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Ans.

Sol.

The sum of the series z

n=1
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SECTION - A

2 n’+6n+10

2n+1)!

n=1

Official Answer NTA : (3)

in +6n+10

2n+1)!

put2n+1=r

(t—1)> +12(r—1)+10

is equal to :

41 19
—e+—e +10
(2) 2 2

4 ﬂe+£e’1
4) 2 2

-10

r=3,5,7 4&
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Ans.

Sol.

=l[e—l+lle+£—22+29e—§—58}
8 e e e

=l 41e—£—80 =ﬂe—£e"] -10
8 e 8 8

X

log, t 1
Forx >0, if f(x)= Imdt , then f(e) + f] (gj is equal to :

(M1 2)-1 30

Official Answer NTA : (4)

tInt
fx)=|—4t . i
0=l (i
1
putx = .
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:>f(x)+f(lj
X

_ (Inx)?
2

. n_1_1
..f(e)+f(ej_2 :

2
+
3. Let slope of the tangent line to a curve at any point P(x, y) be given by 7Y

. If the curve intersects
the line x + 2y =4 at x = — 2, then the value of y, for which the point (3, y) lies on the curve, is :
18 18 L 18 ot
Ok @) 32 3 -1 ) -3
Ans. Official Answer NTA : (1)

dy _xy’+y
dx X

Sol.

dx X

LF= ™ _4

:>z‘x=J‘x-1dx+c

X2
= Z-X=—+C
2

X C
= Z==+—
2 X
1 x ¢ x*+2¢
—_—_— =t —=
y 2 X 2x
Lo 72x .
Ly Tioe e (1)
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Ans.

Sol.

-» Curve intersect the line x + 2y =4 at x =—2
le.—2+2y=4 Ly=3

- (=2, 3) lies on the curve

3= -2x(-2)
4+2c
=12+6c=4
4
6c=-38 SLe=-—=

3

The equation of the required curve is

y= -2x

x2-38

3

L 6x
YT
whenx =3

18 18
Y AT

xf(a)—af(x)
X—a

Let f(x) be a differentiable function at x = a with f’(a) =2 and f(a) = 4. Then lim equals :

(1)2a—4 (2)2a+4 3)4-2a 4)a+4
Official Answer NTA : (3)
i xf(2)—af(x) ( 0 j

X—a X —_ a O
Apply L’ Hospital Rule

i @200

= f(a) — a-f'(a)
=4-a2

=4-2a
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5. LetF (A,B,C)=(AA~B)v[~CA (Av B)]v ~AandF, (A,B)=(A v B) v (B— ~A) be two
logical expressions. Then :
(1) F, is not a tautology but F, is a tautology
(2) Both F | and F, are not tautologies
(3) F, and F, both are tautologies
(4) F, is a tautology but F, is not a tautology

Ans. Official Answer NTA : (1)

AB|C|~B|AA~B|AvB |~C|~CA(AvB)
T|T|T| F F T F F
T|F|F| T T T T T
T|T|F| F F T T T
TIF|T| T T T F F
Sol. F|T|T| F F T F F
F|IF|F| T F F T F
F|T|F| F F T T T
FIF|T| T F F F F
(AA~B)v[-CA(AVB)] |~A | (AA~B)Vv[-CA(AA~B)]v~A
F F F
T F T
T F T
T F T
F T T
F T T
T T T
F T T

F, is not a tautology

A|B|~A|AvB|B—>~A | (AvB)v(B—>~A)
T|F| F T T T
T|T| F T F T
F|T| T T T T
F|F| T F T T
F, is a tautology
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Ans.

Sol.

Ans.

Sol.

LetA={1,2,3, ...... , 10} and f: A — A be defined as

k+1 if kisodd
f(k) = e
k if kiseven

Then the number of possible functions g : A — A such that gof =f'is :
(1) "C; (2) 10° (3) 5! 45
Official Answer NTA : (2)

g(f(x)) = f(x)

= g(x) = x, when x is even

so total number of functions g from A to A

=10°1

=10°

A natural number has prime factorization given by n = 2*3¥5%, where y and z are such thaty +z=5 and

5
yl+zl= Y > z. Then the number of odd divisors of n, including 1, is :
(1) 12 (2) 6% 3)6 411

Official Answer NTA : (1)

n = 2*3¥5%

.‘.y—|—Z:5 ............ (1)

1. 1.5 .

vz 6 e (11)
y+z 5

?—g Lyz=6 (111)
T y>z .'.y=3,Z=2

.. Number of odd divisors=1-3+1)(2+1)=4x3=12

a’+b’

T 32 + b2
If 0<a,b<l,andtan'a+tan'b= e then the value of (a+b)— +

2

1S :

3

H

a‘+b*
+
4

MATRIX JEE ACADEMY

Office : Piprali Road, Sikar (Raj.) | Ph. 01572-241911

Website : www.matrixedu.in ; Email : smd@matrixacademy.co.in

Page No. 7




MATRIX Question Paper With Text Solution (Mathematics)
JEE Main February 2021 | 26 Feb. Shift-2

Ans.

Sol.

€
(1) log, (Ej 2)e* -1 (3) log 2 (4)e
Official Answer NTA : (3)

T
-+ tan'a+tan' b= 0

B n _
= tan 1a:Z—tan 'b

= tan(tan*1 a) = tan (%—tanl bj

_1-b

—>a=——
1+b

=at+tab=1-b

atb+ab=1 . (1)
2 2 3 3 4 4
s (a+b)-| 2 ThT fab) fatbi)
2 3 4
a’> a’ a’ b> b b’
=la——+———+...... +b——+———+.......
2 3 4 2 3 4

=In(1+a)+In(l1+Db)

=In((1+a)(l+Db))

=In(atb+ab+1)

=In(l1+1)=In2

Consider the following system of equations :

x+2y—-3z=a

2x +6y—11z=D

x—-2y+7z=c,

where a, b and c are real constants. Then the system of equations :

(1) has no solution for all a, b and ¢ (2) has infinite number of solutions when 5a = 2b +c

(3) has a unique solution when 5a =2b + ¢ (4) has a unique solution for all a, b and c
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Ans.

Sol.

10.

Official Answer NTA : (2)

1 2 -3
D=2 6 -l11
1 2 7

—1(42-22)-2(14+11)-3(-4-6)

=20-50+30=0
a 2 3
D =b 6 -l11
c 2 7

=a[42-22]-b[14—6]+c(-22+18)

=20a—8b —4c
=4 [5a—2b—c]
1 a -3
D, =2 b -Il1
1 ¢ 7
=—5[5a-2b-c]
1 2 a
D =2 6
1 2 ¢
=—2[5a-2b—c]

for5a—2b—-c¢c=0, DX=Dy=DZ=O
.. system has infinite number of solutions
when Sa=2b+c¢

Let A, be the area of the region bounded by the curves y = sinx, y = cosx and y-axis in the first quadrant.

T
Also, let A, be the area of the region bounded by the curves y = sinx, y = cosx, x-axis and X = ) in the

first quadrant. Then,
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(DA, =A,andA +A = > (2)2A,=A,andA +A =1+ /2
B)A A, =1: /2 andA +A =1 DA A =1:2andA +A =1

Ans. Official Answer NTA : (3)

»
»

y = sinx

Sol. ‘A,

o

T

(cosx—sinx)dx = [sin X+ cosx]oZ

=%+%—1=x/§—1

A =

SR SN ]

A, = | sinx dx+| cos x dx

O ey~ [ 3
_J;‘;li_’w\;l

n K
=[-cosx]* +[sin x]é
4

S I SR S S )

V2 V2

1
A TA =1, A, \/5

11. Let f: R - R be defined as :

zm(-%j, ifx<—1

f(x)=1{|ax’+x+b|, if-1<x<I

sin(mx), if x>1

If f(x) 1s continuous on R, then a + b equals :
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13 )1 (3)-3 4-1
Ans. Official Answer NTA : (4)

Sol.  Doubtful points : {—1, 1}

atx=-1: f-—1)=la+b—1]
LHL=25ing=2
RHL=]a+b—1]

for continuity at x =— 1
a+b-1|=2 ... (1)

atx =1 f(l)=[a+b+1]
LHL=]a+b+ 1|

RHL=sinmt =0
for continuity at x = 1
la+b+1/=0
=a+b+1=0
Latb=-1 ... (i1)
-+ foratb=-1
a+b-1|=-1-1]=2
f(x) is continuous at x =— 1 and x = 1
= f(x) is continuous on R
Latb=-1
12.  If the locus of the mid-point of the line segment from the point (3, 2) to a point on the circle, x* + y*=1

is a circle of radius r, then r is equal to :

1 1
OF @5 (3) 5 )5
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Ans.

Sol.

13.

Ans.

Sol.

Official Answer NTA : (3)

P is the mid-point of AB

_ 3+cos0
2

_ 2+sin0

h

P(hk) B(3,2)

k A

2 (cos0, sin0O)
cos0 =2h-3

sin® =2k -2
sin?0 +cos?0 =1

= (2k -2+ (2h -3y =1

(h—%}2+(k—1)2=i

If vectors aT = xi—j+k and Z =1+yj+zk are collinear, then a possible unit vector parallel to the
vector xi+yj+zk is:

nHEE) @R @ S @ 5l

Official Answer NTA : (3)

;1 and g are collinear

s.a; =Aa,

A A

(xi—j+1§)=k(f+yj+zl§)

LX= A
yi =-1
zh =1

gt
s x
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sofor A =1

a vector parallel to xi + yj+ zk

—i-j+k

.. unit vector = %(I - 3 + 1;)
14.  LetA(1, 4) and B(1, — 5) be two points. Let P be a point on the circle (x — 1)> + (y — 1)*> = 1 such that

(PA)? + (PB)? have maximum value, then the points P, A and B lie on :

(1) a hyperbola (2) a straight line (3) a parabola (4) an ellipse
Ans. Official Answer NTA : (2)
Sol.  General point on the circle P

=(1+cosO,1+sinB)

PA?+ (PB)*=(cos© )’ +(sin© —3)*>+ (cos 0 )>+ (sin® + 6)?

=2 (cos’0 +sin?0)—6sin® +12sin0O

PA2+PB*=2+12sin 6

PA? + PB? have maximum value

when sin 6 =1

s.cos0 =0

Required

- point P=(1, 2)

". Since x-coordinates of all the three points P, A and B are equal

. P, A and B lie on the straight line x = 1.
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15.  If the mirror image of the point (1, 3, 5) with respect to the plane 4x — Sy +2z=8is(a, B, v), then
5(a + B + y)equals:
(1) 41 (2)43 (3)47 (4) 39
Ans. Official Answer NTA : (3)
Sol. B is the mirror image of A w.r.t. the plane 4x — 5y +22 = 8§
M is the mid-point of AB, which lies on the plane. A(L.3.5)
DR of AB = DR of the normal Il
=<4,-52>
o »4x — S5y +2z=38

A

Eq" of the line AB : M

x-1 y-3 z-5
4 -5 2

v

General point on AB B (o, B, 7)
=(1+4r,3-5A,5+2L)(Say M)

For M :

-+ M lies on the plane

41+41)-53B-51)+2(5+21)=8

=-1+45A =8

450 =9
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y+5_2_7 ) _g
2 5 TS
a+B+y:¥

= 5(a+pB+y)=47
16. A seven digit number is formed using digits 3, 3, 4, 4, 4, 5, 5. The probability, that number so formed is
divisible by 2, is :
(1) u () 2 3) : 4) :
7 7 7 7

Ans. Official Answer NTA : (2)

17

Sol.  Total number formed using the given digits = m

For the number be divisible by 2

4
(- — )=
__ 6
T2k
Required probabilit 16
.. Required probability = 21212
17
21312
_6 B33
7 12 7
2 _x-— .
17. Let f(x) =sin! x and g(x) = 2);#);—26 Ifg(2)= }(1_r)r21 g(X), then the domain of the function fog is :
(1) (—oo,—l]u[2,oo) (2) (—OO, —2]U[—1, OO)
4 3
3) (—oo,—Z]U[——,ooj ) (—oo,—Z]U[——,ooj
3 2
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Ans. Official Answer NTA : (3)

Sol (2)_limﬂ
o 8 x-22x* —x—6

im (x—2)(x+1)

-2 (x—2)(2x+3)
i (x+1) _ 3

m
x>22x+3 7

x+1

%13 X #2
+
g(x)= X3
- x=2
7

fog(x) = sin™ (g(x))
for fog be defined

-1<gx)<1

3
- forx=2 g(2)= 7

.. fog is defined whenx=2 ...

when x == 2

-1<gx)=<1

. x+1 <1
- 2x+3

x+1 x+1

>-1 <1

2x+3 and 573
3x+4> d X+2 >0
x+3 0 M oxi3T

A
[

A

Oo—>
2

4
3
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18.

Ans.

Sol.

.zxe(—w;Q]U[—gyw)—{a' .......... (i)

Using (i) and (i1)

Domain of fog is :

REVES

Let L be a line obtained from the intersection of two planes x + 2y + z = 6 and y + 2z = 4. If point

P(a, B, v ) is the foot of perpendicular from (3, 2, 1) on L, then the value of 21(a+ 3 + v ) equals :

(1) 102

(2) 142 (3) 68 (4) 136

Official Answer NTA : (1)

Let DR’s of LOI are <a, b, ¢c>

a+t2b+c=0
Qa+b+2c=0

a b c

4-1 0-2 1-0
La_b
-2

¢
1

.. DR’ of line of intersection (LOI) =<3, -2, 1>

For a point on the LOI :

Lety=0
xtz=6

2z=4

on solving (i) and (ii)

Lx=4,z=2

- (4,0, 2) lies on the LOI

General point on the line :

X yz)=@+3A,0-2A,2+ %)
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Let(a, B, y)=@+3A,-2A,2+ Q)

AG,2,1)
T a=4+3A
B==-2A4a
Y =24+ A
< 1 >
DR of AP=<3A +1,2A =2, A +1> P (a, B, y)

.. AP is 1" to the line

A3BL D224 -2)+1 (L +1)=0

= 141 +8=0
=2
7

21(0L+B+’Y)=21X%=102

X

19. Let f(x) = J.et f(t)dt + e* be a differentiable function for all xeR. Then f(x) equals :
0

(1) g0 (2) 2¢¢ -1 () e -1 (4) 2¢° -1
Ans. Official Answer NTA : (2)

Sol. fix)= Jef®di+e (i)
0
Differentiate (i) w.r.t. ‘x’
f'(x) =e*f(x) + ¢
=)= (f(x)+ 1)

o F®
f(x)+1

Integrating both sides
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20.

Ans.

Sol.

J-&dx = J-e"dx
f(x)+1

=>In(f(x)+1)=e"+c
f(x)+1= g€+

f(x)= ¢ e -1
Putx =0 1n (i)
f(0)=0+e°=1
Put x =0 in (i1)
f(0)=ee -1
=>1l=ee' -1

=ee=2

fix) = e -g—l
()= -

=2(e )1

The triangle of maximum area that can be inscribed in a given circle of radius ‘1’ is :

(1) An equilateral triangle of height

2r

3

(2) A right angle triangle having two of its sides of length 2r and .

(3) An equilateral triangle having each of its side of length /3 r.

(4) An isosceles triangle with base equal to 2r.

Official Answer NTA : (3)

Area of A ABC
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_abc

A=
4r

9

Centroid G = (
3 3

A+B+C sinA+sinB+sian

sin A +sin B+sinC .(A+B+Cj
3 <smm| —

33

sinA + sinB + sinC < >

abc3\/§

——4+—<—
2r 2r 2r 2

N a+l;+c£\/§r

GM<AM

1 a+b+c
be)s <
(abe)s <242

- abc<(a+b+cj3

=

abc<i a+b+c)
4r  4r 3

:ASL(a+b+Cj3 SL(\/gr)s

4r 3

343

A£—3r2
4

3J3
= Tfﬁ (Equality holds when a=b = c)

A is an equilateral A

a=\/§r
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Ans.

Sol.

Ans.

Sol.

SECTION -B

The total number of 4-digit numbers whose greatest common divisor with 18 is 3, is

Official Answer NTA : (1000)

GCD (N, 18)=3

Number must be an odd number and multiple of 3 and not a multiple of 9.

4-digit odd numbers multiple of 3 are :

1005, 1011, ............. , 9999

Total such numbers are = 1500

4-digit odd number multiple of 9 are :

1017, 1035, ............. , 9999

Total such numbers = 500

Required numbers = 1000.

Let the normals at all the points on a given curve pass through a fixed point (a, b). If the curve passes

through (3, — 3) and (4,—2\/5 ) , and given that 3 —2/2 b =3, then (a2 + b? + ab) is equal to

Official Answer NTA : (9)

Equation of normal at P(x, y)

1
Y-y= dy (X—x)
dx

It passes through (a, b)

dx
:>b—y=—d_y (a—x)

= (b-y)dy=(x—a)dx

Integrate both sides

[o-y)dy = [(x-a)dx
2 X2

by-—Z-="——

= by 5 > ax
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Ans.

Sol.

x* + y? — 2ax — 2by =0
passes through (3, -3) and (4, -2/2)
9+9—-6a+6b=0
La=b=3 o (i)
16+8—-8a+4,/p b=0
2a- 3b=6 ... (if)
(i) * () - (i)

b(J2 -2)=0

b=0

Soa=3
Latt+br+ab=32+0+0

=09.

18 18
Let X, X, cnuee. X, be eighteen observations such that Z (X;—a)=36 and z Xi— B)* =90 , Where

i=1 i=1
o and [ are distinct real numbers. If the standard deviation of these observations is 1, then the value
of jav — B|is

Official Answer NTA : (4)
18

Z (x,—a)=36

i=1

ixi—l&x =36

i=1

18
D x, =36+18a

i=1

> (x,~B)* =90

18 18
> x =2 x, +183* =90
i=1 i=1

18
x.2 =90+ 2B(36+180) — 18p

i=1
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Variance of these observations

1 &8 3 x. 2
62=—) x’—| ==L
182 ' ( 18 J

i=1
1
= 1= 72 (90+2B (36 + 180) ~1882) — (2 + 0’

=1=5+2B@2+0a)—p>—(a+2)
= (a+2)2 + B2 —2P(a +2) = 4
=>((a+2-p)y=4

= (—B+2P-4=0

= (@ B+4)(@-P)=0

cazf

Lo—Bt4=0

a-p=-4

o —Bl=4

4, Let a be an integer such that all the real roots of the polynomial 2x5 + 5x* + 10x* + 10x? + 10x + 10 lie

in the interval (a, a + 1). Then, [a is equal to
Ans. Official Answer NTA : (2)
Sol.  Let P(x)=2x+5x*+ 10x* + 10x?> + 10x + 10

P’(x) = 10x* + 20x* + 30x*+20x + 10

2
X X

P’(x) = 10x? [xz +2x+3+2+L}

X X

=10x*| x’ +%+2(x+lj+l}

2
= 10x’ (x+lj +2(X+lj+l}
X X

r 2
= 10x’ x+l+1}
X

Px)=10[x*+x+1]*>0
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Ans.

Sol.

P(x) is an odd degree increasing polynomial function
= only one real root

P(0)=10

P-1)=-2+5-10+10-10+10=3

P(-2) =64 + 80 — 80 + 40 — 20 + 10 =34
P(-1)P(-2)<0

Using Intermediate value theorem

= P(x) = 0 has at least on root in the (-2, —1)

Since P(x) = 0 has exactly one real root

.. all real roots lie in the interval (-2, —1)

sLa=-2 la| = 2.

Let L be a common tangent line to the curves 4x* + 9y? = 36 and (2x)* + (2y)> = 31. Then the square of
the slope of the line L is

Official Answer NTA : (3)

31
Cooxlty =20 s (i)

Let slope of common tangent be m.

Equetion of tangent of slope m to the ellipse (1)

V=MXE \JOm2 +4  eeveerrenenn. (111)
SLMX—yY* \J9m?4+4=0
this line is also tangent to circle (ii)

‘i\/9m2 +4‘

m? +1

— \/9m2+4:\/§-\/m2+1

\/% [condition of tangency for the circle]
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31
:>9m2+4=? (m?+1)

=36m?*+16=31m? + 31

Sm?=15
m?=3
I 0 O I 00
6. If the matrix A= 2 i 01 satisfies the equation A+ o A¥+ B A g g (1) for some real numbers

o and B,then B—a isequal to

Ans. Official Answer NTA : (4)

0 0
Sol. A= 0
-1
1 0 01 0 O
A’ = 3 00 2 0
13 0 =1}|3 0 -1
W, .o
A’=|0 2°
- 0 —
1 0 0
A’=|0 2° 0
13 0 -1
10
A*=|0 2°
0 0 1
By observing the pattren
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Ans.

Sol.

1 0 0
A*=[0 2* 0
0 0 1
1 0 0
Al9= O 219 O
13 0 -1
I+a+p 0
AR+ 2AY + BA = 0 2% + 2" +28 0
3o0+3PB 0 I-a—B

a+B=0and2® +q-2"+2B=4
20 +q-2"-20=4

= 2" (a+2)=2(a +2)
(a+2)(2"-2)=0

o=-2

S B=2

clo=BI=12=2[= 4]

B-a=2-(-2)=4.

Let z be those complex numbers which satisfy [z + 5| <4 and z(1 +1i) + (1 —i)>—-10,i= ./ . If the

maximum value of |z + 1] is o+ /2, then the value of (o + ) is
Official Answer NTA : (48)

|z+5]<4

x+5P+y’<l6 L @)

zZ(1+i)+ ,(1-1)>-10

(z+ ;) +i(z—,)>-10

=2x+iQiy)>-10

X-y>-5 (i1)

|z + 1| = Distance of z from (— 1, 0)
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apd
P
1,0)
B

z+1| =PB

for B

solve (x +5)*+y*=16andx—y=-15
x+5=y

y+y* =16

LY=E22

for B,y =— 22

(-5-2v2,-242)
PBz\/(—4—2x/§)2+8

|2+1 P, =PB* =8+(4+2V2)
=32+16v2
a=32,B=16
oo+ B =48
8. Let o and B be two real numbers suchthat o + B =1and a § =—1.Letp =(o )"+ (B )", p, , =11
and p_,, = 29 for some integer n > 1. Then, the value of p. is
Ans. Official Answer NTA : (324)
Sol. a+pB=1
off =-1
P =o"+pB"

P — an+1 + bn+1

n+1
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ot B (B)
=a-(1-B)+ B (B)
Bttt B
=— o (o + ) (o + B)
P.=P +P

for somen > 1

29=11+P_
P =18
P> =324
. » 1+Xn—1
9. = J. (=% dx ,form,n>1 andI (I+x)"" x=olm,n,aeR then g equals
Ans. Official Answer NTA : (1)
1
Sol. 1 =]x™"(1-x)""dx
m,n o
putx= 1+t a X
-1
X =T
0 n-1
1 -1
= | 1( j _ |dt
S (1+t)™ I+t (1+t1)
_ _J' " 1 dt
TA+)™ A+ ) (1+t)
© tn—l
:j m—1 n-1 2 dt
o1+ A+ (A+1)
_([(1+t)m+n
1 n 1 o0 —
_([(1+t)m+n ! 1+t)m+n
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10.

Ans.

Sol.

ly
m+n

n-1 (Z+ 1)m+n

1 tm—l

-1[ tn—l
Im n = m+n
o (1+1)

n-1 +tm—1
(1 + t)m+n

2

=

Il
O ey —
-

1 — -~
I Xn1+Xm1
m,n—J‘ m+n X
o (

1+x)

a=1

If the arithmetic mean and geometric mean of the p™ and q™ terms of the sequence — 16, 8, — 4, 2,

+ — dt
o (1+1)

satisfy the equation 4x? — 9x + 5 =0, then p + q is equal to

Official Answer NTA : (10)

4x? - 8x+5=0

X=10r 4

-+ AM>GM

5
SLAM= Z and GM =1
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Let p" term = a

qhterm =b
a+tb 5
5 —4and\/E:1

5
:>a+b=5 and ab =

soa=(-16) (_;jﬁ and b =(-16) (—9

16 (5] * 10

SR

1

q-1

N
'3) -1
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