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Section : Mathematics Section A

The coefficients a, b and c of the quadratic equation, ax’> + bx + c = 0 are obtained by
throwing a dice three times. The probability that this equation has equal roots is :

1
1 -
( )54
1
2 R
( )72
1
3 R
( )36
5
q) 2
( )216
4)
ax’ +bx+c=0
a,b,ced{1,2,3,4,5,6}

n(s) =6 x6 x 6 =216
D=0=b’=4ac

2
ac=bz Ifb=2,ac=1 = a=1,c=1
Ifb=4,ac=4 = a=1,c=4
a=4,c=1
a=2,¢c=2
Ifb=6,ac =9 > a=3,¢c=3

5
..probability =——
P y 216

Let o be the angle between the lines whose direction cosines satisfy the equations| + m - n
= 0 and I> + m? - n? = 0. Then the value of sin“a + cos*a is :
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3. The value of the integral

do is

J-sin 0.sin 20(sin® O +sin* 0 + sin® 9)\/25in4 0+3sin°0+6
1-cos260

(where c is a constant of integration)
3

(1) —[9 25in66—3sin49—6sin2(ﬂ5+c
1 3
—[11—18sin2(9+9sin49—25in6 9J2+c
18
1 2 4 6 2
—8[11—18cos 0+9cos*0-2cos 9}2 +cC
1 3
—[9 2cos® 0-3cos* 0-6cos’ 9]2+c
18

Ans. (3)

J~251n 0cosO(sin® 0+ sin* O +sin’ 6)\/251n 0+3sin’0+6

2sin’0
Let sin® = t, coso d6 = dt

= [t +t + W2t 436 +6dt = [(£° +E7+ V2t +3t" +6¢" dt

Let 2t® + 3t* + 6t> = z
12(8° + £ + t) dt = dz

_ 1 _1 3/2
_EI\/;dZ_EZ +cC

Sol. do

= %[(25in66+35in46+6sin2 0)** +C

1 2 2 2 2 3/2
= E[(l—cos e)(2(1—cos 0)? +3 -3cos e+6)J +C
= 1—18[(1—cos2 0)(2cos* 0-7cos?*0+11)F/? +C

= 1—18[—2cos6 0+9cos* 0-18cos?0+11/*+C

Toll Free : 1800-212-1799

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




.-@ .
MOTION JEEMAIN2021 b oif

4, A man is observing, from the top of a tower, a boat speeding towards the tower from a
certain point A, with uniform speed. At that point, angle of depression of the boat with the
man’s eye is 30° (Ignore man’s height). After sailing for 20 seconds towards the base of the
tower (which is at the level of water), the boat has reached a point B, where the angle of
depression is 45°. Then the time taken (in seconds) by the boat from B to reach the base of
the tower is :

(1) 10(v3-1)
(2) 1043
(3) 10
(4) 10(+3+1)
Ans. (4)
Sol.
Man(P)

h tower

30° 45°
A X B y foot(Q)

h

X+y
x+y=3h (1)
Also

=tan30°

E =tan45°
y

h=y L (2)
putin (1)
x+y = 3y

x=(3-1)y
X
—="v'speed
20 P

.. time taken to reach
Foot from B

A
v

X

=10(v/3+1)
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5. Ifo<eo ¢< g,x:Zcoszne,y:Zsinznd)and
n=0 n=0

z= Z:cos2n 0.sin*" ¢ then:
n=0

(1) xyz=4

(2)xy -z=(x+y)z

B)Yxy+yz+zx =12z

(4) xy +z=(x +y)z

(4)

X =

Ans.
Sol. 1+ cos’0 +

11
1-cos’0 sin’0

X =

Il
-
+
Q.
3

N
<
+

y
1 1
1—sin2¢_cosz¢
_ 1 _ 1 _ Xy
1—cosze.sinz¢_1_(1_1](1_1]_ xy -(x-1)(y-1)
X y

XZ +yz-2z=Xy
Xy +z=(X+y)z

6. The equation of the line through the point (0, 1, 2) and perpendicular to the line
x-1 y+1 z-1 i

Ans.

Sol.

2 3

X
(1) =3

<

—~
N
~

<

~
w
~

<

~—

N

N
WX WX w]|x

(1)

>
|
[uny

<

|
_[;‘I -P‘I »-P‘

<
+ e
=Y

-1

-2

N
|
[\

= =
Il

N N

1w

N N W

[uny
N

I w
N

|
w

=\

2

Any point on this line (212 + 1, 3L - 1,

A

3

H

-2

0,1,2)

—>(23-2)

B

(20+1, 301, =20+1)

—20+1)

Direction ratio of given line (2, 3, -2)
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Direction ratio of line to be found (21 + 1, 32 - 2, =21 - 1)
odyd, =0

A= 2/17

Direction ratio of line (21, - 28, -21) = (3, -4, -3) = (-3, 4, 3)

7. The statement A — (B — A) is equivalent to:
(1)A > (AAB)
(2) A > (AvB)
(3)A - (A—>B)
(YA > (A &B)

Ans. (2)

Sol. A (B->A)
=A > (~BVvA)
=>~Av(~BVvA)
=>~Bv(~AVA)
=>~Bvt
= t (tantology)
From options :
(2) A»>(AvB)
= ~Av (A v B)
= (~AVvA)vB
=tvB
=t

8. The integer ‘k’, for which the inequality x> - 2(3k - 1)x + 8k* - 7 >0 is valid for every x in R
is :
(1) 3
(2) 2
(3)4
4)0
Ans. (1)
Sol. D<O0

(2(3k-1))" - 4(8k?-7) <0
4(9|<2 —6k +1) -4(8|<2 -7) <0

kX-6k+8<0
(k=4)(k-2) <0
2<k<4

then k = 3
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9. A tangent is drawn to the parabola y> = 6x which is perpendicular to the line 2x + y =1.
Which of the following points does NOT lie on it ?
(1) (0, 3)
(2) (-6, 0)
(3) (4, 5)
(4) (5, 4)
Ans. (4)

3
Sol. Equation of tangent : y = mx +2—
m

1
mr = E( perpendicular to line 2x + y = 1)

tangentis:y=§+3 =>XxX-2y+6=0

10. Let f, g: N - N such that f(n + 1) = f(n) + f(1) VneNand g be any arbitrary function.
Which of the following statements is NOT true ?
(1) fis one-one
(2) If fog is one-one, then g is one-one
(3) If g is onto, then fog is one-one
(4) If fis onto, then f(n) = nVneN

Ans. (3)
Sol. f(nh+1)=f(n)+1
f(2) = 2f(1)
f(3) = 3f(1)
f(4) = 4f(1)
f(n) = nf(1)

f(x) is one-one

11. Let the lines (2 - i)z=(2 +i)zand (2 +i)z+ (i - 2)z- 4i = 0, (here i® = -1) be normal to
acircle C. If the line iz+Z+1+i=0is tangent to this circle C, then its radius is :

3
1 -
SN
(2) 3v2

3
3_
()zﬁ

1
Wz
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Ans. (3)

Sol. (2-i)z=(2+i)z
=> 2 -Dx+iy)=(2 +1i) (x -iy)
=S2X - iX+ 2ly +y = 2X +ix - 2-iy +y
= 2ix-4iy=0
Li: x-2y=0
=>2+i)z+(-2)z-4i=0.
>+ (x+iy)+ (i-2)(x-iy)-4i=0.
=S2X +iX+ 2y -y +ix-2x + y + 2iy - 4i =0
= 2ix + 4iy - 4i =0
L:x+2y-2=0

1
Solve L; and L, 4y=2, y=E
sox=1

1
Centre (1, )
2

Ls:iz+Z+1+i=0
Six+iy)+x-iy+1+i=0
=S>iX-y+x-iy+1+i=0
>xX-y+1)+i(x-y+1)=0

1
Radius = distance from(l,z) to x-y+1=0

1
1-2+1

2
3
S22

_‘
Il
N

r

12. All possible values of 6 € [0, 2xr] for which sin 26 + tan26 >0 lie in:

a3 o3

o (b EEMEME
o {35142
NS

4)7\ 2" 4 2
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Ans. (2)
Sol.

j 2n
0 / /
tan 20 (1 + cos20) > 0
20e] 0, |0l 7,2 |0 20,27 | U [ 30, 7F
2 2 2 2

T n 3n 5n 3t 7w
=0ec|0,=|u|l=—|uln=|u|=—

4 2" 4 4 2 4

13. The image of the point (3,5) in thelinex -y + 1 =0, lieson :
(1) (x =2)* + (y - 4)* =4
(2) (x - 4)*> + (y + 2)®> =16
(B (x-4)+(y-4°=8
(4) (x=2)*+(y-2)*=12

Ans. (1)

Sol. Imageof P(3,5)onthelinex-y+1=0is
x-3 _y-5_-2(3-5+1)

T -1 2

XxX=4,y=4
- Image is (4, 4)
Which lies on
(x-2Y+(y-4)3°=4

1

4
14.  If Rolle’s theorem holds for the function f(x) = x> - ax®> + bx - 4, x € [1, 2] with f' (5) =0,

then ordered pair (a, b) is equal to :
(1) (-5, 8)

(2) (5, 8)

(3) (5, -8)

(4) (-5, -8)

Ans. (2)

Sol. f(1) =f(2)
=>1-a+b-4=8-4a+2b-4
3a-b=7 ..(1)

f(x) =3x*-2ax + b

= f' i :0:>3><E—§a+b=0
3 9 3

=-8a+ 3b=-16 .(2)
a=5b=8
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2 2 2 2

15. If the curves, X—+y—:1 and X—+%:1 intersect each other at an angle of 90°, then which

a b c
of the following relations is true ?
()a+b=c+d
(2)a-b=c-d

c+d
3)ab= ——
(3) a+b
(4)a-c=b+d
Ans. (2)
2 2
sol. X 4¥ 4
a b . (1)

diff :§+2—yd—y=0=>zﬂ:j
a bdx bdx a

dy -bx

y_>x 2)
dx ay

XZ y2

—+—=1 L. 3
<t (3)
piff : W% (4)

dx «cy
mim; = -1 :ﬂx—d_X= -1
ay ¢y
= bdx* = - acy? .. (5)

11 11
(1-G)={a ¢ )X+ (b a)y’' =0

A +d—b>{—bdjx2 =0 (using 5)
ac bd ac

= (c-a)-(d-b)=0
=>c-a=d-b
=>c-d=a-b

16. lim|1+—%— 0| jsequal to :

1 -

(2)

(3)1
(4)0

o= N
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Ans. (3)
Sol. It is 1% form
[1+1+1+ ..... +1]
lim| —2-3
n— oof n
L=e
1 1 1 1 1 1 1 1
S=1+| - +- +(+++j (+ ........ +j
2 3 4 5 6 7 8 15
11 1 1 1 1 1 1
S<1l+| 4+ 4| -+ 2+2+2 o, H ot F—
2 2 4 4 4 4 oP oP
2% times
S<1+1+1+1+..... +1
S<P+1
Iim(P+1)
L=e¢" 7

=L=e°=1

17. The total number of positive integral solutions (X, y, z) such that xyz = 24 is
(1) 36
(2) 45
(3) 24
(4) 30
Ans. (4)
Sol. x.y.z=24
x.y.z=23.3!
Now using beggars method.
3 things to be distributed among 3 persons
Each may receive none, one or more
- °C, ways
Similarly for ‘1’ . 3C, ways
Total ways = °C, . 3C, = 30 ways

18. If a curve passes through the origin and the slope of the tangent to it at any point (X, y) is
X -4x+y+8 . ;
—— ,then this curve also passes through the point :

X_
(1) (4, 5)
(2) (5, 4)
(3) (4, 4)
(4) (5, 5)

Ans. (4)

_2)2

dy _(2)+ytd o gy, ¥rd

dx (x-2) (x-2)

Letx-2=t=dx =dt

andy +4 =u=dy=du

Sol.
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dy _du
dx dt

Passing through (0, 0)
c=0
=>(y+4)=(x-2)

1
19.  The value ofsze[X3]dx, where [t] denotes the greatest integer < t, is :
4

e+1
W

e-1
(2) e

e+1
3 -
(3) 2o

1
4) —
(4) 2o
Ans. (3)
0 1
Sol. I= Ixz.e'ldx+_[x2dx
a1 0

0 1

1=

3e

X3

4+
3

-1
3e 3

0
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20. When a missile is fired from a ship, the probability that it is intercepted is % and the

3
probability that the missile hits the target, given that it is not intercepted, is T If three

missiles are fired independently from the ship, then the probability that all three hit the
target, is:

1
(1) 3

1
@) =
3

(3) 2
3
(4) 3
Ans. (1)

Sol.  Probability of not getting intercepted

]
w N

Probability of missile hitting target =

3
. Probability that all 3 hit the target = (%x%j =%

Section : Mathematics Section B

1. Let Ay, Ay, As, ... be squares such that for each n > 1, the length of the side of A, equals
the length of diagonal of A,.;. If the length of A; is 12 cm, then the smallest value of n for
which area of A, is less than one, is ____

Ans. (9)
Sol.
Al A2 A3
12
12 X y
12 12
X="1— y=
V2 (V2"
Side lengths are in G.P.
12
Tn = (\/E)n—l
Area = ;Lj<1 = 2" > 144

Smallestn =9
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Ans.
Sol.

Ans.

Sol.

The graphs of sine and cosine functions, intersect each other at a number of points and
between two consecutive points of intersection, the two graphs enclose the same area A.
Then A*is equal to
(64)

y
A= I (sinx - cos x)dx = [-cos x — sinx]>4*
x
4

R A
{4 ()

The locus of the point of intersection of the lines (\/§)kx +ky—4\/§:0 and \/§x -y - 4(\/5)
k = 0 is a conic, whose eccentricity is ___

(2)
Vkx+ky=4v3 ... (1)
Pkx-ky=43k* .. (2)

Adding equation (1) & (2)
23kx =4/3(K% +1)

x=2(k+ %) ........ (3)
Substracting equation (1) & (2)
y =23 (%—k] ......... (4)
X2 yz
4 12
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2 2
Xy
—-=—=1  Hyperbola
16 48 P
2=14 38
16
e=2
0 —tan(gj
4 IfA = o and (I, + A) (I - A)™?
tan(—j 0
2
a -b 2 2y
= b , then 13(a“ + b°) is equal to _
Ans. (13)
0 -tan—
Sol. A=
tan— 0
1 -tan—
=I+A=
¢]
tan— 1
2
1 tan9
—~I-A= 21 [)1-A] = sec?0/2)
-tan— 1
2
1 1 —tang
= (I-A)!= 2
2 0 0
sec” - | tan— 1
2 2
1 1 —tan9 1 —tan9
= (I+A)(I-A)t = 2 2
2 0 ¢]
sec” — | tan— 1 tan— 1
2 2 2

1—tan29 —Ztan9
2 2

0
sec’ 2tan9 1—tan29
2 2 2
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Ans.
Sol.

Ans.

Sol.

sec’ 9
2

L a’+b’=

25" Feb. 2021 | Shift 1

Let f(x) be a polynomial of degree 6 in x, in which the coefficient of x® is unity and it has

f(x)

extrema at x = -1 and x = 1. If lim—==1, then 5.f(2) is equal to _

x—0 x

(144)
f(x) = x® + ax® + bx* + x°
5 f(x) = 6x° + 5ax* + 4bx® + 3x?

Roots 1 & -1

. 6+5a+4b +3=08&-6+ 5a-4b + 3 = 0 solving
3

a= —— b=_§
5 2

- f(x) = XG—EXS BRI
5 2

. 5.f(2) =5 {64—%—24+8}=144

The number of points, at which the function f(x) = |2x + 1| -3|x+2|+|x?* + x-2|, X e R is

not differentiable, is

(2)
f(x) = |2x + 1| = 3|x + 2] + [¥X* + x - 2|
x*-7 x>1
2 1
-x“-2x-3; -—<x<1
f(x)= 2 .
-x*-6x-5; —2<x<_7
x2+2x+3; X<-2
2X ; x>1
-2x-3; —l<x<1
L f'X)= 2 .
-2x-6; —2<X<—
2
2X+2; X<-2

Check at 1, -2 and %

Non. Differentiable at x = 1 and %
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7. If the system of equations
kx +y+2z=1
3x-y-2z=2
-2Xx -2y -4z =3
has infinitely many solutions, then k is equal

to
Ans. (21)
Sol. D=0
k 1 2
=13 -1 -2|=0
-2 -2 -4
=k (4-4)-1(-12-4) +2(-6 -2)
=16-16=0
Also. D; =D, = D3 =0
k 1 2
=D,=|3 2 -2|=0
-2 3 -4

= k(-8+6)-1(-12-4)+2(9+4)=0
=-2k+16+26=0

= 2k =42

k=21

8. Let a=i1+2j-kb=i-] and ¢=i-j-k be three given vectors. If T is a vector such that

T
Ans. (12)
Sol. F

=2(1+4+1)+(1-2+1)
=12
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X 'y Z
9. LetA=|y z x|,wherex,yandzare real numbers such that x + y + z > 0 and xyz = 2.
Z XYy
If A% = I3, then the value of x> + y* + 2% is _
Ans. (7)
Xy Z
Sol. A=|y z x A = (x3+y3+z3—3xyz)
Z Xy
A =1,
|A%] =1
LG+ Y+ 72 - 3xyz)? =1
=>x+y +22-3xyz=1 only as (x+y+z>0)

>x+y+22=6+1=7

10. The total humber of numbers, lying between 100 and 1000 that can be formed with the
digits 1, 2, 3, 4,5, if the repetition of digits is not allowed and numbers are divisible by
either 3or5is

Ans. (32)

Sol. [[]] divisible by >3 divisible by 5
1253,4,5-531=6 15 =12
155>2,3,4531=6 4x3

24 51,3,5-531=6
42 -51,2,3-5>31=6

24
Required No. =24 + 12 -4 = 32
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