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SECTION — A

If the Boolean expression (p A q) @ (p ® q) is a tautology, then ® and ® are respectively given by :
(1) A, >

2) -, >

3) v, »

(4) A, v

@)

(Prg) > (p—aq)

(Pra) - (~pva)

(~pv~a)v(vpva)

~pv(~gvq)=Tautology

= 0= >
® = >

Let the tangent to the circle x2 + y2 = 25 at the point R(3,4) meet x-axis and y-axis at points P
and Q, respectively. If r is the radius of the circle passing through the origin O and having
centre at the incentre of the triangle OPQ, then r? is equal to :
625
1) —=
(1) >

585
2) ——
(2) 6

125
3) ==£2
(3) —5

529
q) 242
()64

(€8)

Given equation of circle

x2 +y2=25

. Tangent equation at (3, 4)
T:3x+4y =25

(0,0) Of— 25 —>F\ X
25
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Incentre of AOPQ.
25 y 25 25 25

[ = 4" 3 3 4

25 25 125’25 25 125
+ == + ===
34 12 3 4 12

625 625 25 25
75+100+125'75+100+125 1212

Distance from origin to incentre is r.

2 _[25) (25 _625
12) "(12) 72

Therefore, the correct answer is (1)

3. Let a computer program generate only the digits 0 and 1 to form a string of binary numbers

with probability of occurrence of 0 at even places be % and probability of occurrence of 0 at the

odd place be % Then the probability that *10’ is followed by ‘01’ is equal to :

1
Mg

1
) 15

(3)

(4)

Wl Ol

Ans. (3)

Sol. P(0 at even place) = =, P(0 at odd place) =

= N~
WIN W=

P(1 at even place) = =, P(1 at odd place) =

N

P(10 is followed by 01)

2 1 1 1 1 1 1 2
3 2" 3 2 2 3 2 3

11
= — 4+ —
18 18
-1
9
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4. The number of solutions of the equation x + 2tanx = % in the interval [0, 21] is :
(1)5 (2) 2
(3)4 (4) 3

Ans. (4)

Sol.

- _r 0 2T
2
T .
X+2tanx = 5 in [0, 27]
2tanx= L —x
2
s
2tanx= = —x
2
T X
tanx= — — —
4 2
-X =«
=tanxandy= — + —
Y =3 g
3 intersection points
.. 3 solutions
option (4)
5. If the equation of plane passing through the mirror image of a point (2, 3, 1) with respect to

line

x+1 :y—3:z+2 and containing the line x—2:1—y:z+1
2 1 -1 3 2 1

is equal to :

(1) 21

(2) 19

(3) 18

(4) 20

is oX + By +yz=24,thena +B +7v

Toll Free : 1800-212-1799

www.motion.ac.in | Email : info@maotion.ac.in




MorTionN

Ans. (2)
Sol.
A(2,3,1)
B X+1=y_3=2+2...(L1)
M; 2 1 -1
B (image)
Let point Mis (2A—1,A +3,—- A -2)
D.Rsof AMlineare 2A—-1-2, A+3-3, -A=-2-1
20 -3, A, -A-3

AM L line Ly
SL22A0-3)+1(AM)-1(-A-3)=0
6h=3h=< M= (o,z,'—sj
2 22
M is mid-point of A & B
A+B
2
B=2M-A
B=(-2,4,-6)
Now we have to find equation of plane passing through B (-2, 4, —6) & also containing the line
x—2=1—y=z+1 (1)

M =

3 2 1
x-2 y-1_ z+1
3 -2 1

oB

/Lz
P

Point P on lineis (2, 1, -1)
5
bz oflinel,is3,-2,1

n || (b2 x PB)
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N
r

- o o>
.n=a.n

.. equation of plane is
F7t+11] +R)= (<21 445 —6R).(77 +11] + k)
Ix+1ly+z=-14+44-6

Ix+1ly+z=24

oa=7

B=11

y=1

La+B+y=19

option (2)

(1
2- = , 0
Consider the function f : R — R defined by f(x) = ( sm(xjj|x| ke

6.
0 , x=0
(1) monotonic on (0, o) only
(2) Not monotonic on (-co0, 0) and (0, )
(3) monotonic on (-0, 0) only
(4) monotonic on (-0, 0) U (0, o)
Ans. (2)
Sol.

—(Z—Sinljx , x<0

X

f(x)= 0 , x=0

(Z—Sinl)x , x>0
X

—x(—coslj[—iz]—(z—sinlj,x <0

X X X

x[—coslj[—%j+(2—sinlj,x >0
X X X

—lcosl+sinl—2, Xx<0
X X X

f(x) =

lcosl—sinl+ 2, x>0
X X X
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Ans.

Sol.
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Let O be the origin. Let OP=xi+yj-k and OQ=-1+2j+3xKk, x, y € R, x > 0, be such that

‘I?Q‘ =20 and the vector OP is perpendicular to OQ. If OR =3i+2zj-7k,z € R, is coplanar with

OP and 0OQ, then the value of x>+y*+z2 is equal to :

(1) 2

31

@

OP = xi+yj-k OP L 0Q
@:—?+23+3x|2

PQ=(-1-x)i+(2-y)j+(3x+1)k

PQ| = (-1-x)" + (2-y) +(3x + 1)’

V20 = (-1-x)2 + (2 - y)? + (3x+ 1)
20=1+%x>+2x+4 +y?> -4y + 9x? +1 + 6X
20=10x% + y? + 8x + 6 — 4y

20 = 10x® + 4x* + 8x + 6 - 8x

14=14¢C >
Lyt =4axt =

x=lasx>0andy=2

x y -1
.1 2 3x|=0
3 z -7

1 2 -1

-1 2 3

3 z -7
1(-14-32)-2(7-9) -1(-z-6)
-14-3z2+4+2z+6=0

2=-4

XX+y*+22=9
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-~ OP.0Q =0
-X+2y—-3x=0
4x =2y

y = 2X
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8. Let L be a tangent line to the parabola y? = 4x - 20 at (6, 2). If L is also a tangent to the ellipse

X2 y2
> + e 1, then the value of b is equal to :

(1) 20
(2) 14
(3) 16
(4) 11
Ans. (2)

Sol. Parabola y? = 4x - 20
Tangent at P(6, 2) will be

2y = 4(’(;6}— 20

2y = 2x + 12 - 20

2y = 2x - 8
y=x-4
—y-4=0 (1)
X2 y2
This is also tangent to ellipse 7+F =1
Apply c? = a’m? + b?
(-4 =(2)(1)+b
b =14
Option (2)
9. Let f : R > R be defined as f(x) = e™sinx. If F : [0,1] R— is a differentiable function such that
F(x)j f(t)dt, then the value of J- x)+f(x ))exdx lies in the interval
(1) 330 331 ) 327 329
360’360 360’360
(3) 331 334 (4) 335 336
360’360 360’360
Ans. (1)

Sol. F'(x) = f(x) by Leibnitz theorem

1 1
I(F'(x) +f(x))e* dx =J.2f(x) e* dx
0 0

2 sinxdx

O ey

=2(1-cos 1)
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Sol.

11.

Ans.
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2 44
={1_(1_1_+1__L+...]}
2131 &
11 11 1
201 (1- 2 2 lco@-costy <2t [1-ty 1
{ [ 2+24j} (1-cosd) { [ 2" 24 720)}

@< 2(1 -cos 1) <E
360 360
330 331
———<I<==
360 360

(1) is correct

If X, y, z are in arithmetic progression with common difference d, x # 3d, and the determinant of

3 42 x
the matrix | 4 52 y | is zero, then the value of k% is :
5 k z
(1)6
(2) 36
(3) 72
(4) 12
()
3 442 x
4 52 y|=0
5 k z

Ri - Ri1 + Rz - 2R>

0 42-k-1042 0

4 52 y|=0 {+ 2y=x+2}
5 k z

= (k -6:2)(4z - 5y) = 0

k =632 or 4z = 5y (Not possible -+ x, y, zin A.P.)

So k? =72
Option (3)
_ 10 |sin 2nx| I _
If the integral . Xf[xjdx =oae " +Pe 2 +y,where a,B,y are integers and [x] denotes the greatest
e

integer less than or equal to x, then the value of o +p + 7y is equal to :

(1) 20 (2)0
(3) 25 (4) 10
))
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Sol. Given integral
10

. 1 .
J-—[sm_an] dx = 10!—[5m2nx] dx (using property of definite in.)
o] J e

% Ly
10| [ 0.dx+ [ =dx
e
0 %

—-X 1
—10{e - } - 10[e'1 - e_/z}
%
-1

— 10e”! -10e 12
comparing with the given relation,
oa=10,p=-10,y=0

oa+p +y=0.
therefore, the correct answer is (2).

12. Let y = y(x) be the solution of the differential equation

17 March. 2021 | Shift 2

cosx(3sinx + cosx + 3) dy = (1+y sinx(3sinx + cosx + 3))dx, 0<xX< 2, (0) = 0. Then, y (gj is

equal to:
243 +10
1) 2log, | ———
(1) 2log, 11 J
(2) 2log, ﬁ”]
2
(3) 2log, m‘sj
4
(4) 2log, 2x/§+9j
6
Ans. (1)
Sol. cosx(3sinx+cosx+3)dy=(1+ysinx(3sinx+cosx+3))dx ..(1)
(3 sin x + cos x + 3) (cos x dy —y sin x dx) = dx
dx
d(y.cosx) =
-[ (v x) 3sinx+cosx+3
1
y COs X = ™ ™
2+tans 1-tan’Z
3 2 )2( +3
1+ tan? 1+tan25
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2 X
sec” =
ycosx=j ~ xz ~
6tan= +1-tan’ = +3+3tan’ =
2 2 2
2 X 1 2 X
sec” = —sec” =dx
_ 2 _ 2 2
Ccos X = =
! J.2tan2X+6tanX+4 J.tanzx+3tanx+2
2 2 2 2
tan§+1
ycosx=1In ” +c
tan§+2
Putn=0&y=0

C=-In (%j =In(2)
y@:zm 1+43

+In2
1+2\/§
5+\/§
11

+1In2

2J3+10
11

tan(n cos? 9)

13. The value of the limit lim is equal to :
-0 sin (Zn sin® 6)
1 1
1) -= 2) -=
(1) 5 (2) 1
(3)0 @) =
4

Ans. (1)
Sol. Given,

_ tan(ncos2 9)

lim—m—«

00 sin(Zn sin? 9)
_ tan(at—arsin2 e) R .

= lim———" (.'.cos 6 =1-sin 9)

0-0 sm(2nsm2 e)

i —tan(n sin? e)

7 (-t -0)=-tano
00 sin(Znsinze) (- tan(z-0) ano)
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—tan (n sin® e)

- Iim TCSin 0 As 650
-0 sm(Znsm 9) thesin?0 > 0
7)(
2rsin® 0

[ lim 1200 tano 1
_ 1 >0 0
=5

& lim3no 1)

0—>0 0O

Therefore, the correct answer is (1).

14. If the curve y = y(x) is the solution of the different equation
2(x +x5/) dy - y(x+x/‘)dx ZXAdX x > 0 which passes through the point ( Ioge ) then

the value of y(16) is equal to :
31 8 31 8
1) (3-S5 100.3) @ 4% +Siog.3)

(3) (31 + 2log, 3 j @) 4(%—§Ioge j
Ans. (4)

9/4
Sol. dy v _ X

dx 2x x40 1)

ds 1
If = e_J.Zd — e—ilnx = L
X1/2

X9/4.X_1/2

y.x"1/2 =Im X
X1/2

I(x3/4+ 1) dx
X = t* = dx = 4t3dt
J-t2.4t3dt

(t3+1)

Itz(t3+1—1)

(t3+1)

%——In(ﬁ +1)+C

4x3/

yx /2 =——§In(x3/4 +1)+C

4 4
1——| =—-—| 2+C
3 0Qe 373 0Qe
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:>C=—l
3

4 54 _4 X
=— -— JxIn(x¥* + 1) -—
y =5 X -2 (x )3

4 4 4
16) =— x 32 —— x 4In9 ——
y(16) 3 3 3

124 32

32 31 8
33

In3=4|=-=In3
3 3

15. Let S1, S2 and Sz be three sets defined as
S, ={ZeC:|Z—1|S\/§}
S, ={zeC:Re((1-)z)>1}
S;={zeC:Im(z)<1]
Then theset S, 'S, N S;

(1) has infinitely many elements (2) has exactly two elements
(3) has exactly three elements (4) is a singleton
Ans. (1)

Sol. Llet,z=x+iy

S1MS2MS3

0]
(x=1)+y’= 2
x+y=1
Si=(x—1)2+y*<2 (1)
S;=x+y2>1 .(2)

= 51N S2 N Sz has infinitely many elements.
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16. If the sides AB, BC, and CA of a triangle ABC have, 3, 5 and 6 interior points respectively, then
the total number of triangles that can be constructed using these points as vertices, is equal to:

(1) 360 (2) 240
(3) 333 (4) 364
Ans. (3)
Sol.
A
6
3

B —0—0—0—0— c
5

Total number of triangles

= 3Cy x 3°C1 x 8Cy

+ 3Cy1 X 5C2 + 3C1 x 3C2

+ 3Cy X 8Cy + 6C1 x 3C2

+ 3C1 % 8C2 + C1 x °C2
=90+30+15+45+ 18+ 75+ 60
= 333

17. The value of
lim [r]+[2r];...+[nr]

X—>00 n

’

Where r is a non-zero real number and [r] denotes the greatest integer less than or equal tor, is equal to :
(1)0
(2)r
r
3) —
(3) >

(4) 2r

Ans. (3)

Sol. We know,
(x-1) < [xI<x
s(r=1) < [rl<r > r
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Ans.

Sol.

19.

MorTionN

(2r=1) < [2r]<2r > r

(nr=1) < [nrl<nr

Adding

n(n+1)
2

n(n+1)
2

r-n<[r]+[2r]+ ... [nr]< r

sL<IimMr

N—oo

6
The value of Z:(6Cr : 6C6_r) is equal to :
r-0

(1) 1124 (2) 924
(3) 1324 (4) 1024
@

Given,

Therefore, the correct answer is (2).

Two tangents are drawn from a point P to the circle x2 + y2 - 2x - 4y + 4 = 0, such that the

angle between these tangents is tan™! [%j where tan™! (%j (0, 7). If the centre of the circle is

denoted by C and these tangents touch the circle at points A and B, then the ratio of the areas of APAB and
ACAB s :
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Ans.

Sol.

(1)11: 4
(2)9: 4
(3)2:1
4)3:1
@

0/2

N| @

Lete=tan‘1(
= tano =E
5
2tanE 12
= 0 =?
1-tan® >
2
6_2 .0 2
= tan=== = sin—=-— and cos
2 3 2
In ACAP,
tangzi
2 AP
= AP =§
2
In AAPM, sind =AM g0 _PM
2 AP 2 AP
3 9
= AM =— PM =—_
V13 213
AB =0
13
Area of APAB =%x AB x PM
=l><—6 X 9 =2_7
2 J13 2413 26
Now, ¢ =900 -2,
2
In ACAM,
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20.

Ans.

Sol.

MorTionN

cM
cos ¢ = —
CA
= CM = 1.cos 3—9
051272
= 1_5“”]9:&
2 13
Area of ACAB =%x AB x CM

=1, 6 4 2 _6
2 13 13 13
Area of APAB _27/26 _9
Area of ACAB  6/13 4
Therefore, the correct answer is (2).

The number of solutions of the equation sin™? {xz +%}+cos'1 [xz —%} =x?, for x €[-1,1], and [x]

denotes the greatest integer less than or equal to x, is :
(1o

(2) 2

(3)4

(4) Infinite

€D

There are three cases possible for xe[-1, 1]

Case |l : xe [—1,— EJ
3

» sin”t (1) +cos™ (0) = x*

2

= X2 = +g=n = x=+/r > (Reject)

» sin"(0)+cos ™t (-1) = x*

N3

2

= 0+n=Xx = x=t/n - (Reject)

Case 111 : xe (\E, 1}

~ sin™'(0)+cos ™! (0) = x*

= x> =1 = x=+J/n (Reject)
.. No solution. There, the correct answer is (1).
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SECTION - B

1. Let the coefficients of third, fourth and fifth terms in the expansion of (

ration 12:8:3. Then the term independent of x in the expansion, is equal to .........
Ans. (4)

.
n-r [ @
Sol. T.;=n.X (—

n 4,,n-12
Ts = "cya’x

coefficient of T;  "c,.a° 3

w, — = = =
coefficient of T, "c,a@® a(n-2)
= aln-2)=2 ... (i)
coefficient of T, "cya® = 4

coefficient of Ty  "c,.a* a(n-3)

= a(n-3)= % ......... (i)

by (i) and (ii)n=6,a=%

for term independent of ‘x’

Ans. (2020)

e

aa+bp| |a - aon+bp=a ....(1)
- and ca+dB = ....(2)

a(a—l):—bB and Ca:B(l—d)
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Ans.
Sol.

Ans.

Sol.
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Ta-1 c

-bc=(a—1)(1-d)

—bc=a—-ad-1+d

ad-bc=a+d-1
= 2021-1
= 2020

Let f: [-1,1] - R be defined as f(x) = ax?+bx+c for all xe[-1, 1], where a, b, ¢ € R such that
f(-1) = 2, f'(-1) = 1 and for x €[-1, 1] the maximum value of f” (x) is % If f(X) < a, xe[-1,

1], then the least value of a is equal to ............... .
)

f(x) =ax?+ bx + ¢

f'(x) = 2ax + b,

F'(x) = 2a
Given f'(-1) == ~a=1

2 4
f(-1)=1 =b-2a=1 :>b=%
f(-1)=a-b+c=2 :c:%

Now f(x) =%(x2 + 6x + 13), xe[-1, 1]

f'(X) =%(2X+6)=0 :>X=_3$[_1/ 1]
f(1) =5, f(-1) = 2
f(x) < 5

SO ominimum = 5

Let I, = Le x'? (log |x|)n dx, where n eN. If (20)I,, = al, +BIg, for natural numbers . and B, then

o—PB equal to ....cccoceeenens .
€D)

I,=2 J. x'9 (nx)" .dx
1

e n
I =———(I
"7 20 20("-1)
201, =e*®-n1 ,
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201, = (€*° - 101 (1)

201, = e* - 9, (2)

20L,, =10I, + 9Ig
a=10,=9 = a-B=1

5. Let f: [-3, 1]- R be given as

min{(x+6),x2}, -3,<x<0
f(x)=
max{«/;,xz}, 0<x<l1.

If the area bounded by y = f(x) and x-axis is A, then the value of 6A is equal to

Ans. (41)
Sol.
4
_6 ,
/ -3-2 " 1
-2 0 1
Area is I(x+6)dx + J.xzdx + J.x/;dx =A
-3 -2 0
0 1
= Z + |:X_3:l + |:2X3/2:|
2 3 = 3 o
= Z + § + Z = ﬂ
2 3 3 6
So, 6A =41
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Sol.

Ans.

Sol.
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Let x be a vector in the plane containing vectors a=2i-j+k and b=1+2j-k. If the

vector x is perpendicular to (3? +2]- 12) and its projection on a is 172\/6 , then the value of |>”(|2 is
equal to ....ccceeveeenes .
(486)

Let, x = k(a+Ab)
X — is perpendicular to 31 +2j-k
KER2 +2)3 + (20— 1)2 + (1 = 2)(-1) = 0

= 8+3=0
}\‘=__3
8
11. Also projection of X on a is therefore
oa _17V6
la| 2
_ kl@+ib)al _17V6
J6 2
= ke [2)] 21728
8 2
= k=£x
51
k =

=137 -14j+11k
X ]2 =169 + 196 + 121 = 486

Consider a set of 3n numbers having variance 4. In this set, the mean of first 2n numbers is 6
and the mean of the remaining n numbers is 3. A new set is constructed by adding 1 into each
of first 2n numbers, and subtracting 1 from each of the remaining n numbers. If the variance of
the new set is k, then 9k is equal to ................... .

(68)
Let first 2n observations ae xi, X2 ............ , X2no
and last n observations are yi, y2 ............ ; Yn
X .
NOW, L =6 ) & =3
2n n

= in=12n , Zyi=3n _in;nzyi 213%=5
Now, 252V e,
3n

= Y X} + Yy} =29x3n=87n
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Z(Xi+1)+2(yi‘1):15n+2n—n:E

Now, mean is

3n 3n 3
Now, variance is Z(Xi +1)2 +Z(Yi _1)2 - [EJZ
’ 3n 3
) Zx,z +Z:yi2 +2(ZX1 —Zyi)+3n —[ET
3n 3

_87n+2(9n)+3n (16
- 3n [3]

2
29+6+1—(§J

_324-256 _ 68 _
9 9

= [9k - 68|

Therefore, the correct answer is 68.

k

8. If 1, log10(4*-2) and logio (4" +§j are in arithmetic progression for a real number x, then the value of
2 (x - lj x-1 x?
2
the determinant 1 0 X | isequal to:
X 1 0
Ans. (2)

Sol. 1, Logye(4* -2), Log, (4* +%j in AP.

2. L0gyo (4% -2) =1+ Logy, (4* +%]

Logyo (4* -2)" =logyq [10.[4X " %D

4 -2) - 10.[4* +§J
5

2
4X) +4-4.4°=10.4°+36

(

(

(4)' -14.4-32-0
(4) +2.4*-16.4 -32-0
4 (4X +2)-16.(4X +2) =0
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(4 +2)(4-16)=0

4X--2  4%=16

2(x-1/2) x-1 x?
Therefore 1 0 X
X 1 0

1
N = W

1
0
1

o N Bh

=3(-2)-1(0-4)+4(1-0)
=—6+4+4
=2

9. Let P be an arbitrary point having sum of the squares of the distances from the planes x +y + z
=0,Ix-nz=0andx - 2y + z = 0, equal to 9. If the locus of the point P is x> + y2 +z2 = 9,
then the value of I-n is equal to ................ .

Ans. (0)

Sol. Let point Pis («, B, y)

0c+B+y2 o —ny ’ 0c—2B+y2
R L () + =9
=5+ (] - (=%

2 _ 2 _ 2
Locus is (X+y+2) " (fn2 ni) + (x-2y+z)" _ 9
°+n 6
X2 l4€—2 +y2+ 2z i n* +2zx [ _J_9=0
2 ?4+n? 2 24n? 2 24n?

Since its given that x? + y? + z? =
After solving ¢ = n,

then/-n=20

(2n—1)n
2
and OC, respectively, where O is origin. If circumcentre of AABC coincides with origin and its

10. Let tana , tanp and tany ; o, B,y # ,n e N be the slopes of three line segment OA, OB

cos 3a + €os 3B + cos 3y
COS 0. COSPCOoSy

2
J is equal to

orthocentre lies on y-aixs, then the value of [

Ans. (144)
Sol. Since orthocentre and circumcentre both lies on y-axis
= Centroid also lies on y-axis
= Xcosa =0
cosa + cosf} + cosy =0

= CO0S> o + COS> B + €COS> y = 3OS 0. COS B COS ¥
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_ €OS3a + cos 3B + cos 3y
’ COS . COSPCOSy

4(cos’ o+ cos’ B+ os’ y) - 3(cos o + COS B + coS ) "
- COS 0. COS B COS ¥ -

cos 3o + cos 3P + cos3yJ2 _ 144

then,
COS . COSPB Ccosy
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