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Section A

If y = y(x) is the solution curve of the differential equation
—+ytanx =xsecx,0<x < - ,y(O) =1, theny( ) is equal to

() 5 - loge (27) @ 5 - loge (5)

T, V3 \/” 23
(3) 5+ loge () (4) 5+ log. (%)
2
Given D.E. is linear D.E.
|F — e_[tanxdx
- eZnSECX — SeCX
Solution is —
y secx = I xsec? x dx
=X tanx—jtan x dx
Y Secx = xtanx — /n secx + ¢
Puty(0)=1
1=0-0+c=>c=1
Y(x) = Xtan x _Znsecx N 1

sec X SeCX  Secx

o Gl (3.

F &’
:1—£ {\E}F%zne
55 (os)

Let R be a relation on R, given by
R = {(a,b):3a — 3b ++/7 is an irrational number }.

Then R is

(1) an equivalence relation

(2) reflexive and symmetric but not transitive
(3) reflexive but neither symmetric nor transitive
(4) reflexive and transitive but not symmetric

3

(a,a) e R=> 3a-3a+ J7

=7 (irrational)

= R is reflexive

zf J7

Leta= db——

(a, b)eR:>2J'-ﬁ+J’
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=27 (irration)
(b,a) eR= 7 —27 + 7

= 0 (rational)
= R is no symmetric
Leta= i b= \/3_ ¥

(@a;b) e R = 27 7 (irrational)

(b;c)eR= ﬁ(irrational)

(a,c) e R= 247 =37 +7

=0 (rational)

R is not transitive

= R is reflexive but neither symmetric nor transitive

63. For a triangle ABC, the value of cos 24 + cos 2B + cos 2C is least. If its inradius is 3 and incentre is
M, then which of the following is NOT correct?
(1) perimeter of A ABC is 18+/3
(2) sin2A + sin 2B + sin2C = sinA + sin B +sin C
(3) MA-MEB = —18
(4) area of A ABC is — 27
Sol. 4
Let P =co0s2A + cos2B + cos2C
= 2c0s(A + B) cos(A — B) + 2cos’C — 1
= 2cos(n — C) cos(A — B) + 2cos’C — 1
= —2cosC [cos(A — B) + cos(A + B)] -1
=—1-4cosA cosB cosC
for P to be minimum
cosA cosB cos C must be maximum
= AABC is equilateral triangle.
Let side length of triangle is a
A

\/_

:izé :>a:6J§
a

NG
area of triangle = %az
NG

= T(108)=27\/§
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64.  Let S be the set of all solutions of the equation cos™*(2x) — 2cos }(V1—x2) =m, x € —%%]
Then " 2sin™*(x*-1) is equal to
XeS
(1) T — 2sin™?! (?) (2) T — sin™? (g)
@)=~ 4)0
Sol.  Bonus

cos(2x) = + 2c0s 11— x2
Since cos™(2x) e [0,x]
RHS. >xn

m+ 2cosT1-x2 = x
=costy1-x2 =0

=>\1-x* =1

=x=0
butatx=0

cos(2x) = cos(0) = g
no solution possible for given equation.
Xed

65. Let S denote the set of all real values of A such that the system of equations

Ax+y+z=1
x+Ay+z=1
x+y+z=1

is inconsistent, then Z(|x|2+|x|) is equal to
reS

(1) 4 (2) 12 (3)6 4)2
Sol. 3

Given system of equation is inconsistent

= A=0

A 11
1 21 1|=0
1 1 2

—2A3-3L+2=0
= (A1)2 (A+2) =0

=>Ai=l,-2
But for A = 1 all planes are same
Theni =-2

S(IAFP+4l)=4+2=6

Aes
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66.  In a binomial distribution B(n,p), the sum and the product of the mean and the variance are 5 and 6

respectively, then 6(n+p—q) is equal to

(1) 52 (2) 50 (3) 51 (4) 53
Sol. 1

Given

np+npg=>5

=np(l+qg)=5 (D)

and (np) (npa) =6

= n’p%q =6 ....(i1)

(i)* = (ii)

1+9° 25

9 6
= 60°-13q+6=0

=n=9
6(n+p-q) =52

67.  The combined equation of the two lines ax + by + c=0and a’x + b’y + ¢’ = 0 can be written as
(ax+by+c)(@a'x+b'y+c)=0.
The equation of the angle bisectors of the lines represented by the equation
2x2+xy—3y%2=0is

Dx?2—y?2—10xy =0 (2)x?—y?+10xy =0
(3)3x%2 +5xy+2y2=0 (4)3x2+xy—2y2=0
Sol. 1

For pair of st. liens in form
ax?+ by? + 2hxy + 2gx + 2fy + ¢ =0
equation of angle bisector is

2 2

Xy _ Xy

a-b h
for 2x2 + xy—3y?=0

a=2b=_3 h=1
2

equation of angle bisector is
2 2

Xy _ X
5 1/2
= x> -y>-10xy =0
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The area enclosed by the closed curve C given by the differential equation Z—i’ + % =0,y(1)=0is
4.

Let P and Q be the points of intersection of the curve C and the y-axis. If normals at P and Q on the
curve C intersect x-axis at points R and S respectively, then the length of the line segment RS is

(1) 2 (2) 22 (3) 23 GES
2

dy x+a

=24 =0,y(1)=0

axy_2 y(1)

dy _—(x+a)

dx y—2

[y —2)dy == (x+o)dx

2 2
X ry =2y—ax+1+oc
2 2
X2+ y*+20x —4y—-1-20=0
Area =4n
nr’ = 4n
r’=4

a?+4+1+20=4
a?+20+1=0
(a+1)2=0=[a=-1]
X2+ Yy —2x—4y+1=0

P N Slopem=tanee = .3
]

o

+ / >
X 1 R
g Slopem'=tanl202 = ﬁ

y—2 =/3(x-1) y—2= —/3(x-1)
y= 0 y= 0
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The value of

1 1 1 1 1.
ot Taae Toea T Yo T S

1 250 2 251 3 250 4 251
O @ 55 ©) 5 ) 55
1

1 1 1 1 1
= + + S e
1150! 3!48! 5146! 49121 511!

1 ( ol! ol! 51! 51! ol! j
= + + Foont e
S\ 11501 3148! 5!146! 49121 5110!
= ﬁ(ﬂcso +71Clg +1 Cpg v 1 Cy + CO)
"Co+"C,+"Cy =21
250
T

The mean and variance of 5 observations are 5 and 8 respectively. If 3 observations are 1, 3, 5 then the
sum of cubes of the remaining two observations is

(1) 1216 (2) 1072 (3) 1456 (4) 1792
2
Let remaining two observations are a and b
5_1+3+5+a+b
5

— a+b=16 ...(0
2 2 2 2 2
8=1 +3°+5°+a“+b o5
5
= a’+ph*=130
a2+ 0% =130 ...(ii)
(a+b)2=a’+b?+2ab
= 256 =130 + 2ab
ab =63
a® + b® = (a + b)® —3ab(a + b)
= (16)° — 3(63) (16)
=4096 — 3024
= a’+b®=1072
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71. The sum to 10 terms of the series

1 2 3

1+12;514 1422424 1+32+3546+ v S o o
() ooy @ (©) oy (4)
Sol. 1
n
" 1+n’+n
n

(N*=n+1)(n*+n+1)

_ 1{(n2+ n+1) —(n2—n+1)}

(N*=n+)(n*+n+1)

1 1 1
=Th= = — -—
2| (n°*=n+1) (n“+n+1)

10
Sh= ZT”
1
__Z(n “n+l n? +n+1)

RN

) T )
2|7 111] 1

72. The shortest distance between the lines

X5 _y=2 _ dx_+3=3’_+5=ﬂi
1 2 4 -5
(1) 5v3 (2) 7V3 (3) 6V3 (4) 4V3
Sol. 3
Ly x—5: y—2: z-4
1 2 -3

a, =51 +2]+4K
r=i+2j-3k
Xx+3 y+5 z-1
1 4 5
a,=-31-5]+k
r=i+4j-5k

Ly:
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(ixr)(a-a,)

Shortest distance (d) =

nxn |

w

6=6\/§

&

2

lim [L+L+i+ ---+i] is equal to
2n

n-oo L1+n 2+n 3+n

(1) log, 2 (2) log. () (3) log. () (4)0
1

. 1 1 1 1
lim + + N +—
ol 14n 24N 3+n 2n

Let the image of the point P(2,—1,3) inthe plane x + 2y — z = 0 be Q. Then the distance of the plane
3x 4+ 2y +z+ 29 = 0 from the point Q is

(1) 22 ) 2V14 (3) 3V14 (4 22
3
let Q(a, B, v) is image of P(2, -1, 3) inthe plane x + 2y -z =0
a-2 p+1 y-3 _ 2(2-2-3)
1 2 -1 PP+22+(-1)?
a=3,p=1,y=2
Distance of Q(3, 1, 2) from
3X+2y+z+29=0
D= |3(3)+2(1)+2+29|

32427 412

_3\/_

T



75.

Sol.

76.

Sol.

JEE MAIN
2023

Let f(x) = 2x + tan~' x and g(x) = log. (V1 + x2 + x),x € [0,3].
Then
(1) minf'(x) = 1 + maxg'(x)
(2) maxf (x) > maxg(x)
(3) there exist 0 < x; < x, < 3 such that f(x) < g(x),Vx € (xq,x53)
(4) there exists £ € [0,3] such that f'(x) < g'(%)
2

ron 1
fi(x)= 2+ o

X2

>0 forx e [0, 3]

f(x)T for x € [0, 3]
f(0)=0, f(3) =6+ tan"}(3)
X

+1

g'(x) = el o1 g for x e [0, 3]
X+V1+x2 A1+

g(x) T for x e [0, 3]

g(0)=0,9(3) = Ioge(J1_0+3)

max f(x) > max g(x)
Option (2) correct

If the orthocentre of the triangle, whose vertices are (1,2) (2,3) and (3,1) is
(a,B), then the quadratic equation whose roots are a. + 4p and 4o + 3, is

(1) x*-20x+99=0 (2)x*-19x+90=0
(3) x*—22x+120=0 (4)x*-18x+80=0
1

(2,3) C(3,1)

equationof AD : x -2y +3=0
equationof CE: x+y-4=0

57

orthocenter (o, B) is | —,—
wms(22)

at+t4p=11 andd4a+p=9
Quadratic equation is

X2 —(11+9)x+(11x9)=0
= x?-20x+99=0
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77.  LetS = {x:x € Rand (v3 ++2)*~* + (V3 —v2)*"~* = 10}
Then n(S) is equal to

(1) 4 (20 (3)6 (4) 2
Sol. 1

(V3+42) " +(v3-+2) =10

= (J§+J§)X 74+;X274=10

(V3++2)
Let (\/§+ Z)X - =t
t+ l:10
t

=t?-10t+1=0

t=5+26, 5-26

If t=5+26 If t=5-26

x>t 2 xe* -2

(V3+2) =(VB+2) (V3++2) =(\B++2)

—x*-4=2 —~x2_4=_2

= x:i\/g = x:i\/i

S = {'\/g,—'\/g,\/z,—\/i}

n(s)=4
78. If the center and radius of the circle ‘%‘ =2 are respectively (a,) and y.

then 3(o + B +v) is equal to

111 (2) 12 3)9 (4) 10
Sol. 2

Putz=x+1iy

(=) +iy| _,

| (x=3) +iy|

= (x-2)P+y? = 4((x - 3y’ +y?)
= X2 —AX + 4+ y? = 4x% - 24X + 36 + 4y?
= 3x2+3y?—-20x +32=0

= X2 +y? —?X+%=O

Center (o, B) = (EOJ

3
2
Radius (y) = (-%) _% :%

3(E+O+g]:12
3 3
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1 + sin? x cos? x sin 2x

79.  Let f(x)=| sinx 1+4+cos’x sin2x |, x€ %g] . If « and B respectively are the
sin? x cos? x 1+ sin 2x
maximum and the minimum values of £, then
Wa?+p2=2 Q2 -2da=7 @) a*-p>=4/3 @) +2Ja="
Sol. 2

1+sin®X  cos*X  sSin2x
f(x)=| sin®x  1+cos’x sin2x
sin? x cos’x  1+sinx

R > R2—-R;
Rs > R3—R:
1+sin®x cos®x sin2x
= -1 1 0
-1 0 1

= (1 + sin?x) — cos?x(—1) + sin2x
f(x) =2 + sin 2x

2X€|:7[ 2—”} :>§33in2xsl

3’3
a=2+1=3

ﬁ2—2ﬁ=[2+§f—2\/§

= 4+%+2\/§—2\/§

_19
4

80.  The negation of the expression q V ((~ q) A p) is equivalent to
gl) ~pVv(i~qa) @pr(~a) @) (~p)Vva @) (~p)A(~D)

~@v(~a)~p)

= ~qA(qQv~p)

= (qrqv(~ar~p)
=Fv(ar~p) = AP

Sol.

Section B
8l. Let? =ail+2j—3kw=2ai+j—kandibe a vector such that |#i| = @ > 0. If the minimum

value of the scalar triple product [d?vw] is —aVv3401, and |u - i|? = %Where m and n are coprime
natural numbers, then m + n is equal to
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Sol. 3501
i j k
vxw=la 2 -3
2 1 -1

= i-50.j ~3ak
[uvw] = 4.(vxw)
=|t| [V x W|cos®
since [u v w] is Least = cos6 =—1
[uvw] = (|ﬁ| J1+25a02 + 90’ )(—1)

= — a1+340* =—a+/3401

= o2=100

= a=10 {a>0}
u is parallel to vxw
i=MVxw)
i=2(i—50j—30k)

1] =10

I\ /3401 =10

= 10 - 10

V3401 V3401

(1—503—3012)

m+n =100+ 3401 = 3501

82.  The number of words, with or without meaning, that can be formed using all the letters of the word
ASSASSINATION so that the vowels occur together, is

Sol. 50400
A-3,1-2,S-4N-2,0-1,T-1
As vowels are together

8! 6!
Total words formed = (—j(—j
4121 )\ 312!

_ (8x7>2<6x5j(6><?23x4j — 50400

83.  The remainder, when 19290 + 23200 js divided by 49 , is
Sol. 29

19200 + 23200 an + bn

19°=6859 =140 x49 -1

=49\ -1

(19%)°% = (492 — 1)

So, Remainder of 19% divided by 49

is (-1)% = 1
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192 = 361 gives remainder 18

So, 19%% gives remainder 18

232 gives remainder 39

(23)2 gives remainder 15

(23)* gives remainder 2

((23)*° gives remainder (2)° = 64
& 64 gives remainder 15

(23 — 15

(23 — 2

((23)%)8 — (2)® =256 —> 11
So, Total remainder = 18 + 11 = 29

84.  The number of 3-digit numbers, that are divisible by either 2 or 3 but not divisible by 7 , is
Sol. 514

3 digit numbers divisible by either 2 or 3

P = n(divisible by 2) + n(divisible by 3) — n(divisible by 6)

P =450 + 300 — 150

P =600

Q = n(divisible by 14) + n(divisible by 21) — n(divisible by 42)

=64 +43-21=86

3 digit number divisible by either 2 or 3

But not divisible by -1 so P — Q = 600 — 86 = 514

85.  Let f: R — R be a differentiable function such that f'(x) + f(x) = fozf(t)dt.
If £(0) = e~2, then 2f(0) — f(2) is equal to
Sol. 1

2
Let j f(t)dt =2
0

f'(x)+f(x) =2

is linear Differential equation
IL.f. = eIOIX =e"

f(x).e* = j e*Ldx

= f(x) .e*=1e"+C

= f(x) =1 + Ce™*

put f(0) = e2
e?=r+C=>C=e?-2
fx) =1 +(E2%2-1)e*

A= if(t)dt

= i(x +(e? —A)e)dt

SA=A+re?—e*+e?
=Arze?-1
f(x)=e?-1+e>
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f(0) = &2
f(2) =2e2 -1
2f(0) — f(2) = 1

86. Iff(x)=x2+g'(Dx+g"2) and g(x) = f(Dx?+xf'(x) + f"(x), then the value of f(4) —
g(4) isequal to

Sol. 14
let g'(1) = A
9'(2)=B
fx)=x*+Ax+B
f()=A+B+1
f(xX)=2x+A
f'(x)=2
gX)=(A+B+1)x2+x(2x+A)+2
= g(X) =X3(A+B+2) + A + 2
g(x)=2x(A+B+2)+ A
g1 =A
=2A+B+2)+A=A
A+B=-2 ..(3)
g'(xX)=2(A+B+2)
9'(2)=B
—2(A+B+2)=B
—2A+B=-4 ...(i)
From (i) and (ii)
A=-2andB=0
f(x) =x%—2x
f(4)=16-8=8
g(x) =-2x+2
g4)=-8+2=-6
f(4)-g(4)=8-(-6)=14

87. Let A be the area bounded by the curve y = x|x — 3|, the x-axis and the ordinates x = —1 and x = 2.
Then 124 is equal to

Sol. 62
-3);x=3
y=Xx-3|= X(X=3)ix
X(3—x);x <3
y =X|x - 3|

A

A

0G0
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A= —J‘ix(3—x) dx+ j: X(3—x)dx

= Lol(xz —3X)dx+ j; (3x—x*)dx

[x*” 3x° T {3X2 XTZ
= —_—— + -
3 2], |2 3]

88.  If [, (x?! +x™* +x7)(2x™ + 3x7 + 6)/7dx = 1 (11)™" where [, m,n € N,m and n

are coprime then [ + m + n is equal to
Sol. 63

1
| = _[:(x21+ x4+ x") (2x"+3x"+6)7 dx
1
= I:(x2°+ XP+x%) (2x7+3xM+6x")7 dx
Put 2x?+ 3x + 6x" = t
= 42(x%° + x13 + x8)dx = dt
dt

= (X0 +xB +x8)dx = —
42

I
/N
|~
~—

1 1
:_118/7:_11m/n

48() K()
/f+m+n=48+8+7=63

89. Let a, = 8,a,,as, ...,a, be an A.P. If the sum of its first four terms is 50 and the sum of its last four
terms is 170 , then the product of its middle two terms is

Sol. 754
a1=8
d = common difference

%[16+3d]:50
=d=3
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% [2an + 3(_d)] = 170

= 2@ +(n-1)d)-3d=85
= 16+6(n-1)-9=85
n-1=13
n=14
Product of middle two terms = T7 x Tg
= (a1 + 6d) (a1 + 7d)
=(8+18) (8 +21)
= (26) (29) = 754

90. A(2,6,2),B(—4,0,4),C(2,3,—1) and D(4,5,0), || < 5 are the vertices of a quadrilateral ABCD. If its
area is 18 square units, then 5 — 64 is equal to

Sol. 11
AD=2i - j-2k
AC =-3j-3k D c
]k
ADxAC =2 -1 -2
0 -3 -3
=-3i +6]—6k A B

Area (AADC) = %|ﬁ x E|

= %\/9+36+3 :%

AB =-6i —6]+(1-2)k

AC =-3]-3k
I
ABxAC=|-6 -6 1-2
0 -3 -3

= (12 +3)) i -18] +18k
area (AABC) = %|ﬁxA—C|

= gJ(4+z)2 +36+36
Area(AABCD) = ar(AADC) + ar(AABC)

=18 = %+%«/(4+/1)2 +72

=@ +1)*=9
4+1=3 or 4+A=-3
=>Ar=-1 or = —7 (reject)

5-6A=5+6=11
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