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SECTION - A
This section contains FOUR (04) questions.
Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the correct
answer.
For each question, choose the option corresponding to the correct answer.

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

Full Marks : +3 If ONLY the correct option is chosen;
Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);
Negative Marks :—1 In all other cases.

Consider a triangle A whose two sides lie on the x-axis and the line x + y + 1 = 0. If the orthocenter of

Ais (1, 1), then the equation of the circle passing through the vertices of the triangle A is

(A)x*+y*-3x+ty=0 B)x*+y*+x+3y=0

O)x*+y +2y-1=0 D) x*+y* +x+y=0

(B)
A

B C

equation of AC X+y+1=0

equation of BC y=0

orthocenter H(1, 1)

equation of AH x=1

equation of BH x—y=0

GetA=(1,-2); B(0, 0) C(-1,0)

Let circum center P(h, k)

PA=PB PB=PC

(h—1)*+(k+2)y>=h>+K? h®>+k*=(h+ 1) +Kk?
-1 3

h=—: k=-=
RO 2

equation of circum circle x> + y* + x + 3y =0
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2.

Ans.

Sol.

9
The area of the region {(X,J’)i()SXSZ, 0<y<l, x23y, x+y22} is

a1 35 37 13
(A) 0 (B) 9% ©) 96 (D) 0
(A)
G
C\ B D@ 0)
H(2, 2/3)
u F/ E(3/2, 172)
. F(9/4, 3/4)
A(9/4, 0)
0 D A

ABEX=2
4

BC=y=1
DG=x+y=2
OF =x =3y

DG=x=2
we will divide shaded region in two parts
required area = Area of ADEH + area of trapezium AFHD

1(2Y 1) 1(2 3)(1 11
=—|=||=|+=|=+=|| = |=—
2\3)\2) 2\3 4)\4) 32
Consider three sets E, = {1,2,3} F, = {1,3,4} and G, = {2,3,4,5}. Two elements are chosen at random,

without replacement, from the set E |, and let S| donote the set of these chosen elements. LetE,=E S

andF,=F, U S,. Now two elements are chosen at random, without replacement, from the set F, and let

S, donote the set of these chosen elements.
Let G, =G, U S,. Finally, two elements are chosen at random, without replacement, from the set G, and

let S, denote the set of these chosen elements.
LetE, =E, U S,. Given that E, = E_, let p be the conditional probability of the event S = {1,2}. Then

the value of p 1s

1 3 1 2
(A) 5 (B) 5 ©) ) (D) 5
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Ans.

Sol.

Ans.

Sol.

(A)
E,=E, :>S3=Sl

_>SZZ [253}5 {29 4}5 {35 4} _>X

> S{L2}=>F,={1,2,3,4} Ls s, ={1,2} or {1,3} or {1,4} = G,={1,2,3,4,5} - S, = {1,2}P,
—>S,=1{2,3}or {2,4} or {3,4} > G,=1{2,3,4,5} > S,={2,3}P,

E{1,2,3} > Si{2,3} = F,={1,2,3,4} LsS,={1,2} or {1,3} or {1,4}=G,={1,2,3,4,5} - S, = {2, 3}P,
—S,={L,3}or{l,4} = G,={1,2,3,4,5} > S,= {1, 3}P,

—>S{L.3}=F={1.3,4} Lyg-134=X

P.denotes probability of respective branch

(1 3 1)

P, _ 3 6 10

Required probability = P, +P, + P, +P, (1X3 1j+(1x3xlj+(lxsxlj+(l 2 1)
36 10 36 6 36 10 3 310

__ 3 _3_1
3+5+3+4 15 5

Let 0, 0,, ..., 0, be positive valued angles (in radian) such that 6, + 0, + ...+0 = 27. Define the
complex numbers z, =e”, z, =z, e fork=2,3, ..., 10, where ;= /_ . Consider the statements P
and Q given below:

Pz, =z |+|z; =z, | +.4 |20 =2y | +| 2, — 2,0 €27

QI|222—212 |+|Z32—Z§ |+...+|2120—Z§|+|212—2120 <4r

Then,

(A) Pis TRUE and Q is FALSE (B) Q is TRUE and P is FALSE
(C) both P and Q are TRUE (D) both P and Q are FALSE
(©)

0,+0,+...0, ,=2n
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i20, 2

2| 26,
Zk1 _‘Zk—IHe

2 2 | _|.2 _ .
‘zk _Zk—l‘ —‘zk_le = |2$1n 9k|
Statement P

|2, — 2|+ |25 — 2, |+ |20 — 25| ]2, — 210

2sini+2sin§+ ..... + 2sin%+2sin O+ 46

2sini+2sin§+ ..... +2sin%+25in 276
2 2 2 2

= 2sinﬁ + 2sin§ + o+ [28in 2
2 2

. . 2n
Maximum value will occur when 6, =60, ... =0 = To
LHS = IO(ZSin%j = 20sin(18°) = 20(\/54_1j ~0.18<2m
= Pis true
Statement Q
LHS =2sin 0 |+ [2sin 0|+ ... +[2sin 0|

T
Maximum Value will occur when 6, =0, = ....... 0,= 5
LHS = 10(2 Singj = 20Sin36° < 4n
= Statement Q is true.
SECTION 2

This section contains THREE (03) question stems.

There are TWO (02) questions corresponding to each question stem.

The answer to each question is a NUMERICAL VALUE.

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

If the numerical value has more than two decimal places, truncate/round-off the value to TWO deci-
mal places.

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

Full Marks :+2 If ONLY the correct numerical value is entered at the designated place;
Zero Marks : 0 Inall other cases.
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Ans.

Sol.

Ans.

Sol.

Three numbers are chosen at random, one after another with replacement, from the set S = {1,2,3,...,100}.
Let p, be the probability that the maximum of chosen numbers is at least 81 and p, be the probability

that the minimum of chosen numbers is at most 40.

625 .
The value of L .
(76.25)
SE{1,2,3, ...... 100}
Forp,

we will use complementary approach
p, = 1 —p (All elements are less than 81)

_1_(&)3_1_@3_2
P 100 5] 125

625p, _ 625 61

4 4 125

=76.25

Three numbers are chosen at random, one after another with replacement, from the set S = {1,2,3,...,100}.
Let p, be the probability that the maximum of chosen numbers is at least 81 and p, be the probability
that the minimum of chosen numbers is at most 40.

125

The value of 7 P is .

(24.5)

For p, we will use complamentary aproach
p, = 1 —p (All element are greater than 40)

(60)3 (3I 98

p2:1— _— :l— — = —

100 5) 125

125 125 98
X

4 P27 s

=245

Let o, B and y be real numbers such that the system of linear equations
Xx+2y+3z=a

4 + 5y +6z2=J

Tx+8y+9z=7y—-1

is consistent. Let |[M| represent the determinant of the matrixs
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Ans.

Sol.

Ans.

N

Il
L= 8
S = DN
—_ O R

Let P be the plane containing all those (o, [, y) for which the above system of linear equations is
consistent, and D be the square of the distance of the point (0,1,0) from the plane P.

The value of |[M]| is .
(1)

o 2 vy
M= 1 0
-1 0 1
Ml=a-2+y=1
Let a, B and y be real numbers such that the system of linear equations
x+2y+3z=a
4x + 5y + 6z=
TX+8y+9z=7y-1

is consistent. Let [M| represent the determinant of the matrixs

M=

L R
S =N
—_ O R

Let P be the plane containing all those (o, B, y) for which the above system of linear equations is
consistent, and D be the square of the distance of the point (0,1,0) from the plane P.

The value of D is .

(1.5)
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Sol.

Ans.

Sol.

PlanePx -2y +z=1

—= |0-2+0-1] 3
Vi+4+1| 6
D=2=15

6
Consider the lines L, and L, defined by

LI:x\/§+y—1:0 and Lz:x\/a—y+1:0

For a fixed constant A let C be the locus of a point P such that the product of the distance of P from L,
and the distance of P from L, is A>. The line y =2x + 1 meets C at two points R and S. where the distance

between R and S is /270 .

Let the perpendicular bisector of RS meet C at two distinct points R' and S'. Let D be the square of the

distance between R' and S'.

The value of A? is

9)

Let P(x,y)

dd, =\
|Xx/§—y+1||x\/§+y—l|:k2
I
[2x* ~(y=1)"| =3

we will shift origin to (0, 1)
x-0=X;y-1=Y

[2X* - Y?| = 3)? y=2x+1=Y=2X
ForR & S

Put Y = 2X in equation of curve C
2X?—4X? =3\?

2X?=3)\2

3
£

V3. 243 3, 243
(33 3

X =

M2 20
202 2

Midpoint of RS = (0, 0)
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RS =|/5x2 ﬁ Al =+/270
2

3002 =270

A2=9

10. Consider the lines L, and L, defined by

L :x72+y—-1=0 and L, xN2-y+1=0
For a fixed constant A let C be the locus of a point P such that the product of the distance of P from L,
and the distance of P from L, is A>. The line y = 2x + 1 meets C at two points R and S. where the distance

between R and S is /270 .

Let the perpendicular bisector of RS meet C at two distinct points R' and S'. Let D be the square of the
distance between R' and S'.

The value of D is .
Ans. (77.14)

Sol.  Perpendicular bisector of RS
= Line perpendicular to RS & passing through midpoint of RS = (0, 0)

X+2Y =0
for R'and S'
Put X =—2Y in equation of curve C
Y —y?|=3)’
7Y =3\
7Y =27
=2
7
w227 27 [227 27
NEE NEE
R'S'=2\/§\/§:\/ﬁ
D:20><277:77.14
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11.

SECTION 3
This section contains SIX (06) questions.
Each question has FOUR options (A), (B), (C) and (D). 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 unanswered; Negative Marks : —2 In all other cases.
For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct
answers, then choosing ONLY (A), (B) and (D) will get +4 marks; choosing ONLY (A) and (B) will get
+2 marks; choosing ONLY (A) and (D) will get +2marks; choosing ONLY (B) and (D) will get +2
marks; choosing ONLY (A) will get +1 mark; choosing ONLY (B) will get +1 mark; choosing ONLY
(D) will get +1 mark; choosing no option(s) (i.e. the question is unanswered) will get 0 marks and

choosing any other option(s) will get —2 marks.

For any 3 x 3 matrix M, let [M| denote the determinant of M. Let

1 2 3 1 0 0 1 3 2
E=|2 3 4,P=/0 0 1|andF=|8 18 13
g8 13 18 0 1 0 2 4 3

If Q is a nonsingular matrix of order 3 % 3, then which of the following statements

is (are) TRUE ?

(A) F=PEP and P’ = (B) [EQ + PEQ | =[EQ| + [PFQ"|

S O
S = O
— O O

(C) I(EF)}| > [EFP

(D) Sum of the diagonal entries of P"'EP + F is equal to the sum of diagonal entries of E + P~'FP
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Ans.

Sol.

(A,B,D)
1 2 3 1 0 0
E=12 3 4;P=/0 0 1
& 13 18 0 10

I 3 2
;F=|8 18 13
2 4 3

|00, Q is square matrix of order 3

10 of[t 2 3]
PE=|0 0 12 3 4
(A)
01 0
12 31 00
PEP=[8 13 18([0 0 1|=
2 3 4401 0
10 0][1 0 o] [1
P’=|0 0 1][0 0 1|=|0
0 1 0/0 1 0] |0

= (A) is Correct

(B) F =PEP & P>=I (from (A))
PF = P’EP

PF =1EP

PF =EP ------- (1)

LHS = |[EQ + PFQ|

=[EQ + EPQ|

E[[Q+PQ7|

=0

VE=O

(C) [EFI=[E[[F[=0

= (C) is Incorrect

LHS :

(D) tr (P'EP + F)

= tr (P'PF + F) (Using (1))
=tr (F+F)

1 2 3
=18 13 18

§ 13 18] |2 3 4

1 2

8 18 13|=F
i 3
0 0

1 0

0 1

RHS = [EQ| + [PFQ-|

= [EQ[ + [EPQ"|
=[E[IQ[ + [E[ [PQ
=0

=trQFH)=2tu(F)=2(1+18+3)=44

RHS :

tr(E + P'FP)

=tr (E + P'EP) (Using (1))
Now, *» P> =] = P=P"
=tr (E + PEP)
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=tr (E) + tr (PEP)

=tr(E) + tr(F)
=(1+3+18)+(1+18+3)
=44

= (D) is correct

12. Let f: R —> R be defined by

x?=3x—-6

f(x)=
(x) x> +2x+4

Then which of the following statements is (are)TRUE ?

(A) fis decreasing in the interval (-2, —1)
(B) fis increasing in the interval (1, 2)

(C) fis onto

(D) Range of fis [—%,2}

Ans. (A,B)
Sol. f:R—>R
x*-3x-6
f(x)=——"—
() X’ +2x+4
Fo (2x=3)(x* +2x +4)—(2x +2)(x* - 3x - 6)
X)=
(X2+2X+4)2
5x(x+4 +, — .+
f'(x)=(—)2 N : ,
(x2+2x+4) -4 0
f(x) is decreasing in (-2, —1) = (A) is correct
f(x) is increasing in (1, 2) = (B) is correct
Now. fi_ 4 _16+12-6 —E-fo =
oW ) =T 5ra 6 1075
lim fix)=1& lim fix)=1
Ay
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13.

Ans.

Sol.

-3 11
Range is {?:E} = (D) is incorrect
Range # Co-domain = (C) is incorrect

Let E, F and G be three events having probabilities

1 1 1 1
P(E)=—,P(F)=— P(G)=— PENFNG)=—
(E) 2 (F) 5 and P(G) 4,andlet ( ) 10

For any event H, if H® denotes its complement, then which of the following statements is (are) TRUE ?

(A) P(EmFmGC)SL (B) P(E“r\FmG)Si
40 15
13 e 15
(C) PEUFUG)<— (D) P(E*NF* NG*)<—
24 12
(A,B,C)
P(E —l P(F —l d P(G —l
()_8’()_6an ()—4
1
PENFNG)=—
10
P(E)—l:a+b+i+e—l:a+b+e—L 1
2 0 g athre=T (1)
P(F)=l:>b+c+f+i=l:>b+c+f=L ................. 2)
6 10 6 15
1 I 1 3
P(G)=—=e+d+f+—=—=e+d+f=— . (3)
4 10 4 20

(A) ENFNG®=b

1 1 1
b<—&b<— =P(ENFNG")<s—
from (1) & (2), D= m ( ) m

= (A) is correct
(B) E“NFNG=f

1 3 1
f<—&f<— =P(E°"FNG)<—
From (2) & (3) f <+ ) ( ) =

= (B) is correct

MATRIX JEE ACADEMY
Office : Piprali Road, Sikar (Raj.) | Ph. 01572-241911

Website : www.matrixedu.in ; Email : smd@matrixacademy.co.in

Page No. 13




MATRIX Question Paper With Text Solution (Mathematics)
JEE Adyv. October 2021 | 03 October Paper-1

(C) P(EUFUG)<P(E)+P(F)+P(G)

1 1 1 13
S—4—4—<—

8 6 4 24
= (C) is correct

(D) P(E° NF NG )=1-P(EUFUG)

P(EuFuG)S% (from (C))

1—P(EuFuG)21—£2£>&
24 24 24

N P(EC AFC€ mGC)>%
= (D) is incorrect
14.  For any 3 x 3 matrix M, let [M| denote the determinant of M. Let I be the

3 x 3 identity matrix. Let E and F be two 3 x 3 matrices such that (I — EF) is
invertible. If G = (I — EF)!, then which of the following statements is (are) TRUE ?

(A) [FE| + I - FE| |FGE] (B) {-FE)I+FGE)=1
(C) EFG = GEF (D) I-FE)I-FGE)=1
Ans. (A,B,C)
Sol. G=({-EF)"
= -EF=G"'

Now, GG'=G.G
G(I-EF) = (I-EF).G
G - GEF =G -EFG
GEF=EFG (1)
(C) is correct
Now,
(A) (I-FE) (FGE)
=FGE-FEFGE (2)
I-EF =G
= G(I-FEF)=GG.!
= G-GEF=1
= G-EFG=1 [From (1)]
=G-I=EFG (3)
Put G-I = EFG in (2), we get
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15.

Ans.

FGE — FEFGE
=FGE - F(G-I)E
=FGE - FGE +FE
=FE
= (I-FE) (FGE) = FE
= |- FE| [FGE| = [FE|
= (A) is correct
(B) (I-FE) (I + FGE)
=1+ FGE - FE - FE FGE
=1+ FGE - FE - F (G-I)E (from (3))
=1+ FGE - FE - FGE + FE
=1
= (B) is correct
(C) (I-FE) (I- FGE)
=1-FGE - FE — FE FGE
=1-FGE - FE + F(G-])E (from (3))
=1-FGE - FE + FGE — FE
=1-2FE
= (D) is incorrect
For any positivbe integer n, let Sn :(0, ©) — R be defined by

n [ 1+k(k+Dx’
S, (x)= Zkzl cot™! (f] , where for anyx e R, cot ™' (x) € (0, ) and

T

. T
tan”' (x) € (_E’Ej Then which of the following statements is (are) TRUE ?

1+11x*

10x j,forallx>0

T .
(A) Sio(x) = 57 tan ™" (
(B) limcot(S, (x)) =X | forall x > 0
(C) The equation S, (x) = % has a root in (0, o)
1
(D) tan(S, (x)) < 5 forall h>1 andx>0

(A,B)
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1+k(k+1)x2J

X

Sol.  S,(x)= ZE:I cot™ [
_ Ztanfl (k+1)x —kx
= 1+ (k+1)xkx
= z tan”' (k +1)x —tan ™' kx
k=1

=(tan' 2x —tan"' X))+ (tan"' 3x —tan"' 2X) +............ +(tan”'(n +1)x —tan™' nx)

S, (x)=tan"'(n+1)x —tan"' x
(A)S,,(x)=tan" 11x —tan™' x,x >0

—tan"l( 1Ix —x j
1+11x.x

n _1[1+11x2

———tan
10x

5 j = (A) is correct

(B) limcot(S, (x)) = lim cot(tan™' (n +1)x —tan™' x),x >0

— limcot| tan™ (n+Dx—x
n—>e I+(n+1)x.x

— lim cot tan’ln—x2
n—w® I+ (n+1)x

- limw cot tanfl% = cot tan™! (izj
—+ (1 + j x2 X
n n
= cot (cot'x) =x
= (B) is correct
(©) S5(x) =§ has a root in (0, )
tan!'4x —tan' x = %
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16.

Ans.

3x
1+4x?
D<0
= no real
= (C) option is incorrect
(D)S, (x)=tan" (n+ 1)x —tan"' x

| XXX
1+(n+1)x2

=l = 4x2+1=3x=4x>-3x+1=0

=tan_] n—X
1+(n+1)x?

nx _ n
tan (SD(X)): ]+(1’1-|-1)X2 _l+(n+l)x
X
= AM.> GM.
l+(n+1)X
X > = (n+])x
2 X

l+(n+1)x22\/m
X

nx <_ 1
= 1tan S,X) = 1y (n+1)x ~ 2vn+1
forn=2

n 1 1
- = >_
2dn+l B2
D is incorrect
For any complex number w = ¢ + id, let arg(w) e (-, ] where j =/—] . Let

a and B be real numbers such that for all complex numbers z = x + 1y satisfying

z+a ) W
arg ( 24P j = 4 the ordered pair (x, y) lies on the circle

x2+y*+5x3y+4=0

Then which of the following statements is (are) TRUE ?

(A)a=-1 (B) off =4 (C) off =—4 D)p=4
(B.D)
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Sol.

17.

Ans.

Sol.

Zz+o| T
arg (z +Bj_ 4 5O [ are real numbers

:>arg(z+a)—arg(z+[3)=%

—arg(xtatiy)—arg (x+p+iy)=

- y -1 y T
tan”'| —— |—tan =—
= 0c+xj (B-I—Xj 4

()6

By+xy—0ty—;<y —tanZ =1
oafp+x(a+PB)+x*+y 4

T
4

Q
+
>
gex)
+
>4

= tan"

By—ay=oap+x(o+p)+x’+y’
=>x*+y +x(a+B)+y(a—p)+af=0
xX+y+5x-3y+4=0
oa+p=5 oy =4

oa—-B=-3

oa=1

p=4
(B), (D) are correct

For x e R , the number of real roots of the equation 3x*> — 4x>~1+x—1=01is .

4)
3x¥2—4x*-1|+x-1=10
Casel: x>-1>0
=>xe(—wo,—-1]uU [I,x)
34 x*-1)+x-1=0
3x2-4x2+4+x-1=0
x>—-x-3=0

1+13

= X= (Both are acceptable)

Casell: x2—-1<0

x € [-1,1]
3X2+H4XP-1)+x—-1=0
7xX2+x-5=0
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—-1+£+/141
=>Xx= 1 (Both belongs to (2))
Total solution = 4
. cotA+cotC |
18. In a triangle ABC, let AB = \/Z, BC =3 and CA = 4. Then teh value of T s .
Ans. (2)
A
c= \/Z b=4
Sol.
B a=3 ¢
According to sin rule & cosine rule
a b ¢ 1
sind sinB sinC A (say)
=sind=al
=sinB=bA
=sinC=cA
2 2 2 2 2 2 2 2 2
cos A= T =L TETE se=4 D
bc 2ac 2ac
cotA+cotC
Now, ——————
cotB
COSA COSC b2+cz—a2 (12+b2_cz
— - + > N
_Sind sinC __2bc(al) 2ab(cA)
cos B a’+c’-b’
sin B 2ac(bl)
_b2+c2—a2+a2+b2—c2_ 2b°
a’+c’-b’ a’+c’-b’
_2x16 32 _
9+23-16 16
19.  Lety,v and y be vectors in three-dimensional space, where ; and y are unit

vectors which are not perpendicular to each other and
uw=1vw=lww=4
If the volume of the parallelopiped, whose adjacent sides are represented by the
vectors a;/ and v, is /2 , then the value of | 3ﬁ+5§| is .
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Ans.

Sol.

w=1, ww=4, [uvw] =2

|3u+5v|=2, u&v are unit vectors
[uvw] =2

= [uvw]* =2

u-w Uy uew
=vu vy veow|=2
W Wy wew
I x 1
=x 1 1]=2 - -
(Let .v=x)
1 4

=14-1)—-x@x-D+1(x-1)=2
=3-4x*+x+x—-1=2

=4x*-2x=0

_-- . -~ 1
=x= 0,5 =u-v=0(rgected) or ”'VZE
Now, |3u+5vF=9u-u+25v-v+30u-v

9+25+430x~
2
=49

=|3u+5v|=7
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