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SECTION A
1. Which of the following is the negation of the statement “for all M>0, there exists x S such that
x > M"?
(1) there exists M > 0, such that x > Mforallx € S
(2) there exists M > 0, there exists x € Ssuch thatx > M
(3) there exists M > 0, such that x < Mforall x € S
(4) there exists M > 0, there exists x € S such that x < M
Sol. (3)
P : forallM > 0, there exists x €S suchthat x>M.

~ P: there exists M > 0, for all xS
Such that x < M
Negation of ‘there exsits’ is ‘for all’.

2. For real numbers a and B= 0, if the point of intersection of the straight lines
X-a_y-1_z-1 and X-4 _y-6_ z—7,
1 2 3 B 3 3
lies on the plane x + 2y - z = 8, then a - B is equal to:
(1)5 (2) 3 (3)7 (4)9

Sol. (3)
First lineis (¢ + o, 20 + 1,30 + 1)
and second lineis (gB + 4, 3qg + 6, 3q + 7).
For intersection o+oa=qp +4..()
20+ 1=3g+6.(i)
30 + 1 =3qg+ 7 .(iii)
for (i) & (iii) ¢ = 1,9 =-1So, from (i) a+pf =3
Now, point of intersection is (a + 1,3,4)1t lies on the plane.
Hence, a =5 & B =-2

3. The point P (a, b) undergoes the following three transformations successively:
(a) reflection about the line y = x.
(b) translation through 2 units along the positive direction of x-axis.

(c) rotation through angle % about the origin in the anti-clockwise direction.

If the co-ordinates of the final position of the point P are [—i,l] , then the value of 2a + b is
NN

equal to:

(1)9 (2) 5 (3) 13 4)7
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Sol. (1)
Image of A(a,b) along y = x is B(b,a). Translatingit 2 units it becomes C(b + 2, a).

Now, applying rotation theorem
—%+%i:((b+2)+ai)(cos£+isingj
—_1+1i=[w_i]+i(b;2+i]

2 2 2 2 22
b-a+2=-1r . (1)
andb+2+a=7 L. (2)
>a=4,b=1
= 2a+b=9

4. Let a= ma)({825in3x_44°°53x}and B= min {8251n3x.44c053x}
R

xeR Xel

If 8x? + bx + ¢ = 0 is a quadratic equation whose roots are a!’® and p'/°, then the value of c - b

is equal to:
(1) 43 (2) 42 (3) 50 (4) 47
Sol. (2)

a = max{825in 3x 44cos3x}
_ max{stin 3x | 28cos3x}

_ maX{stin 3x+8cos3x}
and B — min{825in3x.44COS3X} — min{26sin3x+8cos3X}
Now range of 6 sin 3x + 8 cos 3x

- [_Jsz 182,16 + 82}= [-10,10]

a=208&pB =27

So, o5 = 2% = 4

=B =272=1/4

quadratic8x* + bx + c=0,c-b =
8x[ (product of roots) + (sum of roots)]

= 8>{4xl+4+1}:8x|:é}:42
4 4 4

5. Let f : R > R be defined as

f(x +y) + f(x —y) = 2f(x) f(y), f(%j = —1. Then, the value of

20 1 . _

;sin(k)sin(k +f(k)) 's equal to:

(1) cosec? (1) cosec (21) sin (20) (2) sec?(1) sec(21) cos(20)
(3) cosec?(21) cos(20) cos(2) (4) sec?(21) sin(20) sin(2)
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So, -1= cosE
2

= a=2(2n+ 1=
Thus f(x) = cos 2(2n+1)nx
Now k is natural number

Thus f(k) = 1

S 1 L1 3[sin(ke DK

& sinksin(k+1) sinl&| sink -sin(k+ 1)
1

20
= —— tk— cot(k+1
sinlkZ:;(co cot(k+1))

_ cotl-cot21

- = cosec’1cosec(21)-sin20
sinl

6. Let f: (a, b) - R be twice differentiable function such that f(x) = jg(t)dt for a differentiable

function g(x). If f(x) = 0 has exactly five distinct roots in (a, b), then g(x) g'(x) = 0 has at

least:

(1) seven roots in (a, b) (2) five roots in (a, b)

(3) three roots in (a, b) (4) twelve roots in (a, b)
Sol. (1)

ANAN
aN \/ \»b

f(x) = [g(t)dt

f(x) >5
f'(x) >4
gx) -4
g'(x) -3

7. Let C be the set of all complex numbers. Let
Si={zeC: |z—2|sl} and

S,={zeC:z(1+i) + z (1 -i) > 4}
52
Z—_

2

Then, the maximum value of forz e Sin S; is equal to:

(1) 322 *jﬁ (2)2 22 *225 (33122 *225 (4) 222 jﬁ
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Sol. (4)
S, :lz-2[<1

S, ix(1+i)+2z(1-i)> 4

1 2 3
P

&3

Z=X+liy
xX+iy)QA+D)+(x-iy)1-)=4
X+i(X+y)-y+X—-ix+y)-y=4
2X -2y > 4

= y<x-2

For P (x-2)? +(x-2)* =1
1 1
— 2+ ==
N/ RN
1

. from diagram x-coordinate of P =2 - —

N

= X=2-

8. Two sides of a parallelogram are along the lines 4x + 5y = 0 and 7x + 2y = 0. If the equation
of one of the diagonals of the parallelogram is 11x + 7y = 9, then other diagonal passes
through the point:

(1) (1, 3) (2) (1, 2) (3) (2, 2) (4) (2, 1)

Sol. (3)

Both the lines pass through origin.

D/ /C
(0,0)7 7x+2y=(7B
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point D is equal of intersection of 4x + 5y = 0 &11x + 7y =9

So, coordinates of point D = [E —i)

3" 3
Also, point B is point of intersection of 7x + 2y = 0& 11x + 7y = 9

So, coordinates of point B = (—2 7}

3'3
diagonals of parallelogram intersect at middle let middle point of B,D
5.2 4.7
3 33 3|_(11
2 12 2'2

equation of diagonal AC

1 o

= (y-0)=4—(x-0)
Z-0
2

y =X
diagonal AC passes through (2, 2).

9. Let f: [0,0)— [0, 3] be a function defined by

fx) = {max{sint:Ostsx},OSXSn
2+COSX, X>7

Then which of the following is true?

(1) f is differentiable everywhere in (0, «)

(2) f is continuous everywhere but not differentiable exactly at two points in (0, «)

(3) f is not continuous exactly at two points in (0, «©)

(4) f is continuous everywhere but not differentiable exactly at one pointin (0, «)
Sol. (1)

Graph of max{ sint: 0<t<x }in xe[0,n]

Vv

T
2
& graph of cos for xe[n,©)

Y
N

4

v

So graph of
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10.

Sol.

11.

F(x) = max{sint:0<t<x, 0<x<n
- 2 + COS X X >

y
N

/

b 2n

> X

1
1
1
1
T

2

f(x) is differentiable everywhere in (0, «)
The area of the region bounded by y - x = 2 and x? = y is equal to :
4 9 16 2
1)= 2) = 3)— 4)=
( )3 ( )2 (3) 3 ( )3
(2)

Nf-————-2

— -1

y-x=2,x>=y
Now, x*> = 2 + X
=x*-x-2=0
=>xx+1)(x-2)=0

2
Area = j (2 + X X%)
et

2 32
= x+ 2 X
2 3|,
= 4+2—§ - —2+1+1
3 2 3
1 9
=6-3+2--==
2 2

Let the mean and variance of the frequency distribution

X: Xy =2 X, =6 Xx3=8 X4 =9

f: 4 4 o B

be 6 and 6.8 respectively. If x3 is changed from 8 to 7, then the mean for the new data will be:

16 17
(1) 5 (2) 4 (35 (4) 5
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Sol. (3)
Given32+8a+98=(8+a+B) X6
= 20 + 3B =16 (D)

Also, 4 x 16 +4 xa+9B=(8+a+p) x6.8
= 640 + 400 + 903 = 544 + 68a + 68p
= 28a - 22 = 96
= 14a - 113 = 48 (i) from (i) & (ii)
a=5&p =2
SO, new mean = 32+35+18 =§=£
15 15 3
12. A possible value of 'x’, for which the ninth term in the expansion of

_1

10
{3‘°93425H*7 +3( sjlogs(s +1)} in the increasing powers of 3(

—%)Iog3(5"'1 +1)

is equal to 180, is:
(1)2 (2) 1 (3)0 (4) -1
Sol. (2)
0C,(25% +7)x (5" +1) ' =180
251 +7
56D 11
247
tt 1 4
=t=1,3=5"1
= x - 1 = 0 (one of the possible value).

A

= x=1

13. Lety = y(x) be the solution of the differential equation (x - x3)dy =(y + yx?® -3x*)dx, x > 2. If
y(3) = 3, then y(4) is equal to :
(1) 8 (2) 12 (3) 16 (4) 4
sol. (2)
(x - x3)dy = (y + yx® - 3x*)dx
= xdy - ydx = (yx* - 3x")dx + x3dy

= xdy——zydx = (ydx+ xdy) — 3 x> dx

- d(%j — d(xy) - d(°)
Integrate
Y. Xy - x> +cC
X

y(3) =3
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14.

Sol.

15.

Sol.

:§=3><3—33+c
3

=Cc=19

) szy—x3+19
X

atx = 4, %=4y—64+19

15y =4 x45
=>y=12

Let 3,b and ¢ be three vectors such that 3 = b x (Bxé). If magnitudes of the vectors a,b and

¢ are «/5, 1 and 2 respectively and the angle between b and ¢ is 9(0 <0< %), then the value

of 1+ tano6 is equal to:

(1)% (2) 2 (33 +1 (41

(2)
a=(b¢)b-(b.b)¢
= 1.2cos0b-¢b
— &=2coseb-¢
3" = (2cos6)? +2% —~2.2cos b - ¢
= 2=4c0s°0+4—4cos0-2cos0
= —-2=-4c0s*0

1
= cos’f==

2
= sec’9=2
= tan’6=1
= 9=E

4

e:

1+ tan 2.

A student appeared in an examination consisting of 8 true - false type questions. The student
guesses the answers with equal probability. The smallest value of n, so that the probability of

. . 1 .
guessing at least ‘n’ correct answers is less than 5 is:

(1) 5 (2) 3 (3)6 (4) 4
(1)

P(E) < %
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U
Me
[oe]
0
I/
N[+~
N
[oe]
AN
N+~

256 - (®C,+°C,+....+° C, ;) <128
8C, +°C, +...+°C,, <128
n-1>4

nx>5

O R

16. If tan(g], X, tan[z—gJ are in arithmetic progression and tan[g], Y, tan(f—gj are also in

arithmetic progression, then |x - 2y| is equal to:

(1)0 (2) 3 (3) 4 (4)1
sol. (1)
1 T 7n
X = E(tang + tanﬁj

5n
and 2 —tanZX +tan>Z
Y T

S0, X -2y = %[tang+tanZ—gJ

-{mnf+mn5q

9 18
T T
R |x—2y|= cotf—tang_tans_Tt
2 18
= coté—coté =0
9 9
astan@=cot@;tanﬁ=cotE
18 9 18 9

17. Let N be the set of natural numbers and a relation R on N be defined by
R={(x,y) € Nx N :x3 3x% - xy? + 3y> = 0}. Then the relation R is:
(1) reflexive and symmetric, but not transitive
(2) reflexive but neither symmetric nor transitive
(3) an equivalence relation
(4) symmetric but neither reflexive nor transitive

Morion Education Pvr. Ltd. | 394-Rajeev Gandhi Nagar | € : 1800-212-1799 | Website : www.motion.ac.in |




MOTION JEE MAIN 2021

Sol. (2)
x}-3x%y -xy?+3y>*=0
=>X(x -y )x+y)-3y(x-y)(x+y)=0
= xX=-3y)(x-y)(x+y)=0
Now, x = y V(X,y) € N x N so reflexive
But not symmetric & transitive
See, (3,1) satisfies but (1,3) does not.
Also (3,1) &(1,-1) satisfies but (3, —-1) does not

X .
18. The value of lim is equal to:
X0 (?/1—sinx—\8/1+sinxj a
(1) -1 (2) -4 (3)0 (4) 4
Sol. (2)

Rationalize denominator three times
X {(1 —sinx)t/® + (1 +sin x)l/s} {(1 —sinx)/* + (1 +sin x)1/4} {(1 —sinx)2 + (1 +sin x)l/z}

lim - .
X—0 (1-sinx-1-sinx)
. 8x

lim - = —

x—0 -2 sin X

19. Consider a circle C which touches the y-axis at (0, 6) and cuts off an intercept 65 on the x-
axis. Then the radius of the circle C is equal to:
(1)V82 (2)9 (3)8 (4)\53

Sol. (2)

SR v

J5

r= \f62 +(3VB)?
= J36+45=9

20. Let A and B be two 3 x 3 real matrices such that (A?-B?) is invertible matrix. If A°> = B> and
A3B? = A’B3, then the value of the determinant of the matrix A®> + B3 is equal to:
(1)0 (2) 2 (3)1 (4) 4
sol. (1)
C=A*>-B%*;|C| =0
A® = B® and A’B? = A’B°®
Now, A® - A°B? = B> - A’B®
= A*(A2-B?)+B*(A2-B?)=0

=(A+B*)(A% -B2) =0
Post multiplying inverse of A - B2 :
A+ B’ =0
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SECTION B

1. Let E be an ellipse whose axes are parallel to the co-ordinates axes, having its center at (3, -4),
one focus at (4, -4) and one vertex at (5, -4). If mx -y = 4, m > 0 is a tangent to the ellipse
E, then the value of 5m? is equal to

Sol. (3)

and A(5,-4)

Hence,a =2 &ae =1
1

> e==

2

= b* =3.

2 2
So, E: X=3) , (y+4)y
4 3

Intersecting with given tangent.

X2 —6Xx+9 m*x?

+ =1
4 3

Now, D=0 (as it is tangent)
So, 5m? = 3.

2. If the real part of the complex number z = 3+2icosf ee[o,

. , is zero, then the value of
1-3icoso

sin®30 + cos?0 is equal to
Sol. (1)

3-6c0s°0

Re (2) = =
(@) 1+9cos?0

= 0=—
4

Hence, sin® 30 +cos? 60 =1.

111
3. IfA=|011|andM=A+ A2 + A3 + .... + A%, then the sum of all the elements of the matrix
001

M is equal to
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Sol. (2020)

1
A"=|0 1
00
So, required sum

20 (2
= 20x3+2x(20;21j+2(r ;r]

r=1

=60 + 420 + 105 + 35 x 41 = 2020

4, The distance of the point P(3, 4, 4) from the point of intersection of the line joining the points
Q(3, -4, -5) and R(2, -3, 1) and the plane 2x +y + z = 7, is equal to
Sol. (7)

@:x—3=y+4=z+5=r
1 -1 -6

= (X,¥,2)=(r+3,-r—4,-6r-5)

Now, satisfying it in the given plane.
2r+3)+(+-4)+(-6r-5=7

We get r = -2.
so, required point of intersection is T(1, -2,7).
Hence, PT = 7.
5. The number of real roots of the equation e™ - e - 4e* - X + 1 = 0 is equal to
Sol. (2)
t'-t?-4-t+1=0,&=t>0
1 1

= t-t-4-2+=-=0
t t
2 1
= o —(x—6=0,(x=t+E22
= o =3,-2(reject)
= t+1=3
t

= The number of real roots = 2

6. Let n be a non-negative integer. Then the number of divisors of the form “4n + 1” of the
number (10)*°. (11)*. (13)* is equal to
Sol. (924)

N = 2% x 510 x 111! x 133

Now, power of 2 must be zero,
power of 5 can be anything,

power of 13 can be anything. But,
power of 11 should be even.

So, required number of divisors is

1x11x14 x6 =924
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7. If J:(sin3 x)e‘s‘”z"dx =q- gjolﬁ e' dt, then a + B is equal to .

Sol. (5)
n/2 o
I=2 .[ sin® xe S Xdx
0

n/2 , n/2 .
=2.[ sinxe > Xdx + j cosxe " X(-sin2x)dx
0 0 I I

n/2 ) 5 _m/2
=2 I sinxe S"*dx + [cos xe s"n X}
5 )
n/2 .
+ j sinx e *"MXdx
0

n/2

:3J'sinxe‘s‘”zxdx -1
0
3¢ exd

=—j % _1(Put-sin?x =t)
2_1 1+a
30 e“da

== —1(putl+a=x
2£1+a ® )
3¢ .1

= | eX—_dx-1
2¢d S Kb

1
=2—§IeX\/;dx
e
0
Hence, a +B=5

et 5z7—oﬁ+[3|2, B:3f+[3§—a|2 and E:—a?—23+lz, where a and B are integers. If a.b =-1

%
—

and b.¢ = 10, then (éxB).E is equal to

Sol. (9)
a= 1,-o, B)
b =(3,p, )

C=(o,-21);0,pcl
ab=-1=3-ap-op=-1
=af =2

bc =10

= -30-2-a=10
=20+B+5=0
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La=-2;p=-1
1 2 -1
[5 b a]=3 1 2
2 -2 1
=1(-1+4)-2(3-4)-1(- 6 + 2)
=3+2+4=9
9. Let A = {neN|n2 sn+10,000}, B = {3k+1|k eN}and C = {2k|k eN}, then the sum of all the

elements of the set A m(B— C) is equal to
Sol. (832)

B-C={7,13,19,...97, ...}

Now, n? - n <100 x 100

=n(n-1)<100 x 100

=A=1{1,2,...., 100}.

So, An (B-C)={7,13,19,...,97}

Hence, sum = ?(7 +97)=832.

10. Lety = y(x) be the solution of the differential equation dy = e *Ydx; ae N. If y(log, 2) =log, 2
and y(0) = Ioge(%j , then the value of a is equal to

Sol. (2)
J.efydy = I e*dx

e(XX

o
Put (x,y)= (/n2,/n2)

= eV =

+C )

-1 2
2 o«
Put (x,y) = (0,-¢n2)in (i)

H_1.c ...(iii)
o

+C (i)

(i) - (iii)
20-1_3

o 2
= a=2@saeN)
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