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Q.4 A human body has a surface area of approximately 1 m2. The normal body temperature is
10K above the surrounding room temperature To. Take the room temperature to be
Ty = 300 K. For Tp = 300 K, the value of aTy = 460 Wm~2 (where o is the Stefan-
Boltzmann constant). Which of the following options is/are correct?

| [A] The amount of energy radiated by the body in 1 second is close to 60 Joules

[B] If the body temperature rises 'significantly then the peak in the spectrum of
electromagnetic radiation emitted by the body would shift to longer wavelengths

[C] “If the surrounding temperature reduces by a small amount ATy K Ty, then to
" maintain the same body temperature the same (living) human being needs to radiate
AW = 40T23AT, more energy per unit time

: _[D]‘ Reducing the exposed surface area of the body (e.g. by curling up) allows humans to
' maintain the same body temperature while reducing the energy lost by radiation
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Q.7 In the circuit shown, L = 1 uH, C = 1 uF and R = 1 kQ. They are connected in series with
an a.c. source V = V; sin wt as shown. Which of the following options is/are correct?
L=1pH C=1pF R=1kQ

Vesinwot

[A] The 'ﬁ'equency at which the current will be in phase with the voltage is independent
of R

[B] The current will be in phase with the voltage if @ = 10* rad.s™*
[C] Atw > 108 rad.s™1, the circuit behaves like a capacitor

. [D] At w~0 the current flowing through the circuit becomes nearly zero

Space for rough work
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SECTION 3 (Maximum Marks: 18)

This section contains SIX questions of matching type

This section contains TWO tables (each having 3 columns and 4 rows)

Based on each table, there are THREE questions

Each question has FOUR options [A], [B], [C], and [D]. ONLY ONE of these four options
is correct

For each question, darken the bubble corresponding to the correct option in the ORS

For each question, marks will be awarded in one of the following categories:

Full Marks — : +3 Ifonly the bubble corresponding to the correct option is darkened
Zero Marks . 0 Ifnone of the bubbles is darkened
Negative Marks: -1 In all other cases

Space for rough work
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Answer Q.13, Q.14 and Q.15 by appropriately matching the information given in the three
columns of the following table.

A charged particle (electron or proton) is introduced at the origin (x =0,y = .0. zi= O)ﬂWith. a
given initial velocity ¥. A uniform electric field E' and 2 uﬂjfoml mag.ncnc field B exist
everywhere. The velocity #, electric field E and magnetic field B are given in columns 1, 2 and
3, respectively. The quantities E, , By are positive in magnitude.
Column 1 Column 2 L Column 3
@) Blectron with 7 = 222 Q) E=Eo? (P) B = —BoR
0

() Electron with # = =* (i) E = —Eof (Q) B = Bo2

0
(III) Proton with ¥ = 0 (iii) E = —E,® ®) B = B9
(IV) Proton with # = 222 (iv) E = Eo% (S) B = ByZ

1]

Q.13 In which case will the particle describe a helical path with axis along the positive z

direction?

?ﬁl} (I1I) (1) (P)

(Bl av) (@ (S)

C}7 (D Gi) (R)
Lo

[P aV) (i) (R)

Q.14 In which case will the particle move in a straight line with constant velocity?

[A] D (i) (R)

[BI @D @) () [C1 V)@ (S)

\[/D]/an) (iii) (P)

Q.15 In which case would the particle move in a straight line along the negative direction of y-
axis (i.e., move along - #)?

[A] (D) (ii) (P)

BT () G @

[C] AV) () (S)

(D] (1) (i) (R)
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Q.16 Which one of the following options is the correct combination?

[A] (IV) (i) (S) [B] (DG (S)  [C] (D Gv) (@) [D] (D @) (R)
Q.17 Which of the following options is the only correct representation of a process in which

AU=AQ - PAV?

i ¥ .

[A] () (iid) (S) [B] () (i)®)  [C] D (i@ D] )@ ®
Q.18 Which one of the following options correctly represents a thermodynamic process that is

used as a correction in the determination of the speed of sound in an ideal gas?

[A] (V) (@) (R) [(B] (@) (Q) [C] @(3)(Q [D] @) (v) (R)

END OF PART I : PHYSICS
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SECTION 3 (Maximum Marks: 18)

This section contains SIX questions of matching type

This section contains TWO tables (each having 3 columns and 4 rows)

Based on each table, there are THREE questions

Each question has FOUR options [A], [B],.[C] and [D]. ONLY ONE of these four options
is correct

For each question, darken the bubble corresponding to the correct option in the ORS

-

For each question, marks will be awarded in one of the following categories:

Full Marks . +3  Ifonly the bubble corresponding to the correct option is darkened
Zero Marks : 0  Ifnone of the bubbles is darkened
Negative Marks: -1 _Inall other cases
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PART III : MATHEMATICS

SECTION 1 (Maximum Marks: 28) T

This section contains SEVEN questions

Each question has FOUR options [A], [B], [C] and [D]. ONE OR MORE THAN ONE of
these four options is(are) correct

For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS

For each question, marks will be awarded in one of the following categories:
Full Marks 1 +4

If only the bubble(s) corresponding to all the correct option(s)
1s(are) darkened

For darkening a bubble corresponding to each correct option,
provided NO incorrect option is darkened

If none of the bubbles is darkened

In all other cases

Partial Marks |

Zero Marks o0
Negative Marks - 5

For example, if [A], [C] and [D] are all the correct options for a question, darkening all these

three will get +4 marks; darkening only [A] and [D] will get +2 marks; and darkening [A]
and [B] will get -2 marks, as a wrong option is also darkened

Q.37 Let X and Y be two events such that P(X) =3, P(X|V) = = and P(Y]X) =2 Then
5

1
VL“XWF; (B] P(X'|y) =1
o
1 =
e =1 [D]/;(X uy) =2
Q.38 Leta, b, x and y be real nlimbers suchthat a — p = 1 apg ¥ # 0.1If the compléx number
| | ; . az+b) _ \
z?_ 1 IR e Im('z_:f = ¥ then which of the following is(are) possible value(s) of
x?

B ThoL3y® [B] ~1+ /157 b
[C] 1-T+y2 . e

O] -1- /1= y? 5 Cj,%?;
A5 -
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Q.39 Let f:R—(0,1) be a continuous function. Then, which of the following function(s)
has(have) the valuc zero at some point in the interval (0,1)?

[A] £~ f@ (B] F(x)+ 3 f(®)sintde
[C] x—j;:_xf(t)costdt [D] e"—f;f(t)sintdt

Q.40 Let [x] be the greatest integer less than or equals to x. Then, at which of the following
point(s) the function f(x) = x cos(m(x + [x])) is discontinuous?

[A] x=2 B] x=1 G =1 \/[p]":'c=o

Q.41 If a chord, which is not a tangent, of the parabola y? = 16x has the equation 2x +y = p,
and midpoint (h, k), then which of the following is(are) possible value(s) of p, & and k?

[A] p=-2,h=2,k=—-4 [B] p=2,h=3k=—-4
[Cl] p=—-1Lh=1lk=-3 [D] p=5h=4k=-3
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Q.42 Which of the following is(are) NOT the square of a 3x3 matrix with real entrics?

il 0o
[A][OIOJ

00 1
N/ o
o=
o B

L

[B]

ol jo1 0

-1 O 0
“10 -1 0
L 0 0o -1

[1—0 0]

=1

5, @

24 ; ;
Q43 If 2x —y + 1 = 0 is a tangent to the hyperbola ﬁ; = T—E = 1, then which of the following

CANNOT be sides of a right angled triangle?

_[CT 24,81 \)D}/Za, 4,1

Y

b4
[A] a, 41 2 L[B] a, 4, 1
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Q46 Let f: R - R be a differentiable function such that £(0) = 0,£(£) =3 and f'(0) = 1.1¢

7
goey = f [f'(t) cosect —\cott cosect f(t)]dt

forx € (0,-3-], then lim, _,, g(x) = b 5 (‘) B
X

Q.47 For a real number a, if the system

1| & [T 1
a) P a [J’] = =il
) a> qo 11tz! 1
of linear equations, has infinitely many solutions, then 1 + a + a? = #-8
Q.48 Words of length 10 are formed using the letters A,B,C,D,EF,G,H,[]. Let x be the

number of such words where no letter is repeated; and let y be the number of such words
where exactly one letter is repeated twice and no other letter is repeated. Then, % =f
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is correct

Full Marks : +8

Zero Marks

Negative Marks: -1

This section contains SIX questions of matching type

This section contains TWO tables (each having 3 columns and 4 rows)

Based on each table, there are THREE questions

Each question has FOUR options [A], [B], [C], and [D]. ONLY ONE of these four options

For each question, darken the bubble corresponding to the correct option in the ORS

For each question, marks will be awarded in one of the following categories:

SECTION 3 (Maximum Marks: 18)

If only the bubble corresponding to the correct option is darkened
If none of the bubbles is darkened
In all other cases
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