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I EX) secrion: BioLOGY

QL. =0
Serumalbuminis classified as anexample of a:
(&) Conjugated protein

Simple protein
Derived protein

) Proteolipid

Q2. sio

A prime example demonstrating the intimate interaction of genetic
predisposition and early environmental exposure inanimal behavioris:

(A) Habituation
(8) Imprinting
(€) Operant conditioning

(D) Insight learning

Q3. eo

Ina typical 28-day human menstrual cycle, the most fertile period for
fertilization is between days:

) 105

-(;j- 91015

© 171022

@) 231028

Q4. s

The primitive streak first appears during embryonic gastrulation at the
developmental stage designated by which letter?

) StageB
StageC
Stage D

@5. sio

A pea plant that possesses two non-identical alleles for the gene
governing plant height is described as a:

(&) Dihybrid

Dual hybrid
Heterotype

(o) Monohybrid

R6. =m0

The theoretical probability ratio for producing a male or female
offspring inhuman reproductionis:
) 301
) 1.3
) 101
@) 2:1

=
@) ()

@ (

*

Q7. sio

The molecular biology technique whereby gel-separated DNA
fragments are transferred and immobilized onto a nylon membrane for
hybridizationis:

(&) Southernblotting

(8) Morthernblotting

(€) Westernblotting

) Eastern blotting
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Questions 1to 68 (68 MCQs)

Q8. eo

Which of the following nitrogenous bases possesses abicyclic
double-ring structure?

() Cytosine

(@) Thymine

(© Guanine

@) Uracil

Q9. sio

During milk coagulation, the solid casein curd separates from liquid
whey. This nutrient-rich whey is widely utilized as a commercial
substrate for cultivating:

(n) Bacteriaonly

(B) Yeastonly

(€) Algae only

(D) Eitherbacteria or yeast

Q10. =0

In addition to processing and packaging secretory vesicles, the Golgi
apparatus is directly responsible for originating:

(&) The nucleus

(B) Ribosomes
(€) Primary lysosomes
(@) Plastids

Q1. w0

The functional catalytic activity and precise three-dimensional
substrate-binding conformation of an enzyme is directly established
by its:

(R) Primary structure

(8) Secondary structure

(c) Tertiary structure

(D) Quaternary structure

Q12. si0

All of the following statements regarding Hepatitis A Virus (HAV) are
medically accurate EXCEPT:

@) Itfrequently infects children

(B) It commonly causes chronic progressive liver cirrhosis

(©) Itcantrigger acuteiliness lasting up to several months

(D) Itis shedinhigh concentrationsinfeces

Q13. =0

Which biochemical metabolic pathway operates universally in both
aerobic cellular respiration and anaerobic fermentation?

(&) Glycolysis

(B) Krebscycle

Oxidative decarboxylation of pyruvate

(©) Mitochondrial electrontransport chain

Q4. s

The structural protein that constitutes the sub-membranous matrix
shell of the mature Human Immunodeficiency Virus (HIV) virion is:

®) gpl20

@) gp4l

© p17

© p24
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Q15. e
The delicate gas-exchanging surface of the pulmonary alveoli is lined
predominantly by:

-

(&) Simple cuboidal epithelium
(8) Simple squamous epithelium
(©) Pseudostratified ciliated columnar epithelium

-

(D) Transitional epithelium

Q16. =0

The marine hagfishis taxonomically categorized under which
vertebrate class?

(&) Chondrichthyes

(8) Osteichthyes

(€) Cyclostomata(Agnatha)

(D) Placodermi

Q17. w0

All of the following are anatomical and histological characteristics of
human cartilage EXCEPT:

(a) Absence of direct capillary blood supply (avascularity)

Extracellularmatrix reinforced predominantly by Type |l collagen
Plasticity allowing tissue deformation and bending

(D) Complete absence of any inorganic mineral salts

Q18. =io

Which of the following visceral organs functions as a dual exocrine and
endocrine gland?

() Pancreas

(8) Thyroid gland

Adrenal gland
Parathyroid gland

Q19. w0

Myxospores are specialized desiccation-resistant resting cells
produced by:

(&) Fungi

(8) Bacteria

(© Algae

(D) Bryophytes

e

QR20. s

The rarest anatomical site for primary bacterial infection within the
humanurinary tractis the:

) Ureter
) Urethra
) Urinary bladder

)
) Renal pelvis

"

(A3 ray o)
'nf I\.m) I\. A

=

R21. sio

Tactile mechanoreceptors responsible for fine, discriminative touch
exhibit their highest sensory density in the human:

=)

) Sole of thefoot

) (@)

) Lips

) Dorsumof the hand

2

) Lowerback

G

31

(@

R22. sio

Which of the following bones represents an unpaired element of the
human viscerocranium (facial skeleton)?

(a) Maxilla

Lacrimal bone

Mandible

(o) Palatine bone
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Q23. w0

Atrichous bacteria are defined by the total absence of flagella. A
characteristic morphological example is:

(n) Bacilli

5 Spirilla

(©) Vibrios

fli:l:l Cocci

Q24. wo

In bryophytes, the non-motile haploid female gamete housed within
the venter of the archegonium is termed the:

(&) Antherozoid

(@) Oosphere(Egg)

(€) Oospore

(@) Protonema

Q25. =0

The biological and nutritional characteristics exhibited by protozoans
align them most closely with:

(&) Plants

(8) Bacteria

(€) Animals

@) Viruses

Q26. sio
The most diverse and specious phylum in Kingdom Animalia is:

(&) Phylum Annelida
(B) Phylum Arthropoda
(€ Phylum Chordata
(@) Phylum Mollusca

Q27. w0

In eukaryotic cells, the assembly of the small (40S) and large (60S)
ribosomal subunits in the presence of magnesiumions forms a
functional translation particle of:

@®) 708

(® 80S

© 90s

@) 1008

Q28. eo

A continuous, rigid peptidoglycan (murein) cell wall envelopeis a
defining biochemical feature of:

(&) Bacteria

(B) Algas

© Fungi

(@) Protozoa

Q29. o

The following curve demonstrates the kinetics of an enzyme-
catalyzed reaction. What parameter is plotted along the horizontal axis
(x-axis)?

(&) Substrate concentration

(® pH

(©) Temperature

(0) Enzyme concentrationunder excess substrate
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R30. sio

In the open-chain Fischer projection of D-fructose, the characteristic
ketone functional group is located at carbon number:

® c-1

@ C-2

© C-3

© C-4

Q31. eio

By total mass and external surface area, the largest single organ of the
human body is the:

(&) Liver

(8) Skin

(©) Brain

(@) Lungs

R32. eio

True dichotomous (Y-shaped) branching of the aerial axis is an
anatomical characteristic of which primitive tracheophyte
subphylum?

(a) Lycopsida

(8) Sphencopsida

(© Psilopsida

(D) Pteropsida

QR33. wio

In plant phloem translocation, the physiological term 'sink of
assimilate' applies to:

(A) Vegetative buds and growing meristems
(8) Developing seeds and maturing fruits

) Storage roots and underground tubers

) Al of the above

©) (@)

Q34. o

The involuntary pharyngeal and esophageal stages of the swallowing
reflex are coordinated by the swallowing centerlocatedin the:

2

Hypothalamus
Medulla oblongata
Cerebellum

e

>
B

e

©) Corpus callosum

Q35. sio

The chemical formula C;;H;,MgN, O, defines the empirical structure of:
(®) Chlorophyll a

(8) Chlorophyllb

(©) Chlorophyllc

(D) Bacteriochlorophyll

QR36. o

Following fertilization in the human fallopian tube, the developing
blastocyst implants into the maternal:

[t

Epimetrium
Perimetrium

=1
M @J’

@

Myometrium
(D) Endometrium

Q37. e

In metabolic pathways, feedback inhibition occurs when an enzyme is
allosterically inhibited by:

(a) The accumulated end-preduct of that biochemical pathway
(B) Excess guantities of its own substrate
.

1)

(©) Anirreversible heavy metal poison
®

Coenzyme depletion
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Q38. =i

The reduction of wings in the kiwi, elongated necks in giraffes,
webbed feetin ducks, and tooth loss in baleen whales were originally
explained by:

(&) Jean-Baptiste Lamarck

(8) Charles Darwin

(© August Weismann
(D) Hugo de Vries

{

Q39. eio

Which of the following statements is NOT TRUE regarding the biology
ofinterferons?

(&) They belong to the cytokine class of signaling glycoproteins

(B) They activate natural killer (NK) cells and macrophages

(©) Theyinduce translation of antiviral proteinsinuninfected cells

(D) They are specialized endocrine glands that synthesize interleuking

Q40. =0

Intrinsic factor, synthesized and released by the parietal {oxyntic) cells
of the gastric mucosa, is required for the intestinal absorption of:

(a) Vitamin B12 (Cobalamin}

(8) Vitamin C (Ascorbic acid)

(€) Fat-soluble VitaminD

(D) Elementaliron

Q41. e

Which of the following biochemical functions is NOT a metabolic
responsibility of hepatocytesin the liver?

(&) Glycogenolysis

(8) Gluceneogenesis

(€) Oxidative deamination of excess amino acids

(@) Immunoglobulinsynthesis

Q42. eio

All of the following endocrine hormone pairs perform antagonistic
physiological actions EXCEPT:

(&) Growth Hormone and Somatostatin

(B) Calcitoninand Parathyroid Hormone

(©) Adrenaline and Noradrenaline

@) Insulinand Glucagen

Q43. sio

Large beta-barrel channel proteins called porins, which permit passive
diffusion of small hydrophilic molecules, are found in the outer
membranes of:

(A) Mitochondria and Golgi apparatus

(8) Mitochondria and chloroplasts

(€) Mitochondria and ribosomes

(o) Golgiapparatus and chloroplasts

Q44. eo

Carbohydrates are organic biomolecules composed principally of
which chemical elements?

(&) Carbon, nitrogen, and potassium

(B) Carbon, hydrogen, and chlorine

(€) Carbon, nitrogen, and oxygen
(D) Carbon, hydrogen, and oxygen

Q45. sio
Within a non-dividing eukaryotic interphase cell, the highest density
andrate of RNA transcriptionis localized in the:

(&) Plasma membrane
(8) Cytosol

(©) Nucleolus

(D) Lysosome
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QR46. o

Cellular turgor pressure and structural support in non-woody
herbaceous plant tissues are maintained by the:

() Cellwallalone

(B) Endoplasmic reticulum

(©) Centralvacuole

(D) Cytoskeleton

Q47. sio

In green photosynthetic plant cells, light-harvesting chlorophyll
molecules are embeddedin the:

(&) Thylakoid membranes of chloroplasts
(8) Stroma of chloroplasts

(c) Chromoplasts

(@) Amyloplasts

QR48. o

Xanthophylls are oxygenated accessory photosynthetic carotenoid
pigments that appear characteristically:

@) Yellow

(8) Red

(©) Orange

(@) Blue-green

Q49. wio
Which of the following cytoplasmic organelles contains its own
circular DNA and 70S ribosomes?

(&) Endoplasmic reticulum
(B) Lysosome

(€) Mitochondrion

(D) Peroxisome

@50. sio

During cytokinesis in plant cells, which organelle synthesizes and
secretes the vesicles that coalesce to form the cell plate?

(A) Ribosome

(8) Peroxisome

(©) Centrosome

(0) Golgi apparatus(Dictyosome)

@51. eio

Inthe human mitochondrial genetic code, the codons AGA and AGG
diverge from the universal nuclear genetic code and specify:

(A) Arginine

(®) Tryptophan

(©) Stop signals (Chain termination)

(D) Methionine

R52. sio

The famous evolutionary phrase 'survival of the fittest' was originally
coined by:

[t

Jean-Baptiste Lamarck
Charles Darwin

) @

@

Herbert Spencer
(D) Thomas Malthus

Q@53. w0

The restriction endonuclease Smal is commercially isolated from
which bacterial species?

(n) Streptomycesachromogenes
(8) Serratiamarcescens
,

1)

(c) Streptococcus pyogenes
F)

p) Staphylococcus aureus
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Q54. sio

The biosynthesis of steroid hormones and phospholipids takes place in
the:

(A) Roughendoplasmic reticulurm
(8) Smoothendoplasmic reticulum
\

) Golgi apparatus
Ribosomes

=

(

®

Q55. o

Which endocrine structure is traditionally designated as the 'master
gland' of the human body?

(&) Pituitary gland (Hypophysis)

(8) Thyroid gland

(c) Adrenal gland

(D) Pineal gland

Q56. sio

The primary chemical energy and reducing products generated during
the light-dependent reactions of photosynthesis are:
(A) ADP and NADP+

(8) ATP and NADPH

(©) Carbon dioxide and water

@) Glucoseand AMP

Q57. w0
Biochemical hydrolysis is defined as:

(&) The covalent combination of monomers driven by molecular hydrogen
(B) The synthesis of macromolecules accompanied by waterremoval

(€) The cleavage of chemical bonds through the addition of water

(©) The thermal breakdown of organic melecules in anhydrous media

Q58. &io

Which of the following biological molecules represents a fibrous
structural protein?

() Pepsinogen

(8) Casein

© Insulin

=
(@) Collagen

Q@59. s

In striated skeletal muscle fibers, the rapid release and sequestration
of calcium ions for excitation-contraction coupling is mediated by the:
(a) Sarcoplasmic reticulum (modified smooth ER)
(B) Rough endoplasmic reticulum

(©) Golgiapparatus

(@) Primary lysosomes

Q60. eio

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

® 0%

(B) 25%

©) 50%

(D) 100%

Q61. sio

The synthesis of one molecule of glucose from carbon dioxide via the
Calvin cycle consumes how many total ATP molecules?

@) 18ATP

® 12ATP

© 9ATP

[© 36ATP
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QR62. sio

Which hexose monosaccharide serves as the universal primary
bioenergetic substrate for cellular respirationin living organisms?
(A) D-Mannose

(8) D-Galactose

(©) D-Glucose

(D) D-Fructose

QR63. o

Chromosomes that are morphologically identical in both biological
sexes and do not directly govern primary sex determination are called:
(&) Allesomes

(8) Heterosomes

(©) Sexchromosomes

(D) Autosomes

QR64. eio

During the light-dependent reactions of oxygenic photosynthesis,
water molecules are split during:

(A) Carbon fixation

(8) Cyclic photophosphorylation
Photolysis

(D) Decarboxylation

Q65. w0

The light-harvesting photosystems and electron transport chains of
photosynthesis are embedded within the:

(&) Thylakoid membranes

(8) Chloroplast stroma

(€) Innerenvelope membrane

) Outer envelope membrane

beambeprep.com
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Q&6. s

The dense, regular fibrous connective tissue cords that connect
skeletal muscles to periosteal bone surfaces are called:

(&) Ligaments

(8) Tendons

(©) Hyaline cartilages

(D) Aponeuroses

Q67. B0

The outermost living, metabolically active boundary of all animal cells
isthe:

(&) Nen-living cellwall

(8) Plasma membrane (Plasmalemma)

(c) Cytoplasm

@) Nuclearenvelope

Q8. &

Which chemical neurotransmitter operates at all somatic
neuromuscular junctions and parasympathetic postganglionic
neuroeffector junctions?

(a) Dopamine

(8) Acetylcholine

(€) Serotonin

(D) Norepinephrine
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l SECTION: CHEMISTRY

Q6E9. cuem

Which of the following crystalline solids possesses basal cleavage
along parallel atomic planes due to weak interlayer van der Waals
interactions?

(®) Graphite

(8) Sodium chloride (NaCl)

(©) Coppercrystals

D) Ice

QR70. cHem

Which of the following organic molecules CANNOT engage in
intermolecular hydrogen bonding among identical molecules in the
pure liquid state?

(®) Formaldehyde (HCHO)

(8) Acetaldehyde (CH;CHO)

(© Triethylamine {(C2H; );N)

@ Allof the above

QR71. cHem

Which of the following alkali metals forms a stable superoxide
containing the O; anionupon direct reaction with excess oxygen?
(a) Cesium (Cs)

(8) Rubidium (Rb)

(©) Potassium (K)

(0 Allof the above

Q72. cHem

Which chemical element exhibits the exact same oxidation state (-1)
across all ofits known chemical compounds?

(&) Oxygen

P
{

B) Fluorine

Chlorine
(o) Nitrogen

Q73. cHem

The coordination number of the central cobaltionin the coordination
complexion [Co(NHj)s]** is:

® 4

® 6

© 8

W3

@2

Q74. cuem

Areaction mixture containing 2.0 moles of liquid ethanol (C.H;OH) and
3.0 moles of oxygen gas (0:) undergoes complete combustion. Which
substance is the limiting reagent?

) Liquid ethanol
Oxygengas

Pt

© @

Bothreactants are consumed simultaneously

)]

(D) Carbondioxide

o

Q75. cuem

The addition of hypochlorous acid (HOCI) to 1-butene follows
Markovnikov's rule to produce:

(&) 1-chloro-1-butanol
(®) 1-chloro-2-butanol
(©) 2-chloro-1-butanol
(D) 2-chlorobutane

=
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Q76. chem

Which of the following transition metal species functions as the
strongest oxidizing agent in chemical reactions?

@ Mn' (2sinMnO,)

(&) Mn*" (asinMn0,)

© Mu*

@) Metallic Mn"

Q77. cuem

The glycol cleavage of ethylene glycol (HO-CH.-CH,-OH) by periodic
acid (HIO,) yields:

(@) Two molecules of farmaldehyde (Methanal)

(8) One molecule of formic acid

(©) Onemolecule of oxalic acid
(©) Onemolecule of glyoxal

Q78. cHem

Which of the following hydrocarbons contains an acidic sp-hybridized
C-H proton capable of undergoing an acid-base neutralization
reaction with sodium amide (NalNH3)?

(&) Toluene

(5) 2-butyne

(€ 1-butyne

@) 2-butene

Q79. cHem

Among the following unsaturated hydrocarbons, which acts as the
strongest Lewis base toward incoming electrophiles due to greater pi-
electron availability?

(&) Ethene (Ethylene)

(B) Ethyne{Acetylene)

(c) Benzene

() Methane

QB0. cuem

Which of the following chemical species CANNOT functionas an
electrophile in organic reaction mechanisms?

ra——
(w) Br
—

(B) AICIy
© NH;
® Noj

Q81. cuem

Which of the following aromatic compounds exhibits the highest
chemical reactivity toward electrophilic aromatic substitution?
(&) Benzene

() 1,3-Dinitrobenzene

(€) Nitrobenzene

(@) 1,3,5-Trinitrobenzene

QB2. cuem

Which of the following functional groups possesses the most acidic
proton?

(®) Aliphatic thiol (R-SH)

(8) Aliphatic alcohol (R-OH)

(©) Phenol {Ar-OH)

(D) Dialkylether (R-0O-R’)
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Q83. cuem

According to Molecular Orbital Theory, what is the bond order of the
dioxygen dication 03" ?

@ 2

®1

©3

©@ 25

Q84. cuem

The total number of spatial orientations (degenerate orbitals) possible
for an atomic subshell with quantum numbers n = 4andl = 3is:

3) ()
(=)

L)
now -

@@
)

Q85. chem
According to Raoult's law for non-volatile solutes, the relative
lowering of vapor pressure of an ideal solution equals the:

(A) Mole fraction of the sclvent
Male fraction of the solute

Molar concentration of the solution

et

(D) Mass percentage of the solvent

Q86. cuem

When excess ethanol is heated at 140°Cin the presence of
concentrated H,50,, the major organic product formedis:
) Ethene

Diethyl ether

) Ethyl hydrogen sulfate

(D) Ethanal

Q87. cuem

Which d-subshell is progressively filled across the fourth transition
series (Period 7) of the periodic table?

@ 3d

@® 4d

© 5d
D) 6d

Q88. chem
The relative atomic mass of a free neutron expressed in unified atomic
mass units (amu) is approximately:

&) 1.00073amu
(®) 1.00087amu
(c) 1.00728amu
(@) 1.00867 amu

QR89. chuem

Which of the following substances does NOT display anisotropy
(exhibits identical physical properties in all measurement directions)?

Diamond

) ®

@

)

Graphite
Glass
(D) Rocksalt(NaCl)

=
M

@©

QR90. cHem

What volume is occupied by 1.6 g of oxygen gas (0,) at standard
temperature and pressure (5.T.P.)?

) 2.24 dm”

B) 1.12 dm”

(© 22.4 dm®

(D) 0.56 dm?
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Q%1. chem
According to Molecular Orbital Theory, the bond order of the hydrogen
molecularion H; is:

® 0.5

® 10
©15

© 0

QP2. cHem

For any reversible endothermic reaction (AH = 0), which relationship
between the activation energy of the forward reaction and the
activation energy of the reverse reactionis true?

'y -
) E; (forward) < Ea freverse)

® E; tforwasd) = Ea greveese)
= .

©) Eq (farwnrt) > o (reverse)
=

=)

Activation energies are independent of reaction enthalpy

7

Q93. cuem

Reductive ozonolysis of 3-ethyl-2-pentene using ozone followed by
zinc and water produces:

(&) 2-Pentanone only

(&) Pentanal and ethanol

(€) 3-Pentanone and Ethanal

(©) 3-Hexanone and Methanal

Q4. cHem

The nucleophilic addition of methylmagnesium bromide (CH;MgBr) to
formaldehyde (HCHO), followed by aqueous acid workup, yields a:

(&) Primary (1°) alcohol

() Secondary(2®)alcohol

©) Tertiary (3°) alcohal

(@) Carboxylic acid

Q95. cHem

Which of the following laboratory reagents can chemically oxidize
aldehydes to carboxylic acids?

(®) Acidified KMnO,

® Acidified K-Cr,0;

(€) Ammoniacal silver nitrate (Tollens' reagent)

(@) Allof the above

QP6. cuem

Among the isomeric forms of 2-butene, which geometricisomer
displays greater thermodynamic stability due to reduced non-bonded
steric repulsion?

(&) cis-2-butene

(@) 1-butene

(c) trans-2-butene

(@) Isobutylene

Q97. cuem

Atmospheric dinitrogen (N,) gasis fixed into nitrogen oxidesin the
atmosphere by:

(&) High-voltage lightning discharges during thunderstorms

(B) Theindustrial Haber-Bosch catalytic process

(€©) Photosynthetic electron transport in green plants

(@) Denitrifying anaerobic soil bacteria
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Q98. cuem

When the sum of the enthalpies of the reactantsis greater than the sum
of the enthalpies of the products (Hicactants > Hproduss), the chemical
reactionis classified as:

(&) Endothermic

(8) Exothermic

(_@ Mon-spontaneous at all temperatures
(D) Atdynamic chemical equilibrium

Q99. cHEm

According to the Brensted-Lowry acid-base theory, which of the
following chemical species functions as the strongest conjugate
base?

(@) Sulfateion(S07")

(B) Hydroxideion (QH )

(©) Perchlorate ion(C10;)

(D) lodideion(I™)

Q100. cuem

Cathode rays exert a strong chemical reducing effect upon
substances they strike because they consist of:

(a) Streams of fast-moving electrons

(B) Positively charged helium nuclei (alpha particles)

(©) High-frequency electromagnetic gamma photons

(D) Uncharged high-speed neutrons

Q101. chem

The bond angle in hydrogen sulfide (HS, 92.1°) is significantly smaller
than the bond angle in water (H,0, 104.5°) primarily because:

(a) Oxygenis more electronegative and smaller in size than sulfur, keeping bonding
pairs closer and increasing bond-pair repulsion
(B) Sulfurbonds using predominantly unhybridized pure p-orbitals (Drago rule)

(©) Sulfurhas alarger atomic radius and lower electronegativity, allowing bond-pair
electrons toreside further from the central atom

(D) Allof the above factors contribute

@102, cHem

Which of the following gases behaves most like an ideal gasunder
ambientlaboratory conditions?

(A) Hydrogen (Ha)

(B) Helium (He)

(©) Nitrogen (Na)

:15 Carbon monoxide (CO)

Q103. cuem

When two separate cubes of ice are compressed together under
pressure, they merge into a single solid block primarily due to the
formation of:

(&) London dispersion forces

@- Dipole-induced dipole interactions

(€ Intermolecular hydrogen bonds

(D) Directcovalentbonds

Q104. chem

In both electrolytic and galvanic electrochemical cells, reduction
occurs at the:

(&) Anode

(8) Cathode

(©) Saltbridge

(o) External circuitwire

beambeprep.com

Page 9 of 65

OFFICIAL FULL-LENGTH PRACTICE (FLP)

Q105. chem

Which of the following physical and chemical properties increases
continuously descending Group 1(alkali metals) from lithium to
cesium?

(w) Firstionization energy

(8) Chemical reactivity

(©) Electronegativity

(D) Electronaffinity

Q106. chem

Across main group elements, the magnitude of electron affinity
generally decreases descending down a group due to the:

(&) Increase in atomic radius and electron shielding

(B) Decrease inatomic radius

(©) Increase in effective nuclear charge

(D) Decrease in principal quantum number

Q107. chem

According to Fajan's rules, which of the following metal chlorides
exhibits the least ionic (most covalent) character?

(A) NaCl

® AICL

© MgCL

[© Ka1

Q108. chem

Diamond s classified as a:
() Covalent network solid

(B) Molecular solid

©) Metallic solid

(@) lenic solid

Q109. cuem
Chemical stoichiometry is fundamentally defined as the study of the:

(A) Quantitative massand melerelationships among reactants and productsina
balanced chemical equation

(8) Equilibrium constants and reaction pathways
(€) Reactionrate dependence oncollision energy
(D) Electron configuration of transition elements

Q110. cHem

By volume, the most abundant chemical gasin the Earth's clean, dry
atmosphereis:

(a) Oxygen(02)

(B) Nitrogen (Na)

(€) Carbon dioxide (CO.)

(D) Argon(Ar)

Q. chem

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

(&) Principal guantum number (n)

(B) Magnetic quanturm number (m,)

(¢) Azimuthal guantum number {[)
@‘) Spin quantum number (s)

QN2. cuem

Among the hydrogen halides, which covalent bond possesses the
highest bond dissociation energy?

® H-F

(®) H-C1

€ H-Br

[©) HI
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QTNI3. chem
The oxidation number of any chemical element inits free, uncombined
standard stateis:

@’\

v +1

-1
0
(D) Variable depending on atomic number

=

,
=

@

Q14. cuem

Which carbon allotrope, composed of anisolated two-dimensional
sheet of sp2-hybridized atoms, is noted for being ultra-lightweight
while having a tensile strength exceeding that of steel?

(&) Graphene

(B) Graphite

(©) Diamend

(D) Mercury

Q1I5. chem

Which of the following hydrocarbons contains exclusively sp2-
hybridized carbon atoms throughout its entire molecular structure?

(A) Methane
(8) Ethane

(© Ethyne
(D) None of the above

Q116. cuem

Geometric (cis-trans) isomerismin simple open-chain hydrocarbonsis
characteristic of:

(&) Alkanes

(@) Alkenes

) Alkynes

) Al of the above

® 6

QN7. chuem

The general molecular formula C, H,, 0; corresponds to the
homologous series of:

(@& Monchydric aliphatic alcohols

(B) Aliphatic ketones

(€) Monocarboxylic acids and esters

(o) Dialkylethers

Q1I8. chem

Aliphatic alcohols and phenols can be readily differentiatedin the
laboratory using which of the following reactions?

(A) The Lucas test
Bromine water reaction (Halogenation)

o @

Sodium metal effervescence test

Fe
L

The iodoform test

¢

®

QTIY. cuem

A 50% concentrated aqueous sodium hydroxide (NaOH) solutionis
typically utilized in the:

(&) Aldol condensation reaction

(B) Cannizzaro reaction

(© Clemmensenreduction

(D) Wolff-Kishner reduction

@120, cuem

Low-molecular-weight monocarboxylic acids (such as formic and
acetic acids) are completely miscible with water primarily due to:
(A) Weak London dispersion forces

(8) Dipole-induced dipole interactions

(e) Extensive intermolecular hydrogen bonding with water malecules

(D) Coordinate covalent bonding with water

beambeprep.com
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Q121. cuem

Chemical esterification typically occurs via the acid-catalyzed
condensation of:

(a) Aldehydes and ketones

(8) Alcohols and ketones

(€) Carboxylic acids and alcohols

(D) Carboxylic acids and aldehydes

Q122. chem

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

(&) Anhydrous aluminumn chloride (AICL;)

(8) Sodalime (NaOH + Ca0)

(c) Chlorobenzene

@) Cumene

Q123. chem

The empirical formula of acompound is related to its true molecular
formula through which of the following expressions?

Empirical formuls

(A) Molecular formula = -
@) Molecular formula = n » (Empirical formula)
(€) Molecular formula = 2n » (Empirical formula)

(D) Molecular formula = n + (Empirical formula)

Q124. cuem

Among the elemental halogens, which diatomic molecule exhibits the
highest chemical reactivity in halogenationreactions?

®F,

® CL

{‘D Br,

© L

Q125. cHem

By international thermochemical definition, one calorie (cal) of heat
energy is equivalent to:

(®) 4184k

(B) 4.184 ]

© 184)

@) 418.4)

@126, chem

The principle stating that the total enthalpy change for a chemical
reactionis independent of the pathway or number of intermediate
stepsis known as:

(&) Joule'slaw

{é) Henry's law

(€) Hess'slaw of constantheat summation

(@) Le Chatelier's principle

Q127. chem

Which of the following statements is FALSE regarding the reaction rate
of atypical chemical reaction?

=)

(n) Itis always independent of the concentration of reactants
Itincreases with anincrease in temperature

=) Itis altered by the addition of a catalyst

) It depends onthe physical surface area of solid reactants

@@

®

Q128. cHem

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

(&) Boron(B)

(B) Potassium (K)

(©) Carbon(C)

() Iron(Fe)
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Q129. chem

Anidealized bond angle of 120° associated with trigonal planar carbon
geometry is foundin:

(&) Ethane

(B) Ethyne

@_:} Ethene

(D) Cyclopropane
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l SECTION: PHYSICS

Q130. euy

Inlaser physics, the mean lifetime of an excited electron withina
metastable energy state is approximately how many times longer than
inan ordinary excited state?

® 10°

@ 10°

© 10°

® 10°

Q131. ruy

A train of length 100 m travels at a constant speed of 20 m/s. What
total time is required for the train to completely cross a bridge 200 min
length?

(&) 10s

158

20s

25s

-]

o) @ @

®

©

Q132. euy

Lenz's law of electromagnetic induction is a direct consequence of the
law of conservation of:
(a) Electric charge

(©) Angular momentum

Linear momentum

2

(© Energy

Q133. puy

If the absolute temperature of gaseous deuteriumis increasedto 16
times its initial value, the speed of sound inthe gas increases by a
factor of:

® 16

W2

G)
oo

-1

,
1))
r

Q134. sy

In simple harmonic motion (SHM), the magnitude of the restoring force
acting on the oscillating body is at its minimum (zero) when the body
passesthrough the:

() Mean (equilibrium) position
) Positive extreme position

) Megative extreme position

@O®E

) Midpoint between mean and extreme positions

Q135. ruy

When the force acting on a body is plotted along the y-axis and the
resulting displacement is plotted along the x-axis, the work done on
the body is given by the:

(@) Slope of the curve atthat paint

(8) Inverse of the slope of the curve

(©) Areaunderthe force-displacement curve

(D) Y-intercept of the curve

Q136. ruy

An individual weighs 400 N at the surface of the Earth. If thatindividual
travels to an altitude high above the Earth's surface, their measured
weight will be:

(a) Lessthan 400N

(B) Exactly 400N

(c) Greaterthan400N
(©) Zeroatany altitude

beambeprep.com
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Questions 130 to 168 (39 MCQs)

Q137. puy

Kirchhoff's Current Law (KCL, 3" I = 0), applied at any electrical circuit
junction, is a direct expression of the conservation of:

(&) Mass

(® Energy

(©) Linearmomentum

(D) Electric charge

Q138. ruv

In a photoelectric effect experiment, if the frequency of the incident
radiationis increased above the threshold frequency at constant light
intensity, it causes anincrease inthe:

() Stopping potential

(B) Maximum kinetic energy of emitted photoelectrons

(©) Saturation photoelectric current

(D) Boththe stopping potential and the maximum kinetic energy

Q139. ruy

In an alternating current circuit, the alternating voltage and current
maintain a steady phase difference of 90° (5 radians) ina:

(&) Purely capacitive circuit

(8) Purelyinductive circuit

(€) Series RLC circuit at resonance

(D) Eithera purely capacitive or a purely inductive circuit

Q140. ruy

A parallel plate capacitor containing an insulating dielectric of relative
permittivity =. has a capacitance C. If the dielectric slab is completely
removed from between the plates, the new capacitance in air/vacuum
becomes:

®C—e

Q141. euv

Inabipolar junction transistor (BJT), theregion thatis most heavily
doped with charge carriers to supply current across the device is the:
(&) Emitter

(8) Base

(©) Collector

(0) Depletionregion

Q142. ruy

Anideal step-down electrical transformer connected to an AC power
source:

() Increases secondary voltage while decreasing secondary current

(B) Increases secondary power relative to primary power

(©) Decreases secondary voltage while increasing secondary current
(D) Decreases total power transferred to the load

Q143. puy

When unpolarized light is incident on the interface between two
transparent media, the reflected ray and refractedrray are
perpendicular (at an angle of 90° to each other) when the angle of
incidence equals:

() The criticalangle

(8) Brewster'sangle

(€) The grazing angle of incidence

(D) Zero degrees normalincidence
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Q144. euy
According to the quark model of subatomic hadrons, acomposite

baryon consisting of one up quark (u) and two down quarks (d) forms a:

(&) Proton

(8) Neutron

(©) Positron
(D) Lambda hyperon

Q145. ruy

Ina magnetic circuit, magnetic reluctance (R) opposes the
establishment of magnetic fluxin amanner analogous to which
electrical property ina conducting circuit?

(A) Electrical resistance (R)

(B) Electrical conductance (G)

(C) Self-inductance (L)

(D) Capacitance ()

Q146. euy

Three capacitors, each with a capacitance of 2.0 pF, are connected in
parallel across a12V DC power source. What is the equivalent
capacitance of this combination?

(A) 6.0pF

@) 0.67 uF

© 2.04F

(©) 12.0pF

Q147. ey

A projectile is launched with aninitial speed of 20 m/s at an angle of
76° above the horizontal. At the highest point of its parabolic
trajectory, the angle between its instantaneous velocity vector andits
acceleration vectoris:

® 0°

(@) 45°

=

e

P

© 90°
© 180°

Q148. ey

A particle moves along a circular path of radius 2.0 m. If it travels along
anarc length of 4.0 m, the angular displacement subtended at the
center of the circle is:

(®) 2.0radians

(8) 1.0radian

—

2m radians

i
©
(D) 8.0 radians

Q149. puy

Two solid spheres having masses of 10 kg and 50 kg are dropped
simultaneously from rest from an 80 m high cliff. Neglecting air
resistance, which sphere has the greater speed immediately before

striking the ground?

(&) The 10 kg sphere

(8) The 50 kg sphere

Both spheres strike the ground with the same speed
(D) The speed depends ontheir surface areas

Q150. Fuy

For arigid body rotating about a fixed axis with constant angular
velocity (w), the magnitude of the tangential linear velocity (v) ofa
point onthe body is:

(&) Inversely proportional to its radial distance from the axis of rotation

Directly proportional to its radial distance from the axis of rotation
Independent of its radial distance from the axis of rotation
| Inversely proportional to the square of itsradial distance

beambeprep.com
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Q151. euv

To increase the natural frequency of oscillation of a mass-spring
oscillator by a factor of four, the oscillating mass m attached to the
spring must be:

(®) Reduced toone-fourth{z)

(8) Quadrupled (4m)

(€ Reducedtoone-sixteenth(Z)

(©) Doubled (2m)

Q152. ruy

The speed of sound in dry air is measured to be 332 m/s at 0°C. What is
its speed at10°C?

® 332.0m/s

® 3381m/s

© 334 m/s

@) 343.2m/s

Q153. eur

Mayer's relation for the molar heat capacities of anideal gas, C, -
C, = R, directly demonstrates that:

@ Cp < Cy

® Cr=C

© C.>C,

It
(D) Cy = constant = 0

Q154. euy

A thermodynamic process in which the volume of an enclosed ideal
gas systemremains strictly constant (AV = 0)is called an:

() |sothermal process

(B) Isobaric process

(€) Isochoric process
PR ;
(D) Adiabatic process

Q155. eur

Two capacitors with capacitances of 2.0 uF and 6.0 pF are connected
in parallel across a DC source. The equivalent capacitance of the
combinationis:

® 8.0pF

@ 15pF

© 4.0pF

©) 12.0pF

Q@156. ruy

According to the Maximum Power Transfer Theorem, the power
delivered by a DC source of internal resistance r to an external load
resistor R reaches its maximum when:

@ R=>r
.@ R<r
R=r
R=0

)
©

Q157. euv

A uniform wire of resistance R is stretched such that its cross-
sectional radius is halved. Assuming uniform density and resistivity, the
new resistance of the wire becomes:

~
(®)
.

R

r'*."\"
@ (@
®
]

®
5
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Q158. euv

When a charged particle enters a uniform magnetic field with its
velocity vector directed parallel to the magnetic field lines (¢ = 0°), the
particle will:

(&) Defiect toward the north magnetic pole

(8) Follow a circular orbital path

(©) Continuein astraight line at constant velocity

(D) Decelerateimmediately torest

WS

Q159. Fuy

Magnetic flux (&) passing through a planar loop of vector area 4
immersed in a uniform magnetic field 5 is maximal when the angle
between B and the area normal vector Ais:

Q160. sy

InPakistan, the standard commercial AC mains electricity supplied to
domestic households operates at an alternating frequency of:

(&) 70Hz

(8 50Hz

© 60Hz

(D) 100Hz

Q161. Fuy

An electrical device that increases or decreases alternating voltage
(emf) through mutual electromagnetic inductionis a:

(a) Commutator
DC motor

(=

@

=

@

2

Transformer

-1
—

) Galvanometer

Q162. ruv

The fundamental rule stating that 'an induced electric current always
flows in such a direction that its magnetic field opposes the changein
magnetic flux that producesit'is:

(A) Ampére's circuital law

(B) Faraday's law of induction

(©) Lenz'slaw

(D) Joule'slaw

Q163. ruv

An electronic circuit or solid-state device utilized to convert
alternating current (AC) into direct current (DC) is called a:

() Transistor amplifier

Rectifier
(c) Modulator

(D) Attenuator

beambeprep.com
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Q164. euv

The electronic process of converting alternating current (AC) into
direct current (DC) is termed:

(&) Rectification

(8) Amplification

(€) Oscillation

(D) Modulation

Q165. ruy

Inideal projectile motion without air resistance, which conditions
describe the horizontal (v,) and vertical (v,) velocity components at
maximum height?

(&) v, =0, v, = constant

(B) v. = constant, v, = constant
=

€ uvu=01=0

P

vy = constant, vy = 0

it
2

Q166. puv

Aradioactive sample containing 32 g of phosphorus decays until only
2.0 gof the parent isotope remains undecayed after 60 days. The half-
life of this isotope is:

(&) 5days

(8) 10days

(©) 12days

(@) 15days

Q167. puy

Indiagnostic nuclear medicine and radiographic scanning, which type
of radiation emitted by internal radiotracers is detected by gamma
cameras?

(&) Alpha particles

(B) Ultravioletrays

©) Gammarays

(D) Beta-minus particles

Q168. ruy

In the International System of Units (Sl), linear momentum can be
expressed in units of:

@ N-m

® N/s

=, 3
@ N-s
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I SECTION: ENGLISH

Q169. enc
Complete the sentence with the correct preposition:

Aslam preferstostay ___ ___
evening.

® in

(® on

© at

(D) within

@Q170. ene
Fill in the blank with the appropriate preposition of movement:

He walked

the street toward the municipal square.

® to
®) of
(C) down
@© on

Q171. ene
Select the sentence that correctly transforms the following into the
passive voice:

'He was driving a car when the accident occurred.’

(a) A cardriven by himwhen the accident occur.

(B) Acarwasdriven by himwhenthe accident occurred.

(€) Acarwasbeendriven by him when the accident occurred.
(D) A carwas being driven by himwhenthe accident occurred.

Q172. ene

Which of the following words functions as a subordinating
conjunction?

(&) And

(8) But

(©) Because
D Or

Q173. ene
Identify the correct indirect speech form of the sentence:

She said, 'l love chocolate.'

(&) Shesayssheloves chocolate.
(8) Shesaidthat she loves chocolate.
(C) Shesaidthat sheloved chocolate.

(D) Shehad said thatshe loved chocolate.

Q174. ene
Transform the sentence into correctindirect speech:

He said, 'l willbe there on time.'

(A) Hesaid that he will be there on time.
(8) He says hewillbe there on time.

(€) He said that he would be there ontime.
(D) Hesays, 'l willbe there ontime.’

beambeprep.com
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Questions 16910190 (22 MCQs)

Q175. enc
Fill in the blank with the appropriate coordinating conjunction:

He was tired

_____ hungry after the long day.
® or

(8) nor

© and

-@l but

Q176. enc

Which of the following sentences is written in the passive voice?
(&) The cat chased the mouse across the lawn.

(8) The mouse was chased by the cat.

(©) She will write an investigative novel.
(@) They have finished the construction work.

Q177. ene

Identify the sentence that demonstrates correct subject-verb
agreement:

(&) The team plays well togetherin every championship tournament.

(B) The team play well together in every championship tournament.

(©) The team playing well togetherin every championship tournament.

(@) The team is play well together in every championship tournament.

Q178B. ene
Complete the sentence with the appropriate indefinite article:

Isaw ___ shooting star streak across the night sky.
.@ a

(®) an

©) the

(@) noarticle needed

Q179. e
Complete the sentence with the correct tense form:

When we arrived at the cinema, the film

(A) already started

(8) had already started
(€) would already start
(D) was already start

Q180. ene
Complete the sentence with the correct present tense form:

delicious.

The homemade chickensoup _______
(&) taste

(B) tastes

(©) istasting

(D) tasting

Q181. =ne
Complete the sentence with the correct verb aspect:

She unconscious since four o'clock this morning.

@®) is

(B) was

(©) has been
@) wouldbe
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Q182. ene
Fillin the blank with the appropriate preposition of duration:

We will remain stationed here

(&) still
(@) till
(© since
(D) during

Monday morning.

Q183. enc
In standard English vocabulary, the noun ‘curiosity’ denotes:

(&) Acruelormalicious disposition

(8) Akeendesire toinvestigate, learn, or know
(©) Resentful hostility toward others

(D) Atendency toward physical violence

Q184. :ne

Morphologically, the compound noun 'DRAWBACK' is formed by the

combination of a:

(A) Verb +Adjective
(8) Noun + Adjective

(© Verb+MNoun
(@) Verb+Adverb (Particle)

Q185. ene

Complete the sentence using the correct subjunctive conditional
form:

lwishl _______ the answer to this difficult question.
@) willknow

(@) knew

(©) haveknown

(D) know

beambeprep.com
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Q186. e
What is the primary definition of the word 'Analogue’' (or 'Analog')?

@ Anopposite orcontradictory concept

(B) Something thatis comparable or similar in certain attributes
(©) Atemporal delay incommunication

(D) Anerratic digital signal

@187. ene

In medical and physiological terminology, the adjective 'Pulsating’
means:

(&) Rhythmically throbbing or expanding and contracting
(B) Under constant static hydrostatic pressure

(©) Moving in a slow laminar streamline

(©) Completelyrigid and motionless

Q188. enc
Select the correct homophone to complete the sentence:

Theschool _______ addressed the assembly on ethical values.

(&) Principal

(8) Principle

(©) Headmastership
(@) Presidency

Q189. ene

In colloquial English, the theatrical idiom 'break a leg' is commonly
usedto:

() Wish someone good luck before a performance
(B) Utteranangry threat of physical injury

(©) Reprimand a performer foramistake

() Cancelaplanned athletic competition

Q190. ene
The common idiomatic expression 'to bite the bullet' means to:

v) Surrender unconditionally to an opponent

@®

Face a difficult or painful situation with courage and accept its consequences
Commitareckless andviclent act
) Refuse to cooperate with others

~
(1))

pr
o

(U)
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Question #1 [ZIHEN T

omalecules

Serum albumin is classified as an example of a:
CORE CONCEPT & DERIVATION

Simple proteins yield exclusively amino acids or their derivatives upon complete acid or
enzymatic hydrolysis, lacking any non-protein prosthetic group.

Formula / Rule / Reaction:

Stanipile Protein 0mome. & vt Avids ouly

Solution:

+ Serumalbumin is composed entirely of a single folded polypeptide chain containing
approximately 585 amino acid residues linked by 17 disuffide bonds.

= Because complete hydrolysis of albumin yields only aminc acids and no non-peptide
prosthetic moiety, itis categorized as a simple globular protein.

Why other options are incorrect:

= Option A: Conjugated proteins contain a non-protein prosthetic group permanently
attached to the polypeptide chain (such as the iron-porphyrin heme in hemoglobin or
carbohydrate chainsin glycoproteins).

* Option C: Derived proteins represent denaturation or degradation intermediates
formed by the action of heat, acids, alkalis, or enzymes onnative proteins (such as
proteoses and peptones).

= Option D: Proteclipids are complex conjugated hydrophobic lipoproteins that reguire
lipid extraction solvents for solubilization.

BIOLOGY
Que‘m #2 m 2. Nenows Coordnation
A prime example demonstrating the intimate interaction of genetic predisposition and early envi...
CORE CONCEPT & DERIVATION
Imprinting is a specialized form of learning that occurs strictly during an early, genetically

determined sensitive or critical period, reguiring a specific environmental stimulus to
establish permanent behavioral attachment.

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

Solution:

* |Imprinting combines innate genetic programming (which dictates the precise
developmental window during which the young animal is receptive) with environmental
exposure (the first visual or auditory moving object encountered, typically the mother).

» Classic experiments by Konrad Lorenz in graylag geese demonstrated that goslings
genetically programmed to follow an object willimprint permanently on humans or
inanimate objects if presented during this critical pericd.

Why other options are incorrect:

» Option A: Habituation is a simple form of non-associative learning inwhich an
organism decreases or ceases its response to arepetitive stimulus that provides
neither reward nor harm.

+ Option C: Operant conditioning is associative trial-and-error leaming where behaviors
are shaped over time by positive reinforcement or negative punishment.

= Option D: Insight l=arning represents higher-order cognitive problem solving using
mental reasoning without prior trial and error.
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BIOLOGY
14, Reproducticn

Question #3

In a typical 2B8-day human menstrual cycle, the most fertile period for fertilization is between. ..
CORECONCEPT & DERIVATION

The fertile window of the human femnale reproductive cycle encompasses the lifespan of
spermatozoa within the femnale tract (3 to 5 days) combined with the viable lifespan of the
ovulated secondary oocyte (12 to 24 hours) around the time of ovulation (day 14).

Formula / Rule / Reaction:

Ovulation Day = Cycle Length — 14 = Fertile Window = Day (14 — §) to (14 + 1) = Days 9 to 15

Solution:

» Inaregular 28-day cycle, the surge of luteinizing hormone (LH) triggers ovulation on
day 14.

* Becausespermcanremainviable in the fallopiantubes forup to 72 t0 120 hours and the
secondary oocyte survives for approximately 24 hours post-ovulation, sexual
intercourse occurring between days 9 and 15 camies the highest probability of
conception.

Why other options are incorrect:

= Option A: Days 1to 5 correspond to the menstrual bleeding phase when the functional
stratum of the endometrium is sloughed off and follicular maturation is just beginning.

= Option C: Days 17 to 22 fall within the mid-luteal phase when the corpus luteum
secretes high progesterone and any unfertilized oocyte has already degenerated.

= Option D: Days 23 to 28 constitute the late [uteal premenstrual phase, whichisan
infertile period due to the degeneration of the corpus luteurn.

Question #4 [[OHEN ApLOGY

14. Reproduction
The primitive streaik first appears during embryonic gastrulation at the developmental stage des..
CORE CONCEPT & DERIVATION
The primitive streak forms at the onset of the third week of embryonic life along the posterior

dorsal midline of the epiblast within the bilaminar embryonic disc, marking the initiation of
gastrulation.

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

Solution:

» Inthe provided diagram, Stage A represents a solid morula, Stage B represents a
blastocyst with aninner cell mass and blastocoel, Stage C represents the bilaminar
germ disc (epiblast and hypoblast), and Stage Drepresents early
neurulation/organogenesis.

+ The primitive streak arises as alinear grooved thickening on the caudal aspect of the
epiblast layerin Stage C. facilitating the inward migration of cells to generate the
trilaminar embryo (ectoderm, mesoderm, and endoderm).

Why other options are incorrect:

= Option A: Stage B depicts the pre-implantation blastocyst, which has not yet
differentiated into a bilaminar embryonic disc.

= Option C: Stage D shows neurulation and somite formation, which take place after the
primitive streak has already initiated mesodermal invagination.

= Option D: Stage A depicts early cleavage (morula) composed of totipotent
blastomeres prior to cavitation.
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Question #5 BIOLOGY

15 Inheritance / Varaton & Genetics

A pea plant that possesses two non-identical alleles for the gene governing plant height is des...
CORE CONCEPT & DERIVATION

Anorganism carrying two different alleles at a single specific locus (e.g., Tthis heterozygous
for that single character, representing a monohybrid.

Formula / Rule / Reaction:

Cross: TT » tt —+ Tt (Monohyhrid)

Solution:

s Mendelian inheritance defines amonohybrid cross as one involving a single pair of
contrasting alleles for a specific trait, such as tall versus dwarf (T versus t).

* The heterozygous progeny (T¥) possessing contrasting alleles for this single locusis
designated as a monohybrid or single-locus hybrid.

Why other options are incorrect:

« Option A: Adihybridis heterozygous at two independent gene loci simultaneously
(e.g., RrYyforseedshape and seed color).

« Option B: Dual hybrid is an informal non-Mendelian term lacking taxonomic or genetic
definition.

= Option C: Heteratype is an obsolete histological ftaxonomic term, not a genetic allelic
designation.

i . BIOLOGY
Ques #6 Ke,- cc) 13, Inheritance / Varaton & Genetics
The thecretical probability ratio for producing a male or female offspring in human reproductio.,
CORE CONCEPT & DERIVATION

Hurman sex determination follows an XX-XY chromosomal mechanism where the
heterogametic sex (male) produces equal numbers of X-bearing and Y-bearing
spermatozoa, resulting in an equal chance for either biological sex.

Formula / Rule / Reaction:

Cross: 44, XX (Female) % 44, X¥ (Male) —+ 1(44, XX) 11 (44, XY) == 1:1

Solution:

» Meiosis during human spermatogenesis produces exactly 50% X-chromosome
carrying sperm and 50% Y-chromosome camying sperm.

» Random fusion of these spermatozoa with homogametic X-bearing ova producesa 111
expectedratio (50% male, 50% female) at conception.

Why other options are incorrect:

+ Option A: A 3] ratic represents the standard Mendelian phenotypic ratio observedin
the FZ generation of a monohybrid cross with complete dominance.

» Option B: Al:3 ratio is mathematically inverted and does not occurin chromosomal sex
segregation.

» OptionD: AZ2:1 ratiois characteristic of crosses involving recessive lethal alleles where
homozygous recessive zygotes do not survive.
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Question #7 R s

The molecular biology technigue whereby gel-separated DINA fragments are transfermad and
immobil...

CORE CONCEPT & DERIVATION

Southern blotting is a hybridization technique designed by Edwin Southern to transfer

restriction-digested DNA fragments from an agarose gel onto a nitrocellulose or nylon sheet
for specific probe detection.

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

Solution:

« Southernblotting specifically targets DMA fragments separated by size via agarose gel
electrophoresis.

+ Denaturedsingle-stranded DNA s capillary-transferred onto a nylon membrane and
subseqguently immobilized via baking or UV cross-linking prior to hybridization with
labeled nucleic acid probes.

Why other options are incorrect:

« Option B: Northern blotting is used to detect specific RMA transcripts transferred from
formaldehyde-agarose gels onto membranes.

« Option C: Western blotting resolves proteins on SDS-PAGE and transfers them to
PVDF or nitrocellulose membranes for antibody-based immunoassay detection.

= Option D: Eastern blotting is used to detect post-translational protein modifications,
such as carbohydrate epitopes, lipids, or phosphorylation states.

Question #8 ~_ Biolocy

02 lecules

Which of the follow!ng nitregenous bases possesses a bleyclic double-ring structure?

CORE CONCEPT & DERIVATION

Purines are bicyclic nitrogenous bases containing a six-membered pyrimidine ring fusedto a
five-membered imidazole ring, whereas pyrimidines consist of a single six-membered ring.

Formula / Rule / Reaction:

Purines {Double-Ring): Adenine, Guanine ;  Pyrimidines (Single-Ring): Cytosine, Thymine, Uracil

Solution:

* Guanine(2-amino-&-oxypuring) contains a fused double-ring system consisting of
ninering atoms (five carbon and four nitrogen atoms).

s Therefore, guanine, alongside adenine, is classihed as a double-ring purine base.

Why other options are incorrect:

« Option A: Cytosine is a single-ring monocyclic pyrimidine base.

« Option B: Thymine (5-methyluracil) is a single-ring monocyclic pyrimidine base found
inDNA.

« Option D: Uracilis a single-ring menocyclic pyrimidine base present in RNA.
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BIOLOGY
Question #9 7. Biotechn

olegy

During milk coagulation, the solid casein curd separates from liguid whey. This nutrient-rich w...
CORE CONCEPT & DERIVATION

Cheese whey contains 4 to 5% lactose, soluble proteins, vitamins, and minerals, functioning
as an effective industrial carbon and nitrogen substrate for single-cell protein (SCP)
production using lactose- assimilating yeasts orlactic acid bacteria.

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

Solution:

* Industnal biotechnology employs whey permeates to culture yeasts such as
Kluyveromyces marxianus and Candida utilis to generate single-cell biomass.

s  Similarly, bacterial species such as Lactobacillus bufgaricus and Streptococcus
thermophilus are cultured on whey for organic acid, enzyme, and starter culture
production. Hence, both yeasts and bacteria utilize whey as an efficient growth
mediurm.

Why other options are incorrect:

* Option A: Bacteria are not the exclusive microorganisms grown on whey: yeasts are
extensively cultured onwhey for single-cell protein.

= Option B: Yeasts alone does not account for the extensive industrial use of lactic acid
bacteria oncheese whey.

« Option C: Algae are primarily autotrophic photosynthetic organisms that typically
require inorganic salts and light rather than dense organic dairy waste.

BIOLOGY
Question #10 [LUTIE) 1. el
In addition to processing and packaging secretory vesicles,
CORE CONCEPT & DERIVATION

Prmary lysosomes are formed by budding from the trans-Golgi network after hydrolytic
enzymes synthesized in the rough endoplasmic reticulum are post-translationally modified
withmannose-é-phosphate tags.

he Golgi apparatus is directly res...

Formula / Rule / Reaction:

Acid Hydrolases

RER " Clis-Golgl o 2, Trane CQolgi e

» Primary Lysosomes

Solution:

» Acid hydrolase enzymes destined for digestion are synthesized in the RER and
transferred to the Golgicisternae.

+ The trans-Golgi network concentrates these enzymes and buds them off as
membrane-bound primary lysosomes.

Why other options are incorrect:

= Option A: The nucleus is enclosed by a double-layered nuclear envelope derived from
and continuous with the rough endoplasmic reticulum.

s Option B: Ribosomal subunits are assembled within the nucleclus from ribosomal RMNA
and imported ribosomal proteins.

= Option D: Plastids are autonomous double-membraned organelles that replicate
independently through binary fission.
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BIOLOGY
Question #11 EZHEN
The functional catalytic activity and precise three-dimensional substrate-binding conformation

CORE CONCEPT & DERIVATION

Tertiary protein structure represents the comprehensive three-dimensional folding of a single
polypeptide chain, bringing distant amino acid side chains togetherto assemble a
geometrically precise, stereospecific active site.

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

Solution:

* Monomeric globular enzymes fold spontaneocusly into theirlowest free-energy state
via hydrophobic interactions, hydrogen bonds, ionic salt bridges, and covalent
disulfide linkages.

= This tertiary conformation positions catalytic residues (e.g., Ser. His, Asplin close
proximity to form the substrate-binding active site cleft.

Why other options are incorrect:

* Option A: Primary structure is the linear sequence of amino acids linked by peptide
bonds, which lacks enzymatic catalytic capacity without higher-order folding.

+ Option B: Secondary structure refers to localized repeating conformational motifs
(alpha-helices and beta-pleated sheets) stabilized solely by backbone hydrogen
bonds.

« Option D: Quaternary structure describes the association of two or more distinct
folded polypeptide subunits, which is present only in multimeric proteins (such as
hemoglobin or lactate dehydrogenase).

BIOLOGY

05, Acalldar Life

Question #12

All of tha following statements regarding Hapatitis
CORECONCEPT & DERIVATION

Hepatitis A Virus (Picornaviridae) is a non-enveloped, positive-sense single-stranded RNA
virus transmitted via the fecal-oral route that produces self-limiting acute hepatitis without
progressing to a chronic carrier state or chronic liver cirhosis.

rus (HAVY) are medically accurate EXCEPT.

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

Solution:

* Hepatitis Avirus does notintegrate into host DNA and causes an acute infection that is
completely cleared by the host immune system.

» Unlike Hepatitis B and Hepatitis C, Hepatitis A never causes chronic hepatitis, cirhosis.
orhepatocellular carcinoma. Thus, Option B is false and represents the exception.

Why other options are incorrect:

+ Option A: HAV predominantly infects children in endemic areas, frequently causing
mild, anicteric, or subclinical infections.

+ Option C: In adults, acute symptomatic HAV infection can produce debilitating
jaundice and cholestasis lasting up to 3 to 4 months before resclving.

s Option D: High concentrations of viral particles are excreted into feces during the late
incubation and early prodromal phases of infection.
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BIOLOGY

Question #13 [LUHL)
Which bicchemical metabolic pathway operates universally in both aerobic celfular raspiration a

CORE CONCEPT & DERIVATION

Glycolysis is the fundamental, evolutionarily conserved cytosolic pathway that partially
oxidizes one molecule of hexose glucose into two molecules of pyruvate, functioning
independently of molecular oxygen.

Formula / Rule / Reaction:

Glucose (6C) + 2NAD" 4 2ADP 4 2P, — 2Pyruvate (3C) 4 2NADH + 2H" 4 2ATP

Solution:

» Glycolysis occursin the cytosol of virtually all living organisms and requires no oxygen,
producing a netyield of 2 ATP via substrate-level phospharylation.

« Infermentation. glycolysis provides the pyruvate and MADH that are subsequently
reducedinto lactate or ethanol; in aerobic respiration, the pyruvate is transferred to the
mitochendria.

Why other options are incorrect:

» Option B: The Krebs (citric acid) cycle operates inside the mitochondrial matrix and
ceases under anaerobic conditions due to the depletion of oxidized NAD+ and FAD
cofactors.

* Option C: Pyruvate decarboxylation to acetyl-CoA occurs inside mitochondria and
requires oxygen to accept downstream electrons.

* Option D: The electron transport chain requires molecular oxygen as the final electron
acceptor to sustain the mitochondrial proton gradient.

BIOLOGY

Q5. Acellular Life

Question #14

The structural pratein that constitutes the sub-membranous matrix shell of the mature Human
Imm.

CORE CONCEPT & DERIVATION

The gag polyprotein of HIV is proteclytically cleaved by viral protease during maturationinto
structural matrix (p17). capsid (p24), and nucleccapsid (p7) components.

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

Solution:

» The pl7 matrix protein (MA) forms a spherical protein shell lining the inner surface of the
viral lipid bilayer, stabilizing virion integrity and anchoring viral envelope spikes.

= Therefore, p17is the definitive matrix protein of the HIV particle.

Why other options are incorrect:

= Option A: gpl20is the surface envelope glycoprotein that binds directly to the CD4
receptorand CCR5/CXCR4 co-receptors on target T-lymphocytes.

= Option B: gp4lis the transmembrane glycoprotein that mediates hydrophobic fusion
of the viral envelope with the host plasma membrane.

+ Option D: p24 s the core capsid protein that polymerizes to form the inner conical
protein capsid encasing the viral RNA genome.
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BIOLOGY
09. Respiration f Gasecus Exchange

Question #15

The delicate gas-exchanging surface of the pulmaonary alveoli is lined predominantly by:
CORE CONCEPT & DERIVATION
The blood-air barrier requires an extremely thin anatomical diffusion path, provided by simple

squamous epithelial cells {Type | pneumocytes) covering over $5% of the alveolar surface.

Formula / Rule / Reaction:

A-AF
Az

Rate of Diffusion (J) = —-D (where minimal thickness Az 2 0.2 to 0.5 ym)

Solution:

« Simple squamous epithelium consists of a single layer of attenuated, flattened cells.

s Typelalveolar cells form this ultra-thin barrier, allowing oxygen and carbon dioxide to
diffuse between alveolar air spaces and capillary blood.

Why other options are incorrect:

= Option A: Simple cuboidal epithelium lines small terminal bronchioles and renal
tubules, and forms Type Il pneumocytes (surfactant secretors), but does not constitute
the primary diffusion barrier.

+ Option C: Pseudostratified ciliated columnar epithelium lines the upperrespiratory
tract (trachea and bronchi} for mucociliary clearance.

s Option D: Transitional epithelium {urothelium) lines the urinary bladder and ureters,
specialized for accommodating hydrostatic distension.

BIOLOGY

1&. Ewolution

Question #16

The m: & hagfish is taxonomically categorized under which vertebrate class?
CORE CONCEPT & DERIVATION
Agnathans are primitive jawless craniates po ing persistent notochords, cartilaginous

skeletons. circular sucking mouths lacking paired jaws. and a total absence of paired lateral
fins.

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

Solution:

+ Haghshes (order Myxiniformes) belong to the superclass Agnatha (Cyclostomata).

s Theylacktrue vertebrae (possessing only rudimentary neural arches), true jaws, and
scales, and are renowned for generating vast quantities of defensive slime.

Why other options are incorrect:

« Option A: Chondrichthyes represents cartilaginous jawed fishes possessing paired
fins, placoid scales, and claspers (e.g.. sharks and rays).

= Option B: Osteichthyes represents bony jawed hshes with swim bladders, opercular
gill covers, and bony skeletons.

= Option D: Placodermi represents an extinct class of heavily armored jawed prehistoric
fishes.
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Question #17 [THAL) e

11 Support & Moverment

All of the following are anatomical and histolegical characteristics of human cartilage EXCEPT:
CORE CONCEPT & DERIVATION

Cartilage is a irm yet flexible connective tissue with an extracellular matrix rich in
proteoglycans and collagen. While largely organic, cartilage contains measurable
concentrations of inorganic electrolytes and calcium salts, which increase dramatically
during endochondral calcification.

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

Solution:

« Cartilage tissue is not completely devoid of inorganic mineral salts; sodium,
potassium, calcium, and phosphate ions interact electrostatically with sulfated
glycosaminoglycans to regulate osmotic swelling and hydration.

» Therefore, claiming an absolute absence of inorganic salts is incorrect, making Option
Dthe false statement.

Why other options are incorrect:

+ Option A: Cartilage is entirely avascular; chondrocytes rely on diffusion through the
gel-like matrix from perichondrial blood vessels.

« Option B: The fibrillar matrix of hyaline cartilage is composed primarily of Type |l
collagen fibrils.

« Option C: Cartilage possesses high compressive resilience and tensile elasticity,
allowing structural flexibility without fracture.

BIOLOGY

3. Chemical Coordination

Question #18

Which of the following visceral organs functions as a dual exocrine and endocrine gland?

CORE CONCEPT & DERIVATION

Heterocrine (smphicrine) glands contain both exocrine tissue that discharges secretionsviaa
duct system and endocrine tissue that releases hormones directly into the vascular
circulaticn.

Formula / Rule / Reaction:

Pancreas = Acinar cells (Exocrine: digestive enzymes) + Islets of Langerhans (Endocrine: insulin, glucagon)

Solution:

» The exocrine pancreas comprises acini and ductules that secrete alkaline pancreatic
juice and digestive zymogens into the duodenum via the pancreatic duct.

+ The endocrine pancreas comprises the [slets of Langerhans, whose alphaand beta
cells secrete glucagon and insulin directly into fenestrated capillaries.

Why other options are incorrect:

+ Option B: The thyroid gland is an exclusively endocrine organ producing thyroxine,
triedothyronine, and calcitonin.

= Option C: The adrenal gland is an exclusively endocrine organ secreting
catecholamines and steroid hormones.

» Option D: The parathyroid glands are exclusively endocrine structures that secrete
parathyroid hormane (PTH).
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Question #19 qu;oo__v

Myxospores are specialized desiccation-resistant resting cells produced by:
CORE CONCEPT & DERIVATION

Myxobacteria are social Gram-negative gliding delta-protecbacteria that aggregate into
macroscopic multicellular fruiting bodies under nutrient starvation to differentiate into
dormant myxospores.

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

Solution:

s Myxospores are produced by myxobacteria (such as Myxococcus xanthus).

» Uponnutrient depletion, vegetative cells glide together to construct fruiting bodies,
within which cells enclose themselves in thickened protective walls to survive adverse
conditions.

Why other options are incorrect:

« Option A: Fungi generate sexual and asexual fungal spores such as ascospores,
basidiospores, conidia, and sporangiospores.

+ Option C: Algae produce resting spores designated as akinetes, hypnospaores, or
aplanospores.

» Option D: Bryophytes produce haploid meiospores through meiotic sporogenesis
inside sporophyte capsules.

BIOLOGY

{fomecsiasia

Question #20 [ CA0Y
The rarest anatomical site for primary bacteral infection within the human urinary tractis th...
CORECONCEPT & DERIVATION

Unidirectional downward peristaltic flow of urine combined with tight mucosal junctions
prevents luminal bacterial adherence along the smooth muscular tubes of the ureters.

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

Solution:

= Isolated primary ureteritis without concurrent cystitis (bladder infection) or
pyelonephritis (kidney infection)is extremely rare.

« The constant flow of urine propelled by smooth-muscle peristalsis effectively washes
away ascending bacteria before colonization can occur.

Why other options are incorrect:

« Option B: The urethra is directly exposed to external periurethral flora and is commonly
colonized, resulting in urethritis.

« Option C: The urinary bladderis the most frequent anatomical site of urinary tract
infection (cystitis) due to urine stasis.

s Option D: The renal pelvis is frequently involved in ascending kidney infections,
presenting as acute pyelonephritis.
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BIOLOGY

12. Nervous Coordination

Question #21
Tactile mechanoreceptor:

CORE CONCEPT & DERIVATION

Discriminative spatial tactile resolution depends inversely on the receptive field size of
mechanoraceptors (Meissner corpuscles and Merkel discs), showing maximal spatial
concentration in the glabrous skin of the lips and fingertips.

esponsible for fine, discriminative touch exhibit their highest senso..

Formula / Rule / Reaction:

1
Two-Point Discrimination Threshold

Tactile Acuity « Receptor Density

Solution:

+ Thelips poszessthe lowest two-point discrimination thresheld (1to 2 mm) and have a
large area of representation on the primary somatosensory cortex (postcentral gyrus).

* Reconciliation Note: Certainregional boards historically keyed the sole of the foot
based on gross skin surface receptor counts, but scientifically, fine tactile receptor
concentration is highest in the lips and fingertips.

Why other options are incorrect:

+ Option A: The sole of the foot possesses thick, comified skin primarily populated by
high-threshold mechanoreceptors and Pacinian corpuscles for gross pressure,
exhibiting a two-point discrimination threshold of over 20 mm.

+ Option C: The hairy skin of the dersum of the hand has lowreceptordensity and larger
receptive fields.

= OptionD: The skin of the back has one of the lowest tactile receptor densitiesinthe
body, with two-point thresholds exceeding 40 to 60 mm.

Question #22 BIOLOGY

1. Suppon & Movement

Which of the following Bones represents an unpaired element of the human viscerccranium
(facial...

CORE CONCEPT & DERIVATION
The adult facial skeleton comprises 14 discrete bones: six paired elements (12 total) and two
individual, unpaired median elements.

Formula / Rule / Reaction:

OFFICIAL FULL-LENGTH PRACTICE (FLP)

BIOLOGY
Question #23 m 05 AceliarLife
Atrichous bacteria are defined by the total absence of flagella. A characteristic morphological

CORE CONCEPT & DERIVATION

Bacterial flagellar arrangements include monotrichous, lophotrichous, amphitrichous, and
peritrichous patterns. Non-flagellated bacteria that do not exhibit flagellar motility are
termed atrichous.

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

Solution:

* The majority of spherical bacteria (cocci), such as Staphylococcus, Streptococcus,
and Meisseria, are completely devoid of flagella.

s Therefore, cocciare characteristic examples of atrichous bacteria.

Why other options are incorrect:

+ Option A: Bacilli(rod-shaped bacteria) are frequently motile via peritrichous flagella
(e.g.. Escherichia coli, Bacillus subtilis).
+ Option B: Spirilla (rigid spiral bacteria) possess bipolar tufts of flagella (amphitrichous).

= Option D: Vibrios (comma-shaped bacteria) typically possess asingle polar flagellum
(menotrichous).

BIOLOGY
Question #24 [UHL)] 14. Repraduction
In bryophytes, the non-motile haploid famale gamete housed within the venter of the
archegonium...

CORE CONCEPT & DERIVATION

The archegoniumis the multicellular, flask-shaped female gametangium of bryophytes,
consisting of a slender tubular neck and an expanded basal venter housing a single non-
motile ovumi{oosphere).

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

Solution:

= Theventer contains asingle haploid female gamete known as the egg cell or cosphere.

Facial Skeleton (14) = Paired (12): Maxillae, Zygomatics, Nasals, Lacrimals, Palatines, Inf. Conchae + Unpaired (2): Vomer, Mandible

Solution:

+ The mandible develops embryologically from bilateral Meckel cartilages that fuse at
the midline symphysis menti during the first year of life to form a single bone.

» Hence, the mandibleis an unpaired facial bone.

Why other options are incorrect:

» Option A: The maxillae are paired bones that unite at the intermaxillary suture to form
the upperjaw and hard palate.

» Option B: The lacrimal bones are paired, small, fragile bones situated in the anterior
portion of the medial orbital wall.

s OptionD: The palatine bones are paired L-shaped bones that form the posterior
portion of the hard palate.
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* \Water allows biflagellated antherozoids to swim down the liguefied neck canal to
fertilize the oosphere.

Why other options areincorrect:

* Option A: The antherczoid is the flagellated motile male gamete produced inside the
antheridium.

« Option C: The oospore is the diploid zygote formed after fertilization once it develops
a protective wall.

« Option D: The protonema is the juvenile filamentous green stage resulting from the
germination of a haploid moss spore.
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BIOLOGY
Question #25 02 ol.Cel
The biological and nutrticnal characteristics exhibited by protozoans align them most closely ..
CORE CONCEPT & DERIVATION

Protozoans are single-celled eukaryotic organisms that lack rigid cellulosic cell walls, capture
nutrients primarily via heterotrophic ingestion (phagocytosis or pinocytosis). and typically
demonstrate active motility.

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

Solution:

* Protozoa (literally ‘first animals’) are classified as animal-like protists because of their
heterotrophic nutrition, lack of a cellwall, and locomotive mechanisms (cilia, flagella, or
pseudopodia).

» These physiological charactenistics corespond to Kingdom Animalia rather than
autotrophic or saprophytic kingdoms.

Why other options are incorrect:

» Option A: Plants are photosynthetic autotrophs with cellulose-containing cell walls
and plastids.

* Option B: Bacteria are prokaryotes with peptideglycan walls and lacking membrane-
delimited organelles.

* Option D: \firuses are non-cellular obligate molecular parasites consisting of a nucleic
acid genome in a protein capsid.

BIOLOGY
Queﬁm #26 Kﬂy: :BI 1&. Evolution
The most diverse and specious phylum in Kingdem Animalia is:

CORE CONCEPT & DERIVATION

Phylum Arthropoda is the largest animal phylum, representing over 80% of all described
extant animal species, distinguished by a chitinous exoskeleton, metameric segmentation,
and paired jointed appendages.

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

Solution:

+ With over one million cataloged species (dominated by class Insecta), Arthropoda
contains more described species than all other animal phyla combined.

» Their success is attributed to jointed appendages, a waterproof chitinous cuticular
exoskeleton, efficient tracheolar respiration, and flight.

Why other options are incorrect:

= Option A: Annelida (segmented worms) contains approximately 17,000 to 22,000
cataloged species.

= Option C: Chordata contains approximately 65,000 described living species.

= Option D: Mollusca is the second-largest animal phylum, comprising approximately
85,000 t0 100,000 extant species.
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Question #27 BIOLOGY

In eukaryotic calls, the assembly of the small (405) and large (605) ribosomal subunits in the ..
CORE CONCEPT & DERIVATION

Ribosomal sedimentation coetficients expressed in Svedberg units (5) measure
sedimentation velocity during ultracentrifugation; they are non-additive because
sedimentation depends on both molecular mass and hydrodynamic surface shape.

Formula / Rule / Reaction:

M

408 + 608 ", 808 (Eukaryotic Cytosolic Ribosome)

Solution:

* When the small 405 subunit (containing 185 rANA and ~33 proteins) joins the large 605
subunit {containing 285, 5.85, 55 rRNAs and ~49 proteins), the complex forms anintact
805 nbosome.

s Magnesiumions (Mg} screen negatively charged phosphate groups on ribosomal
RNA, enabling the two subunits to assemble without electrostatic repulsion.

Why other options are incorrect:

+ Option A: The 705 rbosome is the prokaryotic, plastid, and mitochondrnal ribosome
assembled from 305 and 505 subunits.

= Option C: 905 represents anintermediate pre-ribosomal particle formed transiently in
the nucleolus.

= Option D: 1005 particles represent inactive ribosomal dimers formed in bacterial cells
during stationary phase survival.

Question #28 [TTHIT

Acontinuous,
CORE CONCEPT & DERIVATION

Peptidoglycan is a heteropolymer composed of alternating §-(1,4)-linked N-
acetylglucosamine (NAG) and N-acetylmuramic acid (NAM) glycan strands cross-linked by
short peptide chains, found exclusively in the domain Bacteria.

igid peptidoglycan {murein) cell wall envelope is a defining biochemical featu

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

Solution:

» Peptidoglycan forms a structural sacculus around bacterial cells that resists internal
osmotic lysis.

» This cross-linked murein meshwork is unique to bacteria and is targeted by beta-
lactam antibiotics and lysozyme.

Why other options are incorrect:

s Option B: Algae possess celiulosic cell wallsimpregnated with pectin, mannans, or
alginic acids.

+ Option C: Fungi possess cell walls composed primarily of chitin(polymers of N-
acetylglucosamine) and g-glucans.

« Option D: Protozoans lack cellwalls, being bounded only by a flexible plasma
membrane or a proteinaceous pellicle.
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Question #29 . SBE;OGY

The following curve demaonstrates the kinetics of an enzyme-catalyzed reaction. What parameter

CORE CONCEPT & DERIVATION

Michaelis-Menten kinetics shows a rectangular hyperbolic relationship between substrate
concentration [§] and initial reaction velocity », where velocity increases until all enzyme
active sites become saturated at V.

Formula / Rule / Reaction:

Solution:

= Atlowsubstrate concentration, the rate is directly proportional to [S] (first-order
kinetics).

« As|S|increases, saturation of active sites causes the rate to plateau asymptotically
toward V.. (zero-order kinetics), which produces the rectangular hyperbola plotted
against substrate concentration.

Why other options are incorrect:

« Option B: The graph of enzymatic rate versus pH is bell-shaped with an optimum peak.
declining symmetrically on both sides due to active-site ionization and denaturation.

« Option C: The graph of rate versus temperature nses gradually via kinetic activation
and then drops sharply above the optimum due to thermal protein denaturation.

= Option D: Plotting reaction velocity against enzyme concentration under non-limiting
substrate yields a continuous straight line. not an asymptotic curve.

Question #30 BIOLOGY

02 Biomolecules

In the open-chain Fischer projection of D-fructose, the characteristic ketone functional group .
CORE CONCEPT & DERIVATION

Fructose is a ketohexose structural isomer of glucose whose carbonyl oxygenisbonded toa
secondary carbon atom(C-2), making it a ketone sugar.

Formula / Rule / Reaction:

Fructose: HyC(OH) — C{= O} — CH{OH) — CH(OH} — CH{OH) — CH:0OH

Solution:

+ BylUPAC nomenclature, numbering of the hexose chain starts from the terminal carbon
closest to the carbonyl group.

+ The carbonyl group is located at carbon-2, classifying D-fructose as a 2-ketohexose.

Why other options are incorrect:

s Option A: Carbon 1 camies a primary alcohol {— CH,0H) in fructose (whereas in
aldohexoses like glucose, C-1is the aldehyde group).

= Option C: Carbon 3 carries a secondary hydroxyl group (- OH) oniented to the leftin
the D-configuration.

» Option D: Carbon 4 carmes a secondary hydroxyl group oriented to the rightin the D-
configuration.
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BIOLOGY

tian ¢ Transport

Question #31 [LUHLE)
By total mass and external surface area, the largest single organ of the human body is the

CORE CONCEPT & DERIVATION

The integumentary system (skin} constitutes the largest organ in the hurman body, accounting
forroughly 15 to 16% of total adult body weight and covering an external surface area of
approximately 1.5 to 2.0 square meters.

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

Solution:

* Skinforms the continuous external covering of the human body, measuring between
1.5and 2.0m" inarea and weighing 4 to 5 kginan adult.

s Therefore, itis the largest organ of the human body overall.

Why other options are incorrect:

+ Option A: Theliver is the largest internal (visceral) organ, weighing approximately 1.5 kg,
but iz smaller and lighter than the skin.

+ Option C: The adult human brainweighs approximately 1.3 to 1.4 kg,

= Option D: The lungs have an expansive intemal alveolar surface area forgas exchange,
but their actual tissue mass is less than that of the skin.

Question #32 i

True dichotomous (Y-shaped) branching of the aerial axis is an anatomical characteristic of whi...
CORE CONCEPT & DERIVATION
Psilopsida encompasses the earliest and most structurally primitive vascular plants (suchas

Rhynia and Psifotum), characterized by leafiess, rootless green axes that divide equally at the
apexinto two equal branches (dichotomy).

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

Solution:

« InPsilopsida, the apical meristem forksinto two equivalent growing points during
growth, forming equal ¥-shaped divisions.

+ Thisdichotomous architecture represents the earliest vascular plant branching pattern
found in the fossil record.

Why other options are incorrect:

* Option A: Lycopsida (club mosses) feature microphyllous leaves and develop
pseudodichotomous or monopadial branching patterns.

* Option B: Sphenopsida (horsetails) have jointed stems with distinct nodes and
internodes that give rise to whorled branches.

« Option D: Pteropsida (ferns, gymnosperms, and angiosperms) develop complex
megaphyllous foliage and predominantly monopodial or sympodial branching.
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BIOLOGY

molecules

Question #33

In plant phicem translocation, the physiclogical term 'sink of assimilateapplies to:
CORE CONCEPT & DERIVATION

According to the pressure-flow hypothesis of phloem transport, a ‘sink' is any plant organ or
tissue that imports, consumes, or stores photosynthetic assimilates (sucrose) deliverad from
source tissues.

Formula / Rule / Reaction:

Source (Photosynthetic leaf) A%, Sink {Import/Storage /Metabolism )

Solution:

= Actively growing shoot buds require photoassimilates for mitosis and structural
synthesis.

+ Maturing fruits and developing seedsimport sucrose to synthesize storage starches,
proteins, and lipids.

= Storage roots and tubersimport sucrose to convert itinto long-term starchreserves.
Therefore, all listed tissues act as sinks.

Why other options are incorrect:

» Option A: Growing buds are active sinks, but they do not represent the only sink
argans.

* Option B: Fruits and seeds are prominent reproductive sinks, but vegetative
meristems and storage organs are also sinks.

* Option C: Storage roots are sinks during the growing season, but expanding shoots
and fruits also utilize assimilates.

BIOLOGY

2. Mervous Coordination

Question #34

The inveluntary pharyngeal and esophageal stages of the swallowing reflex are coor
CORE CONCEPT & DERIVATION

Swallowing (deglutition) initiates as a voluntary act but transitions into an involuntary reflex
coordinated by the deglutition centerin the lower brainstem.

inated by th

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

Solution:

« The deglutition centeris located inthe medulla oblongata and lower pons.

* Sensory impulses from tactile receptors in the posterior pharynx are conveyed via the
glossopharyngeal (1X) and trigeminal (V) nerves to the medulla, which outputs
coordinated motor signals via the vagus (X) and hypoglossal (XIl) nerves to regulate
pharyngeal peristalsis.

Why other options are incorrect:

= Option A: The hypothalamus is responsible for neurcendocrine regulation,
osmoregulation, temperature control, and hunger/satiety balance.

» Option C: The cerebellum coordinates motor precision, posture, and equilibrium,
without integrating involuntary autonomic cranial swallowing reflexes.

+ Option D: The corpus callosum is a large white-matter commissural tract connecting
the cerebral hemispheres.
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Question #35 __ moLooy

. B oenergetics
The chemical formula [Formula] defines the empirical structure of:

CORE CONCEPT & DERIVATION

Chlorophyll a and chlorophyll b share an identical porphyrin-like tetrapyrrole ring centered
around magnesium, but differ at carbon-3 of ring |l where a methyl| group in chlorophyll a is
replaced by a formyl group in chlorophyll b.

Formula / Rule / Reaction:

Chlorophyll a: CoaHeaMeN,0y, 1 Chlorophyll br CaHepMgN, Oy

Solution:

+ Thereplacement of the methyl group (—CH,) by a formyl group (— CHO) remaves two
hydrogen atoms and adds one oxygen atom.

» Thisgives chlorophyll b the molecular formula CrsHaMgN, O

Why other options are incorrect:

« Option A: Chlorophyll a has the maolecular formula Cy; HeoMgN, 0.

+ Option €: Chlerophyll ¢ lacks the long hydrophobic phytol tail and has the general
formula Cy, HyMgN, 0.

= Option D: Bacteriochloraphyll a has a saturatedring ll. yielding the formula
CrgHzyMgN, 0.

BIOLOGY

14. Reproduction

Question #36

Following fertilization in the human fallopian tube, the developing blastocyst implants into th...
CORE CONCEPT & DERIVATION

Implantation involves the attachment, penetration, and embedding of the blastocystinto the
receptive secretory-phase functional layer of the uterine mucosal lining.

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

Solution:

s Approximately 6 to 7 days after fertilization, the syncytiotrophoblast of the blastocyst
secretes proteolytic enzymes that invade the vasculanzed endometrium.

s This allows the embryo to embed within the uterine lining and initiate placentation.

Why other options are incorrect:

s Option A: Epimetrium is an erroneous anatomical term sometimes confused with
perimetrium.

= Option B: The perimetrium is the outer serous peritoneal covering of the uterus.

= Option C: The myometriumis the thick intermediate tunic of interlacing smooth muscle
bundles responsible for uterine contractions.
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BIOLOGY
Question #37 [[ZHLIN 03 Eryemes
In metabolic pathways, feedback inhibition occurs when an enzyme Is allosterically inhibited by..

CORE CONCEPT & DERIVATION

Feedback inhibition (end-product inhibition) is a homeostatic regulatory mechanism in which
the final product of an enzymatic sequence binds to an allosteric site on the first committed-
step enzyme, reversibly suppressing its activity.

Formula / Rule / Reaction:

Substrate A 5 B =, 0 ™, Product P (P allasterically binds to and inhibits £, )

Solution:

» When the final product reaches high concentrations, it acts as an allosteric effectorby
binding to a non-catalytic regulatory site on the initial regulatory enzyme.

» Thisinduces a conformational change that lowers the active site's affinity for substrate,
halting further pathway synthesis without wasting resources.

Why other options are incorrect:

= Option B: Inhibition by excessive substrate represents substrate inhibition, whichis
distinct frem end-product feedback loops.

= Option C: Irreversible inhibition by heavy metals (e.g., lead, mercury)is taxic
denaturation. not physiological regulation.

= Option D: Coenzyme depletion reduces reaction velocity due to missing cofactors,
not through feedback inhibition.

BIOLOGY
Question #38 [ZTHLN 16. Evalution

The reduction of wings in the kiwl, elongated necks in giraffes, webbed featin
CORE CONCEPT & DERIVATION
Lamarck's evolutionary theory {Lamarckism) relied on two principles: the principle of use and

disuse (structures enlarge with use and atrophy with disuse) and the inheritance of acquired
characteristics.

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

Solution:

» Jean-Baptiste de Lamarck proposed in 1809 that ancestral kiwis lost their wings
through continued disuse in the absence of ground predators, while ducks acquired
webbed feet through constant stretching against water.

* These examples served as foundational arguments for his model of use and disuse.

Why other options are incorrect:

* Option B: Charles Darwin explained these adaptations through natural selection acting
on existing hentable variations within populations over generations.

* Option C: August Weismann disproved Lamarckian inheritance by cutting the tails off
mice over successive generations and establishing the germplasmtheory.

« Option D: Hugo de Vries proposed the mutation theory of evolution based on sudden
genetic changes in evening primroses.
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BIOLOGY
Question #39 [THCEN 08 immurity
Which of the following statements is NOT TRUE regarding the biclogy of interferons?
CORE CONCEPT & DERIVATION

Interferons (IFNs) are cytokine glycoproteins secreted by virus-infected host cellsthatactin
aparacrine and autocrne manner to establish an antiviral state in surrounding tissue.

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

Solution:

+ Interferons are cellular signaling molecules (cytokines), not endocrine glands.

s Interleukins are produced predominantly by helper T-cells and leukocytes, not
secreted by interferons. Hence, Option Dis false and represents the exception.

Why other options are incorrect:

« Option A: Interferons are categorized as cytokine glycoproteins that coordinate
immune communication.

+ OptionB: Typeland Type llinterferons activate natural killer (NK) cells and cytotoxic T-
lymphocytes to destroy infected cells.

= Option C: Interferons bind to cell-surface receptors, inducing enzymes such as
oligoadenylate synthetase and protein kinase R (PKR) that degrade viral mRNA and
inhibit translation.

BIOLOGY

04, Digestion/Mutrition

Question #40

Intrinsic factor, synthesized and released by the parietal (oxyntic) cells of the gastric mucos...
CORE CONCEPT & DERIVATION

itarnin B12 (extrinsic factor) requires complexation with gastric intrinsic factor to protect it
from digestionuntilit reaches the cubam receptors on the enterocytes of the terminal ileum.

Formula / Rule / Reaction:

Terminal Tesn,
—_—

Vitamin By, + Intrinsic Factor —+ [[F-B;s Complex] Receptor-Mediated Endocytosis

Solution:

» Intrinsic factor binds vitamin B12 in the duodenum after the vitamin is released from
haptocorrin by pancreatic proteases.

« Theresulting IF-B12 complex resists proteolytic degradation and is absorbed via
endocytosis in the terminalileum.

Why other options are incorrect:

* Option B: Vitamin C is water-scluble and is absorbed in the jejunum via sodium-
dependent vitamin C transporters (SYCT1/2).

* Option C: Vitamin Dis fat-soluble and is emulsified by bile salts into micelles for
passive diffusion across the jejunal mucosa.

* OptionD: Ferousiron (Fe*' }is absorbed in the duodenum via the divalent metal
transporter 1 {DMTI).
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Question #41 [[EHT) Pl

munity

Which of the following biochemical functions is NOT a metabolic responsibility of hepatocytesi
CORE CONCEPT & DERIVATION

The liver performs diverse carbohydrate. lipid, and nitrogen metabolic functions, synthesizing
most plasma proteins (albumin, fibrinogen, prothrombin). However, immunoglobuling
{antibodies) are produced exclusively by plasma cells.

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

Solution:

* Antibodies are synthesized and secreted by terminally differentiated B-lymphocytes
(plasma cells).

s Hepatocytes do not synthesize immunoglobulins, making Option D the correct
selection.

Why other options are incorrect:

+ Option A: Glycogenolysis is the enzymatic cleavage of hepatic glycogeninta glucose-
6-phosphate to maintain fasting blood glucose levels.

« Option B: Gluconeogenesis is the hepatic synthesis of glucose fromnon-
carbohydrate precursors like lactate, glycerol, and glucogenic amino acids.

s Option C: Oxidative deamination is carried out in hepatocytes by glutamate
dehydrogenase to remove the amino group and funnel ammonia into the urea cycle.

BIOLOGY
Queﬁm #a42 m 3. Chemical Coordination
Allof the following endecrine hormene pairs perfarm antagonistic physiological actions EXCEPT:
CORE CONCEPT & DERIVATION
Antagonistic hormones exert opposing actions on a shared physiological parameter.

Adrenaline (epinephrine) and noradrenaline (norepinephrine) act synergistically to activate
the sympathetic fight-or-flight response.

Formula / Rule / Reaction:

Adrenaline 4+ Noradrenaline = Synergistic Sympathetic Activation

Solution:

« Adrenaline and noradrenaline are co-secreted by the adrenal medulla during stress.

» Bothstimulate adrenergic receptors to elevate cardiac output, induce
bronchedilation, and promote glycogenolysis. Because they cooperate rather than
oppose eachother, they are synergistic.

Why other options are incorrect:

+ Option A: Growth hormone promotes somatic growth and cellular proliferation,
whereas hypothalamic somatostatin directly inhibits growth hormone release.

= OptionB: Calcitonin lowers serum calcium levels by inhibiting osteoclasts, whereas
parathyroid hormone {PTH) elevates serum calcium by stimulating osteoclastic bone
resorption.

= Option D: Insulin decreases blood glucose by stimulating cellular uptake and
glycogenesis, whereas glucagon increases blood glucose through glycogenolysis and
gluceneogenesis.
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Question #43 BloLOGY

Large beta-barrel channel proteins called porins. which permit passive diffusion of small hydro

CORE CONCEPT & DERIVATION

Porins are transmembrane proteins arranged as water-filled beta-barrel pores foundinthe
outer membranes of Gram-negative bacteria, mitochondria, and plastids, reflecting the
endosymbiotic prokaryotic origin of these organelles.

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

Solution:

* Mitochondria and chloroplasts both possess double-membrane envelopes where the
outer membrane contains porins.

s These porinchannels render the outer membrane permeable to solutes, ions, and
metabolites under 5,000 Daltons.

Why other options are incorrect:

« Option A: The Golgi apparatus belongs to the single-membrane endomembrane
system and lacks beta-barrel porins.

+ Option C: Ribosomes are non-membranous ribonuclecprotein complexes lacking
lipid bilayers.

s Option D: The Gelgi apparatus does not contain porins.

BIOLOGY
Question #44 m lomolecules

Carbohydrates are arganic biomoleculas composed principally of which chemical elements?
CORECONCEPT & DERIVATION

Carbohydrates are polyhydroxy aldehydes, ketones, or substances that hydrolyze into them,
defined by the empirical formula C,,(H,0),..

Formula / Rule / Reaction:

General Formula: C,(H,0), == Constituent Elements: C, H, O

Solution:

s Carbohydrates consist of carbon, hydrogen, and oxygen, typicallyina 1:2:1
stoichiometric ratio.

* Simple monosaccharides contain only these three elements.

Why other options are incorrect:

+ Option A: Nitrogen and potassium are not fundamental structural components of
standard carbohydrates.

* Option B: Chlorine is a halogen that does not ocour in native carbohydrates.

s Option C: Nitrogen is characteristic of proteins and nucleic acids, not typical
carbohydrates (with modified exceptions like chitin).
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BIOLOGY
Question #45 LU prigtald
Within a non-dividing eukaryotic interphase cell, the highest density and rate of RNA transcrip..
CORE CONCEPT & DERIVATION

The nucleolus is the prominent non-membrane bound nuclear sub-compartment dedicated
totranscribing ribosomal BMA (rARNA) genes by RNA polymerase | and assembling pre-
ribosomal particles.

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

Solution:

* Ribosomal ANA constitutes over 80% of total cellular RNA.

» BecauserRNA genes are organized into nucleolar organizer regions (NORs) undergoing
continuous transcription, the nucleolus contains the highest concentration of newly
synthesized RNA perunit volume.

Why other options are incorrect:

+ Option A: The plasma membrane is a lipid-protein boundary that contains no RNA.

+ Option B: The cytosol contains translationally active mRNA and tRNA, but at a much
lower concentration than within the dense nucleclar matrix.

= Option D: Lysosomes are acidic digestive organelles containing hydrolytic enzymes,
not sites of RNA synthesis.

BIOLOGY
Question #46 [ZHEN o cet

Cellular turgor pressure and structural support in non-woody herbaceous plant tissues are maint...
CORE CONCEPT & DERIVATION

The large central vacuole is bounded by the tonoplast, which pumps mineral ions and organic
solutes into the cell sap, driving osmotic water infiux and exerting hydrostatic turgor pressure
against the primary cell wall.

Formula / Rule / Reaction:

o, =¥

w at ¥y

Solution:

» Hypertonic vacuolar sap draws water into the central vacuocle via osmaosis.

= The swelling vacuole pushes the cytoplasm outward against the rigid cell wall, creating
turgor pressure that keeps herbaceous tissues upright.

Why other options are incorrect:

» Option A: The cellwall provides mechanical resistance to prevent bursting, but cannot
generate internal hydrostatic turgor pressure without vacuolar water influx.

* Option B: The endoplasmic reticulum coordinates protein and lipid synthesis, not
osmaotic turgor.

* Option D: The plant cytoskeleton organizes intracellular trafficking and cell-plate
onentation, but does not generate hydrostatic support.
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BIOLOGY
Quesuon #47 m Od. 8 oenergetics
In green photosynthetic plant cells, light-harvesting chiorophyll molecules are embeddedinthe

CORE CONCEPT & DERIVATION

Chlorophyll molecules possess a hydrophilic porphyrin head and a hydrophobic phytol
hydrocarbon tail, which anchors themwithin the phospholipid bilayer of the chloroplast
thylakoid membranes to form photosystems land Il

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

Solution:

* Light absorption and photolysis take place within the thylakoid membranes.

« Chiorophyll pigments organize into photosystem reaction centers and antenna
complexes within the thylakoid lipid bilayer.

Why other options are incorrect:

+ Option B: The stroma is the aqueous fluid matrix containing soluble Calvin cycle
enzymes (e.g., RuBisCO), where light-independent reactions take place.

+ Option C: Chromoplasts are plastids containing carotenoids that provide yellow,
orange, and red color to flowers and fruits.

* Option D: Amyloplasts are non-pigmented leucoplasts specialized for synthesizing
and storing starch granules inroots and tubers.

Question #48 __ BioLocy

04, Bioenergetics

CORE CONCEPT & DERIVATION

Carotenoids are classified into pure hydrocarbons (carotenes, which are orange) and
oxygenated derivatives containing hydroxyl or epoxide groups (xanthophylls, which are bright
yellow).

Formula / Rule / Reaction:

Carotenes {CaoHu) = Orange ;  Xanthophylls (CanHasOa) = Yellow

Solution:

= Xanthophylls (such as lutein and zeaxanthin) absorb blue-viclet light and reflect yellow
wavelengths.

s This accessory pigment gives autumn foliage its yellow color as chlorophyll breaks
down.

Why other options are incorrect:

« Option B: Red colorationis typically provided by anthocyanins or specific carotenes
like lycopene.

s Option C: Orange pigmentation is provided by carotenes such as g-carotene.

+ Option D: Blue-green coloration is characteristic of chlorophyll a.
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BIOLOGY
Question #49 LU prigtald
Which of the following cytoplasmic organelles contains its own circular DNA and 705 ribosomes?
CORE CONCEPT & DERIVATION

According to endosymbiotic theary, mitochondria originated from engulfed aerobic alpha-
proteobacteria, retaining a circular double-stranded DNA genome (mtDNA) and bacterial-
like 705 ribosomes.

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

Solution:

* Mitochondria synthesize a portion of their own respiratory chain polypeptides within
the mitochondrial matrix using circularmtDMNA and 705 ribosomes.

s Theyreplicate independently of nuclear division via binary fission.

Why other options are incorrect:

= Option A: The endoplasmic reticulum is a single-membrane endomembrane network
lacking its own genome.

+ Option B: Lysosomes are single-membrane digestive vesicles containing acid
hydrolases, containing no genatic material.

» Option D: Peroxisomes are metabolic organelles that contain catalase and oxidases,
but lack an autonomous genome or ribosomes.

Question #50 [0 BIO&?:ET
During cytokinesisin plant cells, which crganefle synthesizes and secretes the vesicles that c...
CORE CONCEPT & DERIVATION

In plant cytokinesis, the Golgi apparatus buds off membrane vesicles containing pectins and
hemicelluloses, which are directed by the phragmoplast to the equatorial plane to form the
middie lamella and new cellwall.

Formula / Rule / Reaction:

Phraguoplast Micratububes
st i e ok e

Golgi Pectin Vesicles Cell Plate Fusion —+ Middle Lamella

Solution:

« Golgibodies (dictyosomes) synthesize complex matrix polysaccharides and package
them into secretory vesicles.

+ Thesevesiclesfuse along the phragmoplast to construct the cell plate, which solidifies
into the middle lamella and primary cell wall.

Why other options are incorrect:

» Option A: Ribosomes synthesize proteins, not the non-cellulosic structural
pelysaccharides of the plant cellwall.

» Option B: Peroxisomes are oxidative organelles involved in photorespiration and
hydrogen peroxide breakdown.

+ Option C: Higher plant cells lack centrosomes and centricles, relying on diffuse
microtubule organizing centers.
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Question #51 SEoeT

5. Inherltance /Varation & G

In the human mitcchondrial genetic code, the codons AGA and AGG diverge from the universal
nucl...

CORE CONCEPT & DERIVATION

Mitochondrial genomes exhibit non-universal codon reassignments where certain triplets
code for different amino acids or termination signals compared to the standard nuclear
genetic code.

Formula / Rule / Reaction:

Standard Nuclear Code: AGA, AGG — Arginine ;  Vertebrate Mitochondrial Code: AGA, AGG -

Solution:

s Inthe universal genetic code, AGA and AGG code for the basic amino acid arginine.

« Invertebrate and human mitochondrial protein synthesis, AGA and AGG do not code
for arginine: instead, they function as stop (termination) codons.

* Auditing Note: If evaluated under the universal standard code, AGG codes for arginine,
but under authentic mitochondrial translation genetics, it specifies a termination
codon.

Why other options are incorrect:

« Option A: Arginine is specified by AGG in the universal standard cytoplasmic code, but
not invertebrate mitochondrial translation.

= Option B: Tryptophanis specified inmitochondria by UGA (which functions as a stop
codonin the universal code).

= Option D: Methionine is specified in mitochondria by both AUG and AUA (which
normally codes forisoleucine inthe standard code).

BIOLOGY
1&. Ewolution

Question #52 [0 (&)
The famous evolutionary phrase “survival of the fittest' was originally coined by:
CORE CONCEPT & DERIVATION

The expression 'survival of the fittest’ was devised by the English philosopher and sociclogist
Herbert Spencer afterreading Charles Darwin's On the Origin of Species.

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

Solution:

s Herbert Spencer first used the term in his 1864 treatise Principles of Biology, drawing
parallels between biological concepts and economic/social theories.

» Charles Darwin later adopted Spencer's phrase in the fifth edition of On the Origin of
Species (published in 1849) as an alternative metaphor for natural selection.

Why other options are incorrect:

* Option A: Jean-Baptiste Lamarck formulated the hypothesis of inheritance of
acquired charactenstics and use and disuse.

» Option B: Charles Darwin formulated the scientific theory of evolution by natural
zelection, but did not invent the specific phrase 'survival of the fittest’.

* Option D: Thomas Malthus wrote An Essay on the Principle of Population, inspiring
Darwin's view on exponential reproductive growth and resource competition.
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BIOLOGY

nology

Question #53 17, 8

The restriction endonuclease Sma [ is commerciallyisolated from which bacterial species?
CORE CONCEPT & DERIVATION

Standard restriction endonuclease nomenclature derives the first letter from the bacterial
genus, the subsequent two letters from the species, an opticnal letter forthe strain. and a
Roman numeral for the chronological order of discovery.

Formula / Rule / Reaction:

Genus: Serratia (3) + Species: marcescens {ma) + Order: T = Smal

Solution:

* Smalisderived fromthe Gram-negative rod bacterium Seratia marcescens.

» Itrecognizes the hexanucleotide palindromic sequence §'-CCC | GGG-3' and cleaves
both strands symmetrically to generate blunt ends.

Why other options are incorrect:

= Option A: Streptomyces achromogenes is the source organism for the restriction
enzyme Sacl.

= Option C: Streptococcus pyogenes is renowned for the Cas? endonuclease usedin
CRISPR-Cas systems, not Smal.

= Option D: Staphylococcus aureus yields restriction enzymes such as Sau3Al, not Smal.

— BIOLOGY
Question #54 [T 01, Cel
The biosynthesis of steroid hormones and phospholipids takes place in the:

CORE CONCEPT & DERIVATION

The smooth endoplasmic reticulum (SER) lacks surface ribosomes and contains membrane-
bound enzymes responsible for lipid metabolism, phospholipid synthesis, and
steroidogenesis.

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

Solution:

* Celisthat produce stercid hormones (such as adrenocortical cells and Leydig cells of
the testes) possess an extensive network of smooth endoplasmic reticulum.

= SERenzymes catalyze the modification of cholesterol into steroid hormones,
synthesize membrane phospholipids, and mediate xenobiotic detoxification via
cytochrome P450.

Why other options are incorrect:

» Option A: The rough endoplasmic reticulum (RER} is studded with ribosomes and
specializes in the synthesis and folding of secretory, lysosomal, andintegral membrane
proteins.

+ Option C: The Galgi apparatus modifies, sorts, and packages macromelecules
received from the ER into secretory granules or lysosomes.

= Option D: Ribosomes areribonuclecprotein complexes dedicated to translating
mRNAinto polypeptide chains.
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BIOLOGY
Question #55 [[ZHLT) 3 ChemiesiCoordnation
Which endocrine structure is traditionally designated as the ‘master gland” of the human body?

CORE CONCEPT & DERIVATION

The anterior pituitary gland secretes tropic hormones that control the secretory activities of
peripheral endocrine glands (thyroid, adrenal cortex, and gonads).

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

Solution:

« The pituitary gland secretes thyroid-stimulating hormone (TSH). adrenocaorticotropic
hormone (ACTH), follicle -stimulating hormone (FSH), and luteinizing hormene (LH).

« Because these tropic hormones regulate hormone release from multiple peripheral
target glands, the pituitary has historcally been termed the master gland {(acting under
hypothalamic neuroendocrine control).

Why other options are incorrect:

+ Option B: The thyroid gland produces thyroxine and calcitonin under the direct
regulatory stimulus of pituitary TSH.

+ Option C: The adrenal cortex produces glucocorticoids and mineralocorticoids under
pituitary ACTH control.

» Option D: The pineal gland synthesizes melatonin to regulate circadian rhythm and
seasonal photopenodicity.

BIOLOGY
Quesuon #56 m 04 Bioenergetics
The primary chemical enargy and reducing products generated during the light -dependant
reaction..
CORE CONCEPT & DERIVATION

During the light reactions of photosynthesis, absorbed radiant energy drives non-cyclic
electron transport and photophosphorylation, storing energy in the form of ATP and NADPH.

Formula / Rule / Reaction:

IH20 + ZNADP' 4 3ADP + 3Py + hr — 02 + ZNADPH + 2H' 4 3ATP

Solution:

» Photolysis of water provides electrons to photosystem ||, which pass along the
thylakoid electron transport chain to generate a proton gradient for ATP synthesis.

s Electrons are ultimately transferred to ferredoxin-NADP4+ reductase tareduce NADP'
into NADPH.

« Together, ATP and NADPH function as assimilatory power to drive enzymatic carbon
reductioninthe Calvincycle.

Why other options are incorrect:

= Option A: ADP and NADP+ are the low-energy uncharged substrates entering the light
reactions, not the high-energy products.

« Option C: Carbon dioxide is consumed inthe dark reactions, while water is areactant
consumed during phatolysis.

* Option D: Glucose is the hexose end-product of the Calvin cycle, not a direct product
of thylakoid photophosphorylation.
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BIOLOGY

molecules

Question #57

Biochemical hydrolysis is defined as:
CORE CONCEPT & DERIVATION

Hydrolysis (hydro = water, lysis = cleavage) s a catabolic chemical reaction in which a covalent
bond between two subunits is cleaved by the addition of a water molecule.

Formula / Rule / Reaction:

Ry-R; + HyO —+ Ry-H + R,-OH

Solution:

» During enzymatic hydrolysis, awater moleculeis split: a proton (H') attaches to one
maonomer, and a hydroxyl group (OH ) attaches to the adjacent monomer.

* Thisreaction breaks polymers (proteins, polysaccharides, triglycerides) into their
constituent monomeric units during digestion.

Why other options are incorrect:

» Option A: The combination of molecules using molecular hydrogen represents
chemical hydrogenation or reduction, not hydrolysis.

= Option B: The joining of monomers with the concurent elimination of water represents
condensation (dehydration synthesis).

= Option D: The thermal decomposition of materials in the absence of water is termed
pyrolysis.

Question #58 [[THC] ey

omalecules

Which of the following biological molecules represents a fibrous ural protein?
CORE CONCEPT & DERIVATION
Fibrous proteins form elongated, insoluble polypeptide chains organized in parallel alonga

single axis, confering mechanical strength and structural integrity to tissues.

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

Solution:

s Collagenis aninsoluble, triple-helical fibrous protein that constitutes the principal
extracellular matrix component in tendons, ligaments, skin, and bones.

= Itshightensile strength and rope-like architecture make it the primary structural
protein in the animal kingdom.

Why other options are incorrect:

» Option A: Pepsinogen is an inactive globular enzymatic zymogen secreted by gastric
chief cells.

* Option B: Caseinis a soluble nutrient storage phosphoprotein present in mammalian
milke.

# Option C: Insulinis a soluble globular peptide hormone composed of two disulfide-
linked chains.
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Question #59 [T s

In striated skeletal muscle fibers, the rapid release and sequestration of calciumions forexc...
CORE CONCEPT & DERIVATION

The sarcoplasmic reticulumis a specialized form of agranular (smooth) endoplasmic
reticulum in myocytes that sequesters and releases intracellular calcium ions (Ca*t) to
regulate myohibrillar contraction.

Formula / Rule / Reaction:

Action Potential —: Ryanodine Receptor (RyR1) Activation —+ Ca*' Efflux from SR into Sarcoplas

Solution:

* Depolarization of the sarcolemma travels down transverse (T) tubules, triggering
conformational changesin dinydropyridine receptors.

» This opens ryanodine channels in the terminal cisternae of the sarcoplasmic reticulum,
flooding the sarcoplasmwith calcium ions to bind troponin C.

Why other options are incorrect:

= Option B: The rough endoplasmic reticulum specializes in translating and folding
secretory and membrane proteins.

» Option C: The Golgi apparatus is dedicated to post-translational carbohydrate
modification and secretory vesicle formation.

* Option D: Lysosomes contain acid hydrolases for intracellular degradation of cellular
debris.

BIOLOGY
Question #60 m 5. Inheritance Varation & Senetics

InanX-linked recessive disorder, if an affected homozygous famale maries a phenotypic
CORE CONCEPT & DERIVATION

¥-linked recessive disorders require two mutant alleles (X9X) for phenotypic manifestation
infemales, whereas a single dominant wild-type allele (X ?) confers a normal phenotype.

Formula / Rule / Reaction:

Cross: XX (Affected Mother) x X°Y (Normal Father) — X?X* (Carrier Daughters) + XV (Aff

Solution:

» Every daughterreceives one mutant X* chromosome from the affected homozygous
mother and the normal X chromosome from the father.

» Because the father provides a normal dominant allele, 100%s of the daughters are
heterozygous carriers (X " X?) and 0% will display clinical disease.

Why other options are incorrect:

= Option B: 25% would require a cross between two heterozygous carriers where
autosomal recessive traits are evaluated.

« Option C: 50% affected daughters would only occur if the father were affected (X7Y)
and the motherwere a carrier (X ?X%).

* Option D: 100% affected daughters would require both parents to have the affected
phenotype (XX« XUY).
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BIOLOGY

Question #61

The synthesis of one molecule of glucose from carbon dioxide via the Calvin cycle consumes h

[+]

W

CORE CONCEPT & DERIVATION
Fixing one molecule of CO;inthe Calvin cycle requires 3 ATP and 2 NADPH. Synthesizing a net
hexose glucose requires six complete tums of the cycle.

Formula / Rule / Reaction:

6C0:z + 18ATP + 12NADPH + 12H" — CsH1205 + 18ADP + 18Py + 12NADP" + 6 H20

Solution:

s Foreachmolecule of CO, fixed, 2 ATP are consumed during the reduction of 3-
phosphoglycerate to 1.3-bisphosphoglycerate, and 1 ATP is consumed in the
regeneration of ribulose-1,5-bisphosphate (RUBP).

» Therefore, each turn consumes 3 ATP. Producing one net molecule of hexose requires 6
turns: 6 = 3 = 18 ATP.

Why other options are incorrect:

« Option B: 12 ATP are consumed strictly in the reduction step of the Calvin cycle for &
turns. ignoring the 6 ATP required for RuBP regeneration.

+ OptionC: 9 ATPrepresents the energetic cost of fiing 3 malecules of CO: to yield ane
net molecule of triose glyceraldehyde-3-phosphate (G3P).

s Option D: 34 ATP represents the typical theoretical yield of ATP generated per glucose
molecule during aerobic cellularrespiration.

BIOLOGY
Question #62 02 Blomolaculas
Which hexose monosaccharide serves as the universal primary bioenergetic substrate forcellular.
CORE CONCEPT & DERIVATION
D-Glucoseis the central aldohexose of intermediary metabolism, functioning as the direct
substrate for glycolysis to generate cellular ATP.

Formula / Rule / Reaction:

CiHia0¢ + 608 — BC02 + 6Ha0 + AG” (2870 kJ/mol)

Solution:

» Glucoseis transported across cellmembranes via GLUT carriers and is directly
phosphorylated by hexokinase to start glycolysis.

» [t serves as the main circulating metabolic fuelin the bloodstream and is the preferred
energy source for brain neurons and erythrocytes.

Why other options are incorrect:

s Option A: D-Mannose is an aldohexose that primarily participates in the synthesis of N-
linked glycoproteins.

« Option B: D-Galactose is an epimer of glucose found inmilk lactose that must be
isomerized via the Leloir pathway into glucose-é-phosphate prior to catabolism.

+ Option D: D-Fructose is a ketohexose metabolized predominantly by fructokinase in
hepatocytes.
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BIOLOGY
Question #63 [ZTHLI)  inhefiancs {Varation® Genetes
Chromosomaes that are morphologically identis

CORE CONCEPT & DERIVATION

The eukaryotic karyotype is divided into autosomes (somatic chromosomes that are
homalogous inboth sexes) and allosomes (sex chromosomes that differ between biological
SENES).

al inboth biclogical sexes and donot directly gov...

Formula / Rule / Reaction:

Human Karyotype (46) = 22 Pairs of Autosomes (44) 4 1 Pair of Allssomes (XX or XY)

Solution:

* Autosomes are regular non-sex chromosomes that appearin identical homologous
pairs in bothmales and females.

» Inhumans, chromosome pairs | through 22 are classified as autosomes.

Why other options are incorrect:

« Option A: Allosomes are sex chromosomes (X and ) that determine biclogical sex.
+ Option B: Heterosomes is an alternative biological term for sex chromosomes.

« Option C: Sexchromosomes refer specifically to the non-identical pair (Xand Y in
human males) that controls gonadal sex determination.

Question #64 [ZHE) el

.Bioenergetics

During the light-dependent reactions of oxygenic photosynthesis, water molecules are spiit auri...
CORECONCEPT & DERIVATION

Photolysis is the light-driven oxidation of water catalyzed by the manganese-calcium
oxygen-evolving complex (Mna(Ca0):) associated with photosystem Il (P680).

Formula / Rule / Reaction:

91,0 2P ik | ge- 10,

Solution:

« Photolysis extracts electrons from water to replenish the photo -oxidized reaction
center chlorophylls [Py ) of photosystemn .

« Thisreaction releases molecular oxygen (0,) as a byproduct into the atmosphere and
deposits protons into the thylakoid lumen.

Why other options are incorrect:

s Option A: Carbon fixation is the light-independent enzymatic carboxylation of RuBP
catalyzed by RuBisCO in the chloroplast stroma.

« Option B: Cyclic photophosphorylation involves only photosystem |, cycling electrons
through ferredoxin and the cytochrome & f complex without photolysis of water or
generation of oxygen.

= Option D: Decarboxylation refers to the elimination of a carboxyl group as CO:, seenin
respiration rather than photosynthetic water oxidation.
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BIOLOGY
Question #65 m 0u. Bioenergetics

The light-harvesting photosystems and electron transport chains of photosynthesis are
embedded ..

CORE CONCEPT & DERIVATION

The light-dependent reactions require an intact, proton-impermeable lipid bilayer housing

the multiprotein complexes of photosystem |, photosystem ||, cytochrome b f, and ATP
synthase.

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

Solution:

s The thylakoid membrane system contains the chiorophyll-protein antenna complexes
and reaction centers.

« Light-driven electron transport across this membrane pumps protons from the stroma
into the thylakoid lumen, generating the proton motive force for ATP synthesis.

Why other options are incorrect:

s Option B: The chloroplast stroma is the semi-fluid matrix housing soluble Calvin cycle
enzymes, plastidial DMA, and 705 ribosomes.

s Option C: The inner envelope membrane regulates solute transport between the
cytosol and stroma via specific translocators, lacking photosynthetic electron
transport complexes.

= Option D: The outer envelope membrane contains large porin channels that permit
general non-specific diffusion of small metabolites.

BIOLOGY
Question #66 [0TH) 11 Suppon & Movemant
The dense, regular fibrous connective tissue cords that connect skeletal muscles to periosteal ...
CORE CONCEPT & DERIVATION
Tendons and ligaments are dense regular collagenous connective tissues that transmit
mechanical forces between musculoskeletal components.

Formula / Rule / Reaction:

Tendon = Muscle to Bone ; Ligament = Bone to Bone

Solution:

» Tendons consist of densely packed. parallel arrays of Type | collagen fibrils oriented
along the vector of muscular force.

» They anchor contractile muscle bellies securely to skeletal bone to enable joint
movement.

Why other options are incorrect:

= Option A: Ligaments connect bone to bone across articular joints, stabilizing skeletal
alignment.

= Option C: Hyaline cartilage provides smooth, low-friction articular surfaces on the
ends of long bones.

= OptionD: Aponeuroses are broad, flat, sheet-like tendon extensions that anchorwide
muscles across broad planes.
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Question #67 [[ZHEN ST

The outermost fivi

g. metabolically active boundary of all animal cells is the:

CORE CONCEPT & DERIVATION
The plasma membrane s a living, dynamic, selectively permeable lipid-protein bilayer that

delimits the intracellular cytoplasm from the extracellular interstitial environment.
Formula / Rule / Reaction:

Factual recall f Qualitative concept.

Solution:

+ Unlike plants, fungi, and bacteria, animal cells lack an extemal rigid cell wall.

s The plasmamembrane functions as the outermaost living cellular barrier, maintaining ion
homeostasis and regulating transmembrane transport.

Why other options are incorrect:

« Option A: Cellwalls are rigid, non-living extracellular matrices composed of cellulose,
chitin, orpeptidoglycan found in plants, fungi, and bacteria, but entirely absent in
animal cells.

+ Option C: The cytoplasm represents the internal protoplasmic fluid containing
organelles, situated inside the plasma membrane.

» Option D: The nuclear envelope surrounds the karyoplasm within the intenor of the cell.

BIOLOGY

dinaticn

Question #68

Which chami
parasympath...

CORE CONCEPT & DERIVATION

Acetyichaline (ACh)is the primary neurotransmitter of the peripheral nervous systemn,
operating at nicotinic receptors in somatic motor junctions and muscarinic receptorsin
parasympathetic target organs.

12, Mervous

[neurotransmitter operates at all somatic neuromuscular junctions and

Formula / Rule / Reaction:

Chaliee Acetyltrassferase (ChAT)
N BN A e T

Choline + Acetyl-Cod Acetylcholine + Cod

Solution:

s Inthe somatic nervous system, acetylcholine is released by alpha motorneurons at the
motor end plate to stimulate nicotinic (Ny) receptors.

» Inthe autonomic nervous system, AChis released by all preganglionic neurons as well
as postganglionic parasympathetic fibers acting on muscarinic receptors.

Why other options are incorrect:

s Option A: Dopamine is a central catecholaminergic neurotransmitter involved in motor
control within the substantia nigra and basal ganglia.

s Option C: Serotonin (5-hydroxytryptamine) acts inthe central nervous systemto
regulate mood and within enterochromaffin cells of the gut.

« Option D: Norepinephrine is the principal neurotransmitter released by postganglionic
sympathetic ibers (with exceptions such as sweat glands).
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CHEMISTRY
Question #6&9 [LUHLY b, Soiids
Which of the following crystalline solids possesses basal cleavage along paraliel atemic planes..
CORE CONCEPT & DERIVATION

Cleavage is the tendency of crystalline materials to split along specific crystallographic
planeswhere interatomic cohesive forces are weakest.

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

Solution:

» Graphite consists of two-dimensional hexagonal carbon sheets linked by covalent sp*
bonds, with adjacent layers held together by weak van der Waals forces.

» Because mechanical shear easily separates these weakly bound sheets, graphite
exhibits basal cleavage parallel to the planes, rather than intersecting three-
dimensional cleavage planes.

Why other options are incorrect:

+ Option B: Sodium chloride has strong, isotropic ionic bonds that cleave regularly along
mutually perpendicular {100} cubic faces.

+ Option C: Metallic copper possesses non-directional metallic bonding and
undergoes plastic deformation rather than brittle cleavage.

s Option D: lce forms an open hexagonal tetrahedral crystal lattice held by uniform
three-dimensional hydrogen bonding networks.

CHEMISTRY
Question #70 05, Liquids

Which of the following crganic melecules CANNOCT angage inintermolecular hydrogen bonding
among...

CORE CONCEPT & DERIVATION
Intermolecular hydrogen bonding requires a hydrogen atom covalently bonded directly to a
highly electronegative atom (N, O, or F) to serve as a hydrogen-bond donor.

Formula / Rule / Reaction:

Reguirement: Donor: X-H (where X = N, 0, F)

Solution:

= Informaldehyde (HCHO) and acetaldehyde (CH,CHO), the hydrogen atoms are
bonded to carbon, not oxygen; thus, they lack hydregen-bond denors.

s Intriethylamine ((C,H;,),N), the tertiary nitrogen atom possesses a lone pair but lacks
any attached hydrogen atom.

= Conseguently, none of these compounds can form intermolecular hydrogen bonds
among themselves in pure liquid form.

Why other options are incorrect:

» Option A: Formaldehyde has no C-Hbond, so it cannot act as a donor amongidentical
maolecules.

» Option B: Acetaldehyde has only C-H bonds, preventing self -association via
hydrogen bonding.

* Option C: Triethylamine is a tertiary amine lacking an N-H bond, so it cannot form
hydrogen bonds with other triethylamine molecules.
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CHEMISTRY
Question #71 m 1.5 & P Block Elements
Which of the following alkali metals forms a stable superoxide containing the [Formulal anion u..

CORE CONCEPT & DERIVATION

Large alkalimetal cations of low charge density stabilize large, polarizable polyatomic anions
like the superoxide ion (0, ) through favorable crystal lattice energy.

Formula / Rule / Reaction:

M () + O (g) — MO, (s) (where M = K, Rb, Cs)

Solution:

» Lithium forms predominantly the standard monoxide (Li;0), and sodium forms
predominantly the peroxide {(Na,0.).

* Potassium, rubidium, and cesium possess largerionic radii that match the size of the
superoxide anion (O, ), allowing all three elements to form stable solid superoxides
KOz, RbOy, Cs2).

Why other options are incorrect:

= Option A: Cesium forms a superaxide (Cs0,), but is not the only alkali metal capable of
doing so.

» Option B: Rubidium readily forms a superoxide (Rb0,), but K and Cs also do.

= Option C: Potassium burns in excess air to form K0O;, but Rb and Cs exhibit the same
reactivity.

CHEMISTRY
Question #72 [[ZHEN 1. & P Block Elements

Which chemical elamant exhibits the exact same oxidation state {-T) across all of its known che
CORE CONCEPT & DERIVATION

Fluoring is the most electronegative element on the Pauling scale (electronegativity = 4.0),
lacking accessible d-orbitals in its valence shell, which restricts it to aninvariable oxidation
state of -1in all compounds.

Formula / Rule / Reaction:

Valence configuration of F: 25*2p" L 0g29p6 s Dxidation state is strictly — 1

Solution:

* Becausenoelement has a higher electronegativity than flucring, it cannot exhibit
positive oxidation states.

+ Exceptforits elemental form (F;, where the oxidation number is 0), flucrine always
exhibits an oxidation number of -1in its compounds.

Why other options are incorrect:

= Option A: Oxygen shows variable oxidation states: -2 in most oxides, -1in peroxides (
H30,). - § in superoxides (KO,), and +2 in oxygen diflucride (OF ;).

+ Option C: Chlcrine exhibits oxidation states ranging from -1(in chlorides) to 41, 43, 45,
and +7 (in oxyacids and interhalogens).

+ Option D: Nitrogen displays multiple oxidation states ranging from -3 (in NH,) to +5{in
HNO,).
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Question #73 m CHEMISTRY

12 Transition Elements
The coordination number of the central cobait ion in the coordination complex ion [Formulajis
CORE CONCEPT & DERIVATION

The coordination number of a transition metal ion is the total number of coordinate covalent
(dative) bonds formed by surrounding ligand donor atomns with the central metalion.

Formula / Rule / Reaction:

Coordination Number = Z(Number of Ligands = Ligand Denticity)

Solution:

« Ammonia(NH,}is amonodentate ligand that donates one lone pair of electrons from
its nitrogen atom.

* Inthe octahedral hexamminecobalt{lil) ion [Co(NH,);*' . six ammonia molecules bond
tothe central Co® ' ion, yielding a coordination number of 6.

Why other options are incorrect:

# Option A: Acoordination number of 4 is characteristic of tetrahedral complexes(e.g.,
[NiCL]* }or square planar complexes {e.g., [Pt{NH, ):Cl|).

s OptionC: Acoordination number of 8 is found in heavier d- and f-block metal
complexes (e.g., [Ze(C,04)41" ).

+ Option D: A coordination number of 2 is characteristic of linear complexes formed by
d" cations (e.g.. [Ag(NH,).|' ).

CHEMISTRY

tolchometrny

Question #74

A reaction mixture containing 2.0 moles of liquid ethanol ( [Formula] ) and 3.0 moles of oxygen...
CORE CONCEPT & DERIVATION

The limiting reagent is the reactant that is completely consumed first, dictating the maximum
theoretical yield of products according to reaction stoichiometry.

Formula / Rule / Reaction:

CllsOH (1) 4+ 30445 — 20044 + 30y,

Solution:

» According to the balanced equation, 1.0 mole of ethanol requires 3.0 moles of O, for
complete combusticn.

» Tocompletely consume 2.0 moles of ethanol: 2.0 x 3.0 = 6.0 moles of O, arerequired.

= Because only 3.0 moles of Oz are present. oxygenis completely consumed before
ethanol canfully react. Therefore, oxygen gas s the limiting reagent.

* Auditing Note: Certaininitial unofficial transcripts mistakenly marked ethanol; chemical
stoichiometnic derivation definitively establishes O: as limiting.

Why other options are incorrect:

* Option A: Ethanol is the excess reagent: 3.0 moles of O, can burn only 1.0 mole of
ethanol, leaving 1.0 mole of ethanol unreacted.

+ Option C: The reactants are not in stoichiometric proportions (1 : 3), sothey cannot be
consumed simultaneously.

+ OptionD: Carbon dioxide is a reaction product. not a starting reagent.
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Question #75 CHEMISTRY

4. Hydrocarbong
The addition of hypochiorous acid { [Formula] ) to T-butene foliows Markovnikow's rule to produ..

CORE CONCEPT & DERIVATION

In hypohalous acids {HO® -CI'), chlorine is the electrophile and the hydroxyl group is the
nucleophile. Addition to an unsymmetrical alkene places the electrophilic chlorine on the
less-substituted carbon.

Formula / Rule / Reaction:

CH,CH,CH = CH, + CI' — CH,CH,CH _ CH,C1 -2, CH,CH,CH(OH) — CH,Cl

Solution:

» The electrophilic C1" attacks the terminal C-1carbon to generate a more stable
secondary carbocation at C-2.

¢ The nucleophilic hydroxyl group (OH ) then attacks the secondary carbocation at C-2
to produce 1-chloro-2-butanol (a chlorohydrin).

Why other options are incorrect:

+ Option A: 1-chloro-1-butanol would require both the chlorine atom and the hydroxyl
group to bond to the terminal carbon, which violates Markovnikov regioselectivity.

s Option C: 2-chloro-1-butanol would result from anti-Markovnikov addition through an
unstable primary carbocation.

= OptionD: 2-chlorobutane s the product of hydrochlorination (HC addition), lacking
the hydroxyl group of hypochlorous acid.

" CHEMISTRY
Question #76 [LOHG) 10. Electrochemestry
Which of the following transition metal species functions as the strongest oxidizing agentinc...
CORE CONCEPT & DERIVATION
An oxidizing agent acts by accepting electrons. Elements in their highest formal oxidation
state possess high electronegative pull and are readily reduced.

Formula / Rule / Reaction:

MnO; +8H' + 5 — Mn? 4+ 4H,0 (E' = +1.51V)

Solution:

* Inpermanganate (MnQ, ), manganese is in its maximum +7 oxidation state with an
empty 3d subshell.

s Itshighstandard reduction potential (+1.51 V)makes it a stronger cxidizing agent than
manganese species inlower oxidation states (+4, +2,or 0).

Why other options are incorrect:

+ Option B: Mn'! (as inMnQ,)is an oxidizing agent (E° = +1.23 V), but is less powerful
thanhn™.

= Option C: Mn** has a stable half-fil ed 34" electron shell and acts as a weak reducing
agent, not an oxidizing agent.

+ Option D: Metallic manganese (0) is an electropositive metal that acts strictlyasa
reducing agent by losing electrons.

Official Examination Series



BEAMBEPREP - KMU Peshawar MDCAT 2021 Official Paper

CHEMISTRY
Question #77 m 6. Aleohols & Phenols

The giyco! cleavage of ethylene giycol{ [Formula] ) by periodic acid ( [Formula] | yields:
CORE CONCEPT & DERIVATION

The Malaprade reaction utilizes periodic acid (HIO4) to selectively cleave the carbon-carbon
single bond of vicinal diols, oxidizing primary alcohol groups to aldehydes.

Formula / Rule / Reaction:

HO-CH,-CH,-0H + HIO, —+ 2HCHO + HIO, + H,0

Solution:

» Pericdic acid forms a cyclic periodate esterintermediate across the vicinal diol
carbons of ethylene glycol.

* Cleavage of the central C- C bond oxidizes each primary alcohol carbon (- CH; OH) into
a molecule of formaldehyde (HCHO).

Why other options are incorrect:

= Option B: Formic acid is produced by periodic acid cleavage of alpha-hydroxy
aldehydes or alpha-dicarbonyls, not simple vicinal diols.

= Option C: Oxalic acid is a dicarboxylic acid resulting from the complete oxidation of
ethylene glycol by hot alkaline KMnO,.

= Option D: Glyoxal is the dehydrogenation product of ethylene glycol, retaining the
carbon-carbon single bond.

CHEMISTRY
Question #78 L0 (s 14, Hydrocarbons
Which of the following hydrocarbeons contains an acie
unde..

c sp-hybridized C-H proton capable of

CORE CONCEPT & DERIVATION
Termninal alkynes possess a C-H bond on an sp-hybridized carbon (50% s-character), which
stabilizes the conjugate base pair and renders the terminal protonweakly acidic (pK, == 25).

Formula / Rule / Reaction:

CH3CH:C = CH + NaNH; — CHyCH:C =C Na' + NH3

Solution:

s l-butyneis a terminal alkyne possessing a terminal acetylenic proton.

= When treated with a strong base like sodium amide (NaNH,), it donates this proton to
form sodiumn ethylacetylide and ammaonia.

Why other options are incorrect:

+ Option A: Toluene is an aromatic hydrocarbon whose benzylic and aromatic protons
have very high pk, values (= 41}, preventing acid-base reactions with sodamide.

+ OptionB: 2-butyneis aninternal alkyne (CH,-C = C-CH,) that lacks a terminal
acetylenic C-H bond.
» Option D: 2-butene contains sp’-hybridized vinylic protons (pK, = 44), which are not

sufficiently acidic to react.
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CHEMISTRY
Question #79 m 14, Hydrocarbons

A g the following unsaturated hydrocarbons, which acts as the strongest Lewis base toward

CORE CONCEPT & DERIVATION
A Lewis base donates a pair of electrons. The Lewis basicity of alkenes and alkynes depends
onthe hybrdization and electronegativity of the carbon atoms holding the pi electrons.

Formula / Rule / Reaction:

\text{s-character:} sp" 2 \text{(33.3% in ethene)} < sp \text{ (50% in ethyne)} \implies
\pivtext{-electrons in ethene are less tightly held}

Solution:

« Ethene possesses sp’ -hybridized carbons. which are less electronegative than the sp-
hybridized carbons of ethyne.

+ Consequently, the pielectrons of ethene are held less tightly by the carbonnuclei and
are more readily donated to electrophiles, making ethene a strongerLewis base than

ethyne.

s Benzene has delocalized aromatic resonance stabilization, making its pi cloud less
nucleophilic than that of anisolated alkene.

Why other options are incorrect:

= Option B: The sp-hybridized carbons of ethyne hold their pi electrons closerto the
nuclei, reducing nucleophilicity toward electrophiles.

« Option C: Benzene is stabilized by aromatic resonance energy (152 kI /mol), making it
less reactive toward electrophilic addition.

» Option D: Methane is a fully saturated alkane containing only strong sigma C-H bonds
with no accessible lone pairs or pi electrons.

CHEMISTRY
Question #80 [T 14, Hydrozarbons

Which of the following chemical spacies CANNOT function as an electrophite in organic reaction ...

CORE CONCEPT & DERIVATION

Anelectrophile must possess anincomplete octet or an accessible vacant orbital capable of
accepting an electron pair. Aformal positive charge alone does not guarantee electrophilic
behavior.

Formula / Rule / Reaction:

Electrophile = Electron-deficient species with vacant orbital to accept ¢ pair

Solution:

= Inthe ammonium cation (NH, ), nitrogen shares all eight valence electrons across four
covalent N-H bonds, satisfying its stable octet.

* Because nitrogenbelongs to the second peried, it has no vacant d-orbitals to
accommodate additional electron pairs. Hence, NI, cannot act as an electrophile.

Why other options are incorrect:

* OptionA: The bromonium ion (Br ') has an open valence shell and readily accepts a
lene pair.

» Option B: Aluminum chloride (AIC1) is an electron-deficient Lewis acid with avacant
p-orbital en aluminum.

« Option D: The nitronium ion (NO/ }is the electrophile that reacts in aromatic nitration.
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Question #81 CHEMISTRY

14, Hydrocarbons

Which of the following aromatic compounds exhibits the highest chemical reactivity toward efect
CORE CONCEPT & DERIVATION

Electrophilic aromatic substitutionis promoted by electron density inthe aromatic ring.
Electron-withdrawing substituents deactivate the ring toward electrophilic attack.

Formula / Rule / Reaction:

Reactivity toward E* : Benzene > Nitrol = 1,3-Dinitrok = 1,3,5-Trinitrob

Solution:

= The nitre group (—N0O.) is a strongly deactivating substituent due to both its negative
inductive (—I) and negative resonance (— M) effects.

* Eachaddednitro group decreases the pi-electron density of thering.

» Therefore, unsubstituted benzene has the highest ring electron density and is the most
reactive compound among the given options.

Why other options are incorrect:

= Option B: 1.3-Dinitrobenzene has two strongly deactivating nitro groups, making it far
less reactive than benzene.

+ OptionC: Nitrobenzene is deactivated by its single nitro group. reacting orders of
magnitude more slowly than benzene.

» OptionD: 1,3 5-Trinitrobenzene contains three deactivating groups, making it
exceptionally inert toward electrophilic substitution.

CHEMISTRY
Question #82 m 6. Alcohols & Phenols

Which of the following functional groups possesses the most acidic proton?

CORE CONCEPT & DERIVATION

The acidity of an organic molecule is determined by the stability of its conjugate base. Phenol
yields a phenoxide anion stabilized by resonance delocalization into the aromatic ring.

Formula / Rule / Reaction:

pK, Values: Phenol (~ 10} < Aliphatic Thiol (~ 10.5 to 11} < Aliphatic Aleohol (~ 16 to 18) < Ether (= 40}

Solution:

s Phenolhas a pK, of approximately 10.0, because its conjugate base (phenoxide)
delocalizes its negative charge across the ortho and para positions of the benzene
ring.

+ Comparing aliphatic thiols to aliphatic alcohols: thiols {pH. = 10.5) are more acidic than
alcohols (pK, = 16) because the larger sulfur atom has alonger, weaker bond to
hydrogen and stabilizes negative charge over a larger atomic volume.

= Across all options, resonance stabilization makes phenol the most acidic proton donor.

Why other options are incorrect:

= Option A: Aliphatic thiols (pK, = 10.6 — 11) are weaker acids than resonance-stabilized
phenols.

= Option B: Aliphatic alcohols have pK, values around 16 to 18; the alkoxide anionis
localized on oxygen without resonance stabilization.

» Option D: Ethers contain only C-H bonds with no acidic proton.
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CHEMISTRY
Question #83 [ZHED srriiBosdng
Accordi
CORE CONCEPT & DERIVATION

Bond order is calculated as half the difference between the number of bonding electrons (Ny)
and antibonding electrons (N.) in the valence molecular orbitals.

g to Molecular Crbital The ory, what is the bond order of the dicxygendication [Formula..

Formula / Rule / Reaction:

Boal Qi

Solution:

- g .
¢ Neutral O, has 12 valence electrons with the configuration: o}, o3la; “iw’rg.»« T Mae

» lonizing two electrons to form the dication OF ' removes the two electrons from the
antibonding =3, orbitals.

e For0;'. Ny = 8§ and N, = 2inthe valence shell: Bond Order = 42 = 3 (isoelectronic with
Na).

s Auditing Note: |f the board gquestionwas intended as peroxide ( O: ), the bend orderis
1; forthe dication (03'), the bond orderis 3.

Why other options are incorrect:

+ OptionA: Abond order of 2 comesponds to neutral diatomic oxygen (0z).

« Option B: Abond order of | corresponds to the peroxide dianion (03

« Option D: Abond order of 2.5 corresponds to the superoxide anion (O, ) or oxygenyl
cation{0y ).

Question #84 m ) CHEMISTRY

f tomic Structure

The total number of spatial orientations {degenerate crbitals} possible foran atomic subshell...
CORE CONCEPT & DERIVATION

The magnetic guanturm number (mi) specifies the spatial orientation of an orbital, adopting
integer values from 1 to 41 for a given azimuthal quantum number.

Formula / Rule / Reaction:

Number of Orientations = 21 + 1

Solution:

= Forl = 8, the subshellis an f-subshell.

» The possible values of myare -3, -2, —1,0,+1, 42, +3.

« Thisyields 2(3) + 1 = 7 distinct spatial crientations (degenerate orbitals).

Why other options are incorrect:
= Option A: 1orentation corresponds to an s-subshell (I = 0).

« Option B: 3 crientations correspond to a p-subshell (I = 1).

+ Option C: 5crientations correspond to a d-subshell I = 2).
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CHEMISTRY

Question #85

According to Raoult’s law for non-volatile solutes, the relative lowering of vapor pressure of ...
CORE CONCEPT & DERIVATION

Raoult's law states that the vapor pressure of a solvent above a solution containing a non-
volatile solute is proportional to the mole fraction of the solvent, meaning the relative
lowering of vapor pressure equals the solute's mole fraction.

Formula / Rule / Reaction:
t i AP P°-P
Po=P' Kopyent = P71 = Xgpye) == TR
Zero
Solution:

» Relative lowering of vapor pressure is defined as the vapor pressure reduction (AP)
divided by the vapor pressure of pure solvent (P°).

» Thiscolligative property is directly equal to the mole fraction of the dissolved non-
volatile solute { X_g..).

Why other options are incorrect:

* Option A: The actual vapor pressure of the solution (not its relative lowering) is directly
proportional to the mole fraction of the solvent.

* Option C: Molar concentration (molarity) depends on solution volume, which varies
with temperature.

« Option D: Colligative laws depend on mole fractions, not mass percentages.

CHEMISTRY
6. Aleohols & Phenols

Question #86 [TTH )]
When excess ethanclis heated at [Formula]in the presence of concentrated [Formula] , the majo...
CORE CONCEPT & DERIVATION

The acid-catalyzed dehydration of primary alcohols is temperature-dependent, yielding

ethers via bimolecular nucleophilic substitution (Sy2) at lower temperatures and alkenes via
elimination (E1) at elevated temperatures.

Formula / Rule / Reaction:
caone. HxS0y

2CHyOH —=—+ CaHs-0-Cull; + H:0

Solution:

= At 140°Cin the presence of excess ethanol, a protonated ethanol melecule is attacked
by a second neutral ethanol malecule in an Sy 2 displacermnent to form diethyl ether.

+ [fthetemperatureis raised to 170°C. intramolecular dehydration predominates to yield
ethene.

Why other options are incorrect:

s Option A: Ethene is formed by intramolecular dehydration at higher temperatures (
170°C).

# Option C: Ethyl hydrogen sulfate is a transient intermediate formed at lower
temperatures (100°C).

s Option D: Ethanalis an oxidation product of ethanel, not a dehydration product.
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CHEMISTRY
Question #87 m 2. Tranzition Elements
Which d-subshell is progressively filled across the fourth transition series (Period 7} of the ..
CORE CONCEPT & DERIVATION

Transition metal series correspond to the sequential filling of (n — 1)d subshells across
successive periods of the periodic table.

Formula / Rule / Reaction:

Series 1 (Period 4): 3d ; Series 2 (Period 5): 4d ; Series 3 (Period 6): 6d ; Series 4 (Period T):

Solution:

s The first transition series (Sc to Zn) fills the 3d subshell.
* The second transition series (Y to Cd) fills the 4d subshell.
s The third transition series (La to Hg) fills the 5d subsheil.

» The fourth transition series (Ac to Cn, Period 7) fills the &d subshell.

Why other options are incorrect:

= Option A: The 3d subshellis filled across the first transition series in Period 4.
« OptionB: The 4d subshellis filled across the second transition series in Period 5.

s OptionC: The 5d subshell is filled across the third transition series in Period 6.

Question #88 m ) CHEMISTRY

Ot Stoechiometry
The relative atomic mass of a free neutron expressed inunified atomic mass units (amu}is appr...
CORECONCEPT & DERIVATION
The unified atomic mass unit {u or amu) is defined as one-twelfth the rest mass of an unbound
neutral carbon-12 atom inits nuclear and electronic ground state.

Formula / Rule / Reaction:

m, = 167493 x 10 %7 kg =~ LO0S6T amu ; m, = L67262 x 10 kg =~ LO0T28 amu

Solution:

s Afreeneutronhas arest mass of 1.008665 amu (commenly rounded to 10087 amu).

* Aprotonhas aslightly smallerrest mass of 1.00728 amu.

Why other options are incorrect:
s OptionA: 1.00073 s an incorrect value resulting from a transposed decimal.

+ Option B: 1.00087 is an incorrect value missing the significant tenths place.

* OptionC: 1.00728 amuis the accurate rest mass of aproton.
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CHEMISTRY
Question #89 [LUH I 08, Solids

Which of the following substances does NOT display anisotropy (exhibits identical physical prop..
CORE CONCEPT & DERIVATION

Anisotropy is the vanation in physical properties (refractive index, electrical conductance,
thermal expansion) when measured along different crystallographic axes, characteristic of
crystalline solids.

Formula / Rule / Reaction:

Crystalline Solids —+ Anisotropic ; Amorphous Solids — Isotropic

Solution:

» Glass is an amorphous supercooled liquid that lacks long-range periodic ordering.

* Becauseits constituent atomns are distributed randomly, its physical properties are
uniform in all directions (isotropic).

Why other options are incorrect:

» Option A: Diamond is a crystalline covalent network solid that exhibits anisotropic
cleavage alongits {111} planes.

= Option B: Graphite shows extreme electrical and thermal anisotropy due toits layered
structure.

» Option D: Rock salt is a crystalline ionic solid with directional mechanical cleavage
properties.

CHEMISTRY

tolchiometry

Question #90

What volume is occupied by 1.6 g of oxygen gas ( [Formula] ) at standard temperature and pressu...
CORE CONCEPT & DERIVATION

One mole of any ideal gas occupies a molar volume of 22.414 dm® at standard temperature |
273.15 K) and pressure (1 atm).

Formula / Rule / Reaction:

Mass

3
T V =nx 22.4dm"/mol

Solution:

= The molarmass of 0, is 32.0 g/mol.

» Numberof moles:n = m = (.05 molL

» VolumeatSTP: 1" = 0.05 mol x 22.4 dm”® /mol = 1.12 dm*.

Why other options are incorrect:
« OptionA:2.24 dm”® corresponds to (1.1 mol of gas(3.2 g of O,).

* OptionC: 22.4 dm’ corresponds to 1.0 mol of gas(32.0 gof O.).
« OptionD: (.56 dm’ caresponds to 0.025 mol of gas (0.8 g of O,).
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CHEMISTRY
Question #91 [ srriiBosdng
Accordi
CORE CONCEPT & DERIVATION

The bond orderis determined by half the difference between bonding (M) and antibonding (
N.)electronsin the molecular orbital configuration.

g to Molecular Crbital The ory, the bond order of the hydrogen molecularion [Formula]i..

Formula / Rule / Reaction:

Boal Qi

Solution:

« TheH; ion contains a single electron with the molecular orbital configuration {e,,)*.

s Here N, = land N, = (: Bond Order = L2 = 0.5

T

» Thisrepresents a stable one-electron covalent bond.

Why other options are incorrect:

» Option B: Abond order of 1.0 corresponds to neutral melecular hydrogen (Ha,
configuration (&, )%).
+ Option C: Abond order of 1.5 corresponds to three-electron speciessuch as 0, .

+ Option D: Abond order of O represents an unstable, non-existent molecule (such as
dihaliumn, Hez).

Question #92 e

Forany reversible endothe
CORE CONCEPT & DERIVATION

The enthalpy change of areaction (AH) is equal to the difference between the forward
activation energy and the reverse activation energy.

‘mic reaction [ [Formula] ), which relationship between the activatio..

Formula / Rule / Reaction:

AH = Ey furward) = B freverss)

Solution:

* Inanendothermicreaction, heatis absorbed and the products exist at a higher
potential energy level than the reactants (AH = 0).

» Because AH = E, (fuwnrd) — B freverse) > 0, it foOllows that B, ggrmurd) > Ea (reverse):

Why other options are incorrect:

= OptionA: E, (torwnrd) < iy (reverse) describes an exothermic reaction where products lie at
alower energy state thanreactants.
*  OptionB: E, oy = B jreverse) OCCUrs only when AH = ({athermo-neutral reaction).

+ Option D: Reaction enthalpy is directly related to the forward and reverse activation
energy barriers.
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Question #93 174 E:l f ::-ulsmv

Reductive czonolysis of 3-ethyl-2-pentene using ozone followed by zinc and water produces:
CORE CONCEPT & DERIVATION

Reductive ozonolysis cleaves the carbon-carbon double bond of alkenes, converting each
carbon of the double bond into a carbonyl group.

Formula / Rule / Reaction:

CH,-CH = C(C,H,), -

— CH;-CHO + O = G(CylL,);

Solution:

s In3-gthyl-2-pentene, C-2is bonded to a hydrogen and a methyl group, while C-3is
bonded to two ethyl groups.

» Cleavage of the double bond oxidizes the C-2 fragment into ethanal (acetaldehyde,
CHyCHO) and the C-3 fragment into 3-pentanone (diethylketone, O = C(CyHg)z).

Why other options are incorrect:

= Option A: 2-Pentanone is not formed because neither carbon of the double bond has
the required methyl-propyl substitution.

* Option B: Pentanal is a five-carbon aldehyde, which does not match the connectivity
of 3-ethyl-2-pentene.

» Option D: 3-Hexanone has six carbons, whereas ozonoclysis of this seven-carbon
alkene yields a two-carbon aldehyde and a five-carbon ketone.

CHEMISTRY
Question #94 m 17. Mldetydes & Ketanes

The nucleophilic addition of methylmagnesium bromide | [Formula] ) to formaldehyde | [Formula] ...
CORE CONCEPT & DERIVATION

Grignard reagents { R-MgX) undergo nuclecphilic addition to carbonyl compounds:
formaldehyde yields primary alcohols, other aldehydes yield secondary alcohols, and
ketonesyield tertiary alcohols.

Formula / Rule / Reaction:

H,C = O + CH,MgBr —+ CH,CH,OMgBr -2 CH,CH,0OH | Mg(OH)Br

Solution:

= The nucleaphilic methyl carbanion (CH, ) attacks the carbonyl carbon of formaldehyde
(HCHO).

* Subsequent protonation of the magnesium alkoxide intermediate produces ethanal.
which is a primary (1%) alcohal.

Why other options are incorrect:

« Option B: Secondary alcohols are formed when Grignard reagents react with higher
aldehydes (such as ethanal).

= Option C: Tertiary alcohols are formed when Grignard reagents react with ketones
(such as propanone).

= Option D: Carboxylic acids are formed when Grignard reagents react with dry carbon
dioxide (CO,).
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CHEMISTRY
Question #95 m 7. Aldehydes & Ketones

Which of the following laboratory reagents can chemically oxidize aldehydes to carboxylic acids.
CORE CONCEPT & DERIVATION

Aldehydes possess a vulnerable hydrogen atom attached directly to the carbonyl carbon,
making them easily oxidized to carboxylic acids by both strong mineral oxidants and mild
diagnostic reagents.

Formula / Rule / Reaction:

R-CHO -} R-COOH

Solution:

» Acidified potassium permanganate (KMn0,) and acidified potassium dichromate (
K.Cry 0} are strong oxidizing agents that oxidize aldehydes to carboxylic acids.

s Ammoniacal silvernitrate (Tollens' reagent) is a mild selective reagent that oxidizes
aldehydes to carboxylate salts while depositing a sitver mirror. Therefore, all listed
reagents perform this cxidation.

Why other options are incorrect:

= Option A: Acidified KMnO, oxidizes aldehydes, but is not the only functional reagent.

= Option B: Acidified K2 Cr:0- is an effective axidant for aldehydes, but Tollens' and
KMnQy also oxidize them.

= Option C: Tollens' reagent oxidizes aldehydes selectively, but strong mineral oxidants
doaswell.

CHEMISTRY
try

Question #96

13, Fundamental Principles of Organie ¢
Among tha isomeric farms of 2-butene, which geomatric isomer displays greater thermodynamic
sta..

CORE CONCEPT & DERIVATION

Alkene stability is governed by steric strain and the degree of alkyl substitution across the sp*
-hybridized carbon-carbon double bond.

Formula / Rule / Reaction:

Heat of Hydrogenation (AHy 4] © cis-2-butene (- 120 kJ/mol] vs. frans-2-butene (—115 kJ /mal)

Solution:

s Intrans-2-butene, the bulky methyl groups are criented on opposite sides of the
double bond (180¢ apart).

» This trans geometry minimizes van der Waals steric repulsion compared to cis-2-
butene (where methyl groups are crowded on the same side), making trans-2-butene
more thermodynamically stable, as shown by its lower heat of combustion and
hydrogenation.

Why other options are incorrect:

« Option A: cis-2-butene has greaterintemal steric strain due to mutual repulsion of the:
adjacent methyl groups onthe same side of the double bond.

+ Option B: 1-buteneis amonosubstituted terminal alkene, which has significantly lower
thermodynamic stability than internal disubstituted alkenes.

+ Option D: While isobutylene has high branching stability, between the geometric
isomers of 2-butene, the trans formis the standard non-strained geometric structure.
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Question #97 m :Cl.-fEMISTRY

Atmospheric dinitrogen ( [Formula] } gas is fived into nitrogen cxides in the atmosphere by:
CORE CONCEPT & DERIVATION

The nitrogen molecule contains aninert triple bond (N = N)with a high bond dissociation
energy (941 kJ /mal) that requires high thermal or electrical energy for spontanecus cleavage.

Formula / Rule / Reaction:

Lightuing | ~30,000 K]

My + Osig = 4 2NO,, 25 2NO, ,, 2% HNO, + HNO,

1=k 25}

Solution:

» During electrical storms, lightning discharges generate local temperatures exceeding
30, 000 K.

» This provides the activation energy needed to cleave atmospheric N; and combine it
with O, to produce nitric oxide (NO), which is carned to soil by rain as nitrates.

Why other options are incorrect:

+ Option B: The Haber-Bosch process is an artificial industrial synthesis camied outin
chemical reactors overiron catalysts, not a natural spontaneous atmospheric
phencmencn.

= Option C: Photosynthesis utilizes sunlight to reduce carbon dioxide, but cannot fix
molecular dinitrogen.

= Option D: Denitrifying bacteria reduce nitrates and nitrites back into atmaospheric N,
gas, which is the reverse of nitrogen fation.

CHEMISTRY

o9, Thermachemisiry

Question #98 [ITTHE]
When the sum of the enthalpies of the reactants is greater than the sum of the enthalpies of th
CORE CONCEPT & DERIVATION

The standard enthalpy change of achemical reactionis defined as the difference between
the total enthalpy of the products and the total enthalpy of the reactants.

Formula / Rule / Reaction:

AH = Hyecducts — Hreactuues

Solution:

» When the reactants contain more chemical potential enthalpy than the products
Hictants > Hynaduess), the €nthalpy change is negative [AH < ().

= Thisexcess enthalpy is releasedinto the surrounding envirenment as thermal energy.,
classifying the reaction as exothermic.

Why other options are incorrect:

= Option A: In an endothermic reaction, products have higher enthalpy than reactants (
Hipeoducts = Hreactants), yi€lding & positive enthalpy change (AH = ().

= Option C: Spontaneityis determined by Gibbs free energy (AG = AH — TAS), not
enthalpy alone.

+ Option D: Dynamic equilibrium is a state where forward and reverse rates are equal,
characterized by AG = 0.
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CHEMISTRY
Question #99 m 18, Carboxylic Acids

ling to the Brensted-Lowry acid-base theory, which of the following chemical species

funct...
CORE CONCEPT & DERIVATION

The strength of a Bransted-Lowry conjugate base is inversely proportional to the acid
strength of its conjugate acid: weaker acids produce stronger conjugate bases.

Formula / Rule / Reaction:

Acid Strength: HCIQy > HI > HS0; > Ha0 = Base Strength: OH > 80 >1 = ClO;

Solution:

s Perchloric acid (HC10,) and hydroiodic acid (HI) are strong mineral acids: their
conjugate bases (C10, andI ) are stable and have negligible basicity in water.

« Water (H,0)is a very weak acid with a dissociation constant &, = 1.0 = 10",

» Becausewater is the weakest acid inthis group. its conjugate base, the hydroxide ion (
OH ), is the strongest base.

Why other options are incorrect:

« Option A: The sulfateion (SO} )isthe conjugate base of hydrogen sulfate (HSO, ,
p&a = 1.99), making it a weak base.

s Option C: The perchlorate ion (C10, )is the conjugate base of the superacid perchloric
acid, making it an extremely weak base.

s Option D: Theiodide ion (I }is the conjugate base of hydroiodic acid (pK, = -10),
giving it negligible proton athnity in agueous media.

Question #100 . CHEMISTRY

toenie Structure

Cathode rays exert a st
i

CORE CONCEPT & DERIVATION

Chemical reductionis defined electronically as the gain of electrons. Cathode rays are
streams of negatively charged electrons emitted from the cathode of an evacuated
discharge tube.

g chemical reducing effect upon substances thay strike because thay

Formula / Rule / Reaction:

Cathode Rays = e Reduction: Oxidant + ne” —+ Reduced Product

Solution:

+ Discoveredby J.J. Thomson, cathode rays consist of electrons emitted from the
negative electrode.

= When they impinge onreducible chemical species, these high-energy electrons
transfer directly into accessible vacant orbitals, causing chemical reduction.

Why other options are incorrect:

= Option B: Streams of positively charged helium nuclei are alpha particles (o), which
are oxidizing, not reducing.

* Option C: Gamma photons are uncharged, high-energy ionizing electromagnetic
waves that cause radiolytic ionization rather than acting as electron donors.

» Option D: Neutrons are neutral subatomic nucleons that cause nuclear transmutations
without direct electronic reduction.
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CHEMISTRY

03. Chemical Bonding

Question #101 L0

The bond angle in hydrogen sulfide ( [Formula], [Formula] }is significantly sma
CORE CONCEPT & DERIVATION

Bond anglesin hydrides of Group 16 are governed by central atom electronegativity. bond-
pair electron repulsion, and hybridization behavior described by Drago's rule.

Formula / Rule / Reaction:

Bond Angle: H, 0 (104.5°) = H,8 (02.1°) > H,Se (017} > H,Te (80.5°)

Solution:

» Inwater, oxygenis highly electronegative and small, which concentrates the bonding
electron pairs near oxygen. The resulting bond-pair bond-pair repulsion resists
compression by the two lone pairs, keeping the angle at 104.5°.

s InH:8, sulfurhaslower electronegativity and a larger radius, so bonding electron pairs
lie farther from the sulfur nucleus.

* Furthermore, according to Drago'srule, elements in period 3 and below bonded to less
electronegative atoms like hydrogen do not exhibit significant sp® hybridization,
utilizing almost pure 3p orbitals for bonding at angles close to 90°. Therefore, all listed
factors contribute.

Why other options are incorrect:

= Option A: Oxygen's smaller radius and greater electronegativity contribute to wider
bond angles, but this is not the sole factor.

= Option B: Pure p-orbital bonding explains the near-90° angle, but relative
electronegativity and steric effects also play arole.

= Option C: Lower electronegativity of sulfur allows compression of bond pairs. but
operates in conjunction with the other effects.

Question #102 [T Sl
Which of the following gases behaves most like an ideal gas underambient laboratory conditions...
CORE CONCEPT & DERIVATION

Anideal gasis an idealzed model where particles have negligible volume and zero

intermolecular attractive forces. Real gases behave most ideally when their intermolecular
van derWaals forces and molecular sizes are minimal.

Formula / Rule / Reaction:
(P& if; )(V = nb) = nRT (Ideal behavior when van der Waals constants a, b — 0)
Solution:

» Heliumis a monatomic noble gas with a complete duplet (1s%) of tightly bound
electrons.

» Because of its tiny atomic radius and low polarizability, helium exhibits the weakest
London dispersion forces of any element, giving it the lowest boiling point (4.2 K) and
making it the real gas that adheres most closely to ideal gas laws.

Why other options are incorrect:

+ Option A: Diatomic hydrogen (H,) behaves nearly ideally, but has alarger molecular
diameter and higher polarizability than a monatomic helium atom.

= Option C: Diatomic nitrogen (N,) has 14 electrons, resultingin stronger London
dispersion forces and higher deviations from ideality.

+ Option D: Carbon monoxide (CO)is a polar diatomic molecule with a permanent dipole
moment, causing significant dipole-dipole attractions.

beambeprep.com

Page 43 of 65

OFFICIAL FULL-LENGTH PRACTICE (FLP)

Question #103 CHEMIimJ\:

When two separate cubes of ice are compressed together under pressure, they merge into a
single...

CORE CONCEPT & DERIVATION

Regelation is the phenomenon in whichice melts under applied pressure and refreezes when
the pressure is removed, reforming its hydrogen-bonded lattice across the interface.

Formula / Rule / Reaction:

Pressure Applied —+ Melting point drops below (°C —+ Pressure Released —+ Re-freezing via H-bon

Solution:

s Applying pressure to the contact surfaces of twoice cubes lowers the melting point of
water, melting a microscopic ilm of liquid at the junction.

« Uponreleasing the pressure, the melting point returns to 0° C and the water film
refreezas.

* The water molecules establishintermolecular hydrogen bonds across the boundary,
fusing the two blocks into a single piece.

Why other options are incorrect:

« Option A: London dispersion forces are weak induced dipoles that exist in all matter,
but they are far weaker than hydrogen bonds inice.

« Option B: Dipole-induced dipole forces occur between polarand non-polar
molecules, not between identical polar water molecules.

= Option D: Fusion does notinvolve forming new intramolecular covalent O-Hbonds
between different molecules.

CHEMISTRY

10. Electron nast

Question #104

In both electrolytic and galvanic electrochemical cells, reduction oceurs at tha:

CORE CONCEPT & DERIVATION

By electrochemical convention, the cathode is defined as the electrode at which chernical
reduction (gain of electrons) takes place, regardless of cell polarity.

Formula / Rule / Reaction:

Anode: Oxidation {AnOx) ; Cathode: Reduction [RedCat)

Solution:

» Inagalvanic cell, reduction of cations occurs spontanecusly at the positive cathode.

» Inanelectrolytic cell, an external voltage source drives non-spontaneous reduction of
cations at the negative cathode.

* Inbothcases, reduction occurs at the cathode.

Why other options are incorrect:

= Option A: The anode is the electrode where oxidation (loss of electrons) occursin both
galvanic and electrolytic systems.

+ Option C: The salt bridge maintains electrical neutrality by permitting counterion
migration between half-cells: itis not an electrode.

» Option D: The external wire conducts electronic current between the two half-cells.
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CHEMISTRY
Question #105 m 11§ & P Block Elements

Which of the following physical and chemical properties increases continvcusly descending
Group...

CORE CONCEPT & DERIVATION

Alkali metal reactivity is governed by the ease withwhich the single valence s-electron is lost
toform aunipositive cation (M ).

Formula / Rule / Reaction:

Reactivity Trend: Li < Na < K < Rb < Cs

Solution:

s Descending Group 1, principal energy levels are added, which increases the atomic
radius and electron shielding.

» Asthevalence electronsits further from the nucleus, first ionization energy decreases,
allowing the metal to lose its electron more readily.

» Consequently, chemical reactivity increases down the group.

Why other options are incorrect:

s Option A: First ionization energy decreases down Group 1 due toincreased atomic
radius and shielding.

s Option C: Electronegativity decreases down the group as nuclear pull on bonding
pairs weakens.

« Option D: Electron affinity decreases {becomes less exothermic) down the group as
nuclear attraction for added electrons diminishes.

Question #106 [T VrEMIsRY

1.5 & PBiock Elements

Across main group elements, the magnitude of electran affinity generally decreases descending
Lt

CORE CONCEPT & DERIVATION

Electron affinity is the energy released when an electron is added to a gaseous neutral atomn.
It depends directly on the electrostatic attraction between the nucleus and the incoming
electron.

Formula / Rule / Reaction:

Z,
Electrostatic Attraction (F) o« =
pr

Solution:

» Descendinga group. each successive period introduces anew principal electron shell.

+ The larger atomic radius and increased shielding from inner core electrons reduce the
effective nuclear pull on an added electron.

+ Asaresult, less energyis released upon electron capture, decreasing electron affinity
down the group.

Why other options are incorrect:

= Option B: Atomic radius increases down a group, rather than decreasing.

s Option C: Effective nuclear charge on valence electrons remains relatively constant
down a group because additional nuclear charge is canceled by inner shell shielding.

= Option D: Principal guantum number (r) increases down a group, not decreases.
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Question #107 CHEMISTRY

1.5 & PBlock Elements
Accordi
CORE CONCEPT & DERIVATION

Fajan’s rules state that covalent character in an ionic bond increases with higher positive
charge onthe cation, smaller cationic radius, and higher charge-to-size ratio (polarizing
power).

g to Fajan's rules, which of the following metal chlorides exhibits the least ionic {mo..

Formula / Rule / Reaction:

Cationic Charge

== = — Polarizing Power: AI* > Mg®" > Na' > K'
Cationic Radins

Polarizing Power (g) =

Solution:

s Alurninum forms atrivalent cation (A" )with a high charge and small ionic radius {
53.5 pm).

» [ltshigh charge density polarizes the electron cloud of the chloride anions, causing
significant orbital overlap and imparting strong covalent character to AICL, (which
sublimes at 180°C and forms covalent Al,Cl; dimers).

Why other options are incorrect:

« Option A: NaCl contains a singly charged. larger Na' cationwith low polarizing power,
forming a predominantly ionic lattice.

= Option C: MgCl, has adivalent Mg** cationwhose polarizing poweris lower than that of
A,

= Option D: KClcontains alarge K* cation with very low polarizing power, making it the
maost ionic compound inthis set.

Question #108 [THTT) CHEMISTRY

06, Solids
Diamond is classifiad as a:
CORECONCEPT & DERIVATION

Covalent network solids consist of atoms held together in a continuous, three-dimensional
array by covalent bonds throughout the entire crystal.

Formula / Rule / Reaction:

Carbon (Diamond) — sp* hybridization (Tetrahedral bond angle = 109.57)

Solution:

* Indiamond, each carbon atomis covalently bonded to four neighboring carbon atoms
ina tetrahedral arrangement with abond length of 154 pm.

s This continuous network of strong sigma bonds extends throughout the crystal lattice,
making diamond an extremely hard covalent network solid with an exceptionally high
melting paint (= 3600°C).

Why other options are incorrect:

= Option B: Molecular sclids consist of discrete molecules held together by weak
intermolecular forces (such asice, iodine, or solid carbon dioxide).

= Option C: Metallic solids consist of metal cations immersed in a delocalized sea of
conduction electrons (such as copperoriren).

+ Option D: lonic solids consist of alternating cations and anions held by electrostatic
attractions (such as NaCl).
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Question #109 [THI)  cHeMISTRY

chiometry

Chemical stoichiometry is fundamentally defined as the study of the
CORE CONCEPT & DERIVATION

Stoichiometry (from the Greek stoicheion ‘element’ and metron ‘measure ) is the branch of
chemistry that deals with the quantitative relationships between the amounts of reactants
consumed and products formed in chemical reactions.

Formula / Rule / Reaction:

Law of Conservation of Mass: E Treactants = Z Tproducts

Solution:

= Stoichiometry calculates mole ratios, mass ratios, and gas volume relationships based
onbalanced chemical equations.

s ltrelies directly onthe law of conservation of mass and the law of definite proportions.

Why other options are incorrect:

# Option B: The study of chemical equilibria and reaction pathways falls under chemical
thermodynamics and reaction mechanisms.

+ Option C: The study of reaction rates and activation energies is chemnical kinetics.

« Option D: Electron configurations and quantum numbers belong to atomic structure
and guantum chemistry.

CHEMISTRY
Question #T10 O] 11.% & P Block Elements
By volume, the most abundant chemical gas in the Earth's clean, dry atmosphere is
CORE CONCEPT & DERIVATION
The Earth's dry atmosphere is a homogeneous mixture of permanent gases dominated by
molecular nitrogen.

Formula / Rule / Reaction:

Atmospheric Composition: Ny (T8.08%) > Oy (20.95%) > Ar ((L03%) = CO, (0.04%)

Solution:

» Molecularnitrogen (N) makes up approximately 78.08% of dry air by volume.

+ Itsstrongtrple bond (N = N} renders it unreactive, allowing it to accumulate as the
principal atmospheric gas.

Why other options are incorrect:

* Option A: Oxygenis the second most abundant atmospheric gas, constituting about
20.95% by volume.

+ Option C: Carbon dioxide is a trace greenhouse gas, accounting for approximately
0.04% (420 ppm) of air.

+ OptionD: Argonis the most abundant noble gas. making up roughly 0.93% of the
atmosphere.

beambeprep.com

Page 45 of 65

OFFICIAL FULL-LENGTH PRACTICE (FLP)

Question #M [[IHEN CHEMISTRY

mic Structure

Which guantum number designates the three-dimensi
CORE CONCEPT & DERIVATION

The azimuthal (orbital angular momentum) guantum number (1) dictates the orbital angular
momentum and the spatial geometric boundary of the electron probability distribution.

ral geometric shape of an atomic arbital?

Formula / Rule / Reaction:

I = 0(s, spherical) ; = 1{p, dumbhell) ; I=2{d, doubledumbbell) ; {=3(f,complex
{ ) }

Solution:

s The azimuthal quantum number takes integer values from0ton — 1.

* [ltsvalue directly determines the orbital's geometry: spherical for s-orbitals, dumbbell-
shaped for p-orbitals, and cloverieaf/double-dumbbell for d-crbitals.

Why other options are incorrect:

s Option A: The principal quantum number (n) determines the main energy level and
effective radial size of the orbital.

« Option B: The magnetic quantum number (m;) specifies the spatial orientation of
degenerate orbitalsin space.

« Option D: The spin guantum number (s) defines the intrinsic spin angular momentumn of
the electron {+ } or — ).

Question #112 [TTHTT CHEMISTRY

03, Chemical Bonding

» hydrogen halides, which covalent bond possesses the highest bond dissociation

CORE CONCEPT & DERIVATION
Bond dissociation energy isinversely related to bond length and directly related to orbital
overlap efficiency and the bond's ionic character (electronegativity difference).

Formula / Rule / Reaction:

Bond Dissociation Energy: H-F (568 kJ/mol} = H-C1 (431 kJ/mol) > H-Br (366 kJ/mol) > H-T (200 k.

Solution:

* Fluorine is the smallest and most electronegative halogen atom.

s The overlap between the hydrogen 1s orbital and the fiuorine 2p orbital is strong,
producing a short bond length (92 pm) and high polarity, which gives H-F the highest
bond energy (568 kJ/mol) among the hydrogen halides.

Why other options are incorrect:

» Option B: H-Cl has a longer bond length (127 pm) and alower dissociation energy (
431 kI /mol) than H-F.

+ Option C: H-Br has a bond energy of 366 kJ/mol, we aker than H-F.

* Option D: H-1has the longest bond length ({161 pm) and lowest bond energy (
294 kJ /mol) in the group, making it the most easily dissociated.
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CHEMISTRY
0. Electrochemistry

Question #113

The oxidation number of any chemical efement in its free, uncembined standard state is
CORE CONCEPT & DERIVATION

By definition, the oxidation state reflects the hypothetical charge an atom would have if all
bondswere purely ionic. Inanuncombined elemental state, electrons are shared equally
betweenidentical atoms.

Formula / Rule / Reaction:

Oxidation Number of Elements in Free State (e.g., Na, O, Cla. Py, 85) = 0

Solution:

+ Inelemental substances, there is no electronegativity difference between bonded
atoms.

« Because thereis no net transfer or shift of electron density, the oxidation state of every
atominan uncombined elementis zero.

Why other options are incorrect:

= Option A: +1is the oxidation state of alkalimetalsin their chemical compounds, notin
their elemental state.

= OptionB: -1is the oxidation state of fluorine inits compounds.

» Option D: Oxidation state does not vary arbitrarily with atomic number; it is
fundamentally zero for all free elements.

Question #114 [[TALTN CHEMISTRY

06 Solids
Which carbonaliotrope, composed of anisolated two-dimensional sheet of sp2-hybridized
atoms. ...

CORE CONCEPT & DERIVATION
Graphene is a single. two-dimensional atomic monclayer of carbon atoms packedina
honeycomb lattice. characterized by in-plane sp® sigma bonds and delocalized pielectrons.

Formula / Rule / Reaction:

Tensile Strength of Graphene = 130 GPa  (~ 100 » stronger than structural steel at a fraction of the mass)

Solution:

+ Graphene consists of a single planarlayer of carbon atoms with anin-plane bond
distance of 142 pm.

= ltsstrong sp’ covalent bonds provide an ultimate tensile strength of 130 GPawithan
elastic modulus of 1.0 TPa, making it exceptionally strong yet lightweight.

Why other options are incorrect:

* Option B: Bulk graphite consists of stacked graphene sheets held by weak van der
Waals forces, causing them to shear easily.

+ Option C: Diamend is adense, three-dimensional tetrahedral network that is hard and
brittle. rather than an ultra-lightweight flexible sheet.

« Option D: Mercury is a heavy. dense transition metal that is liquid atroom temperature.
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i CHEMISTRY
Question #115 “hamical Bonding

Which of th
throughout...

CORE CONCEPT & DERIVATION

Carbon hybridization is determined by the number of steric directions (sigma bonds plus lone
pairs) around the atom: 4 directions = sp”, 3 directions = sp®, and 2 directions = sp.

oflowing hydrocarbons contains exciusively sp2-hybridized carbon atoms

Formula / Rule / Reaction:

Methane (CH,): sp® ; Ethane (CH,CHi): sp° ; Ethyne (HC = CH): sp

Solution:

* Methane contains four single C-H bonds, soits carbon s sp*-hybridized.

» Ethane contains four single bonds around each carbon atom, so both carbons are sp’-
hybridized.

s Ethyne contains a triple bond and one single bond per carbon, so both carbons are sp-
hybridized.

* Because none of the hydrocarbons in options A, B, or C possess sp” hybridization
(whichis found in alkenes like ethene), 'None of the above’ is the correct choice.

Why other options are incorrect:

« Option A: Methane has tetrahedral geometry with sp® hybridization.
« Option B: Both carbon atoms in ethane are sp’-hybridized.
s Option C: Both carbon atoms in ethyne are sp-hybridized with linear geometry.

Question #116 : CHEMISTRY

13, Fundlamental Principles of Groanic ¢ stry

Geometric (cls-trans) isomerismyin simple open-chain hydrocarbons is character(stic of:
CORE CONCEPT & DERIVATION
Geometric isomerism requires restricted rotation about a chemical bond (such as a carbon-

carbon double bond) along with two different substituent groups attached to each
unsaturated carbon atom.

Formula / Rule / Reaction:

Criterion: Ry R,C = CR,R; (whereR, £ R,and R, £ R,)

Solution:

= Alkenes possess apibond formed by the lateral overlap of unhybridized p-orbitals,
which prevents free rotation around the carbon-carbon axis without breaking the
bond.

s When each sp* carbon bears two different substituents, this restricted rotation gives
rise to diastereomeric cis and trans geometric isomers.

Why other options are incorrect:

= Option A: Alkanes contain only carbon-carbon single bonds, whichundergo free
rotation at room temperature, producing conformational rather than geometric
isomers.

» Option C: Alkynes have linear 180° geometry around their sp-hybridized carbons, with
only one substituent per carbon, precluding geometric isomerism.

» Option D: Alkanes and alkynes cannot exhibit cis-trans isomerism.

Official Examination Series



BEAMBEPREP - KMU Peshawar MDCAT 2021 Official Paper

Question #117 [ZHEN CHEMISTRY

13, Fundamental Principles of Organic Chermistry

The general molecular formula [Formulaj corresponds to the homologous series of!
CORE CONCEPT & DERIVATION

The general formula CnHy, 02 describes saturated aliphatic open-chain compounds
possessing one degree of unsaturation(a carbonyl group, C = 0)and two oxygen atoms.

Formula / Rule / Reaction:

General Formula: C,Hy, 0y = R-COOH (Carboxylic Acids) or R-COOR’ (Esters)

Solution:

» Carboxylic acids contain a carbonyl group and a hydroxyl group, giving them one
double-bond equivalent: C H,,0,.

* Esters are functional group isomers of carbowylic acids and share this identical general
formula.

Why other options are incorrect:

= Option A: Saturated monohydric alcohols have the general formula C, Hy, ,,O.

= Option B: Aliphatic ketones possess a single oxygen atom and conform to the formula
€, H,, 0.

= Option D: Dialkyl ethers are saturated with one oxygen atomn, having the general
formula C, Hy, , 2 0.

v CHEMISTRY

Question #18 LTAU 6. Alcohals & Phenols
liphatic alcohols and phencls can be readlly differentiated in the laboratory using which of t...

CORE CONCEPT & DERIVATION

The benzene ning of phenolis strongly activated toward electrophilic aromatic substitution by

the rescnance electron-donating effect (+ M) of the hydroxyl group, reacting readily with

agqueous bremine.

Formula / Rule / Reaction:

CgHyOH + 3Bry 4y —+ 2,4, 6-Tribromophenol | (White ppt] + 3 HBr

Solution:

» \When treated with bromine water, phenol rapidly decolorizes the solution and forms a
white precipitate of 2,4,4-trbromophencl without needing a catalyst.

= Aliphatic alcohols lack an activated aromatic ring and do not react with bromine water,
providing a clean distinction.

Why other options are incorrect:

= Option A: The Lucas test (ext ZnCl, + cone. HCl) differentiates primary, secondary, and
tertiary aliphatic alcohols from each other, but is not used to distinguish alcohols from
phenols.

» Option C: Both alcohols and phenols possess weakly acidic hydroxyl protons that
react with metallic sodium to release hydrogen gas.

* Option D: The iodoform test is specific to compounds containing a CHy-CH(OH)-or
CH,-C(=0)- group (such as ethanol), and is not given by other alcohols.
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CHEMISTRY
Question #119 m 7. Aldehydes & Ketones
A 50% concentrated agueous sodium hydroxide (NaOH) solution is typically utilized in the
CORE CONCEPT & DERIVATION

The Cannizzaro reactionis the base-induced redox disproportionation of aldehydes lacking
alpha-hydrogens into an equimolar mixture of a primary alcohol and a carboxylic acid salt.

Formula / Rule / Reaction:

2HCHO + NaOH (50% aq) - CH,0H + HCOONa

Solution:

= Aldehydeslacking an alpha-hydrogen (such as formaldehyde or benzaldehyde) cannot
form an enclate ion in base.

* Instead, concentrated alkali (50% NaOH) drives nucleophilic attack of hydroxide on the
carbonyl carbon, triggering a hydride shift that reduces one aldehyde molecule to an
alcohol while oxidizing the other to a carboxylate salt.

Why other options are incorrect:

« Option A: Aldol condensationrequires a dilute base (10% NaOH) to generate low
concentrations of enolate from aldehydes that possess alpha-hydrogens.

s Option C: Clemmensen reduction utilizes zinc amalgam in concentrated hydrochloric
acid (Zn(Hg) /HCI), which iz an acidic reducing system.

= Option D: Wolff-Kishner reduction uses hydrazine (NH,NH.) and potassium hydroxide
ina high-bailing glycol solvent.

- CHEMISTRY
Question #120 05, Lipils

Low-malecular-welght monocarboxylic acids {such as formic and acetic acids) are completaly
misc...

CORE CONCEPT & DERIVATION
Carboxylic acids contain a polanzed carboxyl group {— COOH) with both a hydrogen-bond
donor {the acidic — OH) and a hydrogen-bond acceptor (the carbonyl oxygen, C = O).

Formula / Rule / Reaction:

R-C(=MO-H --. O{H) - H (Intermolecular Hydrogen Bonding)

Solution:

s The hydroxyl hydrogen of the carboxylic acid forms hydrogen bonds with the oxygen of
water, while the carbonyl oxygen accepts hydrogen bonds from water protons.

» Insmall carboxylic acids, this hydrogen bending overcomes the hydrophobic
character of the small alkyl group, resulting in complete miscibility with water.

Why other options are incorrect:

« Option A: London dispersion forces are weak non-directional interactions between
hydrophobic hydrocarbon portions, which oppose agqueous solubility.

& Option B: Dipole-induced dipole attractions occur between polar and non-polar
substances, not between two polar compounds.

s Option D: Carboxylic acids do not form coordinate covalent {dative) bonds with
neutral water molecules during dissolution.
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CHEMISTRY
8. Carboxylic Acids

Question #121 [LUH S
Chemical esterification typically occurs via the acid-catalyzed condensation of:

CORE CONCEPT & DERIVATION

Fischer esterificationis an equilibrium condensation reaction in which a carboxylic acid reacts
with an alcohol in the presence of a strong mineral acid catalyst to yield an ester and water.

Formula / Rule / Reaction:
\text{R-COOH} +\text{R'- OH} rightleftharpoons *+ I\ text{R-C OOR'} + \text{H}_2\text{O}

Solution:

« Protonation of the carbonyl oxygen of the carboxylic acid increases the electrophilicity
of the carbonyl carbon.

+ MNucleophilic attack by the alcohol's hydroxyl group forms a tetrahedral intermediate,
which eliminates water to produce the ester.

Why other options are incorrect:

= Option A: Aldehydes and ketones undergo crossed aldol condensations, not
esterification.

+ Option B; Reactions of alcchols with ketones form ketals and hemiketals.

= Option D: Carboxylic acids do notreact directly with aldehydes to produce esters.

= CHEMISTRY
Question #122 [LOH )] . Carbomylic helds
Inthe laboratory, benzene can ba synthesized from sodium benzoate by haating it with:
CORE CONCEPT & DERIVATION
Decarboxylation of the sodium salt of an aromatic carborylic acid by heating with sodalime
removes the carboxylate group as sodium carbonate, yielding the parent hydrocarbon.

Formula / Rule / Reaction:

C,H,CO0Na + NaOH ";"_\ CyH, + Na,CO,

Solution:

» Sodium benzoate is mixed with sodalime (a dry mixture of sodium hydroxide and
calcium oxide) and heated strongly.

* The base removes the carboxyl group as Na,COy, producing benzene vapor that can be
condensed intoliquid benzene. Calcium oxide prevents the NaCOH from deliguescing
and attacking the glass reaction vessel.

Why other options are incorrect:

= Option A: Anhydrous AlCl is a Lewis acid catalyst usedin Friedel-Crafts alkylations
and acylations, not a decarboxylating agent.

= Option C: Chlorobenzene is an aryl halide that does not decarboxylate sodium
benzoate.

= Option D: Cumene (isopropylbenzene) is an industrial intermediate for phencl and
acetone production, not a reagent for benzene preparation.
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Question #123 [THT)  CHEMISTRY

1. Stoschiometry

The empirical formula of a compound is refated to its true molecular formula through which of 1.
CORE CONCEPT & DERIVATION

The empirical formula represents the simplest whole-number ratio of atoms of each element
ina compound, whereas the molecular formula shows the actusl number of each atomina
maolecule.

Formula / Rule / Reaction:

Molecular Mass

Molecular Formula = n x (Empirical Formula) wheren = —o—
Empirical Formula Mass

Solution:

s Themultipliernis aninteger (1,2, 8, . . ) calculated by dividing the true molecular mass
by the empirical formula mass.

= Multiplying the subscripts of the empirical formula by n produces the correct molecular
formula.

Why other options are incorrect:

+ Option A: Dividing the empirical formula by n is mathematically inverted.
* Option C: The factor of 2is arbitrary and incorrect.

» Option D: Empircal formulas are multiplied by n, not added to it.

CHEMISTRY
Question #124 m 14. Hydrocarbans
Among the elemental halogens, which dlatomic melecule exhibits the highest chemical reaetivity ..
CORECONCEPT & DERIVATION

Halogen reactivity is govemned by standard reduction potential, electronegativity, and the
bond dissociation energy of the halogen-halogen bond.

Formula / Rule / Reaction:

Reactivity of Halogens: Fy > Cls = Bry > I,

Solution:

* Diatomic fluorine {F;) has a low bond dissociation energy (158 kJ /mol) due to strong
electrostatic repulsion between non-bonding electron pairs on the small fluoring
atoms.

= Combined withits high standard reduction potential (E* = 4+2.87 V), fluorinereacts
explosively with hydrocarbons evenin the dark, making it the most reactive halogen.

Why other options are incorrect:

+ Option B: Chlorine reacts readily in the presence of light, but is less reactive than
fluorine.

+ Option C: Bromine reacts more slowly and requires thermal activation or sunlight.

* OptionD: lodine is the least reactive halogen; its reactions with hydrocarbons are slow,
endothermic, and reversible.
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Question #125 . cHemMisTRY

09, Thermochernistry

By international thermachemical defin,
CORE CONCEPT & DERIVATION

Acalorie s historically defined as the quantity of thermal energy required toraise the
temperature of one gram of pure water by one degree Celsius (specifically from 14.5°Cto
15.5°C) at standard pressure.

1. one calorie {call of heat energy is equivalent to:

Formula / Rule / Reaction:

1ecal = 4.184 J {Joules)

Solution:

+ Bystandard thermochemical definition, 1 calorie is defined as exactly 4.184 Joules.

+ Therefore, Option B represents the comect conversion value.

Why other options are incorrect:

» Option A: 4.184 k] equals 1 kilocalorie (1 keal = 1000 cal).
s OptionC: 15.4 Jis anincorrect numerical value.

« OptionD: 418.4 J eguals 100 calories.

CHEMISTRY

rachermistry

Question #126

The principle stating that the total enthalpy change for a chemical reaction is independent of ..

CORE CONCEPT & DERIVATION
Enthalpy (H)is a thermodynamic state function, meaningits value depends solely onthe
initial and final states of the system and not on the pathway taken.

Formula / Rule / Reaction:

AHhoa = AHy + AHy + AHy + ...

Solution:

+ Hess'slaw states that if areaction can be expressed as the sum of multiple
intermediate steps, the net enthalpy change of the overall reaction is the sum of the
enthalpy changes of those individual steps.

» This principle allows enthalpy changes that are difficult to measure directly to be
calculated from tabulated thermodynamic data.

Why other options are incorrect:

= Option A: Joule's law states that the internal energy of anideal gas depends solely on
its temperature.

« Option B: Henry's law states that the sclubility of a gas in aliquid is directly
proportional to its partial pressure above the liquid.

= Option D: Le Chatelier's principle predicts how an equilibrium system shiftsin
response to changes in temperature, pressure, or concentration.
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CHEMISTRY
Question #127 m 08, Reaction L
Which of the following statements is FALSE regarding the reaction

CORE CONCEPT & DERIVATION

Chemical kinetics demonstrates that fornon-zero-orderreactions, reaction rate is directly
dependent onreactant concentrations raised to powers equal to theirreaction orders.

e of atypical chemicalre...

Formula / Rule / Reaction:

Rate = k[A]"[B]"

Solution:

s Exceptforzero-order reactions, increasing reactant concentrationincreases the
frequency of collisions perunit time. increasing the reactionrate.

s Therefore, asserting that the rate is always independent of concentrationis false,
making Option A the correct choice.

Why other options are incorrect:

« Option B: Increasing temperature increases the average kinetic energy of molecules
and the fraction of collisions exceeding the activation energy, increasing reaction rate.

= Option C: Acatalyst provides an alternative reaction pathway with a lower activation
energy, increasing the rate of reaction.

= Option D: Increasing the surface area of solid reactants exposes more active sites for
collisions, increasing the reactionrate.

CHEMISTRY
Question #128 1.5 & P Block Elements

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

CORE CONCEPT & DERIVATION

The s-block comprises elements in which the highest-energy valence electron enters an
outer s-subshell, corresponding to Groups 1 and 2 (plus hydrogen and helium).

Formula / Rule / Reaction:

Potassium (Z = 19) : 1572s*2p"3s%3p"ds' — s-block element

Solution:

» Potassium has atomic number 19 and an electron configuration of [Ar] 4s'.

« Becauseitsvalence electron occupies the 4s subshell, potassiumis an alkali metal
located inthe s-block.

Why other options are incorrect:

« OptionA: Boron({Z = 5, [He| 25”2p') has its valence electronin a 2p orbital, placing itin
the p-block.

« Option C: Carbon(Z = 6, [He| 25*2p") belongs to Group 14 in the p-block.

s OptionD: ron(Z = 26, [Ar] 34°4s*) has its valence electrons filling the 3d subsheil,
placingitin the d-block.
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Question #129 CHEMISTRY

03. Chemical Bonding

Anidealized bond angle of 120" associated with trigonal planar carbon geometry is four
CORE CONCEPT & DERIVATION

According to VSEPR theory, a carbon atom with three steric regions adopts sp* hybridization
with a trigonal planar geometry and bond angles of approximately 120°.

Formula / Rule / Reaction:

Ethene: HyC = CHy » sp Hybridization — <H-C-H = JH-C=C = 120°

Solution:

= Inethene, eachcarbonatom forms three sigma bonds (twe to hydrogen, one to
carbon)using sp* hybrid orbitals, with an unhybridized p-orbital forming the pi bond.

* These three coplanar sigma bonds are directed toward the corners of an equilateral
triangle, producing bond angles close to 120°.

Why other options are incorrect:

« Option A: Ethane (extC HiextC Hs) has sp’-hybridized carbons with tetrahedral bond
angles of approximately 109.5°.

+ OptionB: Ethyne (ext HC = extC H) has sp-hybridized carbons with linear geometry
and 180° bond angles.

= Option D: Cyclopropane has a strained ring withinternal C-C-C bond angles forced to
Gk

Question #130

Inlaserphysics, the mean lifetime of an excited electron within a metastable energy state s ...
CORE CONCEPT & DERIVATION
A metastable state is an excited atomic state where spontaneous radiative transitions to

lower energy levels are forbidden by guantum mechanical selectionrules, increasing the
state'slifetime.

Formula / Rule / Reaction:

| Tuotwtabls _ 1077

Teaitonry 2 1070 8. | Timesastatie w1070 5 =
Tardinnry 10

Solution:

s Anordinary excited state decays rapidly via allowed dipole transitions, with an average
lifetime on the order of 10 * seconds.

+ Ametastable state has a lifetime on the order of 10°* seconds, providing the time
needed to build up a populationinversion for stimulated emission.

= The ratio of lifetimes s &% = 10°,

m s

» Auditing Note: Some board answer keys have recorded 10¢ by treating the 104 s
baseline as a multiplier; the correct physical raticis 10°.

Why other options are incorrect:

» Option A: 10 represents the ratio for certain semi-forbidden vibrational states, butis
shorterthan electronic metastable states.

s Option C: 10* is an arithmetic misinterpretation of the 10 ¥ s denominator value.

« OptionD: 10* is far too short to establish the population inversicn needed for laser
action.
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PHYSICS
Question #131 [[EHCTN 05. Weves
A train of length 100 m travels at a constant speed of 20 my/s. What total time is required for

CORE CONCEPT & DERIVATION
For an extended object to completely cross a stationary span, its front must enter the span

and itsrear must exit, meaning the total distance traveled equals the length of the vehicle plus
the length of the span.

Formula / Rule / Reaction:

diosal
Frotat = Leratn + Liiage 3 £=——

Solution:

s Totaldistance required for complete crossing: dy, = 100 m 4 200 m = 300 m.

= Usinguniformwelocity: ¢ = J8I — 15 seconds.

Why other options are incorrect:

= Option A: 10 s considers only the bridge length (200,20 = 10 s}, failing to account for
the train's own length.
= OptionC: 20 s coresponds to a total distance of 400 m.

s OptionD: 25 s coresponds to a total distance of 500 m.

PHYSICS
Quastion 152 h. Blcomagnetiincuction
Lenz's law of electromagnetic induction is a direct consequence of the law of conservation of:
CORECONCEPT & DERIVATION
Lenz's law states that the direction of an induced currentis always such that its magnetic field
opposes the change in magnetic flux that producedit.

Formula / Rule / Reaction:

didg
dt

E=_ (The negative sign represents Lenz's Law)

Solution:

* When amagnetis moved toward a conducting coil, the induced current produces a
magnetic field that repels the incoming magnet.

* Mechanical work must be done against this opposing magnetic force to continue
moving the magnet.

» Thismechanical work is converted into the electrical energy of the induced current,
satisfying the conservation of energy.

Why other options are incorrect:

« Option A: Conservation of electric charge is embodied by Kirchhoff's current law
(KCL), not Lenz's law.

= Option B: Conservation of linearmomentum describes systems with zero net external
force (Fex = ().

= Option C: Conservation of angularmomentum applies when net external torgue is zero
(Tt = 0.
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PHYSICS
Question #133 (7L o5 Waves

If the absolute temp re of gaseous deutenum isincreased to 16 times its inftial value, th..
CORE CONCEPT & DERIVATION

The speed of sound in anideal gas is directly proportional to the square root of its absolute
temperature (in Kelvin).

Formula / Rule / Reaction:

|a_\l%_>vcx. &

Solution:

& Lettheinitial speed of sound at temperature T, be v, = k,/T}.

+ When the temperature isincreasedto T, = 16T, the new speed of soundis v, =
kyTOT, = 4ky/TE = 4vy.

s Therefore, the speed of soundincreases by a factor of 4.

» Auditing Note: Some unofficial records incorrectly listed 16 by omitting the square
root; the physical derivation confirms a factor of 4,

Why other options are incorrect:

+ Option A: 16 assumes alinear relationship (v o T), neglecting the square-root
dependenceinthe Newton-Laplace formula.

+ Option C: 8 represents half the temperature multiplier, without taking the square root.

+ OptionD: 2 coresponds to a 4-foldincrease in temperature (v4 = 2), not a 16-fold
increase.

Question #134 4

In simple harmonic motion (SHM), the magnitude of the restoring force acting on the osclllating...
CORE CONCEPT & DERIVATION

In simple harmonic motion, the restoring force is directly proportional to the displacement of
the body from its mean position and is directed toward that position.

Formula / Rule / Reaction:

F=<kz

Solution:

= At the mean(equilibrium) position, the displacement fromequilibriumiszero (z = 0).

+ Substituting into Hooke's law gives F = —k(0) = (.

* Therefore, the restoring force (and consequently acceleration) is zero at the mean
position, while kinetic energy and velocity are at their maximum.

Why other options are incorrect:

s Option B: At the positive extreme position, displacement is maximal (z = +4), making
the magnitude of the restoring force maximal (F = kA).

s Option C: At the negative extreme position, displacement is also maximal (z = — 4),
producing maximum restoring force directed toward the center.

s OptionD: At the midpoint{z = —!] the restoring force has anintermediate value (F =
kA
5
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PHYSICS
Question #135 :

03. Work & Enargy

When the force acting on a bodyis plotted along the y-axis and the resulting displacement isp...
CORE CONCEPT & DERIVATION

Mechanical work is defined mathematically as the line integral of force with respect to
displacement, which corresponds to the geometric area under a force-displacement graph.

Formula / Rule / Reaction:

+
W= f Flz)dz = Area under the F-z curve
£

Solution:

+ Workis the product of force and displacement along the line of action of the force.

s Onagraphof force versus displacement, the area bounded by the curve, the x-axis,
and the displacement limits equals this integral, representing the total work done.

Why other options are incorrect:

+ Option A: The slope of aforce-displacement graph represents % which comresponds
to the spring constant or force gradient, not work.

= Option B: The reciprocal of the slope represents compliance [ﬁ'—}"}.

« Option D: The y-intercept represents the initial force applied when displacement is
Zero.

Question #136 [[THTT) PHYSICS

05, Waves

An individual waighs 400 N at the surface of tha Earth. If that individual travels to an altitu..
CORE CONCEPT & DERIVATION

The weight of an object is the gravitational force exerted onit by the Earth, which decreases
with distance from the Earth’s center according to Mewton's law of universal gravitation.

Formula / Rule / Reaction:

CMg
(Rg + k)

w=mg=mi

Solution:

# Asaltitude (h) above the Earth's surface increases, the radial distance from the center
of the Earth(r = R + k) increases.

« Because gravitational acceleration (g} is inversely proportional to »?, g decreases with
increasing height.

* Since the person’s mass (m) remains constant, theirweight (w = mg) at high altitude
must be less than 400 N.

Why other options are incorrect:

« Option B: Weight would remain 400 N only if gravitational acceleration were
independent of distance from the Earth.

« Option C: Weightincreases only if the object moves closer to the Earth's center (such
asinto a deep valley) orto a planet with higher surface gravity.

+ Option D: Weight approaches zero only at an infinite distance from all gravitational
soUrces: it remains non-zero at measurable atmospheric altitudes.
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Question #137
Kirchhoff's Current Law (KCL, [Formula] ), applied at any electrical circuit junction, is a dlir...
CORE CONCEPT & DERIVATION

Kirchhoff's Current Law states that the algebraic sum of currents entering and leaving any

node or junction in an electric circuit must equal zero, meaning no net charge can accumulate
atajunction.

Formula / Rule / Reaction:
dg _ dgoa
E Ty = E I —_— i
n ot = 7 n
Solution:

s Electric currentis the timerate of flow of electric charge(I = %;f].

+ Because charge canneither be created nor destroyed, charge cannot be stored or
depleted at a point junctionin steady-state conduction.

* Therate of charge entering the node must equal the rate of charge leaving,
representing the conservation of electric charge.

Why other options are incorrect:

s Option A: Conservation of mass applies to total matter in chemical and physical
changes, not to junction current flow.

= OptionB: Conservation of energy is expressed by Kirchhoff's Voltage Law (KVL,
5V = 0}, where the sum of potential differences around a closed loop s zero.

= Option C: Conservation of linear momentum governs mechanical collisions and force
interactions, not electrical circuit junctions.

Question #138 [[AT) s

14, Dawn of Modern Phyales
In a photoelactric effect expeniment, if the frequency of the incident radiation s increaseda. ..

CORE CONCEPT & DERIVATION

Accordingto Einstein's photoelectric equation, the kinetic energy of an emitted
photoelectron depends linearly on the incident photon energy (h f) minus the surface work
function(#).

Formula / Rule / Reaction:

. h L
Koy =hf-% | eVy=HKyy = VI?—;f':

Solution:

= Increasing the frequency f increases the energy carried by eachindividual photon
E =hf).

+ Thisincreases the maximumn kinetic energy (K. of the ejected photoelectrons.

+ Because stopping potential is related to maximum kinetic energy by eVh = K, the
stopping potential Vo must also increase. Both parameters increase together.

Why other options are incorrect:

= Option A: Stopping potential increases, but maximum kinetic energy increases as well;
bothare linked by eV} = K.

= Option B: Maximum kinetic energy increases. but stopping potentialincreases
alongsideit.

» Option C: Saturation photoelectric current depends on photon fiux (light intensity), not
anphotan frequency.
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PHYSICS
Question #139 [[ZHLIN
Inanaltemating current circuit, the alternating voltage and current maintain a steady phase ..
CORE CONCEPT & DERIVATION
Pure reactive components introduce a quarter-cycle (90°) phase difference between

sinusoidal voltage and current waveforms: current leads voltage incapacitors, and voltage
leads current ininductors.

Formula / Rule / Reaction:

Pure Capacitor: I leads V" by 90° ; Pure Inductor: ¥ leads I by W)°

Solution:

» Inapurely capacitive circuit, current leads the applied voltage by 90° (¢ = 451
* Inapurely inductive circuit, current lags the applied voltage by 907 (¢ = — §}.

s Inbothcases, the absolute phase difference between the voltage and cumrent
waveforms is 90°. Therefore, either a purely capacitive or a purely inductive circuit
satisfies the condition.

Why other options are incorrect:

» Option A: While true for a pure capacitor, this option omits purely inductive circuits,
which also exhibit a 90° phase difference.

+ Option B: While true for a pure inductor, this option omits purely capacitive circuits.

* Option C: Inan RLC series circuit at resonance (X; = X, the circuit behaves purely
resistively, meaning voltage and current are in phase (phase difference is0°).

PHYSICS
Question #140 [CI) 08 Blecuostats
A parallel plate capacitor centaining an insulating dielectric of relative permittivity [Formul...
CORECONCEPT & DERIVATION

Inserting a dielectric of relative permittivity =, increases the capacitance of a parallel plate
capacitor by a factor of &, through dielectric polarization.

Formwula / Rule / Reaction:

G,
Conetivm = & * Crae b Clhiae = III;‘lL‘mlu
.-

Solution:

» Withthe dielectric present, the capacitanceis C ==, {4:,1}

* When the dielectric is removed, the medium between the plates reverts to vacuum (or
air, where e, = 1), giving Ciew = %,

s Theretfore, the new capacitance without the dielectric is C., = f—

Why other options are incorrect:

« Option A: Subtracting e, is dimensionallyinconsistent, as e, is a dimensionlessratio
while capacitance is measured in Farads.

= Option B: Multiplying by ¢, represents the capacitance when a dielectric is inserted
into an air-filled capacitor, notwhen it is removed.

+ Option C: Adding e, is dimensionally invalid.
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Question #141 [T

Ina bipolar function transistor {BIT), the regicn that is most heavily doped with charge carri...
CORE CONCEPT & DERIVATION

Abipolarjunction transistor comprises three distinct semiconductor regions: the emitter,
base. and collector, each tailored with specific doping profiles and physical dimensions.

Formula / Rule / Reaction:

Doping Concentration: Emitter = Collector > Base

Solution:

» The emitteris heavily doped so that it caninject a high density of majority charge
carriers (electrons innpn, holes in pnp)into the base.

* The baseis made very thin and lightly doped to minimize carrier recombination,
allowing most injected carriers to diffuse into the moderately doped collector.

Why other options are incorrect:

= Option B: The base has the lowest doping concentration of the three regions to keep
recombination currents low.

= Option C: The collectoris moderately doped and physically larger to dissipate heat
generated during carrier collection.

» Option D: The depletion regionis anun-doped insulating region formed by the

diffusion and recombination of mobile charge carriers, leaving only immobile ionized
cores.

PHYSICS

tromagnetic induction

Question #142 [L11F

Anideal step-down electrical transformer connected to an AC power saurce:
CORE CONCEPT & DERIVATION

Atransformer operates via Faraday's law of mutual induction. In anideal transformer withzero
core or copper losses, input electrical power equals cutput electrical power (P, = F..,).

Formula / Rule / Reaction:
K: = "\:’ = & (Step-down: N, < N = ¥V, <V aud [, > I))
T R

Solution:

= Astep-down transformer has fewer turns on the secondary coil than on the primary coil
(N, < N,), whichreduces the secondary voltage (V, < V).

» Because poweris conserved (V,I, = V,1,), adecreasein output voltageresultsina
proportional increase in output current (I, > I,).

= Auditing Note: Some guestion keys incorrectly describe transformers as increasing
voltage: a step-down unit reduces voltage and increases cument.

Why other options are incorrect:

= Option A: Increasing voltage while decreasing current describes astep-up
transformer (N; = Ng).

= Option B: Increasing output power above input power viclates the law of conservation
of energy; anideal transformer has a power ratio of at most 1.0 (100% efficiency).

+ Option D: Anideal transformer does not decrease power,; it conserves total power
without internal losses.
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Question #143 ~ pHvsics

Itemating Current

When unpolarized fight is incident on the interface between two transparent media, the reflecte..
CORE CONCEPT & DERIVATION
Brewster's law states that when light is incident at a specific angle (Brewster's angle, f,). the

reflected ray is completely plane-polarized with its electric field vector parallel to the
interface and perpendicular to the refracted ray.

Formula / Rule / Reaction:

b, + 6, = 90° = n = tand,

Solution:

= AtBrewster's angle 8, the angle betweenthe reflectedray and the refracted ray is 90°.

* Because oscillating dipoles in the refractive medium do notradiate energy along their
dipole axes, no light with polarization in the plane of incidence is refiected, leaving the
reflected ray completely polarized.

Why other options are incorrect:

« Option A: The critical angleis the angle of incidence in an optically denser medium at
which the angle of refraction is %0~ along the boundary, leading to total intemal
reflection.

+ Option C: Agrazing angle of incidence corresponds to anincident ray nearly parallel to
the surface (6, — 90°).

+ OptionD: At normalincidence (8, = (°). reflected and refracted rays lie along the same
normal ling, separated by 180°.

Question #144 PHYSICS

6. Nucle:

According to the quark model of subatamic hadrons, a composite baryon consisting of one up
quar..

CORE CONCEPT & DERIVATION

Baryons are composite hadrons composed of three valence quarks whose net electric
charge is the algebraic sum of their fractional quark charges.

Formula / Rule / Reaction:

r? § 2 = 2 +2 2 : 0
=tz i @=-3F Q=qu+2q=+3e+2(-3el=

Solution:

» Theupquark has an electric charge of +Ze and the down guark has a charge of —1e.

* Summing the charges for the valence combinationudd: § = 4 % —i-3=0

« Thisuncharged neutral baryon corresponds to the neutron.

Why other options are incorrect:

= Option A: Aproton has the valence quark combination wud, giving a net charge of
e b= g1
dTIT AT .
= Option C: Apositronis an elementary anti-lepton (e ') with charge +1e,not a
composite quark hadron.

+ Option D: Alambda hyperon (A% is a strange baryon with the gquark comnposition uds.
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Question #145

Ina magnetic circuit. magnetic reluctance { [Formula]  opposes the establishment of magnetic ...
CORE CONCEPT & DERIVATION
By Hopkinson's law (the magnetic analog of Ohm's law), the magnetomotive force (mmf)

required to establish magnetic flux through 2 magnetic circuit is directly proportional to the
reluctance of the medium.

Formula / Rule / Reaction:

Magnetic Circuit: # = % #—+  Electric Circuit: T = L};

Solution:

s Magnetic flux (®) is analogous to electnc current (I).
* Magnetomotive force (F ) is analogous to electromotive force orvoltage (V).

» Therefore, magnetic reluctance (R = r-LA} which opposes the creation of magnetic flux,
corresponds directly to electrical resistance (R = {'—"].

Why other options are incorrect:

» OptionB: Electrical conductance (G = +)isthe reciprocal of resistance, analogous to
magnetic permeance (P = 1).

« Option C: Inductance (L) relates induced emf to the time rate of change of electric
current, not static circuit opposition.

« Option D: Capacitance (') measures the ability to store charge per unit potential
difference.

PHYSICS
Que‘m #146 m 048, Electrostatics
Three capacitors, each with a capacitance of 2.0 uF, are connectedinparallelacrossal2 VDC..
CORE CONCEPT & DERIVATION
When capacitors are connected in parallel, the total charge stored is the sum of the charges
on each capacitor, meaning the equivalent capacitance is the direct algebraic sum of the

individual capacitances.

Formula / Rule / Reaction:

Craratiel = C1 + Ca+ Cy 2+ +C,y

Solution:

» Forthree 2.0 uF capacitorsin parallel: Oy = 2.0 uF + 2.0 uF + 2.0 pF = 6.0 uF.

» The parallel arrangement increases the effective plate area, increasing total
capacitance.

Why other options are incorrect:

= Option B: 0.67 uF is the equivalent capacitance if the three 2.0 uF capacitors were
connectedinseries: - = L4 L+ 1 =1 — O = 06T uF.
= 3

s Option C: 2.0 4F is the capacitance of asingle capacitor alone.

= OptionD: 12.0 uF would require six 2.0 uF capacitors connected in parallel.
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PHYSICS
D2, Foree & Motlon

Question #147

Aprojectileis launched with an initial speed of 20 m/s at anangle of 76° above the horizonta...
CORE CONCEPT & DERIVATION

In two-dimensional projectile motion under uniform gravity, the horizontal velocity
component remains constant while the vertical velocity component reaches zero at the
trajectory’s apex.

Formula / Rule / Reaction:

Atapex: T=w,d = (moost)f ; d=—gj

Solution:

* Atthe maximum height of the trajectory, the vertical velocity component vanishes
entirely (v, = 0).

» Thevelocity vectoris directed horizontally: = v.1.

= The acceleration acting on the projectile is due to gravity. directed vertically
downward: @ = —gj.

» Because the horizontal unit vectori and vertical unit vector j are orthogonal, the angle
betweenvelocity and acceleration is 90°.

Why other options are incorrect:

« Option A: Anangle of ° means velocity and acceleration are parallel, which occurs
during one-dimensional downward free fall.

+ Option B: 45° is an interme diate angle occurring along the ascending or descending
arcswhen |vg| = |z,|.

« Option D: Anangle of 180° means velocity and acceleration are anti-parallel, which
occurs when an objectis thrown vertically upward before it reaches its peak.

PHYSICS
tational & Circular Motion

Question #148 [ OV

A particle moves along a circular path of radius 2.0 m. If it travels along an arc lengthof 4.
CORE CONCEPT & DERIVATION

Angular displacement (in radians)is defined as the ratio of the traversed arc length along the
circular pathto the radius of curvature.

Formula / Rule / Reaction:

REE

Solution:

« Givenarclengths = 4.0 mand circularradius r = 2.0 m.

» The angular displacementis: # = 348 = 3 () radians.

Why other options are incorrect:

+ Option B: 1.0 radian would result if the arc length equaled the radius (s = 2.0 m).

= Option C: 2r radians corresponds to one complete revolution arcund the circle (s =
27r & 12.57 m).

» Option D: 8.0 radians is the product of radius and arc length (s - ), rather than their
quotient.
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PHYSICS

02_Force & Motion

Question #149

Two solid spheres having masses of 10 kg and 50 kg are dropped simul
an...

CORE CONCEPT & DERIVATION

Ina uniform gravitational field without air resistance, all free-falling bodies accelerate at the
same rate {g) regardless of mass, shape, or composition.

necusly from rest from

Formula / Rule / Reaction:

W=u'42h = v= \,.-"'2_9'_{! (whenu = (1)

Solution:

* Applying the third kinematic equationwithinitial velocity u = 0o = /2gh.

* Because this expression contains no mass term (m), the final velocity depends only on
gravitational acceleration (g) and vertical drop height (k).

= Boththe 10 kg and 50 kg spheres fall through the same height (80 m), striking the ground
atthe same speed(v = 2 x 0.8 = B0 = 39.6 m/s).

Why other options are incorrect:

+ Option A: The 10 kg sphere experiences a smaller gravitational force (F = mg), but has
lessinertia, giving it the same acceleration (g = 5}.

+ Option B: The 50 kg sphere experiences five times greater gravitational force, but has
five times more inertia, producing the same acceleration.

s OptionD: Inavacuumwhere air resistance is negligible, surface area doesnot
influence the kinematics of free fall.

Question #150 [N S

04 Rotatlonal & Cireular Motion

Forangid body rotating about a fixed axis with constant angularvelocity { [Formula] ), the

CORE CONCEPT & DERIVATION

Ewvery point on arotating rigid body shares the same angular velocity (w). The tangential linear
velocity (v) of any point is the product of that shared angularvelocity and its perpendicular
distance (r) from the rotation axis.

Formula / Rule / Reaction:

v=rw = vxr [whenw = constant)

Solution:

» Because the bodyisrigid, all particles complete one full rotation in the same time
perod, sharing anidentical w.

* Apointlocated further from the axis must trace alarger circumference in that same
time, 5o its tangential linearvelocity (v = rw)is directly proportional to its radial
distancer.

Why other options are incorrect:

» Option A: Aninverse relationship (v cc $)would mean that points farther from the axis
move maore slowly, whichwould tear arigid body apart.

= Option C: Tangential linear velocity varies with position, being zero at the axis of
rotation and maximal at the outer edge.

= OptionD: Tangential velocity depends linearly on radius, not on aninverse-square
relationship.
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PHYSICS
Question #151 05. Weves
Toincrease the natural frequency of osci
CORE CONCEPT & DERIVATION

The natural frequency of an ideal harizontal or vertical mass-spring system depends inversely
onthe square root of the oscillating inertial mass.

ion of amass-spring oscillator by a factorof fow...

Formula / Rule / Reaction:

1 [k i
S e 2

Solution:

* Lettheinitial frequencybe f; = fi‘v' o

* Toachieveafinalfrequency f, = 4f,, we setup the ratio: & — \J'TJI;L =4

» Squaring bothsides gives & = 16 =+ m, = . Therefore, the mass must be reduced
to one-sixteenth of its original value.

Why other options are incorrect:

* Option A: Reducing mass to § doubles the frequency (+'1 = 2), rather than
quadrupling it.
« Option B: Quadrupling the mass (4m) halves the natural frequency (f' = l_f}

« Option D: Doubling the mass (2m) reduces the frequency by a factor of /2.

Question #152 PHYSICS

05. Waves
The speed of sound in dry airis measwred to be 332 m/s at 0°C. Whatisits speed at 10°C?

CORE CONCEPT & DERIVATION
For moderate temperature variations above °C, the speed of sound in airincreases
approximately linearly at a rate of (0,61 m/s for every Celsius degree rise in temperature.

Formula / Rule / Reaction:

v = wp + D61

Solution:

« Givenbasespeedat0°Cis vy = 332 m/s and temperature t = 10°C.

» Substituting values: vyy = 332 4 (0.61 x 10) = 332 + 6.1 = 338.1 m/s.

Why other options areincorrect:

= Option A: 332.0 m/srepresents the speed at 0°C without thermal expansion correction.
= Option C: 334.1 m/s coresponds to anincrease of only = 3.4°C.

+ Option D: 343.2 m/s comesponds to the speed of sound at approximately 18.4°Cto
20°C.
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Question #153 [T a7 The
Mayer's relation for the molar heat capacities of anideal gas, ([Formula], directly demonstrat..

CORE CONCEPT & DERIVATION

When heat is supplied at constant pressure, a gas both increases its intemal energy and
performs boundary work (PAV) against external pressure, requiring more heat perdegree
temperature rise than at constant volume.

Formula / Rule / Reaction:

Cy—C, = R (where universal gas constant R > 0)

Solution:

* Atconstantvolume, all supplied heat goes solely into raising intemnal energy: dQ,, =
dU7 = nC,dT.

» At constant pressure, heat must supply bothinternal energy and mechanical expansion
work: d@, = dIf + dW = nC,dT + PdV.

» Because PdV = nRdT foranidealgas, C, = C, + R. Since Ris positive, C,, > C,.

Why other options are incorrect:

+ OptionA: C, < O, viclates the first law of thermodynamics, as expansion work requires
an extra heat input.

+ OptionB: ¢, = C. would only be true for an incompressible substance where thermal
expansioniszero (dV = 0).

s Option D: Molar heat capacities of gases are non-zero finite positive quantities.

PHYSICS
Question #154 [ZHE) 7. Themmadynarmies

A thermodynamic process inwhich the valume of an enclosed ideal gas systam remains strictly
co...

CORE CONCEPT & DERIVATION
Anisachoric (isovolumetric) process is a thermodynamic transformation taking place withina
rigid container where the volume of the closed system does notchange.

Formula / Rule / Reaction:

W= deV =0 (sinceAV =0) = Q=AU

Solution:

+ Because the boundary remains stationary, the gas performs no boundary expansion or
compression work on its surroundings (W = 0.

s Allheat transferredinto the system directly alters theintemal energy of the gas: @ =
AT This defines anisochoric process.

Why other options are incorrect:

= Option A: Anisothermal process occurs at constant temperature (AT = 0, AL = Q).
= Option B: Anisobaric process occurs at constant pressure (AP = 0).

« Option D: An adiabatic process occurs without heat exchange between system and
surroundings (Q = 0.
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PHYSICS
Quesuon #155 m K oatatics
Two capacitors with capacitances of 2.0 uFand 6.0 uF are connected in parallel acrossa DC sou...
CORE CONCEPT & DERIVATION

In a parallel capacitor amangement, each component experiences the same potential
difference, and total stored charge equals the sum of individual charges, making equivalent
capacitance equal to the algebraic sum of individual capacitances.

Formula / Rule / Reaction:

Cu=Ci+Cs

Solution:

» Given ) = 2.0uF and Cy = 6.0 uF.

* Becausetheyarein parallel: Coy = 2.0 uF + 6.0 uF = 8.0 uF.

Why other options are incorrect:

+ Option B: 1.5 uF is the equivalent capacitance if connectedin series: ?‘l.'. =3
4; =% Co = LEuF:

s Option C: 4.0 uF represents the arithmetic mean of the two capacitances.

« OptionD: 12.0 uF is the numerical product of the two capacitances.

Question #156 ) PHYSICS

0% Cument Elactncity
According to the Maximum Power Transfer Theorem, the power delivered by a DC source of
internal...

CORECONCEPT & DERIVATION

The Maximurm Power Transfer Theorem states that maximum electrical power is transferred
from a source with a fixed internal resistance to aresistive load when the load resistance
equals the intemal source resistance.

Formula / Rule / Reaction:

O P R
== R L ag v T

Solution:

+ Differentiating the power equation with respect to load resistance R and setting the
2 [Rir) 2R B}
] Loq

derivative to zero yields: % =

s Simplifying: (R +r) - 2R=0 =+ R=r.

s Therefore. maximum power transfer occurs when load resistance matches source
internal resistance.

Why other options are incorrect:

+ Option A: When R = r, total circuit current drops significantly, reducing delivered
power below the maximum.

* Option B: When R < r. most electrical power is dissipated internally within the source
itself rather thaninthe load.

+ Option D: When R = 0(short circuit), zero power is delivered to the load because P =
I*(0) = 0.
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Question #157
A uniformwire of resistance [Formula] is stretched such that its cross-sectional radius is hal...
CORE CONCEPT & DERIVATION

When awire is stretched plastically, its total mass and volume remain constant. Halving the
radius decreases cross-sectional area by a factor of 4, elongating the length by a factor of 4.

Formula / Rule / Reaction:

L
¥V =A-L = constant ; R-.ﬂz

Solution:

: : Wl i
« Newradiusir' = § =+ A’ =x{r)* =2 = 4,

» Becausevolumeisconserved: A'L = AL == (4)L'= AL = ['=4L.

o Newresistance: R = p& = pdk — 15 (p&) = 16R.

ai

Why other options are incorrect:

+ Option A: 4} accounts only for the lengthincrease or area decrease individually, failing
to account for both occurring simultaneously.

» OptionB: £ would comespond to cutting the wire length to one-fourth without altering
area.

= Option C: 8Rrepresents an incorrect cubic orlinear assumption.

Question #158 ) PHYSICS

10 Blectromagnatism
When a charged particle enters 3
CORE CONCEPT & DERIVATION

The magnetic Lorentz force on a moving charge is proportional to the cross product of
velocity and magnetic flux density vectors.

iniform magnetic field withits velocity vector directed paral...

Formula / Rule / Reaction:

Fp=g{tx B) = Fp=quBsind

Solution:

» When the velocity is parallel to the magnetic field, the angle between ¢ and B is zero:
8 =0

» Becausesin(0°) = 0, the magnetic Lorentz force acting on the particle is zero (Fp = 0).

+ Withzero net force, the particle experiences no acceleration and continues movingina
straight line at constant speed according to Mewton's first law.

Why other options are incorrect:

+ Option A: Deflection reqguires a non-zero magnetic force, which does not exist when
velocity is parallel to field lines.

+ Option B: Circularmotion occurs only when velocity is strictly perpendicular to the
magnetic field (# = 90°).

+ OptionD: Magnetic forces do no work on free charges and cannot decelerate a
particle to rest.
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PHYSICS
Question #159 [ZALT) i Biernagissen
Magnetic flux( [Formula] } passing through a planar loop of vector area [Formulal immersedin...

CORE CONCEPT & DERIVATION
Magnetic fluxis defined as the scalar dot product of the magnetic fisldvector and the

surface area normal vector.

Formula / Rule / Reaction:

®p=B5-A= BAcosd

Solution:

s The areavector 4 is defined as perpendicular (normal) to the surface plane.
*  Fluxis maximal when cos #is maximal.

s Ford =0 cos(0°) = 1, which means the magnetic field lines are perpendicular to the
plane of the loop and parallel toits area normal vector, yielding &,,,,, = BA.

Why other options are incorrect:

+« OptionB: At# = 45° the fluxis & = BAcos(45°) = 0.707 BA. less than maximum.

s OptionC: At# = 90°, cos(90°) = 0, meaning field lines lie parallel to the loop surface and
zero flux passes through.

« OptionD: Atd = 180°, & = — BA whichis maximal in negative magnitude rather than
positive alignment.

PHYSICS

ectromagnetic induction

Question #160

In Pakistan, the standard commercial AC mains electricity supplied to domestic households
opera

CORE CONCEPT & DERIVATION

Mational electrical transmission systems operate at standardized alternating current
frequencies regulated by grid authorities.

Formula / Rule / Reaction:

F=50Hz (Vims =230 V)

Solution:

s The national power gridin Pakistan operates on a single-phase domestic supply of
230 V at an alternating frequency of 50 Hz (with three-phase power at 400 V, 50 Hz).

= Thismeans the alternating current altemates direction 100 times per second (50
complete cycles per second).

Why other options are incorrect:

= Option A: 70 Hzis not arecognized national electrical grid frequency.

= Option C: 60 Hzis the standard domestic frequency used in North America (USA,
Canada). but notin Pakistan.

» Option D: 100 Hzrepresents the ripple frequency of a 50 Hz full-wave rectifier, not the
mains grid supply frequency.

Official Examination Series



BEAMBEPREP - KMU Peshawar MDCAT 2021 Official Paper

Question #161 : PHYSICS

Anelectrical device that increases or decreases alternating voltage (emf) through mutual efect

CORE CONCEPT & DERIVATION

Atransformer is a static electromagnetic device consisting of two magnetically coupled coils
wound on a common laminated ferromagnetic core, transferring AC power between circuits
at modified voltage levels.

Formula / Rule / Reaction:

Solution:

s Analternating current inthe primary winding creates a time-varying magnetic fluxin the
core.

» This changing fluxlinks with and induces an alternating voltage in the secondary
winding by mutual induction.

* Depending onthe tumns ratio (N, / N,), the transformer steps the voltage up (N = Ny} or
down (V; < N;).

Why other options are incorrect:

» Option A: Acommutatoris a mechanical rotary switch in DC machines that reverses
current direction between rotor and external circuit.

= OptionB: A DC motor converts electrical energy into mechanical rotational work, not
voltage transformation.

= Option D: A galvanometer detects and measures small electrical curents through
magnetic deflection of a moving coil.

Question #162 . PHYSICS

tromagnetic nduction

The fundamental rule stating that ‘aninduced electric current always flows in such a direction
CORE CONCEPT & DERIVATION

Lenz'slaw establishes the polarity of aninduced electromotive force and current, ensuring
conservation of energy in electromagnetic systemns.

Formula / Rule / Reaction:

E = - N‘{’;J (The negative sign represents Lenz's law)

Solution:

= Formulated by Heinrich Lenzin 1834, this principle states that the induced magnetic
field opposes the original flux variation.

« This opposition requires extermnal mechanical work to sustainfiux changes, matching
generated electrical energy to input work.

Why other options are incorrect:

s Option A: Ampére's circuital law relates integrated magnetic field along aclosed loop
to the electric current passing throughit tj' B.di= pofenc).

+ Option B: Faraday's law determines the magnitude of induced emf based on the rate
of luxchange (|E| = £2). while Lenz'slaw givesits directional sign.

« OptionD: Joule's lawdefines therate of heat dissipation in an electrical conductor |
H = IRy).
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Question #163 [ZHE) iy

13 Electronics

An electronic circuit or solid-state device utilized to convert alternating current (AC) into d...
CORE CONCEPT & DERIVATION

Rectificationis the conversion of bidirectional altemating current into unidirectional direct
current, performed by semiconductor diodes arranged as arectifier.

Formula / Rule / Reaction:

Rectifler Diodes

AC Input (~) - » Pulsating DC Output (=)

Solution:

= Semiconductor p-njunction diodes conduct current easily when forward-biased and
block cument when reverse-biased.

* Arectifier circuituses these one-way properties in half-wave or full-wave bridge
configurations to produce unidirectional DC output.

Why other options areincorrect:

« Option A: Anamplifierincreases the amplitude or power of an electrical signal without
changingitfrom AC to DC.

« Option C: Amodulator superimposes an information signal onto a high-frequency
carrier wave for telecommunications.

« Option D: Anattenuator reduces the amplitude or power of a signal without
introducing distortion.

Question #164 [TTHT) Pl

13 Electronics
The electronic process of converting alternating current (AC) into direct current (DC}is terme...
CORECONCEPT & DERIVATION
The term rectification denotes the functional process of converting bidirectional current

waveforms into unidirectional current flow.
Formula / Rule / Reaction:

Factual recall f Qualitative concept.

Solution:

* Rectificationis the operational process of converting AC into DC.

s The physical assembly that performs this conversion is the rectiher.

Why other options are incorrect:

= Option B: Amplification is the process of boosting voltage, current. or power levels of
asignal.

+ Option C: Oscillation is the generation of periodic AC waveforms from a continuous
DC power supply.

= Option D: Modulation is the process of altering a carrierwave's amplitude, frequency,
or phase to transmit data.
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PHYSICS
Question #165 [[THEN -

Force & Matian

Inideal projectile motion without air resistance, which conditions describe the horizontal {[...
CORE CONCEPT & DERIVATION

Projectile motion combines uniform horizontal motion with uniformly accelerated vertical
maotion under gravity.

Formula / Rule / Reaction:

v (t) = vycos @ = constant ;v (t) = mysind - gt

Solution:

= Because gravity acts strictly in the vertical direction, horizontal accelerationis zero
a, = ), keeping horizontal velocity constant throughout flight (v, = v, cosd).

* At maximum height, the upward vertical motion ceases momentarily before the
projectile falls back down, meaning vertical velocity is zero (v, = ().

Why other options are incorrect:

« Option A: Horizontal velocity remains non-zero and constant; it doesnot drop tozero
unless the projectile was fired vertically upward.

= Option B: Vertical velocity changes continuously under gravity; it is not constant.

= Option C: Total velocity is not zero at the apex; the projectile retains its full horizontal
velocity component (v = v, ).

Question #166 PHYSICS

6. Nuclear Physies

Aradicactive sample containing 32 g of phosphorus decays untilonly 2.0 g of the parent isotop...
CORE CONCEPT & DERIVATION

The radioactive half-life (T} ) is the time interval required for half of the unstable parent nuclei
inaradioactive sample to decay.

Formula / Rule / Reaction:

1 t
Nit) =Nolz) =

Solution:

» Initialmass N, = 32 g, remainingmass N = 2.0 g. total elapsedtime ¢ = 60 days.
» Fraction remaining: 12"-: = =1 {1,)4
= Thisindicates that 4 half-lives have elapsed{n = 4).

» Calculating half-life: Ty, = & = 285 . 15 days.

Why other options are incorrect:

» Option A: 5 days would mean 12 half-lives elapsedin 60 days, leaving only 32 =
(1/2)12 = 0.0078 .

» Option B: 10 days would mean & half-lives elapsed, leaving 32/64 = 0.5 g

+ OptionC: 12 dayswould mean 5 half-lives elapsed, leaving 32/32 = 1.0g.
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PHYSICS
Question #167 m 6. Muclear Ppsics

In diagnostic nuctear medicine and radiographic scanning, which type of radiation emitted by in...
CORE CONCEPT & DERIVATION

Diagnostic radiopharmaceuticals utilize metastable nuclear isomers (such as Technetium-
99m) that emit penetrating, non-particulate gamma photans toimage internal organ
function.

Formula / Rule / Reaction:
“{99m}_{43ntext{Tchlongrightarrow\, *{991_{43Mhtext{Tct + \gamma®, (140\text{ keV})

Solution:

* (Gamma rays have high penetrating power and low linear energy transfer (LET), allowing
them to pass through deep body tissues with minimal absorption to be recorded by
external scintillation cameras.

= This allows organ structure and metabolic function to be imaged while minimizing
radiation dose to the patient.

Why other options are incorrect:

* Option A: Alpha particles have very low penetration, being stopped by a few
centimeters of air or the epidermal skin layer, making them unusable for external
imaging.

« Option B: Ultraviolet rays are non-ionizing optical radiation absorbed by skin surface
cells, unable to penetrate bodily tissues.

« Option D: Beta particles have limited penetration and cause localized tissue damage
through bremsstrahlung and ionization, making them suited for therapyrather than
diagnostic imaging.

Question #168 PHYSICS

02, Farce & Motlon

In the International System of Units {5]), linear momentum can be expressed inunits of;

CORE CONCEPT & DERIVATION

By Newton's second law and the impulse-momentum theorem, the change inlinear
momentum equals the applied impulse, making momentum dimensionally equivalent to
force multiplied by time.

Formula / Rule / Reaction:

J=Ap=F:At = [p| = [Flf] =N-s=kg-m/s

Solution:

s Linearmomentumis mass times velocity: [p| = kg -m-s*

s BecauseoneNewton is definedas 1 N = 1 kg - m - s, multiplying Newtons by seconds
yields: 1N s = (1kg.-m-s2)(s) =1kg . m-s"1.

* Therefore, the unit of linear momentum can be expressed as Newton-seconds (N - s).

Why other options are incorrect:
+ OptionA: N - mrepresents loules, whichis the Sl unit of work, energy, ortorgue.

= Option B: N/srepresents the time rate of change of force (vank).

» OptionD: N . s*is eguivalent to kilogram-meters (kg - m).
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ENGLISH
Question #169 3. Pans ot Spesch, repailions &Modiers
Complete the sentence with the correct preposition: Aslam preferstostay ______ home and
watch...

CORE CONCEPT & DERIVATION
Instandard English grammar, the fieed prepositional idiom denoting presenceinside one's
primary place of residence is ‘athome'.

Formula / Rule / Reaction:

Preposition of Place: at’ + home [ school [ work

Solution:

» The preposition ‘at'is used with specific locations and established institutional settings
(e.g.,athome, at work, at schoaol).

» Therefore, 'at home'is the grammatically correct idiomatic construction.

Why other options are incorrect:

= Option A: ‘In home' is non-idiomatic unless used with a determiner (e.g., ‘in the home').
« OptionB: ‘Onhome’ is grammatically incorrect.

+ Option D: 'Within home' is overly formal and non-idiomatic in daily usage.

ENGLISH

h, Prepasitions & Modifiers

Question #170

Fillin the blank with the appropriate preposition of movement: He walked ______ the street tow.
CORE CONCEPT & DERIVATION

The directional preposition ‘down’ {or 'up’) is used with avenues, roads, and streets toindicate
progress along their length.

Formula / Rule / Reaction:

Direction along a path: Walk + 'down' / "along” 4 the street

Solution:

= Walking 'down the street’ is a standard English idiom meaning walking along the length
orcourse of the street.

» |t does not necessarily imply a downward topographical slope, but simply denotes
mowvement along the road.

Why other options are incorrect:

= Option A: ‘Walked to the street’ means moving toward the street from elsewhere, not
traveling along it.
= Option B: ‘Walked of the street’is ungrammatical.

s Option D: "Walked on the street’ describes surface contact rather than longitudinal
movement along the street’s course.
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EMGLISH

05, fctve-Passive Voice, Reponed Speech & Syntax

Question #171

Select the sentence that correctly transforms the following into the passive voice. ‘Hewasdri...
CORE CONCEPT & DERIVATION

Converting a sentence in the past continuous tense into passive voice reguires the auxiliary
construction: was/were + being + past participle [13).

Formula / Rule / Reaction:

Active: § + was/were + V-ing + O = Passive: 0 + was/were + being + V3 + by §

Solution:

s Inthe main clause 'He was driving a car’, ‘a car' is the singular direct object, which
becomes the subject of the passive clause.

* Because the active verb ‘was driving' is past continuous, its passive counterpart is 'was
being driven’.

» Thesubordinate adverbial time clause ('whenthe accident occurred’) contains an
intransitive verb (‘occurred’) and remains unchanged.

Why other options are incorrect:

» Option A: Lacks the required finite auxiliary verb ‘'was’ and misuses the present tense
‘occur’

+ Option B: "Was driven’ is simple past passive. failing to preserve the continuous aspect
of 'was driving'.

+ Option C: "Was beendriven' is ungrammatical; ‘been’is used in perfect tenses.
whereas continuous tenses require ‘being’.

Question #172 [[THED

Which of the following words functions as a subordinating conjunction?

CORE CONCEPT & DERIVATION

A subordinating conjunction joins an independent clause to a dependent (subordinate)
clause, establishing a relationship of cause, time, condition, or concession,

05, Acthve-Passive

Formula / Rule / Reaction:

Coordinating (FANBOYS): For, And, Nor, But, Or, Yet, S0 ; Subordinating: Because, Although, 8

Solution:

« 'Because'introduces a subordinate adverbial clause of cause orreason (e.g., 'We
stayed indoors because it rained’).

* Theclause itintroduces cannot stand alone as a complete sentence, classifying
‘because’ as a subordinating conjunction.

Why other options are incorrect:

s OptionA: ‘And'is a coordinating conjunction used to join grammatically equal
elements.

« Option B: 'But’ is a coordinating conjunction used to join contrasting elements.

* Option D: ‘Or'is a coordinating conjunction used to present alternatives.
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Question #173 Bsiestis

05. hctive-Passive Voice, Reported S Syntax

Identify the correct indirect speech form of the sentence: She said, 1love chocolate.’
CORE CONCEPT & DERIVATION

When converting direct speech to indirect speech with a past-tense reporting verb (‘said’).
present simple verbs backshift to the past simple, and first-person pronouns shift to match
the subject.

Formula / Rule / Reaction:

Direct: Said, 'Simple Present’ == Indirect: Said that + Simple Past

Solution:

s Thereporting verb ‘said’ isin the past tense.
* The first-person pronoun I changes to the third-person feminine pronoun ‘she’.

» The simple present verb 'love’ backshifts to the simple past loved'. This yields: 'She
said that she loved chocolate.

Why other options are incorrect:

= Option A: Changes the past-tense reporting verb 'said' to present-tense 'says’.
= Option B: Fails to backshift the present-tense verb 'loves’ to the past tense.

= Option D: Unnecessarily alters the simple past reporting verb ‘said’ into the past
perfect ‘had said'.

Question #174 [THE] ; e

05. Active-Passive Volce, Reported Speech & Syntax

Transform the sentence into comectindirect speech: He said, ' will be there on time. '

CORE CONCEPT & DERIVATION

Inindirect reported speech with a past-tense reporting verb (‘'said’), the modal auxiliary ‘will'
backshifts to ‘would', and the first-person pronoun ‘| changes to ‘he'.

Formula / Rule / Reaction:

Direct: said, "will' = Indirect: said that ... would

Solution:

» Thereporting verb ‘said’ isin the past tense, requiring backshifting.
+ The pronoun I becomes ‘he’ to match the speaker.

» The modal 'will shiftstoits past-tense form ‘would'. This produces: 'He said thathe
would be there on time.'

Why other options are incorrect:
« Option A: Fails to backshift the modal auxiliary ‘will' to ‘would’.

+ Option B: Changes the reporting verb 'said' to the present tense ‘says'.

= Option D: Leaves the sentence in direct quotation form without reporting it indirectly.
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Question #175 [TTHE) s

03 Parts of Speech

sitions & Modifiers

Fillin the blank with the appropriate coording
CORE CONCEPT & DERIVATION

The coordinating conjunction ‘and’ connects words, phrases, or clauses of equal
grammatical rank that are additive and complementary in meaning.

hungry afte..

Formula / Rule / Reaction:

Cumulative Conjunction: Adjective, + "and’ + Adjective,

Solution:

» The sentence describes two coexisting physical states resulting from a long day:
tiredness and hunger.

* The conjunction ‘and’ joins these two parallel adjectives to indicate that both apply
simultaneously.

Why other options are incorrect:

= Option A: 'Or'introduces an alternative between two options, which does not it two
coexisting states.

= Option B: 'Nor' is a negative coordinator that reguires a preceding negative marker like
‘neither’.

= Option D: ‘But' introduces anunexpected contrast, which does not apply here since
tiredness and hunger naturally occur together after along day.

EMGLISH

D5, Active-Passive Voice, Reporied Speech & A

Question #176 [[THLN

Which of the following sentences is written in the passive voice?
CORE CONCEPT & DERIVATION
In passive voice constructions, the grammatical subject receives the action of the verb rather

than performingit, formed using a form of the auxiliary verb 'to be' followed by a past
participle (15).

Formula / Rule / Reaction:

Passive Structure: Subject {Receiver) + be (was/were) + Past Participle (V) + (by Agent)

Solution:

s In'The mouse was chased by the cat', the subject ('The mouse'} is the receiver of the
action.

» The predicate uses the auxiliary ‘was' plus the past participle ‘chased’, with the doer
indicated by the prepositional agent phrase ('by the cat’). This confirms passive voice.

Why other options are incorrect:

* Option A: The cat chased the mouse’ is in active voice: the subject (' The cat’) actively
performs the chasing.

* Option C: 'She will write an novel' is in active voice; the subject ('She’) performs the
action.

* Option D: ‘They have finished the work’is in active voice; the subject { They') performs
the finishing.
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ENGLISH
Question #177 m 04, Subject-Verb Agreement, & Conditional s

Identify the sentence that demonstrates corect subject-verb agreement.
CORE CONCEPT & DERIVATION

When a collective noun functions as a single unified entity acting in unison, it takes a singular
verb ending in -s inthe present simple tense.

Formula / Rule / Reaction:

Singular Collective Subject ('The team’) == Singular Verb {'plays")

Solution:

» The subject The team’ refers to the athletic unit acting collectively as a single group.

s Instandard grammar, collective nouns acting as a unit take the third-person singular
verb ‘plays’.

Why other options are incorrect:

= OptionB: Flay’ is plural and would only be used if the members were acting individually
indisagreement.

« Option C: 'Playing’ is a non-finite participle that lacks a finite auxiliary verb, making it an
incomplete sentence fragment.

= OptionD: 'Is play’is ungrammatical; progressive forms require the present participle 'is
playing’.

ENGLISH

repositions & Modihiers

Question #178

03.Pans of Speech

Complete the sentence with the appropriate indefinite article: | saw ___ shooting starstreaka...
CORE CONCEPT & DERIVATION

The indefinite article 'a’ is used before singular, countable nouns introduced for the first time
that beginwith a conscnant phonetic sound.

Formula / Rule / Reaction:

'a' 4 Consonant Sound (/[ in 'shooting”)

Solution:

» The nounphrase ‘shooting star refers to an unspecific singular countable object seen
for the first time.

» Because ‘shooting’ begins with the consonant sound /f/, the correct indefinite article is
-

Why other options are incorrect:

= OptionB: "An’isused only before wards that begin with a vowel sound (e.g.. an
asteroid).

+ OptionC: 'The' is the definite article, which is used for a specific or previously
mentioned star.

« Option D: Singular countable nouns require an article or determiner in standard English
grammar.
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ENGLISH
Question #179 [N 64 Subject-Verb Age & Conditonals

Complete the sentence with the corect tense form: When we arrived at the cinema. the film ____...
CORE CONCEPT & DERIVATION

‘When two related events occur at different times in the past, the earlier event is expressed in
the past perfect tense (had + V%), while the later event uses the simple past.

Formula / Rule / Reaction:

Earlier Past Event: Past Perfect (had started) +— Later Past Event: Simple Past (arrived)

Solution:

= The screening of the flm commenced before the speaker arrived at the cinema.

+ Toshow that this actionwas completed prior to the past arrival {'arrived'), the past
perfect tense ‘had already started' is required.

Why other options are incorrect:

s Option A: ‘Already started’ uses the simple past, which fails to mark the earlier
chronological order of the film's beginning.

= Option C: "Would already start’ expresses conditional or future-in-the-past actions,
not completed events.

+ Option D: ‘Was already start' is grammatically incomrect.

ENGLISH

& Conditionals

Question #180

CORE CONCEPT & DERIVATION

\erbs of sensory perception (taste, smell, look, sound) function as copular linking verbs
describing anintrinsic state or quality, taking the simple present tense with singular third-
person subjects.

Formula / Rule / Reaction:

Singular Subject {'"The soup’) + Stative Linking Verb ("tastes’) 4+ Adjective (‘delicious”)

Solution:

s ‘'Soup’is anuncountable singular noun acting as a third-person singular subject.

= Stative sensory verbs expressing a guality take simple present forms (‘tastes’) rather
than continuous aspects.

Why other options are incorrect:

s Option A: Taste' is plural or first/second person, violating subject-verb agreement
with singular 'soup’.

s Option C: 'Is tasting’ denotes the active physical process of sampling food, which an
inanimate bowl of soup cannot do.

» Option D: ‘Tasting’ is a non-finite participle that cannot serve as a complete finite verb.
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ENGLISH
& Conditionals

Question #181

04 Subject-Yerb Agreement,

_______ unconscious since fouro'clock

Complete the sentence with the correct verb aspect: She
CORE CONCEPT & DERIVATION

The preposition 'since’ introduces a specific starting point in the past for an action or state
that continues into the present, requiring the present perfect tense.

Formula / Rule / Reaction:

Present Perfect: has/have + been + « - - + 'since” + time point

Solution:

s The state of unconsciousness began at four o'clock in the past and continues up to the
present moment.

» This ongoing duration from a past point requires the present perfect tense ‘has been’.

Why other options are incorrect:

= Option A:'ls'is simple present and cannot be used with ‘since four o'clock’ to express
elapsed duration.

= OptionB: "Was'is simple past, whichimplies that the unconsciousness endedin the

past.
= Option D: "Would be’ expresses conditional mood rather than an established factual
duration.
T ENGLISH
Question #182 [CTHL) O3 Parts of Speech, Prepositions & Modihers

Fillin the blank with the appropriate preposition of duration: We will remain stationed here _

CORE CONCEPT & DERIVATION

Till' and 'until’ are temporal prepositions used to indicate an action or state that continues up
toaspecified end point in time.

Formula / Rule / Reaction:

Action continuing up to end time: Verb + "till' / "until’ 4 Endpoint

Solution:

* The sentence defines Monday morning as the terminal limit of the stay.

s The preposition 'till' denctes this end point.

Why other options are incorrect:

= Option A: “Still' is an adverb of continuity, not a prepesition connecting a verb to a noun
phrase.

= Option C: 'Since’ marks a starting pointin the past with perfect tenses. not a future
endpoint.

= Option D: 'During’ denotes aninterval within a pericd, but does not indicate continuous
duration up to a specific limit.
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Question #183 i

In standard English vocabulary, the noun 'curiosity’ denotes:
CORE CONCEPT & DERIVATION

Curiosity is aninguisitive cognitive drive aimed at acguiring information, exploring novel
stimuli, and resolving gaps in knowledge.

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

Solution:

+ Theword ‘curiosity' (derived from Latin curiosus 'careful, inquisitive’) means being
inquisitive or eager to learn.

« [Italignswith having a keen interestinacquiring knowledge.

Why other options are incorrect:

« Option A: Cruel disposition describes malice or cruelty, unrelated to curiosity.
« Option C: Resentful hostility describes bitterness or enmity.

« Option D: Tendency toward physical violence describes aggression or brutality.

EMGLISH
Question #184 0 Pares o Spasch, Prapesilons & odlfers
Meorphologically, the compound noun 'DRAWBACK is formed by the combination of a

CORE CONCEPT & DERIVATION
Compoundwords can be formed by combining different grammatical parts of speech, such
as pairing a base verb with a directional particle (adverb).

Formula / Rule / Reaction:

'Draw’ (Verb) + 'Back’ {Adverb / Directional Particle) == 'Drawback’ (Compound Noun)

Solution:

+ Intheword ‘drawback’, the first constituent ‘'draw’ is a verb meaning to pull or retract.

» Thesecondconstituent ‘back’ functions as a spatial adverb or particle.

* Together, they form a compound noun meaning animpediment, disadvantage, or
lirmitation.

Why other options are incorrect:

+ Option A: ‘Back' is an adverb or particle in this morphological pairing, not an adjective.

s Option B: Neither constituent is an adjective, and 'draw’ acts as a verb rather than a
noun.

s OptionC: 'Back' does not function as a noun in this compound construction.
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ENGLISH
Question #185 (XL} 4 Sujact-Vers Arosmant, Tenséa & Conditonals
Complete the sentence using the comrect subjunctive conditional form. [ wish | the answ...

CORE CONCEPT & DERIVATION
Expressing anunreal or hypothetical wish about a present situation requires the past

subjunctive form (identical to the simple past tense).

Formula / Rule / Reaction:

Subject + wish + (that) 4 Subject + Simple Past / Subjunctive (knew)

Solution:

» The sentence expresses a counterfactual desire about the present state of
knowledge.

* Following 'Iwish’, English grammar requires the past form 'knew' to indicate that the
condition is currently unfulfilled.

Why other options are incorrect:

« Option A: "Will know' expresses future certainty, which confiicts with an unfulfilled
present wish.

= Option C: 'Have known' uses the present perfectindicative, which is ungrammatical
following a hypothetical ‘wish'.

= Option D: 'Know' uses the present indicative, failing to mark the hypothetical mood.

Question #186 [ZHE) e

Ol Vecabulary. Synon Antenyms & Spelling

What is the primary definition of the word 'Analegue’ {or ‘Analog')?
CORE CONCEPT & DERIVATION

Ananalogue is something that bears an analogy to, or exhibits structural, functional, orlogical
comespondence with, another entity.

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

Solution:

* Inlinguistics and logic, an analogue is a person, structure, or concept that corresponds
to or can be compared with another.

« Forexample, the wing of abat is an anatomical analogue to the wing of aninsect.

Why other options are incorrect:

s Option A: An opposite concept is anantomym or contradictory term, which is the
reverse of an analogue.

= Option C: Atemporal delayis latency or lag.

= OptionD: Anerratic signal is noise orjitter; analogue in electronics refers to continuous
propartional signals rather than digital pulses.
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EMGLISH
s & Spelling

Question #187 m 01 Vocabule

In medical and physiological terminalogy. the adjective 'Pulsating means:
CORE CONCEPT & DERIVATION

Pulsation refers to regular, rhythmic mechanical expansion and contraction matching cyclic
pressure waves, such as arterial wall movement during cardiac systole and diastole.

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

Solution:

+ Theword 'pulsating’ (from Latin pulsare “to beat, throb') describes a cyclic throbbing
motion.

» Inbiclogy and medicine, it applies to arterial pulses, cardiac contractions, or throbbing
vascular sensations.

Why other options are incorrect:

+ Option B: Static pressure involves a constant force without cyclic throbbing variations.

« Option C: Laminar flow describes smooth fluid movement without rhythmic
expansion.

= Option D: Motionless structures do not pulsate.

Question #188 [T} So

Select the corect homophone to complete the sentence: The school
assembi...

CORE CONCEPT & DERIVATION

‘Principal’ and ‘principle’ are homophones with distinct meanings: ‘principal’ denotes a
personinaleading or administrative position, whereas ‘principle’ refers to a fundamental
truth, law. or moral doctrine.

Formula / Rule / Reaction:

"Principal’ (Noun: Head of a school / Leader) +—  "Principle’ (Noun: Rule, doctrine, or law)

Solution:

+ The sentence reguires a nounrefeming to the individual leading an educational
institution.

* The correct spelling for the head of aschoolis ‘Principal'.

Why other options are incorrect:

» OptionB: 'Principle’ refers to a moral rule, scientific law, or fundamental premise, and
cannot perform actions like speaking to an assembly.

* Option C: 'Headmastership' is an abstract noun denoting the office or tenure of a
headmaster, not the person.

+ Option D: ‘Presidency’ refers to the office or term of a president, not anindividual.
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ENGLISH
Question #189 m 02, Idioms. Prvagal Verbs & Literary Figures
In colloguial English, the theatricalidiom 'break aleg’is commeonly used to:
CORE CONCEPT & DERIVATION
Anidiomn s a phrase whose figurative meaning cannot be understood from the literal
definitions of its constituent words alone.

Formula / Rule f Reaction:

Idiom: 'Break a leg' = "Good luck’ (especially in performing arts)

Solution:

» ‘Breakaleg'is atraditional idiom used in theatre to wish actors or performers good luck
before a show.

* Itarisesfrom anold superstition that directly wishing someone good luck would bring
bad fortune.

Why other options are incorrect:
= Option B: The phrase is not used as aliteral threat orwish of harm.

= Option C: Itis spoken beforehand as encouragement, not afterward as a reprimand.

s Option D: It has no connection to canceling sports events.
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EMGLISH

& Lierary Figures

Question #190 02 Iciorms, Phrasal Ve
The commonidiomatic expression 'tobite the bullet’ means to
CORE CONCEPT & DERIVATION

The historical idiom 'bite the bullet' means to endure an inevitable, painful, or challenging
situation with stoic resclve.

Formula / Rule / Reaction:

Idiom: "Bite the bullet’ = Endure a painful or difficult necessity with fortitude

Solution:

» The phrase originates from battlefield medicine before the advent of anesthesia, when
wounded soldiers were given a soft lead bullet to bite on during surgery to cope with
pain.

» Inmodemusage, it means facing anunpleasant or dithcult reality with courage.

Why other options are incorrect:

« Option A: Surrendering unconditionally is expressed by “throwing in the towel’ or
‘waving the white flag'.

» Option C: Acting recklessly is described by phrases like ‘playing with fire’.

= Option D: Refusing to cooperate is described by phrases like 'digging in one's heels'.
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