Doubtclip = AIDOUBT SOLVER www.doubtclip.com

Date: 18/05/2025

Time : 3 hrs. Answers & Solutions Max. Marks: 180

dor
JEE (Advanced)-2025 (Paper-1)

PART-I : MATHEMATICS

SECTION 1 (Maximum Marks : 12)
e This section contains FOUR (04) questions.
e Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the correct answer.
e  For each question, choose the option corresponding to the correct answer.

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

Full Marks : 43 If ONLY the correct option is chosen;
Zero Marks % i) If none of the options is chosen (i.e. the question is unanswered);
Negative Marks : =1 In all other cases.

1. Let R denote the set of all real numbers. Leta;, bie R for 7 €{1, 2, 3}.

Definethefunctions f: R > R,g: R - R,andh: R - R by
flx) = a1+ 10x + a2x? + asx® + x*,

g(X) = b1+ 3x + bax? + bax® + x*,

h(x) = flx+ 1) - g(x + 2).

If f{x) # g(x) for every x € R, then the coefficient of x* in h(x) is

(A) 8 (B) 2
() -4 (D) -6
Answer (C)
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Sol. f(x+1)=a, +10(x+ 1)+a2(x+1)2 +c:3(x+1)3 +(x +1)‘1
Coefficient of X* in fix + 1) = az + 4
glx+2)=by +3(x +2)+ by(x+2)* + by (x+2)* +(x+2)*
Coefficient of x* in g(x +2) = bz + 8
= Coefficient of x*in h(x) = fix + 1) — g(x + 2)
isas+4-b3—8=a3-b3—4
But fix) =g(x) ¥V x
= flx)-glx)#0
= f{x) = g(x) = 0 have no real roots
(a1—b1) + 7x + (@2 — b2)x? + (a2 — ba)x® = 0 have no real roots
= a3—-b3=0
= Coefficient of x* in h(x) = -4
Option (C) is correct.
2.  Three students 51, 52, and 53 are given a problem to solve. Consider the following events:
U: At least one of 53, S2, and S3 can solve the problem,
V: 51, can solve the problem, given that neither Sz nor S3 can solve the problem,
W: 5z can solve the problem and Sz cannot solve the problem,
T: 53 can solve the problem.

For any event E, let P(E) denote the probability of E. If
1
PU)=2, PV)=—", and PW)= -,
2 10 12

then P(T) is equal to

13
36

(A) (B)

19

( 60

(D)

b=

Answer (A)

P(s;)=a
Sol. Let P(S,)=b they are independently solving
P(S;)=c

U=5,US,US, U =(5,n5,N5,)
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= P(U]:l—P(UC]:l—[(I—a][l—bj{l—c]]:%
1
= (1—a][1—b)(1—c)=5
p(s, s, mS;
P[V]:P[sl]z ( it il a)zp(sljza:i
5, NS, P(S;NS3) 10

P[W):P(Sz mg):bll—c):l—lz

i 1 5
(1—5](1—12)(1—:]—5:)(l—blll—cl "%

b A B3 53
1-b 12 5 20 23
3 1 23
—(1=-c)=—=1-c=—
23 12 36
13
C:.—.
36

13
P(T)=P(S3) = c=—
(T) = P(S3) =
3. Let R denote the set of all real numbers. Define the function f: R — R by

2—2)(2—)1'25ini if x#0,

d iEx=0.

2

Then which one of the following statements is TRUE?

(A) The function fis NOT differentiable at x =0

(B) There is a positive real number §, such that fis a decreasing function on the interval (0, 8)

(C) For any positive real number §, the function fis NOT an increasing function on the interval (-5, 0)
(D) x=0is a point of local minima of f

Answer (B)

i
2x*—x*sin= x#0

2—
Sol. f(x)= il

2
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Hrr})f{x]zsz(O) . flx) is continuous
o f(-F(0)
7= I

2—2h2—hzsin(;]—2

lim
h—0 h

—zh—hsin[l)
fim —— \h/

h—0 1
f(0)=0
fix) is differentiable at x=0

=0

RHD = lim —h(z + sin(%n <0

h—so0"

LHD = lim —h(z + sin(l]] >0
h—0~ h
x =0 s a point of maxima
In (0, 8) function is decreasing (6 > 0)
Option (B) is correct
In (-6, 0) function will be increasing (3 > 0)
Option (C) is incorrect
4. Consider the matrix
2 0 0
P=|0 2 0}
G 0 3

Let the transpose of a matrix X be denoted by X”. Then the number of 3 x 3 invertible matrices Q with integer entries, such
that @*=Q"and PQ = QP,

(A) 32 (B) 8
(C) 16 (D) 24
Answer (C)
Sol. AsPQ=QP
2 0 0jla b ¢ g b cll2 00
0 20 e f|=|d e f||0 2 0
0 0 3 h i g h i|l0O 0 3

2d 2e 2f|=|2d 2e 3f
33 3h 3i| |29 2n 3i

2a 2b 2c 2a 2b 3c
=
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= ¢=0,f=0,h=0,g=0

a b O
WegetQ=|c d O
0110 e
GivenQQ" =1
[a b O|[a ¢ 0] [1 0 O
= (¢ d 0B 0l=1¢ 1.0
_0 0 @|l0 0 i & ¢ T ¢
(> +b2 ac+bd 0 1 o 0
= |ac+bd c*+d*> 0|=0 1 O
0 0 2 [HT E

= a*+b*=1,ac+bd=0,2+d*=1,2=1

Case I: (g, b) = (0, 1) or (0,-1), (¢, d) =(1, 0) or (-1, 0)
Case ll: (g, b) = (1, 0) or (-1, 0), (¢, d) = (0, 1) or (0, -1)
Therefore total possible @ =16

SECTION 2 (Maximum Marks : 12)

e This section contains THREE (03) questions.

e 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).

e  For each question, choose the option(s) corresponding to (all) the correct answer(s).

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

FULL MARKS : +4  ONLY if (all) the correct option(s) is(are) chosen;

Partial Marks T+3 If all the four options are correct but ONLY three options are chosen;

Partial Marks = If three or more options are correct but ONLY two options are chosen, both of which are
correct;

Partial Marks T+l If two or more options are correct but ONLY one option is chosen and it is a correct option;

Zero Marks LB ¢ If none of the options is chosen (i.e. the question is unanswered);

Negative Marks S = In all other cases.

5. Let L1 be the line of intersection of the planes given by the equations

2x+3y+z=4andx+2y+z=5.
Let L2 be the line passing through the point P(2, =1, 3) and parallel to L1. Let M denote the plane given by the equation
2X+y—-2z=6

Suppose that the line L2 meets the plane M at the point Q. Let R be the foot of the perpendicular drawn from P to the
plane M.
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Then which of the following statements is (are) TRUE?

(A) The length of the line segment PQ is 9\/5
(B) The length of the line segment QR is 15

(C) The area of APQR is % 234

(D) The acute angle between the line segments PQ and PR is cos_l[LJ
23
Answer (A, C)
Sol. Li:2x+3y+z=4
X+2y+z =5

.. line L1 in standard form is
x+7_y-6_z

1 il 1
and equation of line Lz is:
x-2_y+l_z-3

1 =1 1
Equation of plane M : 2x +y -2z =6.
Let coordinate of Q = (A + 2, A —1, A + 3).
- Q lies on plane M
A==
.. coordinate of Q = (-7, 8, —6).
For foot of perpendicular R(xa, y1, 21)

X—-2 y+1 z-3 —(4-1-6-6)

2 1 -2 9

.. Coordinate of R=(4, 0, 1)
P{2,~1:3)

Q R
(“7: 8i *6] (4r O.' 1)
S PQ= Qx/g units
QR =+/234 units
PR =3 units
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Let 6 be acute angle between PQ and PR, then

cus.@:L and sinf = 26
33 V27
3

Area of APQR:%. PQ- PR -sinf :54234 sg. units

6. Let N denote the set of all natural numbers, and Z denote the set of all integers. Consider the functionsf: N — Z and
g: Z — N defined by

_|(n+1)/2 ifnis odd,
ﬂn)_{til—n)/z if n is even,
and
= 3+2n ifnz=0,
9= —2n ifn<o.
Define (g o f)(n) = g(f(n)) foralln € M, and (f o g)(n) = flg(n)) foralln e Z .
Then which of the following statements is (are) TRUE?
(A) gefis NOT one-one and ge fis NOT onto (B) fe gis NOT one-one but fe gis onto
(C) gisone-oneand gis onto (D) fis NOT one-one but fis onto
Answer (A, D)

¥ =R+ {

sol. f(n)= 4:7 "

—, n=2k
2

atk=0,f(1) =1=f(2) =1 = fis not one-one
2 — k covers all integers {1, 0, -1,...}
k+1covers{l, 2, 3,..}
= f(n) covers all integers = f(n) is onto but not one-one
3+2n, n=>0
gln _{ -2n, n<0

k+1 kenNu{0}
2—k, keN

Notice that 1 ¢ rangeofg(x)as3+2n=1,n>0
and-2n=1,n<0

= g(n)is not onto

3+2(”—+1
3+2f(n), f(n]é()_ 2
=2f(n), fln)<0 3+2{42;n}

], n=2k+1

g(fl"ll—{
n=2k

n+4 n=2k+1
7-n, n=2k
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g(f(n)) is always odd = not onto

at g(f(1)) =5=g(f(2)) = 0 not one-one

gln)+1 :
o T g(n)is odd natural n+2, n20
n))= =
4 4-g(n) i n+2, n<0
% g(n)is evennatural

= (n+2)¥ n= f(g(n)) is one-one
7. Let Rdenote the set of all real numbers. Let z1=1 + 2i and z2 = 3i be two complex numbers, where i =+/-1. Let
S={(x,y)eRxR:|x+iy—z |=2|x+iy-2z|}.

Then which of the following statements is (are) TRUE?
1 10
(A} Sis acircle with centre [—;, ?)

(B) Sisacircle with centre [l,ﬁ}
-

2
(C) Sis acircle with radius 3

22

(D) Sis acircle with radius o

Answer (A, D)

Sol. |x+iy—(1+20)] =2|x+iy—(31)]
[x=1+y=2)i|=2]x+(y=3)i|
Jx=12 +(y =222 =2/x* +(y -3
(x=1)+(y-2)> =40+ (y-3)’)

X+ —2x—48y+5=4(x>+y*—6y +9)
3x2+3y2+2x—-20y +31=0

U

R

x2+y2+2—x—2ﬂ+2:0
3 3 3

U

[—1 10}
= Centre =| —, —
3 3

2 2
Radius = (_—l) +(EJ —2: .
3 3 3 9
a2

3
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SECTION 3 (Maximum Marks : 24)
e This section contains SIX (06) questions.
e The answer to each question is a NUMERICAL VALUE.

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

e If the numerical value has more than two decimal places, truncate/round-off the value to TWO decimal places.
e Answer to each question will be evaluated according to the following marking scheme:
Full Marks T+ If ONLY the correct numerical value is entered in the designated place;

Zero Marks : 0 In all other cases.

8. Let the set of all relations R on the set {a, b, ¢, d, e, f}, such that R is reflexive and symmetric, and R contains exactly 10
elements, be denoted by §.
Then the number of elements in § is

Answer (105.00)

Sol. letA={a, b,cd,e,fl

R AxA, Risreflexive, = (x,x) e RV xeR
= (SCI] = 6 elements
We need 4 elements but since R is symmetric, we want to pairs («, [3) and (y, 8) such that
(o, B) e Rand (y,8) = (B,)=Rand(§,7) R
= We need to choose the pairs

(o, B) and (v, 8)
= Total unordered pairs
= "’C;1 =15 pairs
Out of these we need two pairs

e, = DX 105

2
9. For any two points M and N in the XY-plane, let MN denote the vector from M to N, and O denote the zero vector. Let

P, Q and R be three distinct points in the XY-plane. Let 5§ be a point inside the triangle APQR such that
SP+55Q+6SR=0.
Let £ and F be the mid-points of the sides PR and QR, respectively. Then the value of
length of the line segment EF

length of the line segment £5
is s
Answer (01.20)
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L}

|

|

1

1

|

|

|

R 1

1

|

3 : '

Sol. \ 3 4 1
1

1

. |

P Q 1
Sy wmms  mmasm |
SP+55Q+65R=0 |
1

P-5+5Q-5)+6(R—S5)=0 |
|

P+5Q+6R-125=0 1
1

. . i e I [ 1
| FllePQFIﬁ—EI:lQJrR—R+P|:|P gl "
2 | 2 2 || 2] I

_— 1

—= - P+R - 1
|ES|—|S—E|—‘T—S‘ 1
|

_ﬁ+§7(ﬁ+sé+sﬁ] :
2 12 I

5 1848 " 1
_6P+5R—P—5Q—6R[_‘5P—SQ| I
12 | [ 12 | I

|

B2 =
sy defl 13 | B 32 08 I
|ES| £|p_é| 10 1

12 |

|

10. Let S be the set of all seven-digit numbers that can be formed using the digits 0, 1 and 2. For example, 2210222 is in §, but |
0210222 is NOT in 5. :
Then the number of elements x in S such that at least one of the digits 0 and 1 appears exactly twice in x, is equal 1
to I
1

Answer (762.00) |
|

Sol. A:0 exactly twice |
B : 1 exactly twice :
C:0and 1 exactly twice :
=n(A)= 5C2-25 [0 can’t be leftmost digit] :
- 1

=480 I

|

|

|

1

|

|

|

1

1

|

|

1

1

1

|

|

|

1

1
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B: (1 at leftmost place) w (1 is not at leftmost place)
=5¢,-2°+ 5¢,.2% =432
C:0011222, no. of valid 7 digit number

7! 6!

= -——=15
312121 3121

= Total numbers = 480 + 432 — 150
=762
11. Let o and [ be the real numbers such that

X

W s ) 1
lim — —J- sdt+Pxcosx |=2.
x—=0 x Zol—t

Then the value of e + B is

Answer (02.40)

X
Sol. lim— E'[#dtJrﬁxcosx =2 {g]form
2412 0

lim <. 2 -1+ Pcosx —Pxsinx
x—0 2 ]_—,1{2

2

3x

o
= |—=+p=0
-

Again differentiate,

I‘m?) %(—1](1—):2 )_2[—2)()— Bsinx —Psinx —Pxcosx

6x

Again differentiate,

lim al-2)(1-x2) 3 (=2x)7 +a(l1—x?*) 2 - 2Bcosx —PBcosx + Pxsinx

x—0 6

a-2p-B
=

= 2

= a-3p=12
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12
o+B="==240

12. Let R denote the set of all real numbers. Let f: R — IR be a function such that fix) >0 forallx € R, and f (x + y) = fix)f(y)
forall x, y € R. Let the real numbers a1, as,..., @so be in an arithmetic progression. If f{as1) = 64f(azs) and

50
> fla)=32% +1),
i=1

then the value of
30
> fla,)
=6
is
Answer (96.00)

Sol. f(x)=a*Vx,yeR

ar=a1+ (r—1)d. {Let d is common difference of A. P)
50 50

Z-ﬂai] _ Zaal Hi-1)d

i=1 i=1

50 dq _ (8150
=g 3 gl g a’(1-(a")")
o 1-a9
i=1
ay—d ad(l_asad]
=a S
1—a
(1_0500')

— = 3(2% +1) y.Q

= qg".
1-a

flaz1) = 64f(azs)

— aal+300‘ =64, aal+24d

= a%¥=64=2°

g?=2 (i)
Using (i) and (ii)

G‘ul {1_250}

= ———="=30%+1)
1-2
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= g1(2¥-1)(2¥ +1)=312" +1)

= gn=_3 {iii)
25-1
30 30 6d; 25d
e W med @@ =1)
Now, Zf{a,):aul Zc =gt
=6 i=6 (@ -1)
dy2
:Ual (ad)S [(CI' ] 2 _1|

ad—l
E P o
x
225_1 |

13. Forall x>0, let y1(x), y2(x), and ys(x) be the functions satisfying
d .
N (sinxly, =0,y,(1)=5,
dx

d 1
D2 _(cosxPy, =0,y,(1)==,
Ix 3

dy, 2.7 3
—Z= ey, =0, y,(1) =—,
dx [ x> K s Se
respectively. Then

lim yltx)}’z{x)yg;tx) +2x
x-0* e** sinx

is equal to
Answer (02.00)

d
sol. P1_ (sin?x)y, =0
dx
d
-‘-—yl = Isinz xdx
Vi

I‘&

1-cos2
_[ cos xdx
41

2

1 .
= In|y1|=E(x— szn]+r.‘1

1(  sin2x))
+C.
iy ylzezl 2 )
wopm(i)=5
1 sin2
= Clzln57f+T
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1 sin2x 1 sin2
—|x— ]+In5——+—
2\ 2 2 4

(1)

=i J=e

dy
and —2-= 2
% (cos?x)¥a

= _‘-% = J-cos;l xdx = J@dx

1 sin2x
= In|y2|:5[x+ 5 }+C2

1['X+M‘J_

== yzzez‘ 2 2 4 [2)

d e
and 25 2% V3
dx ¥3

Pl 5o

X

1
= In|3./3|=—»;2~—)r+63

3
woys(l)= —
X 5e

= C;=1+In3-In5

—i—x+1+ln3—ln5
= y3 —e X [3)

From eq" (1), (2) and (3)
A
yalx) y2(x) ya(x) = e ¥

Nt V1 (X)y; (x)y3(x) +2x
x—0" e* sinx

-1

2
ex 4+ 2x
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-1

1f.”‘_2+2 g =
= lim Xi lim —eX =0
x—0" esx[smx) x—0t X
X
0+2
= -
1x1

SECTION 4 (Maximum Marks : 12)
e This section contains THREE (03) Matching List Sets.
e Each set has ONE Multiple Choice Question.
e  Each set has TWO lists: List-1 and List-II.
e List-l has Four entries (P), (Q), (R) and (S) and List-1l has Five entries (1), (2), (3), (4) and (5).

¢ FOUR options are given in each Multiple Choice Question based on List-l and List-1l and ONLY ONE of these four options
satisfies the condition asked in the Multiple Choice Question.

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

Full Marks T +4 ONLY if the option corresponding to the correct combination is chosen;
Zero Marks S If none of the options is chosen (i.e. the question is unanswered);
Negative Marks : -1 In all other cases.
14. Consider the following frequency distribution:
Value 4 5 8 9 6 12 11
Frequency 5 fi f 2 1 1 g

Suppose that the sum of the frequencies is 19 and the median of this frequency distribution is 6.

For the given frequency distribution, let @ denote the mean deviation about the mean, 3 denote the mean deviation about
the median, and 62 denote the variance.

Match each entry in List-l to the correct entry in List-1l and choose the correct option.

List-1 List-11
(P) | 7f1+ 9f2is equal to (1) | 146
(Q) | 19 is equal to (2) | a7
(R) | 19p is equal to (3) 48
(S) | 19a2is equal to (4) | 145
(5) |55
(A) (P)—(5)(Q) = (3) (R) > (2) (S) — (4) (B) (P)—(5)(Q) = (2) (R) —>(3) (S) = (1)
(€ (P)—=(5)(Q)—(3) (R) = (2) (S) = (1) (D) (P)—(3)(Q) = (2) (R) = (5) (S) — (4)

Answer (C)
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Sol.

Value (xi) fi cf S

4 5 5 20

5 f S5+f 20

6 1 6+f1 6

8 f2 6+fi+fa 24

9 2 8+fi+fa 18

11 3 11+fi+fr |33

12 1 12+ fi+fa 12

12+fi+fr Zfixi=133

Given12+fi+f:=19 Median =6
= fi+f=7 Median = [%Jth term:(%]th term = 10" term

= 6+fi=z10=>fi=d4andfa=3
7f1+9H=7x4+49x3
=55=P—>5
Mean (k‘):ﬁzﬁz?
If, 19
Mean deviation about mean (w) :M
Xfi
_ 5(3)+4(2) + 1(1) +3(1) +2(2) + 3(4) +1(5) 48
19 19

= 19a=48 Q—3

Mean deviation about median ()

_Zfi 1% —M|

_w#_u_zﬁ

_ 5(2) + 4(1) + 1(0) + 3(2) + 2(3) + 3(5) + 1(6)
19

B2
19
198 =47 R—2
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5

i 3R vl
Variance (o) = Z_f, (X)
_5%x16+4%25+1%36+3x64+2x81+3x121+1x144 —(7)
19
T A
= 190?=146
§—>1

P—>50Q—3R—>25->1

15. Let R denote the set of all real numbers. For a real number x, let [x] denote the greatest integer less than or equal to x.
Let n denote a natural number.

Match each entry in List- to the correct entry in List-1l and choose the correct option.

List-1 List-11

(P) | The minimum value of n for which the function (1) 8

10x% —45x% +60x +35 | _
flx)= is_continuous on

n

the interval [1, 2], is

(Q) | The minimum value of n for which g(x) = (2n°-13n | (2) 9
-15)(»x® + 3x), xR, is an increasing function on
R,is

(R) | The smallest natural number n which is greater | (3) |5
than 5, such that x = 3 is a point of local minima of
h(x) = (x2=9)" (x* + 2x + 3), is

(S) | Number of x; € R such that (4 |6

a4

I(x) = Z[sinlx—k | +cos
k=0

differentiable at xo, is

x—k+l
2

], xe R, isNOT

(5) |10

(A) (P)—(1)(Q) = (3) (R) —>(2) (S) = (5)
(B) (P)—(2)(Q)— (1) (R) —(4) (S) — (3)
Q) (P)—(5); (Q) — (1); (R) — (4); (S) — (3)
(D) (P)—(2);(Q) — (3); (R) = (1); (S) — (5)
Answer (B)
Sol. (P) Letg(x)=10x>—-45x2 + 60x + 35
g'(x)=30(x>—3x+2)=30(x—1)(x - 2)
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+, = .+
L] )

1 2

= g(x) is decreasingin [1, 2]

Now, fm:[g‘”]:[ﬂ, 2) =[55}
n n n

For f(x) to be continuous in [1, 2] its integral value should remain same in whole interval forn=9, f{1) =6, f{2) = 6

(P)—(2)
(Q) g'(x) = (2n? = 13n - 15)(3x? + 3)

=(2n—15)(n +1)(3x2+3) >0
N
T

-1 15/2

for g(x) to be increasing minn =8
= Q — 1 matching
(R) h(x) = (x*—9)"(x? + 2x + 3)
h(3)=0forn>5
atn=6=n(3 +6) > h(3)
n(3-23) > n(3)
= h(x) has local minima atx=3forn=6

R — 4 matching

(S) IN(x)=sin|x|+cos +sin‘x-1|+cos

1 1‘
X 4= X——
2 2

T, +sin|x—4|+cos

7
Y
2
as sin|x—a| is non differentiable at x = a

but cos|x —a| remains differentiable at x = a

= given /(x) is non-differentiable at
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x0=0,1, 2,3, 4(5 points)
(S) — (3) matching

(P) = (2) (Q) — (1) (R) — (4) (S) — (3)

v, and t be real numbers

I )

16. Let W:f+}—2]2, and U and Vv be two vectors, such that uxv=w and vxw=u.leta,
such that

G=af +Pj+vk,~ta+P+y=0,a—th+y=0,and o + p—ty = 0.

Match each entry in List-l to the correct entry in List-1l and choose the correct option.

List-1 List-11
(P) i is equal to (1 o
(Q | fa = /3, theny2is equal to @ |1
(R) | Ifa= /3, then (B +7)*is equal to (3 |2
() | ifa= \E,then t+ 3 is equal to 4) |3
) |s

(A) (P)— (2)(Q) — (1) (R) —(8) (S) — (5)
(B) (P)—(2)(Q)— (4) (R) = (3) (S) — (5)
(C) (P)—(2)(Q) — (1) (R) — (4) (S) = (3)
(D) (P)—(5)(Q)— (4) (R) — (1) (S)— (3)
Answer (A)
Sol. GxV=w and Vxw=i

= U, Vv and w are mutually perpendicular.

= Wil -1)-v( -w)=0
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\a;\ﬁ‘=|m|:>‘ﬁ[=\/€

uw=0=uo0+p-2y=0

and-to+pB+y=0 (i)
a-th+y=0 (i)
a+B-ty=0 ..(iii)

(- = all+t)=(t+1)p

(ii)— (i) = PL+t)=(1+t)y

= a(l+t)=p(1+t)=y(1+1)

either t=—lora=p=y

s TR

= a=v2,-ta=-a-a

= t=2

since o =+/3

= t=-1

= a+P+y=0
a+P-2y=0

= y=0

Q—1

a+B=0=(P+y)=—a=(B+y)?=0?=3,(R)—> 4
=2

= |v| =1 —>([P)—>2

Ifa=v3=7v"=0-(Q—1

If a=v3=(B+7)>=(3)>=3, (R} >4

If a=+2,t+3=(2)+3=5,(S) =5
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PART-II : PHYSICS

SECTION 1 (Maximum Marks : 12)

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

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

Full Marks : 43 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 Inall other cases.

1. The center of a disk of radius 7and mass m is attached to a spring of spring constant %, inside a ring of radius R > ras
shown in the figure. The other end of the spring is attached on the periphery of the ring. Both the ring and the disk are in
the same vertical plane. The disk can only roll along the inside periphery of the ring, without slipping. The spring can only
be stretched or compressed along the periphery of the ring, following the Hooke’s law. In equilibrium, the disk is at the

bottom of the ring. Assuming small displacement of the disc, the time period of oscillation of center of mass of the disk is

2n
written as T=—. The correct expression for @ is (g is the acceleration due to gravity):

[0}

(A) E(LJFLJ (8) 29k
3\R—r m 3(R—r) m
if g k 1f g  k

(c 6[R—r+ ] (®) 4{R—r+ ]

Answer (A)
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[ |
|
|
|
|
|
|
|
|
Sol. I
|
0 :
|
mgsint 1
kx :
|
|
3 |
. 2 T
T:rmgsm9+k[R—r)Br:£mr o :
' = (R-1)0 :
R-— |
o= (_’)e "
E [
; R—r 1
o =— | I
r |
3 |
(rmg+k(R—r)rl0==mr(R—r)a :
2

2 I
o =m0 I
1

2| k
m= [— _+L |
3lm (R-r) 1
|
2. In a scattering experiment, a particle of mass 2m collides with another particle of mass m, which is initially at rest. 1
Assuming the collision to be perfectly elastic, the maximum angular deviation 0 of the heavier particle, as shown in the :
figure, in radians is: I
2m |
|
o a- !
; |
|
|
m’ 1
U I
1 |
(A) = (B) tan™ [—) |
2 I
|

T T

€ - () = !
|
1
Answer (D) |
|
|
1
|
|
|
1
|
|
|
1
|
|
|
1
|
|
|
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sol. Before collision —» — u,,

Ve
After collision
‘j > \¢. .;
Vem UIICM

In centre of mass frame

Speed does not change only orientation does

For O to maximize

1Lcm 1

V.
" 1,cM
— sinB=

Vem

m, V. —~ m-u.
sVig .o Ve

v =
1,0M ¥
my +m, my +m,

mlvl +m2v2 _ mlul

vV, =
(@]
ml + mz ml + mz

’ m ) m
= sin@=—2 = sinf=—

m, 2m

T
6=30°=—
6
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3. A conducting square loop initially lies in the XZ plane with its lower edge hinged along the X-axis. Only in the region

¥ =0, there is a time dependent magnetic field pointing along the Zdirection, B(t)= B, (cos wt)k, where B, is a constant.

The magnetic field is zero everywhere else. At time ¢= 0, the loop starts rotating with constant angular speed w about the
X axis in the clockwise direction as viewed from the +X axis (as shown in the figure). Ignoring
self-inductance of the loop and gravity, which of the following plots correctly represents the induced e.m.f. (V) in the loop

as a function of time:

"4
/o 2ntfm
; | | e
(A) 3?[/(!)
(8)
v
0 | pt
C l f
( :' TE/(D 27{/(1)
"4
3n/m
i 0 , |t
/o 21t/m
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Answer (A)
Sol. ¢=B,cos(wt)l*sin(wt)
2

Bl
¢=°Tsin(2wt}

>= ‘Z—d)‘ =B,m/* cos(2wmt) only for half rotation
t

4. Figure 1 shows the configuration of main scale and Vernier scale before measurement. Fig. 2 shows the configuration

corresponding to the measurement of diameter D of a tube. The measured value of D is:

0 1cm
| | l | ] | | | | l ‘ |
A S Y Y (o I |
Fig. 1
0 lcm
| || AN | | | | Lies
[ T
Big, 2
(A) 0.12cm
(B) 0.11cm
(C) 0.13cm
(D) 0.14cm
Answer (C)

Sol. For (VS)10div=7 mm
1div=0.7 mm
Reading: main scale =1 mm
VS 1 marking matches with main scale div
SoVSreads (1-0.7 mm)=0.3 mm

Sototal=1+0.3mm=1.3 mm

= 0.13cm
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SECTION 2 (Maximum Marks : 12)
e This section contains THREE (03) questions.

e 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).
e  For each question, choose the option(s) corresponding to (all) the correct answer(s).

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

Full Marks . . ONLY if (all) the correct option(s) is(are) chosen;

Partial Marks 1 +3 If all the four options are correct but ONLY three options are chosen;

Partial Marks D +2 If three or more options are correct but ONLY two options are chosen, both of which are
correct;

Partial Marks 1o+l If two or more options are correct but ONLY one option is chosen and it is a correct option;

Zero Marks % 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks 5 =2 In all other cases.

5. A conducting square loop of side L, mass M and resistance R is moving in the XY plane with its edges parallel to the X and
Y axes. The region y 2 0 has a uniform magnetic field,E:BUIE . The magnetic field is zero everywhere else. At time t = 0,

the loop starts to enter the magnetic field with an initial velocity VD} m/s, as shown in the figure. Considering the guantity

2,2

L

K :B'; in appropriate units, ignoring self-inductance of the loop and gravity, which of the following statements is/are
RM

correct:

(A) If vo=1.5KL, the loop will stop before it enters completely inside the region of magnetic field

(B) When the complete loop is inside the region of magnetic field, the net force acting on the loop is zero.

KL 1 5

C) If vy =—, theloop comestorestat t=| — |In| —
0 P

10 K 2

24 3
(D) If vo=3KL, the complete loop enters inside the region of magnetic field at time t = [E] In(E)

Answer (B, D)
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e=vBL

_ve

vBL
F{_drag} = _T "LB

2.5
ﬂ__(13 2
dt R
dv B%2
m—V=——v
dx R
W _<Bf
ml IUO - R |(J
= m(v—vg)= B'Lx
. R
. gL
a mR

If v, = 1.5KL then forx =L

V=§KL7KL=1KL
2 2

So, the loop will have some velocity and it will not stop.

vV @K

2 2
= mdv=———dx
R

If the loop completely gets inside then further no current flows and no force acts.

KL
If vy =— thenforv=0
10
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av B2
—_ =V
dt mR
v Lt
dv v
[==[«-dt =  In—=—kt
v Vo
Vg 0
v e
— =e7 ¥ it will never stop
Vo
If v, = 3KL then
vatx=Lisv=3KL—KL=2KL
2 = 1 3
= g = —In[—]:t
3 K 2

6. Length, breadth and thickness of a strip having a uniform cross section are measured to be 10.5 cm, 0.05 mm, and 6.0 um,

respectively. Which of the following option(s) give(s) the volume of the strip in cm? with correct significant figures :

(A) 3.2x107° (B) 32.0x107°
(c) 3.0x107° (D) 3x107°
Answer (D)

Sol. /=10.5cm— 35SF
b=0.05mm=5x10"cm-—>  1SF
h=6.0um=6x10"cm —> 2SF
v=315x10"
v=315x10"
v=3x10" 1SF
7. Consider a system of three connected strings, Sl, 52 and _‘i3 with uniform linear mass densities p kg/m, 4p kg/m and
16p kg/m, respectively, as shown in the figure. S, and S, are connected at the point P, whereas S, and S, are connected
at the point Q, and the other end of S, is connected to a wall. A wave generator O is connected to the free end of S,. The

wave from the generator is represented by y = Y cos(wt — kx) cm, where Yo © and k are constants of appropriate

dimensions. Which of the following statements is/are correct :

Y
| ¥ X 5 5 55
(0]

H p 4 Q l6pn
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(A) When the wave reflects from P for the first time, the reflected wave is represented by y = a y, cos(ot + kx + nt) cm,

where o, is a positive constant

(B) When the wave transmits through P for the first time, the transmitted wave is represented by y = a,y, cos(ot — kx)

cm, where o, is a positive constant

(C) When the wave reflects from Q for the first time, the reflected wave is represented by y = oy, cos(ot — kx + ) cm,

where o, is a positive constant

(D) When the wave transmits through Q for the first time, the transmitted wave is represented by y = oy, cos(mt — 4kx)

cm, where @, is a positive constant

Answer (A, D)
Sol. Reflection of wave in string from fixed end, reflected wave phase change by .
And reflected wave from free (rarer) end No phase change.

o =kV

®= k\/f giveny =y, cos(mt — kx) cm
H

5
——=const.  For medium PQ(S,)
n

=k

s, = ki =2k

For medium S3

k. =4k

3

Option (A) reflection from P, phase change by =,
No change in ‘k’. Hence correct option.

In option (B) k; =2k but in option given ks =k

Hence wrong.
In option (C) direction of reflected wave in negative direction.
Hence wrong.

Option (D) no phase change in transmitted wave and given ks_} =4k
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SECTION 3 (Maximum Marks : 24)
e This section contains SIX (06) questions.
e The answer to each question is a NUMERICAL VALUE.

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

e If the numerical value has more than two decimal places, truncate/round-off the value to TWO decimal places.
e Answer to each question will be evaluated according to the following marking scheme:
Full Marks T 4 If ONLY the correct numerical value is entered in the designated place;

Zero Marks : 0 In all other cases.

8. A person sitting inside an elevator performs a weighing experiment with an object of mass 50 kg. Suppose that the

2nt
variation of the height y (in m) of the elevator, from the ground, with time t (in s) is given by y :8{1 + sin(iﬂ, where
T

T =40m s. Taking acceleration due to gravity, g = 10 m/s?, the maximum variation of the object’s weight (in N) as observed

in the experiment is
Answer (02.00)
Sol. y=8(1+sin(mt)),
Acceleration of elevator

_2n 1

0= g
40 20
a= —8mzsin(mt)

1 1

|c.r
400 50

max|

Winax = Mg + Az )

Wiin =M(g — Gmax)

AW =2ma,.,

:2><50>-<i
50

Doubtclip - Less doubt. More brilliant. https://www.doubtclip.com/ Page 30 of 52


https://www.doubtclip.com/
https://www.doubtclip.com/

Doubtclip = AIDOUBT SOLVER www.doubtclip.com

9. A cube of unit volume contains 35 x 107 photons of frequency 10%° Hz. If the energy of all the photons is viewed as the
average energy being contained in the electromagnetic waves within the same volume, then the amplitude of the

magnetic field is o x 107 T. Taking permeability of free space po = 47 x 107 Tm/A, Planck’s constant h = 6 x 1073* Js and

22
Tt=7, the value of a is

Answer (22.98)
Sol. E=N-hf
E=35x10"x 6 x 107 x 10"
B
PATRS

=F

2 g
Bgzzx4x7x10 7 x35x107 x6x107* x10"

=5280 x 1071
B2 =528x1071%
Bo = 22.978 x 107°

o =22.98

10. Two identical plates P and Q, radiating as perfect black bodies, are kept in vacuum at constant absolute temperatures Te
and Tq, respectively, with Ta < Te, as shown in Fig. 1. The radiated power transferred per unit area from P to Q is Wo.
Subsequently, two more plates, identical to P and Q, are introduced between P and Q, as shown in Fig. 2. Assume that

heat transfer takes place only between adjacent plates. If the power transferred per unit area in the direction from P to

W
Q (Fig. 2) in the steady state is Ws, then the ratio =g

WS
Fig. 1 Fig. 2
P Q P Q
w, W
— —
Te Ta Te Ta

Answer (03.00)
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Ts Ta T Ty Ty Tq
W, =K' -T3) T,>T,

In the steady state

W, = K(T;,‘ —T14)

S

T1and T2 will remain constant

- (5-1)-( 1) -%)

P
=% T+ =2
4 _4 4 s
T +Tq =2T, (i)
2(i) + (ii)
4 4
2Ty +T,
—> Tf:~—P 3
3

4
W, =K| T, — =

s P 3
W,

o _q

W

R
11. A solid glass sphere of refractive index n :\E and radius R contains a spherical air cavity of radius —, as shown in the
2

figure. A very thin glass layer is present at the point O so that the air cavity (refractive index n = 1) remains inside the glass
sphere. An unpolarized, unidirectional and monochromatic light source S emits a light ray from a point inside the glass
sphere towards the periphery of the glass sphere. If the light is reflected from the point O and is fully polarized, then the

angle of incidence at the inner surface of the glass sphere is 6. The value of sinf is

Doubtclip - Less doubt. More brilliant. https://www.doubtclip.com/ Page 32 of 52


https://www.doubtclip.com/
https://www.doubtclip.com/

Doubtclip = AIDOUBT SOLVER www.doubtclip.com

air

Answer (00.75)

Sol.

B = 60° because it is brewster angle
At point X

Snell’s law gives o = 30°

= AP s perpendicular to CO

Therefore in ACPA

CP_3R/4_3
A R a4

5inB =

bd
12. Asingle slit diffraction experiment is performed to determine the slit width using the equation, — =mi., where b is the
D

slit width, D the shortest distance between the slit and the screen, d the distance between the m™" diffraction maximum
and the central maximum, and A is the wavelength. D and d are measured with scales of least count of 1 cm and 1 mm,
respectively. The values of A and m are known precisely to be 600 nm and 3, respectively. The absolute error (in pm) in

the value of b estimated using the diffraction maximum that occurs for m=3 withd=5mmand D=1m s

Answer (94.50)
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Case 1 with single dash and case 2 with double dash

+

. 3)<600><1.le
4

b' 108

« 3%600x0.99
b= x
6

10

25 =5

[9)]
(W]

0
e
49
"6

{Am1=[2§é—1Jb

1.05
=——b>b
4

4.95 1.05
[&b}z = {T —1]b Z—b

o | ey
it

1.05 3x600
B ance i T

4 5

Aby 10

 90x1.05x10°°
9450

Ab; =94.50 um

13. Consider anelectronin the n =3 orbit of a hydrogen-like atom with atomic number Z. At absolute temperature T, a neutron

having thermal energy ksT has the same de Broglie wavelength as that of this electron. If this temperature is given by

22h?

T= — (where h is the Planck’s constant, ks is the Boltzmann constant, mw is the mass of the neutron and ao is
an”agmyk
0MyKp

the first Bohr radius of hydrogen atom) then the value of a is

Answer (72.00)
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Sol. 2mr:=3ke

27
A =—2
3
28 h h
"p \J2km,
2nry h
3 f2KkgTm,
dg )((3)2
=
Z
6may h
Z  \[J2KyTm,
e
36n%ag x2Kgm,
.
72nza§Kan
a=72

SECTION 4 (Maximum Marks : 12)
e This section contains THREE (03) Matching List Sets.
e Each set has ONE Multiple Choice Question.
e Each set has TWO lists: List-1 and List-Il.
e  List-l has Four entries (P), (Q), (R) and (S) and List-1l has Five entries (1), (2), (3), (4) and (5).

¢ FOUR options are given in each Multiple Choice Question based on List-l and List-Il and ONLY ONE of these four options
satisfies the condition asked in the Multiple Choice Question.

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

Full Marks T+ ONLY if the option corresponding to the correct combination 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.
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[ |
|
|
|
|
|
|
|
14. List-1 shows four configurations, each consisting of a pair of ideal electric dipoles. Each dipole has a dipole moment of :
magnitude p, oriented as marked by arrows in the figures. In all the configurations the dipoles are fixed such that they are |
at a distance 2r apart along the x direction. The midpoint of the line joining the two dipoles is X. The possible resultant :
electric fields E at X are given in List-Il. |
|
Choose the option that describes the correct match between the entries in List-1 to those in List-II. :
|
List-1 List-II |
|
A . |
) | J X (1) | E=o0 "
A O
! |
i |
i n |
! I
" |
Q) | J 2 . %
@|J 9 X @ e _p !
2megr I
1
.......... > jI' I
|
R) | J @ | . < o I
S Y )j—c—) E=——2PF 3(-'—-" 1
anegr |
P !
el | |
|
A |
S J 4 = a, &
5} A —o-)-‘i(--o—) @ E= g 21 —1J I
; Amegr |
: |
: |
e |
|
d |
( ) E 3 P 35; :
neqr
. |
|
(A) P3,Q->1, R>2,54 :
|
(B) P-»4,Q->5,R>3,5->1 |
|
|
(C) P>2,Q->1, R>4,55 I
|
(D) P-2,Q1, R>3,595 :
|
Answer (C) I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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oL ) B=2Ri._ B 5 pap

r 2n£0r3

(Q) E=0, Q—(1)
2%kp. kp -

R E==2i-L], R->(4)
r r

(S) E:ﬂf, 5—(5)
."3

15. A circuit with an electrical load having impedance Z is connected with an AC source as shown in the diagram. The source
voltage varies in time as V(t) = 300 sin(400t) V, where t is time in s. List-l shows various options for the load. The possible

currents i(t) in the circuit as a function of time are given in List-Il.

. & 1

(~)
Vi)

Choose the option that describes the correct match between the entries in List-1 to those in List-Il.

List-1 List-11
(P) 002 (1) | :
—~VWW\— 25F :
ity OF 3
-25} 3
5 b, el A
0 /2 T 3n/2 2n

(Q) 3002 100 mH (2)

Doubtclip - Less doubt. More brilliant. https://www.doubtclip.com/ Page 37 of 52


https://www.doubtclip.com/
https://www.doubtclip.com/

Doubtclip = AIDOUBT SOLVER www.doubtclip.com

(R) 50 uF 300 25 mH 3) 10: T
S A~ 000 sf
ity of
s
—10¢L
(S) 50 uF 600 125 mH (4)
(5) -
_5-...1....1.. 1. j
0 n/2 I 3nf2 2n
400¢
(A) P3,Q-5, R>2,551 (B) P=>1,Q-55,R>2, 553
(C) P>3,Q->4,R>2,551 (D) P>1,Q-34,R>2,5>5
Answer (A)

Sol. V(t) =300 sin (400t)

and =0

= (P)=(3)
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30Q 100 mH

Y AW\~ TT0000

= Z=ilR%+ (O)L)z

2
:J(ao)2 +(400x100x10‘3) =500

(Q)—(5)

2
1 5
(R) 2+[ ——400x25x10 3}
400x50x10 °

+(40)’ =500

R—(2)

. ——
() Z= (60)2+[%ﬁ—125x103x400]
50x10° x 400

(60) +(50-50)

=600

(S)—1

l ...
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16. List-1 shows various functional dependencies of energy (E) on the atomic number (Z). Energies associated with certain
phenomena are given in List-1l.

Choose the option that describes the correct match between the entries in List-1 to those in List-II.

List-1 List-11
(P) | EoxZ? (1) | energy of characteristic x-rays
(Q) | Exc(Z-1)2 (2) | electrostatic part of the nuclear binding

energy for stable nuclei with mass numbers
in the range 30 to 170

(R) | Ex2Z(Z-1) (3) | energy of continuous x-rays

(S) | Eis practically independent of Z (4) | average nuclear binding energy per nucleon

for stable nuclei with mass number in the
range 30 to 170

(5) | energy of radiation due to electronic

transitions from hydrogen-like atoms

(A) P>4,Q-3,R>1,5>2 (B) P->5,Q->2,R>1,5>4
(C) P->5,Q->1,R>2,5>4 (D) P-3,0-32,R>1,5>5
Answer (C)

i G
sol. - Ecczz[}

ni n

= (P)=>(5)
Eoc(z-1)
= Energy of characteristic x-rays.
= (@Q-(1)
Also, Eoc Z(Z-1)
Electrostatic energy of proton in nucleus.
= (R)—>(2)
(S) Eisindependent of Z

= Average binding energy per nucleon in range of 30 to 170.

= (S)—(4)
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PART-III : CHEMISTRY

SECTION 1 (Maximum Marks : 12)
* 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 43 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.

1. The heating of NHaNO; at 60-702C and NH4NO3 at 200-250°C is associated with the formation of nitrogen containing
compounds X and Y, respectively. X and Y, respectively, are

(A) Nz2and N20 (B) NHszand NO:
(C) NOand N20 (D) N2and NHs
Answer (A)

Sol. NH,NO, —* N, +2H,0

NH,NO; — N,0 + 2H,0
2. The correct order of the wavelength maxima of the absorption band in the ultraviolet-visible region for the given
complexes is
(A) [Co(CN)e]* < [Co(NHz)e]** < [Co(NH3)s(H20)]** < [Co(NH3)s(Cl)]*
(B) [Co(NHa)s(Cl)]** < [Co(NHz)s5(H20)]** < [Co(NHz)s]** < [Co(CN)s)*
(C) [Co(CN)s]*" < [Co(NH3)s(Cl)]** < [Co(NHa)s5(H20)]>* < [Co(NH3)s]**
(D) [Co{NHs)s]** < [Co(CN)s]*~ < [Co(NH3)s(Cl)]** < [Co(NH3)s(H20)]3*
Answer (A)
Sol. Spectrochemical series
(CN7) > NH3 > H20 > CI-
[Co(CN)s]>" > [Co(NH3)s])>* > [Co(NH3)s5(H20)]** > [Co(NHs)s(Cl)]** (order of Ag)
So order of Amax will be opposite.
3. One of the products formed from the reaction of permanganate ion with iodide ion in neutral aqueous medium is

(A) 12 (B) 103
(c) 10; (D) 10;
Answer (B)

Sol. 2KMnO, +H,0 +Kl—2Mn0, +2KOH+KIO,
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4. Consider the depicted hydrogen (H) in the hydrocarbons given below. The most acidic hydrogen (H) is

(A) (B)
H
H
(€) (D)
\ H
Answer (B)
e
H A &
sol. ) e
u®
E— -
(aromatic)

The conjugate base of (B) formed is most stable hence, H is most acidic in (B)

SECTION 2 (Maximum Marks : 12)
* This section contains THREE (03) 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 ONLY if (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 none of the options is chosen (i.e. the question is unanswered);

Negative Marks : -2 In all other cases.
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5. Regarding the molecular orbital (MQ) energy levels for homonuclear diatomic molecules, the INCORRECT statement(s)
is(are)
(A) Bond order of Nez is zero.

(B) The highest occupied molecular orbital (HOMO) of Fz is -type.
(C) Bond energy of O, is smaller than the bond energy of Oa.

(D) Bond length of Liz is larger than the bond length of Ba.
Answer (B, C)
Sol. (A) According to MOT, number of Bonding electrons and number of antibonding electron in Nez is same
So, BO= DB
2
is zero
(A) is correct
(B) F,=0,,0,,0,,0,:0;, W, =T,

g mn
g, = Tap, Oy,

HOMO of Fz is n-type not o-type
(B) is incorrect
(C) BExBO
BO of O2is = 2
BOof O, is=2.5
BE of O, > BE of O2
(C) is incorrect
(D) Bond length of B2=118 pm
Bond length of Liz = 267 pm
B.l. of Li2 > B.l. of B2
(D) is correct
6. The pair(s) of diamagnetic ions is(are)
(A) La*, Ce** (B) Yb?, Lu®*
(C) La¥, ce** (D) Yb3*, Lu®*
Answer (A, B)

La® =>[Xe]af® | .
Sol. (A) . . ( diamagnetic
Ce™ = [Xe)af

Yb?' = [Xe]af*

diamagnetic
Lu* = [Xe]af" } 8
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L3’ = [Xe]5d' s
5 , { Paramagnetic
Ce”" = [Xelaf

b* = [Xe]4f"

Paramagnetic
Lu* = [Xe]af™ 5d1}

Diamagnetic species are those which have all electrons paired
For the reaction sequence given below, the correct statement(s) is(are)

O HBr

Finkelstein reaction
P Q

lSwarts reaction

R
(In the options, X is any atom other than carbon and hydrogen, and it is different in P, Q and R)
(A) C-X bond length in P, Q and R follows the order Q >R > P.
(B) C-X bond enthalpy in P, Q and R follows the order R>P > Q.

(C) Relative reactivity toward Sn2 reaction in P, Q and R follows the order P>R > Q.

(D) pKavalue of the conjugate acids of the leaving groups in P, Q and R follows the order R>Q > P.

Answer (B)

Doubtclip -

Acetone

: Br  Finkelstein : I
reaction Q)

Swarts
Reaction (AgF)

= (3=

(R)
(A) Bond length orderC—F<C-Br<C-I
R<P<Q
(B) Bond enthalpy =R>P>Q
C-1>C-Br>C—F
Q>P>R

(C) Reactivity towards Sn2

(D) Leaving group P Q R
Bre@ 19 FO
Conjugate acid HBr HI HF
Hl < HBr < HF
Q<P<R

pKa order
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SECTION 3 (Maximum Marks : 24)
* This section contains SIX (06) questions.

* The answer to each question is a NUMERICAL VALUE.

* For each question, enter the correct numerical value of the answer using the mouse and the onscreen virtual numeric

keypad in the place designated to enter the answer.

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

* Answer to each question will be evaluated according to the following marking scheme:
Full Marks : +4 If ONLY the correct numerical value is entered in the designated place;

Zero Marks : 0 Inall other cases.

8. Inan electrochemical cell, dichromate ions in aqueous acidic medium are reduced to Cr3*. The current (in amperes) that

flows through the cell for 48.25 minutes to produce 1 mole of Cr¥*is
Use: 1 Faraday = 96500 C mol™!

Answer (100.00)

sol. Cr,03 +H ——Cr**

g eq of Cr® produced = Faraday of charge passed

Number of Moles x n-factor = Ll
96500
_ ix2895
96500
i=100A

9. At 25 °C, the concentration of H* ions in 1.00 x 10°3 M aqueous solution of a weak monobasic acid having acid dissociation

constant (Ka) of 4.00 x 107t is X x 107 M. The value of X is

Use: lonic product of water (Kw) = 1.00 x 107* at 25 °C

Answer (02.24)

Sol. HA =H +A™

cfl-w) ca ca
CO(Z
Ky =
1-a
+ —
H total Ka;c‘_ e Kazcz + Kw
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;
H total

= Jax10™ +10™
= J5x10™

=y5x107

= J(4 x 107" x 107 )+ 1x 107

=2.236x 107
X=2.24
10. Molar volume (Vm) of a van der Waals gas can be calculated by expressing the van der Waals equation as a cubic equation

with Vm as the variable. The ratio (in mol dm?) of the coefficient of Vrﬁ to the coefficient of Vi for a gas having van der
Waals constants a = 6.0 dm® atm mol? and b = 0.060 dm? mol* at 300 K and 300 atm is

Use: Universal gas constant (R) = 0.082 dm® atm mol 1 K?

Answer (—07.10)

d
Sol. {P +F]{vm —b)=RT

m

PV3 —PbV2 —RTVZ +aV,, —ab=0

v}[m%}v? T

L P
s ]
Coefficientof V[, =
Coefficient of \V, W
P
e bP+RT
- a
__(0.06x300+0.082x300}
a

:_{MJ:_EZ_M

6 6

Answer : =7.10
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11. Considering ideal gas behavior, the expansion work done (in kJ) when 144 g of water is electrolyzed completely under

constant pressure at 300 K is
Use: Universal gas constant (R) = 8.3 J KX mol; Atomic mass (inamu):H=1,0=16

Answer (29.88)

Sol. Number of moles of H20 = % =8 moles

2H20 — 2H2 + 02
2 moles water — 3 moles of gases

8 moles water — 12 moles of gases

12xRx300 .
—_m

Volume of gases = b

Work done = — Pext AV

i ){12x S.s;x 300 0}

=-29880)

==29.88 kJ

Ans. 29.88

12. The monomer (X) involved in the synthesis of Nylon 6,6 gives positive carbylamine test. If 10 moles of X are analyzed using

Dumas method, the amount (in grams) of nitrogen gas evolved is
Use: Atomic mass of N (in amu) = 14
Answer (280.00)
Sol. Monomer of Nylon 6,6 = Adipic acid
+
hexamethylene diamine

)

+ve carbylamine test

Dumas

HgN(CH, )sNH, ————— N,
1mole 1mole
10 mole 10 mole

Mass of N2 formed =10x28=280g
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13. The reaction sequence given below is carried out with 16 moles of X. The yield of the major product in each step is given

below the product in parentheses. The amount (in grams) of S produced is

Br O~ " i /
(i) Na, dry ether () NaOH, 2 (i) NaOH, Ca0
f S (0] (ii) H,0 P (i) H;0 Q (ii) A R PBrj, (C,Hs),0 T

X Molar mass 210 (50 %) (50 %) (50 %)
(100 %)
R
NaH, (Csz)zo
S
(50 %)

Use: Atomic mass (inamu):H=1,C=12,0 =16, Br=80

Answer (84.00)

Sol.
(l) Na, dry ether CHO {:} NaOH, A @ COOH
||) H,0' CHO [u) H.,0' CH,OH
0,
16 mole (100%) (SOTR @
X ) (4 moles)
(8 mole)
(i) NaOH, Ca0O
(i) A
CH,OH
= oo =’\ Et 0
(50%) (50%)
(S) (R)
(0.5 mol) 2 "”0'9? (2 moles)

1.
Mass of ‘S’ is = £><168:84 g
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SECTION 4 (Maximum Marks : 12)
* This section contains THREE (03) Matching List Sets.
* Each set has ONE Multiple Choice Question.
* Each set has TWO lists: List-1 and List-Il.
e List-l has Four entries (P), (Q), (R) and (5) and List-1l has Five entries (1), (2), (3), (4) and (5).

* FOUR options are given in each Multiple Choice Question based on List-l and List-1l and ONLY ONE of these four options

satisfies the condition asked in the Multiple Choice Question.

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

Full Marks : +4 ONLY if the option corresponding to the correct combination 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.

14. The correct match of the group reagents in List-l for precipitating the metal ion given in List-Il from solutions, is

List-1 List-1l
(P) | Passing HzS in the presence of NH4OH (L) |cu?
(Q) | (NHa4)2C03 in the presence of NHsOH (2) | AP
(R) | NH4OH in the presence of NHaCl (3) | Mn*
(S) | Passing HaS in the presence of dilute HCI (4) Ba?
(5) | mg*
(A) P>3;Q—>4R—>2,5—>1 iBINP=314;, QF32IR - 3;5—> 1
(C) P>»3Q—2>4R—>1;,5>5 (D) P>5Q—>3;R—>2,5—4

Answer (A)

Sol. Passing H,S in the presence of NH4OH is group reagent for Group IV cations -Mn?
NH1OH in the presence of NHzCl is group reagent for Group Ill cations -Al**

Passing H-S in the presence of HCl is Group reagent for group Il cations -Cu?*

(NH4)2C03 in the presence of NH4OH is used for detection of Ba?*

P—3;0>4;R>2;5>1
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15. The major products obtained from the reactions in List-1l are the reactants for the named reactions mentioned in List-I.

Match each entry in List-1 with the appropriate entry in List-Il and choose the correct option.

List-1 List-
(P) | Stephen reaction (1) (i) CrOZ_CIZ/CS2
(ii) H,0"
Toluene >
(@) | Sandmeyer reaction (2) (i) PCI,
(i) NH,
(i) P,0,,, A

Benzoic acid ———>

(R) | Hoffmann bromamide degradation reaction (3) (i) Fe, HCI
(i) HCI, NaNO,

(273-278 K), H,0

k4

Nitrobenzene

(S) | Cannizzaro reaction (4) (i) Cl,/hv, H,O
(ii) Tollen’s reagent
(iii) sO,cl,
(iv) NH,

Toluene >

(5) (i} (CH,C0),0, Pyridine
(if) HNO,, H,50,, 288 K
(iii) ag. NaOH

W

Aniline

(A) P>2,Q—>4R—>1,5—>3 (B) P>2,Q—>3,R—>4,5—>1
(C) P>5Q—>3R—>4S5>2 (D) P>5Q—>4R—>2,5—>1
Answer (B)
Sol.
CH, CHO

(i) Cro,Cl,/Cs,

(Cannizzaro reaction

(1) (i) H,0" reactant)
i
COOH cocl C—NH, CN
PCI, NH, PO,
@) —( | — A
(Stephen reaction
reactant)
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1
|
1
1
|
1
1
N,Cl 1
H, 1
|
FE HCI HCI NaNO, (Sandmever I
reaction reactant) :
(273 278 K) |

)

0 1 X I
CH. g COOH c-c 2 :
cs,/hv Tollen's e I I
(4) Teagent 1
(Hoffmann bromamide :
degradation reaction reactant) 1
1
|
(]:|J O' NH !
NH, NH-C — CH, NH-C - CH, z :
o aq. NaOH 1
(s) (CH,CO),0, Pyridine HNO H.50, q I
2 288 K 1
NO, 1
1
16. Match the compounds in List-l with the appropriate observations in List-1l and choose the correct option. :
List-1 List-1l :
: : . ; - |
(P) NH, 0 (1) | Reaction with phenyl diazonium salt gives 1
ﬁ\)L yellow dye. I
OMe 1
: :
HO I
|
(Q) (2) | Reaction with ninhydrin gives purple color 1
;\ and it also reacts with FeCls to give violet :
o H H o color. 1
i OMe :
0 1
1
1
: ; - g |
(R) NH;CI* (3) Reaction with glucose will give I
corresponding hydrazone. :
1
|
1
1
1
1
|
1
|
1
1
|
1
1
1
1
|
1
1
1
1
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(S)

NHNH,

(4) | Lassaigne extract of the compound treated
with dilute HCl followed by addition of

aqueous FeCls gives blood red color.

(5) | After complete hydrolysis, it will give
ninhydrin test and it DOES NOT give positive
phthalein dye test.

(A) P>1,Q>5R>4;5>2
(C) P25Q3LR31;524

Answer (B)

Sol.

N,

NH,

NH
c/

|
0]

NHNH,

Doubtclip - Less doubt. More brilliant.

—> Reaction with glucose will give corresponding hydrazone.

(B) P22;Q2>5R>1;5>3
(D) P-¥2;Q-%1;R->55>3

0]

OMe __, Ninhydrin test
(oi-amino acid with primary amino
group gives purple color)
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