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MOTION JEE MAIN 2021

SECTION A
1. Let f : R > R be defined as

f 7%x3+2x2+3x, X >0
(X) T 3xe , x<0
Then f is increasing function in the interval.

3 -1
(1) —1,5 (2) 7,2 (3)(0, 2) (4)(=3, -1)

Sol. (1)
For x > 0 f(x) = -4x*> + 4x + 3
L L 13
F(x) is increasing in ( E,Ej
For x < 0 f'(x) = 3e* (1 + x)
F'(x) >0V xe(-1, 0)
= f(x) is increasing in (-1, 0)

So, in complete domain f(x) is increasing in (—1&)

2. Let [x] denote the greatest integer less than or equal to x. Then, the values of X € R satisfying
the equation [e*]*+[e*+1]-3=0 lie in the interval:
(1) [loge2, loge3)  (2) [0,1/e) (3) [0, loge2) (4)[1,e)

Sol. (3)

[ex]2+[ex+1}—3:0

= [ex]2+[ex+1]+1—3=0

Let [e¥] =t
>t2+t-2=0
=>t=-2,1
[€*] = -2 (Not possible)
or [e*] =1 Ll<e¥<2
= In(1) £ x < In(2)
= 0<x<1In(2)
= x € [0, In 2)
3. Let n denote the number of solutions of the equation z2+3Z =0, where z is a complex

[ee] 1 -

number. Then the value of E —¢ s equal to:
—o N
k=0

(N1 (2) 2 (3)i (4)§
3 2
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Sol. (3)
z2+32=0
Putz=x+1iy
= x*-y? +2ixy +3(x-iy)=0
= (X —y® +3x) +i(2xy —3y) = 0+i0

x> -y*+3x=0 ... (1)
2xy -3y =0 ...
3
=2,y=0
X=2,y
Put x =§ in equation (1)
9 , 9
2y’ +2=0
4 7V "2
2 33
2:_ — 4 2N
y 4 =Yy== >
. 3 3B)(3 -33
"(XIY)= S 1| 57
2 2 2 2
Puty=0=>x*-0+3x=0
Xx=0,-3

(XI Y) = (OI O)I (_31 0)
. No of solutions =n=4

e -2l

11 1 1
=—+—+—+—+.....
1 4 1 64
1 4
-1 3
4
4, Let A=[a;]be a real matrix of order 3x3, such that a;+a+aiz=1, for i=1,2,3. Then, the sum of
all the entries of the matrix A% is equal to:
(1)1 (2) 3 (3) 2 (4)9
Sol. (3)
all alZ a13
A= 9y @ dy
a31 a32 a33
1
Let x =|1
1

a,+a,+a; 1
AX =|a,, +a,, +a,; | =1
ay, +a;, + ag; 1
= AX =X
Replace X by AX
A’X = AX = X
Replace X by AX
A3X = AX = X
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X1 XZ X3

Let A’ =y, v, Y,

Zl 22 23
1 X, + X, + X5 1
AlLll=|y, +V,+V, 1
1 Z, +2Z,+ 2, 1

Sum of all the element =3

5. Let a line L:2x+y=k,k>0 be a tangent to the hyperbola x>-y?=3. If L is also a tangent to the
parabola y*=ax, then o is equal to :
(1) 24 (2) -12 (3) -24 (4) 12

Sol. (3)

Tangent to hyperbola of
Slope m = -2 (given)
y = -2x £ 43(3)

(y = mx + \Ja’m? —bz)
>y +2x=£3=2x+y=3(k>0)
For parabola y? = ax

y=mx+L
4 m

[04

= 2x+ &

=Y 8
o

2 _3
g
== -24.

1007 3

02
A LSV S
IEH/E

0 |7z 1%

T

where [x] is the greatest integer less than or equal to x, then the value of ais :

(1) 100 (1-e) (2) 200 (1 -e™) (3) 150 (et -1) (4)50 (e-1)
Sol. (2)
I=1T”mdx=1oojmdx
100]£e’x/” de
0

T T
= SO{Ie_X/’[dx - je_x/” costdx}
0 0
T T
L = Ie_x/”dx - [—ﬂe_x/”:' = 7[(1 - e_l)
0 0

I, = [e™/" cos2xdx
0
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= -ne 7 cos 2x15 I —ne_)%f(—z sin2x)dx
=7 (1 - e‘l) - erje"‘/" sin2xdx
0
- T -
—2(1-e1)-22 {-ﬂe Frsin2x]f - | e ’%fzcoszmx}
0

=r(l-et)-4r71,
ﬂ(l—e’l)
1+4r°

1= 50{;:(1_e1)_”1(1+;‘:r:)}

B 200(1 - e-l);ﬁ

=1 =

1+4r°
7. Four dice are thrown simultaneously and the numbers shown on these dice are recorded in 2x2
matrices. The probability that such formed matrices have all different entries and are non-
singular, is :
(1)23 2) 22 (3) 45 @) 43
81 81 162 162
Sol. (4)
A=‘Z’ B AL ad-be

Total case = 6*

For non-singular matrix |[A|] #0 = ad - bc# 0

= ad = bc

And a, b, c, d are all different numbers in the set {1, 2, 3,4, 5, 6}

Now for ad = bc

i) 6x1=2x3
=a=6,b=2,c=3,d=1
ora=1b=2,c=3,d=6;8suchcases

(i) 6x2=3x%x4
=a=6,b=2,c=3,d=2
ora=1,b=3,c=4,d =6;8suchcases

favourable cases

=°C,|4-16
required probability
_°C,l -16 43
6" 162
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—

8. Let three vectors 5.,6 and 6 be such that a%6=6,6x 6 = aand‘a‘ =2.

Then which one of the following is not true?

(1) Projection of a on (Bx E) is 2 (2)‘35.+B—2E ‘2 =51
[abc]+[cab]=8 ax{(5+)x(5-5))~0
sol. (2)

(1) Projection of @ on b x ¢
_a.(Bx8) _aa_
Ibx¢| lal

(2) axb=cand bx¢=3a

|a|=2

= 3,b, ¢ are mutually L vectors.
|axblHcl=lallbHEl=bl=Ic]|/2

Also, |bxc¢|Hal=|b||¢|l=2=|C|=2&|b|=1
|3+b—-2¢P=(3a+b-2¢)-(3a+b-20)
=9|aP +|bP +4|cP

=(9%x4)+1+(4x4)

-36+1+16=53

(3)[8bC] + [Cab] = 2[GbC] = 25 - (b x ©)
=2a-a=2|al=8

(4) ax((b+2)x(b-7))
=a(-bx¢+Exb)=-2(ax(bxc))

=-2(3xa)=0

9. Let S, denote the sum of first n-terms of an arithmetic progression. If S;o0 =530, Ss=140, then
S,0 - Se is equal to :
(1) 1852 (2) 1842 (3) 1872 (4) 1862

Sol. (4)

S, =530 = %{2a+9d} - 530

— 2a+9d = 106....(1)

and S, = 140 = g{2a+4d} ~ 140
—~2a+4d=56.....(2)
=5d=50=>d=10=>a=8

Now, S,, — S, = %{2a+19 d}—g{2a+5 &

-14a+175d
— (14x8) +(175x10)
- 1862
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10. Which of the following Boolean expressions is not a tautology ?
WEP=9v(q=p) @@=p)v(qg=p)

P=>9v(ag=p) @ (P=>~-9)v(aq=p)
Sol. (1)
WV~p—->qg)v(~g—>p)
=(pvag)v(gvp)
=(pvp)v(gvQq)
=pvq
Which is not a tautology.
(2)(@—>p)v(~g—p)
=(~qvp)v(qvp)
=(~qvQq)vp
=tvp=t
B)p—>av(~qa—p)
=(~pva)v(qvp)
=(~pvp)vq
=tvg=t
@)p->~qv(~g—>p)
=(~pv~q)v(qvp)
=(~pva)v(~qvQq)
=tvt=t

11. Let the circle S : 36x?+36y?-108x+120y+C=0 be such that it neither intersects nor touches the
co-ordinate axes. If the point of intersection of the lines, x-2y=4 and 2x-y=5 lies inside the
circle S, then :

25 13
(1) 100 < C < 156 2)—<C<—
9 3
(3)81 < C< 156 (4) 100 < C < 165
Sol. (1)
S :36x>+ 36y>-108x + 120y + C=0
10 C

x> +y?-3x+—y+-—=0
=X +y FSYt3g

3 -10
Centre =(-g,-f)=| =, —
entre = (-g, -f) [2 6)
100 C

radius =r = 2+———
" \4 36 36

v
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12,

Sol.

13.

Now,
3
=>r<—=
2

9100C9

=>4+ —-—
4 36 36 4
= C>100

Now point of intersection of x - 2y = 4 and 2x -y = 5is (2, —1), which lies inside the circle S.
~S5(2,-1)<0

= (2 +(-1)* - 3(2)+—( 1)+%<0
=4+1- 6—E+£<0
3 36

C<156
From (1) \& (2)
100 <C <156 Ans.

The number of solutions of sin’x+cos’=1, X € [O, 472'] is equal to :

(1)5 (2) 9 (3) 11 4)7
(1)

sin’x <sin’x < 1 (1)

and cos’x < cos?x < 1 .(2)

also sin® + cos®x = 1

= equality must hold for (1) & (2)
= sin’x = sin?x & cos’ = cos®x

= sinx = 0 & cosx =1 or

cosx =0 &sinx =1

=Xx=0, 27:,4”,7[,5—”
= 5 solutions
2
Let E1 —+——1, a > b. Let E; be another ellipse such that it touches the end points of
a’

major axis of E1 and the foci E, are the end points of minor axis of E;. If E; and E, have same
eccentricities, then its value is :

1)—1+\/§ (2)—1+\/€ “1+45 A “1+48

3
2 2 ()2 ()2
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Sol. (3)
(0, o)

0, b)

(-a, 0) k/ (a, 0)

(0, -b)

(OI 'C)

ef=1-5 —(1)
2

—(2)

a
:>c2=—:>c=i
b? b
Also b = ce
b a  b?
=— = — =e¢

e b al
e’ =1-b%a’? =e’+e-1=0

14. Let L be the line of intersection of planes I'-(1—j+2k)=2and - (21+j—k)=2. 1f P(a.B.7) is
the foot of perpendicular on L from the point (1, 2, 0), then the value of 35(a+B +7) is equal to :
(1) 134 (2) 119 (3) 143 (4) 101
Sol. (2)
Pix-y+2z=2
P,=2x+y-3=2

¢

Fel—(1,2,0)
P
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Let line of Intersection of planes P; and P, cuts xy plane in point Q.

= z-coordinate of point Q is zero
xX-y=2 4 -2
= = X = —,y = —
and2x+y =2 3 3

4 -2
= Q(E!?IOJ

Vector parallel to the line of intersection

n n ~

i Jj k
G=[1 -1 2|=-i+5j+3k

2 1 -1
Equation of Line of intersection
wod g2

3 3 z-0

= = =2
-1 5 3 ( say)

Let coordinates of foot of perpendicular be
F(—/l +ﬁ,5/1 —3,3/7,)
3 3

ﬁz(—l+%)?+(5&—%)i+(3l)l§

PF-3=0
:>i—1+252ﬂ+9/1=0

3 3
:>35/1:ﬂ:>/1=£

3 105
4 2

Now, a =-A+—=,=51-=,y-32

a +3 p 3 14

2

Sa+f+y=71+=

3
_7[ A1), 2
105)" 3

_>1
15

:35(a+ﬂ+7)=%x35=119

x> 1+ 2xe™*
————109,| T———= | x#0
f (X) =4 (L—cos2x) (1—xe™)

a Xx=0

15. Let f: R > Rbe defined as

If f is continuous at x=0, then « is equal to :
(H1 (2)0 (3)3 (4) 2
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Sol. (1)
For continuity
lim——
x>0 4sin” x
=«

(In(l +2e)-2/n(1- xe‘x))

I)(iggi[er’z" + 2xe”‘} =a

=%(4)=a=1

A ~

16. Let a vector abe coplanar with vectorsh = 2i + j +Kk and C=1— j +k.1fais perpendicular
to d =31+ 2] +6k,and ‘5‘ =\/]3. Then a possible value of [556]+[566]+[5EH] is equal
to :

(1) -40 (2) -42 (3) -29 (4) -38

sol. (2)
a=b+uc =122+ &)+ (A - p) + k(A + )
a-d=0=30Q24+u)+2(4 - u)+6(A+ p)
=>144+7u=0=> u=-21
= a=(0) -3+ (-2)k
=|al=V10 | 2 |=\10 =] 2 ]=1
=>A=1o0r-1
[abc]=0 (as vectors are coplanar)

[abc] + [abd] + [acd] = [é b+¢ a]

0 -312 2
=3 0 2
3 2 6

= 34(12) + A(6) = 421 = -42

17. Let y=y(x) be the solution of the differential equation
T
cosec’x dy+2dx=(1+y cos2x)cosec’x dx, with y(Z) =0. Then, the value of (y(0)+1)%is equal

to:

(1ye 2 (2)e 2 (3) e (4) e
Sol. (3)

%+Zsin2x:1+yc052x

X
= dy + (—cos2x)y = cos2x
dx

_sin2x
—e 2

ej—cos 2xdx

I.F. =
Solution of D.E.
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-sin2x ;'515122(
ye 2 =[(cos2x)® dx +c¢

sin2x sin2x
=>yle 2 |=-e % +cC

Given

=>0=-€e"+c=>c=e"?

sin2x sin2x _y
=>yle ? |=-€e ? +e”?

atx =20
y=-1+¢
—y(0)=-1+e”
= (y(0) + 1)> =e™

18. The value of  and p such that the system of equations x+y+z=6, 3x+5y+5z=26, x + 2y + Az=p
has no solution, are :

(1)A=3, = 10 ()0 2,1 =10
(3)r=3,u=5 (4)r=2,u=10
Sol. (4)
1 1 1
D=3 5 5 =0
1 2 A

(5% - 10) - 1(31=5) + (6-5) = 0
2.-10+5+1=0

only one option satisfy

Atleast one If Dy, Dy, D3 #0

cos X —Xx+1

=

19. If the domain of the function f(X) = is the interval (a,p], then o+ B is equal

to:
(1) 2 (2)§ (3)1 (4)1
2 2
Sol. (2)

O<x*-x+1<1
=x?2-x<0
= x €[0,1]
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Also,0 < sin™ x-1) 7
2 2

2x -1

=0< <1

=0<2x-1<2
1<2x<3
1ox<3

2 2
Taking intersection

Xe(l,l}
2

20. If the shortest distance between the straight lines 3(x-1)=6(y-2)=2(z-1) and

1
4(x—2)=2(y— A) =(z—3), A € Ris——, then the integral value of 1 is equal to :
(x-2)=2(y-4) =(z-3) NG

(1) -1 (2)2 (3) 3 (4) 5
Sol. (3)
LD 02 @ g
2 1 3
L (X2 _y=A_z2=3 0% ak

1 2 4

Shortest distance = Projection of a on r, xT,

_|;(F1XF2)|
F, < 15|
1 1-2 2
a-(Fxf)=R 1 3/=14-51]
1 2 4
7 < 7| =38
.1 _]14-52]
38 38
=[14-51[=1
=14-51=10r14-51=-1
:/1=Eor3
5

. Integral value of 2 =3
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SECTION B
1. The number of elements in the set {ne{l23...... ,100}‘(11)n>(10)"+(9)n}
is .
Sol. (96)

11"> 10"+ 9"

=11"-9"> 10"

=10+ 1)"-(10-1)"> 10"

= {"C, 10" +" C,10™° +" C;10™° + -} > 10"

=2n-10"" +2{"C,10"> +" C,10"® + .-} > 10" ..(1)

Forn=6,7,8, ... 100

= 2n10"" +2{"C,10™> +" C,10"® + -+ > 10"
=11"-9">10" Forn=5,6,7,....100

For n = 4, Inequality (1) is not satisfied

= Inequality odes not hold good for
N=1,2,3,4

So, required number of elements

=96

2. Let y=y(x) be the solution of the differential equation
y+1

(X+2) e(”zj+ (y+1) |dx = (x+2)dy, y(1) =1.

If the domain of y=y(x) is an open interval (a.,B), then|0£ +,B| is equal to

Sol. (4)
y+1l=Y=dy=dY
X+2=X=dx=dX

Y
= (Xex + YJ ax = Xdy

= XdY -YdX = Xe"*dX

Y) Y oax
=>dl-|ex =—
X X

e =/n|x|+c

(3,2) > -e??=¢n|3|+c
t 2
—-ex=/n|X|-e3-/n3
Y
X

ex=e’*4+/n3-/n|X|>0
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Sol.

Sol.

In| X |<e*?+in3 - A
|x+2|<e’

e <x+2<ée’

e -2<x<e' -2
a+pf=-4=la+pl=4

Let A={0, 1, 2, 3, 4, 5, 6, 7}. Then the number of bijective functions f : A — A such that
f(1)+f(2)=3-f(3) is equal to
(720)
f(1) +f(2) = 3 -f(3)
= f(1) + f(2) + f(3) = 3
The only possibility is: 0 + 1 + 2 =3
= Elements 1, 2, 3 in the domain can be mapped with 0, 1, 2 only.
So number of bijective functions.
= |3x|5=720

10
1

If the constant term, in binomial expansion of (2x“+—2 is 180, than r is equal to
X

(8)

10
(ZXr + %J

10-R
General term =" C, (2x") "~ x**

= 210°R1C _180........ 1)
&(10-R)r—-2R=0
2R

"T10-R
2(R-10) 20
r= -
10-R 10-R
20

r=-2+———...... 2
= tor o
R = 8 or5 reject equation (1) not satisfied
AtR =8

20ROC ~180=r=8

31 i x<2
Let f :R — R be function defined as f (X) = 2
0 if |x>2

Let g: R > R be given by g(x)=f(x+2) - f(x-2). If n and m denote the number of points in R
where g is not continuous and not differentiable, respectively, then n+m is equal to
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sol. (4)
3—X 4 <x<-2
2
f(x-2) —3?)( -2<x<0
0 X € (o0, -4) U (0, + )
3_X +6 0<x<2
2
f(x+2) —3?)(+6 2<x<4
0 xe(-0,0)U(4+»)
3—X +6 4<x<-2
2
3x
g(x) = f(x+ 2)—f(x-2)] "2~ 2<X<?
3x
— -6 2<x<4
2
0 X € (—0,-4) U (4, +0)
Y
R
-'4-!3 -Iz-llo -!1 -!2-!3 I
)
v
n=20
m=4=(n+m=4)
010
6. Let A=|1 O O/. Then the number of 3 x3 matrices B with entries from the set {1, 2, 3, 4,
0 0 1
53} and satisfying AB=BA is
Sol. (3125)
ab c
Let matrix B=|d e f
gn i

- AB = BA
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0 1 Ojla b c ab cl[O10
1 0 0||de f|=|d e f||]1 0O
10 0 1|[g h i g h i||l0 01
d e f b ac
ab c|=ledf
g h i h g i

=>d=b,e=a, f=c g=h
abc

. MatrixB=|b a c
g g i

No. of ways of selecting a, b, c, g,
i=5x5x5x%x5x5

= 5° = 3125

. No. of Matrices B = 3125

7. Consider the following frequency distribution :
Class : 0-6 6-12 12 - 18 18 - 24 24 - 30
Frequency: a b 12 9 5
If mean = —— and median = 14, than value (a - b)? is equal to
Sol. (4)
Class Frequency | X; F; x;
0-6 a 3 3a
6-12 b 9 9b
12-18 12 15 180
18-24 9 21 189
24-30 5 27 135
N=(26+a+b) (504+3a+9b)
3a+9b+180+189+135 309
Mean = =
a+b+26 22

= 66a + 198b + 11088 = 309a + 309b + 8034
= 243a + 111b = 3054

—81a+37b=1018 —(1)
a+b+26_(a+b)
Now, Median =12 + — 2 3 x6 =14
:E—[ﬂ]=2
2 4
:a+b:g
4 2

= a+b=18 - (2)
From equation (1) & (2)
a=8,b=10

-~ (a-b)? = (8-10)2
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8. If the digits are not allowed to repeat in any humber formed by using the digits 0, 2, 4, 6, 8,
then the number of all numbers greater than 10,000 is equal to
Sol. (96)
0,2,4,6,8
[2468] | [ | |

4 4 3 2 1
=24 x4 Xx3x2=096

9.  The sum of all the elements in the set{n e{l,2,........ ,100}| H.C.F. of n and 2040i81} is

equal to
Sol. (1251)
2040 =23 x 3 x 5x 17
n should not be multiple of 2, 3, 5 and 17.
Sumofalln=(1+3+5... +99)-(3+9+15 +21 + ... +499)-(5+25+ 35+ 55+ 65
+ 85+ 95) - (17)

=2500—%(3+99)—365—17
= 2500 - 867 - 365 - 17 = 1251

10. The area (in sq. units) of the region bounded by the curves x>+2y-1=0,y*+4x-4=0 and y2-4x-
4=0, in the upper half plane is

Sol. (2)
Required Area (shaded)

Y|

yi+dx—-4=0

_ 2@(4%‘3’2%%@(1‘2’(2]&}

221
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