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PART : MATHEMATICS

61. The value of the integral 7 fan X 4xis equal to
1 T T
(1) nlog, 2 2) ElogeZ (3) ElogeZ (4) Z|°9e2
Ans. (3)
Stan~' x
Sol. Let I=] dx (1)

i
2

replace x by l
X

1
LCEEE
I__l'x(tan x 2 dx
21 1
[=|—tan"'—dx
~1[x X —)
2

(tan‘1 X +tan™ 1jdx
X

62. Let K be the sum of the coefficients of the odd powers of x in the expansion of (1+ x)®°.Let a be the

12 200K 2/m
middle term in the expansion of | 2+—| .If — =99 _2= " 'where m and n are odd numbers, then

J2 a n
the ordered pair (1, n) is equal to
(1) (51, 99) (2) (50, 101) (3) (50, 51) (4) (51,101)
Ans. (2)
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2 -0
Sol.  Sum of odd coeff. of x = =k
k = 2%
)100
Middle term o = T101 = 290C100 ~—;
2
= 200G 190 2%
200 99
Now Coxk _ 2000 2%
a 100l 99! #°C,,, x 2%
_ 100 os
101
= 25 x 2%
101
63. Let S = {w;,w,,..... be the sample space associated to a random experiment.
w
Let p(w,) =w,n >2. Let A={2k+3l:k|eNjandB ={w, :n A} Then P (B) is equal to
1 3 3 1
1) — 2) — 3) — 4) —
()16 ()64 ()32 ()32
Ans. (2)
I:)(Wn)
Sol. P (wn)= 5 A={2k+37,K, ¢ e N}
Plwp) _1 A={578910,....)
P(wy) 2
Plws) _ 1
P(wp) 2
Plw,) _1
P(Wn+1) 2
P(wy) =P (w))
P(B) =P (ws) + P (w7) + P (ws) + P (wg) + ......
= iP(w1)+P(w1 i+l+i+ ......
24 26 26 26

]
%P(w1)+P(w1)x Y26

=T
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=P (w1) (%+éj

3
=P (w1). —
W) 33
= P(wy) 1+—+i+ ...... =1
22
= P(w;).2=1
1
= P(wy) =3
—~P(B)= 1.,3_3
2 32 64
64. The set of all values of Afor which the equation cos?2x —2sin* x —2cos? x = A has a real solution x, is

o[y afed

Ans. (4)
Sol.  Let f(x) = cos?2x — 2sin*x — 2c0s?x
1-cos’2x )’
= CO822X — 2 [%) —(1+cos2x)

= cOS22X — %(1 —20082x +c0s’ 2x)— (1+cos 2x)

1cos2 2x—§
2

.. cos?2x e [0,1]

= lcos2 2X O,l
2 2

= lcos2 2x—g = —g,—1
2 2 2

3) [-2,-1]

o[+

65. The plane 2x — y + z = 4 intersects the line segment joining the points A (a, -2, 4) and B (2, b, -3) at the
point C in the ratio 2 : 1 and the distance of the point C from the origin is +/5. If ab(0 and P is the point

(a-b,b, 2b-a)then CP?is equal to

73 97
1) — 2) —
(1) 3 (@) 3
Ans. (4)
Sol. CE[4+a,ﬁ,__2j
3 3 3

also lies on plane

=255 (22 )l
—Sa+4-(b—1)-1=
—a-b=2 (n

@) 5

@) 5
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2 2
a+4 2b-2 4
'OC=£:[SJ+(3 j+9=5

= a’+8a+16+4b2-8b+4 +4 =45
= a®+4b%+8a —8b =21
= (b +2)2 + 4b2 + 8(2) = 21

=5b2+4b-1=0=b=-1o0r

o | —

11
=a=1or —
5

rab<0=a=1,b=-1
PE(2,—1,—3)&CE(§ -4 —2]

3’33
2 2
e (4 2
2o (o_2) 4 |=-1]| +|3-=
cF (2 3)+[3 ]+( SJ
i1 49 51 17
=—4+-4+ —=—=—
9979 9 3

66. Let R be a relation defined on N as a R b if 2a + 3b is a multiple of 5, a, b eN.Then R is

(1) transitive but not symmetric (2) an equivalence relation
(8) symmetric but not transitive (4) not reflexive
Ans. (2)

Sol. For (a,a) = 2a + 3b = 2a + 3b = 5a = divisible by 5
= (a,a) e RV a e N = reflexive
Let (a, b) € R = 2a + 3b = 5k
and 5a + 5b = 5kz then
5a +5b—-2a—-3b =5 (kao—ki) = 2b + 3a =5k
= (b, a) eR = symmetric
Let (a, b) & (b, ¢) both belong to R
= 2a + 3b = 5k1 & 2b + 3c = 5ke
then 2a +3b +2b + 3c = 5 (k1 + k2) = 2a + 3c = 5k — 5b = 5L

= (a, ¢) € R = transitive

67. The statement B=((~ A) v B)is equivalent to :
(1) A=>(A=B) (2) B=(A=B) (3) B=(~A)=B) (4) A=(~A)=B)
NTA Ans. (1)
Reso Ans. (2) or (3) or (4)
Sol. B> (~AB)=B—>(A—>B)=~B v(~A vB)=t
Similarly B= ((~ A)=B)=tand A =((~ A)=B)=t
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x-1_y-2 z+3 x-a_ y+2 z-3

68. If the lines 5 ] and 5 3 intersect at the point P, then the distance of the
point P from the plane z=ais:
(1) 22 (2) 10 (3) 28 (4) 16
Ans. (3)
x-1 y-2 z+3
Sol. — == —— =\
© i 2 1

apt.online=(A+1,2L+2,1-3)
Xx—a y+2 z-3
2 3 - 1 *H
apt.online=(2u+a,3u—2, u+3)

Fro pt of intersection

2L +2=3u—-2 & A=3=p+3

=22 -3u=-4 ....(1) A—-pn=6 ... (2)
Solving (1) & (2) > n =16, A =22

and2u+a=x+1

=32+a=22+1=>a=-9

P = (28, 46, 19)

Distance of P from plane Z = — 9 is equal to 19 — (-9) = 28

69.  The shqlEEEIIEEIE REEIRI, lind e e, 4 N B e W T
-7 5 2 1 -3
(1) 243 (2) 5v3 (3) 443 (4) 33
Ans. (3)
Sol. I_1:x—1:y+8:z—4
2 -7 5
A—>a=i-8]+4k b=2i-7]+5k
I_z:x—1:y—2:z—
2 1 -3
C—>E:f+2]+6lz,a:27+]—3ﬁ
Tk
bxd=2 =7 5|[=16i+16]j+16k=i+]+k
2 1 -3
E.(Bxd)‘ ‘(10]+2R).(f+]+|2)‘
SD.=|———— = —
[oxd| ‘ ‘ b di| ‘
12
SD.=—Z= =443
V3
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70. The set of all values of teR, for which the matrix
e' e’'(sint—2cost) e'(-2sint-cost)
e' e'(2sint+cost) e”(sint-2cost) |is invertible, is
e' e ' cost e'sint
(1R (2) {(2k+1)g,kez} (3) {kmkeZ} (4) {kn+%,keZ}
Ans. (1)
e' e'(sint—2cost) e (-2sint-cost)
Sol. |A|=|e' e'(2sint+cost) e"(sint—2cost)
e' e cost e'sint

1 sint—2cost —2sint—cost
=e. el e’ 2gnt+cost sint—2cost
1 cost sint
Ri— R1—R3, R2 > R2— Rs
0 sint—3cost —3sint—cost
|Al=e"lo 2sint —2cost
1 cost sint
= e'(— 2cost(sint—3cost)+2sint(3sint+cost))
= e7{(6cos?t + 6sin?t) = 6e!

|Ajl=z0VteR
71. Consider a function f:IN— IR, satisfying
_ . _ 1 1
f(1) + 2F(2) + 3f(3) +... + xf(x) = x(x + 1)f(x) :x > 2withf(1) =1. Then r0aE e is equal to
(1) 8400 (2) 8100 (3) 8200 (4) 8000
Ans. (2)
Sol. (1) +2f(2) + 3f(3) ....coevnnennnn nfn)=n(n+1)fn) (1)
replace inby n + 1
f(1) + 2f(2) + 3f(3) ............ nf(n) + (n + 1) f(n+1) =(n + 1) (n +2) f(n +1) ............. (2)
Subtracting (1) from (2)
(n+1) f(n +1) = (n +1) (n +2) f(n +1) —n(n +1) f(n) or (n +1)f(n+1) = nf(n) =0  ........... (3)

putn=2,3,4............ n+1ineq. (3)

3f(3)—2f(2) =0

4f(4) =3f(3) =0

(n+1)f(n+1) —=nf(n)=0

Add = (n +1) f(n+1) = 2f(2)

= f(n +1) = 2@ 4)
n+1

again put n=2ineq. (1)
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f(1) +2 f(2) = 6f(2)

= 1=4f(2) > 1(2) =

1 1

+ = 4044 + 4056 = 8100
f(2022) ' (2028)

72. The letters of the word OUGHT are written in all possible ways and these words are arranged as in a
dictionary, in a series. Then the serial number of the word TOUGH is
(1) 79 (2) 89 (3) 86 (4) 84

Ans. (2)

Sol. G,HOT,U
No. of words starting from G = 4! = 24
No. of words starting from H = 4! = 24
No. of words starting from O = 4! = 24
No. of words starting from TG =3! = 6
No. of words starting from TH = 3! =6
No. of words starting from TOG = 2! = 2
No. of words starting from TOH = 2! = 2
Next "TOUGH" =1
Rank of "TOUGH" =24 + 24+ 24 + 6+ 6 +2 + 2 +1 = 89 Ans.

73 Let f and g be twice differentiable functions on R such that
f"(x) =g"(x) + 6x
f'1)=4g'(1)-3=9
f(2)=3g(2)=12.
Then which of the following is NOT true ?
(1) 1 (x) =g (x) [{6=-1(x(1
(2) If —1(x(2,then|f(x) —g(x) (8
(3) Thereexistsx, €(1,3/2)such thatf(x,) = g(x,)
(4) 9(-2)-f(-2)=20
(
f

Ans. (2)
Sol. "(x) = g" (x) + 6x
= If"(x dx:jg"(x)dx+'[6xdx+C
=>f(X)=¢'(x) +3x2+C (1)
x=1= f(1)=¢'(1)+3+C
=29=3+3+c> C=3
from (1) _[f X)dx = J'g dx+J'3x dx+I3dx+k

= f(x) = g(x)+x3 + 3x + K
x=2=1f2)=9(2) +8+6 +K
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=12=4+8+6+K

=>K= -6

= f(x) = g(x) + x3 + 3x —6

Let h(x) = f(x) —g (x) =x® + 3x -6

= h'(X)=f(x) —g'(x) =3x>+ 3> 0 V x

= h'(x) is S.I. = h(x) = 0 has no solution

= h(x) € (h(-1), h(2)) = h(x) € (-8, 8)

[f'(X) —g'(X)| <6 = 3x?+3|<6=>3x>+3 <6
=>x2-1<0=>xe(-1,1)

h (-2) = f(-2) — g(-2) = -20

, 2(t4 41
74. The value of the mtegralj1 1 dt is
+

(1) tan 4 Liantg - & 2) tan ' Liang+ &
2 3 3 2 3 3

(3) tan"'2— ttan '8+ = @) tan'2+ tan'g-Z
3 3 3 3

Ans. (4)

—

(t*+1) (t2+1)
t* +1) (t* +1
CHtt P+

1) (P +1)

T% dt + T% dt
(P +1)(1°+1) (P +1)(1° +1)

1

2 +1

—

dt

Sol.

—
~
—~
~

—

Ay ae—

dt

—

2 {2
dt — di,
" {t6+1

!
| = [tan” tf + 1

7T
tan—! — Z + I

2 2

I1=J

it +1
put 13 =0. 3t2dt = do
t=1then6 =1
t=2then 6 =8
do

dt

]
“—0
D

N
+
—_

]
=
Q
3\
=
—

{tan1 8 — E}
4
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75.

Ans.

Sol.

76.

Ans.

Sol.

d
Let y = y (x) be the solution of the differential equation xlog, x dx

Ify(2) =2, theny (e) is equal to

4+¢? 1+e2 2+e?
(1) 1 (2) > 3) >
(1)
xfnxd—y+y=x2€nx
X
dy .y _
dx x¢nx

dx
LF. = elam = gmmo _ gy

now solution is
yﬂnx::jxfnxdx

2 2

X° X
y/nx = (an)E—Z-l-C
Xx_x ,c
Y= o 4inx  inx
4 4 c
2) = & _ c
Y@ =522 " 2
o_o_ 1 . ©C

/n2 /n2
c=1
° ¢ 1
Y=o 4mx  Inx
e? e?
2 F
y (e) 5 4
e2
v =+

a

30 (2) 36 (3) 32
(4)

|:><B+B><6:O

+Y = X?log, x(x)1).

1+e2

(4) —

If a= i+2|2,6 =i+j+R,E = 7?—3]+4R,F><6+6x6 = 6andF.gl:O.Then rcis equal to
)

(4) 34
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—r-cllb=r-c=xb
—r=C+Ab
-.-r.z;:0:>a.(6+k5)=0
—ac+Ar(ab)=0
ac -15
Eaets
rc =(c +Ab).c =

~74-5(8) =34

A= -5

2

-

¢l +a(bc)

77. If the tangent at a point P on the parabola y? = 3x is parallel to the line x + 2y = 1 and the tangents at the

2 2

points Q and R on the ellipse XT+yT =1are perpendicular to the line x — y = 2, then the area of the

triangle PQR is :

(1) 35 ® 245 (4) 543

9
2) L
& NG
Ans. (1)
Sol.

2
Slopeof tangent atP(%,aj

dy 3 3 1
= — === — = ——
dx 2y 2a 2
= o0=-3=P(3,-3)

slopeoftangent toellipse=—1

2 2
pointof contacts=| + am v+ o
Jaim® +b®  Ja’m? +b’

3 -3 f
aPQRr=t|-% _1 42118 83,9
21’5 5 | 25 5

4

41

5 5
=35
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78. The number of 3 digit numbers, that are divisible by either 3 or 4 but not divisible by 48, is
(1) 400 (2) 472 (3) 432 (4) 507

Ans. (3)

Sol.  no. divisible by 3 =102, 105, ....... , 999

=300

no. divisible by 4 =100, 104, ...., 996
= 225

now no. divisible by 12

=75

So numbers divisible by 3 or 4

=300 + 225 - 75 =450

now numbers divisible by 48 are = 18
So total numbers = 450 — 18

=432

79. Let a=4i +3] andb=3i - 4] +5K. If s a vector such that

c(a=bB)+25=0,5.(1+]+K) = 4, and projection of con ais 1, then the projection of con bequals

(1) —= & == (3) ¢ el ==
V2 V2 5 V2
Ans. (1)
Sol. LetC=Xi+yj+zk
ivyjezk}(i+j+k)=4
= X+y+z=4 .. (1)
Projectionof C on a = c-4 =1
= 4xX + 3y =5 (2)
i ] ok
axb=/4 3 0/=15i-20j-25k
3 -4 5
c@@xb) = 15 x — 20y — 25z
c-(axb)+25=0
= 3x—4y-5z=-5 . (3)
5x(1) +3= 8x+y=15 . (4)
4)-2x2 = -8y=5=y=1=x=2=2=3
c=2i-j+3k
Projectionof60n6=5-6=%b|
_6+4+15_ 5
52 2
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80. The area of the region A :{(x, y)}|cosx —sinx|<y<sinx,0< xsg}is
(1) V5 - 242 +1 @ 1-> 4 @) -3 44 (4) VB +22 4.5
J2 5 V5 V2
Ans. (1)
o 0<x<X
Sol. _| cosx—sinx 2
sinx —Ccosx Tox<T
4 "2
T
{ _|—sinx—cosx : Usnss
COSX +sinX Loz
4°""72
For pt. A
COSX — Sinx = sinx
tanx 1
2
]
O|tan' 12 w4 /2
1
Letx=tan—‘§
Area = I’”:”Z(sinx—(cosx—sinx))dx
+ [%(sinx —sinx +cosx) dX
= (—2cosx—sinx)!* + (sinx)
-2 1 ( . 1
- | —=-—|-(-2cosx—sinx) 4+ [1 - —
1 . 1 2x2 1
= -2 - — +2cosx+sinx+1— —=-22+1+ —
J2 2 V5 B
=5 +1-22
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10

b
81. Lleta;=b;=1and a,=a,,+(n-1),b,=b,_;+a,,,Vn>2. If S:Z 2_2
n=1
8 'n
and T:Z =l then 27 (2s—T)is equalto .........
n=1
Ans. (461)
by b, b b
Sol. 142 08 4 +—0 1
A o (1)
S by by bg b1o
E: 2—2 2—3+2—4 ......... +F (2)
S by a  a ag by
(1) —(2) 2—2— 2—2 2—3+ ......... 21—0—?
—S=b+ 4+ 22 4 s _Dbio 3)
=by+5 SR 29~ 510
S b1 ay dg b10
=t — +—=—— 4
2 2 2 210 2 @
S by a 1 2 8 ag b
2) —(4) =22 % ... e 10
(2) —(4) 5 5%, T2t 59 10 ot
LS_1, 1, 1(1,2  8) a byp
2 2 2 22 1 2 """ 27 210 211
=2 M g0 o
ag by
=2S8S=4+T- 8_2_9
_ ag by
= 2S—T—4- 8 2—9
27 25-T)= 237 130
2 22
= 461
82. The total number of 4-digit numbers whose greatest common divisor with 54 is 2, is ................ .
Ans  (3000)

Sol.  Four digit numbers which are divisible by 2 = 1000 to 9998 b 4500
Four digit numbers divisible by 6
= 1002 to 9996 = 1500
Four digit integer divisible by 2 but not divisible by 3 = 4500 — 1500 = 3000
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83. Let A be a symmetric matrix such that |A| = 2 and A—

3 —

N| ==

1 [23‘ If the sum of the diagonal elements
(04

Bs

of Ais s, then — is equal to
(00

Ans (5)
Sol. AT=APSOA=F‘ b}
b d

nowad-b*=2 .. (1)

also BA=2 L ab
3 3/2||b d

= 2a+b=1 . )

3a+3—2b=a .............. (3)

3b+%=ﬁ ............ (4)

2o +d=2 (5)
Solving equations

3
5
d=3,=3
BxS

o

b:

a3 oo _1
T 4097 2

So 5

84. A triangle is foprmed by the tangents at the point (2, 2) on the curves y? = 2x and x° + y? = 4x, and the
line x +y + 2 = 0. If r is the radius of its circumcircle, the r? is equal to............. .

Ans (10)

Sol. Tangentto parabola=T =0

gyzw:ﬂ_zwz:o (1)

Tangenttocircle= T=0

= 2x+2y=4(%2j:>y=2 - (2
Line x +y+2=0 .. (3)
P=(-1,2)

Perpendicular bisector of AB = x =—1

1
Q=(0,1), Shape of BC= —

2
Perpendicular bisector of BC = y—-1=-2 (x-0)
= 2x+y=1
= Circumcenter = O(-1,3)

Circumradius = r=0C= .10 r2=10
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85. Let X ={11,12, 13, ..., 40, 41} and Y = {61, 62, 63, ... 90, 91} be the two sets of observaztion. If X
and y are their respective means and &2 is the variance of all the observations is X Y, then

|>_(+V—02|is equalto ........... .

Ans. (603)
(31(32))
Sol.  Mean of observations 1,2, 3, .... 31 = 1+2+....+31 = 2 =16
31 31
§=16+10=26, y=16+60 =76

Variance of observation 1,2 .... 31

)

6

2 2 2
42 B (16f=~—> 7 _256=(16)21)-256=80

31 - 31
Variance of the two given sets = 80
-2 _ 31(80)+31(80)+ 31.31 (7616
31+31 (31+31)
= 80+ 2200 =705
4
[X+5-3°|=[76+26-705 = 603
86. If the equation of the normal to the curve y = #az) at the point (1, -3) is x — 4y = 13, then the
X+ X —
value of a+bisequalto........... .
Ans. (4)
Sol. (1, —3) lies on curve
1-a
-83=—~—-=3(1+b)=1-
- A+bYi-2) He)=d=a
= a+3b=-2 e (1)
X—a

Y b-2x—2b
dy _[x*+(b—2)x—2b)—(x—a)ex+b-2)
dx (x2 + (b-2)x - 26f

Slope of tangent at (1,-3) = —4
1+b-2-2b—(1-a)2+b-2)

= =-4
(1+b—2-2by

= —b-1-b(1+30+2) =—4(-1-b)2

= —302—-4b—1=-4 (1 +2b + b?)

= b2+4b+3=0=b=-1o0r-3

= a=1or7

b=-1for (1,-3)
So a+b=7+(-3)=4
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oz-az
22— (zf -112

The Z(ReZ—ImZ)is equalto............. .

zeAnB

87.  Let o =8-14i, A={ZGC: =1}andB={Z€C: |z +3i = 4).

Ans. (14)

Sol. Letz=x+iy
A:(8-14i)(x+iy)—(8+14i)(x —iy)
=(X+iy)? = (x—iy)* =112
= (-28x +16y)i=4ixy—112
=-28x+16y =4xy-112
= -7Xx+4y =xy—-28
= 7x-4y+xy—-28=0
= (x-4)(y+7)=0
=>x=4o0ry=-7
B:|z+3i|=4
:x2+(y+3)2=42
Forx=4 = y=-3 =>A(4,-3)
Fory=-7 = x=0 = B(0,-7)
> (R,z-1,)=(4-(-3)) +(0~(-7)

zeArB

~14

88. Let {ax} and {bk}, k € N, be two G.P.s with common ratios r1 and r2 respectvely such that ai = b1 =4

13
and ri < ra. Let ck = ak + bk,. k € N. If02=53ndCs=I

then S c, —(12a, + 8b, )is equal to
k=l

Ans. (9)
Sol. a=b=4
Co=az+b2=5

=ari+bra=5

=S4 +4r2=5=ri+r=

~ | o

13

1
Cg=a3+b3=73:>ar12+br22=f

= 4ri2 + 4r2 = —
1 2 4

2
5 > 13
——ry | +4r; =—
34(4 gj 2 4

— 16 (§—§r2+r22j+ 16122 = 13
16 2
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89.

Ans.

Sol.

= 25—-40r2 + 16r22+ 16r2—-13=0
= 32r22—-40r2 +12=0
=8r?-10r+3=0
= (4r2-3) (2r=—1) =0

1

:>r2=zor§
r—lor§
Ty
r<r r—1 r—g
1< 2:>1—2, 2—4
. _a b 4 4
;Ck_za“LZbk_1_r1+1_r2_1_1+1_§
2 4
=8+16=24
0 15 3
ZCK —-12a5-8b,=24-12 4(—) —8.4. [ﬁ]
= 2 4
3 27
=24—*——=
2

A circle with centre (2,3) and radius 4 inersects the line x + y = 3 at the points P and Q. If the tangents
at P and Q inersect at the point S (a,f), then 4o — 78 is equal to

(11)

Circle (x —2) + (y — 3)% = 42

= x2+y?—-4x-6y—-3=0

Equation of PQ P

=>x+y-3=0 ...(1)

- AB is also the chord of contact

w.r.t S

Equation of chord of contact = T =0

= xo+yp—4 (X;“j—a (V;Bj—:a:o

= (a—-2)x+(B-3)y—20-3-3=0.....(2) Q
Comparing (1) and (2)
a—2= [3—3= 200—-3p-3

1 1 -3
>a—-2=p -3=>P=a+1
anda—2=w

=>30-6=2a +3(aa+1)+3
S>a=-6=>p=-5
4o.— 7B =-24 + 35 =11
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90. Let a1, 02, covvrennnnnn. a7 be the roots of the equation x” + 3x®— 13x3- 15x = 0 and |ou| = |o2| > ...... > a7
Then o1 o2 —o3 04 + as 06 is equal to.............. i
Ans. (9)
Sol. Xx"+3x5-13x3-15x=0
= Xx=0,x6+3x*-13x2-15=0
Let x2=t
Equation +3t2-13t—-15=0

= t-3)(tP+6t+5) =0
= t=38, t+6t+5=0
= t=-1,-5
x2=3= x= 3.3
X=—1= x=i,-i

xX2=-5= x= —\/gi,\/gi

did2 — asad4 + asas

_ (VBif-v5i)- (V3 )- v3)+ (-

=5+3+1=9
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