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FINAL JEE-MAIN EXAMINATION - MARCH, 2021
(Held On Thursday 18 March, 2021) TIME:3:00PM to 6:00PM

MATHEMATICS TEST PAPER WITH SOLUTION

SECTION-A

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

d 2
equation —y=(}’+1)((}’+1)ex ? —X),0<x<2.1,

dx

d
with y(2) = 0. Then the value of L at
X

x =1 is equal to :

3/2
—e 2¢’

ey 2) -

5/2 Sel/Z
3) —— 4) .
(1+62) (62 +1)

Official Ans. by NTA (1)

1

Sy+l=— :
y (X +C)Cx 2o .(D)

1
whenx:2,y:0,thenc=—2—e—2

diffentiate equation (i) & put x = 1

(ﬂ\ e3/2

(e +1) (1+er)

2.

In a triangle ABC, if ‘Eé‘ =8, ‘GK‘ =7,
‘Xﬁ‘ =10, then the projection of the vector AB

on AC is equal to :

- TR BN R I
()4 ()14 ()20 ()16

Official Ans. by NTA (2)

d =38, |6 =7, [¢[=10

MR

cosO = = =—
20blle] 28

Projection of ¢onb
= |6|cos 0

=10x 7
28
_ 85
14
Let the system of linear equations
4 + Ay + 22 =0
2x—y+z=0
ux + 2y + 3z =0, A, p € R.
has a non-trivial solution. Then which of the

following is true ?
(Hp=6,L R
B)A=3,pekR

2)Ar=2,peR
@A p=-6,L R
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Sol.

N

For non-trivial solution

4 A 2

2 -1 1|=0

p 2 3

= 20— 61 + Ap =12

when p =6, 12 - 6L+ 6A =12

which is satisfied by all A

Let f: R - {3} > R - {1} be defined by

. Let g : R > R be given as

g(x) = 2x — 3. Then, the sum of all the values

13
of x for which f-1(x) + g-l(x) = 5 is equal to

(17 (2) 2 (3)5
Official Ans. by NTA (3)

4) 3

f=y=""3

&gx)=y=2x-3

x:y_dl—?)

. sum of roots

X +X,=35

Let the centroid of an equilateral triangle ABC
be at the origin. Let one of the sides of the
equilateral triangle be along the straight line
x +y =3.If R and r be the radius of circumcircle
and incircle respectively of AABC, then (R + 1)

D @12 N2 @#n2
2

Official Ans. by NTA (1)

&sin300 == L R-
Sin _Z_R: —\/5

.'.r+R=i

NG

Consider a hyperbola H : x2 — 2y2 = 4. Let the

tangent at a point P(4,\/g) meet the x-axis at

Q and latus rectum at R(x;, y;), x; > 0. If Fis a
focus of H which is nearer to the point P, then
the area of AQFR is equal to

(1) 4/6 2) \J6-1
@) 4/6-1

7
3) —-2
® 7

Official Ans. by NTA (3)

P(4, V6)
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.. Focus F(ae, 0) = F(\/E,O)
equation of tangent at P to the hyperbola is
2x — yaJ6 =2

tangent meet x-axis at Q(1, 0)

& latus rectum x = /g at R(\/E, S

- Area of Agpg = %(\/6—1)%(\/6—1)

-1,

NG

If P and Q are two statements, then which of
the following compound statement is a

tautology ?
MHP==QYDA~Q=Q
2 (P=2QA~Q=~P
B P==QA~Q =P
@BDHP=2=QDAr~Q=FPAQ
Official Ans. by NTA (2)
. LHS of all the options are some i.e.
(P> Q A~Q
=(-PvQA-~Q
=(~PA~Q Vv (QAr~Q
=~P A ~Q
A) ~-PA~Q —>Q
=~(~PA~Q Vv Q
(P v Q) v Q # tautology
A ~Q) > ~P
~(~P A ~Q) v ~P
=PvQv-~P

:P;Ml/—~\ \

\ 7 / = Tautology

[T it
©C)(~-PA~Q) > P

= (P v Q) v P # Tautology
(D) P A ~Q) > (P A Q)

=P v Q) v (P A Q)= Tautology

Q

T

v
T
F
F
F

T
T
T

Let g(x)zjoxf(t) dt , where f is continuous

. 1
function in [0, 3] such that ES f(t)<1 for all

1
te [0, 1] and O < f(t) < 5 for all t € (1, 3].

The largest possible interval in which g(3) lies

1 3
o] e[

1
(3) [5’2} 4) [1, 3]
Official Ans. by NTA (3)

1S

%Sf(t)SIVte[O,l]

OSf(t)S%Vte(l,ZS]

1 3

Now, &(3)= [ F(t)dt=[r(t)at+ [r()at

0 1

i%dtsif(t)dtﬁjzl.dt (D)

and io dt < jf(l) dt < j% a (2

Adding, we get
1 1
—+0<g(3)<1+—(3-1
“+0sg(3) <142 (3-1)

—<g(3)<2
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Let S, be the sum of first 2n terms of an
arithmetic progression. Let S, be the sum of first
4n terms of the same arithmetic progression. If
(S, = S;) is 1000, then the sum of the first 6n

terms of the arithmetic progression is equal to:
(1) 1000 (2) 7000 (3) 5000 (4) 3000
Official Ans. by NTA (4)

4n
[2a 4+ (2n— 1)d], Sy, = 7[2&1 + (4n —

4n 2n
=85,-5, = 7[2a+(4n— 1d] - 7[2a+(2n—

L)d]

=4an + (4n — 1)2nd — 2na — (2n — 1)dn
=2na + nd[8n — 2 — 2n + 1]

= 2na + nd[6n — 1] = 1000

1000
2a+ (6n-d=——

Now, S, = %H[za +(6n-1)d |

=3n. 1000 =3000
n

Let a complex number be w = 1 — /3;. Let
another complex number z be such that |zw| = 1
T
and arg(z) — arg(w) = E Then the area of the

triangle with vertices origin, z and w is equal
to :

1
Ok

2 L
@
Official Ans. by NTA (2)

(1) 4 4) 2

P(w)

1
= Area of triangle = ) .OP.0OQ

Let in a series of 2n observations, half of them
are equal to a and remaining half are equal to
—a. Also by adding a constant b in each of these
observations, the mean and standard deviation
of new set become 5 and 20, respectively. Then

the value of a2 + b2 is equal to :
(1) 425 (2) 650 (3) 250
Official Ans. by NTA (1)

Let observations are denoted by x, for 1 <i <

(4) 925

i (ata+..+a)—(a+ta+..+a)
2n

2 2 2 2
X; 2> a +a +..+a 2

G P ) P
2n 2n

=0, =a

Now, adding a constant b then y=X+b=5
=>b=5

and Gy = O, (No change in S.D.) = a = 20
= aZ + b2 =425

Let S,
1. Then the locus of center of a variable circle

'X2+y2=93nd52.(x_2)2+y2=

S which touches S, internally and S, externally

always passes through the points :

(1 (0.£43) 2) (éi%

3
3) (ligj @ (1,£2)
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/1'2—1
S, i (x=-2)2+y?=1
i (x=2)2+y \B(2,0)

VCC, =10,

©
o

S,

.. given circle are touching internally

Let a veriable circle with centre P and radius r

=PA=r,-rand PB=r1,+r1

=PA+PB=r1r +r1,

= PA + PB = 4( > AB)

= Locus of P is an ellipse with foci at A(0, 0)

and B(2, 0) and length of major axis is 2a = 4,
1

D)

= centre is at (1, 0) and b2 = a2(1 —e2) = 3

if x-ellipse

A00) (LO) B2/ x

3
which is satisfied by (Z,iaj

Let a and b be two non-zero vectors

perpendicular to each other and |ﬁ| :‘B‘ If

‘EXE‘ = |ﬁ|, then the angle between the vectors

(ﬁ+5+(5x5)) and 3 is equal to :

(1 sin” [%] @) cos” [LJ

(3) cos™ (%w (4) sin™' (

a=[0], [axb|=[a|, aLb

[axb| =[] = [dlblsino0°=lal = [bl=1=ld]

a and p are mutually perpendicular unit

vectors.

Let 5=7. b=] = axb=k

(i+j+k)i 1 _1( 1 j
cosf=————7+~——=— O=cos | —
NI N i NG
Let in a Binomial distribution, consisting of 5
independent trials, probabilities of exactly 1 and
2 successes be 0.4096 and 0.2048 respectively.
Then the probability of getting exactly 3

successes is equal to :

32 80 40 128
(1) s (2) 3 (3) 3 “4) s
Official Ans. by NTA (1)
P(X = 1) =3C,.p.q* = 0.4096

P(X = 2) = 5C,.p2.q3 = 0.2048

=>q=4pandp+q=1

1
= Pzg and q=g

Now

poc=s = o, (L] (4] Joas
7T 7s5) s 125%x25 625

2
X
Let a tangent be drawn to the ellipse > +y’ =1

at (3\/§cos 0,sin 9) where 0 e (0,%) . Then the

value of 0 such that the sum of intercepts on axes

made by this tangent is minimum is equal to :

T T T T
Ly @7 BOfF @3
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Equation of tangent be

xcos8+y.sm8:1, Ge[()’gj

3.3 1

intercept on x-axis

OA = 3\/58609

intercept on y-axis
OB = cosec

Now, sum of intercept

= 3.3 secO + cosech = f(0) let

f'(0) = 3\/3 secOtan® — cosecOcotO

sin®  cosO
=3J3————
ICOSZG sin’ 0

~Son a0~ 00
0 6

sin 3\/§

= at0= g, f(0) is minimum

Define a relation R over a class of n x n real
matrices A and B as "ARB iff there exists a
non-singular matrix P such that PAP-1 = B".

Then which of the following is true ?

(1) R is symmetric, transitive but not reflexive,
(2) R is reflexive, symmetric but not transitive
(3) R is an equivalence relation

(4) R is reflexive, transitive but not symmetric
Official Ans. by NTA (3)

A and B are matrices of n x n order & ARB iff
there exists a non singular matrix P(det(P) # 0)
such that PAP-! = B
For reflexive

ARA = PAP1 = A
for P =1, Eq.(1) is true so 'R’ is reflexive
For symmetric

ARB < PAP-! =B ...(1) is true

for BRA iff PBP-1 = A ...(2) must be true
- PAP-1 =B

P-IPAP-! = P-1B

IAP-1P = P-1BP

...(1) must be true

can be true some P = P-1 = P2 =1 (det(P) # 0)
So 'R' is symmetric
For trnasitive
ARB < PAP-! = B... is true
BRC < PBP-! = C... is true
now PPAP-1P-1=C
P2A(P?)-! = C = ARC
So 'R’ is transitive relation
= Hence R is equivalence
A pole stands vertically inside a triangular park

ABC. Let the angle of elevation of the top of

i
the pole from each corner of the park be 3

If the radius of the circumcircle ot AABC is 2,
then the height of the pole is equal to :

23 1
H=" @23 OB Gf
Official Ans. by NTA (2)

Let PD=h,R =2

As angle of elevation

of top of pole from

A, B, C are equal So

D must be circumcentre
of AABC

5
tan| — =
3 R

h :Rtan(gJ =2\/§

If 15sin*o +10cos*o. = 6, for some o € R, then
the value of 27sec®a + 8cosec®a is equal to :
(1) 350 (2) 500 (3) 400 (4) 250
Official Ans. by NTA (4)

15sin%a + 10cos*a = 6

15sin*a + 10cos*a. = 6(sinZa + cos?a)?
(3sinZ2a. — 2cos2a)2 = 0

3

cot’ou==
2

= 27secba + 8cosecta
= 27(seca)3 + 8(cosecta)?
= 27(1 + tan?0)3 + 8(1 + cot2a.)3

tan” oL == |
3
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The area bounded by the curve

4y2 = x2 (4 — x)(x — 2) is equal to :

i 3n 3n i
(D 3 (2) Y (3) EX 4) 6
Official Ans. by NTA (3)
4y? = x2(4 - x)(x — 2)

ly| =%\/<4 —-x)(x-2)
V@ =x)(x-2)

and Y, =‘7X (4-x)(x-2)

X
:>Y1:E

D:x e [2, 4]
Required Area

- j(yl—y2)dx:jx (4-x)(x-2)dx (1)
Applying j f(x)dx = j f(a+b—-x)dx

Area = |(6—J@d—0x-)dx (2
(1) + 2

DA = 6I (4—x)(x—2) dx

(&@@(40)

A =3}\/1 —(x-3)* dx

A=3F 2"
27 2

Let f : R > R be a function defined as

sin(a + 1)x +sin 2x
2x
b ,if x=0

Jx+bx® —/x

bXS/Z

,1f x<0

,if x>0

If f is continuous at x = 0, then the value of

a + b is equal to :

5 3
»-—  @-2 3)-3 @ —

1c1al Ans. by

f(x) is continuous at x = 0
lim £() = f(0) = lim f(x) (1)
f(0) =b ...(2)

lim £(x) = lim (sm(a+1)x N s1n2xj
x—0* x—0* 2X 2X

_a+1Jrl 3
> ...(3)

VX + bx® —\/;

lim f(x)=lim
x—0" x—>0"

3 J—
~ lim (x+bx’ —x)

=0 b2 (Vx +bx® +/x)
Jx 1

(Wi 1) 2 @

Use (2), 3) & (4) in (1)

SECTION-B

If f(x) and g(x) are two polynomials such that the
polynomial P(x) = f(x3) + xg(x3) is divisible by
x2 + x + 1, then P(1) is equal to
Official Ans. by NTA (0)

P(x) = f(x3) + xg(x3)

P(1) = f(1) + g(1) (1)

Now P(x) is divisible by x2 + x + 1
=>Px)=QX)(x2+x+ 1)

P(w) = 0 = P(w?) where w, w? are non-real

cube roots of units

P(x) = f(x3) + xg(x?)

P(w) = f(w3) + wg(w3) =0

f(1) + wg(l) =2 ...(2)
P(w2) = f(w®) + w2g(w) = 0
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(2) + (3)

= 2f(1) + (w + wd)g(l) =0
2f(1) = g(1) o (4)

2)-03)

= (w-w2)g(l)=0

g(l) =0 = f(1) from (4)

from (1) P(1) = f(1) + g(1) =0

Let I be an identity matrix of order 2 x 2 and

} . Then the value of n € N for which

Pr = 51 — 8P is equal to _
Official Ans. by NTA (6)

-1
-3
50 16 -8 -11 8
5I-8P = - =
0 5 40 -24 -40 29

PZ:_

o[ 8] )
—40 29

10
If Y r!(r® +6r +2r+5)=a(ll!), then the

r=1

value of a is equal to
Official Ans. by NTA (160)

ir!{(r+l)(r+2)(r+3)—9(r+1)+8}

r=1

10

=S Tr+3) =+ D -8{r+ D=1} ]

r=1

= (13! + 12! = 2! =3 - (11! - 1)
=(12.13 + 12 - 8).11!' — 8 + 8

= (160)(11)!

Hence o = 160

The term independent of x in the expansion of

1 1 10
[ 2/3X+ X~ } , X # 1, is equal to
X

173 - 172
-x"74+1 x-x

Official Ans. by NTA (210)

]

(X173 — x-1/2)10

T,,, = 10C (x1/3)10-r (—x~1/2)r

10-r
3

=>r=4

r
—E=0 =20-2r-3r=0

_10x9x8x7

= 210
4x3x2x1

T, ='°C,

Let P(x) be a real polynomial of degree 3 which
vanishes at x = —3. Let P(x) have local minima

at x = 1, local maxima at x = —1 and
1
[Px)dx=18, then the sum of all the
-1
coefficients of the polynomial P(x) is equal to

Official Ans. by NTA (8)
Letp(x)=a(x-1) (x+ 1) =ax2-1)

p(x) = a.[(xz—l)dx+c
X3
=a| ——X |+c
Now p(-3) =0
:>a(—£+3]+c=0
3
= 6a+c=0 ..(1)

1 3
Now I[a(%—x}%}dx =18
-1

=2 =18=¢c=9 ..2)
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Let the mirror image of the point (1, 3, a) with
respect to the plane f,(2i —j+ 12) -b=0 be

(=3, 5, 2). Then the value of |a + b| is equal to

Official Ans. by NTA (1)
P(1,3,a)

1
R

i
Q(-3,5,2)

plane =2x —y +z=>b

a+2
R E[_1’4’T) — on plane

S UL e S
2

= a+2=2b+ 12 =>a=2b + 10
...(1)
<PQ> = <4, -2, a - 2>

2 -1 1
"4 2 a2
> a-2=2=>a=4,b=-3
Sola+ bl =1
Let f : R — R satisfy the equation
fx +y) = f(x).f(y) for all x, y € R and
f(x) # 0 for any x € R. If The function f is

differentiable at x = 0 and f'(0) = 3, then

.1 .
Lliréﬁ(f(h)—l) is equal to .

Official Ans. by NTA (3)

If f(x +y) = fx).f(y) & f'(0) = 3 then
f(x) = a*x = f'(x) = a*./na

= f'(0) =/fna=3 = a=e¢e3

= f(x) = (e)* = e*

3x
lim 7® 1 =lim[e 1x3)=1x3=3

x—0 X x—0 3x

Let nC, denote the binomial coefficient of x' in

the expansion of (1 + x)m.

10
it (22 4+3k)"C, =3 +B2"° o, B e R,

k=0

then o + B is equal to
Official Ans. by NTA (19)
Answer (Bonus)

BONUS
Instead of "C, it must be 10C, i.e.

10
327 +3k)"°C, =a.3" +p.2"
k=0

10 0 10 10 0
LHS =4>""C, +3) k.—."C,
k=0 k=0 k
= 4.210 + 3.10.2°
= 19.210 = @.310 + B.210
2a=0,p=19=a+p =19

Let P be a plane containing the line

x-1 y+6 z+5

3 4 5 and parallel to the line

X-3 y-2 z+5
4 -3

. If the point (1, -1, o) lies

on the plane P, then the value of |50/ is equal

to

Official Ans. by NTA (38)

x—1 y+6 z+5
Equation of plane is | 3 4 2 |=0
4 -3 7
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Now (1, -1, o) lies on it so

BN

0 5 o+5
3 4 2 |=0=50+38=0= [|5¢ =
4 -3 7

38

Let y = y(x) be the solution of the differential
equation xdy —ydx = (x2 -y’ ) dx, x 2 I, with

y(1) = 0. If the area bounded by the line
x=1,x=e" y=0andy = yx)is ae2™ +
[, then the value of 10(a + ) is equal to
Official Ans. by NTA (4)

Sol.  xdy —ydx = /x> -y’ dx

dy —yd
:>xy ydx

2

2
Loy
X X

2

— sin” (Xj = €n|x| +c
X

atx=1,y=0=¢=0
y = xsin(/nx)

A= [ xsin(/nx)dx
1
X = et, dx = etdt :>J‘e2t sin(t) dt = A
0
2t T 21
ae’” +[3=(e—(2sint—cost)j _lxe
5 0 5

a=1.B=~ s0 10 =4
5’ 5 SO (o + P) =



