JEE Main 2020 Paper

Date of Exam: 9t January 2020 (Shift 1)
Time: 9:30 A.M. to 12:30 P.M.
Subject: Mathematics

1. A sphere of 10 cm radius has a uniform thickness of ice around it. If the ice is melting at
the rate of 50 cm3/min when thickness is 5 cm, then the rate of change of thickness is

1 1
on d Ter
Answer: (b)
Solution:

Let thickness of ice be x cm.

Therefore, net radius of sphere = (10 + x) cm

Volume of sphere V = %n(lo + x)3

24x

av
== 4m(10 + x) o

Atx = 5,‘2—: = 50 cm3/min

=>50=4nx225x%

dx 1

= cm/min
dt 18m

2. The number of real roots of e** 4+ e3¥ — 4e?* 4+ e* +1 =0is
a. 1 b. 2
c. 3 d 4

Answer: (a)

Solution:

et 4 e3 —4e2X 4 eX4+1=0
1

2 1 _
= e x+€x—4+e—x+eﬂ—0

:(e2x+e%)+(ex+eix)—4:
:>(ex+eix)2—2+(ex+eix)—4=
Letex+ix=u

e

Then, u> +u—6 =0
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>u=2-3
u#*-3asu>0("e*>0)
:>ex+eix=2=>(ex—1)2=0=>e"=1:x=0

Hence, only one real solution is possible.

If f'(x) = tan™! (secx + tanx),x € (—g,%) and f(0) = 0, then the value of f(1) is

a m-1 b. T+l
4 4
C. Tl d O
2
Answer: (b)
Solution:
1+ sinx
"(x) = tan"!(secx + tanx) = tan~?! (—)
f(0) ( ) o5 x

.2 X 2 X X X
sin“5 + cos“5 + 2sinscoss
/ _ -1 2 2 2 2
fx) = tan cos2X _sin2%
2 2
( x .. x)z
CoS5 + Ssin
f'(x) = tan”" X . 2x 2x X
_(cosz + sin 7) (cosz — smz)
-1+tan%
f'(x) = tan™! | —
1—tan7
- T X
I _ -1 e
f'(x) =tan tan (4 + 2)]
T)_n+x
Fey=3+5
0 ="xr
= = — J—
flx 4x 2 c
f(0O)=0=>c=0
T 1 w+1
1 = — —_ =
f() 2732 2
The number of solutions of log: | sinx | = 2 — logi|cos x|, x € [0,27] is
2 2
a. 2 b. 4
c. 8 d 6

Answer: (¢)
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Solution:

logi|sinx | = 2 —logi|cosx|,x € [0,27]

2 2
= logi|sinx||cosx | =2

2
. 1

= |sinx cosx| = 2

. 1
~sin2x = i}

y =sin 2x

~ We have 8 solutions for x € [0,27]

x2 yZ x2 yZ
If e;and e,are the eccentricities of s + il 1 and i 1, respectively. If the

points (ey, e;) lies on the ellipse 15x2 + 3y? = k. Then the value of k is
a. 16 b. 14
c. 15 d. 17

Answer: (a)

Solution:

’ 4 7 V13
€1 = 1_1_8—?&32— 1+——T

~ (eq,e,) lies on the ellipse 15x2 + 3y? = k

R

~15e? +3e7 =k

=>15x§+3x§=k:>k=16
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d
6. The value off % is -

(x—3)7x(x+4)7

7Y 4 e b 7(52) 4
() +c 0 7() e

Answer: (¢)
Solution:

dx
I= f_g 8
(x—3)7x(x+4)7

=] =f (x+64)gdx _ f(x_—3)_

(x—3)7x (x+4)2 x+4

6
7 dx

(x+4)2

Putx—_3=t=>dt=7( ! )dx
x+4 (x+4)2

1

6
K , e
s1=tdr=t+c=(Z2) +c
7 x+4

7. If Z_l,| =1,|z| = 2 then the value of |z + 3i| is
z+21 2
a. V10 b. V5
¢ I d. V3

2
Answer: (¢)

Solution:

z—i
z+2i

If

=1&|z|=§

=z —i| = |z + 2i|
>x2+(@-1D2=x2+(y+2)*2
>y—1=+(+2)

>y—1=—-y-2

_ 1

5 25
= lzl=-=>x" +y? =

Sx24i=2
4 4
=x=+/6
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10.

|z + 3i| = yx?2 + (y + 3)?

:>|z+3i|=§

1 1 1
The value of 24 X 416 X 848 ... © is
a. 2 b. 1
¢ V2 d. 2

Answer: (¢)

Solution:

1 s 1 1 2 4
24 X 416 X 848 ,,,00 = 24 X 216 X 248 ,,, 00

1 1 1 — “ee
= 22X 28X 216,.00=24 8 16

4

N 2(5%) _ 2

T 3 . T . 3m .
The value of cos? 5 Cos—+ sin3 g sinT- is -

a - b. —
c % d. %
Answer: (d)

Solution:

T 3T . T . 3T T T T . T . T . Vs
cos3=cos=— + sin®=sin=— = cos®= [4 cos3=—3cos —] + sin3 = [3 sin— — 4 sin3 —]
8 8 8 8 8 8 8 8 8 8
Vs . Vs . Vs Vs
=4 [COS6— — sin® —] +3 [sm“’— — cos“’—]
8 8 8 8

s
8

T . T T . T T . T
] [cos‘*g + sm‘*g + cos? gsm2 E] -3 [cos2 5~ sin? —]

T .
=4 [cos2 — — sin?
8 8

= [cos2 g — sin? %] [4 (1 - coszgsin2 g) — 3]

1
Vs . T
= cosz[l —smz—] =—

4 24/2

2 xsin®x .
The value of [~ ————dx is

0 sin8x+cos8x
a. 4m? b. 2m?
c. w2 d. 3m?

Answer: (¢)
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11.

Solution:

Let] = f27l' x sin® x

0 sin8x+cos8x

[ = f27r (2mr—x) sin8(2rr—x)
0 sin®@2r—x)+cos8(2r—x)

2T
(2m — x) sin® x

sin8 x + cos8 x
0

Adding (1) & (2), we get:

21 sin® x
dx

0 sin®x+cos8x

. 8
21 sin® x
I=m —_—
fO sin® x+cos8 x

_ 7 sin®x
I'=4m fO sin® x+cos8 x
fis ;. 8(T T
B z sin (E—x) _ 57 cosBx
f=dn f() Sins(g_x)+cosg(g_x) dx = 4m fo Sin8x+cosgxdx

Adding (3) & (4) , we get -

T
2
71' 2
I=2T[f1dx=27l’>(§= m
0

If f(x) = a+ bx + cx? where a, b, ¢ € R then the value of folf(x)dx is -

a Hrw+ro -4 () b 1(r + ) +2£ (2)
¢ Hrw+ro+4£(3)) 4 Hra-ro -+ (2))
Answer: (c)

Solution:

f(x) = a+ bx + cx?

fO=afl)=a+b+c

)54

[l F@)dx = @+ bx + cxtdx =a+ 248

=%(6a+3b+2c)=%(a+(a+b+c)+(4a+2b+c))

(D)

(2

(3

(4

9% January 2020 (Shift 1), Mathematics Page | 6




- %(f(o) + (D) +4f (%))

12. If the number of ways of forming 5 digit numbers (without repeating any digit), such that
the tenth place of the number must be occupied by 2 is 336k, then the value of k is

a. 5 b. 6
c. 7 d 8
Answer: (d)

Solution:

Fr 1 1
8 8 7 6

Total numbers that can be formed are
=8X8X7x%X6

=8x%x336

~ k=8

13. If D is the centroid of the AABC having vertices A(3,—1), B(1, 3),C(2,4) and P is the
point if intersection of lines x + 3y — 1 = 0 and 3x — y + 1 = 0, then which of the
following point lies on the line joining D and P?

a. (—9,-6) b. (9,—-6)
c. (9,6) d. (=9,-7)

Answer: (a)

Solution:

) 3+142 —1+3+44
Coordinates of D are P 3

)=@2
Point of intersection of two lines

x+3y—1=0and3x—y+1=0

, -1 2
isP(53)

Equation of line DPis8x — 11y +6 =0
Point (=9, —6) lies on DP
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14.If f(x) is twice differentiable and continuous function in x € [a, b]. Also f'(x) > 0 and

15.

"(x)<0andc € (a,b ,thenwis greater than
fb)-=f(c)
a. 1 b a+b
" b—c
bec c-a
c. — d. —
Answer: (d)
Solution:

~ ¢ € (a,b) and f is twice differentiable and continuous function (a, b)

~ LMVT is applicable

Forp € (a,¢), f'(p) =L@

c—a

! b)-
Forq € (c,b), f'(q) =120

~ f'(x) < 0 = f'(x) is decreasing

f'e) > '@
fle)=f(a) _ f(b) —f(c)
= >
c—a b—c

N fe)=f(a) s 4@
f)=f(c)  b-c

(as f'(x) > 0 = f(x) is increasing)

If three planes
x+4y—-2z=1
x+7y—5z=p
x+5y+az=5

intersectin aline, thena + § =

a. —10 b. 0
c. 2 d. 10
Answer: (d)

Solution:

The given planes intersect in a line

#D=Dy=D,=D,=0

D=0
1 4 -2

=1 7 -5/=0=>7a+25—-4a-20+4=0
1 5 «a

>a=-3
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16.

17.

D,=0

1 4 1

>1 7 pl=0=2>35-58-20+48—-2=0
1 55

=B =13

~a+p =10

0. (x;—5)=10 and Y2 (x; —5)?> =40. If mean and variance of observations
(x; —3),(x3 — 3) ... (x10 — 3) is A and u respectively, then ordered pair (4, u) is
a. (1,1) b. (1,3)
c (31) d. (3,3)
Answer: (d)

Solution:

10

10
Z(xi—5)=10=>2xi—50=10
i=1

i=1

10
= Z X = 60
i=1

_ X5 —3) Xty x—30 _

A 10 10

3

Variance is unchanged, if a constant is added or subtracted from each observation

2 =5 (500 =5
10 _< 10 >

u=Var(x; —3) =Var(x; —5) =

40 (10)2_3
10 \10/

20 cards are placed in a bag with 10 named as 4 and another 10 named as B. If cards are
draw n one by one (with replacement), then the probability that second A comes
before third B is

11 7
a. — b, —
16 16
9 13
c. — d —
16 16

Answer: (a)

Solution:
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18.

19.

20.

Here P(A) = P(B) = %

Then, these following cases are possible —» AA, BAA, ABA, ABBA, BBAA, BABA
1 1 1 1 1 1 11
So, the required probabilityis=-+-+-4+—+—+— = —
4 8 8 16 16 16 16

The negation of 'v/5 is an integer or 5 is an irrational number’ is
a. /5Sisan integer and 5 is not an irrational number.

b. +/5isnotan integer and 5 is not an irrational number.

c. /5isnotan integer or 5 is not an irrational number.

d. +/5isnotaninteger and 5 is an irrational number.

Answer: (b)

Solution:

p: /5 is an integer

g:5is an irrational number

Given statement:p V q

Required negation statement: ~(p V q) = ~p A ~q

'J/5 is not an integer and 5 is not an irrational number’

1 1 2 |adj B|
IfA=|1 3 4|,B=adj(4d)andC = 34, then is
1 -1 3
a. 2 b. 4
c. 8 d 16

Answer: (c)

Solution:
1 1 2 1 1 2

A=|1 3 4|=>|A|l=[1 3 4|/=134+1-8=6
1 -1 3 1 -1 3

B = adj(A4) = |adj B| = |adj(adj 4)| = |A]* = 6*
|IC| =|34| =33|4| =33 x6

ladjB|  6*  23x3%
IC] 3x6 33

If a circle touches y-axis at (0,4) and passes through (2,0), then which of the following
can be the tangent to the circle?

9% January 2020 (Shift 1), Mathematics Page | 10




21.

a. 3x+4y—-24=0 b. 4x—-3y—-17=0
c. 4x+3y—-6=0 d 3x+4y—-6=0

Answer: (d)

Solution:

O “——-h—-vu

OD? =0AX0B=16=2x0B= 0B =8
~AB =6

~“AM =3,CM=4=>CA=5

~OM =5

Centre will be (5,4) and radius is 5

Now checking option (d)

3x+4y—-6=0

15+16-6

N oAU

1+x) Z—z =[(1+x)?+ (y —3)].If y(2) = 0, then the value of y(3) is

Answer: (3)

Solution:

d
(1+072 = [(1 407 + (7 = 3)]

=>(1+x)d—y— =(1+x)*>-3
dx y

dy 1 14 3
== — = -
dx (1+x)y x 1+x
1
LF.= e ot =
1+x
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22.

X ! —fl 3 d
Y T % (1+x)2 x

y 3
=x+
1+x X 1+x

+c

>y=x(1+x)+3+c(1+x)
Atx =2,y =0, we get
0=6+3+3c

=>c=-3

= Atx =3,
y=x2-2x=9-6=3
=>y3)=3

(sin(a+2)x+sinx' x <0

X
Function f(x) = 4 b P X =

| (x+3x2)F-23
11
(x+3x4) x3 x>0
x3
Answer: (0)
Solution:

f(x) is continuous at x = 0

s lim f(x) = b= lim f(x)

1 1
(h + 3h?)3 — h3

b=}11_r;r(1)f(0+h)=}ll_r)r(1)

4
h3
1 1
h3 [(1 + 3h)3 — 1]
= b = lim 7
h—-0 h§
1
- (1+3h)3-1
=>p=lim—
h—0 h

1 2
=>b:;11_r)r(1)§(1+3h) 3x3

or,b=1
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23.

24,

sin(a + 2)(—h)) +sin(—h) 1

Jip £ =1 = i, &
s>a+3=1>a=-2

>a+2b=0

The coefficient of x* in (1 + x + x?)%is
Answer: (615)
Solution:

10!
q+2r
plq!r! x

General term of the given expression is given by

Here,q + 2r =4
. 10!
Forp = 6,9 = 4,r = 0, coefficient = —— = 210
6!x4!

10!

= 360

Forp =7,q = 2,r = 1, coefficient = v

Forp = 8,q = 0,7 = 2, coefficient = 20 =45

8!1x2!

Therefore, sum = 615

If P=(a+1i+aj+ak

6=ai+(a+1)j+al?

§=ai+aj+(a+1)E

and P,, R are coplanar vectors and 3(P. 6)2 — 2|R x Q|2 = 0, then value of 1 is

Answer: (1)

Solution:

As 1_3, 6, R are coplanar,

a+1 a a
a a+1 a |=0
a a a+1

R, > Ry + R, + R;

3a+1 3a+1 3a+1
a a+1 a =0
a a a+1
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1 1 1
a a+1 a
a a a+1

C,—»C,—Ciand C3 - C3—C;

(3a+1) =0

100
Ba+1la 1 0[=0
a 0 1
3a+1=0
U
“T73
L1 - L1 - L1
P=-(2t—-j-k) Q=z(-t+2j—-k), R=-(-1—-j+2k)
3 3 3
Lotk
RxQ@=3gl-1 -1 2
-1 2 -1
L o1 - 1 -
RxQ=§(4ﬁ—3ﬁ4%)=—§@+j+k)
Rx Q| ==
R x Q| =3

ﬁ*—l(z 241) = L
'Q_9 3

3(P.0) —ARx 3| =0
1 1

S-—AXxz=0>1=1
3 3

25. Points A(2,4,0),B(3,1,8),C(3,1,—3),D(7,—3,4) are four points. The projection of line
segment AB on line CD is
Answer: (8)

Solution:

ABCD _ 4+12456 _ 72

[CD]  VaZiaZ+7Z 9

Projection of AB on CD is =

8
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