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| EX) secTion: BIOLOGY

Q1. sio
Intrinsic factor secreted by parietal cells is essential for:

(&) Activation of pepsinogen to pepsin

(8) Absorption of vitamin B12 in the intestine

(€) Emulsification of dietary fats

(D) Neutralization of stomach acid in the duodenum

®R2. sio

The delta cells in the islets of Langerhans secrete:
(&) Insulin

(B) Somatostatin

(c) Glucagon

(D) Pancreatic polypeptide

®3. sio

Identify the main function of the duodenum:
(n) Bilestorage

(8) Absorption of water

(€) Digestion of food
(D) Waste storage

Q4. eo

Which stage of the swallowing process prevents food or liquid
from being aspirated into the lungs?

(&) Oralstage

(8) Pharyngeal stage

(c) Esophageal stage

(D) Peristalsis

®@5. sio

Which type of nephron is responsible for the development of
osmotic gradients in the renal medulla?

(&) Glomerular

(8) Cortical

(©) Juxtamedullary
(©) Medullary

QR6. sio

Which of the following best describes how the distal
convoluted tubule contributes toregulation of blood pH in the
body?

(B) Selective reabsorption of glucose

(B) Active secretion of hydrogen ions into the filtrate

(©) Active secretion of sodium from the glomerular filtration

(©) Tubular reabsorption of potassiumions

QR7. sio
The sodium-potassium pumps in the distal convoluted tubule
are activated by:

(a) Aldosterone

(8) Antidiuretic hormone
() Anti-natriuretic peptide
(@ Renin
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Q8. w0

If a person drinks an excessive amount of water, how does the
kidney respond to maintain osmoregulation?

(®) Increase ADH release and water reabsorption

(8) Increase aldosterone release and reabsorb more sodium

(©) Decrease ADHrelease and increase water excretion

(D) Decrease renin secretionand retain more water

Q9. sio

The primary function of glomerular capillaries is:

(&) Reabsorption of water and solutes from the renal tubules

(8) Secretion of waste products from peritubular bloodinto the tubules

(©) Filtration of blood to form glomerular filtrate
(0) Supply of nutrients and oxygen to the kidney tissue

Q10. sio

In a heat stroke the hypothalamus will detect anincreasein core
body temperature, which of the following responseis
triggered?

(&) Vasoconstriction and shivering

(B) Vasodilation and sweating

(©) Increased metabolic rate

(D) Release of thyroxin

Q1l. e

Which nitrogenous waste has the lowest solubility in water?
(&) Urea

(8) Ammonia

(©) Uric acid

(o) Nitrite

Q12. s
By nature, human excretory systemis:

(&) Ammoniotelic
(8) Uricotelic

(@) Ureotelic

(©) Aminotelic

Q13. &0

Hyperparathyroidism may lead to the formation of:
(&) Calciumphosphate stones

(8) Uric acid stones

(©) Cystine stones
(D) Struvite stones

Ql4. sio
In somatic cell hybridization, which two cells are fused to
produce monoclonal antibodies?

(&) T-cellsand netve cells

(8) B-lymphocytes and spleencells
(©) T-cellsandliver cells

(o) B-lymphocytes and macrophages
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Q15. sio

Inmolecular diagnostics, the primary function of DNA/RNA
probesis to:

>

(n) Replace malfunctioning genes inaffectedcells

(8) Bind to specific DNA or RNA sequences for identification

(€ Cutgenetic material at precise locations

(®) Stimulate immune responses against disease-causing organisms

Q16. &0

A set of uniform proteins generated by genetically identical
immune cells, which are:

(n) Therapeutic proteins

(8) Immunoglobuling

() Monoclonal antibodies
(0) Recombinant proteins

Q17. sio

Which biotechnological productis used to replace an abnormal
geneinapatient's cells?

(&) Antibiotic

(8) Vaccine

(€ Vector

o
(©) Interferon

Q18. &0
InWatson and Crick's DNA model, which of the following pairs
with Cytosine?

hY

—

Adenine
Guanine
Thymine

) 0 @ ¢

©

Uracil

Q19. sio

Fats are considered as a very efficient source of energy
because they:

(n) Produce ATP directly and without requiring respiration

(B) Enterinto glycolysis without any modification

(©) Arehighly oxidized compounds

(©) Generate multiple acetyl groups that produce more ATP

®@20. &io

The junction between two consecutive neurons where
informationis transmitted from one neuron to the next is called:
(&) Node of Ranvier

(8) Synapse

(€) Axonterminal

(@) Dendrite cleft

®R21. sio
All of the following are the functions of Golgi bodies EXCEPT:

(n) Processing of protein

(8) Plasma membrane formation
(©) Cellularrespiration

(@) Lysosome formation
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Q22. =0

Which ion is tenfold higher in concentration outside the
membrane of neuron during resting potential?

(&) Potassium

(8) Sodium

(©) Caleium

(o) Hydrogen

Q23. sio

All of the following are the modes of transmission of AIDS,
EXCEPT:

(&) Transfusion of infected blood

(8) Sharinginfected needles

(¢) Shaking hands with infected person
(o) Sexual contactwithinfected person

Q24. sio

Which organelle of the cell is involved in the detoxification of
toxins and poisonous compounds?

(A) Lysosomes

(8) Smooth Endoplasmic Reticulum

(©) Ribosomes
(&) Mitochondria

Q25. sio
The active site isimportant in enzyme action because:

(&) Itbinds to the substrate

(8) Itmaintains the pH of reaction

(©) Itprovides energy for reaction

(@) Itchanges the shape of the enzyme

Q26. sio

The idea that acquired characters are inherited is part of:
(&) Darwinism

(8) Neo Darwinism

(©) Lamarckism
(o) Biogenesis

Q27. sio
Which disease is caused by syncytial virus?

(&) Leaf curldisease of cotton

(8) Polio

(©) Hepatitis A

(D) Respiratory syncytial virus infection

Q28. sio
The glycoproteins are commonly found in:

(&) Mitochondria

(8) Chloroplasts

©) Ribosomes

(o) Plasmamembrane
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Q29. e

Which structure enables the exchange of material between
nucleus and cytoplasm?

>

(&) Plasmamembrane

“

Nuclear pores
Lysosomes
y) Mitochondria

®0®

Q@30. sio

The high specific heat capacity of wateris due to:
(&) lonic bonding

(8) Hydrogenbonding

(€) Covalent bonding

(D) Hydrophilic bonding

Q31. sio

The contracted region of achromosome that attaches to
spindle fiber is called:

() Telomere

(8) Chromatin

(€) Centromere
2
(@) Nucleosomes

Q32. sio

Touching a sharp object stimulates pain receptors. This
informationis carried to the central nervous system by the?
(A) Motorneuron

(8) Sensory neuron

(©) Associative neuron

(@) Effectorneuron

(=)

Q33. sio
The number of chromosomes in a haploid cell are:

() Half the chromosomes ina normal body cell

(8) Double the chromosomes in a normal body cell
(€) Quarter the chromosomes in a normal body cell
(o) Equalto the chromosomes in a normal body cell

Q34. sio
Which of the following is a branched polysaccharide found in
animals:

@®

@) Cellulose
(8) Glycogen
©) Amylose

®) Chitin
Q@35. &0

A substance that binds to anenzyme, but NOT at the active site
and reduces the enzyme activity is called a:

() Competitive inhibitor

(B) Substrate

(€) Non-Competitive inhibitor

(o) Cofactor
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Q36. sio

On the basis of morphological classification, influenza virus is an
example of:

(&) Helical capsid virus

(8) Polyhedral capsid virus

(€) Enveloped capsid virus
(o) Non-enveloped capsid virus

Q37. s
Which of the following is NOT a globular protein?

(&) Enzyme
(8) Albumen
(©) Hemoglobin
(o) Collagen

Q38. sio

The state, when a neuronis NOT conducting an impulse during
resting membrane potential is called;

(&) Polarized

(8) Depolarized

(©) Repolarized

(o) Hyperpolarized

Q39. sio

Which of the following waves travel along a neuron during nerve
impulse conduction?

(&) Thermal waves

(8) Magnetic waves

(©) Electromagnetic waves

(o) Electrochemical waves

Q40. e

The reticular formation in the brain runs through which specific
regions?

(A) Forebrain and Midbrain

(8) Hindbrain and Midbrain

() Cerebellum and Forebrain

(0) Telencephalon and Cerebellum

Q41. sio
Enzymes increase the rate of reaction by:

(&) Increasing activation energy
@ Lowering activation energy
©) Increasing pH
(o) Decreasing pH

Q42. sio
Adiabetic patientis advised to avoid both sucrose and lactose,
because they both:

(a) Are structural carbohydrates

(8) Increase blood glucose after hydrolysis
(©) Cannotbe digestedinhuman

(o) Actas non-caloric sweeteners
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Q43. sio

Match the CORRECT structure of the brain with its function:
(&) Medulla: Breathing

(8) Pons: Memory

(©) Cerebellum: Dreaming

(o) Midbrain: Balance

Q44. so

Living cells Do NOT directly acquire energy released from the
breakdown of food molecules because:

(&) Glucose cannot be broken down inside the cells

(8) Energyreleasedistoo smallto be used by the cells

© Glucose molecules do notstore any energy

(D) The energyreleased istoolarge, leading to heating and wastage

Q45. sio

Which properties of water enable it to circulate in living bodies
and act as transport medium?

(&) lonization and low density

(B) Cohesionand ionization

(©) lonization and adhesion
(0) Adhesionand cohesion

Q46. sio

How are the phospholipid molecules arranged in the plasma
membrane?

(A) Hydrophilic heads face inwards and hydrophobic tails face outwards
(8) Both hydrophilic heads face each other in the interior of the membrane
(€) Hydrophilic heads face outwards and hydrophobic tails face inwards

l:_OI

(©) Hydrophilic heads and hydrophobic tails are randomly distributed

(=)

Q47. s
The structure of RNA is distinguished from DNA by the:

(&) Presence of a double polynucleotide strand

Fry
A)
(B) Presence of deoxyribose sugar
@)
D)

o) (m

() Presence of five different types of nucleotides
(b) Presence of base uracilinstead of thymine

Q48. sio
The constant diameter of DNA is maintained by pairing:

() Purine towards pyrimidine

(B8) Pyrimidine towards pyrimidine
(©) Purine towards purine

(D) Sugartowards phosphate

Q49. =0

Identify the CORRECT option that matches the sugar with its
carbon number and functional group:

(R) Glyceraldehyde: Triose, ketane group

@ &

Ribose: Pentose, aldehyde group
Ribulose: Pentose, aldehyde group

®®

Galactose: Hexose, ketone group
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Q50. sio
The CORRECT sequence of eventsin areflex arc is:

(&) Receptor, associative neuron, sensory neuron, motor neuron, effector
(8) Receptor, motor neuron, associative neuron, sensory neuron, effector
(©) Receptor, sensory neuron, associative neuron, motor neuron, effector
(b) Receptor, sensory neuron, motor neuron, associative neuron, effector

Q51. &0

Fertilization normally occursin the:
(&) Uterus

(8) Ovary

(©) Vagina

(o) Fallopiantubes

Q52. =0

Which cells of the fallopian tube moisten and nourish the ovum?
(&) Ciliated epithelial cells

(8) Non Ciliated epithelial cells

© Germcells

(o) Endometrial cells

Q53. =0

Which of the following is NOT an accessory gland of the human
male reproductive system?

(&) Bulbourethral gland

(8) Seminal vesicle

(€) Prostate gland

(o) Testes

Q54. sio

Syphilis is caused by what kind of bacteria?
(&) Spirochaete

(8) Cocci

() Bacillus

(©) Vibrio

Q55. =0

What is FALSE about cartilages?
(&) Cells are called chondrocytes

(8) Consist of Type Il collagen

(©) Healvery slowly
(o) Have an extensive blood supply

Q56. sio

Bones provide arigid framework with an inorganic matrix of:
(&) 35%

® 45%

© 55%

(D) 65%

Q57. eio

Animportant feature of bone remodeling is bone breakdown.
Which cell carries out this function?

(&) Chondrocyte

(8) Osteocyte

(©) Osteoclast
(o) Osteoblast
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Q58. sio

Myofibrils consist of small contractile units called:
(n) Sarcoplasm

(B) Sarcolernma

(©) Sarcomere

(D) Sarcoplasmic reticulum

Q59. =0

Which muscle type is under conscious control and is
multinucleated?

(&) Smooth muscle

(B) Skeletal muscle

() Cardiac muscle

(@) Ciliarymuscle

Q60. sio

Which part of the sarcomere contain both actin and myosin
filament?

(&) I-band

(B) Z-line

(€ A-band

(0) H-zone

Q61. so

The primary role of calciumionsin muscle contractionis to:
(&) Produce energy

(8) Bind with troponin

(€) Carrynerveimpulses

(D) Breakdown ATP

QR62. sio

Which of the following is an example of a fibrous joint?

(&) Shoulder joint

3) Elbow joint

) Intervertebral discs
Skull sutures

o) (>

DRQORC

,
L

Q63. sio

Which of Mendel's laws can best explain why a child may inherit

brown eyes even if one parent has blue eyes?

(&) Law of Dominance

(B) Law of Segregation

(© Lawof Independent Assortment
(0) Law of Recombination

Q64. sio
What is the significance of the 9:3:3:1ratio in a dihybrid cross?

|b>

() It proves that all genes arelinked
(B) Itdemonstrates that traits assort independently

Itindicates co-dominance between alleles

m

5
©
() Itconfirms that mutations have occurred
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Q65. sio

In crossing over, an exchange of maternal and paternal
chromatid parts occurs while homologous chromosomes are
paired during stage of meiosis:

(A) Metaphase |

Prophasel|
(c) Anaphasell
(©) Telophase|

Q66. sio

Linked genes DO NOT follow Mendel's Law of Independent
Assortment because:

(a) They arelocated on different chromosomes

(8) They always undergo crossing over

(c) They are physically close together on the same chromosome

(B) Theyrarely separate during meiosis

Q67. sio
A carrier female for an X-linked recessive disorder:

(A) Expresses the disorder fully

(8) Cannot pass the disorderto offspring
(©) Canpassthe disorder to her sons

(&) Only passes the disorder to daughters

Q68. sio

Which of the following is an X-linked recessive disorder in
humans?

(a) Cystic fibrosis

Thalassemia

(©) Hemophilia

() Sickle cell anemia

Q69. sio

Which of the following CORRECTLY describes the expected
outcome of children from a carrier mother for haemophilia (
XH X" and a normal father (X¥Y)?

(&) All sons willhave hemophilia

(8) All daughters willbe carriers

(€) 50% of sons willhave hemophilia, and 50% of daughters will be carriers
(@) All offspring will be unaffected

Q70. &0

The heart is surrounded by a tough, inelastic double
membranous covering called:

.
(a) Pleura

(8) Peritoneum
(€) Pericardium
(B) Meninges

Q71. eio
The primary effect of smoking on the respiratory system:

(&) Increased lung function due to presence of nicotine

(8) Reduced risk of lung cancer due to tolerance

(©) Damage to alveolireducing gaseous exchange

(b) Improves oxygenation of the blood by activating hemoglobin
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Q72. 8o

What happens when the external intercostal muscles contract
during inhalationin humans?

@ Theribcage compresses

(8) Theribsmove outward

(€) The sternum moves inwards
(0) The diaphragm muscles relax

Q73. sio

During gaseous exchange in human respiration, enzyme
carbonic anhydrase is directly involvedin the:

(n) Release of oxygen from hemoglobin

(8) Combination of water with carbon dioxide
(c) Breakdown of oxyhemoglobin

(0) Binding of oxygen to myoglobin

Q74. sio

Which of the following best describes Inspiratory Reserve
Volume (IRV)?

(m) Volume of airinhaled during normal breathing

(8) Maximum volume of air that can be inhaled after a normal inhalation
(€) Volume of air remaining inlungs after normal exhalation

(B) Maximum volume of air that can be exhaled after a normal exhalation

Q75. sio
Identify the primary component of the T cell's defense.

(A) Complement system and interferons

(8) Physical component of skin defense

(©) Specific recognition and memory of pathogens
(©) Generalinflammation at the site of infection

Q76. sio
The primary role of helper T-cells inimmune response is:

(8) Secreting perforins to destroy target cells

(B) AssistingB-cells and other T-cells in their function
(©) Inhibiting over activity of the immune system

(o) Engulfing and digesting pathogens
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Q77. sio
What is the primary function of lymphatic vessels?

(&) Transport oxygenated blood
(8) Drainexcess interstitial fluid
(©) Produce antibodies

(o) Store metabolic waste

Q78. =0

Which phase of the cardiac cycle is characterized by the
opening of semilunar valves?

(&) Atrial systole

(8) Atrial diastole

(@) Ventricular systole

(o) Ventricular diastole

Q79. sio

Which part of the heart's conducting system delays the impulse
from atria to the ventricles?

(&) Sino-atrialnode

(8) Atrio-ventricular node

(e) Purkinje fibers
() Atrio-ventricular valves

Q80. =0

The heartbeat sound "LUB" is produced on closure of:
(&) Aortic valve

(8) Atrio-ventricular valves

(e) Pulmonary valves

(©) Semilunar valves

Q81. =0
Which disease is caused by syncytial virus?

(&) Leaf curldisease of cotton

(®) Polio

(€) Hepatitis A

(D) Respiratory syncytial virus infection
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| [«,1308 SECTION: CHEMISTRY

Q82. cuem

Inamolecule of phenol, the carbon atom whichis attached to
OH groupis:

\
b/l

CRONORE

{
=

sp hybridized
sp2hybridized
sp? hybridized
unhybridized

Q83. cuem
The value of Rin atm-dm3-mol1-K7is:

@ 0.0821
® 0.821
62.4
8.314

Fr
)
™
(o)

Q84. cuem
Which one of the following is a planar molecule?

NH3
H20
BF3

CH4

@ @)

IORGNC

Q@85. cuem

The rate of a chemical reaction changes with:
(&) Concentration of reactant molecules

(8) Concentration of product molecules

(©) Concentration of bothreactant and product

(D) Rate constant

Q86. cuem

According to Planck's quantum theory, if the frequency of
photonis doubled, the value of 'h' willbe?

() Doubled

(8) Increased 3 times

(©) Increased 4 times

(o) Unchanged

Q87. cuem

The specificrate constant (k) of areactionis related to the
concentration of reactants:

(n) Directly
(B) Inversely
(©) Exponentially

(@) Independently

Q88. cuem

Which of the following is NOT a postulate of kinetic molecular
theory of gases?

(&) Gasmoleculesundergo elastic collision

(8) Gasmolecules are incontinuous random motion

(€) Gasmolecules donot exert pressure when molecules collide with wall of
container

(D) Gasmolecules are far away from each other
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Questions 82 to 126 (45 MCQs)

QB89. cuem

Spectral series for hydrogen spectrum are:
® 2

@ 3

©5

®7

Q90. cuem

The most electronegative element in periodic table is:
® F
® Cl
@© N
@0

Q9. cuem

An experiment shows that heating a protein disrupts its alpha-
helix structure. Which level of protein structure is primarily
affected?

(&) Primary

(8) Secondary

©) Tertiary

(D) Quaternary

Q92. cuem

Which of the following hydrogen halides has the highest bond
energy?

® Hcl

® HI

© HF
(©) HBr

Q93. cuem

Inwhich case does a chemical reaction proceed nearly to
completion?

(&) When Kc is large but positive

(8) When Keis small but positive

(€) When Kcis approximately equal to

(o) When Kcis negative

Q94. crem

The addition of water to propene in the presence of sulfuric acid
produces:

(&) Propanol

(8) Propan-2-ol

() Butanol

(o) Ethanol

Q95. cuem

Consider the chlorination of methane to methyl chloride. The
attack of the chlorine free radical on methane occurs in which
phase?

(a) Beforeinitiation

(8) Initiation

(c) Propagation

(o) Termination
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Q96. chem

A patient with pancreatic insufficiency shows reduced activity
of an enzyme that hydrolyzes the peptide bond at the carboxy!l
end of proteins and peptides. Which enzyme is deficient?

(R) Elastase

() Pepsin

(c) Carboxypeptidase

(@) Collagenase

Q97. chHem

The intermolecular force of attractionresulting from temporary
instantaneous dipolesis:

(&) Dipole-dipole

®

(8) Dispersionforce
e
(€) Debye force
o
\?}'

lon dipole force

Q98. cHem

A student adds bromine water to ethene and observes
decolourisation. What makes ethene more reactive than ethane
inthis reaction?

(a) Ethene has a higher molecular mass

=

(8) Ethene contains aweak and exposed pi bond
(€) Ethane contains fewer sigma bonds
(©) Ethene undergoes substitution more readily

QR9P?. cHem

What best describes the overallreactionin electrophilic
aromatic substitution in benzene?

() Addition of an electrophile across a double bond

(8) Substitution of a halogen by anucleophile

(€) Substitution of a proton (H+) by an electrophile on the aromatic ring
(6) Substitution of amethyl group by anucleophile

Q100. cuem
Real gases DO NOT reach absolute zero in practice because:

(A} Molecular collisions become inelastic due to increased kinetic energy
(8) Intermolecular forces become negligible and molecules disperse

(©) Kinetic energy of molecules increases due to compression

() Intermolecularforces exceed kinetic energy of molecules

Q101. cuem
The IUPAC name of the compound CH;CH,CH,C = CH is:

(&) Hex-1-yne
(8) Pent-2-yne

-

Pent-4-yne

© @

Pent-1-yne

Q102. cuem

If 10 moles of magnesium react with an excess of oxygen,
calculate the theoretical yield of magnesium oxide (MgO).
(Molar mass of Magnesium = 24 g/mol, Oxygen = 16 g/mol)
® 160g

(B) 2409

@© 3209

(o) 400g
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Q103. chem

The IUPAC name of the compound Br — CH; — CH, — CO — CH;
is:

(&) 1-bromobutan-1-one

(8) 4-bromobutan-2-one

©) 1-bromobutan-3-one

(©) 1-bromobutan-4-one

Q104. cHem

Consider thereaction: 2Na + Cls — 2 NaCl. If 4 moles of Na and
2moles of Cl, are reacted, how much Cl, will remain unreacted?
(&) Omol

(&) 0.5mol

© 1mol

(@ 1.5mol

Q105. cuem

According to Le Chatelier's Principle, when the pressure of a
gaseous equilibrium system is increased, the equilibrium shifts
towards:

(a) No change in equilibrium position

(8) The side with greater volume

() The side with lower volume

() The side with more moles of gas

Q106. chem

If 4 g of H2 reacts with 2 moles of O, to form water, which
reagentisin excess?

(&) H2only

(8) OZonly

(©) H2O only

(o) BothO2andH2

Q107. chem

The molecular orbitals in benzene are:
(&) Localized

() Delocalized

() Hybridized

(o) Polarized

Q108. cuem

Consider thereaction 2A + B, — 2AB. Which of the following
mixtures would make A the limiting reagent?

(A) 300 atoms of A and 400 melecules of B2

(8) 100 atoms of Aand 50 molecules of B2

©) 2molof Aand1mol of B2

(0) 5molof Aand 2.5 mol of B2

Q109. cuem

Given: Heat of sublimation of Na = 108 kJ /mol, lonization energy
of Na = 496 kJ /mol, Bond dissociation energy of Cl; =

121 kJ/mol, Electron affinity of C1 = —349 kJ/mol, and Enthalpy
of formation of NaCl = —411 kJ/mol. Calculate the lattice energy
of NaCl:

(&) 678kJ/mol
(&) -727 kJ/mol
©) -819 kJ/mol
(@) -832kl)/mol
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QNO. cuem
Acetaldehyde reacts with ethanol in the presence of an acid
catalyst toinitially produce:

(&) Acetal

(=

Hemiacetal
Diol
y) Diethoxyethane

® ®

o
=)

QM. cuem

If the absolute pressure and absolute temperature of anideal
gas are both doubled, the new volume wiill be:

(n) Doubled

(8) Halved

(c) Tripled

(0) Same

QN2. cuem

The ground-state electronic configuration of the Fe*" jon (Z =
26)is:

(R) [Ar] 452 3d3

(8) [Ar] 451 34"

(© [Ar]4s°3d°

[©) [Ar]4s®3d®

QN3. cuem

Onincreasing the temperature, the rate of areactionincreases
mainly because:

(a) The activation energy of the reactionincreases

(B) The concentration of the reacting molecules increases

(€) The collision frequency increases

(B) The energy of molecules decreases

QN4. chem

The conversion of an alkyl halide into an alkane by treatment
with metallic sodiumin dry ether is called the:

(n) Wurtzreaction

(B) Frankland reaction

@ Gri i
(c) Grignardreaction
(@) Kolbereaction

Q115. chem

The organic compound that reacts with phenylhydrazine to form
a crystalline phenylhydrazone derivative is:

(A) Butanal

(8) 1,3-Butadiene

(€) Ethylacetate

(o) Ethanol

Q116. cuem

Balance the redox equation using the oxidation number
method: Cu + H,SO4 — CuSOy + S0O: + H,0

(&) Cu+H,50,— CuS0,+50; +H,O

(B) Cu+HzSO,— CuSO,+50;+H;

©) Cu+2H;50,4~CuS0,+50;+2H,0

(®) 2Cu+2H;80,—~2CuS0,4+50,+2H,0
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QNM7. cuem

Which of the following best explains the reaction between
Beryllium (Be) and Oxygen (0,)?

(&) Beburns vigorously with oxygen forming alayer of BeO, which accelerates
the oxidation of remaining metal

(8) Bereactswithoxygen forming a layer of BeO, which protects the metal
from further oxidation

(c) Bereacts slowly with oxygen to form a volatile oxide BeO, which evaporates
o

quickly
(D) Beistheonly alkaline earth metal that doesn't react with oxygen

Q118. cuem

The relative energy of an atomic orbital in a multi-electron atom
is determined by:

(&) Hund'srule

(8) Pauli exclusion principle

©) The(n+l)rule

(o) Boyle'slaw

QN9. cuem

The solubility product (K,,) of abinary salt AB = A" + B is9 x
10", Its molar solubility is:

@A) 3x10" mol/dm3

(®) 9x103mol/dm3

©) 3x1073mol/dm?

®© 9x10*mol/dm?

Q120. cuem

For an exothermic chemical reaction, the potential energy of
the reactantsis:

(&) Lessthanthat of the products

(8) More than that of the products

(©) Equalto that of the products
(D) Zero

Q121. cuem

When pure water cools fromaliquid at 4 °C tosolidice at 0 °C,
what is the percentage change inits volume?

(&) 9%increase

(B) 9% decrease

(©) 19% increase
(o) 19% decrease

Q122. cuem

In which of the following chemical species does the central
atom utilize sp® hybridization?

(&) PH3

(8) NH3

(© CH3

(D) SbH3

Q123. cuem
In an electrolytic cell when electrical current passes through an
electrolyte solution, the anode is the:

(a) Positive electrode where oxidation occurs
(8) Positive electrode where reduction occurs
(€) Negative electrode where oxidation occurs
(o) Negative electrode where reduction occurs
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Q124. cuem Q126. cuem

Anincrease in the internal energy of a chemical system can lead Identify the CORRECT ground-state electronic configuration
to all of the following EXCEPT: for the chromium atom (Z = 24):

(8) Anincrease intemperature due to arisein kinetic energy of particles (&) 1s22522p® 352 3p° 3d°

(8) Aphase change such as melting or evaporation (B) 1s22522p° 352 3p° 452 3d*

(€ Achemical reactionif the energy supplied is sufficient to break bonds (©) 182252 2p° 352 3p° 481 3d°

(®) Anincrease intemperature due to a drop in kinetic energy of particles (D) 152252 2p° 352 3p° 452 3d®

@125, cuem

In an ethene molecule (C2H,), each carbon atom has three
hybridized sp® orbitals which are:

@ Coplanar

(8) Tetrahedral

(©) Linear
(©) Pyramidal

(=)
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l Al SECTION: PHYSICS

@127. euy

Accordingto Lenz's Law, the direction of aninduced currentina
conductoris such thatit:

-

) Opposes the change in magnetic flux producing it
Enhances the change in magnetic flux producing it
Is perpendicular to the magnetic field

Is parallel to the magnetic field

CRONORE

Q@128. ey

In a pure capacitive AC circuit, the alternating current:
(n) Lags behind voltage by 90°

(B) Leads the voltage by 90°

(©) Isinphase withthe voltage

(D) Leadsthevoltage by 45°

Q129. euy

Ina center-tapped full-wave rectifier using two diodes, the
diodes D1and D2 operate:

(&) Simultaneously during both half-cycles

(8) Inalternate switching mode

(©) Only when both ends of the transformer are positive
(@) Only inreverse bias condition

@Q130. euy

The energy (E) of a quantum of electromagnetic radiation is
given by:

&) E=me2

E = hf

E=Y2mv2

E= q‘u’

>

®0@

Q131. ceuv

The area under the horizontal line on a velocity-time graph foran
object moving with uniform velocity represents a:

(&) Rectangle

() Triangle

() Trapezium

(D) Parallelogram

Q132. euy

A car starts fromrest and moves with a uniform acceleration of
3 m;’sg. What will be its velocity after 5 seconds?

® 8m/s

B 12m/s

© 15m/s

@) 18m/s

Q133. euy

A passenger is standing in a stationary bus. When the bus
suddenly accelerates forward, the passenger falls backward.
Which phenomenon best explains this observation?

(m) Friction

(B) Gravity

(©) Inertia

(D) Deceleration
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Questions 127 to 162 (36 MCQs)

Q134. euy

Aballis projected at an angle of 45° with aninitial speed of 20
m/s. How does R (range without airresistance) compare to R4
(range with air resistance)?

(&) RAwill be greater than RW because air resistance reduces horizontal speed
(8) RAwill be lesser than RW because air resistance reduces horizontal speed
(©) RWwillbe equalto RA because gravityis unchanged

(©) RWwill be lesser than RA because air resistance is random

Q135. euv

A 0.02 kg bullet moving at 300 m/s embeds itselfina2 kg
wooden block initially at rest on a smooth, frictionless surface.
What is the velocity of the block-bullet system immediately
afterimpact?

@ 2m/s

® 3m/s

© 4m/s

©) 5my/s

Q136. ruy

Which of the following statements about ideal projectile motion
is CORRECT?

(&) The horizontal velocity of a projectile changes constantly due to gravity
(8) The vertical velocity of a projectile remains constant throughout the flight

(©) Atthe highest point, the vertical velocity of the projectile is zero, but the
horizontal velocity remains unchanged

(D) The acceleration of the projectile is zero at the peak of its trajectory

Q137. euv

The rate of doing work at any instant of time is called:
(&) Work done

(8) Instantaneous power

(€) Average power
(o) Mechanical energy

Q138. euy

A5 kg body falls from a height of 30 m toward the ground. If all
its potential energy converts into heat onimpact, whatis the
heatenergy produced? (Take g = 9.8 m/s”)

® 1270}
® 13701
@ 1470)
® 1570

Q139. euy

Two students, Aand B, each carry a 20 kgload to the topof a10
m high staircase. Student A takes 10 seconds, while student B
takes 20 seconds. Which statement is CORRECT?

(a) Student A does more work than student B

(8) Student B uses more power than student A

(©) Bothstudents do the same amount of work, but student A uses more power
(&) Student A and B use the same power since they lifted the same weight
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Q140. puv

Awheel of radius 0.4 m has an angular acceleration of 6 rad/s’.
Its tangential linear acceleration is:

() 1.2m/s?
® 1.2m/s
© 2.4m/s

(®) 2.4m/s?

Q141. puy

If an object is moving counterclockwise along a circular pathina
horizontal plane on a page, the direction of its angular velocity
vectoris:

Tangential to any point on the circle

@ ®

Towards the center of the circle

)

Perpendicular to the plane and pointing out of the page
Perpendicular to the plane and pointing into the page

r

C)

Q142. ey

If a particle moves along a circular path of radius r through an
angular displacement ¢ (in radians), the arc length s is given by:

&) s=r/8
@) s=
®) s=r8
@ s=
(€) s=r28

F o
(D) s=8/r2

Q143. puy

A ball of weight Fy; is falling vertically downward through air. If
the upward drag force acting on it at some instant is F;,, what is
the net force F,,, onthe ball?

@) FG+FD

(B) FG-FD

(© FD-FG

©) FD/FG

Q144. puy

Most natural fluid flows are turbulent rather than laminar
primarily because of:

(&) Zeroviscosity

(8) Very low velocities

} High velocities

@

5 (B
o

) Noresistance

~

Q145. puy

According to the equation of continuity, when the cross-
sectional area of a pipe decreases, the fluid velocity:

\.’J

Increases
Decreases

“

Remains the same

®O @

Becomeszero
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Q146. reuy

Water flows steadily through a horizontal pipe that gradually
narrows. At the wider end, the velocity is 1m/s. At the narrower
end, the velocity is 3 m/s. Which statementis CORRECT
regarding fluid pressure in the narrow end compared to the
wider end?

(&) Pressureis lower at the narrow end because velocity is higher

(B) Pressureis higher atthe narrow end because velocity is higher

(©) Pressureis the same at both ends since flow is continuous

(0) Pressureisindependent of velocity of water

Q147. euy

What is the necessary mechanical condition for wave
propagation through a material medium?

(a) The medium must be elastic

(8) The medium must be inelastic

(€) The particles of the medium must be independent of each other
-@ The particles of the medium must not be dependent on each other

Q148. euy

A progressive wave is one which:
(&) Doesnot vibrate the medium

(B) Carries energy across the medium

() Propagates only through air
(p) Requires a denser medium for propagation

Q149. euy

The speed of sound in airincreases with:
() Higher temperature, higher humidity

(8) Lower temperature, lower humidity

(€) Higher pressure at constant temperature
(o) Higher density at constant elasticity

Q150. euy

A wave has a velocity of 300 m/s and a frequency of 100 Hz. If
the medium changes such that velocity doubles while
frequency remains constant, the new wavelength will be:

(&) Halved

(8) Doubled

(€) Same

@) Zero

Q151. eny

When a particle executing simple harmonic motion moves from
its mean position to an extreme position, its kinetic energy:

(&) Increases continuously

(8) Decreases continuously and becomes zero at the extreme position

(€) Remains constant throughout the motion

(o) Becomes maximum at the extreme position

Q152. euv

By the Second Law of Thermodynamics, heat will
spontaneously flow from a system of:

(a) Lower to higher internal energy only

(8) High pressure to low pressure

(c) Low temperature to high temperature
(o) Hightemperature to low temperature
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Q153. euv

The Sl unit of molar specific heat capacity is:
@) Jmol 1K1

(B JmolK

© Jmol K1

(@) JmolTK

Q154. puy

For anideal gas with molar heat capacity at constant volume
C, = 3R, the molar heat capacity at constant pressure C, is:
® R

® 3/2R

© 5/2R

() 7/2R

Q155. euv

The electric field intensity at a point in space is defined as the:
(A) Potential perunit charge

(B) Work done perunittime

(©) Chargeperunit area

(D) Force perunit positive test charge

Q156. euv

Coulomb's Law for electrostatic forces directly agrees with
which of Newton's laws of motion?

(B) Newton's Ist law

(B) Newton's 2nd law
(€) Newton's 3rdlaw

p .
(D) Gauss'sLaw

Q157. euy

The work done in moving a unit positive charge from one point
to another while keeping the charge in electrostatic equilibrium
is called:

(&) Kinetic energy

Potential energy

Elastic potential energy

©@o®

Potential difference

beambeprep.com
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Q158. puy

If the potential difference V across an ohmic conductoris
doubled while keeping resistance R constant, the electrical
power dissipated becomes:

(a) Doubled

() Halved

() Fourtimes

(o) Remains unchanged

Q159. euv

When the area vector A is parallel to the magnetic field B, the
magnetic flux & ; through the surface is:

® o0

® BA

©) BAcos?0°

® B/A

Q160. euy

Which of the following statements best describes the nature of
radioactive nucleardecay?

(&) Itoccursboth spontaneously and randomly

(8) Itoccurs only when external energy is supplied

() Itoccurs at regular, predictable time intervals for each individual atom

(o) Itcanbe controlled by altering external temperature and pressure

Q161. puy

A boat moves 4 km east and then 3 km north. Anotherboat
moves 3 kmnorth first and then 4 km east. Which statement is
CORRECT about their final displacements?

(a) Bothboats have the same displacement vector

(8) The second boat's displacement s greater because it traveled north first
(c) The first boat's displacementis greater because it traveled east first

(p) Bothboats end at different positions but cover the same distance

Q162. euy

In the emission spectrum of atomic hydrogen, the Brackett
seriesliesin the:

(&) Ultravioletregion

(8) Visible region

() Infrared region

(D) X-rayregion
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| [l SECTION: ENGLISH

Q163. Ene

All of the players forgot jerseys.

) hi
(A) his
i

(8) her

e
(©) there

(D) i
(D) their

Q164. ene

The old man was feeble, barely able to walk. The word "feeble"
means:

(&) Healthy

(B) Weak

) Strong

Fat

e
(L)

C)

~

Q165. ene

"Revenge is a kind of wild justice." This sentenceillustrates the
use of which figurative device?

(&) Personification
(® Pun

(©) Metaphor

(0) Hyperbole

Q166. enc

Each of the boys ambitious to lead the team.

(&) have
(® has
i
©is

© are

Q167. ene
"She completed the task with great difficulty." Identify the
CORRECT passive voice transformation:

(&) The task was completed with great difficulty by her

(B) The task has been completed with great difficulty by her

(©) The task was being completed with great difficulty by her
(D) The task was been completed with great difficulty by her
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Questions 16310171 (9 MCQs)

Q168. ene

Inthe sentence "Jogging every morning improves my mood,"
what grammatical role does the gerund phrase play?

(@) Objectof averb

(8) Direct object

() Predicate noun

(D) Subject

Q169. ene

The meeting has been scheduled 3 p.m. sharp.

() on
(8) at
@ in

() to

Q170. ene

She studiedhard; _____ , she passed the exam with distinction.
Choose the CORRECT transitional device:

(&) however

(8) forinstance

(©) consequently

(D) incontrast

Q171. ene

Which literary device involves using words or phrases that
convey the opposite of their literal meaning?

(®) lrony

(8) Parody

() Satire

(o) Sarcasm

Official Examination Series



BEAMBEPREP - KMU Peshawar MDCAT 2025 Official Paper

| Helclle SECTION: LOGICAL REASONING

@Q172. Locic

Considerthe geometric sequence: 64,32, 16, 8, ... Whatis the
10th term of this sequence?

® 2

® 4

© /4

[©) 1/8

@Q173. Locic

If 5 boxes of soap weigh 75 kg in total, and each box when
empty weighs 3 kg, what is the total net weight of the soap
alone?

(@) 15kg

® 30kg

© 45kg

@) 60kg

Q174. Locic
Which number completes the series: 200,180, 162, 146,132,

(&) 118

A
® 120

© 122
®) 126

Q175. Losic

How is Alirelated to Mustafaif Ali says, "Mustafa's motheris the
only child of my grandmother"?

(a) Brother

(8) Cousin

(©) Uncle

(o) Father

Q176. Locic

Ahmedranks 10thin a class of 46 students. There are exactly 7
students ranked below Bilal. How many students are ranked
between Ahmed and Bilal?

® 27

@® 28

© 30

® 32
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Questions 172 to 180 (9 MCQs)

Q177. Locic

Afatheris 5 years older than twice his son's age. If the sonis 12
years old, what is the father's age?

(&) 28 years

(8) 29 years

©) 30years

(0) 32years

Q178. Locic

A mobile company is deciding whether to collect personal user
data toimprove advertisements. Which of the following
represents a moral argument against collecting this data?

@ Users may lose trustin the company, which could hurt corporate profits

(8) Itiswrong to collect data without users' clear and informed consent

(c) Competitors already collect more data, so we need to stay competitive
(b) More datameans more accurate advertising, whichboosts sales

Q179. Locic

A medication dose starts at 100 mg and halves each day. What
will be the dose onday 47

(&) 12.5mg

(8) 25mg

(© 30mg

(o) 50mg

Q180. iccic

Alibrary has 4 books on Shelf A and 8 books on Shelf B. Some
books are removed from Shelf B such that both shelves have
exactly the same number of books. How many books were
removed from Shelf B?

(a) 2books

(8) 3books

(©) 4books

(o) 6books
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beambeprep.com

Question #1 [TTHEN BIOLOGY

0. Digestion/Mutrition
Intrinsic factor secreted by parietal cells is essential for:
CORE CONCEPT & DERIVATION
Parietal (oxyntic) cells of the gastric mucosa synthesize and secrete hydrochloric

acid and intrinsic factor. Intrinsic factoris a glycoproteinrequired for the
physiological uptake of cobalaminin the terminalileum.

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

Solution:

« Dietary vitamin B12 binds haptocorrinin the stomach, whichis subseguently
degraded by pancreatic proteases in the duodenum.

* Freevitamin B12 then binds to gastric intrinsic factor to form a stable complex
resistant to enteric digestion.

+ Thiscomplex travels to the ileum, where specific cubamreceptor complexes
bind intrinsic factor and trigger receptor-mediated endocytosisinto
enterocytes.

Why other options are incorrect:

« Option A: Pepsinogenis converted into active pepsin by gastric hydrochloric
acid (lowering luminal pH below 3.0), not by intrinsic factor.

+ Option C: Emulsification of dietary lipids is mediated by amphipathic bile
salts synthesized by hepatocytes and stored in the gallbladder.

« OptionD: Neutralization of acidic gastric chyme entering the duodenumis
accomplished by aqueous sodium bicarbonate secreted by the exocrine
pancreas and Brunner glands.

Question #2 [[THCD ]

13. Chemical Coordination

The delta cells in the islets of Langerhans secrete:

CORE CONCEPT & DERIVATION

The endocrine pancreas consists of the islets of Langerhans, which contain distinct
endocrine cell populations producing regulatory peptide hormones. Delta cells
specifically produce somatostatin to modulate endocrine and digestive secretions.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

« Delta(d) cells constitute approximately 5% to 10% of islet tissue and
synthesize somatostatin (55-14).

* Somatostatinexerts paracrine inhibitory control over adjacent alpha and beta
cells, suppressing both glucagon and insulin release.

Why other options are incorrect:

+ OptionA:Insulinis synthesized and secreted by beta (8) cells, which
comprise 65% to 80% of islet cells.

« Option C: Glucagon is synthesized and secreted by alpha (o) cells to elevate
blood glucose levels via glycogenolysis.

» OptionD: Pancreatic polypeptide is produced by F cells (PP cells) located
primarily in the head of the pancreas.
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Question #3 [[THE) HOLOGY

4. Digestion/MNutrition
Identify the main function of the duodenum:
CORE CONCEPT & DERIVATION
The duodenum represents the initial, shortest segment of the small intestine. It

serves as the primary site where enzymatic and chemical breakdown of
macromolecules occurs,

Forrmula / Rule / Reaction:
Factualrecall/ Qualitative concept.

Solution:

« The duodenum receives acidic chyme from the stomach through the pyloric
sphincter.

s Atthe hepatopancreatic ampulla (ampulla of Vater), it receives alkaline
pancreatic juice loaded with digestive enzymes (amylase, lipase,
trypsinogen) and bile salts.

* These mixed secretions complete the major portion of chemical digestion of
carbohydrates, proteins, and lipids.

Why other options are incorrect:

« Option A: Bile storage and concentration is carried out by the gallbladder.
« Option B: Net water absorption takes place predeminantly in the jejunum,
ileurn, and large intestine (colon).

* Option D: Waste temporary storage and compaction occurinthe rectumand
sigmoid colon prior to defacation.

Question #4  BIOLOGY

6. Digestion/Nutrition

tage of the swallowing process prevents food or liquid from being aspirated into

CORE CONCEPT & DERIVATION

Deglutition (swallowing)is divided into oral, pharyngeal, and esophageal stages.
The pharyngeal stage is aninvoluntary refiex during which protective mechanisms
seal the respiratory tract.

Forrula / Rule / Reaction:
Factualrecall/ Qualitative concept.

Solution:

« During the pharyngeal stage, tactile receptors near the faucial pillars trigger
involuntary brainstem reflexes.

+ The soft palate and uvula elevate to close the posterior nares, while the larynx
is pulled upward and forward.

« The epiglottis folds downward over the laryngeal inlet and vocal cords adduct
tightly, preventing food or liquids from entering the trachea.

Why other options are incorrect:

« Option A: The oral stage is completely voluntary and prepares the bolus,
rolling it posteriorly without sealing the laryngeal aditus.

* Option C: The esophageal stage involves moving the bolus down the
muscular esophagus toward the stomach.

s Option D: Peristalsis describes involuntary, coordinated smooth muscle
contraction along hollow viscera, not an airway protective stage.
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BIOLOGY
Question #5 m 10. Homeostasis

Which type of nephron is responsible for the development of osmotic gradients in the
renal medl...
CORE CONCEPT & DERIVATION

luxtamedullary nephrons originate deep in the renal cortex near the
carticomedullary border and possess exceptionally long loops of Henle that
penetrate the inner renalmedulla.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

+ Juxtamedullary nephrons account for approximately 15% of all nephronsin
the human kidney.

» Theirlong loops of Henle run parallel to the specialized vasarecta capillary
networks deepinto the renal papilla.

« Theyoperate as countercurrent multipliers, generating the hypertonic vertical
osmotic gradient (from 300 mOsm/L at the cortex to 1200 mCsmy/L at the
inmer medulla) essential for concentrated urine formation.

Why other options are incorrect:

« Option A: Glomerular refers to the filtration corpuscle found within all
nephrons, not a classification type.

« OptionB: Cortical nephrons comprise 85% of nephrons, have short loops of
Henle restricted primarily to the outer cortex, and perform standard excretory
and regulatory functions rather than gradient generation.

+ OptionD: Medullaryis an imprecise term; no nephrons are entirely situated
within the renal medulla because all renal corpuscles reside in the cortex.

Question #6 BIOLOGY

10. Homeostasis

Which of the following best describes how the distal convoluted tubule contributes to
regulatio...

CORE CONCEPT & DERIVATION

Renal acid-base homeostasis depends on tubular secretion of protons and
reclamation or generation of bicarbonate. Intercalated cells within the distal
convoluted tubule and callecting duct regulate systemic pH.

Formula / Rule / Reaction:

Carbonic Anhydrase

C0; + H,O H,CO; = H" + HCO;

Solution:

« TypeAintercalated cells of the late distal tubule actively pump H' ionsinto
the tubular lumen via primary active H* -ATPase and H* /Kt -ATPase
transporters.

* Simultaneously, newly synthesized HCO, istransported across the
basolateral membrane into the peritubular capillary blood via C17 /HCO;
antiporters.,

» This active secretion of excess protons raises the pH of systemic blood back
to the physiological range (7.35 ta 7.45).

Why other options are incorrect:

« OptionA: Selective reabsorption of glucose occurs in the proximal
convoluted tubule via secondary active Na™-glucose cotransporters
(SGLTZ/SGLT) and does notregulate pH.

« Option C: Sodiumis actively reabsorbed from filtrate into the peritubular
capillaries, not secreted into the filtrate.

+ OptionD: The distal tubule secretes potassium under the influence of
aldosterone rather than reabsorbing it to correct acid-base balance.
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BIOLOGY
Question #7 m 10. Homeostasis

The sodium-potassium pumps in the distal convoluted tubule are activated by:
CORE CONCEPT & DERIVATION

Aldosterone is a steroid mineralecorticoid produced by the zona glomerulosa of
the adrenal cortex. It acts directly on principal cells in the late distal convoluted
tubule and cortical collecting ducts to conserve sodium,

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

« Aldosterone diffuses across the basolateral membrane and binds to
intracellular mineralocorticoid receptaors.

« Thehomaone-receptor complex acts as a transcription factor, upregulating
the expression and activity of basolateral Na" /K" -ATPase pumps.

* [talso promotes the opening and synthesis of apical epithelial sodium
channels (ENaC), driving sodium reabsorption into blood and potassium
excretioninto tubularurine.

Why other options are incorrect:

» Option B: Antidiuretic hormone (vasopressin) stimulates the insertion of
aquaporin-2 water channels into the apical membrane of collecting duct
cells.

+ Option C: Atrial natriuretic peptide (ANP)inhibits sodium reabsorption and
blocks aldosterone release to lower blood volume.
« OptionD: Reninis an enzyme secreted by juxtaglomerular cells that converts

circulating angiotensinogeninto angiotensinl; it does not directly stimulate
the tubule pumps.
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BIOLOGY

10. Homeostasis

Question #8

If a person drinks an excessive amount of water, how does the kidney respond to maintain
asmore...

CORE CONCEPT & DERIVATION

Osmoregulation balances water and solute concentrations. Hypothalamic
osmoreceptors monitor blood plasma osmolarity and modulate the release of
antidiuretic hormone (ADH) from the neurchypophysis.

Formula / Rule / Reaction:

Water intake T == Plasma Osmolarity | = ADH Release | = Urine Volume 1

Solution:

+ Excessive waterintake dilutes the blood, lowering extracellular fluid
osmolarity below 285 mOsm/kg.

* Hypothalamic osmoreceptors swell and decrease their firing rate,
suppressing ADH secretion from the posterior pituitary.

o Without ADH, eollecting duct epithelial cells endocytose aquaporin-2 water
channels, rendering the luminal membrane impermeabile to water.

+ Conseguently, large volumes of hypotonic urine are excreted (diuresis),
restoring normal blood osmolarity.

Why other options are incorrect:

« Option A: Increasing ADH release and water reabsorption s the physiological
response to dehydration or hyperosmotic states.

+ OptionB: Aldosterone is stimulated by hypovolemia or hyperkalemia, not
water overload.

» OptionD: Retaining more water would worsen overhydration and trigger
dangerous systemic hyponatremia.

BIOLOGY

10. Homeostasis

Question #9

The primary function of glomerular capillaries is:

CORE COMCEPT & DERIVATION

The glomerulus is a specialized high-pressure capillary bed situated between
afferent and efferent arterioles. It functions as anultrafiltration unit across a three-
layered filtration barrier.

Formula / Rule / Reaction:

Net Filtration Pressure (NFP) = Pge — (Pgs + Hoe)

Solution:

« High hydrostatic pressure inside the glomerular capillaries (approximately 55
mmHg) forces water and small dissolved solutes across the fenestrated
endothelium, basement membrane, and podocyte slit diaphragms into
Bowman's space.

e Thisnon-selective bulk flow generates approximately 125 mL/min (180 L/day)
of protein-free glomerular filtrate.

Why other options are incorrect:

« Option A: Solute and water reabsorption is carried out downstream by
peritubular capillaries and vasa recta surrounding the tubules.

« OptionB: Tubular secretion occurs primarily across peritubular capillary beds
into the proximal and distal convoluted tubules.

* OptionD: Peritubular capillaries deliver oxygenated blood and nutrients to
renal parenchymal cells.
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BICLOGY
10. Homeostasis

Question #10

In a heat stroke the hypothalamus will detect an increase in core body temperature,
whichofth...

CORE CONCEPT & DERIVATION

Thermoregulationis coordinated by the preoptic area of the anterior hypothalamus.
When core temperature exceeds the set point, autonomic efferent mechanisms are
triggered to maximize physiological heat dissipation.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

+ Centralthermoreceptors signal the hypothalamic heat-loss center.

+ Sympathetic adrenergic tone to cutaneous arterioles is inhibited, causing
cutaneous vasodilation to shunt warm blood toward the skin surface for
radiation and convection.

+ Sympathetic cholinergic fibers stimulate eccrine sweat glands, allowing
evaporative cooling to removwe latent heat from the body.

Why other options are incorrect:

+ Option A: Peripheral vasoconstriction and shivering thermogenesis are
activated during cold exposure (hypothermia) to retain and generate heat.

« Option C: Increasing metabolic rate elevates internal heat proeduction,
exacerbating hyperthermia.

* Option D: Thyroxine (T4) release stimulates cellular basal metabolic rate and
is promoted during prolonged cold adaptation.

BIOLOGY
QLIEB“OH #1 m 10. Homeostasis
Which nitrogenous waste has the lowest solubility in water?
CORE CONCEPT & DERIVATION
Terrestrial adaptationinfluences the chemical structure of excreted nitrogenous
wastes. Animals excrete ammonia, urea, or uric acid depending on physiological
water availability.

Formula / Rule / Reaction:
Relative solubilities: Ammonia > Urea »> Uric Acid.

Solution:

s Uric acid (C.H,N,0,) is a purine derivative with very low water solubility
{approximately 0.06 g/L at 20 degrees Celsius).

« Becauseitprecipitates as a semi-solid paste or crystals, uricotelic organisms
(birds, reptiles, insects) can excrete it with minimal water loss (1 mL of water
pergramof nitrogen).

Why other options are incorrect:

+ Option A: Urea is highly soluble in water (approximately 1000 g/L atroom
temperature) and reguires moderate water (about 50 mL per gram of
nitrogen) for safe excretion.

+ OptionB: Ammonia is extremely soluble in water (exceeding 500 g/L) and
highly toxic, reguiring roughly 500 mL of water per gram of nitrogen excreted.

« OptionD: Nitrite is anintermediate mineral ionin the nitrogen cycle, nota
primary end-product of animal nitrogenous excretion.
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Question #12 BIOLOGY

10. Homeostasis

By nature, human excretory systemnis:
CORE COMCEPT & DERIVATION

Animals are categorized according to their predominant nitrogenous waste product
into ammoniotelic, ureotelic, or uricotelic organisms.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

= Humans deaminate excess amino acids in the liver, producing toxic ammmaonia.

» Hepatic enzymes convert this ammonia into urea through the ornithine-urea
cycle.

¢ Urearepresentsroughly B0% to 90% of total urinary nitrogen in humans,
classifying the human excretory systern as ureotelic.

Why other options are incorrect:

+ Option A: Ammoniotelic organisms (e.qg., aguatic invertebrates, bony fishes,
tadpoles) excrete ammonia directly into copious water.

« OptionB: Uricotelic organisms (e.g., birds, reptiles, terrestrial insects)
predominantly excrete uric acid to conserve water.

* OptionD: Aminotelic organisms (2.g., some echinoderms and mollusks)
excrete uncatabolized amino acids directly.

Question #13 BIOLOGY

10. Homeostasis
Hyperparathyroidism may lead to the formation of:
CORE CONMCEPT & DERIVATION
Primary hyperparathyroidism results from autonomous hypersecretion of

parathyroid hormone (PTH) by a parathyroid adenoma or hyperplasia. PTH regulates
calcium and phosphate homeostasis.

Formula / Rule / Reaction:

PTH { — Bone Resorption 1 +Serum Ca®" 1 — Hypercalciuria —> Nephrolithiasis

Solution:

» Excess PTH stimulates osteoclast activity, accelerates bone resorption, and
increases renal synthesis of 1,25-dihydroxyvitamin D.

¢ The filtered load of calcium exceeds the tubular reabsorptive capacity,
producing hypercalciuria and hyperphosphaturia.

= High concentrations of calcium and phosphate in the renal tubules cause
supersaturation, leading to precipitation of calcium phosphate or calcium
oxalate nephrolithiasis.

Why other options are incorrect:

+ OptionB: Uric acid stones form when urine is persistently acidic (pH below
5.5) er during purine metabolic disorders such as gout.

s Option C: Cystine stones develop due to aninherited genetic defect in the
renal tubular transporter for dibasic amino acids (cystinuria).

« Option D: Struvite (magnesium ammeonium phosphate) stones develop
during chronic urinary tract infections caused by urease-producing bacteria
such as Proteus.

beambeprep.com

Page 21 of 64

OFFICIAL FULL-LENGTH PRACTICE (FLP)

Question #14 BIOLOGY

17. Biotechnaology
In somatic cell hybridization, which two cells are fused to produce monoclonal
antibodies?
CORE CONCEPT & DERIVATION

Monoclonal antibody production relies on hybridoma technology developed by
Georges Kohler and Cesar Milstein. An antibody-producing cellis fused with an
immortalized cell to produce a hybrid cell line.

Formula / Rule / Reaction:

PEG

B-Lymphocyte (Spleen Cell) + Myeloma Cell —— Hybridoma Cell

Solution:

* Ananimal (typically a mouse) is immunized with a target antigen to stimulate
specific B-lymphocytes inthe spleen.

« B-lymphocytes harvested fromthe spleen provide genetic instructions for
specific antibody production.

o These are fused with immortal cancerous myeloma cells using polyethylene
glycol (PEG) toyield hybridornas capable of indefinite monoclonal antibody
synthesis.

s Pastpaperboardnote: KMU test keys frequently use 'B-lymphocytes and
spleen cells' to denote the splenic B-cell lineage isolated during the
procedure,

Why other options are incorrect:

« Option A: T-cells provide cell-mediated immunity and do not produce
secreted humoral antibodies; nerve cells do not divide.

* Option C: Neither T-cells nor hepatocytes secrete anticodies.

« Option D: Macrophages are non-specific phagocytes and do not produce
clonally restricted immunoglobulins.

Z BIOLOGY
Question #15 m 17. Biotechnalogy

Inmolecular diagnostics, the primary function of DNA/RNA probes is to:
CORE CONCEPT & DERIVATION

Anucleic acid probe is a single-stranded sequence of DNA or RNA labeled with a
radioisotope or fluorescent tag. It identifies complementary target sequencesin
biological specimens.

Formula / Rule / Reaction:
Complementary base pairing: A pairs with T {or U) and G pairs with C.

Solution:

» Target DNA or RMAis denatured into single strands and immabilized on a
membrane or analyzed in situ.

¢ Labeled probes are added and hybridize specifically with complementary
target nucleotide sequences.

« Autoradiography or fluorescence detection visualizes the hybrid, confirming
the presence or absence of a pathogen, gene mutation, or transcript.

Why other options are incorrect:

« Option A: Replacing defective genes in patient cells is the therapeutic goal
of gene therapy, which uses viral or non-viral vectors.

« Option C: Cutting double-stranded DNA at specific palindromic recognition
sequencesis carried out by restriction endonucleases.

« Option D: Stimulatingimmune responses againstinfectious organismsis the
function of vaccines and adjuvants.
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Question #16 [THE) BIOLOGY

17. Biotechnology

A set of uniform proteins generated by genetically identical immune ceills, which are:
CORE COMCEPT & DERIVATION

Manoclonal antibodies are identicalimmunoglobulins synthesized by a single clone
of hybridoma cells. Because they derive from one ancestral B-lymphocyte, every
antibody molecule possessesidentical paratope specificity and affinity.

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

Solution:

* Whenasingle hybridoma cell divides mitotically, it producesa clone of
genetically identical cells.

« Thesecloned cells synthesize and secrete uniform antibody molecules
targeting the exact same antigenic epitope.

* They are termed monoclonal antibodies (mAbs).

Why other options are incorrect:

« OptionA: Therapeutic proteins is a broad commercial class thatincludes
recombinant hormones, cytokines, and clotting factors.

* OptionB: Immunoglobulins includes all physiclogical antibodies, whichin
serum form a polyclonal mixture produced by diverse B-celllineages.

+ OptionD: Recombinant proteins are produced by inserting foreign genes
into expression hosts such as bacteria or yeast, not necessarily immune cells.

Question #17 [THED BIOLOGY

17, Biotechnology

Which biotechnological product is used to replace an abnormal gene in a patient's cells?
CORE CONCEPT & DERIVATION
Gene therapy involves introducing exogenous genetic material into somatic cells to

carrect genetic defects. Delivery requires specialized molecular transport systems
calledvectors.

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

Solution:

+ \ectorscan be viral (retrovirus, adenovirus, adeno-associated virus,
lentivirus) or non-viral (liposomes. nanoparticles).

» Thetherapeutic functional gene is packaged inside the vector, which infects
ortransfects target host cells and delivers the cargo to the nucleus toreplace
or supplement the mutant gene.

Why other options are incorrect:

« Option A: Antibiotics are low-molecular-weight chemical substances that
inhibit bacterial metabolic processes or cellwall synthesis.

« OptionB: Vaccines introduce attenuated pathogens or antigens to elicit
active acquired immunity.

* OptionD: Interferons are signaling cytokines released by virus-infected host
cells toinhibit viral replication in neighboring cells.
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Question #18 BIOLOGY

02. Biomolecules

In Watsan and Crick’s DNA madel, which of the following pairs with Cytosine?
CORE CONCEPT & DERIVATION

The B-DNA double helix model developed by James Watson and Francis Crick
incorporates Chargaff's rules of base pairing, maintaining a constant 2.0 nm helix
diameter.

Formula / Rule / Reaction:

Cytosine = Guanine (3 Hydrogen Bonds)

Solution:

« Watson-Crick base pairing requires a pyrimidine to pair with a purine.

« Cytosine (a pyrimidine) forms three specific hydrogen bonds with Guanine (a
puring): one between anamino group and a carbonyl. one betweenring
nitrogens, and one between a carbonyl and an amino group.

Why other options are incorrect:

* Option A: Adenine is a purine that pairs with Thymine in DNA via two hydrogen
bonds.

+ Option C: Thymine is a pyrimidine that pairs with Adenine; two pyrimidines
together would narrow the helix diameter.

= Option D: Uracil replaces thymine in ribonucleic acid (RNA) and does not
occurinstandard DNA,

BIOLOGY
Question #19 m 04. Bioenergetics

Fats are considered as a very efficient source of energy because they:

CORE CONCEPT & DERIVATION

Triacylglycerols (fats) represent the most concentrated form of metabolic energy
storage in animals, providing 9 keal/g compared to 4 keal/g from carbohydrates
and proteins.

Formula / Rule / Reaction:

Fatty Acid (Cy, ) o™, 1, Acetyl-CoA + (n — 1) NADH + (n — 1) FADH,

Solution:

» Fatty acid hydrocarbons are composed predominantly of reduced - CH, —
CHz— units with high carbon-hydrogen bond density and minimal oxygen
content.

« Mitochondrial 3-oxidation sequentially cleaves fatty acyl chains into
numerous two-carbon acetyl-CoA molecules.

« Eachacetyl-Co# enters the citric acid cycle, driving electron transport and
oxidative phosphorylation to yield large amounts of ATP.

Why other options are incorrect:

+ Option A: Fats cannot yield ATP without cellular respiration; fatty acid
breakdown strictly requires oxygen as the terminal electron acceptorin
mitochondria.

+ Option B: Fatty acids cannot enter glycolysis; only the minor glycerol
backbone can be phosphorylated and convertedinto dihydroxyacetone
phosphate.

« Option C: Fats are highly reduced compounds; carbohydrates are
comparatively much mare oxidized.
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Question #20 BIOLOGY

12. Nervous Coordination
The junction between two consecutive neurons where informationis transmitted from
oneneuront..
CORE CONCEPT & DERIVATION

Intercellular communication between excitable nerve cells occurs across
specialized contact zones termed synapses.

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

Solution:

« Asynapse comprises the presynaptic terminal, the synaptic cleft
(approximately 20 nm wide), and the postsynaptic membrane.

» Action potentials reaching the presynaptic bulb trigger exocytosis of
neurotransmitters, which diffuse across the cleft to bind receptors on the
postsynaptic neuron.

Why other options are incorrect:

« Option A: Nodes of Ranvier are regular unmyelinated gaps along an axon
where voltage-gated Na™ channels are concentrated for saltatory
conduction.

« Option C: The axon terminal (oouton) is the anatomical swollen end of the
presynaptic axon, not the junction between two cells.

* OptionD: Dendrite cleftis an erroneous anatomical term.

Question #21 BIOLOGY

01. Cell
All of the following are the functions of Golgi bodies EXCEPT;

CORE COMCEPT & DERIVATION

The Golgi apparatus is the central sorting, modifying. and packaging organelle of
the endomembrane system. Cellular respirationis carried out by mitochondria and
the cytosol.

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

Solution:

+ Cellularrespiration comprises glycolysis (cytoplasm), the link reaction, the
Krebs eycle (mitochondrial matrix), and oxidative phosphorylation (inner
mitochondrial cristae).

+ The Golgicomplex has no respiratory enzymes and does not generate
metabolic ATP.

Why other options are incorrect:

* Option A: The Golgi modifies newly synthesized polypeptides via
glycosylation, phosphorylation, and sulfation.

+ OptionB: Golgi-derived transport vesicles fuse with the cell surface,
replenishing lipids and proteins of the plasma membrane.

* OptionD: Primary lysosomes bud off directly from the trans- Golgi network
containing packaged acid hydrolases.
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Question #22 _ BlOLOGY

12. Mervous Coordination
Whichionis tenfold higher in concentration outside the membrane of neuron during
resting pote..
CORE CONCEPT & DERIVATION

The resting membrane potential (—70 mV) is sustained by the electrogenic Na™ /K™ -
ATPase pump and differential membrane permeabilities.

Forrmula / Rule / Reaction:
Resting ion distributions: [Na™ Joa = 145 mM, [Na™|i = 12 — 15 mM.

Solution:

« Theextracellular concentration of sodium ions (Na*) is roughly 145 mM, while
intracellular concentrationis roughly 12 to 15 mM.

» This represents an approximate tenfold concentration gradient across the
resting membrane.

Why other options are incorrect:

+ Option A: Potassiumions (K') are approximately 30 times more
concentrated inside the cell (140 to0 150 mM) than outside (4 to 5 mM).

« Option C: Calciumions have an extracellular-to-intracellular gradient of
approximately 10,000 to 1{1 mM extracellularvs 0.0001mM intracellular).

s OptionD: Hydrogen ion cancentrationis keptinthe nanomolar range (pH 7.2
to 7.4) and does not define the major resting monovalent gradient.

BIOLOGY
Question #23 05. Acellular Life

All of the following are the modes of transmission of AIDS. EXCEPT:

CORE CONCEPT & DERIVATION

Acquired Immunodeficiency Syndrome (AIDS) is caused by the Human
Immunadeficiency Virus (HIV). Transmission requires exchange of specific virion-
containing bodily fluids across mucosal orvascular barriers.

Forrmula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

s HIVisan enveloped, fragile virus that rapidly loses viability when exposed
outside host physiclogical fluids.

» Itisnottransmitted by casual non-sexual contact, such as shaking hands,
hugging, sharing utensils, or touching intact skin.

Why other options are incorrect:

+ Option A: Transfusion of infected whole blood, plasma, or clotting factors
delivers highviral loads directly into circulation.

+ Option B: Sharing contaminated intravenous hypodermic needles transfers
blood micro-droplets containing live virus.

+ OptionD: Unprotected vaginal, anal, or oral sexual intercourse exposes
vulnerable mucosal membranes to infectious semen, vaginal secretions, or
blood.
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Question #24 BIOCL_OGY

Cell
Which arganelle of the cellis involved in the detoxification of toxins and poisonous
compounds..
CORE CONCEPT & DERIVATION
The smooth endoplasmic reticulum (SER) is a non-ribosome-bearing tubular
organelle specialized for lipid synthesis, calcium storage, and xenobiotic
metabolism.

Formula / Rule / Reaction:

Cytochrome P45
—_—

RH + 02 + NADPH + H” ROH + H20 + NADP™

Solution:

* Inhepatocytes, the SER contains membrane-bound enzymes of the
cytochrome P450 monooxygenase system.

o These enzymes add polar hydroxyl groups to hydrophobic drugs, alcohol,
and metabolic poisons, rendering them water-soluble for renal excretion.

Why other options are incorrect:

« Option A: Lysosomes degrade cellular debris and endocytosed
macromolecules using acid hydrolases.

. Optlon C: Ribosomes translate messenger RNA into polypeptide chains.

« OptionD: Mitochondria generate ATP through the tricarboxylic acid cycle
and oxidative phosphorylation.

Question #25 [[THLN BIOLOGY

03 Enzymes
The active site is important in enzyme action because:
CORE CONCEPT & DERIVATION

Enzymes are stereospecific biological catalysts, Their catalytic functionresides
within a three-dimensional cleft or crevice termed the active site.

Formula / Rule / Reaction:

E+S=ES—EP=E+P

Solution:

+ Theactive siteis composed of contact residues that recognize and bind the
complementary substrate, and catalytic residues that act on chemical bonds.

« Substrate binding forms the enzyme-substrate (ES) complex, aligning
reactants in the optimal orientation to lower activation energy.

Why other options are incorrect:

« OptionB: The ambient chemical buffer systerm maintains environmental pH,
not the enzyme active site.

+ Option C: Enzymes do not supply energy, they accelerate reaction rates by
lowering the activation energy barrier.

* OptionD: Although aninduced fit adjustment occurs upon binding, altering
enzyme structure is not the primary purpose of the active site.
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BIOLOGY
Question #26 [[ZHE) 1. Evolution
The idea that acquired characters are inherited is part of:

CORE CONCEPT & DERIVATION

Early evolutionary thought included Jean-Baptiste Lamarck's transformist theory
publishedin Philosophie Zoologigue (1809).

Formula / Rule / Reaction:
Lamarck's Postulates: Use and disuse + Inheritance of acquired characteristics.

Solution:

« lamarck proposed that physical changes acquired by an organism during its
lifetime inresponse to environmental needs are directly transmitted to its
offspring.

« This hypothesis is known as the inheritance of acquired characters
{Lamarckism).

Why other options are incorrect:

« Option A; Darwinism relies on natural selection acting on existing, heritable
variations across populations.

* Option B: Neo-Darwinism synthesizes Mendelian genetics with natural
selection, demonstrating that acquired somatic modifications are not
inherited.

* Option D: Biogenesis states that living organisms arise exclusively from
preexisting living matter (omne vivum ex viva).

BIOLOGY

05 AcellularLife

Question #27

Which disease is caused by syncytial virus?
CORE CONCEPT & DERIVATION

Respiratory syneytial virus (RSV)is an enveloped, negative-sense, single-stranded
RMA virus of the family Pneumaoviridae.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

+ RSV possesses specialized fusion (F) surface glycoproteins that cause
adjacent host cell membranas to merge, forming multinucleated syneytia.

« [tdirectly causesrespiratory syncytial virus infection, a primary cause of
bronchiolitis and pneumonia in infants.

Why other options are incorrect:

+ Option A: Leaf curl disease of cotton is caused by whitefly-transmitted
Begomoviruses (Cotton leaf curl virus) belonging to the Geminiviridae family.

« Option B: Polio is caused by poliovirus, an enterovirus of the Picornaviridae
family.

« Option C: Hepatitis Ais caused by hepatitis A virus (HAV), an enterically
transmitted hepatovirus of the Picornaviridae family.
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BIOLOGY
Question #28 [ZHE) i

Cell

The glycoproteins are commonly found in:
CORE COMCEPT & DERIVATION

Glycoproteins are conjugated proteins covalently bound to kranched
oligosaccharide chains. They predominate on the outer leaflet of biclogical surface
membranes.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

+ Proteins synthesized by rough endoplasmic reticulum ribosomes are
glycosylated in the lumen and Golgi apparatus.

« Secretoryvesicles transport these molecules to the plasma membrane,
where carbohydrate chains project into the extracellular matrix.

o Thisformsthe cellular glycocalyx essential for cell recognition, immune
identihication, and receptor signaling.

Why other options are incorrect:

* Option A: The mitochondrial inner membrane contains high levels of
cardiolipin and transport proteins, not cell-surface glycoproteins.

« OptionB: Chloroplast thylakoid membranes are enriched with galactolipids
and photosynthetic complexes rather than glycoproteins.
* Option C: Ribosomes are ribonucleoprotein complexes consisting solely of

ribosomal RMA (rRNA) and structural proteins without carbohydrate
branching.

Question #29 BIOLOGY

01.Cell

Which struc ture enables the exchange of material between nucleus and cytoplasm?
CORE CONCEPT & DERIVATION

The nuclear envelope is a double-membrane barrier perforated by multiprotein
structures called nuclear pore complexes (NPCs).

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

» Nuclear pores spanbothinner and outer nuclear membranes.

» Theyallow passive aqueous diffusion of small ions and metabolites, and
mediate active, receptor-dependent transport of macromolecules (import
of histones and polymerases; export of mRNA, tRNA, and ribosomal
subunits).

Why other options are incorrect:

. Optlon A: The plasma membrane surrounds the entire cell and controls
transport between intracellular and extracellular compartments.

« OptionC: Lysosomes are digestive vesicles containing acid hydrolases for
intracellular catabolism.

+ OptionD: Mitochondria are cytoplasmic organelles dedicated to aerobic
respiration and ATP synthesis.
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Question #30 BIOLOGY

02. Biomolecules
The high specific heat capacity of water is due to:

CORE CONCEPT & DERIVATION

Specific heat capacity is the amount of heat energy required to raise the
temperature of 1 gram of a substance by 1 degree Celsius. Water possesses a very
high specific heat capacity of 4.184 Jf{g K).

Formula / Rule / Reaction:

Q =meAT

Solution:

* Water molecules are strongly dipolar and form dynamic intermolecular
hydrogen bonds.

s Muchof the absorbed thermal energy is consumed in breaking these
intermolecular hydrogen bonds rather thanimmediately accelerating
molecular translational kinetic energy.

* Asaresult, water can absorb or release large amounts of heat with minimal
changes intemperature, acting as an effective thermal buffer.

Why other options are incorrect:

* Option A: Pure liquid water does not contain ionic bonds; ionic lattices occur
in mineral salts.

« Option C: Intramolecular covalent bonds link hydrogen to oxygen withina
single molecule and are not broken during normal heating of liguid water.

+ Option D: Hydrophilic describes the affinity of polar solutes forwater: itis not
arecognized thermodynamic bond type.

Question #31 [THEN BIOLOGY

ol.Ce
The contracted region of a chromosome that attaches to spindle fiberis called:
CORE CONCEPT & DERIVATION

Eukaryotic chromosomes contain specialized structural domains that coordinate
chromosome segregation during nuclear division.

Forrmula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

* Thecentromere (primary constriction)is a distinct heterochromatic region of
the chromosome.

s Duringprophase, kinetochore protein complexes assemble onto
centromeric DNA to capture kinetochore microtubules of the mitotic spindle
apparatus.

Why other options are incorrect:

+ Option A: Telomeres are repetitive nucleotide caps located at the ends of
linear chromosomes that protect them from degradation and fusion.

+ Option B: Chromatinis the generalized nucleoprotein complex of genomic
DMA and histone proteins.

* Option D: Nucleosomes are fundamental chromatin subunits consisting of
DMNAwound around a histone octamer core.
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Question #32 BIOLOGY

12. Nervous Coordination
Touching a sharp ebject stimulates pain receptors, This information is camed to the
central n
CORE CONCEPT & DERIVATION
Thereflex arcis the neural pathway mediating reflex actions. Afferent signals are
conveyed toward the central nervous system (CNS) by specialized sensory
pathways.

Formula / Rule / Reaction:

Sensary Newroa Motor Neuson

Stimulus — Receptor CN3 3 Effector

Solution:

* Nociceptors in the dermis transduce mechanical imjury into action potentials.

+ These action potentials propagate along the pseudounipolar axons of
sensory (afferent) neurons into the dorsal horn of the spinal cord.

Why other options are incorrect:

* Option A: Motor (efferent) neurens transmit impulses away from the CNS to
effector targets (muscles or glands).

« Option C: Associative neurons (interneurons) reside entirely within the gray
matter of the spinal cord or brain to integrate sensory input.

* OptionD: Effector neurons is an alternate name for moter neurons that
deliver output signals to reacting tissues.

Question #33 [N BIOLOGY

15. Inheritance / Varation & Ganetics
The number of chromosames ina haploid cell are:

CORE COMCEPT & DERIVATION

Ploidy refers to the number of complete sets of chromosomes within a biological
cell. Somatic cells are diploid (2n), whereas gametes are haploid (n).

Formula / Rule / Reaction:

Solution:

+ Diploid body cells contain paired homelogous chromosomes (2n= 46 in
hurnans).

+ Meiotic reduction division segregates homologous pairs, producing haploid
gametes containing one set{n=23inhumans), which is exactly half the
somatic number.

Why other options are incorrect:

« OptionB: Doubkling the diploid chromosome complement produces
tetraploidy (4n = 92).

* OptionC: One quarter of the normal complement would yield an incomplete
fractional genome incompatible with cellular life.

« OptionD: Anequal chromosome count is produced during equational
mitotic division of somatic cells.

Page 26 of 64

OFFICIAL FULL-LENGTH PRACTICE (FLP)

Question #34 BIOLOGY

02. Biomolecules

Which of the following is a branched polysaccharide found in animals:
CORE CONCEPT & DERIVATION

Polysaccharides serve structural or metabolic storage roles. Glycogen functions as
the primary carbohydrate storage macromalecule in animal liver and skeletal
muscle.

Formula / Rule / Reaction:

Linear chains: a1 — 4) Branch points: a{l — 6)

Solution:

* Glycogenis abranched homopolysaccharide composed entirely of D-
glucose units.

s [|tcontains linear chains linked by a1 — 4) glycosidic bonds and frequent
branch points formed by a(1 — 6) bonds every B to 12 residues, allowing rapid
enzymatic mobilization of glucose.

Why other options are incorrect:

+ Option A: Cellulose is an unbranched structural polysaccharide made of
B(1 — 4)-linked glucose units foundin plant cell walls.

* Option C: Amylose is anunbranched, helical plant starch polysaccharide
consisting solely of (1 — 4) glycosidic bonds.

+ Option D: Chitinis an unbranched structural polysaccharide composed of N-

acetylglucosamine units found in fungal cell walls and arthropod
exoskeletons.

Question #35 BIOLOGY

O3 Erzymes

A substance that binds to an enzyme, but NOT at the active site and reduces the enzyme
activity...

CORE CONCEPT & DERIVATION

Enzyme inhibitors are chemical agents that diminish catalytic rates. They are
classified by whether they compete directly for the active site or act allosterically.

Formula / Rule / Reaction:
Non-competitive inhibition: V. decreases, K, remains unchanged.

Solution:

* Anon-competitive inhibitor binds to an allosteric regulatory site distinct from
the catalytic active site.

« This bindinginduces a conformational change in the enzyme that reduces
catalytic tumnover (V,...) without preventing substrate binding.

Why other options are incorrect:

« Option A: Competitive inhibitors bind directly to the active site, competing
with the substrate and increasing apparent k...

* Option B: The substrate is the specific reactant that binds to the active site to
be converted into products.

+ OptionD: Acofactoris a non-protein component (e.g., metalion or
coenzyme) required for enzyme activity, not an inhibitor,
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BIOLOGY
Question #36 m 05. Aceliular Lifa
On the basis of morphological classification,

CORE COMCEPT & DERIVATION

Viruses are classified morphologically by capsid symmetry (helical, icosahedral,
complex) and whether a host-derived lipid envelope encloses the nucleocapsid.

iHuenza virus is anexample of:

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

» Theinfluenza virus (an orthomyxovirus) possesses a segmentead, helical
ribonuclecprotein core.

o Thiscoreis surrounded by an outer lipoprotein bilayer membrane (envelope)
acquired from the host plasma membrane during budding, studded with
hemagglutinin and neuraminidase glycoproteins.

Why other options are incorrect:

+ Option A: While its internal ribonucleoproteins are helical, classifying
influenzavirus strictly as a naked helical capsid ignores its defining outer
envelope.

« OptionB: Polyhedral (icosahedral) naked viruses include adenoviruses and
parvoviruses, which exhibit geometric symmetry without an envelope.

* OptionD: Non-enveloped viruses (e.g., poliovirus, hepatitis A) lack a lipid
bilayer envelope and are resistant to lipid solvents.

BIOLOGY

02, Biomolecules

Question #37 [L0E (0]
Which of the following is NOT a globular protein?

CORE CONCEPT & DERIVATION
Proteins are classified by overall conformation into globular and fibrous proteins.

Globular proteins are spherical and water-soluble, whereas fibrous proteins are
elongated, insoluble structural molecules.
Formula / Rule / Reaction:

Factual recall / Qualitative concept.

Solution:

« Collagenisaninsoluble, fibrous structural protein composed of a triple helix
of polypeptide chains.

= |tprovides tensile strength to tendons, ligaments, skin, and bones.

Why other options are incorrect:

+ Option A: Enzymes are water-soluble globular proteins with compact tertiary
structures that form active catalytic pockets.

s OptionB: Albuminis a soluble globular serum protein that maintains blood
oncotic pressure and transports hydrophobic molecules.

« Option C: Hemoglobin is a soluble glebular tetramer that transports oxygen
withinred blood cells.
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Question #38 AT _ BIOLOGY

12. Men oordination
The state, when a neuronis NOT conducting an impulse duri
potentialis call...
CORE CONCEPT & DERIVATION
The resting state of anunexcited excitable cell exhibits an electrical charge
separation across its membrane, maintaining an inside-negative electrical
paotential.

g resting membrang

Formula / Rule / Reaction:

Vin = —T0 mV (Resting Potential)

Solution:

« Inanon-conducting neuron, the Na* /K™ -ATPase pump and potassium leak
channels establish a net negative electrical charge inside relative to the
outside.

« Because an electrical polarity exists across the lipid bilayer, this resting
physiological state is termed polarized.

Why other options are incorrect:

s Option B: Depolarized describes an active state where inward Na© influx
drives the membrane potential toward zero and into positive values.

» OptionC: Repolarized describes the recovery phase during which outward
K" effluxrestores the resting electrical gradient following an action potential.

« Option D: Hyperpolarized describes a transient state where membrane
potential becomes more negative than the standard resting level.

Question #39 [TTHLT) BIOLOGY

12. Nenvoe oordination
Which of the following waves travel along a neuron during nerve impulse conduction?
CORE CONCEPT & DERIVATION

Anerve impulse (action potential) is a self-propagating disturbance inmembrane
potential that travels along the axolemma.

Formula / Rule / Reaction:
Factualrecall/ Qualitative concept.

Solution:

s Anactionpotentialinvolves transient changes in electrical potential driven by
the movemnent of chemical ions (Na™ and K*) through voltage-gatedion
channels.

« Becauseitintegrates both electrical charge displacement and chemical
concentration flux, it propagates as an electrochemical wave.

Why other options are incorrect:

« Option A: Thermal waves are oscillations in temperature and do not mediate
nenvous transmission.

* Option B: Magnetic waves do not propagate biological action potentials
along axons.

+ Option C: Electromagnetic waves (such aslight orradio waves) consist of
oscillating coupled electric and magnetic fields traveling through space at
the speed of light.
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BIOLOGY

12. Nervous Coordination

Question #40

The reticular formation in the brain runs through which spec
CORE COMCEPT & DERIVATION

Thereticular formationis a diffuse, interconnected network of brainstem nucleiand
nerve fibers that modulates consciousness, sleep-wake cycles, and cardiovascular
and motor reflexes.

TC regions?

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

Solution:

+ Thereticular formation extends longitudinally throughout the core of the
brainstem.

+ Anatomically, it spans the hindbrain (myelencephalon/ medulla oblongata
and metencephalon / pons) and continues rostrally through the midbrain
(mesencephalon).

Why other options are incorrect:

« Option A: The reticular formation does not originate in the forebrain, although
it projects ascending activating signals to the thalamus and cortex.

« OptionC: The cerebellumis a distinct dorsal motor structure and does not
containthe reticular formation.

* OptionD: The telencephalon constitutes the cerebral hemispheres and basal
ganglia, which lie above the brainstem core.

BIOLOGY

03, Enzymes

Question #41 | OHEN
Enzyrmes increase the rate of reaction by:

CORE CONCEPT & DERIVATION

Enzymes accelerate chemical reactions without altering overall thermodynamic
equilibrium (AG). They achieve catalysis by stabilizing transition states.

Formula / Rule / Reaction:

k= Ae~ T

Note that lowering E, exponentially increases the rate constant k.

Solution:

+ Every chemical reactionrequires reactants to overcome an energy barrier
termed the activation energy (E.).

« Enzyme active sites bind substrates, orienting functional groups and
stabilizing high-energy transition state complexes.

» Thislowers the activation energy barrier, allowing a higher fraction of
substrate molecules to react per unit time.

Why other options are incorrect:

« Option A: Increasing activation energy increases the barrier height. slowing
reaction velocity.

* OptionC: Altering pH changes the ionization states of amino acid side chains
and candenature the enzyme.

« OptionD: Decreasing environmental pH increases acidity, which does not
actasa generalized mechanism for accelerating enzymatic catalysis.
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BICLOGY

02. Biomolecules

Question #42 | CH ]
Adiabetic patient is advised to avoid both sucrose and lactose, because they both:

CORE CONCEPT & DERIVATION

Sucrose and lactose are dietary disaccharides that are cleaved by intestinal brush-
border disaccharidases into absorbable monosaccharides.

Formula / Rule / Reaction:

Sucrase
Sucrose - + Glucose + Fructose

Lactase

Lactose —— Glucose + Galactose

Solution:

« Bothdisaccharides yield free D-glucose upon enzymatic hydrolysis in the
smallintestine.

» Absorbed glucose enters portal circulation, causing postprandial
hyperglycemia that diabetic patients cannot clear efficiently due to absolute
or relative insulin deficiency.

Why other options are incorrect:

+ Option A: Sucrose and lactose are soluble transport disaccharides, not
structural polymers such as cellulose or keratin.

s Option C: Both disaccharides are digested in humans who produce sucrase
and lactase.

« Option D: Both sugars provide approximately 4 keal/g and are caloric
carbohydrates.

BIOLOGY

oordination

Question #43
Match the CORRECT structure of the
CORE CONCEPT & DERIVATION

The brainstem contains vital autonomic centers that sustain life-supporting visceral
processes.

brain with its function:

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

« The medulla oblongata contains the dorsal and ventral respiratory groups
that set the autonomic rhythm of breathing and regulate ventilationin
response to blood pC0, and pH.

Why other options are incorrect:

« Option B: Memory consoclidation is coordinated by the hippocampus and
temporal lobes, while the pons relays impulses between cerebrum and
cerebellum,

« Option C: The cerebellum coordinates voluntary muscular activity and
equiliobrium, not dreaming.

+ Option D: Equilibrium and balance are coordinated primarily by the vestioular
system and cerebellum, while the midbrain integrates visual and auditory
refiexes.
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Question #44 [[ZHACH BIOLOGY

CQul. Bioenergetics
Living cells Do NOT directly acquire energy released fram the breakdown of food
molecules becau...
CORE CONCEPT & DERIVATION

Biological combustion of nutrients is coupled to high-energy phosphate
intermediates rather than occurring in a single explosive step.

Formula / Rule / Reaction:

CeHp205 + 607 = 6C0O; + 6H0  (AG® = —2870 k] /mol)

Solution:

« Direct, single-step breakdown of glucose would release 2870 kl/mol
predominantly as thermal energy.

« Thissuddenrelease of heat would denature cellular proteins, melt lipid
membranes, and waste available chemical energy.

+ Cellsinstead use multi-step metabolic pathways (glycolysis, Krebs cycle,
oxidative phosphorylation) ta capture this free energy in discrete units of ATP.

Why other options are incorrect:

+ Option A: Glucose is routinely metabolized inside cells through glycolysis in
the cytosol.

+ OptionB: The free energy released by complete oxidation of glucoseis
substantial, not too small.

+ Option C: Glucose stores high chemical potential energy within its covalent
carbon-hydrogen and carbon-carbon bonds.

Question #45 BlokonY

02, Biomolecules

Which properties of water enable it to circulate in living bodles and act as transport
medium?

CORE COMCEPT & DERIVATION

Fluid circulationin vascular networks (such as plant xylem and animal cardiovascular
systems) requires fluid continuity and adhesion to vessel surfaces.

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

Solution:

+ Cohesion(hydrogen bonding between water molecules) provides high
tensile strength, holding continuous columns of water together under
negative pressure.

o Adhesion(attraction betweenwater dipoles and polar hydrophilic vessel wall
surfaces) supports cap iliafy actionand prevents column collapse during
mass flow.

Why other options are incorrect:

+ Option A: Low self-ionization (K, = 10~ "y determines acid-base neutrality,
not vascular fluid transport.

+ OptionB: onization does not establish mechanical continuity in vascular
flow.

« OptionC: lonizationis unrelated to bulk circulatory mavement.
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Question #46 BIOLOGY

0Z. Biomolecules
How are the phospholipid molecules arranged in the plasma membrane?
CORE CONCEPT & DERIVATION

Phospholipids are amphipathic molecules possessing a polar, hydrophilic
phosphate head and two nonpolar, hydrophobic fatty acyl tails. Inan agueous
biological environment, thermodynamic stability dictates their bilayer orientation.

Formula / Rule / Reaction:

Thermodynamic self-assembily: Hydrophilic heads orient toward water;
hydrophobic tails sequesterin the nonpolar core.

Solution:

s Theextracellular fluid and intracellular cytosol are agueous solutions.

« Phospholipids spontaneously arrange into a bimolecular leaflet where the
polar phosphate heads orient cutward to contact water on both cytosolic
and extracellular surfaces,

+ The nenpolar fatty acid hydrocarbon chains projectinward, facing each other
to create aninternal hydrophobic barrier.

Why other options are incorrect:

+ Option A: Hydrophobic fatty acid tails cannot face outward into agueous
intra- and extracellular fluids because unfavorable contact with water
disrupts the membrane.

+ Option B: Polar hydrophilic heads cannot face each other within the dry,
nenpolar hydrocarbon interior of the bilayer.

« OptionD: Phospholipids assemble into an ordered thermodynamic bilayer
rather than a random distribution.

Question #47 [[ZTHTT) BIOLOGY

0Z. Biomalacules
The structure of RNA s distinguished from DNA by the:
CORE CONCEPT & DERIVATION

Riconucleic acid (RNA) and deoxyribonucleic acid (DMNA) are informational
polynucleotides that differ in their pentose sugar component and nitrogenous base
composition.

Formula / Rule / Reaction:

RNA = Ribose + Adenine, Uracil, Guanine, Cytosine
DNA = 2-Deoxyribose + Adenine, Thymine, Guanine, Cytosine

Solution:

« RMAincorporates the pyrimidine uracil (which lacks a methyl group at C5)in
place of thymine (5-methyluracil).

* During transcription and translation, uracil forms two complementary
hydrogen bonds with adenine.

Why other options are incorrect:

* Option A: Cellular RNA molecules typically exist as single polynucleotide
strands, whereas genomic DNA forms a double-stranded antiparallel helix.

+ Option B: Deoxyribose sugar is characteristic of DNA; RNA contains D-
ribose. which possesses a hydroxyl group at the 2-prime carbon.

« Option C: Both standard DNA and standard RNA utilize four distinet
nucleotide monomers, not five.
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Question #48 BIOLOGY

02, Biomolecules

The constant diameter of DNA is maintained by pairing:
CORE COMCEPT & DERIVATION

The B-DMNA double helix maintains a constant width of 2.0 nm (20 Angstroms)
throughoutits length, as described by James Watson and Francis Crick.

Formula / Rule / Reaction:

Diameter = Purine (2 rings, = 1.2 nm) + Pyrimidine (1 ring, = 0.8 nm} = 2.0 nm

Solution:

+ Purines (adenine and guanine) possess a bicyclic structure, whereas
pyrimidines (thymine and cytosine) have a smaller monocyclic structure.

« Pairing a two-ring purine with a single-ring pyrimidine ensures that the
distance between the two sugar-phosphate backbones remains constant
along the entire helix.

Why other options are incorrect:

* Option B: Pyrimidine-pyrimidine pairing invelves two single rings, which
would narrow the helix diameter to roughly 1.6 nm and prevent hydrogen bond
formation.

« Option C: Purine-purine pairing involves two bulky double rings, which would
widen the helix diameter to roughly 2.4 nm and create steric distortion.

+ OptionD: Phosphodiester linkages between deoxyribose sugars and
phosphate groups form the outer structural backbone and do not span the
centraltransverse axis of the double helix.

i BIOLOGY
Question #49 m 02, Biomolecules
Identify the CORRECT option that matches the sugar with its carbon numberand
functional group:

CORE CONCEPT & DERIVATION

Monosaccharides are classified according to the number of carbon atoms they
contain (triose, tetrose, pentase, hexose) and the chemical nature of their carbonyl
group (aldose with an aldehyde group, orketose with a ketone group).

Formula / Rule / Reaction:

Ribose = C5Hyjp 05 (Aldopentose)

Solution:

+ Ribose contains five carbon atoms (pentose) and has an aldehyde functional
group (—CHO) at carbon-1, classifying it as an aldopentose.

Why other options are incorrect:

+ Option A: Glyceraldehyde s a triose, butit possesses an aldehyde group at
Cl{aldotriose); its ketose isomeris dihydroxyacetone.

+ OptionC: Ribuloseis a five-carbon sugar (pentose), butit contains a ketone
group at C2 (ketopentose).

+ OptionD: Galactose is a six-carbon sugar (hexose), butit contains an
aldehyde group at Cl (aldohexose).

beambeprep.com

Page 30 of 64

OFFICIAL FULL-LENGTH PRACTICE (FLP)

BIOLOGY
Question #50 m 12. Mervous Coordination
The CORRECT sequence of events in areflexarcis:

CORE CONCEPT & DERIVATION

Areflex arc is the basic anatomical and physiological pathway that mediates an
involuntary, rapid reflex response to a stimulus.

Formula / Rule / Reaction:

Receptor —+ Sensory Neuron — Interneuron (CNS) — Motor Neuron — Effector

Solution:

« Aperipheral receptordetects a stimulus and generates action potentials.

* Sensory (afferent) neurons transmit the impulse through the dorsal root into
the central nervous system.

« Agsociative neurons (interneurons) in the spinal gray matter process and
integrate the incoming information.

*  Motor (efferent) neurons carry the outgoing command via the ventral root to
the effector muscle or gland to produce aresponse.

Why other options are incorrect:

« Option A: Places the associative neuron before the sensory neuron, which
contradicts the anatomical flow of afferent signals.

+ Option B: Reverses the sequence by placing motor output before sensory
conduction.

« OptionD: Places the motor neuron before the integrating associative
neuron.

Question #51 [[THCEN BIOLOGY

14. Reproduction
Fertilization normally occurs in the:!
CORE CONCEPT & DERIVATION

Fertilizationis the fusion of a haploid spermatozoon with a haploid secondary
oocyte to form a diploid zygote. In the human female reproductive tract, this event
occurs within the oviduct.

Formula / Rule / Reaction:

Ampalla of Owvidact
i i

Sperm + Secondary Oocyte Zygote (2n)

Solution:

» Following ovulation, the secondary oocyteis swept into the fallopian tube
{oviduct) by the imbriae.

« Spermatozoa travel through the cervix and uterine cavity into the fallopian
tube.

+ Fertilization typically occursin the ampulla, the widest and longest section of
the fallopian tube.

Why other options are incorrect:

* Option A: The uterus is the site of blastocystimplantation and fetal
development, notinitial fertilization.

« Option B: The ovaries are the gonads responsible for cogenesis and
hermone production (estrogen, progesterone); fertilization does not occur
within ovarian follicles.

* OptionC: The vagina receives semen during coitus and acts as the birth
canal; its acidic pH is hostile to prolonged sperm survival.
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Question #52 BIOLOGY

14. Reproduction

Which ceills of the fallopian tube moisten and nourish the ovum?
CORE COMCEPT & DERIVATION

The mucosallining of the fallopian tube is composed of simple columnar epithelium
cantaining two distinct functional cell types: ciliated cells and non-ciliated
secretory cells (peg cells).

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

Solution:

+ Non-ciliated epithelial cells ([peg cells) possess apical microvilli and active
secretory machinery.

+ They produce anutrient-rich fluid containing glycoproteins, glycogen,
pyruvate, and lipids.

» Thistubal secretion moistens the epithelium, nourishes the ovum and pre-
implantation embryo, and promotes sperm capacitation.

Why other options are incorrect:

* Option A: Ciliated epithelial cells beat rhythmically toward the uterus to
sweep the oocyte and fluid along the tube: they do not synthesize the
nourishing secretion.

« Option C: Primordial germ cells give rise to gametes in the gonads and are
not components of the oviductal epithelium.

+ OptionD: Endometrial cells line the uterine cavity, not the fallopian tubes.

Question #53 [0 ALN ~ BioLOGY

4. Reproduction
Vhich of the following is NOT an accessory gland of the human male reproductive
systeam?
CORE COMCEPT & DERIVATION
The male reproductive system consists of primary sex organs (gonads) and

secondary accessory reproductive glands that contribute fluids to form seminal
plasma.

Formula / Rule / Reaction:

Semen = Spermatozoa (from Testes) + Seminal Plasma (from Accessory Glands)

Solution:

+ Thetestes are the primary reproductive organs (male gonads) responsible for
spermatogenesis and testosterone synthesis.

« Themale accessory glands are the paired seminal vesicles, the single
prostate gland, and the paired bulbourethral (Cowper) glands.

Why other options are incorrect:

« Option A: The bulbourethral glands are accessory glands that secrete an
alkaline pre-ejaculatory mucus to neutralize urethral acidity.

« OptionB: The semninal vesicles are accessory glands that produce
approximately 60% of semenvolume, rich in fructose, prostaglanding, and
coagulating proteins.

« OptionC: The prostate gland is an accessory gland that secretes a milky,
slightly acidic fluid containing citrate, proteclytic enzymes, and zinc.
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BIOLOGY
Question #54 m 14. Reproduction
Syphilis is caused by what kind of bacteria?

CORE CONCEPT & DERIVATION

Bacteria are classified morphologically by cell shape. Syphilis is a sexually
transmitted infection caused by the bacterium Treponema pallidum.

Formula / Rule / Reaction:

Morphological category: Helical / spiral spirochete with endofiagella (axial
filaments).

Solution:

» Treponema pallidumis a slender, tightly coiled, corkscrew-shaped bacterium
classified as a spirochaete.

« [tmoves with characteristic flexing and rotational motility driven by
periplasmic flagellalocated between its peptidoglycan layer and outer
memibrane.

Why other options are incorrect:

+ OptionB: Cocciare spherical bacteria, such as Streptococcus pheumoniae
or Neisseria gonorrhoeae.

« Option C: Bacilli are straight. rod-shaped bacteria, such as Escherichia coli
and Bacillus anthracis.

* OptionD: Vibrios are comma-shaped curved rods, such as Vibrio cholerae.

BIOLOGY
1. Support & Movement

Question #55 [CTHI)

What is FALSE about cartilages?
CORE CONCEPT & DERIVATION
Cartilage is a specialized avascular connective tissue consisting of chondrocytes

embedded within an extracellular matrix richin glycosaminoglycans and collagen
fibers.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

» Cartilageis completely avascular. It contains no blocd vessels, lymphatic
vessels, or nerves within its matrix.

s Chondrocytes rely entirely on the diffusion of oxygen and nutrients through
the hydrated gel matrix from vessels in the outer perichondrium or synovial
fluid.

» Therefore, stating that cartilage has an extensive blood supply is false.

Why other options are incorrect:

s Option A: Mature cartilage cells residing within small matrix cavities called
lacunae are indeed called chondrocytes.

» Option B: The fibrillar extracellular matrix of hyaline and elastic cartilage is
predominantly composed of Type |l collagen fibers.

* OptionC: Because cartilage lacks a direct vascular supply, damaged tissue
undergoes repair very slowly and oftenincompletely.
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BIOLOGY
Question #56 m 02, Biomolecules
Bones provide a rigid framework with an inorganic matrix of:

CORE COMCEPT & DERIVATION

Bone tissue is a composite material composed of an organic protein matrix
reinforced with mineralized inorganic salts.

Formula / Rule / Reaction:

Bone Matrix == 35% Organic (Osteoid)+ == 65% Inorganic Mineral

Solution:

« Theinorganic phase accounts for approximately 65% of bone dry weight.

¢ ltconsists primarily of crystalline calcium phosphate organized as
hydroxyapatite crystals [Cay (PO )s( OH)a].

+ Thesemineral crystals give boneits characteristic hardnass, comprassive
strength, and rigidity.

Why other options are incorrect:

« Option A: 35% represents the organic component of bone matrix (osteoid),
which consists mainly of Type | collagen fibers and ground substance.

« OptionB: 45%is significantly below the physiclogical mineral content of
mature compact and trabecular bone.

+ Option C: 55% underestimates the mineral density required to resist
compressive loads.

Question #57 [[THE) BIOLOGY

1. Support & Movement
An important feature of bone remodeling is bone breakdown. Which cell carries out this
function..
CORE COMCEPT & DERIVATION

Bone remodeling is a dynamic process involving a balance between bone
resorption and new bone deposition.

Formula / Rule / Reaction:

Bone Resorption s

Solution:

« Osteoclasts are large, multinucleated giant cells derived from the monocyte-
macrophage hematopoieticlineage.

s Theyattachtothe mineralized bone surface, form a sealed ruffled border.
and secrete hydrochloric acid to dissolve hydroxyapatite along with
cathepsin K proteases to degrade collagen fibers.

« Thisenzymatic process breaks down bone during remodeling.

Why other options are incorrect:

« Option A: Chondrocytes are cartilage cells that maintain the cartilaginous
extracellular matrix.

« OptionB: Osteocytes are mature bone cells trapped within lacunae that act
as mechanosensors to coordinate remodeling signals.

* OptionD: Osteoblasts are bone-forming cells derived from osteoprogenitor
mesenchyme that synthesize and secrete new osteoid matrix.
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Question #58 [THED BIOLOGY

1. Support &Movement
Myofibrils consist of small contractile units called:
CORE CONCEPT & DERIVATION

Skeletal muscle fibers are packed with cylindrical organelles termed myofibrils,
which display arepeating banding pattern of contractile units.

Formula / Rule / Reaction:

Sarcomere = Segment between two successive Z-lines

Solution:

o Thesarcomere is the basic structural and functional repeating contractile unit
of a muscle fiber.

« |textends from ane Z-line to the next and contains organized thick (myosin)
and thin (actin) myofilaments that slide past one another during muscle
contractian.

Why other options are incorrect:

* Option A: Sarcoplasm is the cytoplasm of a muscle fiber, containing
glycogen, myoglobin, and mitachondria.

« Option B: The sarcolemma is the specialized plasma membrane enclosing
each muscle fiber.

* Option D: The sarcoplasmic reticulumis a modified smooth endoplasmic
reticulurn that stores and releases calciumions.

Question #59 __BIOLOGY

1. Support & Movement
Which muscle type is under conscious control and is multinucleated?
CORE CONCEPT & DERIVATION

Vertebrate muscle tissues are categorized into skeletal, cardiac, and smooth
muscle based on histological appearance, innervation, and nuclear arrangement.

Formula / Rule / Reaction:

Skeletal muscle: Striated, multinucleated syncytium, voluntary somatic motor
control.

Solution:

» Skeletal muscle fibers form by the fusion of embrycnic myobilasts, resulting in
long. cylindrical, multinucleated cells with peripherally located nuclei.

« They areinnervated by somatic motor neurons, placing their contraction
under conscious, voluntary control.

Why other options are incorrect:

« Option A: Smooth muscle cells are spindle-shaped, non-striated, containa
single central nucleus, and operate inveluntarily under autonomic nervous
control,

« Option C: Cardiac muscle fibers are striated, branched, possess one or two
central nuclei, and contract involuntarily under intrinsic pacemaker and
autonomic control.

« Option D: Ciliary muscle of the eye is composed of smooth muscle tissue
controlled involuntarily by the parasympathetic nervous system,
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Question #60 BIOLOGY

1. Support & Movement

Which part of the sarcomere contain both actin and myosin filament?
CORE COMCEPT & DERIVATION

The sarcomere displays alternating dark and light bands under polarized light due to
the geometric arrangement and overlap of myofilaments.

Formula / Rule / Reaction:

A-band = Full length of thick filaments (Myosin) + Regions of overlapping thin filaments (Actin)

Solution:

o The A-band (anisotropic band) corresponds to the entire length of the thick
myosin filaments.

« Inits peripheral zones of overlap. thin actin filaments interdigitate between
the thick filaments, meaning the A-band contains both actinand myosin
filaments.

Why other options are incorrect:

* OptionA: The I-band (isotropic band) contains only thin actin filaments
anchored to the Z-line, with no overlapping myosin.

+ OptionB: The Z-line is a structural protein disc (alpha-actinin) that anchors
thinactin filaments at each end of the sarcomere.

+ OptionD: The H-zone is the central, paler region of the A-band that contains
only thick myosin filaments and no overlapping actin at rest.

BIOLOGY
Question #61 11. Support & Movemant

The primary role of calcium lons in muscle contraction is to:
CORE COMCEPT & DERIVATION

Excitation-contraction coupling in skeletal muscle requires calciumions to remove
steric inhibition of actin-myosin interaction.

Formula / Rule / Reaction:

Ca®" 4 Troponin ¢ — Tropomyosin shift — Myosin binding sites exposed

Solution:

» Depolarization of the sarcolemma spreads down T-tubules, triggering the
release of Ca® from the terminal cistemae of the sarc oplasmic reticuluminto
the sarcoplasm.

« (a® binds specifically to the troponin C subunit on the thin filament.

+ Thisbinding induces a conformational change in the troponin complex,
shifting tropomyosin deeper into the actin groove and exposing the myaosin-
binding sites on actin to initiate cross-bridge cycling.

Why other options are incorrect:

+ Option A: Metabolic energy is supplied by ATP hydrolysis, not by calcium
ions.

+ Option C: Nerve impulses along motor axons are propagated by the
movement of sodium and potassium ions through voltage-gated channels.

« OptionD: ATP breakdown is catalyzed by the intrinsic ATPase activity located
on the globular head of the myosin heavy chain.
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BICLOGY
Question #62 m 1. Support & Movement
Which of the following is an example of a fibrous joint?

CORE CONCEPT & DERIVATION

Joints (articulations) are classified structurally into fibrous, cartilaginous, and
synovial joints depending on the connective tissue uniting the articulating bones
and the presence of ajoint cavity.

Formula / Rule / Reaction:

Fibrous joints (synarthroses): Bones held tightly by dense fibrous connective tissue
with no joint cavity.

Solution:

s Cranial sutures uniting the flat bones of the skull are fibrous joints.

« Adjacent bone margins interlock and are bound together by dense
connective tissue fibers (Sharpey fibers), forming immovable synarthroses
that protect the underlying brain.

Why other options are incorrect:

« Option A: The glenohumeral (shoulder) joint is a freely movable (diarthrotic)
ball-and-socket synovial joint.

« Option B: The elbow joint is a freely movable hinge synovial joint surrounded
by a capsule containing synovial fluid.

* OptionC: Intervertebral discs are cartilaginous joints {symphyses) containing
fibrocartilage pads between adjacent vertebral bodies.

3 BIOLOGY
Question #63 m 15. Inheritance / Variation & Genetics

Which of Mendel's laws can best explain why a child may inherit brown eyes even if one
parenth..

CORE CONCEPT & DERIVATION

GregorMendel's Law of Dominance states thatin a heterozygote carrying two
different alleles for a specific trait, one allele masks or suppresses the phenotypic
expression of the alternate allele.

Formula / Rule / Reaction:

Genotype: Bb = Phenotype: Brown eyes (B is dominant over b)

Solution:

* Theallele for brown eye color (B)is dominant, whereas the allele for blue eye
color(b)is recessive.

« When a child inherits the dominant allele from one parent and the recessive
allele fram the other, the resulting heterozygous genotype (Bb) expresses the
brown eye phenotype because the dominant allele masks the recessive
allele.

Why other options are incorrect:

+ OptionB: The Law of Segregation states that the two alleles for a heritable
character separate during gamete formation and end up in different
gametes; it does not explain the masking of one allele by another.

« Option C: The Law of Independent Assortment applies to the independent
inheritance of two or more gene pairs located on different chromosome
pairs.

+ OptionD: Recombination refers to the production of new allele
combinations via crossing over, not the dominance relationship between
paired alleles.
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Question #s4 [ZHEN BIOLOGY

15.Inhertance / Varation & Genetics
What is the significance of the 9:3:3:1ratio in a dihybrid cross?
CORE COMCEPT & DERIVATION

Adihybrid cross involves mating individuals that are both heterozygous for two non-
linked, independently assorting gene loci.

Formula / Rule / Reaction:

(3 Dominant : 1 Recessive) x (3 Dominant : 1 Recessive) =9:3:3:1

Solution:

o Inaclassic cross between RrYy = RrYy, the four phenotypic classes appear
ina 9:3:3:1ratio (¥ round yellow : 3 round green: 3 wrinkled yellow : 1 wrinkled
green).

+ Thisoutcome arises because the segregation of seed shape allelesis
statistically independent of the segregation of seed color alleles during
meiosis, demonstrating Mendel's Law of Independent Assortment.

Why other options are incorrect:

« Option A: Linked genes on the same chromosome do not assort
independently and deviate from the 9:3:3:1ratio, showing an excess of
parental phenotypes.

* Option C: Codominance produces distinctintermediate or dual phenotypes,
altering expected Mendelian ratios.

« OptionD: The 9:3:3:1 ratio represents normal Mendelianinheritance andis not
an indicator of genetic mutations.

Question #65 [[HEN BIOLOGY

15. Inhveritance / Wariation & Genetics

In crossing over, an exchange of maternal and paternal chromatid parts occurs while
homologous ...
CORE COMCEPT & DERIVATION

Genetic recombination via crossing over occurs during the first meiotic division,
when homologous chromosomes pair to form bivalents (tetrads).

Formula / Rule / Reaction:

Synapsis (Zygotene) — Crossing Over (Pachytene) — Chiasmata visible {Diplotene)

Solution:

« During Prophase | of meiosis, homologous chromosomes pair lengthwise in
synapsis to form bivalents.

* Inthe pachytene substage of Prophasel, non-sister chromatids break and
rejoin at chiasmata, exchanging reciprocal segments between maternal and
paternal homologs.

Why other options are incorrect:

+ Option A: During Metaphase . paired homologous chromosomes align along
the equatorial metaphase plate; genetic exchange has already concluded.

« OptionC: Anaphase llinvolves the separation and poleward migration of
sister chromatids in haploid cells.

* OptionD: Telophase | involves the reorganization of nuclear envelopes
around segregated homologous dyads.
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Question #66 [ZHE] BIOLOGY

15. Inheritance f Variation & Genetics
Linked genes DO NOT follow Mendel's Law of Independent Assortment because:
CORE CONCEPT & DERIVATION

Mendel's Law of Independent Assortment applies to genes located on separate.
nan-homologous chromosomes. Genes located on the same physical
chromosome form alinkage group.

Formula / Rule / Reaction:

Genetic linkage: Genes residing on the same chromosome tend to be transmitted
together during meiosis.

Solution:

s Linked genes are physically located along the same linear DNA molecule ona
chromosome.

s Unless separated by a crossover event, these syntenic genes segregate
togetherinto the same gamete during meiosis, causing phenotypic ratios to
deviate from independent assortment.

Why other options are incorrect:

+ Option A: Geneslocated on different non-homologous chromosomes
assort completely independently.

* Option B: Linked genes do not always undergo crossing over: the probability
of crossing over depends directly on the physical distance between the loci.

+ Option D: Although closely linked genes stay together, the fundamental
biological explanationis their shared physical presence on the same
chromosome.

Question #67 [[OAEN BIOLOGY

15, Inheritance / Variation & Genetics
A carrier fernale for an X-linked recessive disorder:

CORE CONCEPT & DERIVATION

Inhuman sex-linked inheritance, females possess two X chromosomes (XX) while
males possess one X and one Y chromosame (XY).

Formula / Rule / Reaction:

\text{Carrier Mother: 1A X a\implies \text{Gives either } X" A\text{ or } X a \text{
to offspring with equal 50% probability}

Solution:

» Acarrier fernale has the heterozygous genotype X+ X*# carrying one normal
dominant allele and one mutant recessive allele.

« Shehasa50% probability of passing the affected X° chromosome to any
son.

+ Becausea soninherits a'¥ chromosome fromhis fatherand has no second X
1o counteract the mutant allele, receiving the X chromosome causes himto
express the recessive disorder.

Why other options are incorrect:

+ Option A: Because the wild-type dominant allele on her second X
chromosome provides functional product, she is typically asymptomatic.

« Option B: She has a 50% chance in each pregnancy of transmitting the
mutant X chromosome to her offspring.

« Option D: She passes her X chromosomes to both sons and daughters with
equal probability.
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Question #68 BIOLOGY

15.Inhertance / Varation & Genetics

Which of the following is an X-linked recessive disorder in humans?
CORE CONCEPT & DERIVATION

X-linked recessive disorders are caused by mutations in genes located on the X
chromosome and affect males much more frequently than females.

Formula / Rule / Reaction:
Factualrecall / Qualitative concept.

Solution:

« Hemophilia A(factor Vill deficiency) and Hemophilia B (factor X deficiency)
are caused by recessive mutations located near the telomere of the long arm
of the X chromosome (Xg28).

« Because maleshave only one X chromosome (hemizygous), inheriting a single
defective allele causes the clinical bleeding disorder.

Why other options are incorrect:

+ Option A: Cystic fibrosisis an autosomal recessive disorder caused by
mutations in the CFTR gene located on chromosome 7.

* OptionB: Thalassemia is an autosomal recessive hemoglobinopathy
involving defects onchromosome 16 (alpha-thalassemia) or chromaosome 11
(beta-thalassemia).

* OptionD: Sickle cell anemia is an autosomal recessive hemoglobin disorder
caused by a point mutation in the beta-globin gene on chromosome 11.

Question #69 BIOLOGY

15.Inherttance / Var aticn & Genetics
Which of the following CORRECTLY describes the expected outcome of children from a
carrier moth.,

CORE CONCEPT & DERIVATION

Inheritance of an X-linked recessive gene can be predicted by constructing a
Punnett square for the cross between a heterozygous mother and a hemizygous
normal father.

Formula / Rule / Reaction:

Croes XX XAy o WEYHE pHyh y iy XMV

Solution:

+ Male offspring receive the ¥ chromosome from the father and either X or
X" fromthe mother: 50% are normal (X 7Y and 50% have hemophilia (X"Y).

« Female offspring receive X7 from the father and either X% or X" from the
mother: 50% are homozygous normal (X X ™) and 50% are heterozygous
asymptomatic camiers (X7 XH).

Why other options are incorrect:

+ Option A: Only 50% of sons inherit the affected maternal X" chromosome;
the remaining 50% inherit the narmal X chromosome.

« OptionB: Only 50% of daughters inherit the maternal X* chromosome to
become carriers; the other 50% are homozygous normal.

+ OptionD:Ignores the 50% risk of hemaophilia among male children and the
50% carrier risk among female children.
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Question #70 BIOLOGY

0%. Respiration f Gaseous Exchange

The heart is surrounded by a tough, inelastic double membranous covering called:
CORE CONCEPT & DERIVATION

The heartis enclosed within the middle mediastinum by a fibroserous sac that
protects the organ, anchors it in the thorax, and prevents acute overfilling.

Formula / Rule / Reaction:
Factualrecall/ Qualitative concept.

Solution:

« The pericardium consists of an outer tough fibrous pericardium and aninner
serous pericardium (comprising parietal and visceral layers).

« Between the two serous layers is the pericardial cavity, which contains serous
fluid to minimize frictional wear during cardiac contractions.

Why other options are incorrect:

« Option A: The pleura is the double-layered serous membrane surrounding
each lung within the thoracic cavity.

« Option B: The peritoneumis the extensive serous membrane lining the
abdominopelvic cavity and covering abdominal viscera.

» Option D: The meninges (dura mater, arachnoid mater, pia mater) are
protective connective tissue coverings enclosing the brain and spinal cord.

Question #71 BIOLOGY

0%, Respiration f Gaseous Exchange
The primary effect of smoking on the respiratory system:
CORE CONCEPT & DERIVATION

Inhaled cigarette smoke contains oxidants, particulate toxing, and carcinogens that
disrupt the cellular and structural integrity of the lung parenchyma.

Formula / Rule / Reaction:

Protease-antiprotease imbalance: Elastase 1+ a,-antitrypsininactivation —
Alveolar septal destruction (Emphysema).

Solution:

« Cigarette smoke stimulates alveolar macrophages and neutrophils to release
elastase while simultaneously oxidizing and inactivating protective alpha-1
antitrypsin.

+ Unregulated proteolysis destroys the delicate interalveolar septa,
permanently reducing the total alveolar surface area available for gas
exchange {pulmonary emphysema).

Why other options are incorrect:

+ Option A: Nicotine causes peripheral vasoconstriction, elevates systemic
blood pressure, and paralyzes ciliary clearance without improving pulmonary
mechanics.

s Option B: Cigarette smoke contains potent polycyclic aromatic
hydrocarbons and nitrosamines that markedly increase the risk of
bronchegenic carcinoma.

« Option D: Carbonmonoxide in tobacco smoke binds hemoglobin with high
affinity to form carboxyhemaoglobin, reducing oxygen-carrying capacity.
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Question #72 BIOLOGY

0% Respiration ! Gaseous Exchanga
What happens when the external intercostal muscles contract during inhalation in
humans?
CORE CONCEPT & DERIVATION

Pulmonary ventilation operates by Boyle's law. Inhalation requires increasing the
volume of the thoracic cavity to generate sub-atmospheric intrapleural pressure.

Formula / Rule / Reaction:

Thoracic Volume + == Intrapulmonary Pressure | (P V] = P:V5) = Air rushes into lungs

Solution:

« Contraction of the external intercostal muscles elevates the ribs and rotates
them outward (bucket-handle movement), while pushing the sternum
forward (pump-handle movement).

& Thisexpansionincreases the anterior-posterior and lateral dimensions of the
thoracic cage.

Why other options are incorrect:

+ Option A: Theribcage compresses during forced exhalation through the
contraction of internal intercostal and abdominal muscles.

« Option C: The sternum moves anteriorly and superiorly (outward and upward)
during inhalation. not inward.

+ OptionD: The muscular diaphragm contracts and flattens downward during
active inhalation; relaxation occurs during passive exhalation.

Question #73 [THCN . BIOLOGY

09 Respiration/ Gaseous Exchanga
During gaseous exchange in human respiration, enzyme carbonic anhydrase is directly
involved in..

CORE CONCEPT & DERIVATION
Carbon dioxide is transported from tissues to the lungs primarily (roughly 70%) as
dissolved bicarbonate ions (HCO, ) in the blood plasma.

Formula / Rule / Reaction:

\ext{CO}_2 + \text{H}_2\text{O} \rightleftharpoons) \text{H}_2\text{CO}_3
\rightleftharpoons \text{H}"+ + \text{HCO}_3"-

Solution:

* Erythrocytes contain high concentrations of the zinc metalloenzyme
carbonic anhydrase.

« Thisenzyme accelerates the reversible hydration of carbon dioxide with water
to produce carbonic acid (H,CO,) by several orders of magnitude.

« Carbonic acid then rapidly dissociates into protons and bicarbonate ions.

Why other options are incorrect:

+ Option A: The release of oxygen from oxyhemoglobin is governed by the
Bohr effect, temperature, 2,3-BP G, and partial pressure of oxygen, not direct
enzymatic cleavage by carbonic anhydrase.

+ Option C: Oxyhemoglobin dissociation is a non-enzymatic allosteric process
driven by oxygen concentration gradients.

+« OptionD: Oxygen binding to muscle myoglobin depends on local pO, and
the protein's hyperbolic binding affinity, independent of carbonic anhydrase.
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Question #74 BIOLOGY

0%. Respiration f Gaseous Exchange

Which of the following best describes Inspiratory Reserve Volume (IRV)?
CORE CONCEPT & DERIVATION

Spirometric lung volumes measure dynamic and static capacities of the human
respiratory system during ventilation.

Formula / Rule / Reaction:

Inspiratory Capacity (IC) = Tidal Volume (TV) + Inspiratory Reserve Volume (IRV)

Solution:

« Inspiratory Reserve Volume (IRV) is the maximal additional volume of gas that
can be forcibly inhaled above the resting tidal volume.

o Inhealthy adult males, normal IRV is approximately 3000 mL (and roughly
2000 mLinadult females).

Why other options are incorrect:

« Option A: The volume of airinspired or expired during quiet, restful breathing
is the Tidal Volume (TV, roughly 500 mL).

* Option C: The volume of airremaining in the lungs at the end of a normal tidal
exhalation is the Functional Residual Capacity (FRC).

s Option D: The maximum additional volume of air that can be farcibly exhaled
after a normal tidal exhalation is the Expiratory Reserve Volume (ERV, roughly
1100 mL).

BIOLOGY
Question #75 m D8, Immunity
Identify the primary component of the T cell's defense.

CORE CONCEPT & DERIVATION

The immune system is divided into innate (non-specific) and adaptive (specific)
immunity. T-lymphocytes form the core of cell-mediated adaptive immunity.

Formula / Rule / Reaction:

Adaptive immunity features: High antigen specificity, clonal selection, and
immunological memory.

Solution:

« T-cells express unique clonotypic T-cell receptors (TCRs) generated by
somatic V(D)) gene rearrangement.

+ Theyrecognize specific foreign peptide antigens presented onmajor
histocompatibility complex (MHC) molecules.

+ Following activation, a subset of antigen-primed T-cells differentiates into
long-lived memary T-cells that confer protective, rapid immunity upon re-
exposure.

Why other options are incorrect:

» OptionA: The complement cascade and type linterferons are soluble
protein components of the non-specific innate immune system.

+ Option B: The keratinized epidermis of intact skin provides a non-specific
physical barrier belonging to the firstline of defense.

+ Option D: Acute inflammation mediated by mast cells, histamine, and
neutrophilsis alocalized innate immune response.
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Question #76 BIOLOGY

OB. Immunity

The primary role of helper T-cells inimmune response is:
CORE COMCEPT & DERIVATION

Helper T-lymphocytes (CD4+ T-cells) act as central coordinators of both humoral
and cell-mediated adaptive immunity.

Formula / Rule / Reaction:

Antigen Presentation

CD4™ T-Cell -

Solution:

« HelperT-cells recognize exogenous peptide antigens presented by MHC
Class |l molecules on antigen-presenting cells (dendritic cells, macrophages,
B-cells).

« Uponactivation, they secrete specific cytokines (such as interleuking) that
drive B-cell proliferation and antibody class switching, while also stimulating
the clonal expansion of cytotoxic T-cells and activating macrophages.

Why other options are incorrect:

« OptionA: Secreting pore-forming perforins and granzymes to lyse abnormal
target cells is the function of cytotoxic CDB+ T-cells and Natural Killer (MK)
cells.

« Option C: Downregulating and suppressing excessive immune responsesis
the specialized role of regulatory T-cells (Tregs, CD4+CD25+FoxP3+).

+ OptionD: Engulfing and digesting pathogens is carried out by professional
phagocytic cells such as macrophages and neutrophils.

Question #77 BIOLOGY

07. Circulation / Transport

What is the primary function of lymphatic vessels?

CORE CONCEPT & DERIVATION

Microvascular filtration generates a net fluid movement out of arterial capillaries into
the interstitial space according to Starling forces.

Formula / Rule / Reaction:

Net Capillary Filtration | = 20 L/day} — Venular Reabsorption { = 17 L/day) = Lymph Flow { = 3 L/day
Fi

Solution:

* Roughly 2 to 4liters of fiuid filtered from blood capillaries each day remainsin
the interstitial space.

+ Blind-ended lymphatic capillaries absorb this excess interstitial fluid, along
with extravasated plasma proteins and cellular debris, returning it as lymph to
the venous circulation via the thoracic ductand right lymphatic duct.

+ Thiscontinuous drainage prevents tissue edema and maintains circulating
plasmavolume.

Why other options are incorrect:

+ Option A: Oxygenated blood is transported under high pressure by systemic
arteries and arterioles,

« Option C: Antibodies are synthesized and secreted by differentiated plasma
B-cells within lympheid tissues, not by the vessel conduits themselves.

* OptionD: Metabolic wastes are cleared by renal, hepatic, and respiratory
excretion; lymphatic channels serve as transit routes, not storage resemnvoirs.
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BICLOGY
Question #78 m 107. Circulation/ Transport

Which phase of the cardiac cycle is characterized by the opening of semilunar valves?
CORE CONCEPT & DERIVATION

Cardiac valves open and close passively inresponse to pressure gradients across
the valve orifices during distinct phases of the cardiac cycle.

Formula / Rule / Reaction:

Pyenricte > Phocta Pulmonary Trunk ——* Semilunar Valves Open

Solution:

» During ventricular systole, myocardial contraction rapidly raises pressure
within the closed ventricles (isovolumetric contraction).

* Onceleftand right ventricular pressures exceed the diastolic pressuresin the
aorta (80 mm Hg) and pulmanary artery (10 mm Hg), the aortic and pulmonary
semilunarvalves are pushed open.

s Blood is thenrapidly ejected into the arterial trunks.

Why other options are incorrect:

* Option A: Atrial systole delivers an active atrial booster volume into the
relaxed ventricles through open atrioventricular valves while semilunar valves
remain closed.

+ OptionB: During atrial diastole, atria relax and refill with blood while
ventricular dynamics proceed independently.

+ Option D: During ventricular diastole, ventricular pressure falls below arterial
pressure, causing backflow that snaps the semilunar valves shut.

BIOLOGY

107. Circulation / Transport

Question #79 |0
Which part of the heart's conducting system delays the impulse from atria to the
ventricles?

CORE CONCEPT & DERIVATION
The specialized electrical conduction system of the heart coordinates the
sequential contraction of cardiac chambers to maximize stroke volume.

)
ormula / Rule / Reaction:

AV Nodal Delay = 0.09 to 0.12 seconds

Solution:

+ Action potentials initiated by the sinoatrial (SA) node travel across the atria
and converge on the atrioventricular (AV) node.

« The AV node features small-diameter nodal fibers with fewer gap junctions,
which slows conductionvelocity to roughly 0.05 m/s.

« This anatomical delay (approximately 0.1 seconds) ensures the atria complete
their mechanical contraction and empty their blood into the ventricles before
ventricular systole begins.

Why other options are incorrect:

* Option A: The SAnode is the primary physiological pacemaker thatinitiates
electricalimpulses at the highest intrinsic firing frequency.

« Option C: Purkinje fibers are specialized for very rapid impulse propagation
{roughly 2 to 4 m/s) to ensure synchronous depolarnization of the ventricular
rmyacardium.

« Option D: The atrioventricular valves are mechanical ibrous tissue flaps, not
electrical conduction structures.
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Question #80 BIOLOGY

O7. Circulation / Transport
The heartbeat sound "LUB" is produced on closure of:
CORE CONCEPT & DERIVATION

Heart sounds heard during auscultation are caused by blood turbulence and
vibrations of cardiac walls associated with the sudden closure of heart valves.

Formula / Rule / Reaction:

First Heart Sound (51, 'LUB') = Closure of Mitral and Tricuspid (AV) Valves

Solution:

o At the onset of ventricular systole, ventricular pressure rises sharply above
atrial pressure.

» Thispressure differential forces the tricuspid and bicuspid (mitral)
atrioventricular valves shut.

* The sudden closure and tensing of the valve cusps and chordae tendineae
produces the low-pitched, longer-duration first heart sound (S1or 'LUB").

Why other options are incorrect:

« OptionA: Closure of the aortic valve contributes to the higher-pitched,
sharper second heart sound (S2 or 'DUB’) at the onset of ventricular diastole.

+ Option C: Closure of the pulmonary valve contributes to the second heart
sound (52), specifically its pulmonary component (P2).

s OptionD: Semilunarvalves (aortic and pulmonary) together generate the
second heart sound ('DUB’), not the first heart sound.

Question #81 [[ZHCH BIOLOGY

05, AcelllarLife
Which disease is caused by syncytial virus?
CORE COMCEPT & DERIVATION
Syneytia are multinucleated cytoplasmic masses formed by the fusion of adjacent

single uninucleated cells. Several enveloped animal viruses induce syncytium
formation during pathogenesis.

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

Solution:

« Humanrespiratory syncytial virus (RSV) expresses surface fusion (F)
glycoproteins that promote the fusion of neighboring infected respiratory
epithelial cells into giant multinucleated syncytia,

« |tisaleading cause of acute lower respiratory infections (bronchiolitis and
viral pneumonia) ininfants.

Why other options are incorrect:

+ Option A: Cotton leaf curl disease is caused by circular single-stranded DNA
begomoviruses {Geminiviridae) transmitted by whiteflies.

« OptionB: Polio is caused by poliovirus, an enterovirus of the Picornaviridae
family with a naked icosahedral capsid.

+ Option C: Hepatitis Ais caused by hepatitis A virus (HAV), a naked, single-
stranded positive-sense RMNA picornavirus.,
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Question #82 CHEMISTRY

03, Chamical Bonding
In a molecule of phenol, the carbon atom which s attached to OH group is:
CORE CONCEPT & DERIVATION

Aromatic rings consist of conjugated carlon frameworks where each ring carbon
forms three coplanar sigma bonds and contributes one p-orbital to a delocalized pi
cloud.

Formula / Rule / Reaction:

Steric Number = 3 o-bonds + 0 lone pairs = 3 — sp” Hybridization

Solution:

* The carbonatom bonded to the hydroxyl group (C1 of phenol) forms three
coplanar o-bonds: two with adjacent ring carbons and one with the oxygen
atorn of the ~-OHgroup.

o Itreserves anunhybridized 2p. orbital perpendicular to the plane to
participate in the delocalized =-electron system of the benzene ring.

s Therefore, this carbon atom is sp® hybridized.

Why other options are incorrect:

« Option A: sp hybridization produces alinear molecular geometry (180~
degree bond angles) with two o-bonds and two x-bonds, as in alkynes.

» Option C: sp® hybridization produces a tetrahedral geometry (109.5-degree
bond angles) with four o-bonds, as seenin aliphatic alcohols like
cyclohexanol or ethanol.

+ Option D: Carbon atomns forming stable covalent bonds in aromatic ring
systems undergo hybridization rather than remaining unhybridized.

Question #83 CHEMISTRY

04 Gases
The value of Rip atm-.dm3mol-K1is:
CORE CONCEPT & DERIVATION
The universal gas constant (R)is the proportionality constant in the ideal gas

equation, and its numerical value depends on the units used for pressure and
volume.

Forrmula / Rule / Reaction:

r 1
p=2V _ (am)(2241ddm) _, 007+ 0,089 atm - dm® - mol™ - K-
nl (1 mol){273.15 K)

Solution:

* Atstandard temperature and pressure (STP), 1 mole of anideal gas occupies
22.414dm3atlatmand 273.15K.

« Substituting these valuesinto the ideal gas equation yields B = 0.0821 atm
dm® -mol™ K

Why other options are incorrect:

s OptionB: 0.821is anincorrect value shifted by afactorof tenduetoa
decimal error.

+ OptionC: 62.4 (or 62,364) corresponds to the value of R when pressure is
expressed in millimeters of mercury (mmHg - dm® - mol ' - K ")

+ OptionD: 8.314is the Sl value of R expressedinunits of J - mol~ . K- {(orN .
m-mol™ K~ andkPa - dm® » mol ™ - K™%,
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Question #84 [THEN CHEMISTRY

03. Chemical Bonding

Which one of the followi
CORE COMCEPT & DERIVATION

Molecular geometryis determined by Valence Shell Electron Pair Repulsion (VSEPR)
theory, which minimizes electrostatic repulsion among bonding pairs and non-
bonding lone pairs.

s a planarmolecule?

Formula / Rule / Reaction:

BF; : Steric Number = 3 #-bonds + 0 lone pairs = 3 — Trigonal Planar (1207)

Solution:

* |nbaoron trifiuoride (BF;), the central boron atom forms three single covalent
bonds with fluorine atoms and has no unshared lone pairs.

* Repulsionis minimized when the three B-F bonds lie in the same geometric
plane at 120-degree angles, producing a completely planar trigonal
structure.

Why other options are incorrect:

« Option A: Ammonia (NH,) has three bond pairs and one lone pair on nitrogen
(steric number 4), producing a three-dimensional trigonal pyramidal
geometry.

« OptionB: Water (H,0) has two bond pairs and two lone pairs on oxygen,
producing a bent orV-shaped geometry.

+ OptionD: Methane (CH,) has four equivalent bonding pairs (steric number 4),
forming a three-dimensional tetrahedral geometry.

. CHEMISTRY
Question #85 m 08, Reaction Kinatics
The rate of a chemical reaction changes with:

CORE CONCEPT & DERIVATION
According to collision theory and the law of mass action, the instantaneousrate of a

chemical reaction depends directly on the frequency of effective collisions among
reacting particles.

Formula / Rule / Reaction:

Rate = k[A]"[B]"

Solution:

* Increasing the concentration of reactant molecules increases the number of
particles per unit volume.

» Thishigher particle density increases the collision frequency between
reactant molecules with energy exceeding the activation energy,
accelerating the reaction rata.

Why other options are incorrect:

« OptionB: Inanirreversible forward reaction, product molecules do not
participate inrate-determining collisions that drive the forward rate.

+ Option C: Forward reaction velocity is determined by reactant
concentrations rather than product accumulation.

+ OptionD: The specific rate constant (k) is an intrinsic proportionality constant
that remains fixed at a given temperature and does not vary with changing
concentrations.
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CHEMISTRY
Question #8¢6 [THL] s

. Atomic Structure

According to Plan
hw,

CORE CONCEPT & DERIVATION

Flanck's quantum theary states that radiant energy is emitted orabsorbedin
discrete packets called quanta, whose energy is directly proportional to radiation
frequency.

<'s quantum theory. If the frequency of photon is doubled, the value of

Formula / Rule / Reaction:

E=hf whereh=6.626x10 " J-5

Solution:

« Planck's constant (h) is a fundamental universal constant of nature.

* When the frequency (f) of a photon is doubled, the energy carried by the
photon (E) doubles proportionally, while the numerical value of hremains
unchanged.

Why other options are incorrect:

s Option A: Fundamental physical constants (such ash, ¢, and G) do not vary
with wave frequency or energy.

« Option B: Tripling would viclate the invariant definition of a physical constant.

« Option C: Quadrupling incorrectly assumes that Planck's constant is a
variable dependent on frequency.

Question #87 [[THTT) CHEMISTRY

08 Reaction Kinetics
The specific rate constant (k) of a reaction is related to the concentration of reactants:
CORE CONCEPT & DERIVATION

The specific rate constant (k) is a proportionality constant in the experimental
differentialrate law of a chemical reaction.

Formula / Rule / Reaction:

Solution:

« Thevalue of therate constant (k) depends on temperature, the activation
energy of the reaction, and the presence of a catalyst, as described by the
Arrhenius equation.

s [tisentirelyindependent of the starting concentrations of the reacting
species.

» Pastpaperboardnote: Sorme unverified answer keys marked ‘exponentially’
by confusing the reaction rate dependence onreactant concentration with
therate constantitself; however, chemical kinetics dictates that kis
independent of concentration.

Why other options are incorrect:

s Option A: While the overall reaction rate may increase directly with reactant
concentration, the constant k remains unchanged.

« Option B: The rate constant does not vary inversely with concentration.

« Option C: ‘Exponentially’ describes how temperature affects k through the
Arrhenius equation, but k does not depend on reactant concentration.
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Question #88 [ZHE] CHEMISTRY

04. Gases

Which of the following is NOT a postulate of kinetic molecular theory of gases?
CORE CONCEPT & DERIVATION

The Kinetic Molecular Theory (KMT) provides a microscopic model explaining the
macroscopic properties and pressure-volume behaviors of ideal gases.

Formula / Rule / Reaction:

Solution:

« Acore postulate of KMT states that gas pressure results directly from the
continuous momentum-transferring collisions of gas molecules against the
interior walls of their container.

« Therefore, stating that gas molecules donot exert pressure when colliding
with container walls contradicts the theory, making it the incorrect statement.

Why other options are incorrect:

+ Option A: KMT explicitly postulates that collisions between gas molecules
and with container walls are perfectly elastic, meaning total translational
kinetic energy is conserved.

« OptionB: KMT postulates that gas molecules are in constant. chaotic,
straight-line random motion.

+ OptionD: KMT postulates that individual gas molecules are separated by
distances much greater than their molecular diameters, meaning the actual
volume of the molecules is negligible.
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Question #89 [THEN i B TR

xmic Structure

Spectral series for hydrogen spectrum are:
CORE CONCEPT & DERIVATION

The atomic emission spectrum of hydrogen consists of discrete sets of spectral
lines produced by electron de-excitations to specific lower principal quantum
levels(nl).

Formula / Rule / Reaction:

Solution:

« The five standard, well-characterized spectral series recognized in
intermediate chemistry curricula are:

« 1.Lyman series (m1 = 1, ultraviolet region)

+ 2 Balmerseries(n1 = 2. visible region)

+ 3 Paschenseries (n: = 3, infrared region)

s 4, Brackettseries(n = 4.infrared region)

s 5 Pfund series (n; = 5. far-infrared region)

* Pastpaperboard note: Some provincial question banks keyed '3’ based on
older textbook summaries that emphasized only the primary UV, visible, and
infrared categories; however, five series are recognized across textbook
curricula.

Why other options are incorrect:

« Option A: 2 accounts only for the Lyman and Balmer series.
« OptionB: 3 counts only the Lyman, Balmer, and Paschen series, omitting the
higherinfrared Brackett and Pfund series.

* OptionD: 7includes rare, highly excited laboratory series (such as
Humphreys and Hansen-Strong) beyond standard syllabus elassification.
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Question #90 CHEMISTRY

03. Chemical Bonding

The most electronegative element in periodic table is:
CORE COMCEPT & DERIVATION

Electronegativity is the relative tendency of an atom in a covalent bond to attract
shared electron density toward itself.

Formula / Rule / Reaction:
Pauling scale values: F(3.98) = O(3.44)> N (3.04) = CI{3.18).

Solution:

* Fluorine (Fyhas an atomic number of 9 and an electron configuration of
1:522332]95.

« Because of its small atemic radius and high effective nuclear charge, fluorine
exerts the strongest electrostatic pull onbonding electron pairs.

« Itis assigned the maximurm value of 4.0 on the Pauling electronegativity
scale,

Why other options are incorrect:

« OptionB: Chlorine has alarger atomic radius than fluorine due to an
additional electron shell, which shields the nucleus and lowers its
electronegativity to roughly 3.16.

« Option C: Nitrogen has an electronegativity of roughly 3.04, which is lower
than both fluorine and oxygen.

* OptionD: Oxygenis the second most electronegative element (3.44), butit
remains less electronegative than fluorine.

Question #91 CHEMISTRY

19. Macromalecules f Biochemistry
An experiment shows that heating a protein disrupts its alpha-helix structure. Which level
ofp..
CORE COMCEPT & DERIVATION
Protein architecture is organized into four hierarchical levels. The secondary

structure refers to localized, repetitive spatial arangements of the polypeptide
backbone stabilized by hydrogen bonds.

Formula / Rule / Reaction:

Alpha-helix stabilization: Hydrogen bonds between C=0y,; and N-Hy, .4

Solution:

o The alpha-helix and beta-pleated shest represent the two principal forms of
protein secondary structure.

« Heatingincreases molecular kinetic energy, which physically breaks the
relatively weak hydrogen bonds holding the helical coils together.

« Conseqguently, the ordered secondary structure unfoldsinto a disordered
random coil conformation.

Why other options are incorrect:

« Option A: Primary structure consists of covalent peptide bonds linking the
linear amino acid sequence, which are thermally stable and require strong
acid. base, orspecific proteases for cleavage.

« OptionC: Tertiary structure involves overall three-dimensional folding
stabilized by disulfide bridges, hydrophobic interactions, and ionic salt
bridges: while affected during complete denaturation, the alpha-helixitself is
the defining motif of secondary structure.

« OptionD: Quatemary structure describes the spatial assembly of multiple
independent polypeptide subunits inmultimeric proteins.
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Question #92 [[ZHE) _ GHEMISTRY

03, Chamical Bonding
Which of the following hydrogen halides has the highest bond energy?

CORE CONCEPT & DERIVATION

Bond dissociation energy in hydrogen halides depends inversely on bond length
and directly on the electronegativity difference and orbital overlap between the
bonded atoms.

Formula / Rule / Reaction:

Bond Energy: HF (565 kJ/mol) > HCI (431 kJ/mol) > HBr (366 kJ/mol) > HI (298 k] /mol]

Solution:

e Fluorine is the smallest and most electronegative halogen, resulting in the
shortest covalent bond length (92 pm) and strongest orbital overlap with
hydrogen's 1s orbital.

« The substantial electronegativity difference gives the H-F bond strong ionic

character, yielding the highest bend dissociation energy among all hydrogen
halides (565 kl/maol).

Why other options are incorrect:

+ Option A: HCl has a longer bond length (127 pm) and lower bond energy (431
kl/mol) than HF,

» Option B: Hl contains the largest halogen atom, yielding the longest, weakest
bond (298 kl/mol).

« Option D: HBr has anintermediate bond energy (366 kl/mol), significantly
lower than HF.

Question #93 CHEMISTRY

07, Equilibrium

In which case does a chemical reaction proceed nearly to completion?

CORE CONCEPT & DERIVATION

The equilibriurn constant {Kc) quantifies the ratio of equilibrium product
concentrations to reactant concentrations, eachraised to the power of their
stoichiometric coefficients.

Forrmula / Rule / Reaction:

(Productsleficents
“ " |[Reactants|reeficients

Solution:

o Avwverylarge numerical value of K, (typically K, > 107)indicates that the
numerator (products)is vastly greater than the denominator (reactants) at
equilibrium.

« This demonstrates that almost all initial reactants have been converted into
products, meaning the reaction proceeds virtually to completion.

Why other options are incorrect:

« OptionB: Avery small positive K_ (K, < 10-%)indicates that reactants
dominate at equilibrium, meaning the forward reaction barely occurs.

+ OptionC: When K, = 1, comparable concentrations of bothreactants and
products exist at equilibrium.

* Option D: Equilibrium constants represent ratios of concentrations and
absolute rate constants; they cannot be negative.
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CHEMISTRY
Question #94 14. Hydrocarbons

The addition of water to propene in the presence of sulfuric acid produces:
CORE COMCEPT & DERIVATION

Electrophilic addition of unsymmetrical polar reagents to unsymmetrical alkenes
follows Markovnikov's rule, proceeding via the more stable carbocation
intermediate.

Formula / Rule / Reaction:

CH; — CH = CH, + H;0 =%, CH, — CH{0H) — CH,

Solution:

+ Electrophilic attack of a proton {H") across the propene double bond forms a
secondary carbocation (CHs — CH™ — CHa), which is more stable than the
alternative primary carbocation.

* Nucleophilic attack of water on the secondary carbocation followed by
deprotonation yields propan-2 -ol (isopropyl alcohol) as the major product.

Why other options are incorrect:

« Option A: Propan-1-ol (propanol)is an anti-Markownikov product and forms
only via hydroboration-oxidation, not acid-catalyzed hydration.

+ Option C: Butancl contains four carbon atoms, whereas propene is a three-
carbon substrate.

« OptionD: Ethanol contains two carbon atoms. which cannot be formed
without carbon-carbon bond cleavage.

F CHEMISTRY
Question #95 i-1.|—v:r0cslrb-:r:

Consider the chiorination of methane to methyl chloride. The attack of the chiorine free
radica..

CORE COMCEPT & DERIVATION

Free-radical halogenation of alkanesis a photochemical chain reaction comprising
three distinct mechanistic stages: initiation, propagation, and termination.

Formula / Rule / Reaction:

Propagation Step 1: C1° + CH, — CH} + HCI
Propagation Step 2: CH} + Cla — CHiCl + C1°

Solution:

* |Initiation involves the homaolytic fission of molecular chiorine by ultraviclet
light into two chlorine radicals (Cl, ﬂ) 2C1*).

« Inthe first propagation step, areactive chlorine radical attacks a methane
molecule, abstracting a hydrogen atom to form hydrogen chloride and a
methyl free radical (CH3).

+ Because this step consumes and regenerates free radicals to sustain the
chain process, itis classified as propagation.

Why other options are incorrect:

+ OptionA: Before initiation, only non-reactive ground-state molecular
reactants exist.

» Option B: Initiation involves homalysis of halogen-halogen bonds to
generate the initial radicals; methane does not react in this step.

+ OptionD: Termination involves the coupling of two free radicals to form
stable covalent bonds, quenching the chain reaction.
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CHEMISTRY
QI.IEB“QH #96 m 19. Macromolecules / Biochemistry

hydrolyzes the...
CORE CONCEPT & DERIVATION

Proteolytic digestive enzymes are categorized as endopeptidases (which cleave
internal peptide bonds) or exopeptidases (which cleave terminal peptide bonds).

Forrmula / Rule / Reaction:

Polypeptide — C(= O) — NH — CH(R) — COO™ + HpQ - emipeptide

Solution:

« Carboxypeptidases (A and B) are zinc metallo-exopeptidases synthesized by
pancreatic acinar cells and secreted as procarboxypeptidases into the
duodenum.

o Theyremove amino acid residues sequentially from the free carboxyl (C-
terminal) end of peptides.

Why other options are incorrect:

+ Option A: Elastaseis an endopeptidase that cleavesinternal peptide bonds
adjacent to small aliphatic amino acids like alanine and glycine.

. Optlnn B: Pepsinis a gastric endopeptidase secreted by stomach chief cells
that hydrolyzes internal peptide bonds adjacent to aromatic residues.

+ OptionD: Collagenase is a specialized matrix metalloproteinase that
degrades helical collagen fibers.

CHEMISTRY
Question #97 [LCA1) 05. Liquids
The intermolecular force of attraction resulting from temporary instantaneous dipoles is:
CORE CONCEPT & DERIVATION

Wan der Waals forces describe non-covalent attractive interactions between
neutral molecules. Dispersion forces occuruniversally across all chemical species.

Formula / Rule / Reaction:

Mechanism: Symmetrical electron distribution — Momentary electron fiuctuation —
Instantaneous dipole — Induced dipole in neighbor.

Solution:

+ Londondispersion forces arise from the continuous, random maotion of
electrons within atomic and molecular orbitals.

« Temporary asymmetric electron distributions create aninstantaneous dipole,
which polarizes electron clouds of neighboring atoms to induce
complementary dipoles.

» Theresulting short-range electrostatic attractionis termed a dispersion
force.

Why other options are incorrect:

* Option A: Dipole-dipole interactions occur between molecules possessing
permanent molecular dipoles, such as HCl or sulfur dioxide.

+ OptionC: Debye forcesrepresent inductioninteractions where a permanent
dipole induces a temporary dipole in an adjacent nonpolar molecule.

« OptionD: lon-dipole forces operate between formal ionic charges and polar
solvent molecules. such as hydrated sodiumions in water.
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Question #98 [N CHEMISTRY

14. Hydrocarbons

A student adds bromine water to ethene and observes decolourisation. What makes

ethene morerea...
CORE COMCEPT & DERIVATION

Alkenes are unsaturated hydrocarbons containing a carbon-carbon double bond
consisting of one strong sigma bond and one weaker pi bond.

Formula / Rule / Reaction:

CH, = CH; + Br; (red-brown) — CH,Br — CH.Br (colorless)

Solution:

¢ Thepi(r)bond in ethene is formed by the lateral overlap of unhybridized 2p
atomic orbitals.

« Becausethe r-electron cloudlies exposed above and below the internuclear
plane, its electrons are loosely held and serve as an accessible nucleophilic
source.

« Electrophileslike molecular bromine readily polarize and attack this exposed
electron density, causing rapid addition and decolourisation at room
temperature.

Why other options are incorrect:

« Option A: Ethene (28 g/mol) has a lower molecular mass than ethane (30
a/mol); molecular weight does not drive electrophilic addition.

+ OptionC: Ethane contains 7 sigma bonds, whereas ethene contains 5 sigma
bonds and 1 pibond.

« OptionD: Ethene undergoes electrophilic additionreactions, not free-
radical substitution, under ambient conditions.

CHEMISTRY
Question #99 [[HED

14. Hydrocarbons
Vhat best describes the overall reaction in electrophilic aromatic substitution in
benzene?

CORE CONCEPT & DERIVATION
Benzene possesses a delocalized aromatic sextet of six pielectrons withan
extraordinary resonance stabilization energy of roughly 150 kJ/mol (36 keal/mol).

Formula / Rule / Reaction:

|[Catalyst]
e

CeHs + E7 CeH:E + H

Solution:

* Anincoming electrophile (E7) attacks the electron-rich aromatic ring,
forming a resonance-stabilized arenium ionintermediate (Wheland complex /
sigma complex).

« Inthesecondstep, a base abstracts the ring proton (H') from the sp3-
hybridized carbon.

* Lossof the protonrestores the fully conjugated, highly stable aromatic
sextet, yielding an overall substitution of H™ by the electrophile.

Why other options are incorrect:

+ Option A: Addition across double bonds disrupts the aromatic conjugation,
leading to permanent loss of resonance stabilization.

+ OptionB: Benzene lacks halogen substituents inits parent form and resists
direct nucleophilic substitution due to electron repulsion from the pi cloud.

+ OptionD: Parent benzene contains only hydrogen atoms bonded to ring
carbons, not methyl groups.
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Question #100 [ZHE) CHEMISTRY

04, Gases
Real gases DO NOT reach absolute zero in practice because:
CORE CONCEPT & DERIVATION

According to the Kinetic Molecular Theory of gases, ideal behavior assumes point-
mass particles withzero intermolecular attractions. Real gases deviate significantly
under low-temperature and high-pressure regimes.

Formula / Rule / Reaction:

3
AtlowT: Ey = EkﬂT —+ 0, making attractive potential energy ({Miiraction ) dominant

Solution:

* Asareal gas is cooled toward absolute zero (0 Kelvin / -273.15 degrees
Celsius), the average molecular kinetic energy decreases continuously.

+ Beforereaching absolute zero, attractive intermolecular forces (van der
Waals attractions) become stronger than the diminishing kinetic energy.

+ These cohesive forces pull the molecules together, causing condensation
into a liguid and ultimately freezing into a solid well above absolute zero.

Why other options are incorrect:

« Option A: Kinetic energy decreases toward zero as temperature drops; it
doesnotincrease.

+ Option B: Intermaolecular forces become dominant, not negligible, as
molecular velocities diminish.

« Option C: Compression does notincrease thermal kinetic energy if heatis
systematically removed during cooling.

Question #101 [[HE) i CHEMISTRY

13. Fumdamental Principles of Organic Chemistry
The lUPAC name of the compound [Formula] is:
CORE CONCEPT & DERIVATION

IUPAC rules for alkyne nomenclature require identifying the longest continuous
carbon chain containing the triple bond and numbering it to give the triple bond the
lowest possible locant.

Formula / Rule / Reaction:

5 4 3 2 1
CH;-CH,-CH;-C=CH

Solution:

« Thelongest continuous chain contains five carbon atoms, giving the root
name ‘pent’.

» The chainis numbered from right to left so that the triple bond starts at
carbon-1.

* ThelUPAC name is therefore pent-1-yne.

Why other options are incorrect:

* Option A: Hex-1-yne has a six-carbon parent chain, whereas this compound
contains only five carbons.

+ Option B: Pent-2-yne has the triple bond located between carbon-2 and
carbon-3(CH; — C = C - CH, — CH,).

* Option C: Pent-4-yne violates the lowest locant rule by numbering the chain
from the wrong end.
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Question #102 CHEMISTRY

01. Stoichiometry
If 10 moles of magnesium react with an excess of oxygen, calculate the theoretical yield
of mag...
CORE CONCEPT & DERIVATION

Stoichiometric calculations relate molar amounts of limiting reactants to theoretical
masses of product using balanced chemical equations.

Formula / Rule / Reaction:

2Mg + 02 — 2MgO
Mass =nx M

Solution:

o Fromthe balanced chemical equation, 2 moles of Mg preduce 2 moles of
MgC (a1:1 molarratio).

o Therefore, 10 moles of Mg react with excess oxygen to produce 10 moles of
MgQ.

* Molarmass of MgO = 24 g/mol (Mg) + 16 g/mol (0} = 40 g/mol.

+ Theoreticalyield =10 mol x 40 g/mol = 400 g.

Why other options are incorrect:

+ OptionA: 160 g corresponds to only 4 meles of MgQ.

+ OptionB: 240 g corresponds to the mass of the unreacted magnesium (
10 mol x 24 g/mol), neglecting oxygen incorporation.

+ OptionC: 320 gcorresponds to 8 moles of MgO.
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Question #103 . CHEMISTRY

13. Fumdament al Principtes of Organic Chemistry
The IUPAC name of the compound [Formula] is:

CORE CONCEPT & DERIVATION

Under IUPAC nomenclature, principal functional groups (such as ketones) take
precedence over halogen substituents and dictate the numbering direction of the
carbon parent chain.

Formula / Rule / Reaction:

4 3 | 1
CH,Br — CH, — C(= 0) - CH;

Solution:

« Thelongest continuous carbon chain contains four carbons, defining the
parent alkane as butane.

e The carbonyl functional group [~ CO- ) defines the compound as a ketone ('-
one') and must receive the lowestlocant; numbering from right to left places
the carbonyl at C2.

» Thebromine substituentis located at carbon-4.
« The complete IUPAC name is 4-bromobutan-2-one.

e Pastpaperboardnote: Some unedited exam keys mislabelled this option as
1-bromobutan-2-one due to aninverted numbering typographical error: the
correct IUPAC name is 4-bromobutan-2-one.

Why other options are incorrect:

* Option A: A ketone carbonyl cannot exist at carbon-1in a simple unbranched
chainbecause that forms an acyl bromide or aldehyde.

« Option C: Numbering from left taright gives the carbonyl an unnecessarily
high locant of 3, violating priority rules.

« Option D: Placing the ketone suffix at carbon-4 contradicts basic carbon
chainnumbering.
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Question #104 [[ZHT) CHEMISTRY

01. Stoichiometry
Consider the reaction: [Formula) . If 4 moles of Na and 2 moles of [Formula] are reacted,
howm...
CORE CONCEPT & DERIVATION

Stoichiometric proportions from balanced chemical equations dictate the exact
stoichiometric consumption of reactantsin the absence of alimiting reagent.

Formula / Rule / Reaction:

nNa 2
e 1

Solution:

» According to the balanced equation, 2 moles of Nareact completely with 1
mole of Cl,.

« Toconsume 4 moles of Na, the required amount of chlorine is:

1 mol Cl,

. Moles of Cl, required = 4 mol Na =
2 mol Na

= 2 mol Cl,

« Because exactly 2 moles of Cl: are provided, both reactants are consumed
completely with neitherin excess.

« Amount of unreacted Cl; = 2 mol — 2 mol = 0 mol.

Why other options are incorrect:

« OptionB: 0.5 molwould remain only if 3 moles of Ma were provided initially.
+ Option C: 1molwould remainif only 2 moles of Na were reacted.

+ OptionD: 1.5 molwould remain if only 1 mole of Na were supplied.

Question #105 [[TAEN CHEMISTRY

07. Equilibrium
According to Le Chatelier’s Principle, when the pressure of a gaseous equilibrium system
isinc...
CORE CONCEPT & DERIVATION

Le Chatelier's Principle states that if an external stress (such as pressure,
temperature, or concentration) is applied to a dynamic equilibrium, the system
shifts to counteract that stress.

Formula / Rule / Reaction:

Pressure T — System shifts toward fewer moles of gas (lower volume)

Solution:

* Gaseouspressureis directly proportional to the total number of moles of gas
perunitvolume (P = =),

+ Increasing total pressure acts as a stress that compresses the system.

» The equilibrium shifts toward the side with fewer moles of gas, which
occupies a smallervelume, relieving the applied pressure.

Why other options are incorrect:

+ Option A: The equilibrium position remains unchanged only when the sum of
gaseous stoichiometric coefhcientsis identical on both sides (An, = 0).

+ OptionB: Shifting toward greater volume increases total moles, which would
elevate pressure further and exacerbate the disturbance.

* OptionD: Shifting toward more moles of gas would increase total pressure,
violating Le Chatelier's principle.
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CHEMISTRY
Question #1086 .CUH G 01. Stoichiometry
If 4 g of [Formula] reacts with 2 moles of [Formula] to form water, whichreagent is in
excess?

CORE CONCEPT & DERIVATION

The limiting reagent is completely consumed first in a chemical reaction, while the
excess reagent remains partially unreacted after the limiting reagent is exhausted.

Forrmula / Rule / Reaction:

2H; + 0; —+ 2H;0

Solution:

+ Molarmassof H, = 2.016 g/mol. Molesof H, = Z_Kj_h = 2 mol.

s According to the balanced equation, 2 moles of H, require 1 mole of O, for
complete reaction.

* The mixture contains 2 moles of Oz, but only 1 moleis consumed by the
available Ha.

* After complete consumption of Hz, 1mole of Oz remains unreacted, making
0, the excess reagent.

Why other options are incorrect:

* Option A: H; is completely consumed and acts as the limiting reagent.
» Option C: Wateris the reaction product, not a chemical reactant.

» OptionD: Only one reagent can be present in excess when stoichiometric
ratios are unequal.

CHEMISTRY

03F. Chemical Bonding

Question #107 [LOH

The molecular oibitals in benzene are:

CORE CONCEPT & DERIVATION

Benzene possesses a planar hexagonal ring of six sp2-hybridized carbon atoms.
The unhybridized 2p orbitals overlap continuously around the entire ring.

Formula / Rule / Reaction:

Huckel's Rule: 4n + 2 = 6 w-electrons (n = 1) == Delocalized aromatic system

Solution:

s The sixunhybridized 2p atomic orbitals on adjacent carbon atoms overlap
sideways to form three bonding and three antibonding molecular orbitals.

« The six m-electrons are not confined to specific carbon-carbon bonds, but
are shared equally across the entire ring as continuous toroidal electron
clouds above and below the plane.

+ This arrangementis termed delocalized.

Why other options are incorrect:

« Option A: Localized orbitals confine electrons between two specific atormic
nuclei, as in simple isolated alkenes.

» Option C: Hybridization (sp2) forms localized carbon-carbon and carbon-
hydrogen sigma bonds, whereas the pi molecular orbitals themselves are
unhybridized and delocalized.

+ Option D: Benzene is a nonpolar, highly symmetrical hydrocarbon with zero
permanent melecular dipole.
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Question #108 CHEMISTRY

01. Stoichiometry
Consider the reaction [Formula] . Which of the following mixtures would make A the
limiting rea...
CORE CONCEPT & DERIVATION

Thelimiting reagent is determined by comparing the mole or particle ratio of
available reactants with the stoichiometric coefficients of the balanced equation.

Formula / Rule / Reaction:

N 2
Required Stoichiometric Ratio: ad i 2.0
Ny, 1

Solution:

+ ForOption A: {,‘:—ei- = i = 0.75. Because 0.75is less than the required ratio of
2.0, reactant A willbe exhausted first, making & the limiting reagent.

+ Reacting 300 atoms of A consumes only 150 molecules of Bz, leaving 250
molecules of Bz in excess.

Why other options are incorrect:

+ OptionB: ‘—g" = 2.0; reactants are present in exact stoichiometric balance, so
neitheris limiting.

« OptionC: % = 2.0 reactants are present in exact stoichiometric
proportion.

+ OptionD: £ — 2.0; both reactants are consumed simultaneously without
excess.

Question #109 [[OHCN T e

Given: Heat of sublimation of [Formula] , lonization energy of [Formula], Bond
dissociation en..

CORE COMCEPT & DERIVATION

The Born-Haber cycle applies Hess's law to relate the standard enthalpy of
formation of anionic solid to its component atomization, ionization, and lattice
enthalpies.

Formula / Rule / Reaction:

AH} = AH.(Na) + IE(Na) + %DLCIE) + BA(C1) + Usnitice

Solution:

« Substitute the given thermodynamic values into the cycle:

. —411 = 108 + 496 + %{121) +(—349) + Upice
N —411 = 108 + 496 + 60.5 — 349 + Diapsice

N —411 = 315.5 + attice

. Ulattice = —411 — 315.5 = —726.5 = —727 kI /maol

Why other options are incorrect:

+ OptionA: 478 kJ/mol results from omitting the bond dissociation enthalpy
and usingincorrect signs.

« OptionC: -819 kl/mol results from using the full bond dissociation energy of
Cl, (121 kJ/mol) instead of half i% D)yand arithmetic sign errors.

+ OptionD: -832 kJ/molis anincorrect value from adding positive enthalpy
components without subtracting electron affinity.
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Question #110 CHEMISTRY

17. Aldehydes & Ketones

Acetaldehyde reacts with ethanol in the presence of an acid catalyst to initially produce:
CORE CONCEPT & DERIVATION

Aldehydes undergo reversible acid-catalyzed nucleophilic addition with alcohols.
The initial product contains both a hydroxyl group and an alkoxy group on the same
carbon atom.

Formula / Rule / Reaction:

\text{CTHI_ 3\text{CHO} + \text{TH)_3\text{CH}_2\text{OH} \rightleftharpoons " +}
Ntext{CTH}_3-\text{CH{OH)}-\text{OCH}_2\text{CH}_3\quad (\text{Hemiacetal}}

Solution:

s Protonation of the carbonyl oxygen enhances the electrophilicity of the
carbonyl carbon.

s Nucleophilic attack by the ethanol hydroxyl oxygen followed by proton loss
forms a hemiacetal {1 -ethoxyethanol).

+ Under continued exposure to excess alcohol and acid, the hemiacetal reacts
further to eliminate water and form an acetal (1,1-diethoxyethane).

Why other options are incorrect:

» Option A: An acetalis the final dialkoxy product formed only after a second
mole of alcohol reacts with the intermediate hemiacetal.

« OptionC: Adiol contains two hydroxyl groups, formed by hydration of
carbonyls with water rather than addition of an alcohol.

» Option D: Diethoxyethane (diethyl acetal)is the final product formed upon
completion of the second substitution step.

Question #111 CHEMISTRY

0. Gases
If the absolute pressure and absclute temperature of anideal gas are both doubled, the
newvol..
CORE CONCEPT & DERIVATION

The combined ideal gas equation expresses the relationship between pressure,
volume, and absolute temperature for a fixed mass of gas.

Formula / Rule / Reaction:

PVi BV o oo Pl
= = BW=uEE

Solution:

+ Letinitialconditionsbe P, V;, and T}.

»  Thenew pressureis P, = 2P, and the new absolute temperature is Ty = 277,

R 5 T & R | B
. V2 VI.EQP!IETIJ h(2}(2,1 W

» Thedoubling of pressure compresses the gas by half, while the doubling of
absolute temperature expands itby a factor of two, leaving the final volume
unchanged.

Why other options are incorrect:

« Option A: Volume doubles only if temperature doubles at constant pressure
{Charles’s Law).

* Option B: Volumeis halved only if pressure doubles at constant temperature
{Boyle's Law).

s OptionC: Tripling would require a threefold change in the temperature-to-
pressure ratio.
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CHEMISTRY
Question #112 m 12. Tranzition Elements
The ground-state electronic configuration of the [Formula)ion (Z = 26) is:

CORE COMCEPT & DERIVATION

Transition metals lose electrons from their cutermost 4s subshell befare losing
electrons from the inner 3d subshell during cation formation.

Formula / Rule / Reaction:

Fe (Z = 26) : [Ar]4s?3d® 2% . Felt : [Ar|4s"3d° (or [Ar]3d°)

Solution:

+ Neutraliron has 26 electrons with ground-state configuration [Ar]4s?3d”.

« lonizationto the ferricion {1"‘;.-:1 *}involves the loss of three electrons: both 4s
electrons are removed first, followed by one 3d electron.

+ Thisleaves a stable, half-filed d-subshell with configuration [Ar]4s'3d".

o Pastpaperboard note: Some provincial paper keys errantly marked Option D
through a setter typo that confused ferrous (Fe? ) with ferric (Fe'"). Chemical
principles confirm that [Ar]4s°3d° is the correct configuration.

Why other options are incorrect:

« Option A: Suggests that three 3d electrons are lost while 4s electrons are
retained, which violates the Aufbauionizationrule.

* OptionB: Represents an excited or non-physical ionization state.

+ OptionD: Represents the ferrous ion (Fe® ), which has lost anly two
electrons.

CHEMISTRY

08, Reaction Kinetics

Question #113

Onincreasing the temperature, the rate of areactionincreases mainly because:

CORE COMCEPT & DERIVATION

According to collision theory and the Maxwell-Boltzmann distribution, reactionrate
depends on the frequency of collisions between molecules that possess energy
greater than or equal to the activation energy (E,).

Formula / Rule / Reaction:

k= A B

Solution:

» Raising the temperature increases the mean kinetic energy of the molecules,
leading to more frequent molecular collisions.

= Moreimportantly, it substantially increases the fraction of collisions with
kinetic energy exceeding the activation energy threshold, increasing the
effective collision frequency.

Why other options are incorrect:

« Option A: Activation energy is anintrinsic property of the reaction pathway
andis notincreased by raising temperature,

« OptionB: Inaclosed system, temperature change does notincrease the
molar guantity of reactant molecules.

+ OptionD: Thermal heating increases the kinetic energy of reacting
molecules; it doesnotdecreaseiit.
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CHEMISTRY
Question #114 [[ZHT) 15. Alkyl Halides

The conversion of an alkyl hallde into an alkane by treatment with metallic sodium in dry
ether..

CORE CONCEPT & DERIVATION

Alkyl halides undergo reductive carbon-carbon coupling when treated with
electropositive alkali metals in anhydrous aprotic solvents.

Forrmula / Rule / Reaction:

dry ether

2R—X+2Na +R — R+ 2NaX

Solution:

« Charles Adolphe Wurtz discovered that two equivalents of analkyl halide
coupleinthe presence of sodium metal in dry diethyl ether to form a
symmetrical higher alkane.

» Anhydrous ether is required because sodium metal reacts vigorously with
moisture.

Why other options are incorrect:

+ Option B: The Frankland reaction couples alkyl halides using zinc metal (Zn)
instead of sodium to yield dialkylzinc intermediates and alkanes.

« Option C: The Grignard reaction involves treating alkyl halides with
magnesium metal (Mg) to form organomagnesium halides (RMgX).

+ OptionD: Kolbe's electrolytic synthesis produces symmetrical alkanes via
the anodic decarboxylation of alkali metal carboxylate salts.

CHEMISTRY

17. Aldehydes & Ketones

Question #115

The organic compound that reacts with phenylhydrazine to form a crystalline
phenylhydrazone der..

CORE CONCEPT & DERIVATION

Aldehydes and ketones contain a polar carbonyl group (C = 0) that undergoes
nucleophilic addition-elimination (condensation) with ammania derivatives.

Formula / Rule / Reaction:

CH;3CH;CH,CHO + HoN — NHCyH; — CH3CH2CH2CH = N — NHCgH; + H,O

Solution:

» Butanalis an aliphatic aldehyde possessing an electrophilic carbonyl carbon.

= The primary amino group of phenylhydrazine attacks the carbonyl carbon.
followed by the elimination of a water molecule.

+ This forms butanal phenylhydrazone, a stable crystalline solid used for
characterizing aldehydes and ketones.

Why other options are incorrect:

+ OptionB: 1,3-Butadiene is a conjugated diene and lacks a carbonyl group.

* Option C: Ethyl acetate is an ester and forms hydroxamic acids or hydrazides
under harsh conditions rather than standard crystalline hydrazones.

« OptionD: Ethanolis an alcohaol and does not condense with hydrazine
derivatives.
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Question #116 CHEMISTRY

0. BElectrochamistry

Bsalance the redox equation using the oxidation number method: [Formula)
CORE COMCEPT & DERIVATION

Inbalancing redox equations by the oxidation number method, the totalincrease in
oxidation number during oxidation must equal the total decrease in oxidation
nurmber during reduction.

Formula / Rule / Reaction:

] +2
Oxidation: Cu — CuS0, (A = 42)
+8 +4
Reduction: Ho 50, — 502 (A = -2)

Solution:

« Thechangeinoxidation state of copper (+2) balances the change in sulfur (-2)
inal:lratio.

« One additional molecule of sulfuric acid is required to act as an unreduced
acid spectator to supply the sulfate anion for CuS0,.

« Thisreguires 2moles of H:S04 onthe reactant side.

« Balancing hydrogen and oxygen atoms requires 2 moles of Hy0O on the
product side: Cu + 2H;580; — CuS0, + 80, + 2H,0.

Why other options are incorrect:

« Option A: Unbalanced; contains only 2 hydrogen and 4 oxygen atoms on the
left, but 4 hydrogen and 7 oxygen atoms on the right.

+ OptionB: Concentrated sulfuric acid is an oxidizing acid that is reduced to
80, and H,0; it does not produce H, gas with copper.

+ OptionD: Fails mass conservation; 2 moles of copper on the left would
require 4 moles of sulfuric acid.

CHEMISTRY
1.8 & P Biock Blements

Question #117
Which of the following best explains the reaction between Beryllium (Be) and Oxygen(
[Formuial...

CORE CONCEPT & DERIVATION

Beryllium exhibits anomalous chemical properties compared to other Group 2
alkaline earth metals due to its very small atomic size and high charge density.

Formula / Rule / Reaction:

2Be(s) + Oz(g) — 2Be0(s) (Passivating surface film)

Solution:

« Whenexposed to air or oxygen at normal temperatures, beryllium metal
forms an adherent, insoluble, non-porous surface film of beryllium oxide
(BeO).

+ Thiscompact oxide layer passivates the metal, preventing oxygen from
reaching underlying atoms and halting further oxidation.

Why other options are incorrect:

+« Option A: Bulk beryllium does not burn vigorously at room temperature; its
oxide layer inhibits, rather than accelerates, further reaction.

» Option C: Beryllium oxide is a high-melting, refractory ionic-covalent solid
(melting point 2507 degrees Celsius); itis notvolatile.

« OptionD: Berylliumreacts with oxygen, especially when heated or
powdered, so stating that it does notreact at allisincorrect.
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Question #118 CHEMISTRY

0Z. Atomic Structure
The relative energy of an atomic orbital In a multi-electron atom is determined by:

CORE CONCEPT & DERIVATION

The Aufbau principle states that electrons fill atomic subshellsin order of increasing
orbital energy.

Formula / Rule / Reaction:

Orbital Energy o (n +I)

If (n + 1) values are identical, the orbital with the lower principal guantum number nis
lowerinenergy.

Solution:

e The{n + ) rule (Madelung rule) determines subshell energy by summing the
principal guantum number (n) and the azimuthal quantum number (I).

* Forexample, the 4s orbital (4 + 0 = 4) fills before the 3d orbital (3 + 2 = 5)
becauseits (n + ) sumis smaller.

Why other options are incorrect:

s Option A: Hund's rule of maximum multiplicity governs electron spin pairingin
degenerate orbitals of equal energy.

« Option B: The Pauli exclusion principle states that no two electrons in an atom
can share the same four gquantum numibers,

+ OptionD: Boyle'slaw is a gas law relating pressure and volume at constant
temperature.

Question #119 [THE) CHEMISTRY

07, Equilibrium
The solubility product ( [Formula] } of a binary salt [Formula] is [Formula] . Its molar solubi...
CORE CONCEPT & DERIVATION
The solubility product constant (K, ) represents the equilibrium between an
undissolved ionic solid and its dissolved ions in a saturated solution.

Formula / Rule / Reaction:

AB(s) = A'(aq) + B (aq)
Kp=[AT|BT]=(s)s)=5" = s= Ko

Solution:
* Letthe molarsolubility of salt AB be s mol/dm3.
* Inasaturated solution, [A"] =sand [B7| ==
. S =9x10"

. s=40x100=3x107" mol/dm’

Why other options are incorrect:

+ Option A: Fails to take the square root of the exponent 10-°,
« Option B: Takes the square root of the exponent but fails to take the square
root of the coefhicient 9.

» Option D: Equates molar solubility directly to K., without taking the square
root.
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CHEMISTRY
09. Thermochemistry

Question #120
For an exothermic chernical reaction, the potential energy of the reactants is:
CORE COMCEPT & DERIVATION

The enthalpy change (AH) of a chemical reaction is the difference between the total
enthalpy of products and reactants.

Formula / Rule / Reaction:

AH=H

products

— i =

reactants

> H

provucts

Solution:

« Inanexothermic reaction, heat is released to the surroundings because the
chemical bonds formed in the products are stronger and more stable than
those brokenin the reactants.

+ Conseguently, the products settle into a lower potential energy state,
meaning the initial potential energy of the reactantsis greater than that of the
products.

Why other options are incorrect:

« Option A: Reactants have less potential energy than productsin
endothermic reactions (AH = 0), which absorb heat.

* OptionC: If reactant and product potential energies were equal, the
enthalpy change would be zero (AH = 0), producing no net thermal
exchange.

+« OptionD: Chemical substances contain chemical bond energy and
electronic potential energy; their potential energy is notzero.

CHEMISTRY

05 Liquids

Question #121 [0H00

Vhen pure water cools from aliquid at 4 °C to solidice at 0 °C, what is the percentage
change...

CORE CONCEPT & DERIVATION
Water exhibits anomalous thermal expansion between 4 °C and O °C due to open
three-dimensional hydrogen bonding inits solid erystalline phase.

Formula / Rule / Reaction:

\rho_{\text{liquid}} {4\, "\circ\text{C}) \approx 1.000\text{ g/cm}* 3, \quad
\rho_{\text{ice}} (0N, “\circ\text{C}) \approx O.917\text{ g/cm}* 3

V..
—EEEY o L == 9%

water

P
<A
AV(%) =( 7

Solution:

* At4°C, liquidwater achieves its maximum density because molecular
translational kinetic energy allows molecules to pack closely together.

+ Aswater freezesat 0 °C, molecules arrange into a rigid, open hexagonal
crystal lattice inwhich each water molecule forms four fixed tetrahedral
hydrogen bonds.

+ Thisopencage-like lattice creates empty internal cavities, lowering the
density by approximately 9% and increasing the volume by approximately
9%.

Why other options are incorrect:

» OptionB: Most liquids contract upon freezing, but water expands; stating
that volume decreases by 9% contradicts this anomalous expansion.

+ OptionC:19% overestimates the expansion of ice by more than double.
+ OptionD: Contraction by 19% is physically incorrect.
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CHEMISTRY
03, Chamical Bonding

Question #122

In which of the following chemical species does the central atom utilize [Formula)
hybridizatio...

CORE CONCEPT & DERIVATION

The hybridization state of a central atomis determined by its steric number, which
sums its bonded atoms and non-bending lone pairs.

Forrmula / Rule / Reaction:

Steric Number = 3 — sp® Hybridization (Trigonal Planar)

Solution:

*  The methyl free radical (*CHy) or methyl carbocation (* CH,) features a central
carbon atom bonded to three hydrogen atoms with no paired lone pair.

« Itadopts aplanargeometry with 120-degree bond angles, using sp® hybrid
orbitals.

» Pastpaperboard note: Inthe official KMU 2025 exam, Option C was
designated as the intended board answer, the other three hydrides are
Group 15 pyramidal species with steric number 4.

Why other options are incorrect:

+ OptionA: PH; contains three bond pairs and one lone pair (Drago compound
/ predominantly unhybridized pure p-orbitals with sp® geometry
characteristics), not sp®.

+ Option B: NH; has three bond pairs and one lone pair on nitrogen (steric
number 4), utilizing sp® hybridization to form a trigonal pyramidal shape.

s OptionD: ShH, possesses three bond pairs and one lone pairwith near 90~
degree bond angles; it does not exhibit sp® planar hybridization.

CHEMISTRY
10 Electrochemistry

Question #123 [[ZHATN

in an electrolyvtic cell when electrical current passes through an electrolyte solution, the
ano.

CORE CONCEPT & DERIVATION

An electrolytic cell uses an external electrical power supply to drive a non-
spontanecus redoxreaction.

Formula / Rule / Reaction:

Anode: Oxidation (Loss of Electrons, Anode = Positive terminal)
Cathode: Reduction (Gain of Electrons, Cathode = Negative terminal)

Solution:

* Inanelectrolytic cell, the anode is wired to the positive terminal of the
external direct-current power source, giving it a positive charge.

« Negatively charged anions migrate toward the anode and surrender
electrons, meaning oxidation occurs at the anode.

Why other options are incorrect:

+ Option B: Reduction never takes place at the anode; reduction accurs
exclusively at the cathode.

» Option C: The anode is negative in galvanic (voltaic) cells, butitis positive in
anelectrolytic cell.

+ Option D: The negative electrode where reduction occurs is the cathode of
anelectrolytic cell.
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CHEMISTRY
Question #124 [[ZHCN 0% Themmochemistry
Anincrease in theintemal energy of achemical m ecan lead to all of the following

EXCEPT.
CORE COMCEPT & DERIVATION

Internal energy (U) represents the sum of all microscopic kinetic and potential
energies within a thermodynamic system.

Formula / Rule / Reaction:

T o Ex — Temperature rises only when particle translational kinetic energy increases

Solution:

« Temperature is a direct measure of the average translational kinetic energy of
constituent particles.

« Anincreaseintemperature canoccuronly when average kinetic energy rises.

» Ariseintemperature accompanying a drop in kinetic energy is physically
impossible and contradicts thermodynamics, making Option D the
exception.

Why other options are incorrect:

+ Option A: Absorbing internal energy as kinetic energy directly elevates
systemn temperature.

« OptionB: Absorbing internal energy as potential energy overcomes
intermolecular attractions, driving phase transitions at constant temperature.

* Option C: Absorbed thermal energy can supply the activation energy
needed to break chemical bonds and initiate reactions.

CHEMISTRY

03. Chemical Bonding

Question #125
Inanethene molecule { [Formula] ), each carbon atom has three hybridized [Formula]
orbitals w...

CORE COMCEPT & DERIVATION

Mixing one 2s orbital and two 2p orbitals generates three equivalent sp2 hybrid
orbitals oriented to minimize electron repulsion.

Formula / Rule / Reaction:

sp2 Hybridizgation = Trigonal Planar Geometry, 120° Bond Angles

Solution:

* Inethene, the three sp® hybrid orbitals on each carbon atom lie within the
same geometric plane, directed toward the comers of an equilateral triangle
at120-degree angles.

¢ Thisarrangement ensures all sigma bonds in ethene are coplanar.

Why other options are incorrect:

* OptionB: Tetrahedral geometry arises from sp® hybridization with 1095~
degree angles, asinethane or methane.

« OptionC: Linear geometry arises fromsp hybridization with 1B0-degree
bond angles, asinethyne.

+ OptionD: Pyramidal geometry occurs when sp® orbitals contain one non-
beonding lone pair, as in ammonia.
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Question #126 [[ZHE) CHEMISTRY

12. Transition Elemeants

Identify the CORRECT ground-state electronic configuration for the chr
24):
CORE CONCEPT & DERIVATION

Anomalous electron configurations occur when subshell promotion yields half-
filled or fully filled d-orbitals that confer enhanced guantum-mechanical stability.

umatom(Z=

Forrmula / Rule / Reaction:

Cr(Z = 24) : [Ar] 4s'3d° (Half-filled 4s' and 3d° subshells)

Solution:

s Thestandard Aufbau principle would predict [Ar]4s23d%.

¢ However, promoting one 4s electron to the 3d subshell produces half-filled
45 and 3d subshells (45! 3d%).

« This configuration provides extra stability due to symmetrical spatial charge
distribution and maximized electron exchange energy among the five
parallel-spin 3d electrons.

Why other options are incorrect:

» Option A: Accounts for anly 22 electrons and omits the 4s subshell entirely.

* Option B: The unpromoted Aufbau configuration, which is less stable than the
actual half-filled configuration.

s Option D: Accounts for 26 electrons, which is the configuration for iron (Fe).

Question #127 PHYSICS

1. Blectromagnetic Induction

According to Lenz’s Law, the direction of aninduced current in a conductoris such that it:
CORE CONCEPT & DERIVATION

Lenz's law provides the physical basis for the negative signin Faraday's law of
electromagnetic induction and represents an expression of the law of conservation
of energy.

Formula / Rule / Reaction:

Ady

E=-N
Y]

Solution:

+ When the magnetic fluxlinked with a closed conducting loop changes, an
electromotive force (EMF) and current are induced.

« Theinduced current generates its own magnetic field oriented to oppose the
change in external magnetic flux that createdit.

s [Ifexternal fluxincreases, the induced field points in the opposite direction: if
external flux decreases, the induced field points in the same direction to
oppose the decrease.

Why other options are incorrect:

* Option B: If the induced current enhanced the flux change, it would create an
unstable runaway magnetic field and generate energy from nothing, violating
conservation of energy.

+ OptionC: The induced current circulates around the area bounding the
changing flux and is not universally perpendicular to the field.

« Option D: The induced current is not constrained to be parallel to the
magnetic field lines.
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PHYSICS
12. Alternating Current

Question #128 [LCUHE)]
Inapure capacitive AC circuit, the alternating current:

CORE COMCEPT & DERIVATION

Inan alternating current circuit containing pure capacitance, the continuous
charging and discharging cycles establish a guarter-cycle phase displacement
between current and voltage.

Formula / Rule / Reaction:

; duft) o ; : T
it) = C—— = Ifu(t) = Vosin(wt), then i() = Jysin (w! + 5:]

Solution:

+ Current flows at its maximum rate when the capacitoris completely
uncharged and voltage across itis zero.

+ As charge accumulates, the opposing voltage rises, reducing current to zero
once the voltage reaches its peak.

» Therefore, the currentreaches its peaks and zero-crossings 90 degrees (3
radians) ahead of the voltage.

Why other options are incorrect:

* Option A: Current lags voltage by 90 degrees in a purely inductive AC circuit.

* OptionC: Current and voltage are in phase only in a purely resistive AC circuit
(¢ = 0°).

+ OptionD: A45-degree phase lead occursina series RC circuit where
capacitive reactance equals resistance (Xo = R).

PHYSICS

13. Electronics

Question #129
Ina center-tapped full-wave rectifier using two diodes. the diodes DT and D2 operate:
CORE COMCEPT & DERIVATION

Full-wave rectification converts both positive and negative half-cycles of an
alternating input voltage into unidirectional direct current.

Formula / Rule / Reaction:

Pasitive half-cycle: D1 forward-biased (QON), D2 reverse-biased (OFF)
Negative half-cycle: D1 reverse-biased (OFF), D2 forward-biased {ON)

Solution:

* Acenter-tapped secondary winding produces two anti-phase voltages
relative to the center tap.

+ During the positive half-cycle, the anode of diode D1is positive, placingitin
forward bias (conducting), while diode D2 is reverse-biased (non-
conducting).

« During the negative half-cycle, the polarities invert, placing D2 in forward bias
and D1in reverse bias.

¢ Thus, the two diodes conduct alternately during successive half-cycles.

Why other options are incorrect:

s Option A: The two diodes cannot canduct simultanecously because the
center tap forces opposite ends of the secondary winding to have opposite
polarities.

+ Option C: Opposite terminals of a transformer winding cannot be positive at
the same time.

+ OptionD: Diodes conduct significant current only when forward-biased, not
inreverse bias.
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PHYSICS

14. Dawnaf Moderm Physics

Question #130 [L.OH )
The energy (E) of a quantum of electromagnetic radiation is given by:

CORE CONCEPT & DERIVATION

Max Planck proposed that electromagnetic radiation is emitted and absorbedin
discrete packets called quanta (photons).

Formula / Rule / Reaction:

E—hf—%

Solution:

s Planck's equation states that the energy (E) of a single guantum is directly
proportional toits radiation frequency (f).

» The proportionality constant is Planck's constant (h), equal to 6.626 x 107 J .
8.

Why other options are incorrect:

» OptionA: E = m¢* is Einstein’s mass-energy equivalence equation relating
resting mass to equivalentrest energy.

+ OptionC: Ex = %mvz is the classical equationfor the translational kinetic
energy of a non-relativistic body with mass.

» OptionD: W = gV gives the work done or electrostatic potential energy
gained when a charge g moves through potential difference V.

PHYSICS
0Z. Force & Motior

Question #131 AT

The area under the horizontal line on a velocity-time graph for an object moving with
uniformv...

CORE CONCEPT & DERIVATION

On avelocity-time (v-t) graph, the definite integral (area under the curve) between
two time points equals the total linear displacement.

Formula / Rule / Reaction:

]
Displacement (s) = f v{t) dt = v x At = Height x Base = Area of Rectangle
fi

Solution:

* When an object moves with uniform (constant) velocity, its velocity does not
change over time, producing a horizontal line parallel to the time axis.

« The geometric area bounded by this line, the time axis, and the vertical time
limits forms arectangle.

* Pastpaperboardnote: The original paper text referenced a 'displacement-
time graph’, but paper-setters evaluated the standard kinematics concept of
uniformvelocity producing a rectangular area under a velocity-time graph.

Why other options are incorrect:

« Option B: Atriangular area occurs on a v-t graph for uniformly accelerated
motion starting from rest (Area = Ji”ﬂ'

« Option C: Atrapezoidal area occurs onav-t graph when an object
undergoes uniform acceleration starting with a non-zeroinitial velocity.

+ Option D: The orthogonal time boundaries form right angles with the time
axis, preducing arectangle rather than aslanted parallelogram.
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Question #132 __ PHYsICS

02.Force & Motion

Acarstarts from rest and moves with a uniform acceleration of [Formula] . What will be its
ve...

CORE CONCEPT & DERIVATION
For rectilinear motion with uniform acceleration, velocity varies linearly with elapsed
time according to the first equation of motion.

Formula / Rule / Reaction:

vy = +at

Solution:

+ Initial velocity: v = 0 m /s (starts fromrest).

« Uniform acceleration: o = 3 m/s*.

+ Time!t=>5s.

s vp=0+(3 m/s")(558) = Lim/s

Why other options are incorrect:

+« Option A: Bm/s results from adding acceleration to time (3 + 5)instead of
multiplying them.

+ OptionB: 12 m/s coresponds to motion after only 4 seconds of
acceleration.

« OptionD: 18 m/s corresponds to motion after 6 seconds of acceleration.

PHYSICS
Question #133 LU 02 Force & Mation
A passengeris standing in a stationary bus. When the bus suddenly accelerates forward,
the pas..

CORE CONCEPT & DERIVATION

Newton's First Law of Motion states that an object remains at rest or in uniform
motionunless acted upon by a net external force. Inertiais an object's resistance to
changes inits state of motion.

Formula / Rule / Reaction:

Fo: =0 = Av =10 (Principle of Inertia)

Solution:

« Initially. both the bus and the passenger are atrest.

+ \Whenthe bus accelerates forward, friction accelerates the passenger's feet
forward with the bus floor.

« However, due toinertia, the passenger's upper body tends to maintainits
original stationary state.

« Asthelower body moves forward beneath the stationary torso, the
passenger falls backward relative to the bus.

Why other options are incorrect:

« OptionA:Frictionbetween feet and floor acts forward to move the lower
body:itis notwhat causes the upper body to fall backward.

+ OptionB: Gravity acts vertically downward toward the Earth's center and
doesnot create the horizontal backward motion.

* OptionD: Deceleration occurs when a vehicle slows down. which would
cause passengers to lurchforward, not backward.
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Question #134 [T PHYSICS

02 Force & Motion
Aballis projected at an angle of 45° with an initial speed of 20 m/s. How does [Formula)
{ran...
CORE CONCEPT & DERIVATION

Inideal projectile motion, horizontal velocity remains constant because gravity acts
only vertically. Inreal fluids, aerodynamic drag provides a continuous retarding
force opposing motion.

Formula / Rule / Reaction:

v sin(26)

Z 1
Ry = + Pling = —Ecn'pilﬂﬂ

Solution:

s Without airresistance, horizontal acceleration is zero (a, = 0), allowing the
projectile to cover maximum theoretical range Ry

« Withairresistance, the drag force opposes motion, introducing negative
harizontal acceleration (e, < 0) that continuously reduces horizontal velocity.

« Airresistance also reduces the maximum vertical height and total time of
flight, ensuring the actual range R4 is always smaller than the ideal range Ry

Why other options are incorrect:

« Option A: R cannot exceed Rw because retarding drag forces always
reduce the projectile’s forward velocity and range.

* Option C: Although gravity remains unchanged, aerodynamic drag
dissipates kinetic energy, preventing the two ranges from being equal.

+ OptionD: Claiming ideal vacuum range Rw is less than actual range R
contradicts energy conservation.

Question #135 PHYSICS

0Z. Force & Motion

A0.02 kg bullet moving at 300 m/s ermnbeds itself in a 2 kg wooden block initially at rest
ona

CORE CONCEPT & DERIVATION

Ina completely inelastic collision where two bodies stick together afterimpact,
total linear momentum is conserved in the absence of net external forces.

Formula / Rule / Reaction:

Yy My = (my +myuy

Solution:

« Massof bullet: m; = 0.02 kg: initial velocity: v, = 300 m/s.
¢ Massof block: m; = 2.0 kg, initial velocity: vs = 0 m/s.
+ Totalinitial momentum: p; = ((.02)(300) + (2.0)(0) = 6.0 kg - m/s.

« Combined mass afterimpact: M = 0.02 + 2.0 = 2.02 kg,

_p_ 60kg-m/s

. uy =297m/s=3m/s
M 2,02 ke

Why other options are incorrect:

« Option A: 2 m/s would require a combined mass of 3.0kg.
+ OptionC: 4m/s violates conservation of linear momentum.

* Option D: 5m/s corresponds to an initial momentum of 10.1kg my/s, which
exceeds the bullet's momentum.
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Question #136 __ PHYsICS

02.Force & Motion

Which of the following statements about ideal projectile motionis CORRECT?
CORE COMCEPT & DERIVATION

Projectile mation represents two-dimensional motion under constant gravitational
acceleration. Inthe absence of aerodynamic drag, horizontal and vertical
components of motion are entirely independent.

Formula / Rule / Reaction:

tg(t) = vycosd = constant, v (t) = vy sind — gt

Solution:

= Because gravity acts exclusively in the downward vertical direction, horizontal
accelerationis zero (e, = 0), keeping horizontal velocity (v.) constant
throughout the entire trajectory.

« Inthe vertical direction, gravity decelerates the projectile until its vertical
velocity momentarily becomes zero (v, = 0) at the apex (maximum height).

» At this highest point, the projectile continues moving forward with its full
harizontal velocity (v. = v cos 8).

Why other options are incorrect:

* Option A: Gravity acts strictly vertically downward and exerts zero
component along the horizontal axis in ideal projectile motion.

+ OptionB: Vertical velocity changes continuously at a constant rate of
—0.8 m/s” under gravitational acceleration.

+ OptionD: Gravitational accelerationremains constantat g = 9.8 m/s”
downward at all points along the path, including the trajectory peak.

PHYSICS
03. Work & Energy

Question #137

The rate of doing work at any instant of time is called:

CORE COMCEPT & DERIVATION
Power measures the time rate at which energy is transferred or mechanical work is
performed.

Formula / Rule / Reaction:

4 i
rlim&ﬁ—ﬂ—}?.a
A At dt

P,

inst

Solution:

* Instantaneous power is defined as the limiting value of average power as the
time interval approaches zero.

+ ltevaluatesthe precise rate of doing work at a single, specific instantin time.

Why other options are incorrect:

* Option A: Work done is the total scalar product of force and displacement
over a given distance, measured injoules.

* OptionC: Average poweris the ratio of total work done to the total elapsed
time interval (P,,, = 45).

+ OptionD: Mechanical energy is the sum of kinetic and potential energies
possessed by a physical body.
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Question #138 [THE) _ PHYsICS

03. Wark & Enargy

A5 kg body falls from a height of 30 m toward the ground. If all its potential energy
converts...

CORE CONCEPT & DERIVATION

The law of conservation of mechanical energy dictates that gravitational potential
energy lost during free fall equals kinetic energy gained, which dissipates into
thermal energy upon aninelastic impact.

Formula / Rule / Reaction:

AQ = Ep = mgh

Solution:

« Massim = Hkg.

» Acceleration due to gravity: g = 9.8 m,-"52-

« Vertical height: h = 30 m.

. E, = (5 kg)(9.8 m/s")(30 m) = 14707

» Because allmechanical potential energy converts completely into thermal
energy on collision, the heat produced is exactly 1470 J.

Why other options are incorrect:

« Option A: 1270 J results from an arithmetic error.
« Option B: 1370 J underestimates the potential energy calculation.
+ OptionD: 1570 J overestimates the gravitational energy.
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PHYSICS
03, Work & Energy

Question #139

Two students, Aand B, each carry a 20 kg load to the top of 2 10 m high staircase. Student
At..

CORE CONCEPT & DERIVATION

Work done against gravity depends entirely on mass, gravitational acceleration, and
vertical height, independent of the time taken. Power measures the time rate of
performing work.

Formula / Rule / Reaction:

W
W=mgh, P=—

Solution:

« Bothstudentsliftidentical masses(m = 20 kg) through the same vertical
displacement (h = 10 m).

. Wa =W = (20 kg)(9.8 m/s*) (10 m) = 1860 J

+ Powerexpendedby Student A: Py = 2522 — 106 W.

+ Power expended by Student B: Py = 3% = 98 W,

* Bothperformidentical work, but Student Adevelops twice as much power
because Student A completes the taskin half the time.

Why other options are incorrect:

* OptionA: Work done is path- and time-independent in a conservative
gravitational field; both students performidentical work.

+« OptionB: Student B takes longer time, producing lower power output (?8'W
ws 196 W).

* OptionD: identicalload does not imply identical powerwhen the elapsed
time differs.

PHYSICS
4, Rotational & Circular Mation

Question #140

Awheelof radius 0.4 mhas an angular acceleration of [Formula] . Its tangential linear
accele...

CORE COMCEPT & DERIVATION

Tangential linear acceleration relates directly to rotational angular acceleration
through the radius of rotation.

Formula / Rule / Reaction:

a; = ro

Solution:

* Radiusir =0.4m.

« Angularacceleration: o = 6 rad/s".

. a = (0.4 m){6rad/s’) = 2.4 m/s’

Why other options are incorrect:

* OptionA:1.2 m/s? corresponds to a radius of 0.2 m.
« OptionB: m/s is a unit of velocity, not acceleration,

« OptionC: 2.4 m/s carries incorrect velocity dimensions instead of
acceleration (m/s").,
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PHYSICS

04. Rotational & Circular Motion

Question #141

If an object is moving counterclockwise along a circular pathin a harizontal plane ena
CORE CONCEPT & DERIVATION

Angular velocity (@) is an axial vector whose spatial orientation is defined by the
right-hand grip rule.

Forrmula / Rule / Reaction:

=
|
El
3¢
1

Solution:

s Curlthe fingers of the right hand in the direction of circular rotation
{counterclockwise along the page).

« Theextended right thumb points perpendicularly outward. normal to the
plane of the page.

» Therefore, the angular velocity vector points perpendicularly out of the page.

Why other options are incorrect:

« Option A: Tangential vectors describe instantaneous linear velocity (i), not
angular velocity.

* Option B: Centripetal acceleration and net centripetal force point radially
inward toward the center.

+ Option D: Pointing perpendicularly into the page comesponds to clockwise
rotation by the right-hand rule.

PHYSICS

04. Rotational & Circular Motion

Question #142

If a particle moves along a circular path of radius [Formula] thraugh an angular
displacement [..
CORE CONCEPT & DERIVATION

The radian measure of an angle is defined geometrically as the ratio of subtended
circular arc length to the radius of the circle.

Forrmula / Rule / Reaction:

E—f = #=rf
¥

Solution:

» Byfundamental definition of circular radian measure, angular displacement in
radians equals arc length divided by radius.

« Rearranging forarc length gives s = ré.

Why other options are incorrect:

+ OptionA: s = r/8yields dimensions of length perradian squared, which is
dimensionally invalid.

« OptionC: s = r*f carries dimensions of area rather than linear length.

« OptionD: s = 8/r? carries inverse area units. which is dimensionally incorrect.
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Question #143 __ PHYsICS

02.Force & Motion
Aball of weight [Formula) is falling vertically downward through air. If the upward drag
force...
CORE CONCEPT & DERIVATION

Newton's Second Law requires summing collinear forces vectorially taking
coordinate direction into account.

Formula / Rule / Reaction:

Fov=Y Fy=Fg—Fp=ma

Solution:

+ The gravitational force (weight F) acts vertically downward.

* Aegrodynamic fluid resistance (drag Fp) opposes motion, acting vertically
upward.

+ Taking the downward direction of motion as positive, the resultant net
downward force is Fz — Fo.

Why other options are incorrect:

* OptionA: Adding drag to weight assumes drag acts downward in the same
direction as gravity, which violates fiuid resistance principles.

+ OptionC: F,, - F.. evaluates net upward force, which applies only if upward
drag exceeds weight (deceleration during parachute deployment).

+ OptionD: Dividing the forces yields a dimensionless ratio rather than a
resultant force in newtons.

PHYSICS

Question #144 [LCIATS] 08, Fiid Dynamics

Mast natural fluid flows are turbulent rather than laminar primarily because of:

CORE COMCEPT & DERIVATION

Fluid flow regime (laminar versus turbulent) is governed by the dimensionless
Reynolds number (Re), which guantifies the ratio of inertial forces to viscous forces.

Formula / Rule / Reaction:

When Re > 4000, flow transitions into turbulence.

Solution:

« At elevated flow velocities (v), inertial forces completely overwhelm
stabilizing internal viscous shear stresses.

» Thisproduces chaotic streamlines, eddies, and internal fluid vortices, driving
the transition from smooth laminar flow to turbulent flow.

Why other options are incorrect:

+ Option A: Real fluids always possess non-zero viscosity; anideal fluid with
zero viscosity is aninviscid theoretical abstraction.

+ OptionB: Very low velocities produce low Reynolds numbers (Re < 2000),
ensuring smooth, predictable laminar streamline flow.

+ Option D: Fluids always experience shear resistance during flow.
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Question #145 PHYSICS

06, Fluid Dymamics

According to the eguation of continuity, when the cross-sectional area of a pipe
decreases, the..

CORE CONCEPT & DERIVATION

The equation of continuity expresses the principle of conservation of mass for
steady, incompressible fluid flow.

Forrmula / Rule / Reaction:

Ay = Awy = Constant (Volume Flow Rate )

Solution:

+ Foranincompressible fluid of constant density, the mass entering a pipe
segment must equal the mass exiting in the same time interval.

+ Becausecross-sectional area and fluid velocity are inversely related (v x 4,
reducing the pipe area forces the fluid to accelerate, increasing its flow
velocity.

Why other options are incorrect:

s Option B: \Velocity decreases when pipe cross-sectional area increases
{widens).

« Optlon C: Velocity remains constant only if cross-sectional area does not

vary.
* Option D: Velocity would become zero only if the conduit were completely
blocked.
PHYSICS
Question #146 06 Fluid Dynamics

Water flows steadlly through a horizontal pipe that gradually narrows. At the wider end,
the ve...

CORE CONCEPT & DERIVATION

Bernoulli's principle states that for steady. incompressible, non-viscous streamline
flow along a horizontal streamline, total mechanical energy remains constant.

Formula / Rule / Reaction:

1 . 1 2 1 5
P-}—E.OU -—Constant—:vpl—ﬁpﬂi-_ﬁ_-:—gpﬂz

Solution:

« Asthe pipe constricts, fluid velocity increases from 1 my/sto 3my/s, increasing
kinetic energy density (4pv?).

« Tomaintain conservation of mechanical energy along a horizontal plane,
static fluid pressure must dropin the high-velocity region.

* Therefore, static pressure is lower at the narrower end.

Why other options are incorrect:

+ Option B: Higher velocity corresponds to reduced static pressure; claiming
pressure increases violates Bernoulli's conservation principle.

* Option C: Continuity of flow requires constant mass transport, but pressure
varies with changing kinetic energy density.

+ OptionD: Pressure and velocity are interdependent through Bernoulli's
equation.
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Question #147 PHYSICS

U3, aves
What
medium?
CORE CONCEPT & DERIVATION

Mechanical waves require a physical material medium that possesses both inertia
{mass) and elasticity to transmit vibrational energy.

& necessary mechanical condition for wave propagation through a material

Formula / Rule / Reaction:

(E = Elastic Modulus, p = Inertial Density)

Solution:

¢ \Whena particle in a mediumis displaced from equilibrium, elasticity provides
arestoring force that pulls it back toward its resting position.

* Intermolecular elastic forces couple neighboring particles, allowing the
disturbance to propagate sequentially through the material.

Why other options are incorrect:

« OptionB: Inaninelastic medium, displaced particles deform permanently
without generating restoring forces, preventing wave transmission.

+ OptionC: If particles were independent, no coupling forces would exist to
transmit disturbances to neighboring particles.

s OptionD: Particle independence prevents cohesive mechanical wave
propagation.

Question #148 PHYSICS

05 Waves
Aprogressive wave is one which:
CORE COMCEPT & DERIVATION
Progressive (traveling) waves are disturbances that move continuously through a

medium, transporting energy and momenturn away from the source without net
bulk transport of matter.

Formula / Rule / Reaction:

ylx,t) = Asin(kz — wt)

Solution:

* Inaprogressive wave, particles of the medium oscillate periodically about
their mean equilibrium positions.

» Thewave profile advances continuously through space, transferring energy
from one region of the medium to another.

Why other options are incorrect:

« Option A: Mechanical progressive waves require localized particle
oscillations in the medium.

* Option C: Progressive waves travel through solids, liquids, and gases, as well
as vacuum in the case of electromagnetic waves.

« OptionD: Waves propagate through low-density media (e.g., sound in air}
and do not strictly require high density.
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Question #149 PHYSICS

05 Waves
The speed of sound in airincreases with:

CORE CONCEPT & DERIVATION

The speed of sound in a gaseous medium depends on absolute temperature and
molecular mass as described by the Laplace-Newton equation.

Formula / Rule / Reaction:

Speed inereases by 0.61 m/s per "C rise in air temperature

Solution:

« Highertemperature increases the thermal velocity of gas molecules,
accelerating acoustic energy transmission.

« Humid air contains water vapor (M = 18 g/mol), whichislighter than dry air
(mean M = 28 g/mol), reducing overall air density and increasing sound
speed.

» Thus, higher temperature and higher humidity bothincrease the speed of
sound.

Why other options are incorrect:

+ Option B: Lower temperature and lower humidity decrease acoustic
propagation speed.

« Option C: At constant temperature, pressure changes cause proportional
density changes (P/p = constant), leaving sound speed unaffected.

+ OptionD: Sound speed s inversely proportional to the square root of density
(v = 1/ /p); higher density at constant elasticity reduces speed.

PHYSICS

05 Waves

Question #150

Awave has a velocity of 300 my#s and a frequency of 100 Hz. If the medium changes such
that vel...

CORE CONCEPT & DERIVATION

The fundamental wave equation relates wave speed (v), frequency ( f), and
wavelength (). Frequencyis determined by the wave source and remains invariant
across media boundaries.

Formula / Rule / Reaction:

0= FfA = )\.—%

Solution:

_ Iim/s
10 Hz:

e Initialwavelength: A; = i; =3m.

* When the wave enters a new medium, its speed doubles to vy = 2vy = 600 m/s
, while frequency remains constant at 100 Hz.

. _ oz _ @00mjs
« Newwavelength: Az 7 = Ton 6 m.

+ Because A, = 2A,, the wavelength doubles.

Why other options are incorrect:

+ Option A: Wavelength would halve only if wave speed were halved at
constant frequency.

* Option C: Wavelength cannot remain unchanged when wave velocity
changes at fited freguency.

* Option D: Anonzero traveling wave cannot have zero wavelength.
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Question #151 it

U2,
When a particle executing simple harmonic motion moves from its mean position to an
extreme pos...
CORE CONCEPT & DERIVATION

Insimple harmonic motion (SHM), mechanical energy continuously alternates
betweenkinetic energy and elastic potential energy.

Formula / Rule / Reaction:
1 b 2
E, = Emu.r (25 — =}
Solution:

« At the mean position(x = 0), particle velocity and kinetic energy reach their
maximurnvalues: By, = gmuw’zj.

* Asthe particle moves toward an extreme position (x — xq), restoring forces
decelerate the particle, continuously converting kinetic energy into potential
energy.

s Atthe extreme position (¢ = =), velocity drops to zero, and kinetic energy
becomeszero.

Why other options are incorrect:

s Option A: Kinetic energy decreases, rather than increases, as displacement
increases away from the mean position.

« Option C: Total mechanical energy remains constant, butkinetic energy
varies with position.

= OptionD: Potential energy, not kinetic energy, reaches its maximum at the
extreme position.

PHYSICS

O7. Thermodynamics

Question #152

By the Second Law of Thermodynamics, heat will spontaneously flow from a system of;
CORE COMCEPT & DERIVATION

The Clausius statement of the Second Law of Thermodynamics establishes that
thermal energy transfers spontaneously only in the direction of decreasing
temperature.

Formula / Rule / Reaction:

AS = EQ =0 = @ flows spontanecusly from Ty, — Tras

14

Solution:

s Temperature reflects the average translational kinetic energy per molecule
and determines thermal potential.

+ Thermal contact between two bodies causes random molecular collisions to
transfer net heat energy spontaneously from the higher-temperature body to
the lower-temperature body until thermal equilibriumis established.

Why other options are incorrect:

+ Option A: Total internal energy is an extensive property dependent on mass;
heat can flow spontaneously from a low-internal-energy hot object to a high-
internal-energy cold reservoir.

« OptionB: Pressure gradients govern bulk fluid mechanical displacement, not
spontaneous microscopic heat transfer.

* Option C: Heat transfer from cold to hot requires an input of external
mechanical work, as in arefrigeration cycle.
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PHYSICS
Question #153 [L.CVALY 07. Thermodynamics
The Slunit of molar specific heat capacity is:

CORE CONCEPT & DERIVATION
Molar specific heat capacity is the quantity of heat energy required toraise the
temperature of 1 mole of a substance by 1 Kelvin.

Formula / Rule / Reaction:

_AgQ W 1ol
i AT — Units il K J-omol " K

Solution:

s Heatenergy (AQ)is measuredinjoules(l).

« Amount of substance (n) is measured in moles (mol).

« Temperature change (AT)is measured in kelvins (K).

« Combining these dimensions yieldsJ - mol ' K 1.

Why other options are incorrect:

» Option B: Omits negative exponents for both mole and kelvinin the
denominator.

« Option C: Omits the negative exponent for the mole dimension.
s OptionD: Fails to place the kelvin unit in the denominator.

PHYSICS
Question #154 07. Thermodynamics

Foranideal gas with molar heat capacity at constant volume [Formula] . the molar heat
capacit...

CORE CONCEPT & DERIVATION

Mayer's thermodynamic relation relates the molar heat capacity at constant

pressure to that at constant volume for an ideal gas.
Forrmula / Rule / Reaction:

()

"-C,=R = C,=C.+R

Solution:

« Given: (), = ‘}R{characteristic of amonoatomic ideal gas).

3 32 5
c,=3r+r=32r+2n=-%n
* p= gt S raR=3

Why other options are incorrect:
* Option A: Ris the universal gas constant, representing the difference ¢, — C,
« OptionB: 3/2 Risthe value of C,, which accounts anly forinternal kinetic

energy change without isobaric expansion work.

* OptionD: 7/2 Rcomresponds to C, for a rigid diatomic ideal gas where C, =
iR
iR
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Question #155 PHYSICS

0B. Blactrostatics

The electric field inten

sity at a pointinspace s defined as the:

CORE COMCEPT & DERIVATION

Electric field intensity [E:J is avector field describing electrostatic force
experienced by charged particles inspace.

Formula / Rule / Reaction:

Solution:

« Theelectric field intensity at a point equals the electrostatic force exerted on
an infinitesimal positive test charge placed at that location, divided by the
magnitude of the test charge.

e Its Slunit is newtons per coulomb (N/C) or volts per meter (V/m).

Why other options are incorrect:

* Option A: Potential energy per unit charge defines electric potential (V =
W /q), measuredinvolts.

+ OptionB: Work done per unit time defines power, measured in watts.

+ Option C: Charge per unit area defines surface charge density (o = 2/ A4),
measured in coulombs per sguare meter.

Question #156 PHYSICS

08. Blactrostatics
Coulomb's Law for electrostatic forces direc tly agrees with which of Newton's laws of
mation?
CORE COMCEPT & DERIVATION

Coulomb's law describes the mutual electrostatic force between two stationary
point charges.

Formula / Rule / Reaction:

Solution:

s Theelectrostatic force exerted by charge g on charge g is equalin
magnitude and opposite in direction to the force exerted by gz on qu.

+ Because these interaction forces act along the line joining the charge centers
and forman action-reaction pair, Coulomb's law agrees with Newton's Third
Law of Maotion.

Why other options are incorrect:

+ OptionA: Newton's First Law describes the law of inertia in the absence of
netexternal force.

* OptionB: Newton's Second Law relates net external force to rate of change
of momentum {(F — ma).

+ OptionD: Gauss's Law is an equivalent formulation of electrostaticsrelating
electric flux to enclosed charge, not one of Newton's laws of motion.
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Question #157 PHYSICS

08. Electrostatics

The work done In moving a unit positive charge from one point to another while keeping
the char..
CORE CONCEPT & DERIVATION

Electrostatic potential difference between two points is defined through the work
required to move a unit charge through a conservative electric field.

Forrmula / Rule / Reaction:

AV = Vi —Va=

Solution:

+ When an external agent moves a test charge without acceleration (in
electrostatic equilibrium), the work done per unit positive charge against the
electric field equals the electric potential difference between those two
points.

* |tismeasuredinvolts(1V =1J/C}).

Why other options are incorrect:

« Option A: Kinetic energy is the energy of motion; keeping the charge in
equilibrium ensures its kinetic energy does not change (AE;, = 0).

« Option B: Electric potential energy represents total work done on an arbitrary
charge g, rather than perunit test charge.

+ Option C: Elastic potential energy is mechanical energy stored by deforming
an elastic solid.

Question #158 PHYSICS

12. Alternating Current

If the potential difference [Formula] across an ohmic conductor is doubled while keeping
res

CORE CONCEPT & DERIVATION

Joule'slaw of electric heating relates power dissipation to applied potential
difference and electrical resistance.

Formula / Rule / Reaction:

Solution:

« Initialpower: P, = &,
* When potential difference is doubled (V12 = 2V) at constant resistance:

a2 2
G =

. B=

« Because electrical power dissipation scales with the square of voltage,
doubling voltage quadruples power dissipation.

Why other options are incorrect:

« Option A: Power would double only if current were held constant, but
doubling voltage across fixed resistance also doubles current, resultingina
fourfold powerincrease.

s Option B: Halving power would require reducing voltage to V/ /2.

* Option D: Power dissipation depends directly on applied voltage; it cannot
remain unchanged.
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Question #159 m PHYSICS

Electromagnetism
When the area vector [Formula] is parallel to the magnetic field [Formula] . the magnetic
flux..
CORE CONCEPT & DERIVATION

Magnetic flux measures the total number of magnetic field lines passing through a
givensurface area.

Formula / Rule / Reaction:

b, =F.4=BAcos@d

Solution:

« Theareavector Ais defined perpendicular to the surface plane.

« \When Aisparallel to the magnetic field vector B, the angle between them s
a=0.

. $5 = BAcos(0") = BA(1l) = BA
« This orientation produces maximum magnetic flux through the surface.

Why other options are incorrect:

s Option A: Fluxis zero when the area vector is perpendicular to the field (§ =
90°), meaning field lines run parallel to the surface without passing throughit.
« OptionC: BAcos90° = 0, representing minimurm (zero) flux.

« OptionD: B/ A carriesincorrect physical dimensions for flux.

PHYSICS

16. Nuclear Physics

Question #160

Which of the following statements best describes the nature of radioactive nuclear
decay?

CORE CONCEPT & DERIVATION

Radioactivity is an intrinsic nuclear process governed by guantum tunneling and
nuclearinstability.

Formula / Rule / Reaction:

__ﬂ_ — N} = oA
= =AN = N(t) = Nye

Solution:

+ Nucleardecay is spontaneous because unstable parent nuclei disintegrate
without requiring external energy input.

o ltisrandom because itis fundamentally impossible to predict the exact
moment a specific individual nucleus will decay: only the statistical decay
probability per unit time (A) can be known.

Why other options are incorrect:

* OptionB: Natural radioactivity does not require external activation energy;
induced artificial reactions are distinct from spontaneous decay.

+ Option C: Individual nuclear disintegration events follow Poisson statistics
and do not oceur at fixed, regular intervals.

* OptionD: Nuclearforces operate within femtometer scales, unaffected by
chemical conditions, laboratory temperature, or ambient pressure.,
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Question #161 PHYSICS

0. Vectors & Equilibrium
A boat moves 4 km east and then 3 km north. Another boat moves 3 km north first and
thendkme..

CORE CONCEPT & DERIVATION
Displacementis a vector pointing from the initial position to the final position.
Vector addition satisfies the commutative property.

Forrmula / Rule / Reaction:

Fi=dit3), H=3rdi=di+3 = 5=%

Solution:

s Boatlundergoes displacements of 4i km followed by ”;3 km, arriving at
coordinates (4,3).

» Boat2undergoesdisplacements of 3] km followed by 4i km, arriving at the
exact same coordinates (4, 3).

» Bothboats shareidentical net displacement vectors of magnitude |5] =
VAT 37 = 5 ki directed até = tan'(3/4) = 36.9° north of east.

Why other options are incorrect:

* Option B: The order of vector addition does not alter the resultant vector (
A+B=E+A)

« Option C: The first boat's displacement magnitude is exactly 5 km, identical
to the second.

« Option D: Both boats terminate at the identical coordinate position (4, 3).

PHYSICS

15. Atomic Spectra

Question #162

In the emission spectrum of atomic hydrogen, the Brackett series lies in the:
CORE CONCEPT & DERIVATION

Bohr's model explains hydrogen spectral emission series based on lower principal
quantum energy levels (n,).

Formula / Rule / Reaction:

1 1 1
3= RH{E - nz} where na = 5,6,7,.-- = Brackett Series {Infrared)
Solution:

+ The Brackett series corresponds to electronic transitions from higher energy
levels (nz = 5)down to the fourth orbit (rn; = 4).

+ These transitions emit radiation with wavelengths ranging from 1.458 to 4.051
micrometers, which falls in the infrared region.

Why other options are incorrect:

+ Option A: The Lyman series (transitions to n, = 1)liesin the ultraviolet region.
s Option B: The Balmer series (transitions ton, = 2) produces spectral linesin
the visible region.

» OptionD: X-rays arise from inner-shell transitions in heavy multi-electron
elements or high-energy deceleration, not hydrogen outer transitions.
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Question #163 [T ENGLISH

03. Partz of Speech, Frepositions & Modifiers

All of the players forgot _____ jerseys.

CORE CONCEPT & DERIVATION

Apronounmust agree in number, person, and gender with its antecedent noun.
Possessive determiners indicate ownership.

Formula / Rule / Reaction:

Plural Antecedent (*players') = Third-Person Plural Possessive Determiner ('their’)

Solution:

o Thesubjectantecedent 'players’is a plural noun.

* Thesentence requires a third-person plural possessive pronoun to modify
the plural noun 'jerseys'.

« 'Their'is the grammatically correct plural possessive determiner.

Why other options are incorrect:

+ OptionA: 'His'is a singular masculine possessive pronoun and clashes with
the plural antecedent 'players’.

+ OptionB: 'Her'is a singular feminine possessive pronoun and fails number
agreement.

* OptionC: 'There'is an adverb of place, not a possessive pronoun.

Question #164 ENGLISH

01. Vocabulany. Synonyms, Antonyms & Spelling

The old man was feeble, barely able to walk. The word "feeble"means:

CORE COMCEPT & DERIVATION

Context clues within a sentence clarify vocabulary meaning through adjacent
descriptive modifiers.

Formula / Rule / Reaction:

‘Feeble’ <= Lacking physical strength or vigor; physically weak, frail, or debilitated

Solution:

» Theclause 'barely able to walk' indicates impaired physical mobility resulting
from physical frailty or debility.

» 'Weak' directly matches the definition of ‘feeble’.

Why other options are incorrect:

« Option A: 'Healthy' is an antonym denoting vigorous physical well-being.
« Option C: 'Strong'is a direct antonym representing robust physical strength.

+ OptionD: ‘Fat' refers to body mass and adipose tissue, unrelated to physical
weakness.
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Question #165 ENGLISH

02. Idioms, Phrasal Verbs & Literary Figures

"Revenge is a kind of wild justice." This sentence illu
dewi...

CORE CONCEPT & DERIVATION

Ametaphoris a figure of speech that makes animplicit, direct comparison between
two fundamentally distinct things without using connective words such as 'like’ or
‘as’.

strates the use of which figurative

Formula / Rule / Reaction:

Metaphor: Concept A is Concept B (direct figurative equation )

Solution:

« Francis Bacon's statement directly equates the abstract concept revenge’
to 'wild justice’.

» Becauseit creates adirect figurative equation without using 'like" or 'as’. it
represents a metaphor.

Why other options are incorrect:

* Option A: Personification attributes human emotions, agency, or physical
actions to non-human entities or abstractions.

« Option B: A punishumorous wordplay exploiting multiple meanings of aword
or words that sound similar.

* Option D: Hyperbole involves deliberate rhetorical exaggeration for dramatic
emphasis.

Question #166 [N ENGLISH

04. Subject-Verb Agreement, Tenses & Conditionals

Each of the boys ambitious tolead the team.

CORE CONCEPT & DERIVATION

Subject-verb agreement requires indefinite distributive pronouns such as 'each’,
‘either’, and 'neither’ to take singular verbs regardless of intervening prepositional
phrases.

Formula / Rule / Reaction:

Each (Singular Subject) + [of the boys (Prepositional Modifier)| + is (Singular Linking Verb)

Solution:

* The grammatical subject of the sentence is the singularindefinite pronoun
'Each’.

« Theintervening prepositional phrase 'of the boys' does not alter the
grammatical number of the subject.

« The predicate requires a singular linking verb connecting the subject to the
predicate adjective 'ambitious’, making 'is’ correct.

Why other options are incorrect:

« OptionA: 'Have'is a plural auxiliary/transitive verb and does not function as a
linking verb with an adjective complement here.

* Option B: 'Has'is a singular verb of possession, which cannot link a subject to
the predicate adjective 'ambitious’.

+ OptionD: 'Are’is a plural verb that erroneously agrees with the object of the
preposition {'boys’) rather than the true subject ('Each’).
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ENGLISH
Question #167 m 05. Active-Passive Voice. Reported Spee: y

"She completed the task with great difficulty. " Identify the CORRECT passive voice
transformati..

CORE CONCEPT & DERIVATION

Intransforming active voice sentences in the simple past tense into passive voice,
the direct object becomes the subject. followed by 'was/were' and the past
participle of the main verb.

Formula / Rule / Reaction:

Active: § + V2 + 0 = Passive: O + was/were + V3 + by §

Solution:

» Active sentence: 'She' (Subject)+ 'completed’ (Past simple verb) + 'the task’
(Direct object).

+ Thesingularobject The task’' becomes the passive subject.

» The appropriate past auxiliary for a singular subject is ‘was', followed by the
past participle ‘completed’.

» Theresulting sentenceis: The task was completed with great difficulty by
her.”

Why other options are incorrect:

+ OptionB: Uses present perfect 'has been completed', altering the simple
past tense of the original active sentence.

* Option C: Uses past continuous 'was being completed', which applies only to
continuous ongoing actions.

+ OptionD: "Was been’is anungrammiatical verb sequence in English.

Question #168 . ENGLISH

*assive Voice. Reported Speech & Syntax

Inthe sentence "Jlogging every moring improves my mood,” what grammatical role does
the gerund...

CORE CONCEPT & DERIVATION
Agerund is a non-finite verb form ending in"-ing’ that functions syntactically as a
noun. Agerund phrase includes the gerund and its modifiers or objects.

Formula / Rule / Reaction:

[Jogging every morning]Gerund Phrase as Subject + [LMProves| Tramitive Vers + Iy mood] Direct Object

Solution:

» Thegernund phrase 'logging every morning’ occupies the initial nominal
paosition preceding the finite predicate verb 'improves’.

« |tperforms the action of improving, functioning as the grammatical subject of
the sentence.

Why other options are incorrect:

+ OptionA: The phrase does not follow a transitive verb as an object.
+ OptionB: 'My mood'is the direct object receiving the action of improves’.

+ OptionC: Apredicate noun follows alinking verb (e.g., ‘is', 'lbecame’) to
rename the subject; here, 'improves’ is an active transitive verb.
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Question #169 ENGLISH

O3. Parts of Speech, Prepositions & Modifiers
The meeting has been scheduled _____ 3 p.m. sharp.

CORE CONCEPT & DERIVATION

Prepositions of time are selected according to the specificity of the temporal
reference.

Formula / Rule / Reaction:

'At' is used for precise clock times and specific points in time

Solution:

« Standard English idiom uses the preposition 'at’ before designated clock
times (e.g., at 3 p.m., at noon, at midnight).

o Therefore, 'at 3 p.m. sharp' is grammatically comrect.

Why other options are incorrect:

* Option A: 'On'is used for specific calendar days and dates (e.g., on Monday,
onlJuly12).

« OptionC: 'In'isused for non-specific periods such as months, years,
centuries, and seasons (e.q., in July, in 2025).

» OptionD: To'indicates spatial direction or destinationrather than a
scheduled clock time.

Question #170 ) ENGLISH

03, Pans of Speech, Prepositions & Modifiers
She studied hard;
transitional .
CORE CONCEPT & DERIVATION

Transitional conjunctive adverbs establish logical relationships (cause-and-effect,
contrast, illustration) between two independent clauses separated by a semicolon.

_____ . she passed the exam with distinction. Choose the CORRECT

Forrmula / Rule / Reaction:

Cause (Studied hard) — Effect/Result (Passed with distinction) — 'Consequently’

Solution:

+ Thesecond clause ('she passed the exam with distinction') representsthe
natural result of the actionin the first clause {'She studied hard').

* 'Consequently’ expresses this cause-and-effect relationship correctly.

Why other options are incorrect:

« Option A: 'However' signals contrast or concession between opposing
ideas.

* Option B: 'Forinstance' introduces a specificillustrative example rather than
alogical conseguence.

s OptionD: 'Incontrast' indicates juxtaposition of differences.
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ENGLISH
Ouestlon #1N m 02 tdioms. Phrasal Veros & Literary Figures

Which literary device involves using words or phrases that convey the opposite of their
literal...

CORE COMCEPT & DERIVATION

Figures of speech alter the relationship between literal and intended meaning for
rhetarical or artistic effect.

Formula / Rule / Reaction:

Verbal Irony: Intended figurative meaning = Direct opposite of literal expression

Solution:

« \erbalirony occurs when a speaker says one thing while meaning the
opposite.

« More broadly, irony describes incongruity between literal expression and
intended reality.

Why other options are incorrect:

« OptionB: A parody is an exaggerated, humorous imitation of a specific
genre, style, or author.

* Option C: Satire uses humor, irony, or ridicule to expose and criticize human
vice or societal shortcomings.

« OptionD: Sarcasmis a specific, caustic form of verbal irony intended to

mock, butirony is the broader literary device based on expressing the
opposite of literal meaning.

LOGICAL REASONING

07 Number Series & Mumerical Progressions

Question #172

Consider the geometric sequence: 64, 32, 16, 8, ... What is the 10th term of this
sequence?

CORE CONCEPT & DERIVATION
Ageometric progression is a sequence inwhich each successive termis obtained

by multiplying the preceding term by a constant common ratio ir).

Formula / Rule / Reaction:

n—1

O = a1
Solution:

+« Firstterm:a; = 64.

» Commonratioir = ¥ = 1.

« ThelOthterm (n = 10)is:

. am—ﬁ:lxlﬁlw"]—ﬁ4x(§)g—ﬁ4x$—%—§

« Past paperboard note: Inuncurated spreadsheet dumps, fractional options
‘1/4'and 'I/8' frequently appeared corrupted as Excel date serial integers
(‘46026 and '46030'); they are restored here to theirintended mathematical
fractions.

Why other options are incorrect:

« Option A: 2is the 6th term of the sequence (64 x (1/2)% = 2).
+ OptionB: 4isthe 5th term of the sequence (64 » (1/2)* = 4).
+ OptionC: 1/disthe 9th term of the sequence (64 x (1/2)° = 1/4).
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LOGICAL REASONING

10. Percentages, Ratios & Unit Cakculations

Question #173 [[ZHC]

If 5 boxes of soap weigh 75 kg in total, and each box when empty weighs 3 kg, what is the
total...

CORE CONCEPT & DERIVATION
Gross weight is the sum of net content weight and container tare weight.

Formula / Rule / Reaction:

Net Weight of Soaps = Total Gross Weight — Total Weight of Empty Boxes

Solution:

o Totalgross weight of 5 filled boxes =75 kg.
«  Weight of lempty box=3kg.

+ Totaltareweight of 5 emptyboxes=5 x 3 kg = 15 kg.

. Net weight of soap = 7o kg — 15 kg = 60 kg

Why other options are incorrect:

s OptionA: 15 kg is the tare weight of the five empty boxes alone.
« Option B: 30 kg results from subtracting 15 kg twice.
+ OptionC: 45 kg corresponds to subtracting 10 empty boxes.

LOGICAL REASONING
OF. Number Series & Mumerical Progressions

Question #174

Whichnumber completes the series: 200, 180, 162, 144, 132,
CORE CONCEPT & DERIVATION

Number series patterns are analyzed by examining the differences between
successive terms.

Formula / Rule / Reaction:

An = Ay~ 2 (Differences decrease by 2 each step)

Solution:

o 200180 =20

« 180 - 162 = 18

o 162 — 146 =16

o 146132 =14

« The successive differences decrease by 2 ateach step: 20,18, 16, 14.

« Thenextdifference mustbel4 — 2 = 12.

. 132 - 12 =120

Why other options are incorrect:

« Option A: 118 results from subtracting 14 again instead of decreasing the
differencetolZ.

* OptionC: 122 results from subtracting 10 instead of 12.
s OptionD: 126 results from subtracting only 6.
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LOGICAL REASONING
13. Blood Relaticns & Knship

Question #175 [[ZHT)

How s All related to Mustafaif Ali says, "Mustafa's motheris the only child of my
grandmothe...

CORE CONCEPT & DERIVATION

Kinship deduction resolves generational links and sibling relationships through
unambiguous genealogical descriptors.

Formula / Rule / Reaction:

'Only child of my maternal grandmother’ = Ali's mother

Solution:

« Ali'sgrandmother has an 'only child', which means that child is Ali's mother.
+ Alistatesthat this person is also ‘Mustafa's mother'.

+ Because Mustafa and Ali share the same mother, Aliis Mustafa's brother.

Why other options are incorrect:

+ OptionB: They cannot be cousins because Ali's grandmother has only one
child, precluding any maternal aunts oruncles.

* OptionC: 'Uncle'represents an clder generation, which is incompatible with
sharing the same mother.

+ OptionD: The statement identifies Mustafa's mother, not his father.

LOGICAL REASONING

12. Limear Ranking, Ordering & Inequalities

Question #176

Ahmed ranks 10thin a class of 46 students. There are exactly 7 students ranked below
Bifal. Ho...

CORE CONMCEPT & DERIVATION

Linear ranking calculations determine intermediate positions by finding absolute
numerical ranks from a shared reference point.

Formula / Rule / Reaction:

Rank from top = Total students — Students below
Students strictly between ranks By and By = B, — By — 1

Solution:

« Ahmed'srank from the top = 10th.

« Bilal has 7 students below himin a class of 44, so Bilal's rank from the top is:

. Bilal's rank = 46 — 7 = 39th

* Thenumberof students ranked strictly between the 10th rank and the 39th
rank is:

. Intermediate students = 30 — 10 — 1 = 28

Why other options are incorrect:

* OptionA: 27 underestimates the range by subtracting an extra position.

« Option C: 30 results fromincluding both boundaries rather than excluding
them.

* OptionD: 32 fails to compute Bilal's rank from the bottom correctly.
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LOGICAL REASONING

0% Word Problems on Ages

Question #177 [[ZHE)

Afatheris 5 years olderthan twice his son's age. If the sonis 12 years old, what is the fat...
CORE CONCEPT & DERIVATION

Linear algebraic word problems translate descriptive quantitative relationships into
solvable equations.

Formula / Rule / Reaction:

F=28+4%5

Solution:

« Son'sage:§ =12
+ Twicetheson'sage=2x12 =24

« Thefatheris 5 years older than this product:

. F =24 + 5 = 20 years

Why other options are incorrect:

+ Option A: 28 years corresponds to adding 4 years instead of 5.
+ OptionC: 30 years corresponds to adding é years.
« Option D: 32 years corresponds to adding 8 years.

LOGICAL REASONING

0. Argument Evaluation & Ethics

Question #178

Amabile company is deciding whether to collect personal user data to improve
advertisements. W...

CORE CONCEPT & DERIVATION

Amoral argument is grounded in ethical principles of duty, human rights, and
autonomy, evaluating rightness or wrongness independent of commercial self-
interest or profit outcomes.

Formula / Rule / Reaction:
Ethical Principle: Autonomy and Informed Consent {Deontological Ethics).

Solution:

* Option B addresses the moral imperative of respecting individual autonomy
and informed consent, framing unauthorized data collection as inherently
unethical,

« This makesit a moral argument against the practice.

Why other options are incorrect:

« Option A: Presents a prudential business argument based on financial self-
interest and corporate profit rather than ethics.

« Option C: Anargument in favor of collection based on market competition.

+ OptionD: Apragmatic commercial argument in favor of collection based on
sales performance.
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LOGICAL REASONING

10. Percentages, Ratics & Unit Calculations

Question #179

Amedication dose starts at 100 mg and halves each day. What will be the dose on day 47
CORE COMCEPT & DERIVATION

Exponential decay follows geometric progression where guantity decreasesby a
canstant halving factor over discrete daily intervals.

Formula / Rule / Reaction:

n—1

1
Dy =Dy x (3)

Solution:

« Dayl:100 mg

« Day2:100/2 = 50 mg

« Day3:50/2 =25 mg

o Day4:25/2=125mg

« ThedoseonDay4is12.5mg.

Why other options are incorrect:

s OptionB: 25 mg is the dose administered on Day 3.
« OptionC: 30 mg does not fit geometric halving.
+ OptionD: 50 mg is the dose administered onDay 2.
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LOGICAL REASONING

10. Percentages, Ratios & Unit Cakculations

Question #180

Alibrary has 4 books on Shelf A and 8 books on Shelf B. Some books are removed from
ShelfBsu..

CORE CONCEPT & DERIVATION

Equating quantities across two sets after removing elements from one set requires
direct algebraic substitution.

Forrmula / Rule / Reaction:

Final Books on Shelf B = Initial Books on Shelf B — » = Books on Shelf A

Solution:

» Shelf Acontains 4 books.

« Shelf Binitially contains B books.

* Letxbe the numberof books removed from Shelf B:

. B—r=4 = a=8-4=4

* Therefore, exactly 4 books were removed from Shelf B.

Why other options are incorrect:

« Option A: Removing 2 books leaves 6 on Shelf B, which does not equal Shelf
Asd,

* Option B: Removing 3 books leaves 5 on Shelf B.

« Option D: Removing 6 books leaves 2 on Shelf B.

Official Examination Series



