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SECTION-A
1. Let X1, X2, ....., X100 b€ in an arithmetic progression, with x; = 2 and their mean equal to 200. If y; = i(xi —i),
1<i <100, then the mean of y1, Yo, ..... Yoo IS :
(1) 10051.50 (2) 10100 (3) 10101.50 (4) 10049.50
Sol. (4
Mean = 200
10052+ 99d)
2 = 200
100
= 4+99d =400
=d=4
y, =i(xi-1)
=i(2+(Gi-D4-i)=3i*-2i
Mean :&
100
100
LI of LAY
100 4=
_ i{3x100x101x 201_ 2><100><101}
100 6 2
=101{%1 - } =101x99.5
=10049.50
2. The number of elements in the set S={0 < [0, 2r] : 3cos*® —5cos? O —2sin® O + 2 = 0} is :
(1) 10 )9 3) 8 (4) 12
Sol. (2

3cos*©0—5c0s°0—2sin°0+2=0

=3c0s* 0 —3c0s*0—2c0s*0—2sin°0+2=0
=3c0s* 0 —3cos? 0+ 2sin*0—2sin°0=0

— 3cos?0(cos?0—1) +2sin?0(sin*6-1) =0
— —3cos’ 0sin? 0+ 2sin? O(1+sin? 0)cos? 0 —1
= sin?0cos?0(2+2sin?0-3) =0
—sin?0cos?0(2sin20-1) =0
(CDsin* @ =0 — 3solution; 6 ={0,r, 2}
(C2)cos® 6 =0—2 solution; e:{g%n}

23 5 711}

(C3) sin26=£—>4 solution; 6=<—,—,—,—
2 4 4 4 4

No. of solution =9



Sol.

Sol.

log, 2
The value of the integral I e (Ioge (eX +1+e* ))dx isequal to :

—log, 2

(2+\/_) ﬁ
(1) log, \/1+—\/_ 5
(-5 | 5
\/1+\/§ 2

(2) log,

(3) log, (4) log,

(4)

In2

= I ex(ln(eX +W))dx

—In2
Put &* =t=¢e*dx =dt

I:j.ln(t+m)jt

Applying integration by parts.

:[tln(t+\/]?)]z_j. t (H . jdt

Dot 1412 21+ 2

—_2In(2++5) —%In 1”_} t dt

1/2 1+t
—2In(2++5) —%In 1+ J

n (2+B)" | 5
(52}

2

Let S={M =[aj], aj € {0, 1, 2}, 1 <i, j < 2} be a sample space and A = {M e S : M is invertible} be an

event. Then P(A) is equal to :
16 50
1) — 2) —
@) 27 @) 81
)
a b
M L d]where a,b,cd {012}

47
) 51

n(s)=3*=81

we first bound p (A)

Iml=0=ad =hc

ad =bc=0=n0. of (a, b, ¢, d) = (32 —22)° =25
ad = bc =1 = no.of (a,b,c,d) =12=1

ad =bc =2 = no. of (a,b,c,d) =22=4

ad =bc=4 = no.of (ab,cd)=12=1

- 50
P(A) =2 p(A)=2
( =p(A) "

x/1+\/§ 2

JEE MAIN
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2(2+\5) | &

V2(2+ ) | &

\/1+ J5 2

49
(4) a1



JEE MAIN

(Session 2) 2023

5. Let f: [2, 4] — R be a differentiable function such that (x loge x) f' (x) + (loge x) f(X) + f(x) > 1, x € [2, 4]
with f(2) = % and f(4) = % . Consider the following two statements :
(A): f(x) <1, forall x e [2, 4]
(B) : f(x) = % forall x € [2, 4]

Then,
(1) Only statement (B) is true
(2) Only statement (A) is true
(3) Neither statement (A) nor statement (B) is true
(4) Both the statements (A) and (B) are true
Sol. (4)
xenxf'(x) +Inxf (x)+f(x) >1,x €[2,4]

And f(2) = % f(4) = %

Now xInx, d—y+(ln+1)y21
dx

i(y-xlnx)zl

dx

i(f (x).xInx)>1

dx

:dix(xlnxf(x)—X)ZO,XG[z,"']

= The function g(x) = x In x f(X) — x is increasing in
[2.4]

Andg(2)=2In2f(2)-2=1In2-2
0(2)=4In4f(4)-4=In4 -4

=2(In2-2)

Now g(2)<g(x)<g(4)

Ln2-2<x Inx f(x) —x<2(In 2—- 2)

In2-2 1 _¢y<2n2-2) 1

xInx Inx xInx Inx

Now for x €[2,4]

2(m2-2) 1 2(ln2-2) 1 1

—_—t —<—+—=1-——x<1
xInx Inx 2In2 In2 In2

=f(x)<1 for xe[2,4]
In2-2 1 _In2-2 1

1 1
> =4
xInx Inx 4In4 In4d 8 2In2

1
>_

8
:f(x)z% for xe[2,4]

Hence both A and B are true.
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6. Let A be a 2 x 2 matrix with real entries such that A'= oo A + I, where a ¢ R— {1, 1}. If det (A2 - A) = 4,
then the sum of all possible values of o is equal to :

5 3
1o (2) > (32 4) >
Sol.  (2)
AT =cA+1
A=0AT +1
A=a(aA+1)+1
A=c’A+(a+1)1
All-a?)=(a+1)I
|

1

|Al=

2
1oy @)

A2 —Al=|AlIA-1] ... (3)
| o

A-l=—-——1=——I
l—a 1-a

o
|A—I|=(Ej (4
Now |A? — Al =4
IAIA=I=4
O S

(1-a) 1-a?)
=2 .

(1-a)
=2(1-a) =+a

(C)21-a) =a (C,)21-a)’ =—a

oL,
2o% ~5a+2=0
o,

20° —30.+2=0
5
+o,=— ¢R
o, +a, > o
2
7. The number of integral solutions x of log, ( X7 j >0is:
(3] 2x -3
(15 27 (38 (4)6

Sol.  (4)

x-7Y
log 7( j >0
X+ 2X -3

Feasible region: x+ % >0=> x> —%

And X+Z¢1:x¢_—5
2 2
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=0 and 2x 30

U U

x=7 x;&é
2

Taking intersection: XE(;?,OO)— —§,§,7
2 22

Now log. b>0 ifa>1andb >1
ae(0,1) and be(0,1)

2
C—kx+z>1md(x_7j21
2 2x—3

x>—g ‘(2x-3)° = (x=7)° <0

(2x—3+x—-7) (2x-3-x+7)<0
(3x-10)(x+4)<0

Xe [—4,E}
3
-5 10}

Intersection: xe| —,—
2 3

C—1I: x+ Ze(o,1) and ( X7 jze(o,l)
2 2x -3

2
0<X+Z<1; ( X_7) <1
2 2x -3

7 -5 2 2
——<X<—  (x=7)" <(2x-3)
2 2

a2

No common values of x.
Hence intersection with feasible region

weget xe 2.2 |-{3]
2 3 2

Integral value of x are {-2,-1, 0, 1, 2, 3}
No. of integral values = 6

8. For any vector d =a,i +a,]+a,k, with 10 |ai < 1, i =1, 2, 3, consider the following statements :
(A) : max {Jaul,[azl,Jas|}< | & |
(B) - 1a| <3 max{lail,|azl,[as}
(1) Only (B) is true (2) Both (A) and (B) are true
(3) Neither (A) nor (B) is true (4) Only (A) is true
Sol. (2
Without loss of generality
Let fa <o <[ay



Sol.

10.

Sol.
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" = ol +f” +as[ > (as)

= lal >|a,| = max {|a1|,|a2|,|a3|}

Ais true

El =|;,11|2 +|a2|2 +|a3|2 s|a3|2 +|a3|2 +|a3|2
=lal’ <3a,

= lal < V3[d;| =3 max {|a,] Ja, .[a]}
<3max {a,],[a,|.[a,}

(2) is true

The number of triplets (x,y,2), where X, y, z are distinct non negative integers satisfyingx +y +z=15, is :

(1) 136 (2) 114 (3) 80 (4) 92
(2)

X+y+z=15

Total no. solution = ***C, =136 ... (1)

Letx=y = z

2X+z=15=72=15-2t
:>re{0,1,2,...7}—{5}

.. 7 solutions

.. there are 21 solutions in which exactly
Two of X, y, z are equal ... (2)

There is one solution in whichx=y=2z... (3)
Required answer = 136 — 21 — 1= 144

Let sets A and B have 5 elements each. Let mean of the elements in sets A and B be 5 and 8 respectively and
the variance of the elements in sets A and B be 12 and 20 respectively. A new set C of 10 elements is formed
by subtracting 3 from each element of A and adding 2 to each element of B. Then the sum of the mean and
variance of the elements of C is .

(1) 36 (2) 40 (3) 32 (4) 38

(4)

o A={a,,a,,a;,a,,a5}
B={b,,b,,by,b, b}

Given, Zslai =25, Zslbi =40
i=1 i=1

Z{Z} S {zb]

5

i=1 :12, i=1 _

5 5

5 5

= > a’=185, > b’=420
i=1 i=1

Now, C={C,,C,,...C,}

-. Meanof C, C= (Zai _15) + (Zbi —10)
10

10+50
10

C= 6




11.

Sol.

25
o’ = "10 =(C)
=Z(ai—3) -;OZ(bi—Z) 6y

2 2 _ ) )
_ Dal+y b 6%&, +4>"b, +65_36

_185+420-150+160+65
10

36

=32
. Mean + Variance = C+c* =6+32=38

Area of the region {(x, y) : x>+ (y — 2)?< 4, x* > 2y} is:
8 16 16
(@)) n+§ 2 2n+? (3) 27:—?
(©)
X2 +(y-2)"<2? and x* >2y
Solving circle and parabola simultaneously:
2y+y°’ —4y+4=4
y*-2y=0
y=0,2
Put y=2in x* =2y »>x=+2
= (2,2)and (-2, 2)

(0.2)

(2.2
Required area

2
Required area = ZDX?dX —(4- n):|
0

3
=2|:X— s —4+TE:|
6

JEE MAIN
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(4) n—7
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Ao
4]

=27c—E
6

12. Let R be a rectangle given by the linex =0, x=2,y=0andy =5. Let A (o, 0) and B (0, B), o € [0, 2] and
Be [0, 5], be such that the line segment AB divides the area of the rectangle R in the ratio 4 : I. Then, the mid-
point of AB liesona:

(1) straight line (2) parabola (3) circle (4) hyperbola

Sol. (4

ar(OPQR) 4
or(0OAB) 1
Let M be the mid-point of AB.

v x=2

R Q
0.5) (2.5)

B
0.6) M
P

(0] A (2.0)

y=3

1
2%
5
:EaB=10:>aB=4

=(2h)(2K) =4
- Locusof Misxy =1
Which is a hyperbola.

13.  Let & be a non-zero vector parallel to the line of intersection of the two places described by i+ j,i + k and
i—J3,]—k. If 0 is the angle between the vector & and the vector b=2i—2j+k and a.b =6, then ordered pair

(9,| axb |) is equal to :
T T T T
@ (g,ej @ (Z,aﬁj 3 (5,3@ @ (Z'GJ

sol.  (4)
A, and A, are normal vector to the plane i+ j,i+k and i—j,i —k respectively



14.

Sol.

15.

Sol.
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-1 —1=a(-2j+2Kk)

a-b=A0+4+2=6
r=1
6 =—-2j+2k
cose=a;b
lal[bl

cos0 = 6 :i

22x3 2

0="
4

Now [a.B” +laxBl" =[al* b’
36+laxh?=8x9=72
laxbl’ =36

|5 x 6| =6

Let w; be the point obtained by the rotation of z; = 5 + 4i about the origin through a right angle in the
anticlockwise direction, and w- be the point obtained by the rotation of z; = 3 + 5i about the origin through a
right angle in the clockwise direction. Then the principal argument of wi — w3 is equal to :

.8 .8 4,33 4,33
(1) m—tan 3 (2) —m+tan 3 (3) m—tan 3 (4) —m+tan =
1)
W, =zi=(5+41)i=—-4+5i ... (i)
W, =7, (~i)=(3+5i)(-i)=5-3i ... (2)
W, —W, =-9+8i

Principal argument = n—tan‘l(gJ

Consider ellipse Ex : kx? + k%y? =1,k =1, 2,...., 20. Let Ck be the circle which touches the four chords joining
the end points (one on minor axis and another on major axis) of the ellipse Ex. If r« is the radius of the circle Cy

20 1
then the value of » = is
k=L e

(1) 3320 (2) 3210 (3) 3080 (4) 2870
3
Kx2 + K2y? =1
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X N y.
1/K 1/K?
Now

B, (0./K)

e

\/Al(uﬁ.oﬁ

Equation of

X .y
AB,,——+—2—=1=JKx+Ky=1
IR UK y

r, =Lr distance of (0, 0) from line A:B:
_‘(0+o—1)|_ 1
KK | VKK

1 20 1 20
5 =K+K*=> S =>(K+K?)
M 1l k=
20 20
=Y K+) K?
K=1 K=1
_20x21 . 20.21.41
2 6
=210+10x7x41
=210 + 2870
=3080
16. If equation of the plane that contains the point (-2,3,5) and is perpendicular to each of the planes 2x + 4y + 5z
=8and3x—-2y+3z=5isoax+PBy+yz+97=0thena+p +y=:
(1) 15 (2) 18 (3) 17 (4) 16
Sol. (1)

The equation of plane through (-2,3,5) is
a(x+2) +b(y-3)+c(z-5=0
itis perpendicularto 2x + 4y +52=8 & 3x -2y + 3z =5

s.2a+4b+5c=0
3a3—-2b+3c=0
.a b ¢
14 5 |2 5 |2 4
-2 3 |13 3 3 -2
a b c
> — == —
22 9 -16

.. Equation of plane is

22(x +2)+9(y-3)-16(z-5) =0

= 22x+9y-16z2+97=0
Comparing with ax+py+yx+97=0
We get o +pB+7=22+9-16=15
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17. An organization awarded 48 medals in event ‘A’, 25 in event ‘B’ and 18 in event ‘C’. If these medals went to
total 60 men and only five men got medals in all the three events, then, how many received medals in exactly
two of three events ?

(1) 15 (2)9 (3) 21 (4) 10
Sol.  (3)

|Al =48

IBl=25

Icl=18

IAUBUC|=60 [Total]

IANBNC|=5

A B

C

IAnBNCl=) |AI-> |ANBI+IAnBNCI

=D |ANB|=48+25+18 +5- 60
=36

No. of men who received exactly 2 medals
=Y |AnBl-3JAnBNC|

=36-15

=21

18. Let y = y(x) be a solution curve of the differential equation. (1 — x?y?)dx = ydx + xdy. If the line x = 1
intersects the curve y = y(x) at y = 2 and the line x = 2 intersects the curve y = y(X) at y = a, then a value of o
is:

1+3e? 1-3¢? 3e? 3e?
@) 2(3e7—1) @) 2(3e?+1) ) 236> 1) ) 2(3e?+1)
Sol. (1)

(1-x2y?)dx = ydx + xdy,y (1) =2
y(2) =
dx = d(xy)z

1-(xy)
jdx:j—d(xy)z

1-(xy)

1+xy
1-xy
Putx=1landy=2:

1, 11+2

1==In|—
2 11-2

x=lln +C

+C

C=1—1In3
2



JEE MAIN
2023

Now putx =2 :

1+2a
1-2a
L 22
2 211- 20
1+2a‘
1-2a

2=1In
2

+1—1In3
2

2+In3=

1+ 2a
1-2a
1+20
1-20

‘=3e2

3e?,—3e?

) 3e’-1
=3’ == =
1- 20, 2(3e? +1)

1+ 20 ) 3e’+1
- 3=
1- 20 2(3e2-1)

And

19. Let (a, B, y) be the image of the point P (2, 3, 5) in the plane 2x +y —3z =6. Then o + 3 + vy is equal to :

1)5 29 (3) 10 4) 12
Sol.  (3)
a-2 B-3 y-5 __2(2x2+3—3><5—6j_
2 1 -3 22 +1° +1-3°
“T_Z -2 B-3=2  y-5--6
o=6 B=5 y=-1
(2,3,5)
(c,B.y)
oa+B+y=10
20. Let f(x) = [x? — x] + |-x+[x]|, where x € R and [t] denotes the greatest integer less than or equal to t. Then,
fis:

(1) not continuous atx =0and x =1

(2) continuousatx =0and x =1

(3) continuous at x = 1, but not continuous at x = 0
(4) continuous at x = 0, but not continuous at x =1

Sol.  (3)
Here f(x) = [x(x — 1)] + {x}
f(0')=-1+0=-1 f(1')=0+0=0
f(0)=0 f(1=0

f(1)=-1+1=0
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. T(x) is continuous at x = 1, discontinuous at x = 0
SECTION-B
1 1 680
21. The number of integral terms in the expansion of (32 +54] isequal to:
Sol.  (171)
The number of integral term in the expression of
L 1\680
(32+54) is equal to
1 680—r 1 r
General term = 6800,(32) (54)
6801 1
=%C,3 2 54
Values' s of r, where % goes to integer
r=0,4,8,12,...... 680
680—r
All value of r are accepted for as well so
No of integral terms = 171.
22. The number of ordered triplets of the truth values of p, g and r such that the truth value of the statement (p
vg)A(pvr)=(qvr)isTrue, isequal to
Sol. (7)
P |a |r |Pvq|Pvr | (pvQ | qvr | (pvQ)
A
VAN
(pvr) (pvr)
-
qvr
T |T |T |T |T |T T |T
T |T |F |T |T |T T |T
T |F |T |T |T |T T |T
T |F |F |T |T |T F |F
F |T |T |T |T |T T |T
F T |F |T F F T T
F |F |T |F |T |F T |T
F |F |F |F |F |F F |T

Hence total no of ordered triplets are 7

01
23. Let A=|a O , Where a, ¢ € R. If A® = A and the positive value of a belongs to the interval (n — 1, n],
1l c

o W N

where n e N, then n is equal to
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Sol. (2
01 2
A=la 0 3
1 ¢ O
Al=A
[0 1 2]0 1 2
A*=la 0 3|la 0 3
|11 ¢ 0Jj1 ¢ O
[a+2 2c 3 ]
A*=| 3 a+3c 2a
| ac 1 2+3c]
a+2 2 3 ][0 1 2
A’=| 3 a+3c 2a |la 0 3
| ac a 2431l ¢ O
2ac+3 a+2+3c 2a+4+6¢C
A’=|a(a+3c)+2a 3+2ac 6+3a+9c
| a+2+3c  ac+c(2+43c) 2ac+3
Given A’ = A
2ac+3=0...(1)anda+2+3c=1
a+1+3c=0
a+1—i:0
2a
2a2+2a-9=0
f(1)<0,f(2)>0
ae(l,Z]

n=2
24. Form,n>0, let a(m, n) = j't’“(1+ 3t)"dt. If 110(10, 6) + 18a,(11,5) =p (14)°, thenpisequalto
Sol. (32) 0
a(m,n) ='2ftm (1+3t)" dt

0

If 110(10,6)+18c(11,5) = p(14)° then P

_11Itm @+3t) 1OIZt11(1+3t)5dt

_11[(1+3t) ja(1+3t) 3 J +18£t11(1+3t)5dt
“(tr(1+30°),

:211(7)6

=2°(14)°

=32(14)°
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25.  LetS=S=109+ 1:8 15027 ot 51207 51108 Then the value of (16S — (25)*) isequal to _____
Sol.  (2175)
108 107 1
S=109+ 5 52 ...... + 51W
S 109 108 2 1
g —?4’572 ...... @4_@
4S 1 1 1 1
? = 109 - g - 52 ...... 5108 5109
1
(1 lOQj
~109 5—51
-5)
5
1
_109 ——(1—51T)
111
B 5—
5 1
109 -
4( 2" 25" j
1
16S = 20x109 — 5+ oow
165 — (25) "= 2180 - 5= 2175
X2 y2
26. LetH H, Tin 3en =LneN. Let k be the smallest even value of n such that the eccentricity of H is a
+ +
rational number. If I is the length of the latus rectum of Hy, then 21 | is equal to
Sol.  (306)
2 y2
Hn = - =
1+n 3+n
, b2 \/ 3+n _ 2n +4
e= 1+ —
1+n n +1
2n+4
n+1
n = 48 (smallest even value for which e Q)
10
e=—
7
a®=n+1 b*=n+3
=49 =51
2
| =length of LR = 20
L=2- g
7
102
7
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27. The mean of the coefficients of x, X2, .... x” in the binomial expansion of (2 + x)%is
Sol. 2736

Coefficient of x = °C,2°

Coef. x*=°C,2'

Coef. x"=°C, - 22
°C,-2°+°C,-2"...+°C,- 2
7
~(1+2)°-°C,-2°-°C,-2'-°C,

- 7
3-2°-18-1
7

Mean =

:@ =2736

aZl + b21 +a17 + b17

28. If a and b are the roots of the equation x> —7x —1 = 0, then the value of RN
+

Sol.  (51)

a
x2—7x—1=0<b

is equal to

By newton's theorem
S —7S,,-S,=0
Sy = 7Sy =Sy =0
S —7S1y =S =0
Sie = 7S, =S, =0
Su+Sy _ Sy +(Sw —7Sis)
St St
_ 50S,, + (821 - 7820)
St

=51-%=51
S

19

29. In an examination, 5 students have been allotted their seats as per their roll numbers. The number of ways, in
which none of the students sits on the allotted seat, is
Sol.  (44)
Derangement of 5 students
1 1 1 1 j

D5=5!(1—1+———+———
1 2t 31 41 5l

=120(1_E+L_ij
2 6 24 120
=60-20+5-1
=40+ 4

= 44
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30. Let a line | pass through the origin and be perpendicular to the lines
l,:T= i-11j=7k +X i+2j+3k ,xeRand

1,:T= —i+k +p 2i+2j+k ,neR.

If P is the point of intersection of | and I, and Q (o, B, y) is the foot of perpendicular from P on I, , then

9 (a+p+y) isequal to :

Sol.  (5)

Let ¢=(0i +0]j+0K)+y(ai+bj+ck)

= y(ai +bj+ck)
]

ai+bj+ck=[1 2
2 2

=1(2-6)-j(1-6)+k(2-4)

=—4i-5j-2k

(=y(~4i+5]-2Kk)

P is intersection of ¢ and ¢,

—Ay =1+A,5y =—11+2\,— 2y =—T7+3\

By solving these equation y=-1,P(4,-5,2)

Let Q (—1+2p,2u,1+p)

@-(2?+2]+IA<):O

—2+4pu+4pn+1+p=0

Bow X

u=1
1
"9
721
Q(?as)
-7 2 10
INa+P+7)=9| —+=—+—
(a+p+v) (9 9 9)
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