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PART : MATHEMATICS

1. Let P be a square matrix such that P2 =1-P. For a.,B,y,8 € IN, if P* + PP =yI — 29P and P* — PP = 8] —
13P, then oo+ B +y—y is equal to
(1) 40 (2) 24 (3) 18 (4) 22

NTA Ans. (2)

Reso Ans.(2)

Sol. P*+PP=y[—29P .. (1)
Pe—PP=3I—13P ... 2)

1) +(2) = P = %6|—21P ....... 3)

1)-2)=PP= ?I—SP .......... (4)
P2=1-P

P3=P-P2=P—(I-P)=2P I
P4=2P2—P=2(1-P)-P=21-3P
P5=2P—-3(I-P)=5P - 3I
P6S=5(I-P)-3P=5I-8P .............. (5)
P’=5P -8 (1—P)=13P -8l

P8 =13(1-P)-8P =131-21P .............. (6)
from (3) & f (6)

oa=8,7+6=26

from (4) & (5)

B=6,y—-56=10

Soa+pB+y-—s

=14+10=24

2. Let the sets A and B denote the domain and range respectively of the function f(x):

|_x-| denotes the smallest integer greater than or equal to x. Then among the statements
(S1): AnB=(1, «)—Nand
(S2): AuB=(1, x)

(1) both (S1) and (S2) are true (2) only (S2) is true

(3) only (S1) is true (4) neither (S1) nor (S2) is true
NTA Ans. (3)
Reso Ans. 3)

Sol. [x]-x>0=[x]>x
=>xgISoA=R-I
Also 0 <[x]-x<1 whenx e
So f(x) € (1, ©) = B = (1, «)
ANnB=(1,x)—-N
&AUB=(1,x)U{R-1}
So Siis true & S: is false
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11 11
3. If the coefficient of x” in (ax2 +2ij and x7in (ax— - Zj are equal. Then
X
(1) 729ab =32 (2) 64ab = 243 (3) 32ab =729 (4) 243ab =64
NTA Ans. (1)
Reso Ans.(1)
;
Sol. Tr= llCr (ax2)11" i
2bx
22-2r—-r=7=3r=15
=r=5
a6
So coefficients of x” = 11Cs 5ps (1)
1) |
Tr= llCr (aX)ll'r (— —\J
3bx?
11—r-2r=-7=3r=18=r=6
So coefficients of x-7 = 11Ce a° Glb R e (2)
from (1) & (2)
6 5
11Cq a =11C, a
- 2°p° 3%p®
&=
32 72%
729ab = 32
4. The area bounded by the curves y =|x—1/+|x -2 and y = 3 is equal to
(13 (2)5 (3) 4 (4)6
NTA Ans. (3)
Reso Ans.(3)
y=2x-3
y =-2X +3 "
|
1
ol 1 2 3
area = %X(l+3)x2:4
5. All the letters of the word PUBLIC are written in all possible orders and these words are written as in a
dictionary with serial number. The serial number of the word PUBLIC is
(1) 578 (2) 576 (3) 582 (4) 580
NTA Ans. (3)
Reso Ans.(3)
Sol.  BAC

A45+414+0+212+0+212+111+1
=480+96+41+1=582
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6. Let f(x) be a function satisfying f(x) + f(x —x) = 2, V x € IR. Then Tf(x)sin xdx is equal to
0
TE2 2 TE2 2
1) B (2) © 3) . 4) 2n
NTA Ans. (2)
Reso Ans.(2)
Sol. Let | :jf(x)sin(x)jx ................ (1)
0
| = jf(n—x)sin(x)dx ................ (2)
0

1) +(2)= 2l =]En25in(x)ix: 2n2= | = n?
0

7. Among the statements:
(S1) : 20232022 — 19992022 js divisible by 8
(S2) : 13(13)"— 11n — 13 is divisible by 144 for infinitely many n €IN

(1) only (S2) is correct (2) only (S1) is correct

(3) both (S1) and (S2) are incorrect (4) both (S1) and (S2) are correct
NTA Ans. (4)
Reso Ans.(4)
Sol.  Statement — 1 : x2022 — y2022 jg divisible by (x — y)

Hence (2023)2022 — (1999)2022 s divisible by 2023 — 1999 = 24
= statement : 1 is correct

Statement—2: 13 (13)"—11n - 13

=13(12 + 1)"— 11n - 13

=13[12" + n(12)"! + ”(”T‘l)(lz)”‘2 Forerrereennns +"C,]-11n-13
=13 [12" + n(12)M + "C,(12)" %+ +"C,,(12)°]1-11n-13
= 13[12" + n(12)™ + "C,(12)" 2 +............ +"C, ,(12)+1] + 156n — 11n
=13 [12" + n.12M + "C,(12)" % ..o +"C,_,(12)°] + 145n
Which is not divisible by 144 for all neN but divisible by 144 for infinitely many values of n if n = 144m
where m € N.
11y 1 1 i 1
8. lim [22 —23122 —25J ....... {22 —22””} is equal to
n—o
(10 G (3) V2 @1
J2
NTA Ans. (1)

Reso Ans.(1)

11y 11 1 1 1 1 \"
Sol. [22—23J <(22—23J ........ [22—22n—1}<[22—22n+1]

11y 1 Y
= 1t]|22-23| <L< It |22-220-1
n—oo N—0
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=L=0
9. In a group of 100 persons 75 speak English and 40 speak Hindi. Each person speaks at least one of
the two languages. If number of persons, who speak only English is o and the number of personas who
speak only Hindi is B, then the eccentricity of the ellipse 25( 2y 2 +a2y2): a’p?is
J117 J129 J119 3415
1) Teg5IC (2) T3] 3) ST (4) SLIbIE
NTA Ans. (3)
Reso Ans.(3)
Sol.
E H
n (EUH) = 100
n(E) +n (H) —n (EnH) =100
75 + 40 — n (EnH) = 100
n (EnH) =15
n (only English) = 75 — 15 =60 = o
n (only Hindi) =40-15=25=
Now ellipse 25(252x2 + 602 y?) = (60)2 x (25)?
2 2
. 2 2 X 2 =1
60y  (25)
25 25
| 4 11
eccentricity =e = _[1— (25)2 = (85 325 = EW = B
(60) (60) 60 12
10. The Sum of all values of o for which the points whose position vectors are i- 2] +3K , 2i - 3] + 4k ,
(0 +1) i+2kand 9i+ (o — 8) ] + 6K are coplanar, is equal to
(1)6 (2) -2 (3)4 4)2
NTA Ans. (4)

Reso Ans.(4)

Sol.

LetA (i+2]+3K), B(2i—3j+4k), C (a+1i+2k) and D (9i +(c.— )]+ 6K)
= Now A,B,C,D are coplanar iff

[AB ACAD] =0
il [ rm—
= |a 2 -1=0
8§ a-6 3

=16+0—-6)+1(Ba+8)+1(a?—6a-16)=0
=S a+30+8+02-60-16=0

=S af-2a-8=0

= (a-4) (a+2) =0

=>a=4,-2
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11. If gcd (m, n) =1 and
12-22+32-42+ ... +(2021)2— (2022)? + (2023)? = 1012 m2 n the m? — n is equal to

(1) 200 (2) 180 (3) 240 (4) 220
NTA Ans. (3)
Reso Ans.(3)
Sol. 12+ (3-2) (3+2) + (5-4) (5+4)+.......... (2023-2022) (2023+2022)

=1+2+3+4+5+....+2022+2023
2023x(2023+1) 2024x2023

2 2
=1012 x 2023 = 1012 x (17)2x 7
M=17,n=7

m?—n2? = (m+n) (m-n) = (17+7) (17-7) = 24 x 10 = 240

12. Let the vectors a,b,¢ represent three conterminous edges of a parallelepiped of volume V. Then the

volume of the parallelepiped, whose coterminous edges are represented by a,b+¢ and d+2b+3¢ is
equal to:
Q) 2v (2) 6V (3) 3v 4V

NTA Ans. (4)

Reso Ans.(4)

Sol.  Since V= [555]

100
Now new volume is :[é b+¢ é+25+36] =0 1 1 [5,6,6]:V
1 2 3
13. If the solution curve f(x,y) = 0 of the differential equation (l+ log, x)g—z—x log, x=6Y,x >0, passes
through the points (1, 0) and (a , 2), then a® is equal to
V2 2 2 2
(1) e* (2) e* 3) € (4) &'

NTA Ans. (2)
Reso Ans.(2)

Sol. (1+ /nx) d_x —X/nx =eY
dy

Let x/nx =t

1 dx dt
X—+NX |—=—
X dy dy
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ILF.= ¥ =g
Complete solution is

t.ey= Ie‘y.eydy

xinxey=y+c
x/nx = ey (y +c)
(1,0)

x=1,y=0
0=1.(0+c)=c=0
(a0, 2)

X=a,y=2
alnoa=e?2+0)

In a*=2e?

2
o = eZe

14. For the system of equations
X+y+z=6
X+2y+az=10
x + 3y + 5z = 3, which one the following is Not true?
(1) System has a unique solution for o = — 3, p = 14.
(2) System has infinitely many solutions for o = 3, p = 14.
(3) System has a unique solution for o = 3, p = 14.
(4) System has no solution for o = 3, p = 24.
NTA Ans. (3)
Reso Ans.(3)

111 1o o
Sol. D=1 2 a=11 a-1=4-2(@@-1)=6-20
135 12 4

6 1 1 0 1 0
Dx= 10 2 o/=[10-12 1 -2 =—1. (-4 —(B-18)(0—2)) = (o — 2) (B — 18) + 4
B 3 5 |p-18 3 2

16 1 |1 6 1

Dy=1 10 /=0 4 a-14=16-(a—1)(B-6)
1 B 5 |0 p-6 4
116/ 11 6

D.=L 2 10=[0 1 4 |=B-10-4=p=14
13 B| |01 B-10

Option 1 : If ao=-3=>D=6+6=12=0 So unique solution
Option2:If 0=3&Pp=14 =D=0,Dx=1+-4)+4=0,D,=16-2x8=0,D,=0
Eq: Xx+y+z=6

X +2y +3z =10 y+2z=4

X + 3y +bz =14 y+2z=4 So infinite no of solutions
Option 3 : a=3,B#14 = D=0, Dx= 0 So no solution
Option 4 : o=3,p=24= D=0, Dx= 0 So no solution
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15. Among the statements
(S1): (p=0a) v ((~p) A q) is a tautology
(S2) : (= p) = ((~p) A q) is a contradiction

(1) only (S2) is True (2) neither (S1) and (S2) is True
(3) Both (S1) and (S2) are True (4) only (S1) is True
NTA Ans. (2)

Reso Ans.(2)

Sol. Sl:(p—>q) v((~p)Arq
=(~pva)v(-pAq)
=~pv(@v(=pAq)
=~pvg=t
S2:(q—>p) > (~pAQ)
=(@—>p)—>~(pv-a)
=(@->p)—>~@—>p) (Letgop=s)

=S—>~S
=(s)v(=s)=~s=~(@—>p)=~(~qvp)
=gA~p#C
! . . .o x-1 y-2 z-3
16. Let the line L pass through the point (0, 1, 2), intersect the line = 3 = and be parallel to
the plane 2x + y — 3z = 4. Then the distance of the point P(1, -9 ,2) from the line L is.
1) J74 (2) V69 (3) /54 (4) 9
NTA Ans. (1)

Reso Ans.(1)
Sol. AQisparallelto2x+y—-3z=4

SO E.(ZT+]—3I2)=O
=>22r+1)+Br+1)—-3(4r+1)=0
=A=0

Q(21 +1, 30+ 2, 4A +3)

A

so AQ =i+]j+k
y-1 z-2
1

. s
LineLis — = =
1 u
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P, -9, 2)
1 L
F —
(u’ u+1, “+2) i+]+|2
PE(+j+k)=0
>u-1+p+10+p=0=>=-3
F(-3,-2-1)

SOPF = 16+49+9 = /74

17. Three dice are rolled. If the probability of getting different numbers on the three dice is % where p and
g are co-prime, then q — p is equal to
(1) 4 (2)2 (33 41
NTA Ans. (1)
Reso Ans.(1)
Sol. Total number of outcomes =6 x 6 x 6
Total number of favourable out comes =6 x5 x 4
So probability = i _P
9 ¢
18. A plane P contains the line of intersection of planes F.(T + ] + IZ) =6andr. (2? + 3] + 4I2) =-5.
If P passes through the point (0,2,-2), then square of distance of point (12,12,18) from the plane P is
(1) 310 (2) 1240 (3) 620 (4) 155
NTA Ans. (3)
Reso Ans.(3)
Sol. Given planes

Pi: x+y+z-6=0

P2:2x+ 3y +4z+5 =0

Equation of plane passing through line of intersection of
P1=0 & P2=0 is P1+AP2=0

(1 +2 ) x+ (1+3 1) y+ (1+41)z +(5 1 -6)=0

It passes through (0, 2,-2)

2(1+3)0) +6(1+4 L) (-2) +51-6=0

2+ 6\ -2-8L+t5A—6=0

31r6=0, A=2
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So plane : 5x+7y +9z+4=0
distance of (12,12,18)= 5x12+7x12+9x18+4
J25+49+81
d= ﬁ =24155
V155
d2=4 x 155 =620
19. Let a # b be two non-zero real numbers. Then the number of elements inthe set X ={z e C:
Re(az? + bz) = a and Re(bz2 + az) = b} is equal to
(1)2 (2)0 31 4)3
NTA Ans. (2)

Reso Ans.(Infinite)

Sol. Letz= x+1iy
So Re (az? +bz) = a
= a(x2-y?) +bx=a

=>x2-y2+ Ex=1 ....... (1)
a

& Re (bz?+az)=b
=>bX-y)+ax=Db

:>x2—y2+%x:1 ....... (2)

(1) —(2):(2—%) x=0=x=0ora=-b(asa=h)

C-1L1Ifx=0
From (1) = x2 —y?2 + 1 X=lo-—yY==y?=-1=yed
a

S0 ze¢.

Case-ll.ifa=-b

then from (1) => x> —y?—x=1
has infinite solutions

20. If the tangents at the points P and Q on the circle x2 + y2 — 2x + y = 5 meet at the point R(%,Z] , then
the area of the triangle PQR is:
5 5 13 13
1) = 2) = 3) — 4) —
1) 2 (2) 3 3) 5 (4) 7
NTA Ans. (2)

Reso Ans.(2)

Sol. Length of tangent from R on circle = \/% +4 - % +2-5

L /81—72+16_ E
16 4
. . ! f 1
Radius of circleis = r = 1+Z+ 5
_ /§_§
4 2
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125 52
> 64 2 _625 16 _5

Hence area of A PQR is =

= = X =
L>+r> 25 25 128 125 8
16 4

21, Letf)= ——,xelR-{-LneNn>2.
1+ x2)H
If f2 (x) = (fofof.... upto n times) (x), then lim }x“‘z(f”(x))jx is equal to
NTA Ans. (0) -

Reso Ans.(0)

Sol.  f(x)= — =

(1+ nx”F

1 1 g0l
lim x”’z(f”(x))ix = It J ——dx (1+nx" + t"= n2. x™1 dx = nt™1dt)
n—oo n—wJ0 =

(1+ nx" Jn
1 "

_ J-(n+1)“ S B e i - (n+ 1)”7_l -1
b nt  |nlh-1)| “noe n(n-1)

(n + 1)

—~ -1

It ML =0
no»  n(n-1)
22. If the mean and variance of the frequency distribution

Xx-12(4(6| 8 (1012|1416

414 o [1I878 [ B[4 75

are 9 and 15.08 respectively, then the value of o? + B2 —ap is

NTA Ans. (25)
Reso Ans.(25)
Sol. Subtract 9 in all obs.

Xi —7 -5 -3 -1 1 3 5 7
fi 4 4 o 15 8 B 4 5
has x=0 & ¢*>=15.08
X=0=>-28-20-300-15+8+33+20+35=0=0a =8

fx?
Now o2=15.08 :%—x2:15.08
i
25 4x49+4%x25x+0.9++15x1+8x1+Bx9+4x25+5x%x49
40+ 20

=15.08

>a=5=0a?=25
Nowo? +B2—af =a?+a?—a?=a?=25
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23. If (20)1° + 2 (21)(20)*8 + 3(21)%(20)17 + ..... +20(21)1° = k (20)*°, the k is equal to
NTA Ans. (400)
Reso Ans.(400)

2 19
Sol. k=1+2 2l +3£ F e +20£'
20 20 20
21

K=1+2r+3r2+4r3+......... 20r®® wherer = 20 T (1

kr=r+2r2+3r+ ....... +20 0 FAE=N (2)

by (1) - (2)

@A-rnk=1+r+r2+ ........ + 19— 20r20

20
IR S WP
20 r—

20
k =400
- . X2 y2 . .

24. Let the eccentricity of an ellipse a—2+b—2 =1 is reciprocal to that of the hyperbola 2x2 — 2y2 = 1. If the
ellipse intersects the hyperbola at right angles, then square of length of the latus-rectum of the ellipse
iS.......

NTA Ans. (2)

Reso Ans.(2)

- . x? y2

Sol. Let e1 be eccentricity of ellipse a_2 + b_z =il

Let e2 be eccentricity of hyperbola 2x2 — 2y? = 1

1
e2=\/§:>e1=—

V2

focus of ellipse S1 = (ae, 0)

focus of hyperbola Sz = (iﬁOJ =(1, 0)

J2

since both are orthogonal so S1 & S2
are coincident

ae1=1 — a= \/E
b2=a? a21-2|-2xt-1
2 2

2
LL’= length of latus rectum = 2t = <Br =42
a

(LL)2 =2
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25. For o.p, z e Cand A > 1, if YA -1 is the radius of the circle |Z—a|2 +|z—[3|2 =2, then |o.—| is equal

to

NTA Ans. (2)
Reso Ans.(2)

Ans.  [2° +]af’ —2Re(zct)+[2” +|B* —2Re(zB )= 21

arp, a3B, PP

2
:>|Z|_2 2 2

2 |

2 2 2
radius = IOHB' —pa' ;|B| —KJ:\/k_—l

oa—f 2 2
= [— :1:>|a—|3| =4
= |a—-p=2
26. If the lines X% = 2—3y _273 and X;4 = y2—1 :%intersect, then the magnitude of the minimum value
— o
of 8af is .
NTA Ans. (18)
Reso Ans.(18)
Sol. Let XZ1_27¥_2=3_,
2 -3 a
X-4 y-1 _Z_
5 2 B
S0 (1421, 2431, 3 +oik) = (4+5p, 1+24,Bu)
1+20=4+45 = (%%=M:>9+15u=4u—2:>u:—1)
2+30=1+2pn = (2t3L=1-2=x1=-1)
3+ air=pp
3—a=-
=>p=a-3

Now 8af = 8a(o —3) = 8(a? — 3at)

zS(—Ejzsx _2 =-18 Ans. 18
4a 4

27. The number of points, where the curve y = x> — 20x3 + 50x +2 crosses the x—axis, is
NTA Ans. (5)
Reso Ans.(5)
Sol. y=x5-20x3+50x+2
Y' = 5x* - 60x2 + 50
=5(x*-12x?+10)=0
=5((x*-6)2-26)=0

=5(x2—6— 26) (x2— 6+ /26)

=5(X—y6+v26 ) (X + \6+126 ) (x— Y6—+26 ) (x +6—+/26)
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—\/W —Jo-26 \j/ x-axis

For values of x wherey' =0i.e. x*—12x2+10=0
y = X (x* —20x2 + 50) + 2

= x(=8x2 + 40) + 2 X2—6= 1t 26
=-8x (x*-5) +2 forx>=6— 26
Forx2=6+ 426 y=—8x(1-26)

Y=-8x(1++26)+2
For X = — \/6++/26 y is positive for x =—4/6—-+/26 Yy is negative
& for x = 6++/26 Yy is negative for x = {/6—+/26 Yy is positive

28. The value of tan9° — tan 27° — tan63° + tan81° is
NTA Ans. (4)

Reso Ans.(4)

Sol. tan9° — tan27° — cot27° + cot9°

(tan9° + cot9°) — (tan27° + cot27°)
sirf 9°+c0s®9° _ sin® 27°+cos’ 27°

sin9°cos9° €0s27°sin27°

2 2 8 8 _8l5+1-v5+1) 16

: — — =——=4
sinl8°  sin54° J_ 1 B+1 5-1 4

29. Let a curve y = f(x), x € (0, «) pass through the points P[ g] and Q( Zj If the tangent at any point
R(b, f(b)) to the given curve cuts the y-axis at the point S(0, ¢) such that bc = 3, then (PQ)? is equal to

NTA Ans. (5)
Reso Ans.(5)
Sol. Equation of tangent at R (b, f(b))
y — f(b) =f(b) (x - b)
passes through (0, ¢) so
¢ — f(b) = f'(b) (-b)
bf'(b) —f(b)=-cs
bf'(b) — f(b) = —%
bf'(b) — f(b) 3
TP

it passes through P(J, gj
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:>§=+§+k =>A=0
2 2
3
So, f(b) = —
(b) n

it passes through

U
305() Ej

So,PQ2=4+1=

So, —:i
2a

30. The number of 4-letter words, with or without meaning, each consisting of 2 vowels and 2 consonants,
which can be formed from the letters of the word UNIVERSE without repetition is

NTA Ans. (432)

Reso Ans.(432)

sol. Vowels Consonants
UIEE NVRS
All different = 3C2.4C2 x 4! = 432
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