PART - I1I: MATHEMATICS

SECTION = 1: (Oneor more option correct Type)

This section contains 8 multiple choice questions. Each question has four choices (A), (B), (C) and (D) out of which
ONE or MORE are correct.

41.

Sol.

*42.

Sol.

43.

Sol.

(1a+2a+...+ na) 1
For a € R (the set of all real numbers), a = -1, lim =) =—.
N> (n+1) [(na+1)+(na+2)+...+(na+ n)} 60

Thena=
(A)5 (B) 7
-15 ~17
© — (B) —=
(B, D)
1
Ixadx
Y - 2 2
Required fimit = 5 " (2a+1)(a+l) 120
I(a+x)dx
0

=a=70r —E.
2

Circle(s) touching x-axis at a distance 3 from the origin and having an intercept of length 2J7 on y-axisis
(are)

(A)x*+y*—6x+8y+9=0 (B)X*+y*—6x+7y+9=0
(C)x*+y*—6x—8y+9=0 (D)x*+y*—6x—-7y+9=0

A, (©C) _
Equation of circle can bewritten as
(x=3)°+y*+1(y)=0
=xX2+y* - 6x+Ly+9=0.
Now, (radius)?=7+9=16

}\‘2
= 9+—-9=16

4

—=A2=64=A1=+8.
. Equationisx?+y* - 6x + 8y + 9=0.

TwolinesL;: x =5, %=i andL;:x=o0, l=2i are coplanar. Then o can take value(s)
-a - - -
(A)1 (B) 2
€3 (D) 4
(A, D)
Xx-5 y-0 z-0
0 3-a -2



*44.

Sol.

*45,

X-o 'y z
0 -1 2-o

will be coplanar if shortest distance is zero
5-a 0 0

=10 3-a -2 |=0
0 -1 2-o

(5-a)(0®-50+4)=0,0=1,4,5

sooa=14

Alternate Solution:

Asx =5and x = o are paralld planes so the remaining two planes must be coplanar.
3—a -2

Z - % S e?-5u+4=0=a=1 4
-1 2—a

In atriangle PQR, Pisthelargest angle and cos P = % . Further the incircle of the triangle touches the sides

PQ, QRand RP at N, L and M respectively, such that the lengths of PN, QL and RM are consecutive even
integers. Then possible length(s) of the side(s) of thetriangleis (are)

(A) 16 (B) 18

(C 24 (D) 22

(B), (D)
Let

s—a=2k-2,s-b=2k,s-c=2k+2, kel,k>1
Adding we get,

s=6k

So,a=4k+2,b=4k,c=4k-2

Now, cosP = %

Q s-b L R

2 2 .2
b+2cTa=% — 3[(4K)% + (4K — 2 — (4K + 2] = 2 x 4K (4K — 2)
C
= 3[16k* - 4 (4K) x 2] = 8k (4k — 2)
= 48K?% — 96k = 32k? — 16k
— 16k’=80k => k=5
So, sides are 22, 20, 18

\/§+i
2

Let w = and P={w" :n=1, 2 3 ... }. Futher H; = {ZeC:Rez>%} and H, =

{ZECZRGZ<_—21}, where C is the set of all complex numbers. If zz e PN Hy, z2 €e P Hyand O

representsthe origin, then £z; Oz, =

Y Y
A) — B) —
(A) : (B) 5

2n 5n
© 3 (D) =



Sol.

*46.

Sol.

47.

Sol.

(©), (D)

. in n
W:\/§+I :eE'SOWn:e'(?j
Now, for z;, cosn—g>1 and for z,, cosn—g<—%

Possible position of z; are A;, A, Az whereas of z, are By, B,, B3 (as shown in thefigure)
So, possible value of £z;0z, according to the given optionsis 2—; or % .

If 3=4 thenx =

2log; 2 2
(A) % (B) 5 ——
003 2-1 2-log, 3
1 2log, 3
© a3 (D) 2=
—log, 3 2log, 3-1
(A,B,C)

logy3* = (x — 1) log,4=2 (x - 1)
= xlog3=2x-2
>X= ——
2-log, 3
Rearranging, we get
2 2log; 2
_ 1 2log;2-1
log; 2
Rearranging again,
1
_ logz4  log,3 _ 1
Clogga-1 1 . "1-log,3’

log,3

X =

Let o be a complex cube root of unity with o = 1 and P= [p;] be an x n matrix with p; = ™. Then P? = 0,
whenn=

(A) 57 (B) 55
(C) 58 (D) 56
(B, C, D)
o o ot .. o"?

p_ o° ot ® ... o3

n+2 s (,02n+4

(,04 + 0)6 ..... (,05 + (,07 +® ...

5 7 9



P? = Null matrix if nisamultiple of 3

48. Thefunction f(x) =2 |x| + [x + 2| — ||x + 2| — 2 |x|| has alocal minimum or alocal maximum at x =
-2
A) -2 B) —
(A) ®) 3
2
€2 ©) 3
Sol.  (A), (B)
f(x)+g(x)-|f (x)—9g(x
As, () )2| (x)-9(x) = Min (f (x), g (x))
2|x|+|x+2|—||x+2|—2|x|| _
= > = Min (]2¢|, [x + 2))
2x+4
_2x-4 E
--------- 8/3 ~4x |
-2 -2/3 2
According to the figure shown, points of local minima/maximaarex = -2, % 0.

SECTION - 2 : (Paragraph Type)

This section contains 6 multiple choice questions relating to three paragraphs with two questions on each paragraph.
Each question hasfour choices (A), (B), (C) and (D) out of which ONLY ONE is correct.

Par agraph for Questions 49 and 50

Letf: [0, 1] - R (the set of all real numbers) be a function. Suppose the function f is twice differentiable, f(0) =
f(1) = O and satisfiesf "(x) — 2f '(x) + f(x) > €, x € [0, 1].

49. Which of thefollowingistruefor 0O<x<1?

(A) 0<f(x) <0 ®) -3 <9<
(© -3 <f <1 (D) - <f(x) <0

Sol. (D)
Letg (x)=€e™f(x)
andg” (x)>1>0
S0, g (x) isconcave upwardand g (0) =g (1) =0
Hence, g (x) <0V x € (0, 1)
e f(x)<0
f(x)<0Vxe (01
Alternate Solution
7 (x) = 2f'(x) + f (x) > &



50.

Sol.

= [f (x)e™ —éj >0

X2

Letg(x)zf(x)e‘x—?

1
9(0=09gM)=-7
Since gisconcave up so it will always lie below the chord joining the extremitieswhich isy = —g

2
= f(x)ex -2 X
2 2

:>f(x)<@<0 vxe(01)

If the function €™ f(x) assumesits minimum in theinterval [0, 1] at x = % which of thefollowing istrue ?

' 1 3 , 1
(A) f'(x)< f(x),z< x<7 (B) f'(x)> f(x),0<x<:1
(©) f'(x)<f(x),0<x<% (D) f'(x)<f(x),%<x<1
C

Let, g (x) =€ f (X)

Asg” (x) >0sog (x) isincreasing.
So, forx<1/4,g' (x) <g (1/4) =0
= (f(x)-f(x)e*<0

= (X) < f(x)in (0, 1/4).

Par agraph for Questions 51 and 52

Let PQ be afocal chord of the parabola y? = 4ax. The tangents to the parabola at P and Q meet at a point lying on
theliney=2x+4a a>0.

*51.

Sol.

Length of chord PQ is

(A) 7a (B) 5a
(€) 2a (D) 3a
(B)

Let P(at?, 2at), Q[ a _=

t—z, —Tj asPQ isfocal chord

Point of intersection of tangentsat Pand Q

o)

aspoint of intersection liesony = 2x + a

= a(t—%j=—2a+a
2
t—lz—l = (t+}j =5
t t

2
length of focal chord = a(t+%j = 5a



*52. If chord PQ subtends an angle 0 at the vertex of y? = 4ax, then tan® =

2 -2
(A) gﬁ (B) ?ﬁ
2 -2
(©) ?@ (D) ?\@
So. (D)

Angle made by chord PQ at vertex (0, 0) is given by

g+2t 2(1+t) 5
tno=| L |= M J -2

1-4 -3 3

Par agraph for Questions 53 and 54

Let S=S NS, N S;, where

S={zcC:|z]<4},S= {Zec:lm{zl__l;\/%/iél

*53. Areaof S=
(A)% (B) 2%“
((:)1%7t (D)%

Sal. (B)
Area of region S N S N S = shaded aea
_7t><42+42><1'c

4 6
= 42n{1+l}
4
_ 20
3

*54, mig|1—3i—z|=

2-3 2+4/3
(A)T (B) >

3-/3 3++/3
(C)T (D) >

Sol. ©)
Distance of (1, =3) from y + J3x=0
>‘—3+\/§><1
2
3-4/3

>

2

}>O} andS$;={ze C:ReZ>0}.

y+\/§x=0

60°

x*+y* <16



Par agraph for Questions 55 and 56

A box B; contains 1 white ball, 3 red balls and 2 black balls. Another box B, contains 2 white balls, 3 red balls and 4
black balls. A third box B; contains 3 white balls, 4 red ballsand 5 black balls.

55.

Sol.

56.

Sol.

If 1 ball is drawn from each of the boxes B;, B, and Bs, the probability that al 3 drawn balls are of the
same colour is

82 90
A) g ®) o8

558 566
© o8 ©®) g
(A)

P (required) = P (all are white) + P (all arered) + P (all are black)
12 3 33 4 2 45

= —X—X—F —X—X—F —X—X—
6 9 12 6 9 12 6 9 12
_ 6 36 40 82

648 648 648 648"

If 2 balls are drawn (without replacement) from arandomly selected box and one of the balls is white and
the other ball isred, the probability that these 2 balls are drawn from box B, is

116 126
A) — B) —
) 181 ®) 181
65 55
C) — D) —
© 181 ©) 181

(D)

Let A : one ball iswhite and other isred
E; : both balls are from box B1

E, : both balls are from box B,

E; : both balls are from box B3

Here, P (required) = P[%)
(2 e
{EJrd e v

1 2 3

2 3
TGx7G 1 1
_ °C, 3 -6 _5
'6x%C, 1 *Cix’c 1 °Cixfcy 1 11,2 181
2 2 2 5 6 11

SECTION - 3: (Matching list Type)

This section contains 4 multiple choice questions. Each question has matching lists. The codes for the lists have
choices (A), (B), (C) and (D) out of which ONLY ONE is correct.

*57.

Match List | with List 11 and select the correct answer using the code given below thelists:



Sol.

List -1 List -1l
P. 12
1 c:os(tan’l y)+ysin(tan’l y) 15
— +y* | takesvalue 2\3
y c:ot(sin’l y)+tan(sin’l y)
Q. |If cox + cosy + cosz = 0 = sinx + siny + sinz then J2
possibl e value of cosx;zy is
R. s . . . 1
If cos[z—xjcost+smx SIN2X SecX = COSX SiN2X Secx 3
+ cos[%+ xj cos2x then possible value of secx is
1

Sl cot(sin’lle—xz)zsin(tan’l(xx/é)), x # 0, then

possible value of x is

Codes:

(A)
(B)
(©)
(D)
(B)

P—

WwhhrT
INNNYANAVe)
PN
N R NW

cos(tan"ty)+ysin(tan"y)

cot(sinty)+tan(sinty)

1 y?
+
2 2 2

_ JI+y© yl+y _ J1+y =y\/1—7

-y Ly L

y hoy?  WI-Y?
1 cos(tanty)+ysin(tanty) 2+y4
y?{ cot(sinty)+tan(sinty)

= y—lz(yz(l—y“))w“ =1-y*+yt=1

Q—>cosx+cosy+cosz=0
snx+dny+snz=0

cosx +cosy=-cosz . (@D}
snx+sny=-snz .. 2
(1)°+(2)°

1+1+2(cosxcosy+sinxsiny) =1
2+2cos(x—-y)=1
2cos(x—-y)=-1

0o (x-Y) =~

2cos? (X;zyj g1

2
20052 (ﬂj = 1
2 2




R— cos(%—xjcoszx+sinxsin2xsecx
. Y
= cosx5|n2xsecx+cos(z+ xjcost
{cos(ﬁ—xj—cos(g+xﬂ0052x =(cosx Sin 2x —sin X sin 2X) sec X

2 . . .
——sinx cos2x = (cosx —sinx)sin2x secx

J2
J2sinxcos2x = (cosx —sinx) 2sinx
1 1

J2  cosx+sinx

secx=sec%=\/§

S— cot (si ntvi-x2 )

X
coto =
V1-x?
tan " (x/6) = ¢
x\/6
V6x2 +1
X x/6
:> =
V1-x% Wex?+1
6x>+1=6—6x°
12x°=5

L

X = _ = — =

12 2V3

*58. A lineL : y = mx + 3 meets y-axis at E(0, 3) and the arc of the parabola y* = 16x, 0 < y < 6 at the point
F(xo, Yo). The tangent to the parabola at F(xo, Vo) intersects the y-axis at G(0, y;). The dope m of thelineL

is chosen such that the area of the triangle EFG has alocal maximum.
Match List | with List 11 and select the correct answer using the code given below thelists:

sing =

List -1 List —1I

P. m= 1. 1

2

Q. | Maximum area of AEFG is 2. 4

R | yo= 3. |2

S. Y1 = 4 1

Codes:

P Q R S
A 4 1 2 3
(B) 3 4 1 2
© 1 3 2 4
D) 1 3 4 2



Sol.

59.

Sol.

(A)

A(t) = 2633 - 4t)

For max. A(t),t=

=>m=

N |

1

1 .
= A(t)|max. =+ S units
Yo = 4 and yi= 2

(412, 8t)

Match List | with List 11 and select the correct answer using the code given below thelists:

List —1I

P.

List -1
Volume of parallelepiped determined by vectors &, b
and T is 2. Then the volume of the paralelepiped
determined by vectors 2(éx 5), 3(6xé) and (Cxad) is

100

Volume of parallelepiped determined by vectors &, b
and € is 5. Then the volume of the parallelepiped

determined by vectors 3(é+ 5),(5+E) and 2(C+4) is

30

Area of a triangle with adjacent sides determined by

vectors @ and b is 20. Then the area of the triangle
with adjacent sides determined by vectors (2a+30)

and (5—5) is

24

Area of a paralelogram with adjacent sides determined

by vectors & and b is 30. Then the area of the
parallelogram with adjacent sides determined by vectors

(é+5) and 3 is

60

(A)

PWN AT
INNNYANNYe)
Wk RFPWwI
NN AR W




60.

Sol.

Xx-1 'y z+3

Consider thelines L, : > x—4_y+3_z+

23 andtheplanesP,: 7x +y+2z=3, P,

== ,Lo:
101 1

:3x + 5y — 62 =4 Let ax + by + cz = d be the equation of the plane passing through the point of
intersection of linesL; and L,, and perpendicular to planes P, and P..
Match List | with List 11 and select the correct answer using the code given below thelists:

List -1 List—11
P. a= 1. 13
Q. b= 2. -3
R. c= 3. 1
S. d= 4, -2
Codes:
P Q R S
(A) 3 2 4 1
(B) 1 3 4 2
(© 3 2 1 4
(D) 2 4 1 3
®) _ N
Plane perpendicular to P, and P, has Direction Ratios of normal
i ]k
7 1 2|=-16i+48j+32k . (D)
35 -6

For point of intersection of lines

(2 +1, -, —-3)=(A2+4,2,— 3,20, - 3)
=>2Mm+1=)+40r20; -1 =3

— M= —-30rA+A=3

=>M=2, =1

- Pointis(5,-2,-1) .. (2
From (1) and (2), required planeis
-1(x-5+3(y+2+2(z+1)=0
or—x+3y+2z2=-13

X—-3y—-2z=13
=a=1b=-3,c=-2d=13



