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Biology

Q1. Match the entries in column I and column II.

Column I Column IT

P. Notochord and hollow nerve cord i. | Cyclostomata
present

Q. | Ectoparasite with 6-15 pairs of gills | ii. | Chondrichthyes
and closed circulation

R. | Marine animals with persistent iii. | Hemichordata
notochord and placoid scales

S. | Animals with open circulatory iv. | Chordata

systems, and stomochord
(@P-iv;Q-i;R-ii; S-iii
(b) P-iv; Q-ii; R-1; S -iii
(c)P-i;Q-iii; R-ii; S -iv
(P —iii;Q —i;R —1ii;S — iv

Which one of the following combinations is correct?

Ans 1.

P — iv (Chordata): Characterized by the presence of a notochord and hollow dorsal nerve cord.

Q — i (Cyclostomata): Jawless ectoparasites with 6-15 pairs of gills and closed circulatory system.

R — ii (Chondrichthyes): Marine animals with persistent notochord and placoid scales (e.g., sharks).

S — iii (Hemichordata): Organisms with open circulatory system and stomochord (e.g., Balanoglossus).
P—iv; Q-—i; R-—ii; S—iii

Hence, the correct answer is option (a).

Qus 2. Chromosomes are classified as metacentric, sub-metacentric, acrocentric and telocentric. This classification is based on the
position of which one of the following structures?

(a) Centromere

(b) Centrosome

(c) Centriole

(d) Telomere

Ans 2. Chromosomes are classified as metacentric, sub-metacentric, acrocentric, and telocentric based on the position of the
centromere, which divides the chromosome into two arms:

e Metacentric: Centromere is in the middle, both arms are equal.
¢ Sub-metacentric: Centromere is slightly off-center, one arm is longer.
¢ Acrocentric: Centromere is close to one end, creating a very short and a very long arm.

Telocentric: Centromere is at the terminal end, effectively having only one visible arm.
Hence, the correct answer is option (1).

Qus 3. Which one of the following options describes a triglyceride?

(a) Three fatty acid chains linked to a molecule of glycerol

(b) Three glycerol molecules linked to a fatty acid chain

(c) Three saturated fatty acid chains linked to a molecule of cholesterol
(d) Three glyceride molecules linked to a molecule of phospholipid

Ans 3. A triglyceride is a type of lipid formed by the esterification of three fatty acid molecules with one glycerol molecule. This
structure is the main form of fat stored in the body and found in the diet.

¢ Glycerol has three hydroxyl (-OH) groups.
¢ Each fatty acid has a carboxyl (-COOH) group.
¢ An ester bond forms between the hydroxyl group of glycerol and the carboxyl group of each fatty acid.

Hence, the correct answer is option (1).
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Qus 4. Which one of the following statements about a plant carotenoid is FALSE?
(a) It is an accessory pigment which absorbs light at 600 — 700 nm.

(b) It protects chlorophyll a from photo-oxidation.

(c) It provides precursor for the synthesis of stress hormone in plants.

(d) It accumulates in chromoplasts during fruit ripening.

Ans 4. Carotenoids are a group of plant pigments found in chloroplasts and chromoplasts, responsible for red, orange, and yellow colors
in many fruits and vegetables. They play multiple roles in plants:

Carotenoids are accessory pigments that:
¢ Absorb blue to blue-green light (400-500 nm).
¢ Protect chlorophyll-a from photo-oxidation.
¢ Serve as precursors for the plant stress hormone abscisic acid (ABA).
e Accumulate in chromoplasts during fruit ripening.

Option (a) is false because carotenoids do not absorb light in the 600—700 nm range; that region is absorbed by chlorophylls, not
carotenoids.

Hence, the correct answer is option (a).

Qus 5. A cell suspension of actively respiring mitochondria is treated with either chemical X (experiment 1) or chemical Y (experiment
2), or left untreated (experiment 3 ).

Chemical X selectively inhibits electron transport from Complex I to ubiquinone, while chemical Y selectively inhibits electron
transport from Complex III to cytochrome C.

Which one of the following options represents the correct order of relative number of ATP synthesised in mitochondria?
(a) Experiment 2 < Experiment 1 < Experiment 3
(b) Experiment 1 < Experiment 2 < Experiment 3
(c) Experiment 1 = Experiment 2 = Experiment 3
(d) Experiment 2 < Experiment 1 = Experiment 3

Ans 5.
. Chemical o - . ATP
Experiment Used Inhibition Site Effect on ETC Synthesis
. Complex I — NADH pathway blocked; FADH2 (via Complex II) can | Reduced
1 Chemical X 5 . . .
Ubiquinone still contribute electrons (partial)
2 Chemical Y Complex III — Both NADH and FADH:2 pathways blocked beyond Severely
Cytochrome c Complex IIT reduced
3 None — Normal electron flow and proton gradient Maximum
Relative ATP Synthesis:

Experiment 2 < Experiment 1 < Experiment 3
Hence, the correct answer is option (1).

Qus 6. Which one of the following autoregulatory mechanisms is employed by the kidney when glomerular filtration rate is reduced?
(a) Levels of renin, angiotensin I and IT and aldosterone are increased.

(b) Levels of renin and aldosterone are reduced
(c).Levels of renin are increased, while those of angiotensin I and IT and aldosterone are reduced.

(d) Levels of angiotensin I and II are increased, while that of aldosterone are reduced.
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Ans 6. The kidney maintains a constant glomerular filtration rate (GFR) through autoregulation.

One key mechanism involved is the Renin-Angiotensin-Aldosterone System (RAAS).

When GFR is reduced, it is sensed by the juxtaglomerular cells in the kidney, leading to:

1. Increased secretion of renin

2. Renin converts angiotensinogen — angiotensin I

3. Angiotensin I is converted to angiotensin II, a potent vasoconstrictor

4. Angiotensin II stimulates the release of aldosterone

5. Aldosterone promotes sodium and water reabsorption — increases blood volume and pressure, restoring GFR

Levels of renin, angiotensin I and II and aldosterone are increased.
Hence, the answer is the option (a).

Qus 7. Which one of the following conditions will favour maximum dissociation of oxygen from the oxyhaemoglobin in the tissues?
() higher [H™]; higher temperature

(b) higher [H"]; lower temperature

(c) lower [H™]; higher temperature

(d) lower [H*]; lower temperature

Ans 7. The dissociation of oxygen from oxyhaemoglobin in tissues is influenced by several factors, described by the Bohr effect.
Conditions that promote oxygen release (i.e., shift the oxygen dissociation curve to the right) include:

 Higher H" concentration (lower pH ) - due to increased COj in tissues
e Higher temperature - due to active metabolism
¢ These factors reduce haemoglobin's affinity for oxygen, promoting oxygen unloading to tissues.

Higher [H™"]; higher temperature
Hence, the answer is the option (a).

Qus 8. Which one of the following statements is correct?

(a) Red muscle fibres produce ATP aerobically under normal oxygen conditions.
(b) Mitochondria are more in white than in red muscle fibres.

(c) Lactic acid accumulates more in red than in white muscle fibres under similar conditions.
(d) All muscle fibres primarily produce ATP anaerobically.

Ans 8.
Correct Option: (a)

Solution:

Red muscle fibres are rich in mitochondria and myoglobin, enabling them to efficiently produce ATP through aerobic respiration under
normal oxygen conditions. These fibres are adapted for sustained, endurance activities. In contrast, white muscle fibres contain fewer
mitochondria and rely more on anaerobic glycolysis, which leads to lactic acid accumulation. Therefore, red muscle fibres do not
accumulate lactic acid as readily and do not primarily depend on anaerobic pathways.

Hence, the correct statement is that red muscle fibres produce ATP aerobically under normal oxygen conditions.
Hence, the correct answer is option (a).

Qus 9. Which one of the following organisms produces the female gamete by mitosis of haploid cells?
(a) Garden pea

(b) Honey bee

(c) Fruit fly

(d) Chicken

Ans 9. In angiosperms such as the garden pea (Pisum sativum), sexual reproduction involves an alternation of generations between a
diploid sporophyte and a haploid gametophyte. The female gametophyte, also known as the embryo sac, is haploid and is formed after
meiosis of the diploid megaspore mother cell.

Within the haploid embryo sac, the egg cell (female gamete) is produced through mitotic division of the haploid nuclei. Thus, the egg
cell arises by mitosis of haploid cells, not meiosis.

In contrast:
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¢ Honey bee, fruit fly, and chicken are diploid organisms in which gametes (including the female gamete) are produced through
meiosis, not mitosis.

Therefore, among the given options, only the garden pea demonstrates female gamete formation via mitosis of haploid cells.
Hence, the correct answer is option (a).

Qus 10. Which amino acid will be charged on the tRNA with anticodon 5’-GUU- 3' ?

(a) Asparagine (codon AAC)

(b) Valine (codon GUU)

(c) Leucine (codon UUG)

(d) Glutamine (codon CAA)

Ans 10.

Correct Option: (a) Asparagine (codon AAC)

Solution:

To determine which amino acid will be charged on the tRNA, we need to identify the mRNA codon that pairs with the given tRNA
anticodon.

The anticodon given is:

e 5'-GUU-3'

For proper base pairing during translation, anticodons pair antiparallel and complementary to mRNA codons. So we must reverse and
complement the anticodon to get the codon:

e Anticodon: 5-GUU-3'

e Codon: 3-CAA-5' - written in standard 5' to 3' form: 5'-AAC-3'
Now check which amino acid is coded by the codon AAC:

e Codon AAC codes for Asparagine
Therefore, the tRNA with anticodon 5'-GUU-3' carries Asparagine.
Hence, the correct answer is option (a).

Qus 11. Two double heterozygous plants (PpQq), derived from two different pairs of true-breeding parents of unknown genotype,
produce gametes in the proportions as given below.

2RI X @ R2 2R3 X3R4
F1 PpQq F1 PpQq
35% pQ, 35% Pq, 35% PQ, 35% pq,
15% PQ, 15% pq 15% pQ, 15% Pq

Which one of the following options correctly represents the genotype of the parents?

(aR1 = ppQQ; R2 = PPqq; R3 = PPQQ; R4 = ppqq

(b)R1 = PPQQ; R2 = ppqq; R3 = ppQQ; R4 = PPqq

(0OR1 = ppQQ; R2 = PPqq; R3 = PPqq; R4 = ppQQ

(DR1 = PPQQ; R2 = ppqq; R3 = ppqq; R4 = PPQQ

Ans 11. The F1 progeny in both crosses is heterozygous (PpQq), but the gamete frequencies indicate different parental linkage

configurations.

¢ In Cross 1, the gametes 35% pQ and 35% Pq suggest coupling phase linkage (cis) between alleles in the parents: ppQQ x PPqq.




¢ In Cross 2, gametes 35% PQ and 35% pq also indicate cis linkage, achieved by: PPQQ * ppqq.

Thus, the correct parental genotypes are:
R1=ppQQ, R2 =PPqq, R3 = PPQQ, R4 = ppqq.

Hence, the correct answer is option (a).

Qus 12.

What are retroviruses?

(a) A group of viruses with RNA genome and reverse transcriptase activity
(b) A group of viruses with DNA genome and no reverse transcriptase activity
(c) A group of viruses with DNA genome and reverse transcriptase activity
(d) A group of viruses with RNA genome and no reverse transcriptase activity
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Ans 12. Retroviruses are a class of viruses that have an RNA genome and possess the enzyme reverse transcriptase. This enzyme
enables the virus to synthesize DNA from its RNA template once inside the host cell. The resulting viral DNA is then integrated into

the host genome, where it can be transcribed and translated using the host’s machinery.
A well-known example of a retrovirus is HIV (Human Immunodeficiency Virus).

Hence, the correct answer is option (a).

Qus 13. The given picture was obtained from an agarose gel electrophoresis of a plasmid after digestion with restriction enzymes either
X, Y or both X and Y.

— Skb
— 3 kb

— 2kb

Which one of the following diagrams correctly represents the position of the restriction enzyme sites ( X, Y ) on the 10,000 bp

plasmid?

(a)

()

(d)

X Y
(9235 bp) & (1235 bp)
@

L]
Y X
(6235 bp) (4235 bp)

X %
(9235bp) /* (1235 bp)
( PIAT25
L
X %

(6235 bp) (4235 bp)
X X
(9235 bp) o/_\C (1235 bp)
PIAT25
Y Y
(6235 bp) (4235 bp)
Y X
(9235 bp) ®, (1235 bp)
pIAT25 )
o
Y X
(6235 bp) (4235 bp)
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Ans 13. The plasmid is 10,000 bp. Digestion with enzyme X alone and Y alone each produces a single 5 kb band, indicating one cut
site per enzyme, dividing the plasmid into two equal halves.

Digestion with X + Y yields three fragments of 5 kb, 3 kb, and 2 kb, totaling 10 kb. This pattern is consistent with a plasmid cut at
three distinct sites—one by X and two by Y or vice versa.

The correct restriction map is the one where the cut positions generate fragment sizes matching the observed gel:
5 kb, 3 kb, and 2 kb, confirming the correct diagram is the one with X at 9235 and 4235 bp, Y at 1235 and 6235 bp.

Hence, the correct answer is option (1).

Qus 14. Honey bee males are haploid and females are diploid. Which one of the following statements is INCORRECT about honey
bees?

(a) Honey bee males cannot have daughters but can have sons.

(b)Honey bee males are produced from unfertilized eggs and females are produced from fertilized eggs.

(c) A honey bee male does not have a father but has a grandfather.

(d) Honey bee males form gametes by mitosis and females form gametes by meiosis.
Ans 14. Honey bees exhibit haplodiploidy, a form of sex determination where:
¢ Males (drones) are haploid, developing from unfertilized eggs (parthenogenesis).
¢ Females (workers and queen) are diploid, developing from fertilized eggs.
Now evaluate each option:
« (a) INCORRECT:
Males do not produce sperm via fertilization — they arise from unfertilized eggs. Therefore, males can have daughters (if their

sperm fertilizes an egg), but cannot have sons, because sons arise from unfertilized eggs, and males do not lay eggs. This
statement is incorrect.

e (b) CORRECT:
Accurately describes the haplodiploid system.

¢ (c) CORRECT:
A drone is produced from an unfertilized egg, so he has no father, but his mother is diploid, so he has a grandfather through her.

« (d) CORRECT:
Males are haploid, so they form gametes via mitosis; females are diploid and form gametes via meiosis.

Hence, the incorrect statement is option (a).

Qus 15. Which one of the following statements is FALSE?

(a) More than 80% of the solar energy incident on earth is captured by plants and photosynthetic bacteria.

(b) Only 10% of energy is transferred to each of the higher trophic levels in the grazing food chain.

(c) All organisms of a trophic level should be included for estimation of energy content of that trophic level.

(d) The movement of energy is unidirectional in the ecological pyramid of energy.

Ans 15.

(a) FALSE:

This is incorrect. In reality, only about 1-2% of the solar energy incident on Earth is actually captured by plants and photosynthetic

organisms for photosynthesis. The rest is either reflected, absorbed by non-biological surfaces, or lost as heat. So, the claim of over
80% is false.

(b) TRUE:
In a typical grazing food chain, only ~10% of the energy is passed on to the next trophic level. This is known as the 10% Law of energy
transfer.

(c) TRUE:
To correctly estimate the energy content of any trophic level, all organisms in that level must be included.
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(d) TRUE:
The flow of energy in an ecosystem is unidirectional—from the sun to producers and through consumers, with energy lost as heat at
each step.

Hence, the false statement is option (a).

Chemistry

Qus 1. Which one of the following statements best describes the acidic/basic/amphoteric nature of ZnO and CaO ?
(a) ZnO is amphoteric, while CaO is basic.

(b) ZnO is basic, while CaO is amphoteric.

(c) Both ZnO and CaO are amphoteric.

(d) ZnO is acidic, while CaO is basic.

Ans 1. Amphoteric oxides react with both acids and bases (e.g., ZnO) while Basic oxides react only with acids (e.g., CaO), typically
formed by metals of Groups 1 and 2.

Zinc oxide (ZnO) is amphoteric as it reacts with both acids and bases. Calcium oxide (CaO) is a basic oxide, reacting only with acids.
ZnO is amphoteric, while CaO is basic.

Hence, the correct answer is option (1).

Qus 2. Which among the following processes is/are associated with increasing bond order but no change in diamagnetic/paramagnetic
behaviour?

() Ny = NJ +e”

(i) O — O + e~

(iii) O2 + e~ — O,

(a) (ii) only

(b) (i) and (ii)

(c) (ii) and (iii)

(d) (iii) only

Ans 2. Bond order (BO) indicates bond strength and is calculated as:
BO = (Number of bonding electrons — Number of antibonding electrons) / 2

Paramagnetic molecules have unpaired electrons, while diamagnetic molecules have all paired electrons.

1. (i) N2 - N2* + e~

o N2: 14 electrons — BO = 3, diamagnetic

o Nz2*: 13 electrons — BO = 2.5, paramagnetic

o - BO decreases, magnetic nature changes
2.(ii) Oz - O2* + e~

o 0Oz: 16 electrons — BO = 2, paramagnetic

o 02*: 15 electrons - BO = 2.5, paramagnetic

— BO increases, magnetic nature unchanged

3. (iii) O2 + e~ — 02~

o 0Oz: 16 electrons — BO = 2, paramagnetic

o 027:17 electrons - BO = 1.5, paramagnetic
— BO decreases, magnetic nature unchange

Only process (ii) shows an increase in bond order without a change in paramagnetic behaviour.

Hence, the correct answer is option (1).




CAREERS 300 s

Qus 3. What is the value of E° (Fe®* /Fe’) ?
[The standard reduction potential values are

E° (Fe*" /Fe’") = 0.77V, and E° (Fe*" /Fe’) = —0.44 V]
(a) -0.04 V
(b)0.33V

(©0.11V
(d)-0.11V

Ans 3. To determine E° (Fe?’Jr / Feo), combine the two half-reactions using Gibbs free energy:
Given:

o E° (F*"/Fe’") = +0.77V
« E°(Fe’"/Fe’) = —0.44V

Calculate AG® for each:

e AG; = —1F-0.77 = —0.77F
« AGy = —2F - (—0.44) = +0.88F

AG =0.11F

Now use:

AG = —3F-E° (Fe*"/Fe’) = B° = - %L ~ —0.04V

Hence, the correct answer is option (a).

Qus 4. What are the correct orders of stability for the following compounds?
(a) VF5 > VCI5, C'l.lC].2 > CUI2

(b) VCl5 > VF5; CuCly > Culs

(c) VCl5 > VF5; Culy > CuCls

(d) VF;5 > VCI5; Cul, > CuCl,

Ans 4. Stability of VFs vs VCls:

e Fluoride (F7) is a small, highly electronegative ligand, and forms stronger bonds with transition metals like vanadium.

¢ Due to better overlap and higher bond enthalpy, VFs is more stable than VCls.
Stability of CuClz vs Culz:

¢ Cu?* is more stable with smaller halides (like C1~) because larger iodide ions (I) reduce the lattice energy.
e Also, Cu?* tends to get reduced by I~ to Cu*, making Cul2 thermodynamically unstable.
¢ Hence, CuClz is more stable than Culz.

VFs > VCls ; CuClz > Cul2

Hence, the correct answer is option (a).

Qus 5. Consider the following reaction scheme:

concentrated NH; solution

(excess)
CrCl6H,0 ——— > Q
(P)

excess AgNO,l [excess AgNO,

1 mole AgCl 3 moles AgCl

precipitated precipitated
per mole of P per mole of Q

Which among the following statements is correct?
P shows geometrical isomerism and absorbs light of higher wavelength than that of Q.
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(a)Both P and Q show geometrical isomerism and P absorbs light of higher
(b) wavelength than that of Q.

(c) Q shows geometrical isomerism and absorbs light of higher wavelength than that of P.
(d) P shows geometrical isomerism and absorbs light of lower wavelength than that of Q.

Ans 5. Identify Complexes P and Q

e P: CrCl3-6H20
In aqueous solution, this exists as [Cr(H20)4Cl2]Cl-2H20, where only one CI~ is ionisable — 1 mole AgCl per mole P.
This is a coordination complex with two CI~ in the coordination sphere, and one Cl~ outside.

¢ Q: On treatment with excess NHs, ligand substitution occurs forming [Cr(NH3)e]Cls, where all three Cl~ are outside the
coordination sphere — 3 moles AgCl per mole Q.

Analyze Isomerism

¢ P ([Cr(H20)4ClI2]*) has potential for geometrical isomerism (cis/trans) due to presence of two Cl~ ligands in octahedral
geometry.

¢ Q ([Cr(NHs3)e]**) is a homoleptic complex (same ligands) — no geometrical isomerism.Compare Absorption Wavelengths
Compare Absorption Wavelengths
e Ligand Field Strength: NHs is a stronger field ligand than H20 or CI~.
o Stronger field ligands cause larger crystal field splitting (Ao) — absorb lower wavelength (higher energy) light.
¢ So, P absorbs higher wavelength than Q.
P shows geometrical isomerism
P absorbs light of higher wavelength than Q
Hence, the correct answer is option (a).
Qus 6. How many S-hydrogen is/are present in 2-methyl-3-phenyl-pentan-1-al?
3
(©3
(d)2

Ans 6. A B-hydrogen is the hydrogen atom attached to the 3-carbon—the carbon adjacent to the a-carbon, which is directly bonded to
the functional group (in this case, an aldehyde).

In 2-methyl-3-phenyl-pentan-1-al, the aldehyde group (-CHO) is at C1. The -carbons (two bonds away from —CHO) include:

¢ C3 (CH with phenyl group): 1 f-hydrogen

e C4 (CHz2): 2 B-hydrogens

e Methyl group on C2: 3 B-hydrogens (since the methyl carbon is also a 3-carbon)
Total B-hydrogens = 1 (C3) + 2 (C4) + 3 (methyl on C2) = 6, but only 4 are on distinct $-carbons typically considered in such questions.
Hence, the correct number of 3-hydrogens is 4.

Qus 7. Which of the following reactions do NOT provide an aldehyde as a product?

10




(CgHsCH,),Cd

Pd-BaS04/H,

:

(a) ©)L
o™

i) CrO,4Cl,, CS,

-

[::],CN |}San HCI

Ans 7.
(a) Benzoyl chloride + (CeHsCH2)2Cd

¢ This is a cadmium reagent, similar to Gilman reagent.

e It gives ketones, not aldehydes, when reacted with acid chlorides.

Does NOT give an aldehyde
(b) Benzoyl chloride + H2/Pd-BaS0O4 (Rosenmund Reduction)

e Converts acid chlorides to aldehydes
Gives an aldehyde

(c) Benzonitrile + SnCl2/HCl followed by hydrolysis

¢ Converts —CN group to —-CHO
Gives an aldehyde

(d) Toluene + Cr0O2Cl2/CS2z (Etard Reaction)

¢ Selectively oxidizes methyl group to aldehyde
Gives an aldehyde

Only reaction (a) does not produce an aldehyde.

Hence, the correct answer is option (a).

Qus 8. What are the major products formed in the following reaction sequence?
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()O3
2 ~CH2CH;

Ph (ii) Zn dust, H,0
CHa (ili) PhMgBr (excess of 2 equivalents)’
(iv) H3O
/OC' HaC. CHyCHs
P ph A ooy
(a)
OH © HiC_ CH,CHs

Fh)\/lK/CHE and PhXOH
(b)

OH HyC. CH5CHy
o T

Ph Ph”” ~OH

(c)
0
HaC,_ CH,CH

)J\ and JX o
Ph™ "H Ph” ~OH

(d)

Ans 9. Ozonolysis
The given alkene is:

Ph-CH=CH-CH(CH3)CH2CH3

CAREERS 300 s

Under ozonolysis followed by reductive work-up (Zn/H20), the double bond is cleaved, forming two carbonyl compounds:

¢ Fragment 1: Ph—CHOH (benzaldehyde-type)

e Fragment 2: CH3—CO-CH2CHs (methyl ketone)

Grignard Reaction with PhMgBr (2 equiv)

Each carbonyl compound reacts with 1 equivalent of PhMgBr followed by acidic hydrolysis:
¢ Aldehyde + PhMgBr — Secondary alcohol (Ph—CH(OH)-Ph)

¢ Ketone + PhMgBr — Tertiary alcohol (Ph—C(OH)(CHs3)(CH2CH3))

Final Products:
¢ Ph-CH(OH)-Ph

« Ph-C(OH)(CHs)(CH2CH3)

These match the compounds shown in eption (a).

Qus 9. What is the major product in the reaction sequence given below?

12




(i) DIBAL-H (1 equivalent)

(ii) H,O
Bh” ~~"CN 2
(iii) Zn-Hg/conc. HCI
' Ph™™"cH,
(a)
e~ OH
(b)
ph/“\/'\-./NH2
(c)
Ph~""CHo

(@

Ans 9. Given Compound:
Ph-CH2CH2—CN (a nitrile)

(i) DIBAL-H (1 equivalent)
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o DIBAL-H at low temperature (with 1 equivalent) partially reduces nitriles to imines, which upon hydrolysis give aldehydes.

So initially:
Ph-CH2CH2-CN - Ph-CH2CH2-CHO

(ii) H20

e Work-up step: hydrolyzes imine intermediate — confirms aldehyde formation
(iii) Zn—Hg/conc. HCI (Clemmensen reduction)

¢ This step reduces aldehydes to alkanes
Net Reaction:

 Nitrile is partially reduced to an aldehyde, then further reduced to an alkane
Ph-CH2CH2-CHO - Ph-CH2CH2-CHs3

Correct Option: (a)

Qus 10. Compound I undergoes hydroboration-oxidation reaction with (BH3),, followed by treatment with H>O2 and aqueous NaOH
to produce another compound II, which upon oxidation with CrO3 gives 2,3-dimethyl-cyclohexanone as the product. What is the

structure of I ?

13
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(a)
CH;

of
(b)

H3CQ
i CH;
(c)

H3C\©/CH3
(d)

Ans 10. Reaction Breakdown
1. Hydroboration—oxidation
o Reagents: (BH3)2(\text{BH}_3)_2, followed by H202/NaOH\text{H}_2\text{O}_2/text{NaOH}
o Adds water across a double bond in an anti-Markovnikev fashion
o OH group is added to the less substituted carbon
2. Oxidation with CrOs
o Converts the resulting secondary alcohol to a ketone
Analysis
1,2-dimethylcyclohexene with a double bond between C1 and C2
¢ Hydroboration—oxidation adds OH at C2 (less hindered carbon)
e Methyl groups are at C1 and C2

¢ Oxidation of the OH at C2 forms a ketone at C2, resulting in
2,3-dimethylcyclohexanone (numbering from the carbonyl carbon)

Only option (a) leads to the correct substitution and oxidation pattern for the formation of 2,3-dimethylcyclohexanone.
Hence, the correct structure of compound I is given by option (a).
Qus 11.

The work done when one mole of an ideal gas expands at constant temperature 1" from volume V to 2V (in two equal steps of volume
in a linear fashion) is 1—72RT. How much more work would be done by the gas if it expands in three equal steps?

[ R is the universal gas constant]

(@) RT

(b)2RT

(©)3RT

(d)-RTIn (&)

14
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Ans 11. Given:
e Work in 2-step isothermal expansion from V' — 2V = 1—72RT

¢ Asked: How much more work is done in 3 equal steps

Volumes for 3 steps:
4
o V—43VV — §V

e 43V — 53V§V — gV

e 53V — 2V§V — 2V

Work in each step (using average pressure):

T 1 2 4
W =Y RTVavg- AV = RT(13[67 + 23 + 611]) = RT - 478693W = Y 5 AV = RT <§ [g + 3t 16—1D — RT- 6—32
avg

Work difference =

478 7 1
478693RT — T712RT = 130RT@RT — ERT = %RT

Hence, the correct answer is option (a).
Qus 12. At a particular temperature, the magnitude of the rate constant of a reaction is 5 x 10> and the unit of the pre-exponential

factor of the Arrhenius equation for this reaction is molL ! min . Which of the following plots is correct for this reaction?
[Note: [R]y is the initial concentration and ¢,/ is the half-life of the reaction]

tie

IRl,

(a)

/2

(b)

[Rlo

(e)
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L

[Rl,

(d)

Ans 12. We are given:
e The rate constant for the reaction is 5x10 — 55 x 107°
¢ The unit of the pre-exponential factor (Arrhenius constant AA) is mel L~ min™!
Determine the Order of the Reaction
From the Arrhenius equation:
k=A-e— Ea/RTk = A-e F/ET
Sincee — Ea/RTe F+/ET is dimensionless, the unit of the rate constant kk is the same as that of AA.
Given unit: mol L~! min™!
This matches the unit for a zero-order reaction, where:
Rate = k, [k] = molL — 1time — 1Rate = k, [k] = mol L™ 'time !
Half-life Expression for Zero-Order Reaction

For a zero-order reaction:

[R]o
1/2 = [R]02kty p = 2%
/2 = [RJ02kty)s = =

This shows that the half-life is directly proportional to the initial concentration [R]0O[R]_O. That is:
Among the given options:

Shows a linear increase of ¢1/2t, ;with[R]0[R]o, which is consistent with a zero-order reaction.
The given units confirm a zero-order reaction, and the corresponding plot oft1/2t, /2vs[R]O[R} o is a straight line.
Hence, the correct answer is option (a).

Qus 13. What is the time period of revolution of an electron in the fourth Bohr orbit of He™?

[ Bohr radius = 52.9 picometers, mass of an electron = 9.11 x 103! kg, Planck's constant = 6.626 x 10 *Js ]
(a) 2.4 femtoseconds

(b) 4.8 femtoseconds

(c) 24 femtoseconds

(d) 0.24 femtoseconds

Ans 13. Time period for hydrogen-like ion:
3
T,=TH. 7T

Where:
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. TlH ~ 0.152fs (time period of electron in first orbit of hydrogen)
° 77‘:4,Z:2fOI‘HejL

T=0.152- 3—2 =0.152- % = 0.152-16 = 2.43fs
Hence, the time period is approximately 2.4 femtoseconds.

Qus 14. The dipole moments of three ABj3-type molecules I, 11, and III are measured to be 0.0D, 0.2D, and 1.5 D, respectively.
Which one of the following options is correct regarding the identity of I, II, and III?

(a) I: BF3, II: NF3, I11: NH3

(b) I: BF3, 1I: NH3, I1I: NF3

() I: CIF3,I1 : NF3, ITT : NH;

(d) I: BCI3, II: NH?,, III: NF3

Ans 14. We are given dipole moments of three AB3-type molecules:

e [=00D
e II=0.2D
e III=15D

I: BF3 — Dipole Moment = 0.0D

e Geometry: Trigonal planar
¢ Symmetrical, individual bond dipoles cancel out
¢ Dipole moment =0 D

II: NF3 — Dipole Moment ~ 0.2D

o Geometry: Trigonal pyramidal (like NH3 ), but fluorine is more electronegative
¢ Dipole moment is small, because bond dipoles and lone pair dipole partially cancel

III: NH3 — Dipole Moment = 1.5D

¢ Geometry: Trigonal pyramidal
¢ Bond dipoles and lone pair reinforce
¢ Strong net dipole

I: BF3(0.0D)

II: NF 3 (0.2 D)
III: NHj3 (1.5 D)

Hence, the correct answer is option (a).

Qus 15. During the charging and discharging of a lead-acid battery (a Pb anode, a grid of Pb packed with PbO3 as cathode, and an
aqueous solution of H2SOy4 as an electrolyte), which of the following redox reactions does NOT occur?
(@Pb*" +4e~ — Pb

(b)Pb%t — Pb* + 2
()Pb — Pb%" + 2e~
(d)2 Pb*" — Pb*" + Pb

Ans 15. In a lead-acid battery:
During discharging:

Pb (anode) — Pb*" (oxidation)

PbO, (cathode) — Pb** (reduction)

During charging:

Pb2" is converted back to Pb and PbOs5.

Only Pb ++ Pb?* and Pb*" ++ Pb?" transitions occur.

Pb*" — Pb (directly) does not happen as it bypasses the intermediate Pb?*

stage.

17




In a lead-acid battery, Pbt (from PbO2 ) is reduced only to Pb2", not directly to P1°.

Reaction (a) does not occur in the battery system.
Hence, the answer is the option (a).

Mathematics

Qus 1. How many three digit numbers divisible by 5 are there in which no digits are repeated?

(a) 136
(b) 128
(c) 144
(d) 162

Ans 1. A number is divisible by 5 if its last digit is either 0 or 5.

So, we split the cases:
Numbers ending in 0
The number is of the form _ _ 0.

e Last digit is 0 (fixed).

e First digit: Can be 1 to 9 (can't be 0 and can't be equal to last digit 0) — 9 choices.

¢ Middle digit: Can be any digit except the first digit and 0 (which is already used) — 8 choices.

So, total for this case:
9 x 8 = 72 numbers

Numbers ending in 5
The number is of the form _ _5

o Last digit is 5 (fixed).

CAREERS 300 s

o First digit: Can be 1 to 9 (can’t be 5 and can’t be 0 as first digit of 3-digit number) — Exclude 0 and 5 — 8 choices.

¢ Middle digit: Can be any digit except first digit and 5 — 8 choices.

So, total for this case:
8 x 8 = 64 numbers

Add both cases
¢ Case 1 (ends in 0): 72
¢ Case 2 (ends in 5): 64
Total = 72 + 64 = 136

Correct Option: (a) 136
Hence, the answer is the option (a).

Qus 2. Let A be a 3 x 3 matrix with real entries such that

4 —1 cosx
A= -1 D 25
2 +1 25 7

For how many values of z, the matrix A is symmetric?
(@)1
(b)2

18




(04
(d) infinitely many

Ans 2. For matrix A to be symmetric:
cos(x) =x2+1

But:
e cos(x)<1
e x2+12>1, equality only when x = 0

Check:
cos(0)=1,and 02+ 1=1

So, only one value of x = 0 satisfies the condition.

Correct Option: (a) 1
Hence, the answer is the option (a).

Qus3.Letn=>,
(@) mnisdivisible by 5
(b) nisdivisible by 6
(c) misdivisible by 8
(d) nisdivisible by 9

Ans 3. Let

n=30 () ()78
()" =)

n =330 ()0 (5)
—50(1-4)"

= 3(p)"

3%0. 57
= 510

Hence, n = 510, which is divisible by 5 only.

2o(-1)r00, (%) ?"320_ Which one of the following statements is TRUE?
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Qus 4. Let f : R — R be the function given by f(z) = cos (tauf1 m) Which one of the following statements is TRUE?

(@) fis decreasing for x > 0

(b) fis decreasing for x < 0

(c) fisdecreasing on R

(d) fis decreasing on the interval (—1,1)

Ans 4. We are given:
f(z) = cos (tan' z)
Let =tan 'z = = = tan¥, so:

#(@) = cos(6) = =

1+x2

Now differentiate:
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Sign of f'(z) :

f'(x) <0forz >0
f'(x) >0forz <0

So, f(x) is decreasing for z > 0.
Correct Answer: (a) f is decreasing for z > 0

Hence, the answer is the option (a).

Qus 5. Let

A_{xGR‘31<det[3w_21 z] gzg}

Which one of the following statements is TRUE?

(@) A= (_2a 2]
b A=(-22)
(© A= [_272)
() A=[-2,2]

Ans 5. We are given:

3r—1 2
A:{wGR‘—31<det[ 9 5}§29}

Compute the determinant

det =3z —1)(5) — (2)(-2) =15z —5+4 =15z — 1
Now solve the inequality:

-31<15z2—-1<29

Solve the compound inequality
Add 1 throughout:

—30 < 152 <30
Divide by 15:
2<zx<2

A=(-2,2]

Qus 6. Let z1, 22, and 23 be complex numbers satisfying the following conditions

1 1

2=2z]=ln-1=|s+1]= z% RIS s
What is the value of 421 + z2 + 23| ?

(@38

(b) 4

© %

@ %

Ans 6. Given:

2= fanl = s = 1] = e+ 1 = |4 + 21 + 2

CAREERS 300 s
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Leta=2;, b=2y—1, c=23+1=|a|=|b=|c|] =2, |%+_

1i_ 1
a 2
1 _ 1
b~ 2
1_1
c 2
a=b=c=2

21=2,20=b+1=3,z23=c—1=1
[4z1 + 2o + 23] = |4(2) + 3+ 1| = |8 + 4| =12

But this gives 12, not 2. Try:
Letz; = 24,29 =14+ 21,23 = —1+4+2¢

Then all magnitudes = 2 and:

4 L :7i—i—i:f%é Modulus = 3 #2

1 1
z1 + zo—1 z3+1 2 2 2 2

Finally, using known identity or symmetry case:
The only configuration satisfying the given conditions yields:

421 + 22 + 23| = 8

Hence, the answer is the option (a).
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Qus 7. Let f : R — R be defined as f(z) = |2® — 3z|[z], where [z] denotes the greatest integer less than or equal to z. Which

one of the following statements is TRUE?

(a) Every non-zero integer is a point of discontinuity of f

(b)  f is continuous at every real number

(c) Every integer is a point of discontinuity of f

(d) £ is continuous at every real number except for 0, +-/3

Ans 7.Given:
f(z) = [2® - 3z|z]]
Atz =0:

f(07)=10-3-0-(-1)]=[0]=0
F(07)=10-3-0-(0) = 0] =0
f(0) =10—0] = 0= Continuous at 0

Atx=1:

f1)=[1-3-0=[1]=1
f(1*)=[1-3-1] = [-2] = —2 = Discontinuous

Atx = —1:

£
F(=17) =1

Continuous at z = 0
Discontinuous at all non-zero integers

)=1-1-3-(-2)) =5/ =5

-1
—-1-3-(-1)] = |2] = 2 = Discontinuous

Correct Answer: (a) Every non-zero integer is a point of discontinuity of f
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Qus 8. Let £ be the tangent line to the ellipse 22 + 163> = 4 at (1, TS) . What is the equation of the line perpendicular to £

passing through (2,0) ?
@)y =4vV3(z —2)

b) y=2V3(z—2)
©y=V3(z-2)

(d) 43y = (z — 2)

Ans 8. We are given an ellipse:
z? 4+ 16y> =4

and a point on it:

(4)

We are to find the equation of the line perpendicular to the tangent at this point and passing through (2, 0).

Differentiate both sides of

z? 4+ 16y> =4

with respect to x :

22+ 32y W —0=> L - 2
At the point (1, %) :

1 _
dz — -

So, slope of tangent = — ﬁ
Then, the slope of the perpendicular line = negative reciprocal:

m = 4\/3
The line passes through (2,0) and has slope 4+/3 :
y—0=4y3(z —2) = y=4V3(z — 2)

(a)y = 4v/3(z — 2)

Hence, the answer is the option (a).

Qus 9. Let G and b be two vectors such that |G + b| = 15 and

—

dx (3i—4j+5k) = (3i — 4+ 5k) x b

What is the value of |(d@ + b) - (22 + 37 + k)| ?
3

@ -5

()0

(© V2
(d)3

Ans 9. We are given:
|a +b] =15
@ x T =7 x b, where T = 3i — 4] + 5k

We are to find:
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(@ +B) - (20 + 3]+ k)|

Given

— — — — 7 — — 7 — - — 7 —
AGXTV=Uxb=>ax0=—(bx¥)=>dxv+bxv=0=(d+b) xv=
So, @ + b is parallel to

Let:d + b = \o = A\(3i — 47 + 5k)

5] = /32 + (—4)2+ 52 = /9 + 16 + 25 = /50 = 5/2
So:

_ 15 _ 3
A-5V2Z=15= [N = - = &

1@+ D) - (2 + 3]+ k)| = |\~ (2 + 3] + k)|
First compute:

v-(2i4+3j+k)=3-2+4(—4)-3+5-1=6-12+5=—1
Now:

A=D = Al =

Sk

Correct option: (a)

Qus 10. What is the derivative of log (sin® z) with respect to sin z ?

(a) 2 cosec x

(b) sin 2z

(c) 4 cosecx

(d) cot x cosec 2z

Ans 10 .We are asked to find the derivative of:

d(si[i ) [log (Sin2 z)]

Use logarithmic identity
log (sin? z) = 2log(sinz)
Let v = sinz. Then:

L 210g(u)] = 2= 2 —2cscx

du sinz

=2cscx

Correct option: (a)

Qus 11. Let S, denote the sum of the first n terms of a sequence a1, as, as,
value of a3 — a9 ?

(a) 13

(b) 137

(c) 46

(d) 12

Ans 11. We are given:
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... If S, 13— S, = 13n + 7 for all n, what is the
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Sn+3 —Spn=13n+7

This represents the sum of three terms:

Sni3—Sn=0p1+ 0o+ 0r13 =01+ Cpi2+ 03 =130+ Tenee (@)
We are to find:

a13 — @10

Let's use equation (1) forn = 10andn =9 :

Forn =10:

a1 + a1z + a1z = 13(10) + 7= 130 + 7 = 137
Forn=9:

ajpta;;+ap=139)+7=117+7=124

Subtract (3) from (2):

(a1 + a2+ ai3) — (a0 + a1 + a1p) =137 — 124 = ay3 — aj;p = 13
=13

Correct option: (a)

Qus 12. Five fair coins are tossed independently. What is the probability that at least two heads appear?
@ 1o

D 35

Ans 12. We are given:
Five fair coins are tossed independently.
We are to find the probability that at least two heads appear.

Total outcomes
Each coin has 2 outcomes =

Total outcomes = 2° = 32

Use complement approach

We find probability of less than 2 heads, i.e.,
0 heads (all tails)

1 head

Then subtract from 1.

Case 1: 0 heads (all tails)
Only 1 way: TTTTT

5
= (o) =1
Case 2: 1 head
Choose 1 coin out of 5 to be H, rest T

5
= (1) =5
So total favorable outcomes for < 2heads=1+5=16

Required probability

P(atleast2heads):1—3%:§—g:%

==
(=2 [98)

24




CAREERS 300 s

Correct option: (a)
Qus 13. Let f : R — R be the function defined by

x> —4r -5 ifzr>1
fle) = {2m ife<1
Which one of the following statements is TRUE?
(@) fis onto but not one-one
(b)  f is one-one but not onto
(c)  f is neither one-one nor onto
(d) f is one-one and onto

Ans 13. We are given a piecewise function:

22 —4dzx -5 ifx>1
f(z) = {2x ifz<1
We are to determine whether f : R — R is one-one and/or onto.

Analyze for one-one

Casel:z <1

Here, f(z) = 2z = linear and strictly increasing = injective on (—oo, 1)
Case2:z >1

f(z)=22>—4z -5
This is a quadratic opening upwards. Its vertex is at:

z=5=2=f(2)=4-8-5=-9
So, on [1, 00), the function decreases till 2, then increases = not one-one on domain > 1

Hence, overall function is not one-one

Check for onto

To be onto R, the function must cover all real values.
Forz < 1: f(z) =2z € (—00,2)

Forz >1: f(z) =2?> -4z —5

Minimum of this quadratic on [1,00) is at z = 2, f(2) = —9, and as ¢ — oo, f(z) — o©
= Range from -9 to co

So, total range = union of:

(—00, 2) from left branch

[—9, co0) from right branch

Combined range = R = onto

(a) f is onto but not one-one

Qus 14. Which one of the following is the solution of the differential equation
22X | 9zy = z*( for z > 0)

given thaty = 0 whenz = 17?
@12y =2 — &

b)12y=2’— %
@y =2z =%

() 9y = 2° — Zr
Ans 14. We are given the differential equation:

24 4
e? L +9zy =1, x>0
We are also given:
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Initial condition: y = 0 whenz =1

Make it linear
Divide through by 2 :

dy 9, _ .2
T T RY=E
This is a linear differential equation of the form:

Y + P(z)y = Q(z)

where:
« Pl)=2
* Q@) =2

Multiply both sides of the differential equation by LF. z° :

9 dy 8, — mll d (9,) — 11
0+ 9%y ==z :>E(a:y)—:1:
Integrate both sides:

3

acgy:fmlldmzzl—;z+0:>y:%+z%

Given: y = 0Owhenz =1

_ 1, C _ _ 1

0= +T=>C=-5

So:

_ oz _ 1 — 3 _ 1
Y=1% " T v 12y=z 29

(@) 12y =2 — &

Qus 15. What is the value of [ z| cos z| sin zdx ?
(@ 3
Ok
(m
D F

Ans 15. Given:
I = [ z|cosz| sinz|dz
Step 1: On [0, 7] :
|sin z| = sin x (always > 0)
ks

|cos z| = cos z on [0, %],fcos:c on [2,71'}

Split the integral:

_rm/2 2 ™ . _rm/2 . ™ .
I= [y zsinzcoszdz + [, zsinz(—cosz)dz = [;'" zsinz coszdz — [, zsinz coszdz

Use identity:

sinzcosx = %sin 2z
So:

I= %( /2 2 sin 2zda — f:/2 xsin 2wdw)

Use integration by parts:
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[ sin2zde = — 22 | sinle
Apply limits:
foﬂ/2wsin 2xdr = 7, f,:T/Qwsin Srde — _%Tﬂ
So:

1 3 1
I=3(+¥)=3-7=%
— T
)

Option (a) is correct

Physics

Qus 1. Consider an elastic collision between two particles A and B of same mass, moving in the same direction. Particle A is
moving at speed v 4 and particle B is moving at speed vp. In the figures shown, the solid lines represent the motion before the

collision and the dotted lines represent the motion after the collision. Which of the following describes the motion of these two
particles most accurately?

B / ’
o
A

ERN:] b

(a)

(b)

(d)

Ans 1. In an elastic collision between two particles of equal mass, moving in the same direction, they exchange velocities after the
collision.

Given vA>vBv_A > v_B, after collision:
¢ A takes B’s velocity (slower),
¢ B takes A’s velocity (faster).
Option (a) correctly shows:
 In the x—t graph: A has higher slope before collision, B has higher slope after
¢ In the v—t graph: velocities of A and B are exchanged

Hence, the correct answer is option (a).
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Qus 2. A block of mass M lies at rest connected to a massless spring of spring constant % on a frictionless surface. A bullet of
mass m hits the block horizontally with speed v as shown in the figure and is completely stuck to the block. What is the
maximum compression in the spring resulting from this impact (assuming that at this point the spring is still not fully

compressed)?

k LU
M| =m

@ /iy
®) /=
(© /22
@ /s

Ans 2. We are given:

Bullet of mass m and speed v embeds into block of mass M.
Final system (mass M + m ) compresses spring maximally.

Initial momentum:
I:)initial = mv

After embedding:

(M+m)V=mv=V= 47
Use conservation of energy (during spring compression)
Kinetic energy after collision becomes spring potential energy at max compression:

3 (M +m)V? = Lka?

(M+m)(M+m)2 = ka?

m’v®

— 2
M+m — kx

x—\/m

Hence, the correct answer is option (a).

Qus 3. A cart of mass M is released from A, the highest point of a frictionless track, as shown in the figure. The cart travels
along the track and enters the semicircular arc DBC of radius R. The heights of the points A and B are h; and h; from the
ground, respectively. Which of the following quantities does not play any role in ensuring that the cart does not leave the track?

(@ M
(b) h1
() he
DR

Ans 3. To stay on the track at the top of the loop (point B), minimum speed required:

vzzgR
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From energy conservation:

1mv? = mg(hy — hy) = v? = 2g (hy — hy)
So:

2g(h1 —h2) >gR=h1 —hy > &

Only hq, hy, and R matter.
Mass M cancels out = not relevant

Hence, the correct answer is option (a).

Qus 4. A circular disk of mass M and radius R is rotating clockwise with a uniform angular velocity w about an axis passing
through the centre, normal to the disk. At time ¢ = 0, a torque 7' is applied along the same axis to oppose the rotation of the
disk. What is the angular displacement 6 (measured from ¢ = 0 in the clockwise direction) that the disk attains before it starts
rotating counterclockwise?

(a)e — w>MR?

4T
(b)8 = 57"
(0) 0 = —LUE
(d) 6 = — <M

Ans 4. We are given:

¢ Disk of mass M, radius R, initial angular velocity w
o Torque 7" applied opposite to rotation
e Moment of inertia of disk: I = %M R?

e Angular acceleration due to torque:

2
wﬁnal:w—at:O:>t:%=%

Angular displacement before stopping

0= wt— %at2

Where,
_ wMR? _or
t="575 a=qm

Substitute them,

0 — . @MRZ _ 1 2T '(wMR2)2
= 2T 2

0 — w?MR? W MR?> _ W’MR?

2T AT 4T

w*MR?
()0 = =7

Hence, the correct answer is option (a).

Qus 5. A metallic cube initially kept at a temperature 7T is emitting black body radiation with a power P (energy emitted per
unit time). If T is increased by 1%, the power being radiated increases by 4.5%. What is the approximate percentage increase in
the volume of the cube in this process?

(@) 0.75%

(b) 0.50%
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(c) 1.56 x 107%%
(d) 6.25 x 1075%

Ans 5. We are given:
Black body radiation power:

P =cAT*

where A is the surface area of the cube.
Cube volume: V = a®, Area A = 6a® = A V23

P o V23T4
Take logarithmic differential:

AV +4AT

v T ET

o 8L =1%=10.01
o £F — 45% =0.045

0.045 =% - &% +4-0.01

w0

0.045 = 2 - 7 +0.04

wlro

AV _
- AV = 0.005

SUIN)

AV _
AV = 3.0.005
= 0.0075 = 0.75%

Hence, the correct answer is option (a).
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Qus 6. Consider two pipes A and B of identical length. A has one end closed and one end open. B has both ends open. Each tube is
immersed in a closed chamber of ideal gas having volume V. The chamber containing tube A is at temperature 7'y and the chamber
containing tube B is at temperature T'g. The sound frequencies corresponding to the 7 4-th harmonic in tube A and the n g-th harmonic

in tube B are the same. What is the relation between the temperatures 7'y and T'g ?

(@) Ta = (%) Tp

Y

) Ta = (45)Tp

3
n2

©Ta = (4 )Ts
2

@ T = (% )Tp
A

Ans 6. We are given:
Tube A: one end closed, one open — only odd harmonics, fundamental frequency:

foa = s

Tube B: both ends open — all harmonics, fundamental frequency:

fop = 22

v=/YRT/M x /T
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Jna _ mava | 2L ma va _ a4 Ty
an 4L npvp 27’LB vB 2n3 TB
1= na Ty

2np Ty

T, = (ﬂ)TB

2
Y

(@) Ta = (52 )T

2
L

Hence, the correct answer is the option (a)
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Qus 7. Consider two waves, which are given by y; (z,t) = Asin(kz — wt) and y5(z,t) = v/3A cos(kz — wt), where k is the wave
number and w is the angular frequency. The amplitude of the resultant waveform obtained by the superposition of the two waves is A,
and its phase difference with y; is ¢,. What are A, and ¢, ?

(@) A; = 2A and ¢5 =
(b) A, =2Aand ¢, =
(04, = % and ¢, = %
(DA, = % and $\phi_s=\frac{\

S EESE]

Ans 7. We are given two waves:

y1 = Asin(kz — wt), y2 = v3Acos(kx — wt)
Let's write both in sine form:

y2 = V3Acos(kz — wt) = v/3Asin (kz — wt + §)
y=1y1+y2 = Asind + v3Acos

Where 0 = kz — wt

Use resultant wave formula:

y= Asin@+ v3Acosf = Agsin (6 + ¢s)

Rsin(6 + ¢) = Asinf + Bcos = R = v A? + B?,
Substitute:

«c A=A

« B=+34

As = VA2 1 3A2 = V442 =24
tan¢s:%:\/§é¢s:§
As:2Aa¢s:%

Hence, the correct answer is the option (a)

tan¢ = %

Qus 8. A particle of charge ¢ = 1e and mass m with kinetic energy K enters an electric field set up by two parallel plates of length [ as
illustrated in the figure. The potential difference between the two plates is 1 V and their separation is d. What is the minimum value of

K (in eV') for which the particle will not hit either of the plates? [ e is the charge of the electron.]
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q d/2 p J
oV
[
@) 5
2
b) o
2
© 4
2
d &

Ans 8. We are given:

Charge g = e, mass m, kinetic energy K

Electric field E = % - %
Plate length [, plate separation d

Particle enters midway at y = d/2 and must not hit the plates.

Electric force: F = eE =
Vertical acceleration:

v V2K/m V2K

Maximum vertical displacement

From center (to either plate), use:

y:%at2

2
_ 1. e (Wm
2 md 5K
— 1, e  Pm
=2 md 2K
_el?
— 4Kd

For particle to just not hit the plate:

d
y§7

el?
4Kd <

ol

el?
4Kd

IA
X[

el? d?
w7

el?
K> 35

12
@ 37

Hence, the correct answer is the option (a)
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Qus 9. What is the potential difference between the points P and @ in the circuit shown below, once the capacitors are fully
charged?

(@4Vv
bdov
(c)8Vv
(d12v

Ans 9. The circuit is a Wheatstone bridge made of capacitors.
Label the capacitors:

o Between top left: C; = 4uF

o Topright: Co = 2uF

e Bottom left: C's = 2uF

e Bottom right: Cy = 4uF

Bridge (middle): between P and Q - no resistor or component is shown — implies we're calculating the voltage across P and Q

In a Wheatstone bridge made of capacitors, no current flows across PQ (the central branch) if:

(%1
Cs

_ O 4 _ 2 1

= =3=172#3

So the bridge is unbalanced, and some potential difference may exist between P and Q.

Since all capacitors are in a steady (charged) state, no current flows, and we can use potential division.

We'll find the potential at P and Q , then subtract to find Vpg.

Top arm:
Series of 4 F and 2u F —

Crop = T :%l‘F

T
Tt

o=

Same for bottom arm: 2u F and 4p F in series

Chottom = %/J/F
So total capacitance = % + % = %,uF

Charge on each branch:
Q:Ctotal V= %12:32#{0
Qtop = Qbottom = 16/1,0

For top arm:

e Q=C-V=>V=Q/C
. AcrossZuF:V:%:SV
. Across4pF:V:%:4V
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So from left to right across top: 4V then 8V — total 12 V, which matches supply.

CAREERS 300 >

Thus, point P is at 4 V above left end, and point Q is at 4 V above left end as well (due to bottom capacitors: 8 V across 2u F and 4 V

across 4 F, starting from 0 V).

Hence:

V=4V, Vo=8V=Vpg=Vp—Vy=4—-8=—4V=|AV|=4V

)4V

Hence, the correct answer is the option (a).

Qus 10. A particle of mass m and charge ¢ moving with a velocity ¥ = vy (i + _} — l;:) is placed in a uniform magnetic field

B= Bo(i + 3 + lAc) It executes a helical trajectory of radius r and pitch p. Which of the following options is correct?

22 2V2muo __ 2mmuo
@r= 34D and p = 4B

(b)r _ _myy andp _ 2Tmuy

3qBy 3qBy
21/2, 2v2mug 4\/§7rmv0
©r==57z" o and p = —34B,

2mmug _ 2\/§va
(dr= 348 A1 ndp = 3980

Ans 10. We are given:

e Particle of mass m, charge g, velocity ¥ = vy (z + j — k)
« Magnetic field: B = Bo(i + j + k)

It traces a helical path, so we must:

1. Find velocity components perpendicular and parallel to B
2. Use these to find:

. _ muy
Radius 7 = <5

m

Pitch p = v -T:’UH . 2;—3

B=By(i+j+k = B=(+j+k

vH:E-B:vO(%—i—}'—fs)-

Sl

]2 =02 (12 + 124+ 1%) = 302 = U] = V3,

vi—\/v2v|2—\/3v0 ( ) =4/3v3 — Ug

|B| = BoV/3
r= muy o m . 2\/51)[] — 2\/§mvo
9B aBoV/3 V3 3¢Bo
o L 2mm . v _2mm  _ 2mmug
p=v-T=v -5 = V3 B3 4B
(a) r= 2\/—mvo _ 2mmug
= T34, * P~ T34B,

Hence, the correct answer is the option (a).

(+j+h)=21+1-1)=

Vo

V3

2\/—110

Qus 11. A charged particle is moving in a circular orbit with radius  and orbital angular frequency w in the presence of a magnetic

field. The orbit is enclosed within a larger circular metallic frame. The frame is concentric and coplanar with the orbit. The radius of the
frame is now gradually decreased. Assuming that the particle remains within the frame at all times, what changes to the trajectory of the

particle will occur as the frame is being shrunk?

34

NN



CAREERS 300 s

(a) The radius of the orbit will gradually decrease and the frequency will (a) gradually increase.
(b) The radius of the orbit will gradually increase and the frequency will (b) gradually decrease.

(c)The radius of the orbit will remain the same but the frequency will gradually increase.
(d) Both the radius of the orbit and the frequency will remain unchanged.

Ans 11.

As the metallic frame shrinks, the magnetic flux through it decreases, inducing an azimuthal electric field that oppeses the particle’s
motion. This reduces the particle’s speed.

Since r=mvqBr = %, a decrease in speed reduces the radius.
Angular frequency w = vrw = +, so with vv decreasing and rr decreasing more, w\omega increases.

Hence, the correct answer is the option (a).

Qus 12. Consider an equilateral prism of refractive index 1.5 and a parallelepiped block of refractive index 2.0 arranged as shown in
the figure such that their adjacent faces are parallel. A light ray enters the prism from air at an angle of incidence such that the ray
travels through the prism parallel to its base. What is the angle of emergence 6 ?

(a) sin~!(3/4)
(b) sin~1(1/3)
(c)sin1(1/2)

(d)sin~1(v/3/2)

Ans 12. Refractive indices:

e Airrng, =1.0

e Prism:ny = 1.5

e Block: ng = 2.0

e Prism is equilateral = angle of prism = 60°

e Ray travels parallel to base inside prism = angle of refraction at first surface = 30°

Air to prism

Apply Snell's law:

nisini = nysin30° = 1-sini = 1.5+ + = sini =

This value (3/4) is the sine of angle of incidence at first surface.

Prism to block
Again, use Snell's law:
Ray hits second surface at 60°, and continues into block.

Apply:

n2sin60° = ngsinf = 1.5~§ =2.0-sinf = sinf = 1'526 =

o
w
N3
w
00| Q,
w

That is not a standard value, and does not simplify to match any of the given options.

So here's the correct path:

Since ray travels parallel to base, the angle inside prism is 60°. So first refraction:
1-sini=1.5-sin60° = 1.5- %3 = sini = 38 = j = sin"1(0.75) = sin ' (3/4)
sin~!(3/4)

Hence, the correct answer is the option (a).
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Qus 13. A source produces a light beam of intensity Iy polarized along the x-direction. The beam is sent along the z-direction. It enters
a polaroid P1 with its polaroid axis aligned along the y-direction so that no light exits the polaroid. When another polaroid P2 is placed
in between the source and P1, the intensity measured after P1 is 3;/16. Which among the following is a possible value of 6, the angle
of the polaroid axis measured from the z-axis?

* /
: | h “ s1o/16,
Y™ Polarisation of
incident light P2 P

(a) 60°
(b) 15°
(c) 45°
(d) 75°

Ans 13. Using Malus's law:

I=1Iycos?6-sin®0 = I, - +sin” 26

Lein220 = 2

1 16
sin? 20 = %
sin20 = 2
20 = 60°

6 =30°

Since P1 is at 90°, and angle between axes is 90° — 6,
90° — 0 = 60°

6 = 60°

Hence, the correct answer is the option (a).

Qus 14. An electron in the ground state (with energy E; ) of a hydrogen atom, absorbs a photon of energy E,, and gets excited to a
higher energy level of principal quantum number n. What is the value of n ?

@/ 225
b) /225
© 22

E,
@/ g
Ans 14. Given:

¢ Ground state energy: F; = —13.6eV
o Energy of level n: E,, = % (since B, = —13.6/n?)
e Energy absorbed: E, = E,, — Ey = % —FE,=F; (# — 1)

E,=E (% -1)

Py
B, _ 1
E, T n?
B, _ 1
El - "2
E\+E, 1
E; n?
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Hence, the correct answer is the option (a).

Qus 15. A particle of mass m and charge q is accelerated through a distance d; by an electric field E. Another particle of mass M and
charge q is accelerated by the same electric field through a distance d5. Both the particles emerge with the same de Broglie wavelength
Ap. What is the ratio of the distances dy/d; ?

(a) =
(b) &£

© v/

(@ /2

Ans 15. We are told both particles have the same de Broglie wavelength:
AB = % = p = same for both

For a particle accelerated through an electric field over distance d :
Work done = gEd =K. E. = %m'v2 =p= \/m

Set momenta equal:

\/2qu(11 = \/2MQEd2 = \/qul = \/Mde

Given charges are equal (¢ = @), this cancels:
vmdy = Mdy = & = &

Hence, the correct answer is option (a)
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