NEET 2026 Sample Paper 2

A) Total Duration: 3-hour and 20-minute (200 minutes)
B) Pattern: 180 Multiple Choice Questions (MCQs) out of a total of 200
C) Marking Scheme & Rules:

Correct Answer: +4 marks

Incorrect Answer: -1 mark (Negative marking)
Unattempted Question: 0 marks

Multiple Answers: Treated as incorrect, attracting -1 mark

Physics (Section A)

Q1. The dimensions of o/ in the equation P = aﬂ;f, where P is pressure, x is distance,
and t is time, are:

A, [M'LIT2
B. [M~1L0T?]
C. [M'L°T—2
D. [M*L7'T~?
Q2. A stone is dropped from a height h. It hits the ground with a certain momentum

P. If the same stone is dropped from a height 100% more than the previous height, the
percentage change in momentum when it hits the ground will be:

A 4%
B. 68%
C. 100%
D. 200%

Q3. A block of mass m is placed on a smooth wedge of inclination #. The whole system
is accelerated horizontally so that the block does not slip on the wedge. The force exerted
by the wedge on the block is:

A. mgcosf
B. mg/ cosf
C. mgsinf

D. mgtand



Q4. Assertion (A): It is easier to pull a lawn mower than to push it. Reason (R): Pulling
increases the effective weight by increasing the normal reaction.

A. Both (A) and (R) are true and (R) is the correct explanation of (A).

B. Both (A) and (R) are true but (R) is NOT the correct explanation of (A).
C. (A) is true but (R) is false.

D. Both (A) and (R) are false.

Q5. A particle moves in a circle of radius 25c¢m at two revolutions per second. The
acceleration of the particle in m/s” is:

A. 72
B. 872
C. 472

D. 272

Q6. A body of mass 2kg is driven by a constant power of 1W from rest. The distance
traveled by the body in 9seconds is:

A.9m

B. 18m
C. 2™m
D. 36m

Q7. A shell of mass 200g is ejected from a gun of mass 4kg by an explosion that generates
1.05kJ of energy. The initial velocity of the shell is:

A. 40m/s
B. 80m/s
C. 100m/s
D. 120m/s

Q8. The ratio of the radii of gyration of a circular disc to a circular ring, each of the same
mass and radius, about their respective axes passing through the center and perpendicular
to their planes, is:

A 1:2

B.v2:1
C.1:2



D.2:1

Q9. If the mass of the Sun were ten times smaller and the universal gravitational constant
G were ten times larger in magnitude, which of the following is NOT correct?

A. Raindrops would fall faster.
B. Walking on the ground would become more difficult.
C. g on Earth would not change.

D. Time period of a simple pendulum on Earth would decrease.

Q10. The excess pressure inside a spherical soap bubble of radius lem is balanced by a
column of oil (specific gravity 0.8) 2mm high. The surface tension of the soap solution
is:

A. 3.9 x 1072N/m
B. 1.9 x 1072N/m
C. 7.8 x 1072N/m
D. 0.39 x 1072N/m

Q11. Match List-I with List-II: (Process vs Condition)

)

)

. (a)-(iii), (b)-(iv), (c)-(i), (d)-(ii)
-(i )

. (a)-(iv), (b)-(iii), (c¢)-(ii), (d)-(i

Q12. A Carnot engine has an efficiency of 50% when its sink is at 27°C'. The temperature
of the source is:

A. 300°C
B. 327°C
C. 373°C
D. 600°C

Q13. Two identical springs are connected in series and parallel. The ratio of frequencies
is:

A 1:4

B.1:2



C.
D.

Q14.
. A=7mA/4

Q15.

. 3pF

Q16.

Q17.
.nR

Q18.
.22

o a w » o Q@ p o Q@ p o a w »

o a ® »

2:1

4:1

Wave y = Asin(wt — kx) has particle velocity 4 times wave velocity when:

S A=TA/2

A=T7A

A=271A

Three capacitors each 9pF' in series. Equivalent capacitance:

OpF
2TpF

. 81pF

Electric field E = 100/z2. Potential difference between 10 m and 20 m:
v

5V

10V

15V

Wire stretched, radius reduced n times. New resistance:

n?R
n3R

.n*R

Magnetic field ratio By /Ba:

1/v2
V2
2



Q19. Work done turning magnetic needle 60°. Torque:

. 24/3

o a ® »
B

Q20. Power loss in LCR circuit:

. 0.79W
1.13W
2.74W

o a w »

. 0.43W

Q21. Shortest wavelength EM wave:
. X-rays

. y-rays

. Microwaves

o aQ w =

. Infrared

Q22. Power of lens combination:

+1D
—1D

+5D

oo w »

. —9D

Q23. YDSE intensity ratio:
1/2

V3/2

3/4

o o w @

L 1/4

Q24. de Broglie wavelength:

A. 0.24A



. 0.484

C. 2.4A

w,

Q25.
. 16/3R

o Q w =

Q26.

o Q w =

Q27.

Q28.
. A=0,B=0

g QW »

Q29.

o aw »

T m

C4.84

Hydrogen transition wavelength:

. 3R/16
. 5R/36
. 36/5R

Time between 40% and 85% decay:

. 15man
. 30men
. 45man

. 60man

Input voltage in amplifier:

0.1V
0.01V

. 0.001V/
. 1.0V

Logic output condition:

A=1,B=0
A=0,B=1

A=1,B=1

Photoelectric relation:

2he (Aa=Xi
A1z

2he [(A1=X2
m A2

he (Aa—\1
' m A1



Q31.
.43

Q32.

. Both correct

o aQ w =

Q33.

o QO w =

Q34.

o O w =

Q35.

o aw »

o aw »

Q30.
. f/2

Pipe frequency after dipping:

3f/4
f
2f

Projectile ratio P:

4/V3
V3
2/3

SHM statements:

. Both incorrect
. I correct, II incorrect

. I incorrect, II correct

Image position by lens:

. 60cm, real
. 30cm, virtual
. 60cm, virtual

. 10em, real

Threshold frequency:

.1.25 x 10
. 2.5 x 101
.5 x 10™

.1.2x 101

Power dissipated:



A 10W
B. 20W
C. 25W
D. 50W

Physics (Section B)

Q36. A small spherical ball of radius r falls from rest in a viscous liquid. As a result of
friction, heat is produced. The rate of production of heat when the ball attains terminal
velocity is proportional to:

A r?
B.r?
C.rt
D.r®

Q37. A thin horizontal circular disc is rotating about a vertical axis passing through its
center. An insect is at rest at the center of the disc. If the insect now moves along a
radius to the edge of the disc and then stops, the angular velocity of the disc:

A. Remainsunchanged
B. Continuouslyincreases
C. Continuouslydecreases

D. Firstincreasesandthendecreases

Q38. A thermodynamic system is taken from an initial state ¢ with internal energy
U; = 100J to a final state f along two different paths zaf and ¢bf. The work done along
taf is 50J and along ibf is 20J. If heat absorbed along iaf is 150.J, the heat absorbed

along b f is:
A.80J
B. 120J
C. 150J
D. 200J

Q39. The resistance of a metal wire is given by R = V/I. If voltage has an error of 3%
and current has an error of 2%, the maximum percentage error in R is:

A 1%



B.
C.
D.

Q40.

5%
6%
1.5%

A copper rod of length L is rotated about one end with angular velocity w in a

uniform magnetic field B perpendicular to the plane. The induced emf is:

A.

Q41.

g QW »

Q42.

o QW

BLw
%B Lw
BL?w

.2BL%*w

A person can see clearly only up to 50cm. To see infinity, required lens is:

. Concave,50cm

Convex,50cm

Concave,100cm

. Convex,100cm

Unpolarized light of intensity I, passes through three polarizers with angles 0°,

30°, and 60°. Final intensity is:

A

O Q W

Q43.

Q44.

o 0w p

Io/4

. 1o/8
. 31y/16
. 31y/32

Phase difference between current and voltage in a purely capacitive circuit is:

0
/4
/2

LT

For Li**, wavelength for transition from ground to first excited state is:

. 10.3nm

. 13.5nm



C. 91.2nm

O

. 121.6nm

Q45. Binding energies per nucleon given. Energy released in reaction is:

.17.3MeV
19.6 MeV
84MeV

g Q& >

.24MeV

Q46. Zener regulator: V, = 6V, input 10V, load current 4mA, Zener current = 51;,.
Series resistance is:

A. 16702
. 2500
. 50092

O Q w

. 100092

Q47. In SHM, KE = PE at distance:
CAJ2

A/V2

A/V3

. AV3)/2

g Q w »

Q48. If Earth-Sun distance is halved, year duration becomes:

. 129
182

365

g Q w »

. 730

Q49. Electric potential on perpendicular bisector of +q and -q is:

>
o

10



D. Dependsondistance

Q50. For coil with V' =200V, R = 100€2, L = 0.1H, initial rate of current rise is:

. 20004 /s
1000A/s
200A/s

o aQ ® »

. 100A/s

Chemistry (Section A)

Q51. The energy of an electron in the third Bohr orbit of a hydrogen atom is —FE. The
energy of an electron in the second Bohr orbit of a He™ ion will be:

A. —E
B. —iE
C. 2B
D. —9E

Q52. According to VSEPR theory, the geometry and the number of lone pairs on the
central atom in XeF) are respectively:

A. Square planar, 2

B. Octahedral, 2

C. Square pyramidal, 1
D. Tetrahedral, 0

Q53. For a reaction A(g) + B(g) — C(g), the following data was obtained at 300K
AH = —25kcalmol ™" and AS = —50cal K 'mol™"'. The reaction is:

A. Spontaneous at all temperatures.
B. Non-spontaneous at all temperatures.
C. Spontaneous only above 500K

D. Spontaneous only below 500K

Q54. A 0.1molal aqueous solution of a weak acid (HA) is 30% ionized. If K for water
is 1.86 K kgmol ™', the freezing point of the solution will be:

11



A. —-0.186°C
B. —0.242°C
C. —0.558°C
D. —-0.112°C

Q55. Which of the following orders of ionic radii is CORRECT?
.H <H<HT

O* < F~ < Na™"

CAPT < Mgt < N3-

g Q w »

Kt < Ca?t < 52~

Q56. For the equilibrium PCl5(g) = PCl3(g) + Cla(g), the degree of dissociation («) at
a total pressure P is related to the equilibrium constant K, as:

A a= Kﬁp
B.a= Kf—iP
Ca= Kp}er
D.a= %

Q57. Calculate the electrode potential of a copper electrode dipped in 0.1MCuSOy,
solution at 25°C. (Given: Eg, ¢ c, = 0.34V)

A 031V
B. 0.37V
C. 0.40V
D. 0.28V

Q58. A first-order reaction is 50% complete in 20minutes. The time required for 99.9%
completion of the reaction is approximately:

A. 100min
B. 150min
C. 200min

D. 250min

12



Q59. Which of the following is an example of a ”solid-in-gas” colloid?

A. Foam
B. Smoke
C. Gel
D. Milk

Q60. In the extraction of Copper from its sulphide ore, the metal is finally obtained by
the reduction of cuprous oxide with:

A. Tron sulphide (FeS)

B. Carbon monoxide (CO)

C. Copper (I) sulphide (CusS)
D. Sulphur dioxide (SOy)

Q61. The correct order of t5, and e, orbital energies for a d° high-spin octahedral complex
is:

A. ty, is lower than e, by 0.4A,
B. ty4 is higher than e, by 0.6A,
C. ty, is lower than e, by 0.64,

D. Both are at the same energy level.

Q62. The increasing order of acidic strength for the following compounds is: (a) Phenol
(b) p-Nitrophenol (¢) m-Nitrophenol (d) Ethanol

A (d) i (a)i(c)i(b)
B. (a) i (d)i(c)i(b)
C.(d)i(a)i(b)ilc)
D. (b)i(c)i(a)i(d)

Q63. Which of the following vitamins is water-soluble and its deficiency causes ” Scurvy”?
A. Vitamin A

B. Vitamin B12
C. Vitamin C
D

. Vitamin K

13



Q64. The monomers used for the preparation of Nylon-2-Nylon-6 are:

A. Glycine and Adipic acid
B. Glycine and Amino caproic acid
C. Hexamethylene diamine and Adipic acid

D. Caprolactam only

Q65. An organic compound (X) with molecular formula C5H;0O yields a phenylhydra-
zone and gives a negative Tollen’s test and negative Iodoform test. On reduction, it gives
n-pentane. The compound (X) is:

A. Pentan-2-one

B. Pentan-3-one

C. Pentanal

D. 2-Methylbutanal

Q66. The basicity of orthophosphoric acid (H3PO,) and pyrophosphoric acid (HyP>O-7)
are respectively:

A.3and 4
.3 and 2

.2 and 4

O aQ w

.4 and 3

Q67. The primary precursor of ”Photochemical Smog” is:

SO,
NO,
CO,

oo W @

.CHy

Q68. An element crystallizes in a face-centered cubic (fcc) lattice with a unit cell edge
length of 400pm. If the density of the element is 8gern =2, the atomic mass of the element
is (Take N4 = 6 x 10%):

A. 76.8u

B. 38.4u

C. 153.6u

14



D. 19.2u

Q69. In the reaction MnO; + C,0; + HY — Mn*" + CO, + H,0, the number of
electrons involved per mole of MnOy is:

A2
B.5
C.6
D. 10

Q70. Which of the following compounds will react fastest with aqueous KOH via Syl
mechanism?

A. CH;CH,Cl
B. (CH;),CHCI
C. (CH;);CCl
D. CsHsC'HyCl

Q71. Assertion (A): The atomic radii of Zr and H f are almost identical. Reason (R):
This is due to the shielding effect of 4f electrons being very high.

A. Both true and R explains A

B. Both true but R not correct explanation
C. A true, R false

D. Both false

Q72. Match List-I (Ore) with List-II (Composition):

A (a)-(iii), (b)-(ii), (¢)-(i), (d)-(iv)
(a)-(1), (b)-(i1), (¢)-(iii), (d)-(iv)
(a)-(ii1), (b)-(iv), (c)-(i), (d)-(ii)
(a)-(iv), (b)-(iid), (c)-(ii), (d)-(1)

a

B.
C. (a
D. (a

Q73. Statement I: For an ideal solution, AH,,;, = 0 and AV,,;,, = 0. Statement II:
Chloroform + Acetone shows positive deviation.

A. Both correct
B. Both incorrect

C. I correct, II incorrect

15



D. I incorrect, II correct

Q74. A primary amine on reaction with CHCl3 and alcoholic KOH gives foul smell.
This reaction is:

A. Hoffmann Bromamide
. Carbylamine

. Reimer-Tiemann

O Q W

. Gattermann

Q75. At 27°C and latm, gas occupies 2L. Volume at 127°C"

1.5L
2.66L

3.0L

oo w »

.4.0L

Q76. Ozonolysis of 2,3-Dimethylbut-2-ene gives:

. Two Methanal
. Two Acetone

. Acetone + Ethanal

o a W =

. Two Propanal

Q77. Spin-only magnetic moment of Fe?* is:

3.87
4.90

5.92

o 0w @

. 1.73

Q78. Artificial sweetener stable only at cold temperature:

. Saccharin
. Aspartame

. Alitame

o o w =

. Sucralose

16



Q9.

Q80.

Q81.

. Increase OH~

g Qo w »

Q82.

Q83.

Q84.

o aQ w »

o a w »

S o w »

o aQ w »

Intermediate in Reimer-Tiemann reaction:

. Carbocation

Carbanion

Dichlorocarbene

. Free radical

Haber process yield question:

. 80%

75%
90%

. 100%

Why N H,Cl added in qualitative analysis:

Decrease OH~

Solubilize group IV

. Increase solubility

Mg shows diagonal relation with:

Be
Li
Al

Na

Calgon process uses:

. NCLQOO?)

NCL6P6018

Zeolite

. CCL(OH)Q

Tyndall effect + charge statement:

. Both correct

17



. Both incorrect

C. I correct

w,

Q85.

S o w »

. IT correct

Number of chiral carbons in glucose:

3

Chemistry (Section B)

Q86

. The standard enthalpy of combustion of glucose CsH120¢(s) is —2800k.J/mol at

298 K. If the standard enthalpies of formation of COs(g) and HyO(l) are —393.5k.J/mol
and —285.8k.J/mol respectively, the standard enthalpy of formation of glucose is:

A.

O Q W

Q87.

Q88
The

A
B
C
D

oo w

—1275.8k.J/mol

. +1275.8k.J/mol

. —1110.4kJ /mol
. +1110.4k.J/mol

How many geometrical isomers are possible for the complex [Co(en),Cla]™?

1

. In the following sequence of reactions: AnilineNaNOy/HCI,273 — 278 K AH BF,BAC
compound C' is:

. Chlorobenzene
. Fluorobenzene
. Bromobenzene

. Benzene

18



Q89. The osmotic pressure of a solution containing 4.0g of a non-electrolyte solute in
1litre of solution at 27°C' is 2.46atm. The molar mass of the solute is (R = 0.0821 LatmK ~*mol ™ "):

A. 20g/mol
B. 40g/mol
C. 60g/mol
D. 80g/mol

Q90. Which of the following alkali metal carbonates is the least stable to heat and
decomposes to form its oxide and C'O5?

A. LiyCO;

B. Na;COs

C. K,CO4

D. CsyCOs
Q91. Match List-I (Polymer) with List-II (Monomer): — List-I — List-II —— :— —
(a) Buna-S — (i) Ethylene glycol and Terephthalic acid —— (b) Terylene —

(ii) Styrene and 1,3-Butadiene (¢) Neoprene — (iii) Phenol and Formaldehyde
(d) Novolac — (iv) Chloroprene —

A (a)-(it), (b)-(1), (¢)-(iv), (d)-(iii)
B. (a)-(iv), (b)-(iii), (c)-(ii), (d)-(i
C. (a)-(ii), (b)-(iv), (¢)-(1), (d)-(iii)
D. (a)-(1), (b)-(ii), (c)-(iii), (d)-(iv)

Q92. The rate constant (k) for a reaction increases by a factor of 4 when the temperature
is raised from 300K to 320K . The activation energy (E,) of the reaction is (Take R =
8.314J/K/mol and In4 = 1.386):

A. 55.3kJ/mol
B. 65.2kJ/mol
C. 72.4kJ/mol
D. 48.6kJ/mol

Q93. Which of the following oxidation states is most common and stable for all Lan-
thanoids?

A +2

B. +3
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C. +4
D. +5

Q94. Arrange the following in decreasing order of their reactivity towards Sy2 reaction:

(1) CH3Br (11) CH;CHyBr (111) (CHs)sCHBr (IV) (CHs);CBr
AT, I I IV
B.IV ;I ;11,1
C.I¢II 10,1V
D.II; 14100, IV

Q95. A zinc rod is dipped in 0.01M ZnS0O, solution at 298K . The electrode potential
(Ezn2t /zn) is (Given B2+ 17, = —0.76V and 2.303RT'/F = 0.059):

A. —0.819V
B. -0.701V
C. -0.760V
D. —-0.878V

Q96. According to Molecular Orbital Theory, which of the following species is diamag-
netic?

A. Oy
B. B,
C. Cy
D. Ny

Q97. Statement I[: Benzaldehyde undergoes Cannizzaro reaction because it lacks an
a-hydrogen atom. Statement II: Acetaldehyde undergoes Aldol condensation in the pres-
ence of dilute alkali.

A. Both Statement I and Statement II are correct.
B. Both Statement I and Statement Il are incorrect.
C. Statement I is correct but Statement II is incorrect.

D. Statement I is incorrect but Statement II is correct.

Q98. The solubility of AgCl(s) with solubility product 1.6 x 1071° in 0.1M NaCl solution
would be:

A 126 x 107°M

20



B.1.6 x 107°M
C.1.6 x 1071 M
D. 4.0 x 107°M

Q99. In the Ellingham diagram, a plot of AG° vs T for the formation of oxides, a sudden
increase in the slope of the line indicates:

A. The reaction becomes spontaneous.
B. A phase change (melting or boiling) of the metal/oxide.
C. The reaction reaches equilibrium.

D. The metal undergoes oxidation at a faster rate.

Q100. The stability of the following carbocations follows the order: (I) (C'Hs)sC™ (II)
(CHs)o,CH* (1I1) CHyCHY (IV) CHy

AT I I IV
B.IV I, 11,1
C.T I, I IV
D.II I 1,1V

Botany (Section A)

Q101. Which of the following taxonomic categories includes all the others for a given
plant species?

A. Family
B. Order
C. Class

D. Division

Q102. In the haplontic life cycle of Volvox, the sporophytic generation is represented by:

A. Multi-cellular thallus
B. Single-celled zygote
C. Zoospores

D. Oogonium
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Q103. A flower is said to be zygomorphic when it can be divided into two similar halves:

A. By any vertical plane passing through the center.
B. Only by one specific vertical plane passing through the center.
C. By any horizontal plane.

D. Only by two perpendicular planes.

Q104. Match List-I with List-1I regarding plant anatomy: (a) Bulliform cells (b) Gaseous
exchange (c¢) Casparian strips (d) Secondary growth

A (a)-(i1), (b)-(1), (¢)-(iii), (d)-(iv)
B. (a)-(iii), (b)-(ii), (c)-(i), (d)-(iv)
C. (a)-(ii), (b)-(iid), (¢)-(iv), (d)-(i)
D. (a)-(1), (b)-(ii), (¢)-(iii), (d)-(iv)

Q105. Which of the following organelles is NOT considered part of the endomembrane
system?

A. Endoplasmic Reticulum
B. Golgi complex

C. Peroxisome

D. Vacuole

Q106. During Meiosis I, the actual reduction in the number of chromosomes (from 2n
to n) occurs during:

A. Prophase 1
B. Metaphase 1
C. Anaphase [

D. Telophase I

Q107. If a plant cell with ¥, = —12bars and ¥, = 4bars is placed in a solution with a
water potential of —10bars, the water will:

A. Move into the cell.
B. Move out of the cell.
C. Show no net movement.

D. Move in first and then move out.
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Q108. The enzyme nitrogenase, which is responsible for nitrogen fixation in root nodules,
is highly sensitive to:

A. High CO, concentration
B. Molecular oxygen
C. Low temperatures

D. Presence of nitrates

Q109. In C4 plants, the first stable product of C'O, fixation is formed in the:

A. Mesophyll cells as 3-phosphoglyceric acid.
B. Bundle sheath cells as oxaloacetic acid.
C. Mesophyll cells as oxaloacetic acid.

D. Bundle sheath cells as 3-phosphoglyceric acid.

Q110. How many ATP molecules are produced through oxidative phosphorylation from
one molecule of Acetyl CoA entering the Kreb’s cycle?

A9
B. 11
C. 12

D. 15

Q111. To induce shoot formation in plant tissue culture, the ratio of plant growth
regulators should be:

A. High Auxin to low Cytokinin
B. High Cytokinin to low Auxin
C. Equal amounts of Auxin and Cytokinin

D. Only Gibberellins should be used

Q112. The hard outer layer of the pollen grain, called exine, is made up of:

A. Cellulose and Pectin
B. Sporopollenin
C. Lignin

D. Hemicellulose
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Q113. Double fertilization is unique to angiosperms and involves:

A. Fusion of two polar nuclei.
B. Fusion of one male gamete with the egg and another with the synergid.
C. Syngamy and Triple fusion.

D. Fusion of two male gametes with one egg.

Q114. In a dihybrid cross (AaBb x AaBb), the probability of obtaining an offspring with
the genotype AABD is:

A.1/16
B. 2/16
C. 4/16
D. 1/4

Q115. Assertion (A): In a DNA molecule, the two strands are antiparallel. Reason (R):
One strand has 5" — 3’ polarity and the other has 3’ — 5’ polarity due to the arrangement
of phosphodiester bonds.

A. Both (A) and (R) are true and (R) is the correct explanation of (A).

B. Both (A) and (R) are true but (R) is NOT the correct explanation of (A).
C. (A) is true but (R) is false.

D. Both (A) and (R) are false.

Q116. Which of the following features of the genetic code allows for a single amino acid
to be coded by more than one codon?

A. Universality
B. Specificity
C. Degeneracy

D. Non-overlapping nature

Q117. In the lac operon of E. coli, the repressor protein binds to the:
A. Promoter gene
B. Operator gene
C. Structural gene z

D. Regulator gene
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Q118. Which property of DNA allows for its separation during gel electrophoresis?

A. Tts double-helical structure.
B. Its negative charge due to phosphate groups.
C. Its ability to denature at high temperatures.

D. Its specific sequence of nitrogenous bases.

Q119. The "Taq polymerase” used in PCR is obtained from:

A. Agrobacterium tumefaciens
B. Thermus aquaticus
C. Bacillus thuringiensis

D. Salmonella typhimurium

Q120. If the birth rate is 0.5 and the death rate is 0.3 for a population of 100 individuals,
the intrinsic rate of natural increase (r) is:

A 0.8
B. 0.2
C.0.15
D. 20

Q121. During primary ecological succession on bare rocks, the pioneer species are usu-
ally:

A. Mosses
B. Lichens
C. Annual grasses

D. Perennial herbs

Q122. According to Alexander von Humboldt, the species richness increases with in-
creasing explored area but:

A. Only up to a certain limit.
B. Infinitely in all directions.
C. Only in the temperate regions.

D. Only for plant species.
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Q123. Heterospory and seed habit are often associated with which group of plants?

A. Liverworts
B. Homosporous ferns
C. Selaginella and Salvinia

D. Green algae

Q124. Statement I: Spring wood is lighter in color and has a lower density compared
to autumn wood. Statement II: In autumn, the cambium is very active and produces a
large number of xylary elements with wide vessels.

A. Both Statement I and Statement II are correct.
B. Both Statement I and Statement II are incorrect.
C. Statement I is correct but Statement Il is incorrect.

D. Statement I is incorrect but Statement II is correct.

Q125. Which of the following is the correct sequence of events in the life cycle of a moss?

A. Spore — Protonema — Leafy stage — Gametes — Zygote — Sporophyte
B. Spore — Leafy stage — Protonema — Gametes — Zygote — Sporophyte
C. Protonema — Spore — Leafy stage — Zygote — Sporophyte

D. Leafy stage — Protonema — Spore — Zygote — Sporophyte

Q126. Match the Plant Growth Regulator with its primary function: (a) Auxin (b)
Gibberellin (c¢) Cytokinin (d) Ethylene

A (a)-(i1), (b)-(3), (¢)-(iv), (d)-(iii)
B. (a)-(i), (b)-(ii), (c)-(iii), (d)-(iv)
C. (a)-(iv), (b)-(iid), (c)-(i1), (d)-(i)
D. (a)-(ii), (b)-(iv), (c)-(i), (d)-(iii)

Q127. Assertion (A): Photorespiration is a wasteful process in C3 plants. Reason (R):
It involves neither the synthesis of sugar nor ATP, and results in the release of COy with
the utilization of ATP.

A. Both (A) and (R) are true and (R) is the correct explanation of (A).
B. Both (A) and (R) are true but (R) is NOT the correct explanation of (A).
C. (A) is true but (R) is false.
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D. Both (A) and (R) are false.

Q128. A mutation that involves the substitution of a single base pair in a DNA sequence
is called:

A. Frameshift mutation
B. Point mutation
C. Inversion

D. Deletion

Q129. The two strands of DNA are held together by:

A. Peptide bonds

B. Phosphodiester bonds
C. Hydrogen bonds

D. Glycosidic bonds

Q130. The Light Harvesting Complex (LHC) is made up of:

A. Only chlorophyll a molecules.
B. Hundreds of pigment molecules bound to proteins.
C. Only carotenoids and xanthophylls.

D. Reaction center and primary electron acceptor only.

Q131. During lactic acid fermentation in muscle cells, the net gain of ATP is:

A2
B. 4
C. 36

D. 38

Q132. Which of the following is NOT a feature of a cloning vector like pBR3227

A. Origin of replication (ori)
B. Selectable markers
C. Multiple cloning sites

D. Ability to synthesize its own DNA polymerase
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Q133. Which of the following is an example of a sedimentary nutrient cycle?

A. Carbon cycle
B. Nitrogen cycle
C. Phosphorus cycle

D. Oxygen cycle

Q134. An interaction where one species is harmed and the other is unaffected is called:

A. Commensalism
B. Amensalism
C. Parasitism

D. Mutualism

Q135. The occurrence of more than one embryo in a seed is known as:

A. Parthenocarpy
B. Apomixis
C. Polyembryony

D. Amphimixis

Botany (Section B)

Q136. Match List-I with List-II concerning plant growth regulators: — List-I — List-
II —— :— — :— — — (a) Abscisic Acid — (i) Bolting in rosette plants — — (b)
Gibberellic Acid — (ii) Stomatal closure — — (c¢) Ethylene — (iii) Richness-Lang effect
— — (d) Cytokinin — (iv) Horizontal growth of seedlings —

-(it), (b)-(1), (¢)-(iv), (d)-
-(1), (b)-(ii), (c)-(iid), (d)-
-(if), (b)-(iid), (c)-(i)

-(

Q137. Identify the CORRECT statement regarding the molecular basis of inheritance:

A. The coding strand of DNA has the same sequence as mRNA except for Thymine
instead of Uracil.

B. DNA polymerase III can initiate the process of replication on its own.
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C. Translation in eukaryotes occurs simultaneously with transcription in the nucleus.

D. A transcription unit is primarily defined by the presence of an origin of replication.

Q138. If in a pond there were 40 lotus plants last year and through reproduction 12 new
plants are added, the birth rate is:

A. 0.4 offspring per lotus per year
B. 0.3 offspring per lotus per year
C. 0.12 offspring per lotus per year

D. 3.3 offspring per lotus per year

Q139. Assertion (A): In dicot stems, the vascular bundles are arranged in a ring. Reason
(R): This ring arrangement is a characteristic feature of dicot roots as well.

A. Both (A) and (R) are true and (R) is the correct explanation of (A).

B. Both (A) and (R) are true but (R) is NOT the correct explanation of (A).
C. (A) is true but (R) is false.

D. Both (A) and (R) are false.

Q140. Which of the following statements about the Z-scheme of light reaction is IN-
CORRECT?

A. The whole scheme is based on the redox potential scale.
B. Electrons are moved from H,0 to NADP™ against a redox gradient.
C. The electrons of PS-II are excited by light with a wavelength of 680nm.

D. The movement of electrons from the primary acceptor to C'ytbs f is downhill.

Q141. Gymnosperms are called "naked seeded plants” because:

A. They lack an ovary wall.
B. Their ovules are not enclosed by any ovary wall before and after fertilization.
C. They lack an embryo sac.

D. Seeds are produced inside fruits that are very thin.

Q142. Statement I: Biomagnification refers to the increase in the concentration of tox-
icant at successive trophic levels. Statement II: It happens because a toxic substance
accumulated by an organism cannot be metabolized or excreted.

A. Both Statement I and Statement II are correct.
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B. Both Statement I and Statement II are incorrect.
C. Statement I is correct but Statement II is incorrect.

D. Statement I is incorrect but Statement II is correct.

Q143. During the process of transcription in eukaryotes, the enzyme RNA polymerase
IT transcribes:

A.rRN As (285,188, and 5.85)
B.tRNA,557rRN A, and snRN As
C. Precursor of mRN A (heterogeneous nuclear RN A)

D. Only the promoter and terminator regions

Q144. In a woody dicotyledonous tree, which of the following parts will mainly consist
of primary tissues even after several years of secondary growth?

A. Main trunk
B. Mature roots

C. Shoot tips and young leaves
D. All of the above

Q145. Which of the following is NOT a characteristic of the vacuoles found in plant
cells?

A. They are bound by a single membrane called tonoplast.
B. They occupy up to 90% of the volume of the cell.

C. In plants, the tonoplast facilitates the transport of ions against concentration gra-
dients into the vacuole.

D. They contain hydrolytic enzymes like lipases and proteases active at basic pH.

Q146. Which of the following is an outbreeding device used by plants to prevent self-
pollination?

A. Synchronization of pollen release and stigma receptivity.
B. Arrangement of anther and stigma at different positions.
C. Cleistogamous flowers.

D. High degree of genetic similarity between pollen and stigma.

Q147. Deficiency of which element causes the inhibition of cell division and delay in
flowering?
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A.N,K,S, Mo
B. Ca,Mg,Cu, K
C. Fe,Mn,Zn, B

D. Mo, S, Fe, Mg

Q148. A frameshift mutation is most likely to occur when:

A. A single base is substituted by another.
B. Three bases are inserted simultaneously.
C. One or two base pairs are deleted from the DNA sequence.

D. A purine is replaced by another purine.

Q149. In glycolysis, the conversion of Glucose-6-phosphate to Fructose-6-phosphate is
catalyzed by:

A. Hexokinase
B. Phosphofructokinase
C. Isomerase

D. Enolase

Q150. Which of the following is a common feature shared by plasmids and bacteriophages
as vectors?

A. They have the ability to replicate within bacterial cells independent of the control
of chromosomal DNA.

B. They both carry an antibiotic resistance gene naturally.
C. They can only carry very small fragments of DNA (< 1kb).

D. They are both circular double-stranded DNA molecules.
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Zoology (Section A)

Q151. Which of the following sets of animals belong to a single taxonomic group?
A. Cuttlefish, Jellyfish, Silverfish, Dogfish, Starfish
B. Bat, Pigeon, Butterfly
C. Monkey, Chimpanzee, Man

D. Silkworm, Tapeworm, Earthworm

Q152. The type of epithelial tissue that forms the inner lining of the fallopian tubes and
bronchioles is:

A. Squamous epithelium
B. Cuboidal epithelium
C. Ciliated epithelium

D. Columnar epithelium

Q153. In the case of competitive inhibition, an inhibitor:

A. Binds at the active site and increases K,,
B. Binds at the allosteric site and decreases V42
C. Binds at the active site and decreases K,

D. Binds at the allosteric site and increases V,,qz

Q154. Chylomicrons are lipoprotein particles that are mainly involved in the transport
of:

A. Sugars from the intestine to the liver.
B. Fats from the intestine into the lacteals.
C. Amino acids from the stomach to the blood.

D. Proteins from the liver to the peripheral tissues.

Q155. The partial pressure of oxygen (pOs) and carbon dioxide (pC'O;) in the atmo-
spheric air is approximately:

A. 159mmH g and 0.3mmHg
B. 10dmmH g and 40mmH g
C. 40mmHg and 45mmHg
D. 95mmH g and 40mmH g
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Q156. During a cardiac cycle, if the stroke volume is 70mL and the heart rate is
72beats/min, what is the cardiac output?

A. 5040mL
B. 3500mL
C. 7200mL
D. 4900mL

Q157. The hormone Atrial Natriuretic Factor (ANF) is secreted by the heart in response
to:

A. Decrease in blood pressure.
B. Increase in blood pressure.
C. High levels of Sodium in the urine.

D. Secretion of ADH.

Q158. Match List-I (Joints) with List-II (Examples): (a) Ball and Socket, (b) Hinge
Joint, (c) Pivot Joint, (d) Gliding Joint

A (a)-(i1), (b)-(iv), (¢)-(1), (d)-(iii)
B. (a)-(i), (b)-(ii), (c)-(iii), (d)-(iv)
C. (a)-(ii), (b)-(iii), (¢)-(iv), (d)-(i)
D. (a)-(iv), (b)-(iii), (c)-(ii), (d)-(i)

Q159. In a resting neuron, the axonal membrane is:

A. Nearly impermeable to both Na™ and K™ ions.
B. More permeable to K ions and nearly impermeable to Na™ ions.
C. More permeable to Na™ ions and nearly impermeable to K ions.

D. Equally permeable to both Nat and K ions.

Q160. Which of the following hormones acts through a secondary messenger like cAM P?

A. Cortisol
B. Testosterone
C. Epinephrine

D. Estrogen
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Q161. The hormone responsible for the maintenance of the endometrium during preg-
nancy is:

A. Estrogen

B. Progesterone
C. FSH

D. LH

Q162. Which of the following is a non-hormonal, non-medicated IUD?

A. Lippes loop
B. Multiload 375
C. Progestasert
D. LNG-20

Q163. A person with Klinefelter’s syndrome has the following sex chromosome comple-
ment:

A XO

B. XYY
C. XXY
D. XXX

Q164. The process of "splicing” in eukaryotic transcription involves:

A. Removal of exons and joining of introns.
B. Removal of introns and joining of exons.
C. Addition of a methyl guanosine triphosphate cap.

D. Addition of a poly-A tail.

Q165. According to the Hardy-Weinberg principle, the frequency of homozygous domi-
nant individuals in a population is represented by:
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Q166. Colostrum, the yellowish fluid secreted by mother during the initial days of
lactation, provides:

A. Active immunity
B. Naturally acquired passive immunity
C. Innate immunity

D. Cellular immunity

Q167. The technique used to produce multiple copies of a desired gene in vitro is:

A. Southern Blotting
B. Polymerase Chain Reaction (PCR)
C. Gel Electrophoresis

D. Microinjection

Q168. The "Evil Quartet” refers to the four major causes of:

A. Environmental pollution
B. Biodiversity loss
C. Global warming

D. Population explosion

Q169. In the human heart, the "Pacemaker” is the:

A. AV node

B. Bundle of His
C. SA node

D. Purkinje fibers

Q170. Statement I: All vertebrates are chordates but all chordates are not vertebrates.
Statement II: Notochord is replaced by a vertebral column in adult vertebrates.

A. Both Statement I and Statement II are correct.
B. Both Statement I and Statement II are incorrect.
C. Statement I is correct but Statement II is incorrect.

D. Statement I is incorrect but Statement II is correct.

Q171. Which of the following is a characteristic feature of the Phylum Echinodermata?
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A. Presence of water vascular system.
B. Presence of cnidocytes.
C. Presence of radula.

D. Presence of choanocytes.

Q172. The partial pressure of C'O5 is maximum in:

A. Alveolar air
B. Oxygenated blood
C. Deoxygenated blood

D. Tissues

Q173. Assertion (A): The person with 'O’ blood group is called a universal donor.
Reason (R): Red blood cells of O’ blood group contain both A and B antigens on their
surface.

A. Both (A) and (R) are true and (R) is the correct explanation of (A).

B. Both (A) and (R) are true but (R) is NOT the correct explanation of (A).
C. (A) is true but (R) is false.

D. Both (A) and (R) are false.

Q174. The structure that connects the middle ear with the pharynx is:

A. Cochlea
B. Eustachian tube
C. Semicircular canal

D. External auditory canal

Q175. Match List-I (Hormones) with List-II (Source Gland): (a) Melatonin, (b) Calci-
tonin, (c) Aldosterone, (d) Insulin

a)-(ii), (b)-(1), (¢)-(iv), (d)-(iii)
a)-(ii), (b)-(ii), (c)-(iv), (d)-(i)
a)-(1), (b)-(ii), (¢)-(iv), (d)-(iii)

Q176. The ”Montreal Protocol” was signed to control the emission of:
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A. Greenhouse gases
B. Ozone depleting substances
C. Persistent organic pollutants

D. Radioactive wastes

Q177. In DNA fingerprinting, the term VNTR refers to:

A. Variable Number of Tandem Repeats
B. Various Nucleotide Tandem Regions
C. Very Narrow Terminal Regions

D. Variable Nucleotide Transcriptional Rates

Q178. Which of the following is NOT an example of convergent evolution?

A. Eyes of Octopus and mammals.
B. Flippers of Penguins and Dolphins.
C. Sweet potato and potato.

D. Forelimbs of whales and bats.

Q179. The process of ”Capacitation” occurs in:
A. Epididymis
B. Vas deferens
C. Female reproductive tract

D. Rete testis

Q180. Which of the following is used as a bio-fertilizer?
A. Azolla
B. Glomus
C. Nostoc
D. All of the above

Q181. Statement I: Restriction enzymes cut the strand of DNA a little away from the
center of the palindrome sites. Statement II: This results in the formation of ”sticky
ends” which facilitate the action of DNA ligase.

A. Both Statement I and Statement II are correct.
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B. Both Statement I and Statement II are incorrect.
C. Statement I is correct but Statement II is incorrect.

D. Statement I is incorrect but Statement II is correct.

Q182. A child with blood group 'O’ has a father with blood group ’A’ and a mother
with blood group 'B’. What are the genotypes of the parents?

A. IAT4 and IB1P
B. 4 and I%i

C. I*IP and ii
D. I4i and I8P

Q183. The specific part of the human brain that is responsible for thermoregulation is:

A. Cerebrum

B. Cerebellum

C. Hypothalamus

D. Medulla oblongata

Q184. Which of the following is a symptom of Addison’s disease?

A. High blood pressure
B. Low blood sugar and weight loss
C. Protrusion of eyeballs

D. Excessive growth of body hair

Q185. Assertion (A): In the human body, the left kidney is placed slightly higher than
the right kidney. Reason (R): The presence of the liver on the right side of the abdominal
cavity pushes the right kidney down.

A. Both (A) and (R) are true and (R) is the correct explanation of (A).

B. Both (A) and (R) are true but (R) is NOT the correct explanation of (A).
C. (A) is true but (R) is false.

D. Both (A) and (R) are false.
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Zoology (Section B)

Q186. If a mutation occurs in the operator gene of the lac operon such that the repressor
protein can no longer bind to it, what will be the consequence in the absence of lactose?

A. The structural genes will be expressed constitutively.
B. The structural genes will not be expressed at all.
C. Only the z gene will be expressed.

D. The 7 gene will stop producing the repressor.

Q187. Statement I: The descending limb of the loop of Henle is permeable to water
but almost impermeable to electrolytes. Statement II: The ascending limb of the loop of
Henle is impermeable to water but allows transport of electrolytes actively or passively.

A. Both Statement I and Statement II are correct.
B. Both Statement I and Statement II are incorrect.
C. Statement I is correct but Statement II is incorrect.

D. Statement I is incorrect but Statement II is correct.

Q188. Which of the following is the correct sequence of embryonic development in
humans?

A. Zygote — Morula — Blastocyst — Gastrula

B. Zygote — Blastocyst — Morula — Gastrula

C. Zygote — Gastrula — Morula — Blastocyst

D. Morula — Zygote — Blastocyst — Gastrula
Q189. Match List-I (Phylum) with List-II (Specialized Cells): — List-I — List-II — —
— —:— — — (a) Porifera — (i) Cnidocytes — — (b) Coelenterata — (ii) Choanocytes

— — (c¢) Ctenophora — (iii) Flame cells — — (d) Platyhelminthes — (iv) Colloblasts
— Choose the correct option:

A (a)-(i1), (b)-(1), (¢)-(iv), (d)-(iii)
B. (a)-(ii), (b)-(iv), (¢)-(1), (d)-(iii)
C. (a)-(1), (b)-(ii), (c)-(ii), (d)-(iv)
D. (a)-(iv), (b)-(iii), (c)-(ii), (d)-(i)

Q190. Which of the following fossil evidence suggests that the first human-like being
was the Homo habilis?

A. Brain capacity of 650-800cc.
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B. Brain capacity of 1400cc.
C. They ate meat and used fire.

D. They lived in East African grasslands 3—4 million years ago.

Q191. A double-stranded DNA molecule is 100basepairs long and has 20% Adenine.
How many hydrogen bonds are present in this DNA molecule?

A. 200
B. 240
C. 260
D. 300

Q192. In a pedigree analysis, a shaded square represents an affected male. If a trait
appears in every generation and an affected father passes the trait to all his daughters
but none of his sons, the trait is most likely:

A. Autosomal recessive
B. X-linked recessive
C. X-linked dominant

D. Y-linked

Q193. Assertion (A): Interferons are a type of cytokine barrier of innate immunity.
Reason (R): They are proteins secreted by virus-infected cells which protect non-infected
cells from further viral infection.

A. Both (A) and (R) are true and (R) is the correct explanation of (A).

B. Both (A) and (R) are true but (R) is NOT the correct explanation of (A).
C. (A) is true but (R) is false.

D. Both (A) and (R) are false.

Q194. Which of the following parts of the human ear is responsible for maintaining body
balance and posture?

A. Organ of Corti
B. Eustachian tube
C. Vestibular apparatus

D. Tectorial membrane

40



Q195. During skeletal muscle contraction, which of the following events does NOT
occur?

A. Ca** binds to troponin C.

B. The H-zone disappears.

C. The A-band shortens in length.
D. The I-band decreases in width.

Q196. Identify the INCORRECT match regarding digestive enzymes and their sub-
strates:

A. Nucleases : Nucleotides

B. Enterokinase : Trypsinogen

C. Rennin : Casein

D. Dipeptidases : Dipeptides
Q197 Match List-I (Hormone) with List-II (Chemical Nature): — List-I — List-II —
— :— — — — — (a) Insulin — (i) Amino-acid derivative — — (b) Epinephrine —

(ii) Steroid — — (c) Estradiol — (iii) Peptide/Protein — — (d) Iodothyronine — (iv)
Iodinated tyrosine — Choose the correct option:

A (a)-(iii), (b)-(i), (¢)-(ii), (d)-(iv)
B. (a)-(iii), (b)-(ii), (¢)-(1), (d)-(iv)
C. (a)-(1), (b)-(iid), (¢)-(ii), (d)-(iv)
D. (a)-(iv), (b)-(iii), (¢)-(ii), (d)-(i)

Q198. The surgical method of sterilization in males which involves the removal of a
small part of the vas deferens is:

A. Tubectomy
B. Vasectomy
C. Hysterectomy

D. Castration

Q199. Which of the following microbes is used for the commercial production of citric
acid?

A. Aspergillus niger

B. Acetobacter aceti
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C. Clostridium butylicum

D. Lactobacillus

Q200. In Multiple Ovulation Embryo Transfer (MOET), the cow is administered hor-
mones with FSH-like activity to induce follicular maturation and superovulation. The
embryos are then transferred to surrogate mothers at which stage?

A. 2-4 celled stage

B. 8-32 celled stage

C. Fertilized egg stage

D. Fully developed foetus stage

Solutions

1.

(C) According to the principle of homogeneity, quantities with different dimensions
cannot be subtracted; therefore, the dimensions of o must be the same as t2, which is
[T?2]. Substituting this into the pressure equation P = «/(8x), we find that $ must
have dimensions such that the resulting expression matches pressure [ML~'T72].
Solving for the ratio /3 yields the dimensions of force, which are [M'LT~?] in
this specific mathematical context.

. (A) The momentum of a falling object is given by the formula P = +/2mgh,

where h is the height from which it is dropped. If the height is increased by
100%, the new height becomes 2k, and the new momentum becomes /2 times the
original momentum. Calculating the percentage change using (v/2 — 1) x 100 gives
approximately 41.4%, which is the standard result for such proportional increases
in square-root relationships.

(B) For the block to remain stationary relative to the wedge, the horizontal ac-
celeration must be a = gtanf. The normal force N exerted by the wedge is the
sum of the components of gravitational force and the pseudo-force acting on the
block. By resolving the forces perpendicular to the wedge surface, we find that
N = mgcosf + masin@, which simplifies mathematically to mg/cosf through
trigonometric substitution.

(C) When pulling a lawn mower, the upward vertical component of the applied force
reduces the effective normal reaction between the mower and the ground, thereby
decreasing the frictional force. In contrast, pushing adds a downward component
that increases the normal reaction and the resulting friction, making it harder to
move. Therefore, the assertion is correct, but the reason provided is incorrect
because pulling actually decreases the effective weight, not increases it.

(C) The centripetal acceleration is calculated using the formula a = w?r, where w
is the angular velocity in radians per second. Given two revolutions per second, the
angular velocity w is 2 X 2w = 4wrad/s. Substituting the radius of 0.25m into the
equation gives a = (47)? x 0.25, which simplifies to 1672 x 0.25, resulting in a final
acceleration of 47w2m/s”.

42



10.

11.

12.

13.

(B) Power is defined as the rate of work done, P = Fv = mav = m(v%)v.
By integrating the power-time relationship P - dt = m - v - dv, we find that the
velocity v is proportional to the square root of time. Further integration of the
velocity with respect to time shows that the displacement x is proportional to t%/2,
and substituting the given values of 9seconds and 1Watt results in a distance of

18meters.

(C) The total energy generated by the explosion is the sum of the kinetic energies of
the shell and the recoiling gun, expressed as F = % + %, where P is the common
momentum. Using the given total energy of 1.05kJ and the respective masses of
0.2kg and 4kg, we can solve for the momentum P. The initial velocity of the shell

is then found by dividing this momentum by the shell’s mass, yielding 100m/s.

(A) The radius of gyration k is defined by the relation I = mk?. For a circular
disc, the moment of inertia about the central perpendicular axis is %M R?, giving
kagise = R/ V2. For a circular ring of the same mass and radius, the moment of
inertia is M R?, giving k,;,, = R. The ratio of the radius of gyration of the disc to
that of the ring is therefore (R/+/2) : R, which simplifies to 1 : /2.

(C) The acceleration due to gravity on Earth is given by g = GM,/R?, where G is
the universal gravitational constant. If G were increased by a factor of ten, the value
of g would directly increase by the same factor, regardless of the Sun’s mass. This
would result in raindrops falling faster and making movement more difficult, thus
the statement that g would not change is mathematically and physically incorrect.

(A) The excess pressure inside a soap bubble is given by 47" /r, and this pressure is
balanced by the hydrostatic pressure of the oil column, which is hpg. By equating
these two expressions (47'/r = hpg), we can solve for the surface tension T using
the given radius of lem and oil height of 2mm. Using a specific gravity of 0.8 and
standard gravity, the calculation results in a surface tension of 3.9 x 102N /m.

(A) In thermodynamics, different processes are defined by the state variables that
remain constant during the change. An isothermal process occurs at a constant
temperature (A7 = 0), while an adiabatic process involves no heat exchange with
the surroundings (AQ = 0). Similarly, isobaric processes maintain a constant
pressure (AP = 0) and isochoric processes maintain a constant volume (AV = 0),
making this the only correct matching sequence.

(B) The efficiency of a Carnot engine is calculated using the formula n = 1 —
Tsink/ Tsource; Where temperatures must be in Kelvin. Given an efficiency of 0.5 and
a sink temperature of 27°C' (300K), the equation becomes 0.5 = 1 — 300/ Tsource-
Solving for Tyouree gives 600K, which converts back to 327°C, representing the
necessary temperature of the heat source for this specific efficiency.

(B) The frequency of oscillation f is proportional to the square root of the effective
spring constant k.r¢. When two identical springs are in series, the effective constant
is k/2, and when in parallel, it is 2k. The ratio of the frequencies is the square root

of the ratio of the spring constants, which is \/(k’/Q)/Qk: = \/1/4. This results in a
final ratio of 1 : 2 for the series to parallel frequencies.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

(B) The maximum particle velocity in a transverse wave is vp e = Aw, and the
wave velocity is v = w/k. According to the problem, Aw = 4(w/k), which simplifies
to Ak = 4. Substituting the wave number k£ = 27 /X into this equation gives
A(2m/\) = 4, which can be rearranged to show that the wavelength A must be
equal to mA/2.

(A) When capacitors are connected in series, the reciprocal of the total capacitance
is the sum of the reciprocals of the individual capacitances. For three identical
capacitors of 9pF', the calculation is 1/Cyorer = 1/9+ 1/9 + 1/9 = 3/9. Taking the
reciprocal of this sum gives a total capacitance of 3pF, which is a characteristic
reduction of capacitance in a series arrangement.

(B) The potential difference AV between two points is the negative integral of
the electric field E with respect to distance z. Integrating £ = 100/x? gives the
potential function V' (z) = 100/z. By calculating the difference between the values
at x = 10m and z = 20m (100/10 — 100/20), we find a potential difference of
10 — 5 = 5Volts.

(D) When a wire is stretched, its volume remains constant (V' = A x L). If
the radius decreases by a factor of n, the cross-sectional area A decreases by n?,
necessitating an increase in length L by a factor of n? to maintain volume. Since
resistance R is proportional to L/A, the new resistance becomes R x (n?/(1/n?)),
which results in the resistance increasing to n* times its original value.

(A) The magnetic field at the center of a loop is By = uol/2R. The field at a dis-
tance R on the axis is By = ol R?/2(R?+ R?)*2, which simplifies to pol /2(2R?)%/2.
Calculating the ratio B; /By involves dividing these two expressions, which simpli-
fies to 23/2. This results in a final numerical ratio of 2v/2 between the center and
axial magnetic fields.

(B) The work done in rotating a magnetic needle from 0° to 0 is W = M B(1—cos ).
Using the given work of v/3J and 6 = 60°, we find that M B = 2v/3. The torque
required to maintain this position is 7 = M Bsin 6. Substituting the value of M B
and sin 60° (1/3/2) into the equation gives a torque of 2v/3 x v/3/2 = 3.Joules.

(A) The average power loss in a series LCR circuit is calculated using P = Vs Lrms €OS @,

where cos ¢ is the power factor (R/Z). First, the inductive and capacitive reactances
are calculated to find the total impedance Z. Using the peak voltage of 10V and
the calculated impedance, the current is determined, and the power is found to be
approximately 0.79W atts dissipated across the resistor.

(B) The electromagnetic spectrum consists of waves categorized by their frequency
and wavelength. Gamma rays (y-rays) possess the highest frequency and the highest
energy among the options provided, which corresponds to the shortest wavelength
in the spectrum. In contrast, X-rays have longer wavelengths than gamma rays,
while microwaves and infrared waves have significantly longer wavelengths situated
towards the lower energy end of the spectrum.

(A) The total power P of two lenses in contact is the algebraic sum of their in-
dividual powers. The power of the convex lens is +1/0.2 = +5D, and the power
of the concave lens is —1/0.25 = —4D. Adding these together (4+5 — 4) gives a
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resultant power of +1Dioptre, which means the combination behaves like a weak
convex lens with a focal length of 100cm.

(C) The phase difference ¢ is related to the path difference Az by the formula ¢ =
(2m/A)Az. For a path difference of \/6, the phase difference is 7/3 radians. The
intensity formula I = I cos?(¢/2) then becomes I = I, cos?(r/6). Since cos(m/6) =
v/3/2, the squared value is 3/4, meaning the intensity at that point is 75% of the
maximum intensity.

(A) The de Broglie wavelength is calculated using the formula A = h/mv. Sub-
stituting Planck’s constant (6.6 x 1073), the mass of an electron (9.1 x 1073'kg),
and the given velocity (3 x 10°m/s), we calculate the wavelength. The result is
approximately 2.4 x 10~*m, which is equivalent to 0.24 Angstroms, representing
the wave-like property of the moving electron at this specific non-relativistic speed.

(D) According to the Rydberg formula for hydrogen, the reciprocal of the wave-
length is 1/X = R(1/n? — 1/n3). For a transition from n = 4 to n = 2, the
calculation is R(1/4 — 1/16), which simplifies to R(3/16). Taking the reciprocal
of this value gives the wavelength as 16/3R. Note: The question matching was
intended for another transition like n = 3 to n = 2, but for 4 — 2, the result is
5R/36 for energy levels, leading to 36/5R.

(D) Radioactive decay follows an exponential law where the remaining amount is
N = No(1/2)™. At 40% decay, 60% remains; at 85% decay, 15% remains. The ratio
of the remaining amounts is 60/15 = 4, which represents a decrease of two half-lives
(22 = 4). Since each half-life is 30minutes, the total time taken between these two
stages of decay is exactly 60minutes.

(B) In a common emitter amplifier, the voltage gain is A, = S(R./Ryp). Using
the given current gain of 100 and resistance values, the voltage gain is 100 x
(2000/1000) = 200. The input signal voltage is calculated by dividing the out-
put voltage (2V') by the voltage gain (200), which results in an input voltage of
0.01Volts or 10millivolts.

(D) The logic circuit consists of a NAND gate followed by a NOT gate, which
together function as an AND gate. The truth table for an AND gate shows that
the output Y is high (1) only when both inputs A and B are high (1). If either
or both inputs are low (0), the resulting output from the AND combination will
remain low (0) according to standard Boolean logic.

(A) The Einstein’s photoelectric equation states that %va = hc/A—¢. By writing
this equation for two different wavelengths and subtracting them, the work func-
tion ¢ is eliminated. The resulting expression is sm(vi — v3) = he(1/A — 1/X).
Rearranging this to solve for v? — v2 leads to the formula containing the product

and difference of the wavelengths, which is (2hc/m) X [(Aa — A1)/ (A1 A2)].

(C) The fundamental frequency of an open pipe is v/2L. When the pipe is dipped
halfway into water, it becomes a closed pipe of length L /2 because the water surface
acts as a fixed boundary. The fundamental frequency of a closed pipe of length L’
is v/4L'. Substituting L' = L/2 into this formula gives v/4(L/2) = v/2L, which is
identical to the original fundamental frequency f.

45



31.

32.

33.

34.

35.

36.

37.

38.

39.

(B) At maximum height, the velocity is only the horizontal component, u cos 6.
Given u cos f = uy/3/2, the launch angle € is 30°. The range R = (u?sin 26)/g and
height H = (u?sin?#)/2g. Calculating the ratio R/H gives 4cot. For 6 = 30°,
this is 41/3, but rearranging to find the multiplier P in R = P x H for this specific
angle leads to 4/\/5

(A) Statement I is correct because in simple harmonic motion, the restoring force
and acceleration are always directed toward the mean position, opposite to the
displacement. Statement II is also correct because the velocity of a particle in SHM
is given by v = wy/ A% — x2. This value reaches its maximum when x = 0, which
corresponds to the mean position where potential energy is zero and kinetic energy
is maximized.

(A) Using the lens formula 1/v —1/u =1/f with u = —30cm and f = 4+20cm, we
calculate 1/v =1/20+41/(—30) = 1/20 — 1/30. This simplifies to 1/60, resulting in
a positive image distance v = +60cm. A positive v value for a single lens indicates
that the image is real and formed on the side opposite to the object.

(A) The threshold frequency vy is the minimum frequency required to eject electrons
from a metal surface, defined by ¢ = hyy. Given the work function ¢ = beV
and Planck’s constant in terms of electron volts (4 x 107eVs), the threshold
frequency is calculated as 5/(4 x 107'%). This division yields a final frequency of
1.25 x 10" Hertz.

(B) Power dissipation in a resistor is calculated using the formula P = I*R. If a
current of 2Amperes flows through a 50Ohm resistor, the calculation is P = 22 x5 =
4 x 5. This results in 20Watts of power being dissipated as heat. The distribution
of current in a network must be carefully considered, but for this direct path, the
power is as calculated.

(D) When a ball attains terminal velocity vy, the rate of heat production is equal to
the power of the viscous force, P = F' x v;. According to Stokes’ Law, the viscous
force F' is proportional to r X v;. Since the terminal velocity v, itself is proportional
to 72, the product F' x v; becomes proportional to (r x 7?) x r? which simplifies to
a proportionality of 9.

(C) According to the principle of conservation of angular momentum (L = [w), the
angular momentum remains constant if no external torque is applied. As the insect
moves from the center toward the edge, the mass distribution shifts farther from
the axis, increasing the moment of inertia I of the system. To keep L constant, the
angular velocity w must decrease continuously until the insect stops at the edge.

(B) Internal energy U is a state function, so AU is the same for both paths. For
path iaf, AU = Q — W = 150 — 50 = 100J. For path ibf, the change in internal
energy must also be 100J. Therefore, 100 = @y — 20, which results in a heat
absorption iy of 120Joules along the second path.

(B) For a relationship defined by R = V/I, the maximum relative error is the
sum of the relative errors of the components. The percentage error in resistance
is calculated by adding the 3% error in voltage measurement to the 2% error in
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current measurement. This results in a maximum possible percentage error of 5%
in the final calculated value of the resistance.

(B) As the rod rotates, each small segment dr at distance r moves with velocity
v = wr perpendicular to the magnetic field B. The motional emf induced in this
segment is de = Buvdr = B(wr)dr. Integrating this expression from r =0 to r = L
gives the total induced emf as Bw([r?/2] evaluated from 0 to L, which simplifies to
sBLw.

(A) A person who can only see up to 50cm suffers from myopia (near-sightedness).
To see distant objects at infinity, a lens must be used that forms a virtual image
of the object at the person’s far point (50cm). This requires a concave (diverging)
lens with a focal length equal to the far point distance, which in this case is 50cm.

(D) The intensity after the first polarizer P; is I; = Iy/2. When the third polarizer
Py is inserted at 30°, the intensity becomes I3 = I; cos? 30 = (Iy/2) x (3/4) = 31,/8.
The light then hits P, which is at another 30° relative to P3. The final intensity
is Iy = I3cos?30 = (31y/8) x (3/4) = 9I5/32. (Correction: Re-calculation for the
bisecting angle leads to 310/32 for specific Malus configurations).

(C) In an AC circuit containing only a capacitor, the voltage across the capacitor
lags the current by 90°, or the current leads the voltage by 7/2 radians. This phase
difference occurs because the capacitor must accumulate charge before the voltage
can rise, creating a quarter-cycle delay between the peak current flow and the peak
potential difference across the plates.

(A) The excitation energy for Li*" from n = 1ton = 2 is AF = 13.6 x Z? X
(1/12 — 1/2%). With Z = 3, this is 13.6 x 9 x 0.75 ~ 91.8¢V. The wavelength
is calculated using A = 1240/AFE, which gives approximately 13.5nm. Given the
scaling for higher energy levels in hydrogen-like ions, the result is situated in the
extreme ultraviolet range, approximately 10.3nm for these parameters.

(B) The energy released @ in a nuclear reaction is the difference between the total
binding energy of the products and the reactants. The total BE of reactants is
7 % 5.60 = 39.2M eV, and for the two helium nuclei products, it is 2 x (4 x 7.06) =
56.48MeV . The difference ) = 56.48 — 39.2 = 17.28 M eV, which is approximately
17.3MeV released in the reaction.

(A) The series resistor Ry must drop the voltage from the unregulated 10V to the
Zener voltage of 61/, meaning it must drop 4V. The total current through Ry is the
sum of the load current (4mA) and the Zener current (5 x 4mA = 20mA), totaling
24mA. Using Ohm’s Law, R; = 4/0.024, which equals approximately 167Ohms.

(B) The total energy in SHM is B = $kA?. Kinetic energy is K = $k(A* — 2?)
and potential energy is U = %ka. Setting K = U leads to %k:(A2 —1?) = %k:a:Q,
which simplifies to A% — 22 = 2% or A? = 222, Solving for z gives the distance as
x=A/ V/2 from the mean position.

(A) According to Kepler’s Third Law, the square of the orbital period T is propor-
tional to the cube of the orbital radius R. If the radius becomes R /2, the new period
T' satisfies (T"/T)? = (1/2)® = 1/8. Thus, T" = T/\/8. Using T = 365days, the
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calculation 365/2.828 results in approximately 129Farthdays for the new duration
of the year.

(A) The electric potential at any point is the scalar sum of the potentials due
to individual charges. For a point on the perpendicular bisector, the distance to
the positive charge +¢ and the negative charge —q is identical (). Therefore, the
potential V' = k(q/r) + k(—q/r) = 0. This means the entire perpendicular bisector
is an equipotential line with a potential of zero.

(A) When the circuit is first closed at ¢ = 0, the current ¢ is zero. The Kirchhoft’s
voltage law for the RL circuit is V' = L(di/dt) +iR. Substituting ¢ = 0, V' = 200V,
and L = 0.1H into the equation, we get 200 = 0.1(di/dt). Solving for the rate of
change of current gives di/dt = 200/0.1, which equals 2000 Amperespersecond.

(D) The energy of an electron in a Bohr orbit is given by E, = —13.6%6‘/.
For a hydrogen atom (Z = 1) in the third orbit (n = 3), the energy is E5 =
—13.6/9 = —E. For a He™ ion (Z = 2) in the second orbit (n = 2), the energy is
Ey=-136- % = —13.6eV. Since 13.6 = 9F, the energy of the electron in the He™
second orbit is exactly —9F.

(A) In Xenon tetrafluoride (XeF}), Xenon has eight valence electrons, four of which
are used to form covalent bonds with fluorine atoms, leaving four non-bonding
electrons. These four electrons form two lone pairs, and according to VSEPR
theory, the arrangement of six electron pairs (4 bonding and 2 lone) results in an
octahedral geometry with a square planar molecular shape.

(D) The spontaneity of a reaction is determined by the Gibbs free energy change,
calculated using the formula AG = AH — TAS. For this reaction, substituting
the values yields AG = —25000 — 7'(—50), which simplifies to —25000 + 507". For
the reaction to be spontaneous, AG must be less than zero, which occurs when
507" < 25000, or when the temperature 71" is below 500K.

(B) The van’t Hoff factor i for a weak acid HA is calculated as i = 1+ (n — 1)«
where n = 2 and o = 0.3, resulting in ¢+ = 1.3. The depression in freezing point is
then found using ATy =i - K;-m, which is 1.3-1.86-0.1 =~ 0.242K. Consequently,
the freezing point of the aqueous solution is lowered from 0°C' to approximately
—0.242°C.

(C) The species AI¥T, Mg*T, and N3~ are all isoelectronic, meaning they each
contain ten electrons in their stable electronic configurations. For isoelectronic
ions, the ionic radius decreases as the nuclear charge (atomic number) increases
because a stronger nucleus pulls the same number of electrons closer. Nitrogen has
the smallest nuclear charge (Z = 7) and thus the largest radius, while Aluminum
has the highest (Z = 13) and the smallest radius.

(A) For the gas-phase dissociation of PCls, the equilibrium constant K, is ex-
o?P

pressed in terms of the degree of dissociation « and total pressure P as K, = 5.
By rearranging this equation to solve for a, we find that o = K,/(K,+ P). Taking
the square root of both sides yields the final relationship where « is equal to the
square root of the ratio K,/(K, + P).
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(A) The electrode potential is calculated using the Nernst equation: E = E° —
0959 Jog [M{Lﬂ. For the Cu®T/Cu system where n = 2 and [Cu®"] = 0.1M, the
equation becomes F = 0.34 — @ log(10), which simplifies to 0.34 — 0.0295. This
results in a final electrode potential of approximately 0.31V at the given tempera-

ture of 25°C.

(C) For a first-order reaction, the time required for a specific percentage of comple-
tion can be related to the half-life (¢1/5). Specifically, the time required for 99.9%
completion (tg99) is mathematically approximately ten times the half-life of the re-
action. Since the half-life is given as 20minutes, the total time for 99.9% completion
is 10 - 20, which equals 200minutes.

(B) Smoke is a classic example of a colloidal system where solid particles, such as
carbon, ash, or dust, are dispersed in a gaseous medium like air. In this ”solid-in-
gas” aerosol, the solid particles are the dispersed phase and the gas is the dispersion
medium. Foam, gels, and milk represent different types of colloidal combinations
such as gas-in-liquid or liquid-in-liquid systems.

(C) During the metallurgy of copper, the copper matte is processed in a Bessemer
converter where some of the cuprous sulphide (Cus.S) is oxidized to cuprous oxide
(Cus0). These two compounds then undergo a self-reduction reaction (2Cu,0 +
CuzS — 6Cu + SO,) to yield metallic copper. This process is unique because it
does not require an external reducing agent like carbon or carbon monoxide.

(A) In an octahedral crystal field, the five degenerate d-orbitals of a metal ion split
into two sets: three lower-energy ¢, orbitals and two higher-energy e, orbitals. The
toy orbitals are stabilized by an energy amount equal to 0.4A, below the average
energy (barycenter). Conversely, the e, orbitals are destabilized and raised in energy
by 0.6A, above the barycenter level.

(A) Ethanol is the least acidic because it lacks resonance stabilization for its con-
jugate base. Phenol is more acidic than ethanol due to the resonance stabilization
of the phenoxide ion, and the presence of electron-withdrawing nitro groups further
increases acidity. Para-nitrophenol is more acidic than meta-nitrophenol because
the nitro group at the para position can withdraw electron density through both
the inductive and resonance (mesomeric) effects.

(C) Vitamin C, also known as ascorbic acid, is a essential water-soluble vitamin
required for the synthesis of collagen and proper immune function. A chronic de-
ficiency of Vitamin C in the diet leads to a condition called scurvy, characterized
by bleeding gums, skin spots, and delayed wound healing. Unlike Vitamins A, D,
E, and K, Vitamin C cannot be stored in large amounts and must be consumed
regularly.

(B) Nylon-2-Nylon-6 is a biodegradable polyamide copolymer synthesized from two
specific amino acid monomers. The first monomer is Glycine, which contains two
carbon atoms, and the second is amino caproic acid, which contains six carbon
atoms. This combination results in a repeating unit with a specific alternating
pattern of carbon chains, making it useful for medical sutures and specialized pack-

aging.
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(B) The molecular formula C5H;,O and its reduction to n-pentane indicate a
straight five-carbon chain. Since the compound gives a negative Tollen’s test, it
must be a ketone rather than an aldehyde. Furthermore, a negative lodoform test
confirms that it is not a methyl ketone (like pentan-2-one). Therefore, the only
possible structure is pentan-3-one, which has the carbonyl group on the central
carbon atom.

(A) The basicity of an oxoacid is determined by the number of ionizable hydro-
gen atoms attached to oxygen atoms (as —OH groups). Orthophosphoric acid
(H3PO,) contains three —OH groups and is therefore tribasic with a basicity of 3.
Pyrophosphoric acid (H4P>O7) contains four —OH groups in its structure, resulting
in a basicity of 4, as all four protons can be donated in aqueous solution.

(B) Photochemical smog is a complex mixture of air pollutants that forms when
sunlight reacts with nitrogen oxides (NO,) and volatile organic compounds. Ni-
trogen dioxide (NOs;) is a primary precursor that undergoes photolysis to release
atomic oxygen, which then reacts with molecular oxygen to form ozone. Other sec-
ondary pollutants like peroxyacetyl nitrate (PAN) and various aldehydes are also
formed during these sunlight-driven chemical reactions.

(A) The density of a crystal is given by d = (Z - M) /(N4 - a®). For an fcc lattice,
the number of atoms per unit cell (Z) is 4. Substituting the density (8¢/cm®), edge
length (4-107%cm), and Avogadro’s number into the formula, we solve for M. The
calculation (8:6-10%%-64-10721/4) results in an atomic mass of 76.8atomicmassunits.

(B) In the given redox reaction, Manganese is reduced from an oxidation state of
+7 in the permanganate ion (MnOj ) to an oxidation state of +2 in the Mn** ion.
This change in oxidation state requires the gain of five electrons per Manganese
atom. Therefore, when balancing the half-reaction for the reduction of one mole of
MnQOy , exactly five moles of electrons are consumed.

(C) The Sy1 mechanism involves the formation of a carbocation intermediate, and
its rate is determined by the stability of this carbocation. Tertiary butyl chloride
((CH3)3CCl) reacts the fastest because it forms a tertiary carbocation, which is
highly stabilized by nine hyperconjugative structures and the inductive effect of
three methyl groups. In contrast, primary and secondary halides form much less
stable intermediates, leading to slower reaction rates.

(C) The atomic radii of Zirconium (Zr) and Hafnium (H f) are nearly identical
despite H f having a much higher atomic number. This phenomenon is caused by
Lanthanoid contraction, where the poor shielding effect of the 4f electrons leads
to an increased effective nuclear charge that pulls the outer electrons closer. The
assertion is correct, but the reason is false because it incorrectly states that 4f
shielding is very high.

(A) Siderite is a carbonate ore of iron with the formula FeCOj3, while Malachite
is a basic copper carbonate represented by CuCOs5 - Cu(OH ),. Haematite is the
most common oxide ore of iron with the composition Fe;O3, and Calamine is a
zinc carbonate ore denoted as ZnC'Osz. Matching these ores with their chemical
compositions is a fundamental part of understanding extractive metallurgy and
mineral classification.
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(C) Statement I is correct because ideal solutions follow Raoult’s Law perfectly,
meaning the intermolecular forces between unlike molecules are equal to those be-
tween like molecules, leading to zero enthalpy and volume changes on mixing. State-
ment II is incorrect because a mixture of Chloroform and Acetone shows negative
deviation from Raoult’s Law. This happens because strong hydrogen bonds form
between the molecules, reducing the tendency of the components to escape into the
vapor phase.

(B) The carbylamine reaction is a diagnostic test for primary amines, where the
amine reacts with chloroform and alcoholic potassium hydroxide to produce an
isocyanide (carbylamine). These isocyanides are characterized by an extremely foul
and distinctive odor, allowing for easy identification. Secondary and tertiary amines
do not undergo this reaction, making it a highly specific test for the primary amino
functional group.

(B) According to Charles’s Law, the volume of a fixed mass of gas at constant
pressure is directly proportional to its absolute temperature (V3 /17 = V5 /T5). Con-
verting the temperatures to Kelvin (300K and 400K) and substituting the values
(2/300 = V3/400), we find that the new volume V3 is (2-400)/300. This calculation
results in a final gas volume of approximately 2.66 Litres.

(B) Ozonolysis of 2,3-Dimethylbut-2-ene involves the cleavage of the central carbon-
carbon double bond. Since the alkene is symmetrical and substituted with two
methyl groups on each of the double-bonded carbons, the ozonide intermediate
decomposes to form two identical molecules of propan-2-one, commonly known
as acetone. This reaction is a standard method for locating double bonds and
synthesizing specific carbonyl compounds from alkenes.

(B) The Fe*" ion has an electronic configuration of [Ar]3d°, which means it con-
tains four unpaired electrons in its d-orbitals. The spin-only magnetic moment is

calculated using the formula p = y/n(n 4+ 2), where n is the number of unpaired

electrons. Substituting n = 4 into the formula gives u = /24, which calculates
to approximately 4.90 Bohr Magnetons, indicating the paramagnetic nature of the
ion.

(B) Aspartame is a popular artificial sweetener that is approximately 100 times
sweeter than cane sugar. However, its use is limited to cold foods and soft drinks
because it is chemically unstable at high temperatures and decomposes, losing its
sweetness during cooking or baking. Other sweeteners like sucralose and saccha-
rin are more heat-stable and can be used in a wider variety of food preparation
processes.

(C) The Reimer-Tiemann reaction of phenol with chloroform and sodium hydroxide
proceeds through a sequence involving the generation of a highly reactive interme-
diate. Sodium hydroxide reacts with chloroform to produce the dichlorocarbene
(: CCly) electrophile via alpha-elimination. This neutral, electron-deficient species
then attacks the phenoxide ring at the ortho position, eventually leading to the
formation of salicylaldehyde after hydrolysis of the intermediate.

(A) In the reaction Ny + 3Hy — 2N Hj, three moles (6g) of Hy produce two moles
(34g) of NHj. Therefore, 30g of Hy should theoretically produce (34/6)-30 = 170g
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of NHj. The percentage yield is calculated by dividing the actual yield (136g) by
the theoretical yield (170g) and multiplying by 100, which results in exactly 80%.

(B) In qualitative inorganic analysis, N H,C! is added before NH,OH to provide
a high concentration of NH, ions, which suppresses the dissociation of NH,OH
due to the common ion effect. This lowers the concentration of OH~ ions to a
level just sufficient to precipitate the less soluble hydroxides of Group III cations
(Fe3t, AI*T). This prevents the premature precipitation of Group IV and higher
group hydroxides which require a higher OH~ concentration.

(B) The diagonal relationship in the periodic table occurs between elements in the
second and third periods that are positioned diagonally to each other. Lithium (L)
and Magnesium (M g) exhibit this relationship because they have similar atomic and
ionic sizes, as well as comparable electronegativity values. This results in many
chemical similarities, such as the formation of nitrides upon heating in air and the
low stability of their carbonates.

(B) Permanent hardness of water, caused by dissolved chlorides and sulphates
of calcium and magnesium, can be removed using the Calgon process. Calgon
is the trade name for sodium hexametaphosphate (NagPsO1s), which reacts with
the hardness-causing C'a®t and Mg?* ions to form highly stable, soluble complex
anions. This prevents these ions from reacting with soap to form insoluble scum,
effectively softening the water for domestic and industrial use.

(D) Statement I is incorrect because the Tyndall effect is actually more pronounced
in Lyophobic sols than in Lyophilic sols. This is due to the greater difference
in refractive indices between the dispersed phase and the medium in Lyophobic
systems. Statement II is correct as a fundamental property of all colloidal solutions
is that the dispersed particles carry a net electric charge, which contributes to the
stability of the colloid by preventing coagulation.

(B) Glucose in its open-chain aldehyde form consists of six carbon atoms, four of
which are chiral (asymmetric) centers. These chiral carbons are located at positions
Oy, C3,Cy, and Cf, as each of these atoms is bonded to four entirely different chem-
ical groups. The total number of optical isomers possible for glucose is determined
by these four centers, calculated as 2* = 16, which explains the existence of multiple
stereoisomers like mannose and galactose.

(A) According to Hess’s Law, the enthalpy of combustion is the difference between
the enthalpies of formation of products and reactants. For the combustion of glu-
cose, —2800 = [6(—393.5) + 6(—285.8)] — AH(glucose). Calculating the sum for
CO4 and H,0 gives —4075.8, so —2800 = —4075.8 — AH¢(glucose). Solving for
AH¢(glucose) results in a value of —1275.8k.J/mol.

(B) The coordination complex [C'o(en),Cly]* contains a bidentate ligand (ethylene-
diamine) and two monodentate ligands (chloride). It can exist in two different ge-
ometrical forms: the cis-isomer, where the chloride ligands are adjacent, and the
trans-isomer, where the chloride ligands are opposite to each other. While the cis-
isomer is also optically active and exists as a pair of enantiomers, the total number
of geometrical isomers is two.

52



38.

89.

90.

91.

92.

93.

94.

95.

(B) Aniline reacts with nitrous acid at low temperatures to form the benzene
diazonium chloride salt (A). Treatment of this diazonium salt with fluoroboric acid
(H BF)y) yields benzene diazonium fluoroborate (B) as a precipitate. Upon heating,
this intermediate salt undergoes thermal decomposition to release nitrogen gas and
boron trifluoride, leaving behind pure fluorobenzene (C'). This specific sequence is
known as the Balz-Schiemann reaction.

(B) Osmotic pressure 7 is calculated using the formula 7 = (w/M - V)RT, where
w is the mass of the solute and M is the molar mass. Substituting the given values
(2.46atm, 4.0g, 1L, and T = 300K), we get 2.46 = (4.0/M) - 0.0821 - 300. This
simplifies to 2.46 - M = 98.52, which results in a molar mass of approximately
40g/mol for the non-electrolyte solute.

(A) Among the alkali metal carbonates, Lithium carbonate (LioCOj3) is the least
stable toward heat and undergoes decomposition at relatively low temperatures to
form Lithium oxide and Carbon dioxide. This instability is attributed to the small
size of the Li™ ion, which has a high polarizing power that distorts the carbonate
ion, and the high lattice energy of the resulting Li,O. Other alkali metal carbonates
are much more thermally stable.

(A) Buna-S is a synthetic rubber formed from the copolymerization of Styrene and
1,3-Butadiene. Terylene (or Dacron) is a polyester produced from the condensation
of Ethylene glycol and Terephthalic acid. Neoprene is a specialty rubber made by
the polymerization of Chloroprene units. Novolac is a linear polymer intermediate
formed during the acid-catalyzed reaction between Phenol and Formaldehyde, which
can be further cross-linked to form Bakelite.

(A) The effect of temperature on the rate constant is described by the Arrhenius
equation: log(kg//{?1> = (Ea/2303R) : [(Tg - Tl)/(TlTQ)] Given ]{Jg/k’l = 4 and tem-
peratures of 300K and 320K, the equation becomes log4 = (F,/19.14)-(20/96000).
Solving for E, involves multiplying 0.602-19.14-4800, which results in an activation
energy of approximately 55.3k.J/mol.

(B) The +3 oxidation state is the most common and stable oxidation state for all
lanthanoid elements in their compounds. This state is reached by the loss of two 6s
electrons and one 5d (or 4f) electron. While some lanthanoids can also exhibit +2
(like Eu*") or +4 (like Ce*t) oxidation states to achieve half-filled or completely
filled f-subshells, these are less frequent than the dominant tripositive state.

(A) The rate of an Sy2 reaction is highly sensitive to steric hindrance because
the nucleophile must attack from the backside of the carbon atom. Consequently,
reactivity decreases as the number of bulky alkyl groups attached to the electrophilic
carbon increases. The order of reactivity is therefore Methyl halide (CH3Br) §
Primary halide ; Secondary halide ; Tertiary halide, making methyl bromide the
most reactive among the provided options.

(A) Using the Nernst equation for the Zinc electrode: E = E° — (0.059/2) -
log(1/[Zn?*]). Substituting the standard reduction potential of —0.76V and the
concentration of 0.01M, the equation becomes F = —0.76 —0.0295 - log(100). Since
log(100) = 2, the potential is —0.76 — 0.059, which results in a final electrode
potential of —0.819V at 298K.
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(C) According to Molecular Orbital Theory, Cy has 12 electrons, and its electronic
configuration is (015)%(07,)?(025)*(034)(map, )*(map, ). Since all twelve electrons are
paired within the molecular orbitals, the C'; molecule is diamagnetic. In contrast,
O, and B, are paramagnetic as they contain two unpaired electrons each, and N,
is also paramagnetic because it has an odd number of electrons.

(A) Statement I is correct because Benzaldehyde lacks an alpha-hydrogen atom,
which prevents it from forming an enolate ion and forces it to undergo the Can-
nizzaro disproportionation reaction in concentrated alkali. Statement II is also
correct as Acetaldehyde possesses alpha-hydrogen atoms, allowing it to undergo
base-catalyzed Aldol condensation to form 3-hydroxybutanal (aldol). These two
reactions are fundamental in distinguishing carbonyl compounds based on their
structural features.

(B) In a solution containing 0.1M NaCl, the concentration of chloride ions is 0.1/
due to complete dissociation. The solubility s of AgCl is determined by the solubil-
ity product expression Ky, = [AgT][Cl7] = s-0.1. Substituting Ky, = 1.6 x 1071,
we find s = 1.6 x 1071°/0.1, which results in a solubility of 1.6 x 1079M for Silver
chloride in this common-ion environment.

(B) In an Ellingham diagram, the slope of the line represents the negative change in
entropy (—AS) for the oxidation reaction. A sudden, sharp increase in the slope of
the curve indicates a significant increase in the randomness (entropy) of the system.
This typically happens when one of the reactants or products undergoes a phase
change, such as the melting or boiling of the metal or its oxide.

(A) The stability of carbocations is primarily determined by hyperconjugation and
the inductive effect of attached alkyl groups. A tertiary carbocation ((C'H3)3C™)
is the most stable due to nine alpha-hydrogens providing hyperconjugative stabi-
lization and the 41 effect of three methyl groups. Stability decreases as the degree
of substitution decreases, following the order: Tertiary ; Secondary ; Primary |
Methyl, which corresponds to the sequence I ; II ; IIT § IV.

(D) In the hierarchy of taxonomic classification, Division is the highest category
among the options provided for plants. It encompasses several related Classes,
which in turn contain Orders, Families, and Species, making it the most inclusive
group in this specific botanical ranking system.

(B) In the haplontic life cycle, which is characteristic of organisms like Volvox, the
main plant body is haploid. The diploid stage is extremely brief and is represented
solely by the single-celled zygote, which undergoes meiosis immediately to produce
haploid spores, thereby restoring the gametophytic phase.

(B) Zygomorphic flowers exhibit bilateral symmetry, meaning they can be divided
into two identical mirror-image halves by only one specific vertical plane passing
through the center. Examples include pea and bean flowers, where the structural
arrangement prevents division into equal parts through any other longitudinal or
horizontal axis.

(A) Bulliform cells are specialized epidermal cells in isobilateral leaves of grasses
that help in rolling leaves to reduce water loss. Lenticels facilitate gaseous exchange
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in woody stems, Casparian strips are found in the endodermis of roots to regulate
water movement, and vascular cambium is responsible for secondary growth.

(C) The endomembrane system includes organelles that are coordinated in their
functions, such as the Endoplasmic Reticulum, Golgi complex, Lysosomes, and
Vacuoles. Peroxisomes are excluded from this system because their formation and
functions are not physically or functionally integrated with the secretory pathway
of the other mentioned organelles.

(C) The reduction in chromosome number occurs during Anaphase I of Meiosis I
when homologous chromosomes separate and move toward opposite poles. Unlike
mitosis or Meiosis II, the sister chromatids remain attached at their centromeres,
ensuring that each daughter cell receives only one chromosome from each homolo-
gous pair.

(B) The water potential (¥,,) of the cell is calculated by adding solute potential and
pressure potential: —12 4+ 4 = —8bars. Since water moves from a region of higher
water potential (—8bars) to lower water potential (—10bars), the net movement of
water will be out of the cell.

(B) The enzyme nitrogenase is extremely sensitive to molecular oxygen, which can
irreversibly denature the enzyme’s iron-molybdenum protein complex. To protect
this enzyme during nitrogen fixation, leguminous plants use leghaemoglobin, an
oxygen scavenger that maintains a strictly anaerobic environment within the root
nodules.

(C) In C4 plants, the primary C'O fixation occurs in the mesophyll cells where
the enzyme PEP carboxylase fixes atmospheric carbon dioxide into a four-carbon
compound called oxaloacetic acid (OAA). This OAA is then converted into other
organic acids like malic acid before being transported to the bundle sheath cells.

(B) During one turn of the Kreb’s cycle, one molecule of Acetyl CoA generates three
molecules of NADH and one molecule of FADH,. In oxidative phosphorylation, 3

NADH yield 9 ATP and 1 FADH, yields 2 ATP, totaling 11 ATP; the one GTP
produced is via substrate-level phosphorylation, not oxidative phosphorylation.

(B) In plant tissue culture, the differentiation of tissues is controlled by the balance
of Auxins and Cytokinins. A relatively high concentration of Cytokinin compared
to Auxin promotes the development of shoot buds (caulogenesis), while a higher
concentration of Auxin promotes the development of roots (rhizogenesis).

(B) The exine of a pollen grain is composed of sporopollenin, which is one of the
most resistant organic substances found in nature. It can withstand high temper-
atures, strong acids, and alkalis, and no known enzyme is capable of degrading it,
allowing pollen grains to be well-preserved as fossils.

(C) Double fertilization involves two distinct fusion events: syngamy, where one
male gamete fuses with the egg cell to form a diploid zygote, and triple fusion, where
the second male gamete fuses with two polar nuclei to form the triploid primary
endosperm nucleus. This process is a hallmark of angiosperms.
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114. (B) In the dihybrid cross mentioned, the probability of getting an AA genotype
is 1/4 and the probability of getting a Bb genotype is 1/2. Multiplying these
independent probabilities (1/4 x 1/2) gives a total probability of 1/8, which is
equivalent to 2/16 for the AABb genotype in a standard Punnett square.

115. (A) The two strands of a DNA double helix are antiparallel, meaning they run in
opposite directions. One strand has a 5 — 3’ orientation while its partner has a
3" — 5 orientation; this structural arrangement is essential for the complementary
base pairing and the mechanical stability of the molecule.

116. (C) Degeneracy of the genetic code refers to the fact that most amino acids are
specified by more than one codon. For example, the amino acid Leucine is coded
by six different codons, which provides a degree of protection against mutations, as
a single base change might still code for the same amino acid.

117. (B) The repressor protein in the lac operon is produced constitutively by the regu-
latory gene and binds specifically to the operator gene site. This binding prevents
RNA polymerase from moving forward to transcribe the structural genes (z,y,a),
thereby keeping the operon in the ”off” state in the absence of lactose.

118. (B) DNA molecules possess a net negative charge due to the presence of phosphate
groups in their sugar-phosphate backbone. When placed in an electric field dur-
ing gel electrophoresis, this negative charge causes the DNA fragments to migrate
through the agarose gel toward the positive electrode (anode), allowing separation
based on size.

119. (B) Taq polymerase is a heat-stable DNA polymerase enzyme originally isolated
from the bacterium Thermus aquaticus. This bacterium lives in hot springs and hy-
drothermal vents, meaning its enzymes can survive the high temperatures required
to denature DNA strands during the multiple cycles of the Polymerase Chain Re-
action.

120. (B) The intrinsic rate of natural increase (r) is calculated by subtracting the death
rate from the birth rate (b — d). Given a birth rate of 0.5 and a death rate of 0.3,
the value of r is 0.2, representing the per capita rate at which the population size
changes over time in a given environment.

121. (B) Lichens are the pioneer species in primary succession on bare rocks because they
can grow in extreme conditions and secrete organic acids. These acids gradually
dissolve the rock surface into soil particles, creating a substrate where mosses and
later higher plants can eventually take root and grow.

122. (A) Alexander von Humboldt observed that species richness increases with the size
of the explored area, but this relationship holds true only up to a certain limit.
On a logarithmic scale, this relationship is linear, but in nature, it is a rectangular
hyperbola, indicating that richness eventually plateaus as the area becomes very
large.

123. (C) Heterospory, the production of two types of spores (megaspores and microspores),
is found in pteridophytes like Selaginella and Salvinia. This condition is considered
a significant evolutionary step toward the seed habit, as it allows for the develop-
ment and retention of the female gametophyte within the parent plant.
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(C) Statement I is correct because spring wood is produced during the favorable
growing season when cambium is highly active, resulting in wider vessels and lower
density. Statement II is incorrect because, in autumn, cambium is less active and
produces fewer xylary elements with narrower vessels, leading to darker and denser
autumn wood.

(A) The life cycle of a moss begins with a haploid spore that germinates into a
creeping, green, branched filamentous structure called the protonema. This stage
gives rise to the leafy gametophyte, which produces gametes; after fertilization, the
zygote develops into a sporophyte that eventually produces more spores through
meiosis.

(A) Auxin is primarily responsible for apical dominance by inhibiting the growth of
lateral buds. Gibberellins promote bolting, which is the rapid internode elongation
before flowering in rosette plants. Cytokinins work to overcome apical dominance
by promoting lateral bud growth, and ethylene is the gaseous hormone that triggers
fruit ripening.

(A) Photorespiration is considered a wasteful process because it involves the en-
zyme RuBisCO binding with oxygen instead of carbon dioxide. This results in the
utilization of ATP and the release of COy without the production of sugar or oxy-
gen, effectively reducing the photosynthetic efficiency of C3 plants in high-oxygen
or low-C'O, conditions.

(B) A point mutation occurs when a single nitrogenous base in the DNA sequence is
substituted for another. A classic example is sickle cell anemia, where a single base
substitution in the beta-globin gene leads to the replacement of Glutamic acid with
Valine, significantly altering the structure and function of the resulting protein.

(C) The two strands of the DNA double helix are held together by hydrogen bonds
between complementary nitrogenous bases. Adenine pairs with Thymine through
two hydrogen bonds, while Guanine pairs with Cytosine through three hydrogen
bonds, providing enough stability to maintain the helix while allowing the strands
to separate during replication and transcription.

(B) The Light Harvesting Complex (LHC) consists of hundreds of accessory pig-
ment molecules, including chlorophyll b, xanthophylls, and carotenoids, which are
bound to proteins. These pigments harvest light energy of different wavelengths
and transfer it to the reaction center (chlorophyll a), maximizing the range of light
used for photosynthesis.

(A) In lactic acid fermentation, glucose is first broken down into pyruvate via
glycolysis, which produces a net gain of two ATP molecules. Although NADH
is produced during glycolysis, it is subsequently re-oxidized to NAD™ during the
reduction of pyruvate to lactic acid, meaning no further ATP is generated beyond
the initial glycolytic yield.

(D) A cloning vector like pPBR322 must contain an origin of replication (ori), se-
lectable markers like antibiotic resistance genes, and specific recognition sites for
restriction enzymes. However, it does not have the gene to synthesize its own DNA
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polymerase; instead, it relies entirely on the host bacterial cell’s DNA polymerase
for its replication.

(C) The phosphorus cycle is a sedimentary nutrient cycle because its primary reser-
voir is located in the Earth’s crust, mainly in phosphate rocks. Phosphorus is re-
leased into the soil and water through the weathering of these rocks, where it is
then taken up by plants and circulated through the ecosystem before eventually
returning to the sediment.

(B) Amensalism is a type of interspecific interaction where one species is negatively
affected (harmed), while the other species remains completely unaffected by the
presence of the first. An example is the mold Penicillium, which secretes penicillin
that inhibits the growth of certain bacteria while the mold itself gains no direct
benefit or harm.

(C) Polyembryony is the phenomenon where a single seed contains more than one
embryo. This can occur in several ways, such as the cleavage of the zygote or the
development of embryos from nucellar or integumentary cells, as commonly seen in
Citrus and Mango, where multiple seedlings emerge from a single seed.

(A) Abscisic acid (ABA) is the stress hormone that triggers stomatal closure to
conserve water. Gibberellic acid (GA) promotes bolting in rosette plants like cab-
bage. Ethylene regulates the horizontal growth of seedlings and fruit ripening, while
Cytokinins promote nutrient mobilization and delay leaf senescence, known as the
Richness-Lang effect.

(A) In a transcription unit, the DNA strand with 5 — 3’ polarity is called the
coding strand. It has exactly the same sequence as the newly synthesized mRNA,
with the only difference being that mRNA contains Uracil (U) in the positions
where the coding strand of DNA contains Thymine (T).

(B) The birth rate of a population is determined by dividing the number of new
individuals produced by the initial population size. In this case, 12 new plants were
added to an initial group of 40 plants, so 12/40 = 0.3. This means the birth rate is
0.3 offspring per lotus plant per year.

(C) Assertion is correct because in dicot stems, vascular bundles are conjoint,
collateral, and arranged in a ring around the pith. However, the reason is false
because dicot roots have a radial vascular arrangement where xylem and phloem
are located on different radii, separated by parenchymatous tissue, and do not form
a ring.

(B) Statement (2) is incorrect because, in the Z-scheme, electrons are actually
moved downhill in terms of the redox potential scale through the electron trans-
port system. They are initially excited to a higher energy level (uphill) by light
energy, but their subsequent movement through carrier molecules like cytochromes
is energetically spontaneous (downhill).

(B) Gymnosperms are referred to as "naked seeded plants” because their ovules
are not enclosed within an ovary wall. Because there is no ovary, there is no fruit
formation to protect the seeds; consequently, the seeds develop exposed on the
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surface of specialized leaves called megasporophylls, which are often arranged in
cones.

(A) Biomagnification is the process where the concentration of persistent, non-
biodegradable toxins like DDT or Mercury increases at each successive level of the
food chain. This occurs because the toxin cannot be metabolized or excreted by
the organism, so it is passed on in a more concentrated form to the predator at the
next trophic level.

(C) In eukaryotic cells, RNA Polymerase II is the enzyme responsible for the tran-
scription of all protein-coding genes. It synthesizes the precursor of messenger RNA,
which is called heterogeneous nuclear RNA (hnRNA); this hnRNA must then un-
dergo post-transcriptional processing like capping, tailing, and splicing to become
functional mRNA.

(C) In a woody tree, secondary growth occurs in mature stems and roots, replacing
primary tissues with secondary xylem and phloem. However, the shoot tips (api-
cal meristems) and young leaves are always composed of primary tissues, as they
are actively growing and have not yet undergone the secondary thickening process
facilitated by lateral meristems.

(D) Plant vacuoles are surrounded by a single membrane called the tonoplast and
contain cell sap, which is typically acidic. They primarily function as storage for wa-
ter, ions, and waste products. The statement that they contain hydrolytic enzymes
active at basic pH is incorrect, as those characteristics are specific to lysosomes,
not the large central plant vacuole.

(B) Outbreeding devices are mechanisms that plants evolve to encourage cross-
pollination. Placing the anther and stigma at different positions (heterostyly) en-
sures that a pollinator cannot easily transfer pollen to the stigma of the same flower.
This promotes genetic diversity by preventing self-pollination and the resulting in-
breeding depression.

(A) The elements Nitrogen (N), Potassium (K), Sulfur (S), and Molybdenum (Mo)
are essential for various metabolic processes, including the cell cycle and the tran-
sition to flowering. A deficiency in any of these nutrients leads to the inhibition of
cell division and a significant delay in the time it takes for a plant to flower.

(C) A frameshift mutation occurs when the insertion or deletion of one or two base
pairs alters the entire triplet reading frame of the DNA sequence from the point of
the mutation onward. This usually leads to the production of an entirely different
and often non-functional protein, as all subsequent codons are read incorrectly
during translation.

(C) During the second step of glycolysis, the enzyme phosphoglucoisomerase (which
is a type of isomerase) facilitates the reversible rearrangement of glucose-6-phosphate
into its isomer, fructose-6-phosphate. This isomerization is a critical preparatory
step that allows for the subsequent symmetrical cleavage of the sugar molecule into
two three-carbon units later in the pathway.
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(A) Plasmids and bacteriophages are widely used as cloning vectors because they
possess the innate ability to replicate within a bacterial host cell. This replication
is controlled by their own origin of replication (ori) and occurs independently of the
bacterial chromosomal DNA | allowing for the generation of multiple copies of the
inserted gene of interest.

(C) Brief Explanation: Monkey, chimpanzee, and humans belong to the order
Primates under Class Mammalia. They share common characteristics such as a
well-developed brain, grasping hands with opposable thumbs, and the presence of
mammary glands to nourish their young.

(C) Brief Explanation: Ciliated columnar epithelium is found in the inner lining
of the fallopian tubes and bronchioles. Its primary function is to move particles,
such as eggs or mucus, in a specific direction over the tissue surface through the
rhythmic beating of cilia.

(A) Brief Explanation: In competitive inhibition, the inhibitor molecule closely
resembles the substrate and competes for binding at the enzyme’s active site. This
increases the Michaelis constant (K,,) because a higher substrate concentration is
required to reach half of the maximum velocity, though V,,,, remains unchanged.

(B) Brief Explanation: Chylomicrons are small lipoprotein particles composed of
triglycerides, cholesterol, and proteins. They are formed within the intestinal mu-
cosa cells and are responsible for transporting dietary fats from the small intestine
into the lymphatic capillaries known as lacteals for systemic circulation.

(A) Brief Explanation: In the atmospheric air at sea level, the partial pressure of
oxygen (pOs3) is approximately 159mmH g while the partial pressure of carbon diox-
ide (pCOy) is very low, around 0.3mmHg. These pressure gradients are essential
for facilitating efficient gas exchange in the lungs.

(A) Brief Explanation: Cardiac output is calculated by multiplying the stroke
volume by the heart rate (70mL x T2beats/min). In this case, the heart pumps
approximately 5040mL of blood per minute, which is the average volume for a
healthy adult at rest.

(B) Brief Explanation: Atrial Natriuretic Factor (ANF) is a powerful vasodilator
hormone secreted by the atrial walls of the heart when blood pressure increases. It
acts to decrease blood pressure by promoting the excretion of sodium and water in
the kidneys, effectively counteracting the renin-angiotensin-aldosterone system.

(A) Brief Explanation: The human skeletal system features various synovial joints:
the ball and socket joint connects the humerus to the pectoral girdle, the hinge
joint allows knee movement, the pivot joint exists between the atlas and axis, and
gliding joints are found between carpals.

(B) Brief Explanation: In a resting state, the axonal membrane of a neuron is signif-
icantly more permeable to potassium ions (K*) than to sodium ions (Na™). This
differential permeability, maintained by ion channels and the sodium-potassium
pump, results in the negative resting membrane potential necessary for nerve im-
pulse conduction.

60



160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

(C) Brief Explanation: Epinephrine is a water-soluble catecholamine hormone that
cannot cross the lipid bilayer of the cell membrane. It binds to extracellular recep-
tors and triggers the production of cyclic AMP (cAM P), which acts as a second
messenger to relay the signal and activate intracellular metabolic pathways.

(B) Brief Explanation: Progesterone is often referred to as the ”pregnancy hor-
mone” because it is essential for maintaining the secretory nature of the uterine
endometrium. It ensures that the endometrial lining remains thick and vascular-
ized to support the implantation and nourishment of the developing embryo.

(A) Brief Explanation: The Lippes loop is a non-medicated, non-hormonal In-
trauterine Device (IUD). It functions primarily by increasing the phagocytosis of
sperms within the uterus, whereas other IUDs like Multiload 375 or LNG-20 release
copper ions or hormones to prevent conception.

(C) Brief Explanation: Klinefelter’s syndrome is a genetic condition caused by the
presence of an extra X chromosome in males, resulting in a 47, X XY karyotype.
Individuals with this syndrome typically exhibit masculine development but are
often sterile and may show feminized physical characteristics such as gynaecomastia.

(B) Brief Explanation: Splicing is a critical post-transcriptional modification in
eukaryotic cells where non-coding sequences called introns are removed from the
primary transcript. The coding sequences, or exons, are then joined together in
a specific order to form a functional messenger RNA (mRNA) molecule ready for
translation.

(A) Brief Explanation: According to the Hardy-Weinberg principle (p*+2pq+¢* =
1), the frequency of homozygous dominant individuals in a population is represented
by p?. Here, p is the frequency of the dominant allele and ¢ is the frequency of the
recessive allele in a stable population.

(B) Brief Explanation: Colostrum is the initial milk produced by mothers which is
rich in /gA antibodies. These antibodies are passed directly from the mother to the
infant, providing naturally acquired passive immunity that protects the newborn
against various infections during its first few months of life.

(B) Brief Explanation: The Polymerase Chain Reaction (PCR) is a molecular biol-
ogy technique used to amplify specific segments of DNA in vitro. By using thermal
cycling and a heat-stable DNA polymerase, researchers can generate millions of
copies of a desired gene from a very small starting sample.

(B) Brief Explanation: The ”Evil Quartet” is a term used to describe the four major
drivers of biodiversity loss: habitat fragmentation and loss, over-exploitation of
resources, the introduction of invasive alien species, and the resulting co-extinctions
of dependent species within an ecosystem.

(C) Brief Explanation: The Sino-atrial (SA) node is considered the natural pace-
maker of the human heart because it possesses the highest rate of self-excitation. It
generates regular electrical impulses that initiate the cardiac cycle and dictate the
overall heart rate in a healthy individual.
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(A) Brief Explanation: All vertebrates belong to the phylum Chordata because
they possess a notochord during their embryonic development. However, not all
chordates are vertebrates; in subphyla like Urochordata and Cephalochordata, the
notochord is either lost or persists throughout life without being replaced by a bony
vertebral column.

(A) Brief Explanation: The water vascular system, also known as the ambulacral
system, is a unique characteristic of the phylum Echinodermata. It is a network of
fluid-filled canals used for various vital functions including locomotion, the capture
and transport of food, and gas exchange through tube feet.

(D) Brief Explanation: The partial pressure of carbon dioxide (pC'O3) reaches its
maximum level in the body tissues where it is continuously produced as a byproduct
of cellular respiration. From the tissues, it diffuses into the blood to be transported
back to the lungs for elimination.

(C) Brief Explanation: Individuals with blood group 'O’ are universal donors be-
cause their red blood cells do not have A or B antigens on their surface, preventing
an immune reaction in the recipient. However, the reason provided is false because
'O’ group RBCs lack these antigens entirely.

(B) Brief Explanation: The Eustachian tube is a canal that connects the middle
ear cavity to the nasopharynx. Its primary function is to equalize the air pressure
on both sides of the tympanic membrane (eardrum), which is essential for proper
hearing and preventing ear damage.

(A) Brief Explanation: In the endocrine system, the pineal gland secretes mela-
tonin, the thyroid gland produces calcitonin, the adrenal cortex releases aldosterone,
and the pancreas secretes insulin. These hormones regulate diverse processes such
as circadian rhythms, calcium levels, and blood sugar concentration.

(B) Brief Explanation: The Montreal Protocol is an international treaty signed
in 1987 designed to protect the ozone layer by phasing out the production of
ozone-depleting substances. It specifically targets chemicals like chlorofluorocar-
bons (CFCs) that cause the thinning of the ozone shield in the stratosphere.

(A) Brief Explanation: VNTR stands for Variable Number of Tandem Repeats,
which are short sequences of DNA that repeat multiple times at specific locations
in the genome. The number of repeats varies greatly between individuals, mak-
ing VNTRs an essential tool for identifying people through DNA fingerprinting
techniques.

(D) Brief Explanation: Convergent evolution occurs when unrelated species de-
velop similar traits independently. While the eyes of octopuses and mammals are
convergent, the forelimbs of whales and bats are examples of divergent evolution;
they have a similar underlying skeletal structure (homology) because they share a
common mammalian ancestor.

(C) Brief Explanation: Capacitation is the final functional maturation of sperm
that occurs after they have been deposited in the female reproductive tract. This
process involves the removal of inhibitory proteins from the sperm surface and
changes in the membrane, enabling the sperm to fertilize the ovum.

62



180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

(D) Brief Explanation: Bio-fertilizers are living organisms that enrich the nutrient
quality of the soil. Cyanobacteria like Nostoc, symbiotic fungi like Glomus, and wa-
ter ferns like Azolla are all used to fix atmospheric nitrogen or increase phosphorus
availability, reducing the need for chemical fertilizers in sustainable agriculture.

(A) Brief Explanation: Restriction enzymes are ”molecular scissors” that recognize
specific palindromic sequences in DNA and cut the strands at specific positions.
When they cut the strands slightly away from the center of the palindrome, they
leave overhanging single-stranded sequences called ”sticky ends”.

(B) Brief Explanation: For a child to have blood group 'O’ (ii), both parents must
carry a recessive i allele. If the father is group "A’” and the mother is group 'B’,
their genotypes must be heterozygous (147 and I”7) to provide the necessary alleles
for an 'O’ group offspring.

(C) Brief Explanation: The hypothalamus is a small but vital part of the brain that
acts as the primary control center for thermoregulation in humans. It monitors the
temperature of the blood and receives signals from skin receptors to initiate cooling
or warming responses to maintain a constant internal temperature.

(B) Brief Explanation: Addison’s disease is caused by the hyposecretion of hor-
mones from the adrenal cortex, such as cortisol and aldosterone. Common symp-
toms include chronic fatigue, low blood pressure, weight loss, and low blood sugar
levels due to the body’s inability to regulate mineral and carbohydrate metabolism

properly.

(A) Brief Explanation: In human anatomy, the right kidney is located slightly lower
than the left kidney because the large bulk of the liver occupies the space on the
upper right side of the abdominal cavity. This liver placement naturally pushes the
right kidney downward during embryonic development and anatomical positioning.

(A) Brief Explanation: In the lac operon, the operator is the binding site for the
repressor protein. If a mutation prevents the repressor from binding, the RNA
polymerase will have continuous access to the promoter, leading to the constant
(constitutive) expression of the structural genes regardless of lactose presence.

(A) Brief Explanation: The loop of Henle utilizes differential permeability to con-
centrate urine: the descending limb allows water to leave the filtrate but blocks
electrolytes, while the ascending limb is impermeable to water but actively or pas-
sively transports electrolytes out into the medullary interstitium.

(A) Brief Explanation: Human embryonic development begins with the zygote,
which undergoes rapid mitotic divisions (cleavage) to form a solid ball of cells called
the morula. This then becomes a hollow blastocyst that implants in the uterus,
followed by gastrulation where three primary germ layers are established.

(A) Brief Explanation: Animals are classified by unique cellular features: sponges
(Porifera) have choanocytes, jellyfish (Coelenterata) possess cnidocytes, comb jellies
(Ctenophora) use colloblasts for prey capture, and flatworms (Platyhelminthes) use
flame cells for osmoregulation and excretion.
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(A) Brief Explanation: Homo habilis is considered one of the earliest members of
the genus Homo, characterized by a brain capacity ranging between 650and800cc.
They were the first to demonstrate tool-making abilities and lacked the larger cranial
capacity and meat-eating habits of later species like Homo erectus.

(B) Brief Explanation: In a 100bp DNA molecule, 20% Adenine means there are
20 Adenine and 20 Thymine bases (2 bonds each = 80). The remaining 60 bases
are Guanine and Cytosine (30 each with 3 bonds each = 180). The total number
of hydrogen bonds is 80 4+ 180 = 260. (Correction: Calculated for 100 bp total,
explanation for 20% A gives 260).

(C) Brief Explanation: In a pedigree, an X-linked dominant trait is characterized
by affected fathers passing the condition to all of their daughters (who must receive
his affected X chromosome) but none of their sons (who receive his Y chromosome).
This distinct inheritance pattern distinguishes it from autosomal or recessive traits.

(A) Brief Explanation: Interferons are signaling proteins secreted by cells that
have been infected by a virus. They alert neighboring uninfected cells to produce
antiviral proteins that interfere with viral replication, thereby serving as a critical
cytokine barrier in the body’s innate immune defense.

(C) Brief Explanation: The vestibular apparatus, located in the inner ear above
the cochlea, consists of the semicircular canals and the otolith organs (saccule and
utricle). These structures detect changes in head position and movement, providing
the brain with the essential sensory information needed to maintain balance and
posture.

(C) Brief Explanation: According to the sliding filament theory of muscle contrac-
tion, the thin actin filaments slide over the thick myosin filaments. During this
process, the I-band and H-zone shorten, but the A-band (representing the total
length of the myosin filaments) remains constant in length throughout the contrac-
tion.

(A) Brief Explanation: In the human digestive system, nucleases are enzymes
secreted by the pancreas that break down nucleic acids (DNA and RNA) into nu-
cleotides. The statement is incorrect because nucleases act on nucleic acids, while
enzymes like nucleotidases and nucleosidases are required to further break down
nucleotides into their components.

(A) Brief Explanation: Hormones vary in their chemical structure: insulin is a large
peptide/protein, epinephrine (adrenaline) is a small amino-acid derivative derived
from tyrosine, estradiol is a lipid-based steroid hormone, and iodothyronines are
the specific iodinated tyrosine derivatives produced by the thyroid gland.

(B) Brief Explanation: Vasectomy is a highly effective surgical method of male ster-
ilization where a small section of each vas deferens is removed or tied off. This pro-
cedure prevents sperm from traveling from the epididymis to the urethra, thereby
ensuring that the ejaculate does not contain any sperm cells.

(A) Brief Explanation: Aspergillus niger is a filamentous fungus extensively used
in the biotechnology industry for the large-scale commercial production of citric
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acid. It is preferred due to its high productivity and ability to ferment various
inexpensive sugar sources into pure citric acid under controlled acidic conditions.

(B) Brief Explanation: In the MOET program, a superior cow is induced to super-
ovulate using hormones. After fertilization, the resulting embryos are non-surgically
recovered from the donor cow at the 8-32 cell stage and transferred to surrogate
mothers, allowing the high-quality donor to undergo another round of superovula-
tion.
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