3= 2 x 5!

(D) Total odd position = 5

]
Permutation of AEEEO are 5—

3!
Total even position = 4
4!
Permutation of N,N,D,L = 51
5! 41
Hence total permutation = 31X 5 T 2 x 5l
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