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FINAL JEE(Advanced) EXAMINATION - 2020

(Held On Sunday 27+ SEPTEMBER, 2020)
PAPER-2

PART-3 : MATHEMATICS

SECTION-1 : (Maximum Marks : 18)
@®  This section contains SIX (06) questions.
The answer to each question isa SINGLE DIGIT INTEGER ranging from 0 to 9, BOTH INCLUSIVE.

@®  For each question, enter the correct integer corresponding to the answer using the mouse and the on-screen
virtual numeric keypad in the place designated to enter the answer.

@®  Answer to each question will be evaluated according to the following marking scheme :

Full Marks : +3 If ONLY the correct integer is entered;
Zero Marks : 0 If the question is unanswered;
Negative Marks : =1 Inall other cases.

1.  For a complex number z, let Re(z) denote the real part of z. Let S be the set of all complex numbers
z satisfying z*—|z|" = 4iz*, where i = J=1 . Then the minimum possible value of |z — z,|>, where
Z1, Z; € S with Re(z;) > 0 and Re(z;) <0,is

Ans. 8

Sol. Letz=x+1iy
AR |z|4 = 4i7’
= 7' —(z2Z) =4i7’

= z=0or z—(2) =4i

= 4dixy=4i
= xy=1
(1,1)
(-1,-1)

|21 — 25| rznin: 8

2. The probability that a missile hits a target successfully is 0.75. In order to destroy the target completely, at
least three successful hits are required. Then the minimum number of missiles that have to be fired so that
the probability of completely destroying the target is NOT less than 0.95,is

Ans. 6
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R 3 r 1 -
Sol. Let P(r) = probablllty of r successes = nCr (Z) (Zj

1 - (P(0) + P(L) + P(2)) > 0.95
- ol o e
4 4)\ 4 4)\4

1+3n4 20—
- 1- 2 >0.95

4"

= 90’ -3n+2<005x4"x2< %
for n=5 212<102.4 (Not true)

forn=6 308 <409.6 true
least value of n =6

N3

3. Let O be the centre of the circle x* +y* =1, where r > y - Suppose PQ is a chord of this circle and

the equation of the line passing through P and Q is 2x + 4y = 5. If the centre of the circumcircle of
the triangle OPQ lies on the line x+2y=4, then the value of r is
Ans. 2

Sol.

M-I

oa=Y> OC:i
2 NG

CQ=0C=-% and CA=—>

V5 25

0Q =+/OA” + AQ* =JOA? +(CQ* —CA?)

5 16 9
N AN
45 20 va

= 2=r
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M-1I

PQ:hx +ky=r1

Given PQ 2x+4y=>5

h k r 2r’ 4r’
—== =

2 4

(r o
575

2 2
Cliesonx +2y=4 = %+2(2Lj:4

=

@)

= r=4 = r=2
4.  The trace of a square matrix is defined to be the sum of its diagonal entries. If A is a 2 X2 matrix
such that the trace of A is 3 and the trace of A° is —18, then the value of the determinant of A

is

Ans. 5
Sol. M-I
b 2
Lot A — {a } A2_| @ +be ab+bd
c d ac+dc bc+d?

A [ a’+2abc+bdc  a’b+abd+blc+ bdz}
a’c+adc+bc® +d*c abc +2bed +d*

Given trace(A)=a+d=3

and trace(A*) = a’ + d* + 3abc + 3bed = —18

= a’+d+3bca+d)=-18

= a+d+9%bc=-18

= (a+d)((a+d)*—3ad)+9bc=-18

=  3(9-3ad)+9bc=-18

= ad —bc =5 = determinant of A

M-I

a b
:{ } ; A=ad-bc
c d

IA—AJ| = (a—A)(d—2A)—be

>
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=A% —(a+d)A+ad—bc

=07 —3A+A

0=A’-3A+AIl

A’ =3A- Al

A’ =3A%-AA
=3(3A - Al) - AA
=(9— A)A — 3Al

o P]gaft 0
e 0 1

trace A° = (9 — A)(a + d) — 6A
~18=(9 - A)(3) - 6A
=27-9A

IA=45 = A=5

5.  Let the functions : (—=1,1)>R and g : (—1,1)—(—1,1) be defined by
f(x) =2x—1[+]2x+1| and g(x) = x—[x],

where [x] denotes the greatest integer less than or equal to x. Let fo:(—1,1)—>R be the composite

function defined by (fog)(x) = f(g(x)). Suppose c is the number of points in the interval (—1,1) at

which feog is NOT continuous, and suppose d is the number of points in the interval (—1,1) at
which fog is NOT differentiable. Then the value of ¢ + d is

Ans. 4

Sol. f(x)=2x—1|+2x + 1|

g(x) = x;
fg(x)) = 2{x} — 1]+ [2{x} + 1|

2 {X}S%
e ws Y

D4

| |
1 ~12 172 1

discontinuous atx=0=c=1
Non differential at x = —y, 0, % = d=3

ctd=4
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6.  The value of the limit
4\/5(sin 3X +sinx)

X_’g (2 sin 2x sin 32X +cos 52)(] - (\/5 + \/Ecos 2X +cos 3;)

Ans. 8
4x/§-2sin 2X COSX

Sol. lim 3 3
e 2sin2xsin2X+(coszx—cos] \/_(1+cos2x)

16\/5sin X cos® X
2 2sm2x(sm32—sm ) 2\/_005 X

16«/§sinxcos X
2 4s1nxcosx(2cosx sm) 2\/_008 X

16\/§sinx
3 SSinx-sing—Z\E
SECTION 2 (Maximum Marks : 24)

=8

@®  This section contains SIX (06) questions.
@®  Each question has FOUR options. ONE OR MORE THAN ONE of these four option(s) is (are) correct
answer(s).
@®  For each question, choose the option(s) corresponding to (all) the correct answer(s).
@®  Answer to each question will be evaluated according to the following marking scheme :
Full Marks : +4 If only (all) the correct option(s) is(are) chosen;
Partial Marks : +3 If all the four options are correct but ONLY three options are chosen;
Partial Marks . +2 If three or more options are correct but ONLY two options are chosen, both of
which are correct;
Partial Marks : +1 If two or more options are correct but ONLY one option is chosen and it is a
correct option;
Zero Marks . 0 If none of the options is chosen (i.e. the question is unanswered);
Negative Marks : =2 Inall other cases.
7. Let b be a nonzero real number. Suppose f:R—R is a differentiable function such that (0)=1.
If the derivative f' of f satisfies the equation f'(x) = bzf (-2;2

for all x€R, then which of the following statements is/are TRUE?
(A) If b> 0, then f is an increasing function
(B) If b <0, then f is a decreasing function
(©) (x) (—x)=1 for all x€R
(D) (x)—f(—x)=0 for all x€R
Ans. A,C
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Sol. f'(x)

jf'(X)dXZI dx

x> +b’
= fn‘f(x)‘ = %tan_1 (%j+c

Now £(0) = 1

X = —X
f(—X) e %m_l(gj
f(x).f(—x) =¢’ =1 (option C)
and forb>0
f(x) _ e%tanil(%j

= f(x) is increasing for all x € R (option A)

8. Leta and b be positive real numbers such that a > 1 and b < a. Let P be a point in the first quadrant
2 2

that lies on the hyperbola X—z — % =1. Suppose the tangent to the hyperbola at P passes through the
a

point (1,0), and suppose the normal to the hyperbola at P cuts off equal intercepts on the coordinate
axes. Let A denote the area of the triangle formed by the tangent at P, the normal at P and the
x-axis. If e denotes the eccentricity of the hyperbola, then which of the following statements is/are
TRUE?
(A)l<e<2
(B) 2 <e<2
(C)A=a’
(D)A=b"

Ans. A,D
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Since Normal at point P makes equal intercept on co-ordinate axes, therefore slope of Normal = —1

Hence slope of tangent = 1
Equation of tangent
y—0=1(x-1)
y=x-1
Equation of tangent at (x;y;)
X W

a> b
x —y = 1 (equation of Tangent)
on comparing x; = a*, y; — b’
Alsoa’—b*=1 (1)
Now equation of normal at (x,y;) = (a’;b%)
y—b*=—1(x —a’)
x +y=a’+b” ...(Normal)

point of intersection with x-axis is (a2 + b2)

a
2 2
e= 1+b2 1 {from(l) 2+1<1}
1<e<\/§ option (A)
A=%.AB.PQ

and A= %(a2 +b’ —1).b2

A=%(2b2)b2 (from (1) a’—1=b?%

A=b* so option (D)
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9. Let f:R—>R and g:R—R be functions satisfying f(x+y)=f(x)+f(y)+f(x)f(y) and f(x)=xg(x)
for all x,yeR. If ling g(x) =1, then which of the following statements is/are TRUE?

(A) f is differentiable at every x€R
(B) If g(0)=1, then g is differentiable at every x€R
(C) The derivative f'(1) is equal to 1
(D) The derivative f'(0) is equal to 1
Ans. A,B,D
Sol. since f(x) = xg(x)

£i£13 f(x) = !glg xg(x)

lim £(x) =(tim x ). (1im g(x))
£i£r3f(x)=ox1 =0 (1)
fEFEY) =)+ fx)+ f(x) £(y)

Now we check continuity of f(x)
atx=a

lim f(a+h)=f(a)+f(b)+/f(a)+f(h)

h—0

tim (/(a)+ () (1+/ (2)))
lim f(a+h)=f(a)

. f(x) is continuous V x € R

li /(x)=7(0) =0 (tim 1 (x) =)

~f(0)=0

f'(x)
1

and lim =1

x—0

~f0)=1
Now

fx+y)= fx)+ f(y) + fx) ()

using partial derivative (w.r.t. y)
fEE+ )+ X+ ()
puty=20
f&)=£0)+ f(x) £(0)
fE) =1+ f(x)

F'(%) 4o
J-1+f(x)dx—'|.1dx
(14 £ (x))|=x+C

f0)=0;c=0 ~[1+f(x)=¢"
1+ fx)=+xe"or f(x)=+e" — 1
Now f(0)=0 .. f(x)=¢e" -1
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L fx)=¢e -1
option (A) is correct
and f'(x)=¢"
1'(0) = 1 option(D) is correct
-1
f(x © ;0 x#0

1 ; x=0

g(0+h)—g(0)

g'(0+h)=lim

h—0
h

e -1 1 |

—lim P -~

h—0 h 2

option B is correct
10. Let a, B, vy, 8 be real numbers such that a*+8*+y*#0 and a+y=1. Suppose the point (3,2,—1) is the
mirror image of the point (1,0,—1) with respect to the plane ax+fy+yz=46. Then which of the

following statements is/are TRUE?

(A)a+p=2 B)s-y=3
©é+p=4 D)a+p+y=4§
Ans. A,B,C
P(1,0,-1)
Sol. I
"
P 3,2, -1)
R 1s mid point of PQ

.. R(2,1,~1) and it lies on plane
equation of plane is ca + By +yz =09
S200+B-y=0 ..(1)
Normal vector to plane is
n=2i+2j

S L

22 0

La=2k B=2k, y=0 ..(2)
and a+v =1 (given) ..(3)
from (2) and (3)

a=1,p=1,y=0
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and from (1)
2(1)+1-0=5
0=3

Now :
a+p=2
o0—v=3
o0+p=4

so, A,B,C are correct.

Let a and b be positive real numbers. Suppose PQ= ai+ bj and PS = ai— bj are adjacent sides of a
parallelogram PQRS. Let u and v be the projection vectors of \7v=i+j along PQ and PS ,
respectively. If [t]+|v|=|W|and if the area of the parallelogram PQRS is 8, then which of the

following statements is/are TRUE?

(A)a+tb=4

(Bya—b=2

(C) The length of the diagonal PR of the parallelogram PQRS is 4

(D) w is an angle bisector of the vectors PQ and PS

A,C
S R
ai-bj
P airtbj Q
=((i+j)PQ)PQ
~[(i+3).pQ
o (aibi)] o atb
|u|_(lﬂ).\/a2+b2|_az+b2
v=(i+j).PS
|‘7|_ 1+] a1—bJ|
Ja’ +b’ ‘ \/a +b2
[l =[¥] =[]
‘(a+b)‘+‘(a—b)‘
a’+b’ -2
Fora>b

2a=+24/a> +b
4a’ = 2a” + 2b
a’=b>a=b ..(1)

10

JEE(Advanced) 2020/Paper21/Held on Sunday 27 " September, 2020



path ta saccess

12.

Ans.
Sol.
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(a>0,b>0)
similarly for a>b we will geta=>b

Now area of parallelogram = ‘(ai + bj) x (ai - bj)‘

=2ab

. 2ab=28

ab=4 ..(2)

from (1) and (2)
a=2,b=2..a+b=4 option(A)
length of diagonal is

‘22&‘ - \41\ —4

so option (C)

For non-negative integers s and r, let

s! .
S ——  if r<s,
(]: r!(s—r1)!
r

0 if r>s.

For positive integers m and n, let

m+n

) 3, T
)

where for any nonnegative integer p,

w3

Then which of the following statements is/are TRUE?
(A) (m,n)=g(n,m) for all positive integers m,n
(B) (m,n +1)=g(m+1,n) for all positive integers m,n
(C) 2m,2n)=2g(m,n) for all positive integers m,n
(D) 2m,2n)=( g(m,n))2 for all positive integers m,n
A,B,D
Solving
p .
f(m, n’p) — z m(:i n+1cp. P-*—ncp_i
i=0
m Ci ) n+1(jp .p+n Cp,i
+1)! !
me i)t (ntp)t
"pl(n—p+i)! (p—i)!(n+i)!
n+p)! 1
X
p!  (n—p+i)(p—i)

mC.x(

1

JEE(Advanced) 2020/Paper21/Held on Sunday 27 * September, 2020

1



path ta saccess

ALLEN JEE(Advanced) 2020/ Paper-2

KOTA (RAJASTHAN)

mc'x(ner)!>< n!

" p!n! (n—p+i)!(p—i)!
m(:i .n+p Cp. ncpii {mCi. ncpii — m+ncp}
f(m,np) =""*C,""C,
f(m,n,p)

n+pCp

Now

o(mon)= 3/ ()

n+p
p=0 Cp

_ m+nC
p

g(m,n)=2 ""C,
p=0

2m+n

g(m,n) =
(A) g(m,n) = q(n,m)
(B) g(m,n+l) — 2m+n+1
g(m + n,n) — 2m+l+n
(D) g(2m,2n)=27"""
— (2m+n)2
= (g(m,n))’
SECTION 3 (Maximum Marks : 24)

®  This section contains SIX (06) questions. The answer to each question isa NUMERICAL VALUE.

@®  For each question, enter the correct numerical value of the answer using the mouse and the on-screen virtual
numeric keypad in the place designated to enter the answer. If the numerical value has more than two
decimal places, truncate/round-off the value to TWO decimal places.

®  Answer to each question will be evaluated according to the following marking scheme :

Full Marks . +4 |f ONLY the correct numerical value is entered:;
Zero Marks : 0 Inall other cases.

13. An engineer is required to visit a factory for exactly four days during the first 15 days of every
month and it is mandatory that no two visits take place on consecutive days. Then the number of all
possible ways in which such visits to the factory can be made by the engineer during 1-15 June
2021 is

Ans. 495.00

Sol. Selection of 4 days out of 15 days such that no two of them are consecutive
_ 15-4+1 _ 12
= Cs=""Cy
_ 12x11x10x9 C11x5x9 =495

4x3%x2

14. In a hotel, four rooms are available. Six persons are to be accommodated in these four rooms in
such a way that each of these rooms contains at least one person and at most two persons. Then the
number of all possible ways in which this can be done is

Ans. 1080.00

) 6!
Sol. required ways = x4!=1080
2120101121 2!
12
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16.
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Two fair dice, each with faces numbered 1,2,3,4,5 and 6, are rolled together and the sum of the
numbers on the faces is observed. This process is repeated till the sum is either a prime number or a
perfect square. Suppose the sum turns out to be a perfect square before it turns out to be a prime
number. If p is the probability that this perfect square is an odd number, then the value of 14p
is
8.00
Prime:2, 3, 5, 7, 11

1 246 2

. 15
P(Prime) = —
( ) 36

Perfect square = 4,9 P (perfect square) = %

3 4
required probability

4 14 4 (14]24
— X — | — | —+...
_36 36 36 \36) 36
7 14 7 (14]27
Xt — | —+
36 36 36 \36) 36
p-2

7
. 14P = 14.i =8
7

X

Let the function f:[0,1]—R be defined by f(x)= T
+

Then the value of f L +f i +f i Foaveearanns +f 2 —f l 1S
40 40 40 40 2

19.00
f(><)+f(1—x)=4
4 N 4/4*

4+2 4
4X
4* 4
= +
4*+2 4+24%
4* 2

+
4*+2 2447

(- Z 2
SCRER

4X 41—X
+
12 442

+2
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17. Let f:R—R be a differentiable function such that its derivative f’ is continuous and f(m) = —6.

If F:[0,7]—R is defined by F(x) = jo f(t)dt, and if

I(f '(x)+ F(x))cosx dx =2,

then the value of f(0) is
Ans. 4.00

Sol. F(x)= j £(0). dt

=Fx)=/x)
I=[f'(x).cosx dx+ [F(x)cos(x) dx =2 ...(1)

I = I f'(x).cosx dx (Let)
0
Using by parts

I, =(cosx.f(x)), + _Tfsin x.f(x)dx

I[[=6-f(0)+ ]Esin x.F'(x)dx

L[ =6-f(0)+1 ..(2)
I, = jisin x.F'(x).dx
Using(,i by part we get
I, =(sinx.F(x)); — Tcos x.F(x) dx
0

L= —jcosx.F(x) dx
0

2)=1L=6-£(0) —]E cosx.F(x) dx

(H)=>I=6-f0)=2= f(0)=4

18. Let the function : (0,7)—R be defined by
() = (sinB+cos@)’ + (sinf—cosh)*
Suppose the function f has a local minimum at 8 precisely when 8 € {Am,..., A},
where 0 < A; <--- <A, <1. Then the value of 4+ -+ Aris

Ans. 0.50
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Sol.  f(0) =(sinO + cos0)* + (sind — cosO)"*
£(8) = sin®26 — sin26 + 2
f'(0) =2(sin20).(2c0s20) — 2c0s26
=2c0s20(2sin20 — 1)
critical points
W_\
I I —t —t
0 = = 5 3 7
2 4 12 4
so, minimum at 0 = —, S
12
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