JEE Advanced

Mathematics

General Instructions:

SECTION 1 (Maximum M4

This section contains THREE (03) questions.

Each question has FOUR options (A), (B), (C) and (D). ONE

correct answer(s).

For each question, choose the option(s) corresponding to
Answer to each question will be evaluated according to t

Full Marks +4 ONLY if (all) the correct option
Partial Marks +3 If all the four options are correc
Partial Marks +2 If three or more options are corré
are correct;
Partial Marks +1 If two or more options are correct b#
option;
Zero Marks 0 If none of the options is ch
Negative Marks -2 In all other cases.

For example, in a question, if (A), (B) and (D)
choosing ONLY (A), (B) and (D) will get +4 m
choosing ONLY (A) and (B) will get +2 marks;

s) is(are)

pf which
is a correct
(i.e., the questi®

e options corresponding to correct answers, then

functions from S to T.

(C) The number of continuous functions from S to
T is at most 120.

(D) Every continuous function from S to T is
differentiable.

. Let T; and T, be two distinct common tangents

2 2

to the ellipse E:%+%=1 and the parabola P :

y* = 12x. Suppose that the tangent T; touches P

and E at the points A; and A,, respectively and

the tangent T, touches P and E at the points Ay

and Aj, respectively. Then which of the following

statements is (are) true?

(A) The area of the quadrilateral A; A, Ay Ay is
35 square units.

(B) The area of the quadrilateral A; A, A3 Ay is
36 square units.

(C) The tangents T; and T, meet the x-axis at the
points (-3, 0).

(D) The tangents T; and T, meet the x-axis at the
points (-6, 0).

Q.3. Letf:[0, 1] - [0, 1] be the function defined by f(x)
R e 5 e |
= 3 g ¥ T3q Consider the square region

5=10,1]x[0,1]. Let G = {(x,y) € S:y > f(x)} be called
the green region and R = {(x, y) € S: y < f(x)} be
called the red region. Let L, = {(x, h) € S : x € [0, 1]}
be the horizontal line drawn at a height 1 € [0, 1].
Then which of the following statements is (are) true?
1o
[473]
the green region above the line L, equals the
area of the green region below the line L.
1o
[473]
the red region above the line L, equals the area
of the red region below the line L;, .

(A) There exists an he such that the area of

such that the area of

(B) There exists an he
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(C) There existsan he [i,%} such that the area of (D) There existsan e [i,%} such that the area of
the green region above the line L, equals the the red region above the line L, equals the area
area of the red region below the line L. of the green region below the line Lj,.

General Instructions:
SECTION 2 (Maximum Marks: 12)

e This section contains FOUR (04) questions.
e Each question has FOUR options (A), (B), (C) and (D). ONLY OX
* For each question, choose the option corresponding to the co
* Answer to each question will be evaluated according to the
Full Marks : +31If ONLY the correct option is ¢
Zero Marks : 0If none of the options is chosen (i
Negative Marks ~ :  —11In all other cases.

Q.4. Let f: (0, 1) > R be the function defined as
fo) = \/Eifxe[ 1 n 1) where n € N. Let g: (0, 1)

PR
n+ n

— R be a function such that J. /%dt <g(x)< 2x

are randomly
forallx € (0, 1). Then 1)113[} f(x)g(x) chosen from X. Then the probability that P, Q and
from a triangle whose area is a positive integer,

(A) does NOT exists (B) isequal to1 .
(C) is equal to 2 (D) is equal to 3 '
71 73
Q.5. LetQbe the cube with the set of ve (A) 20 (B) 220
c R3: X1, Xy, x3 € {0, 1}}. Let F b 11
twelve lines containing the i ©) 79 (D) 83
faces of the cube Q. Let S 220 220
containing the main diag
instance, the line pa Q.7. Let P be a point on the parabola y*=4ax, where
0) and (1, 1, 1) is i#S. i a>0. The normal to the parabola at P meets the
denote the shoftest distanc ; x-axis at a point Q. The area of the triangle PFQ,

the maximum where F is the focus of the parabola, is 120. If the

and I, v slope m of the normal and a are both positive
A) integers, then the pair (a, m) is
(A) 23 (B) (1,3)
© 249 (D) 3,4
General Instructions:

SECTION 3 (Maximum Marks: 24)
* This section contains SIX (06) questions.
* The answer to each question isa NON-NEGATIVE INTEGER.

*  For each question, enter the correct integer corresponding to the answer using the mouse and the onscreen vir-
tual 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 : +4 If ONLY the correct integer is entered;
Zero Marks : 0 In all other cases.

Q.8. Let tan™'(x)e (—g,g), for x € R. Then the number of real solutions of the equation

J1+cos(2x) = V2tan™ (tan x) in the set (—%,—E]u(—ﬂ RJU(E,%J is equal to

2 2271 2
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Q.9. Letn >2be anatural number and f: [0, 1] - R be

—
Q. 10. Let 75---57 denote the (r + 2) digit number where

General Instructions:

1967 +1686i sin 0
7—3icos6
exactly one positive integer 1, then the value of n is

the function defined by Q.11. Let A = { :0e R}. If A contains

n(1-2nx) ifOstl
2n

2n(2mx 1) i 1 <x< 3 Q.12. Let P beAthe plAane VBx+ 21 +3z=16 and let
f@) = 2?:1 éin S={ai+ BJj+ vk o>+ p>+y*=1and the
4n(1-nx) if —<x<-— 7
4n n distance of (a., the plane P is 3 .

-1y if L<x<1
n-1 n

If n is such that the area of the region bounded by plume of the
the curvesx = 0,x =1,y = 0and y = f(x) is 4, then
the maximum value of the function fis

T

. If the
the first and the last digits are 7 and the remaining r

4
digits are 5. Consider the sum S = 77 + 757 + 7557 j
+ot 75..57. If S = _'J, where m and 1 ansion of
n

are natural numbers less than 3000, then the value
ofm+nis

imu arks : 12)
This section contains FOUR (04) Matching List
Each set has ONE Multiple Choice ion.

Each set has TWO lists: List-I a

FOUR options are given i ipl&Choice Question based on List-I and List-II and ONLY ONE of these
four options satisfies t i d’in the Multiple Choice Question.

Answer to each q evaluated according to the following marking scheme:
Full Marks e option corresponding to the correct combination is chosen;
Zero Marks e none of the options is chosen (i.e., the question is unanswered);

Negative ) other cases.

Q. 14. Let a,

e real nuggpers. Consider the R) Ifp= %(70(—3) where (3) infinitely many

following of linear equations .
solution

x+2y+z=7 o =1landy=28,

x+oz=11 then the system has

2x -3y + Pz =

y+ Bz =y (S) 1fB# L (7a—3)where (4) x=11,y=-2

Match each entry in List-I to the correct entries in 2 dz=0

List-IL o =1andy = 28, then andz =0as
a solution

List-1 List-IT the system has

G) x=-15,y =4

1 . .
(P) Ifp = 5 (7o.-3) and (1) aunique solution andz=0asa

y = 28, then the system solution
has The correct option is:
1 ) A P)->0@ Q-2 ®->1) 6>
QIUp=300=3 (2) nosolution B P)>0 Q-0 ®-E ©-@

and y # 28, then the © P> Q-0 ®)->4) -0
system has D) P> Q-0 ®->1 -0



Q. 15. Consider the given data with frequency distribution
vy 3 8 11 10 5 4
fi5 2 3 2 4 4

Match each entry in List-I to the correct entries in

List-II.

List-I List-II
(P) The mean of the above data is (1) 2.5
(Q) The median of the above datais  (2) 5
(R) The mean deviation about the

mean of the above data is 3)6
(S) The mean deviation about the

median of the above data is 427

(5)24

The correct option is:
A) P> Q-0 ®)=>E) ©6)—>06)
®B) P)->0G Q-0 ®->1) ©)—>06)
© P)-»@ Q-0 R ©)—>0)
D) P)=>G) Q-6 R)=06) ©)—=>06)

Q. 16. Letl; and I, be thelines 7, = X(f + ] + 12) and 7, = (} - 12)
+ n@ +I€), respectively. Let X be the set of all t

planes H that contain the line /1. For a plane H, let
d(H) denote the smallest possible distance
the points of I, and H. Let Hj be a plane in
which d(Hp) is the maximum valug of d(H)
varies over all planes in X.

Match each entry in List-I to
List-IIL.

List-1

(P) The value of d¢H, 1) V3
1

The distange of the poin 1,2 2) —

Q) ) () NE

from Hy is

Q.17.
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(R) The distance of origin from H, is

(S) The distance of origin from the
point of intersection of planes
y=2zx=1land H,is

The correct option is :

@A P-2 Q-4 ®->06

®) P)—>©6) 4 R)—>()

© ®)-

(D)

The corree
A) @)—>@
) @)—> (@)
©) ®)—>()
D) (P)—>(2)

Q-0 ®)->06)
Q-0 ®R)->O)
Q->@ ®R)—>G)
Q=06 ®)—>06)

(3)0
@ 2

6 5

CRdO)
S =@
5)—>@)
6 —-@
|z|3 + 222 +
conjugate

OEdC)
©)—~>06)
©) -1
©)—> 4
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ANSWER KEY

Q.No. Answer key Topic's name Chapter's name
Section-I
1 (A, C,D) Number of Functions
2 A, O Parabola and Ellipse
3 (B,C,D) Area under two curves
4 ©) Sandwich Theorem
Section-
5 (A) Shortest distance between two li
6 (B) Probability based on geometrical
7 (A) Normal of parabola
Section-III
8 3 Number of solution of equation
9 8 Area under simple curves
10 1219 Geometric Progression Sequence and Series
11 281 er Complex Number
12 45 Vector, Three Dimensional
13 3 Binomial Theorem
Section-1V
14 (A) Determinants
15 (A) edian, Mean Deviation, Variance Statistics
16 (B) int, Line and Plane Three Dimensional
17 dulus of complex number Complex Number
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ANSWERS WITH EXPLANATTON

Correct options are (A, C and D).
Given S=(0,1Hu(@,2)u(3, 4
T=40,1,2,3}

For function S — T, set S (domain) has infinite
elements but set T (codomain) has only 4 elements.

There are infinite functions from S to T and it
is impossible to make a function which is strictly
increasing from S to T.

All functions must be many one.

Option (A) is correct.
and option (B) is not correct. 2m* + 3 = 0 (which is not possible)
According to domain it is possible to
continuous function from S to T.

. Equation of tangents are

y=x+3andy=-x-3
Total no of such functions are = 4° = ) ) ) o
Now their point of intersection is (-3, 0).
Option (C) is correct.

Equation of A; A,

Also every continuous function i )

] ) T=0 (Chord of contact for ellipse)
Option (D) is correct.
. . X(3) , y(O) _
orrect options are ( 6 + 4 = 1

E: r=-2
= Ar=(21)
and Ay =(-2,-1)

b Equation of A, A;

T=0  (Chord of contact for parabola)
x-3
0) =12
y(0) ( 2 )

= x=3
: = A,=(3,6)and A;=(3,-6)
Ay - Area of quadrilateral A; A, A; A,

Aj T,
= L x 2+ 12) x 5 = 35 5q. units
Equation of tangent for ellipse 2

y=mx* ,6m2 +3 (1) 3. Correct options are (B, C and D).

Equation of tangent for parabola Given f:10,1] = [0, 1]

y=mxt o foy =3 -+ g¥tyg
3 3x? 5
= = mx + (2 4 = 27 _ et
y X @) f'(x) 3 2x+9
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fx)=0
9x?~18x + 5 =0
=9x%-15x-3x +5=0
=3x(3x-5)-13x-5) =0
=(Bx-5@x-1)=0

1 5
= x=3"3
f'() = 22
” 1 2 i 1
f 3 = 3 -2 < 0 point of maxima
Graph of f(x)

2/3 1
18/36 111 ===

17/36 ;
13/36} >N N\

0

{x‘l ¥ 5x% 17x T
— + T+ ==
12 3 18 36

1 1 5 17
= ———+—+

T 12 3 18 36

0

_3-12+10+17
_18_
36
1
(Area)green y 5
(A) 05
Green area
above line L,
1/3
1/6

. ———
1/4  13/36 17/36 181/324 2/3 ~ Green area
below line L,

Both graph doesn’t intersect

(B)
Red area below line L,
12+
1/4 +
Red area above line L,
. ) ) . h
1/4  13/36 17/36 181/324 2/3

Both Graph intersect at 1 =%

(©)

Red area below line L,
0.5+

Red area above line L,

n

,/%dt <g(x) <2vx,xe (0, 1)

Now (According to the question)
e (ORFLC)

1
= Put x=—
n
1 1
li - -
n‘i‘if(n)g(nj

n—yoco

2
lim -1=
S n—)oo\/n_ \/E
1
n —
J' udt
1 t
= lim & < lim (l]g(l) <2
n—w 1 n—>o0 n n
n-1




3

[ 20017 A =12 -1

=2
n— oo nZ n3

. 1 1
o lim f (ZJ g(;) = 2 (Using Sandwich Theorem)

n—yoo

Correct option is (A).
€010 B (1,1,0)
~
D (0,1,1) =
@
0(0,0,0) A(1,00)
E F
O—G’ = ;+ } +IA( = I;l
A_C. = —2+}' = l;z
Equation of line OG
r_y_z
- 17171
Equation of line AC
- x-1 _y_z
-1 1 0
| (@ —ay)-(by X by) |
SD. = =—=
| by b, |

Correct option is (B).

2 2
X y >
7+7
3 T < 1and y* < 5x
Let 2L 1 1
e s oo~ (1)
and y? = 5x Q)

On solving (1) and (2), we get

x* 5x

8 20

+

cm|><N
R

7.
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x>+ 2x =38
= 4220 -8=0
= x+4)(x-2)=0
= x=-4,2
= x = 2 (—4 is not possible)
= =10

,1),(2-1),
(2,0)}

s for which area of A is

positive integer.
nA)=4x7+9x5=73
73 73

12C3 _EO

Correct option is (A).

F(a,0)

“\

v = dax
Equation of normal
y = mx - 2am —am®
Point of contact
P(am?, —2am)
and Point Q (2a + am?, 0)

1
Area of A PFQ = 5 X |a + am?| |-2am]|

120 = a*(1 + m*)m (1)
a=2m=23

Satisfies the equation (1), hence (2, 3) will be the
correct answer.

Correct answer is [3].

J1+cos2x = 2 tan™! (tan x)
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= V2cos?x = 2 tan”' tan x =7x 107! + 50 (102-1) + 7
9
=2 |cos x| = V2 tan™! tan x
= |cosx| =tan tanx =7x10" + %0 (1073 - %O +7
oY
A
2o RN —7x107 + D124 1B
b T \34 9

50

|
|

K]

ISIE]
\

Number of solution = 3.
9. Correct option is [8].

— x107% + =2
O()

f:[0,1] >R
n(l - 2nx) OSxSi
2n
2n(2nx — 1) Lsti
2n 4n
4n(l-nx) —<x<—
4n n
1
n
0, n) 50
-7 + 10100 + — 1099 + l3—+—
n 9n In
By Comparison,
9=nor8l=9n =>n=9
Area—lx Putn=9
2 13 % 11 % 9 -50 =13 + 9m
1 . m = 1210
=7 m+n=1219
4= 1 11. Correct answer is [281].
_ 1967 + 1686isin 6
4 = 5 a 7 — 3i cos®
A contains exactly one positive integer 7.
"= Now simplifying
10. Correct answer is [1219]. 1967 + 4686i cos0
e, 2T T T s
S=77+757 + 7557 + ... 755 ... 57
99 times - 281 (7 + 6isin0) « 7 + 3icos®
S = 70 + 700 + 7000 + ... 70000 00 7 — 3iC056 7 + 3iCOSG
+ (50 + 550 + 5550 +....) - 281 (49 — 9sin 20) . 281 (3)(2sin 0 + cose)i
98times 49 +9cos’ 0 49 +9cos’ 0

Let T, be the general term.
T,=7x 101 + 510 + 100 + ... 102 + 7r>2

_ r—2
o mr-us[w}w

49 + 9cos> 0

1-10

31 49 — 9sin 20 562 251n6+c259
49 + 9cos“ 6
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For positive integer Im(z) = 0
We get, 2sin 0 + cos 0 = 0

-1
tan 6 = 5
4
2
0= —
= cos 5
) 2+ tan®
= sin 20 1+ tan0
-1 _ 4
1+ O
(49—9(?)}
7 = 281 1
49+9(7)
5
=281
n =281

12. Correct answer is [45].

P: «/§x+2y+3z =16

S= {ai+ﬁ}'+yl€:a2+[32+y2 =1,

V=
-9 =|0-o|=|w-i] 16
ii, 9, @ are elements of set S and in 80V . &x 93 —45
of vector is 1 NG V3 16

i, 3, @ are unit vectorgaand
can system i, U, W are eq 1
of equilateral triangle

13. Correct answer is [3].

4
General term of (axz + A)
27bx

(70
ot er ()
_ac g )
’ (27b)
For Coefficient of x°
8-3r=5
Equation of the plane is r=1
\/ﬁ+2y+32=y o i 3 70
1 M Coefficient = *C; a° . 27b
S _ w0
= y=%2 27 2
3x + 2y+3z =2 1V
General term of (ax - —Zj is
Equation of sphere x* + y* + z> = 1 bx
Radius or circle 1Y
r T,+1=7Cr(ux)7_’ bx_z

1\ ;.3
1 1/2 =7Cru7_r(—zj x7 3
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14.

For Coefficient of x°

7-3r=-5
r=4
; 1
<. Coefficient = ’C, a® x e

.. According to the question,

2804° _ 35xda’

27 b bt
= p=
8
= b=E
2
2b=3

Correct option is (A).
Givenx +2y +z=7

x+oz=11
2x-3y+Pz=7y
Using Cramer's rule

1 2 1
A=1]1 0 «

2 -3 p
=108a) - 2(B - 20) + 1(-3)
=30-2p +40-3
=70-28-3

7 2 1

A=111 0 o

y -3 B

= 730 —yo) + 1(=33)
= 210, - 223 + 3
1
A 11 «

B—oay)-7(B—2a) + 1(y —22)
B-ay-7p + 14 +y-22
=14a + 4B + y—ay—22

1 2 7
Az=11 0 11
2 -3 vy
=1(33) - 2(y - 22) + 7(-3)
=33-2y+44-21
= 2y +56

For unique solution A # 0
For infinite solution
A=Ax=Ay=Az=0
For no solution A = 0 and atleast one in Ax, Ay, Az is
non zero.

A=0

1
= —(7a -3
= =7 )
1
P) p= 570 =3) andy =28
then A=0,Ax=Ay=Az=0

Infinite solutio

fxi filxi—=N|
3 5 15 15 10
4 16 8 4
4 20
2 16
10 2 20 8 10
11 3 33 15 18
3f; =20 | Zfx; =120 | sum = 54 | sum = 48
Xfx, 120
P)  Mean= Zti="" =
@) ean 320 6
(Q) Median = o™ + 11" )Zobservation
_3*5 ¢
2

(both observation are same)

(R) Mean deviation

_ i | x x| _ 54

B f, 20

=27
(S) Mean deviation about median

. i |, -M| _ 48

- 3f. 20

=24

Correct option is (B).

I : Fo=Mi+]+k)

I : F=j-—k+u(+k)
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For plane 17. Correct option is (B).
d(H) = Smallest possible distance between |Z|3 + 272 +4Z -8 =0
the points of I, and Plane. let Z=x+iy
d(Hy) = Maximum value of d(H)
1z = 2+ g
For d(H,) !
(0’11_1) Z=x- Zy
P ) 22 + 2ixy

E?:’—l%)+u(2+12)
: 4iy-8=0

/// «iO)h %f//u‘ﬂk) \'
U, F=hli+]+

I, is Parallel to plane containing [;

Equation of plane
a(x) +by +cz=0

ill
u(x)+by+cz=0<
nll,

a+b+c=0 (1
atc =0 (2) ]
By (I)and (2)a=-¢c,b=0 ¥=3
Equation of plane x —z = 0 x=landy?=3
0-(-1 2,2 2 = =
(P) d(Hy) = PM = D _ ®) |Z|*=x*+y*=1+3=4

Ji+1 © 7-7 = 2@

(Q) Distance from (0, 1, 2) =@y =4r=12

R) |Z|*+ |Z+Z|*> =4+ |2x|?
=4+4(1)=8

(S) |Z+1%2=|x+iy + 1|
=@+ 1)+ 42
=4+3=7.

(1)
-2

x:l:z:y

.. Point of intersection (1,1, 1)

Distance from origin

= J2+1P+12 =3



