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JEE (Main)-2026 Session-1

Question Paper with Solutions

(Mathematics, Physics, And Chemistry)
21 January 2026 Shift - 2

Time: 3 hrs. M.M: 300
IMPORTANT INSTRUCTIONS:

(1) The test is of 3 hours duration.

(2) This test paper consists of 75 questions. Each subject (PCM) has 25
questions. The maximum marks are 300.

(3) This question paper contains Three Parts. Part-A is Physics, Part-B is
Chemistry and Part-C is Mathematics. Each part has only two sections: Section-A
and Section-B.

(4) Section - A: Attempt all questions.

(5) Section - B: Attempt all questions.

(6) Section - A (01 - 20) contains 20 multiple choice questions which have only
one correct answer. Each question carries +4 marks for correct answer and -1
mark for wrong answer.

(7) Section - B (21 - 25) contains 5 Numerical value-based questions. The

answer to each question should be rounded off to the nearest integer. Each
question carries +4 marks for correct answer and -1 mark for wrong answer.
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Sol.
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Ans.

MATHEMATICS

SECTION-A

The positive integer n, for which the solutions of
the equation

x(x+Z) + (x4 ZKx +4) + ...+ 2n — 2Z)x+in)

_ o1
3
are two consecutive even integers, is :-
(1)3 (2)6
(3) 12 (4)9
(1)

X(x+2) + (x+2)(x+4) + ...+ (x+2n-2) (x+2n) = 8?11

=>Z(x +2r—2)(x + 2r) :8?11
r=1

nx’ +2x) (2r—1)+4) r(r-1) =8?n
r=1 r=I

, 4n(n’-1) 8n

nx° +2x.n> + 0
3 3
2 _ o
x3+2nx+4{n 1}—§=0<
3 3 p
o= 2 ::>—|\/E=2::»D=4
b |
s -al 42 =8 81 _4
3 3
, 4n°
=nl-——=-3
3
—n'=9
=n=3

3. Letfx)=x+x f )+2x ff @+ 7).

2, Let /: R — R be a twice differentiable function such
that /7(x) > 0 for all xeR and f* (a — 1) = 0, where a
is real number. Let g(x) = f (tan'x — 2tan x + a),

|8
D<x< —,

Consider the following two statements :

. - T
(I) g is increasing in (0,1]

X
2
Then,

(1) Neither (I) nor (II) is True
(2) Only (I1) is True
(3) Only (I) is True
(4) Both (I) and (II) are True
Ans. (1)
Sol. g(x)=f{(tanx — 1)’ +a—1)
g'(x) = f((tanx — 1)* +a—1).2(tanx—1)sec’x
v fa-1)=0and /" (x)>0
o f((tanx — 1)’ +a-1)>0
g'(x) >0 if (tanx —1) >0

(IT) g is decreasing in (

3

Is Increasing in X € (E EJ
. S 4’2
g'(x) <0 iftanx—1 <0

g is decreasing in X € [UEJ

x € R. Then the value of f* (5)is:

62 657
) = y} (el
()5 ()5
2 117
3 = 4) —
()5 {)5

Ans. (4)
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Sol.

Sol.
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Ans.

fi(x) = 3x"+2xf (1) + 2f'(2)

f'(x) = 6x + 2f'(1)

f'(2) =12 + 2f (1)

s P(x) =3x7 + 2xf(1) + 2(12 + 2f(1))
f(x) =3x"+ 2(x + 2)f (1) + 24
Putting, x = 1

f(1)=3+6f(1)+24

=51'(1) =27 = 1(1) = %

L f(2) = 12+2[£] St D
5 5 2
f’(x}=3xj—%x+£

- £(5)=75—-544+12 117
5 4

In the line ax + 4y = ﬁ where o € R, touches

the ellipse 3x” + 4y" = 1 at the point P in the first
quadrant, then one of the focal distances of P is :

J3 23l 3 25

1 1 I I
(3) - (4) +

3 25 J3 a7
(4)

ax + 4y — J7 =0 touches 3x* + 4y’ = 1
Le=am +b

¥ 1 & .1
—=—xﬂ—+—:ﬁu=3,—3

16 3

Tangent is 3x + 4y — /7 =0
Let the point of contact is P(x,y,)
. Tangent is 3xx, +4yy, = 1

C3x 4y _ ] p[LLJ
‘3T NET
€= l—gzl

4 2

PS = e (PM)

Ans.

Sol.

a 1

<[

_if2 1 1 1

2[J§ ﬁJzﬁ 247

. . Y [a, TY BT .2

-3 (25 )= 5 F)
1 1

wtacl

2

Let y° = 12x be the parabola with its vertex at O.
Let P be a point on the parabola and A be a point
on the x-axis such that ZOPA = 90°. Then the
locus of the centroid of such triangles OPA is :
(Dy —6x+4=0 )y -9x+6=0

(B)y -2x+8=0 4y -4x+8=0

(3)
P(3t’, 6t)
O A
==L
m,, = ?
Equation of AP is

—t E
-6t =—(x —3t°
y > (x )

Puty=0=>x=12+3t

= A(12+3t,0)

Let centroid of A OPA be G(h, k)

=3h=0+3t"+12+3t
3k=0+6t+0

=:-t=£~h=2!1+4
2

5

=5 h=2£~+4
4

= Locus of (h, k) 1s

y' =2x —8
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Ans.

Sol.

Let one end of a focal chord of the parabola y" = 16x
be (16, 16). If P(a, PB) divides this focal chord

internally in the ratio 5 : 2, then the minimum

value of a + 3 is equal to :

(1)22 (2)7
(3)5 (4) 16
(2)
y’ = 16x
18 A(16,16)
O S J

B
- parameter of point A ist =2
—> Parameter of point B is t= 5

—> Coordinates of B 1s (1, —4)
Casel:

L . 4 ]
A (16, 16) P(ci, B) B(1, -4)
u:5+32:3?
3 7
20432 12
b=—""=7
>at+p=7
Case 2 :

2 . 5
P(a, B)

A(16, 16)

B(1, —4)

2+80 -8+ 80
O = 2 B:
7 7
a+p=22

So minimum value of a + B =7

Ans.

Sol.

Let the line L pass through the point (-3, 5, 2) and
make equal angles with the positive coordinate

axes. If the distance of L from the point (-2, 1, 1) 1s

1,% , then the sum of all possible values of r1s :

(1) 12 (2) 16
(3)6 (4) 10
4)

X+3 y—5 z—2
| |

Equation line is : =X

.. General point R on line is R(A-3, A+5, A+2)
P(-2,r,1)

d(1,1.1)

line

A R
(—3,%,2)
PR = (h 1, A+5-1, A+1)
Now PR-d =0
SA-DI+A+5-Dl+(A+1)1=0
= 3A-r+5=0

— lzi
3
. Rz[r_5—3,r_5+5,ﬁ+2]
3 3 3
Rz(r—14!r+l{}1r+lJ
3 3 3

Now
F‘R=\/E = (PR)’ :E
3 3

[r—m }3 {Hm ]1 (r+l ]3 14
= +2| + —1| +| —-1] =—
3 3 3 3

_ (r—8)° +(10—21-}-' +(r—2f _14
9 9 9 3
— (' — 161+ 64) + (100 +4r —40r) + (r —4r + 4) =42
= 61 —60r+ 126 =0
=1 —-10r+21=0
==r=3,7

sum of possible value of ris = 10
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" Ans.
i
I Sol.
|
|
1
I
1
|
|
|
i
|
i
|
i
1
|
|
I
1
I
|
I
|
|
i
1
i
1
i
i
I
|
I
1
I
1 9,
i
|
i
i
I
i
1
|
|
|
|
I
|
I
|
I
|
1
|
I
i
|
|

Let the line L, be parallel to the vector

-3i +23 +4k and pass through the point (2, 6, 7)
and the line L, be parallel to the vector 21+ 3 +3k
and pass through the point (4, 3, 5). If the line L, 1s
parallel to the vector —3i+ 5] +16k and intersects

the lines L, and L, at the points C and D,

respectively, then ‘ﬁ)" 1s equal to :

(1) 171 (2) 290
(3) 312 (4) 89
(2)

lex—ZZy—ézz—"f
-3 2 4

Point ConL: (34, +2,2A, + 6,4\, +7)

x—4 y-3 z-5

L,
2 1 3

Point DonL,: (2A,+4, A, + 3,3, +5)
Dr’sof line L, :

BB *2 =24 =3 B, =4, =2

L,

-3 o 16
W W
C(11,0,-5)
D (8.5, 11)
|@ﬁ2 =3 +5% +16% =290

Let o and B be the roots of equation x” + 2ax + (3a + 10)
= (0 such that a < 1 < 3. Then the set of all possible
values of a 1s :

-11

5

Ans.

Sol.

10.

Ans.

Sol.

4)

ca<l<p

f(1)<0
=>1+2a+@Ba+10)<0

= 5a+11<0

~11
a<—

%)
S, a €| —00,—
5

A random variable X takes values 0, 1, 2, 3 with

... Z2a+1 8a—1 4a+1
probabilities A :
30 30
where a, b €R. Let u and o respectively be the mean
and standard deviation of X such that ¢ + i’ = 2.

, b respectively,

Then % 1s equal to :

(1) 30 (2)3
(3) 60 (4) 12
3)
X 0 1 2 3
2a+1 | 8a-1|4a+1
p(x) 30 30 30 ;

& = St
o’ +p’ = ZXfp(xj)

= 0+1[83_1J+4(4a+1)+9b
30 30

24a+270b+3
= —
30

24 a+270b=57
8a+90b=19....(1)
Also

2.p(i)=1

2a+1 Ba-1 4a+1
+ +
30 30 30
14a+30b=29...(2)
Solving (1) & (2)
1 a

b=—, —=60
30 b

+b=1

a=2,
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11.  Ifthe area of the region {(x, y) : | — 2x<y<4-x’,
x>0,y=0} is %— o, B, € N, ged (a, B) = 1, then the
value of (a0 + ) 1s :

(1)73 (2) 85

(3) 91 (4) 67
Ans. (1)
Sol.

D(0.4)
(0,1)s //
0 N\?(lm
Required area = -%xS—lx-l-xl
3 2 2
1o 1 6l e
3 4 12 B
> at+p=73
d, a; dyp +
12. Leta, —=,—....., — be a G.P. of common ratio
2 & 2
T .1Ifa, +a,+...+a,= 62, then a, is equal to :
> 2

) 2(v2-1) ()22

(3) V2 -1 @) 22—+2)
Ans. (1)

32 dj 34 dip ]
S{]ll = == e —T —

231 232 23.3 239 \/E

. a,a, a,.a,  are in G.P. with common ratio UE

10 a (xﬁ)m-—l
Eﬂi: [Ji-l J
= a, = 2(\/5—1)

=H2

13:

Ans.

Sol.

14.

Ans.

Sol.

Let A= {x:[x’-10| <6} and B = {x : [x-2| > 1}.
Then

(1) AUB = (-0, 1] U (2, )
(2)A-B=|2,3)
B3)AnB=|4,-2]uU]|3,4]
(4)B-A=(—00,4)U(-2,1)U (4, x0)
4)

X — 10| <6

—6<x -10<6

4<x°<16

A=[4-2]uv]2 4]

x—2|>1

B= (-0, 1)U (3, x)

AUB=(—x, 1)U [2, ®)
AnB=[4,-2]U(3,4]
A-B=][2,3]
B-A=(-0,-4)uU(-2,1)uU (4, )

—4 -29 49
and B = :
-1 —-13 18

X 0
if (A" + B_){ }z L}} then among the following
y

3
For the matrices A = |i1

which one is true?

(1)x=5,y="1 2)x=18,y=11
B)x=11,y=2 (4)x=16,y=3
3)
2 ] —4
Here A“=[ ok : ]
n -2n+1

e 31 —60
15 29

2 -11
:>A'5+B:{ }
2 -11

el

=12 2L

=2x—=11ly=10
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p+q=r

o I e
cos(n—ﬂ)zlpi +1q]" —|r|

2|pllq
-1 12+4-|7f
B 2.205.2
| =24

.;hbqq-3af+3ﬁf
= lix(ci—3[i-3cj)‘2 +72

= [px(-3p-24) +72

= [-2pxg|* +72
= 4|p[’|g|* xsin® 0+ 72
— 41242472

3

=200

r------------------------------------------‘

15.
r=BA. If ‘[;|=2\/§, a‘=23nd cos
where 0 is the angle between P and
|Bx(a—3;)_+3;h is equal to:
(1) 340 (2) 220
(3) 410 (4) 200

Ans. (4)

Sol.

=iy

For a triangle ABC, let §=ﬁ,&=a and

1

Tt

, then

16.

Ans.
Sol.

iy

Ans.
Sol.

Let y = y(x) be the solution of the differential
dy T T

equation secx—-2y = 2 + 3sinx, xe| ——,— |,
. ax [ 2 2)

y(0) = —% . Then y[%) is equal to:

5 3
1) —= 2) ——
(1) : (2) 2
(3) =33-7 4) -3v2-7
(D
d_y_zycusx=2c05x+3 Sin X.cos X
dx N
LR =™

g2 v Ie—l’““" (3sinxcosx +2cosx )dx
y.g 250X _ o-2sinx [—gsinx ") +C
2 4

=y —Esinx —1+ B
2 4

*:ﬂ@z—%:ﬁCzU

Let A= 1{2,3,5,7, 9}. Let R be the relation on A
defined by x Ry if and only if 2x < 3y. Let / be the
number of elements in R, and m be the minimum
number of elements required to be added in R to
make it a symmetric relation. Then ¢/ + m is equal

to:
(1) 23 (2) 25
(3) 21 (4) 27
(2)
A={2,3,5,79)

2x

i
<3

2, y=2,3,57,9]

3, ¥y=2,3,579

5, y=579 |->£=18
1,

9

Il

I

-

I

V=3,1:9
y=79

to make 1t symmetric elements to be added are
15,2), (7,2), (9,2), (5,3),(7,3),(9,3).(9,5)}

X
X
X
X
X

I

m="7

(+m=25

L--------—-------—--------—_-----------_---—_---‘
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Sol.

—
-

Sol.

r------------------------------------------‘

Ans.

Ans.

[f the system of equations

Ix+y+4z=3
2x+ay—z=-3
X+2y+z=4
has no solution, then the value of o is equal to:
(1) 19 (2)4
(3) 13 (4) 23
(1)
for no solution A=0

3 1 4

2 a -1[=0

RS S |

=>3a+2)+1(-1-2)+44-a)=0

= 19-a0=0= [a=19

& fora=19
3 1 4

Ay=1-3 19 -1 =3(21)+ 1(-1)+4(-82)
4 2 1

#0

.. no solution for = 19

Let z be the complex number satisfying |z—5[ <3

and having maximum positive principal argument.

Then 34 5_2_12 L is equal to:
51z +16

(1) 16 (2) 12

(3) 26 (4) 20

(4)

|z-5/<3
For arg(z) to be maximum, z lies at P.

20.

Ans.

Sol.

21.

Ans.

I

mn{n+l)(2n+l) ”

z=(4cos 0, 4 sin 0)

LB OHED22

Now. 34 5_2—12_‘ _ 34(16+12) 12
512+ 16 (161—12)+16
=344-|:121
161+ 4
é
_34[16+144 :34(@):2{}
(256 +16 272

The largest neN, for which 7" divides 101!, is :

(1) 16 (2) 18
(3) 15 (4) 19
(1)

Exponent of 7 in 101!

101 101 101
=|—|+| —|+| —|+......

=14+2=16

SECTION-B

Let [] denote the greatest integer function and

fix) = llm%i{%} Then IZZ‘f(j)is equal
i1

L |
(2)
ERIBILE
v | 1| 3 et

n(n+l)(2n+l){ | &2 {:n{n+1)(2n+l)
6.3" =1 3% 6.3"

M=

= —
=

.m% [k_;}ilimn(n+1}(2n+1)

6n°.3" o | W n—x 6.3*n’
1 1 & Kk ]
lim —
x+1 o n3 ;[ n:| 3n+l
|
= H{x)= —

L--------—_---—---—--------—_--------------—--—--‘
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Sol.

r------------------------------------------‘

Ans.

|
Ifj‘élcnt_] (1-2x + 4x’)dx = a tan '(2) — blog (5),

where a, beN, then(2a + b) 1s equal to

9)
|
Let I=[cot™(1-2x +4x)dx

[= j(cnt"(Zx —1)—cot ™' (2x) ) dx

i

Applying king
1

[=[(—cot'(2x 1)+ cot '(2x —2))dx

0

From (1) & (2)
21 =I(mt '(2x —2)—cot '(2x})dx

| 1

:jcnt '(2x—2)dx—jcot '(2x)dx
0 4]

Applying King
| |

= | cot ' (—2x)dx —Jcnt"(ﬁlx)dx

o
4] 0

_{:n: cot' (2x))dx — ICDI (2x)dx

J{T[ 2cot '(2x))dx

0

I
=n- 2_[(-;::::-‘['l 2x).1dx

By parts

=m— 2{(xcnt Zx +jl+4x dx}

Letl+4x =t
8xdx = dt

:ﬂ—Z{cnt" 2+ljﬁ:|
44t

=n—2cot™ 2-—-%{’115

21 =2tan" 2—%&15
= 41 = 4tan '2 — /n5

2+ h=8+1=9

D

23.

Ans.

Sol.

24.

Ans.

Sol.

Let the maximum value of (sin 'x)’ + (cos 'x)’ for

J3 1 m
Xe| ——,— — ", where ged (m, n) = 1.
AT ——"
Then m + n is equal to
(63)

(sin" x)_ + (cus" x)_

= (sin"] X +cos” :-:)_ —2sin 'xcos ' x

-

T: —Z(Sin" x)(g—sin” x)

A

=2[sin"x-E +£ where sin”' x e _—E,E
4 8 3°4

Then max value occurs at sin 'x = —-
Which is 2(5 +E]' o8 20
3 4 8 36

= m=29 and n =36

S n=63
If
[H‘](Hl}..[ul]
|_*acn Iﬁcl ]EC] 15(-:2 15C|2 ]EC”
= i , then 30 1s equal to :
i oo S o —
(32)

14
r=0 (r +1) 5 '14Cr =0 Cp
r+1
16"
_ 15 g s 10
4, 14 & u £ 15
= 300 = 32

L--------—-------—--------—_-----------_---—_---‘
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25. If P is a point on the circle x” + y* =4, Q is a point
on the straight line 5x +y+2=0andx—-y+1=0
is the perpendicular bisector of PQ, then 13 times
the sum of abscissa of all such point P 1s

Ans. (2)

Xx—y+1=0
. H H .
P(2cos0, 2s1n0) Q(o, —5a.-2)

Mid point of PQ liesonx -y + 1 =0

2cosb0+a  2sinB-50-2 4
2 2

2cosO+a—-2smB+5a+2+2=0

cosO —sin@+3a+2=0 ...(1)

" Slope of PQ 1s —1

1=0

2sinf0+5a+2 B
2cosO—a

2 sinb + Sa. + 2 =—2co0s0 +
sinB +cos@ +2a+1=0 ...(2)
eliminate o from (1) and (2)
=>cosO+5smb=1,0 e [0, 2nx]

=% SXZSinEC{]SE — 2sin’ E

'. sinE =0 = cos0 =1

or

sinEZS :}E{)SB:—E
2 13

Sum of all possible values of abscissa of point P is

=2}<1+2(-_12}=£
13 13

- 13 times sum of all possible values of abscissa
of point P is 2.

h_——_--—_—-—-_-—_—_--—--___——_—_-——-—--—_—-—_-_-__--__—_—---—-—--—-—-——-—‘
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26.

Ans.
Sol.

27.

Ans.

PHYSICS

SECTION-A
Consider two identical metallic spheres of radius R
each having charge QO and mass m. Their centers
have an initial separation of 4R. Both the spheres
are given an initial speed of u towards each other.
The minimum value of u, so that they can just
touch each other is :

(Take k=

and assume kQ > Gm™ where G
4r €,

is the Gravitational constant)

A
4mR kQ" 4mR kQ"

- \/kQ'[l_Gm:J (4)\]&@- (]_Gm:J
2mR\ kO’ 2mR( 2kQ°

(1

Using energy conservation

(2)[1111113 ] e + LA + il
2 4r dr 2r 2r

I . B
u=\/4mr(KQ -Gm®)

The charge stored by the capacitor C in the given

circuit in the steady state 1s .......... vy o

25V 10
= WW

2Q)
WW

3Q)
WW

4Q)
MWW

C=5uF
|

—
N

(1)12.5
(3)7.5

(2)

(2) 10
(4) 5

Sol.

28.

: 2.5V 10 in steady state
——| — AW
o o
T N
—{ W
4Q)
i=2.5/5=05 A
V.=4x0.5
V.=2V
charge
Q=CV;
=g %3
=10 pC

The total length of potentiometer wire AB is 50 cm
in the arrangement as shown in figure. If P is the
point where the galvanometer shows zero reading

then the length AP is .......... cm.
602 4Q
A b B
|
I 1
V
(1) 15 (2) 30
(3)25 (4) 20
Ans. (2)
Sol. D
Rﬁl"' RPE
{p+Lpg =30 suwl 1)
R, = fﬁ.r* :E
RFII JI!?I"'Fl- 2’

f*hngxﬂ] =30 cm

h--_-------_—_-—---“—-----—_---__-----_—_----——----—--‘



29,

Sol.

30.

Sol.

r------------------------------------------

Ans.

Ans.

A capacitor C 1s first charged fully with potential
difference of V, and disconnected from the battery.
The charged capacitor is connected across an
inductor having inductance L. In t s 25% of the
initial energy in the capacitor is transferred to the

inductor. The value of t 1s S.
() v LC 2) nJLC
3 6
nvLC _ EC
(3) (4) H,/—
2 2
(2)
Uc,- =?5%Ufl
s 3 5
Q; :ZQI
3 y
t=1"Q. =>t= —
Qcos ® 5 Q, 3
t==LC
6

The r.m.s speed of oxygen molecules at 47°C is
equal to that of the hydrogen molecules kept
at °C. (Mass of oxygen molecule/mass of
hydrogen molecule=32/2)

(1)-235 (2) -100
(3)-253 (4) 20
3)
V= /ﬂ

' M
vmlsﬂz ~ lesllz

T, =273+47=320K

3RT,, [3RT,
an Mu:

T, 1y
Mul M:—[]
320 _ Ty,
32 2
T, =20K
T, =-253°C

31

Ans.

Sol.

32.

Two cars A and B each of mass 10" kg are moving
on parallel tracks separated by a distance of 10 m,
in same direction with speeds 72 km/h and
36 km/h. The magnitude of angular momentum of

car A with respecttocarBis  I.s.
(1)3.6 x 10° (2) 10°
(3)3x10° (4)2x10°
(2)

L=mV. 1

- 1000x[36xi]x10
T

=10"kgm'/s

The pulley shown in figure is made using a thin
rim and two rods of length equal to diameter of the
rim. The rim and each rod have a mass of M. Two
blocks of mass of M and m are attached to two
ends of a light string passing over the pulley,
which is hinged to rotate freely in vertical plane
The

acceleration experienced by the blocks is

about its centre. magnitudes of the

(assume no slipping of string on pulley.)

m

L--------—_---—---—--------—_--------------—--—--‘



r------------------------------------------

Sol.

335

Ans.

Sol.

T T,

aT m M \La
v

mg Mg
Mg —-T,=Ma casll)
T, —mg=ma sl 2)
rn-ny=1% ..(3)

(D+(2)+(3)

I
(M—m]gz[M+m+—,]a
2

Here 1= Mr" +m><2

:{I+E)Mr:
3
~2Mmp

3

{M—m}g=[l‘v‘l+m+%}a

(M—m)g

|:M+m+5:1:1]

The kinetic energy of a simple harmonic oscillator
is oscillating with angular frequency of 176 rad/s.
The frequency of this simple harmonic oscillator

. 22
1S Hz. | taket = ?

(2) 88
(4) 176

d =

(1) 14

(3) 28

(1)

o = 176 rad/sec
0] 176

f, = x 7
2 2x22

=4 x7=28 Hz
So frequency of oscillator
f"

el 3
2

= 14 Hz

34.

Ans.

Sol.

35,

Ans.

Sol.

36.

Ans.

Sol.

Given below are two statements:

Statement I : In a Young’s double slit experiment,
the angular separation of fringes will increase as
the screen is moved away from the plane of the
slits
Statement 11

experiment, the angular separation of fringes will

In a Young’s double slit

increase when monochromatic source is replaced
by another monochromatic source of higher
wavelength

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

(1) Both Statement I and Statement Il are true

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

(3)
; : A
Angular fringe width = E
A battery with EMF E and internal resistance r is

connected across a resistance R. The power

consumption in R will be maximum when :

r
)R =2 2) R=—
(1) r (2) 5
(3) R =/2r (4)R=r
4)

For maximum power drawn across load

Resistance R, , = R,

intermal
Ry

Keeping the significant figures in view, the sum of
the physical quantities 52.0lm, 153.2 m and 0.123

m is :

(1)205m (2) 205.333 m
(3)205.33 m (4) 205.3 m
4)

L.=52.01+153.2+0.123

=205.333

=205.3

h--_-------_—--—---——---------__-----_—_----—----—-—--‘
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38.

Sol.
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Ans.

Ans.

A spherical body of radius r and density o falls
freely through a viscous liquid having density p
and viscosity 1 and attains a terminal velocity v,.
Estimated maximum error in the quantity n is :

(Ignore errors associated with o, pand g,

gravitational acceleration)

Ar Ay, 2Ar Ay,
(1) &——— (2) *

I Vo r Vi

(3) 2{§+,ﬂwﬂ ) 2{&_&;[}}
9 A I Vy

(2)

2r'g
b5 s

(pl-] —Pp)

5

2r
0 =_—g(PB —PL)

Y v,

An  2Ar Av,
+
n r V,

Surface tension of two liquids (having same
densities), T, and T,, are measured using capillary
rise method utilizing two tubes with inner radii of
r, and r, where r, > r, . The measured liquid heights
in these tubes are h, and h, respectively. [Ignore
the weight of the liquid about the lowest point of
miniscus]. The heights h, and h, and surface

tensions T, and T, satisfy the relation :
(I)h,<h,and T, =T,

2)h,=h,and T, =T,

(3)h,>h,and T, =T,

(4)h,>h,and T <T,

(1)

_ 2T

pgr

h

h o« —
r

B >t<sh=h

39.

Ans.

Sol.

40.

Ans.

Sol.

A river of width 200 m is flowing from west to east
with a speed of 18 km/h. A boat, moving with
speed of 36 km/h in still water, 1s made to travel
one-round trip (bank to bank of the river).
Minimum time taken by the boat for this journey
and also the displacement along the river bank are

and
(1) 20 s and 100 m
(2)40 s and O m
(3) 40 s and 200 m
(4) 40 s and 100 m

respectively.

3)
T i Vi = 5m/
200m | ERT AS
| : V.= 10 m/s

Minimum time :

t =@=20560
10

min

For round trip = 40 sec.
Displacement along river bank =40 % 5 =200 m

Two known resistance of R €2 and 2R € and and
one unknown resistance X €2 are connected in a

circuit as shown in the figure. If the equivalent

resistance between points A and B in the circuit is

X Q). then the value of X is Q.
MWW—WW—
2R X
Ae AW B
R

(1) (V3-1)R
(3) 2(\/3—1)11

(1)

(2R +x).(R) }
3R +x
x'+2Rx -2R*=0

x=(/3-DR

(2)R

(4) (J?H)R

L--------—_---—---—--------—_--------------—--—--‘
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41. The energy of an electron in an orbit of the Bohr’s
atom 1s —0.04E eV where E, is the ground state
energy. If L is the angular momentum of the

electron 1n this orbit and h 1s the Planck’s constant,

then % 1S

(1)2 (2) 4

(3)5 (4) 6
Ans. (3)

]
Sol. Angular momentum L = =

27

27l
n=——m
h

13.6 ,

Z

Energy E=——

E:>—E—i’=
nZ

—0.04E
n’ = 25, n=5

42. An infinitely long straight wire carrying current I is
bent in a planer shape as shown in the diagram.

The radius of the circular part is r. The magnetic

field at the centre O of the circular loop is :

C (k)

mr 2nr
3) Ko l(n-1)i @) B L)
27T 2T

Sol.

43.

Ans.

Sol.

z{I;j

A large drum having radius R is spinning around
its axis with angular velocity w, as shown in figure.

The minimum value of @ so that a body of mass M
remains stuck to the inner wall of the drum, taking
the coefficient of friction between the drum surface

and mass M is 1, 1s :

@
;.
e
M
ug 2g
13 JE2 7)==
g g
3) |2 4y [—==
(3) = {],,“R
(4)
“HN
N
«— 1IN
m

N=moT, mg=uN

1L X moOT=mg

h--_-------_—_-—---“—-----—_---__-----_—_----——----—--‘
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Sol.

45.

Sol.
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Ans.

Ans.

A body of mass 2 kg 1s moving along x-direction
such that its displacement as function of time is
given by x(t) = at’ + Bt + ym, where o= 1 m/s’,
B=1m/s and y= Im. The work done on the body
during the time interval t = 2 s tot = 3 s, 1s

I.
(1) 49 (2) 42
(3) 24 (4) 12
3)
x()=t +t+1
vit)=2t+ 1
a(t)y=2
F =4N.
Displacement = x(3) — x(2)
=13-7=6M

W=FS=4x6=24]

As shown in the diagram, when the incident ray is
parallel to base of the prism, the emergent ray
grazes along the second surface.

Incident ray

i

45 0
Base

[f refractive index of the material of prism is J2,

the angle 0 of prism is.
(1) 60°

(3) 90°

(1)

(2) 78°
(4) 45°

For grazing emergence

; |
sint, =—

i
By Snell's Law at incident surface

1

Ix—=

J2
£, =30
TRl e
A=175
75+45+0=180°
0 =60°

2sint,

46.

Ans.

Sol.

47.

Ans.

Sol.

SECTION-B

An electromagnetic wave of frequency 100 MHz
propagates through a medium of conductivity,
¢ = 10 mho/m. The ratio of maximum conducting
current density to maximum displacement current

density is

Take =9x10°Nm? /C?

41 =

(1800)

A

j.=oE

E = E, sin(ot — kx)

J. = oE, sin(mt — kx)

= (J.)... = ©E, ....(1)
f e la _ ix €, LdE
A A dt

= ¢, * E ocos (ot — kx)

suus(ii)

(jd)m:u — E:;Eﬂ{l}

(1)/(11)

(Jru)n'nlx — GEﬂ — o]

{.]:1 )nm:ﬂ EI!'I{l'}E[] Eﬂm
10x4rx9x10’

= il
2unx100x10

= 1800

The terminal velocity of a metallic ball of radius
6 mm in a viscous fluid is 20 ecm/s. The terminal
velocity of another ball of same material and

having radius 3 mm in the same fluid will be
cm/s.

(5)
We know :

Terminal velocity oc (radius)’

(Vvi:); A3
(Vy), = % = 5 cm/sec

L--------—-------—--------—_-----------_---—_---‘
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Sol.

49,

Sol.
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Ans.

Ans.

A particle having electric charge 3 x 10" C and
mass 6 x 10" kg is accelerated by applying an
electric potential of 1.21 V. Wavelength of the

matter wave associated with the particle 1s

_12 .
o X 10 " m. The value of o 1s

(Take Planck’s constant = 6.6 x 107 J.s)
(10)

A= -
J2mqV
. 6.6x107

" 2x18x10%x121

A=10"m=10x%10"m

a=10

In a Young’s double slit experiment set up, the two

slits are kept 0.4. mm apart and screen is placed at

I m from slits. If a thin transparent sheet of

thickness 20 pm is introduced in front of one of the
slits then centre bring fringe shifts by 20 mm on

the screen. The refractive index of transparent

. o :
sheet is given by T where a 1s

(14)

(n—=hHt.D
Yeahin = HT

209107 — (u—1)x20x107° x1
0.4x10"°

(n-1)=04
u=14

214, a=14
10

50. A diatomic gas (y = 1.4) does 100 J of work when

it 1s expanded 1sobarically. Then the heat given to

the gas <
Ans. (350)

Sol. w =100 1] = nRAT for isobaric process.

Q=nCAT= {£+1JnRﬂT

= %.(](}U) =350 Joule.

h--_-------_—--—---——---------__-----_—_----—----—-—--‘
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CHEMISTRY

SECTION-A
Consider the following spectral lines for atomic
hydrogen:
A. First line of Paschen series
B. Second line of Balmer series
C. Third line of Paschen series
D. Fourth line of Bracket sereis

The correct arrangement of the above lines in
ascending order of energy is:

(I)D<C<A<B
(2Q)A<B<C<D
(3)C<D<B<A
4)D<A<C<B

(4)

AE=13.6Z7 Lj— 1.,
ny n;

Series n
(A) Paschen (17 line) 3
(B) Balmer (2" line) 2
(C) Paschen (3" line) 3
(D) Bracket (4" line) 4 8
So correct ascending order of energy of above lines
IS :

D<A<C<B
Match List-I1 with List-II.
List-1 List-11
Pair of Type of
Compounds Isomers

—_—
"

A. 2-Methylpropene Stereolsomers

and but-1-ene

B. Cis-but-2-ene and 11.

trans-but-2-ene

Position isomers

C. 2-Butanol and [II. Chain isomers
diethyl ether

D. But-1-ene and IV. Functional group
but_z_ene iSDI’nerS

Choose the correct answer from the options given
below:

(1) A-IIL, B-1, C-1V, D-II
(2) A-IIL, B-I, C-11, D-IV
(3) A-1, B-1V, C-1I1I, D-II
(4) A-11, B-1, C-1V, D-III

Ans. (2)

Sol.
(A) )\& N\F

(III) Chain isomer

(B) /3& \=_\

(I) Streoisomers

(C) /\I/ & CH,CH,-O-CH,—CH,
OH

(I'V) Functional isomers
(D) N\F & /Q.\\\/

(I'V) Positional isomers

NO,
(1) Br,/FeBr/A
53 (2) SW/HCI/A

(3) pH necutralisation
(4) Br,/H.O

(5) NaNO,/HBr, 0-5°C
(6) CuBr/NaBr

»Major Product (P)

Consider the above sequence of reactions. The
number of bromine atom(s) in the final product (P)

will be:

(D1 (2) 6

(3)5 (4)3
Ans. (3)

h--_-------_—_-—---“—-----—_---__-----_—_----——----—--‘
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Sol.
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Sol.
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Ans.

Ans.

NO, NO, NH,
@ Br. / Fe @\ Sn + HCI @\
e b
Br

N
BT 'H,0 M\JU
HLl

. Br Br
CuBr

A

Br
Br

Number of Br atom in major product (P) =5
Aqueous HCl reacts with MnO(s) to form MnCl (aq),
Cl(g) and H,O(/). What is the weight (in g) of Cl,
liberated when 8.7 g of MnQO,(s) is reacted with
excess aqueous HCI solution ? (Given Molar mass
ingmol Mn=55,C1=3550=16,H=1)

(1) 7.1 (2) 71
(3)21.3 (4) 14.2

(1)

MnO, +4HCIl — MnCl, + Cl, + 2H,0
E Excess

87

=().1 mole 0.1 mole

Wt. of C1, obtained = 0.1 x 71 =7.1 g

By usual analysis, 1.00g of compound (X) gave
1.79g of magnesium pyrophosphate. The percentage
of phosphorus in compound (X) is: (nearest integer)

(Given, molar mass in g mol : O = 16, Mg = 24,

P=31)
(1) 50 (2) 30
(3) 20 (4) 40
(1)

Ny, w 2% 3]
0% of P —02iED x 100

W (unknown compound )

(12, 203)

x 100

1
=49.99% = 50%.

56.

Ans.

Sol.

57.

Ans.

Sol.

Consider the following data:

A H®(methane, g) = -X kJ mol’

Enthalpy of sublimation of graphite = Y kJ mol
Dissociation enthalpy of H, = Z kJ mol '

The bond enthalpy of C — H bond is given by:

X+Y+27Z
4

X+Y+4Z
(2) 5

(3 X+X +Z
-X+Y+Z
(4)

4
(1)
C(s) + 2H,(g) — CH (g)

(1)

—x = (AH_, of carbon) + 2 x (B.E. of H — H)
—4 x (B.E. of C — H)

—Xx=y+2z—4(B.E. of C— H)

BE.of C—H= 1122¥X
Match List-I1 with List-I1.

List-1 List-11

Reagents Reaction Name
(Involving aldehydes)
A. H,, Pd-BaSO, 1. Etard Reaction
B. SnCl, HCI [I. Rosenmund Reduction
C: CrOLL,Cs ITI.  Gatterman—Koch Reaction
D. CO,HCI, [V. Stephen Reaction
Anhyd. AICI,

Choose the correct answer from the options given
below:

(1) A-11, B-111, C-1V, D-1I
(2) A-1V, B-III, C-1, D-TI

(3) A-1V, B-1, C-I1, D-I11

(4) A-I1, B-1V, C-1, D-11I

4)

NCERT Name reaction theory based

L--------—_---—---—--------—_--------------—--—--‘
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Decomposition of A is a first order reaction at
T(K) and 1s given by A(g) — B(g) + C(g). In a
closed 1 L wvessel, 1 bar A(g) is allowed to
decompose at T(K). After 100 minutes, the total
pressure was 1.5 bar. What is the rate constant (in min ')
of the reaction ? (log 2 = 0.3)

(1)6.9 % 10"
(2)6.9 % 10
(3)6.9x 10"
(4)69x10"
(2)
AF—} Bg + Cg
] R _
1-P P P
P._=1+P
1.5=1+P
P=0.5
| 1

~100 "0

_ 0.693

100
=6.9x 10" min

The correct order of reactivity of the following

benzyl halides towards reaction with KCN 1s:

Br Br Br EBI’
i i NO,
OH NO,
a e - d

()a>b>c>d
(2)b>a>d>c
(3)b>a>c>d
(4)a>b>d>d
(2)

This is S_1 reaction.

Rate of S, I reaction o stability of carbocation

60.

Ans.

Sol.

61.

Ans.

Given below are two statements:

Statement-I: The correct order in terms of
atomic/ionic radii is Al > Mg > Mg~ > Al

Statement-II: The correct order in terms of

the magnitude of electron gain enthalpy is
Cl>Br>S>0.

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

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

(2)

Correct order of size is Mg > Al > Mg’ > Al"

and shell

Atomic size depends mainly upon Z
number.

effective

Generally on moving down the group electron
affinity decreases and on moving across the period
electron affinity increase.

In the periodic table Cl has maximum electron

affinity. Halogen has higher electron affinity than
Chalcogen.

Cl>Br>S8>0
The correct statements are:

A. Activation
hydrolysis of sucrose is lower than that of acid

energy for enzyme catalysed

catalysed hydrolysis.

B. During denaturation, secondary and tertiary
structures of a protein are destroyed but primary
structure remains intact.

C. Nucleotides are joined together by glycosidic
linkage between C, and C, carbons of the pentose
sugar

D. Quaternary structure of proteins represents
overall folding of the polypeptide chain.

Choose the correct answer from the options given
below:

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

3)

L--_------—__--—---—--------—_--------------—--—--‘
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Activation energy for enzyme catalysed hydrolysis
of sucrose is lower than that of acid catalysed
hydrolysis.

During denaturation secondary and tertiary

structures of a protein are destroyed but primary
structure remains intact.

The correct order of the rate of the reaction for the
following reaction with respect to nucleophiles is:

CH,Br +Nu” ——>CH,Nu +Br®
(1) PhO" > OH > CH,COO" > CIO,
(2) ClO, >CH,COO" > OH > PhO
(3) CH,COO >PhO > OH > CIO,
(4) OH >PhO >CH,COO > CIO,
4)
Stability order of anion
O
ClO, > CH, —|C|3 -0 > Ph-O > OH and
nucleophlicity order reverse of stability of anion
O
OH >Ph-O >CH,; - (].l -0 >Clo,”
Given below are two statements:

Statement I: Crystal Field Stabilization Energy
(CFSE) of [Cr{H:t'Z))h]“u is greater than that of
[Mn(H,0),]"".

Statement II: Potassium ferricyanide has a greater
moment than  sodium

spin-only  magnetic

Ferrocyanide.

In the light of the above statements, choose the

correct answer from the options given below:

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

(4) Statement I 1s false but Statement Il is true

(D

Sol.

64.

Ans.

Sol.

65.

Ans.

[Mn(HEO}ﬁ]} — CFSE value is zero because of d’
configuraiton with WFL in coordination number 6
[Cr(H,0),]".

[Cr(H,0),]” = CFSE value is —0.6A, because of d’

configuraiton with WFL in coordination number 6.
For : K,[Fe(CN),], p=+/1(1+2) =+/3 BM.

For : Na [Fe(CN),], u= J0 BM.

The correct increasing order of C — H(A),

C - O(B), C = O(C) and C = N(D) bonds in terms
of covalent bond length is:

(HDA<B<C<D

(2)A<D<C<B

(3)D<C<B<A

4)D<C<A<B

(2)

C-H(A) 107 pm

C=N(D) 116pm

C-O(B) 143pm

C=0(C) 121 pm

Given below are four compounds:

(a) n-propyl choride

(b) iso-propyl chloride

(c) sec-butyl chloride

(d) neo-pentyl chloride

Percentage of carbon in the one which exhibits

optical isomerism is:
(1) 52 (2) 56

(1)

(3) 46 (4) 40

Sol. /f["\/
2-Chlorobutane is optically active and

chiral molecule
Molecular formula = C H,Cl
Molar mass =48 +9+35.5=902.5

%0C = 45 x100 =51.89%
92.5

L--------—_---—---—--------—_--------------—--—--‘
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Ans.
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Ans.

Sol.

Given below are some of the statements about Mn
and Mn,O.. Identify the correct statements

A. Mn forms the oxide Mn,O, in which Mn is 1n its
highest oxidation state.

B. Oxygen stabilizes the Mn in higher oxidation
states by forming multiple bonds with Mn

C. Mn,O, 1s an ionic oxide.

D. The structure of Mn,O, consists of one bridged
oxygen.

Choose the correct answer from the options given
below:

(1)A,B,Cand D
(3) A, C and D Only
(2)
Mn,O, : Mn in +7 oxidation state.
O O
I |

(2) A, B and D Only
(4) A, B and C Only

Mn Mn=
AN o Il ©

For a closed circuit Daniell cell, which of the
following plots 1s the accurate one at a given temperature ?

f

{ ] ) Eaccll

time—»

time—»

r

{mmj\\\\

time—»

{/

(4) E°cen

L 4

(2)
Eh

cell

remain constant with time.

68.

Ans.

Sol.

Given below are two statements :

Statement — I : Compound (X), shown below |,

dissolves 1n NaHCO, solution and has two chiral

COOH

carbon atoms
Br

(X)

Statement — Il : Compound (Y), shown below,
has two carbons with sp’ hybridization, one carbon

with sp’ and one carbon with sp hybridization

N=(C=0

(Y)
In the light of the above statements, choose the

correct answer from the options given below :

(1) Statement I is true but Statement 11 is false
(2) Statement I is false but Statement II is true
(3) Both Statement I and Statement II are true
(4) Both Statement I and Statement I1 are false

3)

0 COOH

Br

Two chiral centre and due to presence of -COOH

compound dissolves in NaHCO..

sp’

\”
J”\C=c=o
SR

sp” Sp

h--_-------_—_-—---“—-----—_---__-----_—_----——----—--‘
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Given below are two statements :
Statement I : The correct order in terms of bond
dissociation enthalpy is Cl, > Br, > F, > 1,

Statement 1l : The correct trend in the covalent
character of the metal halides is [SnCl, > SnCl],
[PbCl, > PbCL,] and [UF, > UF,]

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

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

Statement-I :

Bond energy order is Cl, > Br, > F, > I,

Bond energy increases with increase in bond order.
Statement-I1

Correct order of covalent character

According to the Fajan’s rule, higher the charge on

cation , greater is the covalent character.

PbCl, < PbCl, ,

UF,>UF,,

SnCl,> SnCl,

On heating a mixture of common salt and K,Cr,0,
in equal amount along with concentrated H,SO, in
a test tube, a gas i1s evolved. Formula of the gas

evolved and oxidation state of the central metal

atom in the gas respectively are :

(1) CrOCl, and +5 (2) CrOCl, and +6

(3) Cr,0,Cl, and +6 (4) Cr,0,Cl, and +3

(2)

4NaCl + K.Cr,0, + 6H,S0O,

—— 2KHSO, + 2CrO,Cl, + 4NaHSO, + 3H,0

(Chromyl
chloride)

In Chromyl chloride Cr is in +6 oxidation state.
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SECTION-B
The first and second ionization constants of H,X
are 2.5 x 10" and 1.0 x 10" respectively. The
in 0.1 M H,X solution 1s
x 107" M. (Nearest Integer)

- )
concentration of X~

(100)

HX = H + HX,

0.1—x Xty  X-y

25 x 100 = XY (X—Y)
0.1-x

HX = H + X%,

X—y Xty |y

[x 10" = &Y H)
X—y

Approximate : K, >K, =S80x>>y.

Xty = X, X—y =& X

10 "= L
X

y=10"

[X] =; 1043

-

[X7] =100 107"

The osmotic pressure of a living cell in 12 atm at
300 K. The strength of sodium chloride solution
that is isotonic with the living cell at this
temperature 1s g L. (Nearest integer)
Given : R=0.08 L atm K ' mol

Assume complete dissociation of NaCl

(Given : Molar mass of Na and CI are 23 and 35.5

g mol ' respectively.)

(15)

n=1CRT
12=2xC x 0.08 x 300
12=2xCx24

L--------—_---—---—--------—_--------------—--—--‘
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€= . mole/L
4
then strength of NaCl solution
l
= — x58.5¢g/L
1 g

=14.625 g/L

=15 /L.

A substance ‘X’ (1.5 g) dissolved in 150 g of a
solvent Y’ (molar mass = 300 g mol ™) led to an
elevation of the boiling point by 0.5 K. The relative
lowering in the vapour pressure of the solvent Y’

18 x 107, (Nearest integer)

[Given : K, of the solvent = 5.0 K kg mol ']
Assume the solution to be dilute and no association

or dissociation of X takes place in solution.

3)

AT, =1xK xm
0.5=1xmx5
2 0.5
1 Xm=— =0.1
5
. 15
1 Xa=
1000
(where a = moles of solute)
Now,
P.~Ps . : a
- 0 . =1Xﬁnlu1n:=lx
P D
300
_.,.a _15/1000 _ 30 _ . oo .
1/2 172 1000

[dentify the metal ions among Co™, Ni’', Fe™', V"
and Ti" having a spin-only magnetic moment
value more than 3.0 BM. The sum of unpaired

electrons present in the high spin octahedral

complexes formed by those metal ions is
(7)
V' =(Ar), 3d’

Ti"' = (Ar),, 3d’
Ni"" =(Ar),, 3d’

1.

Ans.

Sol.

Fe*' = (Ar),, 3d"
Co" =(Ar), 3d’
Only for Fe* and Co™" p is more than 3.0 B.M.

111

Fe 3d° [LI1]1] n=4,n>3
111

Co"3d" (LU | n=3,1>3

. Number of unpaired electrons =4 +3 =7
MX is a sparingly soluble salt that follows the

given solubility equilibrium at 298 K
MX(s)==M"(aq)+ X (aq); K_=10"

[f the standard reduction potential for

M*(aq)—=—>M(s)is (ES., )=0.79V, then

the value of the standard reduction potential for the

metal/metal insoluble salt electrode E® s
X /MX(s)VM

mV. (nearest integer)

2.303RT
[Given: ——— =0.059V ]
(200)
; . 0.0591
X Mx(sym — Entom F n logK,,
- 0.79 + 0% log 10"
=0.79-0.59

=020V =200 mV
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