NATIONAL ENTRANCE SCREENING TEST (NEST — 2016)

SET A

Total Marks: 200 Time: 3 hours

General instructions

1. This question booklet contains five sections. Each section carries 50 marks.

2. Section | is the General section. Sections 2 to 5 are for the subjects Biology. Chemistry,
Mathematics and Physics, respectively. Attempt the General section and any three of
the four subject sections.

3. Head the instructions given at the beginning of each section carvefully.

1. Calculator, cell phone, log table, ete. are NOT permitted in the examination
hall.

5. Anszwers to the questions are to be marked on the OMR sheet provided.

fi. Please make sure that the guestion booklet code (A or B) matches with
the OMR. sheet code (A or B). In case of any discrepancy, inform the invigilator
immediately.

=]

. Return the OMR sheet to the invigilator at the end of the examination.

Instructions for writing on OMR sheet

1. Read and follow the instructions given on the OMR sheet.

3

As far as possible, fll in the answers only after yom arve sure that you do not need o
change them. In case vou do have to change the answer after filling. erase the mark
completely =o that no black spot is left inside the bubble.

3. Check that you are filling the correct answers for the correct section on the
OMR. sheet.

4. Your examination number (as given in the admit card) MUST BE ENTERED
CORRECTLY. If entered incorrecily or not entered at all, the OMR sheel
shall be treated as invalid and shall not be assessed.

Some uselul constants

Planck constant h 663 x10°*]s
Universal gas constaut B 831 Jmol 'K
Permittivity of [ree space ey BB x 107M NIy
Magnitude of charge of an electron ¢ 160 % 10717 C

Mass of the electron me 9.11 = 10 9l e

Speed of light in vacuum ¢ 300 % 10" ms~!
Rydberg constant Ry 110x107m™?

Relractive index of water w.r.t. air —:




Section 1: GENERAL
Marks for Section 1: 50

This seclion conlatns 15 guestions,

For each question, only one of the four oplions s a corvecl answer., For questions, 1.1 to 1,10, o
correct answer will earn ¥ marks. For questions, 1.11 to 1.15, a correct answer will earn 4 marks.
For this GENERAL section, a wrong answer or an unattempted question will earn 0 marks.

1.1 The lengths of all sides of triangle ABC are in integral units. If [{ A5} = 10 units and
[ BC) = 15 units, the number of distinct possible values for I{ AC) are

(A) 5 (B) 19 (C) 21 (D) 25

1.2 Which of the following figures cannot be made from the pieces in figure | by arranging
them side-hbv-side?

//] ™

# ;. 3
y ‘ N N\

\'h
b
\-\.

I (A) ® | © (D)

1.3 The recently published results of the LIGO experiment are related to

(A) sequencing of the human genome. (B) discovery of gravitational waves.
(C) comprehensive model of geomagnetism. (D) identification of greenhouse gasses.

1.4 To which human activity is the poet, John Milton, referring in the lines below:

. By him first
Men also, and by his suggestion taught,
Ransacked the centre, and with impious hands
Rifled the bowels of their mother Earth
For treasures better hid. Soon had his crew
Opened into the hill a spacious wound
And digged out ribs of gold

{A) Laving railway tracks. (B) Clearing forests.
(C) Guerilla warfare. (D} Mining.
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1.5 In the product of two two-digit numbers (_7) x (7_), there is same digit at both the
blank spaces. A possible answer to this multiplication can be

(A) 807 (B) 1844 (C) 2701 (D) G686

1.6 A glass of water at 30°C is placed in a refrigerator (maintained at 0°C) for half an hour
and then brought out and kept in a room at 25°C. Which of the panels i the figure
below best deseribes the temperature variation of the water as a function of time (in
minutes)? Note that the rate of change of temperature of a body is proportional to the
difference between the temperature of the body and temperature of the surroundings.
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1.7 There was a depository of gold bars at the centre of a bank vault, which was protected
by seven concentric, concrete walls with exactly one door in each wall. Each door was
protected by a guard. One day a man made a deal with the first guard, which allowed
him to pass on the condition that he would give the guard hall of the gold bars that he
was carryving back with him. However, the guard was required to return one gold bar to
him. He made the same deal with the remaining guards at each door. How many gold
bars should he have originally taken if he ended up getting two for himself”

(A) 2 (B) 6 (C) 66 (D) 130

1.8 A protective protein that is produced in lnomans in response to a bacterial infection is
called

(A) Haemoglobin, (B) Antigen. (C) Antibody. (D) Serim albumin.
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1.9 Suppose vou wanted to design your own temperature scale based on methyl aleohol
(methanol). On the Celsins scale, methanol has a melting point of =96 °C and a boiling
point. of 64 °C, but on your new scale calibrated in units of degrees methanol, "M, yvou
define methanol to melt at 0°M and boil at 20000, On the methanol scale, the melting
and boiling points of water are

(A) 0°M and 200°M (B) 60°M and 222.5°M
(C) 76.8°M and 228.8°M (D) 120°M and 245°M

1.10 The Chiexulub meteor impact event, believed to have caused the mass-extinetion of
the Cretaceons dinosaurs, 5 estimated to inve oceurred

(A) 100 million vears ago. (B} 78 million vears ago.
() 65 million years ago. (D) 43 million yvears ago.

For rest of the questions an this seclion, each corvect answer unll earn § marks.
Analyse the following dala table carefully and answer questions 111 and 1.12.

In the game of cricket, a test match is played between teams of two countries, where
the home team (H. 1) hosts the matches in its country. The table below gives
the statistics of the teams that won the test matches after winning the toss, for
the period January 2001 to December 2015, The table is grouped into two parts.
Columns 2 and 3 list mateh won/ mateh lost record for the home team. when the
home team won the toss. Columns 4 and 5 list match won/ mateh lost record for
the guest team (G. T.), when the guest team won the toss. Drawn matches are not
included in the win/loss ratio.

Toss Won - H, T. Toss Won - G. T.
Hosts H.T. Won | H. T. Lost | G. T. Won | G. T. Lost
Australia 28 G 4 27
Pakistan 12 3 T L0
India 15 1 5 20
England 28 ) 14 24
Sri Lanka 14 5 12 15
South Africa 21 10 B 16
New Zealand b {3 9 8
West Indies 4 14 14 i

1.11 When playing at home. the teams which performed equally well irrespective of the
outcome of the toss are

(A) India and South Africa, (B} South Africa and Sri Lanka.
(C) India and New Zealand. (D)) Australia and West Indies.
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1.12 The team that seems to lose equally Trequently regardless of whether 10 wins or loses
the toss al home s

(A West Indies, (B} Australia. (C) India. (D} Somth Africa.

Read the followmg passage carefully and answer questions 1,15 to 1,15,

The ‘Milgram experiment’ was a series of psychology experiments conduected by Yale
University psvehologist Stanley Milgram. Milgram described results of his experi-
ments in his book, ‘Obedience to Authority: An Experimental View’. In each setup.
three individuals were involved: the researcher who was running the experiment.
a volunteer who was assigned the role of a teacher. and an actor pretending to be
another volunteer, who would assume the role of a learner. The teacher was then
given a list of word pairs that he was to teach the learner, who was sitting in another
room. The teacher would read the first word of each pair and read four possible an-
swers. The learner would press a button to indicate his response. The teacher was
instructed to administer a shock to the learner, if the answer was incorrect. The
level of shock was increased in steps of 15V with each wrong answer.

The teacher believed that the learner was receiving actual shocks. In reality, no
shocks were given. The 'learner’ had set up a tape recorder, which plaved prerecorded
sounds for each shock level.  After the vollage was increased bevond 135V, the
actor would start to bang on the wall that separated him from the teacher and
would eomplain about his heart condition. After several such high voltage shocks
all responses by the learner would stop.

When the ‘teachers’ heard the sereams of pain coming from the learner. many of
them indicated their desire to stop the experiment and check on the learner. Some
Aeachers’ began (o gquestion the purpose of the experiment. 0 al any time Lhe
teacher indicated his desire to halt the experiment. he was ordered by the researcher
to continue. Most teachers continued after being assured that they would not be
held responsible, but they began to exhibit signs of extreme stress like sweating,
stuttering, biting their lips, and even having nervous laughing fits. If after four
orders to continue, the teacher still wished to stop, the experiment was halted,
Otherwise, it was halted after the teacher had given the maximum shock of 450V
three times 1 suceession,

Before conducting the experiment, Milgram asked many psvchology students and
professors to predict the behavionr of 100 teachers. All of the poll respondents
believed that only a very small fraction of teachers (three or less out of 10{)) would
be prepared to inflict the maximum veltage. In Milgram's first set of experiments.
26 out of 10 teachers administered the final 450V shock, Later, Milgram and other
psvehologists performed variations of the experiment throughout the world, with
similar results.
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1.13 In the orginal experiment, the percentage of teachers administering the maximnm
shock was

(A) 3%. (B) 26%. (C) 40%. (D) 65%.
1.14 The primary purpose of Milgram experiment was to test if
(A) electric shocks could help in learning word-pairs,
(B) ordinary people would obey orders to torture others,
(C) human beings could withstand electric shocks of 450 V.
(1)) people are psychologically affected by participating in such an experiment.
1.15 After “receiving” increasing levels of high voltage shocks, the imitial response of the
learner was to

(A) bang on the wall. (B} laugh nervously.
(C) sweat profusely. (D)) stutter and bite his lips.
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Section 2: Biology

Marks for Section 2: 50

This section contains 15 questions.
For gquestions 2.1 to 2,10, only one of the 4 oplions s correct. A correcl answer unll
earn 3 ks, & wronyg answer ol earn (— 1) mark, ond an o wneltempled question anll earn

) vy ks,

2.1 A pedigree chart of a family with an autosomal recessive disease Z is given, Assume
that inheritance is Mendelian, and that all individuals with O
homozygous recessive genotype have the disease. Cireles in
the pedigree represent females and squares represent males. @ .-|—O
Filled shapes indicate affected individuals, while unfilled
shapes indicate unaffected individuals, If J does not have |:|| Cl_)
the recessive allele, the probability that 1 1s a “carrier of dis-

pase 7 s

(A) 0.67 (B} 0.3 () 0.25 (D} 0

2.2 Which of the following pairs is an incorrect match?

(A) Transeriptional repression — gene regulation

(B} Post-translational modifications — phosphorylation
(C) Cytoplasm — exon splicing of eukaryotic preemRNA
(D) Enhancers — increased transceription

2.3 A simplilied model of the carbon evele is depicted below,

m,mmmm . Combstion Tosslfuds
_/ e
" compoundsin £
= Cartuwn-cninlaining
o dus b 7

X, Y and Z in the figure could represent
(A} X: rice plants, Y: locusts and Z: bacteria,
(B) X goats, Y: grass and Z: fungi,
1C) X saprophytic bacteria, Y: horses and Z: shrubs.

() X cows, Y: saprophytic lungi and Z: hacteria,
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2.4 Changes in certain parameters ol the Castor-oil seed during germination in the dark are
graphically represented. The curves 1, IT and TIT could imdicate

Macs per 100 cend|inge (gl

(A) L. Embryo, II: sugar content and I11: endosperm.
(B)

(C
(

I: Dry mass of endosperm, I sugar content amd TIL lipid content.
I: Total dry mass, TI: lipid content and TIT: sugar content.

)

D) I: Embryo, 11: lipid content and 111: total dry mass.

2.5 Students in a biology laboratory were asked to view certain cells microscopically and
measure the sige of a single cell. They were given a compound microscope with an
evepiece of 15X magnification and an objecltive lens of 10X magnification. The evepiece
has a seale with a least count of 10pm. When the studemts foeused the cells under the
given microscope, they [ound that one cell measared 60 divisions on the eyvepiece scale.
What is the approximate size of that cell”

(A) 04T pm (B) 2.8 ym (C) 4.0pm (D) 24 pm

2.6 Three features of nitrogenous excretory products (M, N and Q) of animals are tabulated

below,
Features of excretory products | M N O
Toxacity High | Very low | Low
Energy cost to produce Low | Moderate | High
Water loss to excretion High | Moderate | Low

The animals that secrete M, N and O as their major excretory product would be
(A) M: human, N: pigeon, () tadpole.
(B) M: cockroach, N: cat, (): snake.
(C) M: crow, N: lizard, O: dog.
(D) M: goldfish, N: rat, O: lizard.
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2.7 For the peplide sequence (from N to C terminus) Lys-Arg-Ser-Cys-Tyr-Tyr-Trp-His-
Lvs (KRSCYYWHK), which of the [ollowing is the correct coding sequence of the gene

encinding this peptide?
(A) 3'-aaa tac gzt tat tat cgt cga cge aaa-5’
(B) ¥-aaa cge age tge tat tat tgg cat aaa-5
() F-ttt gtagta gte gta gea act geg otf-3'
(D) 3'-tte geg tea acg otg ctg att gog tte-5'

2.8 A glass plate is coated with a laver of agarose gel. A central well
and four surrounding wells (M. N, O, P) are cut on the o

00 o

agarose as shown in the figure on the right side, A mixture
of x and v antibodies is added in the central well that react
specifically with antigens X and Y. respectively. Wells M
and N contain the antigen X. Wells P and () contain antigens
of unknown identity. All the antigens and antibodies can
diffuse through the agarose. The plate is then incubated for o
18 hours. White lines of precipitates are formed in between
the antigen and antibody wells as shown in the figure, Which
of the following is likely to cause this?
(A) antigen Y i both O and P (B) antigen X in both O and P
(C) antigen X in O and Y in P (D) antigen Y in O and X in P

2.9 Three promising candidate compounds (X, Y and £) were analysed in a drug-screening
project to identify a novel potent compound against lung cancer. The following graph
shows efficacies of these compounds in killing cancerous and normal cells.

100 Conditions:

. Cancer cells + Compound X
. Cancer cells + Compound Y

. Cancer eells + Compound 7

% colls alive —s
tn
=

1
2
3
1

. Normal cells + Compound X

Normal cells + Compound Y

x|

Compound concentration (nM) — 6. Normal cells + Compound Z

Based on the above data, which of the following has the best prospect to be a useful
drug?

(A) Compound X (B) Compound Y

(C) Mixture of compounds X and Y (D) Compound Z

Page 10



2.10 Cladograms are branched diagrams representing evolutionary relationships. A elado-
gram with representative animals is shown below.

Salmion fizh | Salamander lirard B Chimpansee:

The traits M, N, O and P would represent:
(A) M: Nails, N: Jaws, (: Fur, P: Opposable thumb

(B) M: Lungs, N: Vertebral column, O Bipedal locomotion, P: Mammary glands
(C) M: Vertebral column, N: Jaws. (: Mammary glands, I*; Nails
(D} M: Lungs, N: Claws, (): Fur, I"; Opposable thumb

For guestions 2.11 to 2,15, one or more than one of the 4§ options may be correct. Your
answer s regarded correct only if you choose all the correct option(s) and no incor-
rect option(s). A rorrect answer will earn 4 marks, a wrong answer or an unattempted
question will earn 0 marks.

2.11 In order to study the lvsine biosvothetic pathway in veast, lysine auxotrophs (mutants
Lhat, are unable Lo grow without Tysine supplementation to the minimal growth medinm
were sereeneed. Four mutants (ml to md) were isolated, which were all recessive compared
to the wild-type (WT). To find oot the number of genes affected by these mutations,
haplaid mutants were mated and the ability of the resultant diploid progeny to grow on
medinm lacking lvsine was tested. The results are shown in the table below.

ml | m2 | m3 | md | W1 |

ml . - . - .

5 F 4

(*+" indicates growth and " indicates no growlh) Based on these results, which of the
[ollowing statement(s) is/are correct?

(A} There are three genes affected by the mutations.
(B) ml and m3d are mutations on the same gene.
(C) m2 and md are likely to display the same phenotypic defect.

(D) ml and m2 are mutations on different genes.
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2.12 Two unique reptilian species (P and Q) reproduce in ambient temperature range (31°C
to 35°C only). A group of scientists found a strange observation regarding the “male
to female ratio” as obtained from fertilized epes artiheially hatched within laboratory
incubators, as shown in the hgure below,

100 = 10H) =

% of males
B
i

% of males
g

Temperature [°C) Temperature (°C)

The maximum life span of these reptiles is 5 vears. 50 male and 50 female adults each of
species P and () were used to start a 10 yvear long study. The eges were always hatched in
inenbators during this study, In the absence of any other factors, which of the following
possible outeome(s) is/are correct”?
(A) I the temperature of the incubator is strictly maintained at 33 °C for 10 con-
secutive vears, the species P ois expected to have more males than i species
(B} If the temperature of the incubator is strictly maintained at 31°C for 10 con-
secutive yvears, Lhere will be more males in species P than in species (),
(C) I the temperature of the incubator is strictly maintained at 31 °C for 10 con-
seentive vears, then both P oand G will not survive in the lab,

(D) If the temperature of the incubator is strictly maintained at 31°C and 35°C
for everv alternate yvear (for a total of 10 years), there will be more males in
species I than species ().

2.13 Over hfty percent of swallows living on ¢liffs in Nebraska were killed when a cold spell
hit the area in 1996. Scientists collected nearly 2000 dead swallows from the base of the
cliffs and captured about 1000 live ones. By measuring the body mass of these birds,
they found that birds with larger than average body mass survived the cold spell better
than the ones with smaller than average body mass. The data collected sugeests that

(A) The population is undergoing natural selection.
(B} The population is undergoing disruptive selection,
{(C} There is directional selection acting on the population.

(D} Stabilizing selection is acting on the population.



2.14 The diagram below shows the relationships among the midge Tarvae ( Chaoborus ny-
blaez), larval salamander [ Ambystoma bgrinum) and two species of the erustacean Daph-
nia | . rosea awd the larger [ puler) that inhabit certain pond commumities. Study
the relationships and deduce which of the following is/are correct.

Midpe Larvae Lanval Salamander
{Chooborus nybioel} R e LSS i | {Aminstoma Hgrinum)
[ e []
+ - e = 1 -
3 &= - -

. ¥
-‘-\"‘-\-\.._\__‘_ __.__._._'_'_'__,-F
Direct inleraction —_—
Indiract interaction i s ol Rl

(A) Presence of high numbers of larval salamander has an indirect effect on D,
rosea and it is a positive effect.

(B} When larval salamanders are present, predation reduces the population growth
rate of the larger Daphnia, facilitating the coexistence of the two species of
Daphinia.

{C) The two species of Daphnia compete for the same resources and hence increase
in resource availability will reduce the number of midge larvae and larval sala-
mander.

(D) Increase in the number of D). puler would lead to a decrease in the number of
midge larvae,

2.15 Assume that the coat colour in a mammal is dictated by a genetically controlled
biosynthetic pathway as depicted in the diagram below

Gene X Gene ¥
! !
Enzyme X Enzyme Y
GeneZ —> Enzyme Z —ll
Precursor >P1 =z > P2
(white) (grey) (black)

The pigment gene ' X" makes an enzvme ‘X' that catalyzes the conversion of the precursor
to the grey pigment (P1). The dominant allele ‘X produces the enzyme necessary for
this conversion, Similarly a dominant gene * Y produces an enzyme *Y' that controls the
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conversion of the P1 to a black pigment {P2). On the other hand, the dominant allele * 27
produces an active enzyme ‘Z° that can completely inhibit the conversion of precursor
to P1. In all cases, the recessive alleles respectively produce defective enzymes with no
activity, All the three genes assort independently with no interference from other genes,
State the colour of a male with the genotyvpe XXyyZZ and a female with the genotype
rrY Yz

(A
(B
(©
(

)
D) Male is grey and lemale is white.

Male is black and female 1s white.
Both male and female are white,

Male is white and female is black.

)
)



Section 3: Chemistry

Marks for Section 3: 50

This seclion contmns 15 questions.,

For gquestions 3.1 fo 3.10, only one of the 4 oplions w5 correcl. A correcl answer unll
earn & marks, a wrong answer uwill earn (—1) mark, and an wnattempted question well earn
(1 marks.

3.1 Ina base catalvzed elimination reaction the base takes away a proton from the 3 position
of the leaving gronp (the group that goes away with the honding pair of electrons) and a
double bond is formed. When the base is bulky it prefers to take away the proton from
less hindered position.

~~~~  (CH;3)3COK/(CH;}3COH " (i) O

Br (i) reduction
Major

= Y 4+ 4

In the above process, Y and Z are
(A) two molecules of ethanal.
(B) propanal and ethanol,
(C} propancic acid and carbon dioxide.
(D) propanal and methanal.

3.2 Compound X (C HOCL;) reacts with cold water to form Y (CyH-05Cl). X on heating
with aq. KOH. followed by acidification, gives Z ((3Hi0y). which can be resolved into
enantiomers. X is-

(A) CH;-CClL-CH,-CHD (B) CICH,-CH,—CH,-COC!
(C) Cl-CH-CO-CH,Cl (D) CHy-CH,-CHCI-COCL
CH,

3.3 4-Amino salicylic acid, called PAS, is an anti-tuberculosis drug. The proper method for

its preparation involves a reaction of
(A) 3-aminophenol with chloroform in an alkaline medinum.
(B) 3-amimophenol with carbon dioxide in an alkaline medium under pressure.

(C) cone. HNOg and cone. HaSOy on salicylic acid followed by catalytic reduction
using Hy /Ni.

(1) chlovine (limited amount ) with aminobenzoic acid in the presence ol FeCly,
followed by boiling the product inag. alkali.



3.4 Counsider the [ollowing reaction.

/“\r’\/\ EtSNa p

Br F Solvent

The major product (P) of the reaction is

(A} NSNS (B)
SEt F Br SEt

(C) /YEt\F/\ (D) /\ij

3.5 Consider the equilibrivm NaOy(g) = 2NOz{g), established from pure NaOg(g), at a
snitable temperature 7', Keeping the temperature constant, the equilibrium is studied
as a function of the total pressure £ of the gas mixture. Let V' be the volume of the gas
mixture. For one mole as the initial amount of NoOy(g), the correct plot (among a, b,
¢, ) in the given figure. assuming ideal gas behaviour, is

2r —a
d.—
i
T JI' -\-_-\_"—\—_
== A E—
\
i — -
I_.l
(A) u (B} b (C) e (D) o

3.6 An agqueous solution containing a nonvolatile solute is heated in an open vessel till the
boiling point is reached. Thereafter. the boiling is continued and the temperature and
the vapour pressure of the solution are recorded at 5 min, 10 min, and 15 min. The cor-
responding temperatures and pressures are T's. Ty, Ty and Py, Pig, Pys, respectively.
The correct relationship among them is:

(A} T; < Ty < Tis and Fs = Py = B
(B) T =Ty =Tz and Fs = Py = Fi;
{'[:_'] T5. = Tju = Tl,-J and P5, - Pm < PL;
ED}' T;, < Tgu < Ti,-_., and P; < Fll.l = Pm



3.7 One mole of an ideal mono-atomie gas is subjected to a eyvelic process connecting the
states Lo M oand N as shown in the pressure - temperatare diagram given below. The
line LM passes through the origin, while MN and LN are parallel to the pressure and
temperature axes respectively,

P
=
=

Pressure [atim)

ST LR
Temperature (K)

The correct statement is (K is the universal gas constant)
A) Work done along the path LA is 300K,

\
(B) Work done along the path NL is 750R,
() Work done along the path LM is zero.
(D) Enthalpy change along the path MN is greater than zero.
3.8 Correct order of bond angle, #/XOX (X =H, Qor F) is
(A) H,O > 04 > F,0 (B} 04 > H:0 = F,0
(C) Fz0 = Ha0 = Oy (D) O3 = Fo0 = Ha0)

3.9 A metal of density 708 ¢ em™* at 208 K crystallizes in a body ecentered eubice lattice
with lattice constant 2.9 A. The metal is (atomic mass is given in parenthesis)

(A) Cr (52.0) (B) Zn (65.1) (C) Se (45.0) (D) Rh (102.9)

3.10 The ore that can be concentrated by magnetic separation method is

(A) Bauxite (AlOy.rH:0) (B) Pyrolusite (MnO;)

(C) Cuprite (CuaQ) (D) Zincite {Zn0O)



For quesfions 311 fo 3,15, one or more than one of the 4 oplions may be correct. Your
answer s regarded correct only if you choose all the correct option(s) and no incor-
rect uptiun(s}, A correct answer wtll earn 4 marks, o wrong answer or an unattempled
question will earn { marks.

3.11 Several octahedral complexes are possible from combinations of Co*t, C1- and NH,.
The correct statement (s} regarding the octahedral coordination entities having the for-

mnlae [Co{NHy),Clg_, ]~ with n > 3, is/are

A} At most six octahedral eomplexes are possible,
B

One of the complexes is homaoleptic.

[’.‘I""-\_ﬂ'

All the complexes are paramagnetic.

(
I.‘
(
(D

)

) Some of the complexes dissociate in water to give Co™ and Cl- ions.

3.12 A carboxylic acid ester is prepared commonly by reacting a carboxylic acid with excess
of an alcohol in the presence of a small quantity of a strong acid such as conc. H.S50);
as a catalvst. The reaction is reversible and generally the equilibrium constant for the
esterification is close to L, As it is a reversible reaction, different methods are used to
increase the vield of ester. It is established that the mechanism of esterification under
such conditions involves initial protonation of the acid followed by the attack of the

aleohol as a nucleophile.

i ROH «—n i 20
g, H+ R . 2 i AR+
R0 s o :
g L -
acyl  alkoxy

The correct statement(s) is/are

(A} When esterification is carried out using moelar ratio of acid and alcohel as 1:10),
the vield of the ester with respect to the acid should be close to 90%.

(B} The function of cone. HyS0), is also to increase the free energy change of the
reaction and thereby inereasing the equilibrinm constant.

(C) When an ester is heated with acidified water the protonation will be more
favourable at the acvl oxyvgen atom than at the alkoxy oxygen atom.

(D) When butyl hexanoate is heated with alarge excess of methanol in the presence
of a small quantity of conc. HaS0y, methyl hexanoate is the major product.
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3.13 Consider the lollowing sequence of reactions,

OCH. :
' 1 Equivalent

OCH:  CICHCOC] x CTHANH; v Nalill,

—‘.E

Liewis arcid [hepsen

(i) ag. NaOH/I;, (i) HCL, HaO

0

The correct statement(s) is / are
(A} X s a mixture of almost equal amounts of two isomers,
(B) Y is a basic compoung.
(C) Z is a racemic mixture.
(D) Q is 3,4-dimethoxyhenzoic acid.
3.14 The decomposition reaction X(g} — 3Y(g) is studied at constant volume and temper-

ature, For pure X(g) as the starting material, the first few readings of the observed total
pressure /' as a tunction of time are given below:

Time (min) gl L1214
Total Pressure P {atm) | 8 | 16 | 20 | P,

The correct statement(s), assuming ideal gas behaviour, is/are:
(A) Py is 23 atm.
(B) The total pressure, on completion of reaction, will be 24 atm.
{C} The partial pressure of ¥ will exceed that of X in less than 1 min.
(D) The partial pressures of X and Y will be equal when the total pressure is 12

atin.

3.15 One mole of an ideal gas is expanded irreversibly from an initial pressure of 2 atm to
a final pressure of | atm at a temperature of 300 k. Let g, AS... and A5, represent
the magnitude of the heat transfer, the entropv change of the system, and the entropy
change of the surrounding respectively. Assuming that the surrounding does not perform
any work, the correct relation(s) is/are (A is the universal gas constant)

(A) ASue = —iee/300 (B} AS,.=RlIn2
(C) ASuy. = e/ 300 (D) qus < 300 Rln 2
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Section 4: Mathematics

Marks for Section 4: 50

This sechon contains 15 queshions,

For queslions 4.1 lo 4.10, only one of the § oplions 15 correel. A correci answer unll
earn ¥ marks, a wrong answer will earn {(—1) mark, and on wnattempied question wnll earn
() marks.

4.1 Let A be a 3 % 2 matrix with real entries. Let H = A{ATA) AT where AT is the
transpose of A and let T be the identity matrix of order 3 x 3. Then

(A) H?=1.
(B) H? = —1I.
(C) 5 =H.
(D) H?=-H,

4.2 The number of terms that are integers in the binomial expansion of (/7 4+ V/5)* is

(A) 4 (B) 5 (C) 6 (D) 7

4.3 Suppose f: [0, 7] = R satisfies f(z) + f(m —x) =1 for all z. Then [ f(z)sinz dr is
(A) 1/4 (B) 1/2 (€) 3/4 (D) 1

4.4 Let an acute-angled triangle ASC' be inseribed in a circle whose centre is the origin.
Let B=(3,4) and ' = (—4,3). Then £ZBAC is

(A) =/5 (B) x/4 (C) #/3 (D) w/2

4.5 Let positive real numbers @ and y be such that 3z + 4y = 14, The maximum value of

iyt is

(A) 4 (B) 128 (C) 216 (D) 432

4.6 Let A, ¢, H be the arithmetic mean, geometric mean and harmonic mean respectively of
two distinct positive real mumbers. The roots of the quadratic equation Az® —-2Gz+H =
) lie in the interval

{A) (0.1) (B) (1,2) (€) {2.3) (DY) (3.4)
4.7 The munber of real solutions of €* =1+ 5inr is

(A) 0 (B) 1 (C) 2 (D} not finite
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4.8 Tn an office, 30% of the employvees have scooters and 25% have cars. Among those who
have scooters, 90% do not have cars. The probability that an emplovee has a car given
that he does not have a scooter is

(A) 11/35 (B) 33/100 (C) 11/50 (D) 9/10

4.9 Let a function f: |0, 0c) — K be defined as follows,

flz) = b(x — 2)%, =2

{|;r—n|— l; O=z<?B

where a and b are real numbers with a € (00, 2) and & # 0. Then
(A
(B

(C) J is contimuous if and only il a +b= 1.

there is exactly one value of @ which makes f a continuous function.

e e

the continuity of f depends on the values of both @ and b.

(D) f is not differentiable at exactly one point in its domain.

4.10 Among the following equations the one that most accurately describes the graph shown
below is

(A) y=2zsinE, O0<zx<]

(B) y=zcosZ; OD<r<l

(C) y=12sin(rz); OD<ax<l

(D) y=+coslmz); O<z<1

T

04 08 08 1 L

For guestions 4.11 to 4.15. one or more than one of the 4 options may be correct. Your
{ i ! .

answer s vegarded correct only if you choose all the correct option(s) and no incor-
rect option(s). A correcl answer will enrn § marks, @ wrong answer or an wnatlempled

question will earn (0 marks.

4.11 For a positive real number & let £y be the ellipse with equation

I,E y'.n! -

Pk Pk

where @ > b > 0. All members of the family of ellipses {E; : & > 0} have the same

(A) foci. (B} eccentricity.
(C) pair of directrices. ([}) centre.
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