JEE-MAIN F\?(APJVIA ION JANUARY 2025
hane
(HELD ON WEDNESDAY zsyth JANUARY 2025)
TIME : 3:00 PM TO 6:00 PM

SECTION-A 3. Let the area enclosed between the curves |y| = 1 —
j [ If the set of all a € R, for which the equation 2x* + x and X’ +y =1be a. If 9o = pr + y; B, v are
(a — 5)x + 15 = 3a has no real root, is the interval integers, then the value of [B—y| equals
(o.f), and X = {x € Z : a0 < x < B}, then sz is (1) 27 (2) 18
= (3) 15 (4) 33
equal to Ans. (4)
(1) 2109 (2) 2129 Sol. C,:ly|=1-x
(3) 2139 (4) 2119 C,:xty=1
Ans. (3)

Sol. (a—5)"—8(15—3a)<0
a’+14a+25-120<0
a’+14a—-95<0

(a+19)(a-5<0 /\(1,0)
ae(-19,5) \/

O, 1)

So-19<x <5
LYK =2+ A D)2+ L+ 18)
xeX .. Required Area
4x5x9 18x19x37 1
= B £l 6 = oo = 4[Area of circle in ls‘quad.—jo(l—xz)dx]
=30+2109

1
=2139 A ], %
4 3],

2 If sinx +sin’x =1, x € (O,gj, then

_—
(cos"x + tan"x) + 3(cos'’x +tan'"’x + cos’x + tan’x) 3
+ (cos’x + tan’x) is equal to S 3a=3m-8
(1H4 2)3 590 =91 -24
(3)2 41 L B=9,y=-24
Ans. (3) L B-vl=33
Sol. sinx + sin’x = 1 4, If the domain of the function logj (18x e 77)

. 2
= sinx = cos'X = tanx = cosx . . .
is (o) and the domain of the function

.. Given expression

=2c0s"x + 6[cos'’x + cos’x] + 2cos’x IOg(X_l) [%} is (v,8), then o + B’ + v’
= 2[sin’x + 3sin’x + 3sin’x + sin’x]
= 2sin’x[(sinx + 1)°] SaET e
= 2[sin’x + sinx]’ (1) 195 (2) 174
(3) 186 (4) 179

=2




Ans. (3) 6. Let a straight line L pass through the point
Sol. f(x)=log,(18x —x —77) P(2,-1,3) and be perpendicular to the lines

& 182 —x—T7>0 x-1_y+1 _z-3 and X—3=y—2:z+2.

2 1 -2 1 3 4
If the line L intersects the yz-plane at the point Q,

X —18x+77<0

xe(7,11) a=7,p=11 _ . .
then the distance between the points P and Q is :

2x% +3x -2
@ =log, | —S5—F+ (h2 () V10
x"—-3x—-4
3)3 4) 243
o 1>0.x—1x], 2XH3X=2 ©) @203
! ’ ? X2—3X—4 Ans. (3)

2x —1)(x +2) 5 Sol.  Vector parallel to 'L’

x>1,x#2, o
x—-4)(x+1) Pk
k=l 222, =12 1 -2| =10i—-10j+5k
1 3 4
+ . - . + . = I+
2 2 =5(2i -2j+k)
X € (4, ) Equation of 'L
N -2 +1 z-3
. y=4 X _F _ % (sa
R (say)

ol + B +yP =49+ 121 + 16

et OL+2, 9% —1.343
=186 Q( )

R =2A+2=0 =>A=-1
5. Let the function f(x) = (x’ — 1)]x’ — ax + 2| + cos|x|

: ; : =Q(0,1,2)
be not differentiable at the two points x = o = 2
: . dP,Q)=3
and x = (. Then the distance of the point (a.,f3)
. . T Let S = N U {0}. Define a relation R from S to R
from the line 12x + 5y + 10 =0 is equal to :
by :
(13 24 g
2
3)2 4)5 R:{(x,y):logeyleoge(g}xeS,yeR}.
Ans. (1)
Then, the sum of all the elements in the range of R
. ) ) is equal to
Sol. cos[x]| is always differentiable
3 5
.. we have to check only for [x* — ax + 2| (1) 3 2) 3
. Not differentiable at 10 5
) 3) - “ 5
X —ax+2=0 9 2
One root is given, o = 2 Ans. (2)
 4_2a+2=0 Sol. S=1{0,1,2,3..... }
a=3 logy = Xloge@j
". other root § =1
but for x = 1 f(x) is differentiable = g (Ej
5

(Drop)




1 . 2
Ar(AAMN) = 5 x sec’(45° — 0)sin0.cos0 = 5

= tan0 = 2, l
2

tan® = 2 is rejected

. i =cotf=2
NB 1
Required 9. If ax + By = 109 is the equation of the chord of the
1 2 3 2 2
Sum = 1+ 2 + 2 + 2 o 1 5 ellipse X +¥ =1, whose mid point is (é,lj,
5 5 5 - 2 3 9 4 2°2
S

then o + P is equal to

8. Let the line x + y = 1 meet the axes of x and y at A (137 2) 46
and B, respectively. A right angled triangle AMN
is inscribed in the triangle OAB, where O is the (3) 58 (4) 72
origin and the points M and N lie on the lines OB | Aps. (3)

and AB, respectively. If the area of the triangle

AMN is %of the area of the triangle OAB and 0,2)

AN : NB = A : 1, then the sum of all possible | Sol.

value(s) of is A : (é lj
1 13 i alle

i 5 @ & \\J@, 0)

5
Equation of chord T =S,

(€) 4)2
o S(x).1fx)-2,1

2
Ans. (4)

N 2\9) 2\4) 36 16
M _ 5%,y _100+9 109
P 18 8 144 144

0 A\ — 40x + 18y = 109

= a=40,3=18

1 = a+p=58
Area of AAOB = —

2 10. If all the words with or without meaning made
Area of AAMN = ix%:% using all the letters of the word “KANPUR” are
Heqation of ABflg g =1 arranged as in a dictionary, then the word at 440"
OA =1, AM = sec(45° — 0) position in this arrangement, is :
AN = sec(45° — 0) cos0 (1) PRNAKU (2) PRKANU
MN = sec(45° — 0) sind (3) PRKAUN (4) PRNAUK

Ans. (3)




Sol.

11.

Ans.

Sol.

A,K,N,P,R, U

[A] oo, =5=120
[ (———— =15 =120
...................... = |5 =120
[PI[A] .o =4=24
[PIIK] oo =4=24
5 P——— = |4=24
[ X -3=6

PIRIK][AIN[U] =1
= 1

Total =440
= 440" word

Let a.p (o # B) be the values of m, for which the
equations x +y +z=1; x + 2y + 4z = m and

X + 4y + 10z = m’ have infinitely many solutions.

10
Then the value of Z (n“ + nﬁ) is equal to :

n=1
(1) 440 (2) 3080
(3) 3410 (4) 560
@
11 1
A=l 2 4{=120-16)-1(10-4)+1(4-2)
1 4 10
=4-6+2=0
For infinite solutions
A=A=A=0
m —-3x+2=0
m=1,2
a=1,p=2
10 10 10
" Z:(n‘1 +n") =an +Z:n2
n=l| n=l n=l
_ lod 1)+10(l D(21)
2 6
=55+385

=440

12.

Ans.

Sol.

13.

Ans.

Let A = [a] be a matrix of order 3 x 3, with

ay = (\/5 )HJ . If the sum of all the elements in the

third row of A’ is OL-I—B\/§, o,peZ,then o+ is

equal to
(1) 280 (2) 168
(3)210 (4) 224

“)

2 202 4
A=|2d2 4 42
4 42 8
1 2 2 1 2 2
A2=2*|2 2 22|22 2 242
2 w2 4 > wfz 4
=4 _ N

(2+4+8) (2N2+4J2+82) (4+8+16)
Sum of elements of 3“ row = 4(14 + 149 4 28)

—4(42+ 1442)

=168+ 5642

(x+[3\/§

“a+pB=168+56=224
Let P be the foot of the perpendicular from the

x-1 y+1 z-2

point (1, 2, 2) on the line L : i 5

Let the line f=(—f+j—2f<)+k(i—j+f<), A eR,

intersect the line L at Q. Then 2(PQ)’ is equal to:

()27 (2) 25
(3)29 (4) 19
e))



Sol.

14.

A(1,2,2)
P (1,-1,2) _
—>(1,-1,2)=d

x—1 y+1 z-2
L: = = =

I 1 3 *
Pu+1,-p-1,2u+2)
AP-d=0 = (u,—p—3,2w)(1,-1,2)=0

1
Sutput+3+4u= O:p—fa
P _—1+1,+l
2 2
(3 341)
2" 2

Now general pt.on L, is Q(-1 + A, 1—-A,-2+2)
Equate it with general pt of L

p+l=—1+A-p-1=1-A | 2u+2=-2+A
p=Ar-2 p=r-2 ’ d
Wh— D4 Z=—2E%
2A—4+2=-2+A
pu=-2,ArA=0
© Q=(-1,1-2)

P(%,Tl,l) and Q(~1,1,-2)
PQ=\/(1+IJZ+(_—1—1]2+(1+2)2
) 2
_ 2.2, f
4 4

. 2(PQ) = (4) 57

Let a circle C pass through the points (4, 2) and (0,
2), and its centre lie on 3x + 2y + 2 = 0. Then the
length of the chord, of the circle C, whose mid-
point is (1, 2), is:

()3
(3) 42

(2) 243
4) 2\2

Ans. (2)

Sol.

15.

Ans.

Sol.

<
Ag}ﬂ B(0, 2)

A
4.2)

M,, =0 = OM is vertical
=> a=2
Centre (0) = (2, -4)

r=0A=\(2-4) +(2+4)’ =40

mid point of chordis N=(1,2) .. ON= J37
.. length of chord = ZM
=2J40-37 =23
Let A = [a,] be a 2 x 2 matrix such that a; € {0, 1}

for all i and j. Let the random variable X denote the
possible values of the determinant of the matrix A.

Then, the variance of X is:

1 3
1) — 2) -
(1) T (2) 2
5 3
3) = 2 b
3) 3 4) 1
(2)
A=
;. Ay
a]la27 a”a”
= {ﬁla 07 1}
X Pi PiXi Pl>(i2
B 1 R )
16 16 16
0 E 0 0
16
T T
16 16 16
ZPiXi =0 ZPiXiz :g
~ovar(x) = LPX? - (ZPX,)’
3
8 8



16.

Ans.

Sol.

17.

Ans.

Sol.

18.

Bag 1 contains 4 white balls and 5 black balls, and
Bag 2 contains n white balls and 3 black balls. One
ball is drawn randomly from Bag 1 and transferred
to Bag 2. A ball is then drawn randomly from Bag
2. If the probability, that the ball drawn is white, is
29/45, then n is equal to:

(H3 (2)4
3)s 4)6
)

Bag 1 = {4W, 5B}
Bag 2 = {nW, 3B}

o X )2

Bag2 ) 45
:>PEXPE+PE><PE=§
B, B, B, B, 45

4 n+1 5 n 29
—X +=x =—
9 n+4 9 n+4 45

n=6

The remainder, when 7' is divided by 23, is equal

to:
(1) 14 29
3)17 (EY)
¢))

7" =7(7")=17(343)"=7(345-2)"
7' =23K, +7.2*

Now 7.2%=7.2".2"

=28.(256)"

=28 (253 +3)"

528 x 81 = (23 +5) (69 + 12)

23K, + 60

.. Remainder =

Let f(x) =

O Sy 4

t(t2—9t+20)dt, 1 <x <5. If the

range of f'is [a, B], then 4(a + ) equals:
(1) 157 (2) 253

(3) 125 (4) 154

Ans.

Sol.

19.

Ans.

Sol.

(1)
f'x)=x —9x +20x =x(x— 4) (x — 5)
_ n _ 4
o 4 3
- f(x) = ® o 205
4 3 2

1 29
f(l)==-3+10== =q
4 4

f(4) = % —3(64) |+ 10(16) =32=p

4(o+B) = 4(¥+32) =157
Let a be a unit vector perpendicular to the vectors

Bzi—23+3f< and E:2f+33—1;, and makes an

angle of cos_l(—%j with the vector I+3+1A( If a

T 3 5 2 &
makes an angle of n with the vector i+oj+k,

then the value of oL is :

(1) —3 @ 6
3) /6 4) 3
3
Let€1=§+j+f<
i j k
bxé=[1 -2 3
2 3 -1
=—7i+7j+7k
=-7(i-j-k)
i-j-k -i+j+k
Now a = or
NN
¥ i
cosezé'vzl_l_lz__l Cose_éj_—1+l+1_l
Ivl \/g\/g 3 |V| 3 g
(rejected)
35—1_3_12
NG}



Now cos X = £itai+k)
Vi+o?+1
1 l-a-1

=
2 3o’ +2
:§\/a2+ =-a

302+ 6 =407
= 5

20. If for the solution curve y = f(x) of the differential

(.. a<0)

dy

. 2+secx
equation oL (tanx)y=——"""
X

(1+2secx)2 ’

e _—H,E T =l= \/_ , then f( )isequalto:
272 3 10°

93 +3 2 435
10(4+J§) 10(4+\B)

5-3 4\/
3 ——— 4
()25 “4)

Ans. (4)

e))

tan x dx
Sol. If ej =™ —gecx

2 +secx
SLy.secx = I —————r secxdx
(1+2secx)

I—#
J‘de Let cos x = 5

(cosx +2)° 1+t
2
2(1 z2]+1
+
2
1-t?
(Ht2 +2]

_,[ 2-9¢* 5t
—~t 2+ 3E)

2dt

-

x2dt

—of 370
(t"+3)
Lett+

(1—%)&[ =du
t

=_2 Ii_lzl

=u

e—r|b)

21.

Ans.

Sol.

2
y.(secx)=— +c
u

SECTION-B

]

4x -2
12

If 24I(sin
0

[-] denotes the greatest integer function, then o is

+[2sin X]J dx = 27 + o, where

equal to
12)

=24J‘0%—sin(4x——j +_[ s1n[4x—%j

I n/4 .
+f S0]dx +jn/6 [2sinx]dx
1

T T
[l—coslzj (—00512—1)
=24 _ & _E
4

+
4 4 6




22.

Ans.

Sol.

23.

Ans.

Sol.

24.

1 2
1 t 3
If lim j 3x+5 &(§) , then a is equal
=0 Se\5
to

(64)

1” form

1
Now L=¢""=

[(3x w5
t

3(t+1)

a0 8t+l _51+1 —3t—3
3t(t+1)

8(n8—5(m5-3
3

(&) (5)-26)

On comparing

o= 64

Let a,, a,, ..., a,,, be an Arithmetic Progression
such that a, + (a, +a,+ a, + ... + a,) +a,, =
2233. Then a, + a, + a, + ... + a,,, is equal to
(11132)

a ta;ta,+...+a,, ta,, =2233

In an A.P. the sum of terms equidistant from ends

is equal.
a'l + a2024 - a5 K a2020 = alO = aZOlS sl
= 203 pairs

= 203(a, + a,,,) = 2233
Hence,

2024
S > ——(a, +ayy)

0
=1012 x 11
=11132

Let integers a, b € [-3, 3] be such that a + b # 0.

Then the number of all possible ordered pairs

,—a z+1  © o
(a, b), for which —‘ =land | ¢ z+@® 1
z+b
o 1 z+o

Ans.

Sol.

25.

Ans.

Sol.

=1,z e C, where ® and ®’ are the roots of X’ + x +
1 =0, is equal to

(10)

a,bel,-3<a,b<3,a+b#0

|z—a|=|z+D|
z+1 O ®°
o z+o° 1 |=1
o’ 1 Z+
z z z
=lo z+0 1 |=1
®° 1 Z+
1 1 1
=zlo z+ 1 |=1
® 1 Z+
il 0 0
=>zlo z+0 -® -0 |=1
®° l-o® Z+O—®
=1

2
=>z=0,0,1

Now
[1—a|=[1+D|
= 10 pairs

Let y* = 12x the parabola and S be its focus. Let
PQ be a focal chord of the parabola such that (SP)

(SQ) = MT7 Let C be the circle described taking

PQ as a diameter. If the equation of a circle C is

64x” + 64y” — ax — 64 NE) y =B, then  — a is equal

to
(1328)
y=12x a=3 SPxSQ= il
Let P(3t", 6t) and tit,=—1
(ends of focal chord)
—6
S
Q@3]
S(3, 0)

SP x SQ =PM, x QM,
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VnK Academy Thane

SECTION-A

26. The difference of temperature in a material can
convert heat energy into electrical energy. To
harvest the heat energy, the material should have
(1) low thermal conductivity and low electrical
conductivity
(2) high thermal conductivity and high electrical
conductivity
(3) low thermal conductivity and high electrical
conductivity
(4) high thermal conductivity and low electrical
conductivity

Ans. (3)

Sol. See-back effect
Low thermal conductivity
High electrical conductivity
Ans. (3)

27.  Given below are two statements. One is labelled as
Assertion (A) and the other is labelled as Reason
R).
Assertion (A) : With the increase in the pressure
of an ideal gas, the volume falls off more rapidly in
an isothermal process in comparison to the
adiabatic process.
Reason (R) : In isothermal process, PV = constant,
while in adiabatic process PV = constant. Here v is
the ratio of specific heats, P is the pressure and V
is the volume of the ideal gas.
In the light of the above statements, choose the
correct answer from the options given below :
(1) Both (A) and (R) are true but (R) is NOT the
correct explanation of (A)
(2) (A) is true but (R) is false
(3) Both (A) and (R) are true and (R) is the correct
explanation of (A).
(4) (A) is false but (R) is true

Ans. (3)

Sol.

28.

Ans.

Sol.

0 Adigbatic
V74

Pressure increases

a)

A —> compression
Isothermal

vV —>

() ()
dV Adiabatic dV Isothermal

Ans. (3)

An electric dipole is placed at a distance of 2 cm

from an infinite plane sheet having positive charge
density o, Choose the correct option from the

following.

+t + + + +
4
.

(1) Torque on dipole is zero and net force is
directed away from the sheet.

(2) Torque on dipole is zero and net force acts
towards the sheet.

(3) Potential energy of dipole is minimum and
torque is zero.

(4) Potential energy and torque both are maximum

3

+

+ —>E

+H o--0

= —q +q

+

Here E:i,f:f’xfi
€

U=-P-E U — minimum
Ans. (3)



29.

Ans.

Sol.

30.

Ans.

Sol.

In an experiment with photoelectric effect, the
stopping potential.

(1) increases with increase in the wavelength of the
incident light

(2) increases with increase in the intensity of the

incident light

o LA ; e
3) 1s [—j times the maximum kinetic energy of
e

the emitted photoelectrons

(4) decreases with increase in the intensity of the

incident light
3)
LS =W +eVq

A
W (K,,)

A

K
'.‘ VS — max
e

Ans. (3)

A point charge causes an electric flux of -2 x 10
Nm’C' to pass through a spherical Gaussian
surface of 8.0 cm radius, centred on the charge.

The value of the point charge is :
,2)
@2y-15.7 % 107C
4y 157 % 00

(Given €,=8.85x 10 “C’'N'm
(1)-17.7 x10°C
(3)17.7 x10°C

@

2
$=—2x10¢ N0
r=8.0cm

¢:i:>q:€0¢
S

0
=(8.85 x 10™%) x (-2 x 10%
q=-17.7x10"C
Ans. (1)

31.

Ans.

Sol.

32.

Ans.

Pressure

V. Vi V. Volume

A poly-atomic molecule (C, = 3R, C, = 4R, where
R is gas constant) goes from phase space point
A(P, =10’ Pa, V, =4 x 10°m’) to point B (P, =5
x 10' Pa, V, = 6 x 10°m’) to point C (P, = 10" Pa,
V_=8x10"m’). A to B is an adiabatic path and B
to C is an isothermal path.

The net heat absorbed per unit mole by the system
is :

(1) 500R(In3 + In4) (2) 450R(In4 — In3)

(3) 500R In2 (4) 400R In4
2
AQ,,, = 0 adiabatic
AQ,. = AW,
—6
— nRT/n| € | =450Ren| 210
v, 6x10°

= 450R£n(§j = 450R (/n4 — /n3)

- AQ=AQ,, + AQ,.
AQ =450 R (fnd — (n3)

Note : Solution is based on direct data. B and C
are not satisfying the condition of isothermal
process.

Ans. (2)

Two identical symmetric double convex lenses of
focal length f'are cut into two equal parts L,, L, by
AB plane and L,, L, by XY plane as shown in
figure respectively. The ratio of focal lengths of
lenses L, and L, is

Y
(1)1:4 @i el
(3)2:1 4)1:2
4)



Sol.

33.

Ans.

Sol.

34.

Ans.

f, =t =f

f =1, =2f

s i =12
Ans. (4)

A plane electromagnetic wave propagates along

the + x direction in free space. The components of

the electric field, E and magnetic field, B vectors

associated with the wave in Cartesian frame are :

(DE, B, (E,.B,
(3)E, B, (4)E,.B,
)

Direction of propogation
—ExB
Ans. (2)

Glass

Two concave refracting surfaces of equal radii of
curvature and refractive index 1.5 face each other
in air as shown in figure. A point object O is
placed midway, between P and B. The separation
between the images of O, formed by each
refracting surface is :

(1) 0.214R

(2) 0.114R

(3) 0.411R

(4) 0.124R

2

Sol.

35.

Ans.

Sol.

For B
L N s WY o .
vV u R
15,1 05
vV R R
2
L5 1 2
vV 2R R
£=—5:>VB——O6R
vV 2
For A
153 2 035
V 3R -R
1Ly 1 2
V2R 3R
1.5 7
vV 6R
9
VA——;R

Distance between images
:2R—(0.6R+%RJ =0.114R

option (2)

Two bodies A and B of equal mass are suspended
from two massless springs of spring constant k,
and k, respectively. If the bodies oscillate
vertically such that their amplitudes are equal, the
ratio of the maximum velocity of A to the

maximum velocity of B is

k, k.
“Wg mh
k, k,
@ul MME

e))
V,=A o,
V,=A0,
A=A,
I<l
Voo Vm
v, - ®, - K,
m
Vl _ I<l
v, \K,



36.

Ans.

Sol.

Given below are two statements. One is labelled as
Assertion (A) and the other is labelled as Reason
(R).

C

O

(

<B>

A
Assertion (A) : O
VaT
Three identical spheres of same mass undergo one
dimensional motion as shown in figure with initial
velocities v, = 5 m/s, v, = 2 m/s, v, = 4 m/s If we
wait sufficiently long for elastic collision to
happen, then v, =4 m/s, v, =2 m/s, v. = 5 m/s will
be the final velocities.

Reason (R) : In an elastic collision between
identical masses, two objects exchange their
velocities.

In the light of the above statements, choose the
correct answer from the options given below :

(1) Both (A) and (R) are true but (R) is NOT the
correct explanation of (A)

(2) (A) is true but (R) is false

(3) Both (A) and (R) are true and (R) is the correct
explanation of (A).

(4) (A) is false but (R) is true

(O]

In elastic collision for same mass,

velocities

interchange

A B A B
. V,=5 : V=2 L v, =2 :V’B=5

Before collision

O—'O—' O—'_O—'

& = V=5

After collision

After collision

Before collision

V', =2m/s V", =4m/s V'.=5m/s

Ans. (4)

37.

Ans.

Sol.

38.

Ans.

Sol.

A sand dropper drops sand of mass m(t) on a

conveyer belt at a rate proportional to the square
. d .
root of speed (v) of the belt, i.e. d_r':l oc/v.IfPis

the power delivered to run the belt at constant
speed then which of the following relationship is

true ?

) Pocilv

@ Py

(D PV’
B)Poxv

4

Power= F-V

= Plp=m
P ((g;jv c(Vw)v

3

F=Cv?

Power = C(v*)v =Cv"

pov

Ans. (4)

A convex lens mode of glass (refractive index =
1.5) has focal length 24 cm in air. When it is
totally immersed in water (refractive index = 1.33),
its focal length changes to

(1) 72 cm (2) 96 cm

(3) 24 cm (4) 48 cm

£Z=(L5—U[§] . (i)

l=(15X3-1}3 .. (i)

(1) divided by (ii)
£

= =

=96 cm

Ans. (2)



39.

Ans.

Sol.

A capacitor, C, = 6 F is charged to a potential
difference of V, = 5V using a 5V battery. The
battery is removed and another capacitor, C, = 12
UF is inserted in place of the battery. When the
switch ‘S’ is closed, the charge flows between the
capacitors for some time until equilibrium
condition is reached. What are the charges (q, and
q,) on the capacitors C, and C, when equilibrium

condition is reached.

\
S
C = C, =
(1) q,=15puC, q,=30puC
(2)q,=30puC, q,=15puC
(3)q,=10 uC, q,=20 uC
(4)q,=20 uC,q,=10pC
3)
t=0
\
' S
9. + 0
C=6uF = 5V=V, == —[2yF
_q' - 0
1
q,=6x5=30uC
Finally
S
q=6V.| + + [q,=12V,
1 C:: Ve ::qz ‘

q="6Vc| " la=12V,

6V, +12V.=30+0

18V.=30
Ve =£=§Volt
18 3
=q, :6:5:10“(:

q :-IZTXSZZOHC

2

Ans. (3)

40.

Ans.

Sol.

Three equal masses m are kept at vertices (A, B, C)
of an equilateral triangle of side a in free space. At
t = 0,
v, =V,AC ,

they are given an initial velocity
Ve=V,BA and V.=V,CB.
Here, E,@ and BA  are unit vectors along the

edges of the triangle. If the three masses interact
gravitationally, then the magnitude of the net
angular momentum of the system at the point of

collision is :
(D) 1amV
> 0

(2)3amV,

B

3) 73amV0

4) %am'\/0

(©))




41. Match List-I with List-II.
List-I List-I1
(A) Young’s Modulus () ML T
(B) Torque (I) |ML'T’
(© Coefficient of Viscosity | (II) | M 'L'T"
(D) Gravitational Constant | (IV) | ML'T”
Choose the correct answer from the options given
below :
(1) (A)-(I), (B)-(11I), (C)-(1I), (D)-(IV)
(2) (A)-(D), (B)-(I), (C)-(AV), (D)-(I1I)
(3) (A)-(IV), (B)-(ID), (C)-(111), (D)-(I)
(4) (A)-(I), (B)-(V), (C)-(I), (D)-(I1I)
Ans. (4)
%)
Sol. (A) [Y]= E = MLZT =ML'T (I)
( Aﬁ) L
Al 25
L
(B) Torque (%) =txF
(7)=LxMLT?=ML’T* (IV)
. . . dv
(C) Coefficient of viscosity = F = T]AE
n — Pasec
2
[n]= MLZT xT=ML"T" (I)
L
(D) Gravitational constant (G)
GM M,
F=—12
r
2 -2 2
[G]: F-r _ MLT 2XL =M,1L3T,2 (III)
m,m, M
42. Match List-I with List-II.

List-I List-11
(A) | Magnetic 1)) Ampere
induction meter’
(B) | Magnetic (IT) | Weber
intensity
(C) | Magnetic flux | (II) | Gauss
(D) | Magnetic (IV) | Ampere
moment meter

Ans.

Sol.

43.

Ans.

Choose the correct answer from the options given
below :

(1) (A)-(I1D), (B)-(TV), (C)-(1), (D)-(IT)

(2) (A)-(0), (B)-(IV), (C)-(I1), (D)-(I)

(3) (A)-(D), (B)-(ID), (C)-(I1D), (D)-(IV)

(4) (A)-(I1D), (B)-(1D), (C)-(D), (D)-(IV)

2

(A) Magnetic induction — Gauss (III)

(B) Magnetic intensity

[H = Ej — Ampere / meter (IV)
u

(C) Magnetic flux —» Weber (Wb) (II)
(D) Magnetic moment — Ampere-meter’
(M=iA)

Note :

we need to choose most appropriate option then
the answer is (2)

None of the option(s) are correct but if

The truth table for the circuit given below is :

A

A B ¥
0 0 0
(D 0 1 I
[ 0 |
1 | 0
A B Y
0 0 0
2) 1 0 0
I | 0
0 1 1
A B X
0 0 0
3) 1 0 1
0 I 0
I I 0
A B Y
0 0 0
[ [ I
4) I 0 I
0 | [
O]



Sol.

44,

Ans.

Sol.

45.

Ans.

Sol.

XOR (Exclusive OR)

A cup of coffee cools from 90°C to 80°C in t
minutes when the room temperature is 20°C. The
time taken by the similar cup of coffee to cool
from 80°C to 60°C at the same room temperature

is:

13 10
1) —t 2) —t
ey : () T
13 5
3) —t 4) —t
3) 10 “4) T
(0]
By using average form of Newton's law of cooling
90—80:k(90+80_20j - G)
t 2
80—60:k(80+60_20] .. i)
t' 2
(1)/(ii)
10xt' 65
tx20 50
, 65 65 13
t'=—x2t=—"t="0t
50 25 5

The number of spectral lines emitted by atomic
hydrogen that is in the 4" energy level, is

(1o )0

(3)3 1

@

- —

n=2

n=1

Total possible transition = 6

SECTION-B
46. The magnetic field inside a 200 turns solenoid of
radius 10 cm is 2.9 x 10" Tesla. If the solenoid
carries a current of 0.29 A, then the length of the
solenoid is 7T cm.
Ans. (8)
Sol. Assuming long solenoid
N).
B= Ko (7]1
i (4nx107)(200)(0.29
,_mNi )(200)(0:29)
B 2.9x10™*
=8n cm
47. A parallel plate capacitor consisting of two circular
plates of radius 10 cm is being charged by a
constant current of 0.15 A. If the rate of change of
potential difference between the plates is 7 x 10
V/s then the integer value of the distance between
the parallel plates is —
(Take,e0=9x10"2£,nzgj um.
m 7
Ans. (1320)
Sol. V:g: it 1’td2
C (gA) ¢ (nr )
d
2
g, |mr
=d=— ( )[XJ
1 t
(9x10™ )(272}(0.1)2
= (7x10°)m
0.15
d=1320 um
48. A physical quantity Q is related to four observables
4
a, b, c,das follows: Q= ﬁ
cd
where, a = (60 + 3)Pa; b= (20 + 0.1)m;
c=(40+0.2) Nsm~and d = (50 + 0.1)m,
then the percentage error in Q is .
E : Q 1000
where x =
Ans. (77)
ab*
Sol. =—
Q cd
:>£><100: ﬁ+4A—b+£+A—d x 100
Q a b ¢ d

= X :i+4£+%+gx100
1000 | 60 20 40 50

= x=7700
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49.

Ans.

Sol.

50.

Ans.

Sol.

Two planets, A and B are orbiting a common star
in circular orbits of radii R, and R,, respectively,

with R, = 2R,. The planet B is 42 times more
. . (L
massive than planet A. The ratio {L—B] of angular
A
momentum (L) of planet B to that of planet A(L,)
is closest to integer :

®
L=mvR=m %R =m+GMR

here M is mass of star

Ly _my Ry
I“A 1’nA RA
i:g
L

A

Two cars P and Q are moving on a road in the
same direction. Acceleration of car P increases
linearly with time whereas car Q moves with a
constant acceleration. Both cars cross each other at
time t = 0, for the first time. The maximum
possible number of crossing(s) (including the
crossing at t = 0) is

3)

a, = kt, k is constant

a, = a, a is constant

Bp = By —i8; = 8~k

as initial velocities are not mentioned in question,
so will have to assume two cases.

Case-1I

uSE and a,, in same direction
P
Ugp
Q —>

— )

Total number of crossing =2
Case-II

u,, and a,, in opposite direction

P

C—H Q> akt

Total number of crossing = 3

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
J



51.

Ans.

52.

Ans.

53.

Ans.

Sol.

CHEMISTRY

SECTION-A
The calculated spin-only magnetic moments of
K;[Fe(OH)g] and K4[Fe(OH)g] respectively are :
(1) 4.90 and 4.90 B.M.
(2) 5.92 and 4.90 B.M.
(3) 3.87 and 4.90 B.M.
(4) 4.90 and 5.92 B.M.
2
For hydrogen like species, which of the following
graphs  provides the most  appropriate
representation of E vs Z plot for a constant n ?
[E : Energy of the stationary state,

Z : atomic number, n = principal quantum number]

g B
W 1 2> @ 19 z>
E+ E+
1Yz @1z

2)
Given below are two statements :
Statement (I)

stationary phase is thin film of liquid present in the

In partition chromatography,

inert support.

Statement (II) : In paper chromatography, the
material of paper acts as a stationary phase.

In the light of the above statements, choose the
correct answer from the options given below :

(1) Both Statement I and Statement II are false
(2) Statement I is true but Statement 11 is false
(3) Both Statement I and Statement II are true

(4) Statement I is false but Statement II is true
2

Statement I is true.

In partition chromatography, stationary phase is
thin liquid film present in the inert support.
Statement II is false.

Because stationary phase in paper chromatography

is water.

54.

Ans.

Sol.

55.

Ans.

Sol.

56.

Ans.

Identify the essential amino acids from below :

(A) Valine (B) Proline
(C) Lysine (D) Threonine
(E) Tyrosine

Choose the correct answer from the options given
below :

(1) (A),(C) and (D) only

(2) (A),(C) and (E) only

(3) (B),(C) and (E) only

(4) (C),(D) and (E) only

(0]

Valine, Lysine and Threonine are essential amino
acids.

Which among the following halides will generate
the most stable carbocation in Nucleophillic
substitution reaction ?

(1=~ 2) Br
Br Ph Br

3 4

( )G/ (4) Ph i

4)

Stability order of carbocation

Ph Ph ®

ﬁ@/ > ©/ > ©® > A \g

Ph

Consider the equilibrium
CO(g) + 3Ha(g) = CHa(g) + H:O(g)
If the pressure applied over the system increases by
two fold at constant temperature then
(A) Concentration of reactants and products
increases.
(B) Equilibrium will shift in forward direction.
(C) Equilibrium
concentration of products increases.

constant  increases  since
(D) Equilibrium constant remains unchanged as
concentration of reactants and products remain
same.

Choose the correct answer from the options given

below :

(1) (A) and (B) only (2) (A), (B) and (D) only
(3) (B) and (C) only (4) (A), (B) and (C) only
1)



57.

Ans.

58.

Ans.

Sol.

Given below are two statements :
Statement (I) : NaCl is added to the ice at 0°C,
present in the ice cream box to prevent the melting
of'ice cream.

Statement (II) : On addition of NaCl to ice at 0°C,
there is a depression in freezing point.

In the light of the above statements, choose the
correct answer from the options given below :

(1) Statement I is false but Statement II is true
(2) Both Statement I and Statement II are true
(3) Both Statement I and Statement II are false
(4) Statement I is true but Statement II is false
(2)

Given below are two statements :

Statement (I) : On nitration of m-xylene with
HNO;, H,SO, followed by

nitrobenzene-1, 3-dicarboxylic acid is obtained as

oxidation, 4-

the major product.

Statement (II) : CH; group is o/p-directing while-
NO, group is m-directing group.

In the light of the above statements, choose the
correct answer from the options given below :

(1) Both Statement I and Statement II are false
(2) Statement I is false but Statement II is true
(3) Both Statement I and Statement II are true
(4) Statement I is true but Statement I1 is false
(®))

Statement-I

CH, CH,
@ HNO3/H2$O4
CH3 CH3
(m-xylene) NO,
leidation
COOH
COOH
NO,

Statement-II
—CHj; group is o/p directing while —-NO, group is

meta directing.

59.

Ans.

60.

Ans.

61.

Ans.

0.1 M solution of KI reacts with excess of H,SO,
and KIO; solution. According to equation
51 +I0; +6H" — 31, +3H,0
Identify the correct statements :
(A) 200 mL of KI solution reacts with 0.004 mol
of KIO;
(B) 200 mL of KI solution reacts with 0.006 mol of
H,SO,
(3) 0.5 L of KI solution produced 0.005 mol of I,
(4) Equivalent weight of KIO; is equal to
( Molecular weight ]

5

Choose the correct answer from the options given below:

(1) (A) and (D) only (2) (B) and (C) only
(3) (A) and (B) only (4) (C) and (D) only
(0]
Match List-1 with List-11I :
List-1 List-11
Applications Batteries/Cell

Anode - Zn/Hg ;

A)|T i |
() | Trmsisiors @ Cathode - HgO + C

(B) | Hearing aids | (II) | Hydrogen fuel cell

Anode — Zn;

© Invertors (1) Cathode - Carbon
Apollo Anode —Pb ;

(D) "™ Cathode - Pb | PbO,
space ship

Choose the correct answer from the options given

below :

(1) (A)-10), (B)-(I), (C)-(1V), (D)-(II)

(2) (A)-(11), (B)-(ID), (C)-(1V), (D)-(I)

(3) (A)-(IV), (B)~(111), (C)-(1D), (D)-(T)

(4) (A)-(1I), (B)-(IID), (C)~(1V), (D)-(D)

(0]

O, gas will be evolved as a product of electrolysis

of :

(A) an aqueous solution of AgNOj; using silver
electrodes.

(B) an aqueous solution of AgNO; using platinum
electrodes.

(C) a dilute solution of H,SO, using platinum
electrodes.

(D) a high concentration solution of H,SO, using
platinum electrodes.

Choose the correct answer from the options given

below :

(1) (B) and (C) only (2) (A) and (D) only
(3) (B) and (D) only (4) (A) and (C) only
(0]
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Ans.

63.

Ans.

Sol.

64.

Ans.

65.

Ans.

Identify the homoleptic complexes with odd
number of d electrons in the central metal.

(A) [FeO4]* (B) [Fe(CN)e]*

(C) [Fe(CN);NOJ* (D) [CoCLT"

(E) [Co(H0)5F5]

Choose the correct answer from the options given
below :

(1) (B) and (D) only (2) (C) and (E) only

(3) (A),(B) and (D) only (4) (A), (C) and (E) only
0y

Total number of sigma (o) and pi(m)
bonds respectively present in hex-1-en-4-yne are :
(1) 13 and 3 (2) 11 and 3

(3)3and 13 (4) 14 and 3

0y

H H H

\ | |

C=C-C-C=C-C-H

701 |
H H H

H

o bonds =13

7 bonds =3

If C(diamond)—>C(graphite) + X kJ mol "'
C(diamond) + O4(g) — CO,(g) + Y kJ mol™
C(graphite) + 0,(g) — CO,(g) + Z kJ mol ™

At constant temperature. Then

(DX=Y+Z
(2)-X=Y+2Z
B)X=-Y+Z
@X=Y-Z
)

Given below are two statements :
Statement (I): It is
simultaneously with arbitrary precision, both the

impossible to specify
linear momentum and the position of a particle.

Statement (II) If the uncertainty in the
measurement of position and uncertainty in
measurement of momentum are equal for an
electron, then the uncertainty in the measurement

o h 1
of velocity is > ,[—x—.
T 2m

In the light of the above statements, choose the
correct answer from the options given below :

(1) Statement I is true but Statement II is false.
(2) Both Statement I and Statement II are true.
(3) Statement I is false but Statement II is true.
(4) Both Statement I and Statement II are false.

2

66.

Ans.

Sol.

67.

Ans.

68.

Ans.

Which one of the following reaction sequences

will give an azo dye ?

(i) Sn/HCI
(1)© NO; (ii) NaNO./HCI
(ii1)B-naphthol, NaOH
@SQH@) socl,
2) (11) NH,
CH,-Cl
(iii)@ ’
CN
(3) @ (1) 70A)H2804
(ii) PCls 5
H

@ @NHZ (i) HCI/NaNO
CH3
o
Q)]

® 0
N,Cl1
@( SW/HCI [j NaNO,/HCI [j

N
Il
N
OH B-naphthol
QIO o
AZO dye
Drug X becomes ineffective after 50%

decomposition. The original concentration of drug
in a bottle was 16 mg/mL which becomes 4
mg/mL in 12 months. The expiry time of the drug
inmonthsis

Assume that the decomposition of the drug follows

first order kinetics.

(1) 12 (2)2
B)3 4)6
4)

The type of oxide formed by the element among
Li, Na, Be, Mg, B and Al that has the least atomic

radius 1s :

(1) A205 (2) AO,
(3) AO (4) A0
(0]
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Ans.

70.

Ans.

Sol.

71.

Ans.

72.

Ans.

Sol.

First ionisation enthalpy values of first four group 15
elements are given below. Choose the correct value for
the element that is a main component of apatite family :
(1) 1012 kJ mol™ (2) 1402 kJ mol™

(3) 834 kJ mol' (4) 947 kJ mol™'

@

‘Which one of the following, with HBr will give a phenol?

CH,\_ _-OCH;
C
1 N
1 ©/ }'I OCH;
o)
~
@ ©/ CH;
OCH;
3 ©/\

?H
C—CH
- 3
) ©/\O éH
@
i
(0] (0]
©/ \cm&)@/ & Ch,

SNlere

OH
©/ +CH;Br

Phenol
SECTION-B

Consider the following low-spin complexes
K;[Co(NO:)s], Ka[Fe(CN)s], Ks[Fe(CN)s],
Cu,[Fe(CN)g] and Zn,[Fe(CN)g].
The sum of the spin-only magnetic moment values
of complexes having yellow colour is
B.M. (answer is nearest integer)
0)
Isomeric hydrocarbons — negative Baeyer’s test
(Molecular formula CoHj5)
The total number of isomers from above with four

different non-aliphatic substitution sites is -

@)

ofc!

Above two isomers of CoH;, have four different sites for

aromatic electrophilic substitution reaction.

73.

Ans.

Sol.

74.

Ans.

Sol.

75.

Ans.

In the Claisen-Schmidt reaction to prepare,
dibenzalacetone from 5.3 g benzaldehyde, a total
of 3.51 g of product was obtained. The percentage
yield in this reaction was _ %.
(60)

(0]

2PhCH L, A

Il St
O —
Benzaldehyde

53 gm (0]
U /\)J\/\
53 1 PhT T > ph
= — Mol Dibenzalacetone
106 20 (Product)
3.51 gm
U
i 0.015Mol
234
(Actual)

1
Theoretical = — Mol
40

% yield = %x 100

= 60%

In the sulphur estimation, 0.20 g of a pure organic
compound gave 0.40 g of barium sulphate.
The percentage of sulphur in the compound is
x 107" %.

(Molar mass : O =16, S =32, Ba= 137 in gmol ")
(275)

Organic Compound —> BaSO,

0.20 gm 0.40 gm

0.40
——mol(BaSO
233 mol(BaS0,)

% mol (Sulphur)

0.40
233

% 32 gm (sulphur)

0.40x32
——x

233
0.20

Total number of non bonded electrons present in

100

%S = =27.5% or 275 x 10 %

NO, ion based on Lewis theory is 5

(12)



