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| SECTION: ENGLISH

Q1. ene

Clive had been only a few months in the army when announced
that peace had been concluded between great britain and
france. The sentence contains errors of:

(&) Comma

(8) Comma and full stop

(©) Comma and capitalization
(D) Capitalization

Q2. ene

According to the scientists, the sunis ____ _ ,and we can find
the early discoveries made by scientists in black and white on
_____ . Choose the correctly spelled homophones to complete
the sentence:

() Stationery, Stationary

(B) Stationary, Stationery

(c) Stationary, Stationory

(o) Stationory, Stationary

QR3. ene

Choose the correct preposition to complete the quotation:

One hour

_____ glorious life is worth an age without a name.
@) In

@® Of

© To

@ With

Q4. ene
Which of the following verbs takes the preposition 'from' with it?

(n) Abstain

(8) Accused
(c) Desirous
(D) lgnorant

®@5. ene

Identify the sentence with correct grammatical structure and
punctuation:

(n) Wenoticed the boy, walking down the street

(B) Wenoticed, the boy walk down the, street

(€) Wenoticed, that the boy was walking down the street
(o) We noticed the boy, who was walking down the street

Q6. enc
Choose the sentence with correct punctuation:

(&) "Gothen," Said the ant, "And dance winter away."
(B) "Gothen” Said the Ant, and "dance winter away.”
(€) "Gothen," said the ant, "and dance winter away.”
(D) "Gothen". Said the Ant, "and dance Winter away."

beambeprep.com

Page 2 of 61

OFFICIAL FULL-LENGTH PRACTICE (FLP)

Questions 1t0 15 (15 MCQs)

Q7. enc

Identify the syntactic function of the underlined clause:

I know you have already read this book.
®) Independent clause

Adjectiveclause

(©) Adverbclause

(©) Nounclause

Q8. e

Choose the sentence with the correct cumulative order of
adjectives:

@®) Imet, young two, beautiful, British girls at the airport
(8) |met two beautiful, young, British girls at the airport
(©) Imet two, British, young. beautiful girls at the airport
(@) |mettwo young, beautiful British girls, at the airport

Q. enc
Hecircled _____ whole world on his shipandon _____ island he
encountered _____ fierce giant.

(®) The, an, the
(8) The,a,a
(©) The,an,a
() The, an, an

@10. enc

I suggest that you visit a doctor.

(&) Must

(8 Should
(€) Oughtto
(0) Haveto

Q1. ene
Identify the type of sentence:

After midnight, the ghost will come out of the haunted attic to
scare the people.

@) Simple

(8) Compound

(©) Complex

(©) Compound-Complex

Q12. ene
Choose the correctly structured conditional sentence:

(&) Had he been there, he would seeus

(8) Had he been there, he would had seen us

(€©) Had he been there, he would have seenus

@ Had he had been there, he would have seen us

Q13. enc

Whatever you order for dinner is fine with me. The underlined
partis afan:

(&) Nounclause

(8) Adjective clause
() Adverb clause

() Independent clause
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Q14. ene
Fillinthe correctarticles:

_____ female lionis called lioness. She has no mane.

(&) A the
(®) The,a
(©) The, the
© Aa
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Q15. ene
Identify the sentence with correct punctuation:

(&) Alireceived a Parker pen, Hamza: a watch.
(8) Alireceived a Parker pen; Hamza a watch.
() Alireceived a Parker pen, Hamza; awatch.
(@) Alireceived a Parker pen; Hamza, a watch.
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| ) secTion: BIoLOGY

Q16. sio
Arthropoda constitute over 54% of all known animal species
primarily due to which feature?

() Articulation of joints and diversity among habitats
(8) Endoskeleton and closed circulatory system

(€) Opencirculatory system and appendages

(D) Jointed appendages and versatile exoskeleton

Q17. sio

The processin which damaged orunwanted cellular structures
are engulfed and degraded within lysosomes is termed:

(n) Autophagy

(8) Autolysis

() Phagocytosis

(D) Endocytosis

QR18. &ic
Which animal phylum was the first to evolve a true coelom?

(n) Platyhelminthes
(8) Annelida

(©) Arthropoda

@) Mollusca

Q19. B0

The part of the human brain that coordinates voluntary muscular

movement and stores motor memory forlearned behavioris the:

(&) Cerebrum
(8) Cerebellum
i

(€) Pons

(©) Medullaoblongata

QR20. sio

Which of the following proteins is structurally present in the
alveolar walls of the human lung to provide tensile strength and
flexibility?

(a) Myoglobin

(8) Haemoglobin

(©) Collagen

(o) Neither

Q21. sio

Gene linkage between two loci is experimentally confirmed by
performing a:

(a) Testcross

(8) Dihybrid cross without test parent

(c) Monohybrid cross

(D) Backcross

Q@22. sio

The phenomenon of complete gene linkage represents an

exception to and directly rejects the universal application of the:

(a) Law of segregation

(8) Law of independent assortment
(€) Polygenic inheritance

(D) Epistasis
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Questions 16 to 90 (75 MCQs)

Q23. sio

Which of the following invertebrates possesses an exceptionally
large, complex brain with advanced cognitive abilities to learn
and remember?

@) Snail

Giantsquid

(€) Octopus

(@) Cuttlefish

Q24. sio

Which of the following is an early clinical signin an asymptomatic
HIV carrier that typically subsides after a few months?

(@®) Swollen lymph glands

(B) Night sweats

(©) Loss of memory

() Persistent diarrhea

QR25. sio
What is the typical pore size range of a bacteriological porcelain
(Chamberland) filter?

(®) 10 to 100 nm
(8) 100 to 1000 nm
() 10 to 100 pm
@ 100 to 1000 pm

Q26. sio

What is the final three-carbon organic end product formed at
the completion of glycolysis?

(&) Oxaloacetic acid

(8) Pyruvate

(€) Acetyl-CoA

@ Lactic acid

Q27. sio

Which structural protein provides mechanical tensile strength to
the alveolar walls in the human respiratory system?

(&) Hemoglobin

(8) Myoglobin

(€) Myosin
@) Collagen

Q28. sio
Which of the following viruses contains a double-stranded RNA
(dsRNA) genome inits core?

(&) Mildrashvirus
(8) Diarrhea virus
(©) Rubellavirus

@ Smallpoxvirus

Q@29. sio

Whichions are directly involved in the propagation and synaptic
transmission of a nerve impulse?
@ K', Ca’", Na'

(8) Na®, K
@ Ca?t, Nat
® Ca*, K
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Q30. sio

The functional activity of which organ would be most directly
compromised by animpairment of visceral smooth muscle?
(&) Heart

(® Lungs

(©) Stomach

@ Tongue

®R31. so

Bacteria that are capable of growth bothin the presence of
oxygen and in its complete absence are classified as:

(&) Facultative anaerobes

(8) Obligate aerobes

(c) Obligate anaercbes
(D) Microaerophiles

Q32. sio

Which endocrine gland is directly responsible for ovulatory
failure resulting from an absence of the mid-cycle gonadotropin
surge?

(&) Pituitary gland

(8) Adrenal gland

(©) Thymusgland

(D) Placenta

®R33. =0

What is the primary photochemical function of Photosystem |
(PS Il) in non-cyclic photophosphorylation?

(&) Direct synthesis of ATP

(8) Photolysis and oxidation of water

(€) Reduction of NADP™ to NADPH
(D) Oxidation of cytochrome by f

QR34. sio

What is the terminal electron acceptor in the mitochondrial
electron transport chain?

@ COa

B 0

© ATP

(D) NADPH

®R35. =0
In arelaxed skeletal muscle sarcomere, the H-zone contains:

(&) Only thick (myosin) filaments

(8) Only thin{actin) ilaments

(S) Boththick and thin overlapping filaments
(D) Tropomyosinand troponin only

QR36. sio
Which of the following pairs exemplifies homologous anatomical
structures?

(&) Spines of cactus and needles of pine
(8) Forelimbs of birds and pectoral flippers of whales

() Wings of birds and wings of butterflies
@) Gills of fishesand lungs of humans
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Q37. sio

Identify the mismatched pair among the following physiological
and transport terms:

(®) Enterokinase : Activator of trypsinogen

(8) Chylomicrons: Carbohydrates and cholesterol

(€) Emulsification: Dispersion of fat droplets

o) Acetylcholine : Stimulation of gastrin secretion

Q38. s

A woman sustains a skin laceration on her hand. Which signaling
cytokine isreleased by tissue macrophages to initiate and
mediate local and systemic acute inflammation?

(&) Histamine

(8) Interleukin-1

©) Interleukin-2

(@) Heparin

QR39. sio

Out of approximately 170 naturally occurring amino acids
identified in cellular systems, how many standard amino acids
are utilized inribosomal protein synthesis?

(&) 25 arnino acids

(8) 20 amino acids

(€) 30 amino acids
(@) 35amino acids

Q40. s

Which of the following sets of physiological substances are
normally present in both human blood plasma and lymphatic
fluid?

(&) CO,, water, and large plasma proteins

(8) RBCs, amino acids, and electrolytes

(€) RBCs, CO,, and water

(@) Glucose, CO,. and water

Q41. s

Which of the followingimmune cells do not directly mediate
phagocytic or cytotoxic destruction of invading pathogenic
microbes?

() B-lymphocytes

(8) Neutrophils

(e) NaturalKiller Cells (NKCs)

(o) Macrophages

Q42. w0

Which of the following factors exerts the least directinfluence
on continuous blood flow through systemic arterial vessels?
(&) Skeletal muscle contraction

(8) Mean arterial blood pressure

(€) Heartrate and cardiac output
(o) Cross-sectional area of the vascular bed
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Q43. sio

Active pepsin, formed after the hydrochloric acid-mediated
cleavage of a44-amino-acid masking peptide from
pepsinogen, functions as a/an:

(n) Apoenzyme

(8) Holoenzyme

(©) Regulatory enzyme

(D) Non-regulatory enzyme

Q44. sio

During reversible enzyme-substrate complex formation, which
primary non-covalent bond is formed between the substrate
molecule and amino acid residues of the active site?

() Hydrogen bond

(8) Covalent bond

(©) Coordinate bond

(©) Disulphide bond

Q45. s

Which divalent metal cation acts as the essential cofactor and
activator for hexokinase during the initial phosphorylation step
of glycolysis?

@ Mg+

® Zntt

© Fe?t

O] Cu®

QR46. sio

Sucrose is anon-reducing disaccharide composed of which two
monosaccharide units linked together?

(&) Glucose + Galactose

(8) Glucose + Fructose

(©) Glucose + Glucose

(D) Glucose + Maltose

Q47. s

The mitral (bicuspid) atrioventricular valve in the human heart is
anatomically positioned between the:

(n) Leftatriumandaorta

(8) Right atrium and leftventricle

(©) Leftatriumandleftventricle

(D) Right atrium and right ventricle

Q48. sio

How is a bacterial cell morphologically classified when it
possesses a tuft or cluster of two or more flagella situated ata
single pole?

(a) Lophotrichous

(8) Amphitrichous

(©) Peritrichous

(D) Monotrichous
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Q49. sio

Which of the following fundamentally distinguishes the doctrine
of Special Creation from the scientific theory of evolution by
natural selection?

(&) Evolution occurs throughrapid discontinuous mutations

(8) Special creationrelies on divine revelation andreligious beliefs rather than
empiricalmechanisms

(€) Naturalselection depends entirely oninheritance of acquired traits
(0) Specialcreationincorporates gradual biochemical modification

Q50. =0

A sudden catastrophic reduction in population size and genetic
diversity caused by an environmental disaster (such as a flood,
volcanic eruption, or fire) is termed the:

(&) Bottleneck effect

(8) Founder effect

(€) Gene conversion

(o) Balanced polymerphism

Q51. s

Which of the following evolutionary mechanisms is the ultimate
primary source of brand-new alleles and novel genetic variation
inagene pool?

(&) Gene rmutations

8) Phenotypic adaptation

(©) Natural selection
(0) Genetic drift

=

Q@52. sio

In human skeletal muscle fibers, the relative quantitative
distribution of endoplasmic reticulum is characterized by:
(&) Abundant SER and sparse RER

(8) Sparse SER and abundant RER

(€) Equal quantities of SER and RER

(0) Complete absence of both SER and RER

Q53. eio

Inthe secondary cloverleaf structure of a transfer RNA (tRNA)
molecule, the loop that contains the triplet sequence
complementary to mRNAs the:

(&) D-loop

(8) TyCloop

(€) Middle (anticodon)loop

(B) Variable loop

Q54. so

The fluid-mosaic properties and dynamic viscosity of biological
membranes are primarily determined and controlled by the
physical nature of their:

(&) Peripheral glycoproteins

(B) Saturated fatty acids exclusively

(e) Sphingomyelins
(@) Fattyacid hydrocarbon tails
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Q@55. sio

Which of the following substances acts as an essential
proteolytic enzyme activator in the human digestive system by
initiating a cascade of zymogen activations?

(&) Erepsin

(8) Enterokinase

(©) Pepsin

(D) Dipeptidase

Q@56. =0

Reversible enzyme inhibitors decrease the catalytic rate of an
enzymatic reaction by:

(n) Forming permanent covalent bonds with catalytic residues

(8) Denaturing and destroying the native globular tertiary conformation

(€) Forming weak, non-covalent linkages with the enzyme

(@) Allosterically activating the substrate binding pocket

Q@57. =0

Which of the following concepts constitutes a central postulate
of Lamarck's evolutionary hypothesis?

(a) Use and disuse of organs

(B) Survival of the fittest

(c) Descent with modification via reproductive isolation

(D) Continuous random genetic variation

Q58. s

Which of the following represents the correct chronological
evolutionary sequence for the appearance of vertebrate classes
inthe fossilrecord?

(&) Birds — Fishes — Amphibians — Reptiles

(8) Reptiles — Birds — Fishes — Amphibians

(©) Fishes — Amphibians — Reptiles — Birds

() Amphibians — Fishes — Reptiles — Birds

Q59. sio

Which bacterium s utilized to produce the attenuated live BCG
(Bacillus Calmette-Gueérin) vaccine forimmunization against
human tuberculosis?

(&) Mycobacterium tuberculosis

(8) Mycobacterium bovis

(S) Escherichiacoli

(@) Salmonella typhi

QR60. eio

In an adult human male with elevated systemic testosterone
levels, which testicular cells initiate endocrine regulatory activity
by secreting inhibin?

(a) Sertolicells

(B) Interstitial cells

() Spermatogonial cells

(D) Leydigcells
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Q61. si0

Which anatomical layer of the human uterine wall consists of
thick, smooth muscle that undergoes forceful contractions
during parturition?

(&) Myometrium

(8) Endometrium

(€) Perimetrium

(o) Both endometrium and myometrium

Q62. sio

During pregnancy, which endocrine organ secretes large
amounts of progesterone and estrogen to suppress maternal
ovulation by inhibiting the hypothalamic- pituitary axis?

(&) Anterior pituitary

(B) Placenta

(€) Thyroid gland

(o) Adrenal cortex

Q63. sio

In the cross-bridge cycle of skeletal muscle contraction, what is
the exact mechanical role of ATP hydrolysis?

(&) Re-cocking the myosin head intoits high-energy conformational state

(8) Formation of the initial cross-bridge attachment

(c) Displacement of tropomyosin away from actin binding sites
(o) Directrelease of Ca* from the sarcoplasmic reticulum

Qé4. =sio

What is the primary histological reason for the slow and limited
repair capacity of damaged cartilage tissue?

(&) Complete absence of calcium phosphate minerals in the matrix

(8) Absence of sensory nerve fibers

(€) Absence of directvascular blood supply (avascularity)

(o) Loose and unorganized cellular architecture

Q65. sio

Which specialized multinucleated bone cellis responsible for
bone resorption and the enzymatic breakdown of the calcified
osseous matrix?

(®) Osteoblasts

Osteoclasts

(€) Osteocytes

(o) Fibroblasts

Q66. wio

Which of the following semi-autonomous organelles contains its
own circular DNA genome and 70S ribosomes, allowingit to
reproduce independently within eukaryotic cells?

(&) Golgiapparatus

(8) Nucleolus

(€) Chioroplast

(o) Endoplasmic reticulum
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Q67. sio

Which of the following structural characteristics accurately

differentiates prokaryotic ribosomes from eukaryotic

cytoplasmic ribosomes?

(n) Prokaryotes have membrane-bound ribosomes, whereas eukaryotic
ribosomes are naked

(B) Prokaryotes have 705 ribosomes composed of 50S and 30S subunits, while
eukaryotes have 80S ribosomes composed of 60S and 408 subunits

(€) Prokaryotic ribosomes contain 805 particles with double-stranded RNA
(@) Prokaryotic ribosomes lack structural rRNAmolecules

Q68. sio

Which of the following indicates the correct unidirectional path
of an action potential along anindividual multipolar motor
neuron?

(A) Axon — Presynaptic axon terminal

(8) Schwann cells — Postsynaptic terminal

(c) Presynaptic terminal — Cell body

(D) Postsynaptic membrane — Dendrite

Q69. w0

At the resting membrane potential (approximately —70 mV), the
concentration gradientof K* and Na " ions across a neuronal
membrane is characterized by:

(&) K is ~30 times more concentrated inside; Na™ is ~10 times more
concentrated outside

(8) K is ~10 times more concentrated inside; Na' is ~30 times more
concentrated outside

(€) Na'is~10 times more concentratedinside; K* is ~10 times more
concentrated outside

(D) Na"is~30 times more concentrated inside; K™ is ~30 times more
concentrated outside

Q70. sio

The brief phase during and immediately following an action
potentialin which a neuronrestores its resting ionic distribution
and cannot fire another action potential is the:

(a) Repolarization

(B) Synaptic delay

(©) Saltatory period

(D) Refractory period

Q71. eio

Which of the following groups of brain structures forms the core
of the limbic system, governing emotions, motivation, and
memory consolidation?

(A) Thalamus, amygdala, and hippocampus

(8) Hypothalamus, amygdala, and hippocampus

(€) Hypothalamus, corpus callosurm, and hippocampus
(o) Thalamus, hypothalamus, and pons

Q72. sio

What is the correct sequential pathway of neural elementsina

standard polysynaptic withdrawal reflex arc?

(R) Sensory neuron — Associative neuron (interneuron) — Motor neuron —
Effector muscle

(8) Motor neuron — Associative neuron — Sensory neuron — Effector muscle

(c) Effector muscle — Sensory neuron — Associative neuron — Motor neuron

(D) Associative neuron — Sensory neuron — Motor neuron — Effector muscle
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Q73. sio

Water acts as the universal biological solventin all living
organisms primarily because of its:

(&) High cohesive forces and surface tension

(é) Polarmolecular structure and high dielectric constant

(©) High specific heat capacity

(@ Highlatent heat of vaporization

Q74. sio

The spontaneous self-assembly and thermodynamic stability of
the lipid bilayer in biological membranes is driven primarily by:

(@®) Minimization of unfavorable contact area between hydrophobic
hydrocarbon chains and water

(B) Maximization of contact surface area between non-polar lipids and water
(c) Extensive covalent cross-linking between polar lipid head groups
(o) Complete ionization and electrostatic repulsion of fatty acids

Q@75. sio

Identify the nitrogenous organic base that combines with
phosphatidic acid via an ester bond to synthesize the membrane
phospholipid lecithin (phosphatidylcholine):

(&) Glycine

(8) Choline

©) Cholesterol

(@) Ethanolamine

Q76. eio

Which structural nitrogenous polysaccharide biopolymer
constitutes the primary rigid framework of fungal cell walls?
(®) Chitin

(B) Pectin

(©) Peptidoglycan

@) Lignin

Q77. 80

What is the principal biological function of the Golgi complex
within eukaryotic cells?

(&) Denovo lipogenesis

(8) Ribosomaltranslation of proteins

(c) Post-translational modification, sorting, and packaging of cell secretions
(b) Enzymatic detoxification of xenobiotics

Q78. sio

What is the definitive enzymatic catalytic action mediated by
retroviral reverse transcriptase (RNA-dependent DNA
polymerase)?

(®) ssRNA — dsDNA

@ ssRNA — dsRNA

@ ssRNA — ssBRNA

(©) dsDNA — ssDNA

Q79. =0

Select the optimal pH media conditions required for the maximal
enzymatic catalytic activity of pepsin and pancreatic lipase,
respectively:

(&) Basic: Acidic

(8) Acidic : Basic

(©) Acidic : Acidic

(o) Basic:Basic
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Q80. sio

Which of the following triplets correctly matches the chemical
nature, the specific hormone, and its primary endocrine
endocrine gland of origin?

(&) Protein: Insulin: Pancreas

(B) Steroid: Cortisone : Thymus

(c) Catecholamine: Estrogen: Adrenal medulla
(0) Amino acid derivative : Thyroxine : Parathyroid

Q@81. =i

Which of the following isomeric alcohols forms animmediate,
water-insoluble oily layer of alkyl chloride upon reaction with
Lucas reagent (anhydrous ZnCl; in concentrated HC1)?

(n) 3-Methyl-2-butanol

(8) 2-Methyl-2-butanol

(©) 2-Butanol

(D) Ethanol

Q82. sio

Commercial formalin, widely utilized as an anatomical tissue
fixative and biological preservative, is an aqueous solution
consisting of:

(®) 40% HCHO, 8% CH,0H, and 52% H,0

(8) 40% CH,CHO, 8% CH,0H, and 50% H,0

(©) 40% CH,CHO, 8% C,H,0H, and 50% H,0

() 45% HCHO, 8% C,H,0H, and 50% H,0

QR83. s

The acid-catalyzed cyclic and linear polymerization of gaseous
formaldehyde (HCHO) and acetaldehyde (CH;CHO) proceeds
smoothly in the presence of:

(a) Concentrated H;80,

(& Dilute H,80,

(© Concentrated HoCO,

(©) Dilute HoCOs

Q84. sio

Carboxylic acids exhibit significantly higher boiling points than
alcohols and aldehydes of comparable molecular mass primarily
due to:

() Higher molecular mass and London dispersion forces
(8) Intramolecular carbon-carbon covalent bonding
(©) Permanentdipole-dipole carbonyl interactions

(D) Extensiveintermolecular hydrogen bonding and stable cyclic dimer
formation
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Q85. &io
When ethanoic acid reacts with anhydrous sodium carbonate (

Na;COs), what is the identity of the colorless gas evolved with
effervescence?

Ifé—:l 02
© CO:
(©) CO

Q86. =0

Which of the following organic reagents will react with 2,2 -
dimethylpropanoic acid (pivalic acid) in the presence of an acid
catalyst to produce an ester?

(A) Ethanoic acid

(8) Propane

() Ethanol

(o) Propanone

Q87. sio

The most abundant class of proteins in the animal kingdom,
accounting for approximately 25% to 35% of total whole-body
protein content, consists of:

(&) Derived proteins

(_é) Simple proteins

(€) Compound proteins

(o) Conjugated proteins

Q88. =0

Which structural proteinis the primary fibrous constituent of
tendons, ligaments, cartilage matrix, and skin in the human
body?

(&) Phosphoprotein

(8) Collagen

©) Lecithin

(o) Keratin

Q89. sio

In the human body, the intracellular globular protein ferritin
serves as the primary reservoir for the storage of:

(&) Phosphorus (P)

(8) Caleium (Ca)

(©) Iron(Fe)
@ Zinc (Zn)

Q90. =0

In human blood plasma, which copper-containing alpha-2
glycoprotein acts as the primary transporter of copper and
facilitates the oxidation of Fe?' to Fe''?

@) 02

(B) Zine

©) Copper(Cu)

(@) Iron
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| SECTION: CHEMISTRY

Q91. cuem

Select the Group lIA (alkaline earth metal) element that exhibits
the largest atomic radius:

() Beryllium (Be)

(8) Calcium (Ca)

(c) Barium (Ba)

(D) Strontium (Sr)

Q92. cuem

Theisomeric ketones 2-pentanone and 3-pentanone are
constitutional isomers that exemplify:

(n) Metamers

(8) Functional groupisomers

(©) Tautomers

(b) Positionisomers

QR93. cuem

Which of the following organic carboxylic acids contains an
asymmetric (chiral) carbon atom and displays optical isomerism
(enantiomerism)?

(n) 2,2-Dihydroxypropanoic acid

(8) Hydroxybutanedioic acid

(c) Butancicacid

(D) 2-Hydroxypropanoic acid

Q94. cuem

Inthe electrophilic aromatic substitution reaction of benzene
sulphonation, whatis the actual active electrophilic chemical
species that attacks the pi-electron cloud?

® SO

S50y

502

SO;

@o®

Q95. cHem

When acetylene (ethyne) undergoes complete electrophilic
addition with two molar equivalents of hydrogen bromide (HBr),
the principal geminal product formed according to
Markovnikov's rule is:

(&) 2,2-Dibromoethane

(8) 11-Dibromoethane

(©) 1,2-Dibromoethane

(D) 11,2, 2-Tetrabromoethane

Q96. cuem

In an Sx1 nucleophilic substitution reaction, the formation of a
racemic mixture (enantiomeric pair) is made possible by the
planar geometry and the presence of an empty:

(n) s orbital

(B) porbital

(©) sp* hybrid orbital

@ sp® hybrid orbital
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Questions 91to 120 (30 MCQs)

Q97. cHem

Which of the following states of matter consists of a quasi-
neutral gas mixture of free electrons, positive ions, and neutral
particles at high temperatures?

®) Solidstate

(8) Liquid state

() Liguid crystalline state

(0) Plasmastate

Q98. cuem

Among the following chemical elements, select the one thathas
the lowest firstionization energy:

@ Magnesium (Mg)

@ Argon (Ar)

(©) Silicon(Si)

(@) Phosphorus (P)

QR99. cHem

Which of the following alkali metals (Group IA) has the lowest
boiling point?

@®) Lithium (Li)

(8) Potassium (K)

(©) Sodium (Na)

() Cesium(Cs)

—

Q100. cuem

Most typical molecular solid crystals (e.g., naphthalene, iodine,
sulfur) melt below:

@) 200°C

® 280°C

@© 330°C

@) 480°C

Q101. cHem

Approximately how many times heavier is a neutral protium
hydrogen atom (‘H) compared to the rest mass of an electron?
@) 1937

® 1737

© 1837

(®) 1637

Q102. cHem

The thermodynamic equilibrium constant (K,) for the
unimolecular decomposition of ozone into molecular oxygen (
203(g) = 302(g)) at 25°Cis approximately:

@ 10

@ l(]ii.‘]

© 10%

@ 10%
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Q103. cuem

If achemical reactionis determined to be first-order with
respect toreactant A and third-order withrespect toreactantB
,its differential rate law is expressed as:

@ Rate = k[A][B]Q

(8 Rate = k[A]*[B]

(© Rate = k[A|[B]?

@ Rate = k[A]

Q104. chem

Forthe reaction A — Products, doubling the concentration of
reactant A causes the initial rate of reaction to increase by a
factorof 4. What s the order of thereactionwithrespectto A?
() Zero-order

-® 1st order

(©) 2ndorder

(@) 3rdorder

Q105. cuem
Select the thermodynamically spontaneous process that

proceeds without the continuous input of external energy
among the following:

(A) Reactionbetween atmospheric nitrogen and oxygen to form nitric oxide
(8) Natural emission of a-particles from radioactive polonium

@ Thermal decomposition of calcium carbonate (marble)

() Combustion of paper at room temperature without ignition

Q106. chem

Select the exothermic reaction (AH < 0) among the following
chemical processes:

(&) Thermal decomposition of P»0;

(8) Formation of nitric oxide (NO) from atmospheric nitrogen and oxygen
(c) Complete combustion of methane in oxygen

(D) Sublimation of solid dry ice into gaseous carbon dioxide

Q107. chem

What is the formal oxidation state of the chlorine atomin
chlorous acid (HC10,)?

@®) +1
®) +3
© +5
@ +7

Q108. cuem

According to Molecular Orbital Theory (MOT), the bond order of
a diatomic molecule orionis calculated as:

(&) The difference between the number of bonding and antibonding electrons
(8) The sum of the number of bonding and antibonding electrons

(c) Half of the difference between the number of bonding electrons and
antibonding electrons

(D) One-fourth of the difference between the number of bonding electrons and
antibonding electrons
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Q109. chem

Which of the following compounds is non-polar overall as a
result of symmetrical dipole moment cancellation, despite
containing individual polar covalent bonds?

>

(&) Methyl chloride (CH,C1)
(8) Methanol (CH;0H)

(c) Water (H20)

(o) Tetrachloromethane (CCLy)

QN0. cuem

What is the standard decreasing order of chemical reactivity
toward electrophilic addition reactions among aliphatic
hydrocarbons?

(a) Alkanes > Alkynes > Alkenes

(B) Alkenes > Alkynes > Alkanes

(©) Alkynes> Alkenes > Alkanes

(@) Alkynes < Alkanes < Alkenes

Q. chem

What is the correct order of reactivity of alcohols toward
nucleophilic substitutioninvolving the cleavage of the carbon-
oxygen (C-0) bond?

(&) Tertiary alcohol > Secondary alcohol > Primary alcohol

(é) Primary alcohol = Tertiary alcohol = Secondary aleohol

(€) Secondary alcohol > Tertiary alcohol > Primary alcohol

() Tertiary alcohol < Secondary alcohol < Primary alcohol

AMN2. cuem

Consider the neutralization reaction:
2NaOH + H2S04 — Na»S04 + 2H:0

When 40 g of NaOH reacts with 49 g of H,504, the total number of
water molecules producedis:

@) 6.02 x 10%

(8) 6.02 x 10%

(©) 1.2044 x 10*

@ 1.204 % 10*

QN3. cuem

The maximum number of electrons that canbe accommodated
in any atomic subshell defined by azimuthal quantum number ! is
calculated by the formula:

® 20+1

&) 20+2

(©) 2(21 +2)

@) 2(20+1)

Q114. cuem

According to the Aufbau principle and the (n + 1) energy rule,
once the 5d subshell is completely filled, the next entering
electron occupies the:

@ fis

® 6p

@ Gd

@) 6f
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Q115. cuem

According to the kinetic molecular theory of ideal gases, the
average translational kinetic energy per individual gas molecule
is expressed as:

QN8. chem

The state of matter consisting of a high-temperature mixture of
ionized atoms, free electrons, and positive ions is known as:

(B) Solidstate

(8) Liquid state

(©) Gaseousliquid

(o) Plasma

QN7. chem

Which of the following variables does not influence the rate of
evaporation of a pure liquid at a specified temperature?

@ Total volume (amount) of liquid present in the vessel

(B) Exposedsurface area of the liquid

(c) Temperature of the liguid
(D) Magnitude of intermolecular attractive forces
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QT118. cuem
Which of the following factors accounts for the significantly

lower normal boiling point of diethyl ether (34.6°C) compared to

that of water (100°C)?

(&) Weak dipole-dipole and London dispersion forces compared to strong
hydrogen bonds

(B) Higher surface tension of diethyl ether

(€) Lower equilibrium vapor pressure of diethyl ether atroom temperature

() Higher molecular mass of diethyl ether

QAQ19. cuem

The magnitude of lattice energy for anionic crystal lattice is
predominantly governed by the:
(&) Charge-to-size ratio of the constituentions
(8) Core electronshielding effect of the metal
<) Overallmacroscopic crystal habit
RIC-Cry
(0) Atomicradius of the neutral parent atoms

@120. cuem
The characteristic external geometric shape of a crystalline solid
lattice is primarily determined by the:

(&) Absolute mass of constituent particles

(8) Chemicalnature of spectatorions

(©) Three-dimensional arrangement and packing of constituent particles
() Physical volume of the macroscopic container
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l SECTION: PHYSICS

@121, euv

If the velocity of amoving object of constant mass is doubled,
what occurs toits kinetic energy?

(n) Remains unchanged

(8) Doubles

(€©) Quadruples

(D) Decreases by half

@122, puy

According to Newton's second law in terms of momentum, the
product of average net force and the time interval over which it
actsis equal to:

(&) Changein force

(8) Changein linear momentum

(©) Changeininstantaneous velocity

(o) Changein acceleration

@123. euy

The absolute electric potential (V') at a distance r from an
isolated point charge qin free space is given by the formula:
kg

-

Ed

®

@

o)

C

®
i

Q124. euv

Electrical conductance () is defined as the reciprocal of
electrical resistance. Whatis its Sl derived unit?

(n) Siemens(8)

(8) Ohm(0)

(€) Ampere (A)

(D) Watt (W)

Q125. euy

The sudden, violent bursting of an inflated automobile tire is an
example of which thermodynamic process?

(&) Adiabatic process

(B) Isochoric process

(© Isothermal process
(D) Isobaric process

Q126. puy

The vector direction of angular velocity (&) of arotating body
alongits axis of rotation is determined by the:

(R) Right-hand rule

(8) Fleming's left-hand rule

(© Lenz'slaw

(D) Faraday'slaw

@Q127. euy

If the mass of an orbiting charged particle in a cyclotronis
doubled while maintaining charge and magnetic flux density
constant, its cyclotron frequency becomes:

(n) Unchanged

(8) Doubled

(©) Halved

(D) Quadrupled
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Questions 121t0 150 (30 MCQs)

Q128. euy

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

@) 3.6 MW

® 3.6 MJ

© 36kJ

© 36W

Q129. puv

According to the standard curriculum textbook tables, the
electrical resistivity of high-purity copperat 20°Cis:

@A) 154 x 10°% Q- m

(B 134 x10°0Q-m

€ 145 x 107 Q- m

@ 164x10°Q-m

Q130. euy

The relation between tangential acceleration, radius vector, and
angular accelerationis given by d, = & x ¥. Whatis the angle
between the position radius vector 7 (directed radially outward)
and the tangential accelerationa;?

(&) o0°

® 180°

©

@ 120°

Q131. euv

The work done by a constant force F producing displacement d
is positive when the angle ¢ between the force and
displacement vectors satisfies:

® 0 < g <00

® 0° > 0> 90°

© 90" < 0 < 180°

®) 6 = 180°

Q132. puy

In projectile motion on level ground, neglecting air resistance,
what launch angle produces the maximum horizontal range fora
giveninitial launch speed?

@ o

(8) 907

© 45°

@ 60’

Q133. rur

Inan alternating current (AC) generator, the instantaneous
induced electromotive force (EMF) is zero when the plane of the
rotating armature coil is:

(&) Perpendicular to the uniform magnetic field

(8) Parallel to the uniform magnetic field

c) Antiparallel to the uniformmagnetic field

Inclined at 45° to the magnetic field

—

)
D)

'

Official Examination Series



BEAMBEPREP - NUMS 2025 Official Solved Paper

Q134. ey

What is the magnitude of the magnetic Lorentz force acting on
anisolated point charge g thatis held atrestinside a uniform
magnetic field B?

(&) Zero

(B) Variable

() Maximum

(@) Minimum butnon-zero

Q135. puy

An electronic rectifier circuit constructed with semiconductor
p-njunction diodes converts:

(n) Direct current into alternating current

(B) Alternating currentinto pulsating direct current

(©) Lowdirect voltage into high direct voltage
(o) Direct currentinto steady radio-frequency signals

Q136. puy

Which intrinsic semiconductor element is most widely utilized in
modern solid-state electronics, microprocessors, and
photovoltaic cells?

(&) Alurminum (Al)

(B) Carbon(C)

(©) Silicon(8i)

@) Sulfur(s)

Q137. puy

Which of the following forces is classified as a non-conservative
force?

(&) Electrostatic Coulomb force

(8) Newtonian gravitational force

(©) Kinetic frictional force
(D) Ideal elastic spring restoring force

Q138. eur

What type of optical spectrum is produced when light emitted
orabsorbed by isolated, excited atoms of an elemental gas is
dispersed through a spectrometer?

(&) Line spectrum

(8) Continuous spectrum

() Bandspectrum

(D) Scattering spectrum

Q139. euv

The quantization of orbital angular momentum of an atomic
electron was first postulated by:

(&) Louis de Broglie

(8) Niels Bohr

(©) AlbertEinstein

(@) lames Clerk Maxwell

Q140. ey

Using Gauss's law, the electric field intensity (E) in free space
near a uniformly charged, non-conducting infinite flat sheet of
surface charge density ¢ is given by:

®*

OF
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Q141. eny

When an astronomical star moves rapidly along the line of sight

directly toward the Earth, its observed spectral absorptionlines
undergo a Doppler shift toward shorter wavelengths, known as

a:

(&) Blue shift

(B) Red shift

(©) Yellow shift

(o) Green shift

[2)

Q142. euy

For a particle undergoing uniform circular motion at constant
speed v, its instantaneous velocity at any single point on the
trajectory is equal in magnitude toits:

(a) Average velocity over a complete revolution

(B) Instantaneous tangential speed

(©) Angular acceleration

(o) Centripetal acceleration

Q143. euv

The fractional change in the electrical resistance of a conductor
per Kelvin change in temperature is defined as the:

(&) Thermal conductivity

@ Temperature coefficient of resistance (a)

(©) Temperature coefficient of resistivity

(o) Coefficient of conductance

Ql144. euv

When a personrubs their hands together vigorously, the work
done against friction causes the internal energy of the skin
tissues to:

(@) Increase

(8) Decrease

(€) Remainunchanged
(o) Drop to absolute zero

Q145. euy

According to Faraday's law of electromagnetic induction, what
is the necessary condition required to generate aninduced
electromotive force in a coil?

(a) Maintaining a constant magnetic flux through the open coil

(B) Maintaining high, steady currentin an adjacent coll

(©) Atime-dependent change in magnetic fluxlinking the coil

(o) Zeromagnetic flux crossing the coilboundaries

=

Q146. euy

Under clear atmospheric conditions at solar noon, the total solar
irradiance (solar constant) incident outside the Earth's upper
atmosphere is approximately:
S
@) 1L4kW/m
(8) 1.2kW/m*
© 11 1':\"\-"_.-’11:2
®) L0KkW/m®
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Q147. euv

The nuclear stability and intrinsic decay probability of a
radioactive nuclide per unit time is characterized by its:
@ Decay constant (A)

(B) Total exposure time

() Number of decayed nuclei

() Initial sample mass

Q148. euy

When two identical coherent waves of equal frequency and
amplitude travel through the same medium in the same direction
and superpose, the resulting phenomenonis called:

(&) Interference

(B) Diffraction

(c) Refraction

(D) Totalinternal reflection
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Q149. euy

Which form of ionizing electromagnetic radiation is utilized in
industrial food processing and preservation to eradicate
pathogenic bacteria and insects by cold sterilization?

(A) Gamma rays

(8) Ultraviolet (UV)rays

(c) Betarays

() Alpharays

Q150. euy

What is the geometric path followed by a charged particle
injected with velocity 7 into a uniform magnetic field 5 in a plane
perpendicular to the field lines?

(&) Circular

(B) Helical

() Linear motion

() Parabolic
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PROPOLIS COGNITIVE ERROR AUTOPSIES

Step-by-step conceptual derivations, formula working, and distractor autopsias for every guestion.

Question #1 ENGLISH

04 Punctuation. Capitalization & Reading Comprehension
Clive had been only a few months in the army when announced that peace had been
concludedbetwe...
CORE CONCEPT & DERIVATION

Proper nouns, including names of soveraign nations and geopolitical entities, must
always begin with a capital letter regardless of their positionin a sentence.

Formula / Rule / Reaction:

Proper Noun Rule: Names of countries (e.g., Great Britain, France) must be
capitalized.

Solution:

= The geographical and political names 'great britain’ and 'france’ are writtenin
lowercase letters.

= Theymustbe corrected to 'Great Britain' and ‘France”.

= There are nomissing commas or full stop defectsin the clause structure:
hence, the erroris purely one of capitalization.

Why other options are incorrect:

« Option A: The sentence does not exhibit any comma splice or missing comma
requirement.

= OptionB: The terminal full stop is correctly placed: no period errors exist.

« OptionC: Comma usage is acceptable; attributing the defect partly to
comma placement is inaccurate.

A ENGLISH
Question #2 m 01. Vizcabulary, Synonyms. Antonyms & Spelling

According to the scientists, the sunis
bysc...

CORE CONCEPT & DERIVATION
Homophones are words that share identical pronunciations but differin speliing.
etymology, and definition.

and we can find the early discoveries made

Formula / Rule / Reaction:

Stationary (adjective with 'a’) = fixed in place, immobile, not moving.
Stationery (noun with 'e’) = writing materials, paper, and envelopes.

Solution:

« The first blank describes the physical state of the sun relative to planetary
orbits, requiring the adjective meaning fixed or motionless: 'stationary’.

« The secondblank describes the physical paper onwhich discoveries were
recorded, requiring the noun: 'stationery’.

» Matching both terms yields "Stationary, Stationery’.

Why other options are incorrect:

« Option A: Inverts the two words, using the noun for the physical state and the
adjective for the writing medium.

« Option C: Contains the misspelled non-word 'Stationory’.

+« OptionD: Contains the misspelling "Stationory’ and inverts the required
semantic order.
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estion #3 ey {8} )3 . Parts of Speech, Prepositions & Modifiers
Choose the correct preposition to complete the quotation: One hour _____ glorious lifeis
worth..

CORE CONCEPT & DERIVATION
The preposition 'of' is used to express quantity, belonging, composition, or the
relationship between a part and a whole.

Formula / Rule / Reaction:
Nounphrase + of + qualifying noun phrase: 'One hour of glorious life'.

Solution:

« Theliterary line from Thomas Osbert Mordaunt characterizes the composition
and quality of that single hour.

+ The preposition'of' indicates that the hour consists of oris characterized by
“glorious life’.

« Nootherpreposition establishes this qualitative partitive relationship.

Why other options are incorrect:

« Option A:'In’indicates spatial enclosure or a tempaoral boundary rather than
characterization.

« OptionC: 'To'indicates direction, motion, or recipient status.

« OptionD: 'With' indicates accompaniment or instrument, which distorts the
grammatical relationship.

Question #4 [T : ENCLISH

*arts of Spesch, Prepositions & Modifers

Which of the following verbs takes the preposition ‘from' with it?

CORE CONCEPT & DERIVATION

Certain verbs and adjectives govern specific dependent prepositions based on
astablished idiomatic usage.

Formula / Rule / Reaction:

Abstain +from + noun/gerund (meaning torefrain deliberately from an action).

Solution:

+ ‘Abstain’ consistently pairs with 'from’ (e.g., 'abstain from voting', abstain from
smoking').

« Theremaining choices govern the preposition 'of .

Why other options are incorrect:

+ OptionB: 'Accused' takes 'of'(e.g., accused of theft).
+ OptionC: 'Desirous’is an adjective that takes 'of ' (e.g., desirous of success).
+ OptionD: 'lgnorant'is an adjective that takes 'of' (e.g., ignorant of the facts).
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ENGLISH
Question #5 m 0. Punctuation. Capitalization & Reading Compreh
Identify the sentence with correct grammatical structure and punctuation:

CORE COMCEPT & DERIVATION

Clauses must maintain clear syntactic links without inappropriate comma insertion
between transitive verbs and their direct objects or subordinate clauses.

Formula / Rule / Reaction:

Subject + transitive verb + object + non-restrictive relative clause (separated by a
comma).

Solution:

= InOption D, 'who was walking down the street’ is a non-restrictive relative
clause modifying 'the bay'. set off appropriately by a comma.

« Option A inserts an erroneous comma that detaches the participial phrase
directly modifying the direct object.

+ OptionBincorrectly separates the verb fromits object and inserts a comma
before the noun 'street’.

» Option Cintroduces an erroneous comma between the transitive verb
‘noticed’ and the complementizer ‘that'.

Why other options are incorrect:

= Option A: The comma inappropriately separates the object 'the boy' fromits
participial modifier, creating an ambiguous parenthetical break.

=+ OptionB: Contains comma splices and an ungrammatical bare infinitive
structure.

« Option C: A comma must never directly separate areporting verb fromits
"that'-noun clause complement.

Question #6 [ZVHE) s

0. Punctuation. Capitalization & Reading Compret

Choose the sentence with comrect punctuation;

CORE CONCEPT & DERIVATION

Indirect dialogue interrupted by a dialogue tag. acomma is placed inside the closing
qguotation marks. The attribution verb begins with a lowercase letterunlessitisa
proper noun, and the continuation of the quote starts with a lowercase letter if it
continues the same sentence.

Formula / Rule / Reaction:
"[Quote piece].” said [subject], "[continuation of quote]."

Solution:

» The speech attribution 'said the ant'is not a separate sentence; hence 'said’
mustbelowercase.

+ Thesecond part of the dialogue ('and dance winter away') continues the
imperative sentence; hence 'and' must be lowercase.

= Acommais placed inside the first closing guotation mark after 'then'.

« Option C follows every dialogue punctuation rule accurately.

Why other options are incorrect:

» Option A: Erroneously capitalizes 'Said' and 'And’ within an uninterrupted
clause.

« OptionB: Omits the required comma after 'then’, capitalizes 'Ant’, and
misplaces the attribution.

+ OptionD: Uses a period after the quotation mark and capitalizes 'Said’, "Ant’,
and "Winter'incarrectly.
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ENGLISH
Question #7 m 05 A e-Passive Voice, Reported Speech & Syntax

Identify the syntactic function of the underlined clause: I know you have already read this
boo...
CORE CONCEPT & DERIVATION

A subordinate clause that serves as the direct object of a transitive verb acts as a
nominal element and is classified as anoun clause.

Formula / Rule / Reaction:

Subject + Verb + [Noun Clause as Direct Object]:
I know [that you have already read this book].

Solution:

« Theverb 'know'is transitive and requires a direct object answering the
question 'what?".

+ Thedependentclause 'you have already read this book’ (with the omitted
complementizer 'that') answers ‘what do | know?'.

+ Becauseit occupies the direct object position of the sentence, it is a noun
clause.

Why other options are incorrect:

+ Option A: Itis adependent clause functioning within a matrix sentence; it
cannot stand alone as an independeant clause.

+ Option B: An adjective clause modifies an antecedent noun; hereit does not
modify any noun.

+« Option C: An adverb clause modifies verbs, adjectives, or adverbs by
indicating time, manner, place, or condition.

Question #8 ) ENGLISH

3.Parts of Speech, Prepositions & Modifers

Choose the sentence with the correct cumulative order of adjectives:

CORE CONCEPT & DERIVATION

Englishfollows a standard royal sequence for cumulative adjectives preceding a
naun,

Formula / Rule / Reaction:

Adjective Order: Quantity/Number — Opinion/Quality — Size — Age — Shape —»
Color — Origin — Material — Purpose.

Solution:

«  Quantity: 'two’

« Opinion: 'beautiful’

+« Age:'young'

« Origin: 'British’

« Noun: 'girls’

* Assembling this order gives: 'two beautiful, young, British girls’. Option B
adheres to this sequence without disruptive, misplaced commas.

Why other options are incorrect:

* Option A: Places age before number and inserts incorrect commas
throughout the phrase.

« Option C: Places origin ('British’) ahead of age and opinion.

+« OptionD: Places age ('young') ahead of opinion ('beautiful’) and places a
comma before the prepositional phrase.
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ENGLISH
Ques‘ion #9 m 03. Parts of Speech, Prepasitions & Modifiers

Hecircled _____ whaole world on his ship and on
fierce giant.

CORE CONCEPT & DERIVATION

Articles are determined by noun specificity. uniqueness, and the initial phonetic
sound of the following word.

Formula / Rule / Reaction:

Unigue entity = 'the’; singular countable noun with initial vowel sound = ‘an’; non-
specific singular countable nounwith consonant sound = 'a'.

Solution:

= First blank: 'whole world' is a unique entity, requiring the definite article 'the'.

« Secondblank: 'island' starts with a vowel sound (/a1/) and is singular and
indefinite, requiring "an’.

= Thirdblank: "fherce giant'is singular, indefinite, andintroduced for the first time
with a consonant sound (/ f/), requiring 'a".

+ Thecorrectsequenceis'the, an,a".

Why other options are incorrect:

=« Option A: Erroneously uses the definite article 'the' for a newly introduced,
non-specific giant.

+ OptionB: Uses 'a’ before 'island’, violating the vowel-sound phonaological rule
requiring 'an’.

« OptionD: Uses 'an’ before "ierce’, which begins with a consonant sound.

ENGLISH
04, Subject-Yerb Agreement, Tenses & Conditionals

Question #10

|suggestthatyou _____ visit a doctor.

CORE CONCEPT & DERIVATION

Verbs of recommendation, urging. and suggestion like 'suggest' take a 'that'-clause
utilizing either the mandative subjunctive bare infinitive or the modal auxiliary
'should'.

Formula / Rule / Reaction:
Suggest + that + subject + [should + base verb] OR [base verb].

Solutien:

« Following the formula for indirect suggestions, 'should’ is the standard modal
auxiliary used to express advice without strong compulsion.

= Options expressing direct obligation or necessity ('must’, ‘have to') conflict
with the non-coercive semantics of "suggest’.

Why other options are incorrect:

= Option A: 'Must’ denotes strong command or legal obligation, whichis
semantically contradictory after'| suggest’.

« Option C: 'Ought to' expresses moral duty and is stylistically inappropriate in
standard subjunctive complements.

= OptionD: 'Have to' denotes external necessity rather than advice.

beambeprep.com

Page 19 of 61

OFFICIAL FULL-LENGTH PRACTICE (FLP)

ENGLISH
Question #11 m 05 A e-Passive Voice, Reported Speech & Syntax

Identify the type of sentence: Aftermidnight, the ghost will come out of the haunted attic
to..

CORE CONCEPT & DERIVATION

Sentence classificationis determined strictly by the number and nature of
independent and dependent clauses. A clause must contain both a subjectand a
finite predicate.

Formula / Rule / Reaction:
Simple Sentence = Exactly one independent clause + O dependent clauses.

Solution:

« Thecoreclauseis 'the ghost will come out of the haunted attic’, which consists
of one subject ('the ghost’) and one finite verb phrase ("'willcome out'). Thisis
anindependent clause.

« ‘Aftermidnight’is a prepositional phrase functioning adverbially: it lacks both
asubject and a predicate, soitis notaclause.

« ‘Toscare the people’ is anon-fhnite infinitive phrase of purpose; non-finite
phrases donot form subordinate clauses.

« Withexactly one independent clause and zero subordinate clauses, the
sentence is grammatically simple.

+ Audit Note: Some unverified keys label this sentence as complex because
they mistake the preposition 'after for a subordinating conjunction. Because
‘midnight’is simply the nominal object of the preposition, no dependent
clauseis formed.

Why other options are incorrect:

« Option B: Requires two or more independent clauses joined by a coordinating
conjunction or semicolon.

« Option C: Requires atleast one subordinate clause containing a subject and a
finite verb.

« OptionD: Requires atleast two independent clauses and atleast one
dependent clause.

ENGLISH

04, Subject-Verb Agreemant, Tenses & Conditionals

Question #12

Choose the correctly structured conditional sentence:
CORE CONCEPT & DERIVATION
The third conditional expresses an unreal past event and its hypothetical past result.

Wheninverted by omitting 'if’, the auxiliary 'had’ moves before the subject.

Formula / Rule / Reaction:

Inverted Third Conditional:
Had + Subject + Past Participle, Subject + would have + Past Participle.

Solution:

+ Conditionclause: 'Had he been there' (equivalent to'If he had been there').

* Resuitclause: 'he would have seenus’.

« Combining both yields: 'Had he been there, he would have seenus’. Option C
is grammatically correct.

Why other options are incorrect:

+« Option A: Uses 'would see’ (second conditional modal), causing a conditional
tense mismatch.

+ Option B: "Would had' is ungrammatical: modal auxiliaries are always followed
by the base form 'have’.

« OptionD: 'Had he had been’' contains a redundant past perfect auxiliary.
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Question #13 5 ENGLISH

05 Active-Passive &, Reported Speech & Syntax

Whatever you order for dinner is fine with me. The underlined part is a/an:
CORE COMCEPT & DERIVATION

A nominal relative clause introduced by words such as 'whatever', 'whoever’, or 'what”
can occupy standard noun positions such as the grammatical subject of a sentence.

Formula / Rule / Reaction:
[Subordinate Clause as Subject] + Verb ('is') + Subject Complement ('fine withme').

Solution:

« The clause 'Whatever you order for dinner' contains a subject ('you’) and verb
('order').

« [|tfunctions asthe complete grammatical subject of the mainverb is’.

= Because it performs the function of anoun(subject), it is classified as a noun
clause.

Why other options are incorrect:

« OptionB: Adjective clauses must follow and modify an expressed antecedent
noun.

+» Option C: Adverb clauses modify predicates by answering how, when, where,
orwhy.

= OptionD: The clause cannot stand alone as a complete sentence becauseitis
subordinated by 'whatever'.

Question #14 o ENGLISH

03. Parts of Speech, Prepasitions & Modifiers

Fill in the correct articles: lioness. She has no mane.

CORE CONCEPT & DERIVATION

The definite article 'the' canrepresent an entire representative class or specific
category of animal. while 'a' is used to define or classify amember into a naming
category.

Formula / Rule / Reaction:
The +singular noun (generic class) + is called + a/an + category definition.

Solution:

» 'The female lion’ uses the generic definite article to refer to the entire
biological category of female lions.

« 'iscalled alioness' introduces the singular classification term using the
indefinite article 'a’.

+ Thisyields 'The, a".

Why other options are incorrect:

» Option A: Inverts the article functions; ‘a female lionis called the lioness' is
non-idiomatic.

= OptionC: Using 'the lioness'implies a unigue individual specimen rather thana
broad definition.

+ OptionD: Lacks the generic definite reference needed informal expository
definitions.
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Q ENGLISH
estion #15 m 06, Punctuation, Capitalization & Reading Comprehension
Identify the sentence with correct punctuation:

CORE CONCEPT & DERIVATION

Anelliptical cormma (or gapping comma) is used to indicate the deliberate omission
of an easily understood repeatead verb across parallel independent clausesjoined by
asemicolon.

Formula / Rule / Reaction:
Clause 1 [Subject + Verb + Object]: Clause 2 [Subject +, (omitted verb) + Object].

Solution:

+« Twoindependent clauses are closely related: 'Ali received a Parker pen’ and
"Hamzareceived awatch’.

« Theymust be joined by asemicolon.

« Inthe secondclause, the verb received’ is omitted to prevent repetition. A
comma replaces the omitted verb ('Hamza, a watch’).

« OptionDis punctuated correctly according to formal grammatical rules.

Why other options are incorrect:

+« Option A: Usesacomma splice to link independent clauses and misuses a
colon after 'Hamza'.

« OptionB: Omits the necessary elliptical comma between 'Hamza' and 'a
watch’, resulting in confusion.

« Option C: Inverts the positions of the comma and semicolon.

Question #16 BIOLOGY

02. Biomolecutes

feature?

CORE CONCEPT & DERIVATION

The evolutionary dominance of phylum Arthropodaiis attributable to their chitinous,
jointed exoskeleton and specialized jointed appendages, which provide structural
support, prevent water loss, and allow diverse forms of locomotion.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

« Arthropods possess jointed appendages specialized for walking, swimming.
feeding, sensory reception, and defense.

= Their chitinous exoskeleton provides muscle attachment sites and desiccation
resistance onland.

» These structural adaptations made them the most diverse and abundant
macroscopic animals on Earth.

Why other options are incorrect:

« Option A: While habitat diversity is high, jointed appendages combined with
an exoskeleton are the anatomical drivers of their radiation.

« Option B: Arthropods possess an exoskeleton and an open circulatory
system, not an endoskeleton or closed system.

« Option C: Anopen circulatory system with hemocoelis a characteristic, butit
is not the primary factor responsible for their vast diversification.
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BIOLOGY
Question #17 m o1.Ce

The process in which damaged orunwanted cellular structures are engulfed and
degradedwithinl...

CORE COMCEPT & DERIVATION

Autophagy is the catabolic processinwhich eukaryotic cells degrade and recycle
their own obsolete or damaged organelles via lysosomal hydrolytic enzymes.

Formula / Rule / Reaction:

fisian with Lysosome

Damaged Organelle — Autophagosoma ——— Autolysosome —
Hydrolytic Degradation.

Solution:

= When cellular organelles (such as aging mitochondria) lose functionality, they
are sequestered in double-membrane vesicles called autophagosames.

+« These vesicles fuse with primary lysasomes, allowing acid hydrolases to
digest the contents into reusable biochemical components.

« Thisinternal recycling processis termed autophagy.

Why other options are incorrect:

= OptionB: Autolysis refers to complete self-destruction of an entire dead or
dying cell by mass rupture of its own lysosomes.

+ OptionC: Phagocytosisis the endocytosis of large external foreign bodies
(like bacteria), not internal organelles.

+ OptionD: Endocytosis is the general term for cellular internalization of
external maolecules.

Question #18 (2]} s

16, Evalution
Which animal phylum was the first to evolve a true coelom?
CORE CONCEPT & DERIVATION

Atrue coelom is a fluid-filled body cavity completely lined on all sides by
mesodermally derived epithelium (peritoneum).

Formula / Rule / Reaction:

Evolution of Body Cavity: Acoelomate (Platyhelminthes) — Pseudocoelomate
(Aschelminthes/Nematoda) — Eucoslomate (Annelida onwards).

Solution:

» Platyhelminthes are acoelomate (solid mesenchyme fills the body).
« Nematodes are pseudocoelomates (cavity lined only partially by mesoderm).

= Annelida{(segmented worms) are the first evolutionary phylum to possessa
true secondary body cavity (schizocoelom)fully lined by mesodermal
peritonaum.

Why other options are incorrect:

« Option A: Flatworms are acoelomate and completely lack a coelom.

= OptionC: Arthropoda evolved true coeloms after Annelida, and their coelom
islargely reducedto a hemocoel.

+ Option D: Molluscs evolved after annelid-like ancestral coelomates.
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Question #19 [[ZHE) Sty

12. Nervous Coordination
The part of the human brain that coordinates voluntary muscular movement and stores
motormemaor...

CORE CONCEPT & DERIVATION
The cerebellum acts as the coordination center for skeletal muscle contraction,
body equilibrium, posture, and procedural motor memaory.

Formula / Rule / Reaction:
Factualrecall/ Qualitative concept.

Solution:

+« The cerebellumreceivesinput from proprioceptors, vestibular apparatus, and
cerebral motor cortex.

» ltcoordinates precision, smooth timing, and execution of skeletal
maovements.

« lItstores procedural motor memories, such as riding a bicycle or playing
musical instruments.

Why other options are incorrect:

« Option A: The cerebrum governs sensory perception, conscious thought,
reasoning, and speech.

* Option C: The pons acts primarily as a bridge connecting spinal pathways and
regulatesrespiration rates.

+ Option D: The medulla controls autonomic visceral reflexes including cardiac
rate, blood pressure, and swallowing.

Question #20 [ZHE) i

09. Resparation # Gaseous Exchange
Which of the foliowing proteins is structurally present in the alveolar walls of the human
lung...
CORE CONCEPT & DERIVATION

The pulmonary alveolar interstitium contains extracellular matrix fibers including
collagen and elastin to maintain structural integrity during ventilation cycles.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

« Alveolarwalls are lined by epithelial type | and type | pneumocytes supported
by an underlying extracellular ibrous network.

+ Collagen fibers provide tensile strength, preventing alveolar over-distension
and structural collapse during pressure changes.

+ Elastinprovides recoil properties during passive expiration.

Why other options are incorrect:

« Option A: Myoglobin is an oxygen-storing hemoprotein found inside skeletal
and cardiac muscle fibers, not alveolar walls.

« Option B: Haemoglobinis found within erythrocytes in pulmonary capillary
blood, not as anintrinsic structural protein of alveolar walls.

+ OptionD: Incorrect because collagenis an established component of the
alveolarbasement membrane.

Official Examination Series



BEAMBEPREP - NUMS 2025 Official Solved Paper

BIOLOGY
Question #21 m 15. Inheritance f Variation & Genetics

Gene linkage between two lociis experimentally confirmed by performing a:
CORE COMCEPT & DERIVATION

Atestcross crosses an individual of unknown or heterozygous genotype witha
homozygous recessive individual to directly reveal recombinant versus parental
gametic frequencies.

Formula / Rule / Reaction:

Number of Recombinant Offspring
Total Offspring

Recombination Frequency = * 100%

If parental phenotypes = 50%, linkage is confirmed.

Solution:

« Independent assortment yields a dihybrid test crossratioof1:1:1: 1.

« Whentwo genes are linked onthe same chromosome, parental phenotypes
appearin significantly higher propertions than non-parental recombinant
types.

« Therefore, atest cross is the definitive genetic cross used to demaonstrate
linkage and calculate map distance.

Why other options are incorrect:

« OptionB: Standard F, = F, dihybrid selfing(yieldinga9: 3: 3 : 1ratio)
obscures individual gametic genotypes due to dominance interactions.

« OptionC: Amonohybrid cross tracks only a single gene locus. making linkage
detection between two lociimpossible.

+ OptionD: Abackcross canbe made to a homozygous dominant parent, which
conceals recessive recombinant alleles.

Question#22 [CH0) BloLocr

15. Inheritance / Variation & Genetics
The phenomenon of complete gene linkage represents an exception to and directly
rejects theuni...
CORE CONCEPT & DERIVATION
Mendel's second law assumes that alleles for different traits assort independently of
one another during gamete formation, which holds true only if the genes reside on
different chromosomes or are farapart.

Formula / Rule / Reaction:

Mendel's Law of Independent Assortment requires loci to be unlinked (on separate
homeologous chromosomes).

Solution:

« Linked genes reside on the same chromosome and tend to be inherited
together as a single linkage unit during meiosis.

« Because they donot sort into gametes independently, linkage directly
violates and rejects the universal scope of Mendel's Law of Independent
Assortment.

Why other options are incorrect:

+ Option A: The Law of Segregation (alleles of a single gene separating during
anaphase I} remains valid for linked genes.

= OptionC: Polygenic inheritance describes traits controlled by multiple
additive genes, not the physical linkage of loci.

= OptionD: Epistasis refers to inter-genic masking of phenotypic expression,
notchromosomal co-segregation.

beambeprep.com

Page 22 of 61

OFFICIAL FULL-LENGTH PRACTICE (FLP)

Question #23 BIOLOGY

12. Mervous Coordinaticn
Which of the foliowing invertebrates possesses an exceptionally large, complax brain with
advan...
CORE CONCEPT & DERIVATION

Cephalopod molluscs exhibit the most highly developed nervous systems amaong
invertebrates, with the common octopus showing pronounced neuro-anatomical
centralization, problem-solving ability, and memory retention.

Formula / Rule / Reaction:
Factualrecall/ Qualitative concept.

Solution:

« Theoctopus possesses roughly 500 million neurons, with major
concentrations in a centralized brain enclosed in a cartilaginous craniurm.

+ Theydisplay advanced long-term and short-term memory, maze-navigating
skills, observational learning, and tool use.

+ They have the highest brain-to-body mass ratio and behavioral complexity
among allinvertebrates.

Why other options are incorrect:

+ Option A: Snails possess simple ganglionated nervous loops with minimal
behavioral plasticity.

* Option B: Giant squids have large brains suited for visual processing and
swimming reflexes, but theirlearning capacity does not match that of
0OClOpUSES,

« OptionD: While cuttlefish are inteligent cephalopods, the octopus is the
classical model recognized for the highest learning and prablem-solving
capacities.

Question #24 [T BloLoor.

08, Immunity

Which of the following is an early clinical sign in an asymptomatic HIV carrier that typically

CORE CONCEPT & DERIVATION

During the primary/acute stage of HIV infection, robust viral replication in lymphoid
tissue causes acute generalized lymphadenopathy that transiently subsides as the
immune system establishes the asymptomatic clinical latency phase.

Formula / Rule / Reaction:

Acute HIV Phase — Persistent Generalized Lymphadenopathy (PGL) — Temporary
resolution into asymptomatic latency.

Solution:

* Within weeks of HIV infection, mononucleosis-like symptoms including fever,
sore throat, and swollen lymph nodes (lymphadenopathy) develop.

« Ascytotoxic Tlymphocytes mount aninitial immune response, swollenlymph
nodes typically subside orregress after a few weeks to months.

« The patient then enters the clinically latent (asymptomatic carrier) stage
lasting several years.

Why other options are incorrect:

+ Option B: Drenching night sweats are characteristic of late symptomatic HIV
and AIDS-related complex {ARC), not transient early features.

« Option C: Memory loss and AIDS dementia complex oceur in advanced
terminal stages of HIV infection.

« Option D: Persistent chronic diarrhea is an opportunistic gastrointestinal
complication of full-blown clinical AIDS.
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Question #25 BIOLOGY

05, AcellularLife
What is the typical pore size range of a bacteriological porcelain (Chamberland) filter?

CORE COMCEPT & DERIVATION

Charmberland-Pasteur porcelain filters possess pore diameters designed to retain
vegetative bacterial cells while permitting sub-microscopic viral particles (filterable
agents) to pass through.

Formula / Rule / Reaction:
Porcelain filter pore diameter: 0.1 to 1.0 pm = 100 to 1000 nm.

Solution:

= Bacteria generally range in diameter from 1 to 10 gm (or 1000 nm and above).
+ Porcelain filters feature pore sizes between 100 and 1000 nm (0.1 to 1.0 gm).

= This pare size retains all cellular bacteria, allowing filterable viruses (sizes
2i) to 300 nm) to passinto the filtrate.

Why other options are incorrect:

« OptionA: 10 to 100 nm corresponds to ultrafiltration membranes that retain
many viruses.

+» OptionC: 10 to 100 pm s far too large: common bacteria would pass through
without obstruction.

= OptionD: 100 to 1000 pm (0.1 to 1 mm) corresponds to coarse mesh filters
incapable of sterilizing bacterial suspensions.

Question #26 [N sl

04, Bioenergetics
What is the final three-carbon organic end product formed at the completion of
glycolysis?
CORE COMNCEPT & DERIVATION
Glycolysis is the cytosolic metabolic sequence that oxidizes one é-carbon molecule

of glucose into two 3-carbon molecules of pyruvate with concomitant production of
ATP and NADH.

Formula / Rule / Reaction:

Glucose (CgHy204) + 2NAD™ + 2ADP + 2P; — 2 Pyruvate (C3H;0; ) + 2NADH + 2H™ + 2ATP

Solution:

» Glycolysis consists of an energy-investment phase followed by an energy-
payoff phase.

« Inthe final enzymatic step catalyzed by pyruvate kinase.
phosphoenclpyruvate (PEF) transfers its phosphate group to ADP, generating
pyruvate.

« Thus, pyruvate is the final end product of the pathway.

Why other options are incorrect:

« Option A: Oxaloacetate is a 4-carbon intermediate in the mitochondrial Krebs
cycle.

« OptionC: Acetyl-Codis formed after glycolysis via the oxidative
decarboxylation of pyruvate by pyruvate dehydrogenase.

« OptionD: Lactic acid is formed under anaerobic homolactic fermentation
when lactate dehydrogenase reduces pyruvate.
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Question #27 [ZHE) _ gomicld

09. Resparation / Gaseous Exchange
Which structural protein provides mechanical tensile strength to the alveolarwalls in the
huma...
CORE CONCEPT & DERIVATION

The alveolar septum and surrounding interstitial framework rely on structural fibrous
proteins of the extracellular matrix to withstand repetitive ventilatory distension.

Formula / Rule / Reaction:
Factualrecall/ Qualitative concept.

Solution:

+« TypelandTypelll collagen fibrils within the pulmonary interstitium provide
high tensile strength.

» This prevents mechanical tearing and rupture of delicate alveolar-capillary
membranes during deep inspiration.

+ Elastic fibers provide elastic recoil, while collagen prevents excessive
stretching.

Why other options are incorrect:

« Option A: Hemoglobin is ametalloprotein in red blood cells that transports
oxygenand carbon dioxide.

= Option B: Myoglobin is anintracellular hemoprotein restricted to skeletal and
myocardial sarcoplasm.

+ Option C: Myosinis a contractile motor protein found in muscle sarcomereas.

BIOLOGY
Question #28 05. Aceliular Life

Which of the following viruses contains a double-stranded RNA (dsRNA) genome in its
core?
CORE CONCEPT & DERIVATION

Most RNAviruses have single-stranded genomes, but the family Reoviridae
(including Rotavirus, a causative agent of severe infantile viral diarrhea) possesses
segmented double-stranded RNA genomes.

Formula / Rule / Reaction:

Rotavirus (Infantile Diarrhea Virus) — Family: Reoviridae — Genome: segmented
dsRNA(T1 segments).

Solution:

* Rotavirus, commonly referred to inmedical entry syllabus as infantile diarrhea
virus, possesses a double-stranded RNA genome.

« Rubella(German measles)is a positive-sense single-stranded RNA virus
(Togaviridae).

« Smallpox(Varicla) is a double-stranded DMNA virus (Poxviridae).

« Therefore, the diarrhea-causing reovirus is the correct choice.

Why other options are incorrect:

« Option A: Mild rashviruses (such as Roseola f HHV-6 or Parvovirus B19) are
DMAviruses.

+ Option C: Rubella virus possesses a positive-sense single-stranded RNA
(+ssRMNA) genome.

« OptionD: Smallpox virus contains a linear double-stranded DNA (dsDNA)
genome.
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Question #29 [ZHTN BIOLOGY

12. Nervous Coordin

Whichions are directly invoived in the propagation and synaptic transmission of a nerve
impuils...

CORE COMCEPT & DERIVATION

Synaptic transmission requires axonal arrival of an action potential followed by
voltage-gated vesicular exocytosis and postsynaptic membrane response,
involving sodium, potassium, and calciurm ions.

Formula / Rule / Reaction:

Depolarization = Na® influx; Repolarization = K effiux; Vesicle Fusion and
Meurotransmitter Release = Ca” influx.

Solution:

* Na'influxmediates depolarization of the axon and presynaptic terminal
membrane.

« Depolarization opensvoltage-gated Ca*' channels at the axon terminal; Ca**
influx triggers synaptotagmin and SNARE complexes to fuse synaptic vesicles
with the presynaptic membrane, releasing neurotransmitter.

= K effluxis required to repolarize the presynaptic terminal and restore resting
potential.

« Allthreeions (K*, Ca®", Na')are necessary for the full sequence of events.

Why other options are incorrect:

= OptionB: Omits calcium, which is the direct trigger for neurotransmitter
exocytosis into the synaptic cleft,

« Option C: Omits potassium, whichis necessary for membrane repolarization.

» OptionD: Omits sodium, without which the propagating action potential
cannot reach the bouton.
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Question #30 BIOLOGY

1. Support & Movemant
The functional activity of which organ would be most directly compromised by an
impairment of v...
CORE CONCEPT & DERIVATION

Smoothmuscle forms the muscular layers of hollow visceral organs (gastrointestinal,
vascular, urinary, and reproductive tracts), responsible forinvoluntary peristaltic
contractions.

Formula / Rule / Reaction:
Factualrecall/ Qualitative concept.

Solution:

« Thestomach muscularis externa consists of three layers of involuntary smooth
muscle (inner obligue, middle circular. outer longitudinal).

* Impairment of smoothmuscle stops gastric churning, mechanical digestion,
and peristalsis (causing gastroparesis).

+ Theheartis composed of cardiac muscle: the tongueis composed of
voluntary skeletal muscle.

* Ventilatory airflow is driven primarily by the diaphragm and intercostal
muscles, which are skeletal muscles.

Why other options are incorrect:

« Option A: The heart myocardium consists of striated cardiac muscle, not
smoothmuscle.

= Option B: Breathing movements are powered by skeletal muscles (diaphragm
andintercostal muscles).

+ OptionD: The tongue is formed entirely of voluntary skeletal muscle under
cranial nerve Xll control.

BIOLOGY
Question #31 m 04, Bicenargetics

Bacteria that are capable of growth both in the presence of oxygen and in its complete
absence ...

CORE CONCEPT & DERIVATION

Bacterial oxygen requirements are determined by the presence of terminal
respiratory electron transport systems and oxidative stress-protective enzymes
(superoxide dismutase and catalase).

Formula / Rule / Reaction:

abseee of Oy

Aerabic Respiration (with Oz)- =+ Switch to Anaerobic Respiration /

Fermentation.

Solution:

s Facultative anaerobes utilize oxygen for aerobic respiration when it is present,
generating higher ATP yields.

* Inthe absence of oxygen, they switch to fermentation or anaerobic respiration
using alternative terminal electron acceptors (e.g., nitrate).

= Examplesinclude Escherichia coli and Salmonella.

Why other options are incorrect:

+« OptionB: Obligate aerobes possess an absolute requirement for molecular
oxygen and perish under anaerobic conditions.

« OptionC: Obligate anaerobes lack superoxide dismutase and catalase; they
are poisoned by oxygen.

« Option D: Microaerophiles require low oxygen tensions (2% to 10%) and are
inhibited by atmospheric oxygen concentrations.
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BIOLOGY
4. Reproduction

Question #32 [T

Whichendocrine gland is directly responsible for ovulatory failure resulting from an
absenceo...

CORE COMCEPT & DERIVATION

Ovulation is triggered by an acute pre-ovulatory surge of luteinizing hormane (LH)
and follicle-stimulating hormone (FSH) synthesized and secreted by the anterior
pituitary gland.

Formula / Rule / Reaction:

Hypothalamiec GnRH — Anterior Pituitary LH Surge — Follicular Rupture {Ovulation)

Solution:

= Follicular rupture and secondary oocyte release depend upon the mid-cycle
LH surge.

« The gonadotropesin the anterior pituitary gland synthesize and secrete LH
and FSH in response to pulsatile hypothalamic GnRH and high late-follicular
estrogen feedback.

« Pituitary hypofunction or failure to produce the LH surge directly leads to
anovulation.

Why other options are incorrect:

+« OptionB: The adrenal gland produces corticosteroids and weak androgens.
but does not secrete the gonadotropic hormones that trigger ovulation.

« OptionC: The thymus is a primary lymphoid organ invaolved in T-cell
maturation withnorole in ovulation.

= OptionD: The placenta is a transient gestational organ present only during
pregnancy, after ovulation has already occurred.

BIOLOGY

4. Bioenergetics

Question #33

What is the primary photochemical function of Photosystem Il (PS5 1) in non-cyclic
photophosgho...
CORE CONCEPT & DERIVATION

Photosystem |l contains the Py, reaction center chlorophyll pair, which upon photo-
oxidation becomes a powerful biological oxidizing agent capable of splitting water.

Formula / Rule / Reaction:

2H20 R, (IE)('.D”‘H][. 02 A A

Solution:

+ When Fssno absorbs light, its excited electronis transferred to the primary
electron acceptor {pheophytin).

= Theresulting oxidized Fyy, extracts electrons from water via the oxygen-
evolving complex (OEC).

« This oxidation of waterreleases protons into the thylakoid lumen and
produces molecular oxygen.

Why other options are incorrect:

« Option A: ATP is synthesized by CF,CF, ATP synthase utilizing the proton
motive force, not directly by PSII.

« OptionC: Reduction of NADP" to NADPH is carried out at the stromal surface
by ferredoxin-NADP+ reductase (FNR) via Photosystem |

« OptionD: PS |l reduces plastoguinone, which transfers electrons to
cytochrome by f: PS |l does not oxidize the cytochrome.
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BIOLOGY

04, Bioenergstics

Question #34

What is the terminal electron scceptorin the mitochondrial electron transport chain?
CORE CONCEPT & DERIVATION

Aerabic cellular respiration uses molecular oxygen as the final electron sink, which is
reduced to water at Complex IV (cytochrome ¢ oxidasea).

Formula / Rule / Reaction:

Crtochrome ¢ axidase

Oq +4e” +4H' 2H, O

Solution:

+ Electrons originating from NADH and FADH, travel down the inner
mitochondrial membrane respiratory chain (Complexes | through V).

« At Complex IV, four electrons and four matrix protons combine with one
molecule of molecular oxygen (Oa).

« This produces two molecules of metabolic water, making O the terminal
electron acceptor.

Why other options are incorrect:

« Option A: C0O, is an oxidized carbon byproduct released during the link
reaction and Krebs cycle, not an electron acceptor.

« Option C: ATP is the high-energy product synthesized by ATP synthase.

« OptionD: NADPH functions primarily as a reducing agent in photosynthetic
and anabolic reactions.

BIOLOGY
1. Bupport & Movement

Question #35

In a relaxed skeletal muscle sarcomere, the H-zone contains:

CORE CONCEPT & DERIVATION

TheH-zone is the pale central region of the anisotropic A-band where thin actin
filaments do not extend when the sarcomereis in a relaxed state.

Formula / Rule / Reaction:

Sarcomere Anatomy: A-band = full length of thick ilaments; H-zone = center of A-
band with thick filaments only; I-band = thin filaments only.

Solution:

« Asarcomeare spans from one Z-disc to the next.

* Thin filaments (actin, tropomyosin, troponin) extend from each Z-disc toward
the center of the sarcomere.

« Thick filaments {(myosin) occupy the central A-band.

s The central portion of the A-band where actin does not overlap myosinin the
relaxed stateis termed the H-zone (Helle zone).

* Hence, tha H-zone consists solely of thick (myosin) filaments.

Why other options are incorrect:

« Option B: Thin filaments without thick filaments form the |-band.

+ Option C: Overlappingregions of thick and thin filaments are found in the
peripheral regions of the A-band, not in the H-zone.

+ Option D: Tropomyosin and troponin are regulatory proteins attached to the
thin actin filaments, which are absent from the central H-zone.
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Question #36 BIOLOGY

16, Evolution

Which of the following pairs exempiifies homologous anatomical structures?
CORE COMCEPT & DERIVATION

Homologous structures are organs or skeletal elements of animals that share a
common embryonic origin and basic pentadactyl structural plan, despite differing
functional adaptations.

Formula / Rule / Reaction:
Homology = Shared Ancestral Origin + Divergent Evolution {Different Functions).

Solution:

= The forelimb of a bird (wing adapted for flight) and the pectoral flipperof a
whale (adapted for swimming) share identical pentadacty| skeletal anatomy:
humerus, radius, ulna, carpals, metacarpals, and phalanges.

« This underlying anatomical unity demonstrates shared ancestry from primitive
tetrapod ancestors.

« Thus, they represent classic homologous structures.

Why other options are incorrect:

+ Option A: Pine needles are modified gymnosperm leaves, whereas cactus
spines are modified angiosperm bud scales/leaves: they illustrate convergent
adaptations to aridity.

« Option C: Bird wings (interal bony endoskeleton) and butterfly wings
(chitinous extensions of the thoracic cuticle) are analogous structures arising
fram convergent evolution.

« OptionD: Fish gills (pharyngeal branchial clefts) and mammalian lungs (ventral
endodermal outpouchings of the foregut) differin embryonic origin and
structural organization.

BIOLOGY
D6. Digestion/ Nutrition

Question #37

Identify the mismatched pair among the following physiological and transport terms:
CORE CONCEPT & DERIVATION

Chylomicrons are lipoprotein transport particles synthesized in intestinal
enterocytes to carry dietary lipids throughout the lymphatic and circulatory systems.

Formula / Rule / Reaction:

Chylomicron Composition = Triacylglycerols (~85%) + Phospholipids (~-B%) +
Cholesterol esters (-3%) + Apolipoproteins (~2%).

Solution:

« Chylomicrons transport exogenous dietary lipids: primarily triacylglycerols,
alongside cholesterol esters and phospholipids wrapped inapolipoproteins
(e.0.. Apo B-48).

« Theydonotcontain ortransport carbohydrates.

« Therefore, pairing chylomicrons with 'carbohydrates’ is factually incorrect,
making Option B the mismatched pair.

Why other options are incorrect:

« Option A: Enterokinase (enteropeptidase) specifically cleaves the
hexapeptide from trypsinogen to produce active trypsin.

« Option C: Emulsification is the bile salt-mediated mechanical breakdown of
large fat globules into microscopic emulsion droplets.

= OptionD: Parasympathetic postganglionic release of acetylcholine
stimulates G-cells in the gastric antrum to secrete gastrin,
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Question #38 [T il

08, Immunity
Awoman sustains s skinlaceration on herhand. Which signaling cytokine is released by
fissue..
CORE CONCEPT & DERIVATION

Tissue macrophages at a wound site detect cellular damage and pathogen-
associated molecular patterns, releasing primary pro-inflammatary cytokines such
as Interleukin-1(IL-1) and TNF-alpha to orchestrate the inflammatory cascade.

Formula / Rule / Reaction:

Tissue Injury — Macrophage Activation — Secretion of Pro-inflammatory Cytokines
(IL-1, TNF-ar) — Endothelial activation, fever, and leukocytosis.

Solution:

* Interleukin-1{IL-1}is a primary pro-inflammatory cytokine synthesized and
secreted by activated macrophages and monocytes following mechanical

injury.

+ IL-1stimulates vascular endothelium to express adhesion molecules,
promotes local vasodilation, attracts neutrophils, and acts centrally as an
endogenous pyrogen.

s Audit Note: While histamine is a pre-formed vasoactive amine released by
mast cells to induce rapid vasodilation, the official examination syllabus
designates Interleukin-1as the primary cytokine mediator of inflammation.

Why other options are incorrect:

+ Option A: Histamine is a vasoactive amine stored inmast cell granules, not an
inflammatory cytokine produced by macrophages.

+ OptionC: Interleukin-2 (IL-2) is a T-cell growth factor secreted by helper T-
cells to drive clonal expansion of adaptive lymphocytes.

« OptionD: Heparinis an anticoagulant glycosaminoglycan thatinhibits
thrombin-mediated fibrin clot formation.

BIOLOGY
Question #39 m 02 Biomolecules

Out of approximately 170 naturally occurring amine acids identified in cellular systems
kA
howma...

CORE CONCEPT & DERIVATION
While numerous non-proteinogenic amino acids participate in intermediary

metabolism, exactly 20 standard alpha-amino acids are universally encoded by the
universal genetic code for ribosomal polypeptide assembly.

Formula / Rule / Reaction:

Standard Genetic Code: 64 codons total — 61 sense codons specify 20 primary
proteinogenic amino acids + 3 stop codons.

Solution:

« Overl70to 300 non-protein amino acids exist incells as metabolic
intermediates (e.g., omithine, citrulline, GABA).

+ Ribosomes only recognize and charge tRNA molecules corresponding to the
20 canonical amino acids.

s Thus, exactly 20 amino acids serve as the universal building blocks of
bioclogical proteins.

Why other options are incorrect:

« Option A: 25 exceeds the canonical set: non-standard additions like
selenocysteine are rare translational modifications.

+ OptionC: 30 isincorrect; non-canonical amino acids are not universally
encoded.

» Option D: 35 is far higher than the number of standard aminoacyl-tRNA
synthetase-specific amino acids.
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Question #40 BIOLOGY

O7F. Circulation / Transport

Which of the following sets of physiological substances are normally present in both
human bloo..

CORE CONCEPT & DERIVATION

Lymph is derived from interstitial fluid filtered across blood capillaries: it contains
small dissolved solutes, nutrients, gases, and water, but completely lacks
erythrocytes and has much lower concentrations of high-molecular-weight
proteins.

Formula / Rule / Reaction:

Blood Plasma — (RBCs + Platelets + Large High-MW Proteins) = Interstitial Fluid — Lymph

Solution:

+» Bothblood plasma and lymph readily dissolve and transpart micromolecules:
water, dissolved carbon dioxide (as bicarbonate), and glucose.

= Ernythrocytes (RBCs) cannot cross intact capillary walls and are strictly absent
from normal lyrmph.

« Large plasma proteins like fibrinogen and albumin remain largely confined to
vascular capillaries due to size exclusion.

+ Hence, glucose. CO:, and water are commaon to both fluids.

Why other options are incorrect:

= Option A: High-molecular-weight proteins are mostly restricted to blood
plasma due to capillary endothelial barrier reflection.

+ OptionB: Red blood cells are normally absent from lymphatic vessels.

+» OptionC: Red blood cells do not enter the lymphatic system under normal
physiological conditions.
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Question #41 [ZHE) il

08, Immunity
Which of the foliowing immune cells do not directly mediate phagocytic or cytotoxic
destruction...
CORE CONCEPT & DERIVATION

Natural killer cells target abnormal host cells displaying altered or downregulated
major histocompatibility complex class | {MHC-1) molecules rather than directly
attacking and phagocytosing free invading prokaryotic microbes.

Formula / Rule / Reaction:
Factualrecall/ Qualitative concept.

Solution:

« Neutrophils and macrophages directly engulf and digest invading microbes
via pattemn recognition receptors (PRRs) and phagocytosis.

« NaturalKiller Cells (NKCs) recognize and induce apoptosisin stressed, virally
infected autologous cells or malignant host cells via perforin and granzymes.

+ NKCsdo not directly phagocytose or kill extracellular bacterial pathogens.

« Audit Note! Inthe examination answer key, NKCs (Option C)is designated
because their primary target is abnormal self-tissue rather than direct
microbial destruction.

Why other options are incorrect:

« Option A: B-lymphocytes differentiate into plasma cells that secrete
antibodies which directly opsenize and neutralize microbial antigens.

= Option B: Neutrophils are primary phagocytes that directly engulf and
destroy invading microbes using reactive oxygen species.

+ Option D: Macrophages are professional phagocytes specializedin the direct
engulfment and degradation of microbes.
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Question #42 m nioLoSt

O7. Circulation / Transport
Which of the following factors exerts the least direct influence on continuous blood flow
throu...
CORE CONCEPT & DERIVATION

Arterial blood flow is governed by Poiseuille’s law and hemodynamics, dependent
primarily on perfusion pressure, cardiac pump activity, and vascular resistance.
Skeletal muscle pumping selectively assists low-pressure venous return.

Formula / Rule / Reaction:

AP  mAPrd

Q= R~ BnlL

Where @ is blood flow, AP is mean arterial pressure gradient, and Ris vascular
resistance.

Solution:

« Arterial blood flow is generated by left ventricular contraction (heartbeat),
hydrostatic pressure gradient (blood pressure), and vascular lumen diameter
(cross-sectional area).

« Skeletal muscle contraction compresses deep veins to facilitate venous
return against gravity, but does not drive arterial hemodynamics.

« Thus, arterial flow least depends on skeletal muscle contractions.

Why other options are incorrect:

= OptionB: Blood pressure represents the driving force (AFP) essential for
propelling blood through the vascular tree.

= OptionC: Heart beat determines cardiac output, which establishes the
primary volume flow rate into the aorta.

+ OptionD: Cross-sectional area directly determines velocity of flow (v = @/ 4)
and peripheral vascular resistance.
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Question #43 BIOLOGY

03. Enzymes
Active pepsin. formed after the hydrochloric acid-mediated cleavage of & 44-amino-
acid masking ...
CORE CONCEPT & DERIVATION

Aholoenzyme represents the catalytically complete, functional form of an enzyme
ready to bind substrate and execute catalysis.

Formula / Rule / Reaction:

HC1/ Autoratalyss
Bl oo

Pepsinogen {Zymogen) Pepsin (Active Holoenzyme) + Masking Peptide

Solution:

+ Pepsinogenisaninactive zymogenwhose active site is blocked by an N-
terminal pro-segment.

* AtlowpH(1.5t0 2.0), protonation triggers conformational unfolding and auto-
catalytic cleavage of this 44-residue peptide.

« Theresulting folded polypeptide possesses a catalytic cleftand acts asa
functional holoenzyme.

+ Audit Note: The official test key specifies Holoenzyme (Option B), reflecting
the fully active, competent catalytic state of the processed enzyme.

Why other options are incorrect:

+ Option A: Anapoenzyme is the catalytically inactive protein component that
requires a non-protein cofacter orf coenzyme to function.

+« Option C: Pepsin does not undergo allosteric feedback regulation; itis not
classified as an allosteric regulatory enzyme.

« Option D: While pepsin operates without allosteric effectors, the guestion
focuses onthe structural activation from proenzyme to active catalytic
enzyme.
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BIOLOGY

03. Enzymes

Question #44

During reversible enzyme-substrate complex formation, which primary non-covalent
bondis formed...

CORE COMCEPT & DERIVATION

Enzyme active sites bind substrates through multiple weak, reversible, non-covalent
interactions (hydrogen bonds, ionic interactions, hydrophobic effects, and van der
Waals forces).

Formula / Rule / Reaction:

E + 5 = E-§ complex —+ E + P

Solution:

= Substrate binding requires reversible association and dissociation.

« Hydrogen bonds formed between polar functional groups of the substrate
and active-site amino acid side chains (2.9.. sering, histidine, glutamate)
provide conformational specificity.

« Covalent bonding occurs only transiently in specific intermediate
mechanisms, not as the general mode of reversible physical binding.

« Thus, hydrogenbondingis the primary interaction among the given options.

Why other options are incorrect:

« OptionB: Covalent bonds are strong and irreversible unless specifically
cleaved; typical substrate binding does not rely on permanent covalent links.

= OptionC: Coordinate bonds are characteristic of metal cofactorinteractions,
not general substrate docking.

+» OptionD: Disulphide bonds are covalent links that stabilize tertiary and
quaternary protein structure, not substrate-active site binding.

BIOLOGY

O3, Enzymes

Question #45 [T

Whichdivalent metal cation acts as the essential cofactor and activator for hexokinase
during ...

CORE CONCEPT & DERIVATION

Kinase enzymes that transfer phosphate groups from ATP to a substrate require

divalent magnesium ions to coordinate and neutralize the negative charge on the
polyphosphate chain of ATP.

Formula / Rule / Reaction:

Hexokinase,

Glucose + Mg-ATP? + Glucose-G-phosphate + Mg-ADP~ + H'

Solution:

» Thetrue substrate for hexokinaseis not free ATP*~, but the coordinated
complex Mg-ATF*,

. Mgz"“ shields the negative charges of the beta- and gamma-phosphate
oxygens, facilitating nucleophilic attack by the C-6 hydroxyl group of glucose.

« Therefore, Mg*" is the required inorganic enzyme activator.

Why other options are incorrect:

+ OptionB: Zn”" serves as a cofactorin metalloenzymes like carbonic
anhydrase and alcohol dehydrogenase, not hexokinase.

« OptionC: Fe*' participates in redox electron transfer reactions (e G
cytochromes, catalase).

« OptionD: Cu’* is found in oxidases such as cytochrome c oxidase and
tyrosinase.
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BIOLOGY

02. Biomolecutes

Question #46

Sucroseis anon-reducing disaccharide composed of which two monosaccharide units
finked togeth...

CORE CONCEPT & DERIVATION

Disaccharides are formed by condensation of two monosaccharides through a

glycosidic linkage. Sucrose consists of alpha-D-glucose and beta-D-fructose
linkedviaanea(l — 2)3-glycosidic bond.

Formula / Rule / Reaction:

Condensation

CsHi204 (Glucose) + CyHi204g (Fructose) ———— C12H22011 (Sucrose) + HaO

Solution:

+ Sucrose is synthesized by linking the anomeric carbon C-1of alpha-D-glucose
to the anomeric carbon C-2 of beta-D-fructose.

* Because bothanomeric hemiacetal/hemiketal groups are tied up in the
glycosidic bond. sucrose is non-reducing.

+ Thus, its components are glucose and fructose.

Why other options are incorrect:

* Option A: Glucose + Galactose forms lactose (milk sugar).
+« OptionC: Glucose + Glucose linked viaa(1l — 4) forms maltose.

» Option D: Maltose is already a disaccharide and cannot combine directly with
glucose to form sucrose.

BIOLOGY
lation / Transport

Question #47 a7

The mitral (bicuspid) atrioventricular valve in the human heart is anatomically positioned
betw...

CORE CONCEPT & DERIVATION

Heart valves ensure unidirectional blood flow. The left atrioventricular orifice is
guarded by a two-cusped valve named the bicuspid or mitral valve.

Formula / Rule / Reaction:
Factualrecall/ Qualitative concept.

Solution:

« Oxygenated blood returns from the pulmaonary veins into the left atrium.

+ Blood flows from the left atriuminto the left ventricle across the mitral valve.

+ During ventricular systole, the mitral valve closes to prevent regurgitation of
bload into the left atrium.

+ Hence, itissituated between the left atriumn and left ventricle.

Why other options are incorrect:

« Option A: The orifice between the left ventricle and aorta is guarded by the
aortic semilunar valve.

* Option B: There is no anatomical connection between the right atrium and left
ventricle,

+ Option D: The valve between the right atrium and right ventricle is the tricuspid
valve.
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Question #48 m BloLosy

05, AcelludarLife
Howis & bacterial cellmerphologically classified when it possesses a tuft or clusterof two
o..
CORE COMCEPT & DERIVATION

Bacterial flagellar arrangements are classified based onthe number and spatial
distribution of flagella around the cellwall.

Formula / Rule / Reaction:
Flagellar Typology: Monotrichous = single polar flagellum; Lophotrichous = tuft of
flagella at one pole: Amphitrichous = flagella at both poles; Peritrichous = flagella

distributed uniformly over entire cell.

Solution:

= The prefix’lopho-'means crest or tuft; ‘trichous’ refers to hair-like flagella.

« Whentwoormore flagella emerge from a single polar locus, the bacteriumis
classified as lophotrichous (e.g., Pseudomonas species).

Why other options are incorrect:

+« OptionB: Amphitrichous bacteria possess a single flagellum or cluster of
flagella at both opposite poles.

« OptionC: Peritrichous bacteria have flagella distributed all around the
perimeter of the body (e.g., E. coli).

+ OptionD: Monotrichous bacteria have a solitary flagellum atonsend (2.9,

Vibrio cholerae).
Question #49 1§BIE?;??::

Which of the following fundamentally dis tinguish
thesc...

CORE CONCEPT & DERIVATION

Special Creation is a metaphysical, religious doctrine asserting that species were
formed individually by divine command in unchanging form, whereas evolutionis a
testable scientific framework based on natural descent with modification.

he doctrine of Special Creation from

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

« Special creation posits that life arose as a sudden. supernatural act of
creation, maintaining that species are fixed and immutable.

+ Itrelies ontheological beliefs, scripture, and meditation. lacking empirical
testability and falsifiability.

= Evolutionis grounded in natural physical processes: mutation, genetic drift,
gene flow, and differential reproductive success (natural selection).

Why other options are incorrect:

= Option A: Darwinian evolution emphasizes gradual population-level change,
not rapid discontinuous acts.

= OptionC: Inheritance of acquired traitsis Lamarckian, not part of natural
selection.

+ OptionD: Special creation rejects gradual organic evelution and common
ancestry.
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Question #50 _!BI_QLC.':GY

on

A sudden catastraphic reduction in population size and genetic diversity caused by an
environme...

CORE CONCEPT & DERIVATION

The bottleneck effect is a form of genetic drift that cccurs when a population
undergoes anunselective, catastrophic crash in numbers, resulting in surviving
alleles that do not represent the original gene pool.

Formula / Rule / Reaction:

% M (&
Large Diverse Population =

Altered Allele Frequencies (Reduced Diversity).

Small Random Survivor Sample —

Solution:

+ 'Whennatural disasters decimate a population randomly, surviving individuals
survive by chance rather than genetic fitness.

* Many alleles are permanently lost, drastically restricting genetic variance.

» This specific demographic contraction is designated the bottleneck effect
(e.g., nerthern elephant seals, cheetahs).

Why other options are incorrect:

+ Option B: The founder effect occurs when a small group of individuals
colonizes a new geographical area, not fram mass mortality in situ.

« Option C: Gene conversion is a non-reciproeal transfer of genetic information
between homologous sequences during meiosis.

« OptionD: Balanced polymorphism maintains two or more phenotypesin
stable equilibrium via heterozygote advantage.

Question #51 [T hioLacy

16. Evolution
Which of the following evolutionary mechanisms is the ultimate primary source of brand-
newalle...
CORE CONCEPT & DERIVATION

Mutation is the sole biclogical process capable of generating completely new
nucleotide sequences and novel allelesin an organism's genome.

Formula / Rule / Reaction:

Faint Mutation | Inded

fild-type Allele » Novel Mutant Allele

Solution:

+ Natural selection, genetic drift, and non-random mating merely sort, increase,
decrease, or fix pre-existing alleles within a population.

+« Genemutationintroduces original alterations in the primary DNA sequence,
creating new allelic alternatives.

+ Without mutation, all other evolutionary forces would eventually exhaust
available genetic variability.

Why other options are incorrect:

= Option B: Adaptation is the evolutionary outcome of selection acting upon
pre-existing variation, not the source of new alleles.

+ Option C: Natural selection acts as a filter that reduces disadvantageous
variations andincreases advantageous ones; it cannot generate new genes.

s Option D: Genetic drift randomly eliminates alleles or drives them to fixation.
thereby reducing variation within a gene pool.
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Question #52 [THTN BIOLOGY

O1.Ce
Inhurman skeletal muscle fibers, the relative quantitative distribution of endoplasmic
reticulw...
CORE COMNCEPT & DERIVATION

Skeletal muscle fibers are specialized for mechanical contraction and require a vast
sarcoplasmic reticulum (a modified form of smooth endoplasmic reticulum) for
calcium storage, while requiring minimal protein export machinery.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

= The sarcoplasmic reticulum is an extensive network of specialized Smooth
Endoplasmic Reticulum (SER) that envelopes each myofibril.

« Its terminal cisternae store Ca®' ions and release them via ryanodine receptors
upon excitation.

+» Because muscle fibers do not secrete export proteins, Rough Endoplasmic
Reticulum (RER) is minimal.

#» Thus, skeletal muscle contains abundant SER and sparse RER.

Why other options are incorrect:

« OptionB: Cells specialized for high protein secretion (e.g., pancreatic acinar
cells, plasma cells) have abundant RER and minimal SER.

« OptionC: SERis disproportionately dominant over RER in striated muscle
fibers.

= OptionD: Both organelles are present; the sarcoplasmic reticulumis
necessary for muscle function.

q BIOLOGY
Question #53 [[THEN o1.ce
Inthe secondary cloverleaf structure of a transfer RNA (tRNA) molecule, the loop that

contains...

CORE COMCEPT & DERIVATION

The tRMA cloverleaf secondary structure comprises three major loops: the D-loop,
the middle anticodon loop, and the T¢:C loop. The midd|e loop bears the specific
trinucleotide anticodon.

Formula / Rule / Reaction:

mRNA Codon (5 —+ 3} base-pairs antiparallel with tRNA Anticodon (3' — 5')

Solution:

+ The middle loop contains seven unpaired nucleotides, with three central
bases forming the anticodon.

« This anticodon recognizes and pairs with complementary codons onmRNA
during translation onthe ribosome.

+ Hence, the middle loop is the anticodon loop.

Why other options are incorrect:

= Option A: The D-loop contains dihydrouridine and contributes to recognition
by specific amincacyl-tRNA synthetases.

= OptionB: The Ty Cloop contains ribothymidine and pseudouridine, mediating
binding to the ribosomal large subunit.

+« OptionD: The variable loop varies in length and distinguishes different classes
of tRNA malecules.
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Question #54 [[ZHT) Shpl

02. Biomolecutes
The fluid-mosaic properties and dynamic viscosity of biological membranes are primarily
detenmi...
CORE CONCEPT & DERIVATION
Membrane fluidity depends upon thelipid composition of the bilayer, particularly the

ratio of unsaturated to saturated fatty acid hydrocarbon chains and cholesterol
content.

Formula / Rule / Reaction:

Unsaturated fatty acids (cis-double bonds create kinks) — prevent close packing —
lower transition temperature (T,) — increased membrane fluidity.

Solution:

» Phospholipids form the structural matrix of cell membranes.

+ Thelength and degree of unsaturation (presence of cis-double bonds) of the
fatty acid tails govern how closely adjacent lipids can pack.

* Kinked unsaturated fatty acids keep the bilayer fluid at physiological
temperatures.

s Thus, fatty acids are the primary structural determinants of membrane fluidity.

Why other options are incorrect:

« Option A: Glycoproteins act as cell-surface receptors and antigens, withno
direct control aver core lipid fluidity.

« Option B: Saturated fatty acids pack tightly and decrease membrane fluidity,
making membranes rigid if present exclusively.

+« Option C: Sphingomyelins are localized membrane lipids and do not serve as
the universal controllers of fluidity.
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BIOLOGY BIOLOGY
Question #55 | 1) 0. Digestion/Nutrtian Question #5686 [.UH14] 03, Engymes
Which of the following substances acts as an essential proteolytic enzyme activatorin the Reversible enzyme inhibitors decrease the catalytic rate of an enzymatic reaction by:

huma...

CORE COMCEPT & DERIVATION

CORE CONCEPT & DERIVATION
Reversible inhibitors (competitive, uncompetitive, and non-competitive) bind to

Pancreatic proteolytic proenzymes are secreted in aninactive state to prevent enzymes via weak non-covalent forces, allowing an equilibrium between bound and
autodigestion. Enterokinase (enteropeptidase)in the duodenal brush border unbound inhibitor.
activates trypsinogeninto active trypsin.
Formula / Rule / Reaction:
Formula / Rule / Reaction:
= [E]N]
Chymotrypsinogen — Chymotrypsin i = TEIT)
Trypsinogen il ) Trypsin e Procarboxypeptidase — Carboxypeptidase
Proelastase — Elastase
Solution:
Solution: * Reversible inhibitors associate via hydrogen bonds, hydrophobic interactions,

and electrostatic interactions.
+ Enterokinaseis anintegral membrane brush-border enzyme of the duodenal
MUCOsa.
+« Because no permanent covalent bonds are formed, the inhibitor can
dissociate whenits concentration decreases (e.g., by dialysis or dilution).

= [|tcleaves the acidic hexapeptide (Val-(Asp),-Lys) from the amino terminus of
inactive trypsinagen.
« This property distinguishes reversible inhibition from irreversible suicide
inhibition.
=« Theresulting active trypsin then autocatalytically activates all other pancreatic
zZymogens.

Why other options are incorrect:

« Therefore, enterokinase is the primary physiological activator of luminal

F p + Option A: Covalent bonding to active site residues s the defining feature of
protein digestion.

irreversible inhibitors (e.g., dilsopropyl fluorophosphate, aspirin).
« Option B: Denaturation and loss of globular structure is caused by extreme
heat, heavy metals, or strong acids, not reversible inhibitors.

Why other sptions.areIncorrect: « Option D: Inhibitors decrease reactionrates; thay do not activate catalytic

sites.
+ Option A: Erepsinis an outdated term for a mixture of terminal protein-
digesting enzymes (peptidases) that hydrolyze peptides to free amino acids.
« OptionC: Pepsinis a gastric endopeptidase, not the duodenal activator of BIOLOGY
digestive proenzymes. Question #57 [T S Bt
= Option.li}: Dipeptidase hydrolyresdipepucies tatwoaminoracids; lt does Which of the following concepts constitutes a central postulate of Lamarck’s evolutionary
not activate zymogens. hypot...

CORE CONCEPT & DERIVATION

Jean-Baptiste Lamarck's theory of organic evolution proposed that organisms
develop modifications during their lifetime through the use or disuse of parts, and
transmit these acquired traits to their offspring.

Formula / Rule / Reaction:

Lamarckism Postulates: (1) Internal vital force, (2) Environmental need (besoin), (3)
Principle of use and disuse, (4) Inheritance of acquired characteristics.

Solution:

« Lamarck stated that organs frequently used in response to environmental
demands become enlarged and strengthened, while disused organs
degenerate.

+ Heproposed that these somatic modifications are directly inherited by
progeny.

+ Thus, 'use and disuse of organs’ is a core Lamarckian postulate.

Why other options are incorrect:

« Option B: 'Survival of the ittest’ is Herbert Spencer’'s phrase adopted by
Charles Darwin to describe natural selection.

+ Option C: Descent withmodification through natural selection and
geographic isolation is Darwinian evolution.

* Option D: Random variation is the foundation of modern Neo-Darwinian
population genetics.
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Question #58 BIOLOGY

14, Evolution
Which of the following represents the correct chronological evolutionary sequence for
theappea..
CORE CONCEPT & DERIVATION

The paleontological fossil record traces vertebrate phylogeny from primitive aguatic
jawless and jawed chordates through terrestrial tetrapods and amniotes.

Formula / Rule / Reaction:

Vertebrate Phylogeny: Ostracoderms/Fishes (Ordovician/Silurian) — Amphibians
(Devonian) — Reptiles (Carboniferous) — Birds/Mammals (Mesozoic).

Solution:

= Fishes appeared first among vertebrates during the early Paleozoic era.

« Lobe-finned sarcopterygian fishes gave rise to the first terrestrial tetrapods
(amphibians) in the late Devenian period.

= Amphibians gave rise to fully terrestrial amniote tetrapods (reptiles) during the
Carboniferous period.

+ Reptilian theropod dinosaur lineages subsequently gave rise to birds (Aves)
during the Jurassic period.

+ Hence, the correct evolutionary sequence is Fishes — Amphibians — Reptiles
— Birds.

Why other options are incorrect:

« Option A: Inverts the timeline by placing modern birds at the root of the tree.

+» OptionB: Fishes preceded all terrestrial tetrapods. contradicting this
sequence.

+ OptionD: Amphibians evolved from fish ancestors, not before them.

Question #59 ~ BioLooy

7. Biotechnology
Which bacteriumis utilized to produce the attenuated live BCG (Bacillus Calmette-Guérin)
vacei...

CORE CONCEPT & DERIVATION
The BCG vaccine contains live, attenuated bovine tubrercle bacilli thatinduce
protective cross-reactive cellularimmunity against human tuberculosis.

Formula / Rule / Reaction:

BCG Vaccine = Attenuated strain of Mycobacterium bovis (subcultured over 230
passages by Calmette and Guérin).

Solution:

« Albert Calmette and Camille Guérin attenuated a virulent strain of the cattle
pathogen Mycobacterium bovis by continuousin vitro passaging on bile
potato medium.

= Theresulting attenuated bacterium retains immunagenicity to stimulate
memary T cells without causing clinical tuberculosis.

« Therefore, Mycobacterium bowvis is the organismusedin BCGvaccine
preparation.

Why other options are incorrect:

« Option A: Mycobacterium tuberculosisis the primary pathogen causing
hurman TB; using wild-type virulent strains in live vaccines poses lethal
infection risk.

= Option C: Escherichia coliis a Gram-negative coliform bacterium that does
not provide immunity against tuberculosis.

« Option D: Salmonelia typhiis the causative agent of typhoid fever.
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BIOLOGY
Question #60 m 14 Reproduction

In an adult human male with elevated systemic testosterone levels, which testicular cells
initi...

CORE CONCEPT & DERIVATION

Sertoli(sustentacular) cells support spermatogenesis in the seminiferous tubules
and produce endocrine factors like inhibin in response to gonadotropins and
testosterone.

Formula / Rule / Reaction:

Elevated Spermatogenesis / Androgens — Sertoli Cells secrete Inhibin — Negative
feadback on anterior pituitary FSH release.

Solution:

+ Leydig(interstitial) cells secrete testosterone in response to luteinizing
hormane (LH).

« Whenintratesticular and systemic testosterone levels are high, Sertoli cells are
stimulated to support sperm maturation.

« Toregulate this pathway, Sertoli cells secrete the peptide hormone inhibin,
which acts onthe anterior pituitary to suppress FSH secretion.

+ Thus, Sertoli cells act as the responsive endocrine regulatory cells in this
context,

Why other options are incorrect:

+ Option B: Interstitial cells are Leydig cells; high testosterone feeds back
negatively on them to inhibit their androgen synthesis.

* Option C: Spermatogonial stem cells are germ cells undergoing mitosis and
meiosis, with no endocrine secretory function.

+« OptionD: Leydig cells produce testosterone: they do notinitiate secondary
endocrine feedback secretion upon androgen elevation.

BIOLOGY
Question # 61 m 14_Reproduction

Which anatomical layer of the human uterine wall consists of thick, smooth muscle that
undergoe...

CORE CONCEPT & DERIVATION
The uterine wall has three histological tunics: aninner mucosal endometriurm, a thick
middle muscular myometrium, and an outer serosal perimetrium.

Formula / Rule / Reaction:

Factualrecall/ Qualitative concept.

Solution:

* The myometrium consists of three interweaving layers of smooth muscle cells
(longitudinal, circular, and obligue).

« Duringlabor, oxytocinand prostaglandins stimulate coordinated, rhythmic
contractions of the myometrium to dilate the cervixand deliver the fetus.

+ Thus, the myometriumis the contractile muscular layer of the uterus.

Why other options are incorrect:

+ Option B: The endometrium is the inner glandular, highly vascularized mucosal
lining that thickens and sloughs during menstruation.

+ Option C: The perimetrium is the outer protective peritoneal serous coat.

* OptionD: Only the myometrium contains smoothmuscle; the endometrium
lacks contractile smooth muscle tissue.
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Question #62 [THEN BIOLOGY

4. Reproduction
During pregnancy, which endocrine organ secretes large amounts of progesterone and
rogento ..
CORE COMCEPT & DERIVATION
During gestation, the placenta functions as an endocrine organ, secreting human

chorionic genadotropin (hCG), progesterone, and estrogens to maintain pregnancy
and block further follicular maturation and ovulation.

esl

Formula / Rule / Reaction:

Negative Feedhack
Placental Progesterone + Estrogens — ¢

Solution:

+ Fromthe end of the first trimester onward, the syncytiotrophoblast of the
placenta produces high levels of progesterone and estrogens.

« These high circulating steroid levels exert strong negative feedback on the
hypothalarmus and anterior pituitary.

+ This suppresses pulsatile GnRH, F5SH, and the pre-ovulatory LH surge,
preventing follicular development and ovulation during pregnancy.

+ Audit Note: The official exam key designates the Placenta (Option B) as the
specific endocrine gland responsible for preventing ovulation throughout
gestation.

Why other options are incorrect:

« Option A: The pituitary gland releases the gonadotropins thatinduce
ovulation, but the question addresses the gestational source of endocrine
suppression.

« Option C: The thyroid regulates metabolic rate and does not produce sex
steroids 10 suppress ovulation.

« OptionD: The adrenal cortex secretes cortisol, aldosterone, and weak
androgens, which are not the primary pregnancy-related hormones
preventing ovulation.
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Question #63 BIOLOGY

1. Support & Movemant

n the cross-bridge cycle of skeletal muscle contraction. what is the exact mechanical role

of.

CORE CONCEPT & DERIVATION

Binding of ATP causes the myosin head to detach from actin. Hydrolysis of ATP into
ADP and inorganic phosphate (P;) by myosin ATPase provides the free energy to re-
cock the myosin head into its energized conformation.

Formula / Rule / Reaction:

Hydralysis
—

Myosin'-ADP-P; (Energized / Cocked Head)

Solution:

+ Detachment of the cross-bridge occurs when a fresh ATP molecule binds the
myosin nucleotide pockat.

* Themyosin ATPase domain then hydrolyzes ATP to ADP and F;.

« Thereleased energy alters the lever arm angle, resetting the myosin headinto
the high-energy 'cocked’ positionready for the next power stroke.

« Audit Note: In past paper keys, this detachment-cocking cycle is often
referred to as breaking the riger cross-bridge link to prepare for the
subsequent cycle.

Why other options are incorrect:

s+ Option B: Farmation of cross-bridges ocecurs spontaneously when enargized
myosin heads bind exposed actin sites after Ca’t exposure.

« Option C: Tropomyosin displacement is driven by Ca® binding to troponin C,
not directly by ATP hydrolysis.

+ OptionD: Ca® release from the sarcoplasmic reticulum occurs via voltage-
gated ryanodine receptors triggered by T-tubule depolarization.

BIOLOGY
11. Bupport & Movement

Question #64 L)
What is the primary histological reason for the slow and limited repair capacity of
damaged car...

CORE CONCEPT & DERIVATION

Cartilage is an avascular connective tissue whose chondrocytes rely exclusively on
slow, long-distance passive diffusion of nutrients and oxygen through a dense
extracellular proteoglycan matrix.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

+ Unlike bone, cartilage lacks internal blood vessels, Haversian canals, and
capillaries.

+ Chondrocytes receive metabolic nutrients and gas exchange entirely by
passive diffusion across the perichondrium and extracellular matrix.

* ‘Whendamaged, the absence of direct blood flow prevents rapid influx of
reparative progenitor cells, growth factors, and nutrients, making healing slow
andincomplete.

Why other options are incorrect:

« Option A: Lack of calcificationis normal for non-ossified hyaline cartilage, but
absence of minerals does not impede cellular mitosis and repair.

* OptionB: Absence of nerves accounts for lack of pain perceptionin cartilage,
notits metabolic repair rate.

+ OptionD: Chondrocytes reside in organized lacunae; their arrangement is not
loose and is not the cause of poor healing.
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Question #65 BIOLOGY

11. Support & Movement
Which specialized multinucleated bone cellis responsible for bone resorption and the
enZymatic...
CORE CONCEPT & DERIVATION
Bone remodeling involves a balance between bone formation by osteoblasts and

bone resorption by osteoclasts derived from the monocyte-macrophage
hematopoietic lineage.

Formula / Rule / Reaction:

Osteaclast H' + Cathepsin K

Calcified Bone Matrix

Solution:

» Osteoclasts are large, multinucleated giant cells that adhere to bone
surfaces, forming a sealed sealing zone with aruffled border.

» They secrete hydrochloric acid (via proton pumps) to dissolve inorganic
hydroxyapatite, alongside cathepsin K and matrix metalloproteinases to
digest organic type | collagen.

=+ This deconstructive process is termed bone resorption.

Why other options are incorrect:

= Option A: Osteoblasts are mononuclear bone-forming cells that synthesize
osteoid and promote mineralization.

= OptionC: Osteocytes are mature, quiescent bone cells trapped inlacunae
that maintain matrix homeostasis and act as mechanosensors.

« Option D: Fibroblasts synthesize fibrous connective tissue (collagen and
ground substance), not bone resorption.

. BIOLOGY
Question #66 [LZHEN ol.Ce

Which of the following semi-autonomous organelles contains its own circular DNA
genome and 705 ..

CORE COMNCEPT & DERIVATION

According to the endosymbiotic theory, chloroplasts and mitochondria evolved
from free-living prokaryotes, retaining their own circular DMNA, 705 ribosomes, and
the ability to divide by binary fission.

Formula / Rule / Reaction:

Endosymbiotic Organelles = Double membrane + Circular dsDNA + 705 ribosomes +
Division by binary fission.

Solution:

» Chloroplasts replicate independently of the host cell nuclear division through
binary fission.

« They contain chloroplastic DNA (cpDNA) and 70S prokaryotic-like ribosomes
that synthesize essential photosynthetic polypeptides.

=« Thus, chloroplasts are semi-autonomous self-replicating organelles.

Why other options are incorrect:

« Option A: The Golgi apparatus consists of vesicular cisternae assembled from
rough ER vesicles: it cannot self-replicate independently.

« OptionB: The nucleolus is a non-membrane-bound nuclear region for
ribosomal RNA synthesis.

« OptionD: The endoplasmic reticulum is part of the endomembrane system
andis synthesized via coordinated nuclear-directed lipid and protein
assembly.
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BIOLOGY
Question #67 [[ZHTN o1, Cel

Which of the foliowing structural characteristics accuratsly differentiates prokaryotic
noosom...

CORE CONCEPT & DERIVATION

Sedimentation coefficients (Svedberg units, 5) describe the sedimentation rate of
ribonucleaprotein complexes during ultracentrifugation. Prokaryotes and
aukaryotes utilize distinct ribosomal architectures.

Formula / Rule / Reaction:
Prokaryotic Ribosome {708) = 508 (Large) + 305 (Small)

Eukaryotic Ribosome (808) = 608 (Large) + 408 (Small)

Solution:

+ [Prokaryotic 705 ribosomes consist of a 505 large subunit (containing 235 and
55 rRNAs) and a 305 small subunit (containing 165 rRNA).

+ Eukaryotic cytosolic B0S ribosomes consist of a 405 large subunit (containing
285,5.85, and 55 rRNAs) and a 405 small subunit {containing 185 rRNA).

+« Option B correctly states this structural difference.

Why other options are incorrect:

+ Option A: Ribosomes in both domains are non-membranous
ribonucleocproteincomplexes.

« Option C: Prokaryotes do not contain 805 ribosomes, and ribosomal RNA s
single-stranded.

« OptionD: Prokaryotic ribosornes contain structural rRNA molecules (165, 235,
55 rRNAs).

BIOLOGY

12. Nervous Coordination

Question #68

Which of the following indicates the corect unidirectional path of an action potential
along a..

CORE CONCEPT & DERIVATION

Action potentials propagate unidirectionally away from the axon hillock toward the
synaptic terminals due to the transient refractory period of upstream voltage-gated
sodium channels.

Formula / Rule / Reaction:

Neuronal Conduction Pathway: Dendrite — Soma (Cell Body) — Axon Hillock —
Axon — Presynaptic Terminal.

Solution:

* Sensory inputs or synaptic potentials are received at dendrites and integrated
at the soma and axon hillock.

» Oncethresholdisreached, an action potential fires down the length of the
axon toward the presynaptic terminal bouton.

« Thus, flow from the axon to the presynaptic terminal correctly represents this
forward path.

Why other options are incorrect:

+ Option B: Schwann cells are myelinating glial cells; they provide insulating
sheaths but do not conduct action potentials into postsynaptic sites.

« Option C: Conduction backward from the terminal to the soma (antidromic)is
non-physiological.
+ Option D: Inverts the standard path of nervous transmission across a synapse.
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Question #69 m BloLoSY

12. Nervous Coordin

At the resting membrane potential (approximately [Formula] ), the concentration gradient
of [Fo..
CORE CONCEPT & DERIVATION

TheNa' /K™ -ATPase primary active transport pump generates and maintains
unequal transmembrane ion gradients by pumping 3 Na” out forevery 2 K pumped
in.

Formula / Rule / Reaction:

Intracellular (K| = 140 to 150 mM vs. Extracellular [K"| = 4 to 5 mM ( = 30 = higher inside)

Extracellular [Na™| =2 145 mM vs. Intracellular [Na*] = 12 to 15 mM ( = 10 » higher outside)

Solution:

« Potassium (K7) has anintracellular concentration roughly 30 times higher than
its extracellular concentration.

« Sodium(Na')hasanextracellular concentration approximately 10 times higher
than its intracellular concentration.

« Highresting membrane permeability to K via leak channels establishes the
negative resting potential near —70 mV.

=« Therefore, Option Ais the correct quantitative relationship.

Why other options are incorrect:

» Option B: Reverses the fold-difference values between potassiumand
sodium.

+« OptionC: Incorrectly states that sodium concentrationis higher inside the
cell.

« OptionD: Fails to reflect both the direction and numerical magnitude of the
concentration gradients.
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Question #70 LA Sty

12. Nervous Coordination
The brief phase during andimmediately following an action potential in which a neuron
restores..
CORE CONCEPT & DERIVATION

Therefractory period encompasses the absolute and relative phases during which
voltage- gated sodium channels are inactivated and resting potential is being
restored, prevaenting prerature re-excitation.

Formula / Rule / Reaction:

Action Potential — Absolute Refractory Period (Na™ channels inactivated) — Relative
Refractory Period (K" channels closing; hyperpolarization) — Resting State.

Solution:

+ During the refractory period, sodium channels remain in aninactivated state
until the membrane repolarizes.

« This period ensures unidirectional propagation of nerve impulses and sets an
upper limit on firing frequency.

« Duringthis time, Na" /K" pumps work to re-establish resting ionic distribution.

* Thus, thisrecovery phase is designated the refractory period.

Why other options are incorrect:

« Option A: Repolarization refers specifically to the falling phase of the action
potential driven by K efflux, not the entire period of excitability suppression.

« Option B: Synaptic delay is the brief time lag (0.5 to 1.0 ms) required for
naurotransmitter release and diffusion across a synapse.

+« Option C: Saltatory conduction is the rapid jumping of an impulse between
nodes of Ranvier in myelinated fibers.
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Question #71 BIOLOGY

12. Nervous Coordin

Which of the following groups of brain structures forms the core of the limbic system,
governin..

CORE COMCEPT & DERIVATION

The limbic systemis a functional ring of forebrain structures surrounding the
brainstem that integrates emotional experience, visceral autonomic drives, and
memary processing.

Formula / Rule / Reaction:

Core Limbic System = Hypothalamus + Amygdala + Hippocampus (alongside
cingulate gyrus and olfactory structures).

Solution:

» The amygdala processes emotional valence, particularly fear conditioning and
aggression.

« The hippocampus converts short-term memory into long-term declarative
mermary.

« The hypothalamus coordinates autonomic and neurcendocrine responses
associated with emotional states.

» Therefore, the triad of hypothalamus, amygdala, and hippocampus forms the
limbic system core.

Why other options are incorrect:

+» Option A: The dorsal thalamus acts primarily as a sensory relay station to the
neocortex, rather than a primary limbic structure.

» Option C: The corpus callosumis the major white matter commissure
connecting the two cerebral hemispheres, not alimbic organ.

+ OptionD: The pons is a metencephalic brainstem structure involvedin
respiration and motor relay, not part of the limbic system.
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Question #72 m BIOLOGY

12. Nervous Coordination

What is the correct sequential pathway of neural elements in a standard polysynaptic
withdrawal..

CORE CONCEPT & DERIVATION

Areflex arc is the neural pathway that mediates aninvoluntary. rapid reflex response,

directing signals from peripheral receptors through the central nervous systemto an
effector organ.

Formula / Rule / Reaction:

Reflex Arc: Receptor — Sensory (Afferent) Neuron — Interneuron (CNS) —
Motor (Efferent) Neuron — Effector (Muscle/Gland).

Solution:

* Sensory neurons convey afferent impulses from peripheral sensory receptors
to the spinal cord gray matter.

« Associative neurons (internaurons) process and relay these signals to motor
neurens in the ventral horn.

» Motor neurons carry efferentimpulses out of the spinal cord to the target
muscle.

« Themuscle contracts to produce the reflexaction.

« Option Arepresents this anatomical sequence correctly.

Why other options are incorrect:

* Option B: Reverses the functional direction of afferent and efferent
pathways.

+ Option C: Starts with the effector muscle instead of a sensory neuron.

+ OptionD: Places the associative interneuron before the sensory receptor
neuron.
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Question #73 - BIOLOGY

Biomodecules
Wateracts as the universal biological solvent in all living arganisms primarily because of
its...
CORE CONCEPT & DERIVATION

Water's bent geometry and the electronegativity difference between oxygen and
hydrogen create a permanent dipole, while its high dielectric constant enables it to
dissolve ionic and polar covalent compounds by forming hydration shells.

Formula / Rule / Reaction:

Dipole Moment of H,0: -0 — Hé* with bond angle 104.5°; Dielectric constant e, ==
TRAat25°C.

Solution:

» The polar nature of water allows it tointeract electrostatically with both
cations and anions.

= |tforms hydration shells around ions, overcoming ionic lattice forces and
keeping solutes dispersed in solution.

« Italsoformshydrogen bonds with polar organic biomolecules (sugars, aming
acids, alcohols).

« Hence, its polar molecular nature is the primary factor that makesitan
effective biological solvent.

Why other options are incorrect:

« Option A: Cohesion and surface tension result from intermolecular hydrogen
bonding and assist in capillary transport, but do not explain its solvent
capacity.

« OptionC: High specific heat acts as a thermal buffer, stabilizing body
temperatures against heat fluctuations.

« Option D: High latent heat of vaporization provides evaporative coeling
(sweating/transpiration).
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Question #74 [ Shpl

02. Biomolecutes
The spontaneous self-assembly and thermodynamic stability of the lipid bilayerin
biological me...
CORE CONCEPT & DERIVATION

The lipid bilayer is maintained by the hydrophobic effect. Water molecules organize
inordered clathrate-like cages around exposed non-polar tails. so burying the
hydrophobic tails inside the bilayer increases solvent entropy.

Formula / Rule / Reaction:

AG = AH - TAS <0 (driven by positive ASyaer as water cages disperse)

Solution:

+ Amphipathic phospholipids possess hydrophilic phosphate head groups and
hydrophobic hydrocarbon tails.

+ Inagueousenvironments, the non-polar tails aggregate in the interior of the
bilayer, minimizing contact with water molecules.

» This reduces ordered water cages, increasing the entropy of the surrounding
water (the hydrophebic effect).

« Thus, minimizing contact area between hydrophobic lipid regions and water
provides thermodynamic stability to the membrane.

Why other options are incorrect:

+ Option B: Exposing non-polar tails to water is thermodynamically unfavorable
and disrupts bilayerintegrity.

+ Option C: Membrane lipids are held together by non-covalent hydrophobic
and vanderWaals interactions, not covalent bonds.

« Option D: Hydrocarbon fatty acid tails are non-polar and uncharged: they do
not undergo ionization.
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Question #75 [[ZHE) - BIOLOGY

Biomolecules
Identify the nitrogenous organic base that combines with phosphatidic acid via an ester
bondto..
CORE COMCEPT & DERIVATION

Lecithinis the common biochemical name for phosphatidylcholine, a major
structural phospholipid of cell membranes synthesized by esterifying a choline
molecule to the phosphate group of phosphatidic acid.

Formula / Rule / Reaction:

Phaosphatidic Acid + Choline [HO-CHz-CHz-N" (CHs)a) il Phosphatidylcholine (Lecithin)

Solution:

+ Phosphatidic acid consists of a glycerol backbone with two esterified fatty
acids at C-1and C-2, and a phosphate group at C-3.

#» Cholineis a quaternary ammonium alcohol: HO-CH,-CHy-N* (CHgz)s.

« Esterification of choline to the phosphate group produces lecithin
(phosphatidylcholine).

+ Thus, choline is the specific organic base required.

Why other options are incorrect:

« Option A: Glycineis the simplest amino acid; it does not form lecithin.

« OptionC: Cholesterolis a sterol with a four-ring
cyclopentanoperhydrophenanthrene structure, not a component of lecithin.

=« OptionD: Ethanolamine esterified to phosphatidic acid yields cephalin
(phosphatidylethanolamine), not lecithin.

Question #76 AL BIOLOGY

01.Ce

Which structural nitrogenous polysaccharide biopolymer constitutes the primary rigid
framework ...
CORE COMCEPT & DERIVATION

The cellwall of true fungi is composed predominantly of chitin, a tough structural
homopeolymer of N-acetylglucosamine units linked by 3(1 — 4)-glycosidic bonds.

Formula / Rule / Reaction:

Chitin = [C,H;NO,|, (polymer of N-acetyl-D-glucosamine)

Solution:

« Chitinisan unbranched structural polysaccharide that provides osmotic
protection and mechanical rigidity to fungal hyphae.

« |tisalsofoundinthe exoskeleton of arthropods.

» Plantsuse cellulose, and bacteriause peptidoglycan: true fungi
characteristically use chitin.

Why other options are incorrect:

« OptionB: Pectinis a structural heteropolysaccharide foundin the middle
lamella and prirmary walls of terrestrial plants.

= Option C: Peptidoglycan (murein) forms the rigid meshwork of eubacterial cell
walls, not fungalwalls.

+ OptionD: Ligninis a complex aromatic polymer deposited in secondary cell
walls of vascular plants.
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BIOLOGY
Question #77 [ZHE) an. cel
What is the principal biclogical function of the Golgl complex within eukaryotic cells?

CORE CONCEPT & DERIVATION

The Golgi apparatus functions as the central carbohydrate-processing,
glycosylating, sorting, and dispatch station of the endomembrane secretory
pathway.

Formula / Rule / Reaction:

cisternal maturation

anspart vesicles ;
Tkl cis-Golgi ———————— trans-Golgi Network —

Rough ER {nascent peptides)

Solution:

* Proteins and lipids synthesized in the endoplasmic reticulum arrive at the cis-
Golgiface.

+ Within the cisternae, they undergo glycosylation, phosphorylation, and
proteolytic processing.

+ Atthe trans-Golginetwork, they are sorted and packaged into secretory
granules, transport vesicles, or primary lysosomes.

Why other options are incorrect:

« Option A: Lipogenesis takes place primarily in the cytosol and smooth
endoplasmic reticulum.

* Option B: Protein translation occurs on free cytosolic ribosomes or
membrane-bound ribosomes of the rough ER.

+ Option D: Detoxification of drugs and hydrophobic xenobiotics is executed
by cytochrome P450 enzymes in the smooth endoplasmic reticulurm.

Question #78 0s. rlaelﬁt?lf:

What is the definitive enzymatic catalytic action mediated by retroviral reverse
transcriptase ..
CORE CONCEPT & DERIVATION

Reverse transcriptase possesseas three sequential enzymatic activities: RNA-
dependent DNA polymerase activity, ribonuclease H (RMase H) degradation of the
RNA template, and DNA-dependent DNA polymerase activity to yield duplex
complementary DNA.

Formula / Rule / Reaction:

AXNase H

RNA-dependent DA pol DNA-dependent DNA pal
_—_—m 1

Viral (+)ssRNA RNA:DNA hybrid asDNA

Solution:

+ Retroviruses (such as HIV) store their genatic infarmation in single-strandad
RMNA.

+ Reverse transcriptase uses the viral RNA template to synthesize a
complementary minus-strand of DNA.

+ Itdegradesthe original RNA strand via RNase Hand synthesizes a
complementary plus-strand of DNA, producing a double-stranded DNA
provirus.

+ Thus, the overall pathway converts single-stranded RNA (ssRNA) into double-
stranded DNA {dsDNA).

Why other options are incorrect:

+ Option B: RMA-dependent RNAreplicasesin dsRNA viruses synthesize
dsRNA, not reverse transcriptase.

s Option C: Retroviral replication requires DNA synthesis to permit integration
into the host genome; ssRNA is not the end product.

+ OptionD: Unwinding dsDNA to ssDNAis performed by DNA helicases.
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BIOLOGY
Question #79 m 03. Enzymes

Select the optimal pH media conditions required for the maximal enzymatic catalytic
activity of...

CORE CONCEPT & DERIVATION

Digestive enzymes exhibit characteristic pH optima that reflect the physiological
environment of the gastreintestinal compartments in which they function.

Formula / Rule / Reaction:

OFFICIAL FULL-LENGTH PRACTICE (FLP)

BIOLOGY
Question #81 m 02. Biomoleoules

Which of the foliowing isomeric alcohols forms animmediate, water-insoluble oily layer of
alky...

CORE CONCEPT & DERIVATION

The Lucas test differentiates alcohols based ontherate of 851 carbocation
formation. Tertiary alcohols reactimmediately at room temperature to form an
insoluble. turbid olily layer of alkyl halide.

Formula / Rule / Reaction:

Gastric Pepsin (pH optimum: 1.5 to 2.0 [Acidic]) vs. Paucreatic Lipase (pH optimum: 7.5 to 8.5 [Basic|)

Solution:

+« Pepsinoperatesinthe gastric juice of the stomach, where hydrochloric acid
provides a strongly acidic medium(pH1.5t0 2.0}

#» Pancreatic lipase functionsin the duodenum, where alkaline bile and sodium
bicarbonate secretions raise the pH to a slightly basicrange (pH7.5t0 8.5).

+ Therefore, the required medium sequence is Acidic for pepsin and Basic for
lipase.

Why other options are incorrect:

= Option A: Inverts the physiclogical environments of both enzymes.

= OptionC: Pancreatic lipase is rapidly denatured and inactivated under acidic
gastric conditions.

= OptionD: Pepsinis permanently denatured and catalytically inactive at basic
pHvalues above 6.0.

BIOLOGY
Question #80 [[HTT) 13. Chemical Coordin:

Which of the following triplets correctly matches the chemical nature, the specific
hormene, an...

CORE COMCEPT & DERIVATION

Hormones are categorized by chemical class (peptides/proteins, steroids, or amino
acid derivatives) and are produced by specialized endocrine tissues,

Formula / Rule / Reaction:

Insulin = 51-amino-acid polypeptide hormone produced by beta cells of the islets of
Langerhans inthe pancreas.

Solution:

= Insulinis a protein hormone composed of two polypeptide chains (A and B)
linked by disulfide bonds, synthesized by pancreatic beta cells.

« This pairing correctly matches chemical classification, hormone identity, and
gland of origin.

Why other options are incorrect:

« OptionB: Cortisone is a glucocorticoid steroid secreted by the adrenal cortex
(zonafasciculata), not the thymus gland.

« OptionC: Estrogenis a steroid hormone produced by the ovarian granulosa
cells, not a catecholamine from the adrenal medulla.

« OptionD: Thyroxine (T,)is aniodinated tyrosine derivative produced by
thyroid follicular cells, not the parathyroid gland.
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R3C-OH + HC1 R3C-C1 (oily layer) | +H20  (instantaneous reaction)

Solution:

+ 2-Methyl-2-butanol is a tertiary (3°) alcohol: CH; CH, C(CH; ) (OH)CH;.

« Uponprotonation and loss of water, it generates a stable tertiary carbocation
that is rapidly trapped by chloride ions to yield 2-chloro-2-methylbutane.

* This alkyl chloride is non-polar and separates immediately as an oily layer.

* Secondary alcohols require 5 to 10 minutes with heating, and primary alcohols
donotreact appreciably at room temperature.

Why other options are incorrect:

« Option A: 3-Methyl-2-butanol is a secondary alcohol; turbidity develops
slowly after heating.

= Option C: 2-Butanol is a secondary alcohol: it takes 5 to 10 minutes to form an
oily layer.

+ OptionD: Ethanolis a primary alcohol: its solutionremains clear at room
temperature and requires pralonged boiling to react.

Question #82 m BIOLOGY

02, Biomolecules

Commercial formalin, widely utiized as an anatomical tis sue fixative and biological
preservati..

CORE CONCEPT & DERIVATION

Formalin is a commercial aqueous preparation of formaldehyde gas containing a
small percentage of methanol added as aninhibitor to prevent polymerizationinto
paraformaldehyde.

Formula / Rule / Reaction:

Formalin Composition: 37 to 40% Formaldehyde (HCHO) + 8 to 10% Methanol (CH,0H) +

Solution:

* Formaldehyde gas is absorbed in water up to roughly 40% by weight.

+ Methanol (8%6) is added as a stabilizer to prevent the formation of insoluble
parafoermaldehyde precipitates.

+ Thebalanceiswater(52%).

« Thus, Option A accurately reflects the standard compasition of commercial
formalin.

Why other options are incorrect:

« Option B: Uses acetaldehyde (CH;CHO) instead of formaldehyde (HCHO).

« Option C: Combines acetaldehyde with ethanol; neither is a component of
formalin.

« OptionD: Inaccurately lists 45% formaldehyde and ethanol instead of
methanol.
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Question #83 - BIOLOGY

Biomodecules
The acid-catalyzed cyclic and linear polymerization of gaseous formaldehyde ( [Formula] )
anda...
CORE CONCEPT & DERIVATION

Aldehydes undergo acid-catalyzed self-addition (polymerization). Dilute mineral
acid provides protons to activate the carbonyl carbon toward nucleophilic addition
without causing charring or extensive dehydration.

Formula / Rule / Reaction:

3CHy CHO 222 150, 1 raldehyde (cyclic trimer)

Solution:

+ Protonation of the carbonyl oxygen by dilute sulfuric acid increases the
electrophilicity of the carbonyl carbon.

« Adjacent aldehyde molecules attack consecutively to form cyclic trimers
(metaformaldehyde or paraldehyde).

= Dilute acid provides mild catalytic conditions without the oxidative charring
associated with concentrated acid.

+ Audit Note: The official test answer key designates Option B (Dilute H2804).

Why other options are incorrect:

= Option A: Concentrated sulfuric acid acts as a strong dehydrating and
oxidizing agent that can char organic carbonyl compounds.

+ OptionC: Carbonic acidis a weak acid that is unstable in concentrated form.

= OptionD: Dilute carbonic acid provides insufficient hydroniumion
concentration to catalyze polymerization.

Question #84 [ZHC) BIOLOGY

02. Biomolecules
Carboxylic acids exhibit significantly higher boiling points than alcohols and aldehydes of
com...
CORE CONCEPT & DERIVATION

Carboxylic acids possess both a hydregen bond donor (the —OH group) and a
hydrogen bond acceptor (the carbonyl oxygen C=0), enabling them to form stable
cyclic dimeric pairs held by two hydrogen bonds.

Formula / Rule / Reaction:

B ceres C-R  (Cyelic Dimer}

Solution:

» The formation of eight-membered cyclic dimers effectively doubles the mass
of the evaporating units in the liguid and vapor states.

« These strong intermolecular hydrogen bonds require significant thermal
energy to break, elevating the boiling point of carboxylic acids above those of
corresponding alcohols.

Why other options are incorrect:

= Option A: London dispersion forces are secondary and do not explain the
large boiling point discrepancy between carboxylic acids and alcohols of
similar molecular mass.

« OptionB: Covalent carbon-carben bonds are intramolecular and do not
dissociate during vapor-liguid phase transitions.

« OptionC: Dipole-dipole forces are present, but are much weaker than the
intermolecular hydrogen bonds that farm dimers.
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BIOLOGY
Question #85 m 02. Biomoleoules

When ethanoic scid reacts with anhydrous sodium carbonate | [Formula] ), what is the
identity o..

CORE CONCEPT & DERIVATION

Carboxylic acids are stronger acids than carbonic acid (H,C0;) and decompose
metal carbonates and bicarbonates to liberate carbon dioxide gas.

Formula / Rule / Reaction:

2RCOOH + Na:COsz — 2RCOONa + H:0 + CO2 1

Solution:

« Protons donated by the carboxylic acid react with carbonate ions to form
carbonic acid: 2H' + CO}~ — H,COy.

« Carbonic acid spontaneously decomposesinto liquid water and gaseous
carbondioxide: HyCOy —+ H, Q0 + COy 1.

+ Carbondioxide is a colorless, odorless gas that turns lime water milky.

Why other options are incorrect:

« Option A: Hydrogen gas (H) is evolved when carboxylic acids react with
electropositive active metals (e.g.. Na), not metal carbonates.

« Option B: Oxygen gasis not evolved during acid-base reactions of
carbonates.

+ OptionD: Carbon monoexideis produced by incomplete combustion or
dehydration of formic acid with concentrated H,50,. not carbonate
neutralization.

BIOLOGY

02. Biomolecutes

Question #86

Which of the following organic reagents will react with 2, 2-dimethylpropanoic acid
(pivalic aci...
CORE CONCEPT & DERIVATION

Fischer esterification is the acid-catalyzed condensation reaction between a
carboxylic acid and an alcohol to produce an ester and water.

Formula / Rule / Reaction:

(\textiCH}_3)_3vtext{C-COOH} + \text{CH} _3\text{CH}_2\text{OH}
vrightleftharpoons®+ \ \Delta} (\text{CH}_3)_3\text{C-COOCH}_2\text{CH}_3 +
text{H]_24text{O}

Solution:

« 22-Dimethylpropanoic acid provides the acyl component.
« Ethanol({an alcehol) provides the alkoxy nucleophile.

+ Inthe presence of catalytic concentrated HaS0,, they condense to form ethyl
2,2-dimethylpropanoate (ethyl pivalate) and water.

Why other options are incorrect:

+ Option A: Ethanoic acidis a carboxylic acid; mixing two carboxylic acids does
notyield an ester under standard esterification conditions.

« Option B: Propane is anunreactive saturated alkane lacking a nucleophilic
functional group.

+ OptionD: Fropancne is a ketone; it does not react with carboxylic acids to
formesters.
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Question #87 [ZHEN - BIOLOGY

Biomolecules

The most abundant class of proteins in the animal kingdom. accounting for approximately
aE
25%to..

CORE COMCEPT & DERIVATION

Proteins that yield solely alpha-amine acids upon complete acid or enzymatic
hydrolysis (without non-protein prosthetic groups) are classified as simple proteins.

Formula / Rule / Reaction:

Simple Fibrous Proteins — Collagen (yields only amino acids: glycine, proline,
hydroxyproline).

Solution:

= Collagenis the most abundantindividual protein in vertebrates, comprising
roughly 25%6 to 35% of total protein mass.

« Because collagen consists exclusively of a triple-helical polypeptide chain
devoid of prosthetic groups, it belongs to the class of simple fibrous proteins.

#» Thus, simple proteins constitute the most abundant protein class in animals.

Why other options are incorrect:

= Option A: Derived proteins are denaturation or partial degradation products
(e.q.. peptones, proteoses) formed by heat or enzymes.

= OptionC: Compound proteins is an archaic synonym for conjugated proteins.

+ OptionD: Conjugated proteins contain a non-protein prosthetic group{e.g.,
heme inhemoglobin): they do not constitute 25% to 35% of body protein.

Question #88 [[ZHEN BIOLOGY

02, Biomolecules

Which structural proteinis the primary fibrous constituent of tendons, ligaments, cartilage
ma...

CORE CONCEPT & DERIVATION

Callagenis an extracellular matrix fibrous protein that provides tensile strength to

ahimal connectiva tissues.
Formula / Rule / Reaction:

Factualrecall / Qualitative concept.

Solution:

« Collagenis synthesized by fibroblasts and secreted as tropocollagen, which
polymerizes into thick collagen fibrils.

= [Itformsthe primary structural scaffold of tendons, dermis, bone matrix, and
ligaments.

« lts high tensile strength resists mechanical shear forces.

Why other options are incorrect:

+« Option A: Phosphoproteins (e.g., casein in milk) contain covalently bound
phosphate groups, functioning mainly in nutrient delivery.

« OptionC: Lacithinis a phospholipid component of lipid membranes, nota
protein.

« OptionD: Keratinis anintracellular cytoskeletal intermediate filament protein
restricted to epidermal skin layers, hair, and nails.
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Question #89 [[AE) i

1. Support & Movemant

n the human body. the intracellular globular protein ferritin serves as the primary reservoir

CORE CONCEPT & DERIVATION

Ferritinis a hollow 24-subunit protein shell (apoferritin) that stores iron in a non-toxic,
bioavailable ferric (Fe" Jmineral core.

Formula / Rule / Reaction:

24 Ferroxidase

Apoferritin + Fe'™ = [Fe()( OH)|s[FeO(H,PO:)] core (up to 4500 Fe' atoms)

Solution:

« Freeferrousiron(Fe’")is toxic because it generates damaging hydroxyl
radicals through the Fenton reaction.

« Ferritinoxidizes Fe' to Fe'" and sequestersit withinits central cavity as ferric
hydroxyphosphate.

« Itserves as the primary iron-storage buffer in hepatocytes, splenic
macrophages, and bone marrow.

Why other options are incorrect:

+ Option A: Phosphorusis stored primarily in bbone matrix as inorganic
hydroxyapatite crystals.

+ Option B: Calcium is stored in bone mineral matrix and inside the
sarcoplasmic/endoplasmic reticulum.

« OptionD: Zinc is stored and chaperoned by metallothionein, not ferritin.

Question #90 BIOLOGY

O4. Bicenargetics
In human blood plasma, which copper-containing alpha-2 glycoprotein acts as the
primary transpo...
CORE CONCEPT & DERIVATION

Ceruloplasmin is the major copper-carrying protein in mammalian blood plasma,
carrying over 90% to 95% of circulating copper.

Formula / Rule / Reaction:

Ceruloplasmin (ceatains b to 8 Cu atoms)

Ferroxidase Activity: 4Fe®" + 4H + 0 4Fe’t + 2H,0

Solution:

« Ceruloplasmin binds six to eight copper atoms tightly inits protein structure.

« ltcarries copper through systemic circulation and exhibits ferroxidase activity,
converting ferrous iron ( Fe ") to ferriciron (Fe' ") to facilitate binding to
transferrin.

e Thus,itacts as a carrier of copper.

Why other options are incorrect:

« Option A: Molecular oxygenis carried by the heme iron atoms in erythrocyte
hemoglobin.

+ Option B: Zinc is transported in plasma bound non-specifically to albuminand
alpha-2 macroglobulin.

« OptionD: Ironis specifically carried and transported in blood plasma by the
glycoprotein transferrin.
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Question #91 m CHEMISTRY

T1. 5.& P Block Elements
Select the Group A {alkaline earth metal) element that exhibits the largest atomic radius:

CORE COMCEPT & DERIVATION
Atomic radius increases down a periodic group due to the addition of successive

principal electron shells, which increases the screening effect and moves outer
electrons farther from the nucleus.

Formula / Rule / Reaction:

Group lATrend:Be (n=2) < Mg(n=3)<Ca(n=4)<Sr(n=5) <Ba(n=6) <
Ra(n="T).

Solution:

=+ Beryllium(Period 2) has 2 electron shells (r = 112 pm).
« Calcium (Period 4) has 4 shells (» = 197 pm).

« Strontium (Period 5) has 5 shells (r = 215 pm).

« Barium (Period 6) has 6 shells (r = 222 pm).

= Among the given options, Barium lies lowestin Group llA and has the largest
atomic radius.

Why other options are incorrect:

= Option A: Berylliumis at the top of the group and has the smallest atomic
radius.

=+ OptionB: Calcium has fewer principal shells than strontium and bariurm.

= OptionD: Strontium has 5 principal shells, making it smaller than barium (&
shells).
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Question #92 GHEMISTRY

13. Fundamental Principles of Organic Chemstry
The isomeric ketones 2-pentanone and 3-pentanone are constitutional isomers that
exemplify:
CORE CONCEPT & DERIVATION

Position isomers possess identical carbon skeletons and functional groups, but
differinthe locant position of the functional group along the parent carbon chain.

Formula / Rule / Reaction:

5} o
| |
2-Pentanone: CHy — C — CH: — CHz — CH3  vs. 3-Pentanone: CHy - CH: - C - CH: - C

Solution:

+ Bothmolecules share the identical five-carbon straight chain (pentan-).
« Bothcontain the carbonyl functional group (C=0).

s Theydiffer onlyinthe positional locant of the carbonyl group: C-2in2-
pentanone versus C-3in3-pentanone.

« Therefore, they are position isomers.

+ Audit Note: While classical definitions also consider them metamers due to
differing alkyl groups flanking the bivalent carbonyl, the official examination
answer key designates Position isomers (Option D).

Why other options are incorrect:

+ Option A: Metamerism applies to polyvalent functional groups, but within the
IUPAC examination syllabus, positional variance on anidentical straight chainis
designated positionisomerism.

» Option B: Both compounds are ketones, so their functional group identity is
identical.

s Option C: Tautomerism requires dynamic keto-enol interconversion, not
structural comparison between two ketones.
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Question #93 [N CHEMISTRY

13. Fundamental Principles of Organic Chemistry
Which of the following organic carboxylic acids contains an asymmetric (chiral) carbon
atomand...
CORE CONCEPT & DERIVATION

Amolecule exhibits optical activity and enantiomerismif it contains a chiral center:
an sp*-hybridized carbon atom bonded to four chemically distinct substituent
groups.

Formula / Rule / Reaction:

OH
|
Lactic acid (2-Hydroxypropanoic acid): CH; - C  — COOH

Solution:

« In2-hydroxypropanoic acid (lactic acid), the central C-2 carbonis bonded to:
(1) —H.{2) —OH. (3) —-CH,, and (4) - COOH.

+» Because all four attached groups are different, C-2is a chiral carbon
(stereocenter).

= [t forms non-superimposable mirrorimage pairs (d-lactic acid andl-lactic
acid), giving rise to optical isomerism.

Why other options are incorrect:

= OptionA: 2.2-Dihydroxypropancic acid has two identical —OH groups on C-
2, making it achiral.

= OptionB: Hydroxybutanedicic acid (malic acid)is chiral, but 2-
hydroxypropanoic acid is the standard past paper answer key reference.

» OptionC: Butanoic acid (CH; CH,CH, COOH) contains only —CH,— and —CH,
groups withidentical hydrogens, soitlacks a chiral carbon.
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Question #94 GHEMISTRY

14. Hydrocarbons

In the electrophiiic aromatic substitution reaction of benzene sulphonation. what is the
actual...

CORE CONCEPT & DERIVATION

Inaromatic sulphonation using fuming or concentrated sulfuric acid, monomeric
neutral sulfur trioxide (S04} functions as the electrophile due to strong dipole
polarization toward the three oxygen atoms.

Formula / Rule / Reaction:

2H2804 = 80; (active electrophile) + H;0" + HS0;

Solution:

* InS0;y, the sulfuratomis bonded to three electronegative oxygen atoms via
polardouble bonds.

« This draws electron density away from sulfur, giving it a strong partial positive
charge({d”).

+« Theneutral 530; molecule acts as an electron pair acceptor, attacking the
aromatic ring to form an arenium ion intermediate.

e Thus, meutral SOz is the active electrophile.

Why other options are incorrect:

« Option A: -50,His the sulfonic acid substituent group presentin the final
product. not the attacking electrophile.

* Option C: Sulfur dioxide (§0.)is not sufficiently electrophilic to attack
benzena.

+ OptionD: 50, is a non-existent species under standard sulphonation
conditions.

Official Examination Series



beambeprep.com

BEAMBEPREP - NUMS 2025 Official Solved Paper

Question #95 CHEMISTRY

14. Hydrocarbons

When acetylene (ethyne) undergoes complete electrophilic addition with two molar
equivalents of..

CORE COMCEPT & DERIVATION

Electrophilic addition of hydrogen halides across alkynes proceeds through
Markovnikov regioselectivity, in which the second proton adds to the carbon already
bearing more hydrogen atoms.

Formula / Rule / Reaction:

BB (Markowaikor) o0
— L

HC = CH + HBr —+ HyC=CHBr — CHBr, (1,1-dibromoethane)

Solution:

« The first addition of HBr to ethyne produces vinyl bromide (bromoethene):
CH. = CHBr.

+ Inthe second addition, protonation yields the more stable resonance-
stabilized alpha-halo carbocation: [CHs — CH-Br «» CHy — CH = Br|.

« Bromide ion attacks the carbocation, placing both bromine atoms on the
same carbon atom.,

+ Thisyields the geminal dihalide 1.1-dibromoethane.

Why other options are incorrect:

= OptionA:'2 2-Dibromoethane’is anincorrect numbering for 1.1-
dibromoethane.

» OptionC:1.2-Dibromoethane is avicinal dihalide formed by adding elemental
bromine (Brz) to ethene, not HBr to ethyne.

+ OptionD: 11,2 2-Tetrabromoethane is produced by adding two moles of
moelecular bromine (2Brz), not HBr.

Question #96 [HEN CHEMISTRY

03. Chemical Bonding
Inan [Formula] nucleophilic substitution reaction, the formation of a racemic mixture
(enantic...

CORE CONCEPT & DERIVATION

Heterolytic cleavage of the leaving group in an Sx 1 mechanism generates atrigonal
planar sp®-hybridized carbocation intermediate with an unhybridized, vacant p orbital
perpendicular to the molecular plane.

Formula / Rule / Reaction:

slow [—X7}

RyRaRsC-X ——— Ry R,R, C (planar intermediate with empty 2p_ orbital)

Solution:

« The central carbocationis sp? hybridized with a trigonal planar geometry (bond
angles 12(7).

« Theremaining valence orbital is an unhybridized, vacant p orbital with lobes
extending equally above and below the malecular plane.

+ Anincoming nucleophile can attack either face of the empty p orbital with
equal probability, yielding a 50:50 racemic mixture of retention and inversion
enantiomers.

Why other options are incorrect:

+ Option A: The s orbital is hybridized into the three planar sp® bonds.
+ Option C: An sp’ orbital geometry is tetrahedral, which occurs in the starting
rmaterial and product, not in the planar intermediate.

+ OptionD: The three sp® hybrid orbitals form the coplanar carbon-
carbon/carbon-hydrogen sigma bonds and are fully occupied.
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CHEMISTRY
Question #97 [T 06, Solids
Which of the foliowing states of matter consists of & quasi-neutral gas mixture of free
electro...
CORE CONCEPT & DERIVATION

Plasmais recognized as the fourth state of matter. formed when thermal or electrical
energy ionizes atoms, liberating electrons and generating an electrically conductive
fluid of ions and electrons.

Formula / Rule / Reaction:

High Thermal Enery | Tonization
o R

Neutral Gas Atoms Positive Ions (M"") + ne”  (Plasma)

Solution:

« At elevated temperatures, kinetic collisions overcome atomic ionization
potentials, stripping valence electrons away from nuclei.

s This produces an ionized gas mixture of positive ions and free electrons called
plasma.

* Plasma conducts electricity and responds strongly to electromagnetic fields.

Why other options are incorrect:

+ Option A: Solids possess fixed shape and volume with localized chemical
bonds.

+ Option B: Liquids maintain definite volume but adapt to container shape,
lacking extensive ionization.

+ Option C: Liquid crystals maintain intermediate orientational molecular order
without thermal ionizationinto free electrons.

Question #98 [THLY CHEMISTRY

03. Chemical Bonding
Amang the following chemical elements, select the one that has the lowest first ionization
ener...

CORE CONCEPT & DERIVATION

Across a period in the periodic table, the firstionization energy generally increases
from left toright due to increasing effective nuclear charge (Z.r) and decreasing
atomic radius.

Formula / Rule / Reaction:

Period 3 First lonization Energies: Na (496) < Mg (738) < Al (578) < Si (786) <
P (1012) < § (1000) < C1(1251) < Ar (1521 kJ/mol).

Solution:

* The givenelements allreside in Period 3: Mg (Group 2), 5i{Group 14). P (Group
15). and Ar(Group 18).

« Magnesium lies furthest to the left among these four, with the largest atomic
radius and lowest effective nuclear charge.

« Firstionization energy values: Mg = 738 k] /mol; 8i = 786 kJ/mol; P =
1012 kJ/mol; Ar = 1521 kJ /mol.

+ Thus, magnesium requires the least energy to remaove an outer electron,

Why other options are incorrect:

« Option B: Argonis a noble gas with a complete octet (3s*3p®), exhibiting the
highest ionization energy in Period 3.

* Option C: Silicon has a higher effective nuclear charge and smaller radius than
magnesium.

+ Option D: Phosphorus has anincreased Z.gand an extra-stable half-filled 3p°
subshell.

Official Examination Series



BEAMBEPREP - NUMS 2025 Official Solved Paper

Question #99 [THCH CHEMISTRY

11. 5 & P Block Elements
Which of the following alkali metals (Group 1A} has the lowest boiling point?

CORE COMCEPT & DERIVATION

Inmetallic lattices, metallic bond strength depends directly on the charge density of
the metal cations. Down Group IA, atomic radius increases, weakening the metallic
bond and lowering boiling points.

Formula / Rule / Reaction:

Cation Charge

Metallic Bond Strength o b e e

(Decreases down Group 1A)

Solution:

« Asatomic size increases from Li to Cs, the single valence electronis
delocalized overa much larger volume.

+ Electrostatic attractions between the positive metal cores and the mobile
electron sea weaken significantly.

= Boiling points: Li = 1342°C; Na = 883°C, K = 759°C; Cs = 671°C.
« Therefore, Cesium has the lowest boiling point among the listed alkali metals.

Why other options are incorrect:

= Option A: Lithium has the smallest cation size, highest charge density. and
strongest metallic bonding, resulting in the highast boiling point.

« OptionB: Potassium is smallerthan cesium and has a higher boiling point.

+ Option C: Sadium has stronger metallic bonding and a higher boiling point
than cesium.

Question #100 (AT CHEMISTRY

06, Sofids
Most typical molecular solid crystals (e.g.. naphthalene, iodine, sulfur) melt below:
CORE CONCEPT & DERIVATION

Molecular crystals are composed of discrete molecules held together by weak
intermolecular van der Waals forees. dipole-dipole interactions, or hydrogen bonds,
resulting in comparatively low melting points.

Formula / Rule / Reaction:
Lattice energy of molecular crystals < ionic or covalent network crystals.

Solution:

» Unlike ionic salts (e.g., NaCl, melting point 801°C) or covalent networks (2.q.,
diamond, melting point = 3500°C), molecular solids are bound by weak
dispersion and dipole forces.

+ Theseweak intermolecular forces are overcame at relatively low thermal
kinetic energies.

« Conseqguently, the vast majority of molecular crystals melt at temperatures
below 200°C.

Why other options are incorrect:

« OptionB: 280°C exceeds the normal melting range of typicalmolecular solids.

+ Option C: 330°Cis characteristic of ionic salts with low lattice energies, not
molecular solids.

« OptionD: 480°Cis characteristic of moderately refractory ionic or metallic
crystals.
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CHEMISTRY
Question #101 F.CHH] 02, Mtomic Structure
Approximately how many times heavier is 5 neutral protium hydrogen atom { [Formula] )
compared...
CORE CONCEPT & DERIVATION
Themass of an atom is concentrated almost entirely inits nucleus. A hydrogen atom
consists of one proton and one electron, with the proton mass being over three
orders of magnitude greater than that of the electron.

Formula / Rule / Reaction:

mytme  my 16726 x 104 kg

m, m,  9.1094 x 10-3' kg

Ratio = == 1836.15 = 1837

Solution:

* Massof proton:m, = 16726 x 107 kg.

s Massofelectron:m, = 9.1094 x 107 kg.

« Totalmass of 'Hatom: my, + m, = 16735 x 107" ke.
s Ratio: 1.6735 x 10727/9.1094 x 10~™ = 1837.

* Therefore, the hydrogen atomis approximately 1837 times heavier thanan
electron.

Why other options are incorrect:

« Option A: 1937 overestimates the physical mass ratio by 100 units.
« OptionB: 1737 underestimates the physical proton-to-electron mass ratio.

+« Option D: 1637 is significantly lower than the true fundamental physical
constant.

Question #102 [N CHEMISTRY

7. Equilibrium
The thermodynamic equilibrium constant ( [Formula] ) for the unimolecular decomposition
or o
CORE CONCEPT & DERIVATION
Ozone decompaosition is thermodynamically favored due to alarge negative
standard Gibbs free energy change (AG?), resulting in an equilibrium constant far
greater thanunity.

IZON...

Formula / Rule / Reaction:

204(g) = 30.(g) (AG" = —163 kI /mol)

K. =& 20T o 105 ap 208K

Solution:

s Thestandard free energy of formation of ozone is positive. making ozone
thermodynamically unstable relative to diatomic oxygen.

e Calculating K. from AG® = — RT In K yields an equilibrium constant on the
orderof 10°°.

« This highvalue indicates that at equilibrium, conversion of ozone into oxygenis
virtually complete.

Why other options are incorrect:

« Option B: 10% is an overastimate relative to the standard thermodynamic data
forozone.

« Option C: 10% underestimates the equilibrium constant by 30 orders of
magnitude.

« OptionD: 10™ is smaller than the measured textbook constant (107).

Official Examination Series



beambeprep.com

BEAMBEPREP - NUMS 2025 Official Solved Paper

Question #103 CHEMISTRY

08. Reaction Kinetics

If a chemical reactionis determined to be first-orderwith respect to reactant [Formula]
andt...

CORE COMCEPT & DERIVATION

The rate law expresses reaction rate as proportional to the molar concentrations of
reactants raised to powers equal to their respective partial reaction orders,

Formula / Rule / Reaction:

Rate = k[A|"[B]" (wherem =landn =3}

Solution:

« Partial order with respect to A is 1; therefore, the exponant for [A]is1: [A]L
« Partial order with respectto B is 3; therefore, the exponent for [B]is 3: [B]".
+ Combining these terms yields: Rate = k[A][B]*.

« The overall order of thereactionis1+ 3 = 4.

Why other options are incorrect:

= Option A: Sets the order with respect to B as second-order.
« OptionB: Inverts the orders, setting A as second-order and B as first-order.

« OptionD: Completely omits the concentration dependence onreactant B

Question #104 CHEMISTRY

08. Reaction Kinetics

For
i
CORE COMCEPT & DERIVATION

The reaction order with respect to a component indicates the power to whichits
concentration termis raised in the empirical rate expression.

e reaction [Formula], doubling the concentration of reactant [Formula] causes the

Formula / Rule / Reaction:

Rate, _{&u
Rate, |“\]1J

Solution:

» Lettheinitial rate law be Rate; = k[A]"

« When[A]is doubledto 2[A], the new rate is Rates = k(2[A])" = 2" . k[A]™

+ We are given that Ratez /Rate; = 4.

o Thersfore, 2" =4 =2 — n=12

= Thereactionissecond-order.

Why other options are incorrect:

« OptionA:lnazero-order reaction (n = 0), doubling concentration has no
effect onrate (factorof 2% = 1).

« OptionB: Ina first-order reaction(r = 1), doubling concentration doubles the
rate (factorof 2' = 2).

= OptionD:Inathird-order reaction(n = 3), doubling concentrationincreases
therate by a factor of 2" = 8.
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Question #£105 m GHEMISTRY

0. Thermochemistry
Select the thermodynamically spontaneous process that proceeds without the
continuous input of ..
CORE CONCEPT & DERIVATION

A spontaneous processis an unidirectional physical or chemical change that
proceeds naturally onits own under given conditions without requiring a continuous
supply of external work.

Formula / Rule / Reaction:
AG =AH - TAS <0 (Criterion of Spontaneity)

Radioactive decay: {210\ text{Po}yrightarrow\, “{20&6NMtext{Pb} + \alpha \quad
(\Deltz G\IO)

Solution:

« Radioactive alpha-decay of polonium is driven by nuclear instability.

» ltoccursspentaneously at all temperatures without requiring external heat,
light, or electrical input.

+ Thus, alpha-particle emission is aninherently spontane ous process.

Why other options are incorrect:

+ Option A: The combination of Kz and Oz is highly endothermic (AH > 0) and
non-spantaneous at room temperature, requiring high-energy lightning
discharges.

* Option C: Thermal decomposition of marble (CaCOy — Ca0 + CO)is
endothermic and requires continuous heating above 800°C.

+ QOption D: Combustion of paper possasses a high activation energy barrier
and will not proceed spontaneously at room termperature without an external
flame.

Question #106 m CHEMISTRY

0% Thermochemistry
Select the exothermic reaction ( [Formula) ) among the following chemical processes:

CORE CONCEPT & DERIVATION

Anexothermic process releases thermal energy to its surroundings (AH < 0),
whereas endothermic processes absorb enthalpy (AH = 0). Combustion reactions
are characteristically exothermic.

Formula / Rule / Reaction:

CHy(g) + 20a(g) — COa(g) + 2H,0(l) (AH = —890.4 kJ/mol)

Solution:

« Combustion of hydrocarbons forms strong C=0 and 0-H bonds whose
formation releases more energy than isrequired to break the reactant C-Hand
0=0bonds.

« Methane combustionreleases 890.4 kl/mol of heat, making it an exothermic
reaction.

Why other options are incorrect:

* Option A: Thermal decomposition of PaOs requires input of thermal energy to
break stable bonds (endothermic).

« Option B: Formation of NO (N, + O, — 2NO) absorbsheat(AH =
+180.5 kJ /mol) due to the high bond dissociation energy of the N = N triple
bond.

+ OptionD: Sublimationis a phase change from solid to gas that absorbs latent
heat of sublimation (endothermic).
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Question #107 [[ZHEN CHEMISTRY

10. Bectrochemistry
What is the formal oxidation state of the chlorine atomin chlorous acid ( [Formula] )?

CORE COMCEPT & DERIVATION

The algebraic sum of the oxidation states of all atoms in a neutral polyatomic
molecule must equal zero.

Formula / Rule / Reaction:
Oxidation states: H=+1, O =-2

Equation: (+1) + 2 +2{-2)=0

Solution:

« Assign known rules: hydrogenis +1 and each oxygenis - 2.

= Setuptheequationforneutral HC1Oz: {(+1) + & + (—4) = 0.

+ Simplifying:z—-3=0 = r=+3.

= Therefore, chlorine exhibits an oxidation state of +3 in chlorous acid.

Why other options are incorrect:

« Option A: +1is the oxidation state of chlorine in hypochlorous acid (HCIO).
« OptionC: +5is the oxidation state of chlorine in chloric acid (HC10,).
= OptionD: +7 is the oxidation state of chlorine in perchioric acid (HCLO,).

Question #108 [THE) CHEMISTRY

3. Chemical Bonding
According to Molecular Orbital Theory (MOT), the bond order of a diatomic molecule orion
IsCa...
CORE COMNCEPT & DERIVATION

Bond orderindicates the net number of stable covalent bonds formed between two
bonded nuclel, defined as half the difference between bonding and antibonding
electron populations.

Formula / Rule / Reaction:

N,

o

N, —
Bond Order = =

Where N, is the number of electrons in bonding molecular orbitals and N, isthe
number in antibonding molecular orbitals.

Solution:

= Bonding electrons stabilize the molecular orbital system by lowering energy
relative to atomic orbitals.

« Antibonding electrons destabilize the system by raising energy.

+ Because eachstable covalent bond corresponds to a shared pair of net
bonding electrons, the net difference is divided by 2.

« Hence, Option C represents the accurate definition.

Why other options are incorrect:

+ Option A: Omits the division by 2, representing the total number of unpaired
bonding electrons rather than electron pairs (bonds).

« OptionB: Summing the electrons gives the total valence electron count, not
bond order.

+« OptionD: Dividing by four is mathematically incorrect.
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Question #£109 m GHEMISTRY

03. Chemical Bonding

Which of the foliowing compounds is non-polar overall as a result of symmetrical dipole
moment...

CORE CONCEPT & DERIVATION

Armolecule possessing polar cavalent bonds will have a net dipole moment of zero if
its geometry is highly symmetrical, causing individual bond dipole vectaors to cancel
out completely.

Formula / Rule / Reaction:

Pnet = Z iy =0 (for a regular tetrahedral AB; geometry)

Solution:

+ InCCly, the electronegativity difference between carbon (2.5) and chlorine
(3.0)makes each C-Clbond polar.

+« However, CCL possesses a symmetrical tetrahedral geometry with bond
angles of 10957,

* Thewvector sum of the four equal C-Cl dipole moments cancels to zero: fi,. =0

« Therefore, tetrachloromethane is non-polar overall.

Why other options are incorrect:

+ Option A: Methyl chloride (CH:Cl) is unsymmetrical; the C-Cldipale is not
cancelled by the three C-Hdipoles (x = 1.87 D).

« Option B: Mathanol has bent geometry around oxygen with polar C-0 and O-H
bonds, yielding anet molecular dipole moment.

+ OptionC: Water has a bent V-shaped geometry (104.5°) with a net dipole
moment of 1.85 D.
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Question #110 CHEMISTRY

14. Hydrocarbons
What is the standard decreasing order of chemical reactivity toward electrophilic addition
reac..
CORE CONCEPT & DERIVATION

Reactivity toward electrophiles depends on the availability and nucleophilicity of pi-
electrons. The sp® carbonsin alkenes hold pi-electrons less tightly than the sp
carbonsin alkynes. while alkanes lack pi-bonds.

Formula / Rule / Reaction:

Reactivity toward electrophilic addition: Alkenes (sp?, loosely held =) >
Alkynes (sp, more tightly held 7) > Alkanes (¢ bonds only).

Solution:

+ Alkenes possess a carbon-carbon double bond (one sigma, ene pi) with sp3
hybridization (33%6 s-character). Their pi-electrons are loosely held and
accessible toincoming electrophiles.

» Alkynes have sp hybridization (50% s-character). The higher s-character holds
the pi-electron cloud closerto the nuclei, making them less nucleophilic
toward electrophilic attack.

+ Alkanes possess only strong. non-polar sigma bonds and do not undergo
electrophilic additions.

» Thus, the decreasing reactivity order is Alkenes > Alkynes > Alkanes.

Why other options are incorrect:

« Option A: Alkanes are the least reactive aliphatic hydrocarbons, not the most
reactive.

« Option C: Inverts alkenes and alkynes; alkenes react faster with halogens and
halogen acids than alkynes.

« OptionD: Inaccurately ranks alkynes as less reactive than alkanes.

beambeprep.com

Page 49 of 61

OFFICIAL FULL-LENGTH PRACTICE (FLP)

Question #111 m GHEMISTRY

16. Alcohols & Phenols

What is the correct order of reactivity of alcohols toward nucleophilic substitution
invalving ...

CORE CONCEPT & DERIVATION
Reactions involving C-0 bond fission (e.g., substitution by hydrogen halides to form

alkyl halides) proceed via carbocation intermediates. The rate-determining step
depeands on carbocation stability.

Formula / Rule / Reaction:

Carbocation Stability: 3° (tertiary) > 2° (secondary) > 17 (primary).

Solution:

» Protonation of the alcohol —OH group forms an alkyloxonium ion: R-OH7 .
* lLossofwatergenerates acarbocation:R™.

« Tertiary carbocations are stabilized by hyperconjugation and inductive
electron donation from three alkyl groups.

« Primary carbocations are the least stable.

+ Therefore, the reactivity order for C-0 bond cleavage is Tertiary = Secondary =
Primary.

Why other options are incorrect:

« Option B: Inverts the carbocation stability hierarchy.
« Option C: Places secondary ahead of tertiary alcohols.

« OptionD: Represents the reverse order. which applies to O-H bond cleavage
(alcohol acidity), not C-0 cleavage.
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Question #112 [[ZTHTN CHEMISTRY

01. Stoichiometry

Consider the neutralization reaction: [Formula] When [Formula) of [Formula] reacts with
[Farmuil...

CORE CONCEPT & DERIVATION

Stoichiometric product yields depend on identifying the limiting reactant from the
molar amounts of the reactants.

Formula / Rule / Reaction:

Moles (n) = _ Mass(g)
~ Molar Mass (g/mol)

Balanced Equation: 2NaOH + Hz80; — NayS0Q, + 2H; 0

Solution:

+ Molarmassof NaOH = 23 + 16 + 1 = 40 g/mol.

+ Molesof NaOH = 225~ — 1.0 mol.
&/ mal

» Molarmass of Hy80,; = 2{1) + 32 + 4(16) = 98 g/mol.

‘ol

 Moles of Hi80, = ,5.5.4;‘2.5& = (1.5 mol.

» Fromstoichiometry, 0.5 mol of Ha804 requires 2 x 0.5 = 1.0 mol of NaOH. Both
reactants are present in stoichiometric balance; neitherisin excess,

» Fromthe balanced reaction, 1.0 mol of NaOH produces 1.0 mol of Ha0.

+ Numberof water molecules: 1.0 mol = 6.02 » 10° molecules/mol = 6.02 = 10°%

Why other options are incorrect:

» OptionB: 6.02 » 10* corresponds to 10 moles of water.
» OptionC:1.2044 « 10* comesponds to 0.2 moles of water.

« OptionD: 1.204 x 1P corresponds to 2 moles of water, which would require
double the starting reactant masses.
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Question #113 m GHEMISTRY

0Z. Atomic Structure

The maximum number of electrons that can be accommaodatad in any atomic subshell
defined by azim...

CORE CONCEPT & DERIVATION

The azimuthal qguantum number [ determines the number of magnetic orbitals (21 + 1)
persubshell. According to Pauli's exclusion principle, each spatial orbital canhold a
maximurn of 2 electrons with opposite spins.

Formula / Rule / Reaction:

Number of Orbitals = 21 + 1

Maximum Electrons =2 = (21 + 1) =41 + 2

Solution:

* Forl = 0(s-subshell): 2{2(0) + 1) = 2 electrons.
« Forl =1(p-subshell): 2(2(1) + 1) = Gelectrons.
« Forl = 2{d-subshell): 2(2(2) + 1) = 10electrons.
o Forl = 3(f-subshell): 2(2(3) + 1) = 14 electrons.

e Thus, the general formula is 2(21 + 1).

Why other options are incorrect:

+ OptionA: 21 + 1 gives the number of degenerate spatial orbitals in the
subshell, not the number of electrons.

+« OptionB: 2] + 2isan arbitrary expressionlacking guantummechanical
derivation.

« OptionC: 2(2] + 2) = 41 + 4, which overcounts the electron capacity.
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Question #114 CHEMISTRY

02, Atomic Structure
According to the Aufbau principle and the [Formula] energy rule. once the [Formula]
subshellis..
CORE CONCEPT & DERIVATION

Electrons occupy atomic subshells in order of increasing (n + I) energy values. If two
subshells share identical (n + 1) sums, the subshell with the lower principal guantum
number r fills first.

Formula / Rule / Reaction:

Forsdn=5,01=2 = n+l="T
Farfpn=6l=1 = n+l="T
Forfsm=71=0 = n+l="T.

Solution:

» Thebdsubshellhasn +I1=5+2=7T.

= Thebpsubshellalsohasn +1 =6+ 1 =7, but possesses a highern value {6 vs.
5). soit fills immediately after 5d.

« The standard Aufbau filling sequenceis: ... 58 — 4d — 5p — s — 4f — 5d —
Gp —+ Ts.

s Therefore, following the completion of 5d', entering electrons go into the 6p
subshell.

Why other options are incorrect:

« Option A: The 6ssubshell{n + I = 6 + 0 = 6) fillsbefore the 4fand 5d subshells.

« OptionC: The 6d subshellhasn + 1 = 6 + 2 = Sand fillsmuch later, after Tsand
5f.

+ OptionD: The6fsubshellhasn +1 = 6 + 3 = 9, which is higher in energy than
the Gp subshell.

Question #115 CHEMISTRY

04. Gases
According to the kinetic moleculsr theory of ideal gases, the average translational kinetic
ene...

CORE CONCEPT & DERIVATION
The average translational kinetic energy of anideal gas molecule depends solely on
absaolute temperature and is directly proportional to kT

Formula / Rule / Reaction:

— 3R 3RT
Ek-_'z‘kBT- EIR’:}TTE

Where kg is the Boltzmnann constant, R is the universal gas constant, and N is
Avogadro's constant.

Solution:

« Thetotal translational kinetic energy for one mole of an ideal gas is ;LR’I‘

«» Onemaole contains Avogadro's number (N4) of molecules.

» Dividing the molar kinetic energy by Na yields the average kinetic energy per

individual molecule: 35T

Why other options are incorrect:

+ Option A: Inverts the numerical factor to 3 instead of 1.

« OptionC: Introduces mass (m) and particle number (N} in a dimensionally
invalid relationship for individual kinetic energy.

« OptionD: Places temperature in the denominator, contradicting the principle
that kinetic enargy increases with temperature.
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CHEMISTRY
Question #1716 [[ZHT) 06, Solids
The state of matterconsisting of a high-temperature mixture of ionized stoms, free
electrons, ..
CORE CONCEPT & DERIVATION

Plasmais anionized gas that contains roughly equal numbers of positively charged
ions and unbound electrons, giving it high electrical conductivity and susceptibility
to magnetic fields.

Formula / Rule / Reaction:
Factualrecall/ Qualitative concept.

Solution:

« 'Whenthermal or electrical energy delivered to a gas exceeds the ionization
potentials of its constituent atoms, valence electrons are stripped away.

« Theresulting conducting fluid of free electrons and positive ions constitutes
the plasma state.

+ Itiswidely considered the fourth state of matter.

Why other options are incorrect:

« Option A: Solids consist of closely packed particles held infixed positions by
strong intermolecular or interionic forces.

* Option B: Liguids possess definite volume with particles capable of flowing
past one another without extensive ionization.

+ Option C: 'Gaseous liquid’ is an unscientific term that does not denote an
established state of matter.

Question #117 mﬁmsm

D5. Liguids
Which of the following variables does notinfluence the rate of evaporation of a pure liquid
at...
CORE CONCEPT & DERIVATION

Evaporationis a surface phenomenon. Its rate is governed by surface area, thermal
kinetic energy (temperature), and the intermolecular forces holding molecules inthe
liquid state.

Formula / Rule / Reaction:

Surface Area x T'
Intermolecular Force Strength

Rate of Evaporation oc

Solution:

* Only moleculeslocated at the liquid-vapor interface with sufficient kinetic
energy can overcome attractive intermolecular forces to escape into the gas
phase.

+ Increasing total volume or bulk amount of liguid without changing surface area
has no effect onthe rate at which maolecules escape perunit time.

e Thus, total amount of liquid does not affect the rate of evaporation.

Why other options are incorrect:

» Option B: Alarger surface area exposes more molecules to the interface,
increasing the evaporation rate.

+ Option C: Highertemperature increases average molecular kinetic energy.
enabling more molecules to overcome the escape barrier.

+ Option D: Weakerintermolecular forces allow malecules to escape more
readily, accelerating evaporation.
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Question #118 CHEMISTRY

05. Liguids

Which of the following factors accounts for the significantly lower normal boiling point of
die...

CORE COMCEPT & DERIVATION

Boiling point is the temperature at which equilibrium vapor pressure equals external
atmospheric pressure. Stronger intermolecular forces require higher temperatures
to reach this pressure.

Formula / Rule / Reaction:
Water (H20) : Extensive 3D network of strong hydrogen bonds  (B.P. = 100°C)

Diethyl Ether (C.H;OC,H;) : Weak dipole-dipole and London forces  (B.P. = 34.6°C)

Solution:

+ Watermolecules formup to four hydrogen bonds permaolecule. creating an
extensive cohesive liguid network.

« Diethyl ether lacks O-H groups and cannot form intermolecular hydrogen
bonds withitself; itis held only by weak dipole-dipole attractions and
dispersion forces.

+« Consequently, diethyl ether evaporates rapidly, has a high vapor pressure, and
boils at a much lower temperature than water.

Why other options are incorrect:

+« OptionB: Waterhas amuch highersurface tension (72.8 mN/m) than diethyl
ether (17.0 mN/m).

+ OptionC: Diethyl ether has a much higher vapor pressure (440 mmHg at 20°C)
than water (17.5 mmHg).

+ OptionD: Diethyl ether (74 g/mol) has a higher molar mass than water (18 g/mol
), but boils lower because intermolecular force type outweighs mass here.

Question #119 [THIN CHEMISTRY

Q6. Solids
The magnitude of lattice energy for anionic crystal lattice is predominantly governed by
the:

CORE COMCEPT & DERIVATION

According to Born-Landé and Coulombic electrostatic models, the lattice energy of
an ionic solid is directly proportional to the product of ionic charges and inversely
proportional to the interionic distance.

Formula / Rule / Reaction:

2,2
Uy 122l
o+

Where z. and z_ are ionic charges, and (r, + r_)is the sum of the ionic radii.

Solution:

« Higherionic charges(z) increase electrostatic attractive forces between
opposing ions.

« Smallerionic radii (r) allow closer approach, decreasing internuclear distance.

= Together, these parameters define the charge-to-size ratio (ionic potential),
whichis the primary determinant of lattice energy magnitude.

Why other options are incorrect:

« OptionB: Nuclear shielding influences isolated atomic radius, but does not
directly express the Coulombic |attice potential.

« OptionC: Macroscopic crystal shape is an external reflection of unit cell
symmetry, not the thermedynamic force holding ions together.

= OptionD: Lattice energy depends onionic radii in the crystal, not the radii of
neutral parent atoms.
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Question #120 m GHEMISTRY

0&. Solids
The characteristic external geometric shape of a crystalline solid Iattice is primarily
determi...
CORE CONCEPT & DERIVATION

Acrystal lattice is a periodic three-dimensional array of pointsin space. The
geometric shape of the crystalis dictated by the symmetry and spatial arrangement
of particlesinits repeating unit cell.

Formula / Rule / Reaction:

Unit Cell Parameters: Intercept lengths {a, b, ¢) and interaxial angles (a, 3,v)
determing the crystal system.

Solution:

* Crystalline solids possess long-range order.

« Thegeometrical faces, interfacial angles, and cleavage planes of a crystal
mirror the spatial coordination and packing geometry of the atoms, ions, or
molecules within the unit cell.

« Therefore, the shape of the crystal lattice depends directly on the three-
dimensional arrangement of its particles.

Why other options are incorrect:

« Option A: Particle mass influences density, but does not dictate unitcell
geometry or lattice symmetry.

+ OptionB: The chemicalidentity influences bond character, but the geometric
shape itself is determined by spatial arrangement.

« Option D: Crystalline solids maintain definite shape independent of container
dimensions.

Question #121 [[ZAE) pislcs

03 Work & Energy

If the velocity of a moving object of constant mass is doubled, what occurs to its kinetic
ener..

CORE CONCEPT & DERIVATION
Translational kinetic energy is directly proportional to the square of velocity.

Formula / Rule / Reaction:

Solution:

s Lettheinitial kineticenergybe K.E.1 = érm—?_

* Whenthe velocity is doubled (" = 2u):
- 1 | 2 U
. KE,= Em[m:]- = Erm{ah.lz} = 4{§mu—} =4K.E.,

+ Thus, doubling the velocity increases the kinetic energy by a factor of 4 (it
quadruples).

Why other options are incorrect:

+ Option A: Kinetic energy depends quadratically onvelocity, so it cannot
remain constant when velocity changes.

* Option B: Linear momentum (p = mv) doubles whenvelocity doubles, not
kinetic energy.

+ OptionD: Kinetic energy increases with increasing velocity, it does not
decrease.
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Question #122 PHYSICS

02 Force & Motion
According to Newton's second law in terms of momentum, the product of aversge net
force and the..
CORE CONCEPT & DERIVATION

The impulse-momentum theorem states that the impulse delivered by a resultant
force equals the change inlinear momentum of the body.

Formula / Rule / Reaction:

J = FLuAAt = Af = mii; — mi;

Solution:

« MNewton'ssecond lawis defined as: F = %f
s Multiplying both sides by the time interval At gives: FAt = Ap.

= The guantity FAtis defined as impulse, which directly equals the change in
linear mormentum.

Why other options are incorrect:

+ Option A: Force multiplied by time yields units of momentum (N - s = kg - m/s),
notforce.

+ Option C: Change invelocity is Av = £2¢:jt requires dividing impulse by mass.
= OptionD: Acceleration is rate of change of velocity, not the product of force
and time.

Question #123 [[TTHY) PHYSICS

08. Hectrostatics
The absolute electric potential | [Formula] ) at a distance [Formula] from an isolated point
Gh..

CORE CONCEPT & DERIVATION

Electric potential at a pointinan electric field is the work done per unit positive
charge inbringing a test charge frominfinity to that point against the electrostatic
field.

Formula / Rule / Reaction:

Vz_frE.dr:Lirﬁ

drep v o

Wherek = - = 8.99 x 10° N - m?/C%

e

Solution:

= Foraspherical point charge distribution, electric fieldintensity is B = %“
« Integrating with respect to distance gives electric potential: V' = ’-"}_

+ Audit Note: Some transcribed past paper keys label Option C due to an OCR
transcription omission of the denominator r. The scientifically and
dimensionally correct textbook formulais Option A (V = K}J.

Why other options are incorrect:

+ OptionB: Ed expresses potential difference across a uniform field between
two parallel plates, not the point-charge potential.

+« OptionC: Lacks the distance rin the denominator, which is dimensionally
incorrect for electric potantial.

+» OptionD: Ir corresponds to Ohm's law voltage drop across intemal
resistance.
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PHYSICS
Question #124 [THT) i

09, Current Elect

Electrical conductance ( [Formula] ) is defined as the reciprocal of electrical resistance.
Wha..

CORE CONCEPT & DERIVATION

Conductance quantifies the ease with which electric charge flows through a circuit
alement, defined as the mathematical reciprocal of resistance.

Formula / Rule / Reaction:

G=== é (Unit: 2! = Siemens [S] = mho)

Solution:

+ Resistance (R) has the Slunit Ohm (£2).
« Conductanceis@ = &, withunitf2-t,

+ The official Sl derived unit for conductance is the Siemens (5), historically also
called the mho.

Why other options are incorrect:

+ Option B: The Ohm (Q)is the Sl unit of electrical resistance and impedance.
« Option C: The Ampere (A)is the Sl base unit of electric currant.
« Option D: The Watt (W) is the Sl unit of power (joules per second).

Question #125 [HT) 5jisit

07. Thermodynamics

The sudden, violent bursting of an inflated automobile tire is an example of which
thermodynami...

CORE CONCEPT & DERIVATION
An adiabatic process occurs so rapidly that no heat can be exchanged between the
systemand its surroundings (@@ = 0).

Formula / Rule / Reaction:

AQ=0 = AU=-W

Solution:

+ ‘Whenatire bursts, the compressed air expands rapidly into the atmosphere.

« Theexpansion occurs too quickly for heat transfer to take place across the
boundary (@ = 0).

+ The gas performs mechanical work (W = 0) at the expense of its own internal
energy (AL < 0), causing cooling.

« This qualifies as an adiabatic expansion.

Why other options are incorrect:

« Option B: Anisochoric process occurs at constant volume (AV = ), whereas
the bursting gas expands into a much larger volume.

* OptionC: Anisothermal process occurs at constant temperature and requires
slow, guasi-static heat exchange.

+ OptionD: Anisobaric process occurs at constant prassure, whereas the air
inside the tire undergoes a sudden pressure drop.
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Question #126 [ZHTN PHYSICS

04, Rotational & Circular Motion
The vector direction of angular velocity { [Formula) ) of a rotating body along its axis of
rot.
CORE CONCEPT & DERIVATION

Angular velocity is an axial vector directed along the axis of rotation, with its sense
assigned by the right-hand grip rule.

Formula / Rule / Reaction:

0= x7¥

Solution:

« Graspthe axis of rotation with the right hand so that the curled fingers pointin
the direction of rotational motion.

« The extended thumb points along the axis in the direction of the angular
velocity vector (@),

* Hence, theright-hand rule is used to determing its direction.

Why other options are incorrect:

= OptionB: Fleming's left-hand rule determines the direction of magnetic force
on a current-carrying conductor in a magnetic field.

= OptionC: Lenz's law determines the polarity of induced electromotive force
opposing the change in fiux.

=+ OptionD: Faraday's law relates induced EMF to the rate of change of
magneatic flux.

Question #127 [[THTE) PHYSICS

12. Altemnating Current
If the mass of an orbiting charged particle in a cyclotron is doubled while maintaining
charge ..
CORE CONCEPT & DERIVATION

The cyclotron frequency depends on the balance between magnetic Lorentz force
and centripetal force, and is inversely proportional to particle mass.

Formula / Rule / Reaction:

fe=

2rm

Solutien:

« Cyclotronfrequencyis f. = -z%,'f—,;.

+ [fmassmis doubled to 2m with g and B held constant:

B 1 g¢B :
8 __ 1. 4B, f

- fl= —t—
7 2r(2m) T 2 2mm 2

= Therefore, the cyclotron frequency is halved.

Why other options are incorrect:

« Option A: Frequency depends inversely onmass, soit cannot remain
unchanged.

+ OptionB: Doukling mass reduces frequency; doubling would require halving
the mass.

» OptionD: Quadrupling the frequency would require reducing the mass to
one-fourth.
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Question #128 [} e

03, Work & Energy
One kilowatt-hour { [Formula] ), the commercial unit of electrical energy, is equivalent to:

CORE CONCEPT & DERIVATION

Energy equals power multiplied by time. Converting kilowatts to watts and hours to
seconds yields the energy in joules.

Formula / Rule / Reaction:
Energy (J) = Power (W) » Time (s)

1LWh = (1000 W) » (3600 s) = 3.6 x 10° ] = 3.6 MJ

Solution:

e  1kW =1000./s.
« 1hour = 60 x 60 = 3600s.

+ 1kWh = 1000 W x 3600 s = 3, 600, 000 J = 3.6 M.

Why other options are incorrect:

+ Option A: Megawatts (MW)is a unit of power, not energy.

« OptionC: 3.6 k] = 3600 J, which corresponds to 1watt-hour (1 Wh), not 1
kilowatt-hour.

« Option D: Watts (W)is aunit of power.

Question #129 [THLN ity

09. Current Elec

According to the standard curriculum textbook tables, the electrical resistivity of high-
purity...

CORE CONCEPT & DERIVATION

Resistivity is an intrinsic material property quantifying opposition to electric current,
with copper having one of the lowest values among metals.

Formula / Rule / Reaction:

RA
= p=—— (Unit: }-m)

L
B e =

A

Solution:

« Inthe national physics curriculum (Punjab Textbook Board / National
Curriculum reference table for resistivity of metals at 20°C), the accepted
value for copper is givenas 1.54 = 10 S0 .m.

« Option Arepresents this standard textbook value.

Why other options are incorrect:

* OptionB:1.34 = 10* - munderestimates copper's resistivity.
+ OptionC:1.45 » 10°* (1. m does not match curriculum standards.

+ OptionD: 1.64 x 107 1 . m approximates the resistivity of silver or annealed
copperunder different standards. but deviates from the textbook reference
value.
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PHYSICS
04. Rotational & Circular Motion

Question #130

The relation between tangential acceleration. radius vector, and angular accelerationis
given..

CORE CONCEPT & DERIVATION

Tangential acceleration acts tangentially along the circular path, perpendicular to
the radial direction.

Formula / Rule / Reaction:

= d;-r=10

G=axt = alv

Solution:

+ Theradius vector 7 paints radially outward from the axis of rotationto the
particle.

« Tangential acceleration a, is directed tangent to the circular trajectory.
= Incirculargeometry, the tangent is perpendicular to the radius at that point.

+« Therefore, the angle between rand 4, is90°.

Why other options are incorrect:

= OptionB: 180° is the angle between the outward radius vector r and the
centripetal (radial) acceleration d., not tangential acceleration.

= OptionC: (" describes parallel vectors.

« OptionD: 120 is geometrically incorrect for orthogonal coordinate axes in
circular motion.

PHYSICS
03. Work & Energy

Question #131 [ZHT)

The work done by a constant force [Formula] producing displacement [Formula] is
positive when t.

CORE COMCEPT & DERIVATION

Workis a scalar product: W = F . d = Fd cos . Its signis determined by the sign of
cost.

Formula / Rule / Reaction:

W0 & cosl >0 = 0 <8< 90°

Solution:

» Whend =", cos 0 = 1, yielding maximum positive work.

« Forallacute angles where (® < & < 90°, cos 8 = (), 5o work is positive.
o Atéd =907, cos9F = 0, and workis zero.

« Forobtuse angles (907 < & < 180°), cos# < (), and work is negative.

» Thus, positive work correspondsto (F < 8 < 90°.

Why other options are incorrect:

+ OptionB: The inequality notation is mathematically contradictory.

= OptionC: Inthisrange. cos #is 2ero or negative, resulting in zero or negative
work.

+ OptionD: Atd = 1807, cos 180° = —1, producing maximum negative work (e.g.,
kinetic friction).
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PHYSICS
02.Force & Motion

Question #132

In projectile motion on level ground. neglecting air resistance, what launch angle
produces the...

CORE CONCEPT & DERIVATION

Horizontal range depends on initial velocity and launch angle, reaching a maximum
when the trigonometric factor sin(28) equals unity.

Formula / Rule / Reaction:

_ uvisin(26)
g

R

Maximumrange occurs whensin(26) =1 = 28 = 90° = # = 45°,

Solution:

+ Horizontalrange is given by R = =222,

+ Themaximurn value of the sine functionis 1.

+ Settingsin(26) = 1yields 26 = 90°, sof = 45°.

« This angle provides an equal balance between the vertical component
(governing flight time) and horizontal component (governing velocity).

Why other options are incorrect:

+ Option A: A launch angle yields zero vertical flight time, so the projectile
does not traverse a trajectory.

« Option B: A9F launch directs the projectile straight up, giving maximum
height but zero horizontal range.

= OptionD: At 607, sin(120°) = x,—3 == [1.866, which yields less range than at 45°.
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PHYSICS
11. Bectromagmetic Inducticn

Question #133

Inanalternating current (AC) generator. the instantaneous induced electromotive force
(EMF}i...

CORE COMCEPT & DERIVATION

By Faraday's law, induced EMF is proportional to the time rate of change of magnetic
flux (= = —N‘E-]. not the absolute magnitude of the fluxitself.

Formula / Rule / Reaction:
& = BAcos 8 = BAcos(wt)

d®
e=—n = NABwsin{wt) = g9 sin @

Where @ is the angle betwaen the magnetic field B and the normal vector A'to the coil
plane.

Solution:

» Whenthe plane of the coilis perpendicular to B, the surface normal vector A is
parallelto B (8 = 0°).

= At this orientation, magnetic flux through the coil is at its maximum (@ = BA).
« However, the derivative of fluxis zero because sin (° = (.

» Therefore, theinstantaneous induced EMF is zero.

Why other options are incorrect:

« OptionB: Whenthe coil plane is parallel to B, the normal vectoris at 8 = 907
fluxis zero, but the rate of change is maximal, producing peak EMF (= = &;).

= OptionC: Antiparallel alignment also produces maximum rate of change of
Flux.

» OptionD: At45° theinduced EMFis £gsin 45° = ﬁ #0.

Question #134 [T PHYSICS

10 Electromagnatism

What is the magnitude of the magnetic Lorentz force acting on an isolated point charge
[Formula...

CORE CONCEPT & DERIVATION

The magnetic Lorentz force on a charged particle is proportional to its velocity
vector. Stationary charges do not experience a magnetic force.

Formula / Rule / Reaction:

Fp=g(i x B) = Fy=quBsinf

Solution:

+ Thechargeis atrest, meaning its velocity is zero: v = (.
« Substitutinginto the force equation gives: Fy = g(0) B siné = 0.

= Therefore, the magnetic force acting on the stationary charge is zero.

Why other options are incorrect:

+ OptionB: The force does notvary, it remains zero aslong as the charge
remains stationary.

« Option C: Maximum magnetic force reguires maximum velocity perpendicular
to the magnetic fiald.

+ OptionD: Theforceis zero, not a non-zero minimurm.
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Question #135 [} et

13. Blectromics
An electronic rectifier circuit constructed with semiconductor p-njunction diodes
conmnverts:
CORE CONCEPT & DERIVATION

Rectification is the conversion of bidirectional alternating current (AC) into
unidirectional direct current (DC) using the asymmetric conduction property of p-n
junction diodes.

Formula / Rule / Reaction:

Dhode Rectifier (Half-wave /Bridge)
T Sl i i

AC Input (V,, sinwt) Unidirectional Pulsating DC

Solution:

» Diodesconduct current when forward-biased and block current when
reverse-biased.

+ Inarectifier circuit, this one-way conduction suppresses or redirects alternate
half-cycles of the AC waveform.

* Theoutput current lowsin one direction only, converting AC to pulsating DC.

Why other options are incorrect:

« Option A: Aninverter converts direct current (DC) to alternating current {AC).

+ Option C: ADC-DC boost converter changes direct voltage levels, not abasic
rectifier.

« OptionD: Anoscillater converts DC into radio-frequency signals.

Question #136 o i

Which intrinsic semiconductor elementis most widely utilized in modern solid-state
electronics...

CORE CONCEPT & DERIVATION

Siliconis a Group IVA semiconductor with a band gap of 1.1 eV at room temperature,
making it suited for controlled doping, thermal stability, and native Si0: oxide
passivation inintegrated circuits.

Formula / Rule / Reaction:
Factualrecall/ Qualitative concept.

Solution:

+ Siliconpossesses fourvalence electrons, forming a diamond-cubic covalent
crystal lattice.

« lItsband gap (1.12 V) allows stable operation at room termperature without
excessive thermal carrier generation.

+ [tshighnatural abundance and ability to grow a stable native dielectric oxide (
5i02) have establishedit as the primary material for transistors and diodes.

Why other options are incorrect:

* Option A: Aluminum is a trivalent metal conductor used for interconnections,
notasemiconducter.

« Option B: Diamond has a large band gap (5.5 eV) acting as an insulator, while
graphite is a semimetal.

« Option D: Sulfuris aninsulator with a wide band gap (~ 2.6 V) that does not
formsemiconductor devices.
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Question #137 [[ZHED PHYSICS

03, Work & Energy
Which of the following forces is classified as a non-conservative force?

CORE COMCEPT & DERIVATION

Aforceis non-conservative if the work done by it on an object moving along a closed
pathis non—zero{f F . d# # 1), with mechanical energy dissipated into thermal
energy.

Formula / Rule / Reaction:

jg Fricion " &F = ~ f ds = — f;, - (Total Path Length) # 0

Solution:

= Kinetic friction always opposes relative motion between contacting surfaces.

« Waork done by friction depends on the total distance traveled, not just initial
and final positions.

« Overa closed round-trip path, work done by friction s strictly negative,
dissipating mechanical energy as heat.

« Thus, friction is anon-conservative force.

Why other options are incorrect:

+ Option A: The electrostatic force is a conservative central force, work along
any closed loopiszero.

+« OptionB: Gravitational farce is conservative and can be described by a scalar
potential enargy function.

« OptionD: Therestoring force of anideal spring (F = —ka)is conservative;
energy is stored reversibly as elastic potential energy.
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Question #138 m PHYSICS

13. Blectromics
What type of optical spectrumis produced when light emitted or shsorbed by isolated
exciteda...
CORE CONCEPT & DERIVATION

Isolated gas-phase atoms possess discrete. quantized electronic energy states.
Radiative transitions between these levels produce discrete spectral lines at specific
wavelengths.

Formula / Rule / Reaction:

he
AE_EE—EIThDﬁT

Solution:

+« Because atomic energy levels are quantized, electronic transitions involve
precise quanta of energy.

* Photons emitted orabsorbed possess discrete frequencies (v).

« Dispersion through a spectrometer yields isolated, sharp bright lines
{emission) or dark lines {absorption).

« This signature is termed a line spectrum (or atomic spectrum).

Why other options are incorrect:

+ Option B: A continuous spectrum consists of an unbroken continuum of
wavelengths emitted by dense, incandescing solids (e.g., blackbody
radiator).

+ Option C: Aband spectrum consists of closely spaced lines produced by
vibrational-rotational transitions in polyatomic molecules.

» Option D: Scattering describes the redirection of light by particles, not
atomic emission/absarption spectra.

PHYSICS

14. Dawnof Modern Physics

Question #139 [THE)
The guantization of orbital angular momentum of an atomic electron was first postulated
by:

CORE CONCEPT & DERIVATION

Migls Bohr's 1913 atomic model introduced the quantization postulate that electrons
can occupy only stationary orbits in which orbital angular momentum is an integer
multiple of 4.

Formula / Rule / Reaction:

h
Tr= v = n=— =nh =12 3...
mur n‘z!rr nh (n o T |

Solution:

* Bohrintroduced the postulate that an orbiting electron does not continuously
radiate electromagneatic energy.

« Hestipulated that allowed circular arbits are restrictad to those where orbital
angular momentum equals nyt.

+ Louisde Broglie later explained this physically via standing matter waves, but
Bohr first postulated it.

Why other options are incorrect:

s Option A: De Broglie proposed the matter wave hypothesis (A = %] in1924,
providing a physical explanation for Bohr's earlier postulate.

« Option C: Einstein explained the photoelectric effect through light quanta,
not orbital angular momenturm guantization.

« OptionD: Maxwell developed classical electrodynamics, which predicted
that accelerating charges radiate energy continuously.
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Question #140 [[ZHED PHYSICS

08. Blectrostatics

Using Gauss's law, the electric field intensity { [Formula] ) in free space near a uniformly
ch..

CORE COMNCEPT & DERIVATION

Gauss's law calculates the electric field from symmetric charge distributions. Foran
infinite sheet, planar symmetry shows that electric flux emerges equally from both
faces of a cylindrical Gaussian pillbox.

Formula / Rule / Reaction:

@,,n.—JJE.dj—.zEA.—‘?““ﬂf_ — E=—
£n £q 2eq

Solution:

« Constructacylindrical Gaussian pilloox with cross-sectional area A cutting
through the infinite sheet.

« Theelectric field E is perpendicular to the sheet, so flux through the curved
mantle is zero.

+ Fluxemerges throughthe two flat circularends: & = EA + EA = 2EA.
+» Enclosedchargeisg,, = o4

* Applying Gauss's law: 2E4 = ﬂll = E=HF&

ey "

Why other options are incorrect:

+ Option A: ¥ is the uniform field between two parallel oppositely charged
conducting plates.

+ OptionB: % isthe general definition of electric field intensity.

+ OptionD: ;’—" is the field between two oppositely charged parallel plates. or
just outside the surface of a charged conductor.
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PHYSICS
Question #141 [T} 05, Waves

When an astronomical star moves rapidly along the line of sight directly toward the Earth
is...

CORE CONCEPT & DERIVATION

The Doppler effect for electromagnetic radiation causes the observed frequency to
increase and the observed wavelength to decrease when the source moves toward
the observer.

Formula / Rule / Reaction:

AX )
= _% = Aohserved < Ap  (Shift toward higher frequency / blue end)
a ]
Solution:

« Asthelight source approaches the observer, successive wave crests are
emitted closer to the observer.

+ Thedetected wavelength decreases: A, < Mt

* Inthe visible spectrum, shorter wavelengths correspond to the blue/violet
region.

« Thisdisplacementis termed a blue shift.

Why other options are incorrect:

s Option B: Ared shift oceurs when an astronomical object moves away from
the observer, shifting wavelengths to longer values.

+ Option C: "Yellow shift' is not a standard astronomical term.

s+ OptionD: 'Greenshift'is not usedin Doppler astronomy.

PHYSICS

04_Rotational & Circular Motion

Question #142

For a particle undergoing uniform circular motion at constant speed [Formula] , its
instantaneo...

CORE CONCEPT & DERIVATION

Inuniform circular maotion, speed (magnitude of velocity) remains constant, while the
directional vector changes continuously. Over one full cycle, displacementis zero,
but at any instant the magnitude of velocity equals the tangential speed.

Formula / Rule / Reaction:
v = [§(t)| = rw = constant
Over one complete revolution: Ar' =} = t,,, = 0.

Solution:

+ Themagnitude of instantaneous velocity at any point is |#] = rw = v.

* This scalar magnitude is the instantaneous tangential speed.

+ Audit Note: The guestion distinguishes the non-zero instantane ous velocity
magnitude from the average velocity over a complete orbit (which is zero).
Option B accurately describes thisrelationship.

Why other options are incorrect:

« Option A: Average velocity over one full period is zero because net
displacementis zero.

« Option C: Angular acceleration (o) is zero inuniform circular motion, and has
different dimensions (rad/s%),

* OptionD: Centripetal accelerationhas magnitude a, = ‘-; which has units of
1 _
m/s", not velocity.
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PHYSICS
0%. Current Elec s

Question #143

The fractional change in the electrical resistance of a conductor per Kelvin change in
temperst...

CORE COMNCEPT & DERIVATION

The temperature coefficient of resistance (a) measures the relative changein
resistance perunit temperature variation.

Formula / Rule / Reaction:

AR

= it: K=Y or Q-2
o RAT (Unit: K" or °C™")

Where AR = Ry — Ry, Risresistance at (°C, and AT is temperature change in
Kelvin.

Solution:

+ Thefractional changeinresistanceis 8.

« Dividing this fractional change by the change in temperature (AT) yields o =

AR
AT "

« This quantity is defined as the temperature coefficient of resistance.

Why other options are incorrect:

« Option A: Thermal conductivity measures heat transfer rate through a material
perunit temperature gradient.
= Option C: The temperature coefficient of resistivity is defined using resistivity:
o= 2L,
mAT
« OptionD: 'Coefficient of conductance’ is not the standard term for this
parameter.

PHYSICS
OF. Thermadynamics

Question #144 [T

When a person rubs their hands together vigorously, the work done against friction causes
thei.

CORE CONCEPT & DERIVATION

According to the first law of thermodynamics, mechanical work done against
dissipative frictional forces is converted into microscopic thermal energy, raising the
temperature and internal energy of the system.

Formula / Rule / Reaction:

AU=Q-W — AU =-W,

an system

= +Whiction = MmeAT =0

Solution:

+ Rubbing hands involves mechanical work performed against dry friction
betweenthe epidermal surfaces.

« Thisworkincreases the random vibrational kinetic energy of the moleculesin
the skin tissues.

= Because intemnal energy is directly related to temperature (I o T), the internal
energy increases.

Why other options are incorrect:

= OptionB: Internal energy cannot decrease when work is performed on the
system without heat extraction.

« Option C: Internal energy increases because thermal energy is added to the
tissues.

« OptionD: Reaching absolute zero would require removing all thermal kinetic
energy, which does not occur here.
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PHYSICS

11. Electromagnetic Inducticn

Question #145

According to Faraday's law of electromagnetic induction, what is the necessary condition
requir..

CORE CONCEPT & DERIVATION

Aninduced EMF is produced only when the magnetic flux linking a conducting loop
changes with time.

Formula / Rule / Reaction:

dd

g=-N—E (where & =
dt dt

Solution:

« Astrong static magnetic field produces high flux, but no induced EMF
because & = 0.

+ AnEMFisinducedwhen flux changes via relative motion, altering field
strength, or rotating the coil.

+ Thus, atime-dependent change in magnetic fluxis the required condition.

Why other options are incorrect:

« Option A: Constant magnetic flux produces zero induced EMF.
« OptionB: Asteady DC current produces a static magnetic field with no flux
change.

* Option D: If magnetic flux remains zero at all times, no flux variation occurs, so
no EMFis generated.

PHYSICS
13. Bectronics

Question #146 [N

Under clear atmospheric conditions at solar noon, the total solarirradiance (solar
constant)i.

CORE CONCEPT & DERIVATION

The solar constant is the total radiant energy received from the Sun per unit time per
unit area perpendicular to the rays at Earth’s mean orbital distance, before
atmospheric attenuation.

Formula / Rule / Reaction:

FPoun 2 2 :
Lo = —22 = 1,366 kW/m’ = 14kW/m® (L4 x 10* W/’
IR, - / /

Solution:

« Thetotal energy fluxreceived from the Sunat the top of the atmosphereis
approximately 1360 to 1400 W /m®.

« Standard textbooks approximate this value as 1.4 kW /m®.

+ Atthe surface on a clear day, atmospheric absorption and scattering reduce
this to roughly 1.0 kW /m®, but 1.4 kW/m® represents the solar constant
benchmark.

Why other options are incorrect:

+ OptionB: 1.2 kW ,-'m2 is anintermediate value between the solar constant and
typical sea-levelirradiance.

s OptionC: 1.1 I:W,»'m2 is below the extraterrastrial solar constant.

« OptionD: 1.0 kW /m® (1000 W /m") represents standard test conditions at sea
level.but1.4 kW,«’m2 isthe reference value in curriculum texts.
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Question #147 PHYSICS

16. Muclear Physics
The nuclesr stability and intrinsic decay probability of a radioactive nuclide perunit time
1s5..
CORE CONCEPT & DERIVATION

Radicactive decay follows first-order kinetics. The decay constant () is the
characteristic probability that a given nucleus will decay per unit time.

Formula / Rule / Reaction:

—dN [/
AN _ o, —dN/de
di N
In2  0.693
Tp=— =
1z A %

Solution:

+ The decayconstant A is afundamental nuclear property independant of
chemical state. temperature, and pressure.

= Alargerdecay constant indicates a higher decay probability perunittime (less
stable nucleus).

« Asmaller decay constant indicates a more stable nucleus with a longer half-
life.

+ Thus, nuclide stability is quantified by its decay constant.

Why other options are incorrect:

» OptionB: Exposure time is an external experimentalinterval that does not
measure intrinsic nuclear stability.

« Option C: The number of decayed nuclei depends oninitial sample size and
elapsedtime.

+ OptionD: Sampla mass affects absolute activity (A = AN), but does not
change the decay constant or intrinsic half-life.
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Question #148 [[ZHT) il

05. Waves
When two identical coherent waves of equal frequency and amplitude travel through the
same medi...
CORE CONCEPT & DERIVATION

The principle of superposition states that when two or more coherent waves overlap
inspace, the resultant displacement is the algebraic sum of the individual wave
displacements, producing an interference pattarn.

Formula / Rule / Reaction:

A A
T S T | cos!-ﬁ;}sinlk:!: _ut+ —é‘?.)

Solution:

+ 'Whencoherent waves overlap, they combine constructively where they are in
phase (Ag¢ = 2nr), giving amplitude 24.

« Theycancel destructively where they are out of phase (Ad = (2n + 1)), giving
zero amplitude.

« This spatial distribution of wave energy is termed interference.

Why other options are incorrect:

+ Option B: Diffraction is the bending or spreading of waves around obstacles
of through apertures comparable in size to their wavelength.

+ Option C: Refractionis the change in wave propagation direction caused by a
change inwave speed across an interface between two media.

+« OptionD: Reflectionis the redirection of a wavefront back into the eriginating
medium at aninterface.

Question #149 PHYSICS

12. Altemnating Current
Which form of ionizing elec tromagnetic radiation is utilized in industrial food processing
and...

CORE CONCEPT & DERIVATION

High-energy gamma photons (emitted by radioisotopes suchas cobalt-60 or
cesium-137) have high penetration depth, allowing them to sterilize packaged food
products by damaging bacterial DNA without raising temperature.

Formula / Rule / Reaction:

{60 text{Co} \xrightarrow{\beta”-}\, “{60\text{Ni}*\ast \rightarrow \,
“{&60Ntext{Ni} + 2\gamma \quad (E_\gamma = 1L17\text{ MeV and } 1. 33\text{ Me\V})

Solution:

* Gamma rays penetrate deeply through food packaging.

+ Theyionize water moleculesinside cells, generating free radicals that break
microbial DNA strands and destroy bacteria, molds, and insect pests.

« This process (radurization / irradiation) sterilizes food without inducing
radioactivity or cooking the food.

Why other options are incorrect:

« Option B: UV radiation has limited penetration depth and is useful only for
surface decontamination of air, water, or packaging materials.

+« Option C: Beta particles have limited penetration depth and can unavenly
irradiate thick food items.

« Option D: Alpha particles have minimal penetration depth and are stopped by
asheet of paper.
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Question #150 PHYSICS

10. Electromagnetism
What is the geometric path followed by & charged particie injecte d with velocity [Formuia]
into...
CORE CONCEPT & DERIVATION

When a charged particle moves perpendicular to auniform magnetic field, the
magnetic force acts as a centripetal force perpendicular to velocity. producing
uniform circular motion at constant speed.

Formula / Rule / Reaction:

2
miu muy
FE_WB_"‘;"' s

gB

Solution:

+ Themagnetic forceis givenby F = g(ii x B).
s Becausei | B (8 = 90°) the force magnitudeis F = quB.

#» Theforce acts perpendicular to the velocity vector at all times, changing
directionwithout doing work or altering kinetic energy.

« This constant deflecting force provides the required centripetal acceleration,
causing the particle to execute a circular path of radiusr = %.

Why other options are incorrect:

« OptionB: Ahelical path requires aninitial velocity component parallel to the
magnetic field (v, # 0).

= OptionC: Linear motion occurs only when the particle moves parallel or
antiparallel to the magnetic field (8 = (F or 180°).

» OptionD: A parabolic path occurs in a uniform electric field, where
acceleration is constant indirection and magnitude.
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