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FINAL JEE-MAIN EXAMINATION - JANUARY, 2024

(Held On Thursday 01+t February, 2024)

TIME:9: 00 AM to 12 : 00 NOON

Sol.

SECTION-A
A bag contains 8§ balls, whose colours are either
white or black. 4 balls are drawn at random
without replacement and it was found that 2 balls
are white and other 2 balls are black. The
probability that the bag contains equal number of
white and black balls is:

2
= 2) £
()5 (2)

3) 7 4 —

Ans. (2)

2
7
1 1
5

P(4W4B/2W2B) =

P(4W 4B) x P(2W 2B / 4W 4B)
P(2W6B) x P(2W 2B / 2W 6B) + P(3W5B) x P(2W 2B/ 3W5B)
TS +P(6W2B)x P(2W 2B/ 6W 2B)

The value of the integral

j xdx
2 sin*(2x) +cos*(2x)

fﬁ

equals:

fﬁ

M 2

2
M)JZT

64

f”

3)

Ans. (3)

Sol

xdx

i
' !sin“(Zx) +c0s*(2x)

Let 2x =t then dx=%dt

12 tdt
| =stin“t+cos“t
0

z 2 _t]dt
| =EI 2
4% sin“(7z—tj+cos4 (”—tj
2 2

|_EJ2'2—_
4 < sin*t+cos*t

dt

T
==
8 Y sin*t+cos*t

sec’ tdt
tant+1
Let tant =y then sec’t dt = dy
f [d+y )dy
1+vy*

1
1+—
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Sol.

2 1 10
IfA = V2 ,B={ },C=ABATandX
1 2 11

= ATC?A, then det X is equal to :
(1) 243

(2) 729

(3)27

(4) 891

Ans. (2)

A= V2 1}:det(A)=3

_1\/5

1
B=
11

Now C = ABA" = det(C) = (dct (A))*x det(B)
C[=

ﬂ = det(B) =1

Now [X| = |ATC?A|
=|A"[|C*|A|
=|AP [CP?

=9x 81

=729

_x
X2+ x+1

If tanA = tan B =

1
JXOE 1 x+1)

and

tanC=(x‘3+x‘2+x ) 0<ABC<2 ‘then

A +Bisequalto:
(Hc
2) 7—-C
3) 27z-C
V4
4) —-C
“) >

Ans. (1)

Sol.

Sol.

Finding tan (A + B) we get
= tan(A+B)=

1 Lo x
anA+tanB  (XOC+x+1)  VxP+x+1

1-tan AtanB 1
X2+ x+1

(1+ x)(\/x2 + x+1)
(x2+x)(\/§)

= tan(A+B)=

(1+ x)(o\/x2 + x+1)
()

X2 +x+1
x2/x

tan(A+ B) = =tanC

A+B=C

If n is the number of ways five different employees
can sit into four indistinguishable offices where
any office may have any number of persons
including zero, then n is equal to:

(1) 47

(2) 53

(3) 51

(4)43

Ans. (3)

Total ways to partition 5 into 4 parts are :
5,0,0,0 =1 way

|
4,1,0,0 :>i:5 ways
41
5!
3,2,0,0, = —— =10 ways
3121

|
2,2, 01:L—15 ways
212121

I
2111 ———— !

=10 ways
21(11)°3!

5!
3,1,1,0 :ﬁ =10 ways

Total = 1+5+10+15+10+10 = 51 ways
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6.

Sol.

LetS={z€C:|z—1=1and
(V2-1)(z+2)-i(z-7)=2V2}. Let 7, 2
z|.

€S be such that |z,|=max|z|and|z,| = min
PASH]

Zes

2
Then ‘\/Ezl — 22‘ equals :

(H1 (2)4
(3)3 42
Ans. (4)

LetZ=x+1y

Then (x- 1)’ +y*=1 —(1)

. (ﬁ—l)(zx)—i(ziy)z 22
= 2-Dx+y=v2-(2)

Solving (1) & (2) we get

Either x = 1 or X=L—)(3)
2—+/2

On solving (3) with (2) we get
Forx=1=y=1=7Z,=1+1i
& for

1 1 1 i
x=7:>y=\/_——:>2 =(1+—)+—
2 7 NG AN

Now
o
_‘(%Hjﬁn—(m)
()

=2

Let the median and the mean deviation about the
median of 7 observation 170, 125, 230, 190, 210, a, b

2

2
be 170 and grespectively. Then the mean

deviation about the mean of these 7 observations is :
(1) 31

(2)28

(3) 30

(4) 32

Ans. 3)

Sol.

Sol.

Median =170 =125, a, b, 170, 190, 210, 230

Mean deviation about

Median =
0+45+60+20+40+170-a+170—b _ 205
7 7
=>a+b=300
Mean = 170+125+230+190+210+a+b _175
7
Mean deviation
About mean =
50+175-a+175—-b+5+15+35+55 _ 130
7

Let a=-5i + ] —3K,b =1 +2]—4K and

6=(((§x5)xf)xf)xf. Then 6-(—f+ j+|2) is

equal to

(1)-12 (2)-10
(3)-13 (4) -15
Ans. (1)

da=-5i+j-3k
b=i+2]—4k
(éxB)xf:(a-i‘)B—(b f)a
—-Bb-a

= (((—5b —é)x f)x f)

= ((—11] +23I2)>< f)xf
:(11l€+231)xf
:>(11j—2312)
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Let S = {X e R:(\3+2)" +(+3-+/2)* =10}.

Then the number of elements in S is :

Sol.

10.

Sol.

(14 2)0
(3)2 41
Ans. (3)

(VB+2) +(V3-+2) =10
Let <\/§+\/§)x =t

t+1:1()
t

t?—10t+1=0

tZIOi\/100—4 :5i2\/g

2

(53] =(5+5]

Xx=2o0rx=-2
Number of solutions = 2

The area enclosed by the curves xy + 4y = 16 and
x +y=61isequal to:
(1)28-30 log, 2

(3)30-32 log, 2

(2)30-28 log, 2
(4)32-30 log, 2

Ans. (3)
xy +4y =16 , X+ty=6
yx+4=16__ (1) , x+ty=6_ (2

on solving, (1) & (2)
wegetx=4,x=-2

o {6055 Jo

=30-32In2

11.

Sol.

12.

Let f: R > R and g : R > R be defined as

log, X , x>0
f(x) = _i and
e , Xx<0
X , x>0
gx)= « . Then, gof : R—> Riis:
e , x<0

(1) one-one but not onto
(2) neither one-one nor onto
(3) onto but not one-one

(4) both one-one and onto

Ans. (2)
C[fx), f(x)=0

gt = {e””, f(x) <0

e, (—oo, O]
g(f(x) =4 ", (0,2)

In X,[l, oo)

\\:0,})

. ay
Graph of g(f(x))

g(f(x)) = Many one into

If the system of equations

2x+3y—-z=5

xt+ay+3z=-4

3x-y+pz=7

has infinitely many solutions, then 13 of} is equal
to

(H 1110
(3) 1210
Ans. (2)

(2) 1120
(4) 1220
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Sol.

13.

Sol.

14.

Using family of planes
2x+3y—z-5=kix+tay+3z+4)+k(Bx-y
+ fz-7)

2=k +3k,3=kia-ky, -1=3k + fky, -5=

4k, — 7k,
On solving we get
13 -1 -16
=— k=—,0a=-70,=—
197" 19 F=1

-16
Ba p =13(-70)\ 13
=1120
For 0 <0 < /2, if the eccentricity of the hyperbola
x* — y’cosec’® = 5 is J7 times eccentricity of the
ellipse x* cosec’® + y* = 5, then the value of 0 is :
s om
1) — 2) —
(2 2 3

T

3) 3
Ans. (3)

g, =+/1+sin’ @

e, =+[1-sin’0

e, =/7e,
1+sin”* @ =7(1—sin’ )

sin26?=§=

8
NG

sin@ =—

I
@ 7

MW

RN

o="
3

Let y = y(x) be the solution of the differential
equation g—y =2x(x+yy—-xx+y)—1,y(0)=1.
X

2

Then, [% + y[%}] equals :

4 3
1 2
Vs @

2 1
3 4
()1+JE ()Z—JE

Ans. (4)

Sol.

15.

¥ _ 2x(x+y)? —x(x+y)-1
dx
X

+y=t

E—1: 2xt® —xt—1
dx

Let f: R — R be defined as

a—bcos2x ]
X2 ’
f(x) = X2 +CX +2 ;

2x+1 : x>1

If f is continuous everywhere in R and m is the
number of points where f'is NOT differential then

m+a+b+cequals:

(M1 (2)4
(3)3 4)2
Ans. (4)
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Sol.

At x =1, f(x) is continuous therefore,
(1) =1f(1)=f(1"

f(l)=3+c¢ (1)
f(1") = Ihlirg 2(1+h)+1

f(1") = L'ﬂ;' 3+2h=3 ...(Q2)

from (1) & (2)

c=0

at x = 0, f(x) is continuous therefore,
f(07) = f(0) = f(0") ....(3)
f(0)=1f(0") =2 .4
f(0") has to be equal to 2

Iima——bcozs(Zh)
h—0 h

2 4
a—b{l—4ﬁ+16w +_}
Iim 2. 4.

h—0 h?

a—b+b{2h2—2h4...}
lim 3

h—0 h?

for limit to exist a—b =0 and limitis 2b ....(5)
from (3), (4) & (5)
a=b=1
checking differentiability at x =0
1-cos2h

. h?
LHD : lim
h—0 —h

2 4
1—(1—4hl+16r: ...j—th
i 21 " 4l “o
h—0 —h®

2

2
Im#0+h)+2—2:

h—0

RHD : 0

Function is differentiable at every point in its domain
Som=0

m+a+b+c=0+1+1+0=2

16.

Sol.

17.

Sol.

2 2

Let —+ y—z =1, a > b be an ellipse, whose
a b
eccentricity is — and the length of the latus
y \/5 g
rectum is +14 . Then the square of the eccentricity
2 2
of X—2——2 =1is:
a b
(H3 2)7/2
(3)3/2 (4)5/2
Ans. (3)
1 b> 1 b’
E=—F4= 1——2 — -
2 a 2 a
2b?
—=14
a
/ b? 1 3
eH = 1+—2 = [1+==,/—
a 2 2
> 3
e,) ==
() =3

Let3,a,b,cbein AP.and3,a—-1,b+1 ¢+ 9be

in G.P. Then, the arithmetic mean of a, b and c is :

(14 2)-1

3)13 4) 11

Ans. (4)

3,a,b,c &> AP = 3, 3+d, 3+2d, 3+3d

3,a-1,b+1l,c+9 —> G.P =3, 2+d, 4+2d, 12+3d
(2+d) =3(4+2d)
d=4,-2

a=3+d

b=3+2d
c=3+3d
Ifd=4
a=7
b=11
c=15
a+b+c
—3 =

G.P =3,6,12,24

11
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18.

Sol.

LetC:x*+y*=4and C’: x>+ y* - 4Ax + 9 =0 be

two circles. If the set of all values of A so that the
circles C and C’ intersect at two distinct points, is
R-[a, b], then the point (8a + 12, 16b — 20) lies on
the curve :

() xX*+2y* —5x+6y=3

Q) 5x*—y=—11

B) X —4y*=7

4) 6x>+y* =42

Ans. (4)

x>+ y2 =4

C (0, 0) r=2

C' (24, 0) =42 -9

|I'1 — I'2| <C(C'< |I'1 + I'2|

‘2—\/493—9 <[] <2++40% -9
44402942 -9 <4)?

True Ae R.... (1)

M2<4+42-9+4 V42 -9

5<4\]47\.2_9 and XZZ%

— <40?-9 Ke(—oo,—§ ) §,ooj
16 2 2
@<X2

64

.2)

( 13] [13 j
A el —0,—— [U| —,0
8 8

from (1) and (2) A €
ke[—oo,—Eju[E,ooj =R- [—E,E}
8 8 8 8

13

. 1
as per question a=—— and b=—
8 8

required point is (—1, 6) with satisfies option (4)

19.

Sol.

20.

If 5f(x) + 4f[1j =x"—2,V x#0and y = 9x*f(x),
X

then y is strictly increasing in :
1 1
"B B

EENES

2

5 f(x)+4f£lj=x2—2, vx#0...(1)
X

) 1
Substitute X — —
X

1 1
5f| — |+4f =—-2
F]eate0-

On solving (1) and (2)

.2

5x*—2x* -4
f(x)=—F
( ) 9X2
y = 9x*f(x)
y=5x'-2x"-4 ...(3)
dy

for strictly increasing
d

_y >0

dx

4x(5x* = 1)>0

[

If the shortest distance between the lines
x_—zx _ yIZ _ z;l and x—lx/g _ y_—21= 212
is 1, then the sum of all possible values of A is :
(1)0 ) 23

(3) 3\3 (4) 23

Ans. (2)
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Sol.

21.

Sol.

Passing points of lines L, & L, are

(2.21)&(+3,1,2)
3-24 -1 1

-2 1 1
1 -2 1

= R X

3-2

N

A1=0,1=23
SECTION-B

1:

If x = x(t) is the solution of the differential

equation (t + 1)dx = 2x + (t + 1)) dt, x(0) = 2,
then, x(1) equals

Ans. (14)
(t+ Ddx = 2x + (t+ 1)Hdt

dx _ 2x+(t+1)4
dt t+1

dx 2x

————=(t+

1)’
dat t+1

2
L edia® _ ganey - 1
(t+1)2

X —_—

3
=y _j(t+1)2(t+1) dt+c

X (t+1)2
5= +C
(t+1) 2

=Cc=

N w

4
X = ﬁ+g(t+l)2

put,t=1
x=2+6=14

22.  The number of elements in the set
S={x,¥,2):X,y,2€ Z,x+2y+32=42,%x,y,z
> 0} equals
Ans. (169)

Sol. x+2y+3z=42, X,y,220
z=0 x+2y=42=22
z=1 x+2y=39=20
z=2 Xx+2y=36=19
z=3 x+2y=33=17
z=4 x+2y=30=16
z=15 x+2y=27=14
z=6 X+2y=24=13
z="1 x+2y=21=11
z=38 x+2y=18=10
z=9 x+2y=15=38
z=10 X+2y=12=7
z=11 x+2y=9=5
z=12 x+t2y=6=4
z=13 x+2y=3=2
z=14 x+2y=0=>1
Total : 169

23. If the Coefficient of x*° in the expansion of

6
1
(14—;] (1+x) (1 -x)*; x#0is a, then |

equals

Ans. (678)
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Sol.

24.

Sol.

coeff of x*° in

coeff. of x* in (1+ x)6 (1 +x? )7 (1 -x* )8
General term
6C 7C SC (_l)rs Xrl+2r2+3r3

1, +2r, +3r, =36

LL |5
0168
Case-I:| 2 | 5| 8 |1, +2r, =12 (Takingr; = 8)
41418
6 3|8
Llh |5
1|7 .
Case-II : 3 - 1, +2r, =15(Taking r; = 7)
50517
I.1 r2 r3
Case-Ill: |4 ]| 7|6 1, +2r, =18 (Taking r; = 6)
6

Coeff. =7+ (15 x 21) + (15 x 35) + (35)

—H6x8) —(20 x 7x 8)—(6 x 21 x 8) + (15 x 28)
+(7x28)=-678=a

lo| =678

Let3,7, 11,15, ..., 403 and 2, 5,8, 11, .. ., 404
be two arithmetic progressions. Then the sum, of

the common terms in them, is equal to

Ans. (6699)

3,7, 11,15, ....., 403
2,5,8,11, ...., 404
LCM (4,3) =12
11,23, 35,..... let (403)
403 =11+ (n-1)x 12

25.

Sol.

392 _
12
33-66=n
n=33

n-1

Sum %(22+32x12)

=6699

Let {x} denote the fractional part of x and

cosH(L-{)sin A L o g
03- 0 ’

and R respectively denotes the left hand limit and the

f(x) =

right hand limit of f(x) at x = 0, then 3—5 L2+ R is
T

equal to

Ans. (18)

Finding right hand limit
lim f(x) = Llilg f(0+h)

x—0"

=lim f(h)

h—0

cos ' (1-h?)sin(1-h)
h(l—h?)

cos™ (1 —h? ) [sin‘l 1 j

1

=lim
h—0

= lim
h—0 h

Let cos™ (1—h2)=9:>c059=1—h2

NI
2 020 \/1—cosB
=—lim
2050 1 _cosO
92
_r 1
241/2
T



#*\

CouegeDekho
Now finding left hand limit Sol. x*+y*=3and x* =2y
L = lim f(x) Y H2y-3=0> (y+3)(y-1)=0
=Li£1(}f(—h) y=-3ory=1
; cos_l(1—{—h}2)sin_l(1—{—h}) y=1x=+2= P2,
=lim
R wonthel
p lies on the line
cos' (1— —h+1)")sin™ (1-(~h +1
1o i () By
(—h+1)—(—h+l) ﬁ(ﬁ)+1:a
cos”' (—h2 +2h)sin‘] h a=3
-t 2
- (l—h)(l—(l—h) ) For circle C,
. (n) sin” h Q lies on y axis
=lm| — |———=
h—>0 _ h)z)
Let Q, (0, 05) coordinates
T im sin"h
“ 2w “h?+2h R, = 2/3(Given
B E sin" h Line L act as tangent
2h —h+2
Apply P =r (condition of tangency)
L=—
=23
32,., o 32(nm
—(L"+R)=—| —+—
nz( ) n2(2 16 2|a—3|:
=16+2 a—3=6 or a—-3=-6
=18
. _ =>a=9 a=-3
26. LetthelineL: /2 x + y = & pass through the point
of the intersection P (in the first quadrant) of the circle \/E 1 1
X" +y* = 3 and the parabola x* = 2y. Let the line L APQQ, = 1 0 9 1
2
touch two circles C; and C, of equal radius 2/3 . If 0 31
the centres Q; and Q, of the circles C; and C, lie on the _ 1 ( \/E a 2)) _6 \/E
y-axis, then the square of the area of the triangle
PQ,Q; is equal to
Ans. (72)

10
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27.

Sol.

Let P = {z ¢ C
Q={ze C

P N Q, |z -3 + 2i|] be maximum and minimum at

]z +2 —-31| £ 1} and

cz(1+1)+Z (1-1)<-8}.Letin
z; and z, respectively. If |z,|* + 2|z]* = o + B J2,

where o, P are integers, then o + [ equals

Ans. (36)
T, /
< RS b
5/ /‘ xty—-1=0 ()
(L) x—y+4=0 (3:—2)

Clearly for the shaded region z, is the intersection
of the circle and the line passing through P (L))
and z, is intersection of line L; & L,

Circle : (x +2)* + (y - 3)°=1

Li:x+ty-1=0

Ly:x—-y+4=0

On solving circle & L; we get

z: [—2—%,3+%)

On solving L; and z, is intersection of line L; & L,

we get 7, © _—3§
g 2 . 212

2| +2|z,[ =14+ 52 +17

-31+5/2
So =31
B=5

11

28.

Sol.

=an + B log. 3+ 2

J- 8/2 cos xdx

% 1+ M) 1+ sin x)

J2 ), where o, B are integers, then o + p* equals

Ans. (8)
2
| = j 8\/§cosx_ dx
1(l+es'”x)(1+sm4x)
2
Apply king
j. \/_COSX( smx) ix (2)
z 1+e5'nX 1+sm x)
adding (1) & (2)
5 = ISﬁcosxd
1+sin* x
3
3
| I8«/§cosx|X’
< 1+sin*x
sinx =t
| = j8J_
1+t*
1 :|.+£2 1—%
|=4J§j H_— t1 dt
0 t2+t—2 t2+t—2
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—42| =

ﬁl {zji "

B

o0

29.

Sol.

1 Inz_x/E
2V2 22| 2442

=27+2In(3+22)

a=2

p=2

Let the line of the shortest distance between

the lines
L : ?=(f+2]+3f<)+k(i—]+f<) and
L,: ?=(4?+5]+6I2)+p(i+]—f<)

L, and L, at P and Q

intersect
respectively. If (a, B, y) is the midpoint
of the line segment PQ, then 2(a + B + y)
is equal to

Ans. (21)

A(]. + ?-.._.,2 - ?'l.-_.,3 + ?'u)

b=i—j+k (DR'sof L)

d=i+]j-k(DR'sof L,

12

30.

Sol.

i J ok
bxd=[1 -1 1
1 1 -1

=0i+ 23 +2k (DR's of Line perpendicular to
Lland Lz)
DR of AB line

=(0,2,2)=(3+p—A3+p+21,3-p-2)

3+u—A 3+p+A 3-p-—»A
0 2 2

Solving above equation we get i = —% and A :%

point A = é,l,g
2°2°2

p(3715
222
p 5
Point of AB = [5,2,6j =(0€,B,Y)

2+P+y)=5+4+12=21
Let A= {1, 2, 3, .. 20}. Let Ry and R, two
relation on A such that

R; = {(a, b) : b is divisible by a}

R, = {(a, b) : a is an integral multiple of b}.

Then, number of elements in R; — R, is equal

Ans. (46)

n(R)=20+10+6+5+4+3+2+2+2

+2+1+...+1
%r_/

10times
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n(R,) = 66

R, MR, ={(1,1),(2.2),...(20,20)}

n(R,NR,)=20
n(R,-R,)=n(R,)-n(R,NR,)
=n(R1)—20

=66-20

R, - R, =46 Pair

13


https://allen.onelink.me/90jx/6vbiypp4
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