JEE Main 2020 Paper

Date of Exam: 9t January 2020 (Shift 2)
Time: 2:30 P.M. to 5:30 P.M.
Subject: Mathematics

1.IfA={x€R:|x|<2}andB={x €ER:|x — 2| > 3}then:

a. A—B=[-1.2] b. B—A=R—-(-25)
c. AUB=R-(2)5) d AnB=(-2,-1)
Answer: (b)

Solution:

A={x:x € (-22)}

B ={x:x € (—o0,—1] U [5,00)}
ANB ={x:ix € (=2,—1]}
B—A={x:x € (—o,—-2]U[5,0)}
A—B={x:x € (-1,2)}

AUB ={x:x € (—0,2) U [5,00)}

2. If 10 different balls has to be placed in 4 distinct boxes at random, then the probability that two
of these boxes contain exactly 2 and 3 balls is :

965 945
a 7o b. —3%
945 965
¢ i1 d. 11
Answer: (b)
Solution:

Total ways to distribute 10 balls in 4 boxes is = 41°

Total ways of placing exactly 2 and 3 balls in any two of these boxes is

5!
— 4 10 5
= *C,I' X C5><2!3!><2><2
945

P(E) =210
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2
3.Ifx =2sinf —sin26 and y = 2cos 6 — cos 26,0 € [0,2m], then % atf =mis:

Answer: (Bonus)

Solution:

D 056 —2cos 20
8- cos cos
ay

20 = —2sinf + 2sin 26

20530 cin?
dy: cos—-sin>

dx .30 . 6
2 sin=-sin
dy 30
E = C0t7
d’y 3 , 30 db
dx2 2 G 2 dx
d’y ( 3 , 39) 1
dx? 2 €% (2 cos — 2 cos 20)
d?y 3
— .~
dx P 8

None of the above option satisfies the answer.

4. Let f and g be differentiable functions on R, such that fog is the identity function. If for some
a,b € R,g'(a) = 5and g(a) = b, then f'(b) is equal to :

2
a. — b. 5

5
c. 1 d 1

5
Answer: (d)
Solution:
flg(x)) =x
f'(g))g' () =1
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Putx =a
Fe@)g@=1 =@ x5=1f/(b) ==

X 1

16
5. In the expansion of ( ) ,if [, is the least value of the term independent of x when

cos 8 xsinf
g <6< % and [, is the least value of the term independent of x when % <0< g, then the ratio

l,:1; isequal to:
a. 16:1 b. 8:1
c. 1:8 d. 1:16

Answer: (a)

Solution:

X 16—r 1
e
T+l Cr (cos 9) xsin@

For term independent of x,

r

16 —2r=0=>r=8

T. 16C 1 8 1GC 28 1 8
A 8(sin9cose) - 8 (sinz@)

VI

l1 = 16(:828 at9 = —

4
8
l2 = 1668 i g — 16C8212 at@ =§
(%)
A
2=16:1
Ly

6. Leta,b € R,a # 0, such that the equation, ax? — 2bx + 5 = 0 has a repeated root a, which is also
aroot of the equation x? — 2bx — 10 = 0.If § is the root of this equation, then a? + 52 is equal to:

a. 24 b. 25
c. 26 d. 28
Answer: (b)

Solution:

ax? — 2bx + 5 = 0 has both roots as «

2b b
S2a=—>=>aq=-
a a

And a? =

Qlu
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= b? = 5a(a # 0) - (1)
Sa+=2b&af =-10

azs is also a root of x? — 2bx — 10 = 0

= b? — 2ab? —10a%? =0

+ b? =5a = 5a—10a? —10a? =0
=>a=%=>b2=;

> a’?=20,f2=5=>a?+p%=25

7. Let a function f:[0,5] — R, be continuous, f(1) = 3 and F be defined as:

F(x) = flx t? g(t)dt, where g(t) = fltf(u)du Then for the function F, the point x = 1 is

a. a point of inflection. b. a point of local maxima
c. a point of local minima. d. not a critical point
Answer: (¢)

Solution:

F(x) = x*g(x)

Putx = 1

= F(1)=g(1)=0 (1)
Now F"'(x) = 2xg(x) + g'(x)x?

F'(1) =29(1) +4'(1) {~9'(x) =f(0)}
F'"(1)=f(1) =3 - (2)

From (1) and (2), F(x) haslocal minimum atx = 1

8. Let [t] denotes the greatest integer < t and liH(l) x E] = A. Then the function, f(x) = [x?]sinmx is
X—

discontinuous, when x is equal to

a. VA+1 b. VA

c. VA+5 d vA+21
Answer: (a)
Solution:

f(x) = [x?]sinmx

9t January 2020 (Shift 2), Mathematics

Page | 4

Copyright © Think and Learn Pvt. Ltd.




JEE Main 2020 Paper

Itis continuous Vx € Zassinnx - 0as— Z.

f(x) is discontinuous at points where [x?] is discontinuous i.e. x? € Z with an exception that
f(x) is continuous as x is an integer.

=~ Points of discontinuity for f(x) would be at
X = +V2,+V3, 415, ...

Also, it is given that lirr(l) x E] = A (indeterminate form (0 X o0))
X—

= limx (- {7}) = 4
:4_}33%{%}:‘4
SA=4
VA+5=3
VAFT=+5
VA+21=5

VA =2

= Points of discontinuity for f(x) is x = V5

9.Leta—2b+c =1,

x+a x+2 x+1
If fW)=|x+b x+3 x+ 2| then:
x+c x+4 x+3
a. f(=50) =501 b. f(—50) = —1
c. f(50)=1 d. f(50) = =501
Answer: (¢)
Solution:
x+a x+2 x+1
Given f(x) =|x+b x+3 x+2
x+c x+4 x+3
a—2b+c=1
Applying R, = R; — 2R, + R;
a—2b+c 0 0
fx) = x+b x+3 x+2
x+c x+4 x+3
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Usinga—2b+c=1
Sf) = (x+3)2—(x+2)(x+4)

=>fx) =1
= f(0)=1
= f(=50)=1
{ X, 0Sx<%
10. Given: f(x)={ %, x=%
\1-x, S<x<1

2
and g(x) = (x - %) ,X € R. Then the area (in sq. units) of the region bounded by the curves y =
f(x) and y = g(x) between the lines 2x =1 to 2x = /3 is::

V3 o1 1,8
a o —3 b. 3 + ”

1, V3 1 3
C. E + T d. E - T
Answer: (2)
Solution:

( x 0<x< %
- - 1 S
leenf(x)—J > x =3
ll - X % <x<l1
q=)
g(x) = 3
1 V3
The area between f(x) and g(x) from x = > to = - :
4 i
y-axis
1 f(x)
, g(x)
" . 31} >
| x-axis 3 1
Points of intersection of f(x) and (x) :
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(e )

V3
Required area = J‘lz (f(x) - g(x))dx

V3 2
1
_f%Z (1—x— (x— E) )dx
V3
2
1

x2 1 1\3
2 3 2

V3 1
3

T4

11. The following system of linear equations
7x+6y—2z=0,
3x+4y+2z=0
x —2y—6z =0, has
infinitely many solutions, (x, y, z) satisfyingy = 2z
infinitely many solutions (x,y, z) satisfying x = 2z
no solution
only the trivial solution

a0 o

Answer: (b)
Solution:

7x+6y—2z=0
3x+4y+2z=0
x—2y—6z=0

As the system of equations are Homogeneous = the system is consistent.

7 6 =2
=13 4 2(=0
1 -2 -6

= Infinite solutions exist (both trivial and non-trivial solutions)
Wheny = 2z

Let'stakey =2,z=1

When (x, 2,1)is substituted in the system of equations

= 7x+10=0,3x+10 =0, x — 10 = 0 (which is not possible)
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~ y = 2z = Infinitely many solutions does not exist.
Forx = 2z, letstakex =2,z=1,y =y

Substitute (2, y, 1)in system of equations

Sy=-2

~For each pair of (x, z), we get a value of y.

Therefore, for x = 2z infinitely many solutions exists.

12.If p = (p A ~ q) is false. Then the truth values of p and q are respectively

a. FT b. T,F

c. FF d T,T

Answer: (d)

Solution:

Givenp - (p A~q)

Truth table:
P q ~q A~ p—=>@A~q
T T F F F
T F T T T
F T F F T
F F T F T

p = (p A~ q) is false when p is true and q is true.

13. The length of minor axis (along y-axis) of an ellipse of the standard form is

the line x + 6y = 8, then its eccentricity is :

Answer: (b)

Solution:

4
Ibe—%
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Comparingy = —§+ gwith y = mx + Va?m? + b?

1 16
m=—=anda’m? +p* ==
6 9
a’> 4 16
4 —==
3 3
a? 16 4
36 9 3
=>a’=16
b2
e = 1—5
11
>e= |—
12

14. If z be a complex number satisfying |Re(z)| + |Im(z)| = 4, then |z| cannot be:

17
a. V7 b. |[—
2
c. V10 d. V8
Answer: (a)
Solution:
|Re(2)| + |Im(2)| = 4
Letz=x+1iy
= x|+ |yl =4
A
y-axis
-x-l-y: xll-y:
o -
X-axis
-x-y=4 X-y=4
Y
~ z lies on the rhombus.
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Maximum value of |z| = 4 when z = 4, —4,4i,—4i

Minimum value of |z| = 2v2 when z = 2 + 2i, +2 + 2i

|1z| € [2V2, 4]
|z| € [V8,V16]
|z| V7

15. Ifx = Y5 o(—1)™ tan?"@ and y = Y5 cos?"6, where 0 < 6 < %, then:

a y(1+x)=1 b. x(1—-y)=1
c. yl-x)=1 d x(1+y)=1

Answer: (¢)

Solution:

y =14 cos?6 +cos*6 + -
1 1oy
= = — = — =
Y =1 cos?6 y St
x=1-—tan’@ +tan* g — ---
1 29
= ==
x 1 — (—tan20) ‘3

1
.-.x+3—/=1=>y(1—x):1

a X
16. If d—z = xz-:/yz ; ¥(1) = 1; then a value of x satisfying y(x) = e is:
a. V3e b. %\/ge
e
C. \/Ee d. ﬁ
Answer: (2)
Solution:
Lety = vx
dy dv
a =v+ XE
N dv vx? v

= —_—= =

VT x*(1+v?) 1402

dv —v3

= —_—=

Yax T 1+ 02

1 1 1
=>—dx = (——3——)dv

x v v
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1
=>logx=ﬁ—logv+logc

2
X
= logx =ﬁ—logy+logx+logc

X2
1ogc+2—yz—logy =0

1
y(1)=1:>logc+E—O:O

1 1
oge=—3

y(x)=e

17. If one end of focal chord AB of the parabola y? = 8x is at A G —2) , then the equation of tangent

toitat B is

a. x+2y+8=0 b. 2x—y—24=0
c. x—2y+8=0 d 2x+y—24=0
Answer: (c)

Solution:

Let PQ be the focal chord of the parabola y? = 8x
= P(ty) = (2t1,4t,) & Q(t2) = (2t3,4t,)

= tltZ =-1

G, —2) is one of the ends of the focal chord of the parabola
Let G —2) = (2t3,4t,)

= tz = _%

= Other end of focal chord will have parameter t; = 2

= The co-ordinate of the other end of the focal chord will be (8, 8)
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= The equation of the tangent will be given as — 8y = 4(x + 8)

=>2y—x=8

18. Let a,, be the n'" term of a G.P. of positive terms. If 2711(;01 Ayp+1 = 200 and Z}l‘;‘)l ayy =100
then 231201 Q,, is equal to:

a. 300 b. 175
c. 225 d. 150
Answer: (d)

Solution:

a, is a positive term of GP.

Let GP be a, ar, ar?,.....

100

n=1 a2n+1 =az+ as+....... +as01
ar?(r200_1

200 = ar? + ar*+....... + ar?°! = 200 =% (D
Also, X»}% a,, =100
100 =a, + az+ ... ..... + ay00 = 100 = ar + ar3+ ........ +ar1?®
100 — ar(r?°9-1) 2

- r2—1 . ( )
From (1) and (2),r = 2

100 100

And Zn:l Aont1 T Zn:l azn =300
= a2 + a3 A a4 ........ + aZOO + a201 = 300
= ar+ ar?+ ar3+....... +ar?°° =300=>r(a+ar + ar’+..... + ar'??) =300

ﬁZ(a1+ a2+ a3+ ...... +a200):300

Xn=1 Gn = 150

19. A random variable X has the following probability distribution:

X 1 2 3 4 5
P(X) K? 2K K 2K 5K?

Then P(X > 2) is equal to:

7 23
a. — b. —
12 36
1 1
c. — d. -
36 6
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Answer: (b)
Solution:

We know that Y3, P(X) = 1

> K?+2K+K+2K+5K?*=1

SK=—-1-2K=-
6 6

P(X>2)=P(X=3)+P(X=4)+P(X=5)

—K+2K+5K2=2
36

ae

20. Iff cos2 0 (tan26+sec28)
the ordered pair (4, f(8)) is equal to:

= Atan 8 + 2log.|f(8)| + C where C is constant if integration, then

a. (-1,1—tan8) b. (—1,1+tan8)
c. (1,1+tané) d. (1,1 —tan®)
Answer: (b)
Solution:

dae
N f cos26(sec20+tan26)

_f sec?6do
I'= (1+tan2 9>+ ( 2tan 8 )
1—tan2 6 1—tan2 6
/- J« (1- tan? ) (sec? 6)do
N (1+tan 8)2
Lettan8 = k = sec?0 df = dk

I=f(1_k2)dk = (L8 g

(1+k)2 (1+k)
2
I = (m - 1) de

[=2In|14+k|-k+c
I=2In|1+tanf| —tanb + ¢
Given ] = Atanf + 2log f(6) + ¢
~ A= —=1,f(0)=|1+tanb|
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21. Let d, b and ¢ be three vectors such that |@| = V3,

5| =5,b.¢ = 10 and the angle between band?¢

a X (B x ¢)| is equal to

T > . . i -
is 3 If dis perpendicular to vector b X c, then

Answer : (30)

Solution:
| x (l_; x )| = |Ei||5 X ¢|sin@ where 6 is the angle between d and bxé
0 =g given

= |a x (b x ¢)| = V3|b x &| = v3|b|Ié| sing

:>|&x(l7x8)|:\/§x5x|5|x§

15
|c]

:>|dx(l7x8)|:7

Now,|B||E| cos® =10
5121 =10

2
Ic| =4

= |d x (b x ¢)| =30

22.1fC, =2°C,and Cu+5-C,+9-C, + -+ 101 - Cys = 22° - k then k is equal to

Answer: (51)

Solution:

S =25C, +525C; + 925C, + - + 97%5C,, + 10125C,5 = 2%k (D
Reverse and apply property "C, = "C,_, in all coefficients

S =10125Cy + 97%5C; + -+ + 525C,4 + 25Cys @)
Adding (1) and (2), we get

25 = 102[2%C, + 25C; + - + 25C,s]

S =51x2%

= k =51
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23. If the curves x2 — 6x + y? + 8 = 0and x> — 8y + y2 + 16 — k = 0, (k > 0) touch each other ata
point, then the largest value of k is

Answer: (36)

Solution:

Two circles touch each other if C,C, = |1y + 1y
VE+1=5o0r|[Vk—1|=5
=k =160r 36

Maximum value of k is 36

24. The number of terms common to the A.P.’s 3,7,11, ...407 and 2,9, 16, ... 709 is .
Answer: (14)
Solution:

First common term is 23
Common difference = LCM(7,4) = 28
23+ (n—1)28 < 407

n—1<13.71

n=14

25. If the distance between the plane, 23x — 10y — 2z + 48 = 0 and the plane containing the lines
x+1 y—3 z+1 x+3 y+2 z—1
—_— —_— an = —

k
2 4 3 2 6 21’ (4 € R) is equal to @,t en k is equal to

Answer: (3)
Solution:

We find the point of intersection of the two lines, and the distance of given plane from the two
lines is the distance of plane from the point of intersection.
~@2p—-1,4p+3,3p—-1)=(2q—-3,6g—2, \q+1)

1 1
p=—sandq =7

A=-7

Point of intersection is (—2, 1,— ;)

k —46—-10+5+48
= ‘ | =>k=3
V633 V633
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