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l B3 secTion: BIoLOGY

Q1. =0

If fertilization occurs, the young embryo implants into
which layer of the uterus?

(8) Perimetrium

(8) Myometrium

(©) Endometrium

(0) Epimetrium

Q2. sio

Inthe human male reproductive system, spermatozoa are
produced directly within the:

(8) Seminiferous tubules

(8) Epididymis

(©) Vasdeferens

(D) Seminalvesicles

Q3. sio

Gonadotropic hormonesincluding FSH and LH are
secreted by which endocrine gland?

(&) Hypothalamus

(B) Anterior pituitary

(c) Adrenal cortex

(D) Testes

Q4. eo

Which type of cartilage is located at the articulating ends
of long bones, the nasal septum, larynx, and tracheal rings?
(n) Fibrocartilage

(8) Elastic cartilage

(c) Calcified cartilage

(D) Hyaline cartilage

Q5. sio

A muscle characterized by involuntary control, intrinsic
autorhythmicity, branching fibers, and typically one
centrally placed nucleus per cell is:

(a) Cardiac muscle

(B) Skeletalmuscle

(©) Multi-unit smooth muscle
(0) Single-unit smooth muscle

Q6. sio

Which of the following anatomical locations features a
multi-axial ball-and-socket synovial joint?

(A) Knee

() Elbow

(©) Shoulder

(D) Wrist
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Q7. sio
Which of the following human physiological processes

operates via positive feedbackrather than negative
feedback?

(a) Thermoregulation

(8) Uterine contractions during labor

(©) Regulation of blood glucose concentration

(o) Controlof blood calcium levels by parathyroid hormone

QB. BIO

The gray matter of the spinal cord does NOT contain:
(&) Cellbodies of interneurons

(8) Cellbodies of somatic motor neurons

(€) Unmyelinated axons and dendrites
(0) Cellbodies of primary sensory neurons

Q9. sio

In enzymatic kinetics, the term 'maximum temperature’
designates the point at which:

(&) Enzymes beginto denatureirreversibly

(8) The rate of catalytic activity reaches its optimal peak

(c) Enzyme renaturation starts spontaneously

(o) Enzyme molecules become completely saturated with substrate

Q10. B0
In metabolic pathways, the term 'feedback inhibition'
describes amechanism where:

(&) Aninitial reactant permanently inactivates the first enzyme

The accumulated end product allosterically inhibits an early regulatory
enzyme

(©) The substrate competes reversibly for the active site of the final
enzyme
(D) Acoenzyme is degraded to halt the pathway

Q1. &0

Chemical substances that modulate and control enzymatic
reaction velocities are classified as:

(&) Only competitive inhibitors

Substrates exclusively

(©) Activators and inhibitors

(p) Prosthetic groups exclusively

Q12. sio

Elevating temperature significantly above the
physiological optimum arrests enzymatic function
because enzymes:

(&) Precipitate out of solution as pure salts

(8) Undergo extensive electrolytic ionization

(c) Formirreversible covalent complexes with substrate
(0) Denature due todisruption of secondary and tertiary structures
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Q13. sio

Which of the following propositions was NOT an original

component of Charles Darwin's 1859 theory of natural

selection?

(n) Heritable variations arise spontaneously through specific gene
mutations

(8) Organisms produce far more offspring than the environment can
support

(© Individuals within a population compete for limited environmental
resources

(D) Better-adapted individuals exhibit differential survival and
reproductive success

Q14. sio

The vestigial wings of the kiwi, elongated hooves of
modern equines, and webbed feet of waterfowl were
historically explained using the concept of use and disuse
by:

() Hugo de Vries

(B) Jean-Baptiste Lamarck

(©) AugustWeismann

(D) Alfred RusselWallace

@15. &0

Which of the following statements regarding interferonsis
NOT correct?
(a) They belong to the cytokine family of regulatory proteins

(B) They activate natural killer (NK) cells to target abnormal cells

(c) They are specialized leukocyte proteins that directly secrete
interleukins

@n They induce an antiviral state in neighboring uninfected host cells

Q16. =0

Intrinsic factor, synthesized and released by gastric
parietal cells, is essential for the intestinal absorption of:
(A) Ascorbic acid (Vitamin C)

@ Dietary ironin the ducdenum

(©) Fat-soluble Vitamin D

(p) Cobalamin (Vitamin Byz)

Q17. &0

The greatest volume of gastric juice secretion during a
meal is triggered primarily during the gastric phase by:
(&) The presence of proteinaceous food inthe stomach

(8) Theinitial olfactory stimulation from food aromas

(©) Visual stimulation upon viewing appetizing food

(l_)) Gustatory stimulation on the tongue

Q18. sio

Which of the following physiological functions is NOT a
metabolic role carried out by hepatocytesin the liver?
() Glycogenolysis

(8) Synthesis of circulatingimmunoglobulins

(© Gluconeogenesis

(p) Deamination of excess amino acids
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Q19. sio

Which of the following digestive enzymes is NOT produced
by the acinar cells of the pancreas?

(&) Pancreatic lipase

(8) Trypsinogen

(©) Pepsin

(o) Pancreatic amylase

Q20. so

The systemic aorta originates directly from which
anatomical chamber of the heart?

(&) Right ventricle

(8) Leftatrium

(©) Right atrium

(0) Leftventricle

Q21. s

The human lymphatic system consists of specialized
lymphoid tissues and vessels, but does NOTinclude the:
(&) Lungs

(8) Spleen
(€) Thymus gland
(o) Lymph nodes

Q22. w0

In eukaryotic cells, the small 40S ribosomal subunit joins
with the large 60S subunit in the presence of Mg”" ions to
form a functional translational particle of:

(&) 1008

80S
© 70s

®) 90S

Q23. so

Theresident bacterial flora colonizing human skin and

mucous membranesis beneficial becauseit:

(n) Directly produces endogenous broad-spectrum pharmaceutical
antibiotics

(8) Produces antigens that neutralize human cellular toxins

(c) Interferes with pathogenic colonization via niche competition

(p) Eliminates the host requirement for adaptive cell-mediated immunity

Q24. so

In endospore-forming bacteria such as Bacillus and
Clostridium, exceptional resistance against extreme heat
is conferred by:

@ Chromosomal and extrachromosomal plasmids

(®) Intracellular glycogen granules

@) Thick peptidoglycan cell walls alone

(o) Dehydrated endospores containing dipicolinic acid and calcium
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Q@25. s

Which of the following endocrine hormone pairs does NOT
demonstrate antagonistic physiological functions?

(&) Adrenaline and Noradrenaline

(B) Calcitonin and Parathyroid hormone

(©) Insulinand Glucagon

() Growth Hormone and Somatostatin

@26. sio

Viruses identify and bind to their specific susceptible host
cells primarily via:

(a) Double-stranded genomic viral DNA

(B) Specificsurface glycoprotein spikes or capsomeres

(c) Reverse transcriptase enzyme complexes
(D) Host-derived lipid bilayer envelopes alone

Q27. sio

Cell-surface markers that facilitate immunological cell-cell
recognition and tissue identity are chemically composed
of:

(a) Insoluble structural lipoproteins exclusively

(8) Sphingomyelins and neutral phospholipids

@ Glycoproteins and glycolipids

(o) Peripheral channellipoproteins

Q28. &0

Porin channel proteins are typically present in the outer
membranes of which eukaryotic organelles?

(8) Endoplasmic reticulum and Golgi apparatus

(B) Lysosomes and central vacuoles

(©) Ribosomes and peroxisomes
(p) Mitochondria and chloroplasts

Q29. =0

The primary physiological function of parietal (oxyntic)
cellslocatedinthe gastric mucosais the secretion of:
(&) Hydrochloric acid and intrinsic factor

(B) Pepsinogenzymogen

(©) Alkaline bicarbonate-rich protective mucus

(0) Endocrine regulatory gastrin

@30. B0
Which of the following cellular structures is universally
present in all prokaryotic and eukaryotic organisms?

(®) Cellulose cellwall

(8) Plasma membrane

(c) 80S cytoplasmicribosomes

(D) Membrane-bound Golgi apparatus
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Q31. sio

Which eukaryotic organelle contains an abundance of acid
hydrolases active at aninternal pH of approximately 4.5 to
5.0?

(a) Peroxisome

(8) Roughendoplasmic reticulum

(©) Lysosome

(o) Mitochondrion

Q32. &0
The primary structural level of a protein is fundamentally
determined by the:

(a) Folding of polypeptide backbones into alpha helices and beta sheets

(8) Three-dimensional assembly of multiple distinct polypeptide
subunits

(c) Overall spatial packing of tertiary globular domains

(D) Linear sequence of amino acids linked by covalent peptide bonds

Q33. so

Water acts as an outstanding universal biological solvent
primarily because of its:

(a) High polarity and hydrogen-bonding capability

Highviscosity and surface tension

(©) Neutral physiological pH of exactly 7.0

(0) Low specific heat capacity

Q34. so

All carbohydrates are organic compounds that chemically
contain which specific combination of elements?

(a) Carbon, nitrogen, and oxygen

Carbon, hydrogen, and oxygen

(c) Carbon, hydrogen, and sulfur

(o) Carbon, hydrogen, and nitrogen

Q35. sio

Within the eukaryotic interphase nucleus, the dense non-
membrane-bound structure where ribosomal RNA is
primarily transcribed and processed is the:

(&) Nuclearpore complex

(8) Outernuclear envelope

(© Nucleolus

(0) Centrosome

Q36. B0
Turgor pressure in non-woody plant tissues is maintained
primarily by the active accumulation of solutes within the:

@ Apoplastic cellwall space
(@ Cytoplasmicribosomes
(c) Peroxisomal matrix

(o) Centralvacuole bounded by the tonoplast
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Q37. sio

In oxygenic photosynthetic plant cells, green chlorophyll
pigments are embedded within the:

(&) Thylakoid membranes of chloroplasts

(B) Aqueous stroma matrix

(€) Outer chloroplast envelope membrane

(@) Innerchloroplast envelope membrane

@38. sio

Carotenoid accessory pigments known as xanthophylls
typically impart which characteristic coloration to plant
tissues?

(a) Deepblue

(®) Yellow
(c) Brightgreen

(D) Purple

Q39. sio

The neural pathway that conducts an involuntary, rapid
motor response to an external stimulus without requiring
conscious processing in the cerebral cortexis termed a:
(a) Sensory ascending tract

(B) Reflexarc

[\'3) Corticospinal motor pathway
(D) Somatosensory network

Q40. BIO

Which of the following semi-autonomous organelles
contains circular double-stranded DNA and 70S
ribosomes?

(&) Roughendoplasmic reticulum

Golgi apparatus
(©) Mitochondrion
(0) Lysosome

Q41. sio

Which organelle packages and secretes complex non-
cellulosic polysaccharides essential for plant cell plate and
primary cell wall formation?

(a) Centrosome

(B) Peroxisome

(©) Nucleolus

(D) Golgiapparatus

Q42. sio

The primary intracellular site responsible for the
biosynthesis of steroid hormones, phospholipids, and the
detoxification of hydrophobic xenobioticsis the:

(a) Smoothendoplasmic reticulum

(8) Rough endoplasmic reticulum

(©) Lysosome
(D) Ribosome
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Q43. so

Which endocrine structure is historically designated as the
'master gland' because its trophic secretions regulate
multiple peripheral endocrine tissues?

(&) Thyroid gland

() Pituitary gland

(c) Adrenal gland

(o) Pinealgland

Q44. o

The high-energy chemical assimilation products
synthesized during the light-dependent reactions of
photosynthesis and subsequently consumed in the Calvin
cycleare:

(&) ADPand NADP*

(8) ATP and Glucose

(c) ATP and NADPH
(o) FADH, and ATP

Q45. =0

The biochemical process defined as the cleavage of
covalent bonds within a biological macromolecule
accompanied by the addition of the elements of water is:
(&) Condensation synthesis

(B) Oxidative decarboxylation

(c) Hydrogenation

(@) Hydrolysis

Q46. so

Which of the following proteins functions primarily as an
extracellular structural component imparting high tensile
strength to connective tissues?

(&) Collagen

Pepsinogen

(c) Casein

(@) Insulin

Q47. so

In striated skeletal muscle fibers, the release of Ca?" ions
that couples excitation to myofibrillar contractionis
mediated by the:

(a) Rough endoplasmic reticulum

(8) Sarcoplasmic reticulum

(©) Golgiapparatus

(@) Lysosomal membrane

Q43. BIO

Under normal physiological conditions, the pH of systemic
arterial human blood is strictly buffered within the range of:
(&) 7.15t07.25

(8) 7.25t07.35

© 7.35t07.45
@) 7.45t07.55
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Q49. s

In an X-linked recessive condition, if an affected
homozygous female marries a phenotypically normal male,
what percentage of their daughters will be clinically
affected?

() 50%

® 100%

© 25%

(© 0%

Y

Q50. s

How many total molecules of ATP are consumed in the
stroma during the Calvin cycle to synthesize one complete
molecule of net hexose (glucose)?

(@) 18ATP

(®) 12ATP

© 9ATP

(D) 36 ATP

Q@Q51. eio

Which structural component projecting outward from the
lipid bilayer envelope of viruses facilitates attachment to
host cell-surface receptors?

(&) Capsomeres of the core
(B) Glycoprotein spikes

—
(©) Matrixproteins
(D) Internal nucleoproteins

—

@52. B0

Which aldohexose serves as the universal and primary
respiratory fuel across nearly all living organisms?

(a) D-Mannose

(8) D-Galactose

(© D-Glucose

(D) D-Fructose

Q53. BIO

Chromosomes that exhibit identicalmorphology, gene
loci, and banding patterns in both biological males and
females are designated as:

(&) Allosomes

(B) Sexchromosomes

(©) Heterosomes

(D) Autosomes

@54. =i

During the light-dependent stage of photosynthesis, the
light-driven catalytic splitting of water molecules to
generate protons, electrons, and molecular oxygenis
termed:

(®) Photolysis

(B) Photorespiration

(©) Photophosphorylation
(D) Photoreduction
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Q55. sio

The light-harvesting reactions, photosynthetic electron
transport, and photophosphorylation occur within which
chloroplast compartment?

(@) Inner envelope membrane

() Thylakoid membranes

(c) Fluid stroma
(0) Intermembrane space

Q56. sio

Dense regular fibrous connective tissue bands that
physically attach skeletal muscles to bones are called:
(A) Ligaments

(B) Articular cartilages

(c) Tendons

(D) Synovial membranes

Q57. wio

The outermost living, metabolically active boundary
enclosing animal cellsis the:

(a) Glycocalyxlayer

(8) Cellwall

(©) Nuclearenvelope

(p) Plasmamembrane

Q58. sio

Sensory receptors specialized for the detection of noxious
thermal, mechanical, or chemical stimuli that produce the
sensation of pain are:

(A) Nociceptors

(8) Proprioceptors

(©) Thermoreceptors

(D) Baroreceptors

Q59. s

The resting electrical membrane potential across the
axolemma of a typical mammalian neuron atrestis
approximately:

(&) —90 mV

~70mV

(©) —50mV

@) +30 mV

Q60. so

Which chemical neurotransmitter operates at all somatic
neuromuscular junctions and preganglionic autonomic
synapses?

(&) Dopamine

(®) Serotonin

(©) Acetylcholine

(@) Norepinephrine
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l [+ 8 SECTION: CHEMISTRY

Q61. cuem

Which of the following real gases behaves most ideally
under comparable ambient conditions due toits
monoatomic nature and negligible intermolecular forces?
(a) Carbon monoxide (CO)

(B) Nitrogen (N3)

(©) Hydrogen (H,)

(D) Helium (He)

Q62. CHEM

When two separate ice blocks are firmly pressed against
each other and released, they coalesce into a single block
primarily because of:

(&) Reformation of interfacial hydrogen bonds upon release of pressure
(8) Londondispersion forces between surface protons

(c) Permanent covalent cross-linking across the crystal surface

(D) Static electrostatic charge accumulation

@R63. cHem

The rate constant k possesses the exact same dimensional
units as the reaction rate (mol dm® s1)ina:

() First-order reaction

@ Zero-orderreaction

(©) Second-orderreaction

(D) Third-orderreaction

Q64. cuem

Inboth electrolytic and galvanic electrochemical cells,
reduction (gain of electrons) invariably takes place at the:
(n) Anode

(B) Salt bridge

(©) Cathode

(D) External wire

@65. cuem

Which of the following periodic properties increases
progressively down Group 1(alkali metals) from lithium to
cesium?

@; Firstionization energy

(8) Electronegativity

(©) Standard electronaffinity

(D) Chemical reactivity

Q6é6. cuem
The general decrease in electron affinity when descending
amain group in the periodic table is primarily driven by the:

(a) Increase in atomic radius and electron shielding
(B) Increase in effective nuclear charge

(c) Decreaseinthe principal quantum number

(o) Contraction of outervalence orbitals
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Q67. cHem

The principle stating that no two electrons within the same
atom can possess an identical set of all four quantum
numbers is:

(&) Hund's rule of maximum multiplicity

(8) Pauli's exclusion principle

(©) The Aufbau building-up principle

(p) Heisenberg's uncertainty principle

068. CHEM

Which of the following metal chlorides exhibits the lowest
percentage of ionic character (highest covalent character)
due to polarization?

(&) KCl

(8) NaCl

© AlCl,
(®) MgCl,

Q69. cHem

In crystalline solid classification, diamond is characterized
asa:

(a) Molecularsolid

(8) Metallic solid

() lonic solid

(p) Covalent network solid

Q70. cuem

The ideal gas equation that combines Boyle's, Charles's,
and Avogadro's laws for n moles of anideal gasis
formulated as:

(&) PV =nRT

® P =nRTV

©pPv=t

(®) V = nRTP

QTl. CHEM
How many moles of carbon dioxide (CO,) contain exactly
16 g of oxygen atoms?

(&) 1.0 mol

0.5 mol
(©) 2.0 mol

(©) 0.25 mol

Q72. cuem

The branch of chemistry that deals with the quantitative
relationships betweenreactants and productsina
balanced chemical reactionis:

(a) Chemical thermodynamics

('E) Reaction kinetics

({::) Stoichiometry

(@) Thermochemistry
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Q73. cuem

Which gas constitutes the greatest proportion by volume
of dry ambient air in Earth's atmosphere?
(&) Carbon dioxide (CO,)

(8) Oxygen(0,)
(©) Argon(Ar)
(0) Nitrogen (N2)

Q74. cuem

The rest mass of a protonis approximately how many times
heavier than the rest mass of an electron?

(a) 1836times

(B) 184 times

(©) = times

(D) 3672times

Q75. cuem

Which quantum number designates the three-dimensional
geometric shape of an atomic orbital?

@) Principal quantum number (n)
@) Azimuthal quantum number ([)
(©) Magnetic quantum number ()
@ Spin quantum number (m,)

Q76. cuem

The maximum number of electrons that can be
accommodated within a completely filled p subshellis:
(A) 2electrons

(B) 10 electrons

(©) 6electrons

(0) 14 electrons

Q77. cuem

Which of the following hydrogen halides exhibits the
highest bond dissociation energy?

(») HI

(8) HBr

© HCl

(o) HF

Q78. cuem

The oxidation state of any chemical elementinits pure,
uncombined free elemental formis:

® 0

(®) +1

© -1

(0) Variable depending on temperature
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Q79. chem

Which carbon allotrope consists of a single planar layer of
sp’-hybridized atoms arranged in a honeycomb lattice,
exhibiting immense tensile strength and high electrical
conductivity?

(&) Graphite

(8) Graphene

(c) Diamond

(D) Fullerene Cyp

Q80. cuem

Liquid water achieves its maximum physical density at a
temperature of approximately:

(a) 0.00°C

(B) 100.0°C

© 3.98°C

@) 2.98°C

Q81. cHem

Homocyclic (carbocyclic) hydrocarbons are
fundamentally subclassified into which two structural
divisions?

(A) Open-chainand branched-chain

(8) Heterocyclic and aromatic

(©) Acyclic and heterocyclic

() Alicyclic and aromatic

Q82. cuem

Which of the following hydrocarbon species contains
carbon atoms that utilize sp? hybridization?

(A) None of these options are correct

(8) Methane

(c) Ethane

(D) Ethyne

Q83. cuem

The industrial solvent and chemical precursor historically
known as 'wood spirit' has the molecular formula:

() C.H,OH

CH,0H

(©) HCHO

(0) CH;COO0H

Q84. cuem

Geometrical (cis-trans) isomerism is most commonly
exhibited by which class of hydrocarbons due to restricted
bond rotation?

(&) Alkanes

() Alkynes

(©) Alkenes

(o) Aromatic arenas
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Q85. cHem

The general molecular formula C,, H», O, represents which
homologous series of organic compounds?

(&) Monohydric aliphatic alcohols

(B) Aliphatic ketones

(©) Aliphatic ethers

() Monocarboxylic acids and esters

Q86. cuem

Which diagnostic test reagent is used to differentiate
between aliphatic alcohols and phenols based on
nucleophilic substitution?

(A) Lucasreagent

(B) Tollensreagent

(c) Benedictsolution

(D) Fehlingreagent

Q87. cuem

A 50% concentrated aqueous solution of sodium
hydroxide (NaOH) is specifically employed in the
laboratory to carry out the:

(a) Aldol condensation reaction

(8) Cannizzaro reaction

(© Clemmensenreduction
(D) Wolff-Kishner reduction

Q88. chem

Lower aliphatic monocarboxylic acids (such as acetic acid)
are completely miscible with water primarily because of:
(a) Permanent dipole-induced dipole interactions

(8) Londondispersion forces

(© Intermolecular hydrogen bonding with solvent molecules

(D) Complete electrolytic dissociation into gaseous ions

Q89. cuem

Fischer esterification occurs via an acid-catalyzed
condensationreaction between a:

(a) Ketone and an aliphatic ether

(B) Aldehyde and an aliphatic ketone

(c) Carboxylic acid and an aliphatic aldehyde

@ Carboxylic acid and an alcohol

Q?O. CHEM

Inthe laboratory, benzene can be synthesized from sodium
benzoate via decarboxylation by heating with:

(A) Sodalime (NaOH + Ca0)

@) Anhydrous aluminum chloride (A1Cl3)

(©) Chlorobenzene indry ether
(D) Cumene under catalytic oxidation
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Q91. cHem

The mathematical relationship that connects the molecular
formula of a compound to its empirical formulais:

(&) Molecular formula = Ezpirical formuln

(B) Molecular formula = n % (Empirical formula)

(€) Molecular formula = 2n » (Empirical formula)

":!3) Empirical formula = n > (Molecular formula)

Q92. cuem

Among the elemental halogens, which exhibits the highest
chemicalreactivity toward standard halogenation
reactions?

®L

(8) Br,

© F:

®) Cl,

Q93. cHem

One thermochemical calorie (cal) is precisely defined in
terms of the Sl unit of energy as:
(&) 4.184 kJ

(B) 18.0)

© 0.4184]
(©) 4.1841]

Q94. cuem

The thermochemical law stating that the overall enthalpy
change for a chemical reactionisidentical whether the
reaction occurs in a single step or a series of stepsis:

(&) Hess's law of constant heat summation

(8) Joule's law of heating

(©) Henry's law of gas solubility

(p) Lavoisier-Laplace law

Q95. cuem

Which of the following assertions regarding the rate of a
chemicalreaction is fundamentally INCORRECT?

(a) The rateis affected by changing the temperature of the system

(8) The rateis completely independent of the concentrations of
reactants

(c) The rate depends on the presence and efficiency of a catalyst
(o) The rateisrelated to the overall reaction order

Q96. cuem

Which of the following elements belongs to the s-block of
the periodic table?

(&) Boron(B)

() Aluminum (Al)

(€) Potassium (K)

(©) Copper(Cu)
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Q97. cHem

The bond angle around each carbon atomin a planar
ethene molecule (H,C = CH,) is approximately:

®) 180°

(B) 109.5°

(@ 120°

Q98. cHem

Inthe rock-salt crystal lattice of sodium chloride (NaCl),
eachNa™ cationis octahedrally coordinated by how many
nearest C1™ anions?

(A) 6chlorideions

(B) 4 chlorideions

(©) 8chlorideions

(D) 12 chloride ions

Q99. cHem

Which of the following alkali metal halides possesses the
greatest crystal lattice energy?

(&) NaCl

(B) NaF

(©) NaBr

(D) Nal

Q100. cuem

Inthe industrial synthesis of ammonia via the Haber-Bosch

process, an elevated operating pressure of approximately
200 atmis used primarily to:

(a) Prevent catalyst poisoning by sulfur compounds

@ Lowerthe activation energy barrier

(© Shift the equilibrium forward to maximize ammonia yield
(D) Prevent the backward reaction from occurring completely
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Q101. cuem

Introducing a suitable catalystinto a reversible chemical
system at equilibrium:

(&) Increases the numerical value of the equilibrium constant K,

@ Shifts the equilibrium position toward higher product yield

(©) Increases the rate of the forward reaction exclusively

(0) Accelerates the attainment of equilibrium without shifting its position

Q102. cHem

The minimum kinetic energy that colliding reactant
molecules must possess to form the activated transition
complexis called:

(A) Activation energy

Bond dissociation energy

(c) Enthalpy of reaction
(D) Lattice energy

Q103. cHem

Which of the following thermodynamic parametersisa
path-dependent function rather than a thermodynamic
state function?

(&) Enthalpy (H)

(8) Work done (W)

(©) Internal energy ()

(©) Entropy (S)
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l SECTION: PHYSICS

Q104. euy

The time rate of change of linear velocity of a moving
objectis defined asits:

(®) Linearmomentum

(B) Instantaneous speed

(©) Acceleration

(@) Impulse

Q105. puv

For a projectile launched from level ground with a fixed
initial speed in the absence of air resistance, the horizontal
range is maximized at a launch angle of:

@ 30°
© 90°

(D) 45°

Q1068. euy

Which of the following statements concerning linear
momentum is fundamentally INCORRECT?

(a) Linearmomentum is a scalar physical quantity

(B) Linearmomentum represents the quantity of motioninabody
(c) The Slunit of linear momentumis equivalenttoN - s

(0) Linearmomentum equals the product of mass and velocity

Q107. euy

During a perfectly elastic collision between two isolated
bodies, which of the following physical quantities are
conserved?

(®) Linearmomentum only

(8) Linearmomentum, total kinetic energy, and total energy

(c) Totalkinetic energy only
(D) Totalenergy only, while kinetic energy is always dissipated

Q108. pur

The mathematical gradient (slope) of arectilinear
displacement versus time graph represents the object's:
(®) Instantaneous acceleration

Total distance traveled

(©) Instantaneous velocity

(0) Mechanical work done

Q109. eur

Two solid spheres having masses of 10 kg and 50 kg are
released simultaneously from rest from the top of an 80 m
high cliff. Neglecting air resistance (g = 10 m/s%), which
stone strikes the ground with a greater velocity?

(8) The 10 kg stone

(8) The 50 kg stone

(©) The velocity cannot be determined without cross-sectional radii
(0) Bothstones strike the ground with identical velocities

beambeprep.com
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Questions 104 to 135 (32 MCQs)

Q110. euy

How much mechanical work is performed by the
gravitational force on a stone weighing 10 N as it falls freely
from the top of a 250 m vertical cliff to its base?

(&) 2500

(8) 250 )

© 251
() 25000 J

QM. euy

If the translational speed of an automobile is reduced to
one-half of its original value, by what factor does its kinetic
energy decrease relative to the original value?

| ol b bl

COJONOXO,

QN2. euy

If by some internal phenomenon Earth were to contract to
one-half of its present radius while keeping its mass strictly
constant, the magnitude of the gravitational potential
energy of an object resting onits surface would:

(a) Decrease to one-half

(8) Remainunchanged

(c) Doubleinmagnitude

(0) Increase by fourtimes

QN3. ey

The instantaneous mechanical power delivered by a net
force vector F acting on a particle moving with
instantaneous velocity vector vis defined by:

(a) Kinetic energy

(®) Linearimpulse

(c) Mechanical work done

(@) Power

Q4. eur
The angular measure of one degree (1°) converted into
circularradian units is approximately equal to:

(&) 0.0175 radian
(B) 0.1000 radian
() 0.1500 radian
(©) 0.2750 radian
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Q5. euy

A particle traverses an arc length of 2 m along the
circumference of a circular path of radius 1 m. The angular
displacement subtended by the particle at the centeris:
(&) 0.5 radian

(8) 2.0 radians

(c) 3.0 radians
(D) 0.67 radian

QN6. euy

If both the orbital speed of a body and the radius of its
circular trajectory are simultaneously doubled, the
required centripetal force will:

(A) Remain unchanged

(B) Increase by four times

(€) Double inmagnitude

(D) Increase by eight times

QN7. euy

The fundamental kinematic relation connecting linear
tangential velocity v and angular velocity w for rotation at
radius ris:

A) w=rU
®v=¢%
©u=%
@ v=rw
Q118. euv

In aripple tank experiment, 100 complete wave crests pass
a fixed pointin one second. If the wavelength of the water
wave is 1 cm, the wave propagation speed is:

(A) L.0m/s

@ 2.0m/s

© 0.01m/s

(D) 100.0 m/s

QN9. puy

To increase the natural oscillation frequency of anideal
spring-mass system by a factor of four, the attached mass
must be:

(a) Reduced to one-fourth of its original value

(8) Reduced to one-sixteenth of its original value

(©) Quadrupled
(©) Doubled

Q120. eur

The speed of acoustic sound waves in dry airis measured
as 332 m/sat0°C. What isits value at atemperature of 10°C?
(&) 332.61 m/s

(B) 334.10 m/s

(© 338.10 m/s

(D) 344.20 m/s
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Q121. ey

Inthermodynamics, Mayer's relation foranideal gas, C, —
C, = R, demonstrates that:

® Cp < Cy

® C =0,

© Cp+Cu=0
@ Cp > C,
Q122. ey

A thermodynamic process carried out such that the volume
of the working gas remains strictly constant is termed an:
(a) Isochoric process

(8) Isobaric process

(©) Isothermal process

(D) Adiabatic process

Q123. euy

When two capacitors of capacitances 2 uF and 6 uF are
connected togetherin parallel, the equivalent capacitance
of the combinationis:

(&) 1.5 uF

(B) 8.0 uF

© 4.0uF

(®@) 12.0pF

Q124. puy

The electrostatic capacitance of anisolated parallel-plate
capacitor does NOT depend on which of the following
parameters?

(a) Surface area of the conducting plates

(®) Permittivity of the dielectric medium

C(_:) Thickness of the conducting plates

(D) Separationdistance betweenthe plates

Q125. euy

According to the Maximum Power Transfer Theorem, an
electrical source transfers maximum power to an external
load resistance R when:

& R>r
B R<r
© R=0
® R-r

Q126. euy

A cylindrical metallic wire of initial resistance Ris uniformly
drawn and stretched so that its cross-sectional radius is
halved. Assuming density and total volume remain
constant, its new resistance will be:

() 16R

(B 4R

© 8R

® 7
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Q127. euy

When an electrically charged particle enters a uniform
magnetic field traveling in a direction parallel to the
magnetic field lines, its trajectory will:

(n) Deflectina circular path toward the north pole

@ Continue straight without experiencing any magnetic deflection

(c) Spiral along a helical path of increasing pitch
p) Stopimmediately due to Lorentz brakin
P Y g

Q128. puy

The magnetic flux passing through a planar surface is
maximized when the angle between the magnetic field
vector and the normal area vector is:

® 90°

© o

(D) 180°

Q129. ey

The standard domestic alternating current (AC) electrical
grid supply throughout Pakistan operates at a nominal
frequency of:

(&) 70 Hz

60 Hz
(© 100 Hz
(D) 50 Hz

Q130. eur

An electrical device that steps up or steps down
alternating electromotive force (EMF) through mutual
electromagneticinductionisa:

(a) Transformer

(8) Commutator

(©) DC generator

(D) Potentiometer
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Q131. euy

The physical law establishing that an induced electric
current always flows in such a direction that its magnetic
effect opposes the change that producesitis:

(a) Ampere's Circuital Law

() Lenz'sLaw

(c) Faraday's Law of Electrolysis
(0) Joule's Heating Law

Q132. euy

An electronic circuit assembly that converts alternating
current (AC) into unidirectional direct current (DC) is called
a:

(a) Operational amplifier

(B) Low-pass filter

(©) Rectifier

(®) Modulator

Q133. ey

For a projectile launched at an angle # over horizontal
terrain, its velocity vector components at the highest point
of its trajectory satisfy:

@ v,=0, v,=0

(®) v, =0, wv,= Constant

(©) v. = Variable, v, =0

(D) v, = Constant, w», =0

Q134. euv

Aradioactive sample containing 32 g of a phosphorus
radioisotope decays until only 2 g of the original parent
nuclide remains after 60 days. The half-life of this isotope is:
(&) 15 days

(8) 10 days

(©) 6 days

(©) 5days

Q135. euv

The Sl unit of gravitational potential V, is expressed as:
@ J-s

® J/keg

© J-kg

@ N/m
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l 2l SECTION: ENGLISH

Q136. enc
Complete the sentence using the correct grammatical
tense: When we arrived at the cinema, the feature film

(a) Already started

(B) Would alreadly start
(c) Had already started
(D) Starts already

Q137. ene

Select the correct form to complete the sentence: The hot
delicious.

(a) Taste

(B) Istasting
(©) Have tasted
(D) Tastes

Q138. ene

Fillin the blank with the appropriate verb form: She
unconscious since 4 o'clock.

(a) Has been
(8) Was
©'s

(0) Had

Q139. ene

Complete the sentence expressing an unreal past wish: |
the correct answer to this dilemma.

(a) Know

(B) Knew

(© Willknow
(p) Have known

Q140. ene

Choose the most accurate synonym for the word:
ANALOGUE

(a) Opposite

(8) Behind

(©) Comparable

(D) Mechanical

Q141. enc

Choose the most accurate synonym for the word:
PULSATING

(&) Fluid

() Static

(c) Pressurized

(p) Throbbing
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Questions 136 to 150 (15 MCQs)

Q142. enc

Choose the word that correctly completes the sentence:
The administrative head of an academic institutionis called
a:

(&) Principal

(8) Principle

(©) Premier

() Prior

Q143. e

The common theatrical idiom 'break a leg' is colloquially
usedto:

(&) Threaten an adversary with physical harm

(B) Wish good luck to someone before a public performance
(©) Acknowledge irreversible defeat

(D) Express disciplinary reprimand

Q144. enc
The idiomatic expression 'bite the bullet' means to:

(&) Actrashly without considering danger

(8) Retaliate aggressively against an opponent

(©) Acceptanunpleasant and inevitable situation with fortitude
(0) Refuse toyieldin the face of logical persuasion

Q145. ene

Identify the correctly spelled word referring to a person
who organizes and operates a business venture:

(a) Enterpreneur

(8) Entripreneur

(c) Entreprineur
(D) Entrepreneur

Q146. enc

Complete the sentence using the proper conditional form:
Unless we immediately, we cannot arrive on

time.
(A) Start
(B) Will start

(c) Donot start
(D) Are starting

Q147. enc

Select the grammatically correct comparative structure:
Professor Daud is more dedicatedthan _________
college.

(A) Allteachers

(8) All otherteachers

(c) Any teachers
(D) Otherallteachers
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Q148. ENG Q1 50. ene

Choose the correct dependent preposition: Responsible Select the verb form that satisfies the rule of proximity:
drivers must alwaysabide _________ established traffic Neither the students nor theirteacher __ _______ present
regulations. at the ceremony yesterday.

(n) With (a) Was

(® To () Were

© By © Are

(D) At (p) Have been

Q149. ene

Choose the correct preposition to complete the sentence:
Atrue soldier prefers an honorable death
dishonor.

(a) Than

(B) Over

(©) Against

@ To
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Step-by-step conceptual derivations, formula working, and distractor autopsies for every guestion.

Question #1 BIOLOGY

14. Reproduction
If fertilization occurs, the young embryo implants into which layer of the uterus?
CORE CONCEPT & DERIVATION
The human uterus consists of three anatomical layers, of which the inner

mucosalliningundergoes cyclical thickening to support blastocyst
implantation.

Formula / Rule / Reaction:
Factual recall / Qualitative concept.

Solution:

» Fertilization takes place in the ampulla of the fallopian tube.

» The resulting blastocyst travels toward the uterine cavity and implants
into the glandular endometrium approximately 6 to 8 days post
fertilization.

Why other options areincorrect:

* Option A: The perimetriumis the outer serosal layer covering the
uterus.

s Option B: The myometriumis the thick intermediate muscular layer
responsible for contractions during labor.

* OptionD: Epimetriumis anobsolete or nonstandard term sometimes
confused with perimetrium.

BIOLOGY
Ouestion #2 m 14. Reproduction
[n the human male reproductive system, spermatozoa are produced directly
within the:

CORE CONCEPT & DERIVATION
Spermatogenesisis the process of male gamete formation occurring inside
specialized structural units of the testes.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

+ Eachtestis contains numerous lobules packed with tightly coiled
seminiferous tubules.

» Spermatogenic cells line these tubules and undergo meiotic divisions
under the support of Sertoli cells to produce immature sperm cells.

Why other options areincorrect:

* Option B: The epididymis functions as a storage site where sperm
achieve physiological maturation and motility.

+ Option C: The vas deferensis an excretory duct transporting mature
sperm toward the ejaculatory duct.

* OptionD: Seminal vesicles are accessory glands that produce
fructose-rich alkaline seminal fluid.
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Question #3 BIOLOGY

13. Chermical Coordination
Gonadotropic hormonesincluding FSH and LH are secreted by which endocrine
gland?
CORE CONCEPT & DERIVATION

Gonadotropins are glycoprotein hormones that regulate reproductive
gonadal activity and are synthesized by specialized basophil cellsin the
adenohypophysis.

Formula f Rule / Reaction:

Hypothalamic GnRH — Anterior Pituitary — FSH and LH

Solution:

* Gonadotropin-releasing hormone (GnRH) travels via the hypophyseal
portal system from the hypothalamus to the anterior pituitary.

* Inresponse, the anterior pituitary releases Follicle-Stimulating
Hormone (FSH) and Luteinizing Hormone (LH) into systemic circulation.

Why other options are incorrect:

s+ Option A: The hypothalamus secretes releasing and inhibiting factors
such as GnRH, not the gonadotropins themselves.

+ Option C: The adrenal cortex secretes corticosteroid hormones such
as aldosterone and cortisol.

+ OptionD: The testes are target organs that secrete testosteronein
response to LH stimulation.

Question #4 [TARN BIOLOGY

1. Support & Mov nt

Which type of cartilage is located at the articulating ends of long bones, the nasal
septum, la...

CORE CONCEPT & DERIVATION
Cartilage is classified into three histological types based on the composition
of its extracellular matrix: hyaline, elastic, and fibrocartilage.

Formula f Rule f Reaction:
Factual recall/ Qualitative concept.

Solution:

* Hyaline cartilage possesses a glassy, bluish-white matrix containing
fine type |l collagen fibrils.

* |t provides low-friction articulation surfaces at movable joints and
maintains airway patencyin the trachea and larynx.

Why other options are incorrect:

+ Option A: Fibrocartilage contains dense bundles of type | collagen
and forms the intervertebral discs and pubic symphysis.

+ OptionB: Elastic cartilage contains abundant elastic fibersandis
found in the pinna of the ear and the epiglottis.

* Option C: Calcified cartilage represents a transitional mineralized
state typically seen prior to endochondral ossification.
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Question #5 BIOLOGY

1. Suppart &k Movernent
Amuscle characterized by involuntary control, intrinsic autorhythmicity, branching
fibers, and...

CORE CONCEPT & DERIVATION
Muscle tissue is categorized histologically and functionally into skeletal,
cardiac, and smoothmuscle variants.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

e Cardiac rmuscle cells (cardiomyocytes) are striated, branched,
uninucleate, and contract rhythmically without requiring external
neural stimulation.

+ Theyare coupled mechanically and electrically via intercalated discs
containing gap junctions.

Why other options are incorrect:

+ Option B: Skeletal muscle fibers are multinucleated, voluntary, and
non-branching.

+ Option C: Multi-unit smooth muscle fibers are non-striated, lack
intrinsic spontaneous rhythmic activity, and depend on neurogenic
stimulation.

+ Option D: Single-unit smooth muscle lacks striations and organized
sarcomere banding.

Question #6 BIOLOGY

1. Support & Movernsnt

Which of the following anatomical locations features a multi-axial ball-and-
socket synovial joi...

CORE CONCEPT & DERIVATION

Ball-and-socket joints permit rotational movement in multiple planes around
acentral axis.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

* The glenohumeral (shoulder) joint is formed by the hemispherical head
of the humerus articulating within the glenoid fossa of the scapula.

» This structure provides the widest range of motion of anyjointinthe
human body.

Why other options are incorrect:

+ Option A: The knee is predominantly a modified hinge synovial joint.

» Option B: The humeroulnar joint of the elbow is a classic uniaxial hinge
joint.

+ Option D: The radiocarpal joint at the wrist is classified as a biaxial
condyloid (ellipsoid) joint.
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Question #7 BIOLOGY

13. Chernieal Coordination
Which of the following human physiclogical processes operates wia positive
feedback ratherthan...
CORE CONCEPT & DERIVATION
Negative feedback counteracts deviations from a set point to preserve
homeostasis, whereas positive feedback amplifies an initial stimulus until a
discrete physiological terminusisreached.

Formula f Rule / Reaction:

Cervical stretch — Oxytocin release — Stronger contraction — Greater stretch

Solution:

» During parturition, mechanical stretching of the cervix triggers
oxytocin secretion from the posterior pituitary.

+ Oxytocinintensifies uterine smooth muscle contractions, further
stretching the cervix and propagating a self-reinforcing cycle known
as the Ferguson reflex.

Why other options are incorrect:

+ Option A: Core body temperature adjustments use negative
feedbackloops involving hypothalamic thermoreceptors.

+ Option C: Insulin and glucagon maintain blood glucose through
reciprocal negative feedback.

+ OptionD: Parathyroid hormone secretionis inhibited by elevated
extracellular calcium via negative feedback.

Question #8 BIOLOGY

12. Mervous Coordination
The gray matter of the spinal cord does NOT contain:
CORE CONCEPT & DERIVATION

The central nervous system segregates neuronal somna and fiber tractsinto
gray and white matterregions.

Formula / Rule / Reaction:
Factual recall / Qualitative concept.

Solution:

s Primary sensory neurons are pseudounipolar cells whose soma reside
outside the central nervous system within dorsal root ganglia.

» The spinal cord gray matter housesinterneuronal cell bodiesin the
dorsal horn and somatic motor neuron cell bodies in the ventral horn.

Why other options are incorrect:

* Option A: Interneuron cell bodies are prominent components of the
dorsal and intermediate horns of gray matter.

+ OptionB: Lower moter neuron cell bodies are situated within the
anterior (ventral) horn of the spinal cord gray matter.

* Option C: Synaptic neuropil, including unmyelinated axons, forms the
bulk of gray matter.
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BIOLOGY
Question #9 m 03, Enzyrmeas

In enzymatic kinetics, the term ‘'maximum temperature’ designates the point at
which

CORE CONCEPT & DERIVATION

Thermal energy increases enzyme kinetic activity up to an optimum peint,
beyond which excessive vibrations disrupt weak non-covalent structural
bonds.

Formula / Rule f Reaction:
Factualrecall / Qualitative concept.

Solution:

* The optimum temperature yields maximal substrate conversion.

+» The maximum temperature refers to the upper thermal threshold at
which heat-induced thermal unfolding (denaturation) begins, causing
the active site geometry to collapse.

Why other options are incorrect:

* Option B: The temperature at which an enzyme works with peak
efficiency is termed the optimum temperature.

+ Option C: Thermal denaturation at high temperatures is generally
irreversible; enzymes do not renature upon further heating.

» OptionD: Substrate saturationrelates to substrate concentration {

Viuae)s NOt thermal stability thresholds.

BIOLOGY
Question #10 [ CIH:)] 03. Enzymes
[nmetabaolic pathways, the term feedback inhibition’ describes a mechanism
where

CORE CONCEPT & DERIVATION

Feedback inhibition (end-product inhibition) is an efficient regulatory cellular
mechanism that prevents the wasteful overproduction of metabolic
intermediates.

Formula / Rule / Reaction:

Baying 1

Precursor ——— A —+ B — End Product 4 Enzyme 1

Solution:

* Whenthe concentration of the ultimate product exceeds cellular
reguirements, product molecules bind to an allosteric regulatory site
on the initial committing enzyme.

* Thisinduces a conformational change that decreases the enzyme's
affinity forits initial substrate, throttling downstream flux.

Why other options are incorrect:

» Option A: Reactants stimulate rather than inhibit committing steps,
and feedback controlis reversible rather than permanent.

+ Option C: Feedbackinhibition predominantly involves allosteric non-
competitive interactions rather than active-site substrate
competition.

+ OptionD: Coenzymes are not routinely degraded to implement rapid
metabolic adjustments.
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Question #11 BIOLOGY

03.Enzyras
Chemical substances that modulate and control enzymatic reaction velocities are
classified as:
CORE CONCEPT & DERIVATION

Enzyme activity in biclogical systems is subject to dynamic up-regulation
and down-regulation via regulatory chemical ligands.

Formula / Rule / Reaction:
Factual recall / Qualitative concept.

Solution:

+ Enzymatic regulators comprise both positive effectors (activators,
which enhance catalytic turnover) and negative effectors (inhibitors,
which decrease catalytic velocity).

» Together, activators and inhibitors maintain cellular homeostasis.

Why other options are incorrect:

* Option A: Regulatory substances include non-competitive inhibitors
and activators, not merely competitive inhibitors.

+ OptionB: Substrates are the transformed reactants, not the
regulatory modifying agents.

+ OptionD: Prosthetic groups are permanently bound non-protein
cofactors essential for basal catalysis.

Question #12 BIOLOGY

03.Enzymes
Elevating temperature significantly above the physiological optimum arrests
enzymatic function ...
CORE CONCEPT & DERIVATION
Proteins rely on fragile intramolecular interactions including hydrogen bonds,

ionic bridges, and hydrophobic interactions to preserve their functional
three-dimensional configuration.

Formula / Rule f Reaction:
Factual recall / Qualitative concept.

Solution:

+ Excessive thermal kinetic energy causes rapid molecular vibration that
ruptures stabilizing non-covalent bonds.

+ The native tertiary active site collapses into a non-functional, unfolded
polypeptide conformation.

Why other options are incorrect:

+ Option A: Inactivation is driven by structural conformational loss, not
salt precipitation.

+ OptionB: lonization states change with pH fluctuations; elevated heat
causes thermal denaturation.

+ Option C: Denatured enzymes lose active-site complementarity and
cannot form substrate complexes.
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BIOLOGY
Question #13 m 16. Evalution

Which of the following propositions was NOT an original component of Charles
Darwin’s 1859 theo..

CORE CONCEPT & DERIVATION
Classical Darwinian evolutionary theory was formulated prior to the
development of Mendelian genetics and molecular biology.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

+ Charles Darwin identified overproduction, struggle for existence, and
survival of the fittest based on natural phenotypic variation.

+ Hepossessed noworking model of genetic inheritance; the role of
gene mutations and alleles was integrated later in the Modern
Synthesis during the 1930s.

Why other options are incorrect:

* Option B: Super-fecundity (overproduction of progeny)was a central
premise derived from Thomas Malthus.

+ Option C: The struggle for limited resources is a core tenet of Darwin's
mechanism.

» Option D: Differential reproductive fitnessis the fundamental
definition of natural selection.

Question #14 [THED BIOLOGY

16. Evolution
The vestigial wings of the kiwi, elongated hoowves of modern equines, and webbed
feet of waterfo...
CORE CONCEPT & DERIVATION
Lamarckism proposed that environmental demands lead to the differential
use or disuse of anatomical parts, and that these acquired physiological
modifications are transmitted to progeny.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

* Jean-Baptiste de Lamarck published his evolutionary theory in 1809 in
Philosophie Zoologique.

+» Heusedwebbed feet of swimming birds and rudimentary wings of
flightless birds as canonical examples of structural adaptation through
physical use and disuse.

Why other options are incorrect:

+ Option A: Hugo de Vries introduced the Mutation Theory of evolution
inthe early 1900s.

* Option C: AugustVWeismann disproved Lamarckian inheritance of
acquired traits via his germ-plasm theory.

« OptionD: Alfred Russel Wallace co-discovered natural selection
alongside Charles Darwin.
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Question #15 BIOLOGY

OB Irnrurilty
Which of the following statements regarding interferons is NOT correct?

CORE CONCEPT & DERIVATION
Interferons are signaling glycoproteins produced by virus-infected host cells
toinhibit viral replication and modulate innate immune defenses.

Formula f Rule f Reaction:
Factual recall / Qualitative concept.

Solution:

+ Interferons are effector signaling proteins; they do not possess
secretory machinery to synthesize or secrete other signaling
molecules such asinterleukins.

+ Interleukins are produced independently by helper T cells, monocytes,
and macrophages.

Why other options are incorrect:

+ Option A: Interferons are biologically classified as cytokine signaling
molecules.

+« OptionB: Type | and Type llinterferons stimulate cytotoxic T
lymphocytes and natural killer cells.

* OptionD: Interferons bind surface receptors on nearby cells,
stimulating antiviral proteins that block mRMNA translation.

BIOLOGY
Question #16 m 04 Digestion/Mutrition

Intrinsic factor, synthesized and released by gastric parietal cells, is essential for

theinte...

CORE CONCEPT & DERIVATION
Vitamin B, requires carrier-mediated transport to protect it against luminal
degradation and facilitate enterocyte uptake.

Formula / Rule / Reaction:

Cubiam receptor

Intrinsic Factor + Vitamin Bys — [IF — By Complex| Ileal Absorption

Solution:

* Parietal cells located within the gastric fundus and body secrete
intrinsic factor alongside HCL

+ Intrinsic factor binds cobalamin in the duodenum; the resulting
complex resists enzymatic digestion until it binds specific cubilin
receptors in the terminalileum.

Why other options are incorrect:

+ Option A: Vitamin C is water-soluble and absorbed via sodium-
ascorbate cotransporters (SVCT) without intrinsic factor.

+ OptionB: Inorganic iron absorptionis promoted by gastric acid
reductionto Fe’" and transported by DMT-1.

+ Option C: Vitamin D is absorbed via lipid micelle incorporation in the
smallintestine.
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Question #17 BIOLOGY

04 Digastion/MNuteltion
The greatest volume of gastric juice secretion during a meal is triggered primarily
during the ...
CORE CONCEPT & DERIVATION
Gastric secretion is divided into cephalic, gastric, and intestinal phases, with

the gastric phase producing approximately 50 to 60 percent of the total
volume.

Formula / Rule f Reaction:

Peptides /| Amino acids — G cells — Gastrin release — Massive parietal secretion

Solution:

* Wheningested proteins enter the stomach, luminal peptides and
mechanical distension stimulate antral G cells to release the peptide
hormone gastrin.

» Gastrin acts directly on parietal cells and triggers histamine release
from ECL cells, inducing maximal gastric acid output.

Why other options are incorrect:

* Option B: Olfactory stimulation belongs to the cephalic phase, which
accounts for roughly 30 percent of baseline gastric juice secretion.

» Option C: Visual cuesinitiate vagal refilexes within the cephalic phase
only.

* Option D: Taste receptors stimulate parasympathetic fibers during the
cephalic phase, yielding smaller velumes than direct gastric luminal
presence.

Question #18 BIOLOGY

Of. Immunity
Which of the following physiological functions is NOT a metabolic role carried out
by hepatocyt..
CORE CONCEPT & DERIVATION

The liver performs numerous biochemical conversions and synthesizes the
majority of plasma proteins, but does not synthesize antibodies.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

+» Hepatocytes produce plasma albumin, fibrinogen, prothrombin, and
acute-phase proteins.

* Immunoglobulins (antibodies) are exclusively produced and secreted
by differentiated humoral B-lymphocytes (plasma cells).

Why other options are incorrect:

* Option A: Glycogenolysis is the hepatic depolymerization of
glycogenreserves into glucose during fasting.

» Option C: Gluconeogenesis is the hepatic synthesis of glucose from
non-carbohydrate substrates such aslactate and glycerol.

+ Option D: Deamination of amino acids takes place within
hepatocytes, yielding ammonia which is converted to urea.
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Question #19 BIOLOGY

04 Digestion/Mutrition
Which of the following digestive enzymes is NOT produced by the acinar cells of
the pancreas?
CORE CONCEPT & DERIVATION

Digestive enzymes exhibit strict compartmental specialization according to
their glandular origin and optimal operating pH.

Formula / Rule / Reaction:

Gastric HCL
Pepsinogen R Pepsin (Active at pH 1.5 to 2.0)

Solution:

» Pepsinis secreted as the zymogen pepsinogen by chief (peptic) cells
located in the gastric glands of the stomach.

+ Theexocrine pancreas secretes an alkaline mixture containing
trypsinogen, chymotrypsinogen, pancreatic lipase, and pancreatic
amylase into the duodenum.

Why other options are incorrect:

+ Option A: Pancreatic lipase is synthesized by pancreatic acinar tissue
to hydrolyze dietary triglycerides into monoaglycerides and free fatty
acids.

+ OptionB: Trypsinogen is the primary pancreatic endopeptidase
zymogen activated by enterokinase in the duodenum.

+ OptionD: Amylase is produced by both salivary glands and the
pancreas to cleave alpha-1,4-glycosidic bonds.

Question #20 BIOLOGY

07, Cireulation / Transport

The systemic aorta originates directly from which anatomical chamber of the
heart?

CORE CONCEPT & DERIVATION
The mammalian heart uses two parallel circulatory loops: the pulmonary
circuit and the systemic circuit.

Formula / Rule / Reaction:

Aortic Semihanar Valve

Left Ventricle Ascending Aorta — Systemic Circulation

Solution:

*» (Oxygenated blood returns from the pulmonary veins to the left atrium,
passes through the bicuspid (mitral) valve, and enters the left ventricle.

+ Contraction of the left ventricle ejects blood at high pressure through
the aortic semilunar valve into the ascending aorta.

Why other options are incorrect:

+ Option A: The right ventricle purnps deoxygenated bloodinto the
pulmonary trunk toward the lungs.

+ OptionB: The left atrium receives oxygenated blood from the four
pulmonary veins.

« Option C: The right atrium receives systemic venous blood returning
via the superior and inferior venae cavae.
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Question #21 _ BIOLOGY

iredlation / Transport

The human lymphatic system consists of specialized lymphoid tissues and
vessels, butdoes NOT...

CORE CONCEPT & DERIVATION

The lymphatic systemis a specialized vascular network that drains interstitial
fluid and houses components of the adaptive immune system.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

+ The lymphatic system comprises lymphatic capillaries, collecting
ducts, lymph nodes, the spleen, tonsils, and the thymus.

+ Thelungs are primary organs of the respiratory system dedicated to
external gas exchange, although they contain resident bronchus-
associated lymphoid tissue (BALT).

Why other options are incorrect:

* Option B: The spleenis the largest secondary lymphoid organinthe
human body, filtering blood-borne antigens.

+ Option C: The thymusis a primary lymphoid organ responsible for T-
lymphocyte maturation.

+ Option D: Lymph nodes are encapsulated secondary lymphoid
filtration structures distributed along lymph vessels.

Question #22 [THEN BIOLOGY

0. Cel
[n eukaryotic cells, the small 405 ribosomal subunit joins with the large 605
subunitinthe pr..

CORE CONCEPT & DERIVATION

Svedberg (S) units reflect sedimentation velocity during high-speed
centrifugation, which depends non-linearly on particle mass, surface area,
and shape.

Formula / Rule / Reaction:

408 Subunit + 605 Subunit ey 808 Cytoplasmic Ribosome

Solution:

+ Swvedberg coefficients are not additive because complexation alters
the total hydrodynamic surface area and frictional coefficient.

» Ineukaryotic cytoplasm, the 40S small subunit (containing 185 rRMA)
associates with the 605 subunit (containing 285, 5.85, and 55 rRNAs)
to assemble the mature 80S translationribosome.

Why other options areincorrect:

* Option A: 100Sis an arithmetic sum (40 + 60), which incorrectly
assumes sedimentationvalues are linearly additive.

+ OptionC: 70S is the complete ribosome size found in prokaryotes,
mitochondria, and chloroplasts (composed of 30S and 505 subunits).

* OptionD: 90S corresponds to an early pre-ribosomal intermediate in
the nucleclus, not the mature cytoplasmic translation particle.
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Question #23 [THE) BIOLOGY

OB Irneunilty
The resident bacterial flora colonizing human skin and mucous membranesis
beneficial becausei...

CORE CONCEPT & DERIVATION
The normal human microbiota provides microbial antagonism (competitive
exclusion), serving as a crucial component of the innate immune barrier.

Formula / Rule / Reaction:
Factual recall / Qualitative concept.

Solution:

+ Commensal bacteria occupy mucosal surface receptors, consume
available local nutrients, and produce bacteriocins as well as acidic
waste products.

» This microenvironment directly impedes colonization, proliferation,
and tissue invasion by pathogenic microorganisms.

Why other options are incorrect:

+ Option A: Commensals synthesize bacteriocins forinter-bacterial
competition, not clinical pharmaceutical antibiotics.

+ Option B: Resident flora do not manufacture host-directed antitoxins.

+« OptionD: Commensal organisms prime the immune system, but do
notreplace the host's need for functional T-cell mediated immunity.

Question #24 [[ZHE ~ BioLosY

17 Bi Aoy

In endospore-forming bacteria such as Bacillus and Clostridium , exceptional
resistance against...

CORE CONCEPT & DERIVATION

Certain Gram-positive bacteria form cryptobiotic resting structures called
endospores when subjected to severe nutritional starvation or environmental
stress.

Formula / Rule f Reaction:

Spore heat tolerance x [Caleium-Dipicolinate complex| + Core Dehydration

Solution:

» Bacterial endospores possess an extremely dehydrated protoplasmic
core enriched with calcium dipicolinate (dipicolinic acid complexed
with Ca®").

+ This chemical complex, along with small acid-soluble spore proteins
(SASPs) and a multi-layered keratin-like protein coat, stabilizes DNA
and cellular enzymes against thermal denaturation up to boiling
temperatures.

Why other options are incorrect:

+ Option A: Plasmids carry accessory genes for antibiotic resistance,
not thermal physical resistance.

+ OptionB: Glycogengranules are simple nutrient storage inclusions
with zero protective capacity.

+ Option C: Normal vegetative peptidoglycan cell walls denature and
lyse readily when boiled.
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Question #25 [[SAL) BIOLOGY

3. Chemical Coordination
Which of the following endocrine hormone pairs does NOT demonstrate
antagonistic physiological ...
CORE CONCEPT & DERIVATION
Antagonistic hormones exert opposing physiological regulatory effectsona

shared parameter, whereas synergistic hormones actin concert to achieve
complementary cutcomes.

Formula / Rule f Reaction:
Factualrecall / Qualitative concept.

Solution:

* Adrenaline (epinephrine) and noradrenaline (norepinephrine) are co-
secreted by the adrenal medulla during sympathetic activation.

+ Bothact synergistically to mobilize glucose reserves, raise cardiac
output, and mediate the fight-or-flight stressresponse.

Why other options are incorrect:

* Option B: Calcitonin lowers blood calcium levels, whereas parathyroid
hormone elevates extracellular calcium.

+ Option C: Insulin drives cellular glucose uptake to lower glycemia,
while glucagon stimulates glycogenolysis to elevate blood glucose.

+ Option D: Growth hormone promotes somatic development, while
somatostatin acts as growth hormone-inhibiting hormone (GHIH).

Question #26 [THED BIOLOGY

05, Acellular Life
Viruses identify and bind to their specific susceptible host cells primarily via:
CORE CONCEPT & DERIVATION
Viral tropismis determined by stereochemical recognition between viral

attachment proteins and complementary surface receptors onthe target
host cellmembrane.

Formula / Rule / Reaction:

Viral Attachment Protein (Spike / Capsomere) + Host Membrane Receptor — Adsorption

Solution:

s Enveloped viruses display glycoprotein spikes embedded within their
envelopes, whereas non-enveloped viruses use surface capsomeres.

» These surface structures bind selectively to corresponding host
surface proteins, determining the host range and tissue specificity of
the virus.

Why other options are incorrect:

s« Option A: Viral nucleic acids are sequestered inside the protective
protein capsid and cannot interact directly with exterior host
receptors.

+ Option C: Reverse transcriptase is aninternal replication enzyme
foundinretraviruses, not an external attachment ligand.

+ OptionD: Thelipid envelope is derived non-specifically from host cell
membranes during budding and lacks inherent binding specificity
without embedded spikes.
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Question #27 BIOLOGY

01. Cel
Cell-surface markers that facilitate immunological cell-cell recognition and tissue
identity ar...
CORE CONCEPT & DERIVATION
The fluid mosaic model features branched carbohydrate chains covalently
linked to proteins or lipids on the outer membrane leaflet, forming the cellular
glycocalyx.

Formula f Rule / Reaction:

Carbohydrate + Protein / Lipid — Glycoprotein / Glycolipid {Cell Identity Marker)

Solution:

» (Oligosaccharide chains attached covalently to membrane proteins
(glycoproteins) and polar lipids (glycolipids) project into the
extracellular space.

+ These molecules function as biochemical recognition flags for cell
adhesion, blood typing (ABO antigens), and histocompatibility (MHC
recognition).

Why other options are incorrect:

* Option A: Lipoproteins primarily function as circulating lipid-transport
assemblies in plasma, not cell recognition markers.

s+ OptionB: Sphingomyelins and phospholipids form the structural lipid
bilayer, but do not provide specific biclogical recognition codes.

* OptionD: Channel proteins mediate transmembrane solute transport
rather than antigenic cellidentification.

Question #28 [THCN) BIOLOGY

1. Cel
Porin channel proteins are typically present in the outer membranes of which
eukaryotic organel...
CORE CONCEPT & DERIVATION
Porins are beta-barrel transmembrane proteins that create large, water-filled

channels permitting passive diffusion of hydrophilic molecules up to
approximately 5 kDa.

Formula f Rule f Reaction:
Factual recall/ Qualitative concept.

Solution:

+ Mitochondria and chloroplasts arose via endosymbiosis from
ancestral Gram-negative prokaryotes.

+ Conseqguently, their outer envelope membranes contain porin
transport proteins that make them freely permeable to small
metabolic solutes.

Why other options are incorrect:

+ Option A: The endomembrane system (ER and Golgi) regulates
transport via vesicle fusion and specific permeases rather than open
porins.

* OptionB: Lysosomal membranes require specialized proton ATPase
pumps and transporters to preserve an acidic internal pH.

+ Option C: Ribosomes are non-membranous ribonucleoprotein
complexes, and peroxisomes use specialized peroxin channels.
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Question #29 [ZAL) BIOLOGY

04 Digastion/MNuteltion
The primary physiological function of parietal (oxyntic) cells located in the gastric
mucosais...

CORE CONCEPT & DERIVATION
Gastric oxyntic glands contain specialized epithelial cell ineages each
responsible for producing specific digestive secretions.

Formula / Rule / Reaction:

Stimulation

Parietal Cells ————— HCI (via H' /K -ATPase) + Intrinsic Factor

Solution:

* Parietal cells use active proton pumps (H' /K" -ATPase) to secrete
hydrochloric acid, which lowers gastric pHto 1.5 to 2.0 to activate
pepsinogen and kill pathogens.

* Simultaneously, parietal cells secrete intrinsic factor, whichis required
for vitamin Bys absorptionin the ileum.

Why other options are incorrect:

+ Option B: Pepsinogen is secreted by gastric chief (peptic or
zymogenic) cells.

+ Option C: Protective mucin and bicarbonate are secreted by mucous
neck and surface epithelial cells.

* Option D: Gastrinis an endocrine hormone synthesized by
neurcendocrine G-cells in the pyloric antrum.

Question #30 BIOLOGY

1. Cell
Which of the following celiular structures is universally present in all prokaryotic
and eukary...

CORE CONCEPT & DERIVATION

All free-living biological cells require a selectively permeable amphipathic
boundary to maintain internal chemical homeostasis distinct from the
external environment.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

+ Eweryliving cell, whether prokaryotic (eubacteria, archaea) or
eukaryotic (protists, fungi, plants, animals), is enclosed by a
phospholipid bilayer membrane.

Why other options are incorrect:

+ Option A: Cellulose cell walls are restricted to green plants and certain
algae; animal cells and mycoplasmas lack cell walls completely.

+ Option C: B80S ribosomes are characteristic of eukaryotic cytoplasm;
prokaryotes possess smaller 705 ribosomes.

+ Option D: The Golgi apparatus is an endomembrane organelle found
exclusively in eukaryotic cells.
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Question #31 BIOLOGY

01. Cel
Which eukaryotic organelle contains an abundance of acid hydrolases active at an
internalpHof..

CORE CONCEPT & DERIVATION

Lysosormnes function as the primary catabolic degradation compartments of
eukaryotic cells, breaking down macromolecules, engulfed pathogens, and
aged organelles.

Formula f Rule / Reaction:
Factual recall / Qualitative concept.

Solution:

* Lysosomes maintain an acidic interior via vacuoclar H'-ATPase proton
pumps.

+ They contain over 50 different acid hydrolases (including proteases,
nucleases, lipases, and sulfatases)that degrade biological polymers
at optimal acidic pH.

Why other options are incorrect:

+ Option A: Peroxisomes contain catalase and oxidative enzymes that
generate and degrade hydrogen peroxide at neutral pH.

+ Option B: The rough endoplasmic reticulum specializes in protein
translation, folding, and post-translational modification.

+ Option D: Mitochondria contain enzymes for the citric acid cycle and
oxidative phosphorylation within an alkaline matrix (pH ~7.8).

Question #32 BIOLOGY

02 Blomaolecules
The primary structural level of a protein is fundamentally determined by the:
CORE CONCEPT & DERIVATION

Proteins exhibit hierarchical structural organization: primary. secondary,
tertiary, and quaternary levels.

Formula / Rule / Reaction:

Translati . : .
mRNA transcript %, Amino Acid Sequence (Primary Structure)

Solution:

o The primary structure is the specific, genetically encodedlinear
seqguence of amino acids joined together through covalent peptide
(armide) linkages.

« This sequence contains all the biochemical information necessary to
dictate downstream secondary and tertiary folding.

Why other options are incorrect:

+ Option A: Localized regular confarmations stabilized by backbone
hydrogen bonds represent secondary structure.

* Option B: Multi-subunit associationvia non-covalent or disulfide
bonds describes quaternary structure.

+« Option C: The complete three-dimensional steric conformation of a
single polypeptide chain corresponds to tertiary structure.
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Question #33 BIOLOGY

02 Biomolecules
Wateracts as an outstanding universal biological salvent primarily because of its:

CORE CONCEPT & DERIVATION

The polar geometry and dielectric properties of water allow it to disrupt ionic
lattices and form favorable hydration shells around solutes.

Formula / Rule / Reaction:

4 0—2"H (Dipole moment u = 1.85 D)

Solution:

« Water has a bent molecular geometry with an electronegativity
difference between oxygen and hydrogen, producing a permanent
electric dipole.

+ lts high dielectric constant weakens electrostatic attractions between
oppositely charged ions, while its dipole forms hydration shells around
polar molecules and ions.

Why other options areincorrect:

* Option B: Viscosity and surface tension govern cohesive and capillary
behaviors, not solvent dissolution power.

» Option C: Aneutral pH reflects balanced autoionization ((H'| = [OH|)
rather than chemical solvation potential.

+ Option D: Water possesses an exceptionally high specific heat
capacity (4.184 J /g’ C), which stabilizes ambient temperatures.

BIOLOGY
Question #34 Key: (B) 02 Biomolaculas
All carbohydrates are organic compounds that chemically contain which specific
combination of e...
CORE CONCEPT & DERIVATION

Carbohydrates are polyhydroxy aldehydes, polyhydroxy ketones, or
substances that yield these units upon acid hydrolysis.

Formula / Rule / Reaction:

Cn(H2Q)r or CoHy0,

Solution:

+ True carbohydrates consist fundamentally of carbon, hydrogen, and
oxygen, generallymaintainingal : 2 : 1 atomicratioin simple
monosaccharides (e.g., glucose C;H,04).

Why other options areincorrect:

+ Option A: Nitrogen is an essential component of proteins and nucleic
acids, butis absent from basic carbohydrates (except modified
derivatives like chitin).

+ Option C: Sulfuris found in specific amino acids (cysteine,
methionine), notin carbohydrate backbones.

+ OptionD: Nitrogenis absent from unmodified monosaccharides,
oligosaccharides, and polysaccharides.
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Question #35 BIOLOGY

1. Cal
Within the eukaryotic interphase nucleus, the dense non-membrane-bound
structure where ribosoma..
CORE CONCEPT & DERIVATION
The nucleclus is a prominent subnuclear compartment organized around

nucleolar organizerregions (NORs) of chromosomes containing tandemly
repeated rRNA genes.

Formula f Rule / Reaction:

BNA Pol 1

rRNA genes + 458 pre-tTRNA — 185, 5.85, 285 rRN As

Solution:

& Thenucleolusisthe principal site of ribosomal RNA (rRNA)
transcription, enzymatic processing, and assembly with imported
ribosomal proteins to build pre-ribosomal subunits.

+ |taccountsfor the majority of continuous RNA transcription within the
interphase nucleus.

Why other options are incorrect:

+ Option A: Nuclear pore complexes are multi-protein octagonal
channels that regulate bidirectional nucleocytoplasmic transport.

+ OptionB: The nuclear envelope is a double membrane continuous
with the rough endoplasmic reticulum that demarcates the nucleus.

+* OptionD: The centrosome is a cytoplasmic microtubule-organizing
center containing centrioles.

Question #36 BIOLOGY

1. Cel
Turgor pressure in non-woody plant tissues is maintained primarily by the active
accumulation o...

CORE CONCEPT & DERIVATION
The central vacuole functions as a hyperosmotic hydrostatic engine that

maintains cellular turgidity and provides mechanical support to herbaceous
plants.

Formula / Rule / Reaction:

. =9 +7

® 5 r

Solution:

+ Thetonoplast(vacuolarmembrane) uses active proton pumps and
antiporters to transportinorganic ions (such as K ') into the vacuolar
lumen.

+ Thislowers the vacuolar solute potential (¥.), driving waterinto the

vacuole by osmosis and exerting positive turgor pressure (¥, ) against
therigid cell wall.

Why other options are incorrect:

+ Option A: The apoplast is the continuum of external cell walls and
intercellular spaces through which water diffuses passively.

+ OptionB: Ribosomes synthesize proteins and play no direct
hydrostatic osmoregulatory role.

+ Option C: Peroxisomes catabolize fatty acids and toxic peroxides, and
do not establish systemic turgidity.
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BIOLOGY

04. Bioanargetics

Question #37

In oxygenic photosynthetic plant cells, green chlorophyll pigments are
embedded within the:

CORE CONCEPT & DERIVATION
Photosynthetic pigments are hydrophobic molecules organized into light-
harvesting antenna complexes within specialized internal lipid bilayers.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

+ Chlorophyllmolecules possess a hydrophilic porphyrinring and a
lipophilic phytol tail.

» The phytol tail anchors the pigment non-covalently into the thylakoid
lipid bilayer, positioning the porphyrin heads to capture incoming
photons for photosystems land Il

Why other options are incorrect:

* Option B: The stroma is the hydrophilic fluid matrix where carbon
fixation reactions (Calvin cycle) take place.

+ Option C: The outer envelope contains non-specific porin channels
and lacks photosynthetic reaction centers.

* Option D: The inner membrane regulates metabolite transit and is
devoid of pigment-protein complexes.

BIOLOGY

04, Bioanargetics

Question #38

Carotenoid accessory pigments known as xanthophyils typically impart which
characteristic color...

CORE CONCEPT & DERIVATION

Carotenoids are lipid-soluble tetraterpenoid accessory pigments divided
into oxygen-free carotenes and oxygenated xanthophylls.

Formula / Rule / Reaction:

Xanthophylls: CyHs60,,  (Absorb blue-green light, transmit yellow)

Solution:

« Xanthophylls contain oxygenated functional groups (such as hydroxyl
orepoxide groups) on their terminal rings.

* Theyabsorb high-energy blue-viclet wavelengths (400 to 500 nm) and
transmit yellow wavelengths, providing photoprotection against
photo-oxidation.

Why other options areincorrect:

+ Option A: Blue colorationin plants is typically produced by vacuolar
anthocyanin pigments under alkaline pH.

« Option C: Green lightis reflected by chlorophyll a and b, not by
carotenoids.

» Option D: Purple pigmentation is produced by anthocyanin
flavonoids, not by lipophilic plastidial carotenoids.
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Question #39 BIOLOGY

12, Nervous Caordination
The neural pathway that conducts an involuntary, rapid motorresponse to an
external stimulus w..
CORE CONCEPT & DERIVATION
A reflex arc is the anatomical pathway underlying an involuntary reflex action,

consisting of areceptor, sensory neuron, integration center, motor neuron,
and effector.

Formula f Rule / Reaction:

Receptor — Sensory Neuron — Spinal Cord Interneuron — Motor Neuron — Effecto

Solution:

+ Inasomatic spinal reflex, afferent action potentials enter the dorsal
horn of the spinal cord and directly synapse with interneurons or motor
neurons.

» Efferent signals exit through the ventral horn to stimulate muscles
immediately, avoiding delay from ascending cerebral pathways.

Why other options are incorrect:

+ Option A: Sensory ascending tracts (such as the spinothalamic tract)
carry signals upward to the thalamus and cortex for conscious
perception.

s+ Option C: The corticospinal tract mediates voluntary motor
commands descending from the motor cortex.

» OptionD: The somatosensory network processes conscious tactile
and pain signals in the parietal lobe.

BIOLOGY

a1. Cell

Question #40

Which of the following semi-autonomous organelles contains circular double-
stranded DNA and 705...

CORE CONCEPT & DERIVATION
According to the endosymbiotic theory, mitochondria and chloroplasts

originated as free-living prokaryotes engulfed by ancestral eukaryotic host
cells.

Formula / Rule / Reaction:
Factual recall/ Qualitative concept.

Solution:

+ Mitochondria possess their own maternal non-nuclear circular
genome (mtDNA) and synthesize some of their own proteins using
prokaryotic-like 70S ribosomes.

* They replicate independently within the host cytoplasm via binary
fission.

Why other options are incorrect:

+ Option A: The rough endoplasmic reticulumis an endomembrane
organelle studded with host eukaryotic 80S ribosomes and lacks
internal DNA.

* OptionB: The Golgi apparatus is composed of flattened cisternae
that lack genetic material.

¢+ OptionD: Lysosomes are single-membrane hydrolytic compartments
that contain no autonomous genome or ribosomes.
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Question #41 BIOLOGY

0. Cel
Which organelie packages and secretes complex non-cellulosic polysaccharides
essential for plan...

CORE CONCEPT & DERIVATION

During cytokinesis in plant cells, vesicles derived from dictyosomes (Golgi
stacks) coalesce along the equatorial plane to assemble the phragmoplast
and cell plate.

Formula / Rule f Reaction:
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Question #43 [ZHC) BIOLOGY

13. Chiarnical Coordination
Which endocrine structure is historically designated as the ‘master gland”
becauseits trophic ..
CORE CONCEPT & DERIVATION
The pituitary gland (hypophysis) coordinates the endocrine system by
releasing trophic hormones that control target glands such as the thyroid,
adrenal cortex, and gonads.

Formula f Rule / Reaction:

Golgi Cisternae — Secretory Vesicles (Pectins and Hemicellulose) — Phragmoplast — Middle fagtygl recall/ Qualitative concept.

Solution:

* The Golgicomplex synthesizes complex matrix polysaccharides such
as pectins and hemicelluloses.

» Theseare packaged into transport vesicles that fuse during telophase
to construct the middle lamella and early primary cell wall.

Why other options areincorrect:

+ Option A: Centrosomes organize microtubule spindles during mitosis
and are absent from higher plant cells.

* Option B: Peroxisomes catabolize long-chain fatty acids and manage

hydrogen peroxide.
+ Option C: The nucleolus synthesizes ribosomal subunits, not wall
polysaccharides.
BIOLOGY
Question #42 [ 01 Sk

The primary intracellutar site responsible for the biosynthesis of steroid hoarmaones,
phospholip...

CORE CONCEPT & DERIVATION

The smooth endoplasmic reticulum (SER) contains integral membrane
enzymes that synthesize lipids and metabolize lipophilic chemical
compounds.

Formula / Rule / Reaction:

SER Cytachrame P450 .
Cholesterol ——— """, Steroid Hormones (e.g., Cortisol, Testosterone)

Solution:

* The tubular membranes of the SER contain the enzymatic machinery
needed to convert cholesterol into steroid derivatives in gonads and
adrenal cortex cells.

* Inhepatocytes, SER cytochrome P450 monooxygenases hydroxylate
lipid-soluble drugs and metabolic toxins to facilitate their renal
excretion.

Why other options are incorrect:

» Option B: The rough endoplasmic reticulum specializes in translating
and processing secretable and membrane-bound proteins.

+ Option C: Lysosomes degrade endocytosed macromolecules and
damaged organelles.

* Option D: Ribosomes catalyze peptide bond formation during mRNA
translation.
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Solution:

* The anterior pituitary secretes thyroid-stimulating hormone (TSH),
adrenocorticotropic hormone (ACTH), and gonadotropins (LH and
FSH).

s Althoughthe pituitary itself is regulated by hypothalamic releasing
factors, its broad control over peripheral glandular output earned it the
classical title of master gland.

Why other options are incorrect:

+ Option A: The thyroid gland produces metabolic hormones (T3, T4)
and calcitonin under upstream TSH direction.

+ Option C: The adrenal gland produces corticosteroids and
catecholamines, but does not control other distinct endocrine glands.

+ OptionD: The pineal gland secretes melatonin to govern circadian
rhythms.

Question #44 BIOLOGY

04. Bicenergetics
The high-energy chemical assimilation products synthesized during the light-
dependentreactions..,

CORE CONCEPT & DERIVATION

The light reactions of oxygenic photosynthesis convert solar radiant energy
into stable chemical energy stored in phosphoanhydride bonds and
reducing equivalents.

Formula / Rule / Reaction:

e

2H,0 + ZNADP" + 3ADP + 3P; — O3 + 2NADPH + 2H' + 3ATP

Solution:

+ Photolysis of water coupled with non-cyclic electron transport yields
reduced NADPH and generates a proton gradient driving ATP
synthase.

+ Both ATP and NADPH diffuse into the stroma to power carbon
reductioninthe dark reactions.

Why other options are incorrect:

« Option A: ADP and NADP™ are the oxidized byproducts returned to
the thylakoid membrane from the stroma.

+ OptionB: Glucose is the ultimate product of the Calvin cycle, nota
generated reactant of the light reactions.

+ OptionD: FADH: is an electron carrier operating in mitochondrial
cellularrespiration, not chloroplast photosynthetic light reactions.
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Question #45 BIOLOGY

02 Biomolecules
The biochemical process defined as the cleavage of covalent bonds withina
bioclogical macromaole. ..
CORE CONCEPT & DERIVATION

Hydrolysis reactions use water molecules to break covalent linkages that join
monomeric units within biological polymers.

Formula / Rule / Reaction:

Hylralase
Ri—-R:+H:O———Ri—0H+Rs—H

Solution:

+ During enzymatic digestion of proteins, starches, and triglycerides, a
water molecule is consumed per bond broken.

+  Hydroxyl(—OH) binds one constituent moiety while a hydrogenion (H™
)attaches to the other.

Why other options areincorrect:

s Option A: Condensation (dehydration synthesis) joins monomers by
eliminating water rather than consuming it.

* Option B: Oxidative decarboxylation removes a carboxyl group as CO:
while generating reducing equivalents.

+ Option C: Hydrogenation is the chemical addition of elemental
hydrogen (Hz) across unsaturated double bonds.

Question #46 BIOLOGY

02 Biomolecules
Which of the following proteins functions primarily as an extracellular structural
componentim..

CORE CONCEPT & DERIVATION

Structural proteins form supportive fibers that resist mechanical deformation
throughout extracellular matrix networks.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

» Collagenis aninsoluble fibrous glycoprotein characterized by a
repeating Gly-X-Y amino acid triplet.

s Three polypeptide alpha chains wind into aright-handed triple helix
that provides tensile resistance in bone, cartilage, tendons, and the
dermis.

Why other options areincorrect:

+ OptionB: Pepsinogen is aninactive proteolytic zymogen secreted
into gastric juice.

+ Option C: Caseinis anutrient storage phosphoprotein found in
mammalian milk.

* OptionD: Insulinis a globular peptide hormone that regulates
intermediary carbohydrate metabolism.
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Question #47 BIOLOGY

0l. Cel
In striated skeletal muscle fibers, the release of [Formula] ions that couples
excitation tomy...
CORE CONCEPT & DERIVATION
The sarcoplasmic reticulum (SR} is a specialized smooth endoplasmic

reticulumin myocytes that stores and releases calcium to regulate the
contractile machinery.

Formula f Rule / Reaction:

Action Potential — T-Tubule DHP Receptor — SR Ryanodine Receptor — Ca®" Eff

Solution:

+ Depolarization of the sarcolemma travels down transverse tubules,
activating voltage-sensing dihydropyridine receptors.

+ This opens ryanodine release channels in the terminal cisternae of the
sarcoplasmic reticulum, releasing Ca®" into the sarcoplasm to bind
troponin C.

Why other options are incorrect:

+» Option A: The rough ERis dedicated to protein translation and lacks
high-capacity calcium storage cisternae.

+ Option C: The Golgi apparatus modifies and routes secretory vesicles
and does not control calcium transients.

+ OptionD: The lysosomal membrane sequesters acid hydrolases away
from the sarcoplasm.

BIOLOGY
QueStlon #48 Key: (c] 10. Homeostasis
Under normal physiclagical conditions, the pH of systemic arterial human blood is
strictly buff...
CORE CONCEPT & DERIVATION
Human blood is maintained slightly alkaline via the bicarbonate buffer
system, pulmonary ventilation, and renal acid-base excretion.

Formula / Rule / Reaction:

[HCO;|

H = 6.1+ log(— 02—
B T798(5.08 x Poo,

)= T7.40

Solution:

+ Underresting conditions, extracellular fluid pH is kept between 7.35
and 7.45.

» Values below 7.35 represent acidemia, whereas values above 7.45
represent alkalemia, both of which impair cellular enzymatic and
cardiovascular function.

Why other options are incorrect:

+ OptionA: ApHof 715 t07.25 reflects severe, life-threatening
metabolic orrespiratory acidosis.

+ OptionB: Arange of 7.25 to 7.35 represents mild uncompensated
systemic acidosis.

+ OptionD: ApH of 7.45 to 7.55 denotes systemic alkalemnia.
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Question #49 BIOLOGY

16. Inheritance / Variation & Genetics
In an X-linked recessive condition, if an affected homozygous female marries a
phenotypically n...
CORE CONCEPT & DERIVATION
X-linked recessive traits require two mutant alleles for phenotypic

expression in biological females (X X*), whereas a single normal allele (X )
masks the mutant phenotype.

Formula / Rule f Reaction:

Cross: X" X" x XY — Daughters: X' X" (100% Carriers, 0% Affected)

Solution:

* The affected mother can only transmit an X allele to her offspring.

* The normal father transmits his single X4 chromosome to all female
progeny.

+ Every daughterinherits the genotype X X*; because the dominant
X4 allele compensates, exactly O percent of the daughters show
clinical symptoms.

Why other options are incorrect:

« Option A: A50 percent frequency would require the father to carry the
recessive allele or the mother to be heterozygous.

+ OptionB: 100 percent of daughters would only be affected if the
father also had the disease condition(X*Y").

+ OptionC: A 25 percentratio is typical of an autosomal recessive
intercross, not an X-linked pedigree with a normal father.

Question #50 BIOLOGY

04, Bipanargeatics

How many total molecules of ATP are consumed in the stroma during the Calvin
cycle tosynthesiz...

CORE CONCEPT & DERIVATION
Fixation of carbon dioxide into hexose sugar demands chemical energy
supplied by ATP and NADPH in the light-independent reactions.

Formula / Rule / Reaction:

6C02 + 18ATP + 12NADPH + 12H" — CsH1206 + 18ADP + 18P, + 12NADP™ + 6H20

Solution:

+ Eachsingle turn of the Calvin cycle fixing one C0, consumes 3 ATP
molecules (2 in the reduction phase and 1in the regeneration phase of
RuBP).

s Synthesizing one net mole of glucose requires the fixation of 6 moles
of CO,, 506 x 3 = 18 ATP are consumed.

Why other options are incorrect:

+ OptionB: 12 ATP accounts only for the phosphorylation of 3-
phosphoglycerate to 1,3-bisphosphoglycerate, omitting RuBP
regeneration.

+ OptionC: 7 ATP is the total energetic investment needed to produce a
single three-carbon triose phosphate (G3P) intermediate.

» OptionD: 34 ATP reflects the gross theoretical ATP yield of complete
aerobic cellular respiration, not photosynthetic carbonreduction.
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Question #51 ~ BIOLOGY

05 Acellular Life

Which structural component projecting outward from the lipid bilayer envelope of
viruses facili
CORE CONCEPT & DERIVATION

Enveloped animal viruses display specialized attachment proteins anchored
in their outer lipid membrane that determine tissue tropism.

Formula / Rule / Reaction:

Viral Glycoprotein Spike (Peplomer) + Host Cell Membrane Receptor — Adsorption

Solution:

+ Glycoprotein spikes (peplomers) project from the viral membrane
envelope to bind target receptors on host cells.

s Classic examplesinclude hemagaglutininininfluenza and the spike
glycoproteinincoronaviruses.

Why other options are incorrect:

+ Option A: Capsomeres are structural protein subunits that formthe
interior nucleocapsid surrounding the viral genome.

+ Option C: Matrix proteins line the inner surface of the viral envelope to
provide structural stability.

+ OptionD: Nucleoproteins are internal basic proteins that package and
stabilize the viral nucleic acid genome.

Question #52 [[THE) BIOLOGY

02, Blomolacules

Which aldohexose serves as the universal and primary respiratory fuel across
nearly allliving ..

CORE CONCEPT & DERIVATION

Monosaccharides are the simplest carbohydrate units, with D-glucose
acting as the central substrate for cellular energy production.

Formula / Rule / Reaction:

CH,504 + 60, — 600, + 6H,0 + 30 to 32 ATP

Solution:

+ Glucose enters the universal glycolytic pathway to generate pyruvate,
ATP, and NADH.

¢« Because of its enzymatic compatibility, glucose is the primary
circulating sugarinvertebrate blood.

Why other options are incorrect:

+ Option A: Mannose is an aldohexose epimer predominantly usedin
glycoprotein synthesis.

+« OptionB: Galactoseis a structural epimer of glucose foundinlactose
that must be isomerized by liver enzymes.

+ OptionD: Fructoseis a ketohexose found infruits and seminal fluid
that enters glycolysis via downstream phosphorylation intermediates.
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BIOLOGY
Question #53 m 15, Inharitance / Variation & Genetics

Chromosomes that exhibit identical morphology, gene foci, and banding patterns
in both biotogic..

CORE CONCEPT & DERIVATION

Inhuman cytogenetics, the 46 chromosomes are divided into somatic non-
sex-determining autosomes and sex-determining allosomes.

Formula / Rule / Reaction:

OFFICIAL FULL-LENGTH PRACTICE (FLP)

BIOLOGY
Question #55 [ 0TH ) 04. Bivenergatics

The light-harvesting reactions. photosynthetic electron transport, and
photophasphorylationocc...

CORE CONCEPT & DERIVATION

Chloroplast ultrastructure segregates the light-harvesting apparatus and
electron transport chains from the carbon assimilation enzymes.

Formula / Rule / Reaction:

Human Karyotype: 46 Chromosomes — 22 Pairs of Autosomes (44) + 1 Pair of Sex Chromosomk@dyial recall/ Qualitative concept.

Solution:

+ Autosomes gowvern somatic traits and are identical in chromosomal
morphology between males and females.

s Inhumans, chromosome pairs 1through 22 are homologous
autosomes, whereas pair 23 represents the sex chromosomes (XX or
X¥Y).

Why other options areincorrect:

+ Option A: Allosome is the technical synonym for a sex chromosome (X
orY).

* Option B: Sexchromosomes differin morphology and gene
complement between biological sexes (heteromorphic XY in males).

» Option C: Heterosome is another alternate term for allosomes or sex
chromosomes.

BIOLOGY

04. Bioenergetics

Question #54

During the light-dependent stage of photosynthesis, the light-driven catalytic
splitting of wat...

CORE CONCEPT & DERIVATION

Water-splitting at the oxygen-evolving complex of photosystem |l provides
the replacement electrons needed to sustain photosynthetic electron
transport.

Formula / Rule / Reaction:

b P priki i ) - gl P

Solution:

»  Whenreaction center P680 is photo-oxidized to P680", it acquires a
strong oxidizing potential.

* The oxygen-evolving complex oxidizes water molecules, releasing
protons into the thylakoid lumen and liberating gaseous 0.

Why other options are incorrect:

+ Option B: Photorespiration occurs when RuBisCO binds O, instead of
€0y, wasting fixed carbon and ATP.

+ Option C: Photophosphorylation is the synthesis of ATP from ADP and
inorganic phosphate powered by the thylakoid proton gradient.

» Option D: Photoreductionis the transfer of light-energized electrons
toterminal acceptors suchas NADP .
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Solution:

+ The thylakoid network houses photosystemsland Il, the cytochrome
bg f complex, and ATP synthase enzymes.

* Incontrast, the dark enzymatic reactions of the Calvin cycle take place
inthe soluble stroma.

Why other options are incorrect:

* Option A: The inner chloroplast envelope regulates solute transport
and lacks light-harvesting complexes.

+ Option C: The stroma houses soluble Calvin-cycle enzymes, including
RuBisCO, but doesnot perform the primary light reactions.

+ OptionD: The intermembrane space lies between the inner and outer
envelopes and plays no role in photophosphorylation.

Question #56 BIOLOGY

|. Support & Movement
Dense regular fibrous connective tissue bands that physically attach skeletal
musclestobones ...
CORE CONCEPT & DERIVATION

Dense regular connective tissue contains parallel bundles of type | collagen
fibers designed to withstand unidirectional tensile pulling forces.

Formula f Rule / Reaction:
Factual recall / Qualitative concept.

Solution:

+ Tendons transmit mechanical tension from contracting skeletal
muscle bellies to the periosteum of bone to produce joint movement.

+ Ligaments, by contrast, connect bone directly to bone to stabilize
joints.

Why other options are incorrect:

+ Option A: Ligaments connect bone to bone across articular joints to
restrict excessive motion,

+« OptionB: Articular cartilage provides a smooth, lubricated gliding
surface over bone ends.

+ OptionD: Synovial membranes line the innerjoint capsule and secrete
lubricating synowial fluid.
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Question #57 BIOLOGY

0. Cel
The outermost living, metabolically active boundary enclosing animal cells is the:
CORE CONCEPT & DERIVATION

Animal cells lack rigid exterior cell walls, so their selective, living outer barrier
is the amphipathic lipid bilayer.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

» The plasma membrane (plasmalemma) is an active, living fluid-mosaic
structure that regulates selective transport, signal transduction, and
ion gradients.

+ Unlike plant or fungal cell walls, the plasma membrane is metabolically
dynamic.

Why other options are incorrect:

» Option A: The glycocalyxis a peripheral carbohydrate coating on the
outer leaflet of the membrane, not the boundary itself.

+ OptionB: Animal cells do not possess a cellwall; where presentin
plants and fungi, cell walls are non-living extracellular matrices.

* Option C: The nuclear envelope encloses the nucleoplasm within the
interior of the cell.

Question #58 BIOLOGY

12. Nerveus Coordination
Sensory receptors specialized for the detection of noxious thermal, mechanical,
or chemical sti..
CORE CONCEPT & DERIVATION
Nociceptors are free nerve endings that respond selectively to potentially

damaging stimuli, transmitting nociceptive signals to the central nervous
system.

Formula / Rule / Reaction:

Factualrecall / Qualitative concept.

Solution:

« Nociceptors have high activation thresholds triggered by mechanical
deformation, extreme temperatures (abowve 45°C), or chemical
mediators (such as bradykinin, prostaglandins, and H™).

s Theiractivation generates action potentials carried by A-deltaand C
fibers to register the sensation of pain.

Why other options areincorrect:

+ Option B: Proprioceptors (such as muscle spindles and Golgi tendon
organs}monitor spatial body position and joint angles.

* Option C: Standard thermoreceptors detect non-noxious, innocuous
temperature variations.

» Option D: Baroreceptors monitor stretch and hydrostatic blood
pressure changes within arterial walls.
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Question #59 BIOLOGY

12, Nervous Caordination
The resting electrical membrane potential across the axolemma of a typical
mammalian neuronat ...

CORE CONCEPT & DERIVATION
The resting membrane potential reflects the steady-state electrical charge
separation maintained across a non-excited neuronal membrane.

Formula / Rule / Reaction:

Fy[K'], + Pya[Na'], + Po[CL )i
Py [KT]; + Pua[Na™|; + PaiCl7 ],

RT
V, = In{ )= —T0mV
F

Solution:

+ Atrest, highmembrane permeability to K through leak channels
combined with the electrogenic Na™ /K -ATPase pump (3Na"
pumped out forevery 2 K~ pumped in) polarizes the membrane.

+ Intypical mammalian neurons, the inside of the cell remains negative
relative to the outside at approximately —70 mV.

Why other options are incorrect:

+ Option A: —90 mV is the equilibrium potential for potassium ( £y) and
the resting potential of ventricular cardiac myocytes.

+« OptionC: —50 mV represents the typical threshold potential needed
to fire an all-or-none action potential.

+ OptionD: +30 mV represents the peak depolarizing overshoot
reached during an action potential.

Question #60 [THE) BIOLOGY

12. Mervous Coordinatlon
Which chemical neurotransmitter operates at all somatic neuromuscular junctions
and preganglion..
CORE CONCEPT & DERIVATION

Acetylcholine (ACh)is the primary small-molecule neurotransmitter of the
somatic motor division and the peripheral parasympathetic nervous system.

Formula / Rule / Reaction:

Chaline Acetyltransferase

Choline + Acetyl-CoA Acetylcholine + CoA

Solution:

+ Lowermotor neurons release acetylcholine into the synaptic cleft of
the neuromuscular junction, where it binds nicotinic receptors on the
muscle endplate.

+ AChalso serves as the neurotransmitter at all autonomic preganglionic
synapses and postganglionic parasympathetic terminals.

Why other options are incorrect:

+ Option A: Dopamine is a central catecholamine involved in reward
pathways and motor coordination in the basal ganglia.

+ OptionB: Seratonin (5-HT) regulates mood, sleep cycles, and enteric
intestinal motility.

* OptionD: Norepinephrine is the principal neurotransmitter released
by sympathetic postganglionic axons.
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Question #61 [THC) CHEMISTRY

04, Gasas
Which of the following real gases behaves most ideally under comparable
ambient conditions due. ..
CORE CONCEPT & DERIVATION
Gases approachideal behavior when intermolecular attractions are minimal

and the volume occupied by the gas particles relative to the container
volumeis negligible.

Formula / Rule f Reaction:

(P+ %](V —nb) = nRT (Lowest a and b yields maximum ideality)

Solution:

* Heliumis anoble gas with a stable duet configuration, a very small
atomic radius, and low polarizability.

« |tsvanderWaals attraction constant (e) and excluded volume
parameter (b) are exceptionally small, making its behavior closerto the
ideal gas law than diatomic or polar gases.

Why other options areincorrect:

+ Option A: Carbon monoxide is a polar diatomic molecule with dipole-
dipole attractions, causing significant non-ideal deviation.

+ Option B: Nitrogen is alarger diatomic molecule with higher
polarizability and greater London dispersion attractions than helium.

+ Option C: Although hydrogen has low mass, helium's closed
electronic shell and compact volume minimize intermolecular
interactions even further.

Question #62 [TAD) CHEMISTRY

05. Liguids
When two separate ice blocks are firmly pressed against each other and released,
they coalesce ...
CORE CONCEPT & DERIVATION
According to Le Chatelier's principle, applying pressure to ice lowersits

melting point, causing a thin film of water to form, which refreezes once
pressure is released (regelation).

Formula / Rule f Reaction:

High Pressure Fressure Releagec
e e 4 T ek

Ice (Solid) Water (Liquid) Ice (Fused via H-Bonds)

Solution:

+ |cehas anopentetrahedral structure with a lower density than liquid
water; applying mechanical pressure forces the crystal to melt locally
at the contactinginterface.

*»  Whenthe pressure is released, the local melting point returns to 0°C,
causing the thininterfacial water film to refreeze and form continuous
hydrogen-bonded crystal planes.

Why other options areincorrect:

+ OptionB: London dispersion forces are much weaker than directional
hydrogen bonds and do not drive ice lattice fusion.

+ Option C: Freezing does not form new intramolecular covalent O — H
bonds between separate watermolecules.

+ Option D: Regelationis driven by thermodynamic phase changes, not
electrostatic charge accurmnulation.
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Question #63 N CHEMISTRY

seaction Kinatics
The rate constant [Formula] possesses the exact same dimensional units as the
reactionrate(|[.

CORE CONCEPT & DERIVATION

The dimensional units of the chemical rate constant k depend directly on the
owverall order of the reactionn.

Formula / Rule / Reaction:

Units of & = (mol dm':‘)l—n !

Solution:

» Forazero-orderreaction,n = 0:

. Units of k = (moldm )" ™" . s = mol dm * s

+ Becausereactionrate is defined as change in concentration perunit
time (mol dm—* s-1), the units of & match the units of rate only whenn =
0.

Why other options are incorrect:

+ Option A: For a first-orderreaction{n = 1), the units of kares .

* Option C: For asecond-orderreaction(n = 2), the units of kare
dm® mol 's.

+ OptionD: For athird-orderreaction(n = 3), the units of k are

dm® mol 571

Question #64 CHEMISTRY

10. Electrochermistry
In both electrolytic and galvanic electrochemical cells, reduction (gain of
electrons)invariab
CORE CONCEPT & DERIVATION

Electrochemical convention defines electrodes based on the chemical half-
reaction occurring at their surfaces.

Formula / Rule / Reaction:

Anode: Oxidation (Lossofe ) | Cathode: Reduction (Gain of e )

Solution:

+ Byuniversal convention, the cathade is the electrode where chemical
reduction occurs, drawing electrons inward from the circuit.

+ Theanodeis the site of chemical oxidation, releasing electrons
outward into the external circuit.

Why other options are incorrect:

+ Option A: Oxidation occurs at the anode across all electrochemical
cells.

* OptionB: The salt bridge permits counter-ion migration to preserve
electrical neutrality, not redox reactions.

+ OptionD: The external wire serves as ametallic pathway for physical
electron flow.
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Question #65 [SHLN CHEMISTRY

11.5 & P Black Elements
Which of the following periodic properties increases progressively down Group 1
(alkalimetals)...

CORE CONCEPT & DERIVATION
Far alkali metals, chemical reactivity is governed by how easily the single
outervalence electronislost during oxidation.

Formula / Rule / Reaction:

Mis) =+ M (eq) + e (Ease of oxidation increases down the group)

Solution:

* Descending Group 1, additional principal electron shellsincrease the
atomic radius and electron shielding.

+ Thisweakens electrostatic attraction between the nucleus and the
valence electron, lowering the ionization energy and making the metal
more reactive.

Why other options areincorrect:

» Option A: lonization energy decreases down the group due to
increased atomic radius and shielding.

+ Option B: Electronegativity decreases down Group 1as the nucleus is
shielded from bonding electrons.

+ Option C: Electron affinity becomes less exothermic descending the
group due to weaker nuclear pull onincoming electrons.

Question #66 [[HIN CHEMISTRY

11.5 & P Block Elerments

The general decrease in electron affinity when descending a main group in the
periodic tableis...

CORE CONCEPT & DERIVATION

Electron affinity measures the enthalpy change when an electronis added to
anisolated neutral gaseous atom.

Formula / Rule / Reaction:

X(g)+e — X (g)+ Energy (Affinity o %}

Solution:

+ Moving downa group, the valence shellis located farther from the
nucleus, and inner electron shells provide additional electrostatic
shielding.

» The net electrostatic attraction felt by anincoming electron weakens,
lowering the energy released upon electron capture.

Why other options areincorrect:

* Option B: Increasesin effective nuclear charge tend toraise electron
affinity, which occurs across a pericd from left toright.

+ Option C: The principal guantum number increases down a group, not
decreases.

* OptionD: Valence orbitals expand as the principal quantum number
increases, rather than contracting.
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Question #67 [[TALN CHEMISTRY

02, Atemic Structure
The principle stating that no two electrons within the same atom can possessan
identicalseto...
CORE CONCEPT & DERIVATION

Electrons are fermions and obey Fermi-Dirac statistics, which prevent
identical guantum states from existing simultaneously.

Formula / Rule / Reaction:

1
State: (n,l,m;,m,) wherem, = +§ or —3

Solution:

* Wolfgang Pauliformulated the exclusion principle in1925.

+ [Iftwoelectrons share the same spatial orbital (same n, [, and my), they
must have opposite spin guantum numbers (m, = +1/2andm, = —1,/2

).

Why other options are incorrect:

+ Option A: Hund's rule states that degenerate orbitals are occupied
singly with parallel spins before pairing occurs.

+ Option C: The Aufbau principle states that electrons fill lower-energy
atomic orbitals before occupying higher ones.

+ OptionD: Heisenberg's uncertainty principle sets limits on knowing
both the position and momentum of a particle simultaneously.

CHEMISTRY
Question #68 L) 1.8 &P Block Elements
Which of the following metal chlorides exhibits the lowest percentage of ionic
character (highe...
CORE CONCEPT & DERIVATION
Fajans’ rules dictate that small, highly charged cations have high charge
densities that polarize adjacent electron clouds, introducing significant
covalent character into bonds.

Formula / Rule / Reaction:

Cation Charge

Ionic Potential (¢) = Tt

(Higher ¢ — Greater Covalency)

Solution:

+ Comparingcations: K* has +1, NaClhas +1, Mg** has +2, and AI*” has
+3.

« Thesmall Al* ionhasthe highest charge density, which heavily
polarizes the chloride electron clouds and gives anhydrous AICL,
predominant covalent character.

Why other options are incorrect:

+ Option A: KCl contains the large K™ cation, giving it very low polarizing
power and high ionic character.

+ OptionB: NaClfeatures a large electronegativity difference (roughly
2.1)and forms a classic ionic crystal.

+ Option D: MgCl, isintermediate, butless polarized and more ionic than
AlCl;.
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Question #69 [SACY CHEMISTRY

0é. Solics
In crystailine solid classification, diamond is characterized as a:
CORE CONCEPT & DERIVATION

Covalent network solids consist of atoms held together throughout the
crystalin a continuous three-dimensional lattice of covalent bonds.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

» Indiamond, every carbon atom s sp’-hybridized and tetrahedrally
bonded to four neighboring carbon atoms by strong sigma bonds (

154 A).

» Because there are no discrete molecules, the entire crystal actsasa
giant macromolecule, giving diamaond high hardness and a very high
melting point.

Why other options areincorrect:

+ Option A: Molecular solids (such as dry ice oriodine) consist of
discrete molecules bound by weak intermolecular forces.

* Option B: Metallic solids are held together by delocalized electron
seas surrounding metal cations.

» Option C: lonic solids (such as NaCl) are composed of alternating
cations and anions held by electrostatic attraction.

Question #70 m CHEMISTRY

Q4. Gases

The ideal gas equation that combines Boyle's, Charles’s, and Avogadro's laws for
[Formula]mole...

CORE CONCEPT & DERIVATION

Theideal gas equation represents the equation of state of a hypothetical
ideal gas where particle volumes and intermolecular forces are negligible.

Formula / Rule / Reaction:

Vx % (Boyle), V o T (Charles), V =xn(Avogadro) = PV =nRT

Solution:

+ Combining these proportionalities yields V' %

s Introducing the universal molar gas constant B gives the relationship
PV =nRT.

Why other options areincorrect:

» OptionB: P = nRTV isdimensionally invalid because volume must be
in the denominator when isolating pressure.

e OptionC: PV = JF places molesin the denominator, contradicting
Avogadro's law.

+ OptionD: V = nRTP multiplies by pressure rather than dividing by it.
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Question #71 CHEMISTRY

01. Stoiehiometry
How many moles of carbon dioxide ( [Formula] ) contain exactly [Formula] of
oxygen atoms?
CORE CONCEPT & DERIVATION

Stoichiometric molar relationships relate the total mass of an element
presentin a compound to the moles of the chemical formula unit.

Formula / Rule / Reaction:

Mass l6g

= — = ———— — 1.0 mol of O atoms
Molar Mass 16 g/mol

o

Solution:

+ Onemole of CO, contains 2 moles of oxygen atoms (32 g of oxygen).

+ Tocontain 16 g of oxygen atoms (1.0 mol of O), we setup the
proportion:

§ 1.0 mol of O
. Moles of CO, = m 0.5 mol

Why other options are incorrect:

+ Option A: 1.0 mol of CO, contains 32 g of oxygen atoms.
+ Option C: 2.0 mol of CO: contains 64 g of oxygen atoms.
+ OptionD: 0.25 mol of CO, contains 8 g of oxygen atoms.

Question #72 CHEMISTRY

0L Stoichiometry

The branch of chemistry that deals with the quantitative relationships between
reactants and pr...

CORE CONCEPT & DERIVATION
Stoichiometry applies the conservation of mass and definite proportions to
calculate quantitative relationships in chemical processes.

Formula / Rule / Reaction:
Factual recall / Qualitative concept.

Solution:

+ Stoichiometry uses the molar coefficients of a balanced chemical
equation to calculate mole, mass, and volume proportions for
reactants and products.

Why other options are incorrect:

+ Option A: Chemical thermodynamics studies energy conversions,
heat exchange, and the spontaneity of reactions.

+ OptionB: Reactionkinetics investigates reaction rates, mechanisms,
and activation energies.

+ OptionD: Thermochemistry focuses specifically on enthalpy changes
and heat transfer during reactions.
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Question #73 CHEMISTRY

01. Steichiometry
Which gas constitutes the greatest proportion by volume of dry ambient airin
Earth's atmospher..
CORE CONCEPT & DERIVATION

Earth's atmosphere is a homogeneous mixture of permanent gases
maintained by biological and geochemical cycles.

Formula / Rule / Reaction:

Volumetric Composition: N2 = 78.08%, Oz = 20.95%, Ar=0.93%, CO:2=0.M%

Solution:

+ Molecularnitrogen (N,) accounts for approximately 78.08 percent of
clean, dry air by volume.

s Oxygenissecond at roughly 21 percent, followed by argon at 0.93
percent.

Why other options areincorrect:

+ Option A: Carbon dioxide is a trace atmospheric component at
approximately 0.04 percent.

» OptionB: Oxygenis the second most abundant gas at approximately

20.95 percent.
« Option C: Argon is the third most abundant gas at approximately 0.93
percent.
CHEMISTRY
Question #74 02, Atomie Structure

The rest mass of a proton is approximately how many times heavier than the rest
massof anelec...

CORE CONCEPT & DERIVATION
Subatomic nucleons (protons and neutrons) carry the vast majority of atomic
mass relative to extranuclear electrons.

Formula / Rule / Reaction:

Mass ratio = & = L6720 x 10~ " kg

—_—— = 1836.15
me  9.1004 x 103 kg

Solution:

s Aprotonhasarest mass of 1.6726 x 1077 kg,

* Anelectronhas arest mass of 9.1094 x 10~ kg.

* Dividing the two values shows the protonis approximately 1836 times
heavier than the electron.

Why other options areincorrect:

+ Option B: 184 times underestimates the mass ratio by a factor of ten.

+ Option C: 1/1836 represents the reciprocal ratio (the mass of an
electronrelative to a proton).

* OptionD: 35672 times is approximately double the actual massratio.
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Question #75 (ALY CHEMISTRY

02. Atomic Structura

Which quantum number designates the three-dimensional geometric shape of an
atomic orbital?

CORE CONCEPT & DERIVATION
The solution to the angular component of the Schrédinger wave equation
yields quantum numbers that define orbital geometry and orientation.

Formula / Rule / Reaction:

! =0— s (spherical), [=1-— p(dumbbell), !=2 — d(cloverleaf), {=3— f

Solution:

* The azimuthal (orbital angular momentum) quantum number !
determines the subshell and geometric shape of the electron cloud.

¢ Allowedvaluesof lrange from0Oton — 1.

Why other options are incorrect:

+ Option A: The principal guantum number n determines the main
energy level and radial size of the orbital.

+ Option C: The magnetic quantum number m, determines the spatial
orientation of the orbital in three dimensions.

+ OptionD: The spin quantum numberm, indicates the intrinsic angular
momentumn (spin) of the electron.

Question #76 _ CHEMISTRY

The maximum number of electrons that canbe accommodated within a
compiletely illed [Formula] s...

CORE CONCEPT & DERIVATION

The total electron capacity of an atomic subshellis dictated by its azimuthal
guantum number [ and the Pauli exclusion principle.

Formula / Rule / Reaction:

Capacity = 2(2I + 1)

Solution:

¢ Forapsubshell, the azimuthal qguantum numberis! = 1.

+ Thenumberof degenerate spatial orbitalsis2l + 1 =2(1} +1 =3
(corresponding to px, py, and p- where my = —1,0, +1).

*» Because each spatial orbital holds a maximum of two electrons with
opposing spins, the maximum capacity is 3 x 2 = 6 electrons.

Why other options are incorrect:
* Option A: 2 electrons is the maximum capacity of an s subshell {{ = 0).

* OptionB: 10 electronsis the maximum capacity of ad subshell ({ = 2).
* OptionD: 14 electronsis the maximum capacity of an f subshell ({ = 3).
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CHEMISTRY

03. Chemical Bonding

Question #77 [[ZHC

Which of the following hydrogen halides exhibits the highest bond dissociation
energy?

CORE CONCEPT & DERIVATION
Covalent bond strength in diatomic hydrides correlates inversely with
internuclear bond length and directly with electronegativity difference.

Formula / Rule / Reaction:

OFFICIAL FULL-LENGTH PRACTICE (FLP)

CHEMISTRY

0é. Solids

Question #79 [[ZALN

Which carbon allotrope consists of a single planarlayer of [Formula] -hybridized
atoms arrange..

CORE CONCEPT & DERIVATION
Two-dimensional nanomaterials can demonstrate physical properties far
superior to their bulk crystalline counterparts.

Formula / Rule / Reaction:

Bond Energy: H — F(567 kJ/mol) = H — CL(431 kJ/mol) > H — Br(366 kJ/mol) > H — (299 kfi2giyg/ recall/ Qualitative concept.

Solution:

» Fluorine has the smallest atomic radius and highest electronegativity
of allhalogens.

s This produces the shortest internuclear distance (0.92 ;i_}, maximum
orbital overlap with hydrogen, and strong electrostatic attraction,
giving H — F the highest dissociation energy.

Why other options areincorrect:

+ Option A: HI has the longest bond length and lowest bond
dissociation energy. making it the strongest acid in the series.

* Option B: HBr has a larger halogen radius and weaker bond overlap
than HCland HF.

+ Option C: HClhas anintermediate bond energy (431 kJ /mol),
substantially lower than HF.

CHEMISTRY
10. Electrachemistry

Question #78 [[ZHT

The oxidation state of any chemical element in its pure, uncombined free
elemental formis:

CORE CONCEPT & DERIVATION

Oxidation state represents the hypothetical charge an atom would possess if
all bonds to different elements were completely ionic.

Formula / Rule / Reaction:

Oxidation state of pure element (e.g., Oy, Py, S5, Na, Fe) =0

Solution:

* Inafreeelement, homonuclear bonds join identical atoms having zero
difference in electronegativity.

» Because bonding electron pairs are shared equally without net
transfer, the oxidationnumber is defined as zero.

Why other options areincorrect:

+ OptionB: +1is the oxidation state of alkalimetals when combined into
heteronuclear chemical compounds.

* Option C: -1is the characteristic oxidation state of halogens inionic
halides.

* Option D: Oxidation state is fixed by electronic bookkeeping rules and
does not vary with temperature.
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Solution:

* Graphene is anindividual, single-atom-thick sheet of sp*-hybridized
carbon atoms tightly packed in a two-dimensional hexagonal lattice.

» [tisextremelylightweight yet exhibits a tensile strength over 100 times
greater than steel, alongside high carrier mobility.

Why other options are incorrect:

* Option A: Graphite consists of multiple stacked graphene sheets held
together by weak van der\Waals forces, making it soft and flaky.

+ Option C: Diamond has a three-dimensional tetrahedral network of
sp® carbons that behaves as an electrical insulator.

+ OptionD: Buckminsterfullerene (Ce) is a zero-dimensional cage-like
hollow sphere rather than an extended planar sheet.

CHEMISTRY

05, Liquids

Question #80

Liquid water achieves its maximum physical density at a temperature of
approximately:

CORE CONCEPT & DERIVATION

The density anomaly of water results from a balance between thermal
expansion and the collapse of the open, hydrogen-bonded ice lattice.

Formula f Rule / Reaction:

P = 10000 gl."'l:m:{ at T' = 3.98°C (approximately 4°C)

Solution:

+ Whenice melts at0°C, the open cage-like framework collapses
partially, packing molecules closer together and increasing liquid
density.

* Abowve 3.98°C, normal thermal expansion dominates and pushes water
molecules farther apart, decreasing density.

Why other options are incorrect:

« Option A: At 0.00°C, water retains structured hydrogen-bonded
clusters, giving it a lower density (0.9998 g/cm®)than at 3.98°C.

+ OptionB: At 100.0°C, vigorous thermal kinetic agitation expands the
liquid, lowering density to roughly 0.958 g;’cm“.

« OptionD: 2.98°Cis below the inflection point where density reaches
its peak.
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Question #81 CHEMISTRY

13. Fundamental Prineiples of Organic Chemistry

Homocyclic (carbocyclic) hydrocarbons are fundamentally subclassified into
which two structural...

CORE CONCEPT & DERIVATION
Homocyclic compounds contain closed rings constructed entirely from
carbon atoms without heteroatomic ring substitutions.

Formula / Rule / Reaction:

< Alicyclic (Aliphatic cyclic: e.g., cyclohexane)
Homocyclic Compounds — { ) i
Aromatic (Conjugated Huckel systems: e.g., benzene)

Solution:

+ Alicyclic hydrocarbons resemble open-chain aliphatic compounds in
their chemical properties (e.q.. cyclobutane, cyclohexane).

* Aromatic hydrocarbons possess delocalized m-electronrings
satisfying Huckel's 4n + 2rule (e.g., benzene).

Why other options are incorrect:

+ Option A: Cpen-chain and branched-chain describe acyclic
(aliphatic) non-cyclic compounds.

* Option B: Heterocyclic compounds contain non-carbon atoms (such
as O, N, or 5)in the ring, s0 they are not homocyclic.

» Option C: Acyclic refers to non-ring open-chain structures, while
heterocyclic rings contain heteroatoms.

Question #82 [THTY CHEMISTRY

03, Chemical Banding

Which of the following hydrocarbon species contains carbon atoms that utilize
[Formula] hybridi...
CORE CONCEPT & DERIVATION

Carbon hybridization is determined by the number of steric domains (sigma
bonds plus localized lone pairs) surrounding each carbon atom.

Formula / Rule / Reaction:

Methane (CH,): sp®, Ethane (C,Hg): sp’, Ethyne (CyH,): sp

Solution:

» Inmethane (CH,), carbon forms 4 single sigma bonds (sp®).

s Inethane (C.Hy), both carbons form 4 sigma bonds (sp?).

+ Inethyne (alkyne, C:H:), each carbon forms 2 sigma bonds and 2 pi
bonds (sp).

» Because none of the listed hydrocarbons possess sp* hybridization,
'‘None of these options are correct' is the appropriate choice.

Why other options are incorrect:

s Option B: Methane features tetrahedral sp* hybridization with 109.5%
bond angles.

» Option C: Ethane features tetrahedral sp* hybridization at both carbon
centers.

+ Option D: Alkynes like ethyne feature linear sp hybridization with 180°
bond angles.
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Question #83 CHEMISTRY

6. Aleahols & Phenols

The industrial solvent and chemical precursor historically known as ‘wood spirit’
has the molec...

CORE CONCEPT & DERIVATION
Wood spirit is the historical commercial designation for methanol, derived
fromits traditional production method.

Formula / Rule / Reaction:

Destructive distillation of wood — Pyroligneous acid — Methanol (CH,0H)

Solution:

+ Methanol (CH; OH) was historically prepared by the destructive
distillation of wood chipsin the absence of air.

s Theresulting condensate contained methanol along with acetic acid
and acetone.

Why other options are incorrect:

+ OptionA: C,H.0OHis ethanol, known commercially as grain alcohol.

+ Option C: HCHOis formaldehyde (methanal), an aldehyde gas whose
aqueous solution s called formalin.

+ OptionD: CH; COOH is acetic acid (ethanoic acid), the key acidic

component of vinegar.
" CHEMISTRY
oueStlon #84 Ke!' (C) 3. Fundamental Principles of Organic Chermistry

Geometrical (cis-trans)isomerism is most commonly exhibited by which class of
hydrocarbons due...

CORE CONCEPT & DERIVATION

Geometrical isomerism requires restricted rotation about a chemical bond
together with two non-identical substituent groups attached to each
unsaturated carbon.

Formula / Rule / Reaction:

Restricted rotation around ' = C double bond — Cis-Trans stereoisomerism

Solution:

* The carbon-carbondoublebond(C = C) consists of a sigma bond and
apibond formed by lateral p-orbital overlap.

+ Rotation around this double bond is restricted because it would break
the pibond, allowing distinct cis and trans configurations to exist when
each carbon bears two different substituents.

Why other options are incorrect:

+ Option A: Alkanes have carbon-carbon single bonds (o) that rotate
freely at room temperature, yielding conformational rather than
geometric isomers,

+ OptionB: Alkynes have linear sp geometry (180°), with only ane
substituent attached peracetylenic carbon.

+ OptionD: Benzenerings possess symmetric planar delocalization that
does not exhibit cis-trans isomerism on the ring itself.
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Question #85 CHEMISTRY

17. Aldehydes & Ketonas
The general molecular formula [Formula] represents which homologous series of
organic compounds...

CORE CONCEPT & DERIVATION

A single degree of unsaturation (one double-bond equivalent) combined
with two oxygen atoms corresponds to the functional group isomers
carboxylic acids and esters.

Formula / Rule f Reaction:

General Formula: C,Hen 02 (e.g., for n = 2: CH3COOH and HCOOCHs)

Solution:

+ Asaturated carboxylic acid consists of an alkyl group attached to a
carbonyl and a hydroxyl group (R — COOH).

* The carbonyl group introduces one double bond, reducing the
hydrogen count by two relative to saturated alkanes, yielding C, H,,0,.

Why other options areincorrect:

» Option A: Saturated monohydric alcohols have the general formula
CnHant20.

+ Option B: Aliphatic ketones have one oxygen atom and one double
bond, giving the general formula CnHa, 0.

+ Option C: Saturated aliphatic ethers are constitutional isomers of
alcohols with the general formula C, H,, , ,O.

Question #86 [EHTN CHEMISTRY

16, Alcohols & Phenols
Which diagnostic testreagent is used to differentiate between aliphatic alcohols
andphenols b...
CORE CONCEPT & DERIVATION
Aliphatic alcohols undergo nucleophilic substitution of their —OH group in

acidic conditions, whereas phenols resist C — O bond cleavage due to
resonance stabilization.

Formula / Rule / Reaction:

R — OH + HOl A= %% p (1] (Turbidity) + HoO

Solution:

o lLucasreagent (asolution of anhydrous ZnCl, in concentrated HCl)
reacts with aliphatic alcohols to produce insoluble alkyl chlorides,
visible as cloudy turbidity.

s+ Phenol doesnot react with Lucas reagent because the oxygenlone
pair is delocalized into the aromatic ring, giving the C — O bond partial
double-bond character that resists substitution.

Why other options areincorrect:

« OptionB: Tollens reagent is an ammoniacal silver nitrate solution used
toidentify aldehydes by forming a silver mirror.

+ Option C: Benedict solution tests for reducing sugars, not alcohols
versus phenals.

* OptionD: Fehling reagent detects aliphatic aldehydes by
precipitating red Cuz 0.
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Question #87 CHEMISTRY

17. Aldebydes & Ketones
A 50% concentrated aqueous solution of sodium hydroxide ( [Formula] ) is
specifically employed ...
CORE CONCEPT & DERIVATION
Aldehydes lacking alpha-hydrogen atoms undergo base-catalyzed

disproportionation (redox disproportionation) when treated with
concentrated alkali.

Formula f Rule / Reaction:

50% NaDH_
il

2HCHO HCOONa + CH,OH

Solution:

+ The Cannizzaro reaction requires aldehydes without alpha-hydrogens
(such as formaldehyde or benzaldehyde) and strong base (typically
50% NaOH).

+» Onemolecule of aldehyde is oxidized to a carboxylic acid salt while the
secondis reduced to aprimary alcohol.

Why other options are incorrect:

« Option A: Aldol condensationrequires aldehydes or ketones with
alpha-hydrogens and uses dilute alkali (typically 10% NaOH).

+ Option C: Clemmensen reduction converts carbonyls to alkanes using
zinc amalgam and concentrated HCL

+ Option D: Wolff-Kishner reduction reduces carbonyls using hydrazine
and KOH in hot ethylene glycol.

Question #88 CHEMISTRY

05. Liquids
Lower aliphatic monocarboxylic acids (such as acetic acid) are completely
miscible with waterp...
CORE CONCEPT & DERIVATION

Carboxylic acid molecules feature both a polar carbonyl group (C = O)and a
polar hydroxyl group (—OH), enabling hydrogen bonding with protic solvents.

Formula / Rule f Reaction:

R-C(=0)—0-H..-:0H: and R—C(=0..-H—OH) — OH

Solution:

+ Lowmolecular mass carboxylic acids form extensive hydrogen bonds
with water molecules through both the carbonyl oxygen and hydroxy!
hydrogen.

+ This favorable solvation energy overcomes solvent cavitation
resistance, making lower acids (formic, acetic, propionic) fully miscible
inwater.

Why other options are incorrect:

« Option A: Dipole-induced dipole forces occur between polar and
non-polarmolecules, which is not the case between acids and water.

+ OptionB: London dispersion forces are weak non-directional
attractions that are secondary to strong hydrogen bonding in aqueous
solutions.

+ OptionD: Carboxylic acids are weak electrolytes that dissociate only
slightly inwater (typically less than 2 percent).
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Question #89 [[EHEN CHEMISTRY

18 Carbewylic Acids
Fischeresterification occurs via an acid-catalyzed condensation reaction
between a:

CORE CONCEPT & DERIVATION
Direct esterificationinvolves nucleophilic acyl substitution of a carboxylic
acid by an alcoholinthe presence of aninorganic acid catalyst.

Formula / Rule / Reaction:

\text{R}-\text{COOH} + \text{R}' -\text{OH} \rightleftharpoons * +} \text{R}-
\text{COORY +\text{H}_2\text{O}

Solution:

* Protonation of the carboxylic acid carbonyl oxygen activates the
carbonyl carbon toward nucleophilic attack by the alcohol's hydroxyl
oxXygen.

¢ Elimination of awater malecule from the tetrahedral intermediate
yields the corresponding ester.

Why other options areincorrect:

+ Option A: Ketones and ethers do not condense to form esters.

+ OptionB: Aldehydes and ketones undergo crossed aldol additions,
forming beta-hydroxy carbonyls.

* Option C: Carboxylic acids and aldehydes do not condense directly
to produce esters.

Question #90 [HT) CHEMISTRY

18. Carbexylic Acids
[n the laboratory, benzene can be synthesized from sodium benzoate via
decarboxylation by heati...
CORE CONCEPT & DERIVATION

The dry heating of an alkali metal carboxylate salt with a strong alkaline base
removes the carboxyl group as a carbonate salt.

Formula / Rule / Reaction:

C,H,COONa + NaOH -2%2, ¢, H, + Na,CO,

Solution:

s Sodium benzoate is mixed with soda lime (a dry blend of NaOH and
Ca0) and heated strongly.

» The base removes the carboxylate group to form benzene vaporand
solid sodium carbonate, with Ca0O preventing melting and glass
erasion.

Why other options areincorrect:

+ Option B: Anhydrous AICL; is a Lewis acid catalyst used in Friedel-
Crafts alkylation and acylation reactions.

* Option C: Chlorobenzene in dry ether with sodium metal produces
biphenylvia the Fittig reaction.

* Option D: Cumene oxidationis anindustrial processused to
manufacture phenol and acetone.
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Question #91 CHEMISTRY

01. Staiehiometny
The mathematical relationship that connects the molecular formula of a
compound to its empirica..
CORE CONCEPT & DERIVATION
The empirical formula represents the simplest whole-number atomic ratio,

whereas the molecular formula denotes the actual number of atomsina
molecule.

Formula f Rule / Reaction:

Molecular Molar Mass

- Empirical Formula Mass

n = Molecular Formula = [Empirical Formulala

Solution:

+ Thescalinginteger nrepresents the ratio of molecularmolar mass to
empirical formula mass.

+ Multiplying the subscript of each atomin the empirical formula by n
gives the true molecular formula.

Why other options are incorrect:

* Option A: Dividing the empirical formula by n yields fractional atomic
values.

+ Option C: Including a factor of 2n doubles the true number of
constituent atoms.

+ OptionD: The empirical formula is simpler than the molecular formula,
soit cannot equal the molecular formula multiplied by n.

Question #92 [HE) CHEMISTRY

1. 5 &P Block Elerments
Among the elemental halogens, which exhibits the highest chemical reactivity
toward standard ha. ..

CORE CONCEPT & DERIVATION
Halogen reactivity as oxidizing agents and halogenating species decreases
down Group 17 as electronegativity and reduction potentials decrease.

Formula / Rule / Reaction:

Reactivity Trend: Fy > Cly > Br, > I, (E],; for F, = +2.87V)

Solution:

» Fluorine (F,) has an exceptionally high standard reduction potential,
small atomic size, and arelatively weak F — F bond due tolone-pair
repulsion.

» These factorslowerits activation energy and make it react violently
and exothermically, evenin the dark.

Why other options are incorrect:

« Option A:lodine is the least reactive halogen in this group due to its
large atomic radius and low electronegativity.

+ OptionB: Bromine is less reactive than fluorine and chlorine, requiring
mild heat or light for many additions.

+ OptionD: Chlorine is a strong oxidizing agent, but its reactivity remains
below that of elemental fluorine.
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Question #93 [SHLN

CHEMISTRY

09. Thermmachamistry

One thermochemical calorie ([Formula] ) is precisely defined in terms of the Sl unit
of energy...

CORE CONCEPT & DERIVATION

A calorie is the amount of thermal energy required to raise the temperature of
one gram of pure liquid water by one degree Celsius.

Formula / Rule / Reaction:

1 cal = 4.184 Joules (J)

Solution:

By international thermochemical convention, one calorie is defined as
exactly 4.184 J.

This conversion factor equals the specific heat capacity of liquid water
at15°C.

Why other options areincorrect:

Option A: 4.184 kJ equals one kilocalorie (1 keal = 1000 cal), commonly
used as the dietary Calorie.

Option B: 18.0 ] is an unrelated numerical value.

Option C: 0.4184 Jisincorrect by an order of magnitude.
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CHEMISTRY

weaction Kinatics

Question #95 o

Which of the following assertions regarding the rate of a chemical reaction s
fundamentally IN...

CORE CONCEPT & DERIVATION

Chemical kinetics demonstrates thatreactionrate is directly proportional to
the effective concentrations of reactants raised to their respective reaction
orders.

Formula f Rule / Reaction:

Rate = k[A|"[B]Y

Solution:

+ According to collision theory and empirical rate laws, raising reactant
concentrationsincreases collision frequency and reactionrate
(exceptinzero-order reactions).

+ Therefore, stating that reaction rate is universally independent of
concentration is incorrect.

Why other options are incorrect:

+ Option A: The Arthenius equation (k = Ae &/57) confirms that reaction
rate increases with rising temperature.

* Option C: Catalysts lower the activation energy, accelerating reaction

rates.
CHEMISTRY « OptionD: The mathematical form of the rate law depends directly on
PRSI A 09. Tharmochemistry reaction orders zandy.

The thermochemical law stating that the overall enthalpy change for a chemical
reactionisiden...

CORE CONCEPT & DERIVATION

Enthalpy is a thermodynamic state function whose change depends
exclusively on the initial and final states of the system, not the reaction path.

Formula / Rule / Reaction:

AHyy = AH) + AHy + AH; + -+ AH,

Solution:

Germain Hess formulated thislaw in1840 as a direct consequence of
the first law of thermodynamics (conservation of energy).

It allows the enthalpy change of difficult-to-measure reactions to be

calculated by summing intermediate steps with known enthalpy
values.

Why other options are incorrect:

Option B: Joule's law relates the heat produced in a conductor to the

square of the electrical current and resistance.

Option C: Henry's law states that the solubility of agasinaliquidis
proportional to its partial pressure.

Option D: The Lavoisier-Laplace law states that the enthalpy change
of areversereaction is equal in magnitude and cpposite in signto the

CHEMISTRY
1. 5 &P BlockElements

Question #96
Which of the following elements belongs to the [Formula] -block of the periodic
table?

CORE CONCEPT & DERIVATION

Elements are classified into periodic blocks (s, p, d, f) based on which

subshell receives the final valence electron according to the Aufbau
principle.

Formula / Rule / Reaction:

Potassium (Z = 19) : [Ar| 4s'

Solution:

+ Thevalence electron of potassium enters the 4s subshell, placingit in
Group 10of the s-block.

Why other options are incorrect:

« Option A: Boron (Z = 5, configuration [He| 2s*2p!) is a p-block
metalloid.

» OptionB: Aluminum(Z = 13, configuration [Ne| 3s*3p') is a p-block
metal.

» OptionD: Copper(Z = 29, configuration [Ax| 3d""4s') is a d-block
transition metal.

forwardreaction.
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Question #97 CHEMISTRY

03. Chemical Bonding
The bond angle around each carbon atom in a planar ethene molecule ([Formulaj )
isapproximate...
CORE CONCEPT & DERIVATION

WSEFR theory and hybridization dictate that three steric domains around an
sp*-hybridized carbon adopt a trigonal planar geometry.

Formula / Rule / Reaction:

Hybridizgation: sp® — Trigonal Planar Geometry with ideal angle § = 120°

Solution:

* Inethene, eachcarbonformstwo C — HsigmabondsandoneC = C
double bond (one sigma, cne pi).

* The three electron domains orient symmetrically in a single plane,
yielding bond angles of approximately 120° (measured H — C — His
117.4°andH — C = Cis 121.3").

Why other options areincorrect:

» Option A: 180" is the linear bond angle of sp-hybridized alkynes like
ethyne.

s OptionB: 109.5° is the tetrahedral bond angle of sp*-hybridized
alkanes like ethane.

+ Option C: 90° bond angles occurin octahedral and square planar
geometries, not simple alkenes.

Question #98 [[EHT CHEMISTRY

06 Solids
[n the rock-salt crystal lattice of sodium chloride | [Formula] ). each [Formula]
cation is oct...
CORE CONCEPT & DERIVATION

The coordination numberin ionic crystals depends on the cation-to-anion
radius ratio (r_ /r_).

Formula / Rule / Reaction:

TNa: 05 pm

B AP 0.525 (0.414 < ratio < 0.732 = Octahedral Coordination Number = 6)
Ol 181 pm
Solution:

+ Sodium chloride forms a face-centered cubic lattice where each Na'
ionis surrounded by é equidistant C1™ ions at the vertices of an
octahedron.

* Bysymmetry, each Cl” ionis likewise surrounded by é Na™ ions, giving
a6 : 6 coordination lattice.

Why other options are incorrect:

+ OptionB: A coordination number of 4 is found in zinc blende (ZnS)
lattices with smaller radius ratios.

* Option C: A coordination number of 8 occursinbody-centered cubic
lattices like cesium chloride (CsCl).

« Option D: A coordination number of 12 represents close-packed
metalliclattices (FCC and HCP).
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Question #99 CHEMISTRY

0é. Solids
Which of the following alkali metal halides possesses the greatest crystal lattice
energy?
CORE CONCEPT & DERIVATION

According to Born-Lande relation, lattice energy is directly proportional to
ionic charges and inversely proportional to the sumn of ionic radii.

Formula / Rule / Reaction:

Solution:

* Comparing sodium halides, the sodium cation (Na ™ )is common, and all
halide anions carry a single negative charge (—1).

* Fluoride (F~) has the smallestionic radius in the series, making the
internuclear separationr, + r_) smallestin NaF and maximizing its
electrostatic lattice energy (918 kJ /mol).

Why other options are incorrect:

+ Option A: Chlorideislarger than fluoride, giving NaCl a lower lattice
energy (788 kJ /mol).

+ Option C: Bromide s larger than chloride, giving NaBr a lower lattice
energy (751 kJ /mol).

+ OptionD: lodide has the largest radius, giving Nal the lowest lattice
energy (700 kJ /mol) in this series.

Question #100 CHEMISTRY

07 Eauilisrium
In the industrial synthesis of ammonia via the Haber-Bosch process, anelevated
operating press...

CORE CONCEPT & DERIVATION
Le Chatelier's principle states that anincrease in pressure shifts a gaseous
equilibrium toward the side with fewer gas molecules.

Formula / Rule / Reaction:

Nilg) + 3H,(g) = 2NHy{g) (An, =2-4=-2)

Solution:

+ Four moles of gaseous reactants yield two moles of gaseous
products.

+ Increasing operating pressure to 200 atm shifts equilibrium toward the
product side, improving the equilibrium yield of NH,.

Why other options are incorrect:

+ Option A: Catalyst poisoning is prevented by gas purification, not high
pressure.

+ OptionB: Activation energy is lowered by the iron catalyst, not by
system pressure.

+ OptionD: High pressure shifts the equilibrium position but does not
prevent the reverse reactionin a reversible system.
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Question #101 CHEMISTRY

07 Equilibrirm
Introducing a suitable catalyst into a reversible chemical system at equilibrium:
CORE CONCEPT & DERIVATION

A catalyst provides an alternative reaction pathway with a lower activation
energy, accelerating both forward and reverse reactionrates equally.

Formula / Rule / Reaction:

k
K, = &—‘f (Both k; and k, increase by identical factors)
v

Solution:

» Because the catalyst lowers the energy barrier by the same amount in
bothdirections, forward and backward rates increase by the same
factor.

+ Conseqguently, the system reaches equilibrium faster, but the
equilibrium concentrations and the value of K..remain unchanged.

Why other options are incorrect:

+ Option A: K, depends solely ontemperature and is unaffected by
catalysts.

+ Option B: Catalysts do not alter thermodynamic free energies, so
product yield at equilibrium is not changed.

* Option C: Catalysts accelerate both forward and reverse reactions
equally.

Question #102 _ CHEMISTRY

08, Reaction Kinetics

The minimum kinetic energy that colliding reactant molecules must possess to
formthe activated...

CORE CONCEPT & DERIVATION
According to collision theory, collisions result ina chemical reaction only if
molecules collide with appropriate orientation and sufficient kinetic energy.

Formula / Rule / Reaction:

k= Ae B/RT — B — Threshold Energy — Average Reactant Energy

Solution:

s The activation energy (£.) represents the minimum energy barrier
reactants must overcome to rearrange bonds into an unstable
transitionstate.

+ Molecules colliding with less energy than E. rebound elastically
without reacting.

Why other options areincorrect:

+ Option B: Bond dissociation energy is the energy needed to break
one mole of a specific covalent bond homaolytically.

* Option C: Enthalpy of reactionis the net difference in enthalpy
between products andreactants (AH = Hiruguets — Hreactants).

+ Option D: Lattice energy is the energy released when gaseousions
assemble into a solid crystal lattice.
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Question #103 [[ZHL) CHEMISTRY

09, Thermoche |

Which of the following thermodynamic parameters is a path-dependent function
ratherthanather..

CORE CONCEPT & DERIVATION

State functions depend solely on the present state of a system, whereas
path functions depend on the specific path taken between states.

Formula / Rule / Reaction:

AV = Q — W (U is a state function; ¢} and W are path-dependent)

Solution:

« Work(W = del’) and heat ((}) depend on the specific
thermodynamic process (isothermal, isobaric, adiabatic).

+ |Incontrast, variables such as internal energy, enthalpy, entropy,
pressure, volume, and temperature are independent of the path and
gualify as true state functions.

Why other options are incorrect:

+« Option A: Enthalpy (H = [/ + PV)is defined by state functions,
makingit a state functionitself.

s« Option C: Internal energy depends only on current temperature and
molecular structure, not past history.

+ OptionD: Entropy is a state function measuring microscopic dispersal
of energy.

Question #104 PHYSICS

02 Force & Motlon
The time rate of change of linear velocity of a moving object is defined as its:

CORE CONCEPT & DERIVATION

Acceleration is the vector quantity describing how rapidly an object’s
velocity changes in magnitude, direction, or both.

Formula / Rule / Reaction:

A
= Ao At T

Solution:

» Bydefinition, acceleration measures the rate of velocity change with
respect to time, measuredinm,'s*.

* Because velocityis avector, any change inspeed or travel direction
produces acceleration.

Why other options are incorrect:

+ Option A: Linear momentumis the product of an object's mass and
velocity (p = myu).

* OptionB: Instantaneous speed is the scalar magnitude of velocity (
v = g

+ OptionD: Iimpulseis the product of net force and the time duration
overwhichit acts (J = FA#).
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Question #105 PHYSICS

02 Foree & Motion
For a projectile launched fromlevel ground with a fixed initial speed in the
absenceofairre...
CORE CONCEPT & DERIVATION

The horizontal range of projectile motion depends on the sine of twice the
launch angle.

Formula / Rule / Reaction:

B uj sin(26)

g

Solution:

* Range Ris maximized whensin(2#) reachesits maximum possible
value of 1.

B sin(20) =1 = 26 = 90° — 6 = 45°

+ Therefore, a45” launch angle balances vertical flight time and
horizontal velocity to maximize range.

Why other options areincorrect:

+  Option A: At 30°, sin(28) = sin(60°) = ;3'5 = (.866, yielding less than
maximumrange.

* OptionB: At 60°, sin(28) = sin(120") = 0.866, which gives the same sub-
maximalrange as 30°.

+ Option C: At 90°, sin{180") = 0, meaning the projectile travels straight
up and lands with zero horizontal range.

Question #106 PHYSICS

02. Farca & Motion

Which of the following statements concerning linear momentum is fundamentally
INCORRECT?

CORE CONCEPT & DERIVATION
Linear momentum is a directional vector quantity proportional to mass and
velocity.

Formula / Rule / Reaction:

F=mi

Solution:

» Because velocityis a vector and massis a positive scalar, their product
pisinherently a vector pointing in the direction of motion.

s Therefore, calling linear momentum a scalar quantity is false.

Why other options areincorrect:

+ Option B: Newton historically defined momentum as the total quantity
of motion of a body.

* Option C: Dimensional analysis confirms kg - m/s = (kg - m/s’) s=N-
8.

+ OptionD: By standard classical definition, § = mu.
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Question #107 PHYSICS

02 Force & Motlon
During a perfectly elastic collision between two isolated bodies, which of the
following physic...
CORE CONCEPT & DERIVATION

An elastic collision is an idealized physical interaction where no mechanical
kinetic energy is converted into heat, sound, orinternal deformation.

Formula / Rule / Reaction:
YA =Yh awd 3 gmid=Y smd
D = Py am Em‘l.i im‘u_r

Solution:

+ |Inallclosed, isolated collisions, total linear momentumis conserved
due to Newton's third law.

* |naperfectly elastic collision, total kinetic energy is also fully
conserved, meaning overall mechanical energy is preserved.

Why other options are incorrect:

+ Option A: Momentum conservation alone characterizes inelastic
collisions where kinetic energy is partially lost.

+ Option C: Kinetic energy cannot be conserved without linear
momentum also being conserved.

+ Option D: This describes an inelastic collision where kinetic energy is
dissipated into other energy forms.

Question #108 PHYSICS

02 Force & Motlon
The mathematical gradient (slope) of a rectilinear displacement versus time graph
representsth...
CORE CONCEPT & DERIVATION

In kinematics, the derivative of position with respect to time defines
instantaneous velocity.

Formula / Rule / Reaction:

Solution:

+ Plotting displacement on the vertical axis and time on the horizontal
axis makes the slope Ad/At.

» This derivative eguals instantaneous velocity, with positive, negative,
and zero slopes indicating forward motion, backward motion, and rest
respectively.

Why other options are incorrect:

+ Option A: Accelerationis represented by the slope of a velocity-time
graph, not a displacement-time graph.

+ Option B: Total distance is the cumulative scalar path length traveled.

+ OptionD: Mechanical work is obtained by integrating force over
displacement (W = [ F dx).
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Question #109 PHYSICS

02 Foree & Motion

Two solid spheres having masses of [Formula] and [Formula] are released
simultaneously from res..

CORE CONCEPT & DERIVATION

Under uniform gravitational acceleration with negligible aerodynamic drag,
the acceleration of free fall is independent of an object’s mass.

Formula / Rule / Reaction:

v = /2gh

Solution:

+ Applying conservation of mechanical energy:
. mgh = %mrﬁ — v=+/2gh

* Because massm cancels out of both sides of the eguation, final
velocity depends only on gravitational acceleration g and vertical fall
height .

. v = 4/2(10)(80) = v'1600 = 40 m/s

» Bothstones hit the ground with the same velocity of 40 m/s.

Why other options areincorrect:

* Option A: The lighter mass experiences less gravitational force (F, =
mg), but requires less force to accelerate, keeping acceleration
identical.

+ Option B: The heavier mass experiences a greater gravitational force,
but its greaterinertia requires proportionately more force to
accelerate.

s Option C: Cross-sectional radius and drag are explicitly neglected in
vacuum free-fall conditions.
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PHYSICS
Question #110 [[ZAT 03. Work & Eneray

How much mechanical work is performed by the gravitational force on a stone
weighing [Formula]...

CORE CONCEPT & DERIVATION

Mechanical work performed by a constant force is defined as the scalar dot
product of the force vector and the displacement vector.

Formula / Rule / Reaction:

W = F.d = Fdcos(6)

Solution:

* The gravitational force acting downward on the stone equals its weight
w= 10N,

+ Displacement is directed downward through d = 250 m. making the
angle® = 0°(cos0° = 1).

5 W = (10 N)(250 m)(1) = 2500 J

Why other options are incorrect:

+ OptionB: 250 ] corresponds to a displacement of only 25 m.
+» Option C: 25 ] corresponds to adisplacement of only 2.5 m.

+ OptionD: 25000 J results from multiplying by g = 10 m/s’ again,
forgetting that the weight in Newtons already includes mass times
gravity.
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Question #1711 _ PHYsICS

. Wtk & Enargy

[f the translational speed of an automobile is reduced to one-half of its original
value, by wh...

CORE CONCEPT & DERIVATION

Translational kinetic energy varies directly with the square of the
instantaneous speed.

Formula / Rule / Reaction:

Solution:

s Lettheinitialkinetic energy be K £, = tmv?.

3

* Whenspeedishalved, the newspeedis?’ = .

. KE = +m (—)2 - ém{%?} - ih’ﬁ.‘]

» Therefore, the new kinetic energy decreases to one-fourth of its initial
value.

Why other options are incorrect:

+ Option A: Linearmomentum decreases by a factor of 1/2, but kinetic
energy depends onvelocity squared.

* OptionC: 1/8would correspond to a cubic relationship, whichis not
applicable to classical kinetic energy.

* OptionD:1/16 occursif the speedisreduced to one-fourth of its
original value.
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Question #112 PHYSICS

03. Work & Energy

If by some internal phenomenon Earth were to contract to one-half of its present
radius while k...

CORE CONCEPT & DERIVATION
The absolute gravitational potential energy of amass at a planet's surfaceis
inversely proportional to the planet's radial distance from its center of mass.
Formula / Rule / Reaction:

GMm

1
P=o T o =
r T

Solution:

o Lettheinitial potential energy magnitude be |1 | = S4m,

« Whentheradius decreasesto R' = %with constant mass M:

Rj2 1R

- A GMm {G_-'H’m

)= 2|th|

+ Therefore, the magnitude of the surface gravitational potential energy
doubles.

Why other options are incorrect:

+ Option A: The value would halve only if the radius doubled.
+ OptionB: Changing radial separation directly alters potential energy.

» Option D: Gravitational force (F o 1/7")increases four-fold, whereas
potential energy varies as 1 /r and doubles.
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Question #113 _ PHYsICS

. Wtk & Enargy

The instantaneous mechanical power delivered by a net force vector [Formula]
acting ona partic..

CORE CONCEPT & DERIVATION

Poweris the time rate at which mechanical work is performed on a physical
systern.

Formula / Rule / Reaction:

Solution:

* Mechanical work is given by dW = F - ds.

+ Differentiating with respect to time yields:

* The scalardot product of force and velocity represents power,
measured inWatts (J/s).

Why other options are incorrect:

s Option A: Kinetic energy is the energy of motion given by gmuv®.
« OptionB: Impulseis the product of net force and elapsed time (J =
FAY).

+ Option C: Mechanical work represents energy transferred over a
spatial displacement (W = [ F - ds), not the instantaneous rate.

Question #114 PHYSICS

04, Rotational & Circular Mation

The angular measure of one degree { [Formula] ) convertedinto circular radian
Units is approxi...

CORE CONCEPT & DERIVATION

Plane angles are converted between sexagesimal degrees and Sl radianunits
using the fundamental geometric identity of a complete circle.

Formula / Rule / Reaction:

360° = 27 radians —> 1° = —— radians
180

Solution:

+ Substituting the value of 7 = 3.1415%:

. 3.14159
© 180

2= 0.017453 radian = 0.0175 radian

Why other options are incorrect:

+ Option B: 0.1000 radian equals roughly 5.73".
* Option C: 0.1500 radian equals roughly 8.59°.
s« OptionD: 0.2750 radian equals roughly 15.76°.
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Question #115 PHYSICS

04, Rotatianal & Cireular Mation

A particle traverses an arc length of [Formula] along the circumference of a
circularpathofr..

CORE CONCEPT & DERIVATION

Angular displacement in radians is the ratio of arc length traversed to the
radius of curvature.

Formula / Rule / Reaction:

Solution:

+ Givenarclength s = 2 mandradiusr = 1 m:

. 0= S = 2.0 radians
lm

8

Why other options are incorrect:

* Option A: 0.5 radian inverts the formula by dividing radius by arc length
(r/s).
+ Option C: 3.0 radians would require an arc length of 3 m.

+ OptionD: 0.67 radian corresponds to 2/ 3 radian, which is dimensionally
incorrect for these values.

Question #116 [[THEEN PHYSICS

4. Rotational & Circular Motion
If both the orbital speed of a body and the radius of its circular trajectory are
simultaneoust...
CORE CONCEPT & DERIVATION

Centripetal force is directly proportional to the sguare of tangential speed
andinversely proportional to the trajectory radius.

Formula / Rule / Reaction:

Bome
™
Solution:
* Lettheinitialforcebe F; = %
+ Whenv' = 2vandr' = 2r:
mYi
: Py m(2v) ] 4dmu 2 E]r?j‘;
2r 2r

+ Therefore, the centripetal force doubles.

Why other options are incorrect:

+ Option A: The force would remain unchanged only if radius
guadrupled while speed doubled.

+ Option B: The force would quadruple if speed doubled while radius
remained constant.

+ OptionD: An eight-fold increase would require speed to double while
radius was halved.
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Question #117 PHYSICS

04. Rotational & Circular Motion

The fundamental kinematic relation connecting linear tangential velocity
[Formula] and angular ...

CORE CONCEPT & DERIVATION

Tangential linear velocity equals the product of the radial distance from the
axis of rotation and the instantaneous angular velocity.

Formula / Rule / Reaction:

XTF = v=rw (fora L)

Solution:

+ Differentiating arc length s = ré with respect to time yields:

. —_—=r— = U=TWw

dt dt

Why other options are incorrect:

s+ Option A:w = rvis dimensionally inconsistent (s ! # m*/s).
s OptionB: v = w/rincorrectly placesradius in the denominator.

s OptionC:w = v/r? isdimensionally incorrect.

Question #118 PHYSICS

05, Waves
In aripple tank experiment. 100 complete wawve crests pass a fixed point in one

second. Ifthe..

CORE CONCEPT & DERIVATION

The speed of any periodic wave equals the product of its temporal freguency
and spatial wavelength.

Formula / Rule / Reaction:

v=fA
Solution:

s Frequency f = 100 waves/s = 100 Hz.

»  Wavelengthd =1cm = 0.01 m.

. v=(100s '){0.0lm) = L.0m/s

Why other options are incorrect:

+ OptionB: 2.0 m/scorresponds to double the actual wave speed.

* Option C: 0.01 m/s results from dividing frequency by wavelength
squared incorrectly.

« OptionD: 100.0 m/s fails to convert centimeters to Sl meters.
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Question #119 [[ZHCN PHYSICS

058, Waves

Toincrease the natural oscillation frequency of anideal spring-mass system by a
factoroffou...

CORE CONCEPT & DERIVATION
The frequency of a simple harmonic oscillator is inversely proportional to the
square root of the oscillating mass.

Formula / Rule / Reaction:

Solution:

+ Lettheinitial frequencybe fi oc ==

e
+ Forthenewfrequencytobe fu = 4f;:

fa [my __ o T . : Tty
fi | Ty ma 16

s Thus, the mass must be reduced to one-sixteenth of its initial value.

Why other options are incorrect:

+ Option A: Reducing mass to one-fourth only doubles the frequency (

Vi=12).
+ Option C: Quadrupling mass halves the frequency.
« Option D: Doubling mass decreases frequency by a factor of +/2.

Question #120 PHYSICS

05, Waves

The speed of acoustic sound waves in dry airis measured as [Formula] at [Formula]
.Whatisit...

CORE CONCEPT & DERIVATION
Near standard ambient conditions, the speed of soundinairincreases

approximately linearly with temperature at a rate of 0.61 m/s per degree
Celsius.

Formula / Rule / Reaction:

vy = vy + L61T

Solution:

s Giveny, = 332 m/sat0°C andtemperature T = 10°C:

. v =332 4 (0.61 % 10) = 332+ 6.1 = 338.1m/s

Why other options are incorrect:
+« OptionA: 332.61 m/srepresents a temperature rise of only 1°C.

« OptionB: 334.10 m/s corresponds to a 3.4°C elevation.
+« OptionD: 344.20 m/s corresponds to a temperature of 20°C.

Official Examination Series



beambeprep.com

BEAMBEPREP - NUMS 2021 Official Solved Paper

Question #121 PHYSICS

07. Tharmadynamics

In thermodynamics, Mayer's relation for anideal gas, [Formula], demonstrates
that:

CORE CONCEPT & DERIVATION

At constant pressure, supplied heat must not only raise internal energy but
also perform expansion work against the surroundings.

Formula / Rule / Reaction:

Cp—Ci=R = Cp=Cu+ R (where R =10}

Solution:

« Because the universal molar gas constant R is positive (8.314 J - mol ' -
K O must exceed C..

+ Atconstantvolume, no boundary work is performed (W = PAV = 0),

so all added heat raises internal energy. At constant pressure, extra
heat is required to fuel expansion work.

Why other options areincorrect:

+ OptionA:C, < €, wouldimply a negative gas constant &, violating the
firstlaw of thermodynamics.

+ OptionB: C, = C, occursonly inincompressible substances where
expansion coefficientis zero.

+ Option C: Specific heats are positive physical quantities and cannot
sumtozero.

Question #122 PHYSICS

07. Thermodynamice

A thermodynamic process carried out such that the volume of the working gas
remains strictly co...

CORE CONCEPT & DERIVATION

Anisochoric (isovolumetric) process occurs at constant velume, meaning the
boundary does not move and mechanical work is zero.

Formula / Rule f Reaction:

AV =0 = W—/Pdl’eﬂ = Q.= AU

Solution:

+ Bydefinition, anisochoric process maintains V' = constant.

« Because AV = 0, the system performs no PAV boundary work, and all
transferred heat changes internal energy directly.

Why other options areincorrect:

+ OptionB: Anisobaric process occurs at constant pressure (AP = 0).

* Option C: Anisothermal process occurs at constant temperature
AT =0).

+ OptionD: An adiabatic process occurs without heat exchange with
the environment (@ = 0).
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Question #123 _ PHYsICS

08 Electrostatics

When two capacitors of capacitances [Formula] and [Formula] are connected
togetherin parallel,...

CORE CONCEPT & DERIVATION

Capacitors connected in parallel share a common potential difference
across theirplates, so their equivalent capacitance is the direct algebraic
surmn of theirindividual capacitances.

Formula f Rule / Reaction:

Coq=0C1 + %

Solution:

¢ GivenC, = 2uFandC, = 6 uF:

. Cuq = 2pF + 6 uF = 8.0 uF

Why other options are incorrect:

+ Option A: 1.5 uF is the equivalent capacitance if connected in series |
2x6 __ N
& — 1.5uF).

« OptionC: 4.0 uF represents the simple arithmetic average, not the

parallel sum.

+ OptionD: 12.0 uFis the product of the two values, whichis
dimensionally incorrect.

Question #124 [BHED PHYSICS

08, Electrostatics

The electrostatic capacitance of anisolated parallel-plate capacitor does NOT
dependonwhich ..

CORE CONCEPT & DERIVATION

Capacitance depends exclusively on the geometry of the plates, their
separation distance, and the dielectric permittivity of the intarvening
medium.

Formula / Rule / Reaction:
gges A

=

Solution:

s« Capacitanceis governed by plate area A, plate separationd, and
dielectric constante,.

» Because charges reside entirely onthe facinginner surfaces of the
conductors, plate thickness has no effect on electrostatic
capacitance.

Why other options are incorrect:

+ Option A: Capacitance is directly proportional to plate surface area A.

+« OptionB: Capacitance increases linearly with the relative permittivity
- Of the dielectric.

+ OptionD: Capacitance is inversely proportional to the plate
separation distance d.
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Question #125 [[SHC) PHYSICS

0% Currant Elactricity
According to the Maximum Power Transfer Theorem, an electrical source transfers
maximum powert..,
CORE CONCEPT & DERIVATION

Maximum power transfer occurs when the load resistance equals the internal
resistance of the supplying source.

Formula / Rule / Reaction:

Po— PR (=2 2;.’ a5 o i m
- mlR-'—'r) — dH — I

Solution:

+ Differentiating power delivered to the load withrespect to R and
setting the derivative tozero yields B = r.

* Atthis matched impedance, exactly 50 percent of total poweris
delivered to the load while 50 percent is dissipated internally.

Why other options areincorrect:

+ Option A:When R > r, circuit current drops, reducing total power
delivered to the load.

* OptionB: When R < r, most of the generated poweris dissipated
inside the source’s internal resistance r.

+ Option C: When R = 0(short circuit), terminal voltage is zero,
delivering zero useful power.
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Question #126 PHYSICS

09, Current Elactricity

A cylindrical metallic wire of initial resistance [Formula] is uniformly drawn and
stretched so..

CORE CONCEPT & DERIVATION
Stretching a wire preservesits total volume (V = A - L), so any decreasein
cross-sectional area produces a proportional increase inlength.

Formula / Rule / Reaction:

Vv

H—PITPFT

Solution:

+ ‘Whenradius is halved (r' = r/2), the new cross-sectional area
becomes:

. A = x(r/2) =

]

+ Becausevolume V' = AL is constant, the new length guadruples (L' =
4L).

Why other options are incorrect:

+ OptionB: 4R accounts only for the length increase or area reduction
independently, ignoring conservation of volume.

+ OptionC: 8Risanincorrect scaling factor.

+ OptionD: R/4 occurs if the wire is shortened or its cross-sectional
areaquadrupled.
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Question #127 [[THGN  pH¥sics

10 Electromagnatism

When an electrically charged particle enters a uniform magnetic field traveling ina
direction ...

CORE CONCEPT & DERIVATION
The magnetic Lorentz force depends on the vector cross product of charge
velocity and magnetic flux density.

Formula / Rule / Reaction:

Fy = g(t x B) — Fg = quBsin(f)

Solution:

+ Because the velocity vectoris parallel to the magnetic field, the angle
between themis# = 0°.

. sin(0°) =0 — Fr=0

+ Withzero net magnetic force acting on the particle, it continues along
a straight path at constant velocity in accordance with Newton's first
law.

Why other options are incorrect:

s Option A: Circular deflection requires velocity to be perpendicular {
# = 90°) to the magnetic field lines.

+ Option C: Helical trajectories require velocity to enter at an oblique
angle (0° < # < 90°).

« Option D: Magnetic fields perform zero work on charged particles and
cannot decrease kinetic energy to bring them torest.

Question #128 [THEN . PHYSICS

10. Electromagnetism
The magnetic fiux passing through a planar surface is maximized when the angle
betweenthe magn...

CORE CONCEPT & DERIVATION
Magnetic flux is defined as the scalar dot product of the uniform magnetic
field vector and the surface area vector.

Formula / Rule / Reaction:

&y =B. A4 — BAcos(#)

Solution:

« The vectorarea A points normal (perpendicular) ta the physical plane
of the surface.

o Fluxis maximized when cos(f) = 1, which occurswhen#d = 0° (the
magnetic fieldlines run parallel to the surface normal, passing
perpendicularly through the plane).

Why other options areincorrect:

* Option A: At = 90°, cos(90°) = 0, meaning the field runs parallel to the
surface and zero flux penetrates.

+ OptionB: Atd = 45°, cos(45°) = 0.707, yielding only 70.7 percent of
maxirmum flux.

+ OptionD: At# = 180°, cos(180°) = —1, yielding maximum negative flux
rather than maximum positive flux.
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Question #129 PHYSICS

13. Electronics
The standard domestic alternating current (AC} electrical grid supply throughout
Pakistan opera...
CORE CONCEPT & DERIVATION

National electrical grids distribute alternating current synchronized at
standardized frequencies.

Formula / Rule / Reaction:

N,-P
= l’T — 50 Hz (Standard Pakistani Domestic Supply: 230 V, 50 Hz)
Solution:

+ Pakistan follows the British and European electrical distribution

standard, operating at a single-phase nominal voltage of 230 V and a
line frequency of 50 Hz.

Why other options are incorrect:

+ Option A: 70 Hz is not used in standard utility grids.

* OptionB: 60 Hzis the standard line frequency in North America and
parts of lapan.

« Option C: 100 Hzrepresents the ripple frequency of a full-wave
rectified 50 Hz signal, not the grid line frequency.

Question #130 [[ZHD) PHYSICS

1. Electramagnatic induction

Anelectrical device that steps up or steps down alternating electromotive force
(EMF) through...

CORE CONCEPT & DERIVATION

Transformers transfer electrical energy between circuits via mutual magnetic
flux linkage without changing signal frequency.

Formula / Rule / Reaction:

v_N L
v, N, I

Solution:

s Atransformer consists of two insulated coils wound around a shared
ferromagnetic core.

+ Alternating currentin the primary winding creates a time-varying
magnetic flux thatinduces a stepped-up or stepped-down
alternating EMF in the secondary winding according to Faraday's law.

Why other options are incorrect:

+ OptionB: Acommutatoris arotary mechanical switchin DC motors
and dynamos that reverses current direction.

+ Option C: ADC generator converts mechanical rotationinto
unidirectional direct current.

+« OptionD: A potentiometer measures unknown EMFs without drawing
current from the circuit.
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Question #131 PHYSICS

1. Blactramagneatic Induction
The physical law establishing that aninduced electric current always flows in such
adirection...
CORE CONCEPT & DERIVATION

Lenz's law provides the physical basis for the negative signin Faraday's law of
electromagnetic induction, enforcing conservation of energy.

Formula / Rule / Reaction:

Solution:

o Heinrich Lenz formulated this lawin1834.

* The negative sign shows that the induced magnetic field counteracts
the change in primary magnetic flux, ensuring that mechanical work
must be expended to generate electrical energy.

Why other options areincorrect:

+ Option A: Ampere's circuital law relates the integrated magnetic field
around a closed loop to the electric current passing throughit.

+ Option C: Faraday's laws of electrolysis govern mass deposition at
electrodes during electroplating.

+ OptionD: Joule's law relates heat dissipationina conductor to the
square of current and resistance (H = I*Rt).

Question #132 PHYSICS

13 Electronics

An electronic circuit assembly that converts alternating current (AC) into
unidirectional direc...

CORE CONCEPT & DERIVATION

Rectification uses semiconductor diodes to permit current flow in one
direction while blocking reverse current.

Formula / Rule / Reaction:

PN Junction Diode Cireuit

AC Input (Bidirectional) ——————————— Pulsating DC Output (Unidirectional)

Solution:

* Arectifieremploys one ormore p-n junction diodes configured in half-
wave or full-wave bridge arrangements.

+ Because diodes conduct only under forward bias, the alternating
waveformis converted into unidirectional current.

Why other options are incorrect:

s« Option A: An operational amplifierincreases the voltage, current, or
power of aninput signal.

» Option B: Afilter circuit smooths voltage ripples but does not perform
the primary AC-to-DC conversion.

+ Option D: A modulator encodes information onto a high-frequency
carrier wave.
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Question #133 [EHCN PHYSICS

02 Foree & Maotion

Foraprojectile launched at an angle [Formula] over horizontal terrain, its velocity
vectorco...

CORE CONCEPT & DERIVATION

In two-dimensional projectile motion neglecting air drag, the horizontal
velocity component remains constant while the vertical velocity component
changes under uniform gravity.

Formula f Rule / Reaction:

ve(t) = mcos(#) = Constant, wy(t) = vosin(f) — gt

Solution:

s Atpeakheight(H,,..) the projectile tempaorarily stops rising before
descending, son, = 0.

* Because nohorizontal forces act onthe projectile, its horizontal
velocity remains non-zero and constant: v, = u, cos(#).

Why other options are incorrect:

+ OptionA: v, = Doccurs onlyin purely vertical launches (# = 907).
+ OptionB: v, cannot be zero while v, remains constant at the apex.

+ Option C: v, does not vary because horizontal acceleration is zero.

Question #134 PHYSICS

14. Nuclhear Plysics

A radioactive sample containing [Formula] of a phosphorus radicisotope decays
until only [Formu..

CORE CONCEPT & DERIVATION

Radioactive decay follows first-orderkinetics, where the remaining
undecayed mass halves after each elapsed half-life period.

Formula / Rule / Reaction:

n

1 t
N(t)=Ng(=) = n=——
{ ] 1] (2’ n Tll.-z

Solution:

¢ Calculate the fraction of undecayed mass remaining:

* Becausen = 4 half-lives elapsed over 60 days:
= m— = 15 days

Why other options are incorrect:

* OptionB: 10 days would correspond to 6 half-lives, leaving only 0.5 g
rermaining.

+ Option C: 6 days would correspond to 10 half-lives.
+ OptionD: 5 days would correspond to 12 half-lives.
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Question #135 [[ZHLY _ PHYsICS

. Wtk & Enargy

The Slunit of gravitational potential [Formula] is expressed as:

CORE CONCEPT & DERIVATION
Gravitational potential at a pointin a field is defined as the work done per unit
mass in bringing a test mass from infinity to that point.

Formula / Rule / Reaction:

Solution:

s Work Wis measured in Joules (J) and mass mis measured in kilograms (
kg).

« Therefare, the derived Sl unit of gravitational potential is J /kg (orm® /s*

).

Why other options areincorrect:

* OptionA:J.sisthe Slunit of action and Planck's constant h.
» OptionC: ] kgisdimensionally incorrect.

* OptionD: N/mis the Slunit of surface tension and spring constant.

Question #136 ) ENGLISH

04, Subject-Verb Agreement. Tenses & Conditionals

Complete the sentence using the correct grammatical tense: When we arrived at
thecinema, thef...

CORE CONCEPT & DERIVATION
When two past actions occur sequentially, the past perfect tense is used for
the earlier event, while the simple past is used for the subsequent event.

Formula / Rule / Reaction:

Past Perfect (had + past participle) — Earlier past event before another past action

Solution:

* The arrival atthe cinema occurred in the past ('when we arrived’).

» The screening began prior to this arrival, requiring the past perfect
form: "had already started'.

Why other options are incorrect:

+ Option A: 'Already started’ lacks the auxiliary 'had' required to form the
past perfect tense.

+ Option B: 'Would already start’ denotes a past conditional or habitual
action, not an accomplished prior event.

* OptionD: 'Starts already’ uses the present tense, conflicting with the
past frame 'when we arrived’.
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EMGLISH
oueStlon #137 Key' (D) 04, Subjec b Agreement, Tenses & Conditionals
Select the correct form to complete the sentence: The hotsoup _________
delicious.

CORE CONCEPT & DERIVATION
Sensory linking verbs describing states rather than dynamic actions use
simple present forms and must agree in number with their subject.

Formula / Rule / Reaction:

Singular Subject (Soup) + Singular Stative Verb (Tastes)

Solution:

+ 'Soup'is anuncountable singular noun.

* 'Taste'functions here as a copular (linking) verb connecting the subject
to the predicate adjective 'delicious’, taking the third-person singular
inflection 'tastes’.

Why other options are incorrect:

+ Option A: Taste'is plural or base form and fails subject-verb
agreement with singular 'soup'.

» OptionB: 'Is tasting' implies an active, dynamic tasting actionrather
than a sensory property.

+ Option C: 'Have tasted' takes a plural auxiliary 'have’ and shifts
meaning to an active past experience.

ENGLISH

Jarb Agreement, Tenses & Conditionals

Question #138 )

04, Subjec

Fillin the blank with the appropriate verb form: She
4o'clock

CORE CONCEPT & DERIVATION

The preposition 'since’ specifying a starting pointin past time requires a
present perfect verb construction to dencte a state continuing into the
present.

unconscious since

Formula / Rule / Reaction:

Subject + has/have been + Adjective + since + Specific Point in Time

Solution:

s+ Becausethe state began at 4 o'clock and persists into the current
moment, the present perfect 'has been' is grammatically correct.

Why other options are incorrect:

+ OptionB: 'Was' is simple past, whichindicates acompleted state
disconnected from the present.

+ OptionC: 'ls'is simple present, which cannot be paired with a'since’
duration phrase.

+ OptionD: 'Had' lacks the past participle predicate 'been’.
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Question #139 [ZHCY e ENGLISH

yAgreemant. Tenses & Conditionals

Complete the sentence expressing an unreal past wish: I wish |
cormect answerto...

CORE CONCEPT & DERIVATION

Wishesregarding present hypothetical or counterfactual states require the
unreal past (subjunctive past tense)in the subordinate clause.

Formula / Rule / Reaction:

Subject + wish + (that) 4+ Subject + Simple Past Verb (Subjunctive)

Solution:

s The speakerdoes not know the answer at present.

+» Toexpressahypothetical desire contrary to present reality, the verb
moves one step back into the past tense: 'knew'.

Why other options areincorrect:

+ Option A: 'Know' uses present indicative, which cannot follow
counterfactual 'wish'.

+ Option C: "Will know” expresses future prediction rather than present
counterfactual desire.

* OptionD: 'Have known' uses present perfect, which does not convey
the subjunctive mood.

Question #140 ENGLISH

01 Vocabulary, Synonyms, Antonyms & Spelling
Choose the most accurate synonym for the word: ANALOGUE
CORE CONCEPT & DERIVATION

An analogueis a person, structure, or thing that exhibits parallel attributes or
functions comparable to another.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

+ Derived from the Greek analogos (proportionate), 'analogue’ denotes
an entity that is similar, parallel, or comparable in function or form to
something else.

Why other options areincorrect:

* Option A: 'Opposite'is an antonym denoting contrary properties.
* OptionB: 'Behind' is a spatial or temporal preposition.

« Option D: 'Mechanical’ refers to machines or physical tools.
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ENGLISH
oueStlon #141 m 01 Vecabiulary, Synonyms, Antanyms & Spelling
Choose the most accurate synonym for the word: PULSATING
CORE CONCEPT & DERIVATION

Pulsating describes rhythmic, periodic expansion, contraction, or beating
movements.

Formula f Rule f Reaction:
Factual recall / Qualitative concept.

Solution:

+ 'Pulsating’ describes rhythmic beating or throbbing variations in
intensity, such as an arterial pulse or heart beat.

Why other options are incorrect:

+ Option A: "Fluid' denotes continuous liquid flow rather than rhythmic
pulsation.
+ OptionB: 'Static'is an antonym meaning motionless or stationary.

+ Option C: 'Pressurized' refers to continuous application of force per
unit area.

ENGLISH

01 Vocabulary. Synonyms, Antonyms & Spelling

Question #142

Choose the word that correctly completes the sentence: The administrative head
of anacademici...

CORE CONCEPT & DERIVATION

Homophones are words that share identical pronunciations but differin
spelling, etymology, and definition.

Formula / Rule / Reaction:

Principal (Noun) = Head of an institution | Principle (Noun) = Fundamental rule

Solution:

+ 'Principal functions as a noun designating the chief administrator or
headmaster of an educational institution.

« 'Principle’ denotes a foundational doctrine, standard, or ethical
guideline.

Why other options are incorrect:

+« OptionB: 'Principle’ refers to a fundamental law, rule, or moral belief.
+ OptionC: 'Premier denotes a prime minister or head of government.

+ OptionD: Prior’ refers to an officerin a monastic religious order or
something preceding in time.
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Question #143 [[ZHC) ENGLISH

02. Idioms, Phrasal Verbe & Litarary Figures

The common theatrical idiom 'break a leg'is colloguially used to
CORE CONCEPT & DERIVATION

Anidiomis an established figurative expression whose intended meaning
cannot be deduced literally from its constituent words.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

¢ Intheatrical tradition, directly wishing a performer 'good luck’' was
thought to bring misfortune due to superstition.

» Consequently, performers adopted theironic phrase 'break a leg’ as
an idiom meaning 'good luck’.

Why other options areincorrect:

« Option A: The phrase is not used as aliteral or figurative physical
threat.

+ Option C: Acknowledging defeat is described by idioms such as
‘throw in the towel'.

* OptionD: Reprimanding someone is captured by phrases like read
theriot act'.

Question #144 ENGLISH

02.Idioms, Phrasal Verbs & Literary Figures
The idiomatic expression ‘bite the bullet’ means to
CORE CONCEPT & DERIVATION

Idiomatic figurative expressions convey cultural meanings distinct from their
literal wording.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

+ Originating from military field surgery where wounded soldiers bit on
lead bullets to endure pain without anesthesia, 'bite the bullet' means
to face a grim or difficult situation with resilience.

Why other options are incorrect:

* Option A: Acting rashly without cautionis described by idioms like
'leap before you look'.

* OptionB: Aggressive retaliation is conveyed by ‘an eye foran eye’.

+ OptionD: Stubborn refusal to change is captured by 'digging one's
heelsin'.
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Question #145 . ENGLISH

01 Vecabiulary, Synonyms, Antanyms & Spelling

Identify the correctly spelled word referring to a person who organizes and
operates a business...

CORE CONCEPT & DERIVATION
English words borrowed directly from French preserve their native
morphological spelling patterns.

Formula / Rule / Reaction:

Root: French entreprendre — Entrepreneur

Solution:

+ The correct orthographic spelling is 'Entrepreneur’ (beginning with
'Entre-" and ending with -neur’).

Why other options are incorrect:

+ Option A: 'Enterpreneur' misspells the initial prefix as 'enter-".
+ OptionB: 'Entripreneur substitutes anincorrectinternal vowel 'i".

+ Option C: 'Entreprineur’ corrupts the penultimate vowelinto 7.

Question #146 : ENGLISH

04. Subject-Verb Agresment, Tenses & Conditionals

Complete the sentence using the properconditional form: Unless we
immediately, we ca...

CORE CONCEPT & DERIVATION

The subordinating conjunction 'unless' means 'if not” and intrinsically carries a
negative meaning, so the dependent clause takes an affirmative verb.

Formula f Rule f Reaction:

Unless + Present Simple Affirmative Verb. .. Main Clause {Modal + Bare Infinitive)

Solution:

¢« Because 'unless’ already means 'if we do not’, adding a negative
auxiliary {'do not start’) creates an ungrammatical double negative.

+ Inafirst conditional construction, the present simple affirmative verb
'start’ is required.

Why other options are incorrect:

+ Option B: "Will start’ places a future modal inside a conditional
subordinate time clause, which violates standard grammar rules.

+ Option C: 'Do not start’ produces anunintended double negative (if
we do notnotstart’).

+ OptionD: 'Are starting' uses present continuous, which does not fit
habitual conditional statements.
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Question #147 [[ZHCY e ENGLISH

yAgreemant. Tenses & Conditionals

Select the grammatically correct comparative structure: Professor Daud is more
dedicated than _...

CORE CONCEPT & DERIVATION

When comparing anindividual to other members of a group to which that
individual belongs, the word 'other’ must be included to avoid anillogical
self-comparison.

Formula / Rule f Reaction:

Comparative Degree + than + all other + Plural Noun

Solution:

» Because Professor Daudis himself a member of the faculty,
comparing him to 'all teachers'illogically includes himself.

* Adding ‘other’ ("all other teachers') excludes him from the comparison
set, maintaining logical consistency.

Why other options areincorrect:

+ Option A: 'All teachers’ illogically compares Professor Daud to himself.

* Option C: 'Any teachers’ uses an incorrect plural; idiomatically it
should be "any other teacher' (singular).

« OptionD: 'Other all teachers’ violates standard English determiner
word order.

Question #148 ENGLISH

O3, Parts of Speech, Prapositions & Modlfiers

Choose the correct dependent preposition: Responsible drivers must always

CORE CONCEPT & DERIVATION
Certain English verbs require fixed dependent prepositions to formidiomatic
phrasal verbs with specific meanings.

Formula / Rule / Reaction:

Abide + by = To comply with, conform to, or obey a rule

Solution:

+ Theverb 'abide’' pairs specifically with the preposition 'by' to mean
obeying rules, laws, or decisions.

Why other options areincorrect:

+ Option A: ‘Abide with'is an archaic construction meaning to stay or
dwell alongside someone.

+ Option B: 'Abide to'is an ungrammatical combination in standard

English.
« OptionD: 'Abide at'is an obsolete expression referring to physical
residence.
beambeprep.com

Page 55 of 55

OFFICIAL FULL-LENGTH PRACTICE (FLP)

ENGLISH

03. Parts of Speech, Prepositions & Madifiers

Question #149 [C72 1))
Choose the correct preposition to complete the sentence! A true soldier prefers
anhonorable de...

CORE CONCEPT & DERIVATION
The verb 'prefer' takes the preposition 'to’ rather than "than' when comparing
two nouns or gerunds.

Formula / Rule / Reaction:

Prefer + [Noun A + to + [Noun B|

Solution:

+ Informal English, preferences between two entities are constructed
using ‘preferXtoY".

s Although'prefer X over Y appears in colloguial speech, 'preferXto Y'is
the standard formal construction tested inentrance examinations.

Why other options are incorrect:

+ Option A: 'Preferthan’isungrammatical; 'than’'is used with
comparative adjectives (e.g., 'betterthan’), not with the verb "prefer'.

+ OptionB: 'Over'is aninformal variant avoided in formal grammar
examinations.

+ Option C: 'Against’isincorrect following 'prefer’.

Question #150 ENGLISH

04, Subjec b Agreement, Tenses & Conditionals

Select the verb form that satisfies the rule of proximity: Neither the students nor
theirteach...

CORE CONCEPT & DERIVATION

When two subjects are joined by correlative conjunctions such as 'neither...
nor' or 'either... or', the verb agrees in number and person with the closer
subject.

Formula / Rule / Reaction:

Neither + [Subject 1 (Plural)] + nor +

Subject 2 (Singular)| + Singular Verb

Solution:

» The compound subject consists of plural 'the students' and singular
‘theirteacher’.

s According to the rule of proximity, the verb agrees with 'their teacher’
(singular).

+ Because the temporal adverb 'yesterday' specifies past time, the
singular past verb 'was' is required.

Why other options are incorrect:

* OptionB: "Were' agrees with the further plural subject 'students’,
violating the rule of proximity.

+ OptionC: 'Are’is a present plural verb, conflicting with the singular
subject and the past adverb 'yesterday'.

+ OptionD: 'Have been’is present perfect plural, violating both the
proximity rule and the simple past timeframe.
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