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MATHEMATICS

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

Q.1 | Let R denote the set of all real numbers. Let a;, b; € R fori € {1,2,3}.
Define the functions f:R - R, g:R - R.and h: R — R by

f(x) =a; +10x + a;x® + azx® + x*,
g(x) = by +3x + byx? + byx?® + x*,
h(x) =fx+1) —g(x +2).

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

(A)

(B)

(C) | —4

(D) | —6
Ans. (C)
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Three

students Sy, S5, and S5 are given a problem to solve. Consider the following events:

U: At least one of 5, 5,. and S5 can solve the problem.
I §; can solve the problem. given that neither S, nor S; can solve the problem.
W: S, can solve the problem and S; cannot solve the problem,

T: 5,

can solve the problem.

For any event E, let P(E") denote the probability of E. If

1 1 1
P(U)—E, P(V)—E, and P(W)—E,
then P(T) 1s equal to
(a) |13 B |1 © |19 D) |1
36 3 60 4

(A)
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Q.3

Ans.

Let R

denote the set of all real numbers. Define the function f: R — R by

1
_J2—2x% —x%sin— if 0
f(x)— X .X'SII'lx I x+U,
2 if x=0.

Then which one of the following statements is TRUE?

(A) | The function f 1s NOT differentiable at x = 0
(B) | There is a positive real number §. such that f is a decreasing function on the interval (0, §)
(C) | For any positive real number §. the function f is NOT an increasing function on the interval
(_51 0)
(D) | x = 0 1s a point of local minima of f
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Q.4 | Consider the matrix
2 0 0

P = ( 0o 2 0) .
0 0 3

Let the transpose of a matrix X be denoted by X7. Then the number of 3 X 3 invertible matrices Q
with integer entries. such that

Q *=0T and PQ =QP,

(A) | 32 (B) |8 © | 16 (D) | 24
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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 : 43 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.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct
answers, then

choosing ONLY (A), (B) and (D) will get +4 marks;

choosing ONLY (A) and (B) will get +2 marks;

choosing ONLY (A) and (D) will get +2 marks;

choosing ONLY (B) and (D) will get +2 marks;

choosing ONLY (A) will get +1 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

choosing no option (i.e. the question is unanswered) will get 0 marks; and
choosing any other combination of options will get —2 marks.




Q.5

Ans.

Let L, be the line of intersection of the planes given by the equations
2x+3y+z=4 and x+2y+z=5.

Let L, be the line passing through the point P(2, —1, 3) and parallel to L. Let M denote the plane
given by the equation

2x+y—-2z=6.

Suppose that the line L, meets the plane M at the point Q. Let R be the foot of the perpendicular
drawn from P to the plane M .

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

(A) | The length of the line segment PQ is 9v/3

(B) | The length of the line segment QR is 15

(C) | The area of APQR is §v234

(D) | The acute angle between the line segments PQ and PR is cos™?! (2—:,5)
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Q.6

Ans.

Let N denote the set of all natural numbers. and Z denote the set of all integers. Consider the
functions f:N —- Z and g:Z — N defined by

(n+1)/2 ifnisodd,

f(n) =
(4—n)/2 ifniseven,

and
3+2n if n=0,

gn) =
—2n  ifn<0.

Define (g » f)(n) = g(f(n)) foralln € N.and (f - g)(n) = f(g (n)) foralln € Z.

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

(A) | gefisNOT one-one and g o f 1s NOT onto

(B) | f o gis NOT one-one but f = g is onto

(C) | g is one-one and g is onto

(D) | f 1s NOT one-one but f is onto

(A,D)
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Q.7

Ans.

Let R denote the set of all real numbers. Let z; = 1 + 2i and z, = 3i be two complex numbers.
where i = +—1.Let

S={x,y) ERXR: |[x+iy—2z| =2|x+iy— 2] }

Then which of the following statements 1s (are) TRUE?

(A) | 5is a circle with centre (—%, 13—0)

(B) S is a circle with centre (l, E)

3 3
(©) S is a circle with radius J?E

(D) S is a circle with radius 23—\5
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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 on-
screen 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.

Q.8 | Let the set of all relations R on the set {a, b, c,d, e, f}. such that R is reflexive and symmetric. and
R contains exactly 10 elements, be denoted by S.

Then the number of elements in § is
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Q.9

Ans.

For any two points M and N in the XY-plane. let MN denote the vector from M to N, and 0 denote
the zero vector. Let P, Q and R be three distinct points in the XY -plane. Let S be a point inside the
triangle APQR such that

SP +55Q + 6SR = 0.
Let E 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 ES

is
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Q.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 1s1n S, but 0210222 is NOT in S.
Then the number of elements x in S such that at least one of the digits 0 and 1 appears exactly

twice in x. 1s equal to
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Q.11 | Let @ and f3 be the real numbers such that

i L2 L =2
xli'[(])F ol = + fBxcosx | =2.

0

Then the value of @ + f is
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Q.12

Let R denote the set of all real numbers. Let f: R — R be a function such that f(x) > 0 for all
x€ER,and f(x +y) = f(x)f(y) forallx,y € R.

Let the real numbers a,, @, ..., g be in an arithmetic progression. If f(as,) = 64f(a,s), and

50
D fla) =32+ 1),

then the value of

if(ﬂi)
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Forallx = 0, let y,(x), y,(x), and y,;(x) be the functions satistying

d; .
4 (sinx)?y; =0, y,(1) =5,
B2 (cosx)2y, =0, y,(1) =1,

1
3
dy 2—x3 . _ 3
ﬁ—( = )y3 =0, y;(H)=

r

respectively. Then
i Y1 (0)y2 (x)ys(x) + 2x
im

x=0+ e3* sinx

is equal to
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SECTION 4 (Maximum Marks: 12)

e This section contains THREE (03) Matching List Sets.

¢ FEach set has ONE Multiple Choice Question.

e Fach 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).

e FOUR options are given in each Multiple Choice Question based on List-1 and List-1l 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 : +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.

Q.14 | Consider the following frequency distribution:

Value 4 5 8 9 6 12 | 11
Frequency 5 fi s 2 1 1 3

Suppose that the sum of the frequencies 1s 19 and the median of this frequency distribution is 6.

For the given frequency distribution. let & denote the mean deviation about the mean. £ denote
the mean deviation about the median, and o2 denote the variance.

Match each entry in List-I to the correct entry in List-II and choose the correct option.

List-I List-II
(P) 7f1 + 9f5 1s equal to (1) 146
(Q) 19« i1s equal to (2) 47
(3) 48
(R) 198 1s equal to
(4) 145
(S) 1902 is equal to
(5) 55
A 1 ®—=0 Q-0 ®R—-2Q —@)
B) =06 Q—2 ®R—EG G)—(0)
© | P—=0 Q=06 ®R—=2 =0
D | P)—0B) Q=2 ®R—=06) G—H)

Ans. (C)
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Q.15

Ans.

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-I to the correct entry in List-II and choose the correct option.

List-I List-II
(P) The minimum value of n for which the (1y 8
function
10x3 — 45x2 + 60x + 35
flx) =
n
1s continuous on the interval [1, 2], is
(2) 9
(Q) The minimum value of n for which
g(x) = (2n? — 13n — 15)(x3 + 3x),
x € R, 1s an increasing function on R, 1s
(R) The smallest natural number n which is (3) 5
greater than 5. such that x = 3 1s a point of
local minima of
h(x) = (x% —9)"(x* + 2x + 3),
1s
(S) Number of x, € R such that 4 6
4
1
I(x) = sinjx — k| +cos|x —k +—],
> e+
x € B, 1s NOT differentiable at x,, is (5) 10
A =0 Q-0 ®R—-2 =06
B -0 @—=0 R—-H ©—0)
€ =0 Q-0 ®R—-H S—0)
O ®—-0 Q=0 ®R=0 =0
(B) _
—_—— | RSt & ool /

= -_.:v- -

_,J.;&_ gu _)szusw +667+3.S_ i

o _Cﬂ C")_‘ 20%% O g e ()~ I
—_— = D _L_'_)LX_‘Z.)_,_ =)

T DBEE g T
N e g
b £ 9. ___l_ 2
_\%_Q.\L&Q Maf(12) So Fa) u dﬂ.wmrg_
-— ]Y\ rhtj

A SIS (IR

_@ ) ':_j_. gty




.C-fq\" r—§§..
i/ L 2Ty
S\ L0 W Comdinuoyy Y» Tl i

-

—deanal  voMe syold et Sqaee .
R g DY)

-

AR 3oy P>

S L0 W Comdinumyy Tw Cle| s

g'l’x) = ([ 2%Fa 18, i) (_’Axl-,tz)

( 22-1) (n+)(3xL3) >0

T
=1 LS
L 30 W inCroariong 7f‘LS, o) LD M2
2 Q>3]

h(3)20,  wnyS:

at Mab, N8 S h(3)-

ML= S A3

h GO heo Local mendmo ﬂf‘M@f{
[R>Y

e

= ) \ | +532 )21
_um,_&mj,ll_im,q.u2 12}

xcos|a-Lf ---

s

_Sinte gim A=) D ol olifd. ok X3d

CoS|h-«) W Al ar x~d.

A1) 0 mov clifE ab Anad




Q.16

Ans.

Letw =i+ j — 2k. and % and ¥ be two vectors. such that i X © = W and U X W = . Let
a, 3,y, and t be real numbers such that

Ui=ai+pBj+yvk, —ta+f+y=0, a—tf+y=0, anda+B—-ty=0.

Match each entry in List-I to the correct enfry in List-II and choose the correct option.

List-I List-II

(P) [V]? is equal to (1) 0
(Q)If @ = V3, then y2 is equal to (2)1

3) 2
(R)Ifa =3, then (8 + y)? is equal to

43
(S)Ifa =2, then t + 3 is equal to

(5) 5

A | P—=2 Q=0 R—=@ =06

B  P—=2 Q—&H ®R—=06 =06

© [ P—=02 Q=0 ®—=6 =0

D ®—=0) Q-0 ®R—-0 G)—0)
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PHYSICS

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

Q.1

Ans.

The center of a disk of radms r and mass m 1s attached to a spring of spring constant k, inside a ring
ofradms R = r as shown in the figure. The other end of the spring 15 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 nng, without slipping. The spring can only be stretched or compressed along the
periphery of the nng, following the Hooke’s law. In equilibrium, the disk 1s at the bottom of the ring_
Assuming small displacement of the disc, the time period of oscillation of center of mass of the disk

1swrnitenas T = 2&.—“ The correct expression for w 1s (g 1s the acceleration due to gravity):

(4) B, 5 & ®) I
Jg(ﬁ‘ —r H) *J 3(R—r) m

© ||'1 ( g k) @) ||1 ( g k)
\|E R—r m JE R—r m

(A)




1 2 2 1 1 2
E =Ek{R—r}‘ 6° +mg(R —r)(1 —cos8) + ;rm:2 +E%m‘

Differentiating wrt t.

1 , __d8 dl &) 1 dv mr® _ do
0=—k(R-1) - 20— +mg(R-1)-—| 2— |+—m2v—+ — 20—
KR 20 +mgR D) S | 2 om0

dv mr’ do
+ n—
dt 2 dt
g v &8 1 dv 1

. =—= —= a
d (R-r1) dt* (R-r)dt R-r

:>G=k(R—r)EG§+mg{R—r)B§ + mv

Also

, v v mr’ v
Jk(R-1r)y - 8—+m —1)——=-mvor———ua
( ) R-r g(R ) R-r 2 r

= k(R —r)+mgd =—§mrct

d*s
dt’

= k(R —1)+mg]f = %m{R -1

:_,_E[L g }_d'ﬂ

3lm R-r] df
Compering with standard equation of SHM

)
sz:[EJF g }
3lm R-r

Hence answer 1s option(A)
OR

kx + mgsinf —f=ma




Ans.

=kx+mg —f=ma
—1)
P
i '-.I
|c¢+ mg | :3111a
R—r1/ 2

In a scattering experiment, a particle of mass 2m collides with another particle of mass m, which 1s
mitially at rest. Assuming the collision to be perfectly elastic, the maximum angular deviation & of
the heavier particle, as shown in the figure, 1n radians 1s:

PR -
[ o TR - ’:i .............................................
m\O\‘

A) | @ (B) e © | D) |

tan 5) 3 6
(D)
2mv, = 2mv, cosd +2mv, cosd (1)
2m; sinf = mv,,; sind ..(11)

1 s 11 , 1
E(zm)vf +?m({})‘ = ;(zm)'ﬁf T Emgf

2vi =2V, + Vo ....(111)
From (1), (11), (111).
3vi, —4v,vy cosB+ v, =0

(—4v, cosB)” —4(3)(v]) =0

2 -,
cos B>

.a\' B w
L]

2 =
cos B2
2

9=t
6




Q.3

Ans.

A conducting square loop mmtially lies i the XZ plane with its lower edge hinged along the X-axis.
Only 1n the region y = 0, there 1s a time dependent magnetic field pomnting along the Z-direction,
B (t) = By(cos mtjﬁj where By 1s a constant. The magnetic field 1s zero everywhere else. At fime
t = 0, the loop starts rotating with constant angular speed @ about the X axis in the clockwise
direction as viewed from the +X axis (as shown m the figure). Ignoring self-mductance of the loop

and gravity, which of the following plots correctly represents the mduced e.m.f. (V') in the loop as a
function of time:

B()

L

(A)

©

(A)

: B Asm 2ot
=B, cosotAsnot=—"———
d ( )
a:——¢=—BﬁAc052mt= O=t=—
dt L @
2
-0 |£gt«::£
'-__l:-':l ¥

Ans. Option (A)




Q.4

Ans.

Figure 1 shows the configuration of man scale and Vermier scale before measurement. Fig. 2 shows
the configuration corresponding to the measurement of diameter D of a tube. The measured value of

D 1s:
0 1cm
| I T T T O R A | | Lusssss
L1
Fig.1 1cm
| I I I T T N T | Lo
I T T
Fig. 2
(A) | 0.12 cm
(B) | 0.11cm
(C) | 0.13 cm
(D) | 0.14 cm
(€

10 MSD =1em:; 1 MSD=0.1 cm

TMSD=10WVSD
I VSD =007 em

Reading =2 MSD - VSD
=02em—0.07cm=0.13 cm

Ans. Option (C)




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;

Fero Marks : 0 If none of the options is chosen (i.e. the gquestion is unanswered);

Negative Marks : —2 In all other cases.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct
answers, then

choosing ONLY (A), (B) and (D) will get +4 marks;

choosing ONLY (A) and (B) will get +2 marks;

choosing ONLY (A) and (D) will get +2 marks;

choosing ONLY (B) and (D) will get +2 marks;

choosing ONLY (A) will get +1 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

choosing no option (i.e. the question is unanswered) will get 0 marks; and
choosing any other combination of options will get —2 marks.




Q.5

Ans.

A conducting square loop of side L, mass M and resistance R 1s moving in the XV plane with 1ts edges
parallel to the X and ¥ axes. The region y = 0 has a uniform magnetic field, B = Byk. The magnetic
field 15 zero everywhere else. At tume t = 0, the loop starts to enter the magnetic field with an 1mtial

372
velocity vyj m/s, as shown in the figure. Considering the quantity K = B;_:; in appropriate umts,
1gnoring self-inductance of the loop and gravity, which of the following statements is/are correct:
Z —

(A) | If vy = 1.5KL, the loop will stop before it enters completely nside the region of magnetic

field.

(B) | When the complete loop 1s inside the region of magnetic field, the net force acting on the loop
15 Zero.

© |1f Vg = %j the loop comestorestat t = (%) In G)

(D) | If vy =3KL, the complete loop enters inside the region of magnetic field at time

t= ()

(8,D)
Zz

:,,i‘i‘:E(Bﬂ <(xy)=BVI

dt dt

y X

F=BO(O)(-))

B,V |
ma=—Bu[ . }m




Also K—BEF_V
So [a=—-kv]
v__
dt
d_‘=j kdt
Yy dt o
Iﬂl:—kt
v,
[v=v,e™] ..(1)
dx _
(s = (x40
jdx Ivﬂe
0
Yo g
” ( )
Whenx=1¢

f= 1.1-'{_&(1 - E_h)
Option (D) (v, = 3k{)

=2 a-e)

1, (2)
Complete loop will enter at t =% fn| 3 t
Y

L=

Option (B)




Q.6

Ans.

Ans.

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) |32x%x10° (B) | 32.0x 107® (C) [3.0x107° (D) | 3x10°°

(D)
L =10.5 cm — 3 significant digits

b=0.05 cm — 1 significant digit

t=6.0 pm — 2 signmificant digits

Volume, V = Lbt must have only 1 significant digit
=V =10.5 x 0.05 x 107x 6.0 x 10~ em’

=3x107¢ce

Consider a system of three connected strings, Sy, S; and S3 with uniform linear mass densities u
kg/m, 4u kg/m and 16u kg/m, respectively, as shown in the figure. S; and 5, are connected at the
poimnt P, whereas S, and S, are connected at the pomnt @, and the other end of S; 1s connected to a
wall. A wave generator O 15 connected to the free end of S;. The wave from the generator is
represented by v = v cos(wt — kx) cm, where Vg, w and k are constants of appropriate dimensions.
Which of the following statements 1s/are correct:

(A) | When the wave reflects from P for the first time, the reflected wave is represented by
V = a;¥g cos(wt + kx + m) cm, where a; 1s a positive constant.

(B) | When the wave transmuts through P for the first tume, the transmutted wave 1s represented by
Y = t;Vp cos(wt — kx) cm, where a, 15 a positive constant.

(C) | When the wave reflects from @ for the first tume, the reflected wave 1s represented by
Vv = a3Vp cos{wt — kx + m) cm, where a5 1s a positive constant.

(D) | When the wave transmits through @ for the first tume, the transmutted wave 1s represented by
V = @,V cos(wt — 4kx) cm, where a, is a positive constant.

(A,D)
S1 Sa S3

i
(4) 1 P 4u Q 16p
v, = y,cos (ot —kx)

when wave going from Rarer to Denser,
y,=Acos (ot +kx + )
v, =a,y, cos (ot + kx + )

option (A) correct




(B) For transmitted from point P
y, = Acos [ot -k x]

( 0

=2k
y, = a,y, cos [ot —2kx]
option (B) incorrect
(C) when reflected from Q
y, = a,y, cos [ot — 2kx]
y, = a,y, cos [ot + 2kx + n]
option (C) incorrect
(D) when transmitted from Q
v, = a,y, cos [ot = k,x]
k, _ [l6p
2k 4
y, = a,y, cos [ot — 4kx]

option (D) correct

=k, =4k

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 on-
screen 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.

Q.8

Ans.

A person sitting inside an elevator performs a weighing experiment with an object of mass 50 kg.
Suppose that the variation of the height y (in m) of the elevator, from the ground, with time ¢ (in s)

1s given by y = 8 [1 + 5111( )] where 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

(2)




. 2wt
}’=8+85u1—n
T

With respect to elevator, variation in weight will be
AW =m(Aa)__
AW =m x 20'A

Here elevator is performing SHM

(2
ﬂ.W=2m><'—J ~A N
T
(2n Y
AW =2x50x| —— | x8 N
\ 407 )

AW =2 SD}CLKS N
400

aw =22 N-2n
400

Q.9 | A cube of unit volume contains 35 x 107 photons of frequency 10*® Hz. If the energy of all the
photons 1s viewed as the average energy bemng contamned in the electromagnetic waves within the
same volume, then the amplitude of the magnetic field is @ x 10™° T. Taking permeability of free

space Lig = 4 % 1077 Tm/A., Planck’s constant h = 6 x 10" **Jsand 7 = % the value of « 1s

Ans. (23)
Total energy in cube = 35 x 10" x hf
=35x10 x6x 107" x 10"
=21x10"7

7

Total energy of EM waves = 2—” « volume
Ho
»  2.1x107" x8mx107
B, = 3
1
=B, =2298x10°T
Ans. 22.98




Q.10

Ans.

Two identical plates P and Q. radiating as perfect black bodies, are kept in vacuum at constant
absolute temperatures Tp and Tg. respectively, with Tq < Tp. as shown in Fig. 1. The radiated power
transferred per unit area from P to Q is W,. 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 Q (Fig. 2) in the

. A
steady state 1s W, then the ratio W—" 1s
5

Fig. 1 Fig. 2
P Q P Q
W'[J m
Tp Tq Tp Tq
(3)
Initially :
Ts To

W, =0(T; -Tg)
Wo

Finally :

Putting heat currents equal in steady state :
— | —| —=

WS Ws WS

o(T;-T)=o(T-T})
o(T'-T)=o(T, - Tg)
Adding :

L-T,=T,-T,

=T +T, =T, + T,
and :>T14—T;=T;—TI4

2Ty + Ty

Adding: T} ="F 2
So W, =o(T; -T/)

1

(T -Tg

- .
— Tu‘“'?_”a |
. uE

F 3 ‘Fg

.

W,
hence — =3
W

0




Q.11

A solid glass sphere of refractive index n = V'3 and radius R contains a spherical air cavity of radius
g. as shown in the 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 sinf1s

f/" R/

S /
! m=43
) I
air ,

alrr r

R

2

Y
0

tan o =~./§

o = 60°
ﬁsﬁB:lxsﬁlu:ﬂE:SDD
R X

25in30°  sin120°
R RZ . 3B
. = — — = smi=—x—
sinl120% 2wsin® 2 2

3

sin B =




Q.12

: o . ) ) : .. . . bd
A single slit diffraction experiment 1s performed to determine the slit width using the equation. 5=

mA. where b is the 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 gm) in the value of b
estimated using the diffraction maximum that occurs form = 3 withd = 5mmand D = 1 m s

Ans.

Q.13

Ans.

(75.6 OR 78.75)
If we can consider
Ab Am AL AD Ad
— = + + +—
b m 'y D d

Ab lem  lmm
—=0+0+—+
b lm  Smm

=0.21

_miD _ 3x600x107 x1
d 5x107

= Ab=360 = 0.21 pm = 75.6 nm

b

um = 360 um

Consider an electron in the n = 3 orbit of a hydrogen-like atom with atomic number Z. At absolute
temperature T. a neutron having thermal energy kgT has the same de Broglie wavelength as that of
z2n?

———— . (where h is the Planck’s constant. kg
amragmykg

this electron. If this temperature is given by T =

is the Boltzmann constant, my 1s the mass of the neutron and a,, is the first Bohr radius of hydrogen

atom) then the value of  is

(72)
v 3 KZe’
r i’
mv'r = 1 Ze? (1)
dn g,
mvr = b . (2)
2
(1)/(2) gives
Zet
4n g, Ze’
v = =
nh  2¢,nh
2n




h h

- r
mv -, flmN - LBT
m-Z%e*

=5 2 2.2
8y, n"h'mKy

152 _4
m-ZLe
n=3=T= 5
-.r = 4
25, h'm Ky
¥
ZLe”
(1) 1 4ne,
—F = =33
[2)‘ mr nh”
7
47°
2 2 2
n'h” g h* g,
I=———— = 3, = —
/e’ -m e m
4 2
» h'e
a,=—
0 7 42
mTem
252 4 4 _2
2 m-Ze h™ g
a, = -
o 2 2.4 2
72eo h'myky me’m
22
h=Z~
T=— = a=T72
T2n agmyk
[T agMyky

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-l1 and List-I1.

List-1 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 : +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.




Q.14

Ans.

are given m List-TT

List-I
® .
R
S . i
(Q j?_ X *
I
(R f;.-’f .-
....... v i
S
i

List-I shows four configurations, each consisting of a pair of 1deal electric dipoles. Each dipole has
a dipcle moment of magnitude p, onented as marked by amrows m the figures. In all the
configurations the dipoles are fixed such that they are at a distance 2r apart along the x dj.te_qstmn
The mudpoint of the hine jomning the two dipoles 15 X. The possible resnltant electric fields E at X

Choose the option that describes the correct match between the entnies mn List-1 to those m List-11

List-IT

(M E=10

@ E=-2=j
= o . o

NE=—50-0)
= p " .

WE=——@1-J)
_' "~

(NE = IrEF,;,IﬂI

(A) | P—3,Q—=1 E—2 54

(B) | P—4, Q5 R~3, 5-1

(C) |P—2. Q-1 R—4, 5-5

(D) | P—=2, Q—1, R—=3, 55

(€

—2kP -
(P) A - Enet = e ]
2E
_P;
E =
= 2 ST




E
(Q)IT|
BN
(R}I%=
|
2E

P-2.Q—=1R—=45-—=5

Ans. (C)




Q.15

A circait with an electrical load having impedance 2 is comnected with an AC source 23 shown in
the diagram. The source voltage vans: m tme as ¥(¢) = 30 sin(400t) V, where ¢ is ttme 5.
List-I shows various opticas for the load The powible cumemts () in the circmit as a function of
tmoe 2w grven n List-IL
T
P
l.-I_l II'H.\_.I'I
Choose the opticn that descrbes the comect match betwesn the sotries @ List-1 to thowe in List-
IL
Lase-T List-IT
00 (1) AT
k! ra .\l'-\. .
®m —IN— N M
P \
24 "'u____H )))I
*o T3 E T ¢ =
Wil
mQa 100 mH 5] ] ' .-IJ
oy
l.II # ~T. e -\..\. -.._"
Q@ A= T00000 i oo % I‘) |
- - \l\l\"q__p-":.. - .
[ T E Al &
(B) SouF 0@ 25mH (3 A
A AN~ TN VN |
IIIII- n .'-I. .I..
H-H'\-. .l".-l- |
W 2 T EC TR
P
(3 soupF s0n 125 mH (9 ) : : -
| , A A o o - .___.-"_\'h"'\-\.x
- A~ TO0000 £ %
Ard 1] P
LU} -l-l-_."lllr .'.I‘-\.\\I
L . T
(3 1 T, ' l
SN
M) L .-.I-.-'. 'l"l.
F b
"
Jf-. iy
a . a RE | :.\‘-h q:-.-'Il
o1

(4) | P—3, Q=5 B=2, 5—1

(B) | P=l, Q=3 E=2 5=3

() | P—3, g4 B2, 51

@) |P—~1, Q-4 =2, 55




Ans.

(A)
For P

i=E =10 sin 400t = (3)
R
For Q
X, = oL =400 x 100 x 107 =400
S L=500)

. 300 . a4 X
1 =i—[}5u1l~4ﬂﬂt—53°) [current will lag by tan IEL] = (5)

ForR
X, __ 1% 5500 and X, =400 x 25 x 107 = 10Q
"~ 40050 )
S L2 =500
: . : 4 X—X

g 1=%3ml\4[}{}t+ 53°)  [Current will lead by tan 12 " L1=(2)
For S
X, =500 and X, =400 x 125 x 10° = 500
R =600

300

Si= Esm(i‘rﬂ'{}t] X, =X_ = Resonance = (1)




Q.16

Ans.

List-I

(P) E o Z°

(QE o (Z—1)°

(R)E x Z(Z — 1)

(S) E 1s practically independent of Z

List-I shows various functional dependencies of energy (E) on the atomic mumber (£). Energies
associated with certain phenomena are given mn List-T1

Choose the option that describes the correct match between the entnies in List-I to those m List-

List-IT

(1) energy of characteristic x-rays

(2) electrostatic part of the nuclear binding
energy for stable nuclel with mass numbers m
the range 30 to 170

(3) energy of continuous x-rays

(4) average nuclear binding energy per micleon
for stable nuclel with mass number in the range

30t0 170

(3) energy of radiation due to electronic
transitions from hydrogen-hke atoms

(A) | P-4, Q-3 R—1 5=2
(B) | P=3 Q=2 B—~1 54
(C) | P—=3 Q-1 B2 54
Dy | P=3, Q=2 B—1, 53

(€




(P) Energy of H-like atom 1s

E=-13.6% So
11

2

E=<Z
P —(5)

(Q) Energy of characteristic X-ray by moseley's correction

7

E=—13.6[z—1f{ ! —ij} So
n; 0
Ex(Z-1)
Q—(1)
(R) Electrostatics binding energy is proportional to Z(Z — 1)
R —(2)
(S) For stable nuclei with mass no. in range 30 to 170. Binding energy per nucleon is constant &
graph 1s straight line
S —(4)
Ans. (C) 1s correct

CHEMISTRY

SECTION 1 (Maximum Marks: 12)

# This section contains FOUR (04) questions.
# Each question has FOUR options (4), (B), (C) and (D). ONLY OMNE of these four options is the correct

ANSWET.
#» Foreach question, choose the option corresponding to the correct answer.
»  Answer to each question will be evaluated according to the following marking scheme:

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




Q.1

Ans.

Ans.

Q.3

Ans.

The heating of NH4sNO: at 60-70 °C and NHsNOs at 200-250 °C 15 associated with the formation
of mitrogen contaming compounds X and Y, respectively. X and Y, respectively, are

(A) | N2 and N0

(B) | NH; and NO,

(C) | NO and N,O

I:D} Nj and NH}

(a)
NH,NO, —2 3N, +2H.,0

60—T0"C

NH,NO,——2__ 3N, 0+2H,0

The correct order of the wavelength maxima of the absorption band in the ultraviolet-visible region
for the given complexes 1s

(A) | [Co(CN)e]* < [Co(NH3)s]™™ < [Co(NH;)s(H20)™" < [Co(NH3)s(CD]*

(B) | [Co(NH:3)s(CD)]* < [Co(NH3)5(H20)]* < [Co(NH:)s]** < [Co(CN)s]*

(C) | [Co(CN)e]*™ < [Co(NH3)s(CD]* < [Co(NH:)s(H,0) ] < [Co(NHs)s]*

(D) | [Co(NHz)s)*™ < [Co(CN)s]*~ < [Co(NH3)s(C1)]*" < [Co(NHz)s(H20)]*

(A)

1
Ag o —

~. The absorb wave length order is

[Co(CN)e]” < [Co(NH3)6]” < [Co(NH3)sH,0T " < [Co(NH;)sCl]

g X8

One of the products formed from the reaction of permanganate 1on with 1odide 1on 1n neutral
aqueous medium 15

(A) | b (B) | 105~ (C) | 104 (D) | I0x

(8)
[ +2MnO)} + H,O0 " =i, oNnO, + 105 +20H"




Q.4

Ans.

Consider the depicted hydrogen (H) mn the hydrocarbons given below. The most acidic hydrogen
(H) 15

(A) (B)

) {
(© ] o
)
"
(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 guestion, 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 itis 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.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct
answers, then

choosing ONLY (A), (B) and (D) will get +4 marks;

choosing ONLY (A) and (B) will get +2 marks;

choosing ONLY (A) and (D) will get +2 marks;

choosing ONLY (B) and (D) will get 4+2 marks;

choosing ONLY (A) will get +1 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

choosing no option (i.e. the question is unanswered) will get 0 marks; and
choosing any other combination of options will get —2 marks.




Q.5 | Regarding the molecular orbital (MO) energy levels for homonuclear diatonuc molecules, the
INCORRECT statement(s) 1s(are)

(A) | Bond order of Ne» 1s zero.

(B) | The lughest occupied molecular orbital (HOMO) of F» 1s g-type.

(C) | Bond energy of 0F is smaller than the bond energy of 0.

(D) | Bond length of L1, 1s larger than the bond length of B,.

Ans. (B,(C)
(i) Ne, = (ols*)(o*1s* o2s” o *2s° )(o2p: )(n2p; = nﬁpi W(m*2p] = rr*.’lp_f No*2pl)

0—0
2

B.O.= =0

(ii) F, = (ols*)(o*1s* )(02s" )(o * 25* |(o2p; )(n2p; = n2p; )(n*2p; = n*2p])
HOMOD

(iii) O = (ols®)(c*1s*)(o2s* (o * 25" o2p: N n2p: = nEpi}{n*EpL =n*2p,)

E!~.Cl.:tr—_1 =2.5

2

0, = (ols*)a*1s’)(o28" o * 257 )(a2p] N n2p] = nEpf]{n*EpL = n*EpL]

0-2 : :
B.O.—— =2 (Bond order increases, Bond strength increases)

(iv) Size of atom increases, Bond length increases
Sizeof Li=B
So, Bond length of Li, > B,

Q.6 | The pair(s) of diamagnetic 1ons 1s(are)

(A) | La™, Ce*™

(B) | Yb™, Lu™

(C) | La™, Ce™

(D) | Y™, L™

Ans. (A,B)

La~ — [s:Xe] 41 diamagnetic
Yb™* - [54Xe] 4 diamagnetic
Lu~ > [54sXe] 4 diamagnetic
La™~ — [5:Xe] 5d paramagnetic
Ce™ - [s:Xe] 41 diamagnetic
Ce™ — [54Xe] 4f paramagnetic
Yb" - [s4Xe] 4" paramagnetic
Lu™ — [54Xe] 4f 5d' paramagnetic




Ans.

For the reaction sequence given below, the correct statement(s) 1s(are)

_.-"ﬂ"‘x\_h - . -
HBEr Finkelstein reaction
[‘\/|\| - P i Q

Swarts reaction

R

(In the options, X 1s any atom other than carbon and hydrogen, and 1t 1s 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 m P, Q and R follows the order R > P > Q.

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

(D) | pK: value of the conjugate acids of the leaving groups in P, Q and R follows the order
R>Q=>P.

(B)

SECTION 3 (Maximum Marks: 24)

This section contains SIX (08) 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 on-
screen 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.




Q.8 | Inan electrochemical cell, dichromate ions in aqueous acidic medium are reduced to Cr**. 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™!

Ans. (100)
n}- = 3

=) f)c_ = | X3 = :‘I:_x"‘.-.g'lix‘é_c

Q96500

3 2T T e A

Q.9 | At 25 °C, the concentration of H*1ons in 1.00 x 1073 M aqueous solution of a weak monobasic acid
having acid dissociation constant (K,) of 4.00 x 10711 is X x 1077 M. The value of X is

Use: Tonic product of water (K,) = 1.00 x 1071 at 25 °C

Ans. (2.24)

———

LHD = JcKa +Ku

= e

L

x10=7 = 2.24 x)0~7

Q.10 | Molar volume (¥,,) of a van der Waals gas can be calculated by expressing the van der Waals equation
as a cubic equation with ¥y, as the variable. The ratio (in mol dm~?) of the coefficient of V3 to the
coefficient of Vi for a gas having van der Waals constants @ = 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~! K1

Ans. (-7.1)
2 4 &
m—— f N ) Y-
(\‘ V'l> (bﬂ\_O/’ = <7
= PVi —(Pb+RTIV," =+aV,, — &b =]
—(Pb A7) 300l 006 +0-0€2)

C/k >

Q.11 | Considering ideal gas behavior. the expansion work done (i kJ) when 144 g of water is electrolyzed
completely under constant pressure at 300 K 1s

Use: Universal gas constant (R) = 8.3 J K~ mol™!; Atomic mass (inamu) H=1, 0 =16

Ans. (29.88)




Q.12

Ans.

Q.13

Ans.

R, 0(4) —> 2W,04Q) 0, ()
2 mbles & mile U mdls

Vil e ST S I e e

~-24880 3 =-29'88 k]

Ant= 29.88

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 (1n grams) of mtrogen gas evolved 1s

Use: Atomic mass of N (mn amu) = 14

(280)

+

The reaction sequence given below 1s carried out with 16 moles of X. The yield of the major
product in each step 1s given below the product in parentheses. The amount (in grams) of S
produced 15

Br D/> (i) Na, dry ether ['} NED':L A (i) NaOH, Ca0
O i) Hs0" _ p [HO Q _tiLa . R [Bra(CHsO o

X Maolar mass 210 (50 %) (50 %) {50 %)
{100 %}
R
l MNaH, (CoH51.0
S
{50 %)

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

(175)
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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-II.

List-1 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-1 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.




Q.14 | The correct match of the group reagents in List-I for precipitating the metal 10on given in List-IT
from solutions, 1s

List-1 List-II
(P) Passing HS 1n the presence of NHsOH (1) Cu™
(Q) (NH4)2CO:s in the presence of NHsOH (2) Al
(R) NH4OH in the presence of NHsCl (3) Mn™
(S) Passing HaS 1n the presence of dilute HCI (4) Ba™
(5) Mg*™

(A) IP53Q=234R—>2:5>1

(B) [ P24 Q—=>2R—>3:5S—>1

(C) [ P33:Q24R—>1:8>5

D) [P35Q—>3R>2:S—>4

Ans. (A)
Mn-! H.5+NH ,0OH MHSJ"

Pmk/ buff ppi

Ba': "‘“'“_I.l.'lI:':\HinII }BHCD1 "L

White ppt.

AlP _MceNmOn L 41O |

White ppt

Cu-: E|_.Z‘i'!|‘.'|ll.|.| | CI'LIS“«'

Black ppit




Q.15

Ans.

The major products obtained from the reactions in List-IT are the reactants for the named reactions

mentioned i List-I. Match each entry in List-I with the appropriate entry in List-IT and choose the
correct option.

List-1 List-IT
(P) Stephen reaction (1)
(i) CrO,Cl/CS,
+
Toluene (M H;0
(Q) Sandmevyer reaction (2)
{i) PCls
i) NHz
(i) PaOyp, A

Benzoic acid

(R) Hoffmann bromamide degradation reaction  (3)
(i) Fe, HCI
(i) HCI, NaNO,
(273-278 K), H,O
Mifrobenzene -

(5) Cannizzare reaction (4)
(i) Clafh, HaO
(i} Tellen's reagent
(iiiy S0,CI,
Toluena iv) NH, -
)
(i) (CH2O0)0, Pyridine
(i) HMNOs, HaS0,, 288 K
Aniline (iii) &g. MaOH
A) |IP=22Q0—=4R—=1.5=3
B) |[P=20Q0—=3R—=45=1
C) [P=25Q—=23R>45=22
D) | P=5Q0—=4R—=25=>1

(B)




D ’T tyertly , (61 jm} @
O {‘_;';_ b, ott EG'_:] )

o - —
';!I) LRIe! e | Hol MH M# MQ.L H':..-l ;ll'r. L. H

Ty e gy e

4 | Y CHOD
Yoy e, 17 e coc ﬁJ ol
O - & 'F’g_phﬁrvﬂ' %
LeERTD _
' @ |
o oMt
MHL [, (6)0 M4t

hI'H

I H D2,
T - - "I N
0 @ Hy $04 CC:D _Ei“_, j

HD
HD




Q.16

Ans.

option.

List-I

(5)
/ﬁ:ﬁqnmnz

Match the compounds in List-I with the appropriate observations in List-IT and choose the correct

List-IT

(1) Reaction with phenyl diazonmm salt gives
yellow dye.

(2) Reaction with ninhydnin gives purple color
and it also reacts with FeCl; to give wiolet
color.

(3) Reaction with glucose will give

correspondmg hydrazone.

(4) Lassiagne extract of the compound treated
with ditute HC1 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 dvye test.

A) P21, Q=5 Ro>452
B) | P=22:Q—=5%R—=>15->3
C) |[P=5 Q=2 R—=>1;5—4
D |[P=22Q—=1R—=55=3
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END OF THE QUESTION PAPER




