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FINAL JEE-MAIN EXAMINATION — MARCH, 2021
Held On Tuesday 16th March, 2021
TIME: 3:00 PM to 06:00 PM

SECTION-A Number divisible by 3 =
1.  The maximum value of Sum of digits must be divisible by 3
Case-1
sin?x  l1+cos’x cos2x 1,2,3,4,5,6
f(x)=|l+sin’x  cos’x  cos2x|,x eR is: Number of ways = 6!
sin” x cos’x  sin2x Case-II
0,1,2,4,5,6
Number of ways = 5-5!
M7 @ % A5 @S Case-I11

0,1,2,3,4,5
Number of ways = 5-5!
n(favourable) = 6! + 2:5-5!

Official Ans by NTA (3)
Sol. C, +C, —» C,

2 1+cos’Xx cos2x
P_6!+2-5-5!_i

2 ALl — -~ OB
2  coS"X  CoS2x 66! 9

1 cos® x sin2x
3. Let o € R be such that the function

R, - R, - R,
-1 2y il
cos (1- 1-
o (=i A=fx)
Ix)= {x} - ix}
2 cos’x cos2x a, x=0

1 cos’x sin2x
is continuous at X = 0, where {x} = x — [x], [X]

Open w.r.t. R, is the greatest integer less than or equal to x.
—(2 sin 2x — cos 2X) Then :

cos 2x — 2 sin 2x = f(x)
o =~1+4=+5
T

2. Let A denote the event that a 6-digit integer (3) no such o exists  (4) OL=Z

(1) a=% 2) o =0

formed by 0, 1, 2, 3, 4, 5, 6 without repetitions,

o B Official Ans by NTA (3)
be divisible by 3. Then probability of event A

_ Sol.

is equal to :
Lim f(x) =f(0) = Lim (x)

9 4 3 11 x—0" x—0"

2 @75 G5 @

Official Ans by NTA (2) cos (1=x2)-sin M (1-x)
Lim

Sol. Total cases : x—0* x(1=-x)(1+x)

6-6-5-4-3-2

n(s) =6 - 6! . Cos_l(l—xz) e
Lim ———=—

Favourable cases : x—>0" x-1-1 2
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Let 1 — x2=cos 0

cos™! (l -1+ x)2 ) sin”! (—x)
(1+x)—(1+x)*

g(—sin_l X)

Lim
x>0~ (1+x)(2 +x)(—X)

E 1
Liml.su’l X:E
x—0"1-2 X 4

= RHL # LHL
Function can't be continuous
= No value of a exist

4. If (x, y, z) be an arbitrary point lying on a plane
P which passes through the point (42, 0, 0),
(0, 42, 0) and (0, 0, 42), then the value of

expression

x—11
(y—=19)*(z—-12)*

y—19
(x—11)*(z-12)?

3+

N z—12 B X+y+z
(x—11)*(y—19)* 14(x-1D(y—19)(z—-12)
(Ho )3 3) 39 (4) —45

Official Ans by NTA (2)
Plane passing through (42, 0, 0), (0, 42, 0),
0, 0, 42)

From intercept from, equation of plane is

Sol.

X+y+z=42

= x-1)+Fy-19+(z-12)=0
let a=x-11,b=y—-19,c=z-12
a+b+c=0

Now, given expression is

JEE Exam Solution

a b c 42
3+ + 55—
a‘b- 1dabc

+
b2c?  a’c?

a’+b> +c® —3abc
a’b’c?

3+

Ifa+b+c=0
= a3+ b3+ c3=3abc
= 3

5. Consider the integral

where [x] denotes the greatest integer less than
or equal to x. Then the value of I is equal to:
(1) 9% -1 (2) 45(e + 1)

(3) 45(e - 1) 49+ 1)

Official Ans by NTA (3)

10
Sol. I= J‘[X],e[x]fxﬂ
0

1 2 3 10
1=j0dx+j1-e2‘x+j2-e3‘x+ ..... +j9-e1°‘xdx
0 1 2 9

1l
|
=
—~
a
(=]
0’_
~

9
e-DY n
n=0

9-10
= (e-1)-——
(e-1 5

= 45( - 1)
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6.  Let C be the locus of the mirror image of a point y=cosx-/nlsecx|

on the parabola y2 = 4x with respect to the line

—x. ; 1

.y x. Then the equation of tangent to C at P(2,1) y|X: = (_] 2

is : ;W2

MHx-y=1 2)2x+y=5

B)x+3y=5 4 x+2y=4 1

. = ——log.2

Official Ans by NTA (1) y|x=§ 22 Ee

Sol. Given y2 = 4x
8. Let A=1{2,3,4,5,...,30} and '~' be an

Mirror image on y = x = C : x2 =4y
equivalence relation on A x A, defined by

=4 L b _Xx (a, b) = (c, d), if and only if ad = bc. Then the
dx dx 2 number of ordered pairs which satisfy this
equivalence relation with ordered pair (4, 3) is
% =%=1 equal to :
PED 15 (2) 6 (3) 8 47
Equation of tangent at (2, 1) Officialixns by NILN(4)
Sol. A=1{2,3,4,5, .. ,30}

> y-1=1x-2)
(a, b) = (c, d) = ad = bc

4, 3) = (c, d) = 4d = 3¢

= x-y=1
7. If y = y(x) is the solution of the differential

d . T
equation d—z+(tanx)y = sinx, OSXSE’ with - %:3
y(0) = 0, then y[gj equal to : -
—== &c,de {23, ... , 30}
1 ( jl 5 d 3
1) —log. 2 2) | 7 7= |08
(1) 708, @) (57 ) e (c, d) = {(4, 3), 8, 6), (12, 9), (16, 12), (20,
1 15), (24, 18), (28, 21)}
(3) log.2 ) ElogGZ No. of ordered pair = 7
Official Ans by NTA (2) 9.  Let the lengths of intercepts on x-axis and y-axis

made by the circle x2 + y2 + ax + 2ay + ¢ =0,

dy

Sol. d—+(tanx)y=sinx; OSXSE
X

3 (a<0) be 242 and 245, respectively. Then

the shortest distance from origin to a tangent to
-[tande /nsecx . . . . . .
LF.=e =e =secx this circle which is perpendicular to the line

X + 2y =0, is euqal to :

M1 @DJ1 3Ae 4 10
Official Ans by NTA (3)
Sol. x2+y2+ax +2ay+c=0

ysecx = Itan xdx

ysecx = jtan xdx

ysecx =/nlsecx|+C

2
x=0,y=0 = c=0 2,/g2_cz2%—c=2\/§

ysecx = {nlsecx|

JEE Exam Solution Www.esaral.com 3
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2\/f2 —C =2\/a2—c =2\/§

= az-c¢c=5 .(2)
(1) & (2)

2
3i:3 = a=-2 (a<0)
4

c=-1

Circle > x2+y2-2x-4y-1=0
= x-1D2+(y-22=6

1
Given x + 2y =0 = m=-7

Myangent = 2

Equation of tangent
= (y-2)=2x-1 = J61+4

:>2x—yi\/370=0

: . +/30
Perpendicular distance from (0, 0) = =6
Va+1
10. The least value of |zl where z is complex number
which satisfies the inequality
(I1z143)(1z1-1) _
exp [Wloge 22 logﬁ ‘5\/7-‘1-91‘ ,
i=+/—1. is equal to :
13 V5 (32 4) 8
Official Ans by NTA (1)
(I1z143)(1z1-1) _
Sol. exp [Wm 2 |2 log ;5[5v7 +9i|

(IzI+3)(IzI-1)

2 D > 0g ;16)

(Iz+3)(1zI-1)

— 9 (HD) 553

(Z+3)12-1)
(Iz+1)

= (lzl + 3)(zl - 1) = 3(lzl + 1)

1zI2 + 2lz| — 3 > 3zl + 3

JEE Exam Solution

11.

Sol.

12.

Sol.

www.esaral.com

= zZP+1zZl-6 20

= (Izl-3)(zZl +2) 20 =
= lzl =23 = lzl;, =3
Consider a rectangle ABCD having 5, 7, 6, 9
points in the interior of the line segments AB,
CD, BC, DA respectively. Let a be the number

of triangles having these points from different

lzl -3 >0

sides as vertices and [ be the number of
quadrilaterals having these points from different

sides as vertices. Then (f — a) is equal to :

(1) 795 2) 1173 (3) 1890 (4) 717
Official Ans by NTA (4)
Ao o 2 Ptse PY B
[ ] [ ]
: ¢
[ ] ®
OPts ¢ 6 Pts
[ ] [ ]
¢ ¢
T . . . . Py
M 7 Pts C

oo = Number of triangles
o=567+579+ 569 + 679
210 + 315 + 270 + 378

= 1173
B = Number of Quadrilateral
B =5679 = 1890
B—o=1890 - 1173 =717

If the point of intersections of the ellipse

2 2
X
E+E_2:1 and the circle x2 + y2 = 4b, b > 4

lie on the curve y2 = 3x2, then b is equal to:
(1) 12 2)5 3)6 4) 10
Official Ans by NTA (1)

y2 = 3x2
and x2 + y2 =4b
Solve both we get

so x2=b
x> 3x?
—t—=1
16 b’
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13.

Sol.

14.

JEE Exam Solution

b 3
—_—t—=
16 b
b2 - 16b + 48 = 0
b-12)(b-4) =0
b=12,b>4

Given that the inverse trigonometric functions

1

take principal values only. Then, the number of

real values of x which satisfy

. 1 3x . 1 4x N
sin 5 +sin = =sin_ x is equal to:

(H2 2)1 3)3
Official Ans by NTA (3)

@0

1 4x 1

13 .
—=sin X

) S
— +sin
5

5
f 2 2
sin”! 3—X 1—16X +ﬂ 1—9L =sin"'x
5 25 5 25
3x 16x>  4x 9x2
5 25 5 25

x = 0, 325-16x% +425-9x% =25

sin~

425-9x> =25-325—16x> squaring we get
16(25-9x2) = 625+9(25-16x2)— 150/25—16x>

400 = 625 + 225 — 15025—16x>

V25-16x2 =3 = 25-16x2=9

= x2=1

Put x = 0, 1, -1 in the original equation

We see that all values satisfy the original
equation.

Number of solution = 3

Let A(-1, 1), B(3, 4) and C(2, 0) be given three
points. A line y = mx, m > 0, intersects lines
AC and BC at point P and Q respectively. Let
A, and A, be the areas of AABC and APQC
respectively, such that A; = 3A,, then the value

of m is equal to :

Sol.

4
(D G 2) 1 (3)2 4)3

Official Ans by NTA (2)

B(3,4)

—1.HA<|

I C(2,0)

P = (x;, mx,)

Q = (x,, mx;)

16

- |X1_X2|: 6m

AC :x+3y=2
BC:y=4x -8

P:x+3y=2%&y

[
3
=
U

e

Q:y=4x-8&y-=

|X1_X2|=

| —26m | 26m
T |0+3m)4-m)| T Gm+1)Im—4|

www.esaral.com
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16.
26m

T Bm+1)(4-m)

|X1_X2 =£
6m

26m _ 13
Bm+1)(4—m) 6m Sol.

12m?2 = -Gm + 1)(m - 4)
12m?2 = —-B3m2 — 11lm - 4)
15m2 - 1lm -4 =0
15m?2 - 15m +4m -4 =0
(ISm+4)(m-1)=0

m=1

VR R Y

15. Let f be a real valued function, defined on

R - {-1, 1} and given by

2

x—1"

f(x) = 3log, m

Then in which of the following intervals,

function f(x) is increasing?

I <—oo,—1>u(B,ooj—{1}j

(2) (=00, ) — {-1, 1}

1
o2

1
“4) (—oo, ﬂ—{—l}
Official Ans by NTA (1)

Sol. f(x)=3/n(x—-1)—3/m(x+1) _il
X_
17.

f'(x)=3—3+ 22
x-1 x+1 (x-1)

42x—1)
f'(x)=———2—
) (x=D*(x+1)

£1(x)> 0

= xe(-o,-1u [%,lj U (1,00)

JEE Exam Solution WWW.esaral.com

Let f: S — S where S = (0, ) be a twice
differentiable function such that f(x + 1) = xf(x).
If g : S — R be defined as g(x) = log.f(x), then
the value of 1g"(5) — g"(1)l is equal to :

(D 20 (2) L (3) Ll 4) 1
144 144 144

Official Ans by NTA (1)

Ihfx + 1) = In(xf(x))

Inf(x + 1) = Inx + Inf(x)

= gx+1)=mhx+ gkx)

= gx+1)-gkx =/nx

1
= g'x+1D-g"x) = -2

Putx =1, 2, 3,4

'(2) - g'(1) = —1i2 (1)

g'(3) - g"(2) = —2% 2)

g"(4) - g'(3) = —3% -.(3)

1

g -g'@ = 2z - (4)

Add all the equation we get

" " _ 1 1 1 1
g"(5) - g"(1) = E R
205
n 5 o 1 _ =Y
[g"5)-g"]=17

Let P(x) = x2 + bx + ¢ be a quadratic polynomial

1
with real coefficients such that IP(X)dX =1 and
0

P(x) leaves remainder 5 when it is divided by
(x = 2). Then the value of 9(b + c) is equal to:
() 9 2) 15 3)7 @) 11
Official Ans by NTA (3)
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Sol.

18.

Sol.
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1
j(x2+bx+c)dx=1
0

l+—+c—1 = —+c=%
3 3
3b+6¢c=4 ..(1)
P2)=5

4+2b+c=5

2b+c=1 ...(2)

From (1) & (2)

“9 T T
9b +c)=7
If the foot of the perpendicular from point
— -9 g
(4, 3, 8) on the line Ll:X a_y—-£_z b,
[ 3 4
[ # 0is (3,5, 7), then the shortest distance
between the line L; and line
x-2 y-4 z-5 .
L,: = = is equal to :
273 4 q
N f b
ms  @OF O @5

Official Ans by NTA (2)
(3,5,7) satisfy the line L,

3-a 5-2 7-b

/ 3 4
3—-a 7-b
272 R
! & 4
a+/=3 .(1) & b=3 ...(2)

v, =<4,3,8>-<3,57>

v, =<1,-2,1>

vV, =</0,3,4>

Viv, =0 = /-6+4=0 = (=2

a+/=3 = a=1

x-1 y-2 z-3

Lt 3 4

19.

Sol.

x-2 y-4 z-5
3 4 5

L,:

A=«<l, 2, 3>
B =<2, 4, 5>
E:<1,2,2>

p=21+3]j+4k
G=3i+4]j+5k

A A A

pxg=-1+2]-k

AB-(pxQ)
[p>d|

1

=7

Let C, be the curve obtained by the solution of

Shortest distance =

2

) ) ) dy >
differential equation 2Xyd—x—y -X",x>0.

Let the curve C, be the solution of

2xy dy

dx - If both the curves pass through

2 —y?

(1,1), then the area enclosed by the curves C,;
and C, is equal to :

T T
(Hn-1 (2 5—1 Gn+1 @ Z+1

Official Ans by NTA (2)

dy B y2 -x2
ax 2xy x € (0, «)
put y = vx
v v -1
X—+v=
X 2v
22V dv :—d—X
ve+1 X
Integrate,
mh(vZ2+1)=-hx +C

X2

2
Zn(y +1j=—lnx+C

www.esaral.com
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20.

Sol.

JEE Exam Solution

putx=1,y=1, C=/n2

X2

2
In[y +lj=—lnx+ln2

= x2+y2-2x=0 (Curve C))

Similarly,

dy  2xy
dx x? —y2

Put y = vx
x2+y2-2y=0

(LD

\_/

-1

1
required area = 2J. (\/ 2x —x* — x)dx =
0

r
2
Let a=i+2j-3k and b=2i-3j+5k. If
Fxd=bxT, f.(o&+2j+f<)=3 and
f.(2i+53—0¢f<)=—1, o € R, then the value of
q+|f|2 is equal to :

(19 2) 15 (3) 13
Official Ans by NTA (2)

) 11

i=bxi = Ix(@+b)=0

=1
X

T=A@+b) = F=A(1+2j-3k+2i-3j+5k)
F=A(3i—j+2k) (1)
T-(ai+2j+k)=3

Put ¥ from (1) g =1 ..(2)
F-(2i+5j—ak)=-1

Put ¥ from (1) 2Aha—-A =1 ...(3)

Solve (2) & (3)
a=1, A=1

= F=3i—j+2k

{F=14 & a=1

a+fif =15

SECTION-B

1. If the distance of the point (1, -2, 3) from the
plane x + 2y — 3z + 10 = 0 measured parallel

x-1 2-y z+3 |7
= = is E,thenthe

to the li
o the line, 3 o |

value of Iml is equal to

Official Ans by NTA (2)

/ (19_273)
/
Q

x+2y-3z+10=0

Sol.

_ [ 3 -m 1 }
DCotline = | 7 o 0 Vim? +10 m? + 10

—mr r

3r
Q=1+ ,—2+ 3+
{ Jm? +10 Jm? +10 \/m2+lO]

Qliesson x +2y-3z+10=0

3r 2mr 3r

1+ _4- _9- +10=0
Jm? +10 Jm? +10 Jm? +10

L (3-2m-3)=2

=
m? +10

L (om)=2

=
m>+10

www.esaral.com
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r’m?2 =m2 + 10

2

~m?>=m’+10 = %mzzlo -~ m2=4

Iml =2
Consider the statistics of two sets of

observations as follows :

Size Mean Variance
Observation I 10 2 2
Observation 1I n 3 1

If the variance of the combined set of these two

observations is ——, then the value of n is equal to

9

Official Ans by NTA (5)

2 2
»  Ny0] 1,0
o2 = %1 1,0,

n,+n,

_ 2 17
X,=2,X%X,=3,0 _E
1_7:10><2+n 10n (3_2)2

+
9  n+10  (n+10)

17 (n+20)(n+10)+10n
9 (n+10)?

17n2 + 1700 + 340 n = 90n + 9(n2+30n+200)
8n2 — 20n - 100 =0
2n2 - 5n-25=0

(2n+5)(n—5)=0:>n=_75,5

2
(Rejected)

Hence n = 5

a b,

Let A= and B= be two 2 x 1
a b,

matrices with real entries such that A = XB,

111
where X=—f4/ and k € R. If
ﬁ{l k}’

Sol.

2
2’ tal= 5(bf +b3) and (k2 +1)b3 #—2b;b,,

then the value of k is

Official Ans by NTA (1)
A = XB

N

[3a, _[bl—bz }
a, | b +kb,

by — by = \3a, (1)

b, + kb, = \f3a, -(2)

2
Given, a7+ a,2 = E(bf +b§)

(12 + (2)?

2 1+k* 2
a2+ a2 = Ebf +%b§ +3biby(k=1)

2 2
Given, a; +a; = Ebf +§b§

On comparing we get

K241

2
3 = k“°+1=2

SSER

= k==1

.(3)

& %(k—l)zO = k=1 ..(4)

From both we get k =1

For real numbers a, B, v and 9§, if

2
(x2 —1)+tan”! (X”]
d

X

2
(x4 +3x2 Jrl)tan_1 (X +1]

X

J

X

www.esaral.com 9
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x2+1
— alog, tan”'
X
2 2
+Btan”! (MJ +8tan”! (X—HJ +C
X X

where C is an arbitrary constant, then the
of 10(a + By + 9) is equal to
Official Ans by NTA (6)

dx

(x? = 1)dx . f

(x4 +3x% + 1)tan_1 (X + 1)
X

Sol.

value

x*+3x%+1

21— (x> =1)dx

1p(x
5]

xt43x2+1

I(Xfﬂ

JEE Exam Solution

Sol.

glf(x)]=

www.esaral.com

or

11
10 8§ =10/1+—-=| =6
(o + By +9) ( 0 2)

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

f( ) X+a,
X)=
|x—11,

x<0

x>0 and

x<0

x>0

X+1,

8= {(x—l)2 +b,

where a, b are non-negative real numbers. If
(gof)(x) is continuous for all x € R, then a + b
isequal to ____ .
Official Ans by NTA (1)

fx)+1  f(x)<0
glf(x)] = fx)-1D*+b f(x)=0

x+a<0&x<0
[x-1k0&x2>0

x+a>0&x<0

x+a+1
[x—11+1

(x+a-1°+b
(Ix=11-1"+b 1x-11>0&x>0

glf(x)]=

X €(—w0,—a) & X € (—x,0)
Xed
X €[—a,0)& x € (—x,0)

x+a+1
[x—11+1

(x+a—17%+b

(Ix-11-1+b  xeR&xe[0,00)

X € (—o0,—a)

x €[—a,0)

Xx+a+l
(x+a—17°+b
(Ix=11-1*+b

gf(x)]=

x €[0,)

10
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g(f(x)) is continuous

at x = -a & atx =0
1=b+1 & (a-12+b=>b
b=20 & a=1
= a+b=1
1 ) 11 .
Let —, aand b be in G.P. and —,—,6 be in
16 a b

A.P., where a, b > 0. Then 72(a + b) is equal

Official Ans by NTA (14 )

b1 1

Y1 b 162

2 1

Z_246

b a

1 1

—=—+6

8a a

1 8

—2———4820

a- a

—=12,-4 a———l

a 9 : 9 4
1

a=—, a>0
12

b = 16a? l

= az = 9

= 72(@+b)=6+8=14

In AABC, the lengths of sides AC and AB are
12 cm and 5 cm, respectively. If the area of
AABC is 30 cm? and R and r are respectively
the radii of circumcircle and incircle of AABC,
then the value of 2R + r (in cm) is equal to

Official Ans by NTA (15)

= %.5.12.Sil’lA =30

sinA = 1 A
A=90° = BC =13
BC = 2R = 13

A 30

S 15

2R+r =15

r=

8.

Let n be a positive integer. Let

N ORSRORHRE

Sol.

Sol.

www.esaral.com

If 63A = 1- !

270, then n is equal to _

Official Ans by NTA (6)
n . l k __3 k __7 k __15 k __37 k
A= 2 Ck{(_zj {4) {8) +(16j +(32”
1Y 3Y 7Y 15) 31Y
A: (l—zj +(1—Zj +(1—§j +(1—Ej +(1—§j

2" 4" 8" 16" 32"
G|, ()
n 5
A—L 2 = A= 2"
2" l—i 2"-1
2n
1 . 1
(2"—1)A=1—2?,G1ven63A=1—270

Clearly 5n = 30
n=06

Let ¢ be a vector perpendicular to the vectors

i=i+j—k and b=1+2j+k.
If 5.(1+3+31A<)=8 then the value of 5.(ﬁx5)

is equal to .

Official Ans by NTA (28)

¢ = Maxb)
i k

ixb=|1 1 -1
1 2 1

(@xb) = 3i-2j+k

¢-(1+j+3k) = A3i-2j+K) . (G +]+3k)
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= M4)=8 = (r=2

¢ =2(ixb)

¢(@axb)=21axbl’=28
10. Let

Sn (X) = logal/2 X+ logal/3 X+ logal/6 X

+ logal,ll X+ logal,18 X+ logal,27 X+

up to n-terms, where a > 1. If S,,(x) = 1093 and
S1,(2x) = 265, then value of a is equal to

Official Ans by NTA (16)
Sol. S (x) = (2+3+6+11+18+27+....... +n-terms)log x
LetS =2+3+6+11+18+27+...+T,

S =24+3+6+ i, +T
Tn=2+l+3+5+ ...... + n terms
Tn=2+(n—1)2

n—1)n(2n-1

a

= Sn(x)=(2n+leog X

JEE Exam Solution WWW.esaral.com

S,,(x) = 1093 (Given)

23.24.47

. (1)

S, (2x) = 265
S, (2x) = 265

11.12.23
log (2x) (24+—6 j=265

1
log 2x = 5 2)
@ -
1
log 2x —log x = 1

1
loga2=Z = a=16

12
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