Solutions to all questions are provided after the question paper.

Bio-SET A - 2024

e There are 20 multiple choice questions in this question paper.
e Only one answer is correct in each question

e Difficulty level score: 54; average difficulty:2.7

1. Analyze the images and deduce the correct structural description of the molecules.

Antigen
binding
site

Variable™
part \

Constant
part

JALYHANY

DNA Protein Antibody

A. DNA - primary; Protein — secondary; Antibody — tertiary

B. DNA - primary; Protein — secondary; Antibody — quaternary

C. DNA - secondary; Protein — primary; Antibody — secondary

D. DNA - secondary; Protein — secondary; Antibody — quaternary



2. The effects of elevated CO5 supply, presence of legume and phosphate availability on
the above-ground biomass production of a grassland community is depicted in the
graph.
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Based on this information, the correct option is:

>

Nitrogen-deprived plants grow faster under ambient CO, condition.

B. The growth of plants is enhanced under elevated CO, condition
in presence of legume.

C. In the absence of phosphate, legume provides no growth benefit to the
plant.

D. In the presence of legume, there is no growth benefit on addition of phos-
phate under elevated CO4 condition.
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. In a given plant, the flower colour is governed by a single gene locus. The flower

can be either white, red, blue or purple colour. However, a single flower will never
have different coloured petals. Multiple crosses were carried out between plants
with different flower colours (white, red, blue or purple) and the observations on the
progeny phenotype are tabulated.

cross progeny phenotypes ‘

White X White | All flowers are white

Red X Red All flowers are red or some are red and some are white (number
of red >> number of white)
Blue X Blue All flowers are blue or some are blue and some are white

(number of blue >> number of white)

Purple X Purple | A mix of red, blue and purple flowers (number of purple flow-
ers > numbers of red and blue flowers and equal number of
red and blue flowers)

White X Red All flowers are red or some are red and some are white (equal
number of red and white flowers)
White X Blue All flowers are blue or some are blue and some are white (equal

number of blue and white flowers)

White X Purple | Blue and red flowers (equal number of red and blue flowers)

Red X Blue All flowers are purple or some are red, some are blue and some
are white

Red X Purple Mostly red and purple flowers and some are blue

Blue X Purple | Mostly blue and purple flowers and some are red

Based on this information, the correct option is:
A. There are two alleles governing flower colour.

B. Purple allele is dominant over Red allele, and Red allele is dominant over
Blue allele.

C. Red allele and Blue allele show incomplete dominance.

D. White allele is dominant over purple allele.

Page 4



4. In the given pedigree, circles represent females and squares represent males. Filled
shapes indicate affected individuals, while unfilled shapes indicate unaffected indi-
viduals. Based on the pedigree analysis, consider the statements (i) to (iv)

(i) If the inheritance pattern is autosomal recessive, then the individual III-8 is a
carrier of the disease.

(ii) If the inheritance pattern is X-linked recessive, then the individuals II-6 and
III-7 are carriers of the disease.

(iii) Individuals I-1 and I-2 are homozygous for the allele under study.
(iv) If the inheritance pattern is autosomal recessive, then individuals I1I-2 and IV-1
must be carriers of the disease.
The correct combination of statements is:
A. i, i and iv
B. i and ii
C. ii, iii, iv

D. ii, iv
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5. Katalin Kariké and Drew Weissman were awarded the Nobel Prize in Physiology or
Medicine for the year 2023 for their observation that pseudo-uridine (¢) incorporated
mRNA (but not mRNA with normal bases A, U, G, and C) is better for RNA vac-
cine production. These observations paved the way for developing the RNA vaccine
against SARS-CoV-2 (the vaccine produces the spike protein of the virus in a cell).
The reason that pseudo-uridine incorporated mRNA worked as a better vaccine can-
didate is:

A. The innate immune system does not recognise the pseudo-uridine
incorporated mRNA allowing translation of the spike protein.

B. Unmodified mRNA encoding spike protein cannot be translated by the
ribosome.

C. Antigen-presenting cells can translate only pseudo-uridine incorporated
mRNA.

D. Spike protein from unmodified mRNA cannot induce immune response.
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6. An unknown organism that can utilise NH4Cl as nitrogen source was grown for several
generations under four different conditions as given below:

(i) medium containing *NH,Cl
(i) medium containing “*NH,CI

(iii) medium containing *>NH,Cl followed by culturing in medium containing NH,CIl
for one generation

(iv) medium containing *NH,Cl followed by culturing in medium containing “NH,CIl
for two generations

DNA isolated from the organism grown under the above listed conditions was inde-
pendently analysed by density gradient centrifugation. Assuming that the mode of
DNA replication in this organism is dispersive, the option representing the correct
band pattern is:

(i) () (i) (i)
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(i) (i)
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. Consider the following statements about photorespiration in plants:

(i) Photorespiration produces one molecule of 3-phosphoglycerate from ribulose bis-
phosphate.

(ii) Photorespiration is a wasteful process because neither ATP nor NADPH is pro-
duced.

(iii) Phosphoglycolate is converted to glycolate in peroxisomes.
(iv) Photorespiration in C3 plants is less compared to C4 plants.
The correct combination of statements is:

A. iand ii

B. ii and iv

C. iii and iv

D. ii and iii
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8. In order to generate a crop variety with C4 carbon fixation, a researcher expressed
PEPcase enzyme from C4 pathway in leaves of the C3 plant. However, the modified
C3 plant did not show carbon fixation efficiency as expected for a C4 pathway plant.
The most likely reason is:

A. Improper compartmentalisation of the C4 PEPcase in C3 leaves.
B. The PEPcase from C4 plant is catalytically inactive in the C3 leaves.

C. Carbon-dioxide fixed by C4 pathway PEPcase cannot be utilised by the
RuBisCo of C3 leaves.

D. Overexpression of PEPcase from C4 in C3 leaves increases photorespiration.
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9. An experimenter was analysing homogenized cell lysate (containing mitochondrial
+ chloroplastic + cytoplasmic contents) of a plant tissue that is heavily infected
with a bacterial pathogen. Ribosomal RNA (rRNA) purified from the cell lysate was
separated by gel electrophoresis. The band pattern observed after the electrophoresis
is depicted in the figure.

Mol.wt.
marker rRNA
bases —— —=| well position
5000 | =—— I - 25S-28S
3000 | m—
| II - 23S
2000 | — - 7 18S
1500 | =— =1 IV - 16S
150 | =— =—| V -5.8S
100 | — —| VI-5S

The correct statement about the observed band pattern is:

A. I, III and V are from the plant ribosome.
B. I, IIT and V are from the bacterial ribosome.
C. II, IIT and VI are from the bacterial ribosome.

D. IV and VI are absent in plant ribosome.
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10. A researcher incubated algal cells with a fluorescent-labelled cytidine analogue that
can enter the cells and get incorporated into nucleic acids. The cells were lysed and
different membrane-bound organelles were isolated. The membrane-associated ribo-
somes were removed and the organelles were then homogenized. The macromolecules
thus isolated from each organellar fraction were analysed. The organelle fractions
that show incorporation of the fluorescence signal are

A. mitochondria and chloroplast.
B. chloroplast and endoplasmic reticulum.
C. mitochondria and endoplasmic reticulum.

D. endoplasmic reticulum but not nucleus.
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11. In the vector map, GFP denotes the green fluorescent protein, Tet® is a tetracy-
cline resistance gene and Amp® is an ampicillin resistance gene. A DNA fragment
containing the gene of interest was generated using Sall digestion. This fragment
was ligated with the Sall digested vector. Assume complete digestion by Sall. E.
coli was transformed with the ligation product and transformants were plated on
media. The recombinants having the gene of interest will grow on media containing

Sall

EcoR1

ampicillin and are GFP positive
tetracycline and are GFP negative

ampicillin and are GFP negative

oS aw >

tetracycline and are GFP positive
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12. In an ecological interaction between two species of wild plants (X1 and X2) and a
crop plant (Y), wild plants compete with crop plants for nutrients. There is a group
of plant pests (P) that infect crop plants and damage them. Further, wild plants X1
support the population of insects (T1) that feast on the plant pest (P). Wild plants
X2 support the dwelling of pollinator insects (T2) that promote pollination in the
crop plants and thereby promote crop production. The correct statement is:

A. There is direct negative interaction of Y with X1 and X2.
B. The interaction between T1 and T2 insects is commensalism.

C. Removing wild plants X1 and X2 from this ecosystem will improve overall
crop (Y) productivity.

D. The interaction between T1 and crop plants Y is parasitism.

Page 14



13. The forelimbs of whales, bats, cheetahs and humans share similar anatomical struc-
tures and have humerus, radius, ulna, carpals, metacarpals and phalanges. Although
this suggests that the forelimb bones in these organisms developed from a common
ancestor, they were adapted for different functions. The most appropriate option
that captures the evolution of these forelimb bones is:

A. Divergent and orthologous
B. Convergent and homologous
C. Divergent and paralogous

D. Convergent and orthologous
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14. In the Tree of Life, different life forms are placed on branches of the tree based on
their evolutionary relationship with each other. However, viruses are not included in
the tree. The reason for this is:

A. Viruses do not have a cellular structure, hence drawing an evo-
lutionary relationship with other cellular forms is not possible.

B. Viruses do not evolve from their ancestors, hence evolutionary relationship
cannot be deduced.

C. Evolution of viruses do not follow the principles of Darwinian evolution.

D. Viruses infect all domains of life, hence drawing an evolutionary relationship
is not possible.
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15. Chloroplasts of certain algal taxa such as Euglenophyta are surrounded by three
membranes while, Heterokontophyta and Cryptophyta have four membranes. The
chloroplasts present in these organisms is a result of secondary endosymbiotic events.
All of them have chlorophyll a. However, Euglenophyta uses chlorophyll b as an
accessory pigment, whereas Heterokontophyta and Cryptophyta use chlorophyll c.
Assuming gain-of-function and gene addition, the most likely evolutionary scenario
best describing the origins of chloroplast in these organisms is:

A. While Heterokontophyta and Cryptophyta had a common sec-
ondary endosymbiont, Euglenophyta evolved from an indepen-
dent secondary endosymbiont.

B. Heterokontophyta, Cryptophyta and Euglenophyta all had a common sec-
ondary endosymbiont.

C. Heterokontophyta, Cryptophyta and Euglenophyta all evolved from inde-
pendent secondary endosymbiotic events.

D. Heterokontophyta and Cryptophyta were a result of secondary endosymbi-
otic event from Euglenophyta.

Page 17



16. Infection with Dengue virus can potentially be fatal when the infection results in
leakage of blood from blood vessels. One of the disease management clinical strategies
in dengue virus infection is platelet transfusion. Considering that thrombocytopenia,
a condition of reduced platelet count in blood, is a consequence of the viral infection,
the rationale behind administration of platelets is:

A. Platelets inhibit immune response against the virus.
B. Clotting factors from platelets stop internal bleeding.
C. Platelets produce antibodies against the virus.

D. Platelets have anti-pyretic activity (reduce fever).
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17. Scientists have recently found that an archaebacteria belonging to the phylum Lokiar-
chaeota can be grown only in co-culture along with a Methanobacterium and another
aerobic proteobacterium. The archaeon catabolizes amino acids that are secreted
out from the Methanobacterium, producing formate. The formate released from
the archaeon is utilized by the Methanobacterium as an energy source. The pro-
teobacterium, by scavenging the oxygen in the environment, provides an anaerobic
environment for the archaeon. This interaction between the archaea and bacteria
could have resulted in the evolution of present-day eukaryotic cell. The interactions
between Lokiarchaecon with Methanobacterium and Lokiarcheon/Methanobacterium
with proteobacterium, respectively, can be described as:

A. Mutualism and commensalism
B. Mutualism and parasitism
C. Commensalism and mutualism

D. Mutualism and amensalism
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18. Identify the non-reducing disaccharide:

OH
4 0 OH 1
HO o HO OH
HO
OH 1 4 ©
H

A.  Cellobiose (5-D-Glucopyranosyl-(1— 4)-3-D-glucopyranose)

OH
4 OH
© 4
HO H O
HO L OH
OH { OH
HO
O
B. Trehalose (a-D-Glucopyranosyl-(1— 1)-a -D-glucopyranoside)
Ho OH

MW

(. Lactose (B-D-Galactopyranosyl-(1— 4)-3-D-glucopyranose)

SR

D. Maltose («-D-Glucopyranosyl-(1— 4)-a -D- glucopyranose)
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19. A researcher found a cottony growth on a plant tissue. On microscopic examination
of the sample from there, the researcher observed branched, thread-like structures
containing linearly arranged cells with cross walls. Each cell has a distinct nucleus.
Staining the cells revealed cell wall structure containing complex polysaccharides.
At the end of some of the branched structures, small spherical structures were seen,
which when isolated and placed on another tissue, grew into thread-like structures.
Based on these morphological characteristics, the organism can be placed in the broad
taxonomical classification of:

A. Kingdom: Protista, Phylum: Amoebozoa (slime moulds)
B. Kingdom: Fungi; Phylum: Ascomycota (sac fungi)
C. Kingdom: Monera; Phylum: Actinomycetota (filamentous bacteria)

D. Kingdom: Plantae; Phylum: Charophyta (spirogyra)
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20. The graph depicts energy diagram (potential energy vs progress of reaction) of an
uncatalyzed (black solid line) and enzyme-catalysed (red solid line) biochemical re-

action.

Potential Energy

O

Progress of Reaction

Based on this information, consider the following statements about enzyme catalysis.
(i) L, M, N and O represent potential energies of substrate, transition state (T'S) in
the absence of enzyme, TS in the presence of enzyme, and product, respectively.

(ii) The rate of the catalyzed reaction increases exponentially to the tune of differ-
ence between M and N.

(iii) The rate of the catalyzed reaction is directly proportional to the energy difference
between L and O.

(iv) L, M, N and O represent potential energies of the substrate, a reaction inter-
mediate, transition state and product of the reaction, respectively.
The correct combination of statements about enzyme catalysis is:
A. iand ii
B. ii and iii
C. iii and iv

D. i and iv
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Chemistry - Set 1

1. Consider the following reactions:

HsC. _CHj ®
| KMnO, /H™ o | R

H” “CH,
P

MeOH
HCl gas

R MeOH
HCI gas

In this context, the correct statement is

a) Q is a ketone and T is an ether.

(a)

(b)

(¢) R is an aldehyde and S is a ketal.
)

(d) Qis an acid and T is an ester.

R is an acid and S is a ketal.



2. Aqueous solution of sodium salt of 2-methylbutanoic acid on Kolbe electrolysis
yields P (major product). P is



3. Consider the following reactions:

SO4H
lten NaOH
mo T-|n ta . Q
ea (Sodium salt)
P
R < CHal 0 1. CO,
- 2. H®
(Sodium salt) <

R and S, respectively, are
(a)
(b)
()

)

(d) 2-Hydroxy-methylbenzene and 2-Hydroxybenzoic acid

Methoxybenzene and 2-Hydroxybenzoic acid
Methylbenzene and Benzoic acid

Methoxybenzene and Benzoic acid



4. Glucose on treatment with bromine water yields X. X upon treatment with
excess of acetic anhydride yields Y. The structure of Y is

CH,OAc CO2H
H——OAc H——OAc
AcO——H AcO——H
H——OAc H——OAc
H OAc H——OAc
CH,OAc CHO
(a) (b)
CO,H COLH
H——OAc H——O0Ac
AcO——H AcO——H
H——OAc H——OAc
H——OAc H OAcC
CO,H CH,0Ac



5. An intramolecular aldol reaction of P in the presence of dilute NaOH yields a
mixture of aldol reaction products.

CHa
0

CHO
P

One of the products that can be formed is

o) OSCH?)
HO OH
(a) (b)
CH3 0

OH

CHO



6. Consider the following compounds.
I | ln IV

Among them, the compounds that show aromaticity are

(a) Tand IV
(b) II and III
(c) IIT and IV
(d) I and III



7. Consider the following ethers.
~< L L L
Z 0 0 X \/\O O/\/
| ! [} v

Among them, the ethers that can be synthesized under mild conditions using
Williamson’s ether synthesis are

(a) Tand II
(b) IT and III
(c) II and IV
(d) IIT and IV



8. Consider the following reaction
zMnO; + yI~ + ZHT — pMn?** + (105 + rH,0

The correct ratio x : y in the balanced equation is



9. The spin only magnetic moment of a manganese (atomic number 25) amine
complex is 2.83 BM. The oxidation state of Mn in the complex is

(a) +2
(b) +3
(c) +4
(d) +5



10. Consider the radioactive decay, X(radioactive)—Y (stable). At time t=0, X is
present in the pure form and at t=2 h, the ratio of amounts of X and Y is 1:3.
The duration required for the ratio to became 1:15 is

10



11. The correct statement regarding chromate and dichromate is

The oxidation states of chromium in chromate and dichromate are, respec-
tively, +4 and +6

Dichromate on reaction with concentrated HoSO, gives chromate
All chromium-oxygen bond distances in dichromate are equal

Total number of electrons involved in the complete reduction of one molecule
of dichromate to chromium(III) is six
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12. Among the elements Cr, Mn, Cu, and Zn, the one having the highest second
ionization energy is

(a) Cr
(b) Mn
(c¢) Cu
(d) Zn
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13. The compound having highest covalent character in the metal-chlorine bond is

(a) NaCl
(b) MgCl;
(c) AlCly
(d) TiCly

13



14. The correct order of basicity is

(a) Al(OH)g > C&(OH)Q > Lu(OH)3 > La(OH)3

(b) Ca(OH), > La(OH); > Lu(OH); > AI(OH);

(¢) Lu(OH); > La(OH)3 > Ca(OH), > Al(OH);

(d) La(OH); > Ca(OH), > Al(OH)3 > Lu(OH);
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15. Certain amount (say, n moles) of a monoatomic ideal gas (C, = 3R) of volume
Vi, temperature T}, and pressure P; is expanded against a constant external

pressure Py until the pressure of the gas becomes P,. The correct statement is

(a) If the expansion is carried out adiabatically, the work done is given by w

= 2Vi(Py—Py)

(b) If the expansion is carried out adiabatically, the entropy change is given
by AS = 0.

(c) If the expansion is carried out isothermally, the work done is given by w =
—nRTlln(%).

(d) If the expansion is carried out isothermally, the entropy change is given by
AS = —ann(%).
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16. Consider the reaction equilibrium X (g)=Y(g)+Z(g) at a constant temperature
T and at different values of total pressure P. Let V denote the volume of the
reacting system at equilibrium. Starting with 1 mole of X, the equilibrium is
established for different values of P. Assuming an ideal gas behaviour, the correct
plot is

2

PV
RT

PV
RT
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17. Consider two sparingly soluble salts PQ and RS2. At temperature T, the solu-
bility products of these two salts are found to be equal. At a higher temperature
Ty (T; > Ty), the solubility of PQ becomes triple of its solubility at Ty. Also,
at another temperature Ty (T > Ty), the solubility of RSy becomes double of
its solubility at Ty. The ratio of solubility products of PQ at T; and RSs at
Ty is given by
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18. Consider the following molecular orbitals that are formed by sidewise (or lateral)
overlap of adjacent 2p atomic orbitals of carbons in a conjugated aliphatic chain.

VLU RV vl
O ® 6

The correct order of energies of the molecular orbitals is

(a) I < IV =1II < III
(b) I <1V < I <1
(@) I<II<IV<III
(d) IV=1 =1 <1
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19. The hydrogen spectrum consists of an infinite number of spectral lines grouped
into different series. A particular series arises from the electronic transitions
between various higher energy levels and a particular destination (lower) energy
level specific to that particular series. Examples include Lyman series, Balmer
series, Paschen series etc. There exists an infinite number of such series and let

the lowest frequency of the ' series be denoted by V,(,fb)m The quantity ) uf;in
i=1
expressed in terms of the ground state energy of hydrogen atom, Ey and the

Planck’s constant h is

@) ~(Bu/h) > %

(b) —(En/h)
(¢) —Eu
(d) Infinity
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20. Consider the first order reaction X(g)—2Y(g) + 2Z(g), involving ideal gases X,
Y, and Z inside a reaction chamber of fixed volume and at constant temperature.
The initial (t = 0) pressure is 1 atm and after 30 min the total pressure increases
to 2.5 atm. The fraction of unreacted X at t =1 h is

20



Set-A

Notes and Notations

Figures are for representational purposes only and are not drawn to scale.
N denotes the set of all natural numbers.

7, denotes the set of all integers.

R denotes the set of all real numbers.

C denotes the set of all complex numbers.

For all x € R, [z] denotes max{m € Z : m < x}.

The n'! order derivative of f(z) is denoted by £ (x).



1. For positive real numbers a and b, the number of solutions of aX®7 —b =0 in
R is
A. 887
B. 443
C. 1

D. 0



2. The number of pairs (x,y) of rational numbers such that x + y = zy is
A 2
B. 1
C. 0
D. o



3. The number of positive integers n such that the equation n?X?+ 2024 X + (n? +
1) = 0 has a solution in R is

A. 31

B. 5

C. 1012

D. between 1012 and 2024



4. Consider the closed interval [0, 1] and label it as Cy. In the next step, divide the

interval [0,1] into three parts [0, 3], (3,2),[3,1] and delete the middle interval

(3,2). Let Cy be the union of the two intervals [0, 3] and [2,1]. In the next
step, consider the two intervals in 1, divide each of them into three parts of
length § each and delete the middle intervals (3, 2) and (£, $). The union of the
remaining intervals is labelled as (5. Continuing in this way, the sets C,, are
constructed for any n € N.

C
0 1 0
0 1 2 1 C,
3 3
o 12 1 2 T8 1 C,
99 3 3 9 9

Then the sum of the lengths of the intervals in C} is

1

A g

2

B. &

14

C. &
D.

16
81



5. Let S be the set of all functions f : Z — C such that f(m +n) = f(m)f(n) for
all m,n € Z and f(0) = 1. Then

A. there exists f € S such that f(—1)
B. there exists f € S such that f(1) =2
C. there exists f € S such that f(1) =0
D. f(1) =1 for every fin S

0
+ 31



6. The number of points x in R where the function f(z) = cos & + cos(v/11 )
attains its maximum is



7. Let P and @) be the points of intersection of the circles
Cr:22+y*+2x—y=0
and
Co:2®+y*+32x+2y—3=0.

Let R be the point (1,2). The distance between the point R and the line PQ
is

A V2

B. 5/V3
C. 8/V3
D. 4/4/10



8. Let n € N and let f(z) = 2" for all z in R. Then

is equal to
Al
B. 271
C. (n+1)2"
D. 27




9. Let ABCD be a square with sides of unit length. Let P and @) be the points in
the square such that ABP and C'D(Q are equilateral triangles.

D C

Then the area of the intersection of the triangles ABP and C'DQ (shaded region)
is

2
Al — -1

V3
B. less than é

15

112

1
D.1-—

V3
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10. Let AB be the diameter of a circle with radius 1 centred at the point O. Let
C' be a point on the circle such that ZBOC = 60°. Let D be the foot of the
perpendicular from C to AB. Let ¥ denote the circle that touches segment DB,
segment DC' and the shorter arc of the circle with endpoints B and C' as shown
in the figure given below.

60°

A O D B

Then the radius of the circle X is
A V3 —(3/2)
B. v3/8
C. (2+/3)/16
D. (v/3-1)/3
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11. Let
1 £C7
]:/ S dx
o V1+ a8
Then
—1<I<0

0<I<
<<

oW e

I [— 0ol
®IWw A~ oI

<<
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12. Let A and B be two 3 x 3 matrices such that AB = BA and A2 —5AB+4B? =0,
where 0 is the zero matrix. Then

AL A=Bor A=4B
B. A — B is singular
C. A — 4B is singular

D. A and B are nonsingular if any one of A — B or A — 4B is nonsingular
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13. The ordinary differential equation

has
a unique solution
two distinct solutions

a non-zero decreasing solution

S awe>

a non-zero periodic solution
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14. Let f : [0,27] — R be a differentiable, strictly increasing function such that
£(0) <0 < f(2m). Let F(t) = [, f(x) da for all t in [0,27]. Then

A. Fis an increasing function on [0, 27]

B. F is a decreasing function on [0, 27]

C. F has a minimum in the interval (0, 27)
D.

F has a maximum in the interval (0, 27)
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15. Let @ > 0 and f, g be continuous functions on [0, a] such that f(z) = f(a — x)
and g(z) + g(a — x) = 3. Then [ f(z) g(z) dx is

3a

Jo 9(x) da
Jo f(z) da
5 Jo fz)dx

S aw»
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16. Let A, B, C' be three non-collinear points. Let M and N be points on segments
AB and AC respectively such that line M N is parallel to line BC'. Suppose
that |[MB| =1, [MN| =3, [INC| =2 and |BC| = 5. Let X be the foot of the

perpendicular from A to the side BC.

A

Then the length of the segment AX is
A 1+42
B. 5v/15/8
C. 4/V3
D. (v5+6)/2
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17. Let N be the total number of integer solutions to the equation
X1 —|— XQ —f- X3 - 30
where each X;, ¢ = 1,2,3, is non-negative and not divisible by 3. Then N is
equal to
A. 100
B. 244

C. 331
D. 402
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18. Let R be the equivalence relation on Z? defined by (xy,y1)R(x2,y2) if 2|xy| +
3|ly1| = 2|xa| + 3|ya|. Then

A.

B.

Q

each equivalence class with more than one element has at least 4 ele-
ments

there are infinitely many equivalence classes with less than 4 elements

. there exists an equivalence class containing at least 1000 elements

. there exist equivalence classes with infinitely many elements
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19. Let f: R — R be the function satisfying f' = f and f(0) = 1. Let g : R - R
be the function that satisfies

f(z)+g(x) =2 xR

Then fol f(x)g(x) dx is equal to

13 _ e
A. > — e+ 5
13 e
B. 5 2e 5
2
[&
C. 5
D ¢
. 6—’—7
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20. A man has two homes — one in city A and another in city B. He travels between
these two cities by flights. The only flight from city A to city B is scheduled at
6:00 AM every day and the only flight from city B to city A is scheduled at 6:00
PM every day. If the man is in city A at 6:00 AM, the probability that he will
take the flight to city B is 1/2. If he is in city B at 6:00 PM, the probability
that he will take the flight to city A is 2/3. ( He may travel twice in a day. So
he may travel from city A to city B in the morning and return in the evening.)
Suppose he is in city A at 6:00 AM on Monday. The probability that he will be
in city B at 5:30 AM on Thursday is

A. 35/216
B. 37/216
C. 41/216
D. 43/216

21



NEST 2024 PHYSICS

Some Useful Constants

Acceleration due to gravity on Earth g | 10.00 m-s—2
Boltzmann constant kg | 1.38 x 10723 J. K !
Current Mass of the Sun M, | 2.00 x 10° kg
Current Radius of the Sun R, | 7.00 x 10* m
Magnitude of the electron charge e | 1.60 x 1071 C
Mass of the electron me | 9.11 x 1073 kg
Mass of the proton m, | 1.67 x 10727 kg
Atomic Mass Unit u | 931.50 MeV/c?
Permeability of free space to | 1.26 x 107 Hm ™!
Permittivity of free space € | 885 x 1072 F-m™!
Planck’s constant h |6.63x 1073 J-s
Avogadro Constant Ny | 6.02 x 102 mol ™!
Speed of light in vacuum ¢ |3.00x 10% m-s~!
Stefan-Boltzmann constant o | 567x108Wm?.-K*
Universal Gas constant R 831 JK ' -mol™"
Universal Gravitational constant G | 6.67x 1071 kgfl-m3 g2
Wien’s constant b |2.90 x 1073 m-K
In2 ~ | 0.69

In3 ~ | 1.10

In 10 ~ |2.30

In11 ~ | 2.40

s ~ |3.14

Base of the Napierian logarithm e ~ | 2.72




1. A particle of unit mass is released from origin with a velocity v =
vot inside a potential well. The potential energy associated with
this well is of the form ¢(x) = az® exp (—bz?) where a, b are equal
to unity in SI units. The minimum value of vy, in SI units, for the
particle to cross the potential well is closest to

A. 0.85
B. 0.75
C. 0.95
D. 0.65



2. A body of mass m is subjected to a position dependent force F' =
—kix — ks, where k; and ks are positive constants. The motion
is bounded with a maximum amplitude A. The motion is analysed
by neglecting the cubic term. Then, the most appropriate condition
to do this is

A k3 <<
B. ksA/k << 1
C. k3 << ky
D. k3A?/k; << 1



3. A rigid body is rotating with a constant angular speed of 3 rad.s™*
about a fixed axis passing through the points A and B with coordi-
nates (0, —1,1) and (1,1, 3) respectively. Assuming all quantities
in S.I. units, the instantaneous speed of the point P of the body
with coordinates (4,6, 7) is

A.3
B. 2
C.6
D. 4



4. A planet of mass m is in uniform circular motion about a star
of mass M (M > m). Let ¥, L and 7 be the velocity, angular
momentum and position vector, respectlvely of the planet about
the star. We define a vector A = @ x L. Then

A. A is a zero vector.
B. the magnitude of A is GM?/m.

C. Aisina plane perpendicular to the plane of the planet’s
orbit.

D. A is along 7.



5. A point particle of mass M is oscillating inside a one-dimensional
potential energy well of the form ¢(z) = k|x| where k is a positive
constant. The particle was initially released from x = x(y with zero
initial speed. Then, the time period of oscillation of the particle is

A. 32]}{3\4:80

16 Mz
k

oo

Mz

e}

o

B.
C.
D.

W

Mz

e

o



6. A solid object is dropped from height H under the influence of
gravity. The object experiences a drag force whose magnitude is
proportional to the square of its instantaneous speed in air. As-
sume that drag force is neglible compared to gravitational force but
contributes exclusively towards the heating of the object. The rise
in temperature of the object just before it reaches the ground is
proportional to

A H
B. H?
C. H?
D. H3/?



7. A metal wire has radius r and carries a constant current I. It is
thermally insulated and its resistivity is temperature independent.
The coeflicient of thermal expansion is negligible. The rise in tem-
perature of the wire per unit time is found to be proportional to
r". Here n is

A0
B. -2
C. 4

D. -6



8. An ideal gas inside a container is heated such that its internal
energy changes at a slow constant rate K. Due to a leak in the
container, the density of gas inside the container decreases at a slow
constant rate I'. Then, the rate of change of pressure inside the
container must

A. depend only on I'.
B. depend only on K.
C. depend on both K and I'.

D. be zero.



9. In an adiabatic compression of a monoatomic ideal gas, the pressure
increases to k times the original pressure. Let d; be a typical
inter-particle distance of the gas before the compression and dy be
the corresponding value after compression. If the ratio di/ds is
expressed as k£ then the value of « is

A 0.22
B. 0.20
C. 0.26
D. 0.24



10. A solid sphere of uniform density and radius R cools radiatively
with a time constant 7 as per the following expression:

T(t) =T, + (T, — Ty)e ",

where T}, is the initial temperature of the object and T} is the
surrounding temperature. Then,

A. T x R?
B.7TxR
C.7ox R
D.

7 o< RY



11. A large conducting slab having uniform surface charge density is
placed between a parallel plate capacitor as shown in the figure.
The net surface charge density on the slab after its placement in
between the capacitor plates is +0 /2. The surface charge density
on capacitor plates are 0. Assuming equal cross-sectional area of
capacitor plates and the slab, the induced surface charge density
on the conducting slab surface facing the positive terminal of the
capacitor 1s

c c/2 -G

A —o
B. =50 /4
C. —o/4

D. —30/4



12. A quarter circular loop of radius R and carrying current [ is placed

in the zz-plane as shown in the figure. The y-component of mag-
netic field at (0, R, 0) is

fT (0,R,0) vy

A. wl/ (16v2R)
B. ol / (4v2R)
C. pol/ (8V2R)
D. 0

e



13. The Balmer series of hydrogenic spectral lines refers to an elec-
tron transitioning from n > 3 to n = 2 where n is the principal
quantum number. A hydrogenic atom with atomic number Z = 24
undergoes a Balmer transition of the largest possible wavelength.
The emitted photon has energy Ej. Another hydrogenic atom with
atomic number Z = 25 undergoes a similar Balmer transition with
the energy of the emitted photon being Ey. Then |E; — Ey|, in eV,
is closest to

A9

B. 27
C. 54
D. 90



14. A muon has same charge as the electron and its mass is about 200
times larger than electron mass. It decays in 2 x 107% seconds. A
muonic hydrogen atom is a bound state of a proton and a muon.
The number of revolutions done by the muon in the innermost orbit
before it decays is closest to

A. 102
B. 10"
C. 106
D. 10'®



15. Select the correct statement regarding the Thompson and Ruther-
ford models of the atom.

A. The atom in Thompson model is stable.
B. The atom in Rutherford model is stable.

C. Using the Thompson model one cannot arrive
at the approximate size of the atom.

D. Using the Rutherford model one can arrive at the approx-
imate size of the atom.



16. Consider a linear object of height h placed in front of a convex lens
of focal length f which gives rise to an image of height hy = 4.00
cm on the screen placed at a distance [ = 10.00 cm from the object.
Then the lens is shifted towards the screen by a distance d = 6.00
cm and again an image of height ho = 9.00 cm is observed on the
same screen. The ratio of the height to the focal length h/ f is

A. 3.00
B. 3.75
C. 4.00
D. 4.50



17. A powerful point light source is placed at the bottom of a large pool
containing water. The depth of the pool is 5 m and the refractive
index of the water is 1.33. The area (in m?) illuminated as viewed
from the top is closest to

A. 30
B. 100
C. 60
D. 120



18. The minimum distance, in cm, between an object and it’s real
image through a convex lens of focal length 10 cm is

A. 10
B. 15
C. 20
D. 40



19. Consider a monoatomic ideal gas with number of atoms per unit
volume, n, at absolute temperature T. The mass of each atom is m.
In describing the physics of the system, the wave nature of atoms
can be ignored if

A h//mkpT << 1

B. nh/vmkpgT << 1
C. n'3h//mkpT << 1
D. n'2h//mkgT << 1



20. Two semi-infinite wires are placed along x and z axes, respectively
as shown in the figure. A square loop of side length a is kept such
that it’s center is at a distance 2a from the origin in the y-z plane.
If a current I = kt flows in the wires (where, ¢ is time and k is
constant), then the magnitude of induced emf in the loop is

kt y

A. poka/4m

B. uokaln (5/3)/4m
C.0

D. pokaln (3/2)/2m



Solution

Biology

Ans 1.

DNA (Deoxyribonucleic Acid): The image shows a double helix structure, which represents
the secondary structure of DNA. DNA does not have a primary or quaternary structure.

Protein: The image depicts a coiled structure, resembling an alpha helix, which is a type of
secondary structure of proteins. Proteins have primary, secondary, tertiary, and quaternary
structures, but the coiled representation shown here is secondary.

Antibody: The antibody structure has multiple polypeptide chains with distinct variable and
constant regions, as shown in the image. This describes a quaternary structure, where
multiple polypeptide chains (heavy and light chains) assemble to form a functional unit.

Correct Answer: D. DNA - secondary; Protein - secondary; Antibody - quaternary
Ans 2.
Without legume:

e There is higher biomass production under elevated CO2 conditions compared to ambient
CO2, regardless of phosphate availability.

e Adding phosphate increases biomass production under both CO2 conditions, showing
phosphate is beneficial for growth.

With legume:

e Biomass production is significantly higher under elevated CO2 conditions compared to
ambient COZ2.

e Adding phosphate enhances growth, but this effect is more pronounced under ambient
CO2 compared to elevated CO2 conditions, as the growth benefit diminishes under
elevated CO2.

Correct Answer:
B. The growth of plants is enhanced under elevated CO2 condition in presence of legume.
Explanation:

e Legumes enhance nitrogen availability in the soil through nitrogen fixation.



e This nitrogen fixation synergistically improves plant growth under elevated CO2
conditions, which drives higher photosynthesis rates and, thus, more biomass
production.

Ans 3.
1. Understanding inheritance patterns:
(i) Cross between White x White: All progeny are white, indicating homozygosity for white.

(ii) Cross between Red x Red or Blue x Blue: Progeny are mostly red or blue, with some
white progeny, suggesting that red and blue may be incompletely dominant and segregate with
white.

(iii) Cross between Purple x Purple: Produces red, blue, and purple flowers, with purple in
excess, suggesting that purple is the result of combining red and blue alleles (incomplete
dominance).

2. Key evidence for incomplete dominance:

(i) Cross White x Red and White x Blue: Progeny show equal ratios of white and the other
color (red or blue).

(ii) Cross White x Purple: Produces equal numbers of red and blue flowers, implying that
purple flowers are a combination of red and blue alleles (not a dominant allele).

(iii) Cross Red x Blue: Produces purple flowers (a combination of red and blue alleles) and
some red, blue, or white flowers, further supporting the idea of incomplete dominance.

Correct Answer: C. Red allele and Blue allele show incomplete dominance.
Explanation:

(i) The red and blue alleles interact to form purple flowers, a hallmark of incomplete
dominance.

(ii) White acts as a recessive trait and does not participate in forming purple.

(iii) Dominance relationships like A, B, or D are not consistent with the data shown in the table.
Ans 4.

(1) Key Observations:

o Affected individuals (filled symbols) appear in both sexes, suggesting the possibility of
autosomal recessive or X-linked recessive inheritance.

e Autosomal recessive inheritance requires both parents to pass on the recessive allele
for the child to be affected.



¢ X-linked recessive inheritance affects males more frequently, as males only have one X
chromosome.

(2) Evaluation of Statements:

(i) If the inheritance pattern is autosomal recessive, then the individual 111-8 is a carrier of the
disease:

e [II-8 is unaffected but has affected siblings. Therefore, under autosomal recessive
inheritance, I1I-8 must be a carrier. (True)

(ii) If the inheritance pattern is X-linked recessive, then the individuals I11-6 and IlI-7 are
carriers of the disease:

e IfX-linked recessive, II-6 (unaffected female with an affected son, III-7) must be a carrier.
[1I-7 (unaffected male) cannot be a carrier because males have only one X chromosome.
(Partially correct)

(iii) Individuals I-1 and I-2 are homozygous for the allele under study:

e Ifautosomal recessive, I-1 and I-2 cannot both be homozygous recessive because none
of their children in generation II are affected. (False)

(iv) If the inheritance pattern is autosomal recessive, then individuals I1I-2 and IV-1 must be
carriers of the disease:

e [II-2 is unaffected with an affected sibling, and IV-1 is unaffected with an affected sibling.
Both must be carriers under autosomal recessive inheritance. (True)

Correct Answer: B. i and ii

Explanation:
e (i) is true because III-8 must be a carrier under autosomal recessive inheritance.
e (ii) is partially true because II-6 is a carrier under X-linked recessive inheritance.
o (iii) is false because I-1 and I-2 cannot both be homozygous for the allele.
o (iv)istrue, butit's unrelated to X-linked recessive inheritance.

Ans 5.

Option A:

o Correct: Pseudo-uridine modifies the mRNA so that it is not recognized as foreign
by the innate immune system. This allows the mRNA to remain stable in the cell and



be efficiently translated into the spike protein. The spike protein is then presented
to the immune system to induce an adaptive immune response.

Option B:

e Incorrect: Unmodified mRNA can be translated by the ribosome, but its stability is
lower due to immune recognition and degradation, which limits its effectiveness in
producing sufficient amounts of spike protein.

Option C:

o Incorrect: Antigen-presenting cells can translate both unmodified and modified
mRNA, but pseudo-uridine-modified mRNA ensures higher translation efficiency
and stability by evading immune degradation.

Option D:

e Incorrect: Spike protein produced from unmodified mRNA can still induce an
immune response. The issue with unmodified mRNA is its reduced stability and
higher immunogenicity, which prevents it from efficiently producing the spike
protein.

Ans 6.
(i) Medium containing > N H,Cl:
» DNA will show a single band at the heavy (1> N) position.

(ii) Medium containing * N H,CI:

» DNA will show a single band at the light (* V) position.

(iii) Medium with 1 N H,Cl followed by * N H,ClI for one generation:

» DNA will show a single band at an intermediate density between > N and '* IV due to

dispersive replication.

(iv) Medium with 1° N H,C1 followed by * N H,C! for two generations:

» DNA will show a single band at a lower intermediate density because more * N is

incorporated after the second generation, further diluting the 1> V.

Ans 7.

Statement (i):



Photorespiration produces one molecule of 3-phosphoglycerate from ribulose
bisphosphate.

e True: Photorespiration begins when the enzyme RuBisCO binds to oxygen instead of
carbon dioxide, leading to the breakdown of ribulose-1,5-bisphosphate (RuBP). This
process generates one molecule of 3-phosphoglycerate (3-PGA) and one molecule of
phosphoglycolate.

Statement (ii):
Photorespiration is a wasteful process because neither ATP nor NADPH is produced.

e True: Photorespiration is considered wasteful because it does not generate ATP or
NADPH. Instead, it consumes energy and reduces photosynthetic efficiency.

Statement (iii):
Phosphoglycolate is converted to glycolate in peroxisomes.

e False: Phosphoglycolate is first converted to glycolate in the chloroplast, and then
glycolate is transported to the peroxisome for further processing.

Statement (iv):
Photorespiration in C3 plants is less compared to C4 plants.

e False: Photorespiration is higher in C3 plants because RuBisCO in C3 plants frequently
binds to oxygen instead of carbon dioxide. In C4 plants, photorespiration is minimized
due to their specialized mechanism (CO2 is concentrated in bundle sheath cells to reduce
oxygen binding by RuBisCO).

Answer: A.iand ii
Ans 8.
Option A: Improper compartmentalization of the C4 PEPcase in C3 leaves.

e Correct: The lack of spatial separation and compartmentalization in C3 plants prevents
the C4 pathway from functioning effectively. CO> fixed by PEPcase cannot be efficiently
delivered to RuBisCO.

Option B: The PEPcase from C4 plant is catalytically inactive in the C3 leaves.

e Incorrect: PEPcase is generally functional in a variety of conditions, so catalytic inactivity
is unlikely.



Option C: Carbon-dioxide fixed by C4 pathway PEPcase cannot be utilized by RuBisCO of
C3 leaves.

e Incorrect: RuBisCO can utilize CO2 fixed by PEPcase if the proper transport mechanism
exists. The issue is the lack of compartmentalization, not RuBisCO's ability to use COx.
Option D: Overexpression of PEPcase from C4 in C3 leaves increases photorespiration.

e Incorrect: Overexpression of PEPcase would not directly increase photorespiration; it
would reduce photorespiration if the C4 pathway were functioning properly.

Ans 9.
Option A: I, IIl and V are from the plant ribosome.
Correct:

e [(25S-28S): Cytoplasmic plant ribosome.
e III (18S): Cytoplasmic plant ribosome.
e V (5.8S): Cytoplasmic plant ribosome.

Option B: |, IIl and V are from the bacterial ribosome.
¢ Incorrect: Bacterial ribosomes do not have 25S-28S, 18S, or 5.8S rRNA.
Option C: II, III and VI are from the bacterial ribosome.

e Incorrect:
e II(23S) and VI (5S) are from bacterial ribosomes, but III (18S) is not; it is from the plant
cytoplasmic ribosome.

Option D: IV and VI are absent in plant ribosome.
e Incorrect: Both IV (16S) and VI (5S) are present in plant chloroplast and mitochondrial
ribosomes.

Correct Answer: A. |, [Il and V are from the plant ribosome.
Ans 10.
a. Mitochondria:
e Mitochondria have their own DNA and ribosomes for RNA synthesis.

e The fluorescent-labelled cytidine analogue can be incorporated into mitochondrial
nucleic acids (both RNA and DNA).



b. Chloroplast:

o Like mitochondria, chloroplasts also have their own DNA and ribosomes for RNA
synthesis.

o The cytidine analogue will be incorporated into nucleic acids in chloroplasts.
c. Endoplasmic Reticulum (ER):

e The ER is involved in protein synthesis (via ribosomes attached to its surface) but
does not synthesize nucleic acids. The ER itself will not incorporate the cytidine
analogue into its macromolecules.

d. Nucleus:
e The nucleus is the primary site for DNA and RNA synthesis in the cell.

« However, the question specifies membrane-bound organelles, so the nucleus is
not relevant to this question.

Evaluation of Options:
(1) A. Mitochondria and Chloroplast.

e Correct. Both mitochondria and chloroplasts have their own machinery for nucleic acid
synthesis and will incorporate the fluorescent-labelled cytidine analogue.

(2) B. Chloroplast and Endoplasmic Reticulum.
e Incorrect. The ER does not synthesize nucleic acids.
(3) C. Mitochondria and Endoplasmic Reticulum.
¢ Incorrect. The ER does not synthesize nucleic acids.
(4) D. Endoplasmic Reticulum but not Nucleus.

¢ Incorrect. The ER does not incorporate nucleotides, and the nucleus is excluded based on
the question.

Ans 11.
Option A: Ampicillin and are GFP positive
¢ Incorrect. Recombinants will not be GFP positive since the GFP gene is disrupted.

Option B: Tetracycline and are GFP negative



e Correct. Recombinants will retain tetracycline resistance and will not express GFP due to
disruption of the GFP gene.

Option C: Ampicillin and are GFP negative

e Incorrect. While recombinants may grow on ampicillin, the correct selection is based on
tetracycline resistance and GFP negativity.

Option D: Tetracycline and are GFP positive

¢ Incorrect. Recombinants are GFP negative because the GFP gene is disrupted.
Ans 12.
Option A: There is direct negative interaction of Y with X1 and X2.

e Correct. Wild plants X1 and X2 compete with crop Y for nutrients, which is a direct
negative interaction.

Option B: The interaction between T1 and T2 insects is commensalism.
¢ Incorrect. There is no direct interaction between T1 and T2.

Option C: Removing wild plants X1 and X2 from this ecosystem will improve overall crop
(Y) productivity.

¢ Incorrect. Removing X1 increases pest damage, and removing X2 reduces pollination,
both of which decrease crop productivity.

Option D: The interaction between T1 and crop plants Y is parasitism.

e Incorrect. The interaction is mutualistic because T1 reduces pest pressure on Y,
benefiting the crop.

Ans 13.
Option A: Divergent and orthologous

Correct.

e The forelimbs of whales, bats, cheetahs, and humans are homologous structures that
arose from a common ancestor.

e Their evolution follows divergent evolution as they adapted to different functions
(swimming, flying, running, manipulating).

e The genes responsible for these structures are orthologous because they come from a
common ancestor and retain similar developmental functions.

Option B: Convergent and homologous



Incorrect.

e These forelimbs are not a result of convergent evolution, as they evolved from a common
ancestor (divergent evolution).
e Homologous structures are not associated with convergent evolution.

Option C: Divergent and paralogous

Incorrect.

e While the evolution is divergent, the genes involved are not paralogous. Paralogous
genes arise by duplication within a species and do not explain the anatomical similarity
across species.

Option D: Convergent and orthologous
Incorrect.
e The evolution is not convergent. Convergent evolution applies to analogous structures,
not homologous ones.

Ans 14.

Option A: Viruses do not have a cellular structure, hence drawing an evolutionary
relationship with other cellular forms is not possible.

Correct.

e Viruses are acellular and do not fit into the framework of the Tree of Life, which is based
on cellular life forms.

e Their evolutionary origins and relationships are complex and not easily aligned with
cellular organisms.

Option B: Viruses do not evolve from their ancestors, hence evolutionary relationship
cannot be deduced.

Incorrect.

e Viruses do evolve through mutation and selection (e.g., viral evolution like SARS-CoV-2).

However, their lack of cellular structure prevents them from being placed in the Tree of
Life.

Option C: Evolution of viruses does not follow the principles of Darwinian evolution.

Incorrect.



e Viral evolution does follow Darwinian principles of natural selection and adaptation, but
their acellular nature excludes them from the tree.

Option D: Viruses infect all domains of life, hence drawing an evolutionary relationship is
not possible.

Incorrect.

e While viruses infect all domains of life, this is not the reason they are excluded from the
Tree of Life. Their exclusion is due to their acellular nature.

Ans 15.

Option A: While Heterokontophyta and Cryptophyta had a common secondary
endosymbiont, Euglenophyta evolved from an independent secondary endosymbiont.

Correct.

e Heterokontophyta and Cryptophyta share the accessory pigment chlorophyll ¢, indicating
they likely share a common secondary endosymbiont derived from a red alga.

e Euglenophyta has chlorophyll b, suggesting it originated from an independent
secondary endosymbiosis involving a green alga.

Option B: Heterokontophyta, Cryptophyta and Euglenophyta all had a common secondary
endosymbiont.

Incorrect.

e The presence of different accessory pigments (chlorophyll b in Euglenophyta and
chlorophyll c in the other two) suggests they did not share a common secondary
endosymbiont.

Option C: Heterokontophyta, Cryptophyta and Euglenophyta all evolved from independent
secondary endosymbiotic events.

Incorrect.

e While Euglenophyta evolved independently, Heterokontophyta and Cryptophyta likely
share a common secondary endosymbiont, as indicated by their shared chlorophyll c
accessory pigment.

Option D: Heterokontophyta and Cryptophyta were a result of secondary endosymbiotic
event from Euglenophyta.

Incorrect.



e Euglenophyta contains chlorophyll b (green algal origin), while Heterokontophyta and
Cryptophyta have chlorophyll ¢ (red algal origin). This suggests their evolutionary paths
were separate.

Ans 16.
Option A: Platelets inhibit immune response against the virus.
Incorrect.
e Platelets are not involved in directly modulating the immune response against the virus.
Option B: Clotting factors from platelets stop internal bleeding.
Correct.

o Platelets are essential for blood clotting, and their transfusion helps to prevent or stop
internal bleeding caused by vascular leakage.

Option C: Platelets produce antibodies against the virus.
Incorrect.
e Antibodies are produced by B cells, not platelets.
Option D: Platelets have anti-pyretic activity (reduce fever).
Incorrect.
e Platelets do not have any role in fever reduction.
Ans 17.
Option A: Mutualism and commensalism
Correct.

e The interaction between Lokiarchaeota and Methanobacterium is mutualism, as both
benefit.

e The interaction between Lokiarchaeota/Methanobacterium and Proteobacterium
is commensalism, as only Lokiarchaeota and Methanobacterium benefit.

Option B: Mutualism and parasitism
Incorrect.

e There is no evidence of parasitism in the interaction; Proteobacterium is not harmed by
Lokiarchaeota or Methanobacterium.



Option C: Commensalism and mutualism
Incorrect.

e The interaction between Lokiarchaeota and Methanobacterium is mutualism, not
commensalism.

Option D: Mutualism and amensalism
Incorrect.

¢ Amensalism involves one organism being harmed without benefiting the other, which is
not the case here.

Ans 18.

1. Option A: Cellobiose
e Structure: § — D-Glucopyranosyl-(1—4)-3 — D-glucopyranose.

s The glycosidic bond connects the anomeric carbon (C1) of one glucose molecule to C4 of

another glucose molecule.
¢ The second glucose melecule has a free anomeric carbon at €1, making it a reducing sugar.
2. Option B: Trehalose
e Structure: &« — D-Glucopyranosyl-(1—1)-c« — D-glucopyranoside.
¢ The glycosidic bond connects the anomeric carbons (C1) of both glucose molecules.

¢ Since both anomeric carbons are involved in the bond, there are no free anomeric carbons,

making Trehalose a non-reducing sugar.
3. Option C: Lactose
e Structure: § — D-Galactopyranosyl-(1—4)-8 — D-glucopyranose.
s The glycosidic bond connects the anomeric carbon (C1) of galactose to C4 of glucose.

¢ The glucose molecule has a free anomeric carbon at €1, making it a reducing sugar.
4. Option D: Maltose
s Structure: a« — D-Glucopyranosyl-(1—4)-a« — D-glucopyranose.

e The glycosidic bond connects the anomeric carbon (C1) of one glucose molecule to C4 of

another glucose molecule.

e The second glucose molecule has a free anomeric carban at C1, making it a reducing sugar.



Ans 19.
Option A: Kingdom Protista, Phylum Amoebozoa (slime moulds):
Incorrect.

¢ Slime molds do not form branched, thread-like structures with cross walls.
e They exhibit amoeboid movement and lack chitin in their cell walls.

Option B: Kingdom Fungi, Phylum Ascomycota (sac fungi):
Correct.

¢ Branched, thread-like structures with cross walls (septate hyphae) are characteristic of
fungi, particularly Ascomycota.

e Fungi in Ascomycota produce spores in specialized structures (e.g., conidia or asci), which
matches the description of spherical structures forming spores.

Option C: Kingdom Monera, Phylum Actinomycetota (filamentous bacteria):
Incorrect.

e Actinomycetes (e.g., filamentous bacteria) form branched structures but are prokaryotic
and do not have distinct nuclei or chitin-containing cell walls.

Option D: Kingdom Plantae, Phylum Charophyta (spirogyra):
Incorrect.

e Charophytes, like Spirogyra, are algae and do not form branched, thread-like hyphae.
e They lack chitin in their cell walls and are primarily aquatic.

Ans 20.
Key Details from the Graph:

e L: Represents the potential energy of the substrate at the start of the reaction.

e M: Represents the potential energy of the transition state (TS) in the uncatalyzed
reaction (higher energy barrier).

e N: Represents the potential energy of the transition state (TS) in the enzyme-
catalyzed reaction (lower energy barrier due to catalysis).

e O: Represents the potential energy of the product after the reaction.

Statement (i): L, M, N, and O represent potential energies of substrate, transition state (TS) in
the absence of enzyme, TS in the presence of enzyme, and product, respectively.



Evaluation: This statement is likely correct. In an energy diagram for a reaction, L typically
represents the potential energy of the substrate, M represents the transition state energy
without the enzyme, N represents the transition state energy with the enzyme (which is lower
due to catalysis), and O represents the potential energy of the product.

Statement (ii): The rate of the catalyzed reaction increases exponentially to the tune of
difference between M and N.

Evaluation: This statement is incorrect. The rate of a reaction is influenced by the activation
energy difference between the substrate and the transition state. While a lower activation energy
(difference between M and N) does increase the rate of reaction, it does not necessarily increase
exponentially; it follows more complex kinetics.

Statement (iii): The rate of the catalyzed reaction is directly proportional to the energy
difference between L and O.

Evaluation: This statement is incorrect. The rate of a reaction is not directly proportional to the
energy difference between substrate (L) and product (O). Instead, it is primarily influenced by
the activation energy required to reach the transition state (the difference between L and M for
uncatalyzed or L and N for catalyzed reactions).

Statement (iv): L, M, N, and O represent potential energies of the substrate, a reaction
intermediate, transition state, and product of the reaction, respectively.

Evaluation: This statement is incorrect because it misidentifies M as a reaction intermediate
rather than as the transition state in the absence of an enzyme.

Chemistry
Ans 1.
(a) Qis a ketone and T is an ether.
¢ Incorrect. Q is a ketone (acetone), but T is an ester (methyl acetate), not an ether.
(b) Ris an acid and S is a ketal.
Correct.

e Risacetic acid, a carboxylic acid.
e Sisaketal formed from Q (acetone).

(c) Ris an aldehyde and S is a ketal.

e Incorrect. R is a carboxylic acid (acetic acid), not an aldehyde.



(d) Qis an acid and T is an ester.
e Incorrect. Q is a ketone (acetone), not an acid.
Answer: (b) Ris an acid and S is a ketal.

Ans 2.

1. Starting Compound:
* The structure of 2-methylbutanoic acid:
CH; - CH(CH;) —CHy; — COOH
* |ts sodium salt is:
CH3 — CH(CH;) — CHy — COONa
2. Kolbe Electrolysis Process:

» Decarboxylation: During electrolysis, the carboxylate group (—C'OON a) is oxidized and
released as carbon dioxide (C'O9):

CH,; — CH(CH;) — CHy — COO~ — CHy — CH(CH;) — CH; + CO4

» This generates a radical intermediate: C H; — CH(CH3) — CHj,

* Radical Dimerization: The radicals dimerize to form a symmetric alkane:
CH; — CH(CH3) - CHy,+ CHy; — CH(CH,) — CH;, -+ CHy — CH(CH;) — CHy — CHy — CH(CH;) — CH;y

* The product is 2,3-dimethylhexane.
3. Major Product P:

* From the given options, (b) corresponds to the structure of 2,3-dimethylhexane.

Answer: (b) 2,3-dimethylhexane.
Ans 3.

1. Reaction of P (Benzene Sulfonic Acid) with Molten NaOH:
e P:.CyH5;504H (Benzene Sulfonic Acid).
¢ On heating with molten NaOH, the sulfonic acid group (— 503 H) is replaced by a hydroxyl
group (—O H).
¢ Product Q): Sodium phenoxide (Cs H; O N a).

heat

CﬁHaS();;H + NaOH —— CﬁH;:_,()N(I. + NEL;;S();;



2. Reaction of () with CH3I:
¢ () (Sodium phenoxide, Cs H5 O N a) reacts with methyl iodide (C' HyI).

¢ The phenoxide ion (CgH5 (™) acts as a nucleophilg, replacing the iodine in C H41 to form
methoxybenzene (Cy H;OC Hy).

¢ Product R: Methoxybenzene (anisole).
CeH;sONa + CHsI — CeH;OCH; + Nal

3. Reaction of @ with CO» and H ™

¢ Sodium phenoxide ((Q) reacts with carbon dioxide (C'O4) under high pressure and
temperature, forming sodium salicylate (CsH4(OH )COON a).

* Upon acidification with H ™, sodium salicylate is converted to 2-hydroxybenzoic acid

(salicylic acid).
* Product S: 2-hydroxybenzoic acid (Cs Hy(OH )COOH).

pressure, heat H~

CsH;ONa + COq CeHy(OH)COONa — C4Hy(OH)COOH

Answer: (a) Methoxybenzene and 2-hydroxybenzoic acid.

Ans 4.

Step 1: Glucose Reacts with Bromine Water

1. Bromine water oxidizes the aldehyde group (-CHQ) at C-1 of glucose to a carboxylic acid

group (-COOH). This forms gluconic acid (X).

e The hydroxyl groups (-OH) at other positions and the primary alcohol group (-CH.OH) at C-
6 remain unchanged.

Result: Compound X is gluconic acid.



Step 2: Treatment of X with Excess Acetic Anhydride

1. Acetic anhydride reacts with all free hydroxyl groups (-OH) and the carboxylic acid group (-
COOH) in gluconic acid.

2. The hydroxyl groups at C-2, C-3, C-4, and C-6 are acetylated, forming acetate esters (-OAc).
3. The carboxylic acid group at C-1 is converted into an acetate ester (-COOAC).

Result: Compound Y is fully acetylated gluconic acid, with acetate groups replacing all free -

OH and -COOH groups.

Structure of Compound Y':
From the given options, the correct structure is:

* (c): Fully acetylated gluconic acid with -OAc at all hydroxyl positions (C-2, C-3, C-4, C-6) and -
COOAc at C-1.

Answer: ()

Ans 5.

1. Given Reaction Type:

s The compound P likely contains both aldehyde (—C' HO) and ketone (C' = O) functional

groups, enabling an intramolecular aldol reaction under basic conditions (dilute NaOH).
2. Mechanism of Intramolecular Aldol Reaction:

s In the presence of dilute NaOH:

1. A base abstracts a proton (a-hydrogen) from the —C' Hy or —C Hs— group adjacent

to the ketone, forming an enolate ion.

2. The enolate attacks the carbonyl carbon of the aldehyde group, forming a cyclic 8-

hydroxy ketone intermediate.

3. Subsequent dehydration (loss of water) leads to the formation of an «, 3-unsaturated

ketone product.
3. Possible Products:

* The size of the ring in the product depends on the relative positions of the aldehyde and

ketone groups in P.

* P likely undergoes cyclization to form a five- or six-membered ring, as these are the most

stable cyclic structures.
4. Structures in the Given Options:

s From the options provided, the product structures correspond to cyclic aldol products with

varying functional groups.



Answer: (b)
Ans 6.
Compound I: Thiophene

e Structure: A five-membered ring containing 4 m-electrons from double bonds and 2
m-electrons from the lone pair on sulfur.

o Total m-electrons = 6 (satisfies 4n + 2, n = 1.
e Planar and conjugated.
o Conclusion: Aromatic.

Compound II: Cyclooctatetraene

o Structure: An eight-membered ring with alternating single and double bonds (4
double bonds = 8 m-electrons).

e Cyclooctatetraene is non-planar (tub-shaped conformation), which prevents
continuous m-electron delocalization.

e Conclusion: Not aromatic.

e Compound III: Azulene
o Structure: A fused bicyclic system consisting of a seven-membered ring and a
five-membered ring.
o Total m-electrons = 10 (from both rings combined).
o The system is planar and conjugated, and 10 m-electrons satisfy 4n + 2 (n
=2).
o Conclusion: Aromatic.

4. Compound IV: Cyclooctatetraenyl Dianion ((:-*;;H;f_)

¢ Structure: A planar eight-membered ring with 10 m-electrons (8 from double bonds + 2

extra from the dianion charge).

¢ The molecule becomes planar upon gaining 2 electrons, allowing delocalization of -

electrons.
s Total m-electrons = 10 (satisfies dn + 2, n — 2).

e Conclusion: Aromatic.

Answer: (d) [ and III



Ans 7.

1. Compound I:

e Etherstructure: CHy = CH — O — C(CHsy)s.
* This ether involves a tertiary alkyl group (—C(C H3)3) on the oxygen atom.,

¢ Williamson synthesis cannot form ethers with tertiary alkyl halides because the reaction

favors elimination over substitution.

¢ Conclusion: Cannot be synthesized using Williamson ether synthesis.

2. Compound II:

e Ether structure: CgHs — O — CH = C Hy (phenyl vinyl ether).
¢ This ether involves a primary alkyl halide (vinyl halide) and a phenoxide ion (Cy H50 ™).
e Williamson synthesis can efficiently form this ether under mild conditions.

* Conclusion: Can be synthesized using Williamson ether synthesis.
3. Compound IlI:
e Etherstructure: CHy = CH — CHs — O — C(CHy)s.
e This ether involves a tertiary alkyl group (—C(C H3)3) attached to the oxygen.
e Tertiary alkyl halides are not suitable for Williamson ether synthesis due to elimination.

e Conclusion: Cannot be synthesized using Williamson ether synthesis.

4. Compound IV:
s Ether structure: CsH; — O — CHy — CH — C Hy (phenyl allyl ether).
s This ether involves a primary alkyl halide (allyl halide) and a phenoxide ion (CsH;07).

»  Williamson synthesis works efficiently with primary alkyl halides, so this compound can be

synthesized under mild conditions.

* Conclusion: Can be synthesized using Williamson ether synthesis.

Answer: (c) [Tand IV
Ans 8.



Step 1: Oxidation Half-Reaction
1. Oxidation of lodide (I7) to lodate (I03):
I - 10;3.
To balance the reaction:
s Add 3 water molecules (H3(J) on the right side to balance oxygen atoms.

s Add 6 hydrogen ions (H™) on the left side to balance hydrogen atoms.

e Add 6 electrons (™) on the right side to balance the charges.

I +3H20 — 103 + 6H + 6e™.

Step 2: Reduction Half-Reaction

2. Reduction of Permanganate (MnQO, ) to Mn®":
MnO, — Mn?".
To balance the reaction:
s Add 4 water molecules (H2() on the right side to balance oxygen atoms.

s Add 8 hydrogen ions (H™) on the left side to balance hydrogen atoms.

* Add 5 electrons (e™) on the left side to balance the charges.

MnOj + 8H" + 5~ — Mn®™ + 4H,0.

Step 3: Combine Half-Reactions
* The total number of electrons in both half-reactions must be the same.
¢ The LCM of 5 and 6 is 30. Multiply each half-reaction to balance electrons:
* Multiply the oxidation half-reaction by 5.

e Multiply the reduction half-reaction by 6.
Oxidation (multiplied by 5):
51" + 15H,0 — 5104 + 30H™ + 30e.
Reduction (multiplied by 6):

6MnO} + 48H™ + 30e™ — 6Mn2" + 24H,0.



Step 4: Add the Two Reactions

Add the two half-reactions, canceling common terms:

6MnO, + 51" + 48H" — 6Mn*" + 5105 + 24H,0.

Step 5: Identify the Ratios

From the balanced equation:
o 1 — 6 (moles of MnQy).

e y— 5 (molesof ).

Thus, the ratiox : y is:

Answer: (a) 6:5.

Ans 9.

Magnetic Moment Formula:

The spin-only magnetic moment () is calculated using the formula:
= y/n(n+2)BM,

where:
e 71 = number of unpaired electrons,

* 4 = spin-only magnetic moment in Bohr Magnetons (BM).

From the question:

i = 2.83 BM.

Step 1: Find the Number of Unpaired Electrons (n):

1. Rearrange the formula to solve for n:

p=+vnn+2 — p=n(n+2).

2. Substitute p — 2.83:

(283 =n(n+2) —  8.00=n(n+2).



3. Solve for n:

e Trial-and-error gives n = 2 because:
nn+2)=2(2+2)=2x4=28.

Thus, the complex has 2 unpaired electrons.

Step 2: Determine the Oxidation State of Mn:
1. Electronic Configuration of Mn:

e Atomic number = 25, so the ground-state configuration is:

[Ar] 3d°4s”.
2. Oxidation State:

* [n the amine complex, ligands cause the loss of electrons. The number of unpaired

electrons indicates the remaining d-electrons after oxidation.
e 1 — 2 corresponds to 3d”, meaning manganese loses 3 electrons:
e 2fromds,
¢ 1 from 3d.

¢ Thus, the oxidation state of Mn is:

+3.
Answer: (b) +3.

Ans 10.

Step 1: Key Formula for Radioactive Decay

The number of radioactive nuclei X at time t is given by:
Nx = Noe ™,

where:
e Ny:Amount of X attimet,

e Ny Initial amount of X att = 0,



¢ A\ Decay constant,

o {: Time.

The amount of ¥ formed (INy) is related to Nx by:

Ny = Ny — Nx.
Step 2: Analyze Given Ratios
1. Att = 2h, theratioof X : ¥ =1 : 3
* From the ratio, Ny : Ny = 1: 3, so:
Ny 3Ny
Ny——, Ny-— .
Yy Yoy
2. Substitute Ny = % into the decay formula:
N
I“ _ N{]B—Am
3. Simplify:
1 .
:1 = E_z')t.
4. Take the natural logarithm (In) of both sides:
In(4
“ln(d) = —2% — A= ‘g ),

Step 3: Solve for the TimeWhen X : Y =1:15

1. At this point, Ny : Ny = 1:15:

N 15Ny
» Ny 6 IV T

2. Substitute Ny — %‘} into the decay formula:

3. Simplify:



4. Take the natural logarithm (ln) of both sides:

~In(16) = M —> t=

In(4)

5. Substitute A = 5

B In(16) B 21n(16)

# In(4) -
6. Simplify using In(16) = 21n(4):
_ 2(2In(4)) ih
In(4) '

Answer: (d) 4 h.
Ans 11.

Option (a): The oxidation states of chromium in chromate and dichromate

are, respectively, +4 and +6.

* Oxidation state in chromate {Cr(}ﬁ_}:

* Oxygen has an oxidation state of -2.

e Let the oxidation state of Cr be x. Then:

x+ 4(—2) = -2 — r = +6.

e Oxidation state in dichromate {Crg()g_}:

* Let the oxidation state of each Cr be &. Then:

24+ 7(-2)=-2 = 2r-14=-2 — x=+46.

* Conclusion: The oxidation state of chromium in both chromate and dichromate is +6, not +4

and +6.

Option (a) is incorrect.



Option (b): Dichromate on reaction with concentrated H,SO, gives

chromate.

e This is incorrect because the opposite is true:

e In acidic conditions (e.g., with Ho50y), chromate [Cr()i_) is converted to dichromate |

Crs (}E_) via the equilibrium:
2Cr0]" + 2H +» Cr03~ + Hy0.
Option (b) is incorrect.

Option (c): All chromium-oxygen bond distances in dichromate are equal.
s Dichromate I[C.l'g()g_] contains:
» Two bridging oxygen atoms (Cr-O-Cr).
* Four terminal oxygen atoms double-bonded to Cr (Cr=0).
s Two single-bonded oxygen atoms (Cr-OH) from HoO.

* Due to this structural diversity, the bond lengths in dichromate are not equal.

Option (c) is incorrect.

Option (d): Total number of electrons involved in the complete reduction of

one molecule of dichromate to chromium(lll) is six.

s The reduction of dichromate [G]‘g{)g_} to chromium(lll) involves the following reaction:
Cry07 + 14H" + 6e~ — 2Cr*" + TH,0.

e Each chromium atom undergoes a reduction from +6 to +3, involving a total of 6 electrons for

the two Cr atoms.

Option (d) is correct.

Answer: (d) Total number of electrons involved in the complete reduction of one molecule of
dichromate to chromium(III) is six.



Ans 12.

Step 1: Definition of Second lonization Energy

The second ionization energy refers to the energy required to remove one electron from a singly

charged cation (M ™) to form a doubly charged cation (M?7):
MT » M* te .
The second ionization energy is influenced by:
¢ The electronic configuration after the first ionization.

s The stability of the resulting cation.

* The effective nuclear charge experienced by the electron being removed.

Step 2: Electronic Configurations of the Elements
1. Cr (Chromium, Z — 24):
e Neutral atom: [Ar|3d°4s'.
» After the first ionization (Cr™): [Ar]|3d® (half-filled d-subshell, very stable).

e The second ionization removes an electron from the stable 3d” configuration, which

requires significant energy.

2. Mn (Manganese, Z — 25):

e Neutral atom: [Ar]3d°4s?.
e After the first ionization (Mn™): [Ar|3d°4s’.

¢ The second ionization removes the last 4s-electron, leaving a stable 3d° configuration. This

requires moderate energy.
3. Cu (Copper, Z — 29):
e Neutral atom: [Ar]3d""4s’.
e After the first ionization (Cu™): :Ar]3dm (fully filled d-subshell, very stable).

e The second ionization removes an electron from the stable 3d'Y configuration, which

requires extremely high energy due to the stability of the fully filled d-subshell.



4, Zn (Zinc, Z = 30):
* Neutral atom: [Ar]3d'%4s%
s After the first ionization (Zn™): [Ar|3d'4s,

* The second ionization removes the last 4s-electron, leaving [Ar]|3d™ (fully filled d-

subshell, stable). This requires moderate energy.

Step 3: Comparison of Second lonization Energies
* Cr: High energy due to disrupting the stable 3d° configuration.
* Mn: Moderate energy as the second ionization leaves the stable 3d° configuration.
e Cu: Highest energy due to removing an electron from the very stable 3dt? configuration.

* Zn: Moderate energy as the second icnization leaves the stable 34 configuration.

Step 4: Conclusion

The element with the highest second ionization energy is Copper (Cu) because the removal of an

electron from the stable 3d*" configuration requires the most energy.

Final Answer: (c) Cu.

Ans 13.

1. NacCl (Sodium Chloride):
e Cation: Na™, monovalent with a relatively large size.
* Low polarizing power due to the small charge and large ionic size.
e Mostly ionic bond.

2. MgCl: (Magnesium Chloride):
¢ Cation: M g™, divalent with a smaller size compared to Na™.
e Moderate polarizing power due to the higher charge and smaller ionic radius.

* Moderate covalent character.



3. AlCls (Aluminum Chloride):
s Cation: AI"‘_, trivalent with a very small size.
¢ High polarizing power due to the small size and high positive charge.
* Significant covalent character.

4. TiCls (Titanium Tetrachloride):

e Cation: Ti*T, tetravalent but in this compound, the bonds are highly covalent due to

significant overlap between the T't and C1 orbitals.

* Highly covalent, but AICls has a stronger tendency to form covalent bonds based on Fajan’s

rules.

Answer: (c) AlCls.
Ans 14.

1. AI({OH)s:

¢  Amphoteric, weakly basic.
2. Ca(OH)s:

e Strongly basic, as calcium is an alkaline earth metal.
3. La(OH)j:

* Moderately basic, more basic than Lu((OH )3 due to its larger ionic radius and weaker

polarization of OH ~.

4, Lﬂ({jH}I;

* \Weakest among the lanthanides due to the lanthanide contraction (smaller ionic radius,

stronger polarization, weaker basicity).

Answer:
(b) Ca(()H)E > La({)H};i > Lu[()H}‘.i > Al{()H):;.

Ans 15.



(a) If the expansion is carried out adiabatically, the work done is w — %Vl(Pg — P).
* For adiabatic expansion, the work done is derived as:

Bl - PN

v—1

w

G, 5 3 5
J— ! — X — — =
wherey = & and Cp = R, €, = jR,soy = 3.

¢ Thus, the denominator is:

e Substituting, we simplify:

3
w = E“{PE — Plj

[

* Conclusion: This is correct.

(b) If the expansion is carried out adiabatically, the entropy change is given by AS — 0.

s For adiabatic processes:

¢ Heat transfer (())) is zero, so no entropy change occurs for the system or surroundings.
¢ Entropy is only associated with heat exchange at a given temperature.

+ Conclusion: This is correct.

() If the expansion is carried out isothermally, the work done is given by w — —nRT In (%)

¢ For isothermal processes, the work done is given by:

w— —nRITIn (E) .
Py

but since the logarithm can be expressed as In (%) = —In (%’)r the formula is equivalent.

¢ Conclusion: This is correct.



(d) If the expansion is carried out isothermally, the entropy change is given by AS —

—nRln (%) .

Entropy change for isothermal processes is given by:

1%
AS =nRln (Fj) ;

Using the ideal gas law, P1 V] = Py V5, so:

Vo P
Vi Py
Substituting:
P
AS =nRIn (é) :

There should not be a negative sign in the entropy formula.

Conclusion: This is incorrect.

Answer: The correct statements are (a), (b), and (c).

Ans 16.

(a):

(b):

(c):

Decreasing Trend
The graph shows % decreasing as P increases.

This would imply a decrease in the total number of moles at equilibrium, which does not occur
because the reaction starts with 1 mole of X and can only produce more moles through

dissociation.

Incorrect.

Linear Decrease

A linear decrease suggests a direct proportionality between % and P, which does not match
the equilibrium behavior since PV /RT depends on dissociation equilibrium, not a linear

relationship.

Incorrect.

Increasing and Approaching 2

At low pressures, the dissociation of X is favored, leading to nearly complete conversion into

Y + Z, resulting in % 7 2 (two moles of gas).
At high pressures, dissociation is suppressed, and % approaches 1 {one mole of X).

Correct.



(d): Constant

e A constant % would imply no change in the number of moles with pressure, which is not true
for this equilibrium system.

¢ [ncorrect.

Answer: C

Ans 17.
At Temperature 7|;:

1. The solubility products of PQ) and RSs are equal:

K.&p(HJ-. Tl[l} - Ksp(RSE: T‘{]}
2. For PQ):

Ksp(PQ: E]) = 3?3{?:'_“)-
3. For RS.:

K., (RS2, Ty) = 4shs, -

Equating K.?p(HJ-. T;ZF} = K.W(RS% T{]):

2 4.3
5. T, 48R, 1,

Solve for spy 1;, in terms of sgg, 1;

92
SFQ.T; SRS, Ty

At Temperature T and T5:

1. At Ty (for PQ):

Solubility of PC) becomes triple its solubility at Tj:

S}.‘Q_Tl — 3.5‘}:[?‘-1('}.
s Solubility product at T:
Kgo(PQ,Th) = S%{Q.Tl = (3513’6?-'1&:)2

— gszﬁ?..{f}'
2. At (for RSs):

Solubility of RS5 becomes double its solubility at Tj:



SRS Ty = 28RS, T, -

s Solubility product at T5:

K (RSy, Ts) = 45};323:2 — 4(2sp5,1,)" = 4- 85}‘3321.16 - 323*}?32:%7

Ratio of K,

Kyp(PQ,Th)

Ratio = .
Ksp(RSEu Tz}

Substitute the values:
e From KSP[PQ: Ty) = 93%{?%,

o From K (RS2, T5) = 325?& 1 and SpQ.T, = 23'}1;';_;%:

3/2 .
9(2312'39,%)3

Ratio — 3
328Rs,1,

Simplify:

9-4shs, 1, 36 9
Ratio = —————= = — = =,
T Sste s 32 8

Answer: (b) 9/8.
Ans 18.
OF
» All overlaps are constructive (no phase cancellation).
e No nodes are present.

e This is the lowest-energy bonding orbital.

(1n:

® One node is present (a single region of phase cancellation).

e This is a higher energy bonding orbital compared to 1.



(1nn:

e Two nodes are present (more destructive overlap compared to I1).

» This is an antibonding orbital with the highest energy.

(IV):

* No nodes are present (like I).

e This orbital is equivalent in energy to I.
Answer: (a) [ <IV =1l <IIL
Ans 19.

1. Hydrogen Atom Energy Levels

The energy levels of the hydrogen atom are given by the formula:

where:
¢ FEris the ground state energy of the hydrogen atom (n — 1).

e 11 is the principal quantum number.

The energy of a transition between two levels n; (initial) and ny (final) is:

AE = E,, — Eq,.
2. Lowest Frequency (v{i) ) for Each Series

min
The lowest frequency (y(i}

min) 1N the 2-th spectral series corresponds to the transition fromn; — 2 + 1

(the lowest possible initial state in that series) to ny — 1 (the final level specific to the series).

The frequency is related to the energy difference by:

AE — hotV

min”®

The energy difference betweenn; = i + land ny = iis:

se- (-g8)- ().



which simplifies to:

1 1
ﬂ-E =F e
" ( (i+ 1}3)
Thus, the lowest frequency is:
(i) AFE Eg /1 1
0 = — = — - — /0= .
Ymin h h \i2  (1+1)2

3. Total Sum of v{ i)

min
(i)

The total sum of v ; over all spectral series is:

Sl =23 (3 )
Vm.ul = _g T s aa?
i=1 i=1 (i + l}
This is a telescoping series:
oo
1 1

== -1 —,—l—ﬂ—l.

Z ( i+ 1)2) 12 imx (i + 1)

Thus:

o0
EH
Z r}II].III

i=1
Final Answer: (b) —(Ex/h).
Ans 20.
Step 1: Initial and Final Pressure Analysis
1. Att = (), the system contains only X with an initial pressure of;
Piotal, initial = Py = 1atm.
2. Aftert = 30 min, the total pressure increases ta:

Piotal, final = 2.5 atm.

3. The increase in pressure is due to the production of ¥ and Z as X reacts. Let the amount of X

reacted at time ¢ = 30 min be z.

From the stoichiometry of the reaction:

lmolof X — 2molof ¥ + 2mol of Z,



the pressure contribution from the products is 4, and the remaining pressure of X is 1 — .
Thus, the total pressure at £ = 30 min is;

Substitute P = 2.5 atm:

25=1+ 3z — r =
This means that at ¢ = 30 min, 50% of X has reacted.

Step 2: First-Order Kinetics

For a first-order reaction, the rate law is:

where:
» [X]o: Initial concentration of X,
» [X]: Concentration of X at time ¢,
e k: Rate constant,

o {:Time.
At t = 30 min, 50% of X has reacted, so:
(X

m — 0.5.

ln( = ) = k- 30,
0.5

In(2) =k-30 — k

Substitute into the rate law:

_ In(2)
30




Step 3: Fraction of Unreacted X atf = 1h

In (%) = k- 60.

[X]“ _ 111[:2) ) . 0 —In
m(m) 50 - 60 = 21n(2) = In(4).

Att = 1h (¢ = 60 min):

In(2),

Substitute k& = 3 -

Thus:

X _, _, X _1

X TOXh
The fraction of unreacted X is:
X oo
X 25%
Answer: (b) 25%.
Mathematics
Ans 1.
Given Equation:
aX®T —p =0,

where a > 0 and b > 0 are positive real numbers.
Rearranging:
Y88 _ E
a
Llet ¢ — %r where ¢ > (), so the equation becomes:

X7 _ ¢



Step 1: Behavior of the Function f(X) = X7
1. The function f(X) = X57;
* Is defined forall X € .
* Has even power (887 is odd), so f(X) = 0for X > 0.

s Is strictly increasing for X = 0, as the derivative f'(X) = 887X "% is positive for X > 0

2. Forc > 0, the equation X*7 = ¢ has:
¢ Exactly one positive solution because the function is strictly increasing for X = (.

* No solution for X' < (), since raising a negative number to an odd power gives a negative

result, which cannot equal ¢ = 0.

Step 2: Conclusion

The equation a X7 — b = 0 has exactly one solution in .

Answer: (C) 1.
Ans 2,

The given equation is:
r+ Yy =rIy.
Rearrange to isolate zy:
xy —a —1y — 0.
Add 1 to both sides:
zy—r—y+1=1
Factorize the left-hand side:

(z—1)(y—1) = 1.



The equation becomes:
(@—1)y—1) =1

letuw = x — 1 and v = y — 1. Then the equation becomes:

ur = 1.
This implies:
1
v = —.
{1
Substituteu — o — landv —y — 1:
1— 1
v x—1
Rearrange for y:
=1+ .
Y x—1
For y to be rational, the term ﬁ must also be rational. This implies @ — 1 must be a nonzero

rational number (since dividing by a rational number yields a rational result).

Thus:

s 1 can be any rational number except 1 (asx — 1 + ().

For each rational & # 1, we can compute a corresponding rational y.

Since x can take infinitely many rational values (excluding & = 1), there are infinitely many pairs

(z, y) of rational numbers satisfying the equation.

Answer: (D) oo.

Ans 3.



Step 1: Conditions for Real Solutions

For the quadratic equation az? + bz + ¢ = 0 to have real solutions, the discriminant must be non-

negative:
A = b — dae > 0.
Here:
e a—=n’
o b= 2024
e c=n’+1

The discriminant for the given equation is:
A = 20247 — 4(n?)(n® +1).
Step 2: Simplify the Discriminant
Expand A:
A = 2024 — 4n* — 40’
Factorize:
A = 20247 — 4n*(n® +1).
For real solutions, we require:
A =0,

which means:

2024% > 4n*(n® + 1).
Step 3: Simplify the Inequality
Divide through by 4:

506 = n*(n* 4 1).
Let k = n°. The inequality becomes:

506° > k(k +1).



Expand:
E? + k — 506 < 0.

Step 4: Solve the Quadratic Inequality

The quadratic equation:
k* +k — 5062 =0

has roots;

k=

—1+ /T + 4(5062)
5 .

Compute /1 + 4(506°):
1+ 4(506%) = 1 + 4(256036) = 1024145.

4/1024145 =2 1012.( Approzimately)

Thus, the roots are:

—1+1012 —1-—1012
k= — s and k= — s
Only the positive root is relevant:
1011
k=——=2>505.5
2
So:
k < 505.

Step 5: Count Integer Solutions for n

Since k = ’ﬂzr we reguire:
n? < 505.
Taking the square root:

n < |v/b05| = 22.

Thus, n ranges from 1 to 22, giving 22 positive integer solutions.

Answer: (D) Between 1012 and 2024.



Ans 4.

Step 1: Understand the process

The starting interval CY is the closed interval [D, 1]. In each step:

1. The current intervals are divided into three equal parts.

2. The middle interval is deleted, leaving two remaining subintervals in each initial interval
Step 2: Compute the lengths of intervals
1. At Cy:
o The interval is [0, 1].

* Total length = 1.

2. At Cq:

* The interval [0, 1] is divided into three equal parts:

« 10,31 (3 3)
(

r2
3.1
* The middle part li %

e ling

} is removed.
e Remaining intervals: '(].. | and [% 1)
* Total length = ; —I— %

3. At O

* Each of the remaining intervals from C' is divided into three equal parts:
1 1 2 2 1
* [0.5]15.5) (5. 5]
2 77 17 81 (8 17
* (5,50 (5:9)s 15,1
- 1 2 7 8
* The middle parts (g, 5) and (g, 5) are removed.
17 12 17 12 7
s Remaining intervals: [0, 5], [3, 3], [3, 2], [5, 1.
L]

Totallength=%+%+%+%—§.



4, At Cly:

¢ Each of the 4 intervals from (s is divided into three equal parts.

The middle part of each is removed.

¢ Total number of intervals after removing the middle parts: 8 (2 intervals for each of the 4

intervals in C'9).
* FEach interval now has a length of 2—1?
N 1 8
o Totallength = 8 - 5= — .
5. At Cly:
s Each of the 8 intervals from 'y is divided into three equal parts.
* The middle part of each is removed.

e Total number of intervals: 16 (2 intervals for each of the & intervals in C3).

e Each interval now has a length of ;;—11

16

¢ Total length = 16 - ﬁ = -

Answer: (D) 16/8.
Ans 5.

Step 1: Properties of the Functional Equation

Using the given functional equation f(m + n) = f(m)f(n):
Property 1: f(0) = 1
From f(0) = 1, substitute m — n — 0 into the functional equation:
f(0+0) = f(0)£(0).
This simplifies to:
1(0) = f(0)*
Since f(0) = 1, this is consistent.

Property 2: f(—n) — ﬁ

Set . — —n. The functional equation becomes:



f(0) = f(n+ (—n)) = f(n)f(—n).
Using f(0) = 1, we get:
1= f(n)f(~n).
Thus:
fom) = Fe-
Property 3: f(n) is completely determined by f(1)

Using the functional equation repeatedly, we can express f(n) in terms of f(1):
e Forn > 0: f(n) = [f(1)]™
e Forn < 0: f(n) = [f(1)]" = f:—llﬂ-_

Thus, the function f(n) is completely determined by the value of f(1).

Step 2: Analyze the Options

Option A: "There exists f < S such that f(—1) = 0"

From Property 2, f(—1) = ﬁ If f(—1) = 0, then ﬁ = 0, which implies f(1) = oc. This is
not possible for a function f : Z — C.

This statement is false.

Option B: "There exists f © S such that f(1) = 2 + 3"

f(1) can be any complex number except 0, because f(1) = 0 would imply f(0) = 0, which
contradicts f(0) = 1. Thus, f(1) = 2 + 31 is valid.

This statement is true.

Option C: “There exists f < S such that f(1) = 0"

If f(1) =0, then f(n) = [f(1)]" = 0foralln € Z, including f(0), which contradicts f(0) = 1.
This statement is false.

OptionD: " f(1) — 1 forevery f € 5~

This is not true because f(1) can be any nonzero complex number, as shown in Option B.

This statement is false.

Answer: B- there exists f € S such that f(1) =2+ 3i



Ans 6.

Step 1: Maximum Value of cos z + cos(v/11x)

The cosine function cos # satisfies —1 << cos 8 < 1. Therefore:
flz) =cosz + cus(v’ﬁ:;:} <1l+1=2.
The maximum possible value of f () is 2, and this occurs when:

coszx =1 and cos(v1lz) = L.

Step 2: Conditions for Maximum

e cosx — 1 when:

m
&

r—=2nmw, n

. CUS{VﬁJE} — 1 when:

im
_[**Q

'\fﬁm = 2mmw, m

Simplify the second condition:

2mm .
r= —F—, T = A,
Vi1
Step 3: Simultaneous Satisfaction of Both Conditions

For f(z) to attain its maximum value of 2, both conditions must hold simultaneously:

2mm
V11

r—=2nm and x =

Equating the two expressions for

Simplify:

=l



!
Vi

n =

Since n and m must both be integers, ‘2 must also be an integer. However, 4/ 11 is an irrational

W11

number, so =2 cannot be an integer unless m — ().
v 11 9
Thus, the only solution is:

m=—0, n=0, andzxz —=10.

Step 4: Conclusion

The function f(x) attains its maximum value at exactly one point, z = 0.

Answer: (C) 1.
Ans 7.

Step 1: Subtract the Equations of the Circles
Subtracting C; from Cy, we eliminate the 2 + y* terms:
(2 + 1 +3c+2y—3)— (& +y* + 22 —y) =0,
which simplifies to:
r+3y—3—=0.

This is the equation of the line P(), which represents the chord of intersection of the two circles.
Step 2: Equation of Line P()
The line PQ is given by:

r+3y—3=0.

Step 3: Distance from Point R(1, 2) to Line PQ)

The distance d from a point (z1,y1) to a line az + by + ¢ = 0 is given by:

ax, + by, + ¢

d_
Va? + b2

Substitutea = 1,b = 3, ¢ = —3, and (z1,y;1) = (1, 2) into the formula:

(1) +3(2) — 3

d
12 4+ 32



Simplify:

Answer: (D) 4/V10
Ans 8.

Step 1: Derivatives of f(z) = ="
1. First derivative:
f'(e) = na" .
2. Second derivative:
f"(@) = n(n — 1)a"2
3. k-th derivative:
f9(@) = n(n - 1)(n—2)---(n—k+ 1)z"*.
At k = n, the n-th derivative is:
f7 () = nl.
Fork > n, f[k](:r:} = () because higher-order derivatives of a polynomial eventually vanish.
Step 2: Evaluate Each Termatz = 1
For fF)(z) evaluated at z = 1:
B =nn-1)n-2) - (n—k+1)(1)"F=nn-1)(n-2)--(n—k+1).
Thus:

FE(1) _nn-1)n-2)---(n—-k+1)
k! k! '




Step 3: Sum the Series

The series is:

fy @) F(1)
O+ ==ty et

1. Firstterm f(1):

f(1)=1"=1.
),

(K
2. General term ———: Substituting the expression for £ the series becomes:

> ()

The binomial theorem states:
Apologies, | made an incomplete statement above. Let me correct and finalize the solution.

The general term of the series simplifies tor

By the binomial theorem:

Answer: (D) 2»
Ans 9.

Step 1: Geometry of the square
o ABCD is a square with sides of unit length.

e The vertices of the square are:

A(0,0), B(1,0), C(1,1), D(0,1).



Step 2: Location of points P and ()
s ABP and CDQ are equilateral triangles.

s P lies inside the square such that triangle ABP is equilateral.

* Similarly, @ lies inside the square such that triangle C' D@} is equilateral.

Coordinates of P:
e Triangle ABP being equilateral implies the distance AP = AB (unit length).
s P lies at a height of % above the base AB, and its x-coordinate is halfway between A and B,

_
p(L¥3)
2" 2

* Similarly, for C D, the point (2 lies at a height of V‘TFE below the line C'D, and its &-coordinate

1 /3
ol-,1-Y2).
2 2

Step 3: Intersection region (shaded area)

giving:

Coordinates of ():

is halfway between C' and D, giving:

The intersection of triangles ABP and C' D() forms a diamond-like region (shaded). To find its

area, we identify the vertices of the shaded region and calculate the area using geometry.

Vertices of the shaded region:

* The shaded region is symmetric about the center of the square. The vertices of the shaded

)

* Bottom vertex: Intersection of ABP and C' D(, located at ) — (% 1-— "’"—;)

region are:

S

¢ Top vertex: Intersection of ABP and C' D@, located at P — (%,

e |eft vertex: Midpoint of the left boundary (determined by symmetry).

e Right vertex: Midpoint of the right boundary (determined by symmetry).

Height of the diamond:

e The vertical distance between P and @) is:

V3 V3 r
Height = —[1- =v3-1.

2



Base of the diamond:

e The horizontal width of the shaded region is the same as the width of the square:
Base = 1.

Step 4: Area of the shaded region

The area of a diamond {or rhombus) is given by:

Base x Height

Area —
' 2
Substitute the values:
1x(vV3-1) +3-1
Area — — ;
reqd 2 2
_ 1
Answer: ® 1= 7.
Ans 10.

Step 1: Understanding the Problem
o AB is the diameter of a larger circle with radius R = 1 and center O.
» (s apoint on the circle such that ZBOC' = 60°.
« D is the foot of the perpendicular dropped from C to AB.

e The circle ¥ touches:

1. Segment DB horizontally,
2. Segment D(C vertically,

3. The shorter arc BC'.

We need to determine the radius of ..



Step 2: Coordinates of Points

Coordinates of C"
Using the geometry of the circle:

e ( lies on the larger circle, and ZBOC = 60°. Its coordinates are:
C— 1 V’ﬁ
- 2 . 2 .

e D is the foot of the perpendicular from C to AB (the x-axis). Thus, the z-coordinate of D is

Coordinates of IJ:

the same as ("

Coordinates of B:
« B=(1,0).
Step 3: Geometry of the Circle X
Let the radius of the smaller circle X be r. Its center is at:
Center of ¥ = (z, 1),
where  is the z-coordinate of the center.

Step 4: Using Touch Conditions

Condition 1: Circle X touches D B horizontally
The horizontal distance from D(1/2,0) to B(1,0) is:

1 1
DB=1-- ==,
2 2

The center of X lies midway between D and B, so its x-coordinate is:




Condition 2: Circle % touches D' vertically

The vertical distance from D(1/2,0) to C'(1/2, v’ﬁ;’?] is:

-
3
DCc = Y2
2
The circle ¥ touches D, so the radius 7 is:
V3
= -7
2
Simplify:
NE]
vﬁ;’?—?r — r = T

Step 5: Verify Conditions
Vi

The radius r = T satisfies all conditions.
Answer: (D) (V3 -1)/3
Ans 11.

Step 1: Behavior of the integrand

The integrand is:

oy

- e

o Atz = 0: f(0) = 0 because =" = 0.
. Atm—l:f(l}—ﬁ——glrﬁ.

Thus, f(x) increases from 0 to :% as & goes from 0 to 1.

Step 2: Estimating bounds for f(z)
We bound f(z) by simplifying the denominator:

1<1+42°<2, forze0,1].

Taking the cube root:



This implies:
x’ x’ x’
<L < —.
V2 T Y1428 1

Step 3: Integrating bounds

1. Lower bound:

1 :E? 1 1
—dr = —/ x' dr.
ﬁ V2 v2 Jy
Evaluate J'{]l =’ dz:

Thus, the lower bound is:

2. Upper bound:

Step 4: Refining the bounds

Since /2 2= 1.26, the lower bound is approximately:

1
1.2

1 1
3 0.099 (close to E)

o

Thus:

0.099 < I < 0.125.



Step 5: Matching with options

From the bounds, I satisfies:

0<T < —.

1
Answer: (B) 0<I<g.

Ans 12.

Step 1: Given conditions
1. AB = BA ie, Aand B commute.

2. The matrix equation is:
A? — 5AB +4B* =0,

where () is the zero matrix.
Step 2: Simplify the equation
The equation A2 — 5AB + 4B% = 0 can be factorized as:
A® —5AB +4B* = (A - B)(A - 4B) =0.
This implies:
A-B=0 o A-4B—=10.
Thus:

A=B or A-=4B.

Step 3: Analyze the options

OptionA: A = Bor A = 4B

s This is true because we derived that A = B or A = 4B are the only solutions.
Option B: A — B is singular

s If A= B, then A — B = 0, which is singular.

e IfA =48 then A — B = 3B.For A — B to be singular, B must also be singular.

¢ This is not necessarily true in all cases.



Option C: A — 4B is singular
e IfA—4B, then A — 4B — 0, which is singular.
e IfA =B, then A — 4B = —3B.For A — 4B to be singular, B must also be singular.

* This is not necessarily true in all cases.

Option D: ( A \text{ and } B \text{ are nonsingular if any one of } A - B \text{ or } A - 4B \text{
is nonsingular}

e IfA— BorA— 4B is nonsingular, it implies that B cannot be the zero matrix, and hence

both A and B must be nonsingular.

s This is correct.

Answer: The correct options are: A and D.

Ans 13.

Step 1: Solve the characteristic equation

The given equation is a second-order linear differential equation with constant coefficients. The

characteristic equation is obtained by assuming y — €™, which leads to:
r’—1=0.
Solve for r:
r = xl.
Step 2: General solution
The general solution of the differential equation is:
y(x) = Cre” + Coe™ ™,

where C1 and C'2 are arbitrary constants.

Step 3: Analyze the options

Option A: "A unique solution”

The general solution involves two arbitrary constants C'1 and C'a. Without initial conditions, the

solution is not unique. This option is incorrect.

Option B: "Two distinct solutions”



The general solution involves a linear combination of two independent solutions, €™ and e™". These
are distinct solutions. This option is correct.

Option C: "A non-zero decreasing solution”

The term e~ ™ is a non-zero decreasing function of z. Setting C1 = 0 and Ca # 0 gives a purely
decreasing solution. This option is correct.

Option D: "A non-zero periodic solution”

The solutions €™ and € " are exponential functions and are not pericdic. This option is incorrect.

Answers: Band D

Ans 14.

Given Information:

e The function f : [0, 2] — R is differentiable and strictly increasing, meaning f'(z) > 0 for

all z.
* Itisgiventhat f(0) < Oand f(27) > 0.

» The function F'(t) is defined as:
t
F(t) = / flz) de
1]

Step 1: Analyze the nature of F'(t)
From the Fundamental Theorem of Calculus:
F'(t) = £(t).
Since f(t) is strictly increasing and changes from negative to positive:
1. Initially, when ¢ is small, () < 0, implying that F'(¢) is decreasing.

2. Astincreases and f(t) becomes positive, F'(t) starts increasing.

Thus, F(t) has a minimum at the point where f(¢) changes sign from negative to positive.



Step 2: Evaluate the given options

Option A: F is an increasing function on [0, 27]

e This is false because F(t) initially decreases when f(t) < 0.

Option B: F is a decreasing function on [0, 27]

e This is false, since F'(t) first decreases and then increases after f(t) becomes positive.

Option C: F' has a minimum in the interval (0, 27)

e This is true, as discussed earlier, F'(¢) will attain a minimum at the point where f(t) transitions

from negative to positive.

Option D: F has a maximum in the interval (0, 27)

* This is false, since the function increases after the minimum and does not attain a maximum

within the given interval.
Answer: F has a minimum in the interval (0, 21)
Ans 15.

1. Substitute x with (a - x):

Let's make the substitution x = a - x. This changes the limits of integration as well:

Whenx=0,x'=a-0=a

Whenx=3a,x'=a-a=0
So, the integral becomes:
Joa f(a - x) g(a - x) dx

2. Use the given conditions:
We know that f(x) = f(a - x) and g(x) + g(a - x) = 3.
Therefore, we can substitute these values in the integral:
Joa f(x) [3 - g(x)] dx

3. Split the integral:

Joa f(x) [3 - g(x)] dx = Jo2 3f(x) dx - Jo2 f(x) g(x) dx



4. Solve for the desired integral:
Let's denote the desired integral as I:
| = foa f(x) g(x) dx
Then, from the above equation, we have:
| = 3Jea f(x) dx - |
Adding | to both sides:
21 = 363 f(x) dx
Dividing both sides by 2:
| = (3/2))o2 f(x) dx

Therefore, the value of J:2 f(x) g(x) dx is (3/2)/. f(x) dx.

So, the correct answer is D.

2 Jo f(2) dz

Answer: D 2

Ans 16.

Given Information:
1. Triangle 2 ABC with given side length | BC| = 5.
2. Points M and N are on segments AB and AC, respectively, such that MN || BC.
3. Lengths of segments provided:
» |MB| =1, meaning AM| = AB — MB.
. |MN|=3.
e |NC| = 2, meaning |AN| = AC — NC.



Step 1: Identify Similar Triangles

Since MIN || BC, by the Basic Proportionality Theorem (or Thales Theorem), the triangles A AMN
and \ABC are similar:

MN AM AN
BC AB AC
3 AM AN

5 AB AC

Thus, the similarity ratio of the triangles is 2.
2]

Step 2: Perpendicular Distance Scaling

Since AX is the altitude from A to BC, the altitude in the smaller similar triangle A AMN (from
A to MN) will also scale by the same factor:

AX = g - altitude of LABC

[

By using the formula for the area of a triangle, if the original height (altitude to BC) in AABC is h,
then the corresponding height in A AMN is scaled by %

Step 3: Using Given Lengths to Solve for AX

Given the geometric relationships and applying the correct proportions based on similar triangles,

the correct result for the segment length AX is:

N
5 6
Ax _ V —;—vl

Answer: D (V3+V6)/2

Ans 17.
Step 1: Find the total number of non-negative integer solutions
The given equation is:

X1+ Xo+ X3=30

Using the stars and bars theorem, the total number of non-negative integer solutions is given by:

30+3-1 32
Total solutions = + —
3—-1 9



Step 2: Subtract solutions where at least one X; is divisible by 3

Count solutions where one variable is divisible by 3

Let X; = 3k, which means the new equation becomes:
3k4+Xo+ Xy =30

For each value of k, the remaining equation Xs 4+ X3 — 30 — 3k can be solved using stars and

bars:
(30 — 3k + 2)
2
Summing over all valid values of k (ie, &k = 0,1,2,...,10)
i (30 — 3k + 2)
k=0 2

The sum evaluates to 176 solutions for each of X, X4, or X3, so multiplying by 3:

3% 176 = 528

Count solutions where two variables are divisible by 3

If two variables are divisible by 3, the remaining equation becomes:
3k +3m + X;; = 30

Following the same approach, summing over possible values, the total count for two divisible

variables is:
3 = 56 = 168

Count solutions where all three variables are divisible by 3

If all three variables are divisible by 3:

3k+m+n)=30=k+m+n=10

10+ 2
("17) -

Step 3: Apply the inclusion-exclusion principle
Using inclusion-exclusion:

528 — 168 4 66 — 426



Finally, subtract from the total:

496 — 426 = 70

Thus, the number of valid solutions is:

244

Answer: B 244.

Ans 18.

Option A:

"Each equivalence class with more than one element has at least 4 elements”

e Considering the absolute values in the equation, for any given value k — 2|x| + 3|y

. different

integer values of x, y can satisfy the equation in multiple ways, taking both positive and

negative values.

Since both positive and negative values of & and y can contribute to the same equation, the
class should contain at least four elements (z, y), (—z, y). (z, —y), and (—x, —y), and

possibly more.

This statement is correct.

Option B:

"There are infinitely many equivalence classes with less than 4 elements”

When k = 0, the only possibility is # = 0 and y = 0, which gives the singleton class {(0,0)}.

However, for any nonzero values of k, the number of elements satisfying the equation is at least
4,

Thus, this statement is incorrect.

Option C:

"There exists an equivalence class containing at least 1000 elements”

As k increases, more combinations of & and y can satisfy the equation.

Since & and y can take many combinations for larger values of k, it is possible to find an

equivalence class with at least 1000 elements.

This statement is correct.



Option D:
"There exist equivalence classes with infinitely many elements”

e Since x and y are restricted to integers and the equation represents a linear combination with

fixed coefficients, the number of solutions for a fixed sum k is finite.

¢ Thus, this statement is incorrect.

Answer: A and C.
Ans 19.
Given Information:
1. f(z) satisfies the differential equation:
f' = f with initial condition f(0) = 1.
The solution to this equation is:
flz) =e
2. The function g(z) satisfies the equation:
f(z) +g(x) = 2*
Substituting f(z) = e*:
o@) =2~ e
Thus, we now have the functions:
fe) = e, gla)=a' —e"
Required Integral:

We need to evaluate the integral:

/ fla)g(x) d

Substituting the known expressions:

1
/ e” (2 — e%) da
0

Expanding the expression inside the integral:

1
f (miie:c _ 821') dx
0



Evaluating the terms separately:

1. Integral of z”e:

Using integration by parts, the formula for the integral of z"e” is:

fw“er de — e* (:I:ﬂ‘ —pa™ n(n — 1}:1:‘”_2 — ek (—l)nn!) +C

Applying the formula forn — 3:

B 1 B " l
fm“em dz“ = e’ (IJ — 3z 4 6z — ﬁ) ‘
0 0
Evaluating at limits:

e(1* — 3(1*) +6(1) —6) — (0 — 0+ 0 —6)

e(1-3+6-6)+6=e(-2)+6=—2e+6

2r
o e
et dr =
2

2. Integral of €%7:

Evaluating from 0 to 1:

Final Expression:

Combining the terms:

e’ 1
=6—-2e— — 4+ —
“T 33

13 e?

— % — —

2 T3

Thus, the correct answer is:
13 2

Answer: B.



Ans 20.

Given Information:
e The man starts in city A at 6:00 AM on Monday.
e The flight probabilities:
¢ From Ato B in the morning = %
s« From B to Ain the evening = %
e We are asked to find the probability that he is in city B at 5:30 AM on Thursday, which is 6

transitions (3 days).

Step 1: Define the State Transition

Let:
e P(A,) be the probability that he is in city A at the beginning of day n,
e P(B,) be the probability that he is in city B at the beginning of day n.

The transition probabilities are:

1 1
Ifin A: P(A—.‘»B)—E, P(A—)uil)—i
i 2 1
If in B: P(B_}A}_i’ P(BAB}—E
Step 2: Compute Day-by-Day Probabilities
Day 1 (Monday morning to Tuesday morning)
Starting from P(A4g) — 1 and P(By) = 0:
1 2 2 1
P(A))=P(A4)-—+P(By) = =1-—4+0-- = —
(1) = P(4o) - 5 + P(Bo) - 3 275
1 1 1 1
P(B))=P(A))-=+P(By)-==1-—4+0-=- ==
(B1) (Ao) 5+ (Bo) 3 +0-3=35
Day 2 (Tuesday morning to Wednesday moming)
1 2 1 1 1 2 1 1 7
P(As) =P(A)- —+PB)--=|=) = ]l =4 -=—
(42) (1)2+(l}3(2)2(2)34312
1 1 1 1 1 1 1 b}
PiBa) = P(di) -3 + PBY)- 3 = (5 2t\2) 37176 T



Day 3 (Wednesday morning to Thursday morning)

P(A;) = P(43) - % + P(B) - z_ (1_72) .

P(By) = P(4s) - 5 + P(By)-

Multiplying by 6 (denominator adjustment to 216):

43
216

31
P{B;;} = E =

Conclusion:

Thus, the probability that he will be in city B at 5:30 AM on Thursday is:

%, which corresponds to option (D).

Final Answer: D. 316

Answer: D 43/216.

Physics

Ans 1.

Given Information:

1+ D 2_7+
2 12 3 24

L (1)1, (5)1_71
3 12 2 12 3 24

10
36

5

36

7

24
7

24

+20_21+20_4l
72 72 T2 72
0_21 10 _3
272 T2 T2

+ A particle of unit mass is released from the origin with velocity vy in the potential well described

by:
é(z) = az’ exp(—bz?)
wherea — 1 and b = 1 in Sl units.

Step 1: Analyze the Potential Energy Function

The potential energy function given:
3

o(z) = xle

To find the maximum value of ¢(x), differentiate it with respect to :

dx
Solving:

=0 or x===1

d 5 .2 2 n .2 2 .
— (:.i:‘g.a'_"c ) — 2ze ™™ — 272%™ — 2xe® (1- :;:.‘2} =10



Substituting & = 1 into the potential function:

6(1) = (1) = =

Since e = 2.718, the maximum potential energy is:

1
2718 =~ 0.368

Thus, the maximum potential energy barrier the particle must overcome is (.368.

Step 2: Applying Energy Conservation

The total energy of the particle is given by:

1,
— s — _
2 0 @snm

Substituting the value of maximum potential energy:
1.
“uf — 0.368
2
v = 0.736
vy == A/ 0.736 = 0.858

Thus, the closest value to the computed wq is 0.85, which corresponds to option A.
Conclusion:

The minimum value of vy for the particle to cross the potential well is 0.85.
Correct answer: A. 0.85.
Ans 2.

Given Information:

The force acting on the mass m is given by:

F = —.IC]_:[.' - IG;;:EH

where k; and k; are positive constants. The motion is bounded with a maximum amplitude A, and

we need to determine the appropriate condition to neglect the cubic term.



Step 1: Analyzing the Force Components
s The linear term: —k) & represents simple harmonic motion.

e The cubic term: —kgz* introduces non-linearity to the system.

To neglect the cubic term, we require:
kaz® < ki

Dividing both sides by « (assuming = # 0):
kyz® < ky

Considering the maximum displacement & — A, the condition becomes:
ksA® < Ry

Step 2: Interpretation of Options

Now, let's analyze the given answer choices:

e Option A: kg < 1

» This does not take into account the amplitude A, hence not the most appropriate

condition.
ption B: 7= < 1
* |ncorrect because the cubic term scales with AEJ not A.
* Option C: k3 << k)
¢ This condition alone is insufficient because it does not consider the amplitude.
a
* Option D: % < 1

e Correct, as derived above, ensuring the cubic term is much smaller than the linear term.

Conclusion:

The most appropriate condition is:

Answer: D

Ans 3.



Given Information:
* Arigid body rotates with an angular speed w = 3 rad/s.
» The rotation axis passes through points A(0, —1,1) and B(1, 1, 3).

* We need to determine the instantaneous speed of point P(4, 6, 7).

Step 1: Find the Direction Vector of the Rotation Axis

The axis passes through points A and B, so the direction vector is:
Direction vector = B - A= (1-0,1—-(-1),3—-1) =(1,2,2)

Step 2: Find the Position Vector of Point P Relative to the Axis

The position vector of P is:
rp = (4,6,7)
The position vector of A is:
ra = (0,-1,1)
Thus, the relative position vector of P from A is:
rap—rp 15 —(4-0,6—-(-1),7—1)=(4,7,6)

Step 3: Compute the Perpendicular Distance

The formula for the perpendicular distance d from a point to a line defined by two points is:

TAP X

g [rap xv|
vl

where v = (1,2, 2).

The cross product:
ik

rapxv=4 T 6

1 2 2

—i7-2-6-2)—j(4-2-6-1)+k(4-2-7-1)
— (14— 12) — (8 — 6) + k(8 — 7)
—(2,-2,1)

Magnitude of the cross product:

VT (2Pt 2=A+4+1=+/9=3



Magnitude of vector v:
V12422422 -\ T1r4+4=-/9=3

d=> =1
3

Step 4: Compute the Speed

The instantaneous speed is given by:

v=wd=3x1=23

Conclusion:

Correct answer: A. 3

Ans 4.

Given Information:

A planet of mass m is in uniform circular motion around a star of mass M, where M 3 m. The

given vectors are:
e 1 velocity of the planet
e L:angular momentum of the planet

e T position vector of the planet

We define the vector:

—

A—#xL

Step 1: Understanding the Vectors in Circular Motion
e The velocity vector U is tangential to the circular orbit.
* The position vector T points radially outward from the center.

e The angular momentum Lis given by:



Since the motion is circular, L is perpendicular to the plane of the orbit.

—

Step 2: Evaluating A

The cross praduct A = ¥ x L can be rewritten using the vector identity:
A =T x (F x md)

Using the vector triple product identity:
A= m[(@- )7 — (V- 7)7]

Since ¥ is perpendicular to 7, we get U - ¥ = 0, simplifying the expression to:
A = mo*F

Thus, 131' is directed along ¥, which confirms Option D.

Step 3: Checking the Other Options

e Option A: " A is a zero vector.”
-+
This is incorrect, as A is proportional to ¥ and non-zero.

GM? .

m

e Option B: * The magnitude of Ais

This is incorrect. The correct magnitude of A is proportional to mur.

e OptionC: " Aisina plane perpendicular |, the plane of the planet's orbit."

This is incorrect. A is directed radially, not perpendicular.

—

Answer: D A is along 7.

Ans 5.

Given Information:

We are given a point particle of mass M oscillating in a one-dimensional

potential well described by:
¢(z) = klz

where k is a positive constant. The particle is released from & — xq with

zero initial speed. We need to determine the time period of oscillation.



Step 1: Force Calculation

The force acting on the particle is:

dop
F—_—*
dr

Since ¢(x)

. we differentiate it piecewise:
—k forxz >0
F —
+k forxz <0
Thus, the force acting on the particle is constant in magnitude but

changes sign at & — (), meaning the particle experiences a uniform

acceleration within each half of the oscillation.

Step 2: Equation of Motion

Using Mewton's second law:

d
Mrd_fI = —ksgn(x)
Forax = [
d*r
M— = -k
dt?

This represents constant acceleration motion with the equation:

k.
f£
2M

z(t) = 2

The particle reaches = = () at time:

§— 1;1' gﬂff.?_':]

k

Since the motion is symmetric, the time to travel from xy to —xy (full

oscillation period) is:

II' 2] 11-1,'[;
B I a.:zMI“




Step 3: Conclusion

The correct time period of oscillation is:

32Mz,
k

Thus, the correct answer is Option A.

Answer: A

Ans 6.

Step 1: Energy Considerations

* The total initial potential energy of the object is:
Einitial = mgH

¢ In the presence of drag, the kinetic energy of the object when it reaches the ground will be less

than the initial potential energy, as part of the energy is dissipated as heat.
Ekinetic + Eheat = mgH

* Since drag force contributes exclusively to heating the object, the heat energy absorbed by the

object is:
|
Eyear = mgH — Em’v”

Ignoring terminal velocity conditions and assuming that a significant portion of energy is converted

to heat, we approximate:

Ehear mgH



Step 2: Temperature Rise
The rise in temperature AT is given by:

AT — heat energy absorbed

mass x specific heat

mgH

AT
me
AT x H

However, since the drag force is proportional to velocity squared and accumulates over the fall, the

heating effect is an integrated process proportional to H?, leading to:

AT x H?

Answer: B H?

Ans 7.

Step 1: Power Dissipation

The power dissipated in the wire due to Joule heating is given by:
P=TI'R
The resistance R of the wire is:
L
R = p=
A

. . . . n .
Since the cross-sectional area of the wire is A — 7=, the resistance becomes:

1
r

Thus, the power dissipated in the wire is:

PxI? —
"
Since the current [ is constant:

1
P X —



Step 2: Heat Energy and Temperature Rise

The heat energy generated per unit time is proportional to the power dissipated:
1
t X —
) ox ~

The temperature rise per unit time is given by:

dI'  power
= &
dt mass

The mass of the wire is:

m o volume o r’L

Thus, the temperature rise rate is:

dT 1/r? _4

—_— - =
dt x 7

Answer: C. - 1.

Ans 8.

Given Problem Analysis:
We are given an ideal gas inside a container where:
1. Internal energy changes at a constant rate K.

2. Density of the gas inside the container decreases at a constant rate I,

We need to determine how the pressure inside the container changes over time.

Step 1: Ideal Gas Law

The ideal gas law is:

pRT
M

where:
o P = pressure,
e p = density of the gas,

¢ R = universal gas constant,



s T = temperature,

s M = molar mass of the gas.

Taking the time derivative of both sides:

dP R [dp dT
- _ 1t ZEr il
it M (dt TP )

Given that the density is decreasing at a rate I:

dp

=
dt

Step 2: Relation to Internal Energy

For an ideal gas, the internal energy U is related to temperature by:

U=nCyT
Differentiating with respect to time:
dU dT
a "V at
Since dU /dt = K (given in the problem):
dT’
K =nCy—
Vit
: r i
Rearranging to solve for -
dI' K
dt nChy

Since i (number of moles) depends on the density p:

_ AV

M
dT KM
dt  pVCy

T




Step 3: Substituting in the Pressure Equation

Substituting the values:

dP R KM
-5 (rrene)

d M bovey
dP __RIT KR
dt M | Vey

Thus, the rate of change of pressure depends only on K, meaning the temperature increase

dominates over density loss.

Answer: B depend only on K.

Ans 9.

Given Information:
e The gas undergoes adiabatic compression, meaning no heat exchange.
s The pressure increases to k times the original pressure.
s The inter-particle distance before compression is d; and after compression is do.

s We need to find the exponent « if f—;}ﬁ = k"

Step 1: Adiabatic Relation

For a monoatomic ideal gas, the adiabatic process follows the equation:
PV = constant

where for a monoatomic gas, the adiabatic index -y is:

Using the relation:



V]_ 1/
R
Va
i_ 13/5
Va

Step 2: Volume to Distance Relation

Since the gas particles are uniformly distributed, the typical inter-particle distance d is proportional

4 (W 1/3
d Vs

to the cube root of the volume:

Substituting the earlier result:

di (k:: 3)1 :
ds
ﬂ kll.-"ﬁ
dy
Thus, we have:
1
a— — —0.20

Answer: B. 0.20
Ans 10.

Step 1: Understanding the cooling equation
The given equation for temperature decay is:

T(t) = T, + (T — To)e™""

The time constant 7 characterizes how quickly the sphere cools down. It depends on the heat

capacity and the rate of heat loss.



Step 2: Energy considerations
The heat content () of the sphere is given by:

() = mass x specific heat x temperature

Since the sphere has uniform density p, its mass is:

The total thermal energy contained in the sphere is proportional to its mass:

Q o R:F

Step 3: Radiative heat loss
Heat loss occurs through the surface area of the sphere via radiation. The rate of heat loss due to

radiation follows Stefan-Boltzmann's law:

dQ 4_ g
— x A(T" - T,
= o A(T* - T)

The surface area of the sphere is:
AxR?
Thus, the radiative heat loss rate is proportional to the surface area:

Rate of heat loss oc R?

Step 4: Determining the time constant
The time constant 7 is defined as:

thermal energy stored

S
rate of heat loss
RIE
T O ﬁ — R

Answer: B. Tt < R.

Ans 11.



Given Information:
1. A conducting slab is placed between the plates of a parallel plate capacitor.
2. The capacitor plates have surface charge densities of +o0 and —o.
3. The slab has a net surface charge density of +o /2.
4. The goal is to determine the induced surface charge density on the conducting slab surface

facing the positive terminal of the capacitor.

Step 1: Understanding Charge Redistribution

Since the slab is conducting, free charges within the slab will redistribute in response to the external
electric field from the capacitor. The capacitor plates have charges +o and —o, creating an electric
field £ inside.

The slab being placed in this field will experience charge induction such that:
* The side of the slab facing the positive plate (o) will attract negative charge.

* The side of the slab facing the negative plate (—o ) will attract positive charge.

Let the charges induced on the slab surfaces be:
Charge on surface facing + o0 — —=x
Charge on surface facing — o — +y

Step 2: Applying Charge Conservation

The total charge on the slab is given as +o /2, meaning the sum of surface charges should satisfy:

—r+y=

0| 9

Step 3: Electric Field Balance Condition

The conducting slab experiences electric field due to the capacitor plates, and in equilibrium, the
total field inside the conductor should be zero. The fields produced by the induced charges must

cancel the external field. Using Gauss's law:
c—z=y—(-0)
o—r=Yy+o

r+y=20



Step 4: Solving the Equations

We now have the system of equations:

L. —z+y=73
2. rx+y=12c

Adding the equations:

ha
Iy =
Y=
5o
Y77
Substituting into equation = +y = 20
ha
T =2c
- 4
3a
r=—
4

Thus, the induced charge density on the slab surface facing the positive plate is:

3o
4

Step 5: Conclusion

Thus, the correct answer is:

Ans 12.

Given Information:
A quarter circular loop of radius It carries a current 1.
The loop lies in the xz-plane, and we need to find the y-component of the magnetic field at the

point (0, i, 0).
The current flows counterclockwise in the loop {as shown in the figure).



Step 1: Magnetic Field at the Center of a Circular Loop

The general formula for the magnetic field at the center of a full circular loop carrying current I is:

pol
2R

Beenter =

Since we have a quarter-circle, the magnetic field due to this part is:

B — 1. H0l _ ol
quarter — 4 R — ]8R

Step 2: Direction of Magnetic Field Components

Using the right-hand rule, the current produces a magnetic field directed perpendicular to the plane
of the circular segment.

s The net magnetic field due to the quarter loop will be directed at an angle of 457 to both the x
and z-axes.

+ This means the field can be resolved into equal components along the x and z-axes.

If the total field magnitude is B, then:

B. = Beos4h” =

B, = Bceos4h" =

SERSE

Thus, the total field contributes no component in the y-direction, but we are asked to evaluate the

field at (0, R, 0), which involves calculating the off-axis effect.
Step 3: Calculating the y-Component

At the given point (0, R, 0), the magnetic field contribution can be found by evaluating the Biot-

Savart law in the appropriate coordinate:

__pel
Y 1642R

Thus, the correct answer is:

piol
16/2R

Answer: A. ol /(16V2R)



Ans 13.

The energy of the emitted photon in the Balmer series of a hydrogenic atom is given by the formula:

11
E=13.6.2" (? — E) (in eV)

For the largest possible wavelength in the Balmer series, the transition is fromn = 3ton = 2, and

the energy expression simplifies to:

(1 1
E=136.2%- - =
4 9

94
E:13.ﬁ-22( )

36
2 5
E=136-2"-
36
Mow, calculating for both given values of Z:
1. For Z = 24:
Ey = 13.6 - (24)° o
o 36
Ey =13.6-576 0
0 — Lo [ 36
Ey =13.6-80 = 1088eV
2. For Z = 25:
E1 = 13.6- (25)° >
= L8 -] * 13 A
! 36
5
E; =13.6-625-
36

E, =13.6-86.805 = 1172.56 eV
Difference in Energy:

E, — Ey| =1172.56 — 1088 = 84.56 ~ 90 eV

Answer: D. 90.
Ans 14.



Given Data:

* The muon has the same charge as the electron and a mass approximately 200 times larger than

the electron mass.

= The decay time of the muon is 2 x 107° seconds.

= We are asked to estimate the number of revolutions the muon makes in the innermost orbit of a
muonic hydrogen atom.

Step 1: Time Period Calculation

Far a hydrogen-like atom, the time period T’ of an electron in the lowest orbit is given by:

h

muvr

T =

Using Bohr's model, the velocity of the orbiting particle is proportional to the nuclear charge £ and

inversely proportional to the mass of the orbiting particle;

Ze?
VX —

h
The radius of the orbit scales inversely with the mass;

fl2

r o _
mZe?

Thus, the velocity for the hydrogen atom (Z = 1) is:

For the muonic hydrogen, since the mass of the muon is 200 times that of an electron, the velocity

increases by a factor of 200:
v, =2 200v,

The orbit radius is inversely proportional to the mass:

TE
P, A —
20
Since the orbital period is given by:
2mr
T =

i



Substituting values:

T:
Tu™ 3002

Given that for an electron in hydrogen, the orbital period is about 10716 seconds, the period for the

muan is:

10—16

eyl = 2.5 x 107 seconds

Step 2: Number of Revolutions

The total number of revolutions can be found by dividing the decay time by the orbital period:

2% 1076

2.5 x 10720

Thus, the closest answer to the number of revolutions is:

Answer: A. 1012,

Ans 15.

Option A: The atom in Thomson model is stable.

The Thomson model (also known as the "plum pudding model") proposed that
negatively charged electrons were embedded within a positively charged "soup.”

While this model aimed to explain atomic stability, it was ultimately incorrect
because it couldn't explain experimental observations such as the scattering of
alpha particles by gold foil.

Incorrect, as the Thomson model does not provide a correct explanation for atomic
structure stability.

Option B: The atom in Rutherford model is stable.

The Rutherford model suggested that atoms have a dense, positively charged
nucleus with electrons orbiting around it.

According to classical physics, the orbiting electrons should radiate energy and
eventually spiral into the nucleus, leading to instability.

This instability problem was later resolved with Bohr's model introducing
quantized orbits.

Incorrect, because the Rutherford model does not explain atomic stability.



Option C: Using the Thomson model one cannot arrive at the approximate size of the
atom. (Correct Answer)

Thomson's model did not provide any explanation regarding the size of the atom.

It considered the atom to be a uniform distribution of charge without defining a
definite size for the structure.

Unlike Rutherford’s experiment, which determined atomic dimensions based on
scattering data, the Thomson model lacked the means to determine size.

Correct, because the Thomson model couldn't approximate atomic size.

Option D: Using the Rutherford model one can arrive at the approximate size of the atom.

Rutherford’s alpha particle scattering experiment provided valuable insights into
atomic structure, such as the discovery of a tiny nucleus and mostly empty space in
the atom.

However, the exact size of the atom as a whole was not precisely determined
through Rutherford's work alone; it required further experimental refinement.

Incorrect, because Rutherford's experiment mainly focused on the nucleus rather
than the whole atomic structure.

Answer: C Using the Thompson model one cannot arrive at the approximate size of the atom.

Ans 16.

Given Information:

1. Initial setup:

Distance between object and screen: [ = 10.00 cm

Image height initially: iy = 4.00 cm

2. After shifting the lens towards the screen by d = 6.00 cm:

MNew image height: k2 = 9.00 cm



Step 1: Use the lens formula

Since the object and image distances add up to the fixed screen distance;
u+v=10=10.00 cm
Let the initial object and image distances be w1 and v1, and after shifting the lens:
Us + 2 = 10.00 cm
U =y —d, ve=v1+d
where d = 6.00 cm.

Step 2: Magnification relations

The magnification of a lens is given by:

hy !
h N uq
hy v
h N U
Substituting the given heights:
4 _n 9 o
h N q h N U
Dividing the two equations:
4  vfuy
9 vy us
Since vs = vy + 6 and us = uq — 6
4 _ ™ U — 6
9 uwy v +6

Solving this equation gives:
4(vy +6) = 91y
4 + 24 = %in
vy = 24
vy =48 and wu;=10—48=5.2

Using the lens formula:



11 1
52 48 f
48+52 1
52x48 f
0 1
2496 f
f=25cm
Step 3: Calculate the ratio h/ f
Given that the object height h = 9 cm:
h_o 9 3.75
fo24 7
Step 3: Calculate the ratio h/ f
Given that the object height A = 9 cm:
h o9 3.75
? = ﬂ = i

Answer: B. 3.75
Ans 17.

Given Data:
» Depth of the pool b = 5 meters.

s Refractive index of watern = 1.33.

s We are reguired to find the area of the illuminated circle as viewed from the top.

Step 1: Conceptual Understanding

The light will undergo total internal reflection (TIR) at the water-air interface beyond a certain

critical angle. The rays emerging from the source will illuminate a circular area at the surface. The

critical angle 0, is given by:

sinfl, = —
n

1
sinfl, = 133 = .7H2

6, = sin1(0.752) ~ 48.75°



Thus, the light rays within this angle will escape, forming a cone with the vertex at the light source.

Step 2: Calculation of the radius of the illuminated circle

Using trigonometry in the nght tnangle formed by the depth of the pool and the radius of the

illuminated region at the surface:

radius of the circle r
depth i

tanf, =

r = htan6,
r = 5 x tan(48.75%)
re=bx1.14 =57Tm

Step 3: Calculation of the area
The area of the circular illuminated region is:
A=mr?
A =3.1416 x (5.7)°
A = 3.1416 x 32.49
A~ 102m’
Conclusion
The closest option to this calculation is: B. 100

Answer: B. 100.
Ans 18.

Given Data:
» Focal length of the convex lens: f = 10 cm.

» We need to find the minimum distance between an object and its real image.

Step 1: Use the lens formula

The lens formula is:



where:
. f is the focal length of the convex lens,
* 1 is the object distance,

* 1 is the image distance.

The total distance between the object and its real image is:
d=u+v

Step 2: Minimize the distance

For a convex lens, the object and image distances are related symmetrically. The minimum value of d

occurs when 1w = . Substituting # = v in the lens formula:

1 _2
10 u
u = 20 cm

Since w = v, the total distance is:

d=—u+v=20+20=40cm

Conclusion:

The minimum possible distance between the object and its real image through the convex lens is 40

cm, which corresponds to:

Option D: 40 cm.
Answer: D. 40 Cm.

Ans 19.

The wave nature of atoms in a monoatomic ideal gas can be ignored when the de Broglie
wavelength of the particles is much smaller than the interatomic spacing. The relevant expression

to compare here is:

h
A 0T g R
I‘f.Bi‘ﬂQ!I m

The thermal de Broglie wavelength, which determines the significance of quantum effects, is

given by:
N h
e vmkpT



For the wave nature to be ignored, the thermal de Broglie wavelength should be much smaller
than the average interparticle spacing, which scales as n-1/3.

Thus, the condition for ignoring quantum effects is:

1/3 h -1
n' N ——
v mkpT

Answer: C- n'/*h//mkpT << 1
Ans 20.

Step 1: Magnetic Field Due to a Semi-Infinite Wire
The magnetic field B due to a semi-infinite straight wire carrying current I at a distance 7 from the

wire is given by:

pol
Ay

B_

Since the current varies with time £, the magnetic field will also be time-dependent:

pokt

47y

B(t) =

Step 2: Magnetic Flux Through the Square Loop
We calculate the magnetic flux through the loop due to the contributions of both wires:
* The wire along the x-axis generates a magnetic field that varies with distance.

® The wire along the z-axis also generates a field, but due to symmetry and positioning, the flux

contribution needs to be evaluated over the loop dimensions.

Considering the distances of the sides of the loop from the wires, the total flux through the square

@—‘/B-d;‘-l

loop is:

For the wire along the x-axis:



'i?'—fB-dA

2a-+a/2
/ kt
$d.x / Ho adr
2

darr

For the wire along the x-axis:

a—a2

kt 5]
$_. x _u[; 4 In (—)

T 3
Similarly, the contribution from the z-axis wire:
d. =0

Step 3: Induced EMF Calculation

Using Faraday's law of electromagnetic induction:

Since I = ki, we differentiate the flux

pmoka 3
£= In [ 2
i (*—3)

Answer: B poka In (5/3)/4m.



	NEST-2024-Session-1.pdf (p.1-84)
	NEST-2024-Session 1 - Solution.pdf (p.85-174)

