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Question Paper
BT : JAM 2023

Section A: Q.1 — Q.10 Carry ONE mark each.

Q.1 Which one of the following compounds inhibits the polymerization of tubulin to
microtubules in animal cells? Q’
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Arrange the following elements in increasing order of their electronegativity

according to the P@ﬁ?hg scale
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Q3 Which one of the following is NOT a plant vascular tissue?

(A) | Phloem
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Q.5 Which one of the following pairs of antibodies contains ‘J-chain’ in their multimeric
form?
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Q.7

Which one of the following does NOT belong to the freshwater ecosystem?

(A) | Estuary
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Q.9

Given the following sets:
A= {2,4,6,8,10,12}

B = {8,10,12,14, 16,18}
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Q.10 Rain is falling vertically with a speed of 40 m s™!. Wind starts blowing with a speed
of 16 m s™!in the west to east direction. How should a person, who is standing, hold
his umbrella to avoid getting wet?
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Section A: Q.11 — Q.30 Carry TWO marks each.

X & N
& &
& W
A & \0

Q.11 Which one of the following statements about the G1 checkpoint of eukaryotic cell
division cycle is INCORRECT? g;
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Q.12

Determine the correctness or otherwise of the following Assertion [a] and the

Reason [r].
Assertion [a]: Nitric oxide is involved in transient paraei.ne and autocrine signaling.

Reason [r]: Nitric oxide is highly reactive, with a Lffetlme of few seconds, yet can
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Q.13

In mice, a trait is determined by a dominant allele Y and recessive allele y. What
proportion of the offspring from a YY X yy cross is expected to be homozygous

recessive in F1 generation?
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Q.14 Match the molecules in Group I with the type of bonds present in them, in Group

11
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What is the splitting pattern of proton H? of the following compound in its "H NMR
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Q.16 Which one of the following statements is correct about solute transport across
membranes?
(A) | Passive transporters decrease the activation energy an@oes not facilitate the
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transport of polar compounds &
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Q.17 Match the type of DNA repair mechanism in Group I with the enzyme(s) involved
in Group II
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Q.18

Tetracycline binds to the

(A) | 30S subunit and inhibits aminoacyl-tRNA binding
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Q.20

The pedigree given below shows individuals affected (shaded circles/rectangles) by

chronic hypertension. Assuming 100% penetrance, the inheritance of this trait is
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Q.21 Which one of the following statements about photoproteins in plants is
INCORRECT?
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(A) | Phytochromes are activated by red light @
>
\\x\
=
(B) | Phytochromes are inactivated by far-red light +&
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Q.22

Match the microorganisms in Group I with the human disease in Group I1

Group I

P) Treponema pallidum

Group 11
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Q.23 Which one of the following is correct in the case of conjugation of a high frequency
recombination (Hfr) strain with F~ strain of E. coli?
. . . . ] .
(A) | Recombination frequency is high, F factor transfer fréquency is low
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(B) | Recombination frequency is high, F factor trapsfer frequency is high
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24 Determine the correctness or otherwise of the following Assertion [a] and the
g

Reason [r].

Assertion [a]: The cardiovascular organization calle .uble circulation provides

vigorous flow of blood to the brain, muscles, and oth\gr organs.

S
Reason [r]: The blood is pumped a second timq%ft'er it loses pressure in the capillary
&
beds of the lungs or skin. P
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Q.25 The inability in humans to taste capsaicin resides in a single gene difference between
two alleles P and p. The allele P for tasting is dominant over the nontasting allele.
In a population of 400 individuals in Hardy-Weinberg equilibrium, 64 are

nontasters. How many individuals are heterozygous f@le gene?
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Q.26

A genetic linkage map represents the

(A) | relative locations of genes on a chromosome
e
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(B) | distribution of the mutational hotspots &
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Q.28

Which one of the following enzymes is required to ensure the replication of a

negative-sense or negative-strand RNA virus?

(A)

DNA-dependent RNA polymerase
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Q.29 The relationship between birth weight and degree of survival

sSurvivors . . . . . . .
(log [m]) in 6908 human births in an obstetric hospital is shown in the
figure below. The mode of selection for birth weight is
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Q.30

Match the recombinant DNA products in Group I with its application in

Group II
Group I Group 11 @
&
»

1) F@i&%gency treatment of heart
O

< @ﬁ\;lck

P) Tissue plasminogen activator
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Section B: Q.31 — Q.40 Carry TWO marks each.

Q.31 Which of the following statement(s) is/are correct about telophase?
e
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(A) | Daughter chromosomes are yet to form &
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Q.33

A species of fish living in a lake are separated by drying up of the lake into two
separate lakes. After several hundreds of years of separation, the two groups are

unable to mate. These groups are now considered to be different

(B)

©

(D)

.- O
(A) | communities &~
&
(}\
&
\\o\’“
. ¥
(B) | organisms & &
& o0 e
‘\\\w&b ‘
&> .'3\\ :
: S &
(C) | populations o i &
O (_:S‘
o\
&
D i e, ¢ &
(D) | species (\) " g
q , < 7P
&
&
I
,\\)\\
s
‘Q‘\{\k X\‘ﬂ\/
. & o
9 8 &\\"
PN SR,
& A & &
OQ & \\\\1 \\\,
. iy o>
34 /§ & o
O
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Q.35 Which of the following statement(s) is/are correct for the following compound?
Me Me
Me
Me
e
N
N
(A) | It can have a maximum of four stereoisomers &
&
&
(B) | It can have a maximum of two stergofEMers o
A ‘
‘\\\ 4,\\ i
S o >
. . T @ &
(C) | It is a chiral compound & &
&
A \\'\S’
(‘3 & &c,&
. . &8
(D) | It is an achiral co nd & o0
OO0 N
N\ & &
¢ RS &
S Q\;\\;&\'\ ‘:}s\»\
Al o

f\"‘&‘ %') v & \*;:y
& Q : s\

\5«
O
.\Q\qg, ;‘.(‘\ O
QO N
radW 3 % V&

2 3 \:‘"\&; &
Which of the following 1s/ﬁ&sentlal feature(s) of high-fidelity DNA polymerases
used in polymerase c@aln reaction? (\’

\c.
N\

% @" q})
5'-3’ exogg,«? Se activity
& . . §’

&‘Q}é‘ A

o
g
>

vy
A

(B) i ntclease activity &
L%
\q@* ‘“%{5
(C) | 3'>5" exonuclease activity ,o‘“\%‘{@
RN
\\\%&
s-‘
(D)

Optimum temperatur‘&)& ctivity >72 °C

N
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Q.37

Which of the following option(s) represent(s) the evolutionary relationship

between the bird and bat wings as structures for flying?

(A) | analogous
S
&
=
B &
(B) | convergence ¢
5
& «(“’V
¢
. &
(C) | divergence & & /
R &>
(\’&: ,’@(‘ &
& INa
&
(D) | homologous S°
g
e,
“ 3 S“c &&\'
NI &
\) &
& f
L& &
A . O » &
x“" < &
\ ()‘:’
I
R
& N b s@"
o nf\') & &°
§§ c& v & ,\3\
9 & S &
I o &
& X &
& ¢ "
X L &
ol P! \) \ia
7 N
.y
\0\\ é(s Q‘,{’
>, 4 o !b
L3 S Nig
o &
&
oo &
O &3
L'
&
N S v
T E A\’
&
¥ g
Y &
(‘{15 Q}"}'
S
g
\."f}&b‘?}
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Q.38

Different segments of a photosynthetic filamentous alga are exposed to different
wavelengths of light as shown below. After a period of time, bacteria known to
migrate towards high oxygen concentration, is spread on the surface of the alga.

Which region(s) of the alga will have maximum bact@ congregation?

S
o

400 nm 500 nm 600 nm 700 nm

L
LT [T e

Vl ,//

«<—P —<«—Q —<«—R —
region region region
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Q.39 Hyperventilation (breathing rapidly and deeply) causes which of the following
event(s) in the arterial blood?
. . ®
(A) | Decrease in CO> concentration e
S
&
@”&‘
(B) | Decrease in proton concentration o
S
& &%
& Te
. & &
(C) | Increase in pH o & o
& o
0}\‘{; \\\\\ Q\\\\.
\\‘\ (f»‘
(D) | Increase in O, concentration ol
ol
& &
> O
g
&
F
& »\Q

F g8 Q 7
They can be l;t{tzhé%d for site-directed mutagenesis § %

N
©) Che@:ﬁ\ synthesis extends the DNA cham from 5'—3"end
\\ &\\%@
(D) | They can be utilized as radlolabele%bprobes
S
Rl A’é\
\\‘
.s.\?”
\“'}égo
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Section C: Q.41 — Q.50 Carry ONE mark each.

Q.41 The net number of molecule(s) of NADH formed fro@ne molecule of glucose in
glycolysis under aerobic conditions is/are ¥
>
.o¢
[€)
g%
&
& ‘.;”Q"
F o o~
& & { ( ]
S g\"’o‘
A & ‘
V‘\\\" \\\\ \‘.\\\
N &
\\\\ ‘(;)\s
\\‘Q“(
Q.42 The number of possibleyunique combination(s) of hnear te@ﬁpeptldes that can be
\

made from four @@rem amino acids using each ammo ac1d only once in the chain
\

,\x‘f \\;«f"
1s/are & oF
P
A ? .
h)

Among i-BuNH>, NI;I%, Me;NH, EtNH>, the number of com d(s) more basic than

4

MeNHo, is/are g aé (1)
N

&

%3
&

Q.44

1s/are
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Q.45

Among the five fragments given below,

. . O ®
CHy-CHs, CH3-CH3, CH3-CH,-CH,, CH,-CH=CHy, [CH3-CH,-CH;] ©

e‘.

the number of fragment(s) accelerated to the analyzer tube in mass spectrometer

with electron ionization is/are . &

Q.46

4 s
¢ ¢ &

A restriction en (kease has a recognition site oj ‘3 bases Assuming random

arrangemen ucleotides, the probability that thlsxéndonuclease will cut a piece

of DNA&EZ (rounded off to three dec1ma~f places)

A massless 1dea¢l\s%§ng is hanging vertically. A sphere @ss of 500 g, suspended
(k)sition by 50 cm when it

from the s 1;4 ofstretches the spring from its ini
p

reac es ilibrium. The force constant of the,s g 1S m . (Use g=
h b The fi fth \ Nm'. (U 10




Q.48 Whales can dive undersea to depths of 2 km. The pressure on the whale at this depth
(ignoring atmospheric pressure) is X 10° Pa. (Density of sea  water = 1
gcm™ and g =10 m s?)

e
&
&
o
\"g:‘
S

¢ o

& &
& & o~
& & ®

<% & b
& &
Q.49 . . % . Sd3y d?y dy -
The order of differential equation s T22 -3 tox'y= 0}}5. .
&
4 <
¢ &2
NG 2
& &
& &
(\q) &
W T
I\ o s
\4» AA \‘O\\
A':}z %'J & Q\’;’Q
A . (2x+6) . Q &S
« Fhe value of lim ——is . & &
1S x—--3 (x+3) o
.\\“\% \:5.,
&% .

& &
VW, L& o4
5 4%63 &
"(I& s‘\(‘:’
S
$ ad
Rl
& D
& 56’%@
&S:\ &6‘\
Y -
%é
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Section C: Q.51 — Q.60 Carry TWO marks each.

Q.51

The AG" and K'¢q values of ATP hydrolysis are -@4 kJ mol! and 4.6 x10°,
respectively. The AG™ and K'¢q values of enzym‘atic hydrolysis of glucose-6-
phosphate to glucose and phosphate are -13.18 khnol and 203.8, respectively. The
AG’ value of reaction of glucose-6- phospl@@é formatlon from glucose and ATP by

hexokinase is kJ mol™! (rouﬁﬂ@& off to 2 decimal places). [All re@xlons are

carried out at pH 7.0 and 25 °C<L\‘\ g Q«“o

P
S)

A

o

A N
S

N

NJ R F

A
\Y
Km and Vmax of an enzyme preparatlonmse 5 uM and 30 pM min respectlvelx

@Q\nmdermg, Ki value of competiti ibitor is 60 uM, the velocity (V@) of‘thls

;;j‘enzyme -catalyzed reaction in th rgsence of 200 uM of substrate an‘d 696 uM of

competitive inhibitor is 4 ?Z uM min™! (rounded off to two deéimeﬁ places).

—
AV
& (\)3
A )

: s ‘@
& A4
\@\,@z\ ‘\Yv
L
\) /g&; é‘%
Q.53 ‘ eat required to convert 2 kg of vséater at 20 °C in a calorimeter to steam at 100

&\ Q\

°C and at atmospheric pressure ,(\f%tﬁl) is
water is 4.2 kJ kg'! K! and lagsénﬁleat of steam is 2256 kJ kg™!)

kJ. (Specific heat capacity of
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An electron is accelerated from rest through a potential difference of 200 V. The de

Q.54
Broglie wavelength associated with this electron is nm. (Rounded off to 2
decimal places) (Planck’s constant = 6.6 x 10* I s, 1eV=1.6 x 10"'°J, mass of an
electron = 9.1x107! kg) @
..;G:S‘
>
<
&\3 <\¢ Cy\
& 0
'\*‘\\\'\\'& g.
& o y
S & &
& . o
> N
Q.55 Given data consists of distinct values of x; occurring with frequ\mles fi. The mean

(rounded  off @0 \oone decimal place)

value for the %A’Js

g i\o‘”
o &
a8
(‘?\\\‘ ‘\‘:\\\
< \\&
5 6 8 10
4
‘43 (‘\\\\
&
Q‘ & &
) \‘*\\\\co\
8 o)) 10 12 &
,\(\~ ;;"\
\‘\t. '\\\
& &>

S
o8
@2 3 (‘ L g
o o Q
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Q.56 A random variable X and its probability distribution is given below. The value of
P(X<5) s . (rounded off to one decimal place)
X 0 1 2 3 e; 4 5
\\v
P(X) 0 k 2k g: 3k ok 8k
O
o
@“*‘\\.&“‘\ ©
’ &
0}\‘{; \\\\\ Q\\\\.
RS ‘\*f»‘
&
S
{\A:’ \4\?’ '\‘&\‘5}
N
>
% o
& &
be S &
& oY
| o
\ % \;
Q.57 A protel

C
éoﬁutlon when measured using S cuvette is

a;\‘f cm cuvette using a UV-Visible s hotometer. The transmission of the sai’ne

_ %. (rounded® fo to the

&
> \
& o

YV o \\
\ &

nearest integer)

olution of 1 uM has transmls¥n of 40 % at 280 nm, when measured 1 1m a

&
Y o
L& (\9
& 4
;@‘;&@ @
3
‘\‘\\
& A@ég‘ \\"&
& &
Q.58 %acterlal culture with a doubling tlm% of 30 minutes starts with two cells, then
the number of cells after 4 hours ar@?* @\é}
& @
&
';\,«0’.,\0 éx@
3O P
& : |
-
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Q.59 The rate of transcription in a bacterium is 50 nucleotides/min and the average
molecular weight of an amino acid is 110 Da. Time taken for synthesis of the mRNA
of a protein with molecular weight of 110 kDa is min. (rounded off to one
decimal place) @

&
. .. &
Assume no abortive transcriptions and no sequenees upstream of the start codon.
\O‘!;‘
& ‘.;”Q"
& o~
& & ®
‘\\\\t 4«\.'\\9 p ‘
& \\"‘ >
o &
\\\\ (’)ﬂ:“\
A \‘\‘\Q\o
4 =
| el L esS 1
Q.60 Consider a first 01@ eaction A — B. The initial concentration of A is 100 mol L~
. 5 S .
and the value st order rate constant is 0.01 min-.*The concentration of A after ¢
& & O
) . o7 o ) «
10 min ()& tion is mol L' (rounded off to one decimal place). &
&
A ‘«‘:2‘
= < >
& q," N
& Q S
KC\ Q\(& \\“ \:\,
RO gl
& L\ o S
S 24 U
& & Q‘} &
& ;§§ v F
& fég‘ \ $
&?~ /é\
&5 \g«;&\. (\’
&
&
@ g®
S (19
ol
F 5
¥ & \ad
&L
¢ \\«&/f \
’\0‘ {‘gﬁ\ =
“?\Q &
5 &
A
a8
&
>
&
&
\?‘ *
ol
>
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Question Paper

CY :

JAM 2023

Section A: Q.1 — Q.10 Carry ONE mark each.

Q.1

(A)

The structure of Q in the following reaction scheme is

CHO
HO——H
H——OH
H——OH
CH,OH

PhNHNH, (excess)
_—

M (enantiopure)

CH,OH
HO—H

PhNHNH2®£=§®

Ho, Ni

39
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The major product of the reaction is

kY
" A
ﬁ

© OMe

’ \09
0
&
é@
\"2‘ f
&
¥
Q\
2 .

(i) CHaly, Zn-Cu
(ii) Li, NH3 (lig.)

e =
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The rate of addition of 1-hexyl radical to the given molecules follows the order

Q3
Z COzMe Me > co,me
P Q
(A) P>R>Q
(B) @>P>R
©) R>P>Q
(D) P>Q>R 43
Sy
@‘}é
%)
&0‘@8
\.“é‘&&’:\
&
o,\{;,\" 41@
S
it R
% &
% G&O‘@é
"é}&‘b
>
;\@"4&
/4
&‘Z’
&
&
&0‘(&?&
\é} g
Q>
& &
§'¢
e
&
P A
/3/‘;,
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Q.4

The major product of the reaction is

Br*
iH Nal

B —

«Br* MeOH, 110 °C
Br

Br* = 82Br

“Q
Br

ge!
Br*

(C) @: Br*
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Q.5 The diagram that best describes the variation of viscosity (1) of water with temperature
at 1 atm is

® ¢
27 *
N
% &
&S
— 1 3‘0\"
= o
o
»\&c &&\,
& 0
& ¢ f
T 1 K P
0 50 100 §&° &
o 5~ 4 &
Temperature/ °C & &
- ‘oo“‘"
£
\0
&)
(B) 2 &
& &Q\'
i
o .
[&] & \\."’
- .\\“’f‘ ‘\\\'
)
=14 PR
.o
o’& 8’
&
&
1 1 o°
0 50 100 (\3 ~§&
Temperature / °C 6\) & &
i A
C\Qﬁ & % \“\\ \éo
X s <
&7 ST S
& > &
& @ > &
S 7
<\\‘9 ) \@‘
N
xz3> (C) 5 N
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Temperature/ °C
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Q6 The SI unit of the molar conductivity of an electrolytcéqlution is
( J

S
N
A _ _ S
(A) Sm~! mol™? Ky
\*’@
I’
@
\\‘“ &Q
& & s
(B) 4?& s e‘
-1 o \
S mol & 8
& o P
0‘.» o Q\;&
SN N
w (&)
&
\0
© d’ &@
S m mol™?! % &8
N <
& &
YV o @
S
2 & &S &
(D) S m* mol ofF ° N
N\ &
N\ &
&
&
< o
& &
&f’g’ \‘ﬁ &%
S Q & §
S YV S
0" o .\qu‘ \\\
s && & P
& &
Q.F @ &
NS

% The system with the lowes&g -point energy when it is confined ﬁg\é‘one-
S dimensional box of length L is
P \0 g ,@Bg

N’ & Ye)
é@j}'\é ‘_»Q%
& &b?‘
an electrqré\oz@

&
/4
?»
(B) \6\.& - \
Wgen atom P
? 8

(A)

S
ST
© a helium atom ;\Z«;’if@
(D)

a proton
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Q.8

The metal ion present in human carbonic anhydrase i&;

S
>
(A) \‘y
Fe3* (55"
\0@
O
<
B & &%
(B) Cu** &S o~
W« & e;
S \\" -
$° D /
& &
y» N
(©) o &
2+ & S
/n Ny >
o\‘@
ﬂ S
& &c&
(D) Ni%* q) & &
1 Q « &
% '\QK‘ '\\"’
PR
IR
& & S
o ® o
& &
‘\ &
&
&
& ‘é‘&
Q.9 @e oxoacid of sulfur that has S — OG ond is & &&z‘
< &
‘}C\o\@é % Q‘\Q'i '&\@
& 3 &
& &
A . . S
& (éﬁ Pyrosulfuric acid o’*""\\g?‘
AN

v \

&
\0‘ &
@éf (B) Pyrosulfurous aci@&f’& 7 ({:’

$ ol
é"s&otb@ %Q
Se¥
(@) Dithionggs‘.’ d

b o4 ‘\
&

O
< . . . XX
(D) thionic acid &
c@‘g‘g&
&
i g

45



Q.10

(A)

(B)

©

(D)

An alkaline (NaOH) solution of a compound produces a yellow colored solution on

addition of NaBOs3. The compound is

Mn(OH), e
Pb(OH)2 &"é

Cr(OH);

FG(OH)3
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Section A: Q.11 — Q.30 Carry TWO marks each.

The major product of the reaction is

Q.11
(I) BrCH2C02Et, Zn
(ii) TSOH, heat

CHO (iii) NiCl,, NaBH4 x\‘i‘b
1 - &
(’0
\0@
&S
&
& <
() S8 &
_~_OH S e’
O & 2
S & N
& & N
0‘9 &? é}
A\ 0‘0
(B) OH o
S
&
= % & &%
&S
Q &“}\ \."'o i
& > @
R &
S o &
(C) 0&! & o
M > 4
&
4'\j &°@
£ >
ol &
£ & &Y
" &S Q & &
(]D‘g\o COzEt % \(‘" &Q’
& 4&’3 ,({,s‘& &
& &
X 3
’f"’ 'éb 0‘?"\&2‘
¥
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Q.12

The major product in the following reaction is

®
SM62

: : (i) NaH
o (i) Raney-Ni/H,
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The most stable conformation of Y and that of Z are

Q.13

< t
tBu Bu @
Y Zz
o
\‘}\\b
&
&
(A) ‘Bu ®
”
&
t & &
m Bu M & :
t t o> \c e.
Bu Bu (&'\\\\\0 o
Y r4 & &
& P
O av q\-‘)
& &
$*°®
(B) m ‘Bu ‘Bu s
t & &
Bu Q Bu o ‘o&
\(“7 & ’
Y YV o e’
(\\\\g. \i‘” s
& & &
o N
N\ \4{3
(€) \ By &
&
RS
5y H 4) 00
Y
& 1 &
& Bu % ¢ &
&~ ¢ Bu &
= &Bu & O
> Y z 4€ &
& R o
S & &
&° & &
s ot &\‘2*
> D
7, N
S
F& O %H %tfﬁu
N £ Bu & ‘Bu 4)
% tBu Y o&é\é Z ‘»
& & Q
& ti\g\ %
A
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The major product Y in the following reaction scheme is
Q.14
N (i) HBr
| —— > X [an organic salf]
N/ (ii) Bry
(4
X 5
Ph \/\Ph — g\\
AcOH &
(’\}
$~°@
O
&
(A) ?r Br f\\&‘ \&f«
& &
P & .
Ph & ¥
o ¢ &
& 0‘0
o\‘@
Br &
(B) ‘»% & &Q&
«
Q,, -
»\\&,@ \(;;"
& &
o &®
&




Q.15

The major product of the reaction is

H
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The major product of the reaction is

Q.16
Ny

Me MeO,C~ "CO,Me

NBU > e:
CuSO,

‘c
(A) Me & @.

Vv \\\'\'
nB o
A - .
MeO,C u
& &
Oy Xy

MGOzc

SPh ¥ &

N
3
&
&
&
o
O
&
& &¢
P S
& o
S &
gl >
PR
O P
&
& .
Oy
%
\\
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Adsorption of a gas on a solid surface follows the Langmuir isotherm. If &, / k,=1.0

A _ . o . ey
Q17 bar~1, the fraction of adsorption sites occupied by the gas at equilibrium under 2.0 bar
pressure of the gas at 25 °C is
(k,and kare the rate constants for adsorption and desorption processes, respectively,
at 25 °C) e;
&
&
A) 1/4 <
(A 1 .
&
N
(B) 173 =~ i -
»o‘““\\.i\‘”\'\\ “
/\&\g‘: \',\\\ “\\\‘
(C) 1/2 ' \\'\b ‘6\\\:‘
-
(\3 &
D) 2/3 Q‘\) &
Vv & o°
o &
\\\ o
@’ & & >
v o N
s s
\ S
\‘“‘
The vapor pressure of a dilute solutio non-volatile solute and the vapor pr@s%ure
Q.18 ‘D@:\the pure solvent at the same te &re are P and P*, respectively. ,m;\\“\ ? 0\«
& .\6 .\N“t‘\\\\\\}\b
\“\Q' & P-P & \‘i‘g}
*\04&@ is equal t & &
& 7 qual to % o8
'?b(\ KO \Q\
& K (Assume that the Vapor phasé behaves as an ideal gas)
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Q.19

(A)

(B)

©

(D)

The volume of water (in mL) required to be added to a 100 mL solution (aq. 0.1 M) of
a weak acid (HA) at 25 °C to double its degree of dissociation is

[Given: K of HA at25°C=1.8 x 107°]

100 @‘.

&
&
&
00
&0
@& a
N o 78 )
¢
o8 \ 53
300 &S p
o &
C)" 2 '\;‘\\‘ \‘se
N &
O 0’9
400 &
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Q.20

The following diagram is obtained in a pH-metric titration of a weak dibasic acid (H,A)
with a strong base. The point that best represents [HA™] = [A™?] is

95



Q.21

(A)

(B)

©

(D)

Equal number of gas molecules A (mass m and radius r) and B (mass 2m and radius
2r) are placed in two separate containers of equal volume. At a given temperature, the

ratio of the collision frequency of B to that of A is

(Assume the gas molecules as hard spheres) e;
O
V2:1 &
\*’@
O
& («&
S
. W« &

2v2: 1 S

&

&

\(\\.

1:v2

¥ -
3 &
2 2
8
& &
& &S’"\
o
< ,gﬁ@
;\‘:
b@
’&?. éé\ék
O
~
\0
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For the given elementary reactions, the steady-state concentration of X is

Q.22
ky ke
k k3
4
. ¢
N
&
(A) ky[P] + k3[QI[R] &
k, + ky \\‘& ‘o\&(y '
& & Y
4(3"\ ,\\\&' e
S &
1 &éj’ \‘}\o s‘.se
B) Zki[PP+ks[QRI O &
k, + k, &
»(‘
q‘:‘:’ SO
Q 4:&\\\\\“0
O ~al
© S
o ~;\’§
<
<
(D) kefP] + ks[QI[R] 8
c@‘ é kz +k4 \&S\\\’
& o '\\\
‘c\@ ,4‘,\\ ,,;'v\' >
‘}0%3 &?\\. '\"\\\
«\'“‘\% Q\‘zy
6 N
\?‘fé‘\
\0&
&
N
S
X
&
&
SN, 4
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Q.23 The separation (in nm) of {134} planes of an orthorhombic unit cell (with cell

parameters a = 0.5 nm, b = 0.6 nm, and ¢ = 0.8 nm) is

(A) 0.036 @'
&
&
(B) 0.136 g
(\0
&
&i \(QQ
& ¢°
(C) 0.236 Oty @'
S &
o &
& U\‘\
(D) 0.336 o

, & &C"
N

\‘0 o
SN F
& > &
o &
\ A S
&

&
R
S

£ (\3
A"’@ & &\’,&
oﬁ"@e transition metal (M) complex n have all isomers (geometric, gl;,»k‘\%ge, and
3 &

o 3 R .
Q.24 & ﬁnlzatlon) 1S &
~ @ & &
> & 8
‘:}0 § (‘i}\.(\*\
S o &
) \ 4

&
\»«‘%f (A) [M(NH3):Br2]SCN

o o

23 &
2 &
A &oﬁé é\
(D) [M(NH3)s (H20)2](SCN)s & &%\&‘



Q.25 The geometry of [VO(acac)2] is

(A) square pyramidal

&
. . . \~
(B)  trigonal bipyramidal ‘@*\
&
\0‘9
(\0
&
(C)  pentagonal planar &
W g:
& >
(D) . . . R \(\\“3
distorted trigonal blpyramldﬁ\\&‘ &
\'\’Q:’5
O
x\}

, & &C"
¢

S N F
> & >
& N N
o &° \\\Q’
& &
N N
&

Thg:products X and Y in the followin%jiﬂgtion sequence, respectively, are &oo

Q.26 & o
ol )
© 4% NH,Clin CgHsCl BH, S
\,Qf} N\ C13 : X Y \({“{‘ (\\\'

B
& o > 8
PSS 1507C &

N Qﬁ >
6& \ A\
- \“Z“ Q
»

‘\OT (A) B3N3Cls and ;k&é% ‘b

N ,§§ A and B3N

N o K&gx‘.\é &
B (\)

& &
(B)  ByN;H;Clsand BsNsHe
7 \
\0\6\‘
©) @%Ch and B3sNsH» ‘\g,&‘

(D)  B3N3HoCls and BaN3H» ,é,\oﬂ;g@

&
i
S

©

A 4§§
)
N

&
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Q.27

The correct order of the energy of the d orbitals of a square planar complex is

dy, = dyz < dxy < d,z< dxz_yz

(A)
e
dy, =dy, < d,2 < dyy <d,2_,2 >
yz z Xy X2y &
(B)
&0\\
o

dy, < dy, < djz < dyy < dyz_y «°

© & &
& o°
’\(&\\‘\\\\\\

Ayy < dyz < dy; <dyz_y2 < ii%éo\\“

(D) o §®
A\
4’ & &é'\
% &8
(\)Q '
\“\\\(}‘}
0(%‘ \\\"
A 4
X Qnd Y in the following reactions, resp€etively, are
Q.28

%@H +2H>,S0s —» X + H;O" +

g@MOg +2H,SOs — Y + Hj &z SO;
&
\*}é&(A)

& CH,COOH and NO*

% \ \ @‘5&0 A’
e (B) K&i:i\é %
CH;CHO anq\ﬁ@g‘

Et ﬁé& dNO¥ \
\
AN é&

D
) EtOSO;H and NO*

>
\\~>
&
&
-
&)
e;
&>
3
&
0\\
&
©°
O
¥
& &\’,\’
& &
& O
Sy &
e
PR
3 Q‘v
&
&
o
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Q.29 The correct order of energy levels of the molecular orbitals of N> is

A
) log < lou<20g<20u<lm <30y < lng<3oy
B
( ) 10g<16u<26g<26u<36g<36u<ITCu<ITCg O\Sxk
C & &8
© log < louw <26, < 204 < 1mg < 305 <<
& ¥
D NS '{b\‘
( ) 10g< 10u<26g<20u<36gc<)\1pnu< 1Ttg<3('5u
& A’
& e
o g YV

\.“é‘&&’:\

&
O <
‘
N > é‘ &
Y &
&
SE
o o\
O
S
S
&
»
" éé(‘k
&
P ;
SN 4 &
% ¥
4
% ng’
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Q.30

(A)

(B)

©

Free heme in aqueous solution when exposed to dioxygen is finally converted to

(circle around iron in the given choices represents the protoporphyrin IX)

>
&b
Q‘u
O\ &
\06;
o
@] "o
& &Y
&K g
RIS 24
W & ¥
g ¥ ’
) ’
&S &
&, o> ;
o 8}\ &
A\ o
o) &
&
\Q
&
(\’ Ny
& &
-
S
& & .
YV S e
&Y &
N 3
S N F
& o $
5% @ 2
o P
‘;‘
>
&
&
\9°
O
XV
& &k’/
O
F &
O F
o &
& F
& &
oF &
\\
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Section B: Q.31 — Q.40 Carry TWO marks each.

Correct statement(s) about Q and R is/are

Q.31 e:
OH
+ R
|||Me H3O Q Ks\s\
= OH ‘Q\‘"}
= &
Me \3}
&
< ~Q‘.’
S K
\\\“\\ \\‘,o m
Me & o
+ S 1
OH H3O & \\0 ‘9'\
o »
OH Rs@ ‘:g&
= O ()0
Me o
0\3
%
& KO
&N
. (1) o =8
(A) Both Qand R giy, itive Fehling’s test « & es.
oo
\\’\\“\\\\\"} F
& S
QK \&) \1&\\{»\

o
&

e (‘{)\3 s

~
& &2

(B) Q gives positive iodoform test and its '"H NMR spect}\um shows singlets at 1.0 ppm (3H) and\o"‘é
at l.ga ppm (3H) 3
zﬂ

& 3
& o
(C;Q“ﬁ@fgives positive iodoform test and its"! QMR spectrum shows singlets at 1.0, ppm(3H) and
¥ &at 2.2 ppm (3H) F&
S &
& 8
'\&‘rz} (D) ﬁ t)irigl}t yellow precipitate is%*med when Q and R treated separately wi‘?h 2,4-dinitrophenyl
O razine &
E N Y ,\é&\ A)
L3 s v
& &
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Q.32

(A)

(B)

©

(D)

D)

" PR Br - ‘\) &S

s (i) H,O/H,SO, &
o + F S
S (iii) MeOH, H &€

The correct statement(s) is/are

The pKa1 of cis-cyclohexane 1,3-diol is greater than that of the frans isomer.
e
& o
The trans-4-(tert-butyl)cyclohexanamine is more basic than its cis isomer.
(")\}

O
2,6-Dihydroxybenzoic acid is more a\qfdis*ﬁ\an salicylic acid.

& &
.o . & O o . . . N
2,4,6-Trinitrophenol is morec&c@c than 2.4,6-trinitrobenzoic acid. \@
A\ 0\

P >
) ‘ &\\\c <\~
Q “\\ .\.}
(\ g w
& §
\\\ k\\
& &

\\‘\ o F
g . . &
The reacti@hat yield(s) Ph-CHz-CHz-COzR?ng\ﬁE the major product is/are &
t(_)‘."
\0%\
) O
& . A’ ¢ ,.;‘,‘»&
& (i) NaCN Q"\, P

&
&
0 & 4y
NaOMe ‘\,
Ph @ o’ - Q
M & %
\'Q QN
St
P
\\*f N\
\é\\
@/ ’ ci NaOMe _ \&}z‘
s
& &S’:\
&
(i) (COCI), & &
.
Ph” >CO,H

LS
(i) CHaN;
(:;@%“MeOH
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The correct option(s) of the reagents required for the following reaction is/are

Q.34
0 o - @
reagents &‘e
Et <
\\“89@
& &
(A) (i) EtsB, Os (cat), THF; (ii) H2O &S e;
@‘Q &&" \
0&‘;‘\&9‘\ s_"?&
(B) (i) EtCuLi, Me3SiCl; (ii) H;OF o
) 0"\0‘?
XY
&c &é’
(©) (i) EtMgBr, Etﬁ@thzo &

& \\t‘, Yo
& g
& &

A QN N

(.\\M B “\\" 2
o ¥ o
(D) (i)"BuLi ﬁ%?(ii) Etl N b

\‘@
2 ﬁ) <\0
& R
& & &
% QO &3
o g e
& &S
& 4@ e D
\&2@ &
&) & 3
O v
vl N ¢
¥
o o

Y
&
N 4@ Py
L &8
)"‘&/ &‘b
& o
CE

65



Q.35 The reaction(s) that yield(s) 1-naphthol as the major product is/are

(i) Li-Hg

(A) ©:Br e
> - @
PG @ &

&
(iii) H* \35"
O
&
~\}§$ \&5&
& o -y
\\N‘-: {&c e’
(B) O & \
. A /
(i) Zn-Hg, HCl & & >
S o P
& ‘&}‘ ~:\:>
& 0‘0
(ii) Pd-C, heat Pon
\0
S
&
:, & 2
& & .oé
\(“7 & e
©) A H,SO & 5
204 &
> & o
oH heat o o
& &
(o
&
&
é‘g\
F
& o
& &
o
,\4‘,\ &
'
Q&q“ 8\‘2*
&

66



Q.36

The correct relation(s) for an ideal gas in a closed system is/are
® (@)
oV )y
® (2] o
oP),
© (@)
oP ),
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The molecule(s) that follow(s) I, < I, = I, (I,, I}, and I, are the principal moments
Q.37 of inertia) is/are

(A) HCN
e
>
RS
(B) CHsCl &
(5&
\0‘9
o
N
(C) CHzC=CH &
&
o & ~
«‘9&\\\& \*’i\
D o &
( ) C 6H 6 \\& o“\
\'\’Q:’5
O
x\}
) & &e”
N
\0”? &
&
Ol
\ Y il
&
'@s" N b x\o&
o ‘} & &2
o . . . >
Q.38 o&ﬁ;e role(s) of fluorspar in the elec c reduction of AO3 is/are to & &
Qf}‘\ Q’\&\ \“‘f‘\\ \\\)\
& by 8
o Al & &
: & o
SN ing poi Sy
ey decrease the melting pomt@( 1,03 N

& e,
(B) improve the eleq&%\él conductivity of the melt q’
N

X

é«"ig’@m
©) prevent: hy orrosion of anode \
\°@§§' 5

4 Vc}QJ

Q"}., P
(D) svent the radiation loss of heat > &
&



Q.39

Q.40

N ~‘¢\\ N
& o &
S &
B e
2 Q‘” .&\w
»\ &

The correct statement(s) about the complexes I (K3[CoFs]) and I (K3[RhFs)) is/are
(A) Both complexes are high spin. e\
(]
&
(B) Complex I is paramagnetic. &
(5\"‘
&
\\“S‘O
(C) Complex II is diamagnetic. & &
&
&
I &
ey . & o . o>
(D) The crystal field stabilizationsénérgy of complex II is more than that®f complex I.
¥ o
$*°Q;5
N N4
QY S8
\0“ \\\.“ 4
YV & @
& s\\\ S
$ 2 4 R
W Sl
\ &@-‘
©°
Ae‘“é ‘{gb ‘ G&oo
3 . . & <
oﬁ’he diatomic molecule(s) that has/ ond order of one is/are & o
‘z;c',*K & '
&

\0‘0
B X £

&

5 &
&é S

Rl

& &S’:\
<
,\o
& ﬁ
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Section C: Q.41 — Q.50 Carry ONE mark each.

The molecular weight of the major product of the reaction is (in integer).

NH, @

(i) Br, (excess), CH3CO,H

Q.41

o

(ii) Sn/HCI N é\\*

(iii) NaNO, /HCI (excess), 0 °C \Qg;év

iv) CuBr (excess &

NO, (iv) ( ) - &
e o
[Given: atomic weight of H =1, G\ 3:&‘72 N = 14, and Br = 80] o
o> *’9 &

W
\\\

4 O ()
h\\\" D
- o>
S N F
¥ >
,,S'\“L' D )
o & R
¥ &
\ Ry

G

\

Q.42 A Qc()6 g/mL solution of (S)- l-phenyﬁyl placedina 5 cm long polarlmeter tqb‘e

.shows an optical rotation of 1.2°. Th cific rotation 1s . & ﬂ”
& - S ,o
L VD &
.*\“ﬁ" 2
o (round off to the nearest integ & \\\«.\‘
2 /é@ & &
g O ¥
¥ \ : 4
o
S

\."‘b @ §
The 1 1s égéﬁlc point of glutamic acid is \\?’

Q.43
@ 425) HOZC\/\(COZH (PK, =2119)

‘Q(\'
®NH, & gﬁé\
(PKa = 9. 671&
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Q.44 Consider the following reaction:

®
2 C6H6 + 15 02 - 12 COZ + 6 H20 Anggs )% —3120 k] mOl_l.

\

A closed system initially contains 5 moles of benzene and 25 moles of oxygen under

standard conditions at 298 K. The reaQnQ(WJas stopped when 17.5 moles of oxygen

cr\
is left. The amount of heat evolve@‘ﬁgi‘mg the reactionis  KJ. %’
& &
& &
(round off to the nearest integ@ oS

Yy N

@" S o~

& @

% . ky  ky ‘\\ & ‘

For the ele ryreactionC < A - B, k; = Z\k»z \Rt timet = 0,[A] = Apand [B] = &
[C] = 0: %later time t, the value of [B]/[C] is" ) &

Q.45

&Kgﬁ%d off to the nearest integer) %3 0, 3
> :
o g "»Q & &

i o\ .*\“’.“ \\
& 3
% » N
& N
& >
O
\ o
W

Q\
\.‘“} (»3

Q«
The highest pQég&b‘ﬁ: energy of a photon in the emlsg (ﬂjQpectrum of hydrogen atom

is Q\ § A\Y’

[leeil dberg constant = 13.61 eV]

N ) &
N d off to two decimal places) &
¢ &
X
& &S}s
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The standard reduction potential (E°) of Fe*" — Fe is V.

Q.47
[Given: Fe*" — Fe?* E°=0.77 V and

Fe’— Fe E'=-0.44 V] @

®

&
(round off to three decimal places) \..0\\
&
\\S\Q\v
< \’(\‘?
&
S
& o
Q‘\" $\~
\Q
X S
Q.48 The number of Valepﬁﬂectrons in Nay[Fe(CO)4] (the Colman
& &
Q \\“} \\‘:0
‘» & &
\\\\ &
F
A 4

[Given: Heat of atomizatio‘\7 Cu = +338 kJ/mol,
Ionization energy of Cu = +746 kJ/mol,

Heat of atomizatio%GfClz = +121 kJ/mol,
Electron affinity O(ﬁv@l = —349 kJ/mol, and

Lattice energ&{%&Cl = —973 kJ/mol]

&
&0
(round §§° to'the nearest integer) @
& ;
(‘\'és’ Q{"‘
P Qx\v
S
K o
& &S’:\

z‘\(\ p
«.\‘k‘&é\

&
Q.50 The spin-only mag@ﬁ‘%ment of B2 molecule is Hg.

(round off to two decimal places)

& &
& \ﬁ the Born-Haber cycle, the§&ormation of CuCl is

s reagent) is

>
Q>
N
&
&
\o‘c
54
X
'«
< <
&
& O
& &
kJ/mél. &
ol
B
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S
. &
Section C: Q.51 — Q.60 Carry TWO marks each. &
&
\‘59
O
XY
& \&c"
N . . . . .
The sum of the total number of stergoisomers (including enantiomers) p@nt in the
. . W
Q.51 following molecules is B o0 2
&N N
& &
\ N
OH K NH &
Me 2 5&%
Me (b &
= & LO
oH P T s
Q W &
4> &
& ¥
0&‘ \\‘)\
A ¥
< O
& J o
¥ QY )
N & S
$ . : : -
P The number of singlets observe 11ﬂ)e 'H NMR spectrum of P is g
& —
Q.52°¢" @“ \\'\\‘tr \\\"3
P ' '~
& & Br o
}}{:(‘\ Me Me \ -
& o
N £
P éf & ({}’
) OMe & & Q
‘g,é&gb (»
> SF
" \g_“:
&
7 \
?»
&
& :
N 4 &
2D, o
o
& &S’:\
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When a glass capillary tube is dipped in water, a 1.0 cm rise in the water level is
Q.53 observed at 18 °C. The internal radius of the capillary is cm.

[Given: Surface tension of water at 18 °C = 73.2 dyne cm™!; difference in the densities

of water and air at 18 °C = 0.996 g cm™3; gravitational acceleration constant, g = 980
-2

cms™“.

Assume that water completely wets the glass capllla&and the interface between the
water and the air phase inside the capillary is a hengSphere ]

(round off to two decimal places) \0@
&
Q‘& <><x
S b'
\\"\3 \o"\ 2>

\ \4\0

The volume of 2.0 mol of an\faeal gas is reduced to half 1sotherm“ally at 300 K in a
Q.54 closed system. The Value of AG is kJ. \\\o“ﬂ
&
[Given: R = 8. 314@{;] 1K-1] Vo
‘\‘,\\ ~\,\\;~\
(round off t@ decimal places) e Z:
O Y X

\\
& &
\Q Y 3
\‘\

0P

& (»3 O, 3

£ N & A¥
R o
«© Fhe harmonic vibrational frequenE}Sf a diatomic molecule is 2000 mef\ ts zero-

2\ oo

Q5 S*Q\fﬁq‘é’p oint energy is eV. F&
X - N

;\‘A"?\/{g v o S\u\\\
?&\ /f \ &
& N
& 6504\ [Given: Planck’s constant = 6.62 x 10~ T Isi eV =1.6x1071]
N &

\/ (round off to m(is?‘d«éi‘lmal places) %Q%

& a5 y,é
& \

%

S

&
@ ementary reaction 2A - P folleS a second order rate law with rate constant
X 1073 dm® mol~! s71. The t\unagﬁ‘equlred for the concentration of A to change

from 0.4 mol dm~3to 0. 2 mol dm %‘15 s.

,@@

(round off to the nearest Lﬁf ég@r)
\° “5»

%

\
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Q.57

Q.58

&
&

‘)\ & \,\\'
&S 0@ ‘_\\\.‘\\:\\\\v
F & (round off to two decimal o s®
& S
'?\

The following diagram shows the kinetic energy of the ejected photoelectrons against
the energy of incident radiation for two metal surfaces M1 and Mz2. If the energy of the
incident radiation on M1 is equal to the work function of Mz, the de Broglie wavelength
of the ejected photoelectron is nm.

ic energy of photoelectrons

@ 2.3 2.9
\Y’ Energy of incident radivatmn (eV)

[Cgven Mass of electron = 9.11 x 10 i‘@ Planck’s constant = 6.62 x 10"34 J ~s~\
gV—l6><10‘19J]
S % &

‘e pin-only magnetic moment of [E&‘(gcach] s

&& a8

(round off to two decimal place.,&\) @

75



Q.59

Q.60

> & \"’\\ wLO
&0\@ound off to 4 decimal place&‘\) ‘\&‘e;\\&

The amount of ethane produced in the following reaction is kg.
Wilkinson's Catalyst ) )
C,H,(2 kg) + H,(2 kg) C,Hg (90% catalytic conversion)
e
(round off to two decimal places) \@;\
&
(}\"q.
&
&
\C ~g\‘>’
& &
« & g‘
\\\Q’ "\"\\'\
& S
Rl «‘o“‘\\ &
& 0“\

&
In a gravimetric estim%tion of Al, a sample of 0.1000 g &6‘?103 is precipitated with
<\c &Q\'

8-hydroxyquinoli1;6\31e weight of the precipitate is & |

N
\\\\Y Q)

9

g.

& & f
L &
[Given: x ¢ weight of Al is 26.98; moleﬁi}ﬁr weight of AICl3 is 133.34; and &
&
molecular weight of 8-hydroxyquinoline es 145.16] o
\Q}% e}(\o
‘s\“\c, % ;\\’:& ‘\&\’,

N
\é\‘\
<N 4 &
& 9
1 &
2 Q?V
s
g
BN
&
ol 4

@
2%
.i
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Question Paper
EN : JAM 2023
Section A: Q.1 — Q.10 Carry ONE mark each.

Q.1 A competitive firm can sell any output at price P = 1. Production depends on
capital alone, and the production function y = f (K@ is twice continuously

differentiable, with \\\é‘

=Y
0&
L&)

f(0)=0, f'>0, f" <0, llmf(K)— 0o, llmf(K)—O

\"\\‘E ; \(g\

= .
The firm has positive capital stock ‘E\'\\ start with, and can buy and sell‘apltal

U

at price r per unit of capital. If* t@é ﬁrm is maximizing profit then wmth of the
following statements is NOT CORRECT? &

8
R
8
& &L
&

(A) IfK is large enou@&roﬁt maximizing y = 0 and th@\p(\e‘ﬁt is 7K @0

\
N P
N >
& . ‘\\ o
P @ 2
O N N
> »\\

l

A\

(B) Iff'(K) ;f, the firm will buy additional capital a’
td ¥e, S
.“\:“\&v\ (» \\\3: g\”
(C);‘ﬁ\t@f "(K) < r, the firm will sell so g&its capital & &
«\{;@ e § &
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GATE
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GATE
Typewritten Text
EN : JAM 2023


Q.2

(A)
(B)
©

(D)

&
"Q,

'&"
%&A)
&
A
%

B)

D)

@p}gblem of (P) is unbounded then (»Q

N
@ y \\;\‘" &
& &
. Q )&)
(P) is unbounded \ $

Let f, g : R — R be defined by

f(x)_{x+2: x<1 and g(x)_{zx; x <2
2x+1, x>1 x+2, x>2.
e
Then RS
(3§
\0‘?‘;
f is convex and g is concave &
& &
& &
W« & @
& > :
& f
f is concave and g is convex & & &
& o P
ov ° &
Sl o
S ¥
&
N
&)
both f and g are condaye &
& &\5
& s
> O

Q

% Ay 8
both f and convex ¥
& oY
o ¢
\ 4

Let ¢§ be a feasible set of a linear progr; ing problem (P). If the dual

& &y
S is empty K&?«é‘ Qq)
& &g}} %

i
PG

¥
D>

has multiple optimal solutions @

“9
\'Q‘

g\é‘
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Q4 Which of the following is NOT CORRECT?

(A) A quasiconcave function is necessarily a concave function
4

S
. . . . o .
(B) A concave function is necessarily a quasiconcave fusiction

o

O
&
,\\\\
(C) A quasiconcave function can also be a guasiconvex function
\\\e‘\\ \"'\> e;
.\\'&‘ 4(\\\)
& & &
. . > S . ™
(D) A quasiconcave function can alsg®be a convex function $s>\
AN »
&
QO
&

3 & &<
&
Q >
& .
&5 o
‘\\\ X

W&
& &
0‘( S:. ‘\\\v
A\ &
\ o

&
Among the following statements which odgis CORRECT? .@0\0
Q.S Q‘} & ,«ﬂ"’
& . Q & &
zg}&ﬁg@xz + y? = 61is a level curve 01‘» &
o> & &S
;0\ Q’:‘\ '»\
\6’\\‘%\ ,§> f(x’}& x2 + y2 _ xZ _ yZ +2 Q«;{\\\\('\s
\,Qé:é\(é\(‘k
& S2: x? —y? = =3 is adevel curve of A
N

N 2 S

e 5‘«"@ —x2 _y2 f)) 4
S = e Y pxt—2 - +y
‘Q,@?»

o5
$ o

(4) Mﬂd $2 &
# &.

(B) only S1 é,\o}@
(C) only S2 Q‘\o@gﬁo

(D) neither S1 nor S2
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Q.6

(A)

(B)

©

(D)

(A)

(B)

©

(D)

Which of the following is NOT a component of Gross Domestic Product?

Investment

Rental Income

e«
Transfer Payments ¥ S
& &
S
¥
Wages and Salaries 7 F

%3
(\9

&

<‘
V\(&ﬁch of the following are the dir (\gtruments exercised by the Resqpva»
@Bﬁ‘nk of India to control the mon <'}pply‘? ;

(i) Cash Reserve Ratio \
(i1) Open Market Operations
(i11) Foreign Exchan &' Rate
(iv) Statutory qu\u‘fﬁl‘&y Ratio

K
& :
. >
‘}‘ &
Y
< S
¢ af
&
e Se¥
(1, iii, iv) & @@
&
?.
&
>

(i, iii, iv)

& \\
& &
P,
W
A

%
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Q.8 Which of the following committees for the first time recommended for India

(1) use of implicit prices derived from quantity and value data collected in
household consumer expenditure surveys for comr@.mg and updating the

poverty lines
Nl
'..\

(i1) Mixed Reference Period (MRP) in estlmatm.g poverty lines

\(\\u \&\‘/
. & o o
(A) Y K Alagh Committee & ¢ o
N
& & O
’\'\V”.: \’y\\\ ‘}\\\'
& >

. G
(B) D T Lakdawala Committee &

43 x\‘\&

& &e¥
(\) &

: & & (%

(C) S D Tendulkar C ittee &S * G
;\‘:‘ \\\‘.’\
,‘0)\\ R 'Q\
O\i‘\\\}.\ &\\\‘
. o
(D) C Rangarajan Committee \;.“‘
\'\‘,
& O
& q,° TN
Sed N
\O 6‘2\ ‘& % \\\"’ &\\,\‘,
N & -

& oo &
& s 3> &
Q

O NS
S N
N Y S
o0 8P 9
& A O \1\
O

Q}@& Which of the followmg F\ Year Plans focused on rapid 1ndustr1allzat10n-
heavy and basic 1ndu§tr1es and advocated for a soc1a11st1c(,€9ern of society as

the goal of econgﬁl@\“ﬁohcw Q
#5° »
(A) 1% ng@? Plan (1951-56) ’\Y”
N

&

(B) 2\" ive Year Plan (1956-61) & o
R
\.0;\0)@@

(C) 3" Five Year Plan (1961- 6@‘

(D) 4" Five Year Plan (~ -74)
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Q.10 Let M and N be events defined on the sample space S. If P(M) = % and

P(N¢) = % then which one of the following is necessarily CORRECT?

(A) M and N are disjoint >
ol
_ o\’ﬁ
(B) M and N are not disjoint &
o O
\" (g\/
& §
& & @
o
. S ;
(C) M and N are independent & N N
Ay L g
o &
\\\\ 0&:‘\
&
&
(D) M and N are not inde ent AN
\(\'» \‘&\/
& o

\\4
)
& & - &
&Y &Y
S & 4
& > <O
A& 0 e
O Y o
S N
‘\ Oy
N\ S
&

Section A: Q kf Q.30 Carry TWO marks eaclp{)\‘) N
‘\\\\\:« X\\Q\/
\O‘&{\‘& \\\:.\ &\\i\
Q.1 < Consider a 2-agent, 2-good nge economy where agent i lgas\mtlhty
@iéé function wu;(x;,y;) = max{?g‘ "},i = 1,2. The initial endowments 0}’ goods X

\o‘& @é\ and Y that the agents have are (1, 1, Xz, ¥2) = (25,5;5,5). Then select

the CORRECT ch@;{g@ below where the price vector (p@y) specified is part
ofa competltgg%  @quilibrium. §<‘1’

(A) { = (2,1) P,

B) (px: py) = (2,2) o &

,.%\

© (pupy) = (1L2) \\@3

D) (prpy) = (4.2)
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Q.12

Q.13

\«\

Q"

(A)

(B)

©)

(D)

\.

¥ 4@ market condition leads to a

(A)

(B)

©)

(D)

For a firm operating in a perfectly competitive market which of the following

statements is CORRECT?

Profit function is convex and homogeneous of degree It prices

S
N
\‘

0:“

Profit function is concave and homogeneous o\ﬁdegree 1 in prices
O
\\\\

\
(\\Q
&

o‘fhe

\,

rease in the firm’s profit by amamnunt K.

\Aéq%rm is operating in a perfect %mpetltlve environment. A changg\

Y é\f Which of the followmg deé\ibes the change in the Producer’s Surplus due to

the above change in tlsfe market condition? ({)\3
The Produce? g{Surplus increases by K @
g T\
& L

O &L
'&‘ ucer’s Surplus increases by less.than K but greater than 0

\\
B &@
The Producer’s Surplus change%wbggsﬁ is not possible to know the direction of
\”’6}:

vég&-

The Producer’s Suqﬁoesm ’t change

the change
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Q.14

(A)

(B)

©

(D)

(A)

(B)

©)

(D)

Two people, 1 and 2, are engaged in a joint project. Person i € {1,2} puts in
effort x; (0 < x; < 1), and incurs cost C;(x;) = x;. The monetary outcome of
the project is 4x;x, which is split equally between them. Considering the

situation as a strategic game, the set of all Nash Equili@ in pure strategies is

&
K4
&
{(0; 0)1 (11 1)} 6{:‘
&
X
QF' ‘\}Q‘
& o o
0.0, (A5 1 33 ik o°
—_ - N
/] /] 414 ) 2;2 /] 4!4 F'h\\,\l‘)\\\} \}(\\
as® \r:;,\ :_*.\\
o A
AN\ ‘&}\
&
\\
11 4 &
(0; 0); E;E I(lll \\\(\"\\"
~ A
S & (Y
&S " o
(\) & \\g‘ L)
\\‘;:‘\ o> >
a null set Yy °& &
\ RO
O
<& o‘\’\
¥ % RS
‘.\’\\ \.\s, N2
& ;\‘ ‘fg Q ;\\\\ O\
‘ © 6‘;\ % & &\\»
&

&
Two firms, X and }‘S;’gre operating in a perfectly competj Q§31arket. The price
0\ @&
ﬂg [hen

elasticity of supﬁgbg\fX and Y are respectively 0.5 aé{
Q

o &
g g&@
&

?’\
if the\énﬁ%]fet price increases by 1 %, X supplies 05 % less quantity
% B &
&

. . . 23 . .
Y experiences a slower increase in yﬁgglnal cost in comparison to X
& o2
:\0\\ &

'\"’;’ ’50\
&,
Q

S
if market price increases h\yv%? %, X supplies 1 % more quantity

S &
N \’?’6;
()

Y experiences a rapid increase in marginal cost in comparison to X

é\
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Q.16 Let y = y(x) be a solution curve of the differential equation

x;i—z=yln(£), y>x>0.

If y(1) =e? and y(2) = a, then the value of d—yé;ht (2,a) isequal to
y ErS

&
S"’@
&0
(A) a & &
O g
& 0 N
W & o
& O \
g ;
®B) ¢ S s
— 2 §(~ &
2 ¥ 4
\S"$s
)
4 Ry
& &c"
Y S
©) 2a Q b
&Q“ '&
3
S
NS
3 0«%' \&A
(D) a \ W~
2
“ A’
&
&
&‘b % S
ol & o
© &
& & b & s
S & &
‘@ &} AN .,}v
& &
& 'é‘@ o
Q\

< & 4y
\ &0‘&; 34

Q.17 Let 2z = —3&4aB3i, i = V—1. Then 228 iseq a%
wé?‘%x@ $
o

?‘é&
(A) —81&% i) ¢ 5

(B) 81(-1+ V3i)

©) 81 (V3+1i)

D) 9(=V3+1)



18 e
Q Let a, = (1 + %)2 be the n'® term of the sequence (a,),n=1,2,3,...

Then which one of the following is NOT CORRECT?

(A) (ay) is bounded &S
\‘§\
Q’O
7
1S 1ncreasin S
(B) (an) g éo
& &Q
&
& o 7
& & ad
. I3 4 ’
(©) Yy=iln(a,) isaconvergent sgxzié&@ &
AT &
O 00
\°®
(D) 1 4y &
1- - _ &Q &&Q
n-oo \ N - & &»
k=1 .(&‘ o
& &
i
. NS
0&%’:&0

L
A 5
@ & 4O
S Q S8
‘\0 & ~\®
& N\ & &
o o3 o
& & ¥
X & &
S 4&@ o §®

6\
5 \ '&"‘o
Q &
il
‘@ &
L



Consider a linear programming problem (P)

Q.19
min z = 4x1 + 6x2 + 6X3
subject to
X1 +3x, =3
X+ 2x3 =5 e?.
X1, X9, X3 =0 >
&
&
If x* = (x{,x3,x3) isan optimal solution o@ﬁ’d z* is an optimal value of (P)
. . o g
and w* = (w;,w; ) is an optimal sol\lmgn‘”of the dual of (P) then
\\\"»‘\o\é @
.\Q&‘ ‘;;\\ \
& &
& & .
(A x;3+x3=w;+w; & &
N o
\0‘?
)
&(‘
* * * 3 & K"
B)  z" =4(x; +w;) ‘\) &
Q W« &
% .'\‘%‘ '\\\
Sl
& &
* * 0&‘\;@9
© z"=6(w 3) &
& ‘b
’;}'@ * * * o
(D) & + x3 = W1 + W2 s"'\
& ot Q & o
& & % ¥ &
& o e
& & F
\"Q,\ 'égb 04%* Q\;\"
\{\

2 N
2 »
G 8
o 2
& o
A
>
o 4&
P
§
§9
\?. f
P
&
SN, % £
& \?}
7 &>
3 &
& o
& &
& &&"\
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For a, p € R, consider the system of linear equations
Q.20
x+y+z=1
3x+y+2z=2
S5x +ay+pz=3

Then

N
0&

&)

(A) forevery (a, B), a = f, the system is CQ&\SIStent

& \‘*”
N )
(B) there exists (a, ), satlsfymg d‘ ?[)’ + 5 = 0, for which the systemJuas a
unique solution « \\\\ G"é

&
%)
&
\\

(C) there exists a uniﬂu@r (a, B) for which the system:has@lnﬁmtely many

c«* \\\} Q.
. Y. N
solutions s
R f
/\\'? \‘.\0 \x\\\
o ® &
) &
\~ &

(D) for exery (a, B), a # p, satisfying « 7\32ﬁ + 5 = 0, the system has 3
mﬁnltely many solutions Q(» F

&
‘o & o
45 &2\‘& % &

. ~
< &9\ R &
A 8
o N \\
@’ N
& .o
N
v O
X
\ <

&“3

For a posmvely s'l‘oped LM curve, which of the fi (\ng statements is

CORRECT? & 5 YV
\“‘"\\ §> @
¥

(A) A de@%@ééb in the price level will shift the LM X\re to the left

Q‘ ;. \.
ol

(B) A lower nominal money supply wilt gbhf\ft the LM curve to the right
& @
A

'o“\
8
&

(C) An increase in the prlce 1337 ill shift the LM curve to the right
V&
Q

(D) A higher nominal money supply will shift the LM curve to the right
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Consider an Economy that produces only Apples and Bananas. The following Table

Q.22 contains per unit price (in INR) and quantity (in kg) of these goods. Assuming 2010 as
(4
the Base Year and using GDP deflator to calculate the an‘\gl inflation rate, which of
the following options is CORRECT? 3\‘&
..;(“\&
Year Price of Quantity of Prigg\gf Quantity of
Apple Apple & gahana Banana

2000 |1 100« 42 50 o°

2011 1 200 S\o‘ & |2 100 &

2012 [2 20007 5 |4 100 &

N ‘(f"
o"\&o
e\
% \\(\» \,&\3
R ‘\\\\ % o
(A) GDP deflator fo§he ear 2011 is 100 and the inflation K&TQ for the year 2011 is 0 % “
o \\& \\"&\
& { ,g\
(B) GDP deﬂator for the year 2012 is 50 and the inflation rate for the year 2012 is 100 % \\\0"”
&f\"’ @ \\\\st \\\\’,
\0\ Q\tg \\\\\ \\\/0
o

(Cg’ @@%P deflator for the year 2011 1$fkhe inflation rate for the year 2011 is0 %

N\
4@ s
R
&
&

o:;? (D) GDP deflator for the yearjOlZ 1s 100 and the inflation rate for the({r’ar 2012 1s 100 %

&\\ Nl
o
\\\

t»:g’ (\)
Q\C‘s ¢ ‘l§ Q
N

&
S \4d

& &

N, L& 7
£ '5‘% Q"
£ X

)
g\g}\ Py ‘S‘
X 3
AN
& &9
>
Py
A
g\;f
) 4
&
"Q
\0
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Q.23

(A)

(B)

©

(D)

Which of the following statements is NOT CORRECT in the context of an
Open Economy IS-LM Model under Floating Exchang\Rate (with fixed price)
and Perfect Capital Mobility? ‘

S
&
N

Ly
&
o~

(&)

AN .

appreeiate the domestic currency value
> 4 >

QY

’ %’
&S

An expansionary monetary po\kcga ould depreciate the domestic currenicy value
A\ 3

0\"‘
£
Y
&
S

Exchange rate has sig%}ﬁant impact on determining the gqg ibrium level of
S

>
X

An expansionary fiscal policy would

<
Vi

income and empl nt NI

Monetary}v

wl}’eféas fiscal policy is ineffective

Q\«
§
& g8

icy is fully effective in determining income and employment

(\3
QY

.*“\ &
% &
N
& o
&
& &
&
& &
RN
FA
?&é\ p
&
D
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Among the following statements which one is CORRECT?

Q.24
S1: Structural unemployment arises in between two j the first job which an
ploy 9
individual has quit in order to find the second job 8
S2: Frictional unemployment arises due to the mismatch of vacancies and skills
of the individual -
<
& &¢
S
¢
(A) onlySlI & &
&
N
o&)
N
’ {,‘c \&c”
B) only S2 ‘» & o ,
( ) y Q ‘\ol \Q\' ®
oy
& s\,\“ S
o R
(C) both S1 a\ & o
O
& A’j s
& (» .
(D) _neither S1 nor S2 Q ® &
R ‘» T &F
& P
NS & &
‘;\0 'ég} &Q.}\ 5 §'
& o
S N\ ¢
'&”fﬁ
)

5 >
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Matching List-I and List-1I, choose the CORRECT option.

Q.25

List-1

(a) Fiscal Deficit

g ;ist-H

(1) Difference between Government
revenue expenditure and Government
revenug.teceipts

(b) Revenue Deficit

(i1) I\Qﬁ’ference between Government
tg:th‘i expenditure and Government
“total non-debt receipts minus in@st

payments

(c) Primary Deficit

(ii1) Difference between Goygﬁ\nnent
total expenditure and Government
total non-debt receipts

»

(B),{ai), (b, 1), (c, i)
Pt g

«*\ ; @‘é
\ R .
(D) (a, i), (b, i), (c, i) &
‘Qf &S},
Q>
P L
O &
\é\\
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Q.26

(A)

A production function at time t is given by

Y, =A, K*I}% ae(0,1), a=0.5,

where Y is output, K is capital, L is labour and A is@ level of Total Factor

> . .
Productivity. Define per capita output as y; = éw?and capital-output ratio as
t

\‘ﬁ &%
rate is F o°
¢ & o
& > \
& P
& & &
& & &
O ¥ Sl
y 1 4 o IS i
—_———_—- + — _SEea \()Q;S
y (1-a)4d A0k &
& &C’
Q 5
\6«-\ \‘: .
Iz . & €°
y a 1 k S "
- 1-a)k & &
y ( < (1-a) R
O
&
W
S O
& %3 &
@ V- o4
d N # 5

y—aA+(1 a)k £ 43
Z Z — @) ¢
KOSQ&:& &
‘Q‘é&b{é@ %
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\\‘%ﬁ“

Matching List-I and List-1I, choose the CORRECT option.

Q.27

List-I
(Regulatory and Supervisory
Financial Institutions)

ist-1I
(Established as statutory bodies via
Parh@mentary Acts in year)

(a) Reserve Bank of India (1) 20 1§>"

(b) Security and Exchange Board (ii)\\1>9“34

Of India & (\‘,‘bx

(c) Insurance Regulatory \S\‘\c\>\(iii) 1992 e“.

Development Authority of Iq.diao ,

(d) Insolvency and Bankmpt y (iv) 1999 “\\x‘*\‘

Board of India R o

S:;\‘ 2
) N
(» ) Q}(\» &Y
0y ¢
(A) (a,ii), (b, iV&ii), (d, 1) ’ «':::‘\;\"K{;‘\\\” >
) \\\S\" ‘g’\:\x\
b y
o%
(B) (a i), (b, i), (¢, V), (d, 1) ({)\3 ¥/
\s& .«Q"’
‘@\ ‘?\‘g ‘19 .\‘\i)‘c Y
\&’“Q \;:\*’\

:’\g‘&)@(a i1), (b, iii), (c, 1), (d, 1v) @
&‘“ \

(D) (a,1ii), (b, iii), (c, 1V) (d’ 1)

«S

&0‘ 6{\@
5/ &t‘

Q>
& §
o
&
\‘Z“
&

e
Q A
i
Py fé‘
S
Pl
\c‘f‘ o
Fo it 4
Q@
&
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Q.28 Let X ~ Normal(0,1) and Y = |X|. If the probability density function of Y

is fy(y) thenfor y > 0, \/% fr(y) is

I

(B)
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Q.29

(A)

(B)

©

Let the probability density function of the continuous random variable X be

le™™, x>0
0, otherwise,

fie ) = |

where A > 0 is a parameter. If the observed sample V@s of X are

%

K7

x1 = 175, x; = 2.25, x3 = 2.50, x4=2.75, x5 = 3.25,
&
. o 1. . o
then the Maximum Likelihood Estimator of 4" is
&
Nl Y ® /)
W« & @'
OIS .
5 & &
= & > o
2 o F &
N 5
\0‘?
(\0
43 S
& KO
! \Z &
5 (\9 &
o N
P O
& &
& &
o
A\
5 N\
12 & (\’
& ‘\)
(2
&é\é\ Q & &
& &

N
\°, ;
o &
4 &
% @‘5
¢ a8
&
o
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Q.30

them to be B; or B, , is equal to e?'
>
&
&
O
7 &
sg &Q
i) PN
W« & @3
& N
RN &
(B) 6 & &
7 o S
N >
\S"$s
(\0
& &’5}\
& N
© 8 Q‘\»’ &8
& &
21 YV &
F K
(D) 5 \ $
21 & (\’ \
‘bf} % & ‘Q@x
$ Q s
o & > &
@‘} o (Sf‘\ \\\6}
" & \\\‘ \5;'3

From a set comprising of 10 students, four girls G;,i = 1,...,4, and six boys
Bj, j=1,..,6, ateam of five students is to be formed. The probability that a

randomly selected team comprises of 2 girls and 3 boys, with at least one of

P &
@ #
I;&/ @‘b
& o
&
e
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Section B: Q.31 — Q.40 Carry TWO marks each.

Q.31

(A)

(B)

e
Suppose that the utility function u: R} — R, repmSents a complete, transitive

and continuous preference relation over all bun;ffes of n goods. Then select the

choices below in which the function leb represents the same preference

/

& o 5
relation. W« &
o
A o> ps
& N &
& &
) B o
N 3 (<
f(x1, %2, oy Xp) = u(Xq, Xg, wony X)) + (U(xq, Xg, oon )y X)) &
S
43 ~
& &s’)’
Qq) o
n \\\’ &
% g \\\é g.
»xn) + i & P
= &
&
>
{\0
>
& (&\’/
&
g
&
&
&£ &
o
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Q.32

Consider a 2-agent, 2-good economy with an aggregate endowment of 30 units

of good X and 10 units of good Y. Agent i has utilit@nction

u; (x;, ) = max {x;, y;},8 = 1,2,

\0@

O
Select the choices below in which the@ggf?iﬁed allocation of the goods to the

g
>~

X O
agents is Pareto optimal for this epgﬁbgﬁy
,4«‘\ .:’3\'\
&S N
0«’.":‘\&&'
AN\
(A) (xlr Y1, X2, yZ) = (5! 51251 5)
B)  (x1, y1, X2, ¥2) q&o; 10, 20,0)
(© Gt 2 x072) = (30,0,0,10)
& q(;’
&oﬁng Q
(DY, 31, %20 72) = (0,10,30,0) V>
S $
'\‘5‘”\ 'éb
\o‘:ggq &
&

&
\0& .
S 4 &
2 m‘}'
{2 4
7 <§§s é
& &
& &&L\
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In a 3-player game, player 1 can choose either Up or Down as strategies. Player

Q.33

or Table 2 as strategies.

2 can chose either Left or Right as strategies. Player 3 cén. choose either Table 1

&
Player 2 \dz;‘f) Player 2
Left | Right e Left | Right
Player 1 Up [3,2,5]4,1,3 .\\&cggﬁl‘f’layer 1 Up 2,3,414,5,7
Down | 2,6,1 | 5,4, @‘”i\\&“ Down | 6,4, 0 y3
Table I o & Table 2
" Player3 P
S
Which of the followin'é;&ategy profile(s) is/are Nash Eq\ml&bﬁhm?
& 0
.,\\’\\"K\a\\\% S
(A) (Up s Left’ ) ’Q\’Y\\&\‘S\ §§
< \3\\,
(B) (Qoa%n, Right, Table 1) c{b ,\.«5‘&
c@*\«z\‘é‘ Q \&\ 3°
& ‘» &S
o & &
\,-fg&b (Down, Left, Table 2) @ Q&“\;f*\
| é}\é(‘ \ $
\0\‘\ fa
) (D) (Up, Right, Table 2@@“ q‘:')
3 @ &
N &g
\"‘%&Si\ %
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Q.34

(A)

(B)

©

(D)

(A)

(B)

©

(D)

@or a, BE R, a+p, if @M 5 are the eigenvalues of the maﬁm
\ s

Let f: R> > R be the function defined by

2 _ .3
T =Yy
—_— X + (0,0
flo,y) = qx2+y2’ (x.y) # (0,0)
0, (x,y) = (0, Oé_
®
Then f
&
&
&
. . ¢&
f is not continuous at (0, 0) &
0&‘0&&
S @‘
_ & £
fx (01 0) =0 (\\\ & >
&£ S
ot {\&» ég&
\ RS
S’p@
£,(0,0) = -
4’ N
) & §
Q « &

% 4 A &
fr (0,0) doe exists o (gt,\” &
oS

ov
<> OS‘
¥ &
Q\Q“’ & &Y
) & &
o‘ < & o
‘& \\\ &‘“

Q‘Q'
M= 1—a 1+p

é“’ B a+pf 43
&
= &‘é Q‘»

Xq

and X = [ Xé;is@\ an eigenvector of M assoc1atej1$ , then
&
&

& »\
P
S

2@%’%@: i
% Kig
$ o
AR

B—a= &
,{,;? ,g,x@

(ZZ—,B2=5 \C’)'

x1+3x2=0
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Q.36 Which of the following statements is/are CORRECT in the context of the
Absolute Income Hypothesis?

(A) The marginal propensity to consume (MPC) is a constg\'

&
O

(B) As income increases, the average propensity toxconsume (APC) tends to

\

approach the marginal propensity to cogsum\e (MPC)

& \\‘ Y
c ~
\\

; >
(C) Average propensity to consume’ (AiBC) increases as income increases &
\\ &‘\\\
R
\\\

(D) Current saving/dis- sagv{}@ has no bearing on future consum}%t}bn

4
e A\
& > S
5% o 2
LS I N\ X
& R
\ o~

Ln
£

& V% >
N s

& o Q‘\is“
Pk ;i‘fl\)PF = Gross Domestic Pro at Factor Cost; GDPy = Gross Eo\mgstlc
Q&i}\: "‘5& Product at Market Price; = Net National Product at Fa\@tor Cost;
& Z&’*\ | C = Consumption; I = lnvestment G = Government Expenditure; X = Export;
i M = Import; T = /}3&3& S = Saving; D = Depreciation; N, et Income from
Abroad 1@6{\“ (1)
@ ;
Whlchqﬁ followmg expressions is/are CO ?
% # &
(A) c&fF =C+I1+G+X-M &*:;5\
'\o‘“"z} &gx‘.\
(B) GDPy, = c+1+0+;@~>‘f&:ﬂ§&
\“igé“f
£

(C) NNPF=C+I+\' X-M-T +S-D + NIA
(D) NNP, =C+1+G+X-M-T+S-D
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Q.38 Which of the following major developments have been undertaken after the

initiation of structural reforms in 1991 of the Indian Economy?

(A) A general deregulation of interest rates and a greater rcg\for market forces in

the determination of both interest and exchange ratggy
Q \

(B) The phase out of ad hoc Treasury Blll, \\\yh{cﬁ puts a check on the automatic

monetization of the fiscal deficit \.\‘\.\e“

S
>

(C) An exchange rate anchor under a Proportional Reserve System

& " g o
(D) A commitment td‘@l’ iscal Responsibility and BudgeT M‘dnagement (FRBM) e\o

which sough ut ceiling on the overall fiscal gle"ﬁm\t &

?" & &

\ . ()\:"

&

&,‘\e q) Y
& N

A0 Q & &

O

& S

2 & &

S E o
& o 3

Q. 39¢ &@@Whlch of the following funct@ahfy to be a cumulative dens1ty ﬁn}é’t;on of

&
BN \\

\\'?‘
»
N 4

- ef@“@* x € (0,00) Q
0, *‘b&‘? otherwise (1’

e \

a random variable X ?

<&

) &Oi ,\é‘*
©) B {1 — x"In(x), x € (@, g@
Fx) = 0, othég@’lse

S
O g - (1- GRR S x € (e,
Peo =~ O |

otherwise
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Let the joint probability density function of the random variables X and Y be
Q.40

0<x<l1, x<y<x+1
otherwise.

fen=1{,

Let the marginal density of X and Y be fy(x) a . fyr(y), respectively.
Which of the following is/are CORRECT?

S

\\‘\'.\

A £ () = {Zx 0<x<1 Gy @\o{“? y, 0<y <2

0, otherwise \z; )3 otherwise

& i‘\bo @
&'

(B) 10 o Y, 0<y<1 3*’

) <x < 1 a ~

fX(x)={O otherwise and fy(y)—{Z—y, l=y<i2 &
’ 0, otherwisg?*"

N
& &
3 & &
-«
¢ o
O .
& y
1 &

EX)= =, X)=— & ¥ &
\ N 0‘)@

<
’/5
p}. /ol
o

y S é? ‘\é‘y 43
e & ;i\é\ %Qq)

X
&
) :
% -
5 \'Q“
< o
() >
2 Qﬁ"
ol
&Q‘O gi\
3\
& g
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Section C: Q.41 — Q.50 Carry ONE mark each.

Q.41 Let X ~ Uniform(8,20) and Z ~ Uniform(0, 6)&& independent random

variables. Let Y =X+Z and W =X- Z &Then  Cov(Y,W) s
(in integer). ;o“\
’\Q;\‘
Cl
,\\\\
© &
< i
\\\v.\" \\Qo ey\.
.\\\\“z‘ \\\>
& & &
,.\!2’\ \\ \'\

Q.42 Let Y ~ Normal(3,1), W \Wormal(l 2) and X ~ Bernowlﬁ (» = 0.9)
where X =1 is succes§.and X = 0 is failure. Let § = XY -I-\\{"l X)W. Then

\\/

E(S) = —(&(} (round off to 1 decimal placé?\\\ \&Q $ g\.

4
N &
& s v
N > \\
& L0 >
O &° X
> &
N Nl
o
L&)

If X ‘denotes the sum of the numbers @ﬁ?ﬁng on a throw of two fair six-fageQ&\“‘\
4 g
Q M\“Elié% then the probability % F&
;\OQ‘ *&)@ ‘ \.“3\0\\\;}
&«'\}g&"( P(7<X<10)= \?’ (round off to 2 decimal places)‘ o
&
0, & &
) (}{ ¢ %Q-\ Q
gl (1)
Q.44 Using tl@?gﬁ‘ow1ng table, ,\YV
‘&Z?QYear Populatlo\g?of the GDP of the Economy
\ Economy (in crore)
2010 20,0005 25,000
2020 25366 40,000

the average growth rate eégmpounded annually) of per capita GDP in an
economy during the pﬁq@ 2010-2020 is

to 2 decimal places).

(in percent, round off
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Q.45 Consider a Keynesian Cross Model with following features,
Consumption Function: C = Co + b(Y-T) e;
Tax Function: T =Ty + tY £
Income Identity: ¥ = C + Ip + Go &

0
\}'\
(&)

Where, C = Consumption; ¥ = Real In§a6ine T = Tax; I = Investment;

G = Government Expenditure; b, Ba*rameter t = Tax Rate
(The subscript 0 (zero) 1ndlca$es&that the concerned variable is 5
autonomous) o‘& S ™Y
& &
& . o §
Ifb=0.7 and t = 0.2, value oﬁ@é@Keyneswn multiplier is ol

(round off to 2 decimalX;aces).

& &<
&
Q & T
sy &

&> < - @

WO N

Sl

4 ~°

& <
& x\‘\ S
g N
o & ‘\\\u
‘\ sV
N S
(}&

<* S
&¥ &
el & &%
R\ Q & &

e

& ol ¢ g
Q46 & ;Let [t] denote the greatest inte ‘}t The number of points of dlscgﬁtmmty
\\»‘”’\ /géb of the function f(x) = [ x? ‘§&- 2] for x € [0,4] is \(\?‘n\imeger)

&\ S \
"?“
S

Q.47 “ be the area of the region boundgé\ by the curves y = x? and y = 8/x,
x = 0. Then 30E is equal to m@}\&“ (round off to 1 decimal place).
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Q.48 A firm has production function y = K®5L%> and faces wage rate w = 4 and

rental rate of capital r = 4. The firm’s marginal cost is equal to

(in integer).

N
N
\\“\\“" \l.

Q.49 Let §=55+32x be arkxégtﬁnated regression equation usmgsa large
sample The 95% confidence 1n$erval of the coefficient of x is <L~€T 26, 6.14]

and = 0.26. standard error of the estlmated& coefﬁc1ent is
& &\’,\'
(ro % to 1 decimal place). & §
g T'e
o o
& & S
() \\b\ S
\ N &

&7 L S S
0\;;&3@ \‘\\1 N’\Z‘:\
Q\§ﬁ Let m be the proportlon& population vaccinated against a*}d;slease An

'@k&‘k

estimate 7 = 0.64 1s found using a sample of 100 individuals from the

&
&‘/ ‘ population. The z@v est statistic for the null hypothe@ 0:mT =058 s
o\

‘eﬁ'@%\d off to 2 decimal places). (1)

S S

KN
& g
3 '563 &
,41'& ‘}(’
& g
5"\
&
& &
R
;\\'o" '@
g\‘{‘ .
Q&éé(é
&
N
AP
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Section C: Q.51 — Q.60 Carry TWO marks each.

&\

Q.51 An industry has 3 firms (1, 2 and 3) in Cournot:‘competltlon They have no fixed

costs, and their constant marginal costs\«ar\e.\respectlvely

\, : ®
4y & “
9 && 10 11 £
€1 = g C2 = 5 €3 =7~ &
304 872 T 30" 30 e

\\
They face an 1ndus‘ui) verse demand function P = 1 = Qg.\ ‘where P is the
\\/

market price an the industry output (sum of\\b\uq}uts of the 3 firms). o~

Suppose tha s the industry output um\i\e& 4 @f)umot-Nash equilibrium. /
Then (QQ&YYS equal to (in lntege?) & 7
‘ \\/\Q&"}
& (ﬁ’ ‘“\\\\
:\»i\‘ % Q ‘\\{\\, \\\\/
NG & &8
: ;&& ‘\) O

@ ({)\3

A consumer has Qﬁ%\y function Q

S

& ﬁtxl, x;) = max {0.5x;, 0.5 x2§$&n{x1 , X2}
3 ég“

A <csome positive income y, and facgs posmve prices p;, p, for goods 1

2 respectlvely Suppose p, = 1. "Rhg\re exists a lowest price p; such that if
p1 > Pp1 then the unique utlhty\m%gﬁmlzmg choice is to buy ONLY good 2.

Then py is Qipq:%ﬁgger).

108



Q.53 An economy has three firms: X, Y and Z. Every unit of output that X produces
creates a benefit of INR 700 for Y and a cost of INR 300 for Z. Firm X’s cost

C(Qx) =2Q% +10 Q\e\

>
RS
>

Q»

where C represents cost and Qy is the output. The market price for the output of

curve is

X is INR 1600 per unit. The dlfference betw*een the socially optimal output and
;
private profit maximizing output \o“f firm X (in INR) is ?\I (in

. \\\‘ i
& .o o
Q\ LR D

’«:

s

integer).

%

¢/
o

¢

Q.54 Let&“f sin x cos(11x) dx = cos(lO%ﬁﬂx) +c¢, where c is a constant. If \~

& \V
< g@*‘( ) kf' (—) =0, then k iq%al to (in integer). S
& &9\ 4 > &
S &

o 1 1
Q.55 Let éﬁd‘%@ 1 k 1] and I3 be the identity miatrix of order 3. If the rank of
N 11k &
trix 10/3 —M is 2 then k isequal to (in integer).
) &8

cf’:“ o

;‘\0\«\@@
\é\'b" ’@
\@24(‘&
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In a two period model, a consumer is maximizing the present discounted utility

Q.56

1
W =1In(c;) + y ——In(ce41)

with respect to ¢; and c¢;, 1 and subject to the followin@dget constraint

Ct+1 Ye+1
S<yet+——=
1+r 147 &7
'\"‘c'
where ¢; and y; are the consumptlon andﬁncome in period i (i=¢tt+1)

¢ +

respectively, 8 € [0, ) is the tlmeﬁlge%unt rate and r € [0, 00) is theeae of

interest. Suppose, consumer 1s m the 1nter10r equilibrium and 6 = O@S and

Ct+1

r = 0.08. In equilibrium, the raﬁo

. is equal to @ound off to
t
\\\\\'

2 decimal places). (\3 6D,

The portfolio of an 1nvestment firm comprises of two risky assets, S and T,

whose returns are ctenoted by random variables Ry and d%\}espectlvely The
mean, the Varla@c%éi\ld the covariance of the returns ré'»

&

\\“ A
S E(R,) = 0.08, Var(Rg\Y%*o.oz
FL

&

\«430 &
‘\"* E(Ry) = 0.05, Var(Ry) =0.05, Cov(R,Rr) = 0.04

fa )
3
Enalll

étszallotted to S so that the return from the

X

’//

Let w be the proportion of ass

portfolio is R = wRg + (1\\‘“14@7% The value of w  which minimizes
Var(R) is X Egﬁnd off to 2 decimal places).

:‘6’%
&

’23,

110



Q.58 A number x is randomly chosen from the set of the first 100 natural numbers.

. . . 300 .
The probability that x satisfies the condltlone\x + — > 65 1s
& *
. g
(round off to 2 decimal places).
&
&
&
& &
& éﬁ
N
¢
ol
& ry
o \x‘Q &
& o
&
3 . .
Q.59 Fork € R, let f(x 4)4+2x3+kx2—k x €R. Ift x= > is a point of
i\‘”\\‘o\ 2
local minima of d m is the global minimum VQIQQ& then g;
‘*\\ \\‘\\“ S
& Q:S‘ &
f(0) — m\ qual to (in integer)s 0@‘\
&
£ 05\
il q) S
Ol & &
KO‘Q ‘8 Q \_,,{:‘\ \:O\
g % -?(\\\\\\“)\

& WS
o 3
. o\ “ ‘\\\ &
- :..‘5\ & .\Q
D \ O \;\}
L

@(\\ If (x*, y*) is the oRﬁiﬁal solution of the problem ({:’)
6" 60 S %Q
-x L%y

z‘@'&gé\mammlze flx,y) = 100 —e

Q>

mé\o@@ subject to ex+ty=- 1@2 0, y =0
&

&
Thes' . is equal to (roundyoﬁr to 2 decimal places).
(‘_{I < ‘\6
& *
& o
@a};@&
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Question Paper
GG : JAM 2023
Section A: Q.1 — Q.10 Carry ONE mark each.

Q.1 Hollandite is an ore mineral of which one of the following elements?
&
(A) Fe &
(}\{‘
&
&
\\\
e 4«
(B) Mn &
W & @
4\(& ,\"\\\
& &
& & &
(©) Pt 0\\\& &
\'\’Q:’S
&)
&
& &s’)’
(D) Cr Q‘\» &8
o ¢
PRSI
& & ;
F o &
o&\\&’ &
N\ 0"\\

\'\‘"’ R

%

&

% é‘c
(©) 3 mantle and lower mantle é&"‘
&O‘ &é\
é\.

& A 4
(D) lower crust and upper mantle & '>§’

&
\ﬁéﬁ
>
&
«%\
%
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Q.3

Which one of the following textures shows cuneiform-shape

between alkali feldspar and quartz?

intergrowth

(A) Spherulite texture 2
0§
(B) Graphic texture \39%‘
< «Q“’\"
&
Q"\\\f\’)\c g;
(C) Porphyritic texture \.\f \5}‘ >
&L &
5 il
O
. 2
(D) Spinifex texture S
4) S
& KO
N 5
& & 7
» ¢
\\, ,\"J
3&\.@\\ &
2P &
AN &
\ &
£ (\3 06&
& N
Q(l‘ &\. \*ﬂ"
o‘ & & o
\ &\a
Q4 &" ZA pelitic rock consisting o r1te + garnet + K-feldspar + s&ﬁu;namte
0 QA s‘
& 'é@ belongs to which one of the& ing metamorphic facies? 0‘\\\\*’
%&
&
\é\‘\ (‘3
N “ & A’
< . G5
e (A) Granulite > & &
‘%‘KO\@ %
& B
Q>
Y
(B) Eclogite @‘
5 fék N\
“
© schist KRGS
5 ol
&
&
S
(D) Blueschist SO
b@
\?‘ ﬁ\é‘
)
S
3
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Q.5

Which one of the following dams resists external forces by its own weight?

(A) Earthen dam
¢
&
: &
(B) Gravity dam &
\0@
I’
&
\\e &Q
(C) Storage dam & Ve
& & e‘
& & ;
& O
S &
: 0‘.:"\\‘}0 \“?
(D) Detention dam & A
\°®
00
Y
3 (*‘ &c"
¢ e
P e
s
& 2
0&? & &
« &
\ {3\\
% 39@
& &
. . . .. & &2
W‘fgch one of the following mineral T a framework silicate? \\\“\ 3\“
L & & &
> Q§ 4\\‘%‘ *S"
& &
& &

'&{3 4’
. @é’
(B) Zeolite c;\‘*"i&?-‘é (\)Q‘»
"@ @'L

©) Chlorite?.zjz%é‘
&
&
Q}y\ﬁ
(D) &Z
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SN 4
)

Q.7 Crustal thickness is maximum at the
(A) ocean-ocean convergent plate boundary e\
( J
O
(B) ocean-continent convergent plate boundary ol
\‘5‘?
\\\
(C) continent-continent convergent plate bﬁuﬁlﬁary g;
& ;,i‘\\\
& >
s\ \\ ‘\\\é
(D) continent-continent divergent p]gﬁe boundary &
\'\’Q:”
O
43 N
& &e”
N 5
3 &
&
&S &
Qﬂ 0813 ‘5§\'s\
\ \ &>
&
NG
O
Q‘% \\Q
Q.8

W@gch one of the following causes(@lﬁent movement parallel to shoreLmeﬁl

& @e‘he coastal area?

> \.\\oi,‘ \3:
> o
zf\‘:,\ ég) 0‘1\559
S N\
&
5 (A) Longshore current .
&
W .
Q
& o q)Qq)
(B) Rip current oox‘i’&&‘\
&

S

&
e ‘és
&
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Q.9 Which one of the following dinosaur fossils is a theropod?

(A) Kotasaurus

&
B) Ti &
(B) Titanosaurus &
\°@
O
&
. & &SL
(C) Rajasaurus & § s
& ¥ e;
& }
& & 25
S & &
& &

S &

(D) Barapasaurus & &
4 &
& Q&
& ;&
\QH &
YV o 4
F & &
T &
y s
\ <)
&

Q.10 Sﬁ% Shale was deposited during th time. ,&&‘“5\&%
° & ¢ ‘S

3 POMPC
& & \,\\o“@}"
. oﬁq‘?&\“b‘\
) Palaeozoic \ &
>
&@‘ (\j
Mesozoic 3 ‘\)
oo QO
& @?S
&
§
.
(C) Cenozoies
¢ &‘?* ‘\
\°T€g§’ .
v\ &
2 : &
(D) 0Zz0iC gl
gl
& 4‘3@
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Section A: Q.11 — Q.30 Carry TWO marks each.

Q.11 Which one of the following is a gently sloping (< 10°) volcanic landform

( J
resulting from eruption of basaltic lava?
O
0\}“
(A) Shield volcano R
N
& (Q\‘,y
)
. W« & g;
(B) Composite volcano S /
& \«.\\\
. \3‘\ o
A\ kS
&
(C) Lava dome &

(D) Caldera S \q"'
" P
&% &Qz’
\ &

S
&
K4
>
&
O
£ (\6‘
& &
o & &\’,
» &
S ol F 0
O \\" \C
D
called
~°

Q.12 ,&‘}@ﬁ the magnetic polarity tirSéa}é, the present day epoch/chron{i,\ég

& -
%& N
&

& g
&\:\ (A) Matuyama g@"’\é ({;3

o

o"z‘v&&
(B) Gilbert g“oé@ $
vl A\

S
P ,
“9
© Ga &
& g
\é}&&q}(&
&
(D) Bruhnes \%‘ox;&@
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Q.13

Which one of the following options is the CORRECT sequence of seismic

waves in order of arrival time recorded on a seismogram after an earthquake?

¢

(A) P-waves, S-waves, Rayleigh waves, Love waves
N
&
(’\}Q‘
. &
(B) P-waves, Rayleigh waves, S-waves, Love wayes
XY
& &
&S ;
& o
& & @
O '
(C) S-waves, P-waves, Love waves, &ﬁ%&lgh waves 2
& o &
L2 &
o ~a
\ \Q
&
. O
(D) P-waves, S-waves, Loveg waves, Rayleigh waves \{\S‘
<& e
S
SV 5
¢ & 4
‘\» o @
&
& S
o & §°
N o
\ o
5 A &
& 9 &
2 s.‘ &S
& o ‘\)Q ¥
AN \Y
\gf} & & A\‘\\)
& && A\\'\\‘" &
> § Qﬁ &‘;\«S‘\
‘\ il
>
&
g &)
S
ééoxé\é ‘»Q
& &S’“
>
-9 ’é)
&
¥
&
¥ N\
&
N 4
&3 4 £
2 &
2 S
ol
L
& q’.\&'\
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Q.14 Match the geomorphic agents in Column-I with their corresponding landforms

in Column-II.

S
Column-I Column-II
&
R
P. Wind 1. Bagkswamp
O
&(‘
4 2
Q. Groundwater < 2" Yardang
\\\%‘ & ®
. o . »
R. Glacier & | 3. Doline &
¢ &
) o . S
S. River s 4. Drumlin &
O
4 \4‘&
c\p S8
N »
> & °
(A) P-2, Q-3 R ®S_1 &S ¢
) S
& S
w? &
\ y o
(B) P-3, Q-1 R-2,5-4 o
& A’ >
‘.’.\c’ % A& QQ’
S &8

(cylgg“zQ I, R—4,S-3 e
c,"o $ 4“2:‘5\\\\”\\\
o §°
N o
f&D)P 4Q-3 R-2,5-1

X
&

N g

‘2\ &
Y 2 ngs
<
Saf
& &S’:\
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Q.15

(A)

(B)

©

(D)

(A)

(B)

©

(D)

Which one of the following processes is NOT a élechanism

sediment transport in a river channel?

for bedload

>
&
&
&
Cavitation &
&
X
&y
& 0
& & o
Slidi o
Y & P
iding & &
T &
Y N
& o
&
Rollin &
g &
43 &
& &2
P
& e
. \\\“‘f‘ oS
Saltation P
& S
P o
& &
N\ &
0\\
\ &
N
O
£ ‘b &
& &
o & KO
& & &
o) & &
ol & o
& YV S
& &
& ¥
& &
o
\ &

Which one of the followmg relationships between the topographic contour value

(t) and the stratum%%ntour value (X) of a bed must be

the bed to occiv;i{;QS Qﬁ‘ the topographic surface? $%
f“ N\

r—w £
a8
t=2x Rl
;~‘”é’\0\§
S
t=3x 4 \°:;6§
t=4x

for an outcrop of
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Q.17 As per Ramsay’s classification of folds, the maximurghickening of fold hinge
()

and the maximum thinning of the fold limbs are obser‘\\zn \

in
o
x‘»\\\b
&
&
(A) Class 1A &
o
&
< <
&8t .
\Qf’ & 2 2
(B) Class 1B 4 S §
S A8 ot
S > ,0‘3
o*° .;\\‘L\ &
(\\. NS
N\ &
&
(C) Class2 &
&
& &c"
Q = §
W & Ve
o '& e’
(D) Class 3 (\) & \
«‘2:?@‘" ’bo
O N
& &
(3\\
\0@
O
g
& &@
S8
\(‘" &
PONF
3 P
&
Qﬁq" 8\‘2*
&

(A) 0

(B) p \ééé'
© 2
(D) 3
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Q.19 Which one of the following Gondwana flora is a seed? e

e
&
&
&
(A) Dadoxylon &
\°@
O
A
) & e
(B) Cordaicarpus ;& e
& ¢ @'
& }
F
& &
& &> N
0‘. AV &
. . D &
(C) Taeniopteris & &
\‘"$s
QO
&
. ‘ (» ) / \&c &&c
(D) Palaeovittaria F o°
¢ & .
& & @
o &
goe N
ol &
& &
A S
\9‘@
2 4) 00
< 3
& ‘» ¢ &
§® N
Ayl S Q & o
N % &
v &
& & &
< ‘&& 4\,‘ \(;v

Qﬁg’(p Which one of the followmgﬁg opod genera displays sinistral coﬂihg»‘"
?v

&

O

P § éé‘ Q&é% (b
e (A) Physa &O‘Qi;\é (»Q%

e‘b
S

(B) Cyprae%_ﬁ;‘é@
5‘;} N
N7, ‘
AN &
© H A

S
égo &‘8
& &8{‘\
&>
&
&
(D) Conus &o“’ 'é@
- &v
<
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Q.21

(A)

B)

©

D)

Which one of the following was emplaced in the Neopgrozoic time?
Singhbhum Granite
Dongargarh Granite
Closepet Granite

Erinpura Granite Q‘-{:’
q)
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Q.22

formations in Column-II.

Match the lithostratigraphic groups in Column-I with their

corres

5
Column-II

ponding

Column-I /
O
&.\
& :
P. Papaghni Group 1. Kajrahat Formation
S
& . .
Q. Uttatur Group & 2:'Nagri Formation
cr\\\%\ S @
. . Y .
R. Siwalik Group & & | 3. Vempalle Formation o
Q%S’:? ‘.@o «\\\‘>
. S . . 3
S. Semri Group 4. Karai Formation 5
37
=
O
’ & &Y
Nz gty
(A) P-4, Q-3, R<19‘>—2 o o
‘\é“‘i\\“" &
Qﬂ%\siy s’w\‘
v S
B) P-3, QN R-2, 51 &
o
& &
o &
& &
s % {@ 2
R & &
> O
(C)P=3, Q—1, R-2, S—4 Q,Q &
& & &SP
& & ’ S\‘\‘(‘:’\
,\%‘5\ Qﬂ‘zf .\\5"
& \ ol
S AD) P-2,Q-4,R-3,S-1
3 4
N £
SN 4 & A)
\\ & 4N
) & o
z‘g\ 9}@ q)Q
a
B
&
¥
& ééé N\
&
& ;
“}N &
Y )
% éso
a8
O &
&
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Q.23

Which one of the following symmetry elements is an

representation of rotoinversion operation?

. ¢

INCORRECT

(A) 1As + inversion centre = 3 £
(}\‘Q.
&
— O
B) 1A,=4 &
< ~g\'>'
& &
¢
4\(& ,\"\\\
. = & .
(C) Mirror plane = 2 S &
0’&"’ \.@\ gs\\
\{\\. ‘o@\
S*OQ;’
— “
(D) 1Asm=6 4y s
i\ﬁ &Y
Qq’ e’
0‘} & 4
AP
PV $T e
& 8 :
O D
z‘fe % \(\&0
x\"’" % & ﬂé}.
A° \& ¢
& ol Q &
&L ‘\) S &
& o
. . . N &
Q.24£,\0‘;@ A plutonic igneous rock is ¢ sed of 50% orthopyroxene, 45°/%ﬁsllyine and
" O 2
& . ¢ . o
J? 5% clinopyroxene. What 1sxhe appropriate name of the rock accotding to the
& . . .
f‘\- IUGS classification? & (\:,
' %
& <
7 < é
QO
‘%‘K \@ q)Q
. & &
(A) Norite &>
»\C?,V
&
¥ N\
&
(B) Wehtlife &
2D, &
ﬁség
gl
. & D
(C) Troctolite & &
,\g,‘ ,gék'
ol
Y
S
(D) Harzburgite -
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Q.25

(A)

(B)

©

(D)

Q.26
g
P zeooling of a basaltic melt?

X
o
'\‘O

&
@}:g}é((ﬁA)

(B)
©

(D)

& i, N L
OWTSCh one among the following (@eral pairs crystallise early durir;gg“‘@ig
& &

Which one of the following is NOT a sediment-gravity flow?

Hypopycnal flow e\
®
S
Cohesive debris flow &
\0@
(\0
&
. g & (QQ
Turbidity flow &S
& e:‘
& > !
O
& & &
O&Qf \,}Q ‘\:§‘}
Mud flow & o
\°®
(\0
NY
’ & &C’
s F &

Q &
Y o

S QO
)
S & g
F o >
5% o ® 2>
o >
i &
&
\\z
\)
& &
o &
& ¥
&>
oF
AN\

Forsterite and albite .

&
A o
s Q
.. &
Biotite and 'flg\dﬁki'te q)

L)
S

»

&
\.?’ g
o .
Enstafl&g nd bytownite
@

O\ &
AN A

Forsterite and quartz & &
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Q.27 Match the ore deposits in Column-I with their corresponding ores in

Column-II.
e
Column-I Column-IT
&
&
P. Malanjkhand 1. Urasiium ore
s
Q. Tummalapalle 1 2"Gold ore
¢
. & ‘\\\\ . \
R. Bhukia 47 & | 3. Tin ore A
& o &
T F &
& N
S. Tosham W 4. Copper ore Lo
Q;O
=
) & &<
Vs &8
(A) P-4,Q-3 ReHX | & e
@
& o >
0&‘1“\&423’ §(5”
¢ $ \@
B) P-3, QN'R-4, S—2 o
. 4y Ol
c}é % &
O
¥ Q S8
(C).«Pzg4, Q-1, R-2, S-3 b & &
& o &
Q" && \'\\'\’ \5;6
i %‘}0 § Q“Q?\QS}
e S
® ’\ &
S &D) P-2,Q-4, R-1,8-3

&

X
&

N g

“}\ &
Y 2 Qs&"
3
Saf
& &S’:\
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Q.28 Which one of the following statements is CORRECT?

(A) Banded Iron Formations are of chemogenic origin e\
®

&
(B) Porphyry-type deposits are formed purely by sediclgféntary processes

S
e
O
o~

(C) Quartz-Pebble Conglomerate hosteclx\‘*gcﬂg deposits are formed by su rgene

\Y

. PO
enrichment 3 ,
& & &
&7 &

%
2,

),
G

(D) Fullerene is formed by aejsidual concentration process &

(<

& (\3
& AN
£ & ¢ &Y
e S

s &N &
SO & % & ¢
Q.29 &”}@Which one of the followin tements about the hydrologicalp“é‘gjc‘le is
& & & o
\\\\\"& CORRECT? \ ’0\;\\&’

&
(A) Groundwater reprgs’é*fgs the largest share of fresh water 0@1

S

&

*“\ s
% D
] Ve

(C) All precipitation falling on the langa.'ﬁzgé{‘fly ends up as groundwater
&
‘r&&?l &
(D) Groundwater flows in cu{:};&e@ nd concave-upward path
Y

Q

Q\o ¢ “{)»
\‘3‘%&&8):\6&\ %
(B) ‘Precipitgﬁgégx rate greater than infiltration r: t% a necessary condition to
\?’éf
generate, rface runoff
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Q.30

(A)

B)

©

(D)

Section B: Q.31.— Q.40 Carry TWO marks each. (\3
&

Which one of the following mineral deposits is NOT related to the mining for

energy production?
G4
Narwapahar )
&
&
0\}“
&
Rampura-Agucha (\3»"
XY
& &
&S
g e:
Do N
Jaduguda : \\.\\.\,s* & @
0,&«‘ t‘\}\\ Q\:.\\\
A\ o4
. &
Turamdih &S
, éc &é’\
Qv S
(\) s e‘

¢ O
)
S & £
(ﬂ: . n:’s ‘2}
o ® &
\ i &
&

« Q%

< & O
\g;c, ‘\0&\ &\é % &%‘é\&\\ \)\v
Q}%ol@»@At which of the following loc@ do lignite deposits occur in India%%"“;.;*&

&
s}é&
2

N
B)
©)
D)

<2 .0
N
°S

A

& e,
x‘*“s;\*é\ (»6»

&

Raniganj

) ) &
Singrauli _&® 4&@
;\\%

$
@%&
6\

N &
2 c}z
¥ > @,z}
¢ o8
. '@é}@‘i\
Neyveli
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Q.32

(A)

B)

©

(D)

Which of the following types of dunes form(s) primarily by uni-directional

wind?

Linear dunes /
\\
\\'.\
5}
(}\{‘
. &
Parabolic dunes &
\\\
e 4«
&8
g @
&'
Barchan dunes i /
& &
& &
& o~
¥ O
\'\’Q:”
Star dunes &S

Sy

&
<

&

qp Rl
& &Y
N\ &8

o‘ ‘1’3 c"
é\ ‘? &
Q.33 @The attitude of a fault plane w, asured to be 350°, 75°E. The rak&.}of the
»\o
i‘;‘;‘ff@ slickenline on the fault pla\ as found to be 90°. Which of the’ tiéhlts listed
Yu
&

©

(D)

below satisfy(ies) thes%,observatlons?

‘3&

Q

ot a %Q

Dip-slip f: lt &
lp S lp zfj&c’é&&&
?3}&\' \

Normal fault ¢
f‘ &
% &o‘ﬁé
Reverse fault & =
S&
. . \?‘
Strike-slip fault &
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Q.34

(A)

B)

©

D)

What type(s) of fossil remains is/are studied in ichnoloeg‘z
( J

Fishes and amphibians

Spores and pollens

Tracks and trails

Burrows and biotut@qgr?

“
'
s
g &N
&
&
%@
Y’b
&
-8 X
O e{‘?
&

(B)

\0&
p\é? &
© ]& 1 Basin — Jalangi Formation =~ <%

(A) Cauvery Basin —%Imggzur Formation
I 3

B
& &S’“
&>
'\o
$s)
G

Assam E%_ Tipam Formation

P

>
RS
&
(’\\
A
¢
O
\)
Sy
o
&c \&\,
& &
& ®
O
4\\& S
& &
ge N\
Q\‘%‘ & 4&\
'~ >*
AN\ (}\
&
M
O
\)
8
& &Ko
&
& o°
Mg °
$° N
AV 8
,\\x >
S N P
& &
o & &
A\ &
0\\
&
N

° ol
;?9 Which of the following com&'%ﬁls of Basin and Formation is/aré CORRECT?

%

&

&
(D) Kautch Basin — Dhok Pathan go% tion
Yy

3

X5
e
&7

&
>
N
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Q.36

(A)

B)

©

(D)

Which of the following optical properties CORRECTLY indentify(ies) the

apatite {0001} section?
Isotropic under crossed nicols

Second-order interference colour

&

Centered uniaxial interference ﬁgﬁfg&
R
St

High birefringence

o
6@‘
&
&@é\
&
S\
&7 o
Pl
xS ,§
oS
>
z‘\Q
" fé‘k

&

&

N, ;

3 \éﬁ
@ &
7
«@.é\
aal?
i

>
R
q{}
("\}
¢
>
&
&
o
\‘"$s
S
& 6&
& (&
& &
& Ce
o :
& & ¢
& & &
o &
> &
&
\9@
O
&
& <
&S
& °
& &
o o;{o
N R )
> &
S
& .:g\\
S
&
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Q.37

The AFM diagram given below shows stability of minerals in the garnet zone. If

P, Q, R and S represent the compositions of different pelitic rocks, which of the

following is/are characterised by the equilibrium assemblage of muscovite +

garnet + biotite + quartz?

A

Garnet

Chlorite

(J
S
a

AL
&

+ Muscovite
+ Quartz

>
O
&
S
o~
o
|
ez
>
»
&
0\\
&
N
O
3
g &\’?’
&8
& O
Sy &
&
SV
,\\, Q"
& N
& &>
(S
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Q.38

(A)

(B)

©

(D)

()

Which of the following sedimentary structures is/are tool marks?

Bounce marks

. x‘»\\\‘b
Wrinkle marks &
\0@
I’
&
& &Q
Prod marks =S o
\\qa &\’, e‘
(&' ‘\\" ~
A & p
S N &
: o o
Skip marks & &

Chalcocite " N

© Braunitg_ﬁ}(‘ \

\5“&
@\46? P
(D) &l ocolla g
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Q.40

(A)

(B)

©

(D)

Section C: Q\&l Q.50 Carry ONE mark each. ({}3

Q. 41 & @The amplitude recorded at

fé"

Q.42

Q.43

\0\

Which of the following is/are used to estimate the strength of a rock mass?

API gravity
e
&
&
o e e &
Resistivity i
&
o S
o« . & K¢
Kriging POt e
e e’
y \\\“ﬁ‘ _{\\'\’
& & <>
&> N A
o &
RQD \\'\‘~ (}\\\

&z\qﬁ‘

QO .
\\\ &
'\" \\\

on for a magnitude 5 earthqua,ké 98 x. If

another earthquake recorde\t the same station has an amplitude of 15x, then
(Round off to(ﬁgdecimal places)

&

the magnitude of thlsréarthquake is .

intercepts of crystallographlc dxes are 0.5a : 1b : 0.75c on a

Icr§allographlc plane {h k [}, the Va\kﬁ%\éf I is

\‘:
&
74
¥
An ocean wave Wlt}svavelength of 200 m approaches the coast. If water depth
m/s. (Round

. (In integer)

at the observation point is 75 m, the wave velocity is

off to two decimal places) (Use g = 10 m/s?)
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Q.44 A bed with an attitude 045°, 20°SE is rotated 60° clockwise (looking down)
about a vertical axis. The strike value (in the azimuthal convention following

right hand rule) of the rotated bed is degrees. C‘{ n integer)

Q.45 A one-meter deep and sheet-like W‘atgrﬂow on a sandy beach de)ap.loped

& \‘*
antidunes. The minimum Velocny oﬁ\fhe waterflow was / m/s.
&
(Round off to two decimal pld@e&}‘tUse g=10m/s?) : \Q-.\‘\\
»\"‘S
L
&
c‘f \\&» @
s\\\ \\\\“ S
Q.46 If the an perture of a 20X objective is 46‘b Sthe numerical aperture of the \;S’\

water im 51on objective is (Round off to two decimal places) \\@?‘
_ 5 e
Sys‘g RI of water = 1.33) Q{\, &
4 \07\ &z\‘& % v \\cf\\\';{& &
s @ &
\ag T
|\ \~
A metamorphic ro&k is composed of grossular garnet 2S13012), kyanite
o\
(Al2S105), aanﬂgtﬁ (CaAleuOg) and quartz (Si02 ese minerals show an
unlvarlant@g&%n relationship, the number of ¢ nents in this assemblage is
¥ & ) \
& . (In integer)
N7 & o
> B &
& &8
&
<&
\;\‘9;«{;‘5&

Q.48 If the dip separation Vecth a normal fault plane has an attitude 60° — 040°

and a magnitude of W% heave on the fault is m. (In integer)

136



Q.49 A hillslope with an angle of 40° consists of soil having an internal friction angle

of 30°. The factor of safety of the hillslope is

(Round off to two decimal places)

Q.50 The water table over an area of 1 kmg gvas lowered by 4 m. If the porgaty of

\.\

rock is 30% and the specific rets‘ﬁg:on is 10%, the change in the groyn water

storage is X 10° At \(Yn integer) q«‘\\
gess 0 8 S
4 o
o
\\k‘, «\('\'
& o
& Ve
Cae® & ~.
& & f
Q\‘? \‘\’\Q \\;\\\
Section C: Q.51 — arry TWO marks each. & o
&
\‘?i:’
O
e, s
Q.51 ‘\&, 143Nd 147g., &

The Ty and Taiyng ratios of a@@(@»are 0.516 and 0.389, respectlvely T~he
N v

&P L
,\%‘;\0‘ ,é@ rock evolved as a closed sys@%s per the exact parent- daughter\»fe];atlonshlp
é\\;ﬁ(g 143 >

Nd

'?.
equation, the Taayg . ratio of the rock 4.6 x 10° years agg was

& A
\> Q(\)

(Round off to thlgée dé*czmal places) (\)

(Use decaxjé)&ant for '7Sm = 6.54 x 1071 y_1§’§
»
.\\N\?.f \

\ ‘\.
. \w &

\o, L 'Y
S & &
P ‘\2\'
L, W
(\Q‘ Q é
Cagor
& L
NS
2° gb
8
&
é(\ p
?~
.\&‘
\
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Q.52

A longitudinal profile of a river is shown in the ﬁgg below. If the average
ses to 300 m>/s at reach

discharge of the river at reach AB is 200 m>/s and incr:
CD, then the stream power from the reach AB to Cf) will change by a factor of
. (Round off to two decimal pla@s)

(Use g =10 m/s? , Pwater = 1000 kg/m{)é“ *”
< c ( J
S o

o N
- ot

5007
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Q.53

Q.55

An underground vertical dyke is intercepted by an inclined borehole as shown in
®

by the borehole is 4 m.

If the true thickness of the dyke is 2 m, the 1nchna;t10n of the borehole from the
vertical is

the figure below. The length of the dyke core 1ntercept

degrees. (In integer)

.S‘ &Y
*
fi o
«——Borehole F
3
2m
< > -
A <—Dyke %’
Y,é 7’0 .,xx\*‘s\
\ y &0@\
; \\‘?’\‘o‘
eﬁ . §
‘4\“\‘} @" & &\'«:}

& o

‘
o
& o

% & &

Y
\)
) ~
& N
Y O
& &
& N
& &
L9
\ O Y

A cylindrical copper oge body has a vertical thickness of 45 m and a diameter of

14 m with a deg§1t,;§ of 2.9 g/cm®. The reserve of @opper ore body is

tops .{t?n integer) %
Y N
Q\@}K T\

The density of a FCC unit cell is" 6

00

gg g/cm®. If the mass of a single atom is
60 g/mol, the diagonal leI@\ ’Qof the face {100} is A.
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Q.56 The following figure shows an isobaric temperature (cﬁ,mposmon (T-X) phase
diagram for the binary system A-B. If ‘P’ is the 1n1tlalh>mp051t10n of liquid, the

amount of liquid that remains in the system w\hen the liquid cools from

1800 °C (point Ly) to 1500 °C (point L2) is 9\0 %. (In integer)

1200 A+B+—i—| S

i
& y »\\\\
h\i\(y i A & \(\\.
KOS Q\‘Z%‘ \\;’\\ \‘30
A& 0 20 40 60 70 80 100 S
\o‘\‘ii) A Wt.% B “_\\\'x*" &

.:x‘\c\ ({}’
St AN
Q.57 A water ﬂovsg& gpoﬂs spherical particles (diame 2 mm; density = 3 g/cm?)
in suspe@é @@ mode. If additional particles of d\n?fy 2 g/cm? are added into the
g@n the diameter of the particles thg;t can be transported without a change
inal fall velocity, using Stokes@ag/, 1S mm. (Round off to

two decimal places) (Use den31ty of gyﬁer =1 g/em?)
Se

\‘0

& &

. \‘}4‘
\

O &

@“9‘
S 2
%
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Q.58

Q.59

If an iron ore body contains 50% hematite (Fe>03) and 50% magnetite (Fe304),
then the grade of the iron ore body is %. (Round off to two decimal
places) (Use atomic weight of Fe = 55.85 amu and O = ég amu).

®

The schematic stereographic prOJeqﬁogx below shows dip amount z@d dip
direction of three sets of Jomts\\@‘l }2 and J3) on a hillslope. If the ternal
friction angle of the hlllslopc?ma%erlal is 30°, the strike of the poterftlal failure

joint plane (in a21muthal convention following right hand rule)

degrees. (In mtegeré(‘b \\\\\c&‘@
‘&\st\\x\@ @
N N LS :
4 7
Yn ....... &
\ S, ) ; &
6 o't J2{1575 095 ) &
s
£ &5
: S
// J1 (40°, 085 )\H o
: l
/ o
[ HllISIOpe Ld
{ (50°, 090 )/’ I

$

P

& &é‘

?»
<& f
£
R il S
48 .
o %\‘é
3
O
é‘%‘(\ 3\&
‘0%)@
g
0
&
é\* p
?~
&
o\
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Q.60

The hydraulic conductivity of a 100 cm long cylindrical core is estimated as
1.2 cm/min when hydraulic head difference is 20 cm in an experimental setup. If
the effective porosity of the core is 20%, then, assumil;éiteadv state Darcy flow,

(J
the average interstitial velocity of groundwater throucWin

O
. Q2
m/day. (Round off to two decimal places) &
N
o
\°@
O
é\
\\‘“ &Q
;& o
W & e’;
g & ~
& ;
A ot
& & P
i .;5}\ &
Ny <l
&
N
& oo

¥ -
P \é‘)
O &
%
S
& &S"‘\

b & &
AN )
SR
& >
% .0
o
\ «
&
&
£ &
¥ &
g‘& % : \\:\u‘ \Q‘/
& ad & o
5 % & &
@ & O
&
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Question Paper
MS : JAM 2023

Section A: Q.1 — Q.10 Carry ONE mark each.

Q.1 1 -1 0
Let M = (—1 2 -1 ) If a non-zero vec R X = (x,y,2)T € R? satisfies
0 -1 1
MSX = X, then a subspace of R3 that contains thesvector X is
&
&

(A) {(x;J’;Z)TERg:x:O, y+Z=Q\}\’Q\‘>
it

S &
B) {(xy,2)" €R®:y =0, xtz= 0} &
W o
&
g
© {(xy.2)"eRr? th}) x+y =0} v .ol

P 5

& $

D) {(xy, 2)@’3 :x=0, y—z=0} 0‘\\{\&9 &
\ &>
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Q2

&
%
Then, \y‘&
,'\\\&zo\&&
(A) only (I) is TRUE _&\‘”{\\o‘” @
» »g«\ o o
,x\o\ .;:\} ‘{&
o §® &
. * o
(B) only (II) is TRUE &
)
(C) both (I) and (1I) @RUE &
Q\'\;:}’
A\
(D) neither (I)\\M (I) is TRUE
3“% q?’
&é\“@ Q g
& YV o
SN G

©

(D)

Let M = M;M,, where M; and M, are two 3 X 3 distinct matrices. Consider the

following two statements:

(I) The rows of M are linear combinations of rows o@‘lz.

(IT) The columns of M are linear combinations of@olurnns of M.

v

o
‘\«\\“ &
&>
o &
'\
\ &

,“:3
x&

& ‘\(}’

R
¢ a8
Let X ~ Fy, @ﬁ$§g\~ F fP(X<2)= 2° and F@s %) = a, then 686« equals
2O

2
&&&? 343 @
246, SN N\

260

264
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Q4 LetY ~ F,, . Then, P(Y < 2) equals
(A) 0.60
e
&
(B) 0.62 &
(&x“
&
Q‘&o
y
(C) 0.64 S
& o
¢
”{‘\(&‘ 4,'8' P
- &
$ > &
(D) 0.66 L v
&
N
00
NV
A’ & &Y
N 5 «
YV ¢
.\‘1\ {\:3\
& &
% & &
\ o’\:‘
@Q?"
Lg&&?(l, X5, ... be a sequence of i.i.d. m variables each having U(0,1) distrgbﬁtion.
Q5 3 . . - : & &
" Let Y be a random variable havin 1stribution function G. Suppose ‘g\]\:;a"t\g’\
X 3 8 -
o0 i{\

(A)

(B)

©

(D)

lim P

n—-oo

&
¢ o
&‘é&@
00
RN 75
12 &
?».
&
&
< &
%
32
48
1
64

&

X \"k,\\ N
L < x) = G(x), forall x %@ﬁ%ﬁ“
&

Sy
V3
DX

&

<X1+

P\

145



Q.6 Let X4, X,, X3 be a random sample from an N(6,1) distribution, where 8 € R is an
unknown parameter. Then, which one of the following conditional expectations

does NOT depend on 6 ?

(A) EXy+ X, — X3 | X1 +X2) @\"’\Q
%x’»”‘“
B) EX; +X, — X5 | X; +X3) & &
& > A
_\&:\i@\ e\
,\»g\ ) “
«x‘o .;:\} ‘{5‘
C) EXi+Xa—X3| X —X3) o & &
A &
S‘o‘&
€§
(D) EX;+ X, — X3 |é§3(2 + X3) &&CO\‘*V
PV o @'

S i
Ay 8
& & .
&? & &
O ¥ ol
) &
A\ &
\ o

0"
£ o&
& &
&,}‘3 % ‘:’\‘. (,&\'r
S Q &8
© &8 C\) e

\\‘b
\Qf} A 3 \(\’Y‘ ‘5‘0
& & &
A 3 . o5y o>
Q.F /,6@ For the function f : R X R\ efined by ot

& . & flx,y) =2x% —xy —3y? —3x +Ay,

) " &S
the point (1, L)1
point (1, 195

(A) ap%i@I? local maximum
N

(‘:
Ctﬁ &
L5 D>

% 3
(7
"%@z

{é\ég
(B) apoint of local minimum @Ki}é‘\
NS
SS€
oy
(C) asaddle point ‘ \\Q‘ éﬁé“

(/\ £ -
%

(D) NOT a critical point
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Q.8 Let E;, E, and E3 be three events such that
1
P(El n EZ) = Z ’

Then, among the events E;, E, and E3, the probabil@that at least two events occur,

equals
@A
60
(B) 23
60
€ D
60
(D) 22
60(3
&‘*"&
&0"}@
&
&
g 6"'{3%\ ,é.@
\g\"‘?’ég&é\
A
Q

1 1
P(E10E3)=P(E20E3)=§ and P(ElnEan?,):g
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Q.9 Let X be a continuous random variable such that P(X > 0) =1 and Var(X) < o .
Then, E (X?) is

{

A) 2 fooo x2 P(X > x) dx @
&
&
&
(B)  [*x2P(X > x) dx \ﬁ“"’
S
&
¢S
©) 2[7xP(X>x)dx FE S
° o &
& >
&
.
D) [ xP(X >x)dx (\3 9
6\) S
YV e e

o /
\'Z? o ;'\\\
O ¥ ol
3 R
A\ &
\ O

.\0@
& q?’ o
‘é&a% Q el
sre® Vv &
& &&é ~ \55\\
Q> . oqe . . Nl ¢
Q. 1‘9)\/9@ Let X be a random variable a probability density function A\,{gﬂ;\«:«\\
X o &
&{\ \ 2-9 . &
P (3—6)x7Y, if 0 <git=tlss
N
\0\ $ 9) =
‘aé{c i:"g@ 0 éﬁgrwise
< S 4 ’
N &

where 6 € {g,%}@For testing the null hypothesi$ \f: 0 = 0 against H;:0 =1,
&

the poweg@‘%& most powerful test, at the level ificance @ = 0.125, equals
S
-&%‘é& N
) i

(A) g0

(B) 0.25
(©) 0.35
(D) 0.45
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Section A: Q.11 — Q.30 Carry TWO marks each.

Q.11 Let X; and X, be i.i.d. random variables having the common probability density function
e, x>0,
fl) = o°
0, otherwise .
F :
Define X1y = min{X;, X,} and X = Iga‘k{Xl, X,}. Then, which one of the
N
following statements is FALSE? v\\&"%
&
@.\\\Vic’\b @
(A) 2X (1) ~ FZ 5 ‘ ‘\é"“\:\}?‘} -3"‘\
X2~ X R &
A &
«3“’@
y
(B) Z(X(Z) - X(l)) ~@) &\:f'&&"

&
’@é \&6\
<
O 1 S
& P(3X() <X(»)) =3 ) v 4
< .
\Qf’ o\ s \(\‘Y‘ 4\{\
& £ &
" ,‘3\ ,éb {2.,: ,e}”\
«\‘:3 () ;}:;
7 \ s
&
> y
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Y
O
£ ¢
%‘
(D

(A)

B

©

(D)

(A)

(D)

Let X and Y be random variables such that X ~ N(1,2) and P (Y

=2+ 1)=1. Let

a=Cov(X,Y), f =EY) and y = Var(Y). Then, the value of a + 2 + 4y equals

qﬁ?
W

&

={(x,y

will be less than 2, gqﬁ’als
Q\&

1+2In2
4

«‘“\ S
O \\'
)

>0}

: bx +ay < ab,

& &Ke
S
O

Q.13 & g &%omt (a, b) is chosen at rando %m the rectangular region [0, 2] x\[ﬂké‘] Then, the
& /§"’ probability that the area of t

&"\f’
>
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Q.14 Let X1, X;, ... be a sequence of independent random variables such that

1 3
P(X; =)= and PXi=20)=7, i=12..

@

S
F
S

For some real constants ¢; and c,, suppose that

C1 - Xi d ‘®
— > = +cn —— Z=N(01), asn-oo.
Vn = ! &

Then, the value of V3 (3¢; + Cg\‘)‘“%g?dals

& > ¥
0& ‘{’\‘\‘} QS‘)
Ny

o
& !
(‘Q:?»é\\ zié
O &
N\ &
\ (o
&
© 4 & &
&
\9 y
O\ & &
gl & &
L & &
o
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Q.15 Let X4, X;, ... be a sequence of i.i.d. random variables such that
1
P(X;=0)=PX, = 1)=P(X1=2)=§.

Let S, =% i X; and T, =% nLX2,n=1,2, ..g‘Suppose that

&
li P(S 1<3) S li P(S 1<1>
== —— — (& o —_——
R ] Y R = :
w“o
& &

. 1 3§ ) 2 1
a3=11mP(Tn——<—« & and a4=llmP(Tn—4£Q—).

n—-oo 3l 27 n-oo 3 2

o° X .:5:)
Then, the value of a; + 2a, -I~°§a3 + 4a, equals &
&“’@
‘\?’ & \&c'&o
(A) 6 Q F 0

\5’ 3 g A
"\) &S e‘
>

A
» .
\}
‘\‘2*
&
N
\ o
&
A7
O
&
& &L
&
<
&
<% ‘{Q}
R
& ¥
& .
O v
g
\\
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Q.16 For x € R, the curve y = x? intersects the curve y = xsinx + cosx at exactly

n points. Then, n equals

(A)

(B)

©

(D)
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Q.17 Let (X,Y) be a random vector having the joint probability density function

a x|, if x2 <y <2x?, -1<x<1,
flx,y) =
0, @ otherwise,

&
where « is a positive constant. Then, P(X > Y) &qhvals

(A)

(B)

©
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Q.18

Let X;, X,, X3, X, be a random sample of size 4 from an N(6,1) distribution,
where 8 € R is an unknown parameter. Let X = iZEL:lXi, g(@) =62+ 26 and

L(0) be the Cramer-Rao lower bound on variance of unbiased estimators of g(8). Then,

which one of the following statements is FALSE?

K
o
_ 2 &
(&) L) = (1+0)
NY
& &
& &
— = \\'" Q\e @
(B) X + e* is a sufficient statistic for. &' 2
O
& o &
LY S"& ,15:)
A &
Y
—_— %4
(C) (1 + X)?is the uniformly minimum variance unbiased estimatorof g(6)
& \J\
N
Ng S
O S
V o
E= 1+6)? &
(D) Var((1+ ) o
2 ot &;
A\ &
\ 6\\
.\0@
O
’&é Al
W & &
- S
0(‘ é & o
“& 6‘5 \(‘ \\.“'
& s ¥
N & &
Z\o § é«“\& RN
\‘33 C}"’\S;'
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Q.19 Let X1, X5, ..., X, be a random sample from a population having the probability density

function
L, (=52 -
—e 2/, f x>2u,
flou) =12 o
0, & otherwise,
where —oo < p < oo. For estimating (, cons\%&d@r estimators
O
X-2 ¢ o nXy — 2
T, = — « sand T, = ——,
& ¢ ®
= 1 *"‘&‘:0\& \45;\
where X = —3L, X; and X®) & min{X;, X, ..., Xp}. Then, which@eﬁe of the following
: &
statements is TRUE? &
Qv o
(A) T, is consistentbuf T, is NOT consistent ‘ \@‘N\\é‘\ ¢
0‘“’\55"' A\«.‘
A\ \)§
B) T, 1@ consistent but T; is NOT consistena’ Q;,@Q"
& 8

« Q‘\) S

Q &
S YV &
. 3’ &
(€)z*Both T; and T, are consistent SO
W &
& &
s, o ¢
}é(é \ o
?\»
& . ) :
\o*f (D) Neither Ty nor T, is cgnsmtent
X

3 . g L4 b
2 \ &
‘/ go‘i\‘fg &

\é .
\‘ i
~
Cad
O &
A

156



Q.20 Let X4, X5, ..., X;; be a random sample froma U |0 + Z ,0 ++/3 g) distribution, where
P 3

O€ER and o>0 are unknown parameters. Let X = . t.X; and

n

S = \/% (X — X)?% . Let 6 and & be the method @noment estimators of 6 and o ,

&
respectively. Then, which one of the following st@t@ments is FALSE?
Hex
(A) 6+V36=v3X -35 el
(B)

©
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Q.21
Let (X,Y, Z) be a random vector having the joint probability density function

(1
m, fo<z<y<x<l1,
1 L
flx,y,2) = R if0<z<x<y<2x<2,
X ‘\\gb
&
\ 0, o otherwise .
o\')
2/0
. . i
Then, which one of the following SQ@QQ‘entS 1s FALSE? e;
D N %
$ ~
\,&} «»5".} 3
g&‘?‘*&\.\:‘@é x‘SS\Q
1 & N
A pz<vy<x)=- v &
2 0\0%
(\3 &
& &<
v &
& @ g
(B) PX<Y< )QS & Q°
S‘\\ \‘\53‘ S
0&‘&&" .;‘\\&
W { i:.‘
© - L &
E(min{X,Y}) = - o
Qﬁ% 4 Q@o
&‘2“} & <
o‘}‘ & F o
\,“’ & ‘\5\'; &

) g
\/ c\o‘ &‘é‘\
,&:} &é

158



Q.22

(A)

(B)

Let X be a random variable such that the moment generating function of X exists in a

neighborhood of zero and

n+1
EX™M)=(CD"=+ +-, 2, 3, ....
E)=(Dic+—+¢ é“'
1 x\‘&
Then, P (|X — E| > 1) equals @@
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Q.23 Let X be a random variable having a probability mass function p(x) which is positive

only for non-negative integers. If

In3
p(x+1) = (;?)p(x), x=0,12,..

then Var(X) equals

&
P
K
o
&
(A) In3 «F
S
o
&
) §
& & e;
(B) In6 o
\‘\\"’ & >
& & ¥ i
¥ i &
AN &
Y
(C) In9 o

(D) In18 YV S
\Q\ &\(\* O
O » X
o &
AN &
\ ()\:’

Let {a,}ns1 be a sequence such that a; = 1 and 4a,,,, = /45 + 16a,,, n=1,2,3,....

& &
“\ g Then, which one (gfi‘gle following statements is TRUE? (1)
y & &
&é&b‘?‘&\ %
,o‘\ ¢
(A) d . : . 17
{an}nit;\;b%monotonlcally increasing and COH\K to 5
&

\0\\
S, £ &
& t&‘}g
(B) N 9

Ay }ns1 is monotonically increasigg‘%dﬁ converges to —
& &S‘S 4

'\%‘;@\j&
&
5 17
(©) {a, },,>1 is bounded ab@g%@%

N

(D) Xy _ia, isconvergent
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Q.25

Let the series S and T be defined by

YIS wm ()

respectively. Then, which one of the following stateg;ts is TRUE?

2. 2.5.8...
1 5:9.

O
(A) Sisconvergent and T is divergent o
.\}\\O
& &
'\\\\\ >
o e;
(B) Sisdivergentand T is converng =
& & &
o N
o &
\\‘\x gf:‘
S
(C) Both S and T are convergent &
\\é‘
& &
W &
gl
(D) Both SandT, a‘r}/ﬂwergent & &
(3
‘}é‘
£
& &

(D)

1S &a

8m

16w + 4
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Q.27

For real constants @ and £, suppose that the system of linear equations

x+2y+3z=6;, x+y+az=3; 2y+z=p,

has infinitely many solutions. Then, the value of 4a @[3 equals

(A) 3 O
S
1 o
&
&
& &
&S
S O ®
B) 23 $ & e\
(B) oo
& &
& & F
O & &
> >
$ &P
&
(C) 28 7
)
\)
y
) & &
70
& & ®
(D) 32 YV RO
S ¥
& D A
O » X¥
A »
A &
\ &
&
o
£ o‘;\
& &
(\‘}6 & &Y
N ‘{\\‘* ()\
$ ad &
P & & &
SN &S
& &
& & &
.,,\ <‘ ‘:‘
& i

(A)

(B)

©

(D)

Let x4, x5, x3 and x, beNobserved values of a random samplexfrom an N(6,02)
where @9 € R and o >0 are unknown @rameters Suppose that

distribution,
21 1 X =3 <@:z‘»‘and =3 (x — %)% =20.25. (ﬁfékstmg the null hypothesis
\'Q,

Hy:0 = Oxﬁgaﬁst H, : 8 # 0, the p-value of @ehhood ratio test equals
o
. 7&2 4‘@“ N

0.208

0.104

0.052
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Let X and Y be jointly distributed random variables such that, for every fixed 4 > 0, the

conditional distribution of X given Y = A is the Poisson distribution with mean A. If the

distribution of Y is Gamma (2, %), then the value of P(X = 0) + P(X = 1) equals

{
&
&
\l
N
(o
S
\‘30"
O
\)
i
& &
&8
‘,ﬁ\\ O
& &
R
oo
& &
S8
& >
Q\" é:»&
W
c
: &
N s
& &
H° O

. é‘:’ 2 2 2 . .
Among all the points on the sphere x* + y* + z° = 24, g\%\pomt (a, B,7v) is closest to
Q

the point (1,

Q.29
@A 7
27
(B) 20
27
< 8
27
(D) 16
27
é‘o
" &
\Q‘}@Q}g\
oy
S
&?‘ééé‘
.30
A) 4

(D)

-2

XS
r{‘?%\

2,§i&ﬁ'hen, the value of @ + B + 7 eq
& ‘@‘?

&
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Section B: Q.31 — Q.40 Carry TWO marks each.

Q.31 Let M be a 3 X 3 real matrix. If P=M + MT and Q = M — MT, then which of the

following statements is/are always TRUE? @
203 o
(A)  det(P?Q*) = 0 &
QO
!
& ,
& o 7
(B) trace(Q +Q*) =0 P g @
«\*\‘\\ ».,‘1'} S
& o &
g‘% {(;5\ x‘SS\
& il
(©) XTQ?X =0, forall X € R® &
x\“o
& ;\0\'
3\ S8
& & g
(D) XTPX = 2XTMX forall X € R3 & Q°
$ O
&
<&
6‘9@
&Q
& ¢ \s’e»o\&&
N\ & o
&&0 Qg \Q”‘-\ \\é
‘gf’ Q \(&" i\\\‘
‘0¢ & x\&\\ 4 s‘:‘s’
,‘s’a\ § 0&‘ \\}"
O L
ol v
&
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Q.32 Let X, X,, X3 be i.i.d. random variables, each having the N (0, 1) distribution. Then,
which of the following statements is/are TRUE?

(A) V2 (X1-X7)
~ t; e
J (X1+X5)2 + 2X2 >
o
&
(s\\
\0‘9
2 &
(B) (X1+X3) &
> > ~ F 12 &t &&
(X1—X3)% + 2X3 ’ = & e
\(‘”" {\3’5 @.
& -
‘\"’}\ ‘»"\ S
&N N
& X
o @ &
© p(A) = § o
XZ + X2 39‘&
o
& &
Q‘\) &S
« &
1 m&‘ '{“« @
D) px, < x, = S
> o S
o & &
X &
2\ o
\0@
&> 4) O
&A@ (» v &g}‘
" S8
‘&0<' & (»Q \5’\ &
& o o &
< & & o
\00 q?& Ox\
{3‘5 ,ééb N {:‘\‘}
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Q.33 Let x4, x5, ...,x19 be the observed values of a random sample of size 10 from an

N(6,0%) distribution, where 8 € R and o >0 are unknown parameters.

If
1 10 4 100
_ \ _
x=Ein=0 and s = @v‘ (x; —x)? =2,
i=1 4 =1
3@95"
then based on the values of X and s ang usiig Student’s t-distribution with 9 degrees of
& o8
) <& £
freedom, 90% confidence interval(s) for 6 is/are e;
,,.;(«‘&\é& ;
Rt &
> A
(A) (—0.8746, o) . 5
7
)
y
(» ’ {,\{&3\&0
> o
(B) (—0.8746, 0.8746)) L o
o &
“\“\\‘ x\'{\” O
: &% o
& &
(C) (~1.158%1.1587) o
7
Lo S
& Al
o &
(D)< (o, 0.8746) s
& s ¥
S &
2 ,§° &
& o ¥
¥ >
\&\\.
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Q.34

Let (X;, X,) be arandom vector having the probability mass function

C
x1!x2! (12 - x1 - xz)! ’

ifx;,x, €{0,1,...,12}, x; +x, <12,

Xq,Xp) =
f ( 1, 2) @
0, ! otherwise,
>
&
where c is a real constant. Then, which of the folflowing statements is/are TRUE?
O
»°o
& «QQ’V
& .
j— & & ®
A) EX +X;)=8 & g\
% o ;
& ¥ &
o & &
\<\\, (}«
8 &
B yar(x, +x,) == F
3 &
‘,}‘c ;\0\'
Qv
&
©) V S
Sl f
Cov(Xy, X, 3 0&?&@0 &
& &
S
A A’ o&\“&‘
(D) éléﬁr(xl + ZXZ) =8 & é’g. \&qf}‘
ot
& o (\) o
& 3
Se¥ &
& § 4“& ,x\"\
& S
é@ \ O
?»
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Q.35 Let P be a 3 X 3 matrix having the eigenvalues 1,1 and 2. Let (1,—1, 2)7 be the only
linearly independent eigenvector corresponding to the eigenvalue 1. If the adjoint of the

matrix 2P is denoted by @Q, then which of the following statements is/are TRUE?

O
(A) trace(Q) = 20 &
o
\0\?
O
e
(B) det(Q) = 64 © &
S
\\\"’ \\(’4 @
o o \
N ;
T . . {s\\\ ’:‘5" . ‘3\‘\
(C) (2,—2,4)" is an eigenvectorsofithe matrix Q &
N &
&
N
&
&(‘
3 2 & &e
(D) Q3 = 2002 — 12 561, S
¢
s 5
$ f
O ‘\‘&\
&
o
@Q?"
O
‘\65
& ,Qt)'
& &
S
_\(&‘ 4§{Q‘
&
& &
o &
\\
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Q.36

(A)

(B)

©

(D)

(A)

(B)

©

(D)

Let f: RX R — R be a function defined by

xy(x +y) :
7 1f(x,y) * (0,0),
foy) =4 x*+y
0, if@&*y) = (0,0).
\\\
Then, which of the following statements is/are "[KUE?
\.“0
&
. . &&. KLY
f is continuous on R X R x> o
g “
\\‘\\"' & >
"\\ i «.Q \v
The partial derivative of f w1tifrespect to y exists at (0, 0), and 1s<§
\x
43 :«*“
Th o
e partial derlv(%? of f with respect to x is contlnuo‘ug‘bn R xR o
< & “
& f
05*3\,559 ﬁ;y“\
fis NO erentiable at (0, 0) h; &
& e Pl
@‘} & 4 \‘:\&. \«ﬂ"
&i\é‘ ‘» \Q‘é\\ \\‘,0
) {}\;ﬁ" \.\\\"
Q&"f ‘\}S\'
\ O
‘\
\\Q A.’

Let X and Y &o\ Si.i.d. random variables each the N(0,1) distribution.

LetU = a%‘% |U|. Then, which of the follo@g statements is/are TRUE?

K \4
@ég’a Cauchy distribution \4\“‘

\Q&&
E(ZP) < o, for some p = lo/éa

&

&

Fo o
E(e%?) does not exi fofall t € (—,0)

ZZ ~ Fl,l
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Q.38 Which of the following is/are TRUE?
101
(A) Jo Iy emaxla® ¥} gy dy = e — 1
e
1 2 >
B)  [1[emntt Y dxdy = [fetdt —(e—1)
&
&
‘\~\
© [y et dxdy =2 [ [ ¥ dicdy
Q\\"«”& @
&8 !
s'»\.;\\ (».\} \,\5‘\
O &
D 1 emin{x?,y%} 5 Y _y? ¥
D fifle dxdy =2 [ e dx dy &
PG
O
43 5
& &Q
& &
q/ & @
F P :
Ol &
* S
\ N o§
.\9@
& S
&£ ‘{)" >
M ¢ A
Q.39 . +Let X be a random variable havmg‘@probablhty density function @&" \c,"\
‘:} N .0% .\Q
'oﬂ\\e-@} 5 ] .&\f" \\\‘;"\
&\x\ ,é@ pr if x>1, Q&;&)«?
/a o ’
?\
5«\“& otherwise .

‘\o }g
@’&&‘\&\ %
(A) The coe\f\ﬁ@ib'gbof variation is T @
é‘ép \

1 ‘;\,é‘:
o s O o7
(B) first quartile is (4) &@\é{{é’

\‘Q" &SX
SS€
1 W&

(C©) The medianis (2)5 &

L

N

(D) The upper bound obtained by Chebyshev’s inequality for P (X > ;) is

Then, which of thg{followmg statements is/are TRUE ford{s\alstrlbutlon of X ?

1

15
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Q.40

Based on 10 data points (xq1, v1), (X2, ¥3), ..., (X109, Y10) On a variable (X,Y), the

simple regression lines of Y on X and

X on Y are obtained as 2y —x =8 and

y — x = =3, respectively. Let X = %2%21 x;and y = 1—1021-121 y;. Then, which of the

@
following statements is/are TRUE?
>
\\w\
*s&f’
10 _ &
(A) Yic1x; = 140 &
NY
& &
& &
\"’-\' < ®
10 o &
— ) N
(B) Zi:lyi =110 &'\\"‘\\\}«"’\ >
& . o
o° \".@ &
& gf:‘
&
10 = ¥
Yi=1(XimX)Yi _ 1 &
4 - & &Y
(C) 10 (X'—_ 10 ( '__)2 2 ;:\f‘\'\\,,{}
i=1\Xi i=1Wi~Y R o 3
&
:\“\\ &\\ O
Q\Q\?’s‘ x\&
& &
S
10S( 2 &
Yi=1(Xi—%) &
i=1\Xi
(D) nd 7 =2 &
Y10 (yi—y &
& 22— QS & &8
Pyl S Q F o
© a8 ('b & @
PN &
& & &
& & &
S ,éb & &
& o
Y \ N
.\\«"
\0 .{:3
; ¢
.‘?z & &""\ ‘\?’
’5-/ ¢
S o <>
& ‘@‘?

A A
, &
Q
& g
97\
A
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Section C: Q.41 — Q.50 Carry ONE mark each.

Q.41 Let f: R — R be a function defined by f(x) = x? — x, x € R. Let g: R — R be a twice
differentiable function such that g(x) = 0 has exac@hree distinct roots in the open
interval (0,1). Let h(x) = f(x)g(x), x € R, and h¥ be the second order derivative of

I
4
the function h. If n is the number of roots of A”"(x)=0 in (0,1),
’\Qz:‘
.. . N
then the minimum possible value of n equals’
{\Q (&\‘,\’
o
e.\\\v&& g\.
F O
&N & RS
ol &
o ST
AN 0\
\\i"‘l
(\3 s,~“°\
& &
@’ & &
g e
3 ) .
Q.42 Let X1, X5, @e a sequence of i.i.d. random ngla\bfes, each having the probability &
o o o
. o ’3‘\\
density N ion s =

2e7 & ¥

x-e o

& . .0
8 @, ifx>0, < %“:}\

f&) =

N
&(}\ &25& ‘} .
& 4 otherwise. b oF
& &bf ,.;.\\ &
’0\\ ) -\\\\ \\\
& éx@ For some real constants 3, k, suppose that R
\ P

’\é‘:’ 1 n 0, ifx<ﬂ,
1@“’19(—2& Sx) = { Jex @stlf,

ky, (\)Q if x>vy.

‘ef.’ &8?

& @
Then, th&\@l% of 20 + 3y + 6k equals %

S
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Q.43 Let a and S be real constants such that

lim —————— = 1.
x-0* fx —sinx ®

o
&
Then, the value of a + f equals &
&
N
&
N
& K&
= >
& & ®
& O
& 5
¥ &
& o
o &
\J N3
$ ®
&
O
‘o\\

s}é‘
Q.44 Let X3, X5, ...,Xl(@;\? random sample from an N (0@5?2} istribution, where > 0 is
an unknown rgheter. For some real constant ¢,
N

&>

il . o
estimatO\ . Then, the value of ¢ equals o (round off to two decimal places )}c\
R &

&
5
£ o‘;\
\.Q' ;‘}
'é‘g; (S» & &
& o o)
T ‘-\) & &
o\ R
& B <&
& S
av 3
‘:;\ & >
Sl o’
?"&\ \ A\
&
Q

&
A
x®

%‘, ‘Q.45 Let X bea random"‘%riable having the probability densi A’ction
&

& &&“ %

& X
&«f?\ E ) 1 <x<2,
ol o) = 2\
<& .
\o;éq 0, ) otherwise .
2, ‘ g‘@@
2, &
en, Var (ln (3 )) equals ¢ a8
’ X S F

*}\\ é\» c 10 . e‘
i%\gy ks Y:2,1X;| be an unbiased
2

O
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Q.46 Let X1, X;, X3 be i.i.d. random variables, each having the N(2,4) distribution. If

( J
then B equals e
&
&
o
\00‘;5
00
y
¢ &<
g
& ¢ @
o &
B O
\\;\"‘ & s;\
g\*’? \'}L‘Q ,g?&\
\O& &)\":‘
S
Q.47 Let the probability mass function of a random variable X be gw}én by

Q{\?) . &’8&;&&0 A
% P(X =n) = (n——l)n' {)0@9-\*_“ s s ) @

&8 4
0&?@? \(S”\
& &
where k\ ositive constant. Then, P(X = 17 | X = 5) equals &
o
S
’&{3 s Al
g % & &
&>
e@“ & (bQ \0’"0 \‘“O
& & >
S \i\

S
\0 4&0 \é‘o A’
o B
\" Q.48 Let Qé&O;g\“‘*‘\ Qq’
<
4;"‘:5,@@ . Z":1+k2’< @12
({Q = = 1 = 1,4,
& %}é = N

ﬁ\\g &
‘e 11m Spequals roundzﬁ to two decimal places)
R

&

s‘/
A
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Q.49 A box contains a certain number of balls out of which 80% are white, 15% are blue and
5% are red. All the balls of the same color are indistinguishable. Among all the white
balls, a% are marked defective, among all the blue balls, 6% are marked defective and
among all the red balls, 9% are marked defective. A@l is chosen at random from the

box. If the conditional probability that the chosen ‘Qgﬁ 1s white, given that it is defective,

is 0.4, then a equals e
o
\\0
< .\Q}’\\
& .
&8
O /"\
\\\"’ \\\v ‘\“ ( J
; \\x" w\{"
& &
<w‘ o o
O AW

Q.50 Let X;, X, bea m sample from a distribution ha‘vmg a probability density function (e
S &
Yy 1 _x Q\;\@\ &
’\ —e7 0, ifx>0, 4
f(x;0) =19 3

‘\ . &
A& 0 ,%3 otherwise, NGy
& &

, »

\0\ ‘2\(& ‘} 0 \,\,Q
&"‘ @‘where 0 € (0, 00) is an unkno rameter. For testing the null hypefhe@is Hy:0=1

©
/h
%

against H; : 0 # 1, cons1de\¥'est that rejects H, for small observeet‘valmas of'the statistic

W =222 £ the observed values of X; and X, are 0.25 and 0.75, respectively, then
the p-value equgls\ z,qx (round off to two decimal @és )

x‘* g %
e @‘9
& @

& &
x‘?&\@ &
>, &
N A
& ad
2 ‘?\”‘1\&%
A
2
&
w &
&
S
N7 L&
&
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Section C: Q.51 — Q.60 Carry TWO marks each.

Q.51 Let f : R —» R be a function defined by
f(x) = x?sin(x — 1) +xe("'@ x € R.

&
&
Then, &
2"
lim n(f(1+—)+f(1 w8 + +f(1+—)— 10)
n—oo & &N
&8
& o*
& & ez
cquals . \\;\"’ \\55’ ;si\
C @ &
& >
&
s
O
s}}\
& &Q
e &
Y & ¢

‘» &*\ & Y

A
& /
& & &
O Y ol
) s
$ &
\ U‘:’

Q.52 Let%the random vector (X,X,) fou%N the bivariate normal dlStrlbutlor%&Wlth
E(Xl)—E(XZ)—l Var@ 4Var(X;) =4 and COU(XM 2;L1

‘\ &
<& (‘Y \5\Nv
\o;@&&\l“hen Var (X 1+ X5 | Xy == als \&x“:‘@“
& o
® \ &
<Y
\‘\

\0 : &
-~ & e,
% 4 %
VN o
o

>
&
Q.53 faforSome a € (0, ), &
/,’y/ na

then ¢ equals ‘égﬁg off to two decimal places)
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Q.54 Let x; = 2.1, x, = 4.2, x3 =5.8 and x, = 3.9 be the observed values of a random

sample X;, X,, X3 and X, from a population having a probability density function

X X

— e 0, e ifx>0,
fx;0) =1 €° ﬁ"

0, (.g*’*‘\ otherwise,

&
PN
o

RS

where 6 € (0, ) is an unknown paramete&ﬁ‘ hen, the maximum likelihood estimate of

>
Var(X;) equals &S
& & ®
g, &>
o ;
&V &
& > &
o &
AN (:‘\
&
O
&
O

& .S &
O Y pod
Q.55 Let x; » =5 and x3 =4 be the observed values of a random sample from()@"*“
population having a probability mass fupg‘tion R
;\fiv »\‘o
&,}’v % ‘:\c (&\‘:"
& g o (0 D) if x =0,1,2 Fe
‘,:\ \6‘?) (% ) ) I x = ) Ly &y ey *Q\né\\\'
o . - e
f(x;0) =
> otherwise &
\ &

where 8 € (0,1) is \%n unknown parameter. If T is the ugq"gormly minimum variance

. . & 2 A
unbiased estlmiég“%ﬁge ,then 156 ¥ equals

&
(00\ &&
&
;;gk

© & e
¥ D</ ‘\'3‘(‘ ‘4
b
g o
& &S‘S
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Q.56 Let X4,X,, ..., X5 be i.i.d. random variables, each having the Bin (1, %) distribution.

LetK:X]_ +X2+"'+X53nd

0, QifK=0,

U=
>
Xi+ X, + 4+ Xg, ifK =1,2,..,5.
K<
&0@
Then, E(U) equals o
&6 \‘Q)\‘/
O
& & y
\Q‘X\ .\{‘*\\\ e\
& &
&> o
O ¥ &
\\'\ \()\"
\5\(\3 %
‘\) .;x‘*‘\& o\\
Q
&
Q.57 Let X; ~ a(1,4), X, ~ Gamma(2, 2) \«m&* X3~ Gamma(3,4) be three
1ndepen&q random variables. IfY = X; + 2X2 + X3, then E ((Z) ) equals 4\;@
—‘”*—&,..,
Q S8
P RS

@y &
&
& &
O W
'
\ o

z& “o
o\
Q.58 Let X1, X, bqu dom sample from a U(0, 6) d1str§ n where 6 > 0 is an unknown

1] U [2, ) against H;: 0 € (1,2),

parametergf § testing the null hypothesis H : 6
consuie e critical region

‘& =1(x,x2) ER X\‘R E< max{x;, x,} < ’ :
4 4

Ko g
Then, the size of the critical regl@‘h @ﬁuals

AW
& »éb

O
_\\
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Q.59 Let X4, X5, ..., X5 be a random sample from a Bin(1, 8) distribution, where 8 € (0,1) is
an unknown parameter. For testing the null hypothesis H,, : 8 < 0.5 against H; : 8 > 0.5,

consider the two tests T; and T, defined as:

T,: Reject H, if, and onlyif, 37, X; =5.
T,: Reject Hy if, and only if, ¥7_, X; = 3. @“‘"
‘\‘&

Let 5; be the probability of making T@@Qﬁﬂxerror at @ = -, when the test Tl ,i=1,2,

is used. Then, the value of 5; + @ gﬁ{uals (round off to two d&zmal places)

& Ko
& NS

ot* \'\ R
&

A’ & &%
)
Ne 5 »
& &
YV e -’
O

i &
& \&\ «.\‘\ O
$° \'\ ,\‘
O \ P

Q.60 Let X, \&5 1), X, ~N(—1,4) and X5~ N (b 1) be mutually independent randorﬁl
Va@ables Then, the probability that e ﬁb/ two of these three random VarlableS@% less

‘:\a (&\.
%{1 l,equals  (round oﬁ@«vo decimal places) -

“3 \ < N
\Q &9 3\\ \:‘"
2 &8

& &
O W
'
\ S

\~ &
<N & £
s
% «\.“\‘
$ ol
& &S‘
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SECTION - A
MULTIPLE CHOICE QUESTIONS (MCQ)

¢

MA : JAM

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

. . . > . .
Q.1 Let G be a finite group. Then G is necessarily a cyglic group if the order of G is
&
g%’
A) 4 S
( ) &::, \&\‘:"
&
\\\»,‘\\ \Vo C"‘.‘
<o '("é
B) 7 ¢
&S L
\\\Q;: \\S\ ‘x‘»\\\
& &
© 6 &
\\z
O
43 ~
& &
% N
(D) 10 Q & 0
o
o &
ST
ot \0@
Q.2 Let vy, ... YVvg be the column vectors of a non-zero 9 x9 real matrix A. Letay, ...

r{{gf‘z{ll zero, be such that 37| a;v; :Qq?alen the system Ax = 3.7 | v, has. A s

s A8
0‘ 'é'} '\“\\\ \',o
&}f‘ & % g & §*~°
& dA) no solution &
,\{;9 Q‘(‘t‘ \\S‘
Ay (B) a unique solution
5 ;
N . . 4y
% ©) more than Olkﬁgbut only finitely many solutions q)
2 &;‘5)‘ . Q
(D) inﬁnitek,&?@hy solutions ‘»
xS

N
S

Question Paper

2023
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Q.3 Which of the following is a subspace of the real vector space R3?

(A) {(z,y,2) e R®: (y+ 2)? + (22 — 3y)* = 0}

°
® (@) R yeQ) ¢
&
©  {wy.2) R :yz=0} &
(D) {(:10,3/,2)GR3:91:—%23/—32:4-1:\}9\o
.&t &C"
&
Q.4 Consider the initial value problems" .« \
Q&‘“\\:’(&&\ d Qﬂs&\
& Y ay =0, &
dx &
N
‘\0

D & &<’
Q“» &
« s:, g
& & @
where o Eyﬁgﬁ g ,
& '
Gy

) \J
\ ¥ 0":9
&

(A) & there is an « such that y(1) =0 A’ .\&5‘9
+ /2 g
o ) ) - Q &,&\co
@%3& there is a unique « such th iy y(z) =0 ”i&%\%&é
& &
’Q”Q 'ﬁé& . Q&‘ Q?\
?3,6‘ © there is NO « such t ) =1 &
&
& ) ) ,&S':’ (\)
. (D) there is a unigue o such that (1) = 2 (\)

& & (’)Q

ﬁ?f @
S \

$
\?~§
&
¥

‘(‘,
5

§ )
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Q.5  Letp(x) =25 + 321 — 2123 + 2% + 21 and

57
q(z) =plz) + Zp(j) () forallz € R,
=1
] 3
where pU)(z) denotes the j™ derivative of p(z). Ther\{\t e function ¢ admits

AV
&

N
o~

kS
(A) NEITHER a global maximum NOR a gk?%al minimum on R
\;\

K
\\&c 0\‘&\,
B) a global maximum but NOT g\glsbal minimum on R @
T[]
& o
& o >
$9 &
© a global minimum but ﬁQ?f a global maximum on R &
\0‘2?
~§°
(D) a global minimn&@nd a global maximum on R & \&c‘
& 0
YV 4 e
& &
. @ O Y . §x\
Q.6 The limity, o
: &
& 06‘
s AN
N S
$ o & 0
\,‘\o 63\ & &
Qf’ N _\\“’t‘ .&\.
(\\ &b‘ \A\\Q} \\,;o
o° ,§" is & &
S o

S w0 .
5 <
(B) 1 © &\é‘\

© S
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Q.7 The value of

1 1—x 1 1-y
/ / cos(z® + y*) dy du — / / cos(z® + y°) dx dy
o Jo o Jo
s 4

S
&
&
@ 0
&oé
&
cos(1 &
(B) 1) S
2 & ¢
o
sin(1) & &
C & &
© 5 o7

(D) cos <%> — si:@)
Q.8 Let f : Zﬁz be defined by f(z,y)

pomts in R? that do NOT lie in the range‘%f f is &o@
& &
& N &
s &
e"xﬁ)@ 0 % &\o‘&\&"
o‘\\ & @ *\‘\\i\ <
& PR
o X
&
N £
N ¢ 2 Q
eé & %
(D) 1nﬁn1tcz,<:é@& @
é.fs
»
. \&?}é& N
0 o
\&0‘ &\Q
& 4&‘{‘\
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1\" !
Q.9 Leta, = <1 + —> and b,, = n cos (ZTZ) for n € N. Then
n

(A) (a,) is convergent and (b,,) is bounded
&
(B) (a,) is NOT convergent and (b,,) is bounded &
«0\}\?)
©) (an) is convergent and (b,,) is unbounded™
.:5. Qv\x\
(D) (a,) is NOT convergent and (¢ 3] Js unbounded @
e '\\0
3 & “
o‘é‘}‘if\ & Z
& \(3*5‘
£
Q.10 Let (a,) be a sequenc%%f real numbers defined by §o\°%
Qq' S8
(» 1 ifnis pl‘ln’1§ \\&”
an = o‘ \\
-1 ifn mﬁqt‘bnme
Let & — for n € N. Then (\3
% QQ) &
&(‘1&‘2@ both (a,,) and (b,,) are conv rﬁb .&%\\«:\\ &
& &
& é@(B) (a,) is convergent but (I is NOT convergent &‘;&*5‘\

\a ééé\ >
\é\:;%, ©) (@) is NOT cong,ergent but (b,,) is convergent

N N

D)

é@” are NOT convergent
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Q. 11 - Q. 30 carry two marks each.

1 1
Q.11 Let a,, = sin < 3) and b,, = sin <—) for n € N. Then
n n

(]

00 0 ,\'bi\
(A) both > a, and »_ b, are convergent WS:‘;'\\

L&)

n=1 n=1 <
&
(B) Z a, is convergent but Z by, SNQT convergent
n=1 n=1 \'.\‘\ G‘;
P g o
*\& S /
&
©) Z a, is NOT convergeg@but > b, is convergent &
n=1 \\\ n=1 \(}0\“
- & >
\)
(D) both > a, an b, are NOT convergent e
n=l & S

O S O
\‘\"." ;5” ‘
\é"\' & f
. . ~& ».;S‘\ \,‘\x‘
Q.12 Consider t lowing statements: °S &
‘\ od

\}
I. s There exists a linear transformatl%from R? to itself such that its range g&‘ace
,S‘; & ,&“’
Q\,,g and null space are the same. Q \.g\‘ c"\
Q',\ % \ \\"&
II. There exists a linear tr rmation from R? to itself such thfﬁ It% range space
o’k \:sv

&

and null space are the e.

Then t@’l”&@ A’
K q,&

x‘?' &tﬁ‘\
(A) both L\"&g&' IT are TRUE @
\\ \

(B) \;\1 RUE but 11 is FALSE

&
(Co Iis TRUE but 1is FALSE
‘V\O< &i\‘é"\
(D) both I and II are FALSE \G" Fa
R
&
N, &
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Q.13 Let
1 -1 0
A=10 0 0

—222@

and B = A® + A* + I3. Which of the following is Nf)T an eigenvalue of B?

0\
Q’
>
@ 1 5
¥ \’:’c \«Q"
N
& \co >
(B) 2 &S
& 7
& ¥ &
© 49 o &
& o
&
(D) 3 &6\

\ . . &S /
Q. 14 The syste ear equations in 1, o, T3 ¢ &—»S’ &
‘\’ 4 s
-

4 ‘v
Q;‘.
% 1 1 1 Al 3 6\0
‘}z‘ &
Q‘@ 0 —1 T | = | 1 A\&" A\&V
$ o &0
S E N;
& 2 3¥ « T3 15} S
N & $\, \\,.;o
- S '~
’é”soé&@ 0&\\\‘}\
z;iég where o, # € R, has \ &
,3“
&
N Ye,
%, Gl
5N (A) at least one SththIl for any o and /3 (\)

R
c,f:

(©) N@{}éﬁ!tmn for any o when 3 # 5
(D\‘ﬁmtely many solutions for any a&W’hen =5
QA

\0 gx\ %Q
(B) a umqu&* @ﬁnon for any § when o # 1 @
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Q.15

Consider the following statements:

Let S and T be non-empty subsets of R?, and W be a non-zero proper subspace of R?.

I.  Ifspan(S) = R?, then span(SNW) = W. e%
II. span(S UT) = span(S) U span(7). &«"b
4('}5‘
Then 039“”
< &Cy
& &
(A) both I and I are TRUE i\\&\\,&”‘\
& &
. . o '.g,“' &,\\\
B) I'is TRUE but IT is FAL@@\ &
\QQ?
©) I is TRUE but Ij@jFALSE &
\:
(D)  bothIand ALSE & &° ,
2 * g
& ‘\o\ &
S ¥
§ S
&
Q.16  Let f(x,y)'= e+ for (z,y) € R% and a, be the determinant of the matrix o
‘}é" ‘2}2’ i &
Q{} a ¢ \\{5’ ,«Qc’
o ‘\%ﬁ aa:g S’
\Qf:}‘ N Y & §”’
\Oi\é)@ «*5‘6\’ \\Qv
o0 o &
7 o\ A,
& oyox  Oy?

&
&

&
luated at the poin i . Then the limit
evaluated a eg}@@é(cos(n),sm(n)) en the limi

N

5

\00‘&&"5 ,
(A)  nonséxiStent
?gse ‘\

f;%c

A) .
(B). &

O’ 4

C)  6¢ @é‘“ &

D)  12¢2
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Q.17  Let f(x,y) = In(1 + 2 + y?) for (z,y) € R2. Define

P o O
Ox? 0xdy
(0,0) (0,0)
s %
= o2
Oyox 0y
(0,0) & (0,0)
Then o\*"@
\\0
é.t &C"
¢
(A) PS—QR>0andP <0 & & .
& & o
s &
B) PS—QR>0and P >0 @0“
% 4
© PS - QR <&@ P>0 ,{\\&Té&c”

& F ’
st @
(D) PS&OandP<O S 7
& .0 2
o & &

3
\ \ 6\}‘9@
\0@
& &)
& A) &
Q.18 The area of the curved surface q) & &
&0‘}&% (bQ Q“i\\\ 00\
&
\6‘3‘4@ g — {( R3 - 22 — (z — 1)2 +(y— 2)2} u{’\&\%;\\
& = (z,y r2t=(z Y &
& ,é@ & &
» &

" \&?}{é& lying between the planes z>2 and z = 3 is

&
.«}"};@& @
(B) 5n§§<9
\‘3\6\?‘ \
&O‘Q ‘é\
D) 92 &, @@&

188



142724 402

Q.19 Leta, = for n € N. Then
n
(A) both the sequence (a,,) and the series Z a, are ?EVergent
( )
n=1

(B) the sequence (a,,) is convergent but the ser@si a, is NOT convergent

\&? n=1
\“
.:5. Q\‘,&OO
© both the sequence (a,,) and the:s \\ S a, are NOT convergent g‘
b‘\'& ;}‘\ n=1
& ¥ &
'&Qf& &L‘Q \,\\
O
(D) the sequence (a,,) is NOT convergent but the series Z @ 1%,80nvergent
N
1 0\)

&

X

& .
0\\”

Q.20  Let(a,) be uence of real numbers such thap%g?serles Z an(z —2)" converges at

6{}3 ¢

n=0 “:C‘
x =25 Nen this series also converges at A
°~
£° &:}
¥ &
& Q% \\\s. N2
)
g@) ‘8 T = 9 \\"N\ \k"o
& & \\\o
00\ & x"\, \\\\'3
> O
(B) x =12 o
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Q.21 Let (a,,) and (b,,) be sequences of real numbers such that

Then

(A)

(B)

©)

(D)

Q.22 Consider th

Then

1
|an — an+1| = 2_n and |bn — bn+1| =

both (a,,) and (b,,) are Cauchy sequences &

\O
\“

(ay) is a Cauchy sequence but (b,;)\ﬁ’eed NOT be a Cauchy sequen

(a,) need NOT be a Caq@hé(%equence but (b,,) is a Cauchy seqqgﬁ;\ce

\\‘

both (a,,) and (b@jneed NOT be Cauchy sequences

(»
%Q

the ogonal trajectory to this family of cu\rves passing through (2, 3) also passe

threugh

4y
QY

(3,4) @
(—1,1) N\

Q

ily of curves 22 + y? = 2z + 434 d?- k: with a real parameter £ > —5.
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Q.23 Consider the following statements:

L Every infinite group has infinitely many subgroups.

IL. There are only finitely many non-isomorphic gr@ of a given finite order.

Then &
:}’
&
&
A both I and II are TRUE &
( ) \\;«\\ \‘40\ m
\\&\ > o
(B)  Iis TRUE but Il is FALSE' . &
= \\\\\ \(}\\Q‘ %
(C)  Tis FALSE butILis TRUE 4
(D)  both I and %%ALSE S g
oth I an H\) K{.\&}&y &°
$ & ‘&\\ &
S &
W / §*
U
Q.24 Supgose f:(-1,1) - Risan inﬁnitg{g differentiable function such that the sqﬁés
95 .
iy {é’ &%
§ i converges to f(x) for each T§ 1,1), where, 8
N v\\é{\\\’;\\\\\
& &
7T/2 b \\\ Q\

& &

o = / 678! (tan 0)d6 + / (6 — 7Y cos? (tan )d
z‘ﬁ /2
%

for y > 0. Then\o\ &\é\ %Q

(A) éé%e’ﬁ&;or allz € (—1,1) ,\$

(B\‘”ﬁs a non-constant even function Qg"( 1,1)

\
0<&\’§~‘\
© f is a non-constant odd funqﬁggx\on -1,1)

S
\\“’6 0'5& ®

(D) f is NEITHER an odd} ction NOR an even function on (—1,1)
\o::f?
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2
Q.25 Let f(z) = cos(x) and g(x) =1 — % for z € (—g 5) Then

(A) f(z) > g(x) forall x € (—g, g)

B)  f(z) < gle )foralla:E( i 7T)

22 &
5"
©) f(z) — g(x) changes sign exactly once gff’% ( BL 2)
& &C‘
oAty T Fos
(D) f(z) — g(x) changes sign n:\opé\ thian once on ( oL 5) e;
f\ bc:‘& &
Q26  Let a~°®

N
n— e’?
& &>
8‘°@
(A) £ non-existent D &
S {‘5' &&’,
Pyl S Q F o
© (‘b \Q'v &\',
\.“@ 0 ‘)\o"f‘ _’S‘
§ &
O 4& & &
& -1 \ &
A4 (©) m(l—e")
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Q.27

Q.28

\,

How many group homomorphisms are there from Z, to S5?

(A) 40
{
(B) 41 e\
&
©) 26 &
&
©) 25 & >
‘Q‘%\\‘\\'S\é\" “.
,\/p\ (\‘:‘
\\g‘\:\&sp\ \\b
Lety : R — R be a twice differentiable function such that if i%‘contlnuous on [0,1]
and y(0) = y(1) = (}\?Bppose y'(z) + 2? < 0 forall x & [O L‘I‘T Then
Q s’\ ;&“o g\.
(A y(x) >0orall x € (0,1) S g
0&“" \s\}& \\.\)\
§ &
(B) \ 0 forall z € (0,1) &
RS
< <

(&(gf“ “,?g y(x) = 0 has exactly one solty\f.gﬁ 0,1) &

g &1\ ‘\(\'\ Q\\,
\Qf” &Si.\ \\\1@\;‘\&

y(z) = 0 has more th‘a\ solution in (0, 1) &
<
e‘c’

non- tr1V1a1 zé

Z., the additive group of 1ntege§§ 6«@»

Q 29 From the addltlvcg <§&goup Q to which one of the follov@?groups does there exist a

omomorphlsm‘7

\'Q

%‘éﬁ multiplicative group of non-zero real numbers
= A {':

‘\/\

XN ‘Q@

© 7+, the additive group ;fgﬁgers modulo 2
Y~

(D) Q*, the multig‘\%ﬁg group of non-zero rational numbers
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Q. 30

Let f : R — R be an infinitely differentiable function such that f” has exactly two

distinct zeroes. Then

(A)

(B)

©)

D)

f' has at most 3 distinct zeroes e%
/' has at least 1 zero G,si*’v
o\°4§
f has at most 3 distinct zeroes ol
: \sg &C

f has at least 2 distinct Zergé‘&.','
&

o &
O
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SECTION - B
MULTIPLE SELECT QUESTIONS (MSQ)

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

Q.31 For each t € (0, 1), the surface P, in R is deﬁged by
\\
P, ={(z,y,2): (m%\@E@ )2—1 2 <2+t <1} “.
o

S
-
\l 7

Let a; € R be the surface aregwﬁelb Then &}\*"
\° \(;9\
A2 4y? &
(A) ay = / / + drdy &
) @2+ )t T (22t & S
t*<z2+vy, ‘\\'\“ é\\; o
\,;.\‘“”’\e,\‘\ .’
A ;
4 2\ \ ;&\\
@ s ey dudy K
(22 +9y2)2 (22 +4?) &
t2<$2+y2<1 \0“““
o\\
eg\
(C)gx“" the limit lim a; does NOT ex1sQ(» &
&g\é\ =07 % \";‘\\ \Qo
N ) \é,\\ >

& & \“\\\
4 /égéﬁ) the limit lim a, exists & o
2 t—0+ ot &®
3 N\
é‘

LetACZthO@ . For r, s € Z, define q‘:’

ﬁ\g&\ (»Q
vf.é@f {ra:ac A}, TA+SA$}+SI): a,be A}.

¥
?~.
h{éﬁé}ﬁh{:followmg conditions imply that A 18 a subgroup of the additive group Z?

\Q
‘\/\

9ACA A+A=A @6@

S

B) A=-A A+2A:§§§
C) A=_A, A@i@

D) 24ACA A+A=A
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Q.33 Lety : (1/2/3,00) — R be the solution of

2z —y)y' + 2y —x) =0,

o
Then @‘b
&
&
® Y3 =1 g
@«\‘\‘i&co e;
B)  y(2)=4+ V10 F& o
Q&?\gys &so‘b
& >
(©) 4 is bounded on (1/2/3, 1) &
o\)
s}\

D ' is bound ({{‘13 &8 ,
(D) 1y’ is boun ?@»Ql o0) &&\:’&& R €;

R /
0‘&: {\}—f’ \,\‘b&\
N s
Q.34 Let f : (%,1) — R be a differentiable function satisfying f(0) = 0. Suppose the;é’x
0
ex;ﬁs an M > 0 such that | f'(x M‘@’ orall x € (—1,1). Then 4 Q&”&
A& ¢
o‘% & ‘»‘\\\\co\
zéé N *\\"“'\i‘\&
_ oi;éﬁm) f'is continuous at x = 0 &
&

(B) f is differentiable at x = 0

&
&
o &
0> % 4@ c,é ¢ b
2, & %

) (C©)  ff'is dlffagég@ble atz =0

A
(D) (f 13‘? &ferentiable atx =0 @
S 2\
o
PN
Q &
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Q.35  Which of the following functions is/are Riemann integrable on [0, 1]?

(A) f(x)j'%—t‘dt G

( S
xsin(l/x) ifz #0 8>
B)  fl2) = &
0 ifr =0 &
%\\\‘i&&o ez
( 49\‘%\5‘& &&(\
1 ifz e @0, 1] &
©  flz) =4 a ‘gf’o
-1 (yeserwise &
. & &C&
Q(» \<‘$\\\‘:’é
o & O
%ifx €[0,1) FF e
O fa)2
4\ 0 ifw= N o
o
\z‘% q?) &
& &
Q.36 g @\‘%ubset S C R? s said to be bo d if there is an M > 0 such that\ﬁc\L M and
~
& é@& ly| < M forall (z,y) € S. of the following subsets of R? 13/@*‘6 bounded'7
& o ¥
S &
/4 D :
N 2

&
(©) @““\‘ eR*: [z|+ |y| < 4} \VS&

(D ‘{iy € R?: e“3+y2§4}
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Q. 37 Let f : R? — R be defined as follows:

xty ,
if (z,y) # (0,0
fla,y) = { 20 +y° @9 7 "
0 if (z, y)g(o ,0)
Then &\v‘"\
&
&
t.t) — (0,0 &
(A) lim f(t,1) — £(0,0) exists and equals’~
t=0 13 ,\\\\\ 0\ 2 (y\
S & g
4\&\ & h
W 5 oS
0 & &
(B) 8_f exists and equais 0° &
T &
(0,0) &
sy >
of QY & ,
(©) B0 existdnd equals 0 o e‘o
R
Y (0,0 “\\A\\l\. x\S\v’ >
/\\\“"\s\}‘” ‘\\,\’3
A\ \Q’.’
t,2t) — £(0,0 1 L
D) _lim—- )~ 1O, >exists and equals — S
‘.}es,« t—0 t (%) 3 / <€§
o & &
&O‘Q 't% Q \§ \”,0\
& PV s

é@&“ Which of the following is/are @ Q\si’\o&

(A) Every linear tra@f,‘formatlon from R? to R? maps lines @30 points or lines
B) Every sur eﬁu&‘é\ linear transformation from R? Q-@qr{aps lines onto lines

'@ &&
©) Eve;y«‘%gg'ctlve linear transformation from @2 maps pairs of parallel lines to

oﬁ:}é’ﬁ parallel lines N
NG
(D\%

Every bijective linear transforma\t;bn from R? to R? maps pairs of perpendicular

lines to pairs of perpendlculabz;(r‘é\s
© A)&Q

\‘9‘7

&
\»}f
&
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Q.39

Which of the following is/are linear transformations?

(A) T:R — R givenby T'(z) = sin(x)
(B) T : My(R) — R givenby T(A) = trace(A) @
©) T:R?* >R givenby T (v,y) =z +y —|—(}]$‘~*‘*8
_ &
(D)  T:Py(R)—R givenby T(p(z)) = pfl)
sg. \&C\'
‘\5:'\\\{{\& e‘
S 00
Q. 40 Let R, and R, be the radiio’t%;\;@onvergence of the power series Y (—1)"2"' and
Qs‘s n=1

[ele} . xn+1 : 0&0

Z(—l) n(n—%[ﬁyctlvely. Then A\\(’\" \&Cé\

n=1 (\“}\ ’&Q ’

% \‘;s‘“qie;;‘& e‘
(A Ri= ‘?’& & 2
4 \“ &&
A
(B) Ry >'1 o
<> &

é\@‘}z o0 %% \\\Q: \«QQ’L\

@)z 2:(—1)%”_1 converges forﬂ& € [-1,1] &’
& &SL\ "y ”\..\s‘c\;;;\\
’@1&@ & o
égo‘o o . 0&~(\$;)
.(\3& (D) Z(—l)"$— cc}erges forall x € [—1,1]
\0%‘ n=1 n(n t{l)
2 Hi & (\?j
/¥&
’/ oo N
.&‘}&&é %
&
& ,Q@ @
§<\
.&%éé& \
° ,
B &
a8
& &S’:\
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SECTION - C
NUMERICAL ANSWER TYPE (NAT)

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

e
Q. 41 Let f : R? — R be the function defined as follow5' 3‘
(22 — 1)? cos? ( ) ifx £ +1
f (l’ ) y) - < \\,
S if r =
0 &\‘\;‘\\&C if x = +£1. e‘;
The number of points of d1scont‘1m}f of f(z,y) is equal to Y .
5 \\ &:“
&
Q. 42 LetT : P(R) — P(@?be the linear transformation gi §n<b§\7\T(p(:B)) = p(z?). Then
S“'\ £
the rank of 7' is @& to . gl e'\o
,\'\\ ,\4;"
& \\\\ <O
o’ &
$ o
Q.43  Ifyis th§>1uﬁon of &
Qz'“ (\3 Q,-&‘“\ /
W // / x & &
Py +y=e, & o
J.\\ N &2\{8‘ / \‘“\\\’"\\'&\(
\0022)@ @ O y - _1/2 <>\§i\\\\\\~}
‘\{\f;} A \'}\k“\\\“\;\
PNl <
4 ?”}@’éq then y(1) is equal to . (rounded off to two decimal places)
€ &
& \:\9 q:\:)
\*@\ é\’g\ Q
Q.44 The value of &
N
S lim / _%,
4 n—00
. ,\\2%{&9
is e% . (rounded off to two d c1mal places)
P £ '\é
&g 2
Q.45 For o € Ss, let o(o) denote th&;ggdér of 0. Then max{o(c) : o € Sg} is equal to
Q";ﬁ
&,
&T €

Q. 46 For g € 7Z, let g s denote the residue class of ¢ modulo 8. Consider the group
73 ={x€Zs: 1<z <7, ged(z,8) = 1} with respect to multiplication modulo 8.

The number of group isomorphisms from Zg onto itself is equal to

200



Q. 47 Let f(z) = ¢/ for z € (0,00), and #(h) be a function such that

fB+h)=fB3)=hf'(3+0(h)h)

forall h € (—1,1). Then lllin% 6(h) is equal to @
— 4
(rounded off to two decimal places) &\\*’5\
«0\}\
\QQ"‘

Q. 48 Let V' be the volume of the region S Q Rﬁ”deﬁned by

AN\ 0\‘.‘
%
Then — is equal to , . (rounded off to two dec1ma¢b%1aces)
s
& &
(»QI» "“\\\\\\‘3}3\ y
"l
R e;
2n+1 ;&‘\ \\«‘}
.49 The sum of eries <"1ssequal to . &
Q Zn2—|-1 (n?+2n+ 2)& q &
o~
(rounded Off to two demmal places) Py
©°
\“é A’ s .s‘}so
&05"&@ 1 1 §‘&.§ y
n N &
Q. 50\@: & he value of nh_)rglo 1 + ol ( 502 3)”) is equal to \;.‘“i&‘ .
O\ & ‘\\
& 'ﬁ*@ (rounded off to two demm es) o‘igx‘s'
S

&
3%‘
5

&
L7

201



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

Q.51 Let f : R? — R be defined as f(z,y,2) = 2% +3* + 2%, and let L : R® — R be the
linear map satisfying e;

lim =0.
(z,3,2)—(0,0,0) Vo2 + Y3 22
Then L(1,2,4) is equal to Y gfﬁunded off to two decimal places)
& &
S
.\&\Sl*& ) e‘;
& \»‘\‘f‘\ S
Q.52 The global minimum value of\f &S &\*’\
\\\ i \(}Q‘S‘
2 \‘“‘\‘;
4y S@=l-itl-oP ¢
\.\u l&\‘,\'
QY £
on R is equal to (\', . (rounded off to twoedeefmal places) e\o

\\i \\

’\\,\ ? \\’y §\
N o
A\o Y2

Q.53 Lety : (1,50) — R be the solution of the differential equation «F
; & &o“'
‘\:«‘\i q’ 2?/ -0 \\“‘\i Q'\&Q
L8 (1 —1)? e
‘QJ' 43? \‘\1\\\:\\\\?
e ,{;‘A@ satisfying y(2) = 1 and li = 0. Then y(3) is equal to F&
&‘ T $
,\\\\?“ (rounded off to two decim:%laces)

\0

Q.54 The number gF Tmutatlons in S that have exacgqéycles in their cycle decompo-

s "é T T

Q.55 be the triangular region whose Vérgces are (0,0), (0 5 ), and (5, O). The value
& é\

of // sin(z) cos(y) da dy is eqy Q'
I
(rounded off to two decm{af égﬁ%es)

Q*

n
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Q. 56 Let
1 10 01

A=1[1 111 3
1 1 4 4 40e

and B be a 5 x 5 real matrix such that AB is the Zero matrix. Then the maximum
»

possible rank of B is equal to . &

R

oY
S

&
Q\/

\"
X \

Q.57 Let W be the subspace of M;(R 2 eo@*smtlng of all matrices with the prbérty that the

Q¢ \\

sum of the entries in each rovs(\q’s zero and the sum of the entries in ea(;h‘column 18 zero.

\‘ ~

Then the dimension of W is equal to . \Q\ﬁ;“v
& &
Q.58 The maximu nﬁ‘u? er of linearly independent elgemfe.s%ors of the matrix e‘
/\Y'v 110 O &
O
& &
&Z % 30 &
& & &

g 0013 OIS
S &
& .
. . >
is equal to ,\ i

o
$°
\Q (b

Let S be the set Q&g{&eal numbers « such that the solute@ f the initial value problem

o

«\‘Q & d
& = =y(2 —@
S v ‘\
S y(0) = a,

S r
;ts on [0, 00). Then the mlmmunQOG‘? the set S is equal to
(rounded off to two decimal plaQé%}@

®
\\‘”‘;‘K

Q. 60 Let f: R — Rbe wqéﬁve function such that for all z € R, f(z) = >_ a,z" and

&

A 1
Hz) = 2—31 b,z", wrlere f~1is the inverse function of f. If a; = 2 and ay = 4, then

by is equal to
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Question Paper
PH : JAM 2023

Section A: Q.1 — Q.10 Carry ONE mark each.

Q.1 For a cubic unit cell, the dashed arrow in which of the following figures represents
. . ®
the direction [220]? e‘
O
&
Z %
(A) \0@
00
. &
\\\‘.ﬁ \&C
/ X O LY
& & ®
¥ & O e
& B N
SR >
& S
X Q&‘s" &"b\'\ $§\
& &
\°®
z dj \6‘0
(B) ‘ % & &2
/: O\ »
¢
>
<2
&
Q’\}
&
06\0
&
& 4@
S
¥ &
O
,\‘\,\ &
& §
& o
Q‘w \\-\‘3
<
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GATE
Typewritten Text
Question Paper

GATE
Typewritten Text
PH : JAM 2023


Q.2

(A)

B)

©

(D)

(D)

&N
&O‘ ‘?i‘\

Which of the following fields has non-zero curl?

xi+ yj + zk

+2)i+ x+2)]+ x+yk

O
&
&
3/\0
~ ~ T & K¢
y2i+ (2xy + z%)] + 2yzk i
W &
\\'&’ &\Q'
V&
~ o&o‘;s;\'\'b\)\\
xyl + 2yzj + 3xzk &

&

¥ D © ®
v’%hich of the following statemer‘lﬁi@ﬁut the viscosity of a dilute ideal*gas is
& S &

& correct? $

It is independent of pressure at fixed temperature
X&'

& ‘\?’

$
It increases %@‘?ncreasmg pressure at fixed temp
9
2 Ygﬁ

z§\
& N\

It decreases with increasing temgé‘g;mre
&

8
N
& é@
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Q4 The plot of the function f(x) = ||x| — 1] is

(A) )

¢
-1 &
>

01 x \9’
A- o
\06'

(B)

©
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Q.5 A system has N spins, where each spin is capable of existing in 4 possible states.
The difference in entropy of disordered states (where all possible spin
configurations are equally probable) and ordered states is

&
N
(A) 2(N — Dkgln2 &
&
8’0@
(B) (N - 1)kB1n2 e‘c &C"
& Ve
e
& S
(€) 4kglnN & &
\(‘\ ‘OS‘
5*°®
D Nkgln2 & e
n S
( ) B Q“b 4 ‘:&\ 5 {)&
\'&1
YV S
¢ P
o’&’ &‘5’
\ ¥
Lo
& t{:’
Q&%\ Q &
© & % N
.&é&‘é -‘i»\(& ,;0\&
é‘ﬁ&@ S
60\\ i \ Q\Qb\u
@‘"f
\0. é‘o
"};‘y‘ 4$§§ & (‘ﬂ"
2 &@, &.gs Q
G5 v
& &
D
, 3}@&’(& \
\0\ 2
2§ &
2 @Q;}
o g
N
& &b?‘
Q
)
S
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Q.6 Temperature (T) dependence of the total specific heat (C,) for a two dimensional

metallic solid at low temperatures is

(A)

(D)
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For the following circuit, choose the correct waveform corresponding to the output
signal (Vyy¢). Given Vj, = 5sin(200mt) V, forward bias voltage of the diodes (D

Q.7
and Z) = 0.7 V and reverse Zener voltage =3 V.
e
R £
o
D ’go
? oY Z
[m &ls
S & T
X O
& & l @
" \\'&‘ &\‘& .
Q&Q‘-: \@"\ ’5'\\\
& Q}(&“
(A) o
\,\0
\3\\
& KO
.&“\‘ -
g & e\.
\‘.\ oS
‘%‘?\ Q\\ b
% .0 &3
0 \\‘& e\v
o
\0@
0‘0
&>

(D)
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If the ground state energy of a particle in an infinite potential well of width L, is

Q.8

equal to the energy of the second excited state in another infinite potential well of

width L,, then the ratio 2—1 is equal to
2

(A) 1 €=

>
S
&
(B) 1/3 Sl
&
S
&F& 5
o =
& & /@
C % \*&“\ (\" e
© 1//3 08 A
&N »
& . A
ot & &
o
O 00
\0‘@
(D) 1/9 4, &
¢
(b &
N
>
"\» o @
& ¢ f
& & 3
o& 8\‘2' \n\'b
& &
\ (<)
& A’ o\&\
o S
s® &
£ & &Q«
o‘v & Q o
a}& \‘&\ t» Q«\Q«x‘-‘&
&e @‘}» ‘{,\(\‘é{‘}\

A A

2 >

Y <&

> 'g,
S
& gsé‘\

5\
oA )
NS
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Q.9 In the given circuit, with an ideal op-amp for what value of % the output of the
2

amplifier Vo, =V, — V3 ?
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Q.10 A projectile of mass m is moving in the vertical x-y plane with the origin on the
ground and y-axis pointing vertically up. Taking the gravitational potential energy
to be zero on the ground, the total energy of the particle written in planar polar
y p p
coordinates (7, 8) is (here g is the acceleration due t(@avity)
O
o
(A) —72 + mgrsinf o
2 F
o ke
ol
@-\\\” & @
m, . ©. oF 4 ;
(B) — (72 +7126?) + mgrcosd & & &
2 & & &
O ¥ Kig
N <
)
o"\OQo
m. . : ; ¥ 4
© — (72 +71%0%) + ind S
2 & ° '
o ¢
AN O
‘\\\ x\'\& S
m o >
. \S\\' cs}
D) ?(rz 4& 2) — mgrcosf &
\‘5‘?‘
£° 4) O
t’f}g’ % & QL&
G ¥
o‘% & Q &S
& & ‘» S &
&Qc’ &S’—\ ‘,\0 '*:is\
& S §
® & o
\cg" ot .&\*)
&

& Iy
5‘}9 %
@’i;bé\ %Q
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Section A: Q.11 — Q.30 Carry TWO marks each.

Q.11 A small bar magnet is dropped through different hollow copper tubes with same
length and inner diameter but with different outer d@eter. The variation in the
time (¢) taken for the magnet to reach the botton}.se% the tube depends on its wall

. &Y
thickness (d) as £
&
‘.v\\
N
&
&0
(A) W & @
& & »
t 2
N &
S
O
&
4y s
A ¢ &
o
&

)
S N F
& .S &
(o~ P
>
B 4 AN &
(B) \ &

N
&
&
& &Y
!
& .0
>’ <
o
& e
& &
& W
& &
O
O

(D) ' S&
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Two digital inputs A and B are given to the following circuit. For A = 1,B = 0,
Q.12

the values of X and Y are:

A B

|

(A)

(B)

©
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Q.13 The Jacobian matrix for transforming from (x, y) to another orthogonal coordinates

system (u, v) as shown in the figure is

A
y1 ~) >
o
S
&
0 4
3\ 45 \0@ »
(0,0) S B
] \\0 X
& &é’
‘;\\\\ \ ¥ 4
¢
o F < i
R &
& N
o <
N\ &
\°®
&)
43 &
& <
@ o ip oy &
& o
NZAS S (\9 S e;
&
S S
& .4 &
°F &
B) 1 l 1 ] @o"
—( o
\{;&Z‘ y - :{)‘7 ~“°
<& <
s N 0
& o & &
‘& \Q‘ \\
\g} e 1 $o &
(C) & & 1 —1] > &
&) 'éb &
i‘%& \/E 1 1 \ 0\{\:‘\\
Yv
&

\%
&
$
¥, -
é\(‘/ ‘;&
& o
ol o
oA )
PR
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Q.14 A rotating disc is held in front of a plane mirror in two different orientations which
are (i) angular momentum parallel to the mirror and (ii) angular momentum
perpendicular to the mirror. Which of the following schematic figures correctly

describes the angular momentum (solid arrow) and{it® mirror image (shown b
g y

dashed arrows) in the two orientations? &
&
&
. &
(A) [

Y ¢
! &
1 < < & & @

o»'ﬁ: \v\(~ \‘v\\\
,‘\.

i Q \S" &g‘, f ®
(B) YV e d
$ :

‘______
rS
r'y
,
o
4 &
1’/ %
%
2
2
4,
Y,
%
%

N
&
&
& &Y
- ¥
& .0
>’ <
O
v
& W
&>
O av
,\\.
W
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Q.15

(A)

(B)

©

D)

Inverse of the matrix [

1
2
1

1
3
0

0
0
1

E
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Q.16 Suppose the divergence of magnetic field B is nonzero and is given as
VB = uypm, where p, is the permeability of vacuum and p,, is the magnetic
charge density. If the corresponding magnetic current density is J,,,, then the curl
- — . = (4
V X E of the electric field E is

&
&
= &
® B
Jm ot & &é\
oty :
¢
«\'3‘ ,(\\" \
& &
- > &
(B) R 0B 0"%\5\3‘\ Qg§\
HoJm — o7 W &
ot Pox)
°
S
43 &
Q(b &s&é&c
© B o S e
—Jm T 37 W
6t & s\ S
&% &
& &
\ o
&
- \O
(D) gr > o5 q‘}’ &
‘Qi*& 0Jm ot Q \\\{‘5"0\&"
© &Q% (» & &
& & &
& &S" o &
.\OQ x\\\\ ‘\\5
'\\‘o" ﬁ Q‘Sf‘ b\ﬁ’
& \ $
&
S
\0. &
> éff' Q&é % (»4)
) é@i@é\ ¢W)Q
&
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Q.17

(A)

B)

©

%
&

o\

&

&
@}\ T/p

x

For a thermodynamic system, the coefficient of volume expansion
1oV o 1 (v
B = ;(E)P and compressibility x = _;(E)T’ where V, T, and P are

. 19 av .
respectively the volume, temperature, and pressure. Cea.sldermg that ~ isa perfect

differential, we get S
&
&
O
B oK &
- = — & &¢
6P T aT P \\\‘é o\ﬁ
& e;
‘\'&‘ ,Q\\N \
& & >
& > ,&3
0 d o ¢ o
o
aT )2 aP T 0\0‘2"
:‘\0
é’e &C\'
v 58
¢
9By _ _ b
P & &
T P 0& .&f) l\\\’b
A &
\ i
£

‘.:3
<
« 2 QO
S YV
v &
N
P &
&
%
¥ ‘\
&
& g
B Gl &
4 &
QO &
a ‘é”
G\O &QS
e“} N
v &
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Q.18 A linearly polarized light of wavelength 590 nm is incident normally on the surface
of a 20 um thick quartz film. The plane of polarization makes an angle 30° with
the optic axis. Refractive indices of ordinary and extraordinary waves differ by
0.0091, resulting in a phase difference of fm between@ém after transmission. The

value of f (rounded off to two decimal places) ang;:%he state of polarization of the

transmitted light is P
e
O
R
4 &c \&c"
. & 0
(A) 0.62 and linear & & @
&* &.0" Q{y
.. O ()Q.
(B) 0.62 and elliptical &
&
4y N
& &<
(b & &\

©) 1038 and euipt'q? s ¢

(D) 0.5 and& ular G

&
\‘i@

. <4
.‘\ Fd
> &

Q«
& o
& g
& &S‘*
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Q.19

(A)

B)

©

The phase velocity v, of transverse waves on a one-dimensional crystal of atomic

separation d is related to the wavevector k as

_ sm(kd/Z) €~

v
P (kd/2) ,
O
&
The group velocity of these waves is @(’“\
Y
S
\‘5. &C
. &8 e
¢ leos(ka 2y = SK/D| - & & ¢
cos — g S :
C(kd/2) | & &
& \\\ ;§\
el &
\0\ ‘00\
\°®
S
&>
Ccos(kd/2) dj 5
v
&"f&“\

<
\°§g§ ;
» &
Y &
2 2
$ &
& o
& &
& &S’S

221



In a dielectric medium of relative permittivity 5, the amplitudes of the displacement

current and conduction current are equal for an applied sinusoidal voltage of

frequency f = 1 MHz. The value of conductivity (in Q~*m™1) of the medium at

Q.20
this frequency is
(A) 2.78 x 10
(B) 2.44x10*
o‘f’%
A
©) 2.78 x 107
(D) 2.44x 107 (\9
&
O
@‘};@‘& $
R\
&
7 \
&
» o
% NG 4»‘“}
2 @2 &
\.“é o
S
&
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Q21 For a given vector F= —yi + zj + x%k, the surface integral fS(V x F ) -7dS

over the surface S of a hemisphere of radius R with the centre of the base at the

origin is
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Q.22

In the circuit shown, assuming the current gain f = 100 and Vgg = 0.7 V, what

will be the collector voltage V¢ in V?

Given: Vee = 15V, Ry = 100 kQ, R, = 50 kQ, Rc = 4é~.k9, and Rg = 3.3 kQ
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Q.23 A uniform stick of length / and mass m pivoted at its top end is oscillating with an
angular frequency w,. Assuming small oscillations, the ratio w,/ws, Where wg is

the angular frequency of a simple pendulum of the same length, will be

&
(A) V3
(}’S‘
&
o~
od
(B) 3 & >
2 O .’
& &
% & &
o> &
O \’)\\
©) V2 &

(D)

£ N b
& o
x‘\ \\\. 2 ~&\/
: S
N

c\o‘ &g\é % \\"‘
Q.24+ o @ An oil film in air of thlck1§55 nm is illuminated by white hght\\ﬁ normal

incidence. As a consequedkg f interference, which colour will be \p‘redommantly

(
%,
‘@

visible in the reﬂecteda light?
ts“” ({)\3
Given the refgg.é‘%yé index of oil = 1.47 ‘19
W
5«“’1@
&) Red 8 nm) N
O &
N &
®
(B) ue (~ 450 nm) &af
&
4,\01&@&&

©) Green (~500nm) gﬁé“
(D) Yellow (~560 nm)\
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Q.25 Water from a tank is flowing down through a hole at its bottom with velocity
5 ms’!. If this water falls on a flat surface kept below the hole at a distance of 0.1

m and spreads horizontally, the pressure (in kNm) exerted on the flat surface is

closest to @

\\

Given: acceleration due to gravity = 9.8 ms an@x’iensrty of water = 1000 kgm™

< &%
A 13.5 & &
( ) \\\y \go (f;
o '\\é “
S & -
& 8 Ny
& & o

B 27.0 &
( ) . O (3)‘

(C) 17.6

(D) 6.8 ,\Vg-v ¥ i, p

S & &

.\KO\ 6{;\ qs‘ % \‘.'.\\\;?\?}\g’o
& & & &

. \\ \
At the planar interface of @cmcs which of the following stég@’ﬁlents related
to the electric field (Eh) electric displacement (D) and polaR’atlon (P) is true?

\~ q)
x°‘ é\'*‘ (19

(A) Normal cor\;@g{g}é“ént of both D and P are contmuo@

\Y’

é\\“\ é’@

(B) Normal component of both D and E are discontinuous
& g\«@
©) Normal component of Dis coqﬁ&@us and that of P is discontinuous
&“{;‘K
(D) Normal component @@1 E and P are continuous
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Q.27 Consider a system of large number of particles that can be in three energy states

with energies 0 meV, 1 meV, and 2 meV. At temperature T = 300 K, the mean

energy of the system (in meV) is closest to

Given: Boltzmann constant kg = 0.086 meVK"!

S
N
&
.o‘r
Q;‘U
&
(A) 0.12 08'
&
S‘c &C
F ;
W & e’
&S ;
(B) 0.97 g
: &Y &
& D P
o &
N\ &
&
°
(©) 1.32 &
0
s& &Q
&

(D) 1.82 & ‘
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S
>
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&
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Q.28

(A)

(B)

For the Maxwell-Boltzmann speed distribution, the ratio of the root-mean-square

speed (V) and the most probable speed (Vyax) 18

Given: Maxwell-Boltzmann speed distribution functi?..for a collection of particles

of mass m is

&
Nl
) ( )3/ 2 7 mv?
(v) = 4 39"1 exp| —
&Q N
i
W & e‘

where, v is the speed and kgT ,i(@.\ﬁ@‘ﬁlermal energy. 2
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& 2
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Q.29 In an extrinsic p-type semiconductor, which of the following schematic diagram

depicts the variation of the Fermi energy level (Er) with temperature (T)?
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Q.30

(A)

(B)

©

(D)

A container is occupied by a fixed number of non-interacting particles. If they are

obeying Fermi-Dirac, Bose-Einstein, and Maxwell-Boltzmann statistics, the

pressure in the container is Ppp, Pgg and Py, respectively. Then

Ppp > Pyp > Pgg

Ppp > Pyp = Ppg
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Section B: Q.31 — Q.40 Carry TWO marks each.

Q.31 The spectral energy density ur(4) vs wavelength (1) curve of a black body shows
a peak at A = A, If the temperature of the black bg;’ is doubled, then

AY
«‘y\\

N
N
Y

(€
(A) the maximum of uy (1) shifts to A,.4/2 \,e»';“
&
&S&
(B) the maximum of uy (1) shifts t%\& irax p
& & N
0&: S\ \\\ ‘:“.\\\3
O \\:\\3"
©) the area under the curve becomes 16 times the original area
‘\’\\\
, ‘,'\c I&\‘:"
Q & o s
& \\\." °
(D) the area unde tﬁ}/curve becomes 8 times the orlgmaL area (4
.:,:‘\\ \ S
& &

& q)’ .
o & &Y
y N s

A
* ‘?S‘ & O
© 2 q) & e
& & o &
< >

T
B &
& B
AW g
& &
&7 @
O &
)
\\

A periodic function f (x) ="x? for —m < x < m is expanded in a Fourier series.

Which of the follngg statement(s) is/are correct? qﬁ"
QO
»
T\

A
(C) The second term in the sql’?;%ngék —4cosx
&
(D) Coefficients of all&fcosine terms are zero
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Q.33 The state of a harmonic oscillator is given as ¥ = \/%1/)0 - \/%1/11 + \%l[)z , Where

Yo, P, and P, are the normalized wave functions of ground, first excited, and

second excited states, respectively. Which of the follo&'{lg statement(s) is/are true?
®

A measurement of the energy of the system yge“fds E= %hw with non-zero

(A) I
J .:}‘}
probability &
o
& \&C 5
(B) A measurement of the energy of the’ system yields E = - hw witlehon-zero
probability & o
N &
&
. 5 $
©) Expectation value qﬁg energy of the system (E) = 2 &
&S S
Xy O
Q « & '
q? & @
S & f
. A S
(D) EXpGCt&tl@le of the energy of the system ¢ \\}\‘: %hw &
od

3
& ¢
N &
“;\ &
4 )
L3 ¥
L8
&
N
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3Mx?% .

Q.34 A rod of mass M, length L and non-uniform mass per unit length A(x) = 5 18
held horizontally by a pivot, as shown in the figure, and is free to move in the plane
of the figure. For this rod, which of the following statements are true?
e
&
&
Q‘;“
& &
2
Pivot +----:¢--K@>L ------------ >
SN
> o
P ¢
F - \\0
oF &
S &
o \x‘o &
&
&
Qc &\‘)’
( A) . k . . = \i: R . 3 2
Moment of ine the rod about an axis passing t@fggg the pivot is s ML e\.
& &
& 3
0&\\\§2~ ﬁ'}\,{»‘
. ) : | &
(B) Momen%f inertia of the rod about an axis passing through the pivot is 3 MIL? &
&
O
= &
£ % ¢ sg. &Y
c\oﬂv 3 Q @;}Q’\QO\
X - i 5 3> &>
© & @va‘é?orque on the rod about the pivotis-MgL i
i A &
A{;\O 'éb {2.? 2>
R o

bﬂ\

'\ \\\‘*

If the rod is releasgﬁ’, the point at a distance % from th'ﬁapivot will fall with

&~
acceleration g« & &
& &i’"\ %

>
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>
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Q.35 Which of the following schematic plots correctly represent(s) a first order phase
transition occurring at temperature T = T.? Here g, s, v are specific Gibbs free

energy, entropy and volume, respectively.
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Q.36 A particle (p1) of mass m moving with speed v collides with a stationary identical
particle (p,). The particles bounce off each other elastically with p; getting
deflected by an angle 8 = 30° from its original direction. Then, which of the

following statement(s) is/are true after the collision? €;

(A) V3 N

Speed of p; is v \\o\o‘o
i\\
&
e
(B) Kinetic energy of p, is 25% o\f;\tf‘i fotal energy i
0\"\\@9 s;»‘\
AN\ \:\\.
(©) Angle between the dlﬁ:gtmns of motion of the two particles 15@0
$* &
\i\ ‘(»3

(D) The kinetic e of the centre of mass of p; an\d‘p;@” ecreases ..

’0\ 4 \\\\ \\v“

o &

S
& D X

c\O‘ q\‘?% \\\\‘:;\ e()
Q.37 ¢ 46’ A wave travelling along the x- with y representing its d1sp1acemem\ d% cribed
2O ‘0
e \\\ ~’\’\\
\\

& 4& by (v is the speed of the
R S

XS 4550 ,\Q‘%
xv;f’v e N o‘ Q%“‘,\".3 Q(ﬁo
ax Tvar T WP
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(B) oy s10y _

—\4697 ot <
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(C) 9%y 1 9%y &
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Q.38 An objective lens with half angular aperture « is illuminated with light of
wavelength A. The refractive index of the medium between the sample and the

objective is n. The lateral resolving power of the optical system can be increased

O
(A) decreasin%&%nd a
A

&
o . . O
(B) dczgfeasmg A and increasing a (\’ &
& ‘» & &
S Q S
g ‘&\é F &
& . .\o"\“\ &0
(C) & increasing both @ and n &
i \%‘5‘ § o‘&' 8\@“
& '\ >
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Q.39 Which of the following statement(s) is/are true for a LC circuit with L =25 mH

and C =4 pF?
(A) Resonance frequency is close to 503 Hz @
Gl
(B) The impedance at 1 kHz is 15 Q o
< ’Q&
S8
\\M & ®

©) At a frequency of 200 Hz, the Qk g€ lags the current in the circuit g‘

su\\\\ \\&’ <§\

o &

N \)‘\

(D) At a frequency of 700 Hz, the voltage lags the current in the cig\dﬁit

J & &\‘,
Q‘\; & &

,.
’2

\,
o‘\

‘
s»"‘ ) 4

&
: \\ 9 A\\‘\wx‘\}
& é@' statement(s) is/are true? o
W

Q.40 C,“ @or a particle moving in a $ﬁ‘r}? central force field, which of thQ;?}“QHowmg

& . ,
The angular mom\gx‘ﬁum is a constant of motion ({)b
o &€

& N
\":ﬁ &i’"\ %
(B) Kepler’ sg’éoéﬁbd law is valid @

7 A\

«‘ ;
©) @motlon is confined to a plane \é}éﬁ
@*}{é‘
R4
(D) Kepler’s third law is valid ,\6:',\0\,’&@

o
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Section C: Q.41 — Q.50 Carry ONE mark each.

Q.41 The lattice constant (in A) of copper, which has FCC structure, is
(rounded off to two decimal places). @

S
&

Given: density of copper is 8.91 gcm™ and“i}ts‘k"\atomic mass is 63.55 gmol;

Avogadro’s number = 6.023 x 1023 mol:\}\&‘”‘

od
\C L%
& &
a5 &
& &
Nl &
\\\\ 0\*‘\
,, o
‘\>\
& &\‘:"
N o
& &
.. . & . @
Q.42 Two silico des are connected to a battery @ﬁﬁ&mo resistors as shown in the
. oo &
figure. urrent through the battery is =« A (rounded off to two &
0 Q@
&
& &L
S8
o
&F
&
& &
e&\;o\\"\.
S
&
R )
Gl@}? he forward voltage drop across each diode = 0.7 V
N &
P (’Q<\2$
Rl
& &&i\
'\OQ Q
’\‘5% ’3&
.
ks
N
N
Q.43 The absolute error in the value of sinf if approximated up to two terms in the

Taylor’s series for 8 = 60° is (rounded off to three decimal places).
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4

& . .
Q.44 A single pendulum hanging vertically in an eleva‘g@‘f has a time period T, when the
&)
elevator is stationary. If the elevator moves ,y@ward with an acceleration of a =
0.2g, the time period of oscillations m:Twﬁere g 1s the acceleration due to gravity.
& g
The ratio 22 is (rqu‘t@éd off to two decimal places). “
" & &
o \\\ &
\\ \0\.
&
Qv
p ‘ﬂ\\“ \\\." (f;
Y§\% .
& & o
N &
\ (:)\
Q.45 s;)acecraft has speed vy = fc with rqg%ect to the earth, where c is the speed of,

ht in vacuum. An observer in the@%tecraft measures the time of one c@frgﬂme

& q\ %
@1\ ‘otation of the earth to be 48 hours. “The value of fis (roundeﬁ off to
/- Q 4 \\ \\\

*104& two decimal places) $

& >
o .
p & 3
& ) O
Kg 8

4@ &
Lo
Q.46 @ sum of the x-components of ums”%ectors # and @ for a particle moving with

angular speed 2 rad s’ at angl®§§ 215° i (rounded off to two
decimal places) ‘*‘0\4;9@

&’
>

& %
s‘ifé&
Q"
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Q.47 Consider a spring mass system with mass 0.5 kg and spring constant k = 2 Nm'!

in a viscous medium with drag coefficient b = 3 kgs!'. The additional mass

required so that the motion becomes critically damped is kg (rounded
off to three decimal places). g‘:'
&
».;(“\\\\
S
& &%
& &
v\\\i\\&e > e\.
v\\,\\,‘\\ \\“%\ &
& & &
) \\\:V \:»
\\
Q.48 Unit vector normal to the equipotential surface of V(x,y, z) ?;‘496 +y2+zat
(1,2,1) is given by&é{)—k bj + ck). The value of |b] is ise \\ (rounded
\\\ Q
S (e
off to two deci aces). s (240

&
N N
O N
>

& D &
\,gs & &Y
5 O S

@
A rectangular pulse of Widm cm is travelling to the right on a taut string (shown
by full line in the fi ghre) that has mass per unit length p; . 'ﬂg string is attached to

another taut stmi‘g&‘glown by dashed line) of mass per ength p,. Ifthe tension
in both the\s‘frga s is the same, and the transmltted@&;e has width 0.7 c¢m, the ratio

wi/ ,u%?k &‘9 (rounded off to two de&@ places).
&
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Q.50 An a particle with energy of 3 MeV is moving towards a nucleus of °Sn. Its

minimum distance of approach to the nucleus is f X 1071* m. The value of f is

(rounded off to one decimal place).
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Section C: Q.51 — Q.60 Carry TWO marks each.

Q.51 In a X-Ray tube operating at 20 kV, the ratio of the de-Broglie wavelength of the
incident electrons to the shortest wavelength of the g@rated X-rays is
(rounded off to two decimal places). 3\@&\
&
Given: e/m ratio for an electron = 1.76 ?\g\\&%\il Ckg' and the speed of light in
&
vacuum is 3 X 108 ms™! ff;‘y @
\‘@'\&\\ A

&)

Q.52 A pomg%fce emitting photons of 2 eV energ? and 1 W of power is kept at a .05'\\
Im from a small piece of a photoelectric material of area 10" m?. If th &

distance

‘éfﬁmency of generation of pho@ctrons is 10%, then the numbe{‘»‘of

\

\’\
ﬁ)hotoelectrons generated are f 2 per second. The value of f is & &
& ot \\\J‘—‘*—Q\o
% o3
o \\\\\\

(rounded off to two decimal

Given: 1eV = 1.6 &&’0_19 J
&

D
L & N --
o S F1m
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Consider the a-decay *°Th?3%2 — %Ra?28. In an experiment with one gram of
Q.53 . .
PTh?32 the average count rate (integrated over the entire volume) measured by

the a-detector is 3000 counts s!. If the half life of *°Th?32 is given as 4.4 x 107

s, then the efficiency of the a-detector is *tounded off to two decimal
o
places). .

Given: Avogadro’s number = 6.023 X 102 ol :

P s
O O
& & @
& &
I »
O \‘\\” &
N 0\
t
43 &
\\/
Q.54 In the Thoms Qodel of hydrogen atom, the Quqlear charge is distributed e;,
uniformly o@e sphere of radius R. The avera,g% \p\b}entlal energy of an electron o
(o ~>\*‘\

2 &
>

\
conﬁne%in this atom can be taken asV =— 47:6 ~- Taking the uncertainty in _©
0 &

&

@%ltlon to be the radius of the atom, § nimum value of R for which an eLectzbﬁ
\o &ﬁll be confined within the at«&ﬁ}s mated to be f X 10711 m. The \Za\th.‘Df fis

o
O &

_,:,\0‘}@&} (rounded off %' decimal place). \«f‘_\‘\o\
F& S
x?'é'(gé\ S
& 6?4} Given: The uncertamt,y product of momentum and posmon({jh =1x1073*Js1,
A A}
e=16x10" 19(3‘\0and = 9 x 10° Nm2C~? @»
&Z\ T€o (b
,\é:
& ad
& B
254 &
Q.55 The sum of the elgenval@% /\351‘ and A, of matrix B = I + A + A%, where A =

_0 s 015] is _e\L_ (rounded off to two decimal places).
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Q.56 A container of volume V has helium gas in it with N number of He atoms. The
Te

mean free path of these atoms is Age. Another conﬁﬂer has argon gas with the

same number of Ar atoms in volume 2V with thélr mean free path being Ax,.

Taking the radius of Ar atoms to be 1.5 tlmes the radius of He atoms, the ratio

Aar/Aye 1S rounded off e t dec1mal laces).
Ar He >
o‘\ > e
\\\"‘ & N @
‘\‘\\: c«’;"\\'\\ b
g &

h velocity v;1 with respect to F and F, is moving with velocity v, &‘f«‘\»

\\

wqfﬁ respect to F;. A particle is mov A?/lth velocity vzl with respect to Fz \Ff
o

Q.57 Three fra§~ 0,F1 and F, are in relative mqtm@ The frame F; is at rest, F; is .\\*“é

moving

‘\

‘ Ko*:ggt’f = v, = v3 = ¢/2,wherec rs@ speed of light, the speed of the pa\sflcle‘ w1th

B
respect to Fy is fc. The valu 1s (rounded off t@*‘tyvb decimal

ot \\

places). ‘\Y’ &
S A’

%

%Q

&

&
\Q

Q.58 ission device explodes into two ph;:,gzes of rest masses m and 0.5m with no loss

of energy into any other form &e masses move apart respectively with speeds
gy y p p

c
N and , with respect to@%ﬁatmnary frame. If the rest mass of the device is fm

then f is él‘nﬁed off to two decimal places).

B
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Q.59 A conducting wire AB of length m has resistance of .6 Q. It is connected to a

voltage source of 0.5 V with negligible resistance as shown in the figure. The
corresponding electric and magnetic fields give Poynting vectors S (7) all around

the wire. Surface integral | S.dd is calculated over€;\/irtual sphere of diameter

. ) & ) )
0.2 m with its centre on the wire, as shown. The y,&iue of the integral is w
) K
(rounded off to three decimal places). o
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%60 A metallic sphere of radi held at electrostatic potential V. It 1§%nclosed ina
f concentric thin metalhc shell of radius 2R at potential 2V. If the potential at the

“wn,

distance - R froqk‘ﬂge centre of the sphere is fV, then@walue of fis

(rounded ofg &‘wo decimal places). ;%
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