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JAM 2019 BIOTECHNOLOGY - BT

Paper Specific Instructions

1. The examination is of 3 hours duration. There are a total of 60 questions carrying 100 marks. The entire
paper is divided into three sections, A, B and C. All sections are compulsory. Questions in each section are
of different types.

2. Section — A contains a total of 30 Multiple Choice Questions (MCQ). Each MCQ type question has four
choices out of which only one choice is the correct answer. Questions Q.1 — Q.30 belong to this section
and carry a total of 50 marks. Q.1 — Q.10 carry 1 mark each and Questions Q.11 — Q.30 carry 2 marks
each.

3. Section — B contains a total of 10 Multiple Select Questions (MSQ). Each MSQ type question is similar
to MCQ but with a difference that there may be one or more than one choice(s) that are correct out of the
four given choices. The candidate gets full credit if he/she selects all the correct answers only and no
wrong answers. Questions Q.31 — Q.40 belong to this section and carry 2 marks each with a total of 20
marks.

4. Section — C contains a total of 20 Numerical Answer Type (NAT) questions. For these NAT type
questions, the answer is a real number which needs to be entered using the virtual keyboard on the monitor.
No choices will be shown for these type of questions. Questions Q.41 — Q.60 belong to this section and
carry a total of 30 marks. Q.41 — Q.50 carry 1 mark each and Questions Q.51 — Q.60 carry 2 marks each.

5. In all sections, questions not attempted will result in zero mark. In Section — A (MCQ), wrong answer will
result in NEGATIVE marks. For all 1 mark questions, 1/3 marks will be deducted for each wrong answer.
For all 2 marks questions, 2/3 marks will be deducted for each wrong answer. In Section — B (MSQ), there
is NO NEGATIVE and NO PARTIAL marking provisions. There is NO NEGATIVE marking in
Section — C (NAT) as well.

6. Only Virtual Scientific Calculator is allowed. Charts, graph sheets, tables, cellular phone or other
electronic gadgets are NOT allowed in the examination hall.

7. The Scribble Pad will be provided for rough work.
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SECTION - A
MULTIPLE CHOICE QUESTIONS (MCQ)

Q. 1-Q.10 carry one mark each.

Q.1 The glycosidic linkages in cellulose and amylose are , respectively.
(A)al-4and B 1-4
B)pl1-4and a 1-4
(©)Bp1-4anda 1-6
(D)o 1-4 and a 1-2
Q.2 A mutation in the operator locus of /ac operon that confers constitutive expression of -
galactosidase is
(A) cis dominant (B) trans dominant (C) co-dominant (D) dominant negative
3 1 - (13 3
Q Which one of the points P = (2 2) Q= (2 , 2), R = (2 2 ) and S = (2 ) lies ABOVE the
parabola y = 2x? and INSIDE the circle x? + y? = 4?2
(A)P B)Q (OR (D) S
Q4 LetU =1{1,2,3,4,5}. A subset S is chosen uniformly at random from the non-empty subsets of U.
What is the probability that S does NOT have two consecutive elements?
(A) 9/31 (B) 10/31 (C) 11/31 (D) 12/31
Q.5  Which one of the following figures represents the correct sequence of phases in adult eukaryotic
cell cycle?
A B c D
/61 \ /61 /6 fm \
S G2 M S s M G2
\ M / \G G \ S /
Q.6 At what pH does poly-Glu in an aqueous solution form a-helical structure?
(A)3 (B)7 ©9 (D) 12
Q.7  The dimensions of coefficient of viscosity are
(A) ML'T! (B) ML™'T (C) ML™T (D) MLT"!
BT 211
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Q.8  Match the entries in Group I with the entries in Group II

Group I Group II

(P) Nylon (i) Isoprene
(Q) Natural rubber (i1) Hexose
(R) Starch (ii1) Amino acid
(S) Myoglobin (iv) Adipic acid

(A) P-iv, Q-i, R-ii, S-iii
(B) P-iv, Q-i, R-iii, S-ii
(C) P-iv, Q-iii, R-ii, S-i

(D) P-ii, Q-iv, R-i, S-iii

Q.9  The technique that involves impacting samples with electrons is

(A) NMR spectroscopy
(B) ESI mass spectrometry
(C) IR spectroscopy

(D) UV-vis spectroscopy

Q.10  The orbital angular momentum of hydrogen atom in the ground state is

(A)0 (B) % () % (D) h

Q. 11 - Q. 30 carry two marks each.

Q.11 V5+1 V5-1 . a™+b"
Let @ = andb = —— . Then, lim
2 n—oo a®—pn
(A)is 1 (B)is 2 ©)is0 (D) does not exist

Q.12 In how many ways can one write the elements 1, 2, 3, 4 in a sequence x;, X5, X3, X4 With x; # i Vi?

(A)9 (B) 10 (C) 11 (D) 12
A3 sinA 1+ cos A
Q Simplify + —
1+cos A SinA
(A)2secA (B) 2 cosec A (C)secA (D) cosec A

Q.14  The evolution of eyes in octopus and in human is an example of

(A) divergent evolution (B) convergent evolution
(C) adaptive radiation (D) genetic drift
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Q.15  Which one of the following modifications occurs both on DNA and protein?

(A) ADP-ribosylation (B) Methylation
(C) Sumoylation (D) Ubiquitination

Q.16  Solutions of the following peptides are prepared separately at a concentration of 1 mM. Among
these four, which one has the highest Asgo?

(A) Ser-Val-Trp-Asp-Phe-Gly-Tyr-Trp-Ala
(B) GIn-Leu-Glu-Phe-Thr-Leu-Asp-Gly-Tyr
(C) Met-Gly-Val-Ileu-Asp-Ser-Ala-Trp-His
(D) His-Pro-Gly-Asp-Val-Ileu-Phe-Met-Leu

Q.17 The free energy required to synthesize a mixed anhydride bond of 1,3-bisphosphoglycerate is
generated by the oxidation of

(A) an aldehyde to acid
(B) an alcohol to acid

(C) an alcohol to aldehyde
(D) NADH to NAD"

Q.18 The following reaction is an example of

OH
0 H 2-
)]\ L, = - CH,OPO;
HOHzc CH20P03 (9]
(A) enolization (B) racemization (C) isomerization (D) epimerization

Q.19  Which one of the following parameters changes upon doubling the enzyme concentration?

(A) Kwm (B) Vimax (C) Keat (D) Keq

Q.20  Which one of the following statements is a correct description of modes of action of taxol and
colchicine?

(A) Taxol causes DNA damage and colchicine prevents microtubule formation

(B) Taxol stabilizes microtubules and colchicine inhibits protein synthesis

(C) Taxol destabilizes microtubules and colchicine promotes microtubule formation
(D) Taxol stabilizes microtubules and colchicine prevents microtubule formation
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Q.21 In a simple microscope,
(A) a lens with negative power is used
(B) the focal length of the lens is less than the least distance for clear vision
(C) the focal length of the lens is greater than the least distance for clear vision
(D) magnification depends only on the focal length of the lens
Q.22 Which one of the following statements is INCORRECT with respect to bacterial conjugation?
(A) It facilitates transfer of genetic material
(B) It requires flagellum
(C) It can spread antibiotic resistance
(D) It can transfer virulence factors
Q.23 A particle starting from rest is subjected to a constant force. The plot of distance traveled along the
direction of the force as a function of time is a/an
A) straight line B) circle C) parabola D) ellipse
(A) straig p p
Q.24 Indole acetic acid (IAA) is involved in
(A) gravitropism (B) flowering (C) ripening (D) senescence
Q.25 Which one of the following remains unchanged when light waves enter water from air?
(A) Wavelength (B) Wavenumber (C) Frequency (D) Intensity
Q.26  According to the kinetic theory of gases, the average energy of a diatomic molecule in an ideal gas
depends on
(A) mass of each atom and the temperature
(B) mass of each atom and the bond length
(C) mass of each atom, bond length, and temperature
(D) temperature only
Q.27 Match the entries in Group I with entries in Group 11
Group I Group 11
(P) Bacteria (i) Malaria
(Q) Virus (i1) Tuberculosis
(R) Protozoa (iii) Influenza
(S) Autoantibodies (iv) Myasthenia gravis
(A) P-ii, Q-i, R-iii, S-iv (B) P-ii, Q-iii, R-i, S-iv
(C) P-iv, Q-iii, R-1, S-ii (D) P-i, Q-iv, R-ii, S-iii
BT 511
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Q.28 pK.increases in the order

(A) HN3 > NH;0H" > N,Hs" > NH;
(B) NH3OH+ > N2H5+ > HNj3 > NH;
(C) NH; > NH3OH+ > N2H5Jr > HNj3
(D) HN; > I\Isz+ > NH; > I\IH3OH+

Q.29  H; reacts with trans-(PhsP),Ir(CO)CI to primarily produce

H
PhgP co
w > ®) H-/—-—/—‘-‘|r<co
PhsP H Ph,P cl
H H
©) OC\J/PP"S (D) OC\J/PP“S
phyp”” |\CI Ph3P/| H
H Cl

Q.30 Among the following species, the metal center that has the highest number of unpaired electrons is

(A) VCl4 (B) Ni(CO), (C) [AuCl] (D) [CdBr ]

SECTION -B
MULTIPLE SELECT QUESTIONS (MSQ)
Q. 31 - Q. 40 carry two marks each.

Q.31 Pick the correct statement(s) with respect to the inter-conversion of the topoisomers of a circularly
closed double stranded DNA.

(A) Only one strand needs to be cut

(B) Both strands have to be cut

(C) No strand needs to be cut

(D) ATP is required for inter-conversion

Q.32 LetU ={1,2,...,15}. Let P < U consist of all prime numbers, Q € U consist of all even numbers
and R € U consist of all multiples of 3. Let T = P — Q. Then, which of the following is/are

CORRECT?
(A)|T| =5and |TUR| = 9 (B)|T| =6and [TUR| = 9
(C)|T| =5and |TNR| = 1 (D)|T| =6and|TNR| = 1
BT 6/11
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QB Letf) = (- D - D -N@ -V andleta = fG).f = f(5)andy = FO.
Which of the following is/are CORRECT?

(A) a and B have the same sign (B) a and y have the same sign
(C) B and y have the same sign (D) aff and By have the same sign

Q.34 The characteristic oxygen binding profile of hemoglobin shown below arises due to the

- 1.0

Fraction saturation

| | | |
10 20 30 40 50

0, pressure (in torrs)

(A) quaternary structure
(B) subunit dissociation
(C) cooperativity

(D) conformational change

Q.35 The advantage(s) of storing chemical energy in the form of starch and not as free glucose is/are that
it

(A) minimizes diffusion

(B) enables compact storage

(C) reduces osmotic pressure

(D) protects against chemical reactivity of aldehyde groups

Q.36 Which of the following cell types can develop from myeloid lineage?

(A) Macrophages (B) T lymphocytes (C) B lymphocytes (D) Erythrocytes

Q.37 Electromagnetic waves

(A) carry energy

(B) carry momentum

(C) are transverse in nature while travelling in vacuum
(D) do not need a material medium to travel
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Q.38

Q.39

Q.40

Q. 41 -

Which of the following statement(s) is/are true?

(A) In intrinsic semiconductors, the number of electrons is equal to the number of holes at any
temperature

(B) An intrinsic semiconductor changes to an n-type semiconductor upon addition of a trivalent
element

(C) The shape of the I-V characteristics of a p-n diode is a straight line

(D) In the reverse bias condition, the current in a p-n diode is due to the minority carriers

BF; reacts readily with

(A) CsHsN (B) SnCl,
(C) SOs (D) (CsHsN)-SnCl,

The reaction of (R)-2-bromobutane with CN™ proceeds by

(A) retention of configuration

(B) inversion of configuration

(C) formation of CH,=CH(CH>CH3)

(D) formation of (S)-2-methylbutanenitrile

SECTION - C
NUMERICAL ANSWER TYPE (NAT)

Q. 50 carry one mark each.

Q.41 Cs plants utilize 18 molecules of ATP to synthesize one molecule of glucose from CO,. How many
molecules of ATP equivalents are used by C4 plants to synthesize one molecule of glucose from
CO,?
Q.42 A 0.1% (w/v) solution of a protein absorbs 20% of the incident light. What fraction of light is
transmitted if the concentration is increased to 0.4%? [Correct to two decimal places]
Q.43 Let XYZ be an equilateral triangle and let P, Q, R be the mid points of YZ, XZ, and XY,
respectively.
Area(A PQR
Letr = ALEUBPAR)
Area(AXYZ)
The value of 7 is
BT 8/11
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Q.44 Let N be the set of natural numbers and f: N = N be defined by
_ x/2, x is even
f@) = {3x +1, x is odd
Let f™(x) denote the n-fold composition of f(x). What is the smallest integer 1 such that
fr(13) =17
Q.45 Heterozygous female fruit flies with gray body and purple eyes were mated with homozygous
males with black body and red eyes. The number of offspring obtained and their phenotypes are
shown below:
Number of offspring Phenotype
300 Gray body—purple eyes
347 Black body-red eyes
61 Gray body-red eyes
55 Black body—purple eyes
Calculate the recombination frequency.
Q.46 Proinsulin is an 84 residue polypeptide with six cysteines. How many different disulfide
combinations are possible?
Q.47 The refractive index of a liquid relative to air is 1.5. Calculate the ratio of the real depth to the
apparent depth when the liquid is taken in a beaker.
Q.48 A metallic wire of electrical resistance 40 Q is bent in the form of a square loop. The resistance
between any two diagonally opposite corners is Q.
Q.49  The total number of lone pairs of electrons in NO>F is
Q.50  The total number of multiplet peaks in the "H NMR spectrum of 1,3,5-tri-isopropylbenzene in
CDCls is .
BT 9/11
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Q. 51 - Q. 60 carry two marks each.

Q.51

A schematic representation of restriction fragment length polymorphism (RFLP) analysis of a
sample population is shown below. The number of people exhibiting a given pattern is indicated
above the lanes.

8 40 20 7 13 12

Npipipspinankn
6.5 — — —

5.0 — —
4.0 — — -

3.0 w— —

Calculate the frequency of 6.5 kb allele. [Correct to two decimal places]

252 The value of J¢x sinx dxis
Q.53 Phosphoglucoisomerase catalyzes the following reaction:
Glu-6-P == Fru-6-P
I£ 0.05% of the original concentration of Glu-6-P remains at equilibrium, then the equilibrium
constant of this reaction is
Q.54 In a bacterium, a mutation resulted in an increase of Ks (substrate-specific constant) for ammonium
from 50 pM to 5000 pM without affecting pmax. The specific growth rate (i) of the mutant growing
on 0.5 mM ammonium in the medium decreases by a factor of .
Q.55 The total number of DNA molecules present after 5 cycles of polymerase chain reaction (PCR)
starting with 3 molecules of template DNA is
Q.56 Two identical, infinite conducting plates are kept parallel to each other and are separated by a
distance d. The uniform charge densities on the plates are +6 and -o. The electric field at a point
o
between the two plates is U (s_)’ where n is
0
(&0 1s the permittivity of free space)
BT 10/11
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Q.57 The concentration of NaCl (in mM) formed at the stoichiometric equivalence point when 10 mL of
0.1 M HCI solution is titrated with 0.2 M NaOH solution is . (as an integer)
Q.58  The standard emf of a cell (in V) involving the reaction, 2 Ag* (aq.) = Ag (s) + Ag”** (aq.) at 298 K
is . [Correct to two decimal places]
[Given: Ag" (aq.)+e — Ag(s); E°=0.62 V and Ag** (aq.) +e — Ag" (aq.); E°=0.12 V]
Q59 Letd=4i—2j+6kandb =7i+j—12k. Ifd X b = ai + B] + yk, then the value of @ + B +
y equals .
Q.60 An infinitely long solenoid of radius » and number of turns per unit length » carries a steady current
1. The ratio of the magnetic fields at a point on the axis of the solenoid to a point #/2 from the axis is
END OF THE QUESTION PAPER
BT 11/11
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Paper Specific Instructions

1. The examination is of 3 hours duration. There are a total of 60 questions carrying 100 marks. The entire
paper is divided into three sections, A, B and C. All sections are compulsory. Questions in each section are
of different types.

2. Section — A contains a total of 30 Multiple Choice Questions (MCQ). Each MCQ type question hasfour
choices out of which only oenechoice is the correct answer. Questions Q.1 — Q.30 belong to this section and
carry a total of 50 marks. Q.1 — Q.10 carry 1 mark each and Questions Q.11 — Q.30 carry 2 marks each.

3. Section — B contains a total of 10 Multiple Select Questions (MSQ). Each MSQ type question is similar to
MCQ but with a difference that there may be one or more than one choice(s) that are correct out of the four
given choices. The candidate gets full credit if he/she selects all the correct answers only and no wrong
answers.Questions Q.31 — Q.40 belong to this section and carry 2 marks each with a total of 20 marks.

4. Section — C contains a total of 20 Numerical Answer Type (NAT) questions. For these NAT type questions,
the answer is a real number which needs to be entered using the virtual keyboard on the monitor. No choices
will be shown for these type of questions. Questions Q.41 — Q.60 belong to this section and carry a total of
30 marks. Q.41 — Q.50 carry 1 mark each and Questions Q.51 — Q.60 carry 2 marks each.

5. In all sections, questions not attempted will result in zero mark. In Section — A (MCQ), wrong answer will
result in NEGATIVE marks. For all 1 mark questions, 1/3 marks will be deducted for each wrong answer.
For all 2 marks questions, 2/3 marks will be deducted for each wrong answer. In Section — B (MSQ), there
is NO NEGATIVE and NO PARTIAL marking provisions. There is NO NEGATIVEmarking in Section
— C (NAT) as well.

6. Only Virtual Scientific Calculator is allowed. Charts, graph sheets, tables, cellular phone or otherelectronic
gadgets are NOT allowed in the examination hall.

7. Paper for rough work will be provided.

cY 115
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SECTION - A
MULTIPLE CHOICE QUESTIONS (MCQ)

Q. 1-Q.10 carry one mark each.

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

For a reaction of the type A + B — Products, the unit of the rate constant is mol L' s7!.
The overall order of the reaction is

(A)0 (B)1 (©)2 (D)3

The thermodynamic criterion for spontaneity of a process in a system under constant
volume and temperature and in the absence of any work other than expansion work (if any)
is

(A) change in entropy is positive

(B) change in enthalpy is negative

(C) change in Helmholtz free energy is negative
(D) change in Gibbs free energy is negative

The number of vibrational mode(s) of a carbon dioxide molecule that can be detected using
infrared spectroscopy is

(A)1 (B)2 ©)3 (D) 4

For three non-coplanar vectors a, b and ¢, the expression a - (b X ¢) can be written as

(A)(axb)-c B)(@axb)-(axc)

O)(a-b)yx(a-c) (D)y(a-b) xc

Correct trend in the bond order is

(A) 03 > 037> 03
(B) 07 > 07> 03~
(C) 03~ > 03 > 03
(D) 03 > 03 > 03"

The correct option for the metal ion present in the active site of myoglobin, hemocyanin
and vitamin B2, respectively, is

(A) iron, iron and zinc

(B) molybdenum, iron and copper
(C) iron, copper and cobalt

(D) molybdenum, copper and cobalt

CcY
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Q.7  The correct order of wavelength (An,ax) of the halide to metal charge-transfer band of
[Co(NH3)sCI1** (I), [Co(NH3)sBr]?>* (IT) and [Co(NH3)sI)** (IIT), is

(AT <II<I
(B)I<II<TII
(O)II<II<I
(D) I<II<II

Q.8  The correct option for the major products of the following reaction is

x Cl NaOEt
EtOH

(* represents isotopically

labelled carbon atom)

(A)

0 0
=, ~ D
OEt OEt

*

(B)
0
iﬁc/o Et 0
:’\ * OEt
©)

0 0
+
*
: OEt : OEt

(D)
O O
(O« [
OEt OEt
CY 3/15
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Q.9  The major product formed in the following reaction is

Nl _OH
SO
(A) (B)
2 N (0]
m b
OH
© (D)

T
o

O
N
> Q!
NH,

Q.10 The complementary strand for the following single strand of DNA is

5 A T G c T 3
(A)
3 T A c G A 5
(B)
3 A T G c T 5
©)
5 T A c G A 3
(D)
5 = A A c G T—3

Q. 11 - Q. 30 carry two marks each.

Q.11 The function f(x) = x e~*" has a minimum at

(A)x =2 B)x = —V2 (C) x =

D) x= —=

L
V2 V2

Q.12 The correct option for the number of bending modes of vibration in each of H,0, CS; and
SO, molecules, respectively, is

(A) 1,2 and 2 (B)2,2and 1
(C)2,1,and 2 (D) 1,2 and 1

cY 415
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Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

The total number of degrees of freedom of an HBr molecule that is constrained to translate
along a straight line but does not have any constraints for its rotation and vibration is

(A)6 (B) 5 ©) 4 D)3

According to the kinetic theory of gases, the ratio of the root mean square velocity of
molecular oxygen and molecular hydrogen at 300 K is

(A)1:1 (B) 1: 22 (C)1:4 (D) 1: 16

The half-life of the chemical reaction, A — Product, for initial reactant concentrations of
0.1 and 0.4 mol L' are 200 and 50 s, respectively. The order of the reaction is

(A) 0 (B) 1 ()2 (D)3

The ratio of the nearest neighbor atomic distances in body-centered cubic (bcc) and face-
centered cubic (fcc) crystals with the same unit cell edge length is

1 1
A) ﬁ (B) ? © % (D)5

The correct trend in the rate of substitution of Cl~ by pyridine in the following complexes is
Et;P. EtsP

N/ NS N N/
AN AN N N

PEt, CgHs PEt, cl PEt, PEt,

Et3 Et3

n (n (1) (V)

(A)TI<II<I<IV
B)II<M<I<IV
O I<I<II<IV
(D)MI<II<IV<I

In qualitative inorganic analysis of metal ions, the ion which precipitates as sulfide in the
presence of H»S in warm dilute HCl is

(A) Cr** (B) AI¥* (C) Co* (D) Bi3*

CcY
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Q.19

Q.20

Q.21

Q.22

Q.23

The correct statement regarding the observed magnetic properties of NO, Oz, B2, and C; in
their ground state is

(A) NO, B2, and C; are paramagnetic
(B) B2, O2 and NO are paramagnetic
(C) Oy, C2 and NO are paramagnetic
(D) O3, B> and C; are paramagnetic

The observed magnetic moments of octahedral Mn3*, Fe** and Co** complexes are 4.95,
6.06 and 0.00 BM, respectively. The correct option for the electronic configuration of
Mn*", Fe** and Co*" metal ions in these complexes, respectively, is

(A) t3geg , t3gef and t3,eZ
(B) t3geg , t3ged and t5 e
(C) tigeg , t3ges and t5 eq
(D) t3geg , t3ges and ty.e3

Among the following compounds, the one having the lowest boiling point is

(A) SnCls (B) GeCly (C) SiCly (D) CCly

The correct option having one complex from each of the following pairs which is more
reactive towards the oxidative addition reaction by hydrogen molecule is

Pair 1: IrCl(PMe3); (I) and IrCI(CO)(PMe3), (1I)
Pair 2: IrCI(CO)(PPhs), (III) and IrCI3(PPhs) (IV)
(A) (I) and (III) (B) (1) and (IV) (C) (II) and (I1I) (D) (II) and (IV)

Among the following, the correct statement is

(A) The density follows the order, Cs > Rb > Li > Na.

(B) The solubility in water follows the order, Cs2CO3 > K>CO3 > Na;COs3; > Li2CO:s.
(C) The first ionization potential follows the order, Li > K > Na > Cs.

(D) The melting point follows the order, MgCl, > BeCl, > CaCl> > SrCl,.

CcY

6/15
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Q.24 The major product of the following reaction is

M Me

CH; meta-chloroperbenzoic acid

(¢}
O
ZEI

(A) (B)
Me Me OH
A4 :
OH Me
Me
©) (D)
Me Me Me Me
OH 0)
© OH

Q.25 In '"H NMR spectrum of the given molecule, the correct order of chemical shifts of the
labelled protons (HX, HY, H?) is

HZ
X O, X

HY HY
(A) HZ > HX > HY
(B) HZ > HY > HX
(C) HX > HY > H?
(D) HY > HX > H?

cY 7/15
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Q.26 In the following reaction of (D)-Glucose, a product P is formed.

1. Br2/H20
2. H202, Fez(SO4)3

(D)-Glucose

Among the following compounds, the one which will give the same product (P) under
identical reaction conditions is

(A) ®)
CHO CHO
H——OH HO——H
HO——H HO——H
H——OH H——OH
HO——H H——OH
CH,OH CH,OH
© (D)

CHO CHO
H——OH HO——H
H——OH H——OH
H——OH H——OH
H——OH H——OH

CH,OH CH,OH

Q.27 The major product of the following reaction is
0

Trifluoroacetic
anhydride/H,0,

(A) (B)

‘\\\Me
Me Me COOH
© (D)
cY
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Q.28

Q.29

Q.30

The correct option for the product(s) of the following reaction is

cl
| N NaNH,
N" NH; (1)
(A)
NH,
X
»
H,NT N
(B)
HAN A I\
| ¥ P
N7 H,NT N
©)
NH,
H,N
N
DEED
N N/
(D)
HoN
»
H,NT N

The increasing order of acidity of the given molecules in aqueous media is

OH
@ I
Hsc)J\CHs FCH,COOH CHsOH
I I n v

(A) (B)

IV <1 <1 < <1 < IV <1
© (D)
H<Iv<I1<m IV < I <1 < 1

The compound formed upon subjecting an aliphatic amine to Lassaigne’s test is

(A) NaNH, (B) NaNO, (C) NaCN (D) NaN3

CcY
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SECTION - B
MULTIPLE SELECT QUESTIONS (MSQ)

Q. 31 - Q. 40 carry two marks each.

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

The eigenvalue(s) of the matrix B ﬂ is/are

(A) -1 (B) 1 ()2 (D)3

The unit of the constant ‘a’ in van der Waals equation of state of a real gas can be
expressed as

(A) m® Pa mol? (B) m%J mol?
(C) m* Pa mol? (D) m?J mol~

Among the following, microwave active molecule(s) is/are

(A) trans-dichloroethene
(B) 1,2-dinitrobenzene
(C) 3-methylphenol

(D) para-aminophenol

The true statement(s) regarding the brown ring test carried out in the laboratory for the
detection of NOs™ is/are

(A) Brown ring is due to the formation of the iron nitrosyl complex.
(B) Concentrated nitric acid is used for the test.

(C) The complex formed in the reaction is [Fe(CN)sNOJ>".

(D) The brown colored complex is paramagnetic in nature.

The true statement(s) regarding the carbonic anhydrase enzyme is/are

(A) It is involved in peptide bond cleavage.

(B) Redox inactive Zn?* ion is involved in the catalytic activity of this enzyme.
(C) Activated M-OH> (M = metal ion) acts as the nucleophile in the enzyme.
(D) The metal ion is coordinated to the side chain of histidine residues.

The correct statement(s) about NO2, NO>" and CO: is /are

(A) Both NO; and CO; are paramagnetic.

(B) NO; is paramagnetic and NO>" is diamagnetic
(C) Both CO; and NO>" have linear geometry.
(D) COz and NO>" are isoelectronic.

CcY
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Q.37

Q.38

Q.39

The compound(s) formed as intermediate(s) in the following reaction sequence is/are

OMe OH
1) Li, NH3, THF
2) Os, MeOH, H,S
2; {\j aB|H4H|Et'gH(T Cl), pyridi e
osyl chloride (TsCl), pyridine
Me 5) LiAlH,, Et,0 Me
(A) (B) © (D)
OMe OMe OMe OMe
O | CHO (@]
NN OTs CHO ™ 0]
Me Me Me Me H

The correct statement(s) among the following is/are

(A) Secondary structure of a polypeptide describes the number and type of amino acid
residues.

(B) Uracil is a pyrimidine nucleobase.

(C) Natural fatty acids have odd number of carbon atoms.

(D) Reaction of (D)-glucose with Ca(OH)2 gives a product mixture containing (D)-
fructose, (D)-mannose, and (D)-glucose.

The diastereomeric pair(s) among the following option(s) is/are

(A)
Ph Et Ph H
Me H Me Et
(B)
Br Br
O,Me Me
gy "By
©)
“'Br Br
(D)
OH OH
0 O
HO
OH OH OH

CcY
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Q.40 The reaction(s) that result(s) in the formation of aromatic species is/are

(A)
[>—ci + sbCly ——

(B)

@—Br + AgBF, —

©

Ph

jycoph + NaH ——

Ph

SECTION - C
NUMERICAL ANSWER TYPE (NAT)
Q. 41 — Q. 50 carry one mark each.
Q.41 The bond order of NJ ion is . (Round off to one decimal place)

Q.42 One liter of a buffer solution contains 0.004 mole of acetic acid (pK, = 4.76) and 0.4 mole
of sodium acetate. The pH of the solution is . (Round off to two decimal
places)

Q.43 The limiting molar conductivity of La*" and CI~ ions in aqueous medium at 298 K are
209.10 x 10#and 76.35 x 10* S m? mol™!, respectively. The transport number of Cl~in an
infinitely dilute aqueous solution of LaCl; at 298 K is . (Round off to two
decimal places)

cy 12/15
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Q.44

Q.45

Q.46

Q.47

Q.48

The magnetic field strength required to excite an isolated proton to its higher spin state
with an electromagnetic radiation of 300 MHz is Tesla (T). (Round off to two
decimal places)

[Magnetogyric ratio of proton is 26.75 x 107 rad T-! s7']

The value of n for the complex [Fe(CO)4(SiMes)]" satisfying the 18-electron rule is

In the structure of P4O1o, the number of P-O-P bond(s) is

Number of vertices in an icosahedral closo-borane is

Based on the information given below, the isoelectric point (p/) of lysine is
(Round off to one decimal place)

® ®
NH3 o NH3 o
® “_OH _OH ® O
HsN/\/\/\H/ = HsN/\/\/\[(
@) HsO @)
pK,=22 pK, = 9.1
®||©
H;0 OH
NH C) NH
=S oH ® =8
HzN/\/\/\f( 5 HsN/\/\/\[(
o H30 oK, =105 ©

Q.49 (R)-2-methyl-1-butanol has a specific rotation of +13.5°. The specific rotation of 2-methyl-

1-butanol containing 40% of the (S)-enantiomer is °. (Round off to one
decimal place)

CcY
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Q.50

The number of gauche-butane interaction(s) in the following compound is
CH3

%CHs

Q. 51 - Q. 60 carry two marks each.

Q.51

Q.52

Q.53

Q.54

Q.55

The ionization energy of hydrogen atom is 13.6 eV and the first ionization energy of
sodium atom is 5.1 eV. The effective nuclear charge experienced by the valance electron of
sodium atom is . (Round off to one decimal place)

One mole of an ideal gas is subjected to an isothermal increase in pressure from 100 kPa to
1000 kPa at 300 K. The change in Gibbs free energy of the system is kJ mol~!.
(Round off to one decimal place)

[Given: Gas constant (R) = 8.3 J K~! mol™]

One liter of an aqueous urea solution contains 6 g of urea. The osmotic pressure of the
solution at 300 K (assuming an ideal behavior) is kPa. (Round off to one
decimal place)

[Given: Molecular weight of urea is 60, gas constant (R) is 8.3 J K~! mol™!]

A first order reflection of X-ray from {220} plane of copper crystal is observed at a
glancing angle of 22°. The wavelength of the X-ray used is pm. (Round off to
one decimal place)

[Given: Copper forms fcc crystal with unit cell edge length of 361 pm.]

The collision flux of a monoatomic gas on copper surface is 3.0 x 10'® m2 s!. Note that
copper surface forms a square lattice with lattice constant of 210 pm. If the sticking
coefficient of the atom with copper is 1.0, the time taken by the gas to form a complete
monolayer on the surface is s. (Round off to one decimal place)

CcY
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Q.56 The turnover frequency (TOF) for the catalytic reaction,

Catalyst (0.01 mol
A (1 mol) yst( )

5 hours

with 90% yield of the product is hour™!. (Round off to the nearest integer)

Q.57 A radioactive sample decays to 10% of its initial amount in 4600 minutes. The rate
constant of this process is hour™?. (Round off to two decimal places)

Q.58 Given that the radius of the first Bohr orbit of hydrogen atom is 53 pm, the radius of its
third Bohr orbit is pm. (Round off to the nearest integer)

Q.59 5.3 g of benzaldehyde was reacted with an excess of acetophenone to produce 5.2 g of the
enone product as per the reaction shown below. The yield of the reaction is %.
(Round off to the nearest integer)

o) O 0
NaOEt
ph)J\H * Ph)J\CHs ' Ph/\)J\Ph
MW =106 MW =120 MW = 208

(MW = Molecular weight)

Q.60 Assume that the reaction of MeMgBr with ethylacetate proceeds with 100% conversion to
give tert-butanol. The volume of 0.2 M solution of MeMgBr required to convert 10 mL of a
0.025 M solution of ethylacetate to fert-butanol is mL. (Round off to one
decimal place)

END OF THE QUESTION PAPER

cy 15/15
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Paper Specific | nstructions

1. The examination is of 3 hours duration. There are a total of 60 questions carrying 100 marks. The entire
paper is divided into three sections, A, B and C. All sections are compulsory. Questions in each section are
of different types.

2. Section — A contains atotal of 30 Multiple Choice Questions (M CQ). Each MCQ type question has four
choices out of which only one choice is the correct answer. Questions Q.1 — Q.30 belong to this section
and carry atotal of 50 marks. Q.1 — Q.10 carry 1 mark each and Questions Q.11 — Q.30 carry 2 marks
each.

3. Section — B contains atotal of 10 Multiple Select Questions (M SQ). Each MSQ type question is similar
to MCQ but with a difference that there may be one or mor e than one choice(s) that are correct out of the
four given choices. The candidate gets full credit if he/she selects dl the correct answers only and no
wrong answers. Questions Q.31 — Q.40 belong to this section and carry 2 marks each with a total of 20
marks.

4. Section — C contains a total of 20 Numerical Answer Type (NAT) questions. For these NAT type
guestions, the answer is areal number which needs to be entered using the virtual keyboard on the monitor.
No choices will be shown for these type of questions. Questions Q.41 — Q.60 belong to this section and
carry atotal of 30 marks. Q.41 — Q.50 carry 1 mark each and Questions Q.51 — Q.60 carry 2 marks each.

5. In all sections, questions not attempted will result in zero mark. In Section — A (MCQ), wrong answer will
result in NEGATIVE marks. For all 1 mark questions, 1/3 marks will be deducted for each wrong answer.
For al 2 marks questions, 2/3 marks will be deducted for each wrong answer. In Section — B (MSQ), there
is NO NEGATIVE and NO PARTIAL marking provisions. There is NO NEGATIVE marking in
Section — C (NAT) aswell.

6. Only Virtual Scientific Calculator is allowed. Charts, graph sheets, tables, cellular phone or other
electronic gadgets are NOT alowed in the examination hall.

7. The Scribble Pad will be provided for rough work.

GG 114
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SECTION-A
MULTIPLE CHOICE QUESTIONS (MCQ)
Q.1-Q.10carry onemark each.
Q.1  Which of thefollowing is associated with a divergent plate boundary?
(A) Ridge (B) Trench (C) Idand arc (D) Accretionary prism
Q.2 Shear waves do not travel through the
(A) upper continental crust (B) upper mantle
(C) lower mantle (D) outer core
Q.3  Fossilsof burrows and footprints are known as
(A) pseudofossils (B) coprolites (C) body fossils (D) tracefossils
Q.4  Horst and graben structures are typically formed by
(A) normal faulting (B) strike-dlip faulting
(C) reverse faulting (D) thrust faulting
Q.5 Dicroidiumisknown from the
(A) Pachmarhi Formation (B) Raniganj Formation
(C) Panchet Formation (D) Denwa Formation
Q.6 Permianisalan
(A) Eon (B) Era (C) Epoch (D) Period
Q.7  Polymorphic mineras have
(A) different crystal forms and identical composition
(B) different crystal forms and different compositions
(C) identical crystal form and different compositions
(D) identical crystal form and identical composition
Q.8  Turbiditescommonly formin
(A) fluvial environment (B) deep marine environment
(C) tidal flat environment (D) beach environment
GG 2/14

29



JAM 2019

@ collegebatch con

GEOLOGY - GG

Q.9

Q.10

Which of the following is the fundamental constituent of humic coal ?

(A) Mineral matter (B) Macerd (C) Lithotype (D) Kerogen

Which of the following mineral assemblages characterizes blueschist facies metamorphism of a
mafic rock?

(A) Glaucophane + lawsonite (B) Hornblende + plagioclase + epidote + garnet
(C) Omphacite + garnet (D) Phengite + chlorite + garnet

Q.11 - Q. 30 carry two marks each.

Q.11

Q.12

Q.13

Match the geomorphic features in Group | with corresponding environments in Group I1.

Group | Group Il

P. Eskers 1. Beach

Q. Natura levee 2. Volcanic

R. Chenier ridge 3. Glacid

S. Plug dome 4. Fluvia
(A) (B) (€ (D)
P-3 P-3 p-2 p-2
Q4 Q-1 Q-1 Q-4
R-1 R-4 R-4 R-1
S2 S2 S3 S3

Match the bivalvesin Group | with their modes of lifein Group |1

Group | Group I

P. Gryphaea 1. Swimming

Q. Mya 2. Unattached, free-lying

R. Mytilus 3. Burrowing

S. Pecten 4. Sessile byssate
(A) (B) (© (D)
P-4 P-4 P-2 p-2
Q-1 Q-3 Q-3 Q-1
R-2 R-2 R-4 R-4
S3 S1 S1 S3

Which of the following changes occurred during the evolution of Equidae?

(A) Number of lateral digits or toesincreases (B) Decreasein hypsodonty
(C) Lengthening of skull infront of the orbit (D) Limb ratios remained constant

GG
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Q.14 Which of the following rocks occurs typicaly in aductile shear zone?

(A) Gouge (B) Breccia (C) Pseudotachylite (D) Mylonite

Q.15 Figures|, Il and Il are the outcrop patterns of three inclined beds P, Q and R on aflat ground. Pis
the oldest and R is the youngest amongst these beds. Identify the correct option that explains
repetition of bedsin the figures.

I I 1

(A) I- anticling; - syncline; I11- fault
(B) I- syncline; ll-anticline; I11- fault
(C) I- fault; 11- anticline; I11- syncline
(D) I- syncline; 11- fault; ll1-anticline

Q.16 Thefigure shows stereographic projections of the axial plane and the hinge line of afold. Which
one of the following foldsis represented in the figure?

Axialplane

5
5
5
.
5
=4
.
J
5
5
5

Hinge
line

(A) Upright plunging (B) Upright non-plunging
(C) Reclined (D) Recumbent

GG 4/14
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Q.17 Figures X and Y show profile sections of folds traced by two cross-bedded sandstone beds. Which
one of the following isthe correct interpretation?

X Y

(A) X- Antiformal anticline; Y- Antiformal syncline
(B) X- Antiformal anticline; Y- Synformal syncline
(C) X- Overturned antiform; Y - Overturned synform
(D) X-Antiformal syncline; Y- Synformal anticline

Q.18 Onageological map of aflat area, the plunge direction of an antiformal anticlineis

(A) towards the fold closure

(B) away from the fold closure

(C) towards the dip direction of the left [imb
(D) towards the dip direction of theright limb

Q.19 Match the Precambrian lithounits in Group | with corresponding cratonsin Group I1.

Group | Group |1

P. Kolhan Group 1. Aravalli

Q. Debari Group 2. Bastar

R. Bababudan Group 3. Singhbhum

S. Sukma Group 4. Dharwar
(A) (B) ) (D)
P-2 P-3 P-3 p-2
Q-4 Q4 Q-1 Q-1
R-1 R-1 R-4 R-4
S3 S2 S2 S3

GG 5/14
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Q.20 The stereographic projection given below represents a

®
® @
(A) trigonal rhombohedron (B) hexagonal scalenohedron
(C) trigona dipyramid (D) hexagonal dipyramid

Q.21 Which of the following minerals exhibits the optic interference figure given below?

(A) Quartz (B) Diopside (C) Garnet (D) Orthoclase

Q.22 Match the mineralsin Group | with corresponding characteristic propertiesin Group 1.

Group-I Group-I|

P. Labradorite 1. High specific gravity

Q. Actinalite 2. Play of colors

R. Fluorite 3. Acicular habit

S. Barite 4. Four setsof cleavage
(A) (B) (© (D)
P-4 P-4 P-2 P-2
Q-1 Q-1 Q-3 Q-3
R-2 R-3 R-4 R-1
S3 S2 S1 S4

GG 6/14
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Q.23 Match the metamorphic rocks in Group | with corresponding parent rocks in Group I1.

Group-I Group-I|

P. Amphibolite 1. Mal

Q. Khondalite 2. Shae

R. Cac-gneiss 3. Sandstone

S.  Quartzite 4., Basat
(A) (B) (© (D)
P-4 P-4 P-2 P-4
Q-3 Q-2 Q-4 Q-3
R-1 R-1 R-1 R-2
S2 S3 S3 S1

Q.24 Match the fuelsin Group | with corresponding areas of occurrencein Group I1.

Group | Group 11

P. Uranium 1. Vastan, Gujarat

Q. Lignite 2. Singrauli, Madhya Pradesh

R. Bituminous Coal 3. Digboi, Assam

S. Petroleum 4. Jaduguda, Jharkhand
(A) (B) ©) (D)
P-4 P-4 P-3 P-2
Q-1 Q-1 Q-4 Q-4
R-3 R-2 R-2 R-1
S2 S3 S1 S3

Q.25 Match the featuresin Group | with their characteristic rocks/ rock suitein Group 1.

Group | Group 11

P. Continental arc 1. Olivinetholeiite

Q. Mid-oceanic ridge 2. Alkaline rock

R. Collision zones 3. Andesite

S. Continental rift 4. Ophialite
(A) (B) (C) (D)
P-2 P-1 P-3 P-3
Q-1 Q-3 Q-1 Q-2
R-3 R-4 R-4 R-1
S4 S2 S2 S4
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Q.26 Which of the following statements are correct?

Q.27

Q.28

Q.29

I. In aplanar tabular cross-bedding, the upper and lower bounding surfaces are planar
and paralle

I1. Inaplanar tabular cross-bedding, the upper and lower bounding surfaces are planar but
not parallel

I11. In atrough cross-bedding, both the upper and the lower bounding surfaces are curved

IV. In atrough cross-bedding, the upper bounding surface is planar and the lower bounding
surfaceis curved

(A) 1l and 111 (B) I, 11 and IV (©) I, Nand Il (D) 1, 11l and IV

Match the sedimentary structuresin Group | with the corresponding processesin Group I1.

Group | Group 11

P. Stromatalite 1. Desiccation

Q. Flute cast 2. Liquefaction

R. Mud crack 3. Biogtratification

S. Dish and pillar 4. Erosion
(A) (B) (©) (D)
P-3 P-3 P-4 P-2
Q-4 Q-4 Q-3 Q-3
R-1 R-2 R-1 R-4
S2 S1 S2 S1

An ore mineral has the following physical properties: (1) metallic lustre, (2) steel-grey color, (3)
two sets of octahedral cleavage, (4) high specific gravity, and (5) makes mark on paper. Identify the
oremineral.

(A) sphalerite (B) magnetite (C) galena (D) bornite

Which of the following are the characteristics of atypical porphyry copper deposit?

I. Associated with granitic rocks

I. Low-grade and high tonnage of ore

[11. Presence of alteration zones

IV. Occurrence in convergent tectonic setting

(A) 11 only (B) I and IV only ©) L1, IMandIV (D) I, 11l and IV only

GG
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Q.30

Match the metal depositsin Group | with the corresponding processesin Group Il.

Group | Group |1
P. Aluminum 1. Mechanical concentration
Q. Iron 2. Contact metasomatism
R. Tungsten 3. Residual concentration
S. Thorium 4. Chemical sedimentation

(A) (B) © (D)

P-1 P-3 P-3 P-2

Q-3 Q-4 Q-4 Q-3

R-2 R-2 R-1 R-4

S4 S1 S2 S1

SECTION-B

MULTIPLE SELECT QUESTIONS (M SQ)

Q.31 -Q. 40 carry two marks each.

Q.31

Q.32

Q.33

Q.34

Which of the following statement(s) is/are correct for a plot of (8Sr/%Sr) versus (8’Rb/®Sr) of a
rock which has evolved in a closed system?

(A) The slopes of the lines of evolution for the mineralsin therock are all equal and positive

(B) The slopes of the lines of evolution for the mineralsin therock are al equal and negative

(C) The slope of the isochron is identical in direction to the slope of the lines of evolution for the
mineralsin the rock

(D) The dope of the isochron is opposite in direction to the slope of the lines of evolution for the
mineralsin the rock

Which of the following statements is/are correct with reference to subsurface water?

(A) The perched water table occurs below the water table

(B) Vadose water occursin the zone of aeration

(C) For significant groundwater underflow, the medium must be highly permeable

(D) Intersection of the water table with the land surface can result in the formation of a spring

Which of the following geomorphic features indicate(s) the presence of afault?

(A) Triangular facets (B) Sudden topographic jump
(C) Ox-bow lake (D) Point bar

Which of the following gastropods has/have siphonal canal?

(A) Cerithium (B) Cypraea (C) Fusus (D) Murex

GG
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Q.35

Q.36

Q.37

Q.38

Q.39

Which of the following ig/are mode(s) of preservation of fossils?

(A) Small organisms get trapped on viscous resins secreted by trees
(B) Leaves preserved as thin films of carbon

(C) Negative impressions of hard parts of organisms

(D) Mineral growths that branch like ferns

Select the pair(s) that ig/are correctly matched.

(A) Lathi Formation — Jurassic wood fossils

(B) Pinjor Formation — Cretaceous ammonoid fossils
(C) Panchet Formation — Triassic reptile fossils

(D) Kota Formation — Permian glossopterid fossils

Choose the reaction(s) indicating metamorphism of pelites at T> 600 °C and P< 8 kbar.

(A) albite + actinolite — hornblende + quartz

(B) muscovite + quartz — sillimanite + K-feldspar + H-O
(C) muscovite + bictite + quartz + HxO — sillimanite + melt
(D) albite — jadeite + quartz

Select the correct statement(s).

(A) Laccoliths are convex upward whereas lopoliths are convex downward bodies

(B) Laccaliths can form from any type of magma whereas lopoliths form only from basaltic magma
(C) Laccoliths show layered structures whereas lopoliths lack any layering

(D) Laccoliths are smaller in dimensions than lopoliths

Select the correct statement(s).

(A) Phenocrysts are found in igneous rocks whereas porphyroblasts are found in metamorphic rocks
(B) Phenocrysts are indicators of crystalization history whereas porphyroblasts indicate
metamorphic history
(C) Porphyroblasts are relict grains, relatively larger than matrix minerals in deformed igneous
rocks
(D) Poikiloblastic texture is found in igneous rocks whereas poikilitic texture is found in
metamorphic rocks
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Q.40 Based on the given schematic ternary phase diagram, choose the correct statement(s).

Diopside

Nepheline Albite Quartz

(A) Point 1 isthe thermal minimum in the system.

(B) The diopside — abite join acts as athermal barrier in the system.

(C) Point 2 and 3 are ternary eutectics.

(D) Mélt of composition X will giveriseto arock containing nephelinet+albite.

SECTION-C
NUMERICAL ANSWER TYPE (NAT)

Q.41 - Q. 50 carry one mark each.

Q.41 Theintensity of an earthquake of magnitude 8 on the Richter scale is greater than the intensity of an
earthquake of magnitude 5 on the same scale by times.

Q.42 Assume: (i) geothermal gradient = 25 °C/km in the crust, (ii) density of the crustal rocks
= 3000 kg/m?, and (iii) acceleration due to gravity = 10 n/s?. Based on these values, the lithostatic
pressure at a point where temperature is 400 °C will be MPa.

Q43 Theradii of A*?and B™ ions are 1.12A and 1.31A, respectively. The coordination number of A*2in
mineral AB:is

Q.44 In a sedimentary rock, the diameters of two grains A and B are 1¢p and 3¢, respectively. The
difference in diameters between A and B is mm (rounded off to two decimal places).

Q.45 A light ray passes from mineral A to minerd B having refractive indices of 1.750 and 1.430,
respectively. The limiting value of angle of incidence above which the light ray undergoes tota
internal reflectionis degree (rounded off to one decimal place).
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Q.46 Throw and heave of a bed offset by a normal fault are 100 m and 200 m, respectively. The dip of

thefault planeis degree (rounded off to one decimal place).
Q.47 Thedifference between Si/O ratios of K-feldspar and olivineis (answer in two decimal
places).

Q.48 If acrystal contains 5 faces and 8 edges, the number of verticesin the crystal is

Q.49 At atemperature of 298.15 Kelvin, the free energy change of areaction (AG°) is 19.737 kCal/mole.
If the universal gas constant (R) = 1.98717 Calorie/degree/mole, the logie of the equilibrium
constant K is (rounded off to two decimal places).

Q.50 A normal fault displaces a sandstone bed such that the dip-dlip and the strike-slip components are
3 mand 4 m, respectively. The net-dlip of the displacement is m.

Q.51-Q. 60 carry two markseach.

Q.51 Inthe given diagram, a 6 km high plateau is supported by a crustal root of thicknessr. The system
is in isostatic equilibrium as per Airy’s hypothesis of isostasy. Densities of the crust and the mantle
are 2800 kg/m?® and 3100 kg/m?, respectively. Assuming the acceleration due to gravity to be same

throughout the region, the thickness of theroot (r) is km.
6 km{
10 km: Crust density = 2800 kg/m’
r (km)
\
GG 12/14
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Q.52 A 50 kg granite boulder gets didodged from a cliff of height 20 m and undergoes an absolute
vertical free fal. If the acceleration due to gravity is 10 m/s?, the boulder will hit the ground with a
velocity of nms.

Q.53 Mass and volume of a fully dried soil sample are 500 g and 250 cm?, respectively. The average
density of the particles in the soil sample is 2.5 g/cm®. The void ratio of the soil sample is
%.

Q.54 The geological map shows the contact between sandstone and limestone. The two dotted curves are
the contours of 400 m and 500 m, respectively. The difference between the dip angles of the contact
surface along the AB and AC directionsis degree (rounded off to two decimal places).

& Sandstone

Q.55 A tabular ore body of 9 km? area and an average thickness of 9 m has a density of 3000 kg/m* The
tonnage (in million tonnes) of the ore body is .

Q.56 Assume that the orbit of the earth is a circle of radius 150x10° km. The gravitational constant and

the earth’s orbital velocity are given as 6.7x10* Nm#/kg? and 30x10® m/s, respectively. The
calculated mass of the sunis x10* kg (rounded off to two decimal places).
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Q.57 The difference between X anand X ap in a feldspar represented by X in the given triangular diagram
is (answer in one decimal place).

KAISi,0,

A \

NaAlSi,O, CaAlSi,0,

Q.58 Two vertical wells penetrating a confined aquifer are 200 m apart. The water surface elevations in
these wells are 35 m and 40 m above a common reference datum. The discharge per unit area
through the aguifer is 0.05 m/day. Using Darcy’s law, the coefficient of permeability is

m/day.

Q.59 The given P-T diagram shows the relative stability ranges of andalusite, sillimanite and kyanite.
The difference in degrees of freedom at points X and Y is

124 Xe

% 8- Kyanite
g Sillimanite
O 4 Y,
Andalusite
0

[ | |
0O 200 400 600 800
T(C)

Q.60 The core and rim compositions of ganet ae (Fen7sCansoMnizs)AlSizO1;  and
(FengoCau.3sMng.75) AlSi 3012, respectively. The difference in mole fractions of spessertine between
the coreand therimis (answer in one decimal place).

END OF THE QUESTION PAPER
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Paper Specific I nstructions

1. The examination is of 3 hours duration. There are a total of 60 questions carrying 100 marks. The entire
paper is divided into three sections, A, B and C. All sections are compulsory. Questions in each section are
of different types.

2. Section — A contains a total of 30 Multiple Choice Questions (M CQ). Each MCQ type question has four
choices out of which only one choice isthe correct answer. Questions Q.1 — Q.30 belong to this section and
carry atotal of 50 marks. Q.1 — Q.10 carry 1 mark each and Questions Q.11 — Q.30 carry 2 marks each.

3. Section — B contains atotal of 10 Multiple Select Questions (M SQ). Each MSQ type question is similar
to MCQ but with a difference that there may be one or mor e than one choice(s) that are correct out of the
four given choices. The candidate gets full credit if he/she sdlects all the correct answers only and no
wrong answers. Questions Q.31 — Q.40 belong to this section and carry 2 marks each with a total of 20
marks.

4. Section — C contains a total of 20 Numerical Answer Type (NAT) questions. For these NAT type
guestions, the answer is areal number which needs to be entered using the virtual keyboard on the monitor.
No choices will be shown for these type of questions. Questions Q.41 — Q.60 belong to this section and
carry atotal of 30 marks. Q.41 — Q.50 carry 1 mark each and Questions Q.51 — Q.60 carry 2 marks each.

5. In al sections, questions not attempted will result in zero mark. In Section — A (MCQ), wrong answer will
result in NEGATIVE marks. For al 1 mark questions, /3 marks will be deducted for each wrong answer.
For al 2 marks questions, 2/3 marks will be deducted for each wrong answer. In Section — B (MSQ), there
is NO NEGATIVE and NO PARTIAL marking provisions. There is NO NEGATIVE marking in
Section — C (NAT) aswdll.

6. Only Virtual Scientific Calculator is allowed. Charts, graph sheets, tables, cellular phone or other electronic
gadgets are NOT allowed in the examination hall.

7. The Scribble Pad will be provided for rough work.

MS 1/15
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Special Instructions/ Useful Data

R The set of al real numbers
pPT Transpose of the matrix P

X1
R" flrx; e Ri=1,2,..,n

xn
f' Derivative of the differentiable function f
I, n X n identity matrix

P(E) | Probability of theevent E

E(X) Expectation of the random variable X
Var(X) | Variance of therandom variable X

i.i.d. Independently and identically distributed
U(a,b) | Continuous uniform distributionon (a, b),—o <a < b < o
Exponential distribution with probability density function, for 2 > 0,
Exp(1) le ™%, x>0,

fe) = { 0, otherwise

N(u,0?) | Normal distribution with mean u and variance o2

2

®(a) quu

a

1 f _
—_— e
\/Zn_OO
X2 Central Chi-squared distribution with n degrees of freedom
A constant such that P (X >t a) = a, where X has Student’s
t-distribution with n degrees of freedom
n! nn—-1)-3-2-1forn=1,2,3...,and 0! =1

®(1.65) = 0.950, ®(1.96) = 0.975
ty 005 = 2132, t, g1 = 1.533
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SECTION -A
MULTIPLE CHOICE QUESTIONS (MCQ)
Q.1-Q.10carry one mark each.

Q1 Let{x,},»1 beasequence of positive real numbers. Which one of the following statements
isalways TRUE?

(A) If {x,}n>1 iIsaconvergent sequence, then {x, },>; iS monotone
(B) If {x2},.; isaconvergent sequence, then the sequence {x,, },,>; does not converge
(C) If the sequence {|x;,,+1 — X, |}ns1 CONVergesto 0, then the series )., x,, is convergent

(D) If {x,}n>1 iSaconvergent sequence, then {e*n},,5, isalso a convergent sequence

Q.2  Consider the function f(x,y) = x3 — 3xy?, x,y € R. Which one of the following
statementsis TRUE?

(A) f hasaloca minimum at (0,0)
(B) f hasaloca maximum at (0,0)
(C) f hasglobal maximum at (0, 0)
(D) f hasasaddle point at (0,0)

Q3 If F(x) = f;3\/4 + t2 dt, for x € R, then F'(1) equals

(A) —3v5 (B) —2v5 (C) 25 (D) 3v5

Q4 e T:R? - R? bealinear transformation such that T(B ) = [3] and T([ﬂ) = [(1)]
Suppose that [_2] =a B] +f [ﬂ and T([_g]) = [Z] Then a + B+ a+ b equas

(A) B) © 2 (D) £

Q3 Two biased coins C, and C, have probabilities of getting heads § and % , respectively,

when tossed. If both coins are tossed independently two times each, then the probability of
getting exactly two heads out of these four tossesis

A 5 (B) — © — (D) —

MS 3/15
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Q.6 Let X beadiscrete random variable with the probability mass function

(—sc’ n=-1-2,

P(X=n)={ d, n=0,
cn, n=1,2,
\ o

otherwise,
where ¢ and d arepositive rea numbers. If P(]X| < 1) = 3/4,then E(X) equas

(A) = B) < © 5 (D) -

Q.7 Let X beaPoisson random variableand P(X = 1) + 2 P(X = 0) = 12 P(X = 2). Which
one of the following statementsis TRUE?

(A) 0.40 < P(X = 0) < 0.45 (B) 0.45 < P(X = 0) < 0.50
(C) 0.50 < P(X = 0) < 0.55 (D) 0.55 < P(X = 0) < 0.60

Q.8 LetX;,X,,... beasequence of i.i.d. discrete random variables with the probability mass

function
1 2)m
Qog. 7 = 012,
P(X;=m) =4 2(m))
0, otherwise.

If S, = X; +X, +---+ X,,, then which one of the following sequences of random
variables convergesto 0 in probability?

(A) nloge 2 (B) T n (€) n log, 2

Q9 Le Xi,X,, ..., X, bearandom sample from a continuous distribution with the probability
density function

1 1 2 1 2
(x) = e 27207 | o3 AT| L 6 < x < oo
! 2V2m [ ]
If T=X;+X,+ -+ X, then which one of the following is an unbiased estimator of u?
T T T T
(A) —~ (B) - © 5. 0©) -
MS 4/15
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Q.10 Let X;,X,, ..., X, bearandom samplefroma N(6, 1) distribution. Instead of observing
X1, X5, ..., X, WeoObserve Y,,Y,, ..., Y, where Y; = eXi, i = 1,2,...,n. Totest the
hypothesis

Hy: 6 =1aganst Hi: 6 # 1

based on the random sample Y;,Y;, ..., Y;,, the rgjection region of the likelihood ratio test is
of the form, for some ¢; < c,,

(A) Yie1Yi<c or YL Yi=2c B) ca<YL,Vi<c

(C) ¢y <X log. Y <c, (D) Yitilog.Y; <c; or Y log.Yi>c,

Q.11-Q. 30 carry two marks each.

6
O Yy = equals

n2—4n+3
5 7 9
(A) (B) 3 © 3 D) 3
Q.12 y 1+%+---+%
nl_I)Elo (m+e™)1/M loge,n equals
1 1 T
oF ® 3 © © :

Q.13 A possiblevalueof b € R for which theequation x* + bx®> + 1 = 0 hasnored root is

-11 -3 5
(A) — (B) — (€ 2 D) 3
Q.14 - 1 _ 20 n
Let the Taylor polynomial of degree 20 for (123 a x=0 be Y52,a, x™ Then
a5 IS
(A) 136 (B) 120 (C) 60 (D) 272

Q15 Thelength of the curve y = Zx4/3 - §x2/3 +7 from x =1 to x = 8 equals

O (8) = © 2 (D)

MS 5/15
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Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

The volume of the solid generated by revolving the region bounded by the parabola
x = 2y? + 4 andtheline x = 6 abouttheline x =6 is

781 911 641 117w
(A) T (B) T © T (D) BT

Let P bea 3 x 3 non-null real matrix. If thereexista 3 x 2 rea matrix Q and
a 2 x 3 real matrix R suchthat P = QR, then

(A) Px = 0 hasaunique solution, where 0 € R3

(B) thereexists b € R3 suchthat Px = b has no solution

(C) thereexistsanon-zero b € R® suchthat Px = b hasaunique solution

(D) thereexistsanon-zero b € R3 suchthat PTx = b hasaunique solution

1 0 1
If P=|0 2 1] and 6P~! = al; + bP — P?, thenthe ordered pair (a,b) is
2 0 -1
(A) 3,2) (B) (2,3) () 4.5) D) 5.4
Let E,F and G beany three eventswith P(E) = 0.3, P(F|E) = 0.2, P(G|E) = 0.1

and P(F N G|E) = 0.05. Then P(E — (F U G)) equas
(A) 0.155 (B) 0.175 (C) 0.225 (D) 0.255

Let E and F beany two independent eventswith 0 < P(E) <1 and 0 < P(F) < 1.
Which one of the following statementsis NOT TRUE?

(A) P(Neither E nor F occurs) = (P(E) —1)(P(F) — 1)

(B) P(Exactly one of E and F occurs) = P(E) + P(F) — P(E)P(F)

(C) P(E occurs but F does not occur) = P(E) — P(ENF)

(D) P(E occurs given that F does not occur) = P(E)

Let X be acontinuous random variable with the probability density function
! x7e™, x>0
f) =13 ’ ’

0, otherwise.

Then the distribution of the random variable W = 2X? is

(A) x% (B) x2 ©) x& (D) x2

MS
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Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Let X be a continuous random variable with the probability density function
X

e
f(x)=—(1+ex)2, — 00 < x < oo,

Then E(X) and P(X > 1), respectively, are

(A) 1and (1 +e)7? (B) 0Oand2(1 + )2

(C) 2and (2 + 2e)7? (D) Oand (1 +e)7?

Thelifetime (in years) of bulbsis distributed as an Exp(1) random variable. Using Poisson
approximation to the binomial distribution, the probability (round off to 2 decimal places)
that out of the fifty randomly chosen bulbs at most one fails within one month equals

(A) 0.05 (B) 0.07 (C) 0.09 (D) 0.11

Let X follow abeta distribution with parameters m (> 0) and 2. 1f P (X <3) =2, then
Var(X) equals

(A) — (B) - © 5= (D) —

Let X;,X, and X5 bei.i.d. U(0,1) random variables. Then P(X,; > X, + X3) equas

(A) - ®) ; © : (D) -

Let X and Y bei.i.d. U(0,1) random variables. Then E(X|X >Y) equas

OF ®) - © : () >

Let —1 and 1 be the observed values of arandom sample of size two from N(6,6)
distribution. The maximum likelihood estimate of 6 is

() 0 ®) 2 () ~2 0 1

MS
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Q.28 Let X; and X, be arandom sample from a continuous distribution with the probability
density function
1 x—0
foo) =13 e 6, x>0,
0, otherwise,

where 6 > 0. If X(;y = min{Xy, X,} and X = , then which one of the following

statementsis TRUE?

(X1+X3)
2

(A) (X, X)) issufficient and complete

B) ( )E ,X(1)) issufficient but not complete

©) ( X,X (1)) is complete but not sufficient

(D) (X, X)) isneither sufficient nor complete

Q.29 Let Xy, X,, ..., X;,, bearandom sample from a continuous distribution with the probability
density function f(x). To test the hypothesis

Hy: f(x) = % e’ —oo < x < o against Hy: f(x) = e 2 —o0 < x < o0,
the rejection region of the most powerful size « test is of the form, for some c > 0,

A) T X —1D*=c¢ (B) YL, (x;— 12 <c

©) XX -1D*=c (D) ¥r.(x]-1D2<c

Q.30 LetX,,X,,..., X, bearandom samplefroma N(8,1) distribution. Totest H,: 6 = 0
against H;: 6 = 1, assume that the critical region is given by %Z’f:lXi > Z. Then the
minimum sample size required so that P(Type I error) < 0.05 is

(A) 3 (B) 4 (€ 5 (D) 6

MS 8/15
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Q.31-

Q.31

Q.32

Q.33

Q.34

SECTION-B
MULTIPLE SELECT QUESTIONS (MSQ)
Q. 40 carry two marks each.

Let {x,}n>1 beasequence of positive real numbers such that the series Y., x,,
converges. Which of the following statementsis (are) dways TRUE?

(A) Theseries Yy i/ XpXn4q1 CONVErges

(B) 1111—r>§o nx, =0
(C) Theseries Y., sin? x,, converges

Jin

(D) Theseries Y.,—; ——— converges

1+,/xp

Let f: R —» R becontinuous on R and differentiable on (—o0,0) U (0, o). Which of the
following statements is (are) always TRUE?

(A) If f isdifferentiableat 0 and f'(0) = 0, then f hasaloca maximum or alocal
minimum at 0

(B) If f hasalocal minimum at 0, then f isdifferentiableat 0 and f'(0) =0

©) If f'(x) <0 foradl x<0 and f'(x) >0 foral x> 0,then f hasagloba
maximum at 0

(D) If f'(x) >0 fordl x<0 and f'(x) <0 fordl x > 0,then f hasaglobal
maximum at 0

Let P bea 2 x 2 real matrix such that every non-zero vector in R? isan eigenvector of P.
Supposethat 1; and A, denotethe eigenvaluesof P and P [g] = [ﬂ for some
t € R. Which of the following statementsis (are) TRUE?

(A) 4 # 1,

(B) 114, =2

(C) V2 isan eigenvalue of P
(D) V3 isan eigenvalue of P

Let P beann x n non-null real skew-symmetric matrix, where n iseven. Which of the
following statementsis (are) aways TRUE?

(A) Px = 0 hasinfinitely many solutions, where 0 € R™

(B) Px = Ax hasaunique solution for every non-zero 1 € R

(©) If Q=+ P)I,—P) ' then QTQ =1,

(D) Thesum of al the eigenvaluesof P iszero

MS
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Q.35 Let X be arandom variable with the cumulative distribution function

( 0, x <0,

1+ x? 0<r<1
] S X )
10
F =V
(x) 3 + x? l<x<2
10 @ =S
\ 1, x = 2.

Which of the following statementsis (are) TRUE?

3

(A) P(1<X <2) ==

B) P(1<X<2)=

(C) P1<X<2)=

NIRr R
vl ulw

D) P(1<X<2)=

Q.36 LetX andY bei.i.d. Exp(1) random variables. If Z = max{X — Y, 0}, then which of the
following statementsis (are) TRUE?

(A) P(Z =0) =~
0, z <0,

(B) The cumulative distribution function of Z is F(z) = {1 _ %e‘”, 23>0

(C) P(Z=0)=0

0, z <0,

(D) The cumulative distribution function of Z is F(z) = {1 e 122, ;0

Q.37 Let the discrete random variables X and Y have the joint probability mass function

e—Z

PX=mY=n)=]rrs, M=012.;n=012.,

0, otherwise.

Which of the following statementsis (are) TRUE?

(A) Themarginal distribution of X is Poisson with mean 2
(B) Therandom variables X and Y are independent
(C) Thecovariance between X and X ++/37Y is1
(D) PY=n)=m+1DPY =n+1) for n=0,12,..

MS 10/15
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Q.38

Q.39

Q.40

Let X;,X,,... be a sequence of i.i.d. continuous random variables with the probability
density function
—2(x-1 1
foo = {27 w25
0, otherwise.

If S,=X,+X,+-++X, and X, =S5,/n, then the distributions of which of the
following sequences of random variables converge(s) to a normal distribution with mean 0
and afinite variance?

Sn -n
n

o 5 Vit (Xn=1)

2

®) 2 © Va(%-1) (@)

Let X;,X,, ..., X,, bearandom samplefroma U (6, 0) distribution, where 6 < 0.
If T,, = min{X,,X,, ..., X,,}, then which of the following sequences of estimatorsis (are)
consistent for 67?

(A) T, (8) T, — 1 (C) To+- (D) T, —1——

Let X;,X,, ..., X,, bearandom sample from a continuous distribution with the probability
density function, for 4 > 0,

22xe x>0
x = ) )
f&) { 0, otherwise.

To test the hypothesis Hy: A = % against Hi: A = % a thelevel a (0 < a < 1), which of
the following statementsis (are) TRUE?

(A) The most powerful test exists for each value of «

(B) The most powerful test does not exist for some values of «

(C) If the most powerful test exists, it is of the form: Reject H, if X? + X2+ -+ X2 <
for somec > 0

(D) If the most powerful test exists, it is of the form: Reject Hy if X2 + X2 +--+ X2 >¢
for somec > 0

MS
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Q.41-

Q.41

Q.42

Q.43

Q.44

Q.45

Q.46

SECTION-C
NUMERICAL ANSWER TYPE (NAT)

Q. 50 carry onemark each.

. AVn+1+Vyn+2+---+Vn+n
lim
n—oo n\/ﬁ

(round off to 2 decimal places) equals

Let £:[0,2] - Rbesuchthat |f(x) — f(¥)| < |x —y|*3 foral x,y € [0,2].
If fozf(x)dx = %,then »2019 (%) equals

The value (round off to 2 decimal places) of the double integral
9 3

1
jj1+y3dydx
0 Vx

equals
V5 2
3 T3 ¢
If [2 5 d isareal orthogonal matrix, then a? + b2 + c? + d? equals
3 3
a b 1

Two fair dice are tossed independently and it is found that one face is odd and the other one
is even. Then the probability (round off to 2 decimal places) that the sum is less than 6
equals

Let X be arandom variable with the moment generating function

t t 2

ez+e 2

My (t) = 5 , —0 <t < oo,

Using Chebyshev’s inequality, the upper bound for P <|X | > \E) equals

MS
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Q.47 In a production line of a factory, each packet contains four items. Past record shows that
20% of the produced items are defective. A quality manager inspects each item in a packet
and approves the packet for shipment if at most one item in the packet is found to be
defective. Then the probability (round off to 2 decimal places) that out of the three
randomly inspected packets at least two are approved for shipment equals

Q.48 Let X be the number of heads obtained in a sequence of 10 independent tosses of a fair
coin. The fair coin is tossed again X number of times independently, and let Y be the
number of heads obtained in these X number of tosses. Then  E(X + 2Y)
equals

Q49 Let 0,1,0,0,1 be the observed values of a random sample of size five from a discrete
distribution with the probability mass function P(X =1) =1 —-P(X =0) =1 — e~ %,
where 1 > 0. The method of moments estimate (round off to 2 decimal places) of A
equals

Q.50 Let X;, X, X; bearandom samplefrom N(u,,0?) distribution and Yy, Y5, Y; be arandom
sample from N(u,,0?) distribution. Also, assume that (X;,X,,X3) and (Y;,Y,,Y3) are

2
independent. Let the observed values of ?=1[Xi—§(X1+X2+X3)] and

2
2. [Yi — g(Y1 +Y,+ Y3)] be 1 and 5, respectively. The length (round off to 2 decimal
places) of the shortest 90% confidence interval of p; — u, equals

Q.51 - Q. 60 carry two marks each.

T i [ =2 (142)"] e

n—-oo

Q.52 For any real number y, let [y] bethe greatest integer lessthan or equal to y and let
{y}=y—-[y].Forn=1,2,.., andfor x € R, let

sin x sinx
—1, x#0, —=, x#0,
fon(x) = {[ x ] and  fon_1(x) = {{ X }
1, x =0, 1, x = 0.
Then lim ¥,.2 £, (x) equals
MS 13/15
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Q.53 The volume (round off to 2 decimal places) of the region in the first octant
(x =0,y =0,z = 0) bounded by the cylinder x? + y? =4 and the planes z =2 and
y+2z =4 equas

Q.54 a b 0 0
e o : 3 10 2p g¢q
If ad —bc =2 and ps — qr = 1, then the determinant of i 0 0
2 7 2r s
equals

Q.55 Inan ethnic group, 30% of the adult male population is known to have heart disease. A test
indicates high cholesterol level in 80% of adult males with heart disease. But the test also
indicates high cholesterol levelsin 10% of the adult males with no heart disease. Then the
probability (round off to 2 decimal places), that a randomly selected adult male from this
population does not have heart disease given that the test indicates high cholesterol level,
equals

Q.56 Let X be acontinuous random variable with the probability density function
ax?, 0<x<1,
f(x) =1bx~* x=>1,
0, otherwise,
where a and b arepositivereal numbers. If E(X) = 1, then E(X?) equals

Q.57 Let X andY bejointly distributed continuous random variables, where Y is positive vaued
with E(Y?) = 6. If the conditional distribution of X given Y =y is U(1 —y,1 + ),
then Var(X) equas

Q.58 LetX;,X,,...,X 0 beiid. N(0,1) random variables. If T = X? + X2 + -+ + X%,, then

EG) equals

Q.59 Let X,, X,, X3 bearandom sample from a continuous distribution with the probability
density function

—(x—p)
e , X > U,
x =
e { 0, otherwise.

Let X1y = min{X;,X,, X3} and ¢ > 0 bearea number. Then (X¢yy — ¢, X(1)) i15297%
confidenceinterval for u, if ¢ (round off to 2-decimal places) equals
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Q.60

Let X;, X5, X3, X, be arandom sample from a discrete distribution with the probability mass

function P(X=0)=1—-P(X=1)=1—-p,for 0 < p < 1. Totest the hypothesis
3 . 4
Hy:p =3 against Hy:p = >
consider the test:
Reject H, if X; +X, + X5 + X, > 3.
Let the size and power of the test be denoted by a and y, respectively. Then a +y
(round off to 2 decimal places) equals

END OF THE QUESTION PAPER
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Paper Specific | nstructions

1. The examination is of 3 hours duration. There are a total of 60 questions carrying 100 marks. The entire
paper is divided into three sections, A, B and C. All sections are compulsory. Questions in each section are
of different types.

2. Section — A contains atotal of 30 Multiple Choice Questions (M CQ). Each MCQ type question has four
choices out of which only one choice is the correct answer. Questions Q.1 — Q.30 belong to this section
and carry atotal of 50 marks. Q.1 — Q.10 carry 1 mark each and Questions Q.11 — Q.30 carry 2 marks
each.

3. Section — B contains atotal of 10 Multiple Select Questions (M SQ). Each MSQ type question is similar
to MCQ but with a difference that there may be one or mor e than one choice(s) that are correct out of the
four given choices. The candidate gets full credit if he/she selects dl the correct answers only and no
wrong answers. Questions Q.31 — Q.40 belong to this section and carry 2 marks each with a total of 20
marks.

4. Section — C contains a total of 20 Numerical Answer Type (NAT) questions. For these NAT type
guestions, the answer is areal number which needs to be entered using the virtual keyboard on the monitor.
No choices will be shown for these type of questions. Questions Q.41 — Q.60 belong to this section and
carry atotal of 30 marks. Q.41 — Q.50 carry 1 mark each and Questions Q.51 — Q.60 carry 2 marks each.

5. In all sections, questions not attempted will result in zero mark. In Section — A (MCQ), wrong answer will
result in NEGATIVE marks. For all 1 mark questions, 1/3 marks will be deducted for each wrong answer.
For al 2 marks questions, 2/3 marks will be deducted for each wrong answer. In Section — B (MSQ), there
is NO NEGATIVE and NO PARTIAL marking provisions. There is NO NEGATIVE marking in
Section — C (NAT) aswell.

6. Only Virtual Scientific Calculator is allowed. Charts, graph sheets, tables, cellular phone or other
electronic gadgets are NOT alowed in the examination hall.

7. The Scribble Pad will be provided for rough work.
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Notation

N set of all natural numbers1,2,3, -

R set of all real numbers

M5 (R) rea vector space of al matrices of sizem X n with entriesin R

) empty set

X\Y set of al elements from the set X whicharenotintheset Y

Zy group of all congruence classes of integers modulo n

.7, k unit vectors having the directions of the positive x, y and z axes of athree dimensional

rectangular coordinate system, respectively

Sn group of all permutations of the set {1, 2, 3,---,n}
In logarithm to the base e
log logarithm to the base 10
N X
\Y la + J 5 + k a7
det(M) determinant of a square matrix M
MA 2/13
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SECTION-A
MULTIPLE CHOICE QUESTIONS (MCQ)

Q.1-Q.10carry one mark each.
Q1 Leta, =b; =0,andforeachn > 2, let a,, and b,, be real numbers given by

-1
= 2, oty ™ = 2, TagGy

Then which one of the following is TRUE about the sequences {a,,} and {b,,}?

(A) Both {a,} and {b,} are divergent

(B) {a,} isconvergent and {b,} isdivergent
(C) {a,} isdivergentand {b,} isconvergent
(D) Both {a,}and {b,} areconvergent

Q2 Let T € Mpy,(R).Let V bethe subspace of M, (R) defined by
V={X € Mpy,(R) : TX = 0}.

Then the dimension of V is

(A) pn — rank(T) (B) mn — p rank(T)
(C) p(m —rank(T)) (D) p(n — rank(T))

Q.3 Letg:R - R beatwice differentiable function. Define f: R3 - R by

fx,y,2) = g(x* + y* = 22%).

Then — + 377 +5,7 isequa to
(A) 4(x?+y% —4z%) g" (x? + y? — 22%)
(B) 4(x* +y? +42%) g"(x* + y* — 22%)
(C) 4(x? +y?—22%) g"(x* + y? — 22%)
(D) 4(x%+y? +42z%) g"(x? + y? — 2z%) + 89’ (x? + y? — 22?)

Q4  Let{a,}ro and {b,}x-, be sequences of positive real numbers such that na, < b,, < na, for
al n > 2. If theradius of convergence of the power series Y.;°_, a,x™ is4, then the power series

Y=o bpx™

(A) convergesfor al x with |x| < 2
(B) convergesfor al x with |x| > 2
(C) does not converge for any x with |x| > 2
(D) does not converge for any x with |x| < 2

Q5 et 5 bethe set of all limit points of the set {2+ Zine N}. Let @, betheset of all positive
rational numbers. Then
(A) Q. cS (B) Sc Q.
(C) SN(R\Q;)#0 (D) SNQy#0
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Q6  If x"y* isanintegrating factor of the differential equation
y(1+xy)dx+x(1—xy)dy =0,

then the ordered pair (h, k) isequa to
(A) (=2,-2) (B) (=2,-1) © (=1,-2) D) (-=1,-1)

Q7 If y(x) = 1e?* +eP*, B # 2,isasolution of the differential equation

d’y dy
a2 Tax =0
satisfying Z_Z(O) = 5, then y(0) isequal to
(A) 1 (B) 4 © 5 (D) 9

Q8 Theequation of the tangent plane to the surface x2z + /8 — x2 — y* =6 atthepoint (2,0,1)

IS
(A) 2x+z=5 (B) 3x +4z =10
(C) 3x—2z=10 (D) 7x —4z =10

Q.9 The value of theintegra

1 1-y
f f ysin (m(1 — x)?) dx dy
y=0Yx=0

is
1 T 2
A) - (B) 2m © 5 D) -
Q.10 Theareaof the surface generated by rotating the curve x = y3, 0 <y <1, about the y-axis, is
I 103/2 Am 3/2 _ K 3/2 _ AT 4 13/2
(A) 10 (B) 5 (10 1) (©) (10 D () 510

Q.11 - Q. 30 carry two marks each.

Q.11 Let H and K besubgroupsof Z,.,. If theorder of H is 24 and the order of K is 36, then the
order of thesubgroup H N K is

(A) 3 (B) 4 (C) 6 (D) 12

Q.12 LetP bea4 x 4 matrix with entries from the set of rational numbers. If V2 + i, withi =+/—1, is
aroot of the characteristic polynomial of P and I isthe 4 x 4 identity matrix, then

(A) P*=4P24+9] (B) P*=4P2—-9] (C) P*=2P2—-9] (D) P*=2P%+09]
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Q13 The set {i -l <x < 1}, asasubset of R, is
1+x
(A) connected and compact
(B) connected but not compact
(C) not connected but compact
(D) neither connected nor compact
Q.14

The set {%+%: m,n € N}U{O},asasubsetof R, is

(A) compact and open (B) compact but not open
(C) not compact but open (D) neither compact nor open

Q15 For—1 < x < 1, the sum of the power series 1 + Yor, (—1)" 1 n2x™1 is
1-x 1+x2
A
) (1+x)3 ®) (1+x)*
1-x 1+x2
C
© (1+x)2 (©) (1+x)3
Q.16 Let f(x) =(nx)?,x > 0.Then
(A) lim % does not exist
X—00
(B) lim f'(x) =2
X—00
(©) lim(fer+1)=f()) =0
(D) lim (f(x+1) — f(x)) does not exist
X—00
Q.17 Letf: R — R beadifferentiable function suchthat f'(x) > f(x) foral x € R, and f(0) = 1.
Then £ (1) liesin theinterval
(A) (0, e™V) B) (e 1, Ve) (C) (We, e) (D) (e, )
Q.18 For which one of the following values of k, the equation
2x3+3x2—-12x—k =0
has three distinct real roots?
(A) 16 (B) 20 (C) 26 (D) 31
Q.19 Which one of the following seriesis divergent?
w 1 . o1 w 1
(A) Xn=: 5 sin® ~ (B) 2in=1 logn
0 1 . 1 © 1 1
(C) Xn=1 3sin— (D) Xn=1 tan—
MA 5/13
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Q.20

Let S be the family of orthogonal trgjectories of the family of curves

2x*+y? =k, for k€eR and k > 0.

If ¢ €S andC passesthrough the point (1, 2), then C also passes through

(A) (4,—V2) (B) (2,—49) (©) (2,2v2) (D) (4,2V2)
Q21 Let x, x+e*and 1+ x+ e* besolutionsof alinear second order ordinary differential equation
with constant coefficients. If y(x) isthe solution of the same equation satisfying y(0) = 3 and
y'(0) = 4, then y(1) isequa to
(A) e+1 (B) 2e+3 (C) 3e+2 (D) 3e+1
Q.22 Thefunction
flx,y) =x3+2xy+y3
has a saddle point at
(A) (0,0) _z2_z2 _3_3 (D) (-1,-1)
(B) ( 3’ 3) ©) ( 2’ 2)
Q.23 Theareaof the part of the surface of the paraboloid x? + y2 + z = 8 lying inside the cylinder
x2+y?2=4is
(A) 2(173/2 -1 ®r(17*2-1) (© 2(173/2 -1 (D) 2(173/2 - 1)
Q.24 LetC bethecircle (x — 1)? + y? = 1, oriented counter clockwise. Then the value of theline
integral
4
jg —=xy3dx +x*dy
e 3
is
(A) 6m (B) 8w (C) 12m (D) 14n
Q25 et F(x,y,2z) =2y @ +x2j+xyk andlet C bethe curve of intersection of the plane
x+y+z=1 andthecylinder x? + y2 = 1. Then the value of
f F-dr
c
is
(A) (B) 3n (C) 2m (D) 37
2
MA 6/13
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Q.26

Q.27

Q.28

Q.29

Q.30

The tangent line to the curve of intersection of the surface x? + y? — z = 0 and the plane
x+z=3athepoint (1,1,2) passesthrough

(A) (-1,-2,4) (B) (—-1,4,4) © (3,4,4) (D) (—1,4,0)

The set of eigenvalues of which one of the following matricesis NOT equal to the set of

eigenvalues of (1 é)’)

@ (; 3) ®G 1) © @ 1) © ; 3)

Let {a,} be asequence of positive real numbers. The series )., a,, convergesif the series

(A) X%, a converges

(B) Z;’{;la—" converges
©) Xn=1

21’l
(D) Xn=1

a
“*1 converges
an

an

converges
an+1

For B € R, define

x2|x|Py 40
fay) ={xt+y2.  *T7
0, x = 0.

Then, at (0, 0), the function f is

(A) continuousfor g =0

(B) continuousfor g > 0

(C) not differentiable for any 8

(D) continuousfor g < 0
Let {a, } be a sequence of positive real numbers such that

a; =1, a®,; — 2a,ay41 —a, = 0foral n>1.

Then the sum of the series Z;’;lg—;‘ liesin theinterval

(A) (1,2] (B) (2,3] (©) (B,4] (D) (4,5]

MA
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SECTION -B
MULTIPLE SELECT QUESTIONS (M SQ)

Q. 31-Q. 40 carry two marks each.
Q.31 Let G beanoncyclic group of order 4. Consider the statements | and I1:

I Thereis NO injective (one-one) homomorphism from G to Zg
Il. Thereis NO surjective (onto) homomorphism from Zg to G

Then
(A) listrue (B) lisfdse
(©) llistrue (D) ll'isfalse

Q.32 Let G beanonabelian group, y € G, and let themaps f, g, h from G to itself be defined by

fx)=yxy™, gx)=x"tand h=gog.

Then

(A) g and h are homomorphisms and f is not a homomorphism
(B) h isahomomorphism and g is not a homomorphism

(C) f isahomomorphism and g is not ahomomorphism

(D) f, g and h are homomorphisms

Q.33 Let S andT belinear transformations from afinite dimensiona vector space V to itself such that
S(T(w)) =0foral v eV.Then

(A) rank(T) = nullity(S) (B) rank(S) = nullity(T)
(C) rank(T) < nullity(S) (D) rank(S) < nullity(T)

Q.34 LetF and G bedifferentiable vector fields and let g be adifferentiable scalar function. Then
(A)V-(FxG)=G-VXF—F-VxG B)V-(FXxG)=G-VXF+F-VxG
(C)V-(gﬁ)=gV-ﬁ—Vg'ﬁ (D)V-(gﬁ)=gV-ﬁ'+Vg'ﬁ'

Q.35 Consider theintervalsS = (0,2] and T = [1,3). Let S° and T*° be the sets of interior points of S
and T, respectively. Then the set of interior pointsof S\ T isequa to

(A) S\T° (B) S\T (C) S°\T° (D) S°\T

Q.36 Let{a,} bethe sequence given by

. mm nm
a, = max {sm (?) ,COS (?)}, n=1.

Then which of the following statementsis/are TRUE about the subsequences {ag;,_1} and

{aen+a}?

(A) Both the subsequences are convergent
(B) Only one of the subsequencesis convergent

(C) {aen-1} convergesto _%

(D) {agn+4} cONvergesto %

MA 8/13
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Q37 Let

f(x) = cos(Jmr — x|) + (x —m)sin |x| and g(x) = x? forx € R.
If h(x) = f(g(x)), then

(A) hisnot differentiableat x = 0

(B) h'(Vm) =0

(C) h""(x) = 0 hasasolutionin (—m, )

(D) there exists x, € (—m, m) such that h(x,) = x,

Q38 |Letf: (Og) — R begiven by

f(x) =(sinx)" —msinx+mw
Then which of the following statementsis/are TRUE?

(A) f isanincreasing function
(B) f isadecreasing function

(C) f(x) >0foradlx € (0, E)
(D) f(x) < 0 for some x € (0 ”)

, =

2

Q39 Let

f(x’y)z{ﬁ ¥ tys o ey # (0,0
0,

(x,y) = (0,0).
Thenat (0,0),
(A) f iscontinuous
(B) Y — 0 and L doesnot exist
ox ay
af : of _
© pw does not exist and 3y = 0

3] a
() £=0ad L=0

Q.40 Let {a,} bethe sequence of real numbers such that

a; =1and apy; =a, +a? foral n>1.
Then

(A)ay =a;(1+a)(1+az)(1+as) (B) lim ai =0
n—-oo n
(©) lim —=1
n—-oo Qan

(D) lim a, =0

n—-oo

MA
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Q.41

Q.41

Q.42

Q.43

Q44

Q.45

SECTION-C
NUMERICAL ANSWER TYPE (NAT)

Q. 50 carry one mark each.

Let x bethe 100-cycle(1 2 3 --- 100) and let y bethe transposition (49 50) inthe
permutation group S;qo- Then the order of xy is

Let W, and W, be subspaces of the real vector space R°° defined by
Wy = { (x4, %2, ..., X100) * x; = 0if iisdivisbleby 4},
W2 = { (xl,xZ, ...,xloo) C X = 0 |f i |Sd|V|SbIe by 5}

Then the dimension of W; N W, is

Consider the following system of three linear equationsin four unknowns x;, x,, x5 and x,
X1 + x2+ x3+ Xg :4',
X1+ 2x5 + 3x3 +4x4 =5,
xq + 3x, + 5x3 + kx, = 5.

If the system has no solutions, then k =

Let F(x,y) = —yi+xj andlet C bethedlipse

2

| =

2
y
=1
679

)}

oriented counter clockwise. Then the value of 936 F-d? (round off to 2 decimal places)
is

The coefficient of (x - g) in the Taylor series expansion of the function

4(1 —sinx)

s

_ 2x—m 2
fo={ = i
] x_z

about x = % is

MA
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Q.46 Letf:[0,1] - R begiven by
1\3 1\3
<1+x§> + (1—x§>

fe = 8(1+x)
Then
max {f (x):x € [0,1]} — min {f (x): x € [0,1]}
is
Q47 If
4x-5
gx) = f f(t) dt, where f(x) =41+ 3x* forx e R
x(x=2)
theng’'(1)= _____
Q48 Let

x3+y8
flx,y) = {xz —_yz' x2—y2#0
0, x2—y2=0.

Then the directional derivative of f at (0,0) in the direction of gi + %j is

Q.49 Thevalue of theintegra

1 1
f f |x +y| dx dy
-17-1

(round off to 2 decimal places) is

Q.50 The volume of the solid bounded by the surfaces x = 1 — y? and x = y? — 1, and the planes
z=0andz =2 (round off to 2 decimal places) is

Q.51 - Q. 60 carry two marks each.

Q.51 Thevolume of the solid of revolution of the loop of the curve y? = x*(x + 2) about the x-axis
(round off to 2 decimal places) is

MA 11/13
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Q.52

Q.53

Q.54

Q.55

Q.56

Q.57

Q.58

Q.59

The greatest lower bound of the set

1
{(e"+2™n:n€eN},

(round off to 2 decimal places) is

LetG ={n € N: n <55, gcd(n,55) = 1} be the group under multiplication modulo 55.
Let x € G besuchthat x2 = 26 and x > 30. Then x isequal to

The number of critica points of the function

fOoy) = (@ +3yDe "+

The number of elementsintheset {x € S3: x* = e}, wheree istheidentity element of the
permutation group Ss, is

2 0 0 2
If (y) v,z € R, isan eigenvector corresponding to area eigenvalue of the matrix (1 0 —4)

z 0 1 3
then z —y isequa to

Let M and N be any two 4 x 4 matrices with integer entries satisfying

MN = 2

cocor
cor o
oOr RO
R OO R

Then the maximum value of det(M) + det(N) is

Let M bea3 x 3 matrix with real entries such that M? = M + 21, where I denotesthe 3 x 3
identity matrix. If «, 8 and y areeigenvalues of M such that ey = —4, then
a+f+y isequd to

Let y(x) = xv(x) be asolution of the differential equation

2 A%y

dy _
2 3x - t+3y=0.

If v(0) =0and v(1) =1, thenv(—2) isequa to

MA
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Q.60 If y(x) isthe solution of theinitial value problem
d*y dy _ _o W —
@+4E+4y =0, y(0) =2, dx(O) =0,

then y(In 2) is (round off to 2 decimal places) equal to

END OF THE QUESTION PAPER
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Paper Specific I nstructions

1. The examination is of 3 hours duration. There are a total of 60 questions carrying 100 marks. The entire
paper is divided into three sections, A, B and C. All sections are compulsory. Questions in each section are
of different types.

2. Section — A contains atotal of 30 Multiple Choice Questions (M CQ). Each MCQ type question has four
choices out of which only one choice isthe correct answer. Questions Q.1 — Q.30 belong to this section and
carry atotal of 50 marks. Q.1 — Q.10 carry 1 mark each and Questions Q.11 — Q.30 carry 2 marks each.

3. Section — B contains atotal of 10 Multiple Select Questions (M SQ). Each MSQ type question issimilar to
MCQ but with a difference that there may be one or mor e than one choice(s) that are correct out of the four
given choices. The candidate gets full credit if he/she selects all the correct answers only and no wrong
answers. Questions Q.31 — Q.40 belong to this section and carry 2 marks each with atotal of 20 marks.

4. Section - C containsatota of 20 Numerical Answer Type (NAT) questions. For these NAT type questions,
the answer isarea number which needs to be entered using the virtual keyboard on the monitor. No choices
will be shown for these type of questions. Questions Q.41 — Q.60 belong to this section and carry atotal of
30 marks. Q.41 — Q.50 carry 1 mark each and Questions Q.51 — Q.60 carry 2 marks each.

5. In all sections, questions not attempted will result in zero mark. In Section — A (MCQ), wrong answer will
result in NEGATIVE marks. For al 1 mark questions, 1/3 marks will be deducted for each wrong answer.
For al 2 marks questions, 2/3 marks will be deducted for each wrong answer. In Section — B (MSQ), there
iISNO NEGATIVE and NO PARTIAL marking provisions. ThereisNO NEGATIVE marking in Section
— C (NAT) aswell.

6. Only Virtual Scientific Calculator is allowed. Charts, graph sheets, tables, cellular phone or other electronic
gadgets are NOT allowed in the examination hall.

7. The Scribble Pad will be provided for rough work.
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SECTION-A
MULTIPLE CHOICE QUESTIONS (MCQ)
Q.1-Q.10carry one mark each.

Q1 The function f (x) = 28 Xg Is continuous everywhere except at
X+

(A)x=0 (B x=19 (C) x==9i (D) x =43

Q.2 A classica particle hastotal energy E. The plot of potential energy (U) as a function of
distance (r) from the centre of force located at r = 0 is shown in the figure. Which of the
regions are forbidden for the particle?

(A) 1 and 11 (B) Il and IV (C) 1 and IV (D) 1 and 111

Q.3 Inthethermal neutron induced fission of *°U, the distribution of relative number of the
observed fission fragments (Yield) versus mass number (A) is given by

(A) ®) ©) (D)

Q.4  Which one of the following crystallographic planes represent (101) Miller indices of a
cubic unit cell?

(A) (B) (© (D)

PH 2/13
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Q.5 TheFermi-Dirac distribution function [n(g)] is
(kg isthe Boltzmann constant, T isthe temperature and & is the Fermi energy)
(A) (B) © (D)
1 1 1 1
n(e) = = n(e) = TFrE n(e) = = n(e) = 5=
eksT —1 eksT — 1 eksT + 1 eksT + 1
Q.6 If ¢(xy,2) isascaar function which satisfies the Laplace equation, then the gradient of ¢ is
(A) Solenoidal and irrotational (B) Solenoidal but not irrotational
(C) Irrotational but not solenoidal (D) Neither solenoidal nor irrotational
Q.7 Inaheat engine based on the Carnot cycle, heat is added to the working substance at
constant
(A) Entropy (B) Pressure (C) Temperature (D) Volume
Q.8 Isotherma compressibility is given by
1(oV 1(0oP 1(oV 1(0oP
ORGSR
VP )t PLoV 1 VP )t T
Q.9 For using atransistor as an amplifier, choose the correct option regarding the resistances of

base-emitter (Rse) and base-collector (Rec) junctions

(A) Both Ree and Rec are very low (B) Very low Ree and very high Rec
(C) Very high Ree and very low Rsc (D) Both Ree and Rec are very high

Q.10 A unit vector perpendicular to the plane containing A=i+ j—2k and B=2{ — | +k is
(A) — (-7 +3] - 4K) (B) —= (-7 +3]-3K)
\26 V19
1 a~ 2 ~ 1 ~ 2 ~
C) —(-1+5)-3k D) —— (-1 -5)-3k
©) \/%( J —3K) (D) \/g( ] —3K)

Q.11 - Q. 30 carry two marks each.

Q.11 A thinlens of refractive index 3/2 is kept inside a liquid of refractive index 4/3. If the focal

length of thelensin air is 10 cm, then itsfocal length inside the liquid is
(A) 10cm (B) 30 cm (C)40cm (D) 50 cm

3/13
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Q.12 3 i 0
Theeigenvaluesof | —i 3 0| are
0 0 6
(A) 2,4and 6 (B) 2i, 4i and 6 (C)2i,4and 8 (D)0,4and 8

Q.13 For aquantum particle confined inside a cubic box of side L, the ground state energy is
given by Eo. The energy of thefirst excited stateis

(A) 26, (B) V2 Eo (C) 3o (D) 6Eo

Q.14 A small spherical ball having charge g and mass m, istied to a thin massless non-
conducting string of length |. The other end of the string is fixed to an infinitely extended
thin non-conducting sheet with uniform surface charge density o . Under equilibrium, the
string makes an angle 45° with the sheet as shown in thefigure. Then o isgiven by
(g isthe acceleration due to gravity and &, is the permittivity of free space)

(A) e (B) 27 (o) 2% (D) 92
g g g w2

PH 4/13
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Q.15 Consider the normal incidence of a plane electromagnetic wave with electric field given by
E= E exp[i (klz—a)t)] X over aninterface at z= 0 separating two media [wave velocities
viand vz (V2> v1) and wave vectors ki and ke, respectively] as shown in figure. The

magnetic field vector of the reflected waveis
(@ isthe angular frequency)

A

x/\
v
o Medium 1 / 2 Medium 2
m =
e it z
v
®) 2eplitkz- o]y ®) 2ewliC-kz-a)]y
1 1
(© = expli(—kz-at)]y (D) = exp[i(kz-at)]y
1 1
Q.16 The output of following logic circuit can be ssmplified to
X
Y Y | S—
Z v, W,
(A) X +YZ (B) Y +XZ (C) XYZ (D) X+Y +Z

Q.17 A red star having radius 1y at atemperature T and awhite star having radius r, at a
temperature Ty, radiate the same total power. If these stars radiate as perfect black bodies,

then
(A)rg >nryand Ty > Ty B)rg <mnyandTg > Ty
Crg>rpand Ty < Ty D) rg <myandTr < Ty

Q.18 The mass per unit length of arod (length 2 m) varies as p = 3x kg/m. The moment of inertia
(in kg m?) of the rod about a perpendicular-axis passing through the tip of the rod (at x = 0)
is
(A) 10 (B) 12 (C) 14 (D) 16
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Q.19 For aforward biased p-n junction diode, which one of the following energy-band diagrams

is correct?

(er isthe Fermi energy)

(A) (B)
(©) (D)

Q.20 The amount of work done to increase the speed of an electron from c/3 to 2¢/3is
(c = 3x10® m/s and rest mass of electron is 0.511 MeV)

(A) 56.50 keV (B) 14358keV  (C) 168.20 keV (D) 511.00 keV

Q.21 Thelocation of Cs" and Cl~ ionsinside the unit cell of CsCl crystal is shown in the figure.
The Bravais|lattice of CsCl is

(A) simple cubic (B) body centered orthorhombic
(C) face centered cubic (D) base centered orthorhombic

Q.22 A y-ray photon emitted from a **’Cs source collides with an electron at rest. If the Compton
shift of the photon is 3.25 x 1073 m, then the scattering angle is closest to
(Planck’s constant h = 6.626 x 10** J s, electron mass me= 9.109 x 103 kg and
velocity of light in free space ¢ = 3x10% m/s)

(A) 45° (B) 60° (C) 30° (D) 90°
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Q.23 During free expansion of an ideal gas under adiabatic condition, the internal energy of the
gas
(A) Decreases (B) Initially decreases and then increases
(C) Increases (D) Remains constant

Q.24 Inthe given phase diagram for a pure substance, regions|, 11, 111, 1V, respectively represent
(A) Vapor, Gas, Solid, Liquid (B) Gas, Vapor, Liquid, Solid
(C) Gas, Liquid, Vapor, Solid (D) Vapor, Gas, Liquid, Solid

Q.25 Light of wavelength A (in free space) propagates through a dispersive medium with
refractive index n(A)=1.5 + 0.61. The group velocity of awave travelling inside this
medium in units of 108 m/sis
(A) 1.5 (B) 2.0 (©) 3.0 (D) 4.0

Q.26 The maximum number of intensity minimathat can be observed in the Fraunhofer
diffraction pattern of asingle dit (width 10 um) illuminated by alaser beam (wavelength
0.630 um) will be
(A) 4 B) 7 (©) 12 (D) 15

Q.27 During the charging of a capacitor C in a series RC circuit, the typical variationsin the
magnitude of the charge q(t) deposited on one of the capacitor plates, and the current i(t) in
the circuit, respectively are best represented by
(A) Fig. l and Fig. 1l (B) Fig. I and Fig. IV
(C) Fig. lll and Fig. I (D) Fig. lll and Fig. IV
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Q.28

Q.29

Q.30

Which one of the following is an impossible magnetic field B ?
(A) B=3x2ZR—2xz°2

3
(B) B=-2xy X+ y229+[2yz—%]2

2
(C) B=(xz+4y)X- yx3§/+[xgz—%j2

(D) B=—6xz%+3yz°y

If the motion of a particle is described by x = 5 cos(8xt), y = 5sin(8xt) and z = 5t, then the
trajectory of the particleis

(A) Circular (B) Elliptical (C) Helical (D) Spiral

A ball of mass misfalling freely under gravity through a viscous medium in which the drag
force is proportiona to the instantaneous velocity v of the ball. Neglecting the buoyancy
force of the medium, which one of the following figures best describes the variation of v as
afunction of time t?

(A) (B) © (D)

SECTION -B
MULTIPLE SELECT QUESTIONS (M SQ)

Q.31 -Q. 40 carry two marks each.

Q.31

Q.32

The relation between the nuclear radius (R) and the mass number (A), given by
R= 1.2 A¥3 fm, implies that

(A) The central density of nuclei isindependent of A

(B) The volume energy per nucleon is a constant

(C) The attractive part of the nuclear force has along range
(D) The nuclear force is charge dependent

Consider an object moving with avelocity ¥ in aframe which rotates with a constant
angular velocity w. The Coriolis force experienced by the object is

(A) dong v

(B) dong w

(C) perpendicular to both ¥ and w

(D) always directed towards the axis of rotation
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Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

The gradient of ascalar field S(x,y,z) has the following characteristic(s).

(A) Lineintegral of agradient is path-independent

(B) Closed lineintegral of agradient iszero

(C) Gradient of Sisameasure of the maximum rate of changein thefield S
(D) Gradient of Sisascalar quantity

A thermodynamic system is described by the P, V, T coordinates. Choose the valid
expression(s) for the system.

BB, PEEAE,
o, -E  @ElE,,

Which of the following statement(s) ig/are true?

(A)Newton’s laws of motion and Maxwell’s equations are both invariant under Lorentz
transformations.

(B) Newton’s laws of motion and Maxwell’s equations are both invariant under Galilean
transformations.

(C) Newton’s laws of motion are invariant under Galilean transformations and Maxwell’s
equations are invariant under Lorentz transformations.

(D) Newton’s laws of motion are invariant under Lorentz transformations and Maxwell’s
equations are invariant under Galilean transformations.

For an underdamped harmonic oscillator with velocity v(t),

(A) Rate of energy dissipation varies linearly with v(t)

(B) Rate of energy dissipation varies as square of v(t)

(C) Thereduction in the oscillator frequency, compared to the undamped case, is
independent of v(t)

(D) For weak damping, the amplitude decays exponentialy to zero

Out of the following statements, choose the correct option(s) about a perfect conductor.

(A) The conductor has an equipotential surface

(B) Net charge, if any, resides only on the surface of conductor

(C) Electric field cannot exist inside the conductor

(D) Just outside the conductor, the electric field is always perpendicular to its surface

In the X-ray diffraction pattern recorded for a simple cubic solid (lattice parameter a =1 A)
using X rays of wavelength 1 A, the first order diffraction peak(s) would appear for the

(A) (100) planes (B) (112) planes
(C) (210) planes (D) (220) planes
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Q.39 Consider aclassical particle subjected to an attractive inverse-square force field. The total
energy of the particle is E and the eccentricity is €. The particle will follow a parabolic

orbit if
(A)E>0ande=1 (B)E<Oande<1
(CO)E=0ande=1 (D)E<Oande=1

Q.40 An atomic nucleus X with half-life Tx decaysto anucleus Y, which has half-life Ty. The
condition(s) for secular equilibrium is(are)

(A) Tx =Ty (B) Tx < Ty C) Tx < Ty (D) Tx > Ty

SECTION-C
NUMERICAL ANSWER TYPE (NAT)
Q.41 - Q. 50 carry one mark each.

Q.41 Inatypica human body, the amount of radioactive “°K is 3.24 x 10~ percent of its mass.
The activity due to “°K in ahuman body of mass 70 kg is kBq.
(Round off to 2 decimal places)
(Half-life of °K = 3.942 x 10'® s, Avogadro’s number Na=6.022 x 10?3 mol 1)

Q.42 Sodium (Na) exhibits body-centered-cubic (BCC) crystal structure with atomic radius
0.186 nm. The lattice parameter of Na unit cell is nm.
(Round off to 2 decimal places)

Q.43 Light of wavelength 680 nm is incident normally on a diffraction grating having
4000 lines/cm. The diffraction angle (in degrees) corresponding to the third-order
maximum is .

(Round off to 2 decimal places)

Q.44 Two gases having molecular diameters D1 and D2, and mean free paths A1 and A2,
respectively, are trapped separately in identical containers.
If D2 = 2Dy, then A1/A2 = .
(Assume thereis no change in other thermodynamic parameters)

Q.45 An object of 2 cm height is placed at a distance of 30 cm in front of a concave mirror with
radius of curvature 40 cm. The height of theimageis cm.
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Q.46 Theflux of thefunction F = (y?)X+(3xy—2) Y+ (4yz) 2 passing through the surface
ABCD aong n is .
(Round off to 2 decimal places

Q.47 1

The electrostatic energy (in units of

J) of auniformly charged spherical shell of total
€

charge5 C andradius4 mis .

(Round off to 3 decimal places)

Q.48 Aninfinitely long very thin straight wire carries uniform line charge density
8r x 1072 C/m. The magnitude of electric displacement vector at a point located 20 mm
away from the axis of thewireis C/m?.

Q.49 The 7™ bright fringe in the Young’s double slit experiment using a light of wavelength
550 nm shifts to the central maxima after covering the two dslits with two sheets of different
refractive indices ni and ny but having same thickness 6 um. The value of |m—ny|is

(Round off to 2 decimal places)

Q.50 For theinput voltage Vi = (200 mV) sin (400t), the amplitude of the output voltage (Vo) of
the given OPAMP circuit is V.
(Round off to 2 decimal places)

35 kQ 35kQ 35 kO
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Q.51 - Q. 60 carry two marks each.

Q.51 Thevaue of emitter current in the given circuit is HA.
(Round off to 1 decimal place)

+Vee =10V

2MQ

Q52 3+i 2

The value of I (Z)Zdz ,dongtheline3y = X, where Z=X+1Y is
0
(Round off to 1 decimal place)

Q.53 If the wavelength of Koz X-ray line of an element is 1.544A, then the atomic number (Z) of
theelement is .
(Rydberg constant R = 1.097x10'm* and velocity of light ¢ = 3x108 m/s)

Q.54 A proton is confined within a nucleus of size 1072 cm. The uncertainty in its velocity is
x 108 m/s.
(Round off to 2 decimal places)
(Planck’s constant h = 6.626 x 10~3* J s and proton mass mp = 1.672 x 102" kg)

Q.55
Given the wave function of a particle y(X) = \Esin(% xj for 0 <x <L and O elsewhere,

the probability of finding the particle between x =0and x =L/2 is
(Round off to 1 decimal place)
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Q.56 The Zener current Iz for the given circuit is mA.
+ VR
AW~
> | Reoke> ||l g
o

N s {IVi

£ N ”_,
> > Y

Q.57 If the diameter of the Earth isincreased by 4% without changing the mass, then the length
of theday is hours.
(Take the length of the day before the increment as 24 hours. Assume the Earth to be a
sphere with uniform density.)
(Round off to 2 decimal places)

Q.58 A di-atomic gas undergoes adiabatic expansion against the piston of acylinder. As aresult,
the temperature of the gas drops from 1150 K to 400 K. The number of moles of the gas
required to obtain 2300 J of work from the expansion is
(The gas constant R = 8.314 Jmol K ™2)

(Round off to 2 decimal places)

Q.59 Thedecimal equivaent of the binary number 110.101 is

Q.60 A surface current K =100 X A/m flows on the surface z = 0, which separates two media
with magnetic permeabilities 1 and P2 as shown in the figure. If the magnetic field in the
region1lis Bl = 4X—6Y+22 mT, then the magnitude of the norma component of I§2 will
be mT.

z>0
4, =5x10"°H/m

B =4%—69+2zmT

[t
n 1, =10x10°H/m

z<0

END OF THE QUESTION PAPER
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