JEE (Main) MATHEMATICS 2023

SOLVED PAPER

29" Jan. Shift 2

Q.7.

Section A
The statement B = ((~ A) v B) is equivalent to:
1) A= A<DB) 2) A=(~A)=DB)
(3) B= (A=DB) 4) B=((~A)=B)

(#44+1)
The value of the integral J‘th 5 * 1J dt is
" +1

1 1, 4, =
tan " 2——tan  8+—
@ 3 3

-1 1 1 -1 T
2) tan  —+—tan " 8-——
@) 2 3 3

41 1, 4 b
tan " ———tan” 8+—
) 2 3 3

1 1, 1 b
4) tan "2+ —tan " 8-——
@ 3 3
The set of all values of A for which the equation
cos®2x — 2sin*x — 2cos® x = X has a real solution
X, is

1
(1) [2-1] (2) {—L—ﬂ

® |- W | 23]

Let R be a relation defined on Nasa R b, if 2a + 3b
is a multiple of 5,4, b € N. Then R is

(1) an equivalence relation

(2) transitive but not symmetric

(3) not reflexive

(4) symmetric but not transitive

Consider a function N — R, satisfying f(1)
+ 2f(2) + 3f(3) +... + xf(x) = x(x + D)f(x); x = 2
with f(1) = 1.
11
f(2022)  £(2028)

(1) 8100 (2) 8400  (3) 8000  (4) 8200

Then is equal to

If ﬁzf+21€,b=f+}'+l€, E=71773}+412,
Fxb+bxt=0and7d=0.Then 7-¢ is equal to

1 32 (2 30 () 36 @) 34

. . -1
The shortest distance between the lines X

y—2:z—6and x-1_y+8 z-4
1 -3 2 -7 5

@M 53 2 243 (3) 33 @ 43

The plane 2x — y + z = 4 intersects the line
segment joining the points A(z, —2, 4) and

Q. 10.

Q.11

Q.12.

Q.13.

Q.14.

B(2, b, —3) at the point C in the ratio 2 : 1 and the

distance of the point C from the origin is V5 1f
ab < 0 and P is the point (2 — b, b, 2b — a) then CP?
is equal to
w? o o2 o2

3 3 3 3

1

ztanf X4
The value of the integral _1[ +  Yisequalto
2
n
(1) Elogez (2) mlog;2
1 1
(3 5loge2 4 los.2

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) 84 (2) 79 (3) 89 (4) 86

The set of all values of t € R, for which the matrix

et e_t(sint—Zcost) e_t(—Zsint—cost)

et e_t(Z sint + cost) e_t(sint —2cost)

et et cost e fsint

is
invertible, is
1 R (2 {kn+g,keZ}

@) {kn ke Z} @) {(Zk +1)g,k c z}

The area of the region A = {(x, y): |cosx —sin x| <

. T .
y<sinx,0<x< E}IS

J5+242 - 45 3,4
1) + 2 1 \/Z+\/§
301
3) ﬁ‘ﬁ” @ B5-242+1

The number of 3 digit numbers, that are divisible
by either 3 or 4 but not divisible by 48, is

(1) 507 (2) 432 (3) 472 (4) 400

x-1 y-2 z+3
2 1

If the lines and

x-a y+2 z-3
2 3

the distance of the point P from the plane z = a is:

1 28 (216 () 10 @) 22

intersect at the point I, then
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Q.15.

Q.16.

Q.17.

Q.18.

Q.19.

Q.20.

Let y = y(x) be the solution of the differential

d
equation xlogex£+ y =x’log, x, (x > 1). If y(2)

= 2, then y(e) is equal to

1+¢2 4+e 2+¢? 1+¢?
1 2 3 4) ——
R G Al R

Let f and g be twice differentiable function on R
such that

£1(x) = g"(x) + 6x

fy=4g(1)-3=9

f(2) =3g(2) = 12.

Then which of the following is NOT true?

(1) There exists x, € (1, 3/2) such that f(x,) = g(xo)
2 If0-gx) <6=>-1<x<1

(3) If-1<x <2, then |f(x)-g(x)| <8

@ §-2)-f(2)=20

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

2 2

at the points Q and R on the ellipse XZ + yT =1

are perpendicular to the line x — y = 2, then the
area of the triangle PQR is :

3 9

@® Ex/g @ 355 @) 5@ 53

Let 4 :42+3} and b :35—4}'+512. If ¢ is a vector
such that 7.(@xb)+25=0,c.(i + } +k)=4, and
projection of ¢ ong is 1, then the projection of
conb equals

T R L
Mg @5 605 &F

Let S = {w;, w,...} be the sample space

associated to a random experiment. Let P(w,) =
P(@i-1) 55 LetA={2k+3l:kleN}andB
2

= {w,: n € A}. Then P(B) is equal to

3 1 1 3
M = @ G 3 @ =
Let k be the sum of the coefficients of the
odd powers of x in the expansion of (1 + x)”.

Let a be the middle term in the expansion of
(2+1j200 i 200C99k _le
V2) a

are odd numbers, then the ordered pair (I, n) is
equal to

, where m and n

Q.21.

Q.22.

Q.23.

Q.24.

Q. 25.

Q. 26.

Q.27.

Q.28.

Q.29.

1) (50,51)
@) (51,99

@) (50,101)
@) (51,101)

Section B
The total number of 4-digit numbers whose
greatest common divisor with 54 is 2, is
Leta;=b;=1landa,=a,;+ n-1),b,=b,; +

10 b, 8 n
a, 1, Vn=22.1fS = Zn:127 and T :zn:IF'

then 2’ (2S - T) is equal to

A triangle is formed by the tangents at the point
(2,2) on the curves yz =2xand x* + yz = 4x, and
the line x + y + 2 = 0. If r is the radius of its
circumcircle, then s equal to

Let o, ay, ....., 0, be the roots of the equation ¥
+3°-13-15x=0and | oy | =] ay | > ...
> | oy |. Then o o, — 03 0y + 05 0 is equal to
Let X = {11, 12,13, ..., 40,41} and Y = {61, 62,
63, ..., 90, 91} be the two sets of observations. If
% and 7 are their respective means and o” is the
variance of all the observations in X U Y, then
|T+7-0°| is equal to
If the equation of the normal to the curve y =
xX—a . .
7(x+b)(x—2) at the point (1, —3) is x— 4y = 13,
then the value of a + b is equal to
Let A be a symmetric matrix such that |A| =
21 1 2
3 A={ } If the sum of the
2l e f

2 and 3

. Bs
diagonal elements of A is s, then —7 is equal to
o

oz — oz
Leta =8-14i, A= 1z2eCi—5————=1
e ’ { 22— (22 -112i }

andB={zeC: |z +3i| =4} Then ) z€ANB

(Re z - Im z) is equal to

A circle with centre (2, 3) and radius 4 intersects
the line x + y = 3 at the points P and Q. If the
tangents at P and Q intersect at the point S(a,, B),
then 4o — 7B is equal to

Let {a,} and {b}, k € N, be two G.Ps with
common ratios r; and r, respectively such that
a,=by=4andr, <ry.Let¢o=a,+0b,,keN.

Ifc,=5and ¢; = % then z:]:lck — (12a4 + 8by)

is equal to
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Answer Key

Option (2, 3, 4) is correct.

GivenB = (~A)vB)=~Bv (~A)vB
{-P=>Q=~PVvR}

=~BvBv~A=Tv~A=T

Now, A > (A< B)=~AVv(A<B)

~AvV[(A=B)A(B=A)]

~AV[(~AvB)A(~=BvA)]

=[~Av(~AvB)]A[~-Av (~BVA)

=[~AVB]A[Tv~B]=[A=B]AT=A=B

Now, A= (~A=B)=A=(Av B)

=~Av(AvB)=TvB=T

Now,B = (A=B)=B=(~AvVv B)

=~Bv(~AvB)=T

. No. Answer Topic Name Chapter Name
1 (23,4 Statements and logical operations Mathematical Reasoning

2 “) Integration by Substitution Definite Integration

3 3) Trigonometric Equations Trigonometry

4 1) Types of Relations Set Theory and Relations

5 (1) Algebra of Functions Function

6 4) Scalar and Vector Products Vector Algebra

7 “4) Skew lines Three Dimensional Geometry

8 (2) Plane and a point Three Dimensional Geometry

9 (1) Properties of Definite Integration Definite Integration

10 3) Permutations Permutations and Combinations
11 (1) Invertible Matrices Matrices and Determinants

12 4) Area Bounded by Curves Area under Curves

13 (2) Arithmetic Progressions Sequences and Series

14 (1) Plane and a Point Three Dimensional Geometry
15 (2) Linear Differential Equations Differential Equations

16 3) Basics of Indefinite Integration Indefinite Integration

17 (2) Tangent and Normal Ellipse

18 () Triple Products Vector Algebra

19 1) Algebra of probability Probability

20 (2) Middle term Binomial Theorem

21 [3000] Permutations Permutations and Combinations
22 [461] Sum upto n terms of special series Sequences and Series

23 [10] Circumcentre Straight lines

24 [9] Higher degree algebraic equations Quadratic Equations

25 [603] Measure of Dispersion Statistics

26 [4] Tangent and Normal Application of Derivatives

27 [5] Algebra of matrices Matrices and Determinants

28 [14] Geometry of a complex number Complex Numbers

29 [11] Chord of contact Circle

30 9] Geometric Progressions Sequences and Series

L]
Solutions
Section A Now,B= ((~A)=B)=B= (Av B)

= ~Bv(AVvB)=T

HINT:

1) UseP=Q=~PvQ

(2) UsePvT=T

(3) UsePAT=P

4) UsePv(QAR)=PvQ)A(PVR)

2. Option (4) is correct.
4
2
Leta = [*L g
L5 41

4 2.2
215 + 11—t +t
:>A=_[7

dt
L 541
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5 (t4—t2+1)+t2 = 2y + 3z = bay,
=>A= |, "3 1 3 -~ = 2x + 5y + 3z = 504 + 5o
142 i_2 1 2
(E+1)(E -7 +1) = 2x + 3z = 5(a; + 0, — Y)
{+ @ +0b)=(a+b) @+ b-ab)} = 2x + 3z is a multiple of 5
2 1 2 2 = (x,z) eR
= A= L 1+ £ dt .[1 041 dt -, Ttis a transitive relation.
) = Ris an equivalence relation.
1,2 1¢2 3t . .
= A=[tan t]f += I — 5. Option (1) is correct.
371 ()" +1 Given: f(1) + 2f(2) + 3f (3) + ... + nf(n) = n(n + 1) f(n);
B DURE T n2 ()
= A=tan  2-tan "1+ g[tan t L Replace n by n + 1in above equation, we get

f+2f2)+3B)+..+m+)fn+1)=m+1)
(n+2)f(n+1) ..(i)

Equation (ii) — Equation (i), we get

(r+ 1) f(n+1)=(n+1)[(n+2)f (2 + 1)~ fm)]

—A=tan ' 2—tan 1+ %tarf1 8— %tarfl 1

_ 1. _ 4 _
= A=tan 1 2+—tan 18 ——tan 11 = (1’1 + 1)f(n + 1) _ nf(n) =0 (111)
3 3 . .
Putn =2, 3,4, .... nin equation (iii), we get
SA- tan_12+%tan_18—%(gj 33) - 2(2) = 0

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

= A= tanf12+1tan718—E
3 3

3. Option (3) is correct. m+1D)fn+1)-nfin)=0
Given, cos”2x — 2 sin*x — 2 cos’x = A Adding all the above equations, we get
B 2 m+1)f(n+1)=2f2)
3C0522x—2[ﬂ} —(1+cos2x)=2x 2f(2) .
2 = fn+l)=—"-= ..(iv)
. n+1

= cos?2x — E[l +cos? 2x — 2cos2x]-1-cos2x =\ Put n = 2 in equation (i), we get

. 3 f) +2f2) = 6 f(2)

2 1

= —Ccos " 2x——=2A == =1

2 2 = f2)= (- f1) = 1)
= cosr = 2 + 3 From equation (iv), f(n+1)= 2D
As we know cos’2x € [0, 1]
S0,0<2) +3<1 = fm) =L
=-3<20<-2 2n

3 < 1 1
= e So, + =4044 + 4056 = 8100

£(2022)  £(2028)
4. Option (1) is correct.

R be a relation defined on N HINT:

aRb:2a+ 3bis amultiple of 5 Replace n = n + 1in given equation and solve further.
For reflexive relation, let (x, x) e N

s x Rx = 2x + 3xis a multiple of 5 6. Option (4) is correct.

= 5x is a multiple of 5 Given: 7= +2F

=(xx)eR ~ A A

= It is a reflexive relation b=i+j+k

For symmetric relation, let (x, y) € R
xRy = 2x + 3y is a multiple of 5
=2x + 3y =50, a, € N Fxb+bxi=0
Now, 5 (x + y) = 5a,

= 2x + 3y + 3x + 2y = 5o,

= 3x + 2y = 50, 504

=2y +3x=5(a,—-0y)

= 2y + 3xis a multiple of 5

= x) eR

-~ Itis a symmetric relation

For transitive relation, let (x, y) € R, (y,z) € R
xRy = 2x + 3y is a multiple of 5

= 2x + 3y = boy

YRz = 2y + 3z is a multiple of 5

¢=7i-3]+4k

7 —¢ is parallel to b

=
=
=
=F-t=ab =>F=oab+¢
=S F=a(i+]+k)+(7i —3] +4k)
-

F=(a+7)i +(a—3)] + (o +4)k

7
Also, 7. =0
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2 oyt Lot 2 N2
=>{(a+7)i +(a-3)j+ (o +4)k}.{i +2k} =0 3[b+6j +(2b 2) +é: 5 [Using (i)]
S@+7)+2(@+4)=0=30+15=0 3 3 9
Sa=-5 =50 +4b-1=0
S F=(-5+47)i +(-5-3)]j+(-5+4)k =6E-1)b+1)=0
C b=lorb=-1
=>7=2-8j-k = —gor =—
Caa iRy (7 At ab 1 1
S F.C=(2i —8j—k).(7i -3j+4k) For p==,0="—
5 5
=14+24-4=34
Option (4) is correct. Forb=-1,a=1
x-1_y-2 z-6 s ab<0
Given lines are L : . So,a=1,b=-1
2 1 -3 5 4 o
LZ: x_1:y+8zz_4 C:(g,?,?j andP:(Z,—l,_B)

2 -7 5 ) ) )
then L; can be written as Now, CP? = (g_zj +[;34+1] +(_§+3) :%7
F=(i+2j+6k)+M2i+ j—3k) 9. Option (1) is correct.
and L, can be written as 2 tan"'x

T Letl= [1 dx (1)
7=(i—8j+4k)+n(2i —7j+5k) 2t
As we know distance between two skew lines Put 1 =
F=d+)pand7=b+pj is given by *

- -1

(b -a)(pxq) Sy=L =di="da
D=|———7—"" o a

|pxql
1 (1
P S S N S N 5ok ptan 7| —
So, b—d=(i—8j+4k)—(i +2j+6k) =-10j-2k (u) -1
o qER:
o
Now, pxj=2 1 -3 .
2 -7 5 2 1
—cot "o

e =>1= da ctan-1L = cot!
=16 ~16] - 16k £ o { T s
gt T 2 4
=-16(i +j+k) :I:I cot o,

And |pxG|=16v/3 1@
- 2
Now, (b—d)-(px§)=160+32=192 )
19 S1=] cotx -2
So,S.D. = |—— =43 1 x
16+/3 2
Option (2) is correct. )
Given, equation of planeis 2x—y + z = 4 Adding eq. (1) and (2), we get
And points A(a, -2, 4), B (2, b, -3) 2 tan— x + cot—! x
. Cdivides ABin2: 1 2a=] —
1
'_.C:(a+4,2b—2’—72j 3
3 3 3 ,®
Since, point C lies on given plane. —~l= J' %dx { tanx+cot Ly = %}
o, o(124) (2:2) 2, i
3 3 3
—a-b=2 ) :>21=g[lnX]§
Also given that the distance of point C from origin 2
=5 b1 1
2 9\ 2 =2]=— 11’12—11’1[)]
So, [ﬂj +[2’772) LA 2[ 2
3 3 9
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10.

{ lnl: —lnx}
x

:I:g(lnzﬂnz)

—=1="In2
2

Option (3) is correct.

Given word is OUGHT

In dictionary, the order for letters willbe G, H, O, T, U
So, before TOUGH dictionary will have

(1) All words starting from G = 4!

(2) All words starting from H = 4!

(3) All words starting from O = 4!

(4) All words starting from TG = 3!

(5) All words starting from TH = 3!

(6) All words starting from TOG = 2!

(7) All words starting from TOH = 2!

(8) Finally the word TOUGH =1

So, serial number = (4! X 3) + (3! x 2) + (2! x 2) + 1
—QAX3)+(6X2)+@)+1
=72+124+4+1=289

11. Option (1) is correct.

el e(sint —2cost) e’t(—Zsint—cost)_
LetA = |¢f eft(z sint + cost) e’t(sint —2cost)

el et cost e sint

et e_t(sint —2cost) e_t(—Z sint — cost)
= |A| = |¢! e7!(2sint+cost) e !(sint—2cost)
el et cost efsint
1 sint—2cost -2sint—cost
= |A| = eetet |l 2sint+cost  sint—2cost
1 cost sint

Applying R; - R;-R,and R, > R,- R;, we get

0 -—sint-3cost -3sint+cost
Al =¢' |0 2sint —2cost

1 cost sint
= |A| = ¢ [2sintcos t + 6 cos’t —

(-6 sin’t + 2 sin t cos ]
= |A| = ¢[6 (sin’t + cos’t)]
= |Al =6¢'>0
So, A is invertible for t € R
HINT:

If A is an invertible matrix, then |A| #0

12. Option (4) is correct.

Given, A = {(x, y): |cosx —sinx| <y <sinx; 0 < x gg }

Lets find intersecting points of y = |cos x —sin x| and
y =sinx

Case 1: When x € {0’2}

|cos x —sin x| = sin x

13.

= cosx—-sinx =sinx Y

COs X

v v sin x

1
= tanx =—
2

"z)
= x=tan —
2

Case 2: Wh xe[ﬁf}
ase Z: en 4/2

h %
=

|cos x —sin x| = sin x
= —(cos x —sin x) = sin x

T
=>csx=0=>x=—

2
yn .
y = sin x y = |cos x—sin x
\L 'd
(m/2X)
| (4, 0) S
o _1(1) >
tan | —
2
n
4
So, A = I [(sinx) —(cosx —sin x)]dx +
1

[sinx — (sinx — cosx)]dx

B8 —a

i

U

>

Il
— 3

2
(2sinx —cosx)dx + Jcosxdx
T

|
_

tan [lj —

2 4
ki ki
= A=[-2cosx - sinx]ém_l(l] + [sinx]%
2 4

=>A= {—Z[le) —\/15} + |:2COS[tan1;
+sin (tan‘1 ;ﬂ + {1 - \/15}

_% N ZCOS{COS_l (\/Zgﬂ + sin{sin‘l (15ﬂ +1- %

2 1
SA=1-2J2+2| = |+—
(&)=
=>A=1-22++5
Option (2) is correct.
3-digit numbers divisible by 3 are 102, 105, ....., 999
which is an A.P. with first term a = 102

common difference = d = 3 and last term [ = 999
wl=am-1)d



14.

15.

=99 =102+ (n-1)3
>n-1)3=897=n-1=299=n=300

So, there are 300 3-digit numbers divisible by 3
Similarly, 3-digit numbers divisible by 4 are 100,
104, ...., 996 which is also an A.P witha = 100, d = 4,
=99

=996 =100+ (n-1)4
>n-1)4=8%=n-1=224=n=225

So, there are 225 3-digit numbers divisible by 4.

But numbers divisible by 3 as well as 4 are numbers
divisible by 12 which are counted in both i.e., 108,
120, ...996 with a = 108, d = 12,1 = 996

=996 =108 + (n-1) 12

= (n-1)12 =888

=>n-1=74 =>n=75

. Total number of 3-digit numbers divisible by 3 or 4
are 300 + 225 -75 = 450

Now, 3 digit numbers divisible by 48 are 144, 192, ....
960 with a = 144, d = 48,1 = 960

=960 =144 + (n-1) 48

= 48(n-1) =816

=>n-1=17 =>n=18

. There are 18 3-digit numbers divisible by 48 and
these numbers are also divisible 3 and 4

So required numbers are 450 — 18 = 432

Option (1) is correct.

x-1 y-2 z+3

Given lines L, : =m (say)
1 2 1
L x-a :y+2 =Z_3=n (say)
27 3 1
-+ Lines are intersect at P
m+1=2n+a ..(i)
2m+2=3n-2 ..(ii)
m-3=n+3 ...(iii)

On solving equation (i), (ii) and (iii), we get
m=22,n=16,a =-9

L P=m+1,2m+ 2 m-3) = (23,46, 19)

Now, distance of P (23, 46, 19) from plane z = -9 is

e 19+9 08
V0% 402 +1
Option (2) is correct.

Given differential equation is
xlog.x dlﬂ/ = leog x; x> 1.
" dx <

dy
=+
dx xlog,x

y=x which is a linear differential

equation
1

Now, LE = ¢ ¥1o8e*

=1E = eloge(loge x)

= LE =log.x
So, solution of given differential equation is
y(loge x) = Ix(loge x)dx +C

= y(log, x) =log, x{x;] __[{
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x2 10 x%)
= y(log, x) = Eloge x 7EL?J +C
2

= y(log, x) = %loge x —%xz +C

Aty =2,y =2
=2 (log,2) =2log,2-1+C
=C=1

2

. _ X 1 2
-y (log, x) = 7logex—1x

+1

1 |2 1,
= 2 jog,x——x%+1
- logex{Z OBe ¥ 4" }

2 2

e 1 4d+e
:>y(e)=37162+1 =y(e)=

16. Option (3) is correct.

Given f"(x) = g"(x) + 6x ...(i)
Andf'(1) =4g(1)-3=9

And f(2) = 3g(2) = 12

Integrate equation (i) w.r.t. x, we get
f@) =8@) + 3+ C

Put x = 1in equation (ii), we get
f)=gM) +3+C
=9=3+3+(

=C =3

Integrate equation (ii) w.r.t. x, we get
flx) = g(x) + X+ 3x + C,

Put x = 2 in above equation, we get
f2Q)=82)+8+6+C,

=C,=-6

S flx) —g(x) = X +3x-6

Let P(x) = f(x) — g(x) = X +3x-6

(i)

3) 27 9 15
,P(1) = -2 P(fj:—+f—6:—
Now, P(1) and 2 P 3
3
= P()P| =<0
M (2)

. At least one root of P(x) = 0 lies in the interval

xXe [1,§j .
2

So, there exists x e£1,3) such that f(xy) = g(x,)
Now, [f'(x)-g' (x)| <6

=3 +3<6

SP+1<2=22-1<0

S@-1)(x+1) <0=>xe(-1,1)

Now, P(-1) = -1-3-6 = -10
P2)=@2°+32)-6=8

So, [P(x)| = |f(x) -g(x)| <10

Now, P(-2) = f(-2) - g(-2) = (<2)’ + 3 (-2) - 6 = 20
=8(-2)-f(-2) = 20

HINT:

(1) Integrate twice the given equation and solve
further.

(2) If fla) f(b) < O; then f(x) = 0 has at least one root in
the interval x € (g, b).
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17.

18.

Option (2) is correct.
Given equation of parabola is y =3x

- Tangent at P on parabola is parallel to the line
x+2y =1

.. Slope of tangent (m) = ——

2
So, point of contact P = (%,l)
m m

N RS

3

2 |3,
,;17(3,3)
2

2 yZ

And equation of ellipse is xz + T 1

-+ Tangents at points Q and R are perpendicular to
thelinex—-y =2

So, slope of tangents (m) = -1

.. Coordinates of points Q, R =

{ a*m b2 ]
t T
\/azm2 +b? \/azmz +b?

o {rd
:

4 1
So, Q [— and R = [—,—]
V55 V55
3 -3 1
1| 4 1
Now, area of APQR = —|— — 1
Q PINCEENG
-4 1y
V5 5
0 -3 1
NS Lyl applying €y > €+ Cy)
2| 5 NG pplying L1 1 2
51
V5 5
1 0 -3 1
=5 0 0 2| {Applying R, - R, +Rj}
- 1
5 5
1(-5
=—| —=|(-6)=3\V5
2(«/5)( )

Option (2) is correct.

Given, 7=4i +3j and b =3i — 4] + 5k

19.

=3p-49-5r=-5 ..(i)
Also, given that, E.(f + } + 12) =4
>p+qtr=4 ...(ii)
Also given that projection of ¢ ond =1
:>¥=1 :>4p+3q:1

la| 5
=>4p+3g=5 ...(iii)

On solving equation (i), (i) and (iii), we get
p=2qg=-1,r=3

. E=2—-]+3k

o

Now, projection on ¢ on b= E

_ 6+4+15 25 5
Jo+16+25 V50 2
Option (1) is correct.
Given : S = {w;, w,, ..
P(wnfl) /n 2 2

w,} is the sample space and

Pw,) = —
:»P(w2)=@, P(w3):@:%’
P(wy) =~ 52 - X1

(wl)

Similarly P(w,,) =

=+ Sis the sample space
=P (wy) + P(w,) + ... + P(w,) =1

P(w,) | P(wy)

=P +
(wl) ) 22

1 1
= P(w))1+=—+—+....; =1
( 1){ P 22 }

1
-+ Itis an infinite G.R witha =1and r = by

1 1
= P(wq) j =1 3P(wl):E
2
.. 1 P 1
Similarly, P(w,) = PY (w,,) = —
Now, A = {2k + 3L, k, ] € N}

=>A=1{578091011,...}
and B = {w,: n € A}

= B {ws, w;, wg, wy, wyg....}

= P (B) = P(ws) + P(w;) + P(wyg) + ...
1 1 1 1
jP(B):2?+277+278+279+ .....
1
= P(B)= i i -+ In Infinite GP sum=—"—
23 171 1-r

2
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1 1 22. Correct answer is [461].
= P(B)=—+—-5x2 ]
32 7 Given:a,=a,;+ (n-1)
b,=b,+a,,Vn=2
= P(B)=— + L = P(B)=2t1 T O T e TR
32 64 64 0, -
3 S=» L and T= Z —
= P(B) = a ngl 2" n=1 2" !
by by by big .
HINT: NOW, = E+272+273+““+2ﬁ _“(1)
(1) Find P(w,), P(w;) ..... P(w,) in terms of P(w;) and S b b b -
then use probability of sample space = 1 = 5= 2—5 + 2—% ot ﬁ -..(ii)

(2) Sum of an infinite GP with first term = 4, and Equation (i) — Equation (ii), we get

. . a
common ratio =r1s ——.

1-7 §:b—1+bz_bl+b3_b2+....+b10_b9—bl—0
2 2 52 23 510 11
20. Option (2) is correct.
S by a a a b
1+0”= 99(:0 +2Cx + PC, P 99C99x99 2. 72 =9 710

22 92 93 TTToI0 S, (i)
So, k= "C,+ PCy + PCy + ... + PCyy

4, 1 g _ by .
A :>S:.bl +.—+—2+...... 9710 ...(iv)
=>k= - = 2 Equation (1\;) - ]%quatlon (%11), we get
2" S b ooy m-m a3-0 a9 —ag
{"Cot "Cot . ="C+ "G+ "G + = ) . 2 2t T Tt
Now, a = Middle term in the expansion of [Z + €L _A9 by
2 10 "I
100
S by a b 1 2 3 8 a
200 100 | —— A, % 210, 4, 2 2%
=a =Ty =""Cy2 (\/Ej PR R R R BT IS
= ="Cp2" S_1,1 by a 1[. 2 3 8
200 I =—+ 1T -0+ 1+—+ Ft et
Also given that Cook _2m, 2.2 2 2% 2 2 2 2 2
a n S -1 blO ag 1 T
M0¢Cgg2%  2'm PR A
200 5
2 n
C100 :ZS:4+T—bl—90—u—z
200! 100!100! .45 2'm 27 2
= X————x 27 =——
9911011~ 200! n 05 T4 % b
100 .45 2'm  25x2%° 20w 28 2°
BT T I ag b
n " =27(2s-1)=2"-2-10 (V)
=1=50,n =101 2 2
v a,—a,,=n-1
Section B So,ay—a; =1
21. Correct answer is [3000]. 3=y =2
Asweknow,54 =3 X3 X3 X2 ay—az=3
Let k be the 4 digit number such that gcd (54, a) = 2
= a = All even numbers of 4 digits — even numbers
of 4 digits which are multiple of 3. e
Now, even numbers of 4 digits = 9 x 10 x 10 X 5 fo—do=8
— 4500 s B
and even number of 4 digits which are multiples a9—a; = 36
of 3 = numbers of 4 digits which are multiples of 6 = aq =37
_ 999 1002 Also given, b, ~b, ;= a,
=16g6—16?+1=1500 =>bg-by=a;+a,+a;+ ... +ag
— a = 4500 — 1500 = a = 3000 :>b10—1 =1+2+4+7+11+16+ 22+ 29 + 37
HINT: = by =130
' So,27 (25 -T) = 27~ 22 13050 102 _ 4
Required numbers = All 4-digit even numbers - 0,2 (25-T)=2- D4 T T Ty
4 digit even numbers which are multiples of 3.
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23.

24.

Correct answer is [10].

Equation of (4,2) y
tangent to the B y=2
curve y* = 2x / @2
at point (2, 2) is
givenby T =0 20N\ x
i\
5

:>2y:2(x+2j <

2 xt+ty=-2
=2y-x-2=0 (1)

Equation of tangent to the curve o+ yz = 4x at point
(2,2)is givenby T =0

:>2x+2y—4[";2] =0

=2 -4=0
=>y=2

So, triangle is formed by lines 2y —x-2 =0,y = 2and
x+y+2=0

Now, slope of AB = -1

So, slope of perpendicular bisector of AB = 1

Now, equation of perpendicular bisector of AB is
y-1=(x+3)

>y=x+4

And equation of perpendicular bisector of BC is
x=-1

As we know circumcentre is the intersection point of
perpendicular bisector of sides of triangle.

.. Circumcentre = (-1, 3)

Now, radius r = /(=2 +1)% +(0-3)% =10

=7r=10

Correct answer is [9].

= Given a4, ay...., 0.7 are roots of

X +3x°-13x° - 15x = 0and |oy| = o] = ... > o]
Now, X 4313~ 15x =0

= x (@ +3x"'-13x*-15) =0

—x=0andx®+ 3x*-13x*-15=0

= (X7= 0
Now, 2® + 3x* - 13x*~15= 0
Lety = S

=1’ +3/-13y-15=0

=W-3) @ +6y+5=0
>y-3+5y+1)=0

S -3) (@ +5E+1)=0

= x = +/3,+/5i, +i

o] = o] == oy

=|/5i 2| —/5i | 2|3 [2| /3 2| i[2| i[> 0
= oy =/5i,a5 = —/5i,a3 =/3,04 =3,
o5=1,04 =-i,0,=0

SOl Oly— Olg Oy + Ols Ol

_ (VBi)(—/5i) = (\/3)(—V/3) + (i)(~i)
:_(\/52)1-2+3_1-2 =54+3+1=9

HINT:

Simplify the given equation and find roots using
factorisation method and solve it.

25. Correct answer is [603].
Given : X = {11, 12, 13, ..... 40, 41}
Y = {61, 62,63, ....90,91}

X=X
n
- 11+12+13+....+40+41
=X=
31
_ E(11+41)
~X=2_
31
n
~» Sum of AP :E(u+l)
—X=22_2
2

Similarly, Y = Vi
n

61+62+....+90+91

=Y=
31
3L 61401y ;
-Y=-2___ { Sum of AP=—(a+l)}
31 2
v =192y
2

2. . . .
Now, ° is variance of all observationsin X U'Y

2
02 _ le-z +2%'2 _(in +Zyl»\
ny +ny Lnx+nyJ

41 10 91 60
{ZZHZZ}
n=1 n=1 n=1 n=1

= GZ =
31+31
[(31x26)+(31x76)|
31+31
(41><42><83710><11><21)+
6 6
(91><92><183 _60><61><121)
—~g2= 6 6
62
_(806+ 2356 )2
62
| g2 23821385+ 25534673810 _
62
o2 220972 o0

= 6% = 3306 - 2601 = > = 705
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5| T+ 7 -6 |=|26+76 705 |= 603 where [A] =2
=>xz-y =2
26. Correct answer is [04]. 2 1
Gi i ” . x—a . and 3 {x y}:{l 2}
iven equation of curve is y_i(x+b)(x—2) ..(i) 3 2 y oz o B
=Iny=In(x-a)-In(x +b)-In (x-2)
Differentiating the above equation w.r.t. x, we get 2x+y  2y+z 1 2
= =
1oy 1 1 1 3x+§y 3y+§z o B
ydx x—-a x+b x-2 2 2
d 1 1 1 Using equality of matrix, we have
:—y:y - - 3y 3z
dx x—-a x+b x-2 2x+y=1,2y+z=2,3x+7:a and3y+3=[3
g [d—yj :—B{L—L+l} =>y=1-2x2z =2-2y
dx/ 1,3 1-a 1+b =z=2-2+4x
dy a+b =z=d
= (ax =S i aain ! Now, zx —y* = 2
dx/ (1 3 1-a)1+D) g y

2 —_—
Equation of normal to the given curve at point (1, -3) =X (;Lx) -a _sz) =2
isx—-4y =13 =>4 -1-4x"+4x =2

So, slope of tangent = —4 3
=>4x=3= ¥=—

4
(), i) 1
X )(1,-3) (I-a)(1+b) :>y=1—2(§ _-1 3224@]:3
4 2 4
-3a+b)
(I-a)(1+b) :m:g(éji iji
3+ =(1-0) 1 +D) (i vorl e
=>3(@ =(1-a (i
Y—a -1} 3(3)
-- Point (1, -3) lies on the curvey = ————— =p=3 ) + Ty 3
(x+Db)(x-2)
1-a 3
T (1+b)(-1) I )
-1
=3+3=1-a > 3
=a+3b=-2 .. (i)
From equation (ii), Sum of diagonal elements of A = s
3(=2-3b+b) = (1-(=2-3b)) (1 + b) 3P
=3(2-2b)=@B+3b)(1+Db) 4 4
=-6(1+b=31+b7 (15)
=>2=1+bbzr-1=b=-3 ps _"\4) _3x15 ,
Put value of b = -3 in equation (iii), we geta =7 o2 3)2 T 4x9 X%
La+b=4 (*]
2
HINT: 28. Correct answer is [14].
(1) Use slope of tangent to the curve y = f(x) at point Given o = 8 - 14i
o d —az
() is given by m=( 22 Aclrec =
Y (x1,y1) z% —(z)* - 112i
27. Correct answer is [05]. B={zeC:|z+3i] =4}
Given: A is a symmetric matrix Letz=x+1iy
2 1 R {1 z} Now, 0z — 0.2 = (x +iy)(8 — 14i) — (x — iy)(8 + 14i)
3 =
3 > a B = (l6y —28x)i
Using property of matrix multiplication, we get order Now, z2 - (E)2 =(z-2)(z+7Z)
of Ais2 X 2

-+ A'is a symmetric matrix of order 2 X 2 = @) (le: Ay

LetA Xy . az—oz 1
. _{y Z} T2 (Z)? 112
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29.

16y — 28x)i
D(4351'—112)1' -
= 16y —28x + 112 = 4xy
=4y-7x-xy +28=0
=4y-xy-7x +28=0
=>y@d-x)-7(x-4=0
=>x-4)(y-7)=0=>x=4ory=-7

=z=4orz=-7i

v |z+3i| =4
= @)+ (y + 3> =16 /0\

(Or 73)

So, set B represents -9
all points lies on
circle of radius
4 and centre (0, -3) oy 0.7 )

So, AnB = {(0,-7), (4,-3)}
= {4-3i,-7i}
Now, ZRe (z) - Im (z) = 4-(-3-7) = 14

Correct answer is [11].

Equation of circle with centre (2, 3) and radius 4 is

given by (x—2)* + (y—-3)* =4’

=2+ y2—4x—6y—3 =0
Equation of line PQisx +y =3 ..(i)

- PQ is also the chord of contact w.r.t. S (a, B)
So, equation of chord of contactis T = 0

3xa+yB—4(x;aj—6[yT+Bj—3:O

=>@-2)x+B-3)y-20-3-3=0 ..(i)
Comparing equation (i) and equation (ii), we get

a-2_p-3_—(20+3p+3)

1 1 -3
So,a-2=B-3
Sa-p=-1 ...(ii)
Anda-2= Z(X;;JM

=3a-6=20+3B+3

Sa-3=9 ..(iv)
On solving equation (iii) and equation (iv), we get
o=-6,=-5

S 4o-7p=4(-6)-7(-5) =11

30. Correct answer is [9].

Given : {a;} is G.P with common ratio r; and a; = 4
=GP {a) = 4,4r, 4r> ..

and {4, } is a G.P. with common ratio r,and b; = 4
= G.R{b} = 4,1, 41, ..

Now, ¢, = a, + by

=y =ay+ byand ¢3= a5 + by

13
=5 = 4r; + 4r,and Z:4r12 +4r22

1
:>r1+r2:E andr12+r2:—3
4 16

2 2 25
= 14+ 21 =—
1+tn 12 16

25 13
= 21’17‘2 = E—E

= nr 2 .3 =1 =—

P27 96x2 "8 2 8
3 5

So, H+—=—

T8 4

=8r,2-10r; + 3 =0

= 8r°—6r,—4r, +3=0

=2r, (4r,-3)-1(4r,-3)=0

= (2r,-1) (4r,-3) = 0

1 3 31
=>nrn=—or— and nn=—,—
2 42
v <1y
1 3
7'1 ,1’227

0
NOW, z Ck - (12&6 + 8b4)
k=1

om0

4 4 [12 27]
+ p—

—+8x—

1-1 1-n (8 16

4 4 _(Lij

1L 4.3 (2 2
2 4

=8+16-15=9

HINT:

(1) PQis also the chord of contact w.r.t. S.
(2) Equation of chord of contactis givenby T = 0

HINT:

Use n™ term of GP = ar'”

a
GP= —
1-r

1 e
and sum of infinite

ad




