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| X secTION: BIOLOGY

Q1. sio

The concentration of sodiumions (Na') inthe extracellular fluid
outside aresting neuron is approximately how many times
greater thaninside the cell?

() 10times

(8) 30times

(©) 2times

D) 3times

Q2. sio

Which hormone is primarily responsible forinducing uterine
contractions during labour?

(n) Estrogen

(B) Oxytocin

(©) Progesterone

() Luteinizing hormone

Q3. &0

Which hormone is secreted inlarge amounts by the posterior
pituitary when the water content of the blood decreases?

(m) Glucagon

(B) Thyroxine

(c) Antidiuretic hormone (ADH)

orc) .
(6) Oxytocin

Q4. sio

What is the primary site of synthesis and vesicular storage of
chemical neurotransmitters?

(n) Postsynaptic membrane
(8) Synaptic cleft

.
L

(b) Presynaptic neuron terminal

=

) Dendritic spine

)

®5. sio

Endorphins, which function as endogenous analgesics and
mood modulators, are produced in the:

Brain

@)
2

@ G

® O

) Adrenal medulla
Gastricmucosa
Thymus gland

®R6. sio

Which hormone promotes spermatogenesis and is responsible
for the development of male secondary sexual characteristics?
(n) Progesterone

(B) Testosterone

(€) Estrogen

(@) Thyroxine

QR7. sio

In the human male reproductive system, Leydig (interstitial)
cells are primarily responsible for the:

(a) Production of follicle-stimulating hormone
(B) Direct division of spermatogonia
(©) Production and secretion of testosterone

e
W

=)

) Inhibition of testosterone synthesis
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Questions 1to 55 (55 MCQs)

Q8. e

During oogenesis in the ovarian cycle, the secretion of estrogen
by developing ovarian follicles is stimulated by:

(&) Luteinizing hormone

(8) Inhibin

(©) Progesterone

(o) Follicle-stimulating hormone

Q9. sio

Which hormones secreted by the anterior pituitary gland
directly regulate the events of the human menstrual cycle?
(&) Follicle-stimulating hormone and luteinizing hormone

(B) Follicle-stimulating hormone and estrogen

(€) Luteinizing hormone and progesterone
(o) Estrogen and progesterone

Q10. &0

Which type of genetic trait is transmitted directly and
exclusively from an affected father to all of his sons?
(a) X-linked dominant

(8) Y-linked

(© Autosomalrecessive

(@) X-linked recessive

QM. sio

When an organism possesses two identical alleles for a given
gene locus, its genotype is described as:

(a) Heterozygous

(8) Hemizygous

(€) Homozygous

(b) Phenotypic

Q12. sio

Which evolutionary theory posits that mitochondria and
chloroplasts originated as free-living prokaryotic microbes
that were engulfed by ancestral host cells?

(&) Lamarckian theory of inheritance

(8) Darwinian natural selection

(€) Modern synthesis (Neo-Darwinism)

(0) Endosymbiont theory

Q13. &0

Structures that perform similar physiological functionsin
different organisms but possess distinct anatomical
architectures and embryonic origins are known as:

(&) Analogous organs

(8) Homologous organs

(©) Vestigialorgans

(o) Atavisticorgans
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Q14. so

Which of the following biological processesisNOT a

recognized physiological mode of action of circulating
antibodies?

(A) Neutralization of viral particles or bacterial toxins
(B) Direct secretion of inflammatory cytokines
(€) Precipitation of soluble antigens

(0) Opsonization to enhance macrophage phagocytosis

Q@15. sio

In the human gastric lumen, the inactive zymogen pepsinogenis
cleaved into active pepsin primarily by:

(m) Gastric mucus

@} Gastrinreceptoractivation
(€) Hydrochloric acid

0

(C)]

(D) Pancreatic enterokinase

Q16. &0

Intrinsic factor, a glycoprotein essential for the absorption of
vitamin B,. in the ileum, is synthesized and secreted by the:

(&) Pancreatic acinar cells

(8) Hepatocytes of the liver
_—

) Duodenal Brunner glands

©®

y) Parietal cells of the stomach

(©)

Q17. sio

All of the following blood cells participate actively in cellular or
humoral immune defense EXCEPT:

-

) Thrombocytes

) Monocytes
Lymphocytes
Neutrophils

CIONCRE

QR18. &io

Enzymatic digestion of which dietary macronutrient begins in
the human oral cavity?

(n} Proteins

(8) Carbohydrates
(© Lipids

(D) Nucleic acids

Q19. =io

The administration of a vaccine containing attenuated antigens
produces which classification of immunity?

= g :
(&) Natural passive immunity

(B) Natural active immunity

() Artificially acquired active immunity
(D) Artificially acquired passive immunity

Q20. si0

From which anatomical chamber of the human heart does
systemic oxygenated blood enter the ascending aorta?
(&) Rightatrium

(8) Rightventricle

©) Leftatrium

e '
(@) Leftventricle
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Q21. w0

The pubic symphysis and the intervertebral discs represent
examples of which joint classification?

(a) Cartilaginous joints

(B) Fibrousjoints

(c) Synovial joints

(o) Diarthrodial gliding joints

@22. sio

Cartilage repairs significantly more slowly and with greater
difficulty than vascularized bone primarily because cartilage:
(A) Has mineralized hydroxyapatite crystals inits matrix

(8) Lacks aninternalvascular blood supply

(e) Contains no chondrocytes withinlacunae

(0) Lacks structural collagen fibrils

@23. si0

Which histological feature is characteristic of skeletal muscle
tissue but completely absent from cardiac muscle tissue?

(&) Intercalated discs

Cross-striations with A and | bands

(©) Multinucleated peripheral syncytial cells

(b) Functional sarcomeres containing actinand myosin

QR24. eio

The specialized sarcoplasmic reticulum of muscle fibers
functions primarily in:

(a) Synthesizing contractile actin filaments

(8) Oxidizing glucoseinto pyruvate

(€) Metabolizing cellular lipid droplets
D) Storing and releasing calciumions

@25. 8o

The functional junction across which an impulse is transmitted
from one neuron to anotheris called a:

(&) Synapse

(8) Node of Ranvier

(© Axonhillock
(©) Myelinsheath

Q26. sio

Which of the following endocrine hormones is chemically
classified as a steroid?

(&) Antidiuretic hormone (ADH)

(8) Cortisone

(€) Thyroxine

(@) Insulin

Q27. si0

Hypofunction or surgical under-activity of the parathyroid
glands causes a dangerous precipitous drop in serum levels of:
@ h-'[ggm

@ Na™

© Ca*

® K
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Q28. sio
Which major structural fibrous protein forms the primary
organic framework of bone and cartilage extracellular matrix?

~ .
) Elastin

®

Keratin
Histone
) Collagen

OIOXC)

Q@29. sio

Non-competitive enzyme inhibitors reduce reaction velocity by
binding to the enzyme at the:

() Allosteric site

() Catalytic active site

(€) Substrate-binding pocket

@ Coenzyme association groove

Q@30. sio

Most human metabolic enzymes exhibit their highest catalytic
activity at an optimum temperature of approximately:

® 20°C
® 40°C
€ 50°C
© 30°C

QR31. =0

In enzymatic thermal kinetics, the term 'maximum temperature’
specifically denotes the temperature at which:

(n) Catalytic velocity reachesits theoretical absolute peak
(8) Enzymatic tertiary structure spontaneously renatures
(€) Enzyme protein chains begin to thermally denature

®

Enzyme molecules are completely reactivated

®R32. =0

Which molecules diminish enzyme productivity by physically
occupying the active site due to structural similarity with the
genuine substrate?

(a} Non-competitive inhibitors

(8) Allosteric activators

(©) Co-enzymes

(0) Competitive inhibitors

®R33. sio

When light energy is absorbed by the reaction center Py, in
Photosystem |, which photochemical eventimmediately
occurs?

(&) Itis oxidised by releasing high-energy electrons
(B) Itinduces the photolysis of water

© (@

It gains hydrogen atoms from NADPH
It directly accepts electrons from plastocyanin without photoexcitation

)
=)

Q34. eio

Which chemical products generated by the light-dependent
reactions of photosynthesis are subsequently consumed in the
Calvin cycle (dark reactions)?

(&) ADP and NADP*

() ATP and NADPH

(€) ATP and NADP"

(©) ADP and NADPH
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Q35. &0

What are the primary energy-storing and reducing end
products formed by the non-cyclic light reactions of
photosynthesis?

(A) ATPand glucose

(8) Glucose and NADP'

(c) ATPand NADPH
(o) ATPand water

Q@36. sio

In photosynthetic plant cells, the photophosphorylation of ADP
to synthesize ATP takes place across the membrane of the:

(A) Stroma

(8) Mitochondrial matrix

(©) Golgicisternae

() Thylakoid

QR37. sio

A structurally intact, fully assembled, and infectious viral
particle in the extracellular environment is termed a:

(&) Virion

) Capsomere

) Wiroid

) Capsid

!

© ®

®)
®

Q38. =0

Because all viruses lack metabolic enzymes and ribosomes and
canreplicate exclusively inside aliving host cell, they are
classified biologically as obligate intracellular:

(a) Autotrophs

(B) Parasites

(€) Heterotrophs
(o) Predators

Q39. sio

Which structural component of certain bacterial cells primarily
increases their pathogenicity and virulence by preventing
phagocytic engulfment?

(a) Capsule

(8) Peptidoglycan cellwall

(c) Slimelayer

(o) Plasmamembrane

Q40. =0

The smallest known free-living bacteria capable of
autonomous growth and reproduction belong to the genus:

(a) Streptococcus
(8) Mycoplasma
(€ Escherichia
(o) Bacillus

Q41. =0

The mesenteric veins collect and drain deoxygenated, nutrient-
rich blood directly from the:

(&) Liver

(8) Stomach

(©) Largeintestine

(0) Gallbladder

Official Examination Series



BEAMBEPREP - NUMS 2023 Official Solved Paper

Q42. s
In mature plant cells possessing a secondary cell wall, this

OFFICIAL FULL-LENGTH PRACTICE (FLP)

Q49. s
Which of the following physiological processesis NOT a

structure is located: recognized function of the smooth endoplasmic reticulum
(SER)?

(A) Synthesis of steroid hormones and phospholipids

External to the middle lamella
In between adjacent primary cell walls of neighbouring cells

) External to the primary cell wall (8) Sequestration and release of calcium ions in muscle cells

OIONONO)

) Between the primary cell wall and the plasma membrane (e) Terminal glycosylation and processing of secretory glycoproteins

(o) Detoxification of lipid-soluble drugs and toxic xenobiotics
Q43. eio

Which structural characteristic distinguishes a prokaryotic
(eubacterial) cell wall from a fungal cell wall?

@50. sio
The plasma membrane contains specialized transmembrane

(&) Prokaryotic cell walls contain peptidoglycan, whereas fungal walls contain proteins that facilitate both active and passive movement of

chitin substances. These proteins are known as:
S : ) :
(B) E;c;i‘iac%c;tllicf;illwallscontam cellulose, whereas fungal walls contain @ Peripheral structuralhistones
B) Surface receptor glycoproteins
(€) Prokaryotic cell walls contain cutin, whereas fungal walls contain cellulose ® , P f‘” p
—~ ; 1l . ; (€) Glycolipid anchoring units
(o) Prokaryotic cell walls contain silica, whereas fungal walls contain cutin

(o) Carrier and channel transport proteins

R44. =io

Animal-mediated cross-pollinationin angiospermsis
facilitated primarily by which class of plastids?

Q51. =0

Which cytoplasmic organelles are spherical, single-
membrane-bound vesicular sacs that contain an array of

Fy
@) Chloroplasts hydrolytic enzymes active at an acidic pH?

(8) Chromoplasts
) Lysosomes
(©) Leucoplasts ®

B i
(©) Amyloplasts (B) Peroxisomes

(€) Mitochondria
(o) Ribosomes

QR45. &io

The tonoplast is the semipermeable biological membrane that Q52
physically separates the:

BIO

Excluding water, which class of biological molecules
constitutes the most abundant organic compound in
mammalian cells?

(&) Vacuolarsap and nucleoplasm
(B) Cytoplasmand extracellular fluid
(€) Vacuolarsap and cytoplasm

iy

® (&) Carbohydrates
(B) Proteins

(© Lipids

(o) Nucleic acids

Chloroplast stroma and thylakoid lumen

QR46. wio

Each animal centriole is organized structurally as a cylindrical

barrel composed of: Q53. s

The remarkable thermal stability of living organisms exposed to
fluctuating environmental temperatures is due primarily to
which physical property of water?

(n) Sevendoublets of microtubules

0)

(B) Nine doublets and two central singlets of microtubules
(©) Fivetriplets of microtubules

[=)

(D) Nine triplets of microtubules
(&) Highheat of vaporization

(8) Polarity and universal solvent capability
(© Highspecific heat capacity

(b) Maximurn density at 4 degrees Celsius

Q47. sio
The deep, convoluted infoldings of the inner mitochondrial
membrane are designated as:

@R Cri
() Cristae

Q@54. sio

The abundance of carbon-hydrogen (C — H) bondsin lipid
molecules is biologically significant because these bonds:

(8) Cisternae
(©) Mesosomes
(0) Thylakoids
(&) Formrigid structural exoskeletons inaquatic arthropods
(B) Serve asenzymatic catalysts for metabolic reactions

Q48. si0

According to the fluid mosaic model of biological membranes,
which molecularregion is sequestered in the interior of the lipid
bilayer?

(&) Hydrophilic phosphate heads

(©) Directly accelerate passive transmembrane water diffusion
(o) Storeand yield high chemical energy upon oxidation

(=

) Hydrophobic non-polar fatty acyl chains
) Hydrophilic carbohydrate antennas

®

f'\
o) (o

®

Peripheral polar protein domains
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Q55. si0

Which class of carbohydrates has the sweetest taste among all
saccharide groups?

Monosaccharides

Polysaccharides

Oligosaccharides

Complex homopolysaccharides

OIONONE)
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| SECTION: CHEMISTRY

Q56. cuem

At a constant temperature, the equilibrium vapor pressure of a
pure liquidis independent of which factor?

(&) Chemical nature of the liquid

(8) Surface area of the liguid

(©) Strength of intermolecular attractive forces

(o) Operating ambient temperature

Q57. cuem

The boiling points of ethers are substantially lower than those of
isomeric alcohols of comparable molecular mass because
ethers:

(n) Possess non-polar covalent bonds exclusively

(8) Have higher molecular geometry syrmmetry

(© Lackintermolecular hydrogen bonding between their molecules

(6) Cannotact as hydrogen bond acceptors with water

Q58. cuem

Whentwoice cubes are pressed firmly together, they unite into
asingle block. This phenomenonis explained by regelation and
therapidre-establishment of:

() Intramolecular polar covalent bonds

(8) Temporary induced dipole forces

(€) Coordinate covalent bonds

©) Intermolecular hydrogen bonds

®@59. cuem
Which statement correctly describes the crystal structure and
coordination geometry of sodium chloride (NaCl)?

(n) Eachsodiumionis surrounded by six chloride ions and each chloride ioniis
surrounded by six sodiumions in a face-centered cubic lattice

(8) Eachsodiumionis surrounded by eight chloride ions in a body-centered
cubic lattice

(©) Eachsodiumionis surrounded by four chloride ionsinazinc blende
tetrahedral lattice

2]

(D) The crystal consists of discrete neutral NaCl molecules bound by dipole
forces

Q60. cuem

Which of the following alkali metal halides displays the greatest
(most exothermic) lattice energy?

(&) NaCl

(8) NaF

(€) NaBr

(D) Nal

Q61. cuem

The high thermal and electrical conductivities of metallic
elements are primarily attributable to:

(&) The layeredsliding of atomic planes under shear stress

(8) Vibrational phonon transport through fixed positive cations only

(€) Rapid energy transfer by delocalized, freely moving electrons
(D) Weakvan derWaals forces between neutral metal atoms
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Q62. cuem

Inthe industrial Haber-Bosch process, an elevated operating
pressure of approximately 200 atm is used primarily to:

(&) Decrease overall synthesis plant construction and operational costs

(8) Lower the rate of the uncatalyzed reverse decomposition reaction

(©) Protect the iron-based catalyst from chemical poisoning
(p) Shiftthe chemical equilibrium farward to obtain a higher yield of ammonia

Q63. CHEM

Which of the following interventions enables a reversible
chemicalreaction to attainits equilibrium state earlier without
altering the equilibrium position?

(&) Introducing a suitable catalyst

(8) Increasingtotal system pressure

(©) Increasinginitial reactant concentrations

(o) Raising system temperature

Q64. CHEM

As a general empirical rule in chemical kinetics, raising the
temperature of a reaction mixture by 10 K causes the reaction
rate to approximately:

(&) Remainunchanged

(8) Double

(©) Increase four times
(o) Triple

Q@65. cuem

The minimum amount of energy that colliding reactant particles
must possess to undergo an effective collision leading to
chemicalreactionis the:

(&) Lattice energy

(8) Bond dissociation energy

(© Activation energy

(o) Enthalpy of hydration

Q66. cuem

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

(&) Pressure (P)

(8) Temperature(T)

(©) Internalenergy (U7)
(o) Work (W)

Q67. cuem
The thermochemical equation Mg;,) + Of,) — MgO,,, represents
which standard enthalpy change?

(a) Lattice energy

(8) Standard enthalpy of atomization
(c) Standard enthalpy of neutralization
(o) Standard enthalpy of solution
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Q68. cuem

The gas-phase reaction between nitric oxide and ozone
proceeds according to the equation NO,) + Oz(y) — NOg,) +
O,,y- Whatis the overall order of this reaction?

(n) Firstorder

(B) Second order

(€) Third order

(0) Zero order

Q69. chem

During the electrolysis of an electrolyte in an electrolytic cell,
reduction occurs at the:

(m) Anode

(8) Saltbridge

(€) Cathode

(b) Standard hydrogenelectrode

g} (0

Q70. cHem

Fluorine possesses the highest Pauling electronegativity value
(4.0) among all elements in the periodic table primarily because
of its:

(&) Ability to readily form a stable diatomic gas molecule

(8) Completely filled outermost valence electron shell

(©) Low electron affinity compared to heavier halogens

(@) Smallatomic radius combined with high effective nuclear charge

Q71. cuem

The Valence Shell Electron Pair Repulsion (VSEPR) theory is used
primarily to predict and explain molecular:

(&) Three-dimensional geometries and shapes
(B) Absolute bond dissociation energies

(€) Equilibrium nuclear magnetic moments

(o) Standard reduction potentials

Q72. cuem

Which of the following chemical species features a central
atom thatis sp-hybridized?

(® BF,

(8) CH,

© BeCly

A
® C.H,

0

Q73. cuem

Which of the following physical factors does NOT directly
influence the equilibrium covalent bond length between two
bonded atoms?

\) Bond multiplicity (presence of single, double, or triple bonds)

-

Hybridization state of the bonded atoms
) Firstionization energies of the bonded atoms

®©®0

) Differencein electronegativity between the bonded atoms

Q74. cuem

Which of the following substances displays both malleability
and ductility under ambient conditions?

(A} Sodium chloride

(8) Copper(ll) sulfate

Mercury

m

e
©
o i

() Alurninium
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Q75. cuem

In crystalline sodium metal, which adopts a body-centered
cubic (BCC) lattice, the coordination number of each sodium
atomis:

OF:

® 6

© 12

® 4

Q76. cuem

Which industrial cracking method is specifically utilized to
obtain high-octane gasoline with improved anti-knocking
qualities?

(&) Thermal cracking

(8) Catalytic cracking

(€) Steamcracking
(p) Hydrocracking undergammaradiation

Q77. cuem

Homocyclic (carbocyclic) organic compounds are broadly
sub-divided into which two primary structural classes?

(&) Open chainand branched chain compounds

(8) Heterocyclic and non-aromatic compounds

(©) Alicyclic and aromatic compounds

(p) Antiaromatic and polycyclic compounds

Q78. cuem

Acetophenone (methyl phenyl ketone) is synthesized from
benzene via which electrophilic aromatic substitution reaction?

(&) Friedel-Crafts alkylation
(8) Electrophilic halogenation
(c) Electrophilic nitration

(o) Friedel-Crafts acylation

Q79. cuem

What is the general molecular formula for monocyclic,
saturated hydrocarbons (cycloalkanes)?

® C,H,,

(B CoHauis

© C.Hauos

(8) C,Hy,

Q80. cuem

Which of the following chemical reactions or diagnostic testsis
classically used to distinguish phenol from aliphatic alcohols?

(®) Lucastest

@ Reaction with bromine water (halogenation)
)
©

©

Esterification with acetic acid
Reaction with phosphorus pentachloride

Q81. chem

What is the correct order of reactivity of alcohols when
undergoing reactions that involve the cleavage of the carbon-
oxygen(C — O) bond?

(a) Primary alcohol > Secondary alcohol = Tertiary alcohol

(8) Secondary alcohol > Primary alcohol > Tertiary alcohol

(c) Tertiary alcohol > Secondary alcohol > Primary alcchol

@ Tertiary alcchol = Primary alcohol = Secondary alcohol
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QB82. cuem

The general molecular formula C,,Hs,, O corresponds to which
homologous series of organic carbonyl compounds?

a) Carboxylic acids

®

Aliphatic ethers
Esters

® 0 ®

) Aliphatic ketones and aldehydes

Q83. chem

The catalytic reduction of aldehydes and ketones inthe
presence of hydrogen gas and a metal catalyst (such as Ni, Pd,
or Pt) yields:

(n) Alcohols

(8) Carboxylicacids
(©) Alkanes

(b) Esters
Q84. cuem

Which class of organic compounds reacts with carboxylic acids
inthe presence of an acid catalyst to produce an ester?

(&) Alkyl halides

(8) Alcohols

(©) Aldehydes

(D) Ketones

Q85. cuem

Complete acid or alkaline hydrolysis of organic nitriles (alkyl
cyanides) produces:

(n) Aldehydes

(B) Amines

@ Carboxylic acids

(D) Esters

QB86. cuem

What is the total mass of sulfur presentin 24.5 g of pure sulfuric
acid (H,50,)?

320¢g

24.0g

16.0 g

8.0¢g

®

=
L)

® ®

Q87. cuem

According to the stoichiometric equation Ny, + 3Hy(,) =
2NHy,;, how many moles of ammonia (NH;) are produced from
2.5 moles of nitrogen gas (N3) reacting with excess hydrogen?
{n} 5.0 moles

@- 2.5 moles

@ 7.5 moles

®

2.0 moles

Q88. chem

According to Planck's quantum theory, the energy (E)
associated with a quantum of electromagnetic radiationis
directly proportional toits:

(n) Wavelength

(B) Frequency

(©) Velocity

(6) Amplitude

beambeprep.com
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Q89. CHEM

If the azimuthal quantum number of an electronis = 2, how
many permissible values can the magnetic quantum number (m,
) assume?

3

T

® @

ONC

5

-
N

ok

C

10

Q90. cHem

What is the total number of degenerate spatial orientations
(orbitals) characteristic of an f-subshell?

@ 3

(B8 5

© 6

® 7

Q9. cuem

Which of the four quantum numbers does NOT arise naturally as
amathematical solution to the Schrédinger wave equation?

(&) Spinquantum number (m,)

(8) Principal quantum number (n)

(€) Azimuthal guantum number (i)

@ Magnetic quantum number (m;)

Q92. cuem

Which quantum rule dictates that when electrons enter
degenerate orbitals of equal energy, they occupy them singly
with parallel spins before pairing occurs?

(&) Aufbauprinciple

(8) Hund's rule of maximurm multiplicity

(€ Pauli exclusion principle

(@ The (n+)rule

Q93. cuem

The fundamental postulate that gas molecules are in
continuous, rapid, and random motion, colliding elastically with
each other and the container walls, is known as the:

(&) Crystalfield theory

(_é} Molecular orbital theory

(©) Kinetic moleculartheory of gases

() Transition state theory

Q94. cuem

The coherent International System of Units (Sl) derived unit of
pressureis the:

(&) Torr

(8) Bar

() Millimeter of mercury (mmHg)

Al

(o) Pascal (Pa)

Q95. cuem
If both the absolute temperature and the volume of anideal gas
sample are simultaneously doubled, the resulting pressure will:

(&) Remainunchanged
(8) Double

Py

(€) Bereduced toone-half
(©) Quadruple
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| SECTION: PHYSICS

Q96. euv

Inclassical thermodynamics, anisochoric processis defined as
a thermodynamic process in which the:

(&) Pressureremains constant throughout
(8) Volume remains constant throughout
(€©) Temperature remains constant throughout

(D) Netheat exchange with surroundingsis zero

Q97. eny

If 42 J of heatis supplied to a thermodynamic system during
expansion, and the system performs 32 J of work, whatis the
netchange initsinternal energy?

Fy

@®) 747
(B) 1167
© 107

© 1067

Q98. ruy

The first law of thermodynamics is a macroscopic physical
manifestation of the law of conservation of:

(m) Mass

() Linearmomentum

(c) Electric charge

(b) Energy

Q9?. euy

In the study of charging and discharging circuits of a capacitor
through aresistor, the product RC (Resistance x Capacitance)
is termed the:

(n) Time constant

(B) Electrostatic constant

(©) Dielectric constant

-

(o) Proportionality factor

@100. euv

When two capacitors of capacitances ' and C; are connected
in a parallel configuration, their equivalent capacitance (C.) is
given by:

o0,

C+0y

)} C1+ Ca

&t

20,0,
Ci4Ch

ONE

) @ G

®

Q101. euy

What is the official Sl unit for the capacitance of an electrical
capacitor?

(n) Coulomb

(B) Volt

(c) Farad

(D) Ampere
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Questions 96 to0 135 (40 MCQs)

Q102. euy

The commercial unit of electrical energy, one kilowatt-hour (
1 kWh), is equivalent to:

(®) 0.36 x 10° ]

(B) 36 x 10° ]

(©) 0.036 x 10°J

) 3.6 x 10°7

Q103. euv

The physical product of electric potential difference and
electric current (Volt x Ampere) defines the Sl derived unit for:
(&) Electric power

(B) Electric resistance

(€) Electric capacitance
(©) Electric charge

Q104. euy

If the length of a uniform conducting wire is doubled and its
cross-sectional areais reduced to one-half of its original value,
its electrical resistance will become:

(&) Double

(8) 4times

(©) One-half

(o) One-fourth

Q105. euy

When a charged particle enters a uniform magnetic field withits
velocity vector oriented parallel to the magnetic fluxlines, the
particle will:

) Deflect toward the north

Follow a circular path

Continue moving along a straight line
(0) Deflect toward the south

Q106. euy

The physical dimension of magnetic field strength (magnetic
flux density, B) is identical to that of:

(&) Magnetic flux

(8) Magnetic force

(€) Electric potential

(@) Magneticinduction

Q107. euv
The weber (Wh) is the coherent Slunit of measure for:

(&) Magnetic flux

(B) Electrical conductance
(€) Magnetic induction

(o) Electric flux

Q108. euv

Lenz's law of electromagnetic inductionis a direct
consequence of which fundamental physical conservation law?
(&) Conservation of electric charge

(8) Conservation of energy

(€) Conservation of mass
(o) Conservation of linearmomentum
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Q109. ruy

In Fleming's right-hand rule for an electrical generator, the
second (middle) finger indicates the direction of the:

=)

“} Mechanical force f motion

P

Magnetic field lines
Induced electric current

OIOXC)

) Electrostatic potential gradient

QNO. euy

An electric current generator is a mechanical device designed
to convert:

(&) Chemical energyinto mechanical energy
(8) Electrical energy into mechanical energy
(€) Thermal energy into electrical energy

(0) Mechanical energy into electrical energy

QI1. euy

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

) Rectifier

) Transistor

\
(&

-

) @

) Transformer

5 ®

Oscillator

-

=

Q2. eur
The operational process of converting alternating current (AC)
into direct current (DC) is defined technically as:

-

) Amplification

@ G

) Rectification

-

Magnification
Modulation

®O

Q113. euy

In a full-wave bridge rectifier circuit, what is the minimum
number of semiconductor diodes required to rectify both half-
cycles of the AC waveform without a center-tapped
transformer?

1
2

) (@ @ (@)

) 3

©

Q4. euy

The time required for one-half of the unstable radioactive
nucleiin a given radionuclide sample to undergo radioactive
decayis defined as the:

) @ @

o

Mean life
Average life
Decay constant
Half-life

® G
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Q5. euy

A sample containing 32 g of aradioactive isotope decays until
only 2 gremains after 60 days. What is the half-life of this
radioactiveisotope?

@) 15 days

CB:- 10 days

(©) 6 days

|@ 2 days

QNé. eur

If an automobile is traveling along the negative x-axis andis
steadily slowing down (decelerating), its acceleration vectoris
directed along the:

(&) Negative x-axis

(8) Positive x-axis

(€) Positive y-axis

(o) Negative y-axis

QN17. euy

For an object traveling along a curved trajectory, the direction
of its instantaneous velocity vector at any point is oriented:

(&) Perpendicularto the tangent

(8) Parallel to the radius vector directed outward

(€) Along the tangent to the curve at that point

(©) Anti-parallel to the radius vector directed inward

Q118. euv

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

(&) Linear momentum only

Total energy only
(© Kinetic energy only
(o) Linearmomentum, kinetic energy, and total energy

QN9. euv

The slope of adisplacement versus time graph atany given
instant represents the moving body's:

(&) Instantaneous velocity

(B) Instantaneous acceleration

(©) Totaldistance traveled

(o) Instantaneous speed only without direction

Q120. euy

For a projectile launched on a horizontal plane with a constant
initial speed, the horizontal range is identical for which pair of
launch angles?

(®) 60° and 20°

(8) 75° and 15°

(€) 50° and 25°

(@ 15° and 30
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Q121. eur

The mathematical product of an applied force and the time
duration over which it acts (F At) is defined as impulse, which
equals the:

) Instantaneous power delivered

Pt

B) Total work performed

0)

) Change in linear momentum
Change in angular momentum

-

Pt

B
o)

@122, ey

At what specific point during the parabolic trajectory of a
projectile is its vertical component of velocity equal to zero?

(&) Attheinitial point of projection

=

@

Just prior to striking the ground

= (e
O)

At the landing point
At the highest point of its flight

=/

©

@123, euy

An object elevated in a gravitational field gains 1 .J of
gravitational potential energy. How much net mechanical work
was done against gravity to lift the object to that height?

m 11

® 107
© 01
@ 017

Q124. puy

Mechanical power can be calculated as the vector dot product
of:

=

Force and displacement
Force and velocity
Force and time

Work and time

= (=
oo e

®

Q125. euy

The area bounded under a force versus displacement (F-d)
graphrepresents the:

(&) Instantaneous power

(8) Change inlinear momentum

(©) Totalwork done

(D) Kinetic energy perunittime

N

Q126. eny

A body of mass m moves with initial velocity v. If its velocity is
doubled to 2v, by what factor does its translational kinetic
energy increase?

(&) 2timesincreased

(B) 2timesdecreased

(€©) 4timesdecreased

i~
L

J

) 4timesincreased

=

@Q127. euy

What is the numerical relationship between the Slunit of plane
angle (radian) and the sexagesimal unit (degree)?

(®) 1rad ~57.3°

\E\, 1% =~ 57.3 rad
@ lrad =1°
@ 1" = 7 rad
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Q128. euy
For an object moving in a circular path of radius r with tangential

speed v, its instantaneous centripetal acceleration is expressed
das.

(&) ac = *
(B) a. *J—
.@/‘ a. = ur

- 9
@) ac = v"r
Q129. euy

An electric motor rotates at a constant frequency of

400 revolutions per minute (rpm). What is its angular velocity in
rad/s?

T rad,s

T rad/s

< rad/s

L orad/s

Q130. euy

A solid disc, a thinhoop, and a solid sphere of identical outer
radiirelease simultaneously from rest and roll without slipping
down aninclined plane. Which object reaches the bottom first?
(&) The thinhoop

(B) The solid disc

—

) All three reach simultaneously

’

®

D) The solid sphere

=L

=

QI31. euy

The centripetal force required to keep an object of mass m
movingin a circle of radius r at an angular velocity w is given by:
@ F. = mrw?

® F.=muw’

© F.=mrw

(o) F 2,
(0 F.=mrw

Q132. euv

The figure below illustrates a periodic transverse wave train
spanning a total horizontal distance of 2 m. What is the
wavelength ()) of this wave?
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Q133. euy Q135. euy

If the pressure of anideal gas is increased while maintaining a The maximum physical displacement of particlesin an
constant temperature, the speed of sound propagation oscillating medium on either side of their mean equilibrium
through the gas will: positionis defined as the:

(B) Increase proportionally (&) Amplitude

(B) Decrease proportionally (8) Wavelength

(e) Remainunchanged (e Frequency

() Firstincrease and then decrease (o) Wave speed

Q134. puy

In a periodic transverse mechanical wave, the portion of the
wave where medium particles are displaced above the mean
equilibrium level is termed the:

=
(a) Wavefront

(8) Trough
(€) Wavelength
(D) Crest
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| EX3 SECTION: ENGLISH

Q136. ene
Complete the sentence using the correct verb form:

"l English for five years."

(&) study

(8) have been studying
(©) amstudying

(@) studies

Q137. enc

Choose the grammatically correct verb form to complete the
sentence:

"The soup

taste

@ @

is tasting
tastes

) @

=

I:U.J

has taste

Q138. enc

Select the correct grammatical option to complete the
conditional sentence:

"Unless we

now, we cannot be ontime."
(&) will start

(8) donot start

(C) arestarting

(D) start

B

Q139. ene

Identify the grammatically correct comparative structure to
complete the sentence:

"Daud is better than

inthe college.”

<
®)

) allotherteachers

ot

iy

(8) allteachers

=

(e) anyteachers
oy

(0) anyof teacher
Q140. enc

Fillin the blank with the appropriate preposition:

"Abide the traffic laws for smooth and safe flow of

beambeprep.com
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Questions 136 to 150 (15 MCQs)

Q141. ene

Complete the sentence using the correct preposition of
preference:

"He prefers death dishonor."

(&) over
(8) upon
© to

(@) than

Q142. ene

What is the most accurate synonym for the capitalized
vocabulary word?

"SURPLUS"

(a) Withinreach

(8) Amathematical term
(€ Salutation

(@) Inexcess

Q143. ene

What is the most appropriate contextual synonym for the word:

"SPILL"
(&) Spread
® Coll
(©) Deliver
(@ Spoil

Q144. ene
What is the closest synonym for the vocabulary word:

"CURIOUS"
(&) Careful
(8) Keen

(© Cruel

(o) Casual

Q145. ene
Pick the sentence with the correct punctuation:

(&) He had one motto "serving humanity."
(8) He, had one motto, serving humanity.
(€) Hehad one motto: serving humanity.
(o) Hehad one motto; serving humanity.

Q146. ene

Pick the option with the correct spelling:
(a) Collique

(8) Collegue

(€) Co-leageu

(o) Caolleague

Official Examination Series



BEAMBEPREP - NUMS 2023 Official Solved Paper

Q147. ene
Pick the option with the correct spelling:

(&) Acquaintance
(8) Equatance
(©) Equantence
(D) Equentense

Q148. ene
Pick the option with the correct spelling:

(&) Prayyority
(B) Priority
(©) Priarity
(D) Pricarity

beambeprep.com
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Q149. exc
Pick the sentence with the correct punctuation:

(&) He did his best, that was all anyone could doin any job.
(8) Hedid his best that was all anyone could do in any job.
(€©) "He did his best; that was all anyone could do inany job."
(o) "Hedid his best: that was all anyone could do inany job."

Q150. ene

Select the sentence with correct grammatical syntax and
possessive usage:

(&) How has the chairleg broken?

(8) How the chair's legis broken?

(€) How the leg of the chair has broken?
(o) How has the leg of the chair broken?
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PROPOLIS COGNITIVE ERROR AUTOPSIES

Step-by-step conceptual derivations, formula working, and distractor autopsies for every guestion.
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. BIOLOGY
Question #1 12. Menv ordination
The concentration of sodium ions ( [Formula] ) in the extracellular fluid outside aresting

neu.
CORE CONCEPT & DERIVATION

The resting membrane potential of an excitable cell depends on asymmetrical ion
distributions maintained by the active sodium potassium adenosine
triphosphatase pump.

Formula / Rule / Reaction:

Extracellular [Na™] =~ 145 mM, Intracellular [Na™| = 12 to 15 mM

Solution:

+ The active sodium potassium pump transports three sodium ions out of the.
neuran for every two potassium ions moved inside against their
concentration gradients.

+ Inmammalian neural tissue, the external sodium ion concentrationis roughly
145 mmol/L, whereas the internal sodium ion concentration is approximately
12 to 15 mmol /L.

« Evaluating the concentration ratio gives 1‘% = 10, meaning sodiumions are
approximately 10 times more concentrated outside the resting neural
membrane than inside.

Why other options are incorrect:

+ OptionB: Afactorof 30 describes the intracellular to extracellular ratio of
potassium ions (K7), not sodiumions.

+ OptionC: AZ-fold gradientis far too small to establish the standard
mammalian resting potential of —70 mV.

* OptionD: A3-fold difference refiects the stoichiometric coupling ratio of

the pump, not the steady state chemical concentration gradient across the
resting membrane.
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Question #2 [T e

14. Reproduction
Which hormone is primarily responsible for inducing uterine cont
CORE CONCEPT & DERIVATION
Parturition is mediated by neuroendocrine reflex loops wherein mechanical dilation

of the cervix promotes the release of a peptide hormone from the posterior
pituitary to drive coordinated myometrial contractions.

ctions during labour?

Formula / Rule / Reaction:

Fergusonrefiex: Cervical stretch — Hypothalamus — Posterior pituitary —
Oxytocin release — Myometrial contraction.

Solution:

+ Asthe fetal head exerts pressure on the uterine cervix, mechanaoreceptors
send sensory impulses to the maternal hypothalamus.

* The paraventricular and supracptic nuclei of the hypothalamus synthesize
oxytocin, whichis transported down axons and released from the posterior
pituitary gland into the systemic circulation.

+ Circulating oxytocin binds G protein coupled receptors on uterine smooth
muscle cells, triggering calcium release from the sarcoplasmic reticulum and
inducing strong, rhythmic labour contractions via positive feedback.

Why other options are incorrect:

* Option A: Estrogen upregulates oxytocin receptor expression and gap
Jjunction density on the myometrium, but it does not directly trigger pulsatile
labour contractions.

* Option C: Progesterone suppresses myometrial excitability throughout

pregnancy: its circulating level must decrease relative to estrogen for labour
to proceed.

« OptionD: Luteinizing hormone triggers ovulation and maintains the early
carpus luteum, playing no role in the induction of parturition.
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BIOLOGY
Question #3 m 13. Chemical Coordination

Which hormone is
contentof...
CORE CONCEPT & DERIVATION

Systemic osmoregulation is governed by hypothalamic osmoreceptors that detect
elevated plasma osmolarity or hypovolemia, triggering the release of an
antidiuretic nonapeptide to conserve water at the nephron.

ecreted inlarge amounts by the posterior pituitary when the water

Formula / Rule / Reaction:

| Blood water content = 1 Plasma osmolarity = 1 ADH release

Solution:

¢ When fluid intake is defhcient or excessive sweating occurs, blood water
content drops and plasma osmolarity increases above the normal set point
of approximately 285 mOsm kg,

* Hypothalamic osmoreceptors shrink and stimulate neurosecretory cells
whose axon terminals terminate in the posterior pituitary.

+ Antidiuretic hormone (ADH, also termed vasopressin) is exocytosed into the
bloodstream, where it stimulates aguaporin 2 insertion into the apical
memibrane of renal collecting duct cells to maximize water reabsorption,

Why other options are incorrect:

+ Option A: Glucagonis secreted by alpha cells of the islets of Langerhans in
the pancreas inresponse to hypoglycemia, not plasma hyperosmaolarity.

* Option B: Thyroxine is synthesized and released by the thyroid follicular
epithelium under pituitary TSH control to regulate basal metabolic rate.

+ Option D: Oxytocin mediates milk ejection and uterine contractions,
exerting negligible physiological effects onrenal water reabsorption.
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BIOLOGY
Question #4 m 12. Nervous Coordination

What is the primary site of synthesis and vesicular storage of chermical
rs?

neurotransmit
CORE CONCEPT & DERIVATION

Synaptic transmission relies on polarized cellular architecture where
neurotransmitters are produced and packaged into membranous vesicles within
the terminal arbarizations of the transmitting cell.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

+ Smallmolecule neurotransmitters such as acetylcholine and monoamines
are synthesized locally in the cytoplasm of the presynaptic axon terminal by
specific enzymes.

» Following synthesis, vesicular transporters actively concentrate these
neurotransmitters into membrane-delimited synaptic vesicles.

» The presynaptic terminal maintains these storage pools near active zones,
releasing themvia calciurn dependent exocytosis upon the arrival of an
action potential.

Why other options are incorrect:

« Option A: The postsynaptic membrane contains ligand gated and
metabotropic receptors that bind neurotransmitters; it does not synthesize
or store them.

+ OptionB: The synaptic cleftis the fiuid-nlled extracellular space across
which transmitters diffuse before enzymatic inactivation or reuptake.

+ Option C: Dendritic spines are specialized post-junctional microdomains
specialized for receiving biochemical signals, not for neurotransmitter

production.
BIOLOGY
Ques“m #5 m 13. Chamical Coordination
Endorphins, which function as endogenous analgesics and mood modulators, are

producedinthe:

CORE CONCEPT & DERIVATION

Endogenous opioid neuropeptides are produced centrally within specific
encephalic and neuroendocrine structures to modulate nociceptive signaling
along sensory pathways.

Formula / Rule / Reaction:

Factualrecall / Qualitative concept.

Solution:

+ Enderphins are peptide neurotransmitters derived from the precursor
polypeptide pro-opiomelanocortin (POMC).

+ Their synthesis and post-translational processing occur primarily within the
arcuate nucleus of the hypothalamus and the anterior pituitary gland of the
brain.

* Released endorphins bind to mu-opioid receptors on central and spinal
sensory neurons, suppressing substance P release and attenuating the
perception of pain.

Why other options are incorrect:

* OptionB: The adrenal medulla synthesizes and releases catecholamines
(epinephrine and norepinephring), not opioid peptides.

+ Option C: The gastric mucosa produces digestive hormones such as gastrin
and ghrelin, but not endorphins.

+ OptionD: The thymus gland is responsible for the maturation and selection
of Tlymphocytes through the secretion of thymosin.
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BIOLOGY

Question #6 [LUH]

Which hormone promotes spermatogenesis and is responsible for the development of
male secondary...

CORE COMCEPT & DERIVATION

The development and maintenance of the male reproductive system, including
germ cell maturation and somatic sexual dimorphism, is under primary androgenic
endocrine control.

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

Solution:

» Testosterone is the principal circulating androgenin humanmales,
synthesized from cholesterol by Leydig cells in the interstitial compartment
of the testes.

* Highintratesticular concentrations of testosterone, bound to androgen-
binding protein secreted by Sertoli cells, are mandatory for the completion
of meiotic divisions in spermatogenesis.

» Systemically, testosterone stimulates anabolic protein synthesis, leading to
larynx enlargement, skeletal muscle hypertrophy, facial hair growth, and
beone density increase.

Why other options are incorrect:

+ Option A: Progesterone is a fernale gestagen invelvedin luteal phase
endometrial development and pregnancy maintenance.

» Option C: Estrogen is the principal female sex steroid; while small amounts
are aromatized from androgens in males, it is not the primary driver of male
secondary characteristics.

+ Option D: Thyroxine regulates cellular basal metabolic rate and tissue
thermogenesis, lacking specific androgenic actions.
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BIOLOGY
Question #7 [LOVH(S) 14. Reproduction
In the hurmar reproductive system, Leydig (interstitial) cells are primarily

responsible fo...
CORE CONCEPT & DERIVATION

The testicular interstitium houses endocrine cells that translate anterior pituitary
gonadotropic signals into steroidogenic output.

Formula / Rule / Reaction:

LH (from anterior pituitary) — Leydig cells —+ Testosterone synthesis

Solution:

* Leydigcells, located inthe vascularinterstitial connective tissue between
seminiferous tubules, express receptors for luteinizing hormone (LH, also
known as interstitial cell stimulating hormone or ICSH).

+ Binding of LH stimulates adenylate cyclase and upregulates cholesterol
desmolase activity in Leydig cells.

+ This biochemical cascade converts cholesterol to pregnenolone and
subsequently synthesizes and secretes testosterone into the surrounding
blood and seminiferous fluid.

Why other options are incorrect:

+ Option A: Follicle-stimulating hormone is synthesized and released by
gonadotropic cells of the anterior pituitary gland, not the testes.

+ Option B: The mitotic and meiotic divisions of spermatogenia oceur inside
the seminiferous tubules under the physical support of Sertoli cells.

» OptionD: Leydig cells are the primary producers of testosterone; negative
feedback inhibitionis mediated by circulating testosterone acting on the
hypothalamus and pituitary.
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BIOLOGY

Question #8 [LUH 1]

During oogenesis in the ovarian cycle, the secretion of estrogen by developing ovarian
foliicle...

CORE CONCEPT & DERIVATION

Early to mid-follicular ovarian stercidogenesis depends on pituitary gonadotropins
that stimulate follicle recruitment, granulosa cell proliferation, and enzyme
transcription.

Formula / Rule / Reaction:

FSH — Granulosa cells — Aromatase upregulation —
Conversion of androgens to estrogens

Solution:

« Atthe onset of the menstrual cycle, rising levels of follicle-stimulating
hormone (FSH) from the anterior pituitary bind to specific transmembrane
receptors on granulosa cells.

+ F5Hpromotes the growth and multiplication of follicular granulosa cells
surrounding the primary oocyte.

« Furthermore, FSHinduces the enzymatic expression of cytochrome P450
aromatase, which converts thecal androgens into 17-beta-estradicl, leading
to progressively increasing estrogen secretion.

Why other options are incorrect:

+ OptionA: Luteinizing hormone acts onthecal cells to produce androgens
and triggers ovulation inresponse to the mid-cycle estrogen surge, but FSH
directly drives follicular maturation and estrogen secretion.

« OptionB: Inhibinis a peptide hormone secreted by granulosa cells that acts
selectively to suppress pituitary FSH release via negative feedback.

+ OptionC: Progesteroneis secreted predominantly by the post-ovulatory
corpus luteum. not by early developing follicles to stimulate estrogen.

Question #9 - Borar

roduction

CORE COMCEPT & DERIVATION

The female reproductive cycle is regulated hierarchically by anterior pituitary
gonadotropins acting upon the ovaries, which in turn produce sex steroids to
maodify the uterine endometrium.

Formula / Rule / Reaction:

Anterior Pituitary Gonadotropins: FSH and LH. Ovarian Steroids: Estrogen and
Progesterone.

Solution:

+ Theanteriorlobe of the pituitary gland (adenchypophysis) synthesizes and
releases two glycoprotein gonadotropins: follicle-stimulating hormene
(FSH) and luteinizing hormene (LH).

« FSHdrives the growth of ovarian follicles and stimulates estrogen
productionduring the preovulatory phase.

* Amassive surge in LH triggers the rupture of the mature Graafian follicle
{owulation) and converts the residual follicle into the endocrine corpus
luteum.

Why other options are incorrect:

« Option B: While FSH is an anterior pituitary hormone, estrogen is an ovarian
steroid produced by follicular granulosa cells.

* OptionC: Progesterone is synthesized by the ovarian corpus luteum, not by
the pituitary gland.

+ OptionD: Both estrogen and progesterone are ovarian hormenes that
govern endometrial changes, but neitheris produced by the pituitary gland.
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Question #10 [OHGEN BIOLOGY

15. Inher e/ Variation & Genetics

Which type of genetic trait is transmitted directly and exclusively from an affected father
to..

CORE CONCEPT & DERIVATION

Holandric inheritance describes genes located on the non-homologous segment
of the male sex chromosome, which pass strictly down patrilineal lineages.

Formula / Rule / Reaction:

Father (XY) — Y chromosome given to 100% of sons and 0% of daughters.

Solution:

« Human biological sex determination assigns an XY chromosomal
canstitution to genetic males and XX to genetic females.

* During fertilization, a male offspring mustinherit the maternal X chromosome
and the paternal Y chromosome.

» Conseguently, any allele present on the non-pseudoautosomal region of the
¥ chromosome is passed directly from father to all biological sons, and never
to daughters.

Why other options are incorrect:

+ Option A: An affected father transmits an X-linked dominant trait to 100% of
his daughters (who inherit his affected X) and to 0% of his sons {(who inherit
his Y).

+ Option C: Autosomal recessive traits reside onchromosomes 1to 22,
displaying no sex linkage and requiring carrier or affected states in both
parents.

+ OptionD: X-linked recessive traits cannot pass from father to son because
the father transmits his ¥ chromosome, not his X chromosome, to male
offspring.

Question #11 BIOLOGY

15. Inheritance / Wariation & Genetics
When an organism possesses two identical alleles for a given gene locus, its genotype s
descri..

CORE CONCEPT & DERIVATION
Mendelian genetics defines allelic concordance at homologous chromosomal loci
using standard allelic terminology.

Formula / Rule / Reaction:

Genotype AA or aa — Homozygous; Genotype Aa — Heterozygous

Solution:

» Diploid organisms inherit one maternal allele and one paternal allele for each
autosomal gene locus.

» When both homologous chromosomes carry identical nucleotide
seguencesforthat gene (e.g., both dominant alleles A4 orboth recessive
alleles aa), the individual is homozygous for that locus.

» Ifthe two alleles differ(e.g., Aa), the locus is heterozygous.

Why other options are incorrect:

+ Option A: Aheterozygous genotype occurs when the maternal and paternal
alleles at a given locus are different.

* OptionB: Hemizygous describes a condition where only a single copy of a
gene s presentin an otherwise diploid cell, such as X-linked genes in human
males.

+ OptionD: Phenotypic refers to the observable biochemical, anatomical, or
behavioral manifestation of a genotype, not the allelic compaositionitself.
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BIOLOGY

16, Evoluticn

Question #12 [[CTH]

Which evolutionary theary posits that mitochondria and chloroplasts originated as free-
living p...

CORE COMCEPT & DERIVATION

The eukaryotic cellular transitioninvolved symbiogenesis, in which aerobic
protecbacteria and photosynthetic cyanobacteria entered stable intracellular
relationships within primitive anaerobic hosts.

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

Solution:

+ The endosymbiont theary, championed by Lynn Margulis, explains the
evolutionary origin of energy-transducing eukaryotic organelles.

« Thetheoryis corroborated by structural evidence: mitochondria and
chloroplasts possess their own circular double-stranded DNA genomes,
replicate via binary fission, and contain 70S ribosomes sensitive to bacterial
antibiotics.

« Additionally, their double-membrane envelope reflects an eriginal bacterial
plasma membrane surrounded by the host phagocytic vesicle membrane.

Why other options are incorrect:

« Option A: Lamarckisrn argues that organisms inherit phenotypic
characteristics acquired through use and disuse during their parents'
lifetimes.

* Option B: Darwinian natural selection explains differential reproductive
success driving allele frequency changes. not organellogenesis through
symbiogenesis.

+ Option C: The Modern Synthesis merges classical Mendelian genetics with
peopulation-level Darwinian selection principles.
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BIOLOGY
16. Evolution

Question #13

Structures that perform similar physiclogical functions in different organisms but
posse ist...

CORE CONCEPT & DERIVATION

Convergent evolution occurs when unrelated evolutionary lineages face similar
environmental selection pressures, yielding functionally similar adaptations with
completely divergent developmental origins.

Formula / Rule / Reaction:

Convergent Evolution = Different ancestral anatomy + Similar selective pressure — Ana

Solution:

* Analogous organs share a superficial resemblance and carry out identical
tasks, but theirinternal skeletal, muscular, and embryological arangements
reveal no shared descent for that structure.

* Classic examples include the wings of birds (composed of internal bony
skeletal elements) and the wings of insects (composed of chitinous cuticular
outgrowths).

+ Becausethey donot originate from a common ancestral limb plan, they are
classified strictly as analogous structures.

Why other options are incorrect:

+ OptionB: Homologous organs share a fundamental structural architecture
and commen embryonic origin due to shared ancestry, but they often
perform divergent functions (e.g., hurman arm, whale flipper, bat wing).

+ Option C: Vestigial organs are rudimentary, non-functional anatomical
remnants of structures that were functional in ancestral species.

+ OptionD: Atavisms are rare, anomalous reappearances of ancestral traits
that had been lost through evolutionary medifications.
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BIOLOGY

OB, Immunity

Question #14 LU AU

Which of the following bislogical processesis NOT a recognized physiological mode of
actionof...

CORE CONCEPT & DERIVATION

Antibodies are solubleimmunoglobulins that act as effector adapter molecules by
binding antigen; they do not possess metabolic machinery to synthesize or secrete
intercellular signaling proteins.

Formula / Rule / Reaction:

Effector functions of antibodies: Neutralization, Agglutination, Precipitation,
Complement activation, Opsonization.

Solution:

* Antibodies are Y-shaped glycoproteins produced and secreted by
terminally differentiated plasma B cells.

* Once circulating in bodily fiuids, antibodies function by binding epitope
determinants via their variable Fab regions.

+ They neutralize pathogens, cross-link particulate antigens (agglutination),
insolubilize soluble toxins (precipitation), and flag pathogens for destruction
via their constant Fc region (opsonization).

« Antibodies cannot synthesize or secrete signaling molecules: cytokine
secretionis carried out by immune cells such as helper T cells, macrophages,
and dendritic cells.

Why other options are incorrect:

* Option A: Neutralizationis a primary mechanism whereby antibodies bind
viral capsid proteins or bacterial exotoxins, physically preventing cellular
entry.

* Option C: Precipitation occurs when polyvalent antibodies link soluble
antigensinto large insoluble complexes that are cleared by phagocytes.

* OptionD: Opsonizationis a classic antibody function where the exposed Fc
pertion binds Fe receptors on macrophages to stimulate phagocytosis.
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BIOLOGY
fMutrition

Question #15 LU H] 06, Dige

In the human gastric lume
pepsin prima...

CORE CONCEPT & DERIVATION

Gastric endopeptidases are synthesized as proenzymes to protect chief cell
cytoplasm from autodigestion; activation requires an acidic environment in the
gastric lumen.

ctive zymogen pepsinogen is cleaved into active

Formula / Rule / Reaction:

HOI (pH 1.5

Pepsinogen (inactive zymogen) Sl Pepsin (active protease)

Solution:

* Gastric chief (zymogenic) cells synthesize and store the inactive precursor
pepsincgen in secretory granules.

« Parietal (oxyntic) cells secrete hydrochleric acid (HC1), establishing a highly
acidic luminal pH between 1.5and 2.0.

+ Thelow pH causes a conformational change in pepsinogen that permits
removal of aninhibitory 44 amino acid N-terminal segment, generating
active pepsin. Active pepsin then autocatalyzes further pepsinogen
activation.

Why other options are incorrect:

* Option A: Gastric mucus forms a neutral bicarbonate-rich barrier that
protects the gastric epithelium from acid and proteolytic digestion; it does
not activate enzymes.

+ OptionB: Gastrinis an endocrine hormone that stimulates parietal and chief
cells to secrete acid and pepsinegen, but it does not biochemically cleave
ZyMmogens.

+ OptionD: Enterokinase (enteropeptidase)is a brush-border enzyme in the
duodenum that activates pancreatic trypsinogen to trypsin, not gastric
pepsinogen.
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BIOLOGY

Question #16 LU HE) 06 Digestion/Nutrition

o,

sic factor, 8 glycoprotein essential for the absorption of vitamin [Formula] in the

Gastric parietal cells possess a dual secretory function: they secrete hydrochloric
acid via proton pumps and produce the carrier glycoprotein required forileal
cobalamin uptake.

Formula / Rule / Reaction:

Parietal cells — Intrinsic factor (IF); IF + Vitamin Byz — Absorbed in terminal ileum via
cubam receptors.

Solution:

» Parietal {oxyntic) cells located in the middle region of gastric glands of the
stomach fundus and body synthesize intrinsic factor.

* Intrinsic factor binds dietary cobalamin {vitamin B;2) in the duodenum after
cobalamin is freed from salivary R-protein by pancreatic proteases.

+ Theresulting intrinsic factor cobalamin complex travels intact to the terminal
ileum, where specialized apical cubam receptors facilitate endocytic
absorption.

Why other options are incorrect:

« Option A: Pancreatic acinar cells synthesize pancreatic digestive enzymes
such as trypsinogen, amylase, and lipase.

+ Option B: Hepatocytes synthesize bile acids, albumin, and coagulation
factors, but notintrinsic factor.

+ Option C: Brunner glands in the duodenal submucosa secrete an alkaline
mucus rich in bicarbonate to neutralize gastric chyme.

BIOLOGY

Q8. Immwunity

Question #17

All of the following blood cells participate actively in cellular or humoralimmune defense
EXC...

CORE CONCEPT & DERIVATION

Leukocytes coordinate innate and adaptive immunologic defenses, whereas
anucleate cytoplasmic fragments derived from megakaryocytes are specialized
for primary hemostasis.

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

Solution:

* Immune defense relies onwhite blood cells (leukocytes). which detect,
engulf, and eliminate pathogenic invaders or coordinate targeted antibody
production.

« Neutrophils function as primary phagocytes during acute bacterial
infections; monocytes differentiate into tissue macrophages and antigen-
presenting cells; lymphocytes mediate adaptive humoral and cell-mediated
immunity.

+ Thrombocytes (blood platelets) are anucleate fragments produced by bone
marrow megakaryocytes whose primary role is forming a mechanical
hemostatic plug at vascular lesions.

Why other options are incorrect:

+ OptionB: Monocytes migrate into tissues to become macrophages, which
are essential phagocytes and antigen-presenting cellsinimmune defense.

+ Option C: Lymphocytes (B cells, Tcells, and NK cells) are the central
mediators of adaptive immunity and targeted cytotoxicity.

+ Option D: Neutrophils are the most abundant leukocyte type, providing
rapidinnate defense via phagocytosis, degranulation, and neutrophil
extracellular traps.
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BIOLOGY
fMutrition

Question #18 [

06. Dige

Enzymatic digestion of which dietary macronutrient begins in the human oral cavity?
CORE CONCEPT & DERIVATION
Chemical digestion of polysaccharides commences upon mastication due to

salivary endoglycosidase activity hydrolyzing alpha-14-glycosidic linkages.
Formula / Rule / Reaction:

Salivary Amylase (Ptyali : e ;
Starch / Glycogen -y 2L =), Maltose + Maltotriose + o-limit dextrins

Solution:

» Serous acinar cells of the salivary glands (principally the parotid glands)
secrete salivary alpha-amylase (ptyalin) into the oral cavity.

* Ptyalin operates optimally at a nearly neutral pH (6.7 to 7.0) to cleave internal
alpha-1,4-glycosidic bonds within amylose and amylopectin.

+ This hydrolytic activity initiates carbohydrate digestion during mastication,
whereas protein and lipid digestion remain negligible until gastric and
intestinal exposure.

Why other options are incorrect:

* Option A: Protein digestion begins in the stomach, where hydrochloric acid
activates pepsinogen to pepsin.

+ Option C: While lingual lipase is secreted in the mouth, its contribution to
overalllipid digestionin adults is minimal compared to pancreatic lipase in
the ducdenum.

« OptionD: Nucleic acids pass unaltered through the mouth and stomach until

pancreatic nucleases (ribonuclease and deoxyribonuclease) hydrolyze them
in the smallintestine.
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BIOLOGY

OB, Immunity

Question #19 LUTH(=]

The administration of a vaccine containing attenuated antigens produces which
classification of...

CORE CONCEPT & DERIVATION

Immunclogical classification distinguishes between active defense (host
generates own antibodies and memory cells) and passive defense (prefarmed
antibodies transferred), as well as natural versus medical interventions.

Formula / Rule / Reaction:

Host generates own antibodies + Medical intervention — Artificially acquired active immunity

Solution:

+ Vaccinationintroduces weakened, killed, or subunit antigens through a
clinical intervention, fulfilling the criteria for an artificial exposure.

+ Therecipiant's immune system processes these antigens through antigen-
presenting cells, activating B and T lymphocytes to generate specific
effector cells and memory clones.

+ Because the host's own cellular machinery actively generates the antibody
response and durable memory cells, itis classified as artificially acquired
active immunity.

Why other options are incorrect:

+ Option A: Natural passive immunity occurs through maternal transfer of IgG
across the placenta or igA through breast milk without medical intervention.

* Option B: Natural active immunity results from recovering frorm an authentic,
wild pathogeninfection.

« OptionD: Artificially acquired passive immunity involves administering
preformed exogenous antibodies (such as antivenom or immunoglobulin
serumy), conferring immediate but temporary protection without forming
memory cells.

Question #20 [TAT) BIOLOGY

07 Circulation /Transport
From which anatomical chamber of the human heart does systemic oxygenated blood
enterthe ascen..

CORE CONCEPT & DERIVATION
The mammalian cardiovascular systemn features separated pulmonary and systemic
circulations powered by distinct cardiac pumping chambers.

Formula / Rule / Reaction:

Acetic valve,

Bicuspid valve 3 :
U, Left ventricle ————— % Ascending aorta

Pulmonary veins — Left atrium

Solution:

«  Owxygenated blood returning frorm the lungs travels through the pulmonary
veinsinto the left atrium,

« During ventricular diastole, blood flows across the bicuspid (mitral) valve into
the leftventricle.

+ During ventricular systole, the left ventricle contracts, forcing open the aortic
semilunar valve and ejecting pressurized oxygenated blood into the
ascending aorta for systemic distribution.

Why other options are incorrect:

+ Option A: The right atrium receives deoxygenated blood returning from the
systemic tissues via the superior and inferior venae cavae.

+ OptionB: The right ventricle pumps deoxygenated blood into the pulmenary
trunk toward the lungs for gas exchange.

+ OptionC: The left atrium collects oxygenated pulmonary venous blood and
transfers it forward into the leftventricle.
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BIOLOGY
Question #21 m 11. Support & Movemant

The pubic symphysis and the intervertebral discs represent examples of which joint
classificati...

CORE CONCEPT & DERIVATION

Skeletal articulations are classified structurally by the binding connective tissue;
joints connected by fibrocartilage or hyaline cartilage without a joint cavity are
cartilaginous joints.

Formula / Rule / Reaction:

Cartilaginous joint (Symphysis): Articulating bony surfaces bonded by resilient
fibrocartilage (amphiarthrosis).

Solution:

» The pubic symphysis unites the left and right pubic bones via anintervening
pad of fibrocartilage.

» Similarly, eachintervertebral disc is a fibrocartilaginous cushion joining
adjacent vertebral bodies, consisting of an outer anulus fibrosus and aninner
nucleus pulposus.

» Becauseboth articulations lack a fluid-filled synovial cavity and are joined by
cartilage, they are classified as cartilaginous joints (specifically, symphyses,
which permit slight movement).

Why other options are incorrect:

+ OptionB: Fibrous joints connect bones tightly via dense fibrous connective
tigsue with no movemeant (e.g., cranial sutures, syndesmoses, gomphoses).

* Option C: Synovial joints possess a fluid-filled synovial cavity surrounded by
afibrous articular capsule, permitting wide ranges of motion (e.g.. knee,
shoulder).

+ OptionD: Gliding (planar)jcints are a functional subcategory of synovial
Jjoints featuring articulating surfaces that slide past one another, unlike
fibrocartilaginous symphyses.
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Question #22 BIOLOGY

1. Support & Movemant

Cartilage repairs significan
bone ...

CORE CONCEPT & DERIVATION

Tissue regenerative capacity depends on local microvascular perfusion; avascular
tissues rely on diffusion, which severely limits metabolic transport and cellular
repair.

y mare slowly and with greater difficulty than vascularized

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

Solution:

+ Bonetissue is extensively vascularized by Haversian and Volkmann canals,
providing immediate access to reparative progenitor cells, oxygen, and
circulating nutrients.

* Incontrast, mature cartilage is an avascular tissue devoid of internal capillary
networks and lymphatic vessels.

* Chondrocytes rely entirely on diffusion through a dense, highly sulfated
proteoglycan extracellular matrix from distant perichondrial capillaries or
synovial fluid, making cellular proliferation and matrix regeneration very slow.

Why other options are incorrect:

« Option A: Hydroxyapatite mineral deposition is the hallmark of bone, not
healthy cartilage; its presence in cartilage indicates pathological dystrophic
calecification.

* OptionC: Cartilage contains viable chondrocytes embedded inside small
rnatrix cavities called lacunae.

+ OptionD: Cartilage contains abundant collagen fibrils (primarily Type |l
collagen) that provide high tensile strength.

< BIOLOGY
Question #23 m 1. Support & Movemant
Which histological feature is characteristic of skeletal muscle tissue but completely
absent fr...

CORE CONCEPT & DERIVATION

Skeletal muscle forms through the embryological fusion of multiple myoblastsinto
elongated syncytia with peripheral nuclei, whereas cardiomyocytes remain
individual, branched, mononucleated cells.

Formula / Rule / Reaction:

Skeletal muscle: Multinucleated syncytium, peripheral nuclei, Cardiac muscle:
Mononucleate (orbinucleate), central nucleus, intercalated discs.

Solution:

+ Skeletalmuscle fibers are long, unbranched cylinders formed by the
developmental fusion of hundreds of embryonic myoblasts, resulting in true
multinucleated syncytia whose nuclei sit peripherally just under the
sarcolemma.

« Cardiac myocytes are short, branched cells that typically possess only a
single centrally positioned nucleus (or occasionally two).

¢ Thus, multinucleated peripheral syncytial cells are found in skeletal muscle,
but absent from cardiac muscle.

Why other options are incorrect:

« OptionA: Intercalated discs are junctions containing desmosomes and gap
junctions that are unigue to cardiac muscle tissue.

+ Option B: Both skeletal and cardiac muscle tissues show cross-striations
organized into distinct alternating anisotropic (A) and isotropic (|} bands.

+ OptionD: Both muscle classes share the same contractile unit, the
sarcomere, arranged with interdigitating actin and myosin filaments.
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BIOLOGY

1. Support & Movement

Question #24 LU ()]

The specialized sarcoplas reticulum of muscle fibers functions pr
CORE CONCEPT & DERIVATION

Excitation-contraction coupling inmuscle requires an internal calcium repesitory
that rapidly discharges and re-sequesters calciumions in response to sarcolemmal
depolarization.

Formula / Rule / Reaction:

Action potential — T-tubule — RyR activation — Efflux of Ca*" from SR into sarcoplasm

Solution:

+ The sarcoplasmic reticulum (SR)is an extensive network of specialized
smooth endoplasmic reticulum surrounding individual myohbrils.

* Itsterminal cisternae actively accumulate calcium ions from the cytosol using
SERCA (sarco/endoplasmic reticulum calcium ATPase) pumps and store
them bound to the protein calsequestrin.

* Upontransmission of an action potential along transverse (T) tubules,
ryanodine receptors open, releasing stored calciuminto the sarcoplasm to
initiate filament sliding.

Why other options are incorrect:

+ Option A: Contractile proteins such as actin and myosin are translated on
cytoplasmic ribosomes, not synthesized inside the sarcoplasmic reticulum.

+ OptionB: Glycolytic breakdown of glucose into pyruvate occursinthe
general cytoplasm (sarcoplasm) via soluble glycolytic enzymes.

« OptionC: Lipid droplet oxidation occurs in mitochendria and peroxisomes
through beta-oxidation pathways.

Question #25 [THON BIOLOGY

12. Nervous Coordination
The functional junction across which an impulse is transmitted from one neuron to
anotherisca...
CORE CONCEPT & DERIVATION

Intercellular communication between excitable neural cells occurs across
specialized physical junctions where electric or chemical signals are transmitted
unidirectionally.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

» Asynapse is the specialized contact zone where the terminal memlbrane of
an upstream neuron communicates with the membrane of a target neuron,
muscle cell, or gland.

+ Inachemical synapse, the junction includes the presynaptic terminal, an
intervening 20 nanometer synaptic cleft, and the postsynaptic receptive
apparatus.

* Neurotransmitters exocytosed across the cleft bind postsynaptic receptors
to continue propagation of the impulse.

Why other options are incorrect:

* OptionB: AMNode of Ranvieris an unmyelinated gap along an axon where
voltage gated sodium channels concentrate to support saltatory
conduction.

« Option C: The axon hillock is the conical junction between the neuronal sorna
and initial axon segment where action potentials are generated.

+ OptionD: The myelin sheathis a multilayered lipid-rich wrapping produced
by oligodendrocytes or Schwann cells that insulates axons.
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BIOLOGY

13. Chemical Coordinaticn

Question #26 |[LUHI)

Which of the following endocrine hormones is chemically classified as a steroid?
CORE CONCEPT & DERIVATION
Hormenes fall into three main biochemical classes: peptide and protein harmones,

amino acid derivatives, and lipid-soluble steroid hormones synthesized from
cholesterol.

Formula / Rule / Reaction:

Steroid hormones possess a core cyclopentanoperhydrophenanthrene (sterane)
4-ring nucleus.

Solution:

« Cortisone (and its active metabolite cortisol) is a glucocorticoid synthesized
inthe zona fasciculata of the adrenal cortex.

» lts biosynthetic pathway starts with cholesterol, which is modified
enzymatically into pregnenoclone and progesterone derivatives to retain the
characteristic four-ring steroid nucleus.

» Because of their lipid solubility, steroid hormones diffuse across cell
membranes and bind tointracellular nuclear receptors.

Why other options are incorrect:

s Option A: Antidiuretic hormone (ADH) is 2 nonapeptide hormone composed
of nine amino acid residues.

« Option C: Thyroxine (T4}is an iodinated amino acid derivative synthesized
from tyrosine residues on thyroglobulin.

* OptionD: Insulin is a 51 amine acid anabolic protein hormone composed of
two polypeptide chains linked by disulhde bridges.

Question #27 BIOLOGY

13. Chemical Coordinaticn
Hypofunction or surgical under-activity of the parathyroid glands causes a dangerous
precipitou...
CORE CONCEPT & DERIVATION
Parathyroid hormone (PTH)is the primary endocrine regulator of extracellular

calcium homeostasis; insufficient PTH production removes the stimulus for bone
resorption and renal calcium reabsorption.

Formula / Rule / Reaction:

| PTH — | Ostenclast activity+ | Renal Ca®" reabsorption — | Serum [Ca®"]

Solution:

» Parathyroid hormone is secreted by chief cells of the parathyroid glands in
response to hypocalcemia detected by calcium-sensing receptors,

* PTHrestores circulating calcium by stimulating osteoclasts to mobilize bone
mineral, increasing calcium reabsorption in the renal distal tubule, and
activating vitamin D into calcitriol.

» Under-activity (hypoparathyroidism) abolishes these compensatory actions,
causing serum Ca’* to drop below normal levels (hypocalcemia), which
destabilizes membrane potentials and produces neuromuscular tetany.

Why other options are incorrect:

+ Option A: While magnesium affects PTH release biochemically, parathyroid
under-activity does not primarily lower serum magnesium.

+ Option B: Extracellular sodium levels are regulated by aldosterone via the
renin-angiotensin-aldosterone axis, not by parathyroid hormone.

+ OptionC: Potassium balance is regulated primarily by aldosterone and renal
principal cell exchange mechanisms.
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BIOLOGY
Question #28 m 0Z. Biomolecules

Which major structural ibrous protein forms the primary organic framework of bone and
cartilag..
CORE CONCEPT & DERIVATION

The extracellular matrix of supportive skeletal connective tissues is built around
insoluble, triple-helical fibrous proteins that provide high tensile strength.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

+ Collagenis the most abundant structural proteinin the human body,
composed of arepeating Gly-X-Y amino acid sequence woundinto arigid
triple helix.

+ Inosseoustissue, Typelcollagen constitutes approximately 90% of the
organic matrix {osteoid), providing the framework onto which hydroxyapatite
crystals nucleate.

* Inhyaline and elastic cartilage, Type |l collagen fibrils form the primary
meshwaork that traps proteoglycan aggregates to resist shear and
compressive mechanical loads.

Why other options are incorrect:

+ Option A: Elastin provides rubber-like recoil properties to tissues subjected
to continuous stretching, such aslarge elastic arteries and the lungs, butis
not the main structural component of bone.

+ OptionB: Keratinis an intermediate filament protein found in epidermal
appendages like hair, nails, and the cornified stratum corneum.

+ Option C: Histones are basic nuclear proteins that package DNAInto
structural units called nuclecsomes.

BIOLOGY
Question #29 m O3, Enzymes

Non-competi:
the:

CORE CONCEPT & DERIVATION

Enzyme regulation includes allosteric inhibition, where an effector molecule binds
to aregulatory region distinct from the substrate-binding site to alter catalytic
competence.

e enzyme inhibitors reduce reaction velocity by binding to the enzyme at

Formula / Rule / Reaction:

Inhibitor + Enzyme (at allosteric site) — Conformational distortion = | Viax, unaltered .

Solution:

s Non-competitive inhibitors do not compete directly with the substrate for
active site occupancy.

+ Instead, they bind with equal affinity to free enzymes or enzyme-substrate
complexes at a distinct site known as the allosteric site.

« This binding induces a conformational change across the protein that
distorts the active site geometry, decreasing the catalytic turnover rate (V)
without altering the affinity of substrate binding (K ).

Why other options are incorrect:

+ OptionB: The catalytic active site is bound by competitive inhibitors, which
physically displace the substrate.

+ Option C: The substrate-binding pocket is the portion of the active site that
recognizes the substrate; non-competitive inhibitors bind outside this
domain.

+ OptionD: While some feedback inhibitors can bind cofactor sites, non-
competitive inhibition is defined by interaction at an allosteric regulatory site.
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Question #30 BIOLOGY

03. Enzymes

Mast human metabolic enzymes exhibit t
temperature...

CORE CONCEPT & DERIVATION
Enzyme reaction velocity increases with temperature up to a maximum where
thermal kinetic energy optimizes collisions; above this optimum, heat disrupts
stabilizing non-covalent bonds.

rhighest catalytic activity at an optimum

Formula / Rule / Reaction:

Optimum temperature for human engymes = 37 “C to 40 °C

Solution:

* Astemperature rises, reacting molecules gain kinetic energy, which
increases the frequency and energy of productive collisions between the
enzyme and substrate.

* Inhumantissues adapted to a physiological core temperature of 37 °C, most
enzymes reach peak catalytic rates between 37 "C and 40 °C.

+ Amongthe choices provided in MDCAT syllabi, 40 °C represents this
textbook optimum, beyond which thermal denaturation begins.

Why other options are incorrect:

« OptionA: At 20 °C, low kinetic energy limits collision frequencies, resultingin
sub-maximal enzyme reactionrates.

« OptionC: At 50 "C, excessive thermal agitation breaks hydrogen bonds and
hydrophobic interactions, denaturing human enzymes and drastically
reducing activity.

+ Option D: While 30 °C supports moderate enzymatic activity. it falls below
the physiological optimum of warm-blooded mammals.
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BIOLOGY

O3, Enzymes

Question #31 LU (4]

Inenzymatic thermal kinetics, the term 'maximum temperature' specifically denotes the
termperat..

CORE CONCEPT & DERIVATION

In classical enzyme thermokinetics (as defined in national medical entrance
curricula), minimum, optirmum, and maximum temperatures delineate distinct
operational boundaries of biocatalysts.

Formula / Rule / Reaction:

Maximum temperature: The upper temperature boundary where thermal
denaturation of the catalytic globufar conformation begins.

Solution:

» Enzymesrequire a precise tertiary and quatemary folded conformation to
catalyze biochemical reactions.

» Intextbook terminology, the ‘'optimum temperature’is the point of maximal
reaction velocity, whereas the 'maximum temperature’ designates the upper
threshold where thermal energy begins disrupting the weak bonds
maintaining the native fold.

» Atthis temperature, denaturation begins, leading to active site loss and an
ireversible collapse in catalytic capacity.

Why other options are incorrect:

+ Option A: The temperature where catalytic velocity reachesits peak is
termed the optimum temperature, not the maximum temperature.

+ OptionB: Highertemperatures accelerate unfolding, rather than promoting
spontaneousrenaturation,

« OptionD: High temperatures inactivate enzymesirreversibly through thermal
denaturation; reactivation does not occur upon crossing the maximum
temperature.

BIOLOGY
Question #32 m 03, Enzymes

Which molecules diminish enzyme productivity by physically occupying the active site
duetostr..

CORE CONCEPT & DERIVATION
Competitive inhibition occurs when a xenobiotic or structural analog mimics the

geometry and charge distribution of an endogenous substrate, competing directly
forthe active site.

Formula / Rule / Reaction:

E+I+ El (Inhibitor competes with substrate S for catalytic active site)

Solution:

« Competitive inhibitors are structural analogs whose molecular geometry
closely matches the active site pocket of an enzyme.

» Bybinding reversibly to these active site residues, the inhibitar physically
blocks the normal substrate from forming an enzyme-substrate complex.

* This reduces catalytic output at low substrate levels, but the inhibition can be
overcome by increasing substrate concentration to saturate the enzyme.

Why other options are incorrect:

+ Option A: Non-competitive inhibitors bind to separate allosteric sites and
alter the enzyme's catalytic turnover rate without competing for active site
occupancy.

« OptionB: Allosteric activators bind outside the active site to stabilize the
active conformation of the enzyme and increase catalytic efficiency.

* Option C: Co-enzymes are non-protein organic helper molecules that
participate chemically in catalysis, rather than inhibiting it.

Official Examination Series



beambeprep.com

BEAMBEPREP - NUMS 2023 Official Solved Paper

BIOLOGY
OEnergetios

Question #33 AN

When light energy is absorbed by the reaction center [Formula]in Photosystem I, which
photoche...

CORE CONCEPT & DERIVATION

Photoexcitation of chlorophyli reaction center complexes causes the loss of high-
energy electrons, shifting the pigmentinto an oxidized state.

Formula / Rule / Reaction:

Pro + her — Pooy —+ Plig + e~

Solution:

* When photons are captured by antenna pigments, the excitation energy
resonance-tunnels to the Photosystem | reaction center chlorophyll pair, Py,

« This absorptionraises an electron to a higher energy level, producing the
excited state P,

» Py, immediately transfers this high-energy electron to the primary electron
acceptor (chlorophyll 4;), thereby undergoing oxidation to P ,. The missing
electron is subsequently replaced by reduced plastocyanin.

Why other options are incorrect:

* Option B: Photolysis of water occurs exclusively at the oxygen-evolving
complex associated with Photosystemn Il (Pese), not Photosystem|.

« Option C: Photosystemn | drives the reduction of NADP* to NADPH: it does
naot accept hydrogen atoms from NADPH.

+ Option D: Plastocyanin donates an electron to P} only after Pyy has been
photoexcited and oxidized.

BIOLOGY

oenergetics

Question #34

Which chemical products generated by the light-dependent reactions of
photosynthesis are subseq...
CORE CONCEPT & DERIVATION

The light-dependent phase of photosynthesis generates high-energy
intermediates that supply the thermodynamic energy and reducing equivalents
required for carbon fixation.

Formula / Rule / Reaction:

Calvin cycle

Light reactions —+ ATP + NADPH + Triose phosphates + ADP + P; + NADP”

Solution:

» During the light-dependentreactions on the thylakoid membrane,
photophosphorylation synthesizes ATP, while the non-cyclic electron
transport chain reduces NADP™ to NADPH.

s These two molecules represent the assimilatory power of the cell, diffusing
into the chloroplast stroma.

* Inthe Calvincycle, ATP powers kinase reactions (such as phosphoglycerate
kinase), while NADPH provides high-affinity hydride ions to reduce 1,3~
bisphosphoglycerate into glyceraldehyde-3-phosphate.

Why other options are incorrect:

* OptionA: ADP and NADP™ are the low-energy byproducts regenerated by
the Calvin cycle andreturned to the thylakoids, not the energy-richinputs.

« OptionC: NADP " is the oxidized form; the Calvin cycle requires the reduced
electron carrier NADPH.

+ OptionD: The Calvin cycle requires ATP as an energy source, rather than its
dephospherylated form ADP.
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BIOLOGY

04. Bioenengetics

Question #35

What are the primary energy-storing and reducing end products formed by the nan-
cycliclightre...

CORE CONCEPT & DERIVATION

Non-cyclic photophosphorylation is a Z-scheme electron pathway that converts
radiant energy into stable biochemical energy forms, producing oxygen as a
photolytic byproduct.

Formula / Rule / Reaction:

2H20 + 2NADP" + 3ADP + 3P; + hv — O2 + 2NADPH + 2H" + 3ATP

Solution:

+ Non-cyclic electron transport involves Photosystems || and | operating in
series.

» Water photolysis at Photosystem |l donates electrons to the chain,
generating a proton gradient across the thylakoid membrane that drives ATP
synthesis via ATP synthase.

» Electrons pass through ferredoxin to NADP ™ reductase, yielding NADPH.

* Thus, the primary chemical end products storing chemical bond energy and
reducing potential are ATP and NADPH.

Why other options are incorrect:

* Option A: Glucose is not produced during the light reactions; itis
synthesized laterin the stroma by the light-independent Calvin cycle.

* OptionB: The light reactions convert NADP " to its reduced state (NADPH),
and do not synthesize glucose.

+ OptionD: Wateris a consumed reactant oxidized during photolysis at PS 1,
not an end product of the light reactions.
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BIOLOGY
Question #36 m 04. Bioenergetics

In photosynthetic plant cells, the photophosphorylation of ADP to synthesize ATP takes
placeac...

CORE COMCEPT & DERIVATION

Chemiosmotic ATP synthesis in plant chloroplasts requires an impermeable lipid
bilayer that maintains a proton gradient between the interior lumen and the outer
stroma.

Formula / Rule / Reaction:

CFuCF; ATP Synthase

ATP

Proton motive foree (ApH) across Thylakoid Membrane

Solution:

« Thelight-harvesting pigment complexes, electron transport proteins, and
CF,CF, ATP synthase complexes are embedded within the thylakoid
membranes of chloroplasts.

* Electron transport pumps protons from the stroma into the thylakoid lumen,
establishing a strong electrochemical proton gradient.

* Asprotons flow back into the stroma through the catalytic head of ATP
synthase, ADP is phosphorylated into ATP.

Why other options are incorrect:

+ Option A: The stroma is the fluid-filled matrix where the Calvin cycle occurs;
itlacks the embedded electron transport components required to establish
aproton gradient.

+ Option B: The mitochendrial matrix is the site of the Krebs cycle and
oxidative phosphorylationin mitochondria, not photosynthetic
photophosphorylation.

+ OptionC: Golgi cisternae function in the post-translational modification and
sorting of glycoproteins.

Question #37 [[ZHIN BIOLOGY

05 Acellular Life
Astructurslly intact, fully assembled, and infectious viral particle in the extracellular
envi.
CORE CONCEPT & DERIVATION

Virology distinguishes between partial viral components and the fully assembled
extracellular macromolecular complex capable of infecting host cells.

Formula / Rule / Reaction:
Virion = Viral Genome (DNA/RNA) + Protein Capsid + Phospholipid Envelope.

Solution:

* Acomplete, mature, and structurally intact virus particle found outside a host
cellis defined as a virion.

o Thevirion comprises the viral genetic core (DNA or RMA) enclosed by a
protective protein shell{ca psid}. andinenveloped viruses, a host-derived
lipid bilayer containing viral glycoproteins.

« Inthisextracellular form, the particle is stable and capable of attaching to
andinfecting susceptible host cells.

Why other options are incorrect:

* OptionB: Acapsomere is anindividual protein subunit that self-assembles
to formthe overall capsid structure.

» OptionC: Aviroidis aninfectious agent consisting only of a short, circular
strand of naked RNAwithout a protein coat, which infects plants.

« OptionD: The capsidis the protein shell enclosing the viral genome: itis only
one compeonent of the complete virion,
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BIOLOGY

05, Acallular Life

Question #38 |00

Because all viruses lack metabolic enzymes and ribosomes and can replicate exclusively
msidea...

CORE CONCEPT & DERIVATION

Viruses do not possess independent metabolic or translational systems, requiring
them to exploit host cellular machinery for genome replication and viral protein
synthesis.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

» \Viruses carry genetic material, but they lack autonomous metabolic
capacity, ribosomes, and the enzymatic systems required for ATP
generation.

» Consequently, they cannot reproduce outside of acompatible living host
cell, whose transcriptional and translational machinery they co-opt.

* Because this relationship benefits the virus while often harming or lysing the
host cell, viruses are classified as obligate intracellular parasites.

Why other options are incorrect:

+ Option A: Autotrophs synthesize their own organic molecules from inorganic
carbon sources using light or chemical energy, which viruses cannot do.

s Option C: Heterotrophs ingest, absorb, and metabolize preformed organic
nutrients independently; viruses lack metabolic enzyrmes entirely.

« OptionD: Predators are free-living organisms that hunt, kill, and consume
other organisms.

Question #39 BIOLOGY

o1 Cell
Which structural component of certain bacterial cells primarily increases their
pathogenicitya...
CORE CONCEPT & DERIVATION

Bacterial virulence factorsinclude organized extracellular matrices that protect
pathogenic bacteria against the innate cellularimmune defenses of the host.

Formula / Rule / Reaction:

Bacterial Capsule: Highly structured polysaccharide or polypeptide layer
mediating immune evasion and antiphagocytic activity.

Solution:

s Abacterial capsuleis a thick, highly organized gelatinous envelope
positioned external to the cell wall, irmly attached to the bacterial cell.

* Bymasking cell-surface antigens and inhibiting the deposition of
complement factor C3b, the capsule prevents recognitionand engulfment
by polymaorphonuclear leukocytes and macrophages.

o Inencapsulated strains such as Streptococcus pneumoniae, the presence of
this capsule directly confers pathogenicity; unencapsulated variants are
non-virulent and cleared rapidly.

Why other options are incorrect:

* OptionB: The peptidoglycan cell wall maintains structural shape and
counteracts osmaotic lysis, butits exposed components actually trigger
pattern recognition receptors rather than preventing phagocytosis.

+ OptionC: Aslime layeris aloose, unorganized, and easily detached
glycocalyx whose primary role is substrate adhesion and bicfilm formation,
rather than robust antiphagocytic virulence.

+ OptionD: The plasma membrane is aninternal phospholipid bilayer
responsible formetabolic transport and respiration; it does not come into
direct contact with host phagocytes.
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BIOLOGY
05. Acellular Life

Question #40 [LOA0]

The smallest known free-living bacteria capable of autonomous growth and
reproduction belong to...

CORE CONCEPT & DERIVATION

The bacterial kingdom encompasses wall-less, pleomorphic microorganisms that
exhibit the smallest dimensions and most reduced genomes among autonomaous
cellular organisms.

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

Solution:

» Bacteria of the genus Mycoplasma are the smallest discovered cellular
organisms, possessing diameters ranging between 0.1 and 0.3 micrometers.

« They naturallylack a peptidoglycan cellwall, bounded instead by a sterol-
reinforced triple-layered plasma membrane.

» Theircell-wall-deficient nature confers natural resistance to beta-lactam
antibiotics and allows them to pass through standard bacterial filters.

Why other options are incorrect:

+ OptionA: Streptococcus species are larger, spherical Gram-positive cocel
{0.510 1.0 micrometer) containing thick peptidoglycan cell walls.

* OptionC: Escherichia(such as E. coli) are rod-shaped Gram-negative bacilli
rmeasuring 1 to 2 micrometers in length.

* OptionD: Bacillus species are large, rod-shaped, endospore-forming
bacteria often exceeding 3 to 5 micrometersin length.

Question #41 alOLosj

06, Digestion/Mutr
The mesenteric veins collect and drain deoxygenated, nutrient-rich blood directly from
the:

CORE CONCEPT & DERIVATION

Venous drainage from abdominal digestive organs is channeled through
mesenteric vessels into the hepatic portal system before reaching the systemic
circulation.

Formula / Rule / Reaction:

Mesenteric veins (superior and inferior) — Hepatic portal vein — Liver sinusoids

Solution:

« The superior mesenteric vein drains the smallintestine and proximal colon,
while the inferior mesenteric vein drains the distal large intestine (colon and
rectum).

« Together these mesenteric veins collect blood containing absorbed
monosaccharides, amino acids, and water-soluble nutrients from the
intestinal tract.

* This blood merges with the splenic vein to form the hepatic portal vein, which
delivers absorbed materials directly to the liver for metabolic processing.

Why other options are incorrect:

+ Option A: Blood leaves the liver via the right. left, and middle hepatic veins,
which empty directly into the inferior vena cava.

+ OptionB: The stomach is drained primarily by the right and left gastric veins,
which flow directly into the portal vein.

* OptionD: The gallbladderis drained by the cystic veinsinto the portal vein or
directly into hepatic sinusoids.
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BIOLOGY
Question #42 L0 o1.Call
Inmature plant cells possessing a secondary cell wall, this structure is located:
CORE CONCEPT & DERIVATION

Plant cell wall deposition occurs centripetally, meaning newly synthesized layers
are deposited inward toward the living protoplast.

Formula / Rule / Reaction:

Layering sequence (outside to inside): Middle tamella — Primary cellwall —
Secondary cell wall — Plasma membrane.

Solution:

+ Themiddle lamellais formed first during cytokinesis as the cell plate,
cementing adjacent plant cells together.

» Expanding cells deposit the primary cell wall inside the middle lamella.

« Once cell expansion ceases, specialized cells (such as tracheids, vessels,
and sclerenchyma) deposit a thick, rigid secondary cellwallimpregnated
with lignin internally between the primary wall and the plasma membrane.

Why other options are incorrect:

« Option A: The region external to the middle lamella is the wall of the
neighboring cell; no secondary wall is formed there.

+ OptionB: The region between the primary walls of two neighboring cellsis
occupied strictly by the pectin-rich middle lamella.

+ Option C: Deposition outside the primary cell wall is biclogically impossible
because cellwall precursors are exocytosed by the protoplast within.

Question #43 [THT) BIOLOGY

on. Call
Which structural characteristic distinguishes a prokaryotic (eubacterial) cell wall froma
p
fung...

CORE CONCEPT & DERIVATION
Phylogenetic domains are characterized by distinct biochemical compositions of
their protective extracellular wall matrices.

Formula / Rule / Reaction:

Bacterial wall = Peptidoglyean (murein); Fungal wall = Chitin (poly-5-(1.4)-N-acetylghu

Solution:

* True bacterial cellwalls are constructed of peptidoglycan (murein), a
macromolecular polymer formed of alternating N-acetylglucosamine (NAG)
and N-acetylmuramic acid (NAM) residues cross-linked by short peptide
chains.

« Incontrast, fungal cellwalls contain no peptidoglycan or murarnic acid; their
structural framework is made of chitin along with beta-glucans and
mannoproteins.

* This fundamental chemical difference makes bacterial cell wall synthesis
vulnerable to antibiotics such as penicillin that do not affect fungi.

Why other options are incorrect:

+ OptionB: Cellulose is characteristic of green plants and algae, not bacteria;
peptidoglycan is entirely absent from fungi.

+ Option C: Cutinis a waxy polyester found on plant epidermal surfaces, notin
prokaryotic walls.

* OptionD: Silicaimpregnates the cell walls of diatoms and horsetails
(equiseturn), not common eubacteria.
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BIOLOGY

O1.Cell

Question #44 [LOH0)]

Ani
afpla...

CORE CONCEPT & DERIVATION

Plastids differentiate into specialized pigment-accumulating organelles that
produce optical cues for biotic pollinators and seed dispersers.

diated cross-pollination in angiosperms is ly by which class

Formula / Rule / Reaction:

Chromoplasts: Carotenoid-rich plastids synthesizing yellow, crange, and red
pigments.

Solution:

» Chromoplasts are colored plastids that synthesize and store high
concentrations of lipid-soluble carotenoids, including carotenes and
xanthophylls.

» They are abundant in the petal cells of corollas and the pericarps of mature
fruits.

+ Thedistinct bright yellow, red, and orange hues they produce attract insect,
bird, and mammalian pollinators, thereby facilitating cross-pollination.

Why other options are incorrect:

+ Option A: Chicroplasts contain chlorophyll pigments dedicated to
photosynthetic solar energy capture; theiruniform green appearance is not
the primary visual cue for specialized floral pellinators.

+ OptionC: Leucoplasts are non-pigmented, colorless plastids located in
non-photosynthetic storage tissues.

+ OptionD: Amyloplasts are specialized leucoplasts dedicated to the
synthesis and storage of starch grains inroots and tubers.

Question #45 BloLOGY

o1.Cell
The tonoplast is the semipermeable biclogical membrane that physically separates the:
CORE COMCEPT & DERIVATION

Plant cells maintain high internal turgor through a centralized, hypertonic storage
organelle delimited by a selectively permeable unit membrane.

Formula / Rule / Reaction:
Tonoplast: The single lipid bilayer enclosing the central plant vacuole.

Solution:

+ Thelarge central vacuole of a mature plant cell is filled with cell sap. a
concentrated agueous solution of inorganic ions, organic acids, sugars, and
secondary metabolites.

« Thisinternal vacuolar compartment is bounded by a specialized, single unit
membrane termed the tonoplast.

* Thetonoplast actively pumps protons and solutes from the neutral
cytoplasm into the acidic vacuole, generating osmotic hydrostatic turgor
pressure against the cell wall.

Why other options are incorrect:

+ Option A: The nucleoplasmis enclosed by the double-membraned nuclear
envelope, which has no contact with the vacuolar sap.

* OptionB: The cytoplasm is separated from the extracellular matrix by the
plasma membrane (plasmalemma).

+ Option D: The thylakoid membrane separates the chloroplast stroma from
the internal thylakoid lumen.
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BIOLOGY
Question #46 [LZHEN o1.cel
Eachanimal centriole is organized structurally as a eylindrical barrel composed of:
CORE CONCEPT & DERIVATION

Centrosomes cantain two perpendicular cylindrical centrioles built from aring of
parallel microtubular triplets.

Formula / Rule / Reaction:

Centriolar architecture =9 = 3 + 00 (Nine peripheral triplets, zero central microtubules)

Solution:

« Acentrioleis an open cylinder with a diameter of approximately 0.2
micrometers and a length of 0.4 micrometers.

+ Itswall consists of nine sets of longitudinal microtubule triplets aranged
symmetrically in a pinwheel cartwheel pattern.

» Eachtriplet contains one complete thirteen-protofilament A tubule fused to
incomplete B and C tubules. There are no central microtubules, givinga 9 + 0
architecture.

Why other options are incorrect:

+ Option A: Seven doubletsis a non-existent microtubular organization in
eukaryotic cytology.

* OptionB: The 9 + 2 arrangement (nine cuter doublets surrounding two
central single microtubules) describes the axoneme of motile cilia and
flagella, not centrioles.

+ OptionC: Five triplets does not provide the geometry required for the
ninefold rotational symmetry of centrioles.

BIOLOGY
Question #47 [[ZHTN) o1.cal
The deep. convoluted infaldings of the inner mitochondrial membrane are designated

CORE CONCEPT & DERIVATION
Theinner boundary of the mitochondrion expands its catalytic surface area via
specialized folds that house the complexes of oxidative phosphorylation.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

+ Mitochondria are bounded by two membranes: a smooth, highly permeable
outer membrane and a selectively permeable inner membrane.

» Theinnermitochondrial memlbrane projectsinto the central matrix space as
shelf-like ortubular folds termed cristae.

» These cristae dramatically increase the total membrane surface area
available for the respiratory electron transport chain complexes (| through V)
and ATP synthase particles.

Why other options are incorrect:

« OptionB: Cisternae are flattened, disk-like membranous stacks that make
up the Golgi apparatus and endoplasmic reticulum.

* Option C: Mesosomes are artifactual or functional invaginations of the
bacterial plasma membrane, not eukaryotic mitochondrial structures.

* OptionD: Thylakoids are flattened, chlorophyll-bearing membranous sacs
found within chloroplasts.
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BIOLOGY

02. Biomolecules

Question #48

According to the fluid mosaic model of biological membranes, which molecular region is
sequeste...

CORE CONCEPT & DERIVATION

Biological membranes form spontaneously in agueous media due to the
amphipathic nature of phospholipids, which segregate polar and non-polar
moieties according to the hydrophobic effect.

Formula / Rule / Reaction:

Aqueous exterior + Polar heads | Non-polar tails (interior) | Polar heads — Aqueous interior

Solution:

* Phospholipids are amphipathic molecules composed of a charged, polar
glycerol-phosphate head and two long non-polar hydrocarbon fatty acid
tails.

* Inanagueous environment, water melecules form hydrogen bonds with the
polar hydrophilic heads, orienting them toward the outer and inner surfaces.

+ Thenon-polarfatty acyl chains are excluded from water by hydrophobic
interactions and become packed togetherin the internal core of the
membrane, creating a hydrophobic permeability barrier.

Why other options are incorrect:

+ Option A: Hydrophilic phosphate heads face outward into the agueous
extracellular fluid and inward toward the aqueous cytosol.

* OptionC: Carbohydrate chains of glycolipids and glycoproteins project
exclusively toward the external extracellular face.

« Option D: Peripheral proteins and exposed polar domains of integral
proteins interact with the agueous cytoplasm or extracellular environment,
rather than embedding within the hydrocarboninterior.

beambeprep.com
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BIOLOGY
Question #49 [THEN o1.cCall
Which of the following physiological processes is NOT a recognized function of the
smoothendop..
CORE CONCEPT & DERIVATION
The endoplasmic reticulumis partitioned into two functionally distinct domains:
ribosome-studded rough ER for protein translation and translocation, and smooth
ER for lipid metabolism and xenobiotic handling.

Formula / Rule / Reaction:

Rough ER + Golgi Apparatus: Glycoprotein processing and sorting. Smooth ER:
Lipid synthesis, drug detoxification, and caicium homeostasis.

Solution:

¢ The smooth endoplasmic reticulum lacks boundribosomes andis
specialized for lipid and steroid synthesis, glycogen breakdown, and
cytochrome P450-mediated drug detoxification.

s Inmuscletissue, specialized smooth ER (the sarcoplasmic reticulurm)
regulates intracellular calcium storage andrelease.

* Incontrast, synthesizing secretory proteins and processing initial core
oligosaccharides occursin the rough ER, while terminal glycosylation and
processing of glycoproteins occurs in the Golgi apparatus.

Why other options are incorrect:

+ Option A: The smooth ER is the primary site of phospholipid and steroid
hormone synthesis (e.g.. in the adrenal cortex and Leydig cells).

+ OptionB: The sarcoplasmic reticulum of striated muscle is a specialized
smooth ER dedicated to calcium sequestration and release.

+ OptionD: Hepatocyte smooth ERuses cytochrome P450 monooxygenases
to detoxify barbiturates, alcohol, and metabolic waste products.
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BIOLOGY

Question #50 L) o1.Cell

The plasma membrane contains specialized transmembrane proteins that facilitate both
active and..

CORE COMCEPT & DERIVATION

Selective membrane permeability for polarmolecules and ions is provided by
integral transmembrane proteins functioning as passive pores or energy-coupled
pumps.

Formula / Rule / Reaction:

Facilitated diffusion (passive, down gradient) and Active transport (ATP-coupled,
against gradient) both require transmembrane transport proteins.

Solution:

+ Because the hydrophobic hydrocarbon interior of the lipid bilayer blocks the
passage of polar molecules and charged ions, transmembrane proteins act
as pathways forthese solutes.

s Channel proteins formwater-filled pores that allow specificions to diffuse
passively down their electrochemical gradients.

o Carrier proteins undergo reversible conformational shifts to move solutes
down their concentration gradients (facilitated diffusion) or couple with
metabolic energy like ATP to move solutes against their gradients (active
transport).

Why other options are incorrect:

« Option A: Histones are basic nuclear proteins that package chromosomal
DMA, not plasma membrane transport elements.

« OptionB: Receptor glycoproteins bind extracellular signaling ligands (such
as hormones) to trigger signal cascades, but they do not mediate bulk
transmembrane solute transport.

« OptionC: Glycolipids are outer-leaflet membrane lipids that participate in
cellrecognition andintercellular adhesion, notin solute transport.

BIOLOGY

01 Cell

Question #51 [[ZHTN

Which eytoplasmic organeiles are spherical, single-membrane-bound vesicular sacs
that containa...

CORE COMCEPT & DERIVATION

Macromolecular degradation and organellar recycling take place within an acidic
lytic organelle bounded by a protective single membrane.

Formula / Rule / Reaction:

Lysosome = Single membrane + Acid hydrolases (pH = 4.5 to 5.0 maintained by
vacuolar H*-ATPase).

Solution:

* Lysosomes bud from the trans-Golginetwork as spherical vesicles enclosed
by a single unit membrane.

s They contain approximately 40 to 50 diverse hydrolytic enzymes (including
proteases, lipases, nucleases, and glycosidases) that require an acidic pH of
4.5105.0 for optimal activity.

+ They degrade endocytosed foreign pathogens (heterophagy) and worn-out
intracellular organelles (autophagy).

Why other options are incorrect:

* Option B: Peroxisomes are single-memibrane microbodies containing
oxidases and catalase to metabolize fatty acids and break down hydrogen
peroxide, rather than a broad suite of acid hydrolases.

* Option C: Mitochondria are double-membraned organelles specialized for
aerobic respiration and ATP synthesis.

+ Option D: Ribosomes are non-membrancus ribonucleoprotein complexes
responsible for protein translation.
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BIOLOGY
0Z. Biomolecules

Question #52

Excluding water, which class of biological molecules canstitutes the most abundant
organic comp...

CORE CONCEPT & DERIVATION

Cellular mass consists primarily of water, with the dry biomass dominated by
polymers of amino acids that serve structural, catalytic, and regulatory roles.

Formula / Rule / Reaction:

Mammalian cell mass: Water == 70%, Proteins = 15 to 18%, Lipids =~ 3%, Carbohyd

Solution:

« Wateris the most abundant melecule overallin aliving mammalian cell,
accounting forroughly 70% of total mass.

* Among organic compounds, proteins represent the largest fraction,
accounting for15% to 18% of total cellweight and over 50% of the total dry
weight.

* Proteins provide structural architecture, enzymatically catalyze biochemical
reactions, form membrane transport channels, and mediate receptor
signaling.

Why other options are incorrect:

+ Option A: Carbohydrates account for anly about 1% to 2% of total cellular
massin typical mammalian cells, functioning primarily as temporary energy
resarves(glycogen).

* OptionC: Lipids make up approximately 3% to 5% of cell mass, primarily in
the form of membrane bilayers and intracellular lipid droplets.

+ OptionD: Nucleic acids (DNA and RNA) comprise roughly 1% to 1.5% of total
mammalian cellularmass.
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Question #53 [LZHCH BIOLOGY

02. Biomolecules
The remarkable thermal stability of living organisms exposed to fluctuating
environmental tempe...
CORE COMCEPT & DERIVATION

Homeostasis requires resistance to rapid temperature changes, whichis provided
by the high heat absorption capacity of hydrogen-bonded water networks.

Formula / Rule / Reaction:

Q = meAT  (Conter = 4,184 Tg LK)

Solution:

* Waterhas an exceptionally high specific heat capacity (1 calg ' "C ' or
4184J g KN

+ This occurs because a significant amount of added heat must first be
consumed to disrupt hydrogen bonds between water molecules before
molecular kinetic energy can rise.

* Because living tissues consist largely of water, organisms can absorb orlose
large amounts of thermal energy with minimal changes in internal body
temperature, maintaining biochemical stability.

Why other options are incorrect:

+ Option A: High heat of vaporization facilitates evaporative cooling (e.g.,
sweating or panting), but itis not the property that directly minimizes
temperature changes during ordinary heat exchange.

* Option B: The polarsolvent property allows water to dissolve ionic crystals
and polar metabolites, but it does not determine thermal buffering.

* Option D: Maximum density at4 °C prevents lakes from freezing solid from
the bottom up, which preserves aquatic life in winter. but does not provide
cellular thermal buffering.

BIOLOGY
Question #54 m 02. Biomalacules

The abundance of carbon-hydrogen( [Formula] ) bonds in lipid molecules is biologically
signifi..
CORE CONCEPT & DERIVATION

The energy yield of a fuelmolecule is directly proportional to its degree of chemical
reduction, meaning moleculesrichin electrons from non-polar C — Hbonds
release more energy upon complete oxidation.

Formula / Rule / Reaction:

Lipid energy yield = 9 keal /g (37 kJ/g) wvs Carbohydrate energy vield = 4 keal /g (17 k] /g)

Solution:

« Fattyacidchains in lipids consist of long, highly reduced hydrocarbon tails
with highratios of C — Hbonds and very few oxygen atomns.

* Incontrast, carbohydrates have a 1 : 1 carbon-to-oxygen ratio (partially
oxidized).

» During beta-oxidation and cellular respiration, the oxidation of C — Hbonds
to C = OandH — 0 bonds releases abundant free energy, making lipids yield
more than double the energy per gram compared to carbohydrates.

Why other options are incorrect:

+ Option A: Chitin, an amino-polysaccharide, builds arthropod exoskeletons,
not lipids.

« Option B: Biological enzymatic catalysis is carried out by proteins and
catalytic RNAs (ribozymes), not lipids.

+ Option C: Hydrocarbon tails form a hydrophobic barrier that restricts water
movement, rather than accelerating water diffusion.
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BIOLOGY
Question #55 m 02 Biomolecules
Which class of carbohydrates has the sweetest taste among all saccharide groups?
CORE CONCEPT & DERIVATION
Taste reception for sweetness reguires small, soluble saccharide melecules that fit

into the TIRZ/TIR3 taste receptor binding pocket, an ability that decreases with
increasing polymerization.

Formula / Rule / Reaction:

Relative sweetness: Monosaccharides (e.g.. Fructose = 170) = Disaccharides
{Sucrose = 100) = Polysaccharides (Starch = 0).

Solution:

* Monosaccharides are low-molecular-weight simple sugars with high water
solubility that diffuse into taste buds and activate sweetness receptors.

+ Among all natural sugars, the monosaccharide D-fructose is the sweetest,
followed by the disaccharide sucrose and the monosaccharide glucose.

* Assimple sugars polymerize into oligosaccharides and large
polysaccharides (such as starch and glycogen), solubility and receptor
affinity drop, rendering polysaccharides tasteless.

Why other options are incorrect:

+ OptionB: Polysaccharides are high-molecular-weight polymers that do not
stimulate sweetness receptors and are tasteless.

« Option C: Oligosaccharides (e.g., raffinose, stachyose) are significantly less
sweet than simple monosaccharides.

* OptionD: Complex homopolysaccharides like cellulose and amylose are
insoluble and tasteless.

Question #56 CHEMISTRY

05 Liguids
At aconstant temperature, the equilibrium vapor pressure of a pure liquid is independent
af wh
of wh.,

CORE CONCEPT & DERIVATION

Vapor pressure is anintensive, equiliorium thermodynamic property defined by the
dynamic equilibrium between evaporation and condensation rates per unit areaina
closed system.

Formula / Rule / Reaction:

P, = fIT, intermolecular forces) # f(surface area)

Solution:

« Equilibrium vapor pressure is established when the rate of vaporization
equals the rate of condensationin a closed container.

* Increasing the exposed surface areaincreases the rate of evaporation, but it
increases the rate of condensation by the exact sarme proportion.

+ Because bothratesincrease equally, the equilibrium vapor concentration
and the resulting pressure remain unchanged.

Why other options are incorrect:

* Option A: The chernical nature of the liquid directly determinesits volatile
properties and base vapor pressure.

+ Option C: Strongerintermolecular forces (such as hydrogen bonding) hold
molecules together more tightly, lowering equilibrium vapor pressure.

* OptionD: Vapor pressure increases exponentially with temperature
according to the Clausius-Clapeyron equation.
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Question #57 CHEMISTRY

05. Liguids
The boiling points of ethers are substantially lower than those of isomeric alcohals of
compara..
CORE CONCEPT & DERIVATION
Boiling points reflect the thermal energy needed to overcome intermolecular

attractions in the liquid state: hydrogen bonding requires a hydrogen atom bonded
to a highly electronegative element.

Formula / Rule / Reaction:

Aleohols: R — O — H-.. O(H) — R (Strong H-bonds); Ethers: R — O — R (Dipole-dipole only)

Solution:

* Alcohols possess a hydrogen atom bonded directly to a strongly
electronegative oxygen atom (—0 — H), allowing them to form extensive
intermolecular hydrogen bonds that raise their beiling points.

* Inethers (R — O — R'), the oxygen atom is bonded to two carbon atoms and
has no hydrogen atom attached toit.

+ Because ether molecules cannot form hydrogen bonds with one another,
they are held together only by weaker dipole-dipole attractions and London
dispersion forces, causing them to boil at much lower temperatures than
isomeric alcohols.

Why other options are incorrect:

* OptionA: Ethers contain polar C — O bonds with a bent molecular geometry,
rnaking them polar molecules rather than non-polar ones.

+ Option B: Molecular symmetry does not compensate for the absence of
strong intermolecular hydrogen bonding.

+ Option D: Ethers have lone pairs on their oxygen atoms that allow them to
accept hydrogen bonds from water, explaining their water solubility despite
low boiling points.
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CHEMISTRY

05. Liquids

Question #58 O]

When two ice cubes are pressed firmly together, they unite into a single block. This
phenomenon...

CORE CONCEPT & DERIVATION

Ice exhibits an open tetrahedral lattice held together by hydrogen bonds; applying
pressure lowersits melting point, causing localized melting that refreezes once the
prassureisreleased.

Formula / Rule / Reaction:

Pressure remaved

Pressure applied — Melting point drops below 0 °C — Localized melting ——— R

Solution:

+ Becauseice isless dense thanliguid water, increasing external pressure
lowers the melting point of ice below 0 °C.

» Pressing two ice cubes together melts a thin film of water at the high-
pressure interface.

* When the pressure isreleased, the melting point returns to 0 °C, and the
interfacial water refreezes immediately as intermolecular hydrogen bonds
reform across the boundary, fusing the cubes into one.

Why other options are incorrect:

s Option A: Intramolecular covalent bonds join hydrogen and oxygen atoms
within a single water molecule and are not broken or reformed during this
physical phase change.

+ OptionB: London dispersion forces are present, but the much stronger
hydrogen bonds are the primary force driving the crystallization and fusion of
ice.

« Option C: Coordinate covalent bonds involve one atom donating an entire

electron pair, whichis not how neutral water molecules interactinanice
lattice.
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CHEMISTRY
Question #59 [[ZHL 06. Solids

Which statement correctly describes the crystal structure and coordination geametry of
sodiume..

CORE CONCEPT & DERIVATION

The rock-salt crystal structure is an ionic lattice where the radius ratio of the cation
to anion dictates an octahedral coordination geometry.

Formula / Rule / Reaction:

Radius ratio 22 = 95 pol

= 0.526 = 0.414 to 0.732 — Octahedral coordination (6:6)
rei 181 pm

Solution:

* Inthe crystalline lattice of NaCl, the larger chiloride anions form a face-
centered cubic (FCC) close-packed framework.

+ Sodium cations occupy all the octahedral interstitial sites between the
chloride ions.

» Thisarrangement gives every Na™ ionsixnearest C1™ neighbaors arranged
octahedrally, and every C1° ion sixnearest Na® neighbors (coordination
numberratio of 4:6).

Why other options are incorrect:

* OptionB: An 8:8 coordination geometry occurs in cesium chloride (CsCl),
which has alarger cation-to-anion radius ratio.

* OptionC: A 4:4 tetrahedral coordination geemetry occurs inzinc blende (
ZnS), which has a smaller radius ratio below 0.414.

+ OptionD: Sedium chloride is an extended three-dimensional ionic network
with no discrete NaClmolecules inthe solid state.
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CHEMISTRY
Question #60 m 06. Solids

Which of the following alkali metal halides displays the greatest (most exothermic) lattice
ene..

CORE CONCEPT & DERIVATION

Lattice energy varies directly with the product of ionic charges and inversely with
the internuclear distance between the cation and anion.

Formula / Rule / Reaction:

Solution:

* Allfoursalts have the same cation (Na”) and the same charge magnitudes (
2y =+1,z- =-1).

+ Therefore, lattice energy is determined primarily by the internuclear
separation distance, which depends on the ionic radius of the halide anion.

s Halideradiiincrease down Group17:F~ < Cl” < Br < 1.

+« BecauseF isthesmallest anion, the internuclear distance r, + r_ is shortest
in NaF, yielding the strongest electrostatic attraction and the largest lattice
energy.

Why other options are incorrect:

« Option A: Chloride is larger than fluoride, increasing internuclear distance
and lowering the lattice energy of NaCl{— 787 k] /mol) relative to NaF (
—018 kJ /mol).

+ Option C: Bromide is larger than chloride, further reducing the lattice energy
of NaBr (747 kJ /mal).

+ OptionD: lodide has the largestionic radius among these halides, making
the lattice energy of Nal{- 704 k] /mol) the lowest in the group.
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CHEMISTRY
06. Solids

Question #61 [LUH=]

The nal and electrical conductivities of metallic ele
attributable ..

CORE CONCEPT & DERIVATION

Metallic bonding consists of a regular array of positive metalions immersed in a sea

of delocalized valence electrons that can move freely throughout the lattice.

nts are primarily

Formula / Rule / Reaction:

Thermal conductivity in metals: k = k. + ko, where electronic conduction k. ==
lattice phonon conduction kpn.

Solution:

» Because metallic valence electrons are not bound to any individual nucleus,
they move freely throughout the three-dimensional metal lattice as an
electron gas.

* Whenthermal energy is applied locally, these delocalized electrons absorb
kinetic energy and move rapidly across the lattice, colliding with ions and
other electrons.

« This mobile electronic transport conducts thermal energy much faster than
vibrational waves through the ionic lattice alone.

Why other options are incorrect:

+ Option A: The sliding of atomic planes across one another explains
mechanical malleability and ductility, not thermal conductivity.

+ Option B: While lattice ion vibrations (phonons) contribute to heat transfer,
electron movement accounts for the vast majority of heat conductionin
metals.

« Option D: Metals are held together by strong electrostatic metallic bonds
between cations and the electron sea, not by weak van der Waals forces.

CHEMISTRY

07, Equilibrium

Question #62 | LOH()]

[ industrial Haber-Bosch process, an elevated operating pressure of approximately
200a

CORE COMCEPT & DERIVATION

According to Le Chatelier's principle, increasing the total pressure of an equilibrium
gas mixture shifts the reaction toward the side with fewer moles of gas.

trm ...

Formula / Rule / Reaction:

Nagg) + 3Hayy) = 2NHyy)  (Ang =2 — 4 = —2 males)

Solution:

+ The synthesis of ammeniainvolves fourmoles of gaseous reactants
producing two moles of gaseous products.

* Increasing system pressure forces the gas molecules closer together,
disturbing the equilibrium state.

s ByleChatelier's principle, the eguilibrium shifts in the direction that
decreases the total number of gas molecules (the forward reaction), thereby
maximizing the equilibrium yield of ammonia.

Why other options are incorrect:

* Option A: Maintaining high pressure requires reinforced reactors and
compressors, whichincreases construction and energy costs rather than
decreasing them.

+ Option B: Elevated pressure increases the frequency of molecular collisions
for both forward and reverse reactions, accelerating bothreaction rates.

* OptionC: Catalyst poisoning is prevented by scrubbing feed gases to
remove sulfur and oxygen compounds, not by altering operating pressure.
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CHEMISTRY
07 Equilibrium

Question #63

Which of the following interventions enables a reversible chemical reaction to attain its
equil..

CORE CONCEPT & DERIVATION

A catalyst provides an alternative reaction pathway with a lower activation energy,
accelerating both the forward and reverse reaction rates by the exact same
proportion.

Formula / Rule / Reaction:

]

: ; k k
k:, =k B, Ry BT = g = Tcé = If = constant
b

Solution:

* Acatalystlowers the activation energy barrier equally for both the forward
and backward directions of areversible reaction.

« This increases the forward and reverse rate constants by the exact same
factor.

* Asaresult, dynamic equilibriumis reached inless time. while the equilibrium
constant K. and the final equilibrium concentrations remain unchanged.

Why other options are incorrect:

+ OptionB: Changing system pressure shifts the position of equilibrium for
gas reactions that have unequal moles of reactants and products {Any # 0).

+ OptionC: Increasing reactant concentrations shifts the equilibriurn position
toward product formation according to Le Chatelier's principle.

+ Option D: Altering the temperature changes the numerical value of the
equilibrium constant K, changing the equilibrium position.

CHEMISTRY
8. Reaction Kinatics

Question #64

As ageneral empirical rule in chemical kinetics, raising the temperature of a reaction
mixture...

CORE CONCEPT & DERIVATION

According to the Maxwell-Boltzmann energy distribution, amodestrisein
temperature significantly increases the fraction of reacting melecules whose
kinetic energy meets or exceeds the activation energy.

Formula / Rule / Reaction:

Temperature Coefficient Qg = M =12

kr

Solution:

+ Raising the temperature of a systemincreases the average kinetic energy of
its molecules, which increases the freguency of collisions.

+ Moreimportantly, it flattens and extends the Maxwell-Boltzmann distribution
curve, substantially increasing the area under the curve beyond the
activation energy threshold E,.

s Formany typical reactions with moderate activation energies at room
temperature, a 10 K rise roughly doubles the number of effective collisions
persecond, doubling the reactionrate.

Why other options are incorrect:

* Option A: Reactionrate increases with temperature for nearly all chemical
reactions because molecular kinetic energy rises.

* OptionC: Afourfold increase typically requires a temperature increase of
approximately 20 K (two successive doublings).

+ OptionD: While a few reactions with exceptionally high activation energies
can triple in rate, doubling is the standard textibook kinetic rule of thumb.

Official Examination Series



BEAMBEPREP - NUMS 2023 Official Solved Paper

CHEMISTRY

08, Reaction Kinetics

Question #65 (LGN

The minim nount of energy that colliding reactant particles must pos
undergoan effec...

CORE CONCEPT & DERIVATION

Collision theory states that for a collision to be chemically productive, molecules
must collide with proper spatial orientation and possess sufficient kinetic energy to
overcome mutual electron-cloud repulsion and reach the transition state.

Formula / Rule / Reaction:

k=Ae ™" (E, = Activation Energy)

Solution:

« Whenreactant molecules collide, their kinetic energy is convertedinto
potential energy as their electron clouds interact.

o The minimum kinetic energy required to overcome this electrostatic
repulsion and start breaking initial bonds is called the activation energy (E,).

+ Collisionswith kinetic energy below E, are elastic; the molecules rebound
without undergoing a chemical reaction.

Why other options are incorrect:

+ OptionA: Lattice energy is the energy released when gaseous ions combine
to form one mole of anionic crystalline solid.

+ Option B: Bond dissociation energy is the specific energy required to
homalytically cleave one mole of a specific covalent bond in the gas phase.

+ Option D: Enthalpy of hydration is the heat released when one mole of
gaseous ions is solvated by water molecules.

CHEMISTRY
0F. Thermochemistry

Question #66

b

Which of the following thermodynamic parameters is s path-dependent function rather
thanastat...

CORE CONCEPT & DERIVATION

State functions depend only on the current equilibrium state of a system, whereas
path functions depend on the specific path taken between those states.

Formula / Rule / Reaction:

AU =g +w (U is a state function; g and w are path functions)

Solution:

* Astate functionis a macroscopic property whose value is determined
entirely by the system's present condition, independent of how that state
was reached.

« Parameters like pressure, temperature, volume, internal energy, enthalpy,
and entropy are all state functions, and their cyclic integrals equalzero(
fdX =0).

+ Incontrast, work (W = — [ PaadV) depends directly on the path taken; an
expansion carried out reversibly yields different work than one carried out
irreversibly between the same initial and final states.

Why other options are incorrect:

+ Option A: Pressure is a fundamental state variable that describes the current
mechanical force per unit area on the system boundaries.

* Option B: Temperature is a state variable proportional to the average kinetic
energy of the particles in the system.

* OptionC:Internal energy is a state function whose net change depends
solely oninitial and final states: AU = Ugpu — Uinitial-
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CHEMISTRY

0% Thermachemistry

Question #67
The thermochemical equation [Formula] represents which standard enthalpy change?
CORE CONCEPT & DERIVATION

The enthalpy change for the formation of an ionic solid from its widely separated
gaseous ions defines its lattice energy.

Formula / Rule / Reaction:

M;';J + )(:'ﬂ_ —+M_ X, (AH = Lattice Energy [}

Solution:

* Lattice energy (orlattice enthalpy)is defined as the heat evolved when cne
mole of anionic crystalline compound is formed from its constituent
gaseous cations and anions under standard conditions.

« Inthe giveneguation, isolated gaseous magnesiumions [Mg‘,;.}]and gaseous
oxideions [Of_q"J}assemble into one mole of solid crystalline magnesium oxide
(MgO,, ).

{

» This matches the definition of lattice energy (which s highly exothermic
because of strong electrostatic attractions between divalent ions).

Why other options are incorrect:

« OptionB: Enthalpy of atomization is the heat required to convert an element
inits standard state into one mole of free gaseous atoms.

+ Option C: Enthalpy of neutralization is the heat evolved when an acid reacts
with a base to form one mole of water.

* OptionD: Enthalpy of solution is the heat change when one mole of a solute
dissolves completely in excess solvent.

CHEMISTRY
048, Reaction Kinatics

Question #68

The gas-phase reaction between nitric oxide and ozone proceeds according to the
eguation [Formu..

CORE CONCEPT & DERIVATION

The overall order of a chemical reaction is the sum of the exponents of the

concentration terms in its experimental rate eguation.

Formula / Rule / Reaction:

Rate = k[NO|'[0s]' = Overall Order =1+1 =2

Solution:

+ Thehomogeneous reaction between nitric oxide and ozone is an elementary
bimolecular collision.

« Kinetically, the reactionrate is directly proportional to the first power of nitric
oxide concentration and the first power of ozone concentration.

+ Summing the partial reaction orders gives 1 + 1 = 2, confirming that thisis an
overall second-order reaction.

Why other options are incorrect:

* OptionA: Afirst-order reaction depends on the concentration of only one
reactant, whereas this reaction rate depends on both nitric oxide and ozone.

+ Option C: Third-order kinetics requires three reacting species in the rate-
determining step (e.g., 2NO + 0, — 2NO.).

s OptionD: Zero-order reactions proceed at a constant rate independent of
all reactant concentrations, which is not the case for this gas-phase reaction.
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CHEMISTRY
Question #69 10. Electrochemistry

During the electralysis of an electrolyte in an electrolytic cell, reduction occurs at the:

CORE CONCEPT & DERIVATION
Inall electrochemical cells, electrodes are defined by the specific redox half-
reactions that occur on their surfaces.

Formula / Rule / Reaction:

Anode = Site of Oxidation (Loss of electrons); Cathode = Site of Reduction (Gain of
electrons).

Solution:

* Inanelectrolytic cell, an external direct- current power supply pumps
electrons onto the cathode, making it negatively charged.

» Positively charged cations migrate toward this negative electrode.

* Atthe cathode surface, cations acceptincoming electrons (gain of
electrons), which is the definition of reduction.

Why other options are incorrect:

* OptionA: Oxidation (the loss of electrons) occurs at the anode, where
anions discharge theirelectrons.

* Option B: The salt bridge maintains electrical neutrality by facilitating ion
migration between half-cells; it is not an electrode where redox occurs.

+ OptionD: The standard hydrogen electrode is a reference electrode for
measuring electrode potentials, not the general site of reductioninan
electrolytic cell.

Question #70 [ZTHGN CHEMISTRY

03_Chemical Bonding
Fluorine possesses the highest Pauling electronegativity value (4.0)among all elements
in
CORE COMCEPT & DERIVATION

Electronegativity measures the relative tendency of an atom in a covalent bond to
attract shared bonding electrons towarditself.

Formula / Rule / Reaction:

iEks Z, ; : :
Electronegativity o i (Zex = Effective nuclear charge, r = Covalent atomic radius)
-

Solution:

o Fluorineisin Period 2 and Group 17, with an electron configuration of
1s7222p",

s Becauseitsvalence electrons occupy the principal guantum shelln = 2,
there is minimal screening (only two inner 1s electrons) against its nine
nuclearprotons.

+ This combination of a high effective nuclear charge (Z.s =~ +7)and a small
atomic radius allows the fluorine nucleus to exert a strong electrostatic pull
on shared bonding electrons, giving it the highest electronegativity.

Why other options are incorrect:

+ Option A: Many elements (such as nitrogen and oxygen) form stable
diatomnic molecules, but they have lower electronegativities than flucrine.

+ Option B: Neutral fluorine has seven valence electrons (25 2p%), not a filled
valence shell: only noble gases have complete octets.

» OptionC: While fluorine's electron affinity is slightly lower than chlorine’s
because of electron-electron repulsion in its compact 2p subshell, that
repulsion does not prevent it from having the highest electronegativity.

beambeprep.com

Page 39 of 62

OFFICIAL FULL-LENGTH PRACTICE (FLP)

CHEMISTRY
Question #71 03. Chemical Bonding

The Valence Shell Electron Pair Repulsion (VSEPR) the ory is used primarily to predict and
expla...
CORE CONCEPT & DERIVATION

The spatial arrangement of chemical bonds around a central atom is determined by
minimizing electrostatic repulsions between all valence-shell electron pairs.

Formula / Rule / Reaction:

Electron Pair Repulsion Hierarchy: Lone Pair-Lone Pair = Lone Pair-Bond Pair
Bond Pair-Bond Pair.

Solution:

+ VSEPRtheory models the central atom as being surrounded by localized
electron pairs (bonding pairs and non-bonding lone pairs).

+ Becauseelectronclouds are negatively charged, they orient themselves as
far apart in space as possible to minimize mutual electrostatic repulsion.

» This spatial minimization determines the molecular geometry (such aslinear,
trigonal planar, tetrahedral. or bent).

Why other options are incorrect:

+ OptionB: Bond dissociation energy depends on bond length, bond order,
and orbital overlap, which are modeled by molecular orbital or valence bond
theories.

s Option C: Nuclear magnetic mornents are intrinsic properties of nuclear spin
states, independent of electron-pair repulsion geometries.

« OptionD: Standardreduction potentials are thermodynamic properties
determined by ionization energies, enthalpies of atomization, and hydration
energies.

Question #72 CHEMISTRY

03. Chamical Bonding
Which of the following chemical species features a central atom that is [Formula] -
hybridized?
CORE CONCEPT & DERIVATION
Hybridization state corresponds to the steric number (the sum of localized sigma
bonds and lone pairs around the central atom).

Formula / Rule / Reaction:

Steric Number =4 — sp”;  Steric Number = 3 — sp®; Steric Number =2 — sp

Solution:

s Inmethane (CH,), the central carbon atom forms four single sigma bonds
with four hydrogen atoms and possesses zero non-bonding lone pairs.

« [tssteric numberis4 + 0 = 4, which requires the mixing of one 2s and three 2p
atomic orbitals into four equivalent sp” hybrid orbitals.

s Thesesp® hybrid orbitals direct toward the corners of a regular tetrahedron
with bond angles of 109.5°,

Why other options are incorrect:

* OptionA: In BF:, boron forms three sigma bonds with zero lone pairs (steric
number = 3), soitis sp’-hybridized with trigonal planar geometry.

+ Option C: In BeClz, beryllium forms two sigma bonds with zero lone pairs
(steric number = 2), so it is sp-hybridized with linear geometry.

s OptionD: Inethene (C.H,), each carbon atom forms three sigma bonds and
one pi bond (steric number = 3}, so both are sp*-hybridized.
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Question #73 CHEMISTRY

03. Chemical Bonding

Which of the following physical factors does NOT directly influence the equilibrium
covalentbao..

CORE COMCEPT & DERIVATION

Equilibrium bond lengthis the intemuclear distance at the potential energy
minimum, determined by atomic radii, orbital overlap, and electrostatic attraction.

Formula / Rule / Reaction:

Bond length depends on: Atomic radii, Bond order(1 = 2 = 3). Electronegativity
difference, and % s-character.

Solution:

» Theequilibrium distance between two bonded nucleiis dictated by the sizes
of their electron clouds (covalent radii). the number of shared electron pairs
(bond order), and orbital hybridization.

» Firstionization energy is the energy required to remove an electron froman
isolated gas-phase atom toinfinity.

* Because ionization energy describes an ionization process rather than the
petential energy minimurn of a shared covalent electron pair, it does not
directly determine equilibriumn bond length.

Why other options are incorrect:

« Option A: Bond multiplicity strongly affects bond length: higher bond orders
pull nuclei closer together(e.g,. C-C=1pmC=C=1M4pm,C=C=
120 pm).

* Option B: Higher s-characterin hybrid orbitals holds bonding electrons
closer to the nucleus, shortening bond length (sp® > sp? > sp).

« OptionD: Large electronegativity differences add ionic character to the
bend, strengthening electrostatic attraction and shortening internuclear
distance.

CHEMISTRY
Question #74 [[ZHCI 06. Solids
Which of the following substances displays both malleability and duc tility under ambient
condit...

CORE CONCEPT & DERIVATION
Metallic bonding allows atomic planes to slide past each other under mechanical
shearwithout breaking the non-directional bonds holding the metal together.

Formula / Rule / Reaction:

Malleability: Defarmed into thin sheets under compression. Ductility: Drawninto
thin wires under tension.

Solution:

* Alumninium is a solid metal that crystallizes in a face-centered cubic (FCC)
close-packed lattice.

* Inits metallic structure, delocalized valence electrons surround positive
aluminium cations uniformly.

» Whenashear stressis applied, layers of cations slide past one another along
slip planes while remaining immersed in the electron sea, allowing aluminium
to be hammered inte foil {malleability) or drawn into wire (ductility).

Why other options are incorrect:

+ Option A: Sodium chloride is a brittle ionic solid; applying shear forces ions
of like charges into alignment, proeducing electrostatic repulsion that cleaves
the crystal.

+ OptionB: Copper(ll) sulfate is a crystalline ionic salt that shatters under
mechanical stress.

+ OptionC: Mercury is aliquid metal at room temperature {melting point
—38.8 °C) and cannot be drawn into wires or hammered into sheets.
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Question #75 [ZHIN CHEMISTRY

06. Solids

In erystalline sodium metal, which adapts a body-centered cubic (BCC) lattice, the
coordination...

CORE CONCEPT & DERIVATION

The coordination number in a crystal lattice is the number of nearest-neighbor

atoms directly touching or equidistant from a given central atom.

Formula / Rule / Reaction:

BCC Unit Cell = Coordination Number = 8 FCC / HCP Unit Cell — Coordination

Solution:

« Solidmetallic sodium crystallizes in a body-centered cubic (BCC) lattice
arrangement.

* Inthisunit cell, acentral sodium atom sits at the body center of the cube,
surrounded by eight identical sodium atoms positioned at the eight cube
corners.

+ Because the central atomis equidistant from these eight corner atoms, each
sodium atomn in metallic sodium has a coordination number of 8.

Why other options are incorrect:

+ OptionB: Acoordination nurnber of & is characteristic of simple cubic
lattices or octahedral coordination in ionic crystals like NaCl.

* Option C: Acoordinationnumber of 12 occurs in close-packed structures
such as face-centered cubic (copper, aluminiumn) and hexagonal close-
packed (zinc, magnesium) metals.

+ OptionD: Acoordination number of 4 describes tetrahedral networks, such
asdiamond or zinc blende.

Question #76 LSACY CHEMISTRY

13. Fundamental Principles of Organic Chemistry
Whichindustrial cracking method s specifically utilized to obtain high-octane gasoline
with i
CORE CONCEPT & DERIVATION

Petroleum cracking involves breaking long-chain alkanes into smaller, more
valuable motor fuel fractions using heat, steam, or heterogeneous catalysts.

Formula / Rule / Reaction:

High molecular mass alkanes W} Branched alkanes + Cycloalkanes + Aromatic
500 “C1. 2 atm

Solution:

+ Thermal crackingrelies purely on elevated temperatures and high pressures,
producing significant amounts of unbranched straight-chain alkanes that
have low octane numbers.

& Incontrast, catalytic cracking operates under moderate conditions (around
500 °C and 2 atm)in the presence of acidic zeolite or silica-alumina catalysts.

+ The carbocationintermediate mechanism of catalytic cracking promotes
carbocation rearrangements, isomerizations, and cyclizations, producing
branched-chain hydrocarbons and arornatic compounds with high octane
ratings.

Why other options are incorrect:

« Option A: Thermal cracking requires harsh conditions (up to 700 °C and
70 atm) and produces lower-grade fuels prone to engine knocking.

+ Option C: Steam cracking is used primarily to produce light alkenes(such as
ethylene and propylene) for the petrochemical polymer industry. not
gasoline.

» OptionD: Gamma radiationisnot used in commercial petroleum refining.
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CHEMISTRY
Question #77 m 15. Fundamental Principles of Organic Chemistry

Hamocyclic (carbocyclic) organic compounds are broadly sub-divided into which two
primary struc. ..

CORE CONCEPT & DERIVATION

Organic ring compounds constructed entirely of carbon atoms in their skeletal
rings are classified based on the presence or absence of aromatic electronic
delocalization.

Formula / Rule / Reaction:

Homocyclic (Carbocyclic) — Alicyclic (aliphatic cyclics) and Aromatic
(benzenoid/non-benzenoid rings obeying Hickel rule).

Solution:

* Homocyclic (or carbocyclic) organic compounds contain closedring
systems composed exclusively of carbon ring atoms.

* They are dividedinto two main categories: alicyclic compounds and
aromatic compounds.

* Alicyclic compounds (such as cyclopropane and cyclohexane) resemble
open-chain aliphatic hydrocarbons in chemical reactivity, whereas aromatic
compounds (such as benzene and toluene) possess closed delocalized pi-
electron systemns that obey the Hickel (4n + 2)rrule.

Why other options are incorrect:

+ Option A: Open chain and branched chain compounds are acyclic (aliphatic)
compounds that contain no closed rings.

* Option B: Heterocyclic compounds contain at least one non-carbon atom
(such as oxygen, nitrogen, or sulfur) within the ring framework.
« Option D: Antiaromatic and polycyclic designations are specific electronic

and topological subcategories. not the primary two divisions of carbocyclic
compounds.
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Question #78 m CHEMISTRY

14. Hydrocarbons
Acetophenone (methyl phenyl ketone)is synthesized from benzene via which
electrophilic aromati...
CORE CONCEPT & DERIVATION

Introducing an acyl functional group into an aromatic ring requires an acyl halide
and astrong Lewis acid catalyst to generate an electrophilic acylium cation.

Formula / Rule / Reaction:

CoHs 4 CHyCOC] Mo AICh 0y 0 0H, + HCL

Solution:

+ Acetophenone contains anacetyl group (—COCH;:) bonded directly toa
phenylring.

* Benzenereactswith acetyl chloride (ethanoyl chloride)in the presence of
anhydrous aluminium chloride (A1CLy).

+ Thelewis acid abstracts chloride, generating aresonance-stabilized
acyliumion(CHy;C™ = 0).

* Thebenzenering attacks this acylium ion via electrophilic aromatic
substitution, forming acetophenone.

Why other options are incorrect:

+ Option A: Friedel-Crafts alkylation introduces an alkyl group (using an alkyl
halide like CH;3C1), producing toluene rather than a ketone.

« OptionB: Halogenationintroduces a halogen atom (such as Cl or Br),
yielding halobenzenes.

* Option C: Nitration uses a mixture of concentrated nitric and sulfuric acids to
introduce a nitro group (—NO,), yielding nitrobenzene.

Question #79 [THLY CHEMISTRY

13. Fundamental Principles of Organic Chemistry
What is the general molecular formula formonocyclic, saturated hydrocarbons
(evcloalkanes)?
CORE CONCEPT & DERIVATION
Closing an open-chain alkane into a single ring eliminates two terminal hydrogen

atoms to form the carbon-carbon ring bond, intreducing one degree of
unsaturation.

Formula / Rule / Reaction:

Ring closure [—

Acyclic alkane = C, Ha, ;0 = Monocyclic cycloalkane = C _H,,,

Solution:

* Acyclic saturated alkanes have the general molecular formula C, Ha, 2.

* Forming a monocyclic saturated ring requires joining two terminal carbon
atoms, which consumes two hydrogen valencies.

» Consequently, monocyclic cycloalkanes (such as cyclopropane, CiHs., and
cyclohexane, CgH,.) possess the general formula €, Ha,.

Why other options are incorrect:

+ OptionB: C, Ha,.. is the general formula for acyclic fopen-chain) saturated
alkanes.

+ OptionC: C,H,, , describes acyclic alkynes, alkadienes, or bicycloalkanes
with two degrees of unsaturation.

« OptionD: C, H,, , describes monovalent cycloalkyl radical fragments, not
stable neutral cycloalkanes.

Official Examination Series



beambeprep.com

BEAMBEPREP - NUMS 2023 Official Solved Paper

CHEMISTRY
Question #80 m 16. Alcohols & Phenals

Which of the following chemical reactions or diagnostic tests is classically used to
disting
CORE CONCEPT & DERIVATION

The aromatic hydroxyl group strongly activates the ortho and para positions of the
benzene ring toward electrophilic substitution through resonance donation of lone
pairelectrons.

Formula / Rule / Reaction:

CsHs0H + 3Bryj,y — 2,4, 6-tribromophenol;, | (white ppt) + 3HBr

Solution:

s The hydroxyl group of phenol donates lone-pair electrons into the aromatic
ring via resonance (+M effect), activating the ortho and para positions toward
electrophiles.

* Whenaqgueous bromine wateris added to phenol at room temperature
without a catalyst, substitution occurs at all three activated positions,
yielding an immediate white precipitate of 2,4,6~tribromophenol.

* Saturated aliphatic alcohols do not possess an activated aromatic ring and
show no reaction with bromine water under identical conditions.

Why other options are incorrect:

« OptionA: The Lucas test (ZnCl, in concentrated HCI) differentiates among
primary, secondary, and tertiary aliphatic alcohols based on carbocation
stability, not between alcohols and phenols.

+ OptionC: Bothaliphatic alcohols and phenols can form esters with
carboxylic acids or acyl halides.

+ Option D: Phosphorus pentachloride (PCls) reacts with both aliphatic

alcohols and phenols by displacing the —OH group with chlorine, evolving
HClgasinbothcases.
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Question #81 CHEMISTRY

16. Alcohols & Phenols

What is the correct order of reactivity of alcohols when undergoing reactions that
involve the ..

CORE CONCEPT & DERIVATION

Reactions involving the cleavage of the C — O bandin alcohols proceed through
carbocation intermediates whose relative stability dictates the reactionrate.

Formula / Rule / Reaction:

Ha)
e

R-OH+H' =R—0Hf R~ (Stability: 3 > 2° > 1°)

Solution:

* When alcohols react with hydrogen halides or undergo acid-catalyzed
dehydration, the rate-determining step involves heterolytic cleavage of the
C — O bond, forming a carbocation.

» Tertiary carbocations are stabilized by three electron-donating alkyl groups
viainductive effects and hyperconjugation.

* Secondary carbocations have intermediate stability, while primary
carbocations are least stable.

* Conseqguently, alcohol reactivity involving C — O bond cleavage follows the
order: tertiary > secondary > primary.

Why other options are incorrect:

+ Option A: Primary » Secondary > Tertiary describes reactions invelving
cleavage of the oxygen-hydrogen (0 — H)bond, such as reaction with active
sodiummetal.

+ OptionB: Secondary alcohols are less reactive than tertiary alcohols toward
C — O cleavage.

+ OptionD: Primary alcohols are less reactive than secondary alcohols toward
C — O cleavage.

Official Examination Series



beambeprep.com

BEAMBEPREP - NUMS 2023 Official Solved Paper

CHEMISTRY
17. Aldehydes & Ketones

Question #82 | AL

The general malecular formuta [Formula] carresponds to which homologous series of
oarganic carbo...
CORE COMCEPT & DERIVATION

Acyclic aliphatic aldehydes and ketones contain a single carbonyl group (C = 0),
giving them one degree of unsaturation compared to saturated parent alkanes.

Formula / Rule / Reaction:

Aldehydes: R — CHO, Ketones: R — CO — R' = General formula: C H,,0

Solution:

« Aliphatic aldehydes and ketones share the same functional group
composition: a carbon atom double-bonded to an oxygen atom in an
otherwise saturated carbon skeleton.

+ Thepresence of one pi bond reduces the hydrogen count by two relative to
saturated alkanes (C_ Ha, ..).

+ Adding a single oxygen atorn gives the general formula C, H,,, 0. Forexample,
acetone and propanal both share the molecular formula CyHg 0.

Why other options are incorrect:

« OptionA: Carboxylic acids contain two oxygen atoms, giving them the
general formula C, H,, 0.

* Option B: Saturated aliphatic ethers have no double bonds, giving them the
general formula €, H,, . ,0.

» OptionC: Esters contain two oxygen atoms and share the general formula
CrHo, 02

CHEMISTRY
17. Aldehydes & Ketones

Question #83 [[ZHTN

The catalytic reduction of aldehydes and ketones in the presence of hydrogen gas and a
metalca..

CORE COMCEPT & DERIVATION

Catalytic hydrogenation of the polar carbonyl group adds two hydrogen atoms
across the carbon-oxygen double bond, reducing it to a hydroxyl group.

Formula / Rule / Reaction:

R - CHO +H: 4R — CH,0H; R-CO-R'+H, %R - CH(OH) - R’

Solution:

* Passinghydrogen gas over an aldehyde or ketone in the presence of finely
divided nickel, platinum, or palladium catalyst reduces the carbonyl group.

* One hydrogen atomn bonds to the carbonyl carbon while the other bonds ta
the carbonyl oxygen.

* Aldehydes reduce to primary alcohols, and ketones reduce to secondary
alcohols.

Why other options are incorrect:

* Option B: Carboxylic acids are formed by the oxidation of aldehydes, not by
reduction.

« Option C: Complete reduction to alkanes requires stronger reducing
conditions, such as the Clemmensen reduction (Zn-Hg/HC1) or Wolff-Kishner
reduction (NH:NH: /KOH).

+ Option D: Esters are formed by condensing carboxylic acids with alcohols,
not by simple catalytic hydrogenation of carbonyl compaounds.
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CHEMISTRY

Question #84 L UH G 18. Carbonylic Acids

Which class of organic compounds reacts with carboxylic acids in the presence of an
acid cataly. ..
CORE CONCEPT & DERIVATION

Fischer esterification is an acid-catalyzed condensation between a carboxylic acid
and an alcohol that produces an ester along with water.

Formula / Rule / Reaction:

\text{R}-\text{COOH} + \text{R'}-\text{OH} \rightleftharpoons _2\text{SO}_4\text{
{conc. ) \text{R}-\text{ COOR'} + \text{H]}_2\text{O}

Solution:

» Heating a carboxylic acid with an alcohol in the presence of concentrated
sulfuric acid as a catalyst initiates a reversible nucleophilic acyl substitution.

+ The alcohol oxygen attacks the protonated carbonyl carbon, followed by
proton transfers and the elimination of water.

» This reaction yields an ester and water as products.

Why other options are incorrect:

* Option A: Alkyl halides do not react directly with carboxylic acids under
standard acidic conditions: they react with carboxylate salts in polar aprotic
solvents via Sy 2 pathways.

* Option C: Aldehydes do not react with carboxylic acids to form esters; they
can react with alcohols to form hemiacetals and acetals.

* OptionD: Ketones do not condense with carboxylic acids to form esters.

CHEMISTRY

Question #85

18. Carbox; Acids
Complete acid or alkaline hydrolysis of organic nitriles (slkyl cyanides) produces:
CORE CONCEPT & DERIVATION

Hydrolysis of the cyano triple bond involves successive nucleophilic water
additions, converting the nitrile through an amide intermediate into a carboxylic
acid.

Formula / Rule / Reaction:

A

R -C =N+ 2H;0 + HCl— R — COOH + NH,Cl

Solution:

* Alkylnitriles contain a carbon-nitrogen triple bond (—C = N).

* Refluxing a nitrile with dilute aqueous hydrochloric acid adds water across
the triple bond to initially form an amide (R — CONHa).

+ Continued heating hydrolyzes the amide further, cleaving the carbon-
nitrogen bond to yield a carboxylic acid and an ammonium salt.

Why other options are incorrect:

« Option A: Aldehydes can be formed from nitriles only by partial reduction
(such as using SnCl;/HClin the Stephen reaction or DIBAL-H), not by
hydrolysis.

+ OptionB: Amines are produced by the catalytic reduction of nitriles with
hydrogen gas or LiAlH,, not by hydrolysis.

» OptionD: Esters are formed by reacting nitriles with alcohols in the presence
of acid and water, not by simple agueous hydrolysis.

Official Examination Series



BEAMBEPREP - NUMS 2023 Official Solved Paper

CHEMISTRY

01, Stoichiomatry

Question #86 | AL

What is the total mass of sulfur present in [Formula] of pure sulfuric acid ( [Formula] )?

CORE CONCEPT & DERIVATION
The mass contribution of an element in a compound is calculated fromits molar
mass ratio and the total mass of the sample.

Formula / Rule / Reaction:

= 1 - Metement
Magement = Meompound {—"_'—M ]

compound

Solution:

» First, calculate the molarmass of sulfuric acid (HzSOy): 2(1.0) + 32.0 +
4(16.0) = 98.0 g/mol.

+ Determine the number of moles of H,50, in 24.5 g:
245¢

Moles = —on28
O = 95.0 g/mal

= (.25 mol

« Eachmole of H,50, contains exactly one mole of sulfur atoms (M =
32.0 g/mol).

«  Multiply the moles by the atomic mass of sulfur: 0.25 mol = 32.0 g/mol = 8.0 g.

Why other options are incorrect:

« OptionA: 32.0 gis the mass of sulfurin one full mole (98.0 g) of sulfuric acid.

* OptionB: 24.0 gincorrectly assumes sulfurmakes up nearly the entire sample
mass.

+ OptionC: 16.0 g corresponds to the mass of sulfurin a half-mole (49.0 g) of
sulfuric acid.

Question #87 _ CHEMISTRY

O1. Stoichiomatry

According to the stoichiometric equation [Formulal, how many moles of ammonia (
[Formula] ) ar...

CORE CONCEPT & DERIVATION

Stoichiometric coefficients from a balanced chemical equation define the
quantitative mole ratios between reactants and products.

Formula / Rule / Reaction:

NH. 2
% S n(NHz) = 2 x n(N2)

Solution:

+ Thebalanced chemical equationindicates that 1 mole of nitrogen gasreacts
with 3 moles of hydrogen gas to produce 2 moles of ammonia gas.

*+ Themoleratioof NHztoNais2 : 1.

* With excess hydrogen available, multiply the given meles of nitrogen by this
ratio: 2.5 moles N; = 2 = 5.0 moles of NH,.

Why other options are incorrect:

+ Option B: 2.5 moles assumes an incorrect 1 : 1 stoichiometric ratio.

+ OptionC: 7.5 molesis the number of moles of hydrogen gas required to react
with 2.5 moles of nitrogen (2.5 « 3). not the ammonia produced.

+ OptionD: 2.0 molesis simply the coefficient from the balanced equation,
without scaling for 2.5 moles of nitrogen reactant.
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Question #88 CHEMISTRY

02. Atomic Structure

According to Planck's quantum theory. the energy { [Formula] ) associated witha
quantum of ele. ..

CORE CONCEPT & DERIVATION

Planck's quantum postulate states that electromagnetic energy is guantized, with
the energy per packet propaortional to the wave's oscillation frequency.

Formula / Rule / Reaction:

A
E=he= -):5 (h = 6626 x 107 -5

Solution:

+ MaxPlanck proposed that matter emits and absorbs energy in discrete
packets called quanta.

» Theenergy E of a quantum is directly proportional to the frequency v of the
radiation, related by the constant of proportionality i (Planck's constant).

s Therefore, energy is directly proportional to freguency and inversely
proportional to wavelength.

Why other options are incorrect:

+ Option A: Energyis inversely proportional to wavelength (E =« 1/). not
directly proportional.

+ Option C: The velocity of light in a vacuum is aninvariant universal constant (
¢ == 3 x 10° m/s) that does not change with energy.

* OptionD: In quantum mechanics, photon energy depends on frequency;
amplitude relates to the intensity (number of photons), not the energy per
photon.

Question #89 [THE] CHEMISTRY

02 Atomic Structura

If the azimuthal quantum number of an electron s [Formula] , how many permissible
values cant...

CORE CONCEPT & DERIVATION

The magnetic quantum number specifies the spatial orientation of an orbital, taking
allintegervalues from —1 to +1.

Formula / Rule / Reaction:

Total my values = 2] + 1

Solution:

o The azimuthal guantum number! = 2 designates a d-subshell.

+ Themagnetic gquantum number m; can take any integer value from —I through
Oto+1.

+ Forl = 2 the permissible values are -2, -1,0,+1, +2.

+ This yields a total of 2{2) + 1 = Gdistinct spatial orientations (orbitals).

Why other options are incorrect:

* OptionA: 3values occur whenl = 1(p-subshell, withm; = —1,0, +1).
« OptionB: Tvalues occurwhenl = 3(f-subshell, withm, = —3to +3).

+ OptionD: 10 s the maximum number of electrons accommodated by a d-
subshell (2 electrons per orbital = 5 orbitals), not the number of orbitals.
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CHEMISTRY

02, Aromic Structura

Question #90 [[OHEN
What is the total number of degenerate spatial orientations (orbitals) characteristic of an
f-g...

CORE CONCEPT & DERIVATION
Orbital degeneracy within a subshell is determined by the number of permitted
magnetic quantum number values for a given azimuthal guantum number.

Formula / Rule / Reaction:

For an f-subshell, I = 3 = Number of orbitals =21 +1=2(3)+1=7

Solution:

+ The azimuthal guantum number foran f-subshellis 1 = 3.

+ The magnetic quanturm number m; takesvalues —3, -2, —1,0, +1, +2, +3.

« Eachuniguevalue of m; defines anindependent spatial orientation in three
dimensions.

o Therefore, anf-subshell contains exactly 7 degenerate orbitals.

Why other options are incorrect:

* Option A: 3 crientations correspond to a p-subshell (I = 1).
+ Option B: 5 orientations correspond to a d-subshell (I = 2).

« OptionC: s notan allowed number of degenerate orbitals for any atomic
subshell since 2 + 1is always an odd integer.

CHEMISTRY

02 Atomic Structure

Question #91

Which of the four quantum numbers does NOT arise naturally as a mathematical solution
to the Sc..

CORE CONCEPT & DERIVATION

The spatial Schrédinger wave equation describes the probability distribution of an
electronin three-dimensional space, yielding three spatial guantum coordinates
upon separation of variables.

Formula / Rule / Reaction:

Hip(r,8,p) = Ed(r,0,¢) — Yields n,,m,

Solution:

» Solving the three-dimensional non-relativistic Schrodinger wave equation
requires separating variables into radial R(r), polar &(f), and azimuthal &{g)
differential equations.

+ Solving these spatial wavefunctionsintroduces three boundary condition
quantum integers: the principal guantum number (n), azimuthal guantum
number (1), and magnetic guanturn number (my).

+ The spin guantum number (m, = +1,/2) describes an intrinsic magnetic
rmoment rather than a spatial coordinate: it was discovered experimentally
and derived later through relativistic guantum mechanics (the Dirac
equation).

Why other options are incorrect:

* Option B: The principal guantum numbern arises directly from boundary
conditions on the radial wave function R{r).

s Option C: The azimuthal quantum number [ arises directly fram the polar
differential equation 8(8).

+ OptionD: The magnetic guantum number m, arises directly from the
azimuthal differential equation ().
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CHEMISTRY

02. Atomic Structure

Question #92

Which quantum rule dictates that when electrons enter degenerate orbitals of equal
energy, they...

CORE CONCEPT & DERIVATION

Electron configurations in degenerate subshells adopt arrangements that minimize
inter-electronic Coulombic repulsions and maximize exchange stabilization energy.

Formula / Rule / Reaction:

Hund's rule: In degenerate orbitals, electrons remain unpaired with parallel spins {
S = ¥ m,; maximized) before pairing begins.

Solution:

+ Degenerate orbitals are orbitals that have identical energy levels within the
same subshell (such as the three p or five d orbitals).

+ Hund'srule of maximum rmultiplicity states that electrons will fill these
degenerate orbitals singly with parallel spins first.

« Singly occupying separate orbitals places electrons as far apart in space as
possible, minimizing mutual electrostatic repulsion while maximizing
guantum mechanical exchange energy.

Why other options are incorrect:

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

s Option C: The Pauli exclusion principle states that no two electronsinan
atom can share the exact same set of four quantum numbers {(meaning an
orbital can hold at most two electrons of opposite spin).

+ OptionD: The (n + I) rule (Madelung rule) determines the relative energy
seguence of subshells to guide filling order, not electron distribution within
degenerate orbitals.
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CHEMISTRY

04.Gases

Question #93 [THEN

The fundamental postulate that gas molecules are in continuous, rapid, and randorm
mation, colli...
CORE CONCEPT & DERIVATION

Macroscopic gas laws and bulk thermodynamic behaviors emerge from the
statistical mechanics of non-interacting point particles in perpetual, random
motion.

Formula / Rule / Reaction:

1 Nmet

v

2|

Solution:

+ Thekinetic molecular theory of gases explains gas behaviors using a set of
basic assumptions.

* |tstatesthat gases consist of tiny particles in continuous, random, straight-
line motion.

» Collisions between gas particles and with the container walls are perfectly
elastic (no netloss of translational kinetic energy). and the gas pressure
exerted on the walls arises from the momentumn transferred during these
collisions.

Why other options are incorrect:

« OptionA: Crystal field theory models the electronic structure and ligand
interactions of transition metal coordination complexes.

* Option B: Molecular orbital theory uses linear combinations of atomic
orbitals to describe chemical bonding and electron delocalization in
molecules.

* OptionD: Transition state theory modelsreaction rates based on the
thermodynamic equilibrium between reactants and an activated transition
state complex.

CHEMISTRY

04. Gases

Question #94 [T

The coherent international System of Units (S1) derived unit of pressure is the;
CORE COMCEPT & DERIVATION

Pressure is a derived physical quantity defined as the perpendicular force applied
perunit surface area.

Formula / Rule / Reaction:

1 =4

Pressu.rr:P—E = lPa—lN..r"m?—lkg-m 8

A

Solution:

« Thestandard S| derived unit of force is the newton (N). and the Sl base unit of
areais the square meter (m?).

« Applying the definition of pressure gives N /m".

* IntheInternational System of Units, this derived unit is designated as the
pascal (Pa), named after Blaise Pascal.

Why other options are incorrect:

* Option A: The torris a non-51 metric unit of pressure defined as 1,760 of a
standard atmosphere (1 Torr =~ 133.322 Pa).

= Option B: The baris ametric unit defined as exactly 10* Pa, commonly used in
industry and meteocrology, but it is not the official coherent Sl derived unit.

« Option C: Milimeter of mercury (mmHg) is a manometric unit based onthe
height of a mercury column, not an official Slunit.
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CHEMISTRY
04d. Gases

Question #95 [LLA0)]
If both the absolute temperature and the volume of anideal gas sample are
simultaneously doubl. ..

CORE CONCEPT & DERIVATION
The combined ideal gas law shows that pressure is directly proportional to absolute
temperature and inversely proportional to volume for a fixed amount of gas.

Formula / Rule / Reaction:

PV, BV W, T
LR SR L S e | =y |
Ty Ty i I(VINTI

Solution:

+ Lettheinitialparameters be Py, Vi, and T1.

+ The conditions state that the volume is doubled (V3 = 21]) and the absolute
temperature is doubled (T: = 2T1).

* Substitute these into the combined gas eguation:

Vi, 2TY i
P — P )= =}(2) =
2 1:2‘[/1]{?"1} PL(ZN) Py

« Thefactor of twoincrease from temperature is cancelled by the factor of two
decrease fromvolume expansion, leaving the pressure unchanged.

Why other options are incorrect:

* OptionB: Pressure would double only if temperature were doubled while
volume remained constant (isochoric heating).

+ Option C: Pressure would drop to one-half only if volume were doubled
while temperature remained constant (isothermal expansion).

+ OptionD: Pressure would guadruple only if temperature were doubled while
volume was halved.

PHYSICS

Q7. Thermodynamics

Question #96
Inclassical thermadynamics. anisochoric process is defined as a thermodynamic
process inwhic...

CORE CONCEPT & DERIVATION

Thermodynamic processes are classified according to which state variable is held
fixed throughout the transformation.

Formula / Rule / Reaction:

AV =0 = W’—deV—(I—:v Al =Q,

Solution:

« Anisochoric (orisovolumetric) process occurs at constant volume (AT = 0),
such as when heating a substancein arigid, sealed container.

+ Because there is no change in volume, mechanical boundary work is zero (
W=FAV =0)

* Accordingtothe first law of thermodynamics, all heat transferredinto the
system directly increases its internal energy ((Q = ALT).

Why other options are incorrect:

+ OptionA: Aprocess carried out at constant pressure is termed anisobaric
process.

« OptionC: Aprocess carried out at constant temperature is termed an
isothermal process.

+ OptionD: Aprocess withzero net heat transfer (@ = 0)is termed an adiabatic
process.

Official Examination Series



BEAMBEPREP - NUMS 2023 Official Solved Paper

PHYSICS

07. Thermodynamics

Question #97

If {Formula] of heat is supplied to a thermodynamic system during expansion, and the
system per...

CORE COMCEPT & DERIVATION

The first law of thermodynamics balances energy conservation by relating changes
ininternal energy to heat transfer and work performed.

Formula / Rule / Reaction:

AU=Q-W

Solution:

+ Heatadded to the system is positive: @ = +42 1.

* \Work performed by the system during expansion is positive: W = +32 1.

« Apply the firstlaw of thermodynamics:
AT =Q-W=42]-321=+101]

+ Theinternal energy of the system increases by 10 J.

Why other options are incorrect:

« OptionA: 74 Jincorrectly adds work to heat (42 + 32), treating expansion
waork as energy entering the system rather than leaving it.

+ OptionB: 116 Jis a numerical calculation error that does not follow from
thermodynamic energy balances.

+ OptionD: 106 Jisa calculationerror.

PHYSICS

07. Thermodymamics

Question #98 [TTHTN

The first law of thermodynamics is 8 macroscopic physical manifestation of the law of
conservat..
CORE COMCEPT & DERIVATION

The firstlaw of thermodynamics states that the total energy of an isolated system
remains constant regardless of the transformations between heat, work, and
internal energy.

Formula / Rule / Reaction:

AUppord =0 =5 Q=AU+ W

Solution:

* Thefirstlaw of thermodynamics applies the principle of conservation of
energy to thermal and mechanical systems.

« [|tstatesthat energy canneither be created nordestroyed; it can only be
transformed from one form to another (such as heat converting into
rmechanical work orinternal energy).

* Thus, the first law of thermodynamics is a statement of the law of
conservation of energy.

Why other options are incorrect:

* Option A: Conservation of mass applies to non-nuclear chemical and
rmechanical systems, but itis not the principle formulated by the first law of
thermodynamics.

+ Option B: Conservation of linear momentum is derived from Newten's third
law of motion, describing collisions and propulsion.
+ OptionC: Conservation of electric charge states that net charge remains

constant in all physical processes, which isindependent of the first law of
thermodynamics.
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PHYSICS

Question #99 [LLAL 08. Electrostatics

In the study of charging and discharging circuits of a capacitor through a resistor, the
produc..

CORE CONCEPT & DERIVATION

In aresistive-capacitive (RC) circuit, the rate of charge accumulation or decay is
governed by an exponential function whose scale factor depends on the product
of resistance and capacitance.

Formula / Rule / Reaction:

r = RC = [7] = [Ohm] x [Farad] = (%](A‘I—:s} = seconds

Solution:

« The differential equation governing capacitor charging is g(t) = Q,(1 -

e t/. R(.')

+ Theproduct RC has the physical dimensions of time (seconds) and is defined
as the time constant ().

» Itrepresents the time required for the capacitor to charge to approximately
63.2% of its maximum steady-state charge, or to discharge to 36.8% of its
initial charge.

Why other options are incorrect:

+ OptionB: The electrostatic constant is Coulomb's constant k = 1/(dme;),
which relates charge and separation distance to electrostatic force.

* Option C: The dielectric constant (relative permittivity, £,) is a dimensionless
ratio describing how a dielectric material reduces electric field strength.

+ OptionD: 'Proportionality factor' is a vague descriptor that does not name
this physical guantity.
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PHYSICS

08. Electrostatics

Question #100 LU

When two capacitors of capacitances [Formula] and [Formulal are connected in a
parallel configu...

CORE CONCEPT & DERIVATION

Capacitors in parallel share the same potential difference across their plates,
allowing their total stored charge to equal the algebraic sum of theirindividual
charges.

Formula / Rule / Reaction:

Qual = +Qa=CV+ TV =(C1+ C)V = Cq=C1+C2

Solution:

+ Inaparallel circuit, both capacitors are connected directly to the same two
nodes, maintaining an identical voltage V across each capacitor.

+ Thetotal charge stored by the combination is the sum of the charges stored
oneachcapacitorn: Q.. = @1 + @a-

* Substitute @ = CVtoobtain C V' = C1V + Ca V.
» Dividing by V yields C, = Cy + .

Why other options are incorrect:

« OptionA: {—(I'_i('- is the equivalent capacitance formula for two capacitors
connected in series.

+ OptionC: rlul— + ?3: represents the reciprocal sumused to find the inverse
equivalent capacitance for a series combination.

+ OptionD: Z2% is the harmonic mean of two capacitances, not their parallel
combination.

Question #101 [[ZHE] PHYSICS

0B Electrostatics
What is the official 5l unit for the capacitance of anelectrical capacitor?
CORE CONCEPT & DERIVATION

Capacitance guantifies the ability of anisolated conductor or pair of plates to store
electric charge per unit change in electrical potential.

Formula / Rule / Reaction:

=

=%

= 1Farad (F) = 1 Coulomb / Volt (C/V)

Solution:

» Capacitance C'is defined as the ratio of stored charge @ to the electric
potential difference V across the conductors.

* The Slunitof chargeis the coulomb (C) and the unit of potential is the volt (V).

* Thederived Slunit C/V is designated the farad (F), named in honor of Michael
Faraday.

Why other options are incorrect:

« OptionA: The coulomb (C) is the Sl unit of electric charge, equal to one
ampere-second.

* OptionB: The volt(V)is the Slunit of electric potential and electromotive
force.

+ OptionD: The ampere (A)is the Sl base unit of electric current.
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Question #102 [[THECN .. PHYsICS

O3, Work & Enargy

The commercial unit of electrical energy, one kilowatt-hour { [Formula] ), is equivalent to:

CORE CONCEPT & DERIVATION
Energy is the product of power and time; multiplying powerin kilowatts by time in
hours yields the standard commercial unit of electrical energy.

Formula / Rule / Reaction:

E=Pxt — 1kWh = (1000 W) (3600 s) = 3.6 = 10° J

Solution:

+  One kilowatt (kW) is equal to 1000 watts (1000 J /s).
+ Onehour containsg 60 minutes = 60 seconds = 3600 seconds.

e Multiplying these together gives: 1000 J /s x 3600 s = 3,600,000 = 3.6 x 10°J

Why other options are incorrect:

o OptionA: 0.36 x 10° Jis 3.6 « 10° J, which is off by a factor of 10.
+  OptionB: 36 » 10° Jis3.6 x 107 J, an overestimate by afactorof 10.

* Option C: 0.036 = 10" Jis 3.6 = 10* J, whichis two orders of magnitude too
small,

Question #103 [[THELN e

09. Current Blect

i TE,

sical product of electric potential difference and electric current ([Formula] )

CORE CONCEPT & DERIVATION
Electric power is the rate at which electrical potential energy is delivered or
dissipated in a circuit component, defined as the product of voltage and current.

Formula / Rule / Reaction:

P=V xI = [Volt] x [Ampere| = {%]{9} =4 Watt (W)
8 s

Solution:

+ Potential difference V represents work perunit charge (Joules/Coulomb).
e Current I represents the rate of charge flow (Coulombs second).

* Multiplying V' = I cancels coulombs, giving joules per second, which is the
watt (W), the Slunit of power.

Why other options are incorrect:

* OptionB: Electric resistance has the unit ohm (£2), which is Volt/ Ampere, not
Volt = Ampere.

+ Option C: Electric capacitance has the unit farad (F), which is Conlomb, Volt.

* OptionD: Electric charge has the unit coulomb (C), whichis Ampere = second.
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PHYSICS
0%. Current Electricity

Question #104 [OH )
If the length of a uniform conducting wire is doubled and its cross-sectional area is
reducedt...

CORE CONCEPT & DERIVATION
The electrical resistance of a uniform conductor is directly proportional toits length
and inversely proportional toits cross-sectional area.

Formula / Rule / Reaction:

L L'
R=p— R =p—
gy = T

Solution:

« Lettheinitial resistance of the wirebe R = pf—l.

o Thelengthis doubled (L' = 2L)and the cross-sectional areais halved (A" =
A/2).

« Substitute these changes into the resistance equation:

2L L
R =p— =4(p—) = 4R
Pam =)

s Theresistance of the modified wire becomes four times its original value.

Why other options are incorrect:

* Option A: Doubling resistance would occur if only the length were doubled
while the cross-sectional area was kept constant.

+ Option C: Halving resistance would occurif the length were halved while the
cross-sectional area was kept constant.

+ Option D: Reducing resistance to one-fourth would occur if the length were
halved and the area were doubled.
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PHYSICS
Question #105 m 10 Electromagnetism

When a charged particle enters a uniform magnetic field withits velocity vector oniented
paral...
CORE CONCEPT & DERIVATION

The magnetic Lorentz force on a moving charge depends on the vector cross
product of its velocity and the magnetic field vector.

Formula / Rule / Reaction:

Fa =g(t x B) = Fg = quBsind

Solution:

» Acharged particle gmoves with velocity v in a magnetic field B.

+ Becausethevelocityis parallel to the magnetic field, the angle between the
twovectorsisf = 0°.

» Sincesin(° = ), the magnetic Lorentz force acting on the particle iszero(
Fp=10).

* According to Newton's first law, a body experiencing zero net force
continues to move in a straight line at constant velocity.

Why other options are incorrect:

+ Option A: Deflection requires a non-zero magnetic force, which does not
exist when the velocity is parallel to the field.

+ OptionB: Circular motion occurs when a charged particle enters
perpendicular to the magnetic field lines (8 = 90°), where the magnetic force
acts as acentripetal force.

* OptionD: Defiection toward the south requires an active magnetic force,
whichiszerowhen g = 07,
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PHYSICS
Question #106 m 10. Blectromagnetism
The phisical dimension of magnetic fisld strength (magnetic flux density. [Farmula] ) is
identi...
CORE CONCEPT & DERIVATION
In physics and electromagnetism, magnetic flux density (B) and magnetic

inductionrefer to the same physical quantity that produces the magnetic Lorentz
force on moving charges.

Formula / Rule / Reaction:

F . [MLT™Y L
B=— — _B_—W—MTH !

Solution:

* Magnetic field strength, magnetic flux density, and magnetic induction all
represent the vector field B.

+ Theunitforthis quantityisthetesla(T = N- A1 -m-1),
« Expressingthisin Slbase dimensions gives [MT 1],

* Because magnetic induction is simply an alternative name for magnetic flux
density B, their physical dimensions are identical.

Why other options are incorrect:

« Option A: Magnetic flux(® = BA) has the dimension of magnetic field
multiplied by area, which is [ML?*T*1"1].

+ Option B: Magnetic force is a mechanical force with the dimension [MLT .

« Option C: Electric potential has the dimension [ML*T T '].

Question #107 [[THTN PHYSICS

10. Bectromagnetism

The weber( [Formula] ) is the coherent 5l unit of measure for;
CORE COMCEPT & DERIVATION

Magnetic flux measures the total normal magnetic field passing through an area,
withits Slunit named in honor of Wilhelm Eduard Weber.

Formula / Rule / Reaction:

Py =DB.4A=BAcos§ = 1 Weber (Wh) =1Tesla-m* =1V -s

Solution:

o Magnetic flux(®,)is defined as the surface integral of the magnetic flux
density B over anarea A

« The Slunit of magnetic field is the tesla (T), and area is measured in square
meters (m?),

s Theproduct of these unitsis T - m?, whichis designated as the weber (Wh).

Why other options are incorrect:

* OptionB: Electrical conductance is measured in siemens (S), whichis
equivalent to -1,

« OptionC: Magnetic induction (magnetic flux density, B) is measured in teslas
(T).

« OptionD: Electric fluxis measuredinvolt-meters (V - m) or newton-square
meters per coulomb (N - m*/C).
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PHYSICS
11. Bectromagnetic Induction

Question #108

Lenz's law of electromagnetic induction is a direct consequence of which fundamental
physicalc...

CORE CONCEPT & DERIVATION

Induced currents produce magnetic fields that oppose the change in fiux that
created them, ensuring that electrical energy is generated only by doing
mechanical work.

Formula / Rule / Reaction:

Solution:

s Lenz'slaw states that aninduced electric current always flows in such a
direction that its magnetic field opposes the change in magnetic fiux that
induced it.

» Iftheinduced current aided the change in fluxinstead of opposing it, a small
initial displacement would cause magnetic flux and current to grow
continuously without additional input, generating free energy.

+ Thenegative signinFaraday's law ensures that mechanical work must be
expended against this opposing force to generate electrical energy, directly
upholding the law of conservation of energy.

Why other options are incorrect:

+ Option A: Conservation of electric charge states that net charge cannot be
created or destroyed, which governs Kirchhoff's current law rather than the
direction of induced emf.

« Option C: Conservation of mass applies to mass continuity in non-nuclear
transformations, not the polarity of induced electromagnetic forces.

* OptionD: Conservation of linear momentum governs isolated systems with
no external mechanical forces, notinductive circuit dynamics.
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PHYSICS
Question #109 m 10. Bectromagnetism

In Fleming's right-hand rule for an electrical generator, the second (middle) finger

in A

CORE CONCEPT & DERIVATION

Fleming's right-hand rule is an orthogonal vector mnemaonic used to determine the
direction of induced currentwhen a conductor moves through a magnetic field.

Formula / Rule / Reaction:

Thumb = Mation /Force (i), Forefinger = Field ( B), Middle (Second) Finger =
Induced Current ;‘f].

Solution:

* Hold the thumb, index finger, and middle finger of the right hand mutually
perpendicular to one another.

¢ Thethumb pointsinthe direction of the motion of the conductor relative to
the magnetic field.

o The first inger (index finger) points in the direction of the magnetic field (from
MNorth to South).

* Thesecond finger (middle inger) then points in the direction of the induced
(conventional) electric current.

Why other options are incorrect:

+ Option A: The thumb indicates the direction of mechanical motion or applied
force on the conductor.

+ OptionB: The first finger (index finger) points in the direction of the magnetic
field.

+ Option D: The mnemonic does not use fingers to represent electrostatic
potential gradients.

Question #110 : PHYSICS

ctromagnetic Induction

Anelectric current generator is a mechanical device designed to convert:
CORE CONCEPT & DERIVATION

Electric dynamos and alternators use Faraday's law of electromagnetic induction
to convert shaft work into electric current.

Formula / Rule / Reaction:

Mechanical work (shaft rotation) Lot il

Solution:

* Anelectric generator consists of conducting wire coils rotated within a
stationary magnetic field by an external mechanical source (such as a steam
turbine, water turbine, or engine).

« Asthe coil rotates, the magnetic flux passing throughit changes

continuously, inducing an altemnating electromotive force across its
terminals.

+ This process converts input mechanical energy directly into output electrical
energy.

Why other options are incorrect:

* Option A: Chemical energy is converted into mechanical energy by internal
combustion engines or animal muscle tissue.

« Option B: Anelectric motor converts electrical energy into mechanical
energy, performing the reverse operation of a generator.

« Option C: Converting thermal energy directly into electrical energy is carried
out by thermoelectric generators (Seebeck effect).
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Question #1711 m 13. Electranics

Anelectronic semiconductor circult that converts bidirectional alternating current (AC)
intou..

CORE CONCEPT & DERIVATION

A p-njunction diode conducts current easily when forward-biased and blocks
current when reverse-biased, allowing it to convert alternating waveforms into
direct current.

Formula / Rule / Reaction:

Rectifier

AC waveform (bidirectional) ——— Pulsating DC waveform (unidirectional)

Solution:

« Alternating current periodically reversesits direction of flow over time.

* Because semiconductor diodes conduct currentin only one direction,
circuits built with them can block orinvert the negative half-cycles of an AC
input.

* Adevice orcircuit configured to perform this conversion of AC into DC is
called arectifier.

Why other options are incorrect:

+ OptionB: Atransistoris a three-terminal semiconductor device used for
amplifying electronic signals or acting as an electrically controlled switeh.

* Option C: Atransformer is an electromagnetic device that steps AC voltage
levels up or down, but it does not convert AC to DC.

+ OptionD: Anoscillator converts a DC inputinto a repetitive alternating AC
output signal.

Question #112 [T PHYSICS

13. Electronics

he operational process of converting alternating current {AC)into direct current (DC) s
defi...

CORE CONCEPT & DERIVATION

Electronic power conversion involves specific terminology to describe operations
that change waveform shape, amplitude, or directionality.

Formula / Rule / Reaction:

Rectification: The conversion of an alternating, bidirectional current into a direct,
unidirectional current.

Solution:

» Alternating current changes polarity periodically, alternating between
positive and negative half-cycles.

+ The process of converting this alternating current into a unidirectional flow of
charge (direct current) is termed rectification.

+ Depending on the circuit design, rectification can be half-wave (using one
diode) or full-wave (using two or four diodes).

Why other options are incorrect:

« Option A: Amplification is the process of increasing the voltage, current, or
power magnitude of aninput signal without altering its waveform.

* Option C: Magnification refers to an optical increase in the apparent visual
size of an object.

* OptionD: Modulationis the process of superimposing information onto a
high-frequency carrier wave for transmission.
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Question #113 [[THEN PHYSICS

13. Electronics
Ina full-wave bridge rectifier circuit. what is the minimum number of semiconductor
diodes reqg...

CORE CONCEPT & DERIVATION
Abridge rectifier topology directs both polarities of aninput AC voltage through a
load resistorin the same direction using four diodes arrangedin a closed loop.

Formula / Rule / Reaction:

Bridge rectifier: 4 diodes arranged in a closed loop {Graetz circuit)

Solution:

« Abridge rectifier uses four semiconductor diodes arranged in a diamond
bridge configuration across anuntapped transformer secondary winding.

« During the positive AC half-cycle, two diagonally opposite diodes are
forward-biased and conduct, while the othertwo are reverse-biased.

s During the negative half-cycle, the other pair of diodes becomes forward-
biased and conducts, routing current through the load in the exact same
direction.

« Thus, fourdiodes are required to achieve full-wave rectification without
needing a center-tapped transformer.

Why other options are incorrect:

* Option A: Asingle diode provides only half-wave rectification, blocking the
negative half-cycle entirely.

+ Option B: Two diodes can provide full-wave rectification only if a bulky
center-tapped transformeris used, not in a bridge rectifier.

« Option D: Three diodes do not form a balanced bridge and cannot provide
full-wave bridge rectification.
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Question #1124 [[ZHE) st

16. Muclear Physics
The time required for one-half of the unstable radioactive nuclei in a given radionuclide
sampl...
CORE CONCEPT & DERIVATION

Radioactive decay is a stochastic first-order kinetic process in which the
population of parent nuclei decreases exponentially over time.

Formula / Rule / Reaction:

In2  0.693
Nit)=Ne™ = Tip= i

Solution:

+ Thedecayrate of aradicactive elernent is governed by the decay constant (A
), which represents the instantaneous probability of decay per nucleus per
unit time:.

« When the number of remaining parent nuclei drops to exactly half of the initial
quantity (N = Np/2), the time elapsed is designated as the half-life (T} ).

+ Therefore, half-life is the standard physical term for the duration required for
half of the radioactive atomsin a sample to disintegrate.

Why other options are incorrect:

+ Option A: Meanlife (7} is the average lifespan of aradioactive nucleus befare
decay, mathematically definedasr = 1/A = 1.443 Ty 1.

« OptionB: Average life is synonymous with mean life and is greater than the
half-life by a factorof1/1n2.

* Option C: The decay constant () is the fractional decay probability per unit
time, having the dimension of inverse time (s *).

Question #115 PHYSICS

16, Muclear Physics
A sample containing [Formula] of a radioactive isotope decays until only [Formula]
remains afte...
CORE CONCEPT & DERIVATION
The mass of a decaying radioactive isotope decreases by a factor of two with each
successive half-life interval.

Formula / Rule / Reaction:

B B 1 T
N(f) J‘vntg} > =

Solution:

* Tracethe step-by-step radioactive halving from initial mass to remaining
mass:
1 half-life 2 half-lives 3 ]mlf.l'we:s.

g 16 g 8g

1 halflives

g 2g

* Theinitial sample undergoes exactly n = 4 half-lives toreduce from32 gto2 g

* Divide the total elapsed time by the number of half-lives:
Total time 60 days

Why other options are incorrect:

+ OptionB: 10 dayswould mean 60,10 = 6 half-lives had elapsed, which would
leave 32/2% = 0.5 g.

s OptionC: 6 days would mean 10 half-lives had passed, leaving approximately
0.031 &,

* OptionD: 2 days would correspond to 30 elapsed half-lives.
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PHYSICS
Question #116 m 02, Force & Motion
If an automobile is traveling along the negative x-axis and is steadily slowing down
(decelerat...

CORE COMCEPT & DERIVATION
Linear acceleration is the time rate of change of velocity, whenever an object's
speed decreases, its acceleration vector points opposite to its velocity vector.

Formula / Rule / Reaction:

Solution:

« Thevehicle ismoving along the negative x-axis, so its velocity vectoris
negative(e.g., ; = —20i m/s).

+ Because the caris slowing down, the magnitude of its velocity is decreasing
towardzero(e.g.. 7y = —10f m/s).

* Calculate the change invelocity:
AT = i — 5 = (—108) — (—20§) = +10i m/s

* Because A#ispositive, the acceleration vector d points along the positive x-
axis.

Why other options are incorrect:

+ Option A: Anaccelerationvector pointing along the negative x-axis would
increase the vehicle's speed in the negative direction, causing it to speed up
rather than slow down.

+ Option C: The positive y-axis represents an orthogonal vertical direction that
does not change horizontal speed along the x-axis.

« OptionD: The negative y-axis is perpendicular to the x-axis and cannot
produce deceleration along the x-axis.
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PHYSICS

04. Rotaticnal & Circular Motion

Question #117 [LUH (&)

For an object traveling along a curved trajectory, the direction of its instantaneous
velocity ..

CORE CONCEPT & DERIVATION

Instantaneous velocity is defined as the limit of the displacement vector over an
infinitesimal time interval. which geometrically aligns with the tangent line to the
path.

Formula / Rule / Reaction:

e AP de
i v i

Solution:

* Asthe timeinterval At approaches zero, the chord connecting two
consecutive position points on a curve approaches the tangent to that
curve,

* Thedisplacement vector A¥ becomes tangent to the path of motion at that
exactinstant.

+ Therefore, the instantaneous velocity vectoris always directed along the
tangent to the trajectory in the direction of motion.

Why other options are incorrect:

+ Option A: Avector perpendicular to the tangent represents the normal
(centripetal) acceleration vector, not the velocity vector.

» OptionB: The outward radial vector corresponds to centrifugal
displacement in arotating reference frame, not the forward velocity.

» OptionD: The inward radial vector represents the centripetal acceleration,
which is perpendicular to the tangential velocity.

Question #118 PHYSICS

02. Force & Mation
erfectly elastic collision between two isolated bodies, which of the following
alq...
CORE CONCEPT & DERIVATION
Inanisolated system, conservation of linear momentum and total energy applies to

all collisions, while the defining condition of an elastic collision is the conservation
of total kinetic energy.

Formula / Rule / Reaction:

Zﬁi = Eﬁh ZK,- = ZK;: ZEunnJ.J = ZEM;.J.;

Solution:

* Because the colliding bodies form an isclated system with zero net external
force, total linear momentum is conserved (Ap = ().

+ Acollisionis defined as perfectly elastic when no mechanical energy is
converted into non-recoverable forms like heat, sound, or permanent plastic
deformation.

* Therefore, total translational kinetic energy is conserved. Since kinetic
energyis conserved and no work is lost, total energy is also conserved.

Why other options are incorrect:

+ Option A: Linear momentum is conserved in both elastic and inelastic
collisions, but this choice omits the conservation of kinetic energy.

+ Option B: Total energy is conserved in all physical processes, but this choice
fails to mention that kinetic energy and momentum are also conserved.

+ Option C: Kinetic energy is conserved in elastic collisions, but linear
mormentum is conserved as well.

Official Examination Series



beambeprep.com

BEAMBEPREP - NUMS 2023 Official Solved Paper

PHYSICS
Question #7119 m 02, Force & Motion

The slope of a displacement versus t
moving body's..

CORE COMCEPT & DERIVATION
In kinematics, the derivative of a position or displacement function withrespectto
time defines instantaneous velocity.

& graph at any given instant represents the

Formula / Rule / Reaction:

Slope = % = v(t)

Solution:

« Onagraphplotting displacermnent on the vertical axis against time on the
haorizontal axis, the slope of the secant line between two points gives the
average velocity.

« Taking the mathematical limit as At — 0 turns the secant line into the tangent
line at that point.

+ Theslope of thistangent line (dx/dt) gives the instantaneous velocity of the
body, including both magnitude and direction,

Why other options are incorrect:

+ OptionB: Instantaneous acceleration is given by the slope of a velocity
versus time graph (dv /dt), or the second derivative of displacement.

* OptionC: Total distance is a scalar guantity corresponding to the total path
length, not the derivative slope.

+ OptionD: The slope of a distance versus time graph gives speed; the slope
of a displacement versus time graph provides velocity (including vector
sign).

PHYSICS

02 Force & Motion

Question #120
Fora projectile launched on a horfzontal plane with a constant initial speed, the horizontal
CORE CONCEPT & DERIVATION

The horizontal range of anideal projectile launched over level ground is symmetric
about a 45° launch angle, yielding equal ranges for complementary angles.

Formula / Rule / Reaction:

g mEmE) sin(2(90° — 6)) = sin(180° — 26) = sin(26)
9

Solution:

* Thehorizontal range formula depends on the term sin(24).

* Using the trigonometric identity sin(18(0° — 2) = sin{z), replacing 8 with 90° —
Byields the exact same range for any launch speed vp.

» Therefore, any pair of launch angles whose sum equals 90° produces the
same horizontal range.

« Ewvaluate the options: 75" + 15° = 90°, confirming they are complementary
andyield equal ranges.

Why other options are incorrect:

*  OptionA: 60" + 20° = 80" # 907, so their horizontal ranges are not equal.
* OptionC:50° + 25° = 75" # 90°, so their horizontal ranges are not equal.
+ OptionD: 15" + 30° = 45°  90°, so their horizontal ranges are not equal.
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Question #121 m 02. Force & Motion

The mathematical product of an applied force and the time duration overwhich it scts |
[Formul...

CORE CONCEPT & DERIVATION
Theimpulse-momentum theorem states that the net impulse delivered to an object
equals the resulting change inits linear momentum.

Formula / Rule / Reaction:

J= de,i = F, At = A= mt; — m®

Solution:

*» Newton's second law expresses force as the time rate of change of linear
momentum: F = 3£,

+ Rearranging this equation by multiplying both sides by the elapsed time At
gives FAt = Af.

« Thequantity FAtis defined aslinearimpulse (.J), which directly equals the
change in linear momentum (Ag).

Why other options are incorrect:

s Option A: Poweris the rate of doing work (P = F' . #), having units of watts(
J/s).

+ OptionB: Work s the dot product of force and displacement (W = F . A5).
measured in joules.

* OptionD: Change in angular momentumis produced by an applied torgue
acting over time (angularimpulse FAt). not by a simple linear farce-time
product.

Question #122 [ZHE) _ PHysICS

02. Force & Mation
At what specific point during the parabolic trajectory of a projectile is its vertical
componen...
CORE CONCEPT & DERIVATION

In two-dimensional projectile motion under uniform gravity, vertical motionis
uniformly decelerated until the trajectory reaches its apex, where vertical velocity
momentarily drops to zero before reversing direction.

Formula / Rule / Reaction:

wy(t) = oy — gt == At maximum height H, v, =0

Solution:

* Aprojectile launched withinitial velocity v, at angle # has aninitial vertical
velocity component Ty = Uy sin .

« Downward gravitational acceleration continuously reduces this vertical
velocity as the projectile ascends.

« Atthe peakof the trajectory (maximurm height H), upward motion stops
completely before the projectile begins descending, so v, = 0. The
herizontal velocity component v, = v, cos # remains constant throughout.

Why other options are incorrect:

+ Option A: Atthe point of projection, the vertical velocity has its maximum
upward value (v, = vy sin ).

« OptionB: Just prior to striking the ground., the vertical velocity has reached
its maximum downward speed (— v, sind).

* Option C: At the landing point, the vertical velocity is non-zero and directed
downward.
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PHYSICS
03. Work & Energy

Question #123 000
An object elevated in a gravitational field gains [Formula] of gravitational potential
energy. ...

CORE CONCEPT & DERIVATION

The change in gravitational potential energy of an object equals the work done
against conservative gravitational forces when moving between two vertical
positions.

Formula / Rule / Reaction:

fext = All; = mgh

Solution:

« Gravitational force is a conservative force field.

* When an external lifting force raises an object at a constant speed without
changing its kinetic energy. the work done by the lifting force equals the gain
in gravitational potential energy.

+ Because the gained potential energyis 1.1, the work done against gravity
mustalsobe1.J.

Why other options are incorrect:

« OptionB: 10 Jincorrectly multiplies the energy by the acceleration due to
gravity, whichis already accounted forin potential energy (mgh).

+ OptionC: 0 Jwouldimply no displacement occurred against the
gravitational force.

s OptionD: 0.1 Jis an arithmetic error from dividing by ten.

PHYSICS
Question #124 03 Work & Energy

Mechanical power can be calculated as the vector dot product of:

CORE CONCEPT & DERIVATION
Instantaneous mechanical power is the time rate at which work is performed,
expressed in vector notation as the scalar product of force and velocity.

Formula / Rule / Reaction:

dW F‘dg =
—_———— F-#F=Fu
n 7 F.& Fucosé

Solution:

+ Mechanical work done over aninfinitesimal displacement is dW = F - ds.

+  Poweris defined asthe time derivative of work: P = 4-.

» Substitute ds/dt = ¢into the equation: P = F . ¢.

+ Thus, instantaneous power is the dot product of the applied force vector and
the instantaneous velocity vector.

Why other options are incorrect:

+ Option A: The dot product of force and displacement yields mechanical
work (W = F - d), not power.

= OptionC: The product of force and time defines linearimpulse {.I' = FA#).

+ OptionD: The ratio of work to time defines average power (P = W /t), but
work and time are scalar guantities that cannot form a vector dot product.
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Question #125 .. PHYSICS

O3, Work & Enargy

The area bounded under a force versus displacement ( [Formula] ) graph represents the:
CORE CONCEPT & DERIVATION

The definite integral of a force function over a spatial displacement represents the
total mechanical work done by that force.

Formula / Rule / Reaction:

i
Area—f Flaz)de =W
=

Solution:

* Onagraphwith force F on the vertical axis and displacement d on the
horizontal axis, consider an infinitesimal strip of width Az,

+ Theareaof thisstripis A4 = FAz, which matches the definition of work done
over that small displacement.

* Summing these strips across a displacement interval yields the total area
under the curve, which equals the total work done by the force.

Why other options are incorrect:

s Option A: Power is the rate of doing work over time (dW /dt), not the area
under a force-displacement graph.

+ OptionB: The change inlinear momentum equals impulse, which is the area
under a force versus time (F-t) graph.

+ OptionD: Kinetic energy per unit time represents power, which has
dimensions of watts rather than joules.

Question #126 [THCN PHYSICS

O3, Work & Energy
Abody of mass [Formula] moves with initial velocity [Formula] . If its velocity is doubled to
CORE CONCEPT & DERIVATION
Translational kinetic energy is directly propertional to the square of the speed of

the moving body.

Formula / Rule / Reaction:

1 I
K= Erm:! = K'= Em[t.r’)3

Solution:

« Theinitial kinetic energyis K, = tmv™.
* When the velocity is doubled, the new velocity is v’ = 2uv.

o Calculate the new kinetic energy:

K= %m[h-}z = l—'m{ﬁitl!] = 4(%:11\‘..2] = 4K,

» Therefare, the kinetic energy increases by a factorof 4.

Why other options are incorrect:

* OptionA: AZ-foldincrease describes how linear momentum(p = mu)
changes when velocity doubles, not kinetic energy.

+ OptionB: Kinetic energy increases when speedincreases; it cannot
decrease.

+ OptionC: A 4-fold decrease would occur if the velocity were halved to v /2,
not doubled.
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PHYSICS
0. Rotational & Circular Motion

Question #127 [LUE L]

What is the numerical relationship between the Slunit of plane
S":‘XHQES.'. “

CORE COMCEPT & DERIVATION

Acomplete circular revolution covers 3ii0°, which corresponds to 2r radians based
on the ratio of circumference to radius.

gle {radizn) and the

Formula / Rule / Reaction:

1807
2x radians = 360" = 1 radian = =

Solution:

« Bydefinition, one radian is the angle subtended at the center of a circle by an
arc whose length equals the radius of the circle.

» Afull circle contains 2r radians, which equals 360°.

» Divide 180° by r (approximately 3.14159):
180°

e
8= 314150

== HT.2058° = 57.3°

Why other options are incorrect:

« OptionB:1" = = = 0.0175 rad, which is the inverse conversion.

+ Option C: Radians and degrees use different scales; oneradianis
significantly larger than ocne degree.

« OptionD: 18(° = x rad; 17 equals w180 rad.

Question #128 ) PHYSICS

04, Rotational & Cirgular Motion
Foran object moving in & circular path of radius [Formula] with tangential speed
[Formula] , i...
CORE CONCEPT & DERIVATION

An object moving in a circle changes its velocity direction continuously, producing
an acceleration directed radially inward toward the center of rotation.

Formula / Rule / Reaction:

Solution:

s Uniform circular motion has a constant tangential speed v, butits direction
changes continuously.

* Using similar triangles formed by position and velocity vectors over a small
time increment At, the magnitude of the inward acceleration vectoris
derivedas limy, g 45 = £,

a

o Thisinward radial acceleration is termed centripetal acceleration {a,).

Why other options are incorrect:

+ OptionA: v/r = wrepresents the angular velocity inradians per second, not
linear acceleration.

+ Option C: vris dimensionally inconsistent with acceleration (units of m® /s).

« OptionD: +*r is dimensionally inconsistent with acceleration (units of m?®/s?).
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PHYSICS
Question #129 m O4. Rotational & Circular Motion

Anelectric motor rotates at a constant frequency of [Formula] . What is its angular
velocityi...

CORE CONCEPT & DERIVATION

Angular velocity inradians per secondis calculated by converting revolutions to
radians and minutes to seconds.

Formula / Rule / Reaction:

Solution:

+ Therotational speed is given as N = 400 rpm.

« Onecomplete revolution corresponds to an angular displacement of
27 radians.

» One minute contains 60 seconds.

* Calculate the angularvelocity:
400 = 2r 800w 40w
= —_—= = — rad;
“T "o 60 3

Why other options are incorrect:
« Option A: 2= rad/sis the result if the rotational speed were 200 rpm.

+ OptionB: &= = 10x rad /s would correspand to 300 rpm.
* OptionD: ”f = 5w rad /s would correspond to 150 rpm.
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PHYSICS

Question #130 [LOHLE) 0. Rotational & Circular Motion

Asollddise, a thinhoop, and a solid sphere of identical outer radil release simultansously
fiii

CORE CONCEPT & DERIVATION

Inrolling without slipping, gravitational potential energy converts into both
translational and rotational kinetic energy, meaning objects with smaller fractional
moments of inertia accelerate faster.

Formula / Rule / Reaction:

gsind
1+ =L

mr?

2. .4 |
= Lphere = Has Tgine = =", Toop = mr®

2

Solution:

« Thelinearacceleration of an object rolling down an incline without slipping
depends on the dimensionless ratio § = .

+ Calculate g foreach shape:
Biphere =040, By =050, By, =100

« Becausethe solid sphere has the smallest g value, it diverts the smallest
fraction of its potential energy into rotational kinetic energy, leaving more
energy for translational acceleration.

» Therefore, the solid sphere has the greatest linear acceleration down the
incline and reaches the bottom first.

Why other options are incorrect:

+ Option A: The thin hoop has the largest moment of inertia fraction (8 = 1.0),
meaning it has the lowest acceleration and reaches the bottom last.

+ OptionB: The solid disc has 3 = (1.5, which is faster than the hoop but slower
than the solid sphere.

+ OptionC: Relling objects accelerate at different rates depending on their

rmass distribution (moment of inertia), unlike objects sliding down a
frictionlessincline.
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PHYSICS

04. Rotaticnal & Circular Motion

Question #131
The centripetal force required to keep an object of mass [Formula] movingin a circle of
radius...

CORE CONCEPT & DERIVATION

Centripetal force is calculated from Newton's second law by multiplying mass by
centripetal acceleration, which can be written in terms of linear or angular velocity.

Formula / Rule / Reaction:

2 frw)?
L) ru
F.=me,=m— and v=rw = F,=m L mrw?
T r

Solution:

« Thecentripetal acceleration of abody moving in a circle of radius ris a, = =

s

* Relate linear velocity to angular velocity using v = rw.

& Substitute thizinto the force expression:

2 2 .2
rw W
F.= mu = M—_— = mrw?
r r

Why other options are incorrect:

» OptionB: mw? is missing the radius factor r, making it dimensionally
inconsistent with force.

+ Option C: mrw represents linear momentum p = my, not force.

« Option D: mriw represents orbital angular momentum L = w, not
centripetal farce.

Question #132

The figure below illustrates a perodic transverse wave train spanning a total horizontal
dista...

CORE CONCEPT & DERIVATION

\Wavelengthis the spatial length of one complete wave cycle, consisting of one

crest and one adjacent trough.

Formula / Rule / Reaction:

= Total distance I¥
Number of complete wave cycles n

Solution:

» Examine the waveformin the diagram from start to end.

+ Thewave executes two complete cycles (two full crests and two full troughs)
across the marked horizontal span.

+ Thetotal distance for these two complete wave cyclesis 2 m.

+ Divide the total distance by the number of cycles:

2m
A T 1.0m

Why other options are incorrect:

e OptionA: 2.0 mis the total distance spanned by two full waves, not the
length of a single wave.

* OptionC: 1.5 mwould correspond to 1.33 cycles over a 2 mspan.

+ OptionD: 0.5 mwould require four complete wave cycles over the 2 m
distance.
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PHYSICS
Question #133 [ZHE) bt

5. Waves

If the pressure of an ideal gas is incréased while maintaining a constant temperature, the

spee...

CORE CONCEPT & DERIVATION

The speed of soundin anideal gas depends on temperature and molecular
compaosition; at constant temperature, pressure changes cause proportional
density changes that leave sound speed unaffected.

Formula / Rule / Reaction:
 [yp [yRT
v ! p / M
Solution:

+ Newton-Laplace formula gives the speed of sound inagasasy — \f¥

« According to Boyle's law, at constant temperature, the density of anideal
gasis directly proportional to its pressure (P/p = constant).

« Increasing the pressure causes anidentical proportional increase in density,
keeping the ratio P/p constant.

» Therefore, at a constant temperature, the speed of sound isindependent of
pressure and remains unchanged.

Why other options are incorrect:

* OptionA: Sound speed does not increase with pressure at constant
temperature because the gas density increases by the same factor.

* OptionB: Sound speed does not decrease because the pressure and
density changes balance each other.

+ Option D: Sound speed varies monotonically with temperature; it does not
rise and fall with pressure.

PHYSICS

05. Waves

Question #134

In a periodic transverse meck
particles are di...

CORE CONCEPT & DERIVATION

Transverse waves propagate through alternating positive and negative
displacements perpendicular to the direction of energy travel.

{wave. the portion of the wave where medium

Formula / Rule / Reaction:

Crest: Point or region of maximum positive displacement above equilibrium.
Trough: Point or region of maximum negative displacement below equilibrium.

Solution:

* Inatransverse wave, medium particles oscillate perpendicular to the
direction of wave propagation.

+ Theregionwhere particles are displaced upward (above the mean
undisturbed equilibrium line) is defined as the wave crest.

» Theregionwhere particles are displaced downward (below the equilibrium
line) is defined as the wave trough.

Why other options are incorrect:

« Option A: Awavefrontis a continuous surface orline connecting adjacent
peints that share the exact same phase of oscillation.

+ Option B: Atrough is the portion of the wave displaced below the mean
equilibrium position.

* OptionC:Wavelength is the spatial distance between two successive in-
phase points, not the elevated portion itself.
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Question #135

m physical displacement of particles in an ascillating medium an either side

of their...
CORE CONCEPT & DERIVATION

The amplitude of a wave or mechanical oscillation measures the maximum
excursion of a particle fromits resting equilibrium position.

Formula / Rule / Reaction:

z(t) = Asin(wt + ¢) = Maximum displacement |#,..| = A

Solution:

» Asawave passes through a medium, its particles oscillate back and forth
about their equilibrium positions.

« Themaximum distance a particle travels from this center line in either
direction is defined as the wave amplitude (A).

+ Amplitude indicates the energy carried by the wave, with wave intensity
proportional to the square of the amplitude (I x A?).

Why other options are incorrect:

s OptionB: Wavelengthis the physical distance between two successive
points that are in the same phase of oscillation {such as crest to crest).

« Option C: Frequencyis the number of complete escillations or cycles
executed persecond (measured in hertz).

+ OptionD: \Wave speed is the distance a wave phase travels perunit time {y =
FA).

ENGLISH

04, Subject-Verb Agreement, Tenses & Conditionals

Question #136

Complete the sentence using the correct verb form: | ___
CORE CONCEPT & DERIVATION

The present perfect continuous tense is used to describe an action that started in
the past, has continued over a duration of time, and remains ongoing in the present.

~_- English for five years. '

Formula / Rule / Reaction:

Subject + have/has been + verb-ing + for/since + time duration

Solution:

* Thesentence specifies an action with a continuous duration (*for five years™)
that extends up to the present moment.

« Withthe first-person singular subject *I", the correct auxiliary verb form is
"have been".

+ Pairing this with the present participle "studying” gives the grammatically
correct sentence: "l have been studying English for five years."

Why other options are incorrect:

+ Option A: "Study" is simple present tense, which describes habitual routines
rather than an ongaing acticon spanning a five-year duration.

« OptionC: "Am studying” is present continuous, which describes an action
occurring right now without referencing a five-year duration.

¢ OptionD: "Studies” is a third-person singular form that disagrees with the
first-person pronoun ™.
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ENGLISH

Question #137 [LCVIS) 0. Subject-Verb Agreement, Tenses & Conditionals

Choose the grarmmatically correct verb form to complete the sentence: "The soup
________ good."

CORE CONCEPT & DERIVATION
Stative verbs of sensory perception are used in the simple present tense to
describe qualities, and they must agree in number with their subject.

Formula / Rule / Reaction:

Singular Subject (The soup) + Singular Stative Verb (tastes) + Adjective predicate {good)

Solution:

+ 'The soup"is anuncountable, singular noun subject.

+ Theverb "taste functions here as a copular (linking) stative verb describing a
property of the subject, requiring the simple present tense.

» Singular subjects take singular verb forms endingin -s, making "tastes" the
correct choice: “The soup tastes good."

Why other options are incorrect:

+ OptionA: "Taste" is a plural verb form that disagrees with the singular subject
"soup”.

* OptionB: “Is tasting" is a dynamic continuous form that describes the
deliberate physical action of tasting food, which the soup cannot perform on
itself.

* OptionD: "Has taste" is unidiomatic and does not cormrectly pair with the
predicate adjective "good".

Question #138 _ ENGLISH

04, Subject-Verb Agreement, Tenses & Conditionals
Select the correct grammatical option to complete the conditional sentence: "Unless

Infirst conditional sentences, the dependent clause introduced by "unless” takes a
simple present tense verb in the afirmative because "unless" already carries a
negative meaning.

Formula / Rule / Reaction:

Unless (= If not) + Present Simple (Affirmative), Subject + modal verb (cannot) + base verb

Solution:

¢ 'Unless" means"if... not”, introducing a negative condition.

* Instandard English grammar, conditional time clauses referring to future
possibilities use the simple present tense rather than future modal verbs like
“will”.

* Because "unless”is already negative, adding another negative ("do not
start”) creates anincorrect double negative.

» Therefore, the affirmative simple present verb “start” correctly completes
the sentence.

Why other options are incorrect:

* OptionA: "Will start” incorrectly places the future modal "will" inside a
conditional subordinate clause.

« OptionB: "Do not start” creates anincorrect double negative with "unless”,
reversing the intended conditional meaning.

« OptionC: “Are starting” is present continuous, which does not fit standard
first conditional statements of general condition.
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ENGLISH

04. Subject-Verb Agreemeant, Tenses & Conditicnals

Question #139
Identify the grammatically correct comparative structure to complete the sentence:
"Daudisbet...

CORE CONCEPT & DERIVATION

When using the comparative degree to compare amember of a group to the rest of

that same group, "other” must be included to exclude the subject from being
compared against himself.

Formula / Rule / Reaction:

Comparative adjective (better than) + all other + plural noun (teachers)

Solution:

* Daudisateacherinthe college.

+ Ifthe sentence said "better thanall teachers®, itwould logically imply Daud is
better than himself, because he is one of the teachers.

» Toavoid this error, the word "other” must be added to exclude Daud from the
comparison group.

s Therefore, "all other teachers” is the grammatically correct phrasing.

Why other options are incorrect:

* OptionB: "All teachers” creates anillogical comparison by failing to exclude
Daud from his own group.

+ OptionC: "Any teachers” is ungrammatical; the singular “any other teacher”
would be needed.

» OptionD: "Any of teacher” is ungrammatical because "teacher”is asingular
count noun that reguires an article or pluralization.

ENGLISH
ts of Speech, Prepositions & Modifiers

Question #140 [[THEN o

Fill

the traffic laws for

he blank with the appropriate preposition: "Abide
smooth.,
CORE CONCEPT & DERIVATION

Certainverbs require specific, fixed prepositions to form idiomatic phrasal
expressions with defined meanings.

Formula / Rule / Reaction:

Abide + by = To comply with, conform to, or obey a rule, decision, or law.

Solution:

* Theverb "abide" pairs with the preposition "by" to form the standard phrasal
verb "abide by".

+ ‘“Abide by" means to obey, accept, or adhere strictly to rules, laws, or
agreements.

o Thus, "Abide by the traffic laws" is the correctidiomatic phrase.

Why other options are incorrect:

* OptionA: "Abide with" is an archaic phrase meaning to dwell or stay with
someone, which does not fit obeying laws.

+ OptionC: "Abide on" isnot a recognized English phrasal verb collocation.

* OptionD: "Abide to" is grammatically incorrect; the related verb meaning to
followis "adhere to", not "abide to”.
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Question #141 [[THE) ENGLISH

03, Parts of Speech. Prap: ns & Modifiers

Complete the sentence using the correct preposition of preference: "He prefers death
d..

CORE CONCEPT & DERIVATION
The Latin comparative verb "prefer” takes the preposition "to" to connect the two
items being compared, rather than "than” or "over".

Formula / Rule / Reaction:

Subject + prefer + Noun A + to + Noun B

Solution:

« Theverb "prefer’ indicates choosing one alternative over another.

+ Informal English grammar, comparisons using “prefer” link two nouns or
gerunds with the preposition "to".

+ Therefore, the comect sentence is: "He prefers death to dishonor.”

Why other options are incorrect:

+ OptionA: "Over"is commonly heard in casual speech, but “prefer... to" is the
standard prepositional pairing in formal English examinations.

« OptionB: "Upon"indicates spatial contact or temporal immediacy, which
does not express preference.

* OptionD: "Than" is used with standard comparative adjectives (such as
"betterthan”), butitis ungrammatical with the verb "prefer”.

Question #142 [[THEN ENGLISH

1. Vocabulary, Synonyms. Antomyms & Speliing
What is the most accurate synonym for the capitalized vocabulary word? "SURPLUS"
CORE CONCEPT & DERIVATION
Lexical semantics determines the contextual meaning and synonyms of standard
academic Englishvocabulary.

Formula / Rule / Reaction:

Surplus (noun/adjective): An amount, quantity, or supply that exceeds what is
required or utilized; an excess.

Solution:

« Theword "surplus" derives from the Old French sur("over") and plus ("more”).

» |trefersto anamount that remains after all needs have beenmet, meaning an
extra or excess supply.

s Therefore, "Inexcess” is the exact synonym.

Why other options are incorrect:

+ OptionA: "Within reach” describes spatial proximity or accessibility, not
extraquantity.

* OptionB: "A mathematical term” is a vague descriptor that does not provide

asynonym.
+ OptionC: "Salutation" refers to a formal greeting in speech or
correspondence.,
beambeprep.com
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Question #143 [[THGN - ENGLISH

abulary, Synonyms, Antonyms & Speliing

What is the most appropriate contextual synonym for the word: "SPILL"
CORE CONCEPT & DERIVATION

Veacabulary evaluation requires matching a given verb with the synonym that shares
its core meaning of dispersal over a surface.

Formula / Rule / Reaction:

Spill: To cause or allow a substance to flow over an edge, resulting in its dispersal or
spreading out across anarea.

Solution:

« The primary meaning of the verb "spill" is to cause aliquid or substance to
flow overits container boundaries, dispersing outward.

* Among the given options, “spread” captures thisidea of dispersing or
expanding across an area.

s Therefore, "spread" is the closest synonym.

Why other options are incorrect:

» OptionB: "Coil' means to wind inta rings or spirals, whichis the opposite of
spreading ocutward.

* Option C: "Deliver" means to hand over, transport, or bring something to a
destination.

+ OptionD: "Spoil” means to decay, rot, or ruin, which is unrelated to physical
spilling.

Question #144 _: ENGLISH

ynanyms, Antonyms & Spelfing

What is the closest synonym for the vocabulary word: "CURIOUS"
CORE CONCEPT & DERIVATION

The adjective "curious” describes an eager desire ta learn, investigate, or explore
information.

Formula / Rule / Reaction:
Curious: Inguisitive, eager to know, showing keen interest.

Solution:

« "Curious" describes someone who is actively interested in exploring new
knowledge or investigating details.

* Theword "keen" shares this meaning of being eager, alert, and
enthusiastically interested.

» Therefore, "keen’is the closest synonym among the choices.

Why other options are incorrect:

+ Option A: "Careful” means cautious or prudent, which does not convey an
eager desire tolearn.

« OptionC: "Cruel” means intentionally causing pain or suffering to others.

* OptionD: "Casual” means relaxed, unconcerned, orinformal, whichisthe
opposite of an eager, curious attitude.
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ENGLISH
Question #145 [LLE0) 06, Punctuation, Capitalization & Reading Comprehansicn

Pick the sentence with the correct punctuation:
CORE COMCEPT & DERIVATION

Acolonisused after acomplete independent clause to introduce an explanation,
elaboration, or defining phrase.

Formula / Rule / Reaction:

Independent elause + : + Clarifying phrase or appositive motto

Solution:

+ "Hehadonemotto”is a complete independent clause.

s Thephrase "serving humanity” directly names and explains what that motto
was.

« Standard punctuation rules require a colonto connect a complete
introductory clause to the clarifying noun phrase that follows.

Why other options are incorrect:

+ Option A: Omitting punctuation before the quotation mark causes arun-on
error between the independent clause and the motto.

* Option B: The comma between the subject "He" and the verb "had" is
incorrect, and the second comma creates an awkward, unclear break.

» Option D: Asemicolon must separate two independent clauses that could
stand as complete sentences; "serving humanity” is a phrase, not an
independent clause.

Question #146 [T EnoHsY

21. Wocabulary, Synonyms. Artonyms & Spalling

Pick the option with the correct spelling:

CORE CONCEPT & DERIVATION

Standard orthography requires recognizing correct letter sequences in academic
and professional vocabulary.

Formula / Rule / Reaction:

Factual recall / Qualitative concept.

Solution:

+ Theworddenoting a professional associate or coworker derives from the
Latincollega.

* Its correct English spelling requires a double *I" followed by "ea" and a silent
"ug": C-O-L-L-E-A-G-U-E.

+ Therefore, "Colleague" is the correct spelling.

Why other options are incorrect:

« OptionA: "Collique” is an incorrect spelling that does not exist in standard
English.

+ OptionB: "Collegue” omits the letter 'a’ from the vowel pair 'ea’.

* OptionC: "Co-leageu" contains an unneeded hyphen and transposes the
final vowels 'u'ande".
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Question #147 ENGLISH

01. Mocabulary, Synonyms, Antonyms & Speliing
Pick the option with the correct spelling:

CORE CONCEPT & DERIVATION
Standard orthography rules govern the spelling of complex nouns derived from Clid

Frenchand Latin roots.
Formula / Rule / Reaction:

Factualrecall / Qualitative concept.

Solution:

+ Thenounreferring to a person one knows slightly derives from the Old French
acointance.

* Itscorrect spelling begins with "Acg-" and ends with the suffix "-ance": A-C-
Q-U-A-I-N-T-A-N-C-E.

+ Therefore, "Acquaintance” is the only correctly spelled option.

Why other options are incorrect:

« OptionB: "Equatance” is an incorrect spelling missing the prefix "Ac-"and
the internal letters "-in-".

* OptionC: "Equantence” misspells the root and uses the wrong suffix("-
ence" instead of "-ance”).

* OptionD: "Equentense” is a completely erroneous spelling.

Question #148 e ENGLISH

any, Synanyms, Antonyms & Spelfing

Pick the option with the correct speliing:

CORE CONCEPT & DERIVATION

Standard orthography requires using the correct vowels in words with common
Latinroats.

Farmula / Rule / Reaction:

Factualrecall / Qualitative concept.

Solution:

« Thenounmeaning something regarded as more important than others
derives from the Latin prior(“former” or “earlier").

* Thebase "prior"is combined with the standard noun suffix "-ity": P-R-1-O-R-
I-T-Y.

* Therefare, "Priority" is the correct spelling.

Why other options are incorrect:
+ Option A: "Prayyority” adds an incorrect "ay” and doubles the "y".

+ OptionC: "Priarity” incorrectly replaces the letter ‘o' with 'a’.

s OptionD: "Pricarity" inserts an extra 'a’ into the vowel sequence.
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ENGLISH
Question #149 m 064, Punctt talization & Reading Comprehansicn
Pick the sentence with the correct punctuation:
CORE CONCEPT & DERIVATION
Twoindependent clauses that are closely related in meaning must be joined by a

semicolon or a coordinating conjunction with a cormmato prevent a comma splice
OF FUN-0n error.

Formula / Rule / Reaction:

Independent Clause 1+ : + Independent Clause 2

Solution:

« "Hedidhis best" is acomplete independent clause.

+ "Thatwas all anyone could do in any job" is also a complete independent
clause.

» Joining these two independent clauses with only a comma creates acomma
splice error.

* Usingasemicolon correctly joins the two independent clauses without
needing a coordinating conjunction.

Why other options are incorrect:

« Option A: Using only a comma between two independent clauses without a
coordinating conjunction produces anungrammatical comma splice.

+ Option B: Omitting punctuation entirely between two independent clauses
produces an ungrammatical run-on sentence.

* OptionD: Acolonistypically used to introduce alist, quotation, or direct
explanation of the preceding clause, whereas these two clauses share a
coordinate relationship best served by a semicolon.
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ENGLISH
Question #150 m D4 Punctuation, Capitalization & Reading Comprehension
Select the sentence with correct grammatical syntax and possessive usage:

CORE CONCEPT & DERIVATION
Standard English uses prepositional phrases with "of” to show possession for
inanimate objects, and interrogative sentences require subject-auxiliary inversion.

Formula / Rule / Reaction:

Interrogative: Question Word (How) + Auxiliary (has) + Suhbject (the leg of the chair) +

Solution:

« Inanimate non-living objects (like a chair) generally express possession using
"of" ("the leg of the chair) rather than an apostrophe-s (“the chair'sleg”).

+ Indirect questions, subject-auxiliary inversion is mandatory: the auxiliary verb
"has" must come before the complete subject noun phrase "the leg of the
chair".

« Following thisinversion rule yields: "How has the leg of the chair broken?”

Why other options are incorrect:

* OptionA: "Chairleg"uses an informal compound noun rather than the
standard possessive prepositional phrase "the leg of the chair",

+ OptionB: Using "chair'sleg" applies an animate possessive apostrophe to
aninanimate object, and the sentence fails to invert the auxiliary verb fora
question.

+ Option C: The sentence fails toinvert the auxiliary verb "has” before the
subject, leaving declarative word order in a question.
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