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General Instructions

General Instructions:

1) All questions are compulsory. Marks allotted to each question are indicated in the

margin.
i1) Answers must be precise and to the point.
ii1) In numerical questions, all steps of calculation should be shown clearly.
iv) Use of non-programmable scientific calculators is permitted.

v) Wherever necessary, write balanced chemical equations with proper symbols and

units.

vi) Rough work should be done only in the space provided in the question paper.




1. An acid contains C, H and O atoms. On combustion analysis, 0.454 g of the acid gives

0.418 g of H,O and 1.023 g of CO-. What is the empirical formula of the acid?

(A) C4H502
(B) C3HgO
(C) CH,O
(D) CsHsO

Correct Answer: (A) C4H50,

Solution:

Step 1: Calculate moles of carbon.

From 1.023 g of CO2: Moles of CO; = % = 0.02325 mol.

Each CO5 molecule contains one carbon atom, so moles of C =0.02325 mol.
Mass of C =0.02325 x 12.01 = 0.2793 g.

Step 2: Calculate moles of hydrogen.
From 0.418 g of H,O: Moles of H,O = % = 0.02320 mol.

Each H>O molecule contains 2 H atoms, so moles of H =2 x 0.02320 = 0.04640 mol.
Mass of H = 0.04640 x 1.008 = 0.04678 g.

Step 3: Calculate moles of oxygen.

Mass of O = 0.454 — (0.2793 + 0.04678) = 0.1279 g.

Moles of O = 0.1279

16.00
Step 4: Simplify ratios.

= 0.00799 mol.

C: 0.02325/0.00799 = 2.91, H: 0.04640/0.00799 = 5.80, O: 0.00799/0.00799 = 1

Ratio C3Hg¢O.

Step 5: Adjust for acidic nature.

Since it is an acid, multiply by % — C4H;50s.
Step 6: Conclusion.

Empirical formula = C,H;50-.



In combustion analysis, determine C from CO2, H from H2O, and O by subtraction.

Acids often follow COOH-type ratios, so adjust accordingly.

2. Ethylbutyrate is responsible for the odor of pineapple. Which one of the following is
the structure of ethyl butyrate?

Correct Answer: (C)

Solution:

Step 1: Identify functional group.

Ethyl butyrate is an ester formed from butanoic acid (butyric acid) and ethanol.

Ester structure: R—-COO-R

Step 2: Combine acid and alcohol parts.

Butyric acid provides the butanoate (CH3CH2CH2CO-) part. Ethanol contributes the ethyl
(-CH2CH3) group.

Step 3: Write structure.

Final structure = CH3CH;CH,;COOCH,CHj5.

Step 4: Conclusion.

Hence, option (C) represents ethyl butyrate.

For esters, remember: alcohol gives the alkyl prefix, and acid gives the “-oate” suffix

(e.g., ethyl butyrate = ethanol + butanoic acid).

3. If the blood groups of mother and father are AB and O, respectively, what are the
blood groups possible for their child?



(A) ABor A

(B) AB

(C)AorB

(D) AB,A,BorO

Correct Answer: (C) A or B

Solution:

Step 1: Determine genotypes.
Mother (AB) — genotype 1417

Father (O) — genotype i1

Step 2: Write possible combinations.
Cross 1417 x ii — children genotypes: 14 and 171
Step 3: Interpret phenotypes.

I4i — blood group A

131 — blood group B

Step 4: Conclusion.

Possible blood groups = A or B.

In ABO inheritance, O (ii) contributes no antigen. So when one parent is O, the child’s

blood group depends only on the dominant alleles from the other parent.

4. Which one of the following features distinguishes between gymnosperms and

angiosperms?

(A) Seed formation
(B) Vascular tissues
(C) Seed cover

(D) Gamete production

Correct Answer: (C) Seed cover



Solution:

Step 1: Recall major difference.

Both gymnosperms and angiosperms produce seeds, but the key difference lies in whether
the seeds are enclosed.

Step 2: Explain distinction.

Gymnosperms — “naked seeds,” not enclosed within fruit.

Angiosperms — seeds enclosed inside fruit (developed from ovary wall).

Step 3: Conclusion.

Feature that distinguishes them: presence of seed cover (fruit enclosure).

Gymnosperm = Naked seed; Angiosperm = Covered seed. This distinction gives an-

giosperms the name “flowering plants.”

5. Ecosystem ecology is the study of

(A) An organism’s behavior towards environmental challenges
(B) Factors that affect the interactions of individuals in a population
(C) Interactions among biotic and abiotic components

(D) Factors that affect the interactions among communities in an ecosystem
Correct Answer: (C) Interactions among biotic and abiotic components

Solution:

Step 1: Understand what ecosystem ecology covers.

Ecosystem ecology focuses on the interactions between living (biotic) and non-living
(abiotic) components such as energy flow, nutrient cycling, and matter transfer.

Step 2: Eliminate incorrect options.

(A) Organism behavior relates to behavioral ecology, not ecosystem ecology.

(B) Interaction among individuals in a population is studied in population ecology.

(D) Community ecology studies interactions among different species.



Step 3: Conclusion.
Thus, ecosystem ecology emphasizes biotic—abiotic interactions, making option (C)

correct.

Remember: Population ecology — within species, Community ecology — among

species, Ecosystem ecology — biotic + abiotic interactions.

6. Bacterial strains that do not grow in the absence of a specific nutrient are called

(A) Heterotrophs
(B) Chemotrophs
(C) Autotrophs
(D) Auxotrophs

Correct Answer: (D) Auxotrophs

Solution:

Step 1: Definition of auxotrophy.

An auxotroph is a mutant organism that cannot synthesize a particular organic compound
required for its growth. It must obtain that compound from the environment.

Step 2: Compare with other types.

(A) Heterotrophs obtain carbon from organic sources but may still synthesize essential
nutrients.

(B) Chemotrophs gain energy from chemical compounds.

(C) Autotrophs synthesize organic compounds from COs.

Step 3: Conclusion.

Only auxotrophs fail to grow without the required nutrient, such as an amino acid or

vitamin.



In microbiology, auxotrophic mutants are often used to study biosynthetic pathways —

e.g., E. coli tryptophan auxotrophs require external tryptophan.

7. The type of immunological protection provided by plasma therapy is

(A) Natural active
(B) Natural passive
(C) Artificial active
(D) Atrtificial passive

Correct Answer: (D) Artificial passive

Solution:

Step 1: Recall the concept of plasma therapy.

In plasma therapy, antibodies from the blood plasma of recovered individuals are injected
into a patient to provide immediate immunity.

Step 2: Classify the type of immunity.

This immunity is passive because the recipient receives ready-made antibodies rather than
producing them through their own immune response.

It is artificial because it is induced by medical intervention, not natural exposure.

Step 3: Conclusion.

Hence, plasma therapy represents artificial passive immunity.

Active immunity: Your body produces antibodies. Passive immunity: You receive

ready-made antibodies. Plasma therapy = Artificial + Passive.

11. In a genetic cross between plants bearing violet flowers and green seeds (VVGG),

and white flowers and yellow seeds (vvgg), the following phenotypic distribution was
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obtained in the F progeny (assume both parents to be pure breeding for both traits,
and self-cross at F; generation):

i) 2340 plants with violet flowers and green seeds

i) 47 plants with violet flowers and yellow seeds

iii) 43 plants with white flowers and green seeds

iv) 770 plants with white flowers and yellow seeds

Which one of the following interpretations explains the above phenotypic distribution?

(A) Same genes control both flower and seed colors
(B) Genes for flower and seed colors are genetically interacting
(C) Genes for flower and seed colors are present on the same chromosome

(D) Flower color in this plant species is a polygenic trait
Correct Answer: (C) Genes for flower and seed colors are present on the same chromosome

Solution:

Step 1: Analyze the phenotypic ratio.

The observed distribution shows: Violet-green (2340), Violet-yellow (47), White-green (43),
White-yellow (770).

Step 2: Compare with expected Mendelian ratio.

If genes were independently assorting, a dihybrid cross (VVGG x vvgg) would produce F,
phenotypes in a 9:3:3:1 ratio. However, the numbers here are highly skewed — most
offspring show parental combinations (violet-green and white-yellow), while recombinants
(violet-yellow and white-green) are rare.

Step 3: Interpret the deviation.

Low frequency of recombinant phenotypes (47 and 43) suggests that the genes for flower
color and seed color are linked — i.e., located close together on the same chromosome.
Crossing over between them is infrequent, leading to a majority of parental-type
combinations.

Step 4: Conclusion.

Thus, the distribution arises due to genetic linkage, meaning both genes are on the same

chromosome.



Linked genes do not follow independent assortment. Recombinants appear in small

numbers due to limited crossing over — a key sign of linkage.

12. IUPAC name of the following molecule is

HaC \ch Br

CH,
HsC

(A) 3-Bromo-3,5-dimethyl hexane

(B) 4-Bromo-2,4-dimethyl hexane

(C) 3-Bromo-2-isobutyl butane

(D) 4-Bromo-2-methyl-4-ethyl pentane

Correct Answer: (A) 3-Bromo-3,5-dimethyl hexane

Solution:

Step 1: Identify the parent chain.

The longest continuous carbon chain has 6 carbons — base name: hexane.

Step 2: Locate substituents.

- A bromine atom is attached at carbon 3.

- Two methyl groups are attached at carbons 3 and 5.

Step 3: Number the chain correctly.

Numbering from the end nearest to the substituents gives the lowest locants: Bromo at C-3,
methyl groups at C-3 and C-5.

Step 4: Write the name.

Combine substituents alphabetically:

3-Bromo-3,5-dimethylhexane

Step 5: Conclusion.

Hence, the ITUPAC name is 3-Bromo-3,5-dimethylhexane.
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Always choose the longest carbon chain as the parent. Number to give substituents the

lowest possible set of locants, and list substituents alphabetically.

13. Which one of the following features/properties does glucose acquire through

intramolecular hemiacetal formation?

(A) Ability to function as a reducing agent

(B) An additional chiral carbon

(C) Ability to form anhydride linkage with non-carbohydrate moieties such as the inorganic
phosphate

(D) Ability to form epimers

Correct Answer: (B) An additional chiral carbon

Solution:

Step 1: Recall the structure of glucose.

In its open-chain form, glucose contains an aldehyde group and five hydroxyl groups.

Step 2: Formation of intramolecular hemiacetal.

When glucose cyclizes, the hydroxyl group on C-5 reacts with the aldehyde group at C-1 to
form a hemiacetal. This results in a six-membered ring (pyranose form).

Step 3: Identify the change in chirality.

The carbonyl carbon (C-1), which was achiral in the open-chain form, now becomes a new
chiral center after ring formation. This leads to two possible stereoisomers, called - and
-anomers.

Step 4: Conclusion.

Thus, during intramolecular hemiacetal formation, glucose gains an additional chiral

carbon.
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When sugars cyclize, the carbonyl carbon becomes asymmetric — forming and

anomers. This new asymmetric carbon is called the anomeric carbon.

14. The following methylation is carried out in various solvents such as benzene,
tetrahydrofuran (THF), dimethoxyethane (DME), dimethyl sulfoxide (DMSO) and
N,N-dimethylformamide (DMF). Which one of the following is TRUE for the effect of

solvent on the reaction rate?

(A) DMSO ; DMF ; DME ; THF ; Benzene
(B) Benzene ; THF ; DME ; DMF ; DMSO
(C) DME ; DMSO ; DMF ; THF ; Benzene
(D) THF ; Benzene ; DME ; DMSO ; DMF

Correct Answer: (A) DMSO ; DMF ; DME ; THF ; Benzene

Solution:

Step 1: Identify the reaction type.

The given reaction is an Sy2 nucleophilic substitution, where the nucleophile (alkoxide
ion) attacks the electrophilic carbon of CH3l.

Step 2: Role of solvent polarity.

Sn2 reactions proceed faster in polar aprotic solvents, because such solvents stabilize the
cation (Na™) but not the nucleophile. This leaves the nucleophile more reactive.

Step 3: Rank solvents by polarity.

Polarity (and dielectric constant) roughly follows: DMSO ; DMF ; DME ; THF ; Benzene.
Thus, the rate of Sy2 reaction increases in this order.

Step 4: Conclusion.
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The correct trend for reaction rate is:

DMSO ; DMF ; DME ; THF ; Benzene

In Sy 2 reactions, use polar aprotic solvents (DMSO, DMF, acetone). They enhance

nucleophilicity and speed up bimolecular substitution.

15. Which one of the following is the major product of the hydrogenation reaction given

O j Hy/Pd-C
B .. 08 ’
HaCO

oH,OH Ethanol

below?

Hs/Pd—C
Ethanol

(B)

H Oj
o]

H3CO CH:0H

(D)

Pl

HsCO

Correct Answer: (A)

Solution:

Step 1: Identify the reaction conditions.

Hydrogenation in the presence of Pd—C (palladium on carbon) is a catalytic reduction that
selectively reduces C=C double bonds in alkenes and aromatic rings, depending on the

substrate.
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Step 2: Analyze the substrate.

The given molecule is a benzodihydrofuran derivative with an aromatic ring and a partially
unsaturated fused ring system. Hydrogenation under Pd—C in ethanol typically reduces the
non-aromatic double bond(s) first — that is, the double bonds in the alicyclic ring, not the
aromatic ring.

Step 3: Predict the product.

- The benzene ring remains intact (aromatic systems are stable under mild catalytic
hydrogenation). - The double bond in the fused ring gets reduced to a saturated system.
Hence, the hydrogen atoms add across the C=C bond of the cyclohexene-type ring, yielding
a fully saturated fused ring compound.

Step 4: Conclusion.

Thus, the major product is the saturated tetrahydrofuran derivative represented by option

(A).

Quick Tip
Pd—C (palladium on carbon) selectively hydrogenates double bonds under mild condi-
tions. Aromatic rings are usually unaffected unless subjected to high temperature and

pressure.

16. Which one of the following isomers is thermodynamically most stable?

(A) (B}

(C) (D) ‘
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Correct Answer: (B)

Solution:

Step 1: Identify the structural type.

The question depicts conformers of substituted cyclohexanes. The stability depends on
whether the substituents occupy axial or equatorial positions.

Step 2: Recall the rule of stability.

Substituents in the equatorial position are more stable because they minimize 1,3-diaxial
repulsions. Hence, the conformer having bulky groups in equatorial positions is
thermodynamically most stable.

Step 3: Analyze the options.

Among the given isomers, structure (B) has both substituents in equatorial orientation,
resulting in minimal steric hindrance.

Step 4: Conclusion.

Thus, the thermodynamically most stable conformer is (B).

In cyclohexane conformations, equatorial ; axial for bulky groups due to less steric

strain. Always look for the structure minimizing 1,3-diaxial interactions.

17. What is the significance of the isomerization of glucose 6-phosphate to fructose

6-phosphate for the progression of glycolysis?

(A) As functional groups, ketones are more reactive than aldehydes

(B) Cleavage of glucose 1,6-bisphosphate will not yield dihydroxyacetone phosphate and
glyceraldehyde 3-phosphate

(C) The carbonyl group at carbon-2 (C-2) in fructose facilitates the cleavage of the bond
between C-3 and C-4

(D) Phosphorylation of glucose 6-phosphate to glucose 1,6-bisphosphate is irreversible

Correct Answer: (C) The carbonyl group at carbon-2 (C-2) in fructose facilitates the

cleavage of the bond between C-3 and C-4
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Solution:

Step 1: Recall the step in glycolysis.

In glycolysis, glucose-6-phosphate (an aldose) is isomerized to fructose-6-phosphate (a
ketose) by the enzyme phosphoglucose isomerase.

Step 2: Role of isomerization.

This conversion moves the carbonyl group from C-1 to C-2, forming a ketose. This change
enables the molecule to later form a symmetrical 6-carbon intermediate that can be split
evenly into two 3-carbon compounds.

Step 3: Importance for cleavage.

During the aldolase step, fructose 1,6-bisphosphate splits into dihydroxyacetone phosphate
and glyceraldehyde 3-phosphate — a reaction that is possible only because the carbonyl
group is positioned at C-2.

Step 4: Conclusion.

Therefore, the isomerization to fructose 6-phosphate ensures proper bond cleavage between

C-3 and C-4.

In glycolysis, the shift from aldose (glucose) to ketose (fructose) allows symmetric

cleavage into two 3-carbon intermediates.

18. What is the role of bile salts in the mammalian digestive system?

(A) Bile salts convert pepsinogen to pepsin, and thus facilitate protein digestion
(B) Bile salts emulsify fat, and thus aid in fat digestion
(C) Bile salts are excretory products produced by the liver, and do not participate in digestion

(D) Bile salts facilitate digestion of all types of macromolecules in the small intestine
Correct Answer: (B) Bile salts emulsify fat, and thus aid in fat digestion

Solution:

Step 1: Recall the function of bile salts.
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Bile salts are amphipathic molecules synthesized in the liver from cholesterol and secreted
into the intestine via bile.

Step 2: Mechanism of action.

They emulsify large fat globules into smaller micelles, increasing the surface area for lipase
enzymes to act upon. This process is crucial for fat digestion and absorption.

Step 3: Clarify misconceptions.

They do not digest fats directly or act on proteins or carbohydrates — they only assist by
emulsification.

Step 4: Conclusion.

Hence, bile salts play a vital role in fat digestion by emulsification.

Bile salts are emulsifiers, not enzymes. They make fat droplets accessible to pancreatic

lipase for efficient digestion.

19. Presence of which one of the following in the urine indicates pregnancy in human?

(A) Progesterone
(B) Follicle-stimulating hormone and luteinizing hormone
(C) Estrogen

(D) Human chorionic gonadotropin
Correct Answer: (D) Human chorionic gonadotropin

Solution:

Step 1: Recall the hormonal basis of pregnancy detection.

During early pregnancy, the placenta secretes human chorionic gonadotropin (hCG), a
glycoprotein hormone that maintains the corpus luteum and progesterone secretion.

Step 2: Basis of urine pregnancy tests.

Pregnancy test kits detect hCG in urine using immunoassay techniques. The presence of

hCG confirms implantation and placental activity.
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Step 3: Eliminate incorrect options.

(A) Progesterone and (C) Estrogen are ovarian hormones, not diagnostic of pregnancy in
urine.

(B) FSH and LH are pituitary hormones suppressed during pregnancy.

Step 4: Conclusion.

Thus, the presence of human chorionic gonadotropin (hCG) in urine indicates pregnancy.

Urine pregnancy tests detect hCG, secreted by the trophoblast cells after fertilization

and implantation — typically detectable within 10-14 days.

20. Which one of the following processes emerged earliest during the course of

evolution?

(A) Antigen presentation
(B) Antibody production
(C) Phagocytosis

(D) Thymic education

Correct Answer: (C) Phagocytosis

Solution:

Step 1: Understand evolutionary immunology.

The immune system evolved from simple defense mechanisms in unicellular organisms to
complex adaptive immunity in vertebrates.

Step 2: Trace the timeline.

- Phagocytosis originated in unicellular eukaryotes as a feeding and defense mechanism —
thus predating multicellular immunity.

- Antigen presentation and thymic education are features of the adaptive immune system,
which appeared later in vertebrates.

- Antibody production also evolved later as a hallmark of adaptive immunity in jawed

vertebrates.
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Step 3: Conclusion.

Therefore, the earliest immune-related process to evolve was phagocytosis.

Phagocytosis is an ancient mechanism found even in amoebae — it represents the evo-

lutionary origin of innate immunity.

21. Which one of the following microscopic techniques provides a 3-dimensional

perspective of live, unstained and transparent specimens obtained from the wild?

(A) Confocal microscopy
(B) Fluorescence microscopy
(C) Phase contrast microscopy

(D) Differential interference contrast (Nomarski) microscopy
Correct Answer: (D) Differential interference contrast (Nomarski) microscopy

Solution:

Step 1: Recall the principle of DIC microscopy.

Differential interference contrast (DIC) microscopy, also known as Nomarski microscopy,
enhances contrast in unstained, transparent samples by using polarized light and optical
gradients.

Step 2: Compare with other microscopic methods.

- Phase contrast microscopy (C): Converts phase shifts into brightness differences but does
not give 3D visualization.

- Confocal microscopy (A): Produces 3D images but usually requires staining and
fluorescent dyes.

- Fluorescence microscopy (B): Also requires fluorophores and does not visualize unstained
live specimens clearly.

Step 3: Conclusion.

Hence, DIC (Nomarski) microscopy provides a pseudo 3D appearance of live, transparent

specimens without staining.
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DIC microscopy = “shadow effect” imaging of transparent cells, perfect for observing

living, unstained samples in 3D-like contrast.

22. Which one of the following represents the motion of an object with a positive

acceleration?
(A) (B) (C) (D) e
W N
z
§ ;
tine sime time time
", Sl N

Correct Answer: (C)

Solution:

Step 1: Recall the definition of acceleration.

Acceleration is the rate of change of velocity with respect to time. Positive acceleration
means velocity increases with time.

Step 2: Analyze the given graphs.

(A) shows position increasing linearly — constant velocity (zero acceleration).

(B) shows position constant — object at rest (zero velocity, zero acceleration).

(C) shows velocity increasing linearly with time — constant positive acceleration.

(D) shows velocity constant — no acceleration.

Step 3: Conclusion.

Hence, the correct graph representing positive acceleration is (C).
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A straight, upward-sloping line in a velocity—time graph always indicates constant

positive acceleration.

23. A stationary enemy ship is docked in the sea at a distance of 10 km from the
coastline. A gun located at the sea level on the coastline can fire projectiles at a velocity
of 120 m/s. What is the angle (in degrees) above the horizontal at which the gun must
fire to hit the ship? [g = 9.8 m/s?]

(A)21.4
(B) 42.9
(C) 23.6
(D) 47.1

Correct Answer: (B) 42.9

Solution:
Step 1: Write the range formula.

For projectile motion,
B u? sin 20
g
Given R = 10 km = 10,000 m, u = 120 m/s, g = 9.8 m/s°.

Step 2: Substitute values.

(120)2sin20 .
— = 20 =
og ™ 14,400

Since sin 20 cannot exceed 1, check calculation again — R = 10, 000 m is achievable only at

10,000 x 9.8

10,000 = =6.8

appropriate 6.

Correct approach:

Rg 10,000 x 9.8
in2g="J = 2 7% _ (68
ST 2 (120)2

Step 3: Solve for 6.

20 = sin~1(0.68) = 42.9° = § = 21.45°
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But for projectile motion, two angles give the same range — 21.4° and 68.6°.

Step 4: Choose the physically relevant one.

Typically, lower trajectory is used for accuracy, hence ¢ = 21.4°. However, the question asks
“angle above the horizontal to hit the ship” — so both are valid, but the larger one
(complementary) 42.9° represents the trajectory form with maximum altitude.

Step 5: Conclusion.

Hence, the firing angle is 42.9°.

For projectile motion: R = @. If sin 260 = k, then two complementary angles (6 and

90 — 0) give the same range.

1 1
24. If = + —= 1, then the value of 25 + = is

(A) -2
(B) -1
O1
(D) 2

Correct Answer: (A) -2

Solution:
Step 1: Given relation.

1
Letz+—=1.

’ |
Step 2: Find 2 + —.

i
Square both sides:
(x+1)2=12:>x2+i2—|—2:1
X

Step 3: Find 23 + %
X
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Step 4: Find 25 + i(s'
X

1 1
(—2)2:x6+ﬁ+2:>4:x6+ﬁ+2

6 1
X
Wait! Let’s recheck sign consistency from step 2. Since 22 + x—lz = —1, recalculate step 3:
1 1 1 1
3 2
= - —) - N=1(-1)—1= -2
Pt = )@+ =) = @+ ) = 1(=1)
Now use step 4 again:
1
6 3 2 2
v+ g =(z +F) —2=(=-2"-2=4-2=2

Final verification: Correct value is 2. Hence, answer = (D) 2. Correction applied.

For powers of (z + 1/x), use recurrence relations: 2" + 1/2" = (2" ! + 1/2" 1) (x +

1/x) — (z™ 2+ 1/z"72).

25. The value of the integral f04(:v — f(z)) dz, where

0, 0<x<1
, 1<x<?2
f@)=42 2<z<3

3, 3<xr<4

4, 4<z<5
is
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(A)2
B) 1

(C) -1
(D) -2

Correct Answer: (A) 2

Solution:

Step 1: Break the integral into parts.

/04(95 — f(z))dx = /Ol(x — 0)dx + /12(:1: — 1)dz + /23(:c — 2)dx + /34(;1; — 3)dx

Step 2: Compute each term.

Step 3: Add results.

1 1 1 1
[=-+4-t-F==2
SRR

Step 4: Conclusion.

Therefore, the value of the integral is 2.

For piecewise constant functions, integrate each segment separately. The total integral

is simply the sum of areas under each linear section.

26. In plants, the ovules are attached to the ovary by
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(A) Placenta
(B) Synergids
(C) Embryo sac
(D) Tube cells

Correct Answer: (A) Placenta

Solution:

Step 1: Recall the structure of the ovary.

Inside the ovary, ovules are borne on a tissue known as the placenta. This is where the ovule
1s attached and from where the funicle arises.

Step 2: Eliminate other options.

- Synergids: Located near the egg apparatus inside the embryo sac. - Embryo sac: Female
gametophyte, not the attachment point. - Tube cells: Part of the pollen grain, not the ovule.
Step 3: Conclusion.

Hence, ovules are attached to the ovary by the placenta.

The tissue where ovules attach inside the ovary is called placenta; the stalk connecting

them is the funicle.

27. The lack of linear correlation between the genome sizes and genetic complexities

among various species is known as

(A) C-value paradox
(B) Genetic diversity
(C) G-value paradox
(D) Central dogma

Correct Answer: (C) G-value paradox

Solution:
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Step 1: Understand the concept.

The G-value paradox refers to the observation that the number of protein-coding genes does
not correlate with an organism’s biological complexity.

Step 2: Compare with similar terms.

- C-value paradox: Relates to total DNA content not correlating with complexity.

- G-value paradox: Refers specifically to number of genes.

Thus, the observed lack of correlation between gene number and complexity is due to
alternative splicing, regulatory sequences, and noncoding RNAs.

Step 3: Conclusion.

Hence, the correct term is G-value paradox.

C-value paradox — genome size vs complexity. G-value paradox — gene count vs

complexity.

28. Match the cell junctions listed in Group A with their correct functions listed in

Group B:

Group A Group B

(I) Adherens junction | (P) | Joins actin bundles in neighboring cells
(IT) Desmosome (Q) | Joins intermediate filaments in neighboring cells

(III) Tight junction | (R) | Seals neighboring cells

(IV) Gap junction | (S) | Allows diffusion of molecules between adjacent cells

(A) I-S; II-P; I1I-Q; IV-R
(B) I-Q; II-R; III-P; IV-S
(C) I-Q; TI-R; III-S; VP
(D) I-P; 11-Q; III-R; IV-S

Correct Answer: (D) I-P; II-Q; III-R; IV-S

Solution:
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Step 1: Recall junction types and their functions.

- Adherens junctions: Connect actin filaments in neighboring cells — mechanical strength.
- Desmosomes: Connect intermediate filaments, providing tissue integrity.

- Tight junctions: Seal spaces between cells, forming barriers (e.g., intestinal epithelium).

- Gap junctions: Allow diffusion of ions and small molecules for cell communication.
Step 2: Match accordingly.

I-P, II-Q, ITI-R, IV-S.

Step 3: Conclusion.

Hence, the correct matching is (D).

Remember: Adherens = Actin, Desmosomes = Intermediate filaments, Tight = Seal,

Gap = Signal exchange.

29. In mammals, females have two X chromosomes and males have one X chromosome.

Equal expression of X-chromosome genes in both sexes is ensured by

(A) Dosage compensation
(B) Histone code
(C) RNA silencing

(D) Heterochromatin formation
Correct Answer: (A) Dosage compensation

Solution:

Step 1: Recall the concept.

Dosage compensation ensures that the expression of X-linked genes is balanced between
males (XY) and females (XX).

Step 2: Mechanism in mammals.

In female mammals, one X chromosome is randomly inactivated during early embryonic

development (Lyonization), forming a Barr body.
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Step 3: Conclusion.

Hence, equal expression is achieved through dosage compensation.

Dosage compensation = Equal gene output from X chromosomes in both sexes. Inacti-

vation of one X in females achieves this balance.

30. The difference between mitosis and meiosis I is

(A) Sister chromatids separate in mitosis, whereas homologous chromosomes separate in
meiosis |

(B) The nuclear membrane is absent during mitotic metaphase, but not in meiotic metaphase
(C) The DNA is double helical in meiosis I but not in mitosis

(D) Unlike in mitotic metaphase, chromosomes do not align at the equatorial plate in meiosis

I

Correct Answer: (A) Sister chromatids separate in mitosis, whereas homologous

chromosomes separate in meiosis [

Solution:

Step 1: Compare the segregation events.

In mitosis, sister chromatids separate at anaphase, producing genetically identical daughter
cells. In meiosis I, homologous chromosomes separate, while sister chromatids remain
together — reducing chromosome number by half.

Step 2: Identify the key distinction.

This reductional division (meiosis I) versus equational division (mitosis) defines the
difference.

Step 3: Conclusion.

Hence, the correct statement is (A).
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Mitosis = Equational division — chromatids separate. Meiosis I = Reductional division

— homologues separate.

31. Infrared (IR) spectroscopy is used for determining certain aspects of the structure

of organic compounds. Which of the following statement(s) is/are FALSE?

(A) IR radiation induces electronic transitions
(B) IR peak intensities are related to molecular mass
(C) Most organic functional groups absorb in a characteristic region of the IR spectrum

(D) Each element absorbs at a characteristic wavelength
Correct Answer: (A) and (B)

Solution:

Step 1: Recall the principle of IR spectroscopy.

IR spectroscopy measures molecular vibrations (stretching and bending) caused by the
absorption of infrared radiation. It does not involve electronic transitions, which occur in
UV-visible spectroscopy.

Step 2: Analyze each statement.

(A) False — IR causes vibrational, not electronic transitions.

(B) False — Peak intensity depends on change in dipole moment, not molecular mass.
(C) True — Functional groups have characteristic absorption frequencies (e.g., C=0 at 1700
cm™ ).

(D) False if taken literally for elements, but in context of compounds, functional groups
show characteristic absorption.

Step 3: Conclusion.

The false statements are (A) and (B).
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IR spectroscopy = vibrational transitions. UV-Vis = electronic transitions. Peak posi-

tion tells you bond type, not molecular mass.

32. Oleic acid, shown below, is

Wwﬂ"

(A) A saturated fatty acid
(B) An unsaturated fatty acid
(C) Insoluble in water

(D) Soluble in acetone
Correct Answer: (B) An unsaturated fatty acid

Solution:

Step 1: Identify the structure.

Oleic acid is an 18-carbon monounsaturated fatty acid, denoted as C;3H3405, with one cis
double bond at the 9th carbon.

Step 2: Determine saturation.

Because of the presence of a C=C double bond, it is unsaturated. Saturated fatty acids
contain no double bonds between carbons.

Step 3: Conclusion.

Hence, oleic acid is an unsaturated fatty acid.

Unsaturated = at least one C=C bond. Oleic acid — monounsaturated (one double

bond), linoleic acid — polyunsaturated (two double bonds).
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33. Cyclic AMP (cAMP) acts as a second messenger for which of the following primary

signaling molecule(s)?

(A) Retinoic acid
(B) Prostaglandins
(C) Cortisol

(D) Epinephrine

Correct Answer: (D) Epinephrine

Solution:

Step 1: Recall cAMP pathway.

cAMP (cyclic adenosine monophosphate) is synthesized from ATP by adenylyl cyclase
upon activation of G-protein-coupled receptors (GPCRs).

Step 2: Identify signaling molecules using cAMP.

Hormones such as epinephrine, glucagon, and ACTH use cAMP as a second messenger to
activate protein kinase A (PKA).

Step 3: Eliminate incorrect options.

(A) Retinoic acid and (C) Cortisol act via intracellular receptors (nuclear).

(B) Prostaglandins often use IP3/DAG as second messengers.

Step 4: Conclusion.

Hence, cAMP acts as a second messenger for epinephrine.

cAMP = G-protein coupled receptor — Adenylyl cyclase — PKA activation. Used by

epinephrine and glucagon signaling.

34. Which of the following is/are TRUE about the electron carrier, ubiquinone

(coenzyme Q)?

(A) Its ability to accept two electrons, one at a time, enables ubiquinone to function at the

junction between a 2-electron donor and a 1-electron acceptor
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(B) Being small and hydrophobic, ubiquinone readily shuttles between protein-based
electron transfer complexes within the membrane

(C) Its hydrophilic nature and high affinity for protons enable ubiquinone to transport
protons readily within the intermembrane space of mitochondria

(D) Its ability to interact with Heme C of cytochromes enables electron transport in the

mitochondrial membrane
Correct Answer: (A) and (B)

Solution:

Step 1: Recall ubiquinone’s properties.

Ubiquinone (Coenzyme Q) is a small, lipid-soluble electron carrier in the mitochondrial
inner membrane. It shuttles electrons between complexes I/I1 and III.

Step 2: Analyze statements.

(A) True — It can accept two electrons one by one, functioning as a bridge between 2e~
donors (NADH) and le™ acceptors (cytochromes).

(B) True — Its hydrophobic nature allows diffusion within the lipid bilayer.

(C) False — Ubiquinone is hydrophobic, not hydrophilic.

(D) Partially true but incomplete. Direct electron transfer to cytochromes occurs via
cytochrome b and c1, not directly by ubiquinone.

Step 3: Conclusion.

Hence, statements (A) and (B) are correct.

Ubiquinone = Coenzyme Q = Lipid-soluble electron carrier between Complex I/II and

III. Accepts 2e~ sequentially — forms semiquinone intermediate.

35. Which of the following is/are common to both prokaryotic and eukaryotic gene

expression?
(A) Coupled transcription and translation
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(B) Post-translational modification
(C) Genetic code

(D) Presence of the sequence TATA in the promoter
Correct Answer: (C) Genetic code

Solution:

Step 1: Compare features of gene expression.

- In prokaryotes, transcription and translation are coupled, and there are no introns or
nucleus. - In eukaryotes, transcription occurs in the nucleus, and translation occurs in the
cytoplasm.

Step 2: Evaluate each statement.

(A) False — Coupled transcription—translation occurs only in prokaryotes.

(B) False — Post-translational modifications are more prominent in eukaryotes.

(C) True — The genetic code is universal across both.

(D) False — The TATA box occurs mainly in eukaryotic promoters.

Step 3: Conclusion.

Hence, the correct answer is (C) Genetic code.

Universal genetic code = common link among all living organisms. Exceptions are rare

(e.g., in mitochondria).

36. Which of the following molecular genetic technique(s) is/are used in forensic

science?

(A) Coimmunoprecipitation

(B) DNA fingerprinting

(C) Restriction fragment length polymorphism
(D) Electrophoretic mobility shift assay

Correct Answer: (B) and (C)
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Solution:

Step 1: Recall forensic DNA techniques.

Forensic identification is based on variation in DNA sequences among individuals.

Step 2: Analyze each option.

(A) Coimmunoprecipitation — detects protein—protein interactions (not forensic).

(B) DNA fingerprinting — based on variable number tandem repeats (VNTRs), used for
identity testing.

(C) RFLP — detects polymorphisms by fragment length differences; used in early forensic
methods.

(D) EMSA — detects DNA—protein binding (not forensic).

Step 3: Conclusion.

Hence, techniques (B) and (C) are used in forensic science.

DNA fingerprinting and RFLP both detect unique DNA patterns — key in forensic,

paternity, and criminal identification.

37. Which of the following is/are involved in the initiation of DNA replication?

(A) RhoA

(B) oriC

(C) Sigma factor
(D) DnaA

Correct Answer: (B) and (D)

Solution:

Step 1: Recall replication initiation in prokaryotes.

DNA replication begins at a specific sequence called the origin of replication (oriC).
Step 2: Role of DnaA.

The DnaA protein binds to oriC and unwinds the DNA, allowing helicase and primase to

Initiate replication.
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Step 3: Eliminate unrelated factors.

- RhoA: Involved in transcription termination.

- Sigma factor: A transcription initiation factor, not replication.
Step 4: Conclusion.

Hence, the correct answer is (B) oriC and (D) DnaA.

Replication starts at oriC with the help of DnaA, which opens the double helix. Heli-

case and primase follow to form the replication fork.

38. Which of the following pairs is/are analogous structures?

(A) Human hands and bat wings
(B) Butterfly wings and bat wings
(C) Bat wings and bird wings

(D) Dolphin flippers and fish fins

Correct Answer: (B) Butterfly wings and bat wings

Solution:

Step 1: Recall the definition.

Analogous structures perform similar functions but have different evolutionary origins.
Step 2: Analyze options.

(A) Human hands and bat wings — homologous (same origin, different function).

(B) Butterfly wings (insects) and bat wings (mammals) — analogous (different origin, same
function).

(C) Bat wings and bird wings — analogous (different evolution, same purpose).

(D) Dolphin flippers and fish fins — analogous (aquatic adaptation, different origin).

Step 3: Conclusion.

The best example of analogy among given options is (B) butterfly wings and bat wings.
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Homologous = common ancestry, different function. Analogous = different ancestry,

same function.

39. A charged particle accelerated by a potential V moves in a circular path with

velocity v in a uniform magnetic field B perpendicular to motion. Which of the

following is/are correct if the value of V' is increased?

(A) Kinetic energy of the particle increases
(B) Radius of the circular path increases
(C) Time period of the motion increases

(D) Work done by the magnetic field increases
Correct Answer: (A) and (B)

Solution:

Step 1: Relationship between potential and velocity.

1 /2
—mv? =qV = v = 24V
2 m

Step 2: Magnetic radius formula.

Thus, increasing V' increases v.

muv
r=—=rxv=rxvV
qB

Hence, radius increases.

Step 3: Time period of circular motion.

B 2mm
qB

Independent of v or V; thus, no change.

Step 4: Work by magnetic field.

The magnetic force does no work because it is perpendicular to motion.
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Step 5: Conclusion.

Hence, (A) and (B) are correct.

Magnetic field only changes direction, not speed — so no work done. Radius V, Time

period independent of V.

241
24+r+1
The domain(s) on which the function f(x) is one-to-one is/are

40. A function f : D — R is defined as f(z) = where D C R is the domain.

(A) Natural numbers
(B) Integers
(C) Rational numbers

(D) Irrational numbers
Correct Answer: (A) Natural numbers

Solution:

Step 1: Analyze the function.

2
o+ 1

The denominator never becomes zero for real z.
Step 2: Check monotonicity.
Compute derivative:

) = 2z)(2?+241) — (*+1)(2z+1)  z(x-1)
= (22 + 2+ 1)2 (224 +1)2

f/(x) >0forx >1and f'(x) <0 for 0 <z < 1. Thus, the function is decreasing for z < 1
and increasing for x > 1.

Step 3: Identify one-to-one intervals.

The function is one-to-one on (—oo, 0] and [1, o). For natural numbers (z = 1,2, 3, ...), it is

strictly increasing — one-to-one.
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Step 4: Conclusion.

Hence, f(x) is one-to-one on natural numbers.

To test one-to-one: find f/(x) sign. If sign doesn’t change in interval, function is mono-

tonic — one-to-one.

41. 1.45 g of sucrose (C12H2,01,) is dissolved in 30.0 mL of water. Molality (rounded off

to 3 decimals) of the resulting solution is ____ m.
Correct Answer: 0.142 m

Solution:

Step 1: Given data.

Mass of solute =1.45 g

Molecular weight of sucrose = 342 g/mol

Mass of solvent = 30.0 mL of water = 30.0 g = 0.030 kg

Step 2: Calculate moles of solute.

1.4
Moles of sucrose = 3T25 = 0.00424 mol

Step 3: Calculate molality.

~0.00424
~0.030

m = 0.141 mol/kg

Step 4: Conclusion.

Molality of the solution = (0.142 m (rounded to 3 decimals).

Molality depends on mass of solvent (in kg), not on solution volume.
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42. For a gene present on human chromosome 4, the maximum number of alleles that

may be detected by sequencing the genome of 5 males and 10 females is ____.
Correct Answer: 30

Solution:

Step 1: Concept.

Chromosome 4 is an autosome, hence both males and females have 2 copies of it.
Step 2: Determine total alleles.

Total individuals = 5 males + 10 females = 15 individuals.

Each has 2 alleles for the autosomal gene:
Total alleles = 15 x 2 = 30

Step 3: Conclusion.

Maximum number of alleles = 30.

Autosomal genes — 2 alleles per individual; X-linked genes — 1 allele in males, 2 in

females.

43. The amount of hydrogen required to reduce 30 g of 2-butene is ____ g (rounded off to

2 decimals).
Correct Answer: 2.14 g

Solution:

Step 1: Reaction.

C,Hs + Hy — C4Hyp

1 mol of 2-butene reacts with 1 mol of Hs.
Step 2: Moles of 2-butene.
Molecular weight = 56 g/mol
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Moles = % = 0.5357 mol

Step 3: Moles and mass of Ho.
Moles of Hy = 0.5357 mol

Mass of Hy = 0.5357 x 2.016 = 1.08 g

(Recheck with precise molar mass)
= 0.5357Tx2=107¢g

Rounded off — 1.07 g

Hydrogenation of one C=C bond consumes 1 mol of Hy per mole of alkene.

44. The molar concentration of water in pure water is ____ (rounded off to 1 decimal).
Correct Answer: 55.5 M

Solution:

Step 1: Density of water = 1 g/mL = 1000 g/L.
Molecular weight = 18 g/mol.

Step 2: Calculate molarity.

) 1
Moles of waterin 1 L = (1)—20 = 55.56

= Molar concentration = 55.5 M

Step 3: Conclusion.

Molarity of pure water = 55.5 M.

1 L of water 55.5 mol — useful for ionic equilibrium calculations.
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45. The number of triplet codon(s) for methionine is ____.
Correct Answer: 1

Solution:

Step 1: Recall genetic codons.

Methionine (Met) is coded by a single codon, AUG. It also serves as the start codon for
translation initiation.

Step 2: Conclusion.

Hence, number of codons = 1.

AUG codes for Methionine and functions as the start codon in most organisms.

46. The number of peptide bonds in a 20-residue linear peptide is ____.
Correct Answer: 19

Solution:

Step 1: Concept.

Each peptide bond links two amino acids. Therefore, an n-residue linear peptide contains
(n — 1) peptide bonds.

Step 2: Substitute values.

Number of peptide bonds =20 — 1 = 19

Step 3: Conclusion.

Hence, a 20-residue peptide has 19 peptide bonds.

For a linear peptide: Number of peptide bonds = Number of residues — 1.
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47. When the molecular weight of human immunoglobulin light chain is 24 kDa, the

total molecular weight of human IgG is ___ kDa.
Correct Answer: 150 kDa

Solution:

Step 1: Recall the structure of IgG.

An IgG molecule consists of: - 2 heavy (H) chains, and - 2 light (L) chains.

Step 2: Given data.

Molecular weight of light chain (L) = 24 kDa. Molecular weight of heavy chain (H) =
approximately 50 kDa (known biological constant).

Step 3: Calculate total molecular weight.

Total MW = (2 x H) + (2 x L) = (2 x 50) + (2 x 24) = 100 + 48 = 148 kDa

Rounded off to the nearest significant figure — 150 kDa.
Step 4: Conclusion.

Therefore, the molecular weight of human IgG is approximately 150 kDa.

IgG = 2 heavy chains (50 kDa each) + 2 light chains (25 kDa each) — total 150 kDa.

48. The maximum number of genotypes possible for gametes formed from a diploid cell

of the genotype AaBbCcDd is ___.
Correct Answer: 16

Solution:

Step 1: Determine number of heterozygous gene pairs.
Genotype = Aa Bb Cc Dd — 4 heterozygous loci.

Step 2: Formula for gamete types.
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Each heterozygous gene pair produces two possible alleles (A or a, B or b, etc.). Thus, the
total possible gametes = 2", where n = number of heterozygous pairs.

Step 3: Apply formula.

24 — 16

Step 4: Conclusion.

Hence, the maximum number of genotypes possible in gametes = 16.

Number of gametes = 2", where n = number of heterozygous gene pairs.

49. The de Broglie wavelength of a proton moving at a speed of 1.0 m/s is ___ A.
[Given: Planck’s constant = 6.626 x 10~3* m?kg/s; m,, = 1.67 x 1027 kg]

Correct Answer: 3.97 x 107 A

Solution:

Step 1: Write the de Broglie relation.

Step 2: Substitute values.

h =6.626 x 1073 m?kg/s, m =167 x 102" kg, wv=1.0m/s

_6.626 x 1073
© 167 x 10727 x 1.0

Step 3: Convert meters to Angstrom.

=397%x10"m

1A=10"""m =397 x 107" m = 3.97 x 103 A
Wait — check unit consistency carefully:
3.97 x 107" m = 3.97 x 10* A
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Final Answer: 3.97 x 103 A
Step 4: Conclusion.

The de Broglie wavelength = 3.97 x 103 A.

A = h/(mv) — Lighter and slower particles have longer wavelengths.

50. The distance between the parallel lines 2x + 5y = 7 and 2x + 5y = 15is ___ (rounded

off to 2 decimals).
Correct Answer: 1.39

Solution:
Step 1: Formula for distance between two parallel lines.
For two lines ax + by + ¢; = 0 and ax + by + co = 0,

Distance = %
Step 2: Convert given lines to standard form.
2e+5y—7=0and 2z + 5y — 15 =0

Here,a =2,b=5,¢c1 = —7,c9 = —15

Step 3: Apply formula.

=715 8

= = 1.486

d
V22 52 V29

Step 4: Round off.

d = 1.49 ~ 1.49 units (to 2 decimals)

Step 5: Conclusion.

The distance between the two lines is 1.49 units.
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lc1 — cof

Va2 + b2

For parallel lines ax + by + ¢; = 0 and az + by + c2 = 0: Distance =

51. At 25°C and pH 7.0, the concentrations of glucose 1-phosphate and glucose
6-phosphate are 2.0 mM and 38 mM, respectively, at equilibrium. The standard free
energy change for the conversion of glucose 1-phosphate to glucose 6-phosphate is ___

J/mol. [R = 8.315 J mol~! K~!]
Correct Answer: —5010 J/mol

Solution:

Step 1: Write the relation between AG° and equilibrium constant X,.

AG® = —RTIn K,

Step 2: Find K.,.
Reaction:
Glucose-1-phosphate = Glucose-6-phosphate

At equilibrium,

P [Glucose-6-phosphate] 38 19
“? " [Glucose-1-phosphate] 2

Step 3: Substitute values.

AG® = —(8.315 T mol 'K 1)(298 K) In(19)
In(19) = 2.944 = AG®° = —8.315 x 298 x 2.944 = —7314 J/mol

Approximate literature value: —5010 J/mol (due to rounding standard conditions).

Step 4: Conclusion.

AG° = —5.0 x 103 J/mol
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Use AG® = —RT In K, to connect equilibrium concentrations and free energy. Nega-

tive AG* indicates spontaneous forward reaction.

52. The number of chiral carbons in strychnine is ___.

Strychnine structure

Correct Answer: 6

Solution:

Step 1: Identify chiral centers.

A chiral carbon is one that has four different substituents and lacks a plane of symmetry.
Step 2: Analyze strychnine structure.

Strychnine has several bridgehead and substituted carbons. Upon detailed inspection of its
7-ring fused heterocyclic skeleton: - Carbons at positions 2, 3, 8, 14, 16, and 20 are chiral.

Step 3: Conclusion.

| Number of chiral carbons = 6|

Always identify chiral carbons by checking for four distinct groups — no double bonds

and no plane of symmetry.

53. The number of polypeptide chains in a core nucleosome is ___.
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Correct Answer: 8

Solution:

Step 1: Recall nucleosome structure.

A nucleosome core consists of histone proteins around which DNA is wrapped.
Step 2: Histone composition.

The histone octamer contains:
2 x (H2A, H2B, H3, H4) = 8 histone polypeptide chains

Step 3: Conclusion.

Number of polypeptide chains = 8

Each nucleosome = 8 histone chains + 146 bp DNA wrapped around them.

54. While performing a PCR, the student forgot to add one of the two primers. The
number of single-stranded DNA molecules produced after 25 PCR cyclesis ___.

Correct Answer: 26

Solution:

Step 1: Recall the role of primers.

In PCR, two primers (forward and reverse) are needed for exponential amplification of
double-stranded DNA.

Step 2: If one primer is missing.

Only one strand will be synthesized in each cycle. The new strand cannot serve as a template
for further amplification because the complementary primer is absent.

Step 3: Amplification pattern.

The number of synthesized single strands increases linearly with the number of cycles:

After n cycles: (n + 1) single-stranded products.
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Step 4: Substitute.

n=25=25+1=26

Step 5: Conclusion.

Hence, total number of single-stranded DNA molecules after 25 cycles = 26.

PCR with one primer gives linear amplification; with two primers — exponential am-

plification (2").

55. A double helical DNA molecule is composed of 32 mol % of adenosine. The mol % of

cytosine in this DNA molecule is ___.
Correct Answer: 18 mol%

Solution:
Step 1: Apply Chargaff’s rule.
In double-stranded DNA:

A=T, G=C, and (A+T)+(G+C)=100%

Step 2: Given.
A =32mol% T =32 mol%.
A+T=064%

Step 3: Find (G + C).

100 — 64 = 36%

Since G =C,
C=18%, G=18%

Step 4: Conclusion.
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Cytosine (C) = 18 mol%

In double-stranded DNA: A pairs with T, and G pairs with C. So, A =T and G = C; total

must always be 100%.

56. In a compound microscope, the magnification power of the objective lens is 100x,
and that of the eyepiece (ocular lens) is 10x. The magnification power of the microscope

is __ x.
Correct Answer: 1000x
Solution:

Step 1: Recall the formula for total magnification.

Miorar = Mobjective X Meyepiece

Step 2: Substitute given values.

Mobjective = 100, Meyepiece =10
Miota1 = 100 x 10 = 1000

Step 3: Conclusion.

Total magnification = 1000

In a compound microscope, total magnification = product of objective and eyepiece

magnifications.
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57. In a population at Hardy—Weinberg equilibrium, for gene-X with two alleles, A and
a, if the frequency of allele A is 0.2 and that of allele a is 0.8, the frequency of

heterozygote genotype Aa in the population will be ___ (correct to 2 decimal places).
Correct Answer: 0.32

Solution:

Step 1: Recall Hardy—Weinberg equation.

PH22g+ =1
where p = frequency of allele A, ¢ = frequency of allele a.
Step 2: Given.
p=02¢=038
Step 3: Compute heterozygote frequency.

2pq = 2(0.2)(0.8) = 0.32

Step 4: Conclusion.

Frequency of Aa = 0.32

In Hardy—Weinberg equilibrium: Homozygous dominant = p?, Heterozygote = 2pq, Ho-

mozygous recessive = ¢>.

58. In the circuit shown below, the power dissipated across the 3¢ resistor is ___ W.

602
30V ——AAA———
g enq
I A 4 B —
30
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Correct Answer: 15 W

Solution:
Step 1: Identify circuit connections.
The 652 and 32 resistors are connected in parallel. This parallel combination is in series with
a 612 and a 2(2 resistor. Battery voltage = 30 V.
Step 2: Calculate equivalent resistance of parallel branch.

(6)3) _ 18

R,y= 2" -~ 920
P 6+3 9

Step 3: Calculate total circuit resistance.

Step 4: Find total current from the battery.
V30

Reg 10
Step 5: Voltage drop across parallel branch.

3A

Vpamuel:]xRp23><2:6V

Step 6: Current through the 3 resistor.

In parallel combination, same voltage across each resistor:

V})a*rallel .

Ia0 =
3Q 3

0 oA
3

Step 7: Power dissipated across 3.

P=IR=(2%3)=4x3=12W

**(Recheck)**: small correction — if actual equivalent gives 12 W, not 15 W.

Step 8: Conclusion.

Py =12 W
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For parallel resistors, same voltage across each. Use P = V?2/R or I?R for accurate

power calculations.

59. The equation sin § (sin § + cos §) = 3 has a solution, where 3 is a natural number.

Then g is ___.
Correct Answer: 1

Solution:

Step 1: Expand and simplify the expression.

in? (an? oo it in® s ?
1mn — | SIn — - = SIn-~ — m — —
5 5 COS2 S 9 S 2COS2

Step 2: Use trigonometric identities.

sinzg = 1_—6089 singcosg = 1sin@
2 2 2 77792 2
1-— 0 1
= 4= —;:OS +§sin0

Step 3: Simplify further.

1
g = 5(1 — cosf + sinf)

Step 4: Maximum possible value.

Let f(6) = 1 — cosf + sin # To maximize f3, set sin @ — cos § = /2 sin(f — 45°)

Maximum of f(6) =1+ /2

1++v2
9

The only natural number satisfying the condition is 1.

~ 1.207

= Bma:v =

Step 5: Conclusion.



Always check trigonometric expressions for maximum or minimum when f is restricted

to integers.

60. The velocity of blood in a blood vessel of 2.0 cm radius is 30 cm/s. When the blood

vessel bifurcates into 2 smaller vessels of radius 1.0 cm each, the velocity of blood in

each of the smaller vessels is ___ cm/s. Assume vessel walls are rigid, and blood is

incompressible.
Correct Answer: 15 cm/s

Solution:
Step 1: Apply the principle of continuity.
For incompressible flow:
Ajv] = 24509

where A = 7r2.

Step 2: Substitute values.

7(2)%(30) = 27 (1)%vy

4 x 30 = 2v9
v9 = 60 cm/s

Wait—-carefully: We should check factorization:

4 % 30 = 2(1)%vy = vy = 60

**Thus, the velocity in each smaller vessel = 60 cm/s.**

If asked in cm/s (consistent rounding):

\vg = 60 cm/s
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For incompressible fluids: Ajv; = ) A;v;. If one vessel splits into n equal smaller ones,

each velocity scales inversely with area ratio.
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