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SECTION 1 (Maximum marks: 24)
This section contains EIGHT (08) questions.
The answer to each question is a SINGLE DIGIT INTEGER ranging from 0 TO 9, BOTH INCLUSIVE.
For each question, enter the correct integer corresponding to the answer using the mouse and the onscreen
virtual numeric keypad in the place designated to enter the answer.
Answer to each question will be evaluated according to the following marking scheme:
Full Marks : +3 If ONLY the correct integer is entered;
Zero Marks : 0 If the question is unanswered;

Negative Marks : -1 In all other cases.

s T . 1 2
Let o and B be real numbers such that - <B<0<a< I If sin (o +P) = 3 and cos(a—p)= 3 then

. . 2
the greatest integer less than or equal to (sm <« cosp 4 Losa sin B J is
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Sol.

Sol.

Ify(x) is the solution of the differential equation

xdy — (y?— 4y)dx=0forx > 0,y(1)=2,

and the slope of the curve y = y(x) is never zero, then the value of 10 y(/2 ) is
)

xdy—(y2—4y)dx:0,x >0

[
y2—4y X

(5t sess

log, |y—4|-log, |y|=4log . x+log, c

|y_4|=CX4 02 o1

|yl

ly—4=y|x*

C-1 and C2
y—4=yx* y—4=-yx*
4 4

y 1-x* y 1+x*
y(1)=ND (rejected) y(1)=2

Y(2)= 3= 10y(42) =3

1

The greatest integer less than or equal to .[ 2 log, ( ¥+ 1) dx + J'logz ’ (zx _ 1)5dx is
1 1
®)
2 2log, 3 1
y:J.1 logz(x3+1)dx+.|.1 (2"—1)3dx
=4log,3-1

we know Lb f(x)dx + j:((: (£ () Jdx = bE(b) — af (a)
So, [y] =5
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4, The product of all positive real values of x satisfying the equation x(16(1°g5 )’ 68logs _5-l6is
Ans. (1)
Sol.  Taking log to the base 5 on both sides

(16 (log; x)3 —68(log; x)) (logsx)=-16

Let (log; x) =t

16t —68t* +16=0
OR 4t*—16t* —t*+4=0
OR (4t2 —1)(t2 —4) -0

1
t=t—,+2
OR >

So log, x = i% OR +2
1 -1

—x=52,52 557

1 1

ef_(1_x3)3+[(1_x2)z_1jsmx

5. IfB:ling — then the value of 63 is .
¥ xsin® x
Ans. (5)
e"3—(1—x3)1/3 ((l—xz)l/z—l)sinx
B =lim ~— + —
Sol. x>0 Xxsin“X , sin“x ,
2 X XTX
X
use expansion
3 2
(1+x)-[1-7 ( —Xj—l .
B =i 3 L sin X
. 4x° —x’
S Er
4 1 5
P=3727%
6p=>5
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B 0 1
6. Let B be areal number. Consider the matrix 4=|2 1 =2 | IfA7—(B-1)A°—BA’ is a singular matrix,
31 =2
then the value of 9 is
Ans. (3)
Sol.  A’—(B-1)A°—BA%is asingular matrix, so
A7~ (B~ 1)A®— BAY =0
AF (A= (B~ 1) A= BD)| =0
IAF A (B~ 1A — BT =0
AF |A* = BA+A-BD[=0
AFI(A+T) (A—BD|=0
here |A|=—1
B+1 0 1
|A+1]=] 2 2 2|=0+12-6)=-4
3 1 -1
0 0 1
So |[A-BI|=|2 1-B 2
31 =2-p
=2-3+33=0
=38=1
So9B =3
x2 y2
7. Consider the hyperbola 100 62 =1 with fociat Sand S , where S lies on the positive x-axis. Let Pbea
T
point on the hyperbola, in the first quadrant. Let ZSPS, = o, with & < 5 The straight line passing through
the point S and having the same slope as that of the tangent at P to the hyperbola, intersects the straight line
S PatP,. Let d be the distance of P from the straight line SP , and 3 =S P. Then the greatest integer less than
or equal to @sing is
9 2
Ans. (7)
) . (o) a
Sol. LetSD=a in SPD sin By :E
2
Now lBE‘Ssin (gj 2158-3:3—8 _b o
9 2) 9 B 9 9 9
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we know product of perpendiculars from foci upon any tangent to Hyperbola =b?, (ad="b?)

64
Hence ? =7

2( 4"“') X<
3 4

5
8. Consider the functions f,g: R — R definedby f(x) = x? +E and g(x) =

0. lxp2
4
If o is the area of the region {(x y)eRxR:|x|< % <y <min{f(x), g(x)}} then the value of
9a is
Ans. (6)
Sol f(x)—xz-i-i
ol. 5
4
g(x)=2(1——|x|j
3
3
IXISZ and 0 <y < (f(x),g(x))
for x >0 v
x2+i=2—§x
12 3
= 12x"+32x-19=0
& $ (172, 2/3)
1 \*’// N\
12x* +38x—6x-19=0=>x=— \/\\%
> S A&\/////,,
-3/4-1/21 0 12 3/4
12 5 I 1 4
Required area = 200 (Xz +Ejdx+gxzx(2_§D
=o= 2(1 5+2j2 i =9 926
p— = X—=
24 24 24) 3Saunits =773
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Sol.

SECTION 2 (Maximum marks: 24)
This section contains SIX (06) questions.
Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these four option(s)
is (are) correct answer(s).
For each question, choose the option(s) corresponding to (all) the correct answer(s).
Answer to each question will be evaluated according to the following marking scheme:
Full Marks : +4 ONLY if (all) the correct option(s) is(are) chosen;
Partial Marks : +3 If all the four options are correct but ONLY three options are chosen;
Partial Marks : +2 If three or more options are correct but ONLY two options are chosen, both of which are
correct;
Partial Marks : +1 If two or more options are correct but ONLY one option is chosen and it is a correct option;
Zero Marks : 0 If unanswered;
Negative Marks: —2 In all other cases.
Let PQRS be a quadrilateral in plane, where QR=1, ZPQOR = ZQRS =70°, ZPQS =15° and /PRS = 40°.
If ZRPS =6°,PQ=o and PS =p , then interval(s) that contain(s) the value of 403 sin 0° is /are :
@A) (0.42) B)(1,2) © (¥2.3) (D) (2v2,3V2)

(A,B)

Figure as shown, can be drawn on the basis of given data.

Applying sine rule in APQR,
a 1
sin30"  sin80°

)

o=—">:
2sin 80
Applying sine rule in APRS,
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10.

Sol.

B 1

sin40° B sin O

= Bsin 0 =sin 40’
From (1) & (i),

4oBsinO=4- ~-sin 40

2sin 80

()

B 1
cos40’

. NG .o .1
ing cos0 =1,co0s30 =—,cos45 =— cos60 =—
Using ) NG and >

Only Options (A) and (B) are correct

Let o= sin* (g} .Let g:[0,1] > R be the function defined by g (x)=2" +2*'".

k=1

Then, which of the following statements is/are TRUE ?

(A) The minimum value of g(x) is 27

(B) The maximum value of g(x)

is1+2"3

(C) The function g(x) attains its maximum at more than one point

(D) The function g(x) attains its minimum at more than one point

(A,B,C)

-5 8-

k=1

Hence, g(x)=2"? 4207

In2 (22x/3 _21/3)

NOW, g’(X): 3 2x/3

, 1
g(x)=0atx=3

o . . .. 1 1. . ..
And, derivative changes sign from negative to positive at X = > hence x = 5 is point of local minimum as well

as absolute minimum of g(x) forx € [0, 1]

1
Hence, minimum value of g(x)=g (—j

— 21/6 + 21/6 — 27/6
= Option (A) is correct

2

Maximum value of g(x) is either equal to g(0) or g(1).
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g(0)=1+2"
g(1)=2"+1
Hence (B) and (C) are also correct

I1. Let 7 denote the complex conjugate of a complex number z. If z is a non-zero complex number for
1
which both real and imaginary parts of (E)2 +— are integers, then which of the following is/are possible
z

value(s) of |z| ?

A) (43+32\/Ej (B)(7+;/§j (C)(%:‘/Ej (D)(7+6\/Ej
Ans. (A)
Sol.  Let z=r(cos6+isin0)

22+i2:r2(cos29—isin29)

V4

+l2 (cos20—1sin 20)
r

= (rz + lz] (cos20—1sin20)
r

How

' +— cos20=A=|r +—+2 |cos 20=2A |
g ! Srir—+2=2"+u
r

(rz +rl2jsin29:u:>(r4 +%+2)sin2 20=p’

So, r4+i4el
r

43+ 3205 N 1 2(43-34205) 43-34205 4 1

Arf=—"""T=— +—=43¢l
@A) 2 18491845 2 TS
(B) r4:—7+\/§:%:4(7_@):7_@:{%%%1

4 ' 49-33 4 r
(©) r4:—9+\/E:%:4(9_\/6):9_\/6:{%%%1

4 ' 81-65 4 r
D) r4:7+\/B:>i4:6(7—«/§):6(7—\/5):7—\/BZH4+L4¢I

6 ' 49-13 36 6 r
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12.  LetGbeacircle ofradiusR>0.Let G, G,, ..., G, bencircles of equal radius r > 0. Suppose each of the n
circles G,,G,,......G_ touches the circle G externally. Also, fori=1,2, ... ,n—1, the circle G, touches G|
externally, and G_touches G, externally. Then, which of the following statements is/are TRUE ?

(A) Ifn=4, then (/2 - 1)r<R (B)Ifn=>5, thenr <R
(C)Ifn=8,then (/2 - 1)r<R (D)Ifn=12,then 2 ({3 +1)r>R
Ans. (C,D)
. T
Sol. 2(R+r1)sin—=2r
n
R+r i
=cosec—
T n
(A)n=4,R +r=+2r
Byn=>5 E = cosecE < cosecE
(B) T or 5 6
R+r<2r=r>R
C)yn=38 E = cosecE > cosecE
© T or 8 4
R+1>2r
(D) n= 12,E = cosec% R \/5(\/§+ 1)
r
R+r=+2 (\/5 +1r
V2 (\/5 +1)r>R
13. Let;, j and j bethe unit vectors along the three positive coordinate axes.
Let a=3+]-k
b=i+b,j+bk, b,beR :
C=c¢i+c,j+ek, ¢.,c,c€R
0 - ¢ )1 3—¢
be three vectors such that b,b, > 0,d b=0and| ¢ 0 —¢ || b, |=| 1=c, |.Then, which of the
-, ¢ 0 )\b —l-c,
following is /are TRUE >
(A)a.c=0 B)b.c=0 (©) |b|>~/10 (D) |¢] <11
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Ans.

Sol.

1 3—-¢
¢ 0 — || b |=| 1-c
b3

-, ¢ 0 ~l-c,

multipily & comapre

bzc3 — b3c2 =c¢, -3

c3—b3c1 =1l-c,

cz—bzc1 =1+c,

()i —(2)] +(3)k

i(byc, —byc,)— j(c, —byc)) +k(c, —byc,)
:clf+c2}'+czlé—3f—}+/€
bxc=c—a

Take dot product with p

0=C¢.b—a.b

c

Sy oY

L

(9!

b "E=90°
Take dot product with ¢

o
A
ol

P-d.c
P

#0

Ql
o
AL

Q)
ol

-a

o

b x¢ =
Squaring

|bP|cP=cP+|al —2¢a
|bF[eF=éF +11-2|F

b |éP=11-|¢f
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given G.b =0

b,-b,=-3 also
b +b; —=2b,b,=9 b,b, >0
b +b; =9+ 2b,b,

b +b; =9+ 2b,b, >9

b; +b; >9

|b |=J1+b2 +D?
1b|>10

d
14. For x € R, let the function y(x) be the solution of the differential equation d_y +12y =cos (% xj ,(0)=0.
X

Then, which of the following statements is/are TRUE ?

(A) y(x) is an increasing function

(B) y(x) is decreasing function

(C) There exists a real number 3 such that the line y = 3 intersects the curve y = y(x) at infinitely many points

(D) y(x) is a periodic function

Ans. (C)
dy X
—+12y =cos| —
Sol. dx y ( D j

LF. = e = ye™ = je”" -COS (Kj dx+C
12

12x

12x e—zl2cosﬂ+lsin(3j
122+(nj 12 127 \12
12

y(0)=0=C=—
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122 12

£ (x)

2
dy _ l[—Ttsin (KJ + X _cos (Ej +12e¢7'%]

When x is large then 12e™'** tends to zero.
4 4
But f(x) variesin | — |1* + (ij L (ﬂj
12 12

d
Hence d_z is changing its sign.

So y(x) is non monotonic for all real number.
Also when x is very large then again — 12¢'** is almost zero but f,(x) is periodic, so there exist some {3 for

which y = [ intersect y = y(x) at infinitely many points.
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15.

Ans.

Sol.

MATRIX
SECTION 3 (Maximum marks: 12)

This section contains FOUR (04) questions.

Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the correct
answer.

For each question, choose the option corresponding to the correct answer.

Answer to each question will be evaluated according to the following marking scheme:

Full Marks : +3 If ONLY the correct option is chosen;

Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks : -1 In all other cases.

Consider 4 boxes, where each box contains 3 red balls and 2 blue balls. Assume that all 20 balls are distinct.
In how many different ways can 10 balls be chosen from these 4 boxes so that from each box at least one red

ball and one blue ball are chosen ?

(A)21816 (B) 85536 (C) 12096 (D) 156816
(A)

3B| |3B| |3B||3B

2R | [2R | [2R | |2R

2B 2B 1B 1B 6
X
IR 1R 1R 1R

3B 1B 1B 1B 4
X
IR 1R 1R 1R

1B 1B 1B 1B 6
X
2R 2R 1R IR
2B 1B 1B 1B]
x 6
2R IR 1R IR

Now

(3C2>< 2Cl X 3C2>< 2C1><3C1 X 2Clx3Clx2Cl)><6+

(PCyx 7C % °Cx PG x3C x PG PCx G ) x4

+( 3Cx 2C, x PCix *Cyx°Cy % 2C1><3C1><2C1)><6+

(3C2>< ’C, x *C)x *C,x°C, x 2C1><3C1><2C1)><16

=6°[36 +8+9+48]=216x (53 +48)=216 x 101 =21816
Alternative :

We needed to find coeff of
x*ye, X3y & xy*in

( Cx+ Cx° +3C3x3)4(2C1y+ ’C,y’ )4
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which is equivalent O coeff. of
¥*,xp,x in
(3+3x+xz)4 (2+y)4
='C,x2°x3*
+4C, x3* x *C x 2]
+
‘C,x3 % 2"

+

4C}x?x24=34(T4428+96+%§j

16. IfM= 3 21 , then which of the following matrices is equal to M2°22?

~21816
53
2
2 2
3034 3033
(A) | 23033 —3032

3033 3032
©) | 3032 -3031
Ans.  (A)

Sol. LetM=B+I

303

.| 2 2
33

2 2

3
h@m=%B+D””=I+ﬂn2B={

3034 3033
B) {3033 3032

3032 3031
D) _3031 -3030

3 |,B*=0andhence B}, B*....=0

034 3033
-3033 -3032
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17. Suppose that
Box-I contains 8 red, 3 blue and 5 green balls,
Box-II contains 24 red, 9 blue and 15 green balls,
Box-III contains 1 blue, 12 green and 3 yellow balls,
Box-IV contains 10 green, 16 orange and 6 white balls.
A ball is chosen randomly from Box-I; call this ball b. If b is red then a ball is chosen randomly from Box-II, if
b is blue then a ball is chosen randomly from Box-III, and if b is green then a ball is chosen randomly from Box-
IV. The conditional probability of the event ‘one of the chosen balls is white’ given that the event “at least one
ofthe chosen balls is green’ has happened, is equal to

(A) 2 (B) 2 ©) > (D) .
256 16 52 8
Ans. (C)
Sol.  BoxI 8([R) 3(B) 5(G)
BoxII 24(R) 9(B) 15(G)
Box III I(R) 12(G) 3(y)
Box IV 10(G) 16(o) 6(w)
A (one of the chosen balls is white)
B (at least one of the chosen ball is given)
P( A j P(ANB)

~ P(3)

N

ANB—> (WG)
B —(GG,GR,GB,Gw)

5 6
7X7
_ 1632
5 g8 15 3 12

—xl+—x—+—x—

16 16 48 16 16

s
16 52
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L 16+5n—3n* 32+n-3n*> 48-3n-3n’ 25n—-"7n’
18. For positive integer n, define f(n)=n+ > —.
4dn+3n Tn
Then, the value of 113}0 J(n) isequalto:
4 3 7 4 7 3
3+—log, 7 4——lo e(—j _z Z 3+=log, 7
(A) 3 g, (B) 4 g 3 ©)4 3loge(3j (D) 4 g,
Ans. (B)
1 4
Sol. n+z 6r+ 9— r)n 3n’
4rn+3n
2 16r+9n—3n* —4rn
=(n)+
( ) ,Zl: 4rn+3n*
" 167 +9n
(n) ;(4m+3n2 j
" 16r+9n
= —+ -
(n) ,Zzll4rn+3n2 "
I ) (16%9)1
r+9n n n
0t f = (t Z =gt >y 7"
NO n—» n—»0 n—>0
W “ 4rn+3n° a4l 13
n
_ 116x+9dx
0 4x+3
4 +3
_j R 3 dx
4x+3 4x+3
_j4 j dx
04x+3
13 1 3
:4(x)0—1(€n\4x+3\)0=4—Zﬁn(—j
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