JEE Main 2021 24 Feb Shift 2 Maths Paper

1. Let a, b € R.If the mirror image of the point P(a, 6,9) with respect to the line
)67;3 = yT_Z = %is (20,b,—a —9),then |a+b| isequal to:
(1) 86 (2) 88 (3)84 (4)90
Ans. (2)

Sol.  P(a, 6,9),Q (20,b, -a-9)

a+20 b+6 a\ . .
5 ’T’_E) lie on the line.

Mid point of PQ = (

a+20_3 ﬁ_z _a 4
2 —__2 __2

7 5 -9

a+20-6 _ b+6-4 -a-2

14 10 ~  -18
a+14 _ a+2
14 18

= 18a + 252 = 14a + 28

= 4a = —224

b+2 _ a+2

10 ~ 18
b+2 _ —54

10 18
b+2

522 - _35p=-32
10

la + b| = |-56 — 32| = 88

2. Let f be a twice differentiable function defined on R such that f(0) = 1, f'(0) = 2 and
fx) f(x)

f'(x) # Oforallx € R.If OO ()

= 0, for all x € R, then the value of (1) lies in the

interval :

(1) (9,12) (2) (6,9) (3)(3,6) (4)(0, 3)

Ans. (2)
Sol.  Given f(x)f" (x) — (f’(x))2 =0

Let h(x) = %

Thenh'(x) =0 = h(x) =k
>IZ -k S =k'®
= £(0) = kf'(0)

1
>k==
2

Now, f(x) = 3 f'(®)
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f'x0)
=>f2dx=ff(;)dx

= 2x =In|f(x)|+C
Asf(0)=1= C=0

= 2x =In|f(x)|

S f00) = +e?

As f(0) =1> f(x) =e?*
~f(1)=e%?~738

\/@J is:

1.
3. A possible value of tan (Z sin”! ?

(1) % (2) % (3)V7 -1 (4)2v2 -1
Ans. (2)
Sol.  tan lsin*@
4 8
Let sin™?! (?) =60 sinf= ?
8
J63
0
1
cos@ = 1
8

) 1
2cos?=—1==
2 8

20 9
= CO0S E=_

16
6 3
cos— =~
2 4
1—tanzg _3
1+tan2? 4
4
6 1
tal’lz = \/—7
4. The probability that two randomly selected subsets of the set {1, 2, 3,4, 5} have exactly two
elements in their intersection, is :
65 135 65 35
(1) (2) 5 (3) 5 4) 7
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Ans.

Sol.

Ans.

Sol.

Ans.

Sol.
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(2)

Let A and B be two subsets.

For each x € {1, 2,3,4,5}, there are four possibilities :
x€EANB, xeA' NB, xeANB', xeA'nB’

So, the number of elements in sample space = 4°
Required probability

5¢,x33

4_5
__10x27 _ 135
T 210 T 99

The vector equation of the plane passing through the intersection of the planes

F(f+ j+l€):1 and F-(f—Zi):—Z, and the point (1, 0, 2) is :

W7 (i-7+3k) =7 @7 - (1+7)+3k) =7
(3)7-(3t+7j+3k)=7 @7 (i+7]+3k) ==
(2)

Family of planes passing through intersection of planes is
{#-C+j+k)—-1}+2F- -2 +2}=0

The above curve passes through i + 2k,
B-1D+AA+2)=0=>1=—2

Hence, equation of plane is
3(F-(i+j+k)—1}-2(-(—-2D+2}=0
=>7-(1+7/+3k)=7

TRICK: Only option (2) satisfies the point (1,0, 2)

If P is a point on the parabola Yy = X’ +4 which is closest to the straightline y =4x -1, then

the co-ordinates of P are :

(1) (-2,8) (2) (1, 5) (3)(3,13) (4) (2,8)
(4)

Tangent at P is parallel to the given line.

dy _

P =4

= 2x1 =4
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y=x>+4

P(X1,Y1)

=>X1=2

Required point is (2, 8)

7. Let a, b, c be in arithmetic progression. Let the centroid of the triangle with vertices

10 7
(a,c),(2,b) and (a,b) be (?,5] If o, 3 are the roots of the equation ax? + bx + 1 = 0,

then the value of o + * —af is:

71 69 69 71
(1) 5 (2) =5 (3) 5 4) o
Ans. (4)
Sol. 2b=a+c
2a+2 10 2b+c 7
= —and ==
3 3 3 3
_ 2b+c=7 )
2>a=4 2b_c=4},solv1ng
3

< Quadratic equation is 4x? + % x+1=0

g 2 _ 121 _3__ 71
= The value of (@ + ) =3af = — -7 = ——
3
8. The value of the integral, L [XZ —2X— 2]dX, where [x] denotes the greatest integer less than
or equal to X, is:
(1) -4 (2)-5 (3)—V2-v3-1 (4)—V2-V3+1
Ans. (3)
Sol. I= ff —3dx + ff [(x — 1)?]dx

Putx-1=t; dx =dt
I=(-6)+f. [t?]dt
1=-6+[} 0dt + ['* 1dt + [} 2dt + [ 3de
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Ans.

Sol.

10.

Ans.

Sol.

11.
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I=—6+(V2-1)+2V3—-2V2+6—3V3
I=-1-v2-+3

Let f :R — R be defined as

—55x, ifx<-5
f (x) =4 2x° —3x* —120x, if -5<x<4
2x® —3x?-36x—336, ifx>4

Let A = {x € R: f is increasing}. Then A is equal to :

(1) (=5,-4) U (4, ) (2) (=5, )
(3) (—00, _5) V) (4" OO) (4') (—OO, _5) Y (_4: OO)
(1)
=55 ;0 x<-=5
fl(x) =46(x?—x—-20) ; -5<x<4
6(x>—x—6) ; x> 4
=55 ; x <-5
= f'(x) ={6(x—=5)(x+4) ; -5<x<4
6(x—3)(x+2) ; x >4

Hence, f(x) is monotonically increasing in (- 5,-4) U (4, )

If the curve y = ax? + bx + ¢, x € R passes through the point (1, 2) and the tangent line to
this curve at origin is y = x, then the possible values of a, b, c are :

(Ma=1b=1c=0 (2)a =-1,b=1c =1
B)a=1b=0,c=1 @a=3b=2,c=1
(1)

2=a+b+c

dy d_y _

E—Zax+b, (dx)(o,())_

=>b=1landa+c=1
Since (0, 0) lies on curve,
sc=0a=1

TRICK: (0,0) lies on the curve. Only option (1) hasc = 0

The negation of the statement ~p A (p V q) is :
(W) ~pAq (2)pA~q (B)~pVvaq (4)pv~q
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Ans. (4)
Sol.  Negationof ~p A (pV q)is
~[~pA PVl
=pVv~®Vq
=pV(~pA~q)
=@Vv~p AV~
=T A (pV~ q), whereT is tautology.
=pV~q

12. For the system of linear equations :
x=2y=1Lx-y+kz=-2ky+4z=6,keR
consider the following statements :
(A) The system has unique solution if k =2,k = —2.
(B) The system has unique solution if k =—-2.
(C) The system has unique solution if K =2.
(D) The system has no-solution if k = 2.
(E) The system has infinite number of solutions if K #—2.

Which of the following statements are correct ?

(1) (B) and (E) only (2) (C) and (D) only
(3) (A) and (D) only (4) (A) and (E) only
Ans. (3)

Sol. x—-2y+0.z=1
x—y+tkz=-2
0.x+ky+4z=6

1 -2 0
A=|1 -1 k|=4-k?
0 k 4

For unique solution, 4 — k? # 0
k++2

Fork = 2,

x—2y+0z=1

xX—y+2z=-2

JEE Main 2021 24Feb Shift 2 Page | 6

Copyright © Think and Learn Pvt. Ltd.




13.

Ans.

Sol.

14.

Ans.
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0.x+2y+4z=6

1 -2 0
Ay =1-2 —1 2|=(-8)+2[-20]
6 2 4

=>4, =-48%0
Fork=2,4, #0

So, for k = 2, the system has no solution.

For which of the following curves, the line X+ \/§y = 2\/§ is the tangent at the point

33 1],

2 '2)
(1)x?2+9y2=9 (2) 2x?> —18y2 =9
(3)y2=%x ) x2+y2=7
(1)

Tangent to x* + 9y? = 9 at point (%5%) is x (%g) Y G) =9
= 3V3x+9y =18 = x ++3y =23

= Option (1) is true.

The angle of elevation of a jet plane from a point A on the ground is 60°. After a flight of 20
seconds at the speed of 432 km/hour, the angle of elevation changes to 30°. If the jet plane is
flying at a constant height, then its height is :

(1) 12003 m (2) 1800v3 m (3) 3600v3 m (4) 24003 m

(1)
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Sol.
P Q
h h
60330 1,
A C D
v =432 x wm/sec =120 m/sec
60x60
Distance PQ =v x 20 = 2400 m
In APAC
tan 60° = = = AC=--
AC V3
In AAQD
o —
tan30°=-— = AD =3h
AD=AC+CD
= V3h = 2= + 2400 = 22 = 2400
V3 V3
=h=1200V3 m
15. For the statements p and g, consider the following compound statements :

@CEar®—a)—~p

(b) (V@) A~p) > q

Then which of the following statements is correct ?

(1) (@) is a tautology but not (b) (2) (a) and (b) both are not tautologies.
(3) (a) and (b) both are tautologies. (4) (b) is a tautology but not (a).
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Ans. (3)
~q p->q ~qAN(p->q) ~p (~OAN{pP-q —>~p

Sol. (a)

mTTNNT
TN TR
N TS T
N ST
~N T T
NN T ™
NS

(a) is tautology.

p 4 pvg ~p @VOA~p (VD A~P)-q
T T T F F T

(b) T F T F F T
F T T T T T
F F F T F T

(b) is tautology.
~ (@) and (b) both are tautologies.
16. Let A and B be 3x3real matrices such that A is symmetric matrix and B is skew-symmetric

matrix. Then the system of linear equations (A2 B - B? A2>X =0, where X isa 3x1

column matrix of unknown variables and O is a 3x1null matrix, has :

(1) a unique solution (2) exactly two solutions
(3) infinitely many solutions (4) no solution
Ans. (3)

Sol. AT=A, B™= -B
Let A2B2 - B2A2 =P
PT = (A2B2 - B2A2)T = (A2B2)T - (B2A2)T
= (B9)T (A2)T- (A2)T (BT

= B2A2 - A2B?
= P is a skew-symmetric matrix.
0 a b]px 0
-a 0 ¢ M =10
-b —c 0l'z 0
~ay+bz=0 (1)
—ax+cz=0 (2)
-bx - cy =0 -(3)

From equation (1), (2), (3)
A=OandA1 =A2 :A3 =0

-~ System of equations has infinite number of solutions.
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17.

Ans.

Sol.

18.

Ans.

Sol.
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If n > 2 is a positive integer, then the sum of the series

"C,+2(°C,+°C,+ C,+... " C, ) i

n(n+1)?(n+2) n(n-1)(2n+1)

(1) M2 (2) =2
n(n+1)(2n+1) n(2n+1)(3n+1)

(3) MDD (4) HEm DD

(3)

2C2=3C3

LetS=3C3+3Cy+ ....... +nC, = n+1(C5 ( nC,. +10C,_q = n+1Cr)
- n+1C2 + n+1C3 + n+1(:3

=n+2(C3 + n+1(C3

_ (m+2)! (n+1)!
T 31(n-1)! | 3!(n-2)!

_ n+2)(n+1)n | (n+1)(n)(n-1) _ nn+1)(2n+1)
6 6 6

TRICK : Put n = 2 and verify the options.

d
Ifacurve y = f(X) passes through the point (1, 2) and satisfies Xd—y +Yy =bx*, then for
X

what value of b, flzf (x)dx = % ?
62 31

(1)5 (2) - ()7 (4) 10
(4)
dy , ¥ _
& Sl ; = bX3

dx
[F.=e’ X =x

LYK= J'bx“dx = b?XS +C
Above curve passes through (1,2).
2= §+ c

Also, flz (% + %) dx = %

b b 62
$2—5X32+C11’12—E—?

=>c=0andb =10
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19.  Theareaof theregion:R = {(X, y):5x* <y <2x*+ 9} is:

(1) 9v3 square units (2) 12v/3 square units
(3) 11v/3 square units (4) 6V3 square units
Ans. (2)
Sol.
=02
v y =5x
y=2x2+9
1
| |
| 1
| |
| |
| | > X
i 0 V3

Required area
=2 foﬁ(sz + 9 — 5x2)dx
= 2f(;/§(9 — 3x?)dx

= 2|9x- 3|3 = 1243

20. Let f(x) be a differentiable function defined on [0, 2] such that f'(x) = f'(2 — x) forall x €
2
(0,2), f(0) = 1 and f(2) = e?. Then the value of Io f(X)dX is:

(1)1 +e? (2)1-e2 (3) 2(1-e?) (4) 2(1+e?)

Ans. (1)
Sol.  f'(x)=f"(2—x)
On integrating both sides, we get
fG)=—-fCZ-x)+c
Putx =0
fO+f2)=c
>c=1+¢?

Sf)+fR—-x)=1+¢e?
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= [ fdx = [[{f(x) + f(2—0)}dx =1+ ¢

Section B
: 2 27
1. The number of the real roots of the equation (X+1)°+|X—-5]= " is
Ans. 2
Sol. Forx > 5,
+D2+(x-5)==
>x?+3x—4= 24—7
= x% + 3x — 1—3 =0
= 4x% +12x—43 =10
x = T12£/144+688
8
_ —12+y832 _ -12+4288
= 8 T8
_ 3472
T2
= _3;7'2 , _3;7'2 (therefore, no solution)
For x < 5,
@+1)?-(x-5 ==
Sx2+x+6— 24—7 =0
=>4x%+4x—-3=0
_ —4+\/16+48
~ 8
—418
= S>Sx=—-=,-
=~ 2 real roots.
2. The students S,,S,,...,S,; are to be divided into 3 groups A, B and C such that each group

has at least one student and the group C has at most 3 students. Then the total number of
possibilities of forming such groups is
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Ans. 31650
Sol.
A
C—o1 9 [
B
A
C-2 8 |:
B
A
C-3 7|:
B

Number of ways

= 10C; [29 -2] + 10C; [28-2] + 10C3 [27-2]

= 27[10C1x4 + 10Cyx2 + 10C3] - 20 - 90 -240
=128[40+90+120]-350

= (128 x 250) - 350

=10[3165] = 31650

1
3. Ifa+a=1,b+p =2and af (X)+a f (—j = bX+£, X # 0, then the value of the expression
X X
f(x)+f (1)
X) .
1 B
X+~
X
Ans. 2

Sol. af(x)+af G) = bx +§ (i)

Replace x by i

af G) +af(x) = §+ Bx  ..(i)

(i) + (i)
@+a)[f+f(G)]=(+;) @+
s f<xi1‘(%) 2,
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Ans.

Sol.

Ans.

Sol.
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If the variance of 10 natural numbers 1,1, 1, ..., 1, k is less than 10, then the maximum

possible value of K is

2 Zx? (Ex)z
o ="—— =
n n

2
=},UZZM_(ﬂ) <10
10 10

= 10(9 + k?) — (81 + k? + 18k) < 1000
= 90 4+ 10k? — k% — 18k — 81 < 1000
= 9k? — 18k + 9 < 1000

S (h—1)2 <220 g <1000
9 3
ok < 10

3

Maximum possible integral value of k is 11.

Let A be an integer. If the shortest distance between the linesx —4 =2y — 1 = —2z and

Nz
X=VY+21=z2—A is ——=, then the value of | A |is
y 2 [Alis

1
x=A _ V5 _z
40 I
2 2
e it on line = (2.1
— “YER_; (1) Point on line = (/1, > 0)
% = # = ? ..(2)  Pointonline = (0,—24,2)

— [52—51 51 52]

Distance between skew lines —
|b1xb,|

= |10A + 3| =7 = A = —1as dis an integer.
=i =1
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Ans.

Sol.

Ans.

Sol.
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o E 1+|\/')21 (1+|J')21

Let | = =k, and n = [|k|] be the greatest integral part of
e i) [I%I] g gral p
n+5 . n+5 .
|k|. Then Z(j +5)° —Z(] +5) is equal to
j=0 =0
310
om 21 .
() )
+

24 24

() ()
221.ei14-77.' 221(ei71'[)

= 1z g-iem 212(elom)

= 29i(20m) 4 29,im

=2°+2°(-1)=0=k

~n=0

30U +5)2 =23 ,G +5)
=[524+6%2+72+82+92+10°] - [5+6+7+8+9+10]
=[(124+2%+...4+10>) — (12 + 22+ 32 +4))] - [Q1 +2+3+...+10) — (1 + 2+ 3 + 4)]
= (385 —30) — [55 — 10]

= 355- 45 = 310

Let a point P be such that its distance from the point (5, 0) is thrice the distance of P from the
point (-5, 0). If the locus of the point P is a circle of radius r, then 4r2 is equal to

56.25

Let P be (h,k), A(5, 0) and B(-5, 0)
Given PA = 3PB

= PA2=9PB2

= (h—5)?%+k?=9[(h+5)%+ k?]
= 8h? + 8k? + 100h + 200 =0

=~ Locus of P is x? + y? +( )x+25—0
Centre = (_TZS, 0)
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=% _ 95
16
_ 225
~ 16
o 4r2 =4><%=E:56.25

. n "C,, ifnzr=0
8. For integers n and r, let = .
r 0, otherwise

The maximum value of k for which the sum

£ (10)( 15 1012 13 o
Z . s Z ) . | exists, is equal to
Uil ) lk=1) Ui )Lk+1—i

Ans. *
Sol. BONUS
(1+x)10 = 10Cq + 10Cyx + 10Cx2 + ... + 10Cox10

(1+x)15 = 15Cq + 15C1X + ....15Cko1 XK1 + 15Cyxk + 15Cypqxk+1+......15C15x15
K ,(10C;)(15C;_;) =19Co. 15Cic+ 10C1.15C)1+.....+10Ci.15Co
Coefficient of xi in (1+x)25
=25C)
k+1(12€;)(13Cpqq-;) =12C0.13Cks1 + 12C1. 13Ci ...t 12C11.13Co
Coefficient of xk+1 in (1+x)25
= 25Cgsq
25Ck + 25Ck+1 = 26Cys1

By the given definition of ("), k can be as large as possible.

65
9. The sum of first four terms of a geometric progression (G.P.) is E and the sum of their

65
respective reciprocals is E If the product of first three terms of the G.P. is 1, and the third

termis «, then 2« is

Ans. 3
Sol. a, ar, ar?, ar3
65
a+ar+ar2+ar3=E ....... (1)
1 1 1 1 65
St —t—+—===
a ar ar ar 18
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1 r3+r2+r+1) 65
> — == ... 2
a( r3 18 ( )
(1)
—,we get
@’ Ves
18 3
a’r3i====:
12 2

Also,a3r3=1=>a(g):1=>a=§

10. If the area of the triangle formed by the positive x-axis, the normal and the tangent to the
circle (X—2)° +(y—3)* = 25 at the point (5, 7) is A, then 24A is equal to :

Ans.
Sol.

Ya
P(5,7)

A(2,3)
N W

Equation of normal at P is
7-3
v-71=(5)&-5)
= 3y-21=4x-20
=>4x-3y+1=0

. 1
=> Mis (_Z’O)
Equation of tangent at P is
3
-7 =-2x-5)
=>4y -28=-3x+15
= 3x +4y =43

:Nis(43—3,0)

The question is wrong. The normal cuts at a point on the negative axis.
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