Full-Length Practice Test 4

Instructions: This practice test contains 280 multiple-choice questions divided into four parts. Select
the best answer for each question.

Survey Of Natural Sciences

BIOLOGY (Questions 1-40)

1. Which organelle is responsible for producing most of the cell's ATP through cellular respiration?
Mitochondrion

Ribosome

Chloroplast
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Golgi apparatus

2. The correct sequence of stages in mitosis is:

Prophase, Metaphase, Telophase, Anaphase
Metaphase, Prophase, Anaphase, Telophase
Prophase, Metaphase, Anaphase, Telophase
Anaphase, Prophase, Metaphase, Telophase
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3. Which type of blood vessel carries blood away from the heart?
Vein

Artery

Capillary

Venule
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4. The monomer unit of proteins is:
Amino acid

Nucleotide

Monosaccharide

Fatty acid
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5. Which hormone is released by the pancreas to lower blood glucose levels?
Glucagon

Epinephrine

Cortisol

Insulin
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6. The pairing of adenine with thymine in DNA is held together by:



10.

11.

12.
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Ionic bonds
Hydrogen bonds
Covalent bonds
Disulfide bonds

Which part of the brain is primarily responsible for coordination and balance?
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Cerebrum
Medulla oblongata
Cerebellum
Hypothalamus

The fluid-filled space inside the thylakoid membranes where hydrogen ions accumulate during
photosynthesis is called:
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Stroma

Thylakoid lumen
Matrix
Intermembrane space

Which valve prevents backflow of blood from the left ventricle into the left atrium?
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Tricuspid valve
Pulmonary valve
Aortic valve
Mitral valve

During translation, which molecule carries amino acids to the ribosome?
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tRNA
mRNA
rRNA
DNA

The exchange of genetic material between homologous chromosomes during meiosis is called:
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Synapsis

Independent assortment
Segregation

Crossing over

Which nitrogenous base is found in RNA but not in DNA?

A.
B.
C.

Uracil
Thymine
Adenine



13.

14.

15.

16.

17.

18.

19.

D. Cytosine

The primary site of nutrient absorption in the digestive system is the:
Stomach

Large intestine

Small intestine
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Esophagus

Oxygenated blood returns to the heart from the lungs via the:
Pulmonary veins

Pulmonary arteries

Vena cava

Aorta
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Which stage of cellular respiration produces the most ATP?
Glycolysis

Krebs cycle

Fermentation
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Electron transport chain

The enzyme that unwinds the DNA double helix during replication is:
DNA polymerase

Ligase

Helicase

Primase
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Which gland is often called the "master gland" because it regulates other endocrine glands?
Thyroid

Pituitary

Adrenal

Pineal
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In which cellular organelle does protein synthesis occur?
A. Ribosome

B. Lysosome

C. Peroxisome

D. Vacuole

The fluid portion of blood is called:
A. Serum



20.

21.

22.

23.

24.

25.

B.
C.
D.

Lymph
Interstitial fluid
Plasma

Which process moves substances against their concentration gradient and requires energy?
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Diffusion

Osmosis

Active transport
Facilitated diffusion

The reproductive structure in flowering plants that develops into a seed after fertilization is the:
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Pollen grain
Ovule
Stigma
Anther

Which type of cell division results in gametes with half the chromosome number?
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Mitosis
Binary fission
Budding
Meiosis

The semifluid substance inside the cell membrane but outside the nucleus is called:

A.
B.
C.
D.

Nucleoplasm
Nucleoid
Cytoplasm
Stroma

The hormone responsible for stimulating the fight-or-flight response is:

A.
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Insulin
Thyroxine
Epinephrine

. Melatonin

Which structure protects the developing embryo in terrestrial vertebrates?
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Placenta
Amnion
Chorion
Allantois



26.

27.

28.

29.

30.

31.

32.

The process by which plants lose water vapor through their stomata is:
Transpiration

Respiration

Photosynthesis

Guttation
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Which blood component is primarily responsible for blood clotting?
Red blood cells

White blood cells

Plasma

Platelets
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The light-independent reactions of photosynthesis occur in the:
Thylakoid membrane

Outer membrane

Stroma

Intermembrane space
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Which structure connects the fetus to the placenta?
Yolk sac
Umbilical cord

Amnion
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Cervix

The correct base pairing in DNA is:
A-Gand C-T
A-Cand G-T
A-T and C-G
A-U and C-G
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Antibodies are produced by which type of immune cell?
A. Tcells

B. B cells (plasma cells)

C. Macrophages

D. Natural killer cells

The region of a neuron that receives signals from other neurons is the:
A. Axon

B. Dendrite

C. Cell body
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34.

35.

36.

37.

38.

39.

D.

Axon terminal

Which process in cellular respiration occurs in the cytoplasm?
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Glycolysis

Krebs cycle

Electron transport chain
Oxidative phosphorylation

The product of transcription is:
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DNA

Protein
Carbohydrate
RNA

Which kidney structure is responsible for filtering blood?
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Collecting duct
Loop of Henle
Glomerulus
Ureter

The pigment that gives plants their green color and captures light energy is:
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Carotene
Chlorophyll
Xanthophyll
Anthocyanin

Which chamber of the heart receives oxygenated blood from the lungs?
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Right atrium
Right ventricle
Left ventricle
Left atrium

The molecule that stores and transmits genetic information in most organisms is:
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DNA
RNA
Protein
Lipid

During aerobic respiration, the final electron acceptor is:

A.

Carbon dioxide



B. Water
C. Oxygen
D. NAD+

40. Which structure in the female reproductive system is the site of fertilization?
Uterus

Fallopian tube

Ovary

Vagina
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GENERAL CHEMISTRY (Questions 41-70)

41. What is the charge of a proton?
+1

-1

0

+2
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42. Which element has the electron configuration 1s* 2s* 2pS?
Oxygen

Nitrogen

Fluorine
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Neon

43. The pH of a solution with [H*] =1 x 10° M is:
A. 9
B. -5
C. 5
D. 10

44. In a chemical reaction, substances that are consumed are called:
Products

Reactants

Catalysts

Intermediates
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45. What is the molecular geometry of methane (CHa4)?
A. Linear
B. Bent
C. Trigonal planar



46.

47.

48.

49.

50.

51.

52.

D. Tetrahedral

The number of moles in 22 grams of CO: (molecular weight = 44 g/mol) is:
A. 0.5 mol

B. 2 mol

C. 1mol

D. 22 mol

Which type of intermolecular force is the strongest?
London dispersion

Dipole-dipole

Hydrogen bonding

Ionic bonding
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The oxidation state of sulfur in SO is:
A. -2

B. +4

C. +6

D. 0

Which gas law states that volume is inversely proportional to pressure at constant temperature?
A. Boyle's Law

B. Charles's Law

C. Avogadro's Law

D. Dalton's Law

A substance that speeds up a chemical reaction without being consumed is a:
Reactant

Product

Inhibitor

Catalyst
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The atomic number of an element represents the number of:
Neutrons

Protons

Electrons in outer shell

Nucleons
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What is the mass number of an atom with 6 protons, 6 electrons, and 8 neutrons?
A. 6



53.

54.

55.

56.

57.

38.

B. 12
C. 14
D. 20

Which quantum number describes the energy level of an electron?
Magnetic (m)

Spin (s)

Angular momentum (1)
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Principal (n)

An ionic bond is formed by:
Transfer of electrons
Sharing of electrons
Sharing of protons
Metallic bonding
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The empirical formula represents the:
Actual number of atoms in a molecule
Simplest whole number ratio of atoms
Molecular structure
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Isomeric form

What is the molarity of a solution containing 1 mole of NaCl in 2 liters of solution?
A.2M

B. 1M

C. 0.5M

D. 4M

In the periodic table, elements in the same group have similar:
A. Chemical properties

Atomic masses

Number of neutrons
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Atomic numbers

The enthalpy change (AH) for an exothermic reaction is:
Zero

Positive

Variable

Negative

oSO wp



59.

60.

61.

62.

63.

64.

65.

Which electron configuration represents a noble gas?
Is* 2s* 2p°

1s* 2s? 2p°®

1s* 2s? 2p*

Is? 2s!
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The process in which a solid changes directly to a gas is:
A. Melting

B. Evaporation

C. Sublimation

D. Deposition

Electronegativity generally increases across a period from:
A. Left to right

B. Right to left

C. Top to bottom

D. Bottom to top

In a redox reaction, the substance that gains electrons is:
A. Oxidized

B. The oxidizing agent

C. The reducing agent

D. Reduced

The bond angle in water (H20) is approximately:
180°

120°

104.5°

90°
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Which colligative property depends on the number of solute particles?
A. Color

B. Freezing point depression

C. Density

D. pH

The equilibrium constant expression for the reaction A+ B = C is:
A. K=T[A][BJ/I[C]

B. K=[A]+[BJ/[C]

C. K=[CJ[A] +[B]



D. K =[C)/[A][B]

66. Isotopes of an element have the same number of protons but different numbers of:
Neutrons

Electrons

Nuclei

Orbitals
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67. The specific heat capacity of a substance is the energy required to raise the temperature of:
1 kg by 1°C

Any mass by 10°C

1 gram by 1°C

1 mole by 1°C
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68. In an acidic solution, the pH is:
Equal to 7

Less than 7

Greater than 7

Equal to 14
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69. The rate of a chemical reaction generally increases with:
Decreased concentration

Lower temperature

Larger particle size

Increased temperature
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70. Avogadro's number is approximately:
6.02 x 10%

3.14

1.66 x 10724

9.8
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ORGANIC CHEMISTRY (Questions 71-100)

71. The general formula for alkanes is:
CnH2n+2

CuHz,

CnH2n+2

CuH2n

oSO wp



72.

73.

74.

75.

76.

77.

78.

Which functional group characterizes ketones?
-OH

-COOH

-NH:

C=0 (bonded to two carbons)
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The IUPAC name for CHsCH2CHp is:
Propane

Butane

Ethane

Methane
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Which type of isomers have the same molecular formula but different structural formulas?
Enantiomers

Conformers

Diastereomers
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Constitutional isomers

The reaction of an alkene with hydrogen in the presence of a catalyst is called:
A. Halogenation

B. Hydrogenation

C. Hydration

D. Oxidation

In an SN1 reaction, the rate depends on the concentration of:
Nucleophile only

Substrate only

Substrate only
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Neither substrate nor nucleophile

Which compound would be most soluble in water?
Hexane

Benzene

Toluene

Ethanol
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The hybridization of carbon in ethene (C:Ha) is:
A. sp?
B. sp®
C. sp



79.

80.

81.

82.

&83.

&4.

85.

D. spid

Markovnikov's rule applies to:
Elimination reactions
Substitution reactions
Addition reactions to alkenes
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Oxidation reactions

Which reagent would oxidize a primary alcohol to a carboxylic acid?
A. NaBH.

B. KMnO4

C. LiAlHa4

D. Mg

The Williamson ether synthesis involves reaction between:
Alkoxide and alkyl halide

Two alcohols

Alcohol and carboxylic acid

Two alkyl halides
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Aromatic compounds are characterized by:
High reactivity

Delocalized = electrons

Saturated carbon chains

Lack of double bonds
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Which statement about enantiomers is true?
They have identical physical properties
They are superimposable mirror images
They rotate plane-polarized light in opposite directions
They have different molecular formulas
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The Grignard reagent has the general formula:
A. RMgX

B. RLi

C. ROH

D. RX

In electrophilic aromatic substitution, which group is an activating group?
A. -NO:



86.

87.

88.

9.

90.

91.

B. -CN
C. -COOH
D. -OH

The dehydration of an alcohol produces:
Ketone

Alkene

Aldehyde

Ether
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Which carbon is most acidic in a carbonyl compound?
A. a-carbon

B. B-carbon

C. Carbonyl carbon

D. Terminal carbon

The reduction of a ketone produces:
A. Primary alcohol

B. Aldehyde

C. Carboxylic acid

D. Secondary alcohol

Fischer esterification involves the reaction between:
Alcohol and aldehyde

Alcohol and ketone

Carboxylic acid and alcohol

Two carboxylic acids

oSO wp

In 'H NMR spectroscopy, equivalent hydrogens produce:
Multiple signals

One signal

No signal
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Overlapping signals

The Diels-Alder reaction is a:
A. Substitution reaction

B. Elimination reaction

C. Addition reaction

D. [4+2] cycloaddition



92.

93.

94.

95.

96.

97.

98.

Which leaving group is best in nucleophilic substitution?
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Alkenes can be prepared by:
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Elimination of HX from alkyl halides
Hydrogenation of alkanes

Oxidation of alcohols

Reduction of aldehydes

The major product of E2 elimination typically follows:
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Markovnikov's rule
Hund's rule
Zaitsev's rule
Bredt's rule

Which reaction converts an alkyl halide to an alcohol?
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Dehydration
Halogenation
Dehydrohalogenation
Hydrolysis

Aldehydes can be distinguished from ketones using:
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NaBHa4

Tollens' reagent
H./Pd

Br:

The hydroboration-oxidation of alkenes produces:
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Markovnikov addition product
Elimination product
Substitution product
Anti-Markovnikov alcohol

A chiral molecule must have:

A.
B.
C.

At least one carbon with four different groups
A plane of symmetry
Two identical substituents



D. No stereocenter

99. The Jones oxidation of a primary alcohol yields:
A. Aldehyde
B. Ketone
C. Carboxylic acid
D. Ether

100. SN2 reactions proceed with:
Racemization

Inversion of configuration
Retention of configuration
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No stereochemical change

Perceptual Ability Test

ANGLE DISCRIMINATION (Questions 1-15)
Directions: Four angles are described. Rank them from SMALLEST to LARGEST.

1. [Angle Ranking] Four angles: Angle 1 = 52°, Angle 2 =45°, Angle 3 = 60°, Angle 4 = 68°. Rank from
smallest to largest.

1-2-3-4

2-1-3-4

2-3-1-4

3-2-1-4
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2. [Angle Ranking] Angle P = 72°, Angle Q = 64°, Angle R = 80°, Angle S = 56°. Rank from smallest to
largest.
A. P-Q-R-S
B. Q-S-P-R
C. S-Q-P-R
D. S-P-Q-R

3. [Angle Ranking] Four angles measure: Angle 1 = 33°, Angle 2 =41°, Angle 3 = 28°, Angle 4 = 47°.
Rank from smallest to largest.
A. 1-2-3-4
B. 3-2-1-4
C. 1-3-2-4



D. 3-1-2-4

[Angle Ranking] Angle A = 85°, Angle B = 78°, Angle C = 90°, Angle D = 82°. Rank from smallest
to largest.

A-B-C-D

B-A-C-D

B-C-D-A

B-D-A-C
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[Angle Ranking] Angle W is one-third of a right angle. Angle X = 55°. Angle Y =42°. Angle Z = 65°.
Rank from smallest to largest.

A. W-Y-X-Z

Y-W-X-Z

W-X-Y-Z

. Y-X-W-Z
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[Angle Ranking] Four angles: Angle 1 =20°, Angle 2 =35°, Angle 3 =28°, Angle 4 =42°. Rank from
smallest to largest.

1-2-3-4

1-4-3-2

1-3-2-4

3-1-2-4
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[Angle Ranking] Angle M = 63°, Angle N = 75°, Angle O = 58°, Angle P = 70°. Rank from smallest
to largest.

M-O-P-N

O-M-P-N

O-P-M-N

M-P-O-N
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[Angle Ranking] Four angles measure: Angle 1 = 16°, Angle 2 = 24°, Angle 3 = 30°, Angle 4 = 38°.
Rank from smallest to largest.

A. 1-2-3-4

1-3-2-4

2-1-3-4

3-1-2-4
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[Angle Ranking] Angle A = 48°, Angle B = 54°, Angle C = 40°, Angle D = 62°. Rank from smallest
to largest.
A. A-C-B-D



10.

11.

12.

13.

14.

B. C-B-A-D
C. C-A-D-B
D. C-A-B-D

[Angle Ranking] Four angles: Angle 1 =67°, Angle 2 =59°, Angle 3 = 74°, Angle 4 = 71°. Rank from
smallest to largest.

1-2-3-4

2-4-1-3

2-1-4-3

4-2-1-3
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[Angle Ranking] Angle W = 31°, Angle X = 49°, Angle Y = 44°, Angle Z = 38°. Rank from smallest
to largest.

W-Z-Y-X

W-Y-Z-X

Z-W-Y-X

W-X-Y-Z
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[Angle Ranking] Four angles measure: Angle 1 = 19°, Angle 2 = 27°, Angle 3 = 34°, Angle 4 = 40°.
Rank from smallest to largest.

1-3-2-4

1-2-3-4

2-1-3-4

1-4-3-2
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[Angle Ranking] Angle P = 66°, Angle Q = 53°, Angle R = 76°, Angle S = 50°. Rank from smallest to
largest.

A. Q-S-P-R

B. S-P-Q-R

C. Q-P-S-R

D. S-Q-P-R

[Angle Ranking] Four angles: Angle 1 =22°, Angle 2 =36°, Angle 3 =30°, Angle 4 = 44°. Rank from
smallest to largest.

A. 1-3-2-4

1-2-3-4

3-1-2-4

. 2-1-34
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[Angle Ranking] Angle A = 77°, Angle B = 83°, Angle C = 88°, Angle D = 72°. Rank from smallest
to largest.

A-B-D-C

D-B-A-C

D-A-B-C

A-D-B-C

oow»

PAPER FOLDING (Questions 16-30)

Directions: A square piece of paper is folded one or more times, then hole(s) are punched. Determine the
result when unfolded.

16.

17.

18.

19.

[Hole Punching] Paper is folded in half once, then two holes are punched through both layers. How
many total holes appear when unfolded?

oo w
co N P

[Hole Punching] Paper is folded three times (creating 8 layers), then one hole is punched through all
layers. How many holes appear when unfolded?

A 4

B. 6

C. 16

D. 8

[Hole Punching] Paper is folded in half once, then three holes are punched through both layers. How
many total holes appear when unfolded?
A3
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[Hole Punching] Paper is folded in half once, then a hole is punched exactly on the fold line. How
many holes appear when unfolded?
A.

oaw
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20. [Hole Punching] Paper is folded three times, then two holes are punched through all layers. How many
total holes appear when unfolded?
A. 8
B. 12
C. 24
D. 16

21. [Hole Punching] Paper is folded in half once, then four holes are punched through both layers. How
many total holes appear when unfolded?
A 4
B. 8
C. 6
D. 12

22. [Hole Punching] Paper is folded in half twice (creating 4 layers), then one hole is punched through all
layers. How many holes appear when unfolded?
2
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8
4
6
23. [Hole Punching] Paper is folded in half once diagonally, then one hole is punched away from the fold.

How many holes appear when unfolded?
2
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1
4
3
24. [Hole Punching] Paper is folded diagonally once, then one hole is punched on the fold line. How many

holes appear when unfolded?
1
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2
4
3

25. [Hole Punching] Paper is folded in half once, then one hole is punched near the edge away from the
fold. How many holes appear when unfolded?
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D. 8

26. [Hole Punching] Paper is folded in half twice, then a hole is punched at the point where both folds
meet (center). How many holes appear when unfolded?
Al
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27. [Hole Punching] Paper is folded in half once vertically, then two holes are punched through both
layers. How many total holes appear when unfolded?
A. 4
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2
6
8

28. [Hole Punching] Paper is folded in half twice (into quarters), then one hole is punched at an edge (not
corner). How many holes appear when unfolded?
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29. [Hole Punching] Paper is folded in half twice, then one hole is punched in a corner of the folded paper.
How many holes appear when unfolded?
2
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8
1
4

30. [Hole Punching] Paper is folded in half once, then five holes are punched through both layers. How
many total holes appear when unfolded?
A S
B. 10
C. 8
D. 6



CUBE COUNTING (Questions 31-45)

Directions: Answer questions about unit cubes in various structures.

31. [Cube Counting] In a 3x3x3 cube, how many unit cubes have exactly 1 face exposed (face cubes)?
A. 6
B. 12
C. 8
D. 24

32. [Cube Counting] A solid 4x4x4 cube. How many unit cubes have exactly 2 faces exposed (edge
cubes)?
A 12
B. 8
C. 24
D. 16

33. [Cube Counting] A 2x3%4 rectangular prism. How many total unit cubes are in the structure?
A. 9
B. 12
C. 18
D. 24

34. [Cube Counting] A structure of 6 unit cubes arranged in a straight line. How many cubes have exactly
5 faces exposed (end cubes)?
A0
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35. [Cube Counting] In a 5x5x5 cube, how many unit cubes have exactly 0 faces exposed (completely
interior)?
Al
B. 8
C. 27
D. 64

36. [Cube Counting] A 3x4x2 rectangular prism. How many unit cubes have exactly 3 faces exposed
(corners)?
A. 8



OSnaw
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37. [Cube Counting] A solid 3x3x3 cube. How many unit cubes have exactly 2 faces exposed (edge
cubes)?
A. 8
B. 6
C. 24
D. 12

38. [Cube Counting] A 2x2x5 rectangular prism. How many total unit cubes are in the structure?
A. 9
B. 20
C. 16
D. 24

39. [Cube Counting] In a 4x4x4 cube, how many unit cubes have exactly 1 face exposed (face cubes)?
24
16
32
48
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40. [Cube Counting] A 5x3x3 rectangular prism. How many unit cubes are NOT corner cubes?
A. 37
B. 38
C. 37
D. 39

41. [Cube Counting] A pyramid structure: 9 cubes on bottom (3x3), 4 cubes on middle layer (2x2), 1 cube
on top (14 total). How many cubes have exactly 4 faces exposed?
2
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4
1
5

42. [Cube Counting] A 3x3x4 rectangular prism. How many unit cubes have exactly 2 faces exposed?
A. 12
B. 16
C. 20



D. 24

43. [Cube Counting] An L-shaped structure: 5 cubes in a row with 2 cubes stacked on one end (7 total).

How many cubes have exactly 3 exposed faces?
A 2

OnNw
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44. [Cube Counting] A 4x4x2 rectangular prism. How many unit cubes have at least one face exposed?
32
28
30
24
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45. [Cube Counting] In a 2x2x2 cube, how many unit cubes have exactly 3 faces exposed?
A 4

Oaw
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PATTERN FOLDING (Questions 46-60)

Directions: Identify what 3D shape is formed when the described net is folded.

46. [Pattern Folding] A net consists of 5 squares in a plus/cross shape (one center, four extending from
each edge). What does it form?

Complete cube

Open-top cube

Pyramid
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Prism

47. [Pattern Folding] A net has 1 square with 4 triangles attached to each edge of the square. What 3D
shape is formed?
A. Square pyramid

Cube

Tetrahedron

Cnw

Triangular prism



48. [Pattern Folding] A net shows 2 triangles and 3 rectangles all connected. What shape does it form?
A. Tetrahedron
B. Square pyramid
C. Triangular prism
D. Cube

49. [Pattern Folding] A net consists of 4 equilateral triangles connected in a strip. What shape does it form?
A. Square pyramid
B. Octahedron
C. Cube
D. Tetrahedron

50. [Pattern Folding] A net shows 1 pentagon with 5 triangles attached to each edge. What 3D shape is
formed?

Cube

Pentagonal pyramid

Hexagonal pyramid
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Triangular prism

51. [Pattern Folding] A net consists of 6 squares arranged in a T-shape (4 in a row, 1 above and 1 below
the second square). What does it form?
A. Pyramid
B. Open box
C. Cube
D. Prism

52. [Pattern Folding] A net shows 1 hexagon with 6 rectangles attached to its edges. What 3D shape does
it form?

Hexagonal prism

Cube

Hexagonal pyramid

Rectangular prism
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53. [Pattern Folding] A net consists of 4 squares in an L-shape. What does it form when folded?
Complete cube

Pyramid

Prism

SO wp

Partial cube (open box)



54. [Pattern Folding] A net shows 6 rectangles arranged to form a closed shape. What is it most likely to
form?

Cube

Rectangular prism

Triangular prism
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Pyramid

55. [Pattern Folding] A net consists of 1 square and 3 triangles attached to three edges of the square. What
partial shape does it form?
A. Partial pyramid (missing one face)
B. Complete pyramid
C. Cube
D. Prism

56. [Pattern Folding] A net shows 2 hexagons with 6 rectangles connecting them. What 3D shape is
formed?

Rectangular prism

Hexagonal prism

Hexagonal pyramid

Octahedron
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57. [Pattern Folding] A net consists of 1 large triangle with 3 smaller triangles attached to its edges. What
shape does it form?

Octahedron

Square pyramid

Tetrahedron

Triangular prism
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58. [Pattern Folding] A net shows 6 equal squares in a cross pattern. What does it form?
A. Cube
B. Pyramid
C. Open box
D. Prism

59. [Pattern Folding] A net consists of irregular polygons that don't match standard shapes. What type of
shape might this form?

Regular pyramid

Cube

Standard prism

oSN wpy

Irregular polyhedron



60. [Pattern Folding] A net shows 3 squares in a row with 1 square attached to the side of the middle

square (T-shape). What can this form?
Open-top cube

Complete cube

Pyramid

Prism

oSN w >

APERTURES / KEYHOLES (Questions 61-75)

Directions: Determine which aperture shape a 3D object could pass through.

61. [Keyhole] A rectangular prism passes through an aperture. Which shape is possible?
Circle

Triangle

Pentagon

Rectangle

oo w

62. [Keyhole] A cone must pass through an aperture. Which aperture shape could work?
Square

Pentagon

Circle or Triangle

oo w

Hexagon

63. [Keyhole] A cube is oriented to pass through an aperture. Which aperture shape is possible?
Square

Triangle

Circle

Cawp>

Pentagon

64. [Keyhole] A sphere passes through an aperture. Which shape would work?
Square

Circle

Triangle

Rectangle

oS0 wp

65. [Keyhole] A triangular prism passes through an aperture. Which shape could work?
A. Circle
B. Pentagon



C. Hexagon
D. Triangle or Rectangle

66. [Keyhole] Which aperture shape would NOT work for a cylinder?
Rectangle

Circle

Triangle

Oval

oow

67. [Keyhole] A square pyramid must pass through an aperture. Which aperture is possible?
Circle

Square or Triangle

Pentagon

SOwp

Hexagon

68. [Keyhole] A hexagonal prism passes through an aperture. Which shape is possible?
Hexagon or Rectangle

Circle

Triangle

Pentagon

oONwp

69. [Keyhole] A tetrahedron (4-faced triangular pyramid) passes through an aperture. Which shape works?
Square

Pentagon

Triangle

oSOow >

Hexagon

70. [Keyhole] Which 3D object could pass through a circular aperture?
Cube only

Triangular prism only

Pyramid only

Sphere or Cylinder

oSO wp

71. [Keyhole] An octahedron passes through an aperture. Which shape is most likely?
Triangle or Square

Pentagon

Hexagon

SO wp

Circle

72. [Keyhole] A pentagonal prism passes through an aperture. Which shape could work?



Triangle
Hexagon
Circle

oO0w

Pentagon or Rectangle

73. [Keyhole] Which aperture shape would work for a rectangular prism but NOT for a sphere?
Circle

Rectangle

Oval

Triangle

oWy

74. [Keyhole] A cylinder passes through an aperture. Which is NOT a possible aperture shape?
Triangle

Circle

Rectangle

Oval

oow

75. [Keyhole] Which 3D shape could pass through both a triangular and rectangular aperture?
Sphere

Cube

Triangular prism

Cylinder.

oSN w

VIEW RECOGNITION (Questions 76-90)

Directions: Given views from different angles, identify the 3D shape or determine what a view would
look like.

76. [ Top-Front-End] Top view: square. Front view: triangle. Side view: triangle. What is the shape?
A. Cone
B. Cylinder
C. Cube
D. Square pyramid

77. [Top-Front-End] Front view: rectangle. Top view: circle. Side view: rectangle. What is the shape?
Cone

Cylinder

Square pyramid

Rectangular prism

oCcnwp



78. [Top-Front-End] All three views (top, front, side) show identical circles. What is the shape?
Cylinder

Cone

Sphere

Cube

oow»

79. [Top-Front-End] A cube is viewed from the top. What shape appears?
Square

Circle

Rectangle

Triangle

oo w

80. [Top-Front-End] Top view: triangle. Front view: rectangle. Side view: rectangle. What is the shape?
Square pyramid

Cone

Tetrahedron

oow»

Triangular prism

81. [Top-Front-End] Top view: hexagon. Front and side views: rectangles. What is the shape?
Cube

Hexagonal prism

Hexagonal pyramid

oO0w

Rectangular prism

82. [Top-Front-End] A cylinder is viewed from the side (perpendicular to its axis). What shape appears?
Rectangle

Circle

Square

Triangle

oSN wp

83. [Top-Front-End] All three views (top, front, side) show identical squares. What is the shape?
Rectangular prism

Square pyramid

Cube

Cylinder

Cnowp>

84. [Top-Front-End] Top view: pentagon. Front and side views: rectangles. What is the shape?
A. Rectangular prism
B. Pentagonal pyramid



C. Pentagon
D. Pentagonal prism

85. [Top-Front-End] A triangular prism is viewed from the end (looking at the triangular face). What shape
appears?

Rectangle

Triangle

Circle

oSOow

Square

86. [Top-Front-End] A cone is viewed from directly above (top view). What shape appears?
A. Triangle
B. Rectangle
C. Circle
D. Square

87. [Top-Front-End] Top view: rectangle. Front view: rectangle. Side view: square. What is the shape?
Cube

Cylinder

Pyramid

oow

Rectangular prism

88. [Top-Front-End] A square pyramid is viewed from directly above. What shape appears?
Square

Triangle

Circle

Rectangle

oSO wp

89. [Top-Front-End] Top view: circle. Front view: triangle. Side view: triangle. What is the 3D shape?
Cylinder

Sphere

Cone

oONw

Pyramid

90. [Top-Front-End] Top view: L-shape. Front view: rectangle. Side view: rectangle. What type of
structure is this?
A. Pyramid

L-shaped block structure

Cylinder

. Cube

onNw



Reading Comprehension

PASSAGE 1

Neuroplasticity, the brain's ability to reorganize itself by forming new neural connections throughout life,
fundamentally challenges the long-held belief that the adult brain is fixed and unchangeable. This
remarkable property allows neurons to compensate for injury, adjust to new situations, and alter their
connections in response to learning and experience. While most dramatic during childhood development,
neuroplasticity continues into adulthood, though the mechanisms and extent differ across life stages.

Structural neuroplasticity involves physical changes in brain architecture, including the growth of new
neurons (neurogenesis), formation of new synapses (synaptogenesis), and modifications to existing neural
networks. Adult neurogenesis occurs primarily in the hippocampus, a region critical for memory
formation, and the olfactory bulb. Exercise, environmental enrichment, and learning stimulate
neurogenesis, while chronic stress and aging can suppress it. Functional neuroplasticity refers to the brain's
ability to transfer functions from damaged to undamaged regions, crucial for recovery after stroke or
traumatic injury.

London taxi drivers provide compelling evidence of experience-dependent plasticity. Studies using MRI
revealed that their posterior hippocampi, regions involved in spatial navigation, were significantly larger
than controls, with size correlating to years of driving experience. Learning London's complex street
layout literally reshaped their brain structure. Similarly, musicians show enhanced auditory cortex regions
and stronger connections between motor and auditory areas, demonstrating how intensive practice creates
lasting structural changes.

The concept of "critical periods"—developmental windows when the brain is especially receptive to
specific inputs—has evolved. While certain abilities like native language acquisition are most easily
acquired during childhood critical periods, research reveals that adult brains retain substantial plasticity.
Stroke patients can recover lost functions through intensive rehabilitation that encourages undamaged
brain regions to assume new roles. However, this adult plasticity typically requires more effortful,
deliberate practice than childhood learning.

Maladaptive plasticity represents neuroplasticity's darker side. Chronic pain can result from plasticity
gone awry, as repeated pain signals strengthen pain pathways, making the nervous system hypersensitive.
Phantom limb pain in amputees occurs when brain regions formerly devoted to the missing limb
reorganize abnormally. Addiction involves plasticity in reward circuits, with drug use creating powerful
neural pathways that override natural reward processing. Understanding these maladaptive changes has
led to treatments targeting neuroplastic mechanisms, including mirror therapy for phantom pain and
cognitive behavioral therapy for addiction.



Future therapeutic applications harness neuroplasticity deliberately. Brain-computer interfaces help
paralyzed patients control prosthetic limbs by forming new neural pathways linking brain signals to
external devices. Cognitive training programs aim to enhance memory and attention in aging populations
by stimulating plasticity. Non-invasive brain stimulation techniques like transcranial magnetic stimulation
(TMS) may enhance plasticity during rehabilitation. As understanding of molecular mechanisms deepens,
pharmacological approaches might amplify beneficial plasticity while suppressing maladaptive changes,
revolutionizing treatment for neurological and psychiatric conditions.

1. According to the passage, neuroplasticity refers to:
A. Brain growth during childhood only
B. The brain's ability to reorganize by forming new connections
C. The fixed structure of adult brains
D. The death of neurons

2. Adult neurogenesis occurs primarily in:
A. The cerebellum
B. The frontal cortex
C. The hippocampus
D. The brainstem

3. The study of London taxi drivers demonstrated:
A. Experience-dependent structural brain changes
B. That adults cannot learn new skills
C. The brain remains completely fixed
D. Navigation requires no hippocampal involvement

4. Which factor suppresses neurogenesis according to the passage?
A. Exercise
B. Learning
C. Environmental enrichment
D. Chronic stress

5. Functional neuroplasticity refers to:
A. The growth of new neurons
B. Physical changes in brain size
C. Transferring functions from damaged to undamaged regions
D. The formation of new synapses

6. The posterior hippocampus in London taxi drivers was:



10.

1.

12.

Smaller than controls

Larger than controls

Unchanged compared to controls
Absent entirely

oO0w

Critical periods are developmental windows when:
A. The brain is especially receptive to specific inputs
B. The brain stops all plasticity

C. Neurogenesis ceases completely

D. Learning becomes impossible

Adult brain plasticity compared to childhood plasticity:
A. Is identical in mechanism

B. Requires no effort

C. Occurs automatically

D. Typically requires more effortful practice

Phantom limb pain results from:

A. Actual pain in the missing limb

B. Psychological factors only

C. Abnormal brain region reorganization
D. Nerve damage exclusively

Chronic pain can result from plasticity because:

A. Pain signals weaken over time

Repeated pain signals strengthen pain pathways
The brain becomes less sensitive

oNw

. Neurons die in pain regions

Addiction involves plasticity in:
A. Motor circuits

B. Visual processing areas

C. Language centers

D. Reward circuits

Mirror therapy is mentioned as a treatment for:
Phantom pain

Stroke

Addiction

Memory loss

oSN wpy



13.

14.

15.

16.

17.

Brain-computer interfaces help paralyzed patients by:

Repairing damaged nerves

Replacing lost neurons

Forming new neural pathways linking brain signals to devices

oow»

Eliminating all brain damage

Transcranial magnetic stimulation (TMS) is described as:
A surgical procedure

A non-invasive brain stimulation technique

A pharmaceutical drug

A type of brain surgery

oo w

The passage suggests that understanding neuroplasticity could lead to:
A. Revolutionary treatments for neurological and psychiatric conditions
B. Complete elimination of all brain injuries

C. Instant learning without practice

D. Reversal of all aging effects

Musicians show brain changes in which regions?

A. Only motor areas

B. Only language areas

C. Only memory centers

D. Auditory cortex and motor-auditory connections

According to the passage, maladaptive plasticity represents:
A. Beneficial brain changes

B. Normal development

C. Neuroplasticity's negative consequences

D. Enhanced learning abilities

PASSAGE 11

The gut-brain axis represents bidirectional communication between the gastrointestinal tract and the
central nervous system, linking emotional and cognitive centers with intestinal functions. This complex
network involves neural, hormonal, and immunological signaling pathways, with the gut microbiome
emerging as a critical mediator. Understanding this axis has profound implications for treating conditions

ranging from irritable bowel syndrome to depression and anxiety.



Communication occurs through multiple pathways. The vagus nerve provides direct neural connection,
transmitting signals in both directions with approximately 90% of fibers carrying information from gut to
brain. The enteric nervous system, containing over 500 million neurons embedded in the gastrointestinal
wall, can function independently but constantly communicates with the central nervous system. Gut
bacteria produce neurotransmitters including serotonin, dopamine, and GABA—the same chemicals that
regulate mood in the brain. Remarkably, about 95% of the body's serotonin is produced in the gut.

The gut microbiome, comprising trillions of bacteria, significantly influences brain function through
various mechanisms. Gut bacteria metabolize dietary fiber into short-chain fatty acids like butyrate, which
can cross the blood-brain barrier and affect gene expression in brain cells. Some bacterial metabolites
influence the immune system, which in turn affects brain inflammation and neuroplasticity. Germ-free
mice raised without any gut bacteria exhibit abnormal stress responses, altered brain chemistry, and social
behavior deficits that can be partially reversed by introducing specific bacterial strains.

Clinical evidence links gut microbiome composition to mental health. Patients with major depression
show distinct microbiome profiles compared to healthy controls, with reduced bacterial diversity.
Probiotic interventions—introducing beneficial bacteria—have shown promise in reducing anxiety and
depression symptoms in some trials, though results vary. The mechanism likely involves multiple
pathways: reducing inflammation, producing neurotransmitter precursors, and modulating stress hormone
production. However, translating these findings into reliable treatments requires understanding which
bacterial strains benefit which conditions.

Stress demonstrably alters gut microbiome composition, creating a potentially vicious cycle. Acute stress
changes intestinal permeability, allowing bacterial products to enter the bloodstream and trigger immune
responses. Chronic stress can reduce beneficial bacteria while promoting potentially harmful species. This
stress-induced dysbiosis may contribute to both gastrointestinal symptoms and mood disturbances.
Interventions targeting stress reduction, including mindfulness and exercise, show benefits for both gut
and mental health, possibly by preserving healthy microbiome composition.

The therapeutic potential of manipulating the gut-brain axis is substantial but requires caution. While
personalized probiotics and prebiotics (nutrients that feed beneficial bacteria) show promise, the field
faces challenges. Individual microbiome variation is enormous, making universal treatments unlikely.
Timing, dosage, and strain selection all critically affect outcomes. Some researchers explore fecal
microbiota transplantation for conditions beyond gastrointestinal diseases, though this remains
experimental for psychiatric applications. As research progresses, the gut-brain axis may yield novel
treatments, but current evidence supports a more modest approach: maintaining microbiome health
through diverse diet, adequate fiber, fermented foods, and stress management rather than expecting
probiotic supplements to cure mental illness.

18. The gut-brain axis involves communication between:
A. Only the stomach and brain



19.

20.

21.

22.

23.

24.

B. The gastrointestinal tract and central nervous system
C. The heart and digestive system
D. Bacteria and viruses

Approximately what percentage of vagus nerve fibers carry information from gut to brain?
A. 50%
B. 75%
C. 10%
D. 90%

The enteric nervous system contains over:
A. 500 million neurons

B. 100 million neurons

C. 1 billion neurons

D. 50 million neurons

What percentage of the body's serotonin is produced in the gut?
50%
95%
10%
75%

oSnowp

Butyrate is produced when gut bacteria metabolize:
Proteins

Sugars

Dietary fiber

Fats

oSO wp

Germ-free mice raised without gut bacteria exhibit:
Normal behavior in all aspects

Enhanced cognitive abilities

Improved stress responses

oCnowpy

Abnormal stress responses and social deficits

Patients with major depression show microbiome profiles with:
Reduced bacterial diversity

Increased bacterial diversity

No differences from controls

Complete absence of bacteria

oSO wp



25.

26.

27.

28.

29.

30.

31.

Probiotics are described as:
Antibiotics

Beneficial bacteria
Immune cells
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Neurotransmitters

Acute stress changes intestinal:
A. Size

B. Color

C. Permeability

D. Temperature

Stress-induced dysbiosis refers to:

A. Disruption of healthy microbiome balance
B. Increased beneficial bacteria

C. Improved gut health

D. Elimination of all bacteria

Which intervention shows benefits for both gut and mental health?
A. Antibiotics only

B. Surgery

C. High-sugar diet

D. Mindfulness and exercise

The passage suggests that universal microbiome treatments are unlikely because:
A. All people are identical

B. Individual microbiome variation is enormous

C. No one has studied it

D. Bacteria don't affect health

Fecal microbiota transplantation for psychiatric applications is currently:
A. Standard treatment

B. Widely approved

C. Experimental

D. Proven ineffective

The passage recommends maintaining microbiome health through:
A. Antibiotics

B. Fasting

C. Avoiding all bacteria



D. Diverse diet and adequate fiber

32. Short-chain fatty acids like butyrate can:
Cross the blood-brain barrier

Only stay in the gut

Damage brain cells

Have no effect on the brain
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33. The gut microbiome comprises:
Millions of bacteria
Hundreds of bacteria
Trillions of bacteria
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No bacteria

34. According to the passage, current evidence supports:
Probiotics curing all mental illness

Modest approaches to microbiome health
Ignoring gut bacteria entirely

oSO w

Only pharmaceutical treatments

PASSAGE III

Vertical farming represents a radical reimagining of agriculture, growing crops in stacked layers within
controlled indoor environments rather than traditional horizontal fields. Proponents argue this approach
could address food security challenges posed by population growth, urbanization, and climate change,
while critics question economic viability and energy requirements. As technology advances, vertical
farming's role in future food systems remains debated but increasingly relevant.

The controlled environment of vertical farms offers significant advantages. Year-round production
independent of weather eliminates seasonal limitations and crop failures from droughts or floods. Precise
control over light, temperature, humidity, and nutrients optimizes growth conditions, often producing
higher yields per square foot than conventional farming. LED technology allows tailoring light spectra to
specific crops, enhancing growth rates and nutritional content. Closed systems dramatically reduce water
usage—up to 95% less than field agriculture—by recirculating water rather than losing it to soil absorption
and evaporation. Eliminating pesticides in sealed environments produces cleaner crops while avoiding
agricultural runoff that pollutes waterways.

Urban location provides unique benefits and challenges. Proximity to consumers reduces transportation
costs, fuel consumption, and food waste from spoilage during long-distance shipping. Fresh produce
reaches markets within hours of harvest, improving nutritional quality and flavor. Vacant urban buildings



can be converted to farms, revitalizing economically depressed areas and providing local employment.
However, real estate costs in cities can be prohibitive, and zoning regulations may restrict agricultural use
of commercial or residential buildings.

Energy consumption represents vertical farming's most significant challenge. Artificial lighting, climate
control, and automation require substantial electricity. Critics argue that energy costs can exceed economic
benefits, particularly when electricity comes from fossil fuels, potentially creating a larger carbon footprint
than conventional agriculture despite reduced transportation. Proponents counter that renewable energy
sources—solar panels on building roofs, wind power, or hydroelectric grids—can power vertical farms
sustainably. Additionally, as LED efficiency improves and energy costs decline, economics may shift
favorably. Some facilities capture waste heat for building climate control, improving overall energy
efficiency.

Crop limitations currently constrain vertical farming's scope. Leafy greens, herbs, and strawberries thrive
in vertical systems and dominate current production because they grow quickly, have high market value,
and don't require pollination. Staple crops like wheat, corn, and rice remain economically impractical due
to their low value-to-space ratio and longer growth cycles. Tree fruits are physically incompatible with
stacked systems. Until technology advances sufficiently to make staple crops viable, vertical farming will
supplement rather than replace traditional agriculture, focusing on high-value crops for urban markets.

Future developments may expand vertical farming's potential. Automation and robotics could reduce labor
costs significantly. Genetic modification or selective breeding might create crop varieties specifically
optimized for indoor conditions. Integration with aquaculture (aquaponics) uses fish waste to fertilize
plants while plants filter water for fish, creating circular systems. Some researchers envision vertical farms
as components of broader urban sustainability strategies, incorporating renewable energy, rainwater
harvesting, and organic waste recycling. Whether vertical farming becomes mainstream agriculture or
remains a niche solution for specific crops and markets will depend on technological innovation, energy
costs, and society's prioritization of sustainability versus short-term economics.

35. Vertical farming grows crops:

In stacked layers indoors

In traditional horizontal fields
Only in greenhouses
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Underground exclusively

36. Compared to conventional farming, vertical farms can use up to what percentage less water?
50%
70%
80%
95%

oCcnwp



37.

38.

39.

40.

41.

42.

43.

LED technology in vertical farms allows:

oONwp

Random light exposure

Tailoring light spectra to specific crops
Complete darkness

Only natural sunlight

Urban location of vertical farms reduces:

oow

Crop yields

Water usage

Transportation costs and food waste
Nutritional quality

The most significant challenge for vertical farming is:

oo w

Energy consumption
Lack of plants

Too much water
Excessive cold

Critics argue that vertical farm energy use can:

oSN wp

Eliminate all pollution

Have no environmental impact

Reduce all costs to zero

Create a larger carbon footprint than conventional farming

Proponents suggest vertical farms can be powered sustainably by:

Cawp>

Only fossil fuels

No energy sources

Renewable energy like solar and wind
Nuclear power exclusively

Which crops currently dominate vertical farm production?

oS0 wp

Wheat and corn

Leafy greens and herbs
Tree fruits

Root vegetables only

Staple crops like wheat and rice are impractical in vertical farms because:

A.
B.
C.

Low value-to-space ratio and longer growth cycles
They grow too quickly
They're too valuable



44,

45.

46.

47.

48.

49.

50.

D. They require no light

Aquaponics integrates vertical farming with:
A. Poultry farming

B. Cattle ranching

C. Mining

D. Aquaculture (fish farming)

In aquaponics systems, fish waste:
A. Is discarded

B. Contaminates plants

C. Fertilizes plants

D. Has no use

The passage suggests vertical farming will likely:
Immediately replace all agriculture

Supplement rather than replace traditional farming
Disappear completely

oSO w

Only work in deserts

Vacant urban buildings converted to vertical farms can:
Only decrease property values

Serve no purpose

Increase pollution

Revitalize economically depressed areas

oSN wp

Vertical farms eliminate pesticides by:
Using sealed environments
Increasing pesticide use

Ignoring pests

Growing no crops

oSOow >

Closed systems in vertical farms recirculate water rather than:

Using any water

Growing crops

Losing it to soil absorption and evaporation
Producing food

oSO wp

Whether vertical farming becomes mainstream depends on:

A. Nothing



B. Only government mandates
C. Only consumer preference
D. Technological innovation, energy costs, and sustainability priorities

Quantitative Reasoning

1. What is the area of a triangle with base 10 cm and height 8 cm?
80 cm?
18 cm?
40 cm?
20 cm?

oow

2. Solve forx: 6x-9=27
4

oONw

6
9
3

3. What is the value of 4° + 22?
24
48
60
68

oONw

4. If25% of a number 1s 60, what is the number?
240

15

150

120

Cawp>

5. What is the perimeter of a square with area 64 cm??
A. 16 cm
B. 8cm
C. 32cm
D. 64 cm

6. Simplify: (8x*y?) / (2x%y)
A. 4x?y?
B. 6x*y?



10.

11.

12.

13.

C. 4x?y?
D. 8xy?

What is the slope of a line passing through points (3, 7) and (5, 13)?

3

oow
EA O]

—

Convert 5/8 to a decimal.
A. 0.58

B. 0.625

C. 05

D. 0.75

What is the volume of a cube with edge length 6 cm?
36 cm?

144 cm?®

216 cm’

72 cm?

oONwp

Solve the inequality: 5x + 3 <28
A x<7
B. x<5
C. x<6
D. x>5

If x2 = 121, what are the possible values of x?
A. 11 only

B. -11 only

C. 60.5

D. +11

What is the median of the set {16, 22, 19, 28, 25}?
A. 19
25
22
. 28

oNw

A car travels 300 miles in 5 hours. What is its average speed?



60 mph
50 mph
70 mph
65 mph

oO0w

. What is 3/5 + 1/10?
4/15

7/10

172

4/10

oWy

. What is the distance between points (2, 5) and (6, 8)?
A7

B.
C.
D.

whn W B

. What is [-15| + |8|?
A7
B. -7
C. 23
D. -23

.If 6/x = 18/24, what is x?
A. 8
B. 12

C. 4

D. 6

. What is the surface area of a cube with edge length 4 cm?

64 cm?

48 cm?

16 cm?
96 cm?

oCawp>

. Solve the system: x +y=15andx -y =5
A x=8y=7
B. x=9,y=6
C. x=12,y=3
D. x=10,y=5



. What is sin 60°?
A. 12

B. \2/2

C. \32

D. 1

. If a rectangle has perimeter 50 cm and length 15 cm, what is its width?
S5cm

10 cm

20 cm

25 cm

oo w

. What is the greatest common factor (GCF) of 36 and 48?
A. 12

B. 4

C. 6

D. 24

. A triangle has angles measuring 55°, 70°, and x°. What is x?
45°
50°
60°
55°

Cawp>

. What is the value of 52 - 32?
A. 2

B. 4

C. 16

D. 8

. Simplify: 2/3 - 1/6
1/3

1/2

2/3
1/6

Cnowp>

. A cylinder has radius 5 cm and height 6 cm. What is its volume? (Use n = 3.14)
A. 942 cm?
B. 150 cm?



C. 188.4 cm?
D. 471 cm?

. What is 30 decreased by 20%?
24
10
26
28

oow

.Iftan 6 = 1, what is 0 in degrees (0° < 0 < 90°)?
30°
60°
45°
90°

SOwp

. A rectangular prism has dimensions 3 cm x 4 cm % 7 cm. What is its volume?
14 cm?
84 cm’
72 cm?
48 cm?

oONwp

. What is the least common multiple (LCM) of 10 and 15?
A. 30
B. 5
C. 150
D. 50

. A bag contains 3 red balls and 9 blue balls. What is the probability of drawing a red ball?
1/3
1/4
3/4
12

oSO wp

. What is the range of the dataset: {14, 22, 18, 30, 26}?
A. 18
B. 22
C. 1
D. 16

. Evaluate: f(x) = 5x - 8 when x =4



12
28
20
16

oO0w

. What is 3/8 expressed as a percentage?
A. 38%

B. 0.375%

C. 37.5%

D. 30%

. Solve for x: 3x +4=2x + 11
A. S

B. 6
C. 8
D. 7
. If y varies directly as x, and y = 24 when x = 6, what is y when x = 10?
30

36

48
40

oSN w

. What is cos 30°?
A. 12

B. \2/2

C. \3/2

D. 1

. If a square has area 100 cm?, what is its perimeter?
10 cm
40 cm
25cm
20 cm

oCawp>

. Solve: 4(x - 3)=2x+ 10



40. What is 4/5 - 1/2?
A. 3/10
B. 1/5
C. 2/5
D. 1/10

Answer Explanations - Practice Test 4

Survey Of Natural Sciences

BIOLOGY (Questions 1-40)
1. Correct Answer: A (Mitochondrion)

The mitochondrion is the organelle responsible for producing most of the cell's ATP through cellular
respiration. Mitochondria contain the enzymes for the Krebs cycle and electron transport chain, which
together generate the majority of ATP. Ribosomes synthesize proteins, chloroplasts perform
photosynthesis in plants, and the Golgi apparatus packages and modifies proteins.

2. Correct Answer: C (Prophase, Metaphase, Anaphase, Telophase)

The correct sequence of stages in mitosis is Prophase, Metaphase, Anaphase, Telophase (often
remembered as PMAT). During prophase, chromosomes condense; metaphase involves chromosome
alignment; anaphase features sister chromatid separation; and telophase includes nuclear envelope
reformation.

3. Correct Answer: B (Artery)

Arteries are blood vessels that carry blood away from the heart to the body's tissues. Veins carry blood
toward the heart, capillaries are the smallest vessels where gas exchange occurs, and venules are small
veins that collect blood from capillaries.

4. Correct Answer: A (Amino acid)

The monomer unit of proteins is the amino acid. Proteins are polymers composed of amino acids linked
by peptide bonds. Nucleotides are monomers of nucleic acids, monosaccharides are monomers of
carbohydrates, and fatty acids are components of lipids.

5. Correct Answer: D (Insulin)



Insulin is the hormone released by the pancreas (specifically by beta cells in the islets of Langerhans) to
lower blood glucose levels by promoting glucose uptake into cells. Glucagon raises blood glucose,
epinephrine is a stress hormone, and cortisol is a steroid hormone.

6. Correct Answer: B (Hydrogen bonds)

The pairing of adenine with thymine in DNA is held together by hydrogen bonds (specifically two
hydrogen bonds). Adenine-thymine and guanine-cytosine pairs are connected through hydrogen bonding,
not ionic, covalent, or disulfide bonds. The sugar-phosphate backbone uses covalent bonds.

7. Correct Answer: C (Cerebellum)

The cerebellum is the part of the brain primarily responsible for coordination, balance, and fine motor
control. The cerebrum handles higher cognitive functions, the medulla oblongata controls vital functions
like breathing and heart rate, and the hypothalamus regulates homeostasis.

8. Correct Answer: B (Thylakoid lumen)

The thylakoid lumen is the fluid-filled space inside the thylakoid membranes where hydrogen ions
(protons) accumulate during the light-dependent reactions of photosynthesis. This proton gradient drives
ATP synthesis. The stroma is the fluid outside the thylakoids, and the matrix and intermembrane space are
mitochondrial compartments.

9. Correct Answer: D (Mitral valve)

The mitral valve (also called the bicuspid valve) prevents backflow of blood from the left ventricle into
the left atrium. The tricuspid valve is between the right atrium and ventricle, the pulmonary valve is
between the right ventricle and pulmonary artery, and the aortic valve is between the left ventricle and
aorta.

10. Correct Answer: A (tRNA)

During translation, transfer RNA (tRNA) carries amino acids to the ribosome. Each tRNA has an
anticodon that pairs with the mRNA codon and carries the corresponding amino acid. mRNA carries the
genetic message, rRNA is a structural component of ribosomes, and DNA stores genetic information.

11. Correct Answer: D (Crossing over)

The exchange of genetic material between homologous chromosomes during meiosis is called crossing
over (or recombination). This occurs during prophase I and increases genetic variation. Synapsis is the
pairing of homologous chromosomes, independent assortment refers to random chromosome distribution,
and segregation is the separation of alleles.

12. Correct Answer: A (Uracil)

Uracil is the nitrogenous base found in RNA but not in DNA. In RNA, uracil replaces thymine and pairs
with adenine. Both DNA and RNA contain adenine, guanine, and cytosine.



13. Correct Answer: C (Small intestine)

The small intestine is the primary site of nutrient absorption in the digestive system. It has a large surface
area due to villi and microvilli. The stomach primarily digests proteins, the large intestine absorbs water,
and the esophagus transports food.

14. Correct Answer: A (Pulmonary veins)

Oxygenated blood returns to the heart from the lungs via the pulmonary veins, which empty into the left
atrium. Pulmonary arteries carry deoxygenated blood from the heart to the lungs, the vena cava returns
deoxygenated blood from the body, and the aorta carries oxygenated blood away from the heart.

15. Correct Answer: D (Electron transport chain)

The electron transport chain produces the most ATP during cellular respiration, generating approximately
32-34 ATP molecules per glucose. Glycolysis produces 2 ATP, the Krebs cycle produces 2 ATP, and
fermentation produces 2 ATP.

16. Correct Answer: C (Helicase)

Helicase is the enzyme that unwinds the DNA double helix during replication by breaking the hydrogen
bonds between base pairs. DNA polymerase synthesizes new DNA strands, ligase joins DNA fragments,
and primase synthesizes RNA primers.

17. Correct Answer: B (Pituitary)

The pituitary gland is often called the "master gland" because it regulates other endocrine glands by
releasing hormones that control their functions. The thyroid regulates metabolism, the adrenal glands
produce stress hormones, and the pineal gland produces melatonin.

18. Correct Answer: A (Ribosome)

Protein synthesis occurs in ribosomes, which can be free in the cytoplasm or bound to the rough
endoplasmic reticulum. Ribosomes read mRNA and catalyze peptide bond formation. Lysosomes digest
materials, peroxisomes break down fatty acids, and vacuoles store substances.

19. Correct Answer: D (Plasma)

The fluid portion of blood is called plasma. It contains water, proteins, electrolytes, nutrients, hormones,
and waste products. Serum is plasma without clotting factors, lymph is fluid in the lymphatic system, and
interstitial fluid surrounds tissue cells.

20. Correct Answer: C (Active transport)

Active transport moves substances against their concentration gradient (from low to high concentration)
and requires energy (ATP). Diffusion and osmosis are passive processes that move substances down
concentration gradients, and facilitated diffusion uses carrier proteins but doesn't require energy.



21. Correct Answer: B (Ovule)

The ovule is the reproductive structure in flowering plants that develops into a seed after fertilization. It
contains the egg cell and develops into the seed after the egg is fertilized. The pollen grain contains sperm
cells, the stigma receives pollen, and the anther produces pollen.

22. Correct Answer: D (Meiosis)

Meiosis is the type of cell division that results in gametes (sex cells) with half the chromosome number
(haploid). Mitosis produces two diploid daughter cells, binary fission is bacterial division, and budding is
a form of asexual reproduction.

23. Correct Answer: C (Cytoplasm)

The cytoplasm is the semifluid substance inside the cell membrane but outside the nucleus, containing
organelles and cellular components. Nucleoplasm is inside the nucleus, nucleoid is the bacterial DNA
region, and stroma is the fluid in chloroplasts.

24. Correct Answer: C (Epinephrine)

Epinephrine (also called adrenaline) is the hormone responsible for stimulating the fight-or-flight
response. It increases heart rate, blood pressure, and energy availability. Insulin regulates blood glucose,
thyroxine regulates metabolism, and melatonin regulates sleep-wake cycles.

25. Correct Answer: B (Amnion)

The amnion is the structure that protects the developing embryo in terrestrial vertebrates by forming a
fluid-filled sac around it. The placenta exchanges nutrients and wastes, the chorion contributes to the
placenta, and the allantois stores waste in reptiles and birds.

26. Correct Answer: A (Transpiration)

Transpiration is the process by which plants lose water vapor through their stomata (small pores in leaves).
This process helps move water and nutrients from roots to leaves. Respiration is cellular energy
production, photosynthesis produces glucose, and guttation is liquid water loss from leaf edges.

27. Correct Answer: D (Platelets)

Platelets (thrombocytes) are the blood component primarily responsible for blood clotting. They aggregate
at injury sites and release clotting factors. Red blood cells transport oxygen, white blood cells fight
infection, and plasma is the liquid portion of blood.

28. Correct Answer: C (Stroma)

The light-independent reactions of photosynthesis (Calvin cycle) occur in the stroma, the fluid-filled space
surrounding the thylakoid membranes inside chloroplasts. The light-dependent reactions occur in the
thylakoid membrane.



29. Correct Answer: B (Umbilical cord)

The umbilical cord connects the fetus to the placenta, containing blood vessels that transport nutrients and
oxygen to the fetus and carry waste products away. The yolk sac provides early nutrition, the amnion
forms the protective sac, and the cervix is the opening of the uterus.

30. Correct Answer: C (A-T and C-G)

The correct base pairing in DNA is adenine with thymine (A-T) and cytosine with guanine (C-G). These
pairs are held together by hydrogen bonds following Chargaff's rules. In RNA, uracil replaces thymine.

31. Correct Answer: B (B cells (plasma cells))

Antibodies are produced by B cells, specifically plasma cells which are differentiated B lymphocytes.
When B cells encounter their specific antigen, they differentiate into plasma cells that secrete large
quantities of antibodies. T cells are involved in cell-mediated immunity, macrophages engulf pathogens,
and natural killer cells destroy infected cells.

32. Correct Answer: B (Dendrite)

The dendrite is the region of a neuron that receives signals from other neurons. Dendrites are branched
extensions that receive neurotransmitters at synapses. The axon transmits signals away from the cell body,
and the axon terminal releases neurotransmitters.

33. Correct Answer: A (Glycolysis)

Glycolysis occurs in the cytoplasm and breaks down glucose into two pyruvate molecules, producing 2
ATP and 2 NADH. The Krebs cycle, electron transport chain, and oxidative phosphorylation all occur in
mitochondria.

34. Correct Answer: D (RNA)

The product of transcription is RNA (specifically mRNA in most cases). During transcription, DNA is
used as a template to synthesize RNA. Translation then uses mRNA to produce proteins. DNA is the
template, not the product.

35. Correct Answer: C (Glomerulus)

The glomerulus is the kidney structure responsible for filtering blood. It is a network of capillaries where
blood pressure forces water and small molecules into Bowman's capsule. The collecting duct concentrates
urine, the Loop of Henle establishes osmotic gradients, and the ureter transports urine to the bladder.

36. Correct Answer: B (Chlorophyll)

Chlorophyll is the pigment that gives plants their green color and captures light energy for photosynthesis.
It absorbs red and blue light while reflecting green light. Carotene and xanthophyll are accessory pigments,
and anthocyanin produces red/purple colors.



37. Correct Answer: D (Left atrium)

The left atrium receives oxygenated blood from the lungs via the pulmonary veins. The right atrium
receives deoxygenated blood from the body, the right ventricle pumps blood to the lungs, and the left
ventricle pumps oxygenated blood to the body.

38. Correct Answer: A (DNA)

DNA (deoxyribonucleic acid) is the molecule that stores and transmits genetic information in most
organisms. The genetic code is written in the sequence of nucleotides. RNA stores genetic information in
some viruses, proteins are gene products, and lipids form membranes.

39. Correct Answer: C (Oxygen)

During aerobic respiration, oxygen serves as the final electron acceptor in the electron transport chain.
Electrons are passed through protein complexes and ultimately combine with oxygen and hydrogen ions
to form water. Carbon dioxide is a waste product, and NAD+ is an electron carrier.

40. Correct Answer: B (Fallopian tube)

The fallopian tube (oviduct or uterine tube) is the site of fertilization in the female reproductive system.
The egg is released from the ovary and fertilization typically occurs in the ampulla region of the fallopian
tube. The uterus is where the embryo implants, the ovary produces eggs, and the vagina is the birth canal.

GENERAL CHEMISTRY (Questions 41-70)
41. Correct Answer: A (+1)

A proton has a charge of +1 (or +1.602 % 107" coulombs). Protons are positively charged particles found
in the atomic nucleus. Electrons have a charge of -1, neutrons have a charge of 0, and +2 would be the
charge of a doubly charged cation.

42. Correct Answer: D (Neon)

The electron configuration 1s* 2s* 2p® represents neon (Ne), which has atomic number 10. The
configuration shows 2 electrons in the first shell and 8 electrons in the second shell, totaling 10 electrons.
Oxygen has 8 electrons, nitrogen has 7, and fluorine has 9.

43. Correct Answer: C (5)

The pH of a solution with [H*] = 1 x 10~ M is calculated using pH = -log[H*] = -log(10~°) = 5. This
represents a weakly acidic solution.

44. Correct Answer: B (Reactants)



In a chemical reaction, substances that are consumed are called reactants. They appear on the left side of
a chemical equation and are transformed into products. Products are formed, catalysts speed reactions
without being consumed, and intermediates are temporary species.

45. Correct Answer: D (Tetrahedral)

The molecular geometry of methane (CHa4) is tetrahedral. The carbon atom forms four single bonds with
hydrogen atoms arranged in a tetrahedral shape with bond angles of approximately 109.5°. This geometry
minimizes electron pair repulsion according to VSEPR theory.

46. Correct Answer: A (0.5 mol)

The number of moles is calculated using: moles = mass/molecular weight = 22 g / 44 g/mol = 0.5 mol.
This tests understanding of the relationship between mass, molar mass, and moles.

47. Correct Answer: C (Hydrogen bonding)

Among intermolecular forces, hydrogen bonding is the strongest. It occurs when hydrogen is bonded to
highly electronegative atoms (N, O, or F). London dispersion forces are the weakest, dipole-dipole forces
are intermediate, and ionic bonding is actually an intramolecular (not intermolecular) force.

48. Correct Answer: B (+4)

In SO: (sulfur dioxide), oxygen has an oxidation state of -2. Using the rule that the sum equals 0 for a
neutral molecule: S + 2(-2) = 0, which gives S + (-4) =0, so S =+4.

49. Correct Answer: A (Boyle's Law)

Boyle's Law states that volume is inversely proportional to pressure at constant temperature: P1Vi = P>Va.
Charles's Law relates volume and temperature, Avogadro's Law relates volume and moles, and Dalton's
Law relates partial pressures.

50. Correct Answer: D (Catalyst)

A catalyst is a substance that speeds up a chemical reaction without being consumed. Catalysts lower the
activation energy but don't appear in the overall chemical equation. Reactants are consumed, products are
formed, and inhibitors slow reactions.

51. Correct Answer: B (Protons)

The atomic number of an element represents the number of protons in its nucleus. This number uniquely
identifies each element and determines its position in the periodic table. In a neutral atom, the number of
protons equals the number of electrons.

52. Correct Answer: C (14)

The mass number is the sum of protons and neutrons: 6 protons + 8 neutrons = 14. The number of electrons
doesn't contribute to mass number. This represents carbon-14, a radioactive isotope.



53. Correct Answer: D (Principal (n))

The principal quantum number (n) describes the energy level of an electron and determines the size of the
orbital. It can have integer values 1, 2, 3, etc. The angular momentum quantum number (1) describes shape,
magnetic (m) describes orientation, and spin (s) describes electron spin.

54. Correct Answer: A (Transfer of electrons)

An ionic bond is formed by the transfer of electrons from one atom to another, creating positive and
negative ions that attract each other. Covalent bonds involve sharing electrons, and metallic bonding
involves delocalized electrons in metals.

55. Correct Answer: B (Simplest whole number ratio of atoms)

The empirical formula represents the simplest whole number ratio of atoms in a compound. For example,
the empirical formula of glucose (CsH120s) is CH20. The molecular formula shows the actual number of
atoms.

56. Correct Answer: C (0.5 M)

Molarity (M) is calculated as moles of solute divided by liters of solution: M = 1 mole / 2 liters = 0.5 M.
This represents a dilute solution.

57. Correct Answer: A (Chemical properties)

In the periodic table, elements in the same group (vertical column) have similar chemical properties
because they have the same number of valence electrons. Atomic masses, number of neutrons, and atomic
numbers vary within a group.

58. Correct Answer: D (Negative)

The enthalpy change (AH) for an exothermic reaction is negative because the reaction releases heat energy
to the surroundings. Endothermic reactions have positive AH values as they absorb heat.

59. Correct Answer: B (1s* 2s* 2p®)

The electron configuration 1s* 2s* 2p® represents a noble gas (neon) with a complete outer shell of 8
electrons. Noble gases have filled valence shells, making them stable and unreactive.

60. Correct Answer: C (Sublimation)

Sublimation is the process in which a solid changes directly to a gas without passing through the liquid
phase. Examples include dry ice (solid CO-) and iodine. Melting is solid to liquid, evaporation is liquid to
gas, and deposition is gas to solid.

61. Correct Answer: A (Left to right)



Electronegativity generally increases across a period from left to right because nuclear charge increases
while atomic radius decreases, making atoms more able to attract electrons. Electronegativity decreases
down a group.

62. Correct Answer: D (Reduced)

In a redox reaction, the substance that gains electrons is reduced. The substance that loses electrons is
oxidized. The oxidizing agent gains electrons (is reduced), and the reducing agent loses electrons (is
oxidized). Remember: "OIL RIG" - Oxidation Is Loss, Reduction Is Gain.

63. Correct Answer: C (104.5°)

The bond angle in water (H20) is approximately 104.5°. This is less than the ideal tetrahedral angle
(109.5°) because the two lone pairs on oxygen repel the bonding pairs more strongly, compressing the H-
O-H angle.

64. Correct Answer: B (Freezing point depression)

Freezing point depression is a colligative property that depends on the number of solute particles in
solution, not their identity. Other colligative properties include boiling point elevation, vapor pressure
lowering, and osmotic pressure. Color, density, and pH are not colligative properties.

65. Correct Answer: D (K = [C]/[A][B])

The equilibrium constant expression for the reaction A + B = C is K= [C]/[A][B], where brackets indicate
molar concentrations. Products are in the numerator, reactants in the denominator, each raised to the power
of their stoichiometric coefficient.

66. Correct Answer: A (Neutrons)

Isotopes of an element have the same number of protons (which defines the element) but different numbers
of neutrons. This gives them different mass numbers but the same atomic number. For example, carbon-
12 and carbon-14 are isotopes.

67. Correct Answer: C (1 gram by 1°C)

The specific heat capacity of a substance is the energy required to raise the temperature of 1 gram of the
substance by 1°C (or 1 Kelvin). Water has a high specific heat capacity of approximately 4.18 J/(g-°C).

68. Correct Answer: B (Less than 7)

In an acidic solution, the pH is less than 7. A pH of 7 is neutral, and pH greater than 7 is basic. The pH
scale ranges from 0 to 14, with lower values being more acidic.

69. Correct Answer: D (Increased temperature)



The rate of a chemical reaction generally increases with increased temperature because molecules have
more kinetic energy, resulting in more frequent and energetic collisions. Decreased concentration, lower
temperature, and larger particle size all decrease reaction rates.

70. Correct Answer: A (6.02 x 10%)

Avogadro's number is approximately 6.02 x 10%, representing the number of particles (atoms, molecules,
or ions) in one mole of a substance. This fundamental constant is used extensively in stoichiometry
calculations.

ORGANIC CHEMISTRY (Questions 71-100)
71. Correct Answer: C (Cp,Hz,+2)

The general formula for alkanes is CoHzq+2, where n is the number of carbon atoms. Alkanes are saturated
hydrocarbons with single bonds. For example, methane is CH4 (n=1: CiHs = CH2"?), ethane is C2Hs (n=2:
C:Hasz = C2H6).

72. Correct Answer: D (C=0 bonded to two carbons)

The functional group that characterizes ketones is a carbonyl (C=0O) bonded to two carbon atoms. This
distinguishes ketones from aldehydes, where the carbonyl is bonded to at least one hydrogen. -OH is
hydroxyl (alcohols), -COOH is carboxyl (carboxylic acids), and -NH: is amino (amines).

73. Correct Answer: A (Propane)

The TUPAC name for CHsCH2CHs is propane. This is a straight-chain alkane with three carbon atoms.
The systematic naming is: prop- (3 carbons) + -ane (alkane) = propane.

74. Correct Answer: D (Constitutional isomers)

Constitutional isomers (also called structural isomers) have the same molecular formula but different
structural formulas—the atoms are connected in different orders. Enantiomers are mirror-image
stereoisomers, conformers are different rotational arrangements, and diastereomers are non-mirror-image
stereoisomers.

75. Correct Answer: B (Hydrogenation)

The reaction of an alkene with hydrogen in the presence of a catalyst (such as Pt, Pd, or Ni) is called
hydrogenation. This adds hydrogen across the double bond to form an alkane. Halogenation adds
halogens, hydration adds water, and oxidation changes oxidation state.

76. Correct Answer: C (Substrate only)



In an SN1 reaction, the rate depends only on the concentration of the substrate (the molecule undergoing
substitution). The rate-determining step is carbocation formation, which is unimolecular. SN2 reactions
depend on both substrate and nucleophile concentrations.

77. Correct Answer: D (Ethanol)

Ethanol would be most soluble in water among these options because it contains a hydroxyl (-OH) group
that can form hydrogen bonds with water. Hexane, benzene, and toluene are nonpolar hydrocarbons with
very low water solubility.

78. Correct Answer: A (sp?)

The hybridization of carbon in ethene (C2Ha4) is sp®. Each carbon forms three sigma bonds (one C-C and
two C-H) and one pi bond (the second bond in C=C), requiring three hybrid orbitals from sp? hybridization.

79. Correct Answer: C (Addition reactions to alkenes)

Markovnikov's rule applies to addition reactions to alkenes, predicting that in the addition of HX to an
unsymmetrical alkene, the hydrogen adds to the carbon with more hydrogens (less substituted carbon),
and X adds to the more substituted carbon.

80. Correct Answer: B (KMnQ.)

Potassium permanganate (KMnQO.), a strong oxidizing agent, would oxidize a primary alcohol all the way
to a carboxylic acid. NaBH4 and LiAlHa4 are reducing agents, and Mg is used in Grignard reagent
formation.

81. Correct Answer: A (Alkoxide and alkyl halide)

The Williamson ether synthesis involves the SN2 reaction of an alkoxide ion (RO") with an alkyl halide
(R'X) to form an ether (R-O-R'). The alkoxide acts as a nucleophile attacking the alkyl halide.

82. Correct Answer: B (Delocalized & electrons)

Aromatic compounds are characterized by delocalized & electrons in a cyclic, planar, conjugated system
following Hiickel's rule (4n+2 m electrons). This delocalization provides unusual stability. Aromatic
compounds are generally less reactive than alkenes.

83. Correct Answer: C (They rotate plane-polarized light in opposite directions)

Enantiomers are non-superimposable mirror images that rotate plane-polarized light in opposite directions
(one rotates light clockwise, the other counterclockwise). They have identical physical properties except
for optical activity, the same molecular formula, and are mirror images.

84. Correct Answer: A (RMgX)



The Grignard reagent has the general formula RMgX, where R is an alkyl or aryl group and X is a halogen
(usually Br or I). Grignard reagents are important nucleophiles that react with carbonyl compounds. RLi
is an organolithium reagent, ROH is an alcohol, and RX is an alkyl halide.

85. Correct Answer: D (-OH)

In electrophilic aromatic substitution, the hydroxyl group (-OH) is an activating group that increases the
reactivity of the benzene ring and directs incoming groups to ortho and para positions through resonance
donation of electrons. -NO-, -CN, and -COOH are all deactivating groups.

86. Correct Answer: B (Alkene)

The dehydration of an alcohol (removal of water) produces an alkene. For example, heating ethanol with
concentrated sulfuric acid produces ethene: CH;:CH.OH — CH>=CH: + H20. This is an elimination
reaction.

87. Correct Answer: A (a-carbon)

The a-carbon (the carbon adjacent to the carbonyl group) is the most acidic carbon in a carbonyl compound
because the resulting enolate anion after proton removal is stabilized by resonance with the carbonyl
group. The carbonyl carbon itself is electrophilic, not acidic.

88. Correct Answer: D (Secondary alcohol)

The reduction of a ketone produces a secondary alcohol. Reducing agents like NaBHa4 or LiAlH add
hydrogen to the carbonyl, converting R.C=0 to R.CHOH. Aldehydes reduce to primary alcohols.

89. Correct Answer: C (Carboxylic acid and alcohol)

Fischer esterification involves the reaction between a carboxylic acid and an alcohol in the presence of an
acid catalyst to produce an ester and water: RCOOH + R'OH = RCOOR' + H:O.

90. Correct Answer: B (One signal)

In '"H NMR spectroscopy, equivalent (chemically identical) hydrogens produce one signal. The number of
signals indicates the number of different hydrogen environments, not the total number of hydrogens.
Integration shows how many hydrogens contribute to each signal.

91. Correct Answer: D ([4+2] cycloaddition)

The Diels-Alder reaction is a [4+2] cycloaddition between a conjugated diene (4 m electrons) and a
dienophile (2 & electrons) to form a six-membered ring. This is a concerted, pericyclic reaction that occurs
in a single step.

92. Correct Answer: A (IN)



Iodide (I") is the best leaving group among these options because it is the weakest base and largest halide,
making it most stable when it leaves. Leaving group ability follows: I" > Br~> CI- >>F~. OH and NH.~
are strong bases and very poor leaving groups.

93. Correct Answer: A (Elimination of HX from alkyl halides)

Alkenes can be prepared by elimination of HX from alkyl halides (dehydrohalogenation). Treating an
alkyl halide with a strong base removes HX to form a double bond. Hydrogenation of alkanes doesn't form
alkenes, oxidation of alcohols forms carbonyl compounds, and reduction of aldehydes forms alcohols.

94. Correct Answer: C (Zaitsev's rule)

The major product of E2 elimination typically follows Zaitsev's rule, which states that the most substituted
(most stable) alkene is the major product. The base preferentially removes the hydrogen from the carbon
with fewer hydrogens, creating the more substituted double bond.

95. Correct Answer: D (Hydrolysis)

Hydrolysis of an alkyl halide (reaction with water or hydroxide) converts it to an alcohol. For example,
RX + OH™ — ROH + X". Dehydration removes water from alcohols, halogenation adds halogens, and
dehydrohalogenation removes HX to form alkenes.

96. Correct Answer: B (Tollens' reagent)

Tollens' reagent (silver mirror test) can distinguish aldehydes from ketones. Aldehydes are oxidized by
Tollens' reagent, reducing Ag* to metallic silver which deposits as a mirror. Ketones do not react. NaBHa
reduces both, H2/Pd hydrogenates C=C bonds, and Br: tests for unsaturation.

97. Correct Answer: D (Anti-Markovnikov alcohol)

The hydroboration-oxidation of alkenes (BHs then H.0»/OH") produces anti-Markovnikov alcohols, with
the OH group adding to the less substituted carbon. This is opposite to Markovnikov's rule and occurs via
a different mechanism than acid-catalyzed hydration.

98. Correct Answer: A (At least one carbon with four different groups)

A chiral molecule must have at least one carbon (chiral center or stereocenter) with four different groups
attached. This creates non-superimposable mirror images (enantiomers). Molecules with planes of
symmetry or identical substituents are achiral.

99. Correct Answer: C (Carboxylic acid)

The Jones oxidation (using Jones reagent: CrOs/H2SO4) of a primary alcohol yields a carboxylic acid.
Milder oxidizing agents like PCC produce aldehydes from primary alcohols. Secondary alcohols oxidize
to ketones.

100. Correct Answer: B (Inversion of configuration)



SN2 reactions proceed with inversion of configuration at the stereocenter. The nucleophile attacks from
the backside (opposite the leaving group), causing an "umbrella flip" of the three remaining groups. This
is called Walden inversion. SN1 reactions typically give racemization.

Perceptual Ability Test

ANGLE DISCRIMINATION (Questions 1-15)
1. Correct Answer: B (2-1-3-4)

The angles in order from smallest to largest are: Angle 2 (45°) <Angle 1 (52°) <Angle 3 (60°) < Angle 4
(68°). This gives the sequence 2-1-3-4, correctly ranking all four angles from smallest to largest based on
their degree measurements.

2. Correct Answer: C (S-Q-P-R)

The angles rank as: Angle S (56°) < Angle Q (64°) <Angle P (72°) <Angle R (80°). The sequence S-Q-
P-R correctly orders these angles from smallest to largest.

3. Correct Answer: D (3-1-2-4)

The angles in order are: Angle 3 (28°) < Angle 1 (33°) < Angle 2 (41°) < Angle 4 (47°). This ranking
correctly sequences the four angles from smallest to largest.

4. Correct Answer: D (B-D-A-C)

The angles rank as: Angle B (78°) <Angle D (82°) <Angle A (85°) <Angle C (90°). The sequence B-D-
A-C correctly orders these angles from smallest to largest.

5. Correct Answer: A (W-Y-X-Z)

Angle W = 30° (one-third of 90°), Angle X = 55°, Angle Y =42°, Angle Z = 65°. Ordering from smallest
to largest: W (30°) <Y (42°) <X (55°) <Z (65°). The sequence W-Y-X-Z is correct.

6. Correct Answer: C (1-3-2-4)

The angles rank as: Angle 1 (20°) <Angle 3 (28°) <Angle 2 (35°) <Angle 4 (42°). This sequence correctly
orders the angles from smallest to largest.

7. Correct Answer: B (O-M-P-N)

The angles in order are: Angle O (58°) < Angle M (63°) < Angle P (70°) < Angle N (75°). The sequence
O-M-P-N correctly ranks these angles.



8. Correct Answer: A (1-2-3-4)

The angles rank as: Angle 1 (16°) <Angle 2 (24°) < Angle 3 (30°) <Angle 4 (38°). This sequence correctly
orders all four angles from smallest to largest, which are already in numerical order.

9. Correct Answer: D (C-A-B-D)

The angles in order are: Angle C (40°) < Angle A (48°) < Angle B (54°) < Angle D (62°). The sequence
C-A-B-D correctly ranks these angles.

10. Correct Answer: C (2-1-4-3)

The angles rank as: Angle 2 (59°) <Angle 1 (67°) <Angle 4 (71°) <Angle 3 (74°). This sequence correctly
orders the angles from smallest to largest.

11. Correct Answer: A (W-Z-Y-X)

The angles in order are: Angle W (31°) <Angle Z (38°) <Angle Y (44°) < Angle X (49°). The sequence
W-Z-Y-X correctly ranks these angles from smallest to largest.

12. Correct Answer: B (1-2-3-4)

The angles rank as: Angle 1 (19°) <Angle 2 (27°) <Angle 3 (34°) < Angle 4 (40°). This sequence correctly
orders all four angles from smallest to largest, which are already in numerical order.

13. Correct Answer: D (S-Q-P-R)

The angles in order are: Angle S (50°) < Angle Q (53°) < Angle P (66°) < Angle R (76°). The sequence S-
Q-P-R correctly ranks these angles.

14. Correct Answer: A (1-3-2-4)

The angles rank as: Angle 1 (22°) <Angle 3 (30°) <Angle 2 (36°) <Angle 4 (44°). This sequence correctly
orders the angles from smallest to largest.

15. Correct Answer: C (D-A-B-C)

The angles in order are: Angle D (72°) < Angle A (77°) < Angle B (83°) < Angle C (88°). The sequence
D-A-B-C correctly ranks these angles from smallest to largest.

PAPER FOLDING (Questions 16-30)
16. Correct Answer: B (4)

When paper is folded in half once (creating 2 layers) and two holes are punched through both layers,
unfolding reveals 2 x 2 = 4 total holes positioned symmetrically across the fold line.



17. Correct Answer: D (8)

Three folds create 8 layers (2° = 8). One punch through all 8 layers produces 8 holes when completely
unfolded, arranged in a symmetric pattern.

18. Correct Answer: C (6)

One fold creates 2 layers. Punching 3 holes through both layers produces 3 x 2 = 6 total holes when
unfolded.

19. Correct Answer: A (1)

When a hole is punched exactly on the fold line of paper folded once, both layers are punched at the same
location. When unfolded, this appears as a single hole positioned on what was the fold line.

20. Correct Answer: D (16)

Three folds create 8 layers. Punching 2 holes through all 8 layers produces 2 x 8 = 16 total holes when
unfolded.

21. Correct Answer: B (8)

One fold creates 2 layers. Punching 4 holes through both layers produces 4 x 2 = 8 total holes when
unfolded.

22. Correct Answer: C (4)

Two folds create 4 layers (2> = 4). One punch through all 4 layers produces 4 holes when unfolded,
positioned symmetrically based on the two fold lines.

23. Correct Answer: A (2)

A diagonal fold creates 2 layers. One punch away from the fold produces 2 holes when unfolded,
positioned symmetrically across the diagonal fold line.

24. Correct Answer: A (1)

When paper is folded diagonally and a hole is punched exactly on the diagonal fold line, both layers are
punched at the same location. Unfolding reveals 1 hole on the diagonal.

25. Correct Answer: B (2)

When paper is folded in half once (creating 2 layers) and one hole is punched near the edge away from
the fold, unfolding reveals 2 holes positioned symmetrically on each side of the fold line.

26. Correct Answer: D (4)

Two folds create 4 layers. Punching at the point where both folds meet (the center of the original paper)
produces 4 holes when unfolded, clustered near the center in a symmetric pattern.



27. Correct Answer: A (4)

One fold creates 2 layers. Punching 2 holes through both layers produces 2 x 2 = 4 total holes when
unfolded.

28. Correct Answer: C (4)

Two folds create 4 layers. Punching at an edge (not corner) produces 4 holes when unfolded, arranged
along or near one edge in a symmetric pattern.

29. Correct Answer: D (4)

Two folds create 4 layers. Punching a corner of the folded paper produces 4 holes when unfolded,
positioned near corners or edges of the original square in a symmetric pattern.

30. Correct Answer: B (10)

One fold creates 2 layers. Punching 5 holes through both layers produces 5 x 2 = 10 total holes when
unfolded.

CUBE COUNTING (Questions 31-45)
31. Correct Answer: A (6)

Face cubes (1 face exposed) in a 3x3%3 cube: 2[(a-2)(b-2) + (b-2)(c-2) + (a-2)(c-2)] =2[(1)(1) + (1)(1) +
(1)(1)] =2[1+1+1] = 2(3) = 6 face cubes.

32. Correct Answer: C (24)

Edge cubes (2 faces exposed) in a 4x4x4 cube: 4[(a-2) + (b-2) + (c-2)] = 4[(4-2) + (4-2) + (4-2)] =
4[2+2+2] = 4(6) = 24 edge cubes.

33. Correct Answer: D (24)
A 2x3x4 rectangular prism contains 2x3x4 = 24 total unit cubes.
34. Correct Answer: B (2)

In a straight line of 6 cubes, the 2 end cubes each have 5 faces exposed (all faces except the one touching
the adjacent cube). The 4 middle cubes each have 4 faces exposed.

35. Correct Answer: C (27)

Interior cubes (0 faces exposed) formula: (a-2)(b-2)(c-2) = (5-2)(5-2)(5-2) =3 x 3 x 3 = 27 completely
interior cubes in a 5x5x5 cube.

36. Correct Answer: A (8)



Any rectangular prism has exactly 8 corners. A 3x4x2 prism has 8 corner cubes with exactly 3 faces
exposed.

37. Correct Answer: D (12)

Edge cubes (2 faces exposed) in a 3x3x3 cube: 4[(a-2) + (b-2) + (c-2)] = 4[(3-2) + (3-2) + (3-2)] =
4[1+1+1] =4(3) = 12 edge cubes.

38. Correct Answer: B (20)
A 2x2x5 rectangular prism contains 2x2x5 = 20 total unit cubes.
39. Correct Answer: A (24)

Face cubes (1 face exposed) in a 4x4x4 cube: 2[(a-2)(b-2) + (b-2)(c-2) + (a-2)(c-2)] = 2[(2)(2) + (2)(2) +
(2)(2)] = 2[4+4+4] = 2(12) = 24 face cubes.

40. Correct Answer: C (37)

A 5x%3X%3 rectangular prism contains 5x3x3 = 45 total unit cubes. Every rectangular prism has exactly 8
corner cubes. Therefore, cubes that are NOT corner cubes =45 - 8 =37 cubes.

41. Correct Answer: D (5)

In a pyramid structure with specific configuration (9 bottom, 4 middle, 1 top), analyzing the exposed faces
shows that approximately 5 cubes have exactly 4 faces exposed at various positions where they're
surrounded on one or two sides.

42. Correct Answer: B (16)

Edge cubes in a 3x3x4 prism: 4[(3-2) + (3-2) + (4-2)] = 4[1+1+2] = 4(4) = 16 cubes with exactly 2 faces
exposed.

43. Correct Answer: C (3)

In an L-shaped structure with 7 total cubes (5 in a row + 2 stacked on one end), analyzing the configuration
shows approximately 3 cubes have exactly 3 exposed faces at corner-like positions of the L-shape.

44. Correct Answer: A (32)

A 4x4x2 rectangular prism contains 4x4x2 = 32 total cubes. Since one dimension is only 2 (meaning 2-2
= 0), there are no completely interior cubes. All 32 cubes have at least one face exposed.

45. Correct Answer: D (8)

A 2x2x2 cube consists entirely of corner cubes. All 8 unit cubes are at corners where 3 faces meet, so all
8 have exactly 3 faces exposed.



PATTERN FOLDING (Questions 46-60)
46. Correct Answer: B (Open-top cube)

Five squares in a plus/cross shape (one center, four extending from each edge) form an open-top cube
when folded. One square is the bottom, four form the sides, but there's no sixth square for the top, creating
a 5-sided box.

47. Correct Answer: A (Square pyramid)

A net with 1 square and 4 triangles attached to each edge of the square folds into a square pyramid. The
square forms the base, and the four triangles fold upward to meet at a common apex.

48. Correct Answer: C (Triangular prism)

Two triangular faces (the ends) and 3 rectangular faces (wrapping around) form a triangular prism when
folded. This is the standard net for a prism with triangular cross-section.

49. Correct Answer: D (Tetrahedron)

Four equilateral triangles connected in a strip can fold into a tetrahedron (triangular pyramid) where all
four faces are triangles, forming a 4-faced polyhedron.

50. Correct Answer: B (Pentagonal pyramid)

A pentagon base with 5 triangles (one on each edge) folds into a pentagonal pyramid. The triangles meet
at an apex above the pentagonal base.

51. Correct Answer: C (Cube)

Six squares in a T-shape (4 in a row, 1 above and 1 below the second square) is one of the standard nets
for a complete cube. When folded properly, all six faces close to form a cube.

52. Correct Answer: A (Hexagonal prism)

A hexagon with 6 rectangles attached to its edges forms a hexagonal prism. The rectangles wrap around
to form the sides, creating a prism with hexagonal cross-section (though only one hexagonal end is shown
in the net, it creates the prism shape).

53. Correct Answer: D (Partial cube / open box)

Four squares in an L-shape cannot form a complete cube (which requires 6 squares). When folded, it
creates a partial box structure with some faces missing.

54. Correct Answer: B (Rectangular prism)

Six rectangles arranged appropriately fold into a rectangular prism (box shape). The rectangles form the
top, bottom, and four sides.

55. Correct Answer: A (Partial pyramid / missing one face)



With only 3 triangles attached to a square base, this forms an incomplete pyramid missing one triangular
face. A complete square pyramid requires 4 triangular faces plus the base.

56. Correct Answer: B (Hexagonal prism)

Two hexagonal ends connected by 6 rectangles form a complete hexagonal prism. This creates a prism
with hexagonal cross-section.

57. Correct Answer: C (Tetrahedron)

One large triangle with 3 smaller triangles attached to its edges folds into a tetrahedron (triangular
pyramid) with 4 triangular faces total.

58. Correct Answer: A (Cube)

Six equal squares in a cross pattern is a standard cube net. When folded, it forms a complete cube with all
six faces.

59. Correct Answer: D (Irregular polyhedron)

Irregular polygons that don't match standard shapes form an irregular 3D shape when folded that doesn't
fit standard categories like cubes, pyramids, or regular prisms.

60. Correct Answer: A (Open-top cube)

Three squares in a row with 1 square attached to the side of the middle square (T-shape) provides only 4
squares. This can form an open-top cube with one square as bottom and three forming three sides, leaving
two sides and the top open.

APERTURES / KEYHOLES (Questions 61-75)
61. Correct Answer: D (Rectangle)

A rectangular prism (box shape) shows rectangular silhouettes from multiple angles. A rectangle is a
possible aperture shape for this object when oriented appropriately to show a rectangular face.

62. Correct Answer: C (Circle or Triangle)

A cone shows a circular silhouette when viewed from the base and a triangular silhouette when viewed
from the side. Both aperture shapes are possible depending on orientation.

63. Correct Answer: A (Square)

A cube can pass through a square aperture when oriented face-first. Viewing a cube from directly in front
shows a square silhouette, making a square aperture the correct match.

64. Correct Answer: B (Circle)



A sphere viewed from any angle appears as a circle. Therefore, a circular aperture is the shape a sphere
could pass through (assuming the aperture matches the sphere's diameter).

65. Correct Answer: D (Triangle or Rectangle)

A triangular prism shows a triangular silhouette when viewed from the end (showing the triangular face)
and a rectangular silhouette when viewed from the side. Both aperture shapes work.

66. Correct Answer: C (Triangle)

A cylinder can show circle (end view), rectangle (side view), or oval (angled view) silhouettes, but never
a triangular silhouette regardless of orientation. Triangle would NOT work.

67. Correct Answer: B (Square or Triangle)

A square pyramid shows a square silhouette when viewed from the base and triangular silhouettes when
viewed from the sides. Both aperture shapes are possible.

68. Correct Answer: A (Hexagon or Rectangle)

A hexagonal prism shows hexagonal silhouettes from the ends and rectangular silhouettes from the sides.
Both aperture shapes are possible.

69. Correct Answer: C (Triangle)

A tetrahedron has all triangular faces. From any angle, it shows a triangular silhouette, making triangle
the correct aperture shape.

70. Correct Answer: D (Sphere or Cylinder)

Among the 3D objects listed, both sphere and cylinder can pass through a circular aperture. A sphere
shows circles from all angles, and a cylinder shows a circle when viewed along its axis.

71. Correct Answer: A (Triangle or Square)

An octahedron has triangular faces and when viewed from certain angles can show either triangular or
square silhouettes depending on orientation. Both are possible apertures.

72. Correct Answer: D (Pentagon or Rectangle)

A pentagonal prism shows pentagonal silhouettes from the ends and rectangular silhouettes from the sides.
Both aperture shapes are possible.

73. Correct Answer: B (Rectangle)

A rectangular prism can produce rectangular silhouettes from certain angles, but a sphere can only produce
circular silhouettes. A rectangle aperture works for the prism but NOT for the sphere.

74. Correct Answer: A (Triangle)



A cylinder positioned appropriately can show circle (end view), rectangle (side view), or oval (angled)
silhouettes, but cannot produce a triangular silhouette. Triangle is NOT a possible aperture shape.

75. Correct Answer: C (Triangular prism)

A triangular prism can pass through both a triangular aperture (when oriented to show the triangular end
face) and a rectangular aperture (when oriented to show the rectangular side face). The prism's geometry
allows both orientations.

VIEW RECOGNITION (Questions 76-90)
76. Correct Answer: D (Square pyramid)

A square pyramid has a square top view (the base), triangular front view (showing the slant from base to
apex), and triangular side view. This combination uniquely identifies a square pyramid.

77. Correct Answer: B (Cylinder)

A cylinder has a circular top view (looking down the axis), rectangular front view (showing the length and
diameter), and rectangular side view. This combination uniquely identifies a cylinder.

78. Correct Answer: C (Sphere)

A sphere shows identical circular views from all three orthogonal directions (top, front, side) because it's
perfectly round in all directions. Only a sphere has this property among the options.

79. Correct Answer: A (Square)

Viewing a cube from the top shows one square face directly. The top view of a cube is a square matching
the face dimensions.

80. Correct Answer: D (Triangular prism)

A triangular top view with rectangular front and side views identifies a triangular prism. The top shows
the triangular cross-section, while front and side show the length.

81. Correct Answer: B (Hexagonal prism)

A hexagonal top view with rectangular front and side views identifies a hexagonal prism. The prism has
a hexagonal cross-section with length extending perpendicular to it.

82. Correct Answer: A (Rectangle)

Viewing a cylinder from the side (perpendicular to its axis) shows a rectangular silhouette with the length
being the cylinder height and width being the diameter.

83. Correct Answer: C (Cube)



All three views (top, front, side) showing identical squares indicates a cube. Only a cube has this property
where all faces are identical squares and all three orthogonal views are the same.

84. Correct Answer: D (Pentagonal prism)

A pentagonal top view with rectangular front and side views identifies a pentagonal prism. The prism has
a pentagon cross-section with length extending perpendicular to it.

85. Correct Answer: B (Triangle)

Viewing a triangular prism from the end (looking directly at the triangular face) shows a triangle. This is
the cross-sectional shape of the prism.

86. Correct Answer: C (Circle)

Viewing a cone from directly above (top view) shows a circle representing the circular base. The apex is
at the center of this circle.

87. Correct Answer: D (Rectangular prism)

Different rectangular views (rectangle top, rectangle front, square side) indicate a rectangular prism with
different length, width, and height dimensions. The square side view means two dimensions are equal.

88. Correct Answer: A (Square)

A square pyramid viewed from directly above shows a square (the base). The apex is at the center of the
square, but the outline viewed from above is square.

89. Correct Answer: C (Cone)

A cone has a circular top view (looking down at the circular base), triangular front view (showing the
slanted side tapering to a point), and triangular side view. This combination identifies a cone.

90. Correct Answer: B (L-shaped block structure)

An L-shaped top view with rectangular front and side views indicates an L-shaped block structure. The
L-configuration is visible from above while sides show rectangular profiles.

Reading Comprehension

PASSAGE I - Neuroplasticity (Questions 1-17)

1. Correct Answer: B (The brain's ability to reorganize by forming new connections)



The passage defines neuroplasticity as "the brain's ability to reorganize itself by forming new neural
connections throughout life." This fundamental definition appears in the opening sentence and emphasizes
the brain's capacity for change and adaptation.

2. Correct Answer: C (The hippocampus)

The passage states "Adult neurogenesis occurs primarily in the hippocampus, a region critical for memory
formation, and the olfactory bulb." The hippocampus is specifically identified as one of the two main sites
of adult neurogenesis.

3. Correct Answer: A (Experience-dependent structural brain changes)

The London taxi driver study demonstrated experience-dependent plasticity, showing that "their posterior
hippocampi, regions involved in spatial navigation, were significantly larger than controls, with size
correlating to years of driving experience. Learning London's complex street layout literally reshaped their
brain structure."

4. Correct Answer: D (Chronic stress)

The passage explicitly states that "Exercise, environmental enrichment, and learning stimulate
neurogenesis, while chronic stress and aging can suppress it." Chronic stress is identified as a factor that
suppresses neurogenesis.

5. Correct Answer: C (Transferring functions from damaged to undamaged regions)

The passage defines functional neuroplasticity as "the brain's ability to transfer functions from damaged
to undamaged regions, crucial for recovery after stroke or traumatic injury." This distinguishes it from
structural plasticity.

6. Correct Answer: B (Larger than controls)

The passage states that London taxi drivers' "posterior hippocampi, regions involved in spatial navigation,
were significantly larger than controls." The MRI studies revealed increased size compared to control
subjects.

7. Correct Answer: A (The brain is especially receptive to specific inputs)

The passage describes critical periods as "developmental windows when the brain is especially receptive
to specific inputs." These are times of heightened plasticity for particular abilities.

8. Correct Answer: D (Typically requires more effortful practice)

The passage notes that "adult plasticity typically requires more effortful, deliberate practice than childhood
learning." While adults retain substantial plasticity, it demands more conscious effort than childhood
learning.

9. Correct Answer: C (Abnormal brain region reorganization)



The passage explains that "Phantom limb pain in amputees occurs when brain regions formerly devoted
to the missing limb reorganize abnormally." This maladaptive reorganization causes the pain sensation.

10. Correct Answer: B (Repeated pain signals strengthen pain pathways)

The passage states "Chronic pain can result from plasticity gone awry, as repeated pain signals strengthen
pain pathways, making the nervous system hypersensitive." The strengthening of pain pathways through
repetition is the mechanism.

11. Correct Answer: D (Reward circuits)

The passage notes that "Addiction involves plasticity in reward circuits, with drug use creating powerful
neural pathways that override natural reward processing." The reward system is specifically mentioned.

12. Correct Answer: A (Phantom pain)

The passage mentions "treatments targeting neuroplastic mechanisms, including mirror therapy for
phantom pain." Mirror therapy is specifically identified as a treatment for phantom limb pain.

13. Correct Answer: C (Forming new neural pathways linking brain signals to devices)

The passage explains "Brain-computer interfaces help paralyzed patients control prosthetic limbs by
forming new neural pathways linking brain signals to external devices." The formation of new pathways
is the key mechanism.

14. Correct Answer: B (A non-invasive brain stimulation technique)

The passage describes "Non-invasive brain stimulation techniques like transcranial magnetic stimulation
(TMS)" as methods that may enhance plasticity. TMS is characterized as non-invasive.

15. Correct Answer: A (Revolutionary treatments for neurological and psychiatric conditions)

The passage concludes that understanding neuroplasticity mechanisms might "revolutionizing treatment
for neurological and psychiatric conditions." This represents the potential therapeutic impact.

16. Correct Answer: D (Auditory cortex and motor-auditory connections)

The passage states that "musicians show enhanced auditory cortex regions and stronger connections
between motor and auditory areas, demonstrating how intensive practice creates lasting structural
changes."

17. Correct Answer: C (Neuroplasticity's negative consequences)

The passage introduces maladaptive plasticity by stating "Maladaptive plasticity represents
neuroplasticity's darker side," indicating it shows the negative aspects or consequences of plasticity.

PASSAGE II - Gut-Brain Axis (Questions 18-34)



18. Correct Answer: B (The gastrointestinal tract and central nervous system)

The passage defines the gut-brain axis as "bidirectional communication between the gastrointestinal tract
and the central nervous system, linking emotional and cognitive centers with intestinal functions."

19. Correct Answer: D (90%)

The passage states "The vagus nerve provides direct neural connection, transmitting signals in both
directions with approximately 90% of fibers carrying information from gut to brain." This specific
percentage is mentioned.

20. Correct Answer: A (500 million neurons)

The passage notes "The enteric nervous system, containing over 500 million neurons embedded in the
gastrointestinal wall, can function independently but constantly communicates with the central nervous
system."

21. Correct Answer: B (95%)

The passage states "Remarkably, about 95% of the body's serotonin is produced in the gut." This striking
statistic emphasizes the gut's role in neurotransmitter production.

22. Correct Answer: C (Dietary fiber)

The passage explains "Gut bacteria metabolize dietary fiber into short-chain fatty acids like butyrate."
Fiber is the substrate that bacteria convert into butyrate.

23. Correct Answer: D (Abnormal stress responses and social deficits)

The passage notes "Germ-free mice raised without any gut bacteria exhibit abnormal stress responses,
altered brain chemistry, and social behavior deficits that can be partially reversed by introducing specific
bacterial strains."

24. Correct Answer: A (Reduced bacterial diversity)

The passage states "Patients with major depression show distinct microbiome profiles compared to healthy
controls, with reduced bacterial diversity." Lower diversity is the key characteristic.

25. Correct Answer: B (Beneficial bacteria)

The passage defines probiotics as "Probiotic interventions—introducing beneficial bacteria." Probiotics
are beneficial bacterial strains introduced to improve health.

26. Correct Answer: C (Permeability)

The passage explains "Acute stress changes intestinal permeability, allowing bacterial products to enter
the bloodstream and trigger immune responses.”" Permeability refers to the ability of substances to pass
through the intestinal barrier.



27. Correct Answer: A (Disruption of healthy microbiome balance)

The passage states "This stress-induced dysbiosis may contribute to both gastrointestinal symptoms and
mood disturbances." Dysbiosis refers to an imbalance or disruption of the normal microbiome.

28. Correct Answer: D (Mindfulness and exercise)

The passage notes "Interventions targeting stress reduction, including mindfulness and exercise, show
benefits for both gut and mental health, possibly by preserving healthy microbiome composition."

29. Correct Answer: B (Individual microbiome variation is enormous)

The passage states "Individual microbiome variation is enormous, making universal treatments unlikely."
The high degree of individual variation prevents one-size-fits-all treatments.

30. Correct Answer: C (Experimental)

The passage notes "Some researchers explore fecal microbiota transplantation for conditions beyond
gastrointestinal diseases, though this remains experimental for psychiatric applications." It's still in the
experimental stage.

31. Correct Answer: D (Diverse diet and adequate fiber)

The passage recommends "maintaining microbiome health through diverse diet, adequate fiber, fermented
foods, and stress management rather than expecting probiotic supplements to cure mental illness."

32. Correct Answer: A (Cross the blood-brain barrier)

The passage states that butyrate and other short-chain fatty acids "can cross the blood-brain barrier and
affect gene expression in brain cells." This ability to cross the barrier is significant.

33. Correct Answer: C (Trillions of bacteria)

The passage describes "The gut microbiome, comprising trillions of bacteria," emphasizing the vast
number of microorganisms in the gut.

34. Correct Answer: B (Modest approaches to microbiome health)

The passage concludes that "current evidence supports a more modest approach: maintaining microbiome
health through diverse diet, adequate fiber, fermented foods, and stress management." A modest,
preventive approach is recommended over expecting cures.

PASSAGE III - Vertical Farming (Questions 35-50)
35. Correct Answer: A (In stacked layers indoors)

The passage defines vertical farming as "growing crops in stacked layers within controlled indoor
environments rather than traditional horizontal fields." The stacking and indoor nature are key features.



36. Correct Answer: D (95%)

The passage states "Closed systems dramatically reduce water usage—up to 95% less than field
agriculture—by recirculating water rather than losing it to soil absorption and evaporation."

37. Correct Answer: B (Tailoring light spectra to specific crops)

The passage notes "LED technology allows tailoring light spectra to specific crops, enhancing growth
rates and nutritional content." The ability to customize light wavelengths is the advantage.

38. Correct Answer: C (Transportation costs and food waste)

The passage explains "Proximity to consumers reduces transportation costs, fuel consumption, and food
waste from spoilage during long-distance shipping." These are the benefits of urban location.

39. Correct Answer: A (Energy consumption)

The passage states "Energy consumption represents vertical farming's most significant challenge." This is
explicitly identified as the primary obstacle.

40. Correct Answer: D (Create a larger carbon footprint than conventional farming)

The passage notes "Critics argue that energy costs can exceed economic benefits, particularly when
electricity comes from fossil fuels, potentially creating a larger carbon footprint than conventional
agriculture despite reduced transportation."

41. Correct Answer: C (Renewable energy like solar and wind)

The passage states "Proponents counter that renewable energy sources—solar panels on building roofs,
wind power, or hydroelectric grids—can power vertical farms sustainably."

42. Correct Answer: B (Leafy greens and herbs)

The passage notes "Leafy greens, herbs, and strawberries thrive in vertical systems and dominate current
production because they grow quickly, have high market value, and don't require pollination."

43. Correct Answer: A (Low value-to-space ratio and longer growth cycles)

The passage explains "Staple crops like wheat, corn, and rice remain economically impractical due to their
low value-to-space ratio and longer growth cycles." These factors make them unsuitable.

44. Correct Answer: D (Aquaculture (fish farming))

The passage describes "Integration with aquaculture (aquaponics) uses fish waste to fertilize plants while
plants filter water for fish, creating circular systems." Aquaponics combines vertical farming with fish
farming.

45. Correct Answer: C (Fertilizes plants)



The passage states in aquaponics systems, "fish waste to fertilize plants while plants filter water for fish."
The fish waste serves as plant fertilizer.

46. Correct Answer: B (Supplement rather than replace traditional farming)

The passage concludes "Until technology advances sufficiently to make staple crops viable, vertical
farming will supplement rather than replace traditional agriculture, focusing on high-value crops for urban
markets."

47. Correct Answer: D (Revitalize economically depressed areas)

The passage notes "Vacant urban buildings can be converted to farms, revitalizing economically depressed
areas and providing local employment." This represents a community benefit.

48. Correct Answer: A (Using sealed environments)

The passage states "Eliminating pesticides in sealed environments produces cleaner crops while avoiding
agricultural runoff that pollutes waterways." The closed, controlled environment eliminates pest access.

49. Correct Answer: C (Losing it to soil absorption and evaporation)

The passage explains vertical farms "dramatically reduce water usage—up to 95% less than field
agriculture—by recirculating water rather than losing it to soil absorption and evaporation."

50. Correct Answer: D (Technological innovation, energy costs, and sustainability priorities)

The passage concludes "Whether vertical farming becomes mainstream agriculture or remains a niche
solution for specific crops and markets will depend on technological innovation, energy costs, and
society's prioritization of sustainability versus short-term economics."

Quantitative Reasoning

1. Correct Answer: C (40 cm?)

The area of a triangle is calculated using the formula A = (1/2) % base x height. With base = 10 cm and
height =8 cm: A=(1/2) x 10 x 8 =(1/2) x 80 =40 cm?. This is a straightforward application of the triangle
area formula.

2. Correct Answer: B (6)

Solve the equation 6x - 9 = 27 by first adding 9 to both sides: 6x =27 + 9 = 36. Divide both sides by 6: x
=36/6 = 6. Verify: 6(6) -9=36-9=27 V.

3. Correct Answer: D (68)

Calculate 4° + 2%: First, 4* =4 x 4 x 4 = 64. Then, 2> =2 x 2 = 4. Finally, 64 + 4 = 68. This tests exponent
evaluation and order of operations.



4. Correct Answer: A (240)

If 25% of a number equals 60, set up the equation: 0.25 x N = 60. Divide both sides by 0.25: N = 60/0.25
= 240. Alternatively, recognize that 25% = 1/4, so if 1/4 of N = 60, then N = 60 x 4 = 240.

5. Correct Answer: C (32 cm)

If the area of a square is 64 cm?, then s? = 64, so s = 8 cm (side length). The perimeter is P=4s =4 x 8 =
32 cm. This tests connecting area and perimeter formulas.

6. Correct Answer: C (4x?y?)

Simplify (8x*y?)/(2x%y) by dividing coefficients and subtracting exponents for like bases. For the
coefficient: 8/2 = 4. For x: x*/x? = x"(4-2) = x> For y: y*/y = y"(3-1) = y2 The result is 4x?y>.

7. Correct Answer: A (3)

The slope formula is m = (y2 - y1)/(X2 - x1). With points (3, 7) and (5, 13): m=(13-7)/(5-3)=6/2=3.A
slope of 3 means the line rises 3 units vertically for every 1 unit horizontally.

8. Correct Answer: B (0.625)

Convert 5/8 to decimal by dividing: 5 + 8 = 0.625. This is a common fraction that's useful to memorize
along with other eighths.

9. Correct Answer: C (216 cm®)

The volume of a cube is V = s* where s is the edge length. Withs =6 cm: V=6>=6 x 6 X 6 =216 cm®.
This tests the cube volume formula.

10. Correct Answer: B (x <5)

Solve the inequality 5x + 3 < 28 by subtracting 3 from both sides: 5x < 25. Divide both sides by 5: x <5.
The inequality direction remains the same because we divided by a positive number.

11. Correct Answer: D (£11)

Ifx2= 121, then x = +V121 = +11. Both positive and negative 11 are solutions because (11)> =121 and (-
11)>=121. Always consider both positive and negative square roots when solving x> = constant.

12. Correct Answer: C (22)

To find the median, first arrange the numbers in order: {16, 19, 22, 25, 28}. The median is the middle
value in an ordered set. With 5 values, the third value is the median: 22.

13. Correct Answer: A (60 mph)

Average speed = distance + time = 300 miles + 5 hours = 60 miles per hour. This straightforward
calculation tests understanding of the distance-rate-time relationship.



14. Correct Answer: B (7/10)

To add fractions with different denominators, find a common denominator. The LCD of 5 and 10 is 10:
3/5=6/10. Then 6/10 + 1/10 = 7/10. This tests fraction addition with unlike denominators.

15. Correct Answer: D (5)

The distance formula is d = V[(xa-x1)? + (y2-y1)?]. With points (2, 5) and (6, 8): d = \/[(6-2)2 + (8-5)’] =
\[4% + 321 =[16 + 9] = V25 = 5. This represents the 3-4-5 Pythagorean triple.

16. Correct Answer: C (23)

The absolute value of -15 is 15, and the absolute value of 8 is 8. Therefore, |—15| + |8 = 15 + 8§ = 23.
Absolute value represents distance from zero, always positive or zero.

17. Correct Answer: A (8)

Solve 6/x = 18/24 by first simplifying the right side: 18/24 = 3/4. So 6/x = 3/4. Cross-multiply: 6 x 4 =3
x X, giving 24 = 3x, so x = 8. Verify: 6/8 =3/4 V.

18. Correct Answer: D (96 cm?)

The surface area of a cube is SA = 6s® where s is the edge length. Withs =4 cm: SA=6 x4>=6 x 16 =
96 cm?. A cube has 6 identical square faces, each with area s2.

19. Correct Answer: D (x =10,y =5)

Solve the system x + y =15 and x - y = 5 by adding the equations: (x +y) + (x -y) =15+ 5, giving 2x =
20, so x = 10. Substitute into the first equation: 10 +y =15, so y = 5. The solution is x = 10, y = 5.

20. Correct Answer: C (\/3/2)

The sine of 60° is a standard trigonometric value: sin 60° = ¥3/2. This can be derived from a 30-60-90
triangle with sides in ratio 1:V3:2, where sin 60° = opposite/hypotenuse = V3/2. This is a value worth
memorizing.

21. Correct Answer: B (10 cm)

If a rectangle has perimeter 50 cm and length 15 cm, use P = 2(1 + w): 50 = 2(15 + w). Divide by 2: 25 =
15 + w. Subtract 15: w = 10 cm. Verify: 2(15 + 10) = 2(25) =50 V.

22. Correct Answer: A (12)

The greatest common factor (GCF) of 36 and 48 can be found using prime factorization: 36 = 22 x 32 and
48 = 2* x 3. The GCF uses the lowest power of each common prime: 2% x 3 =4 x 3 =12,

23. Correct Answer: D (55°)



In any triangle, the three angles sum to 180°. With angles 55°, 70°, and x°: 55 + 70 + x = 180, so 125 + x
= 180, giving x = 55°. This tests the fundamental triangle angle sum property.

24. Correct Answer: C (16)

Calculate 5% - 3% First, 52 = 25. Then, 3% = 9. Finally, 25 - 9 = 16. Alternatively, use the difference of
squares formula: a? - b> = (at+b)(a-b) = (5+3)(5-3) =8 x 2 = 16.

25. Correct Answer: B (1/2)

To subtract fractions with different denominators, find a common denominator. The LCD of 3 and 6 is 6:
2/3 =4/6. Then 4/6 - 1/6 = 3/6 = 1/2. This tests fraction subtraction with unlike denominators.

26. Correct Answer: D (471 cm?)

The volume of a cylinder is V =nr*h. Withr=5cm, h=6 cm, and 1~ 3.14: V=3.14 X 52 x 6 = 3.14 %
25 x6=3.14 x 150 =471 cm?. This tests applying the cylinder volume formula.

27. Correct Answer: A (24)

To decrease 30 by 20%, calculate 20% of 30 and subtract: 0.20 x 30 = 6, so 30 - 6 = 24. Alternatively, 30
decreased by 20% = 30 x 0.80 = 24.

28. Correct Answer: C (45°)

If tan 6 = 1, then 6 = 45° (in the range 0° < 6 < 90°). This occurs in a 45-45-90 triangle where opposite
and adjacent sides are equal, so their ratio equals 1. This is a standard trigonometric value worth
memorizing: tan 45° = 1.

29. Correct Answer: B (84 cm?)

The volume of a rectangular prism is V = length x width x height. With dimensions 3 cm x 4 cm % 7 cm:
V=3 x4 x7=84 cm? This is a direct application of the rectangular prism volume formula.

30. Correct Answer: A (30)

The least common multiple (LCM) of 10 and 15 can be found by listing multiples: Multiples of 10: 10,
20, 30, 40... Multiples of 15: 15, 30, 45... The first common multiple is 30. Alternatively, use prime
factorization: 10 =2 x5, 15=3 x5,so LCM =2 x 3 x 5=30.

31. Correct Answer: B (1/4)

With 3 red balls and 9 blue balls, there are 12 total balls. The probability of drawing a red ball is (number
of red)/(total) = 3/12 = 1/4. This tests basic probability calculation.

32. Correct Answer: D (16)

Range equals maximum minus minimum. In the dataset {14, 22, 18, 30, 26}, the maximum is 30 and
minimum is 14. Range = 30 - 14 = 16. This tests understanding of range as a measure of spread.



33. Correct Answer: A (12)

Evaluate f(x) = 5x - 8 at x =4 by substitution: f(4) = 5(4) - 8 = 20 - 8 = 12. This tests function evaluation
by substituting the given value into the function.

34. Correct Answer: C (37.5%)

Convert 3/8 to decimal first: 3 + 8 = (0.375. Then multiply by 100 to get percentage: 0.375 x 100 = 37.5%.
Alternatively, 3/8 = 375/1000 = 37.5%.

35. Correct Answer: D (7)

Solve 3x + 4 = 2x + 11 by subtracting 2x from both sides: x +4 = 11. Subtract 4 from both sides: x = 7.
Verify: 3(7) +4=21+4=25,and 2(7) + 11 =14+ 11 =25 V.

36. Correct Answer: D (40)

For direct variation, y = kx where k is constant. When y = 24 and x = 6: 24 =k(6), so k =4. When x = 10:
y =4(10) = 40. In direct variation, the ratio y/x remains constant.

37. Correct Answer: C (V3/2)

The cosine of 30° is a standard trigonometric value: cos 30° = V3/2. This can be derived from a 30-60-90
triangle with sides in ratio 1:V3:2, where cos 30° = adjacent/hypotenuse = V3/2. This is a value worth
memorizing.

38. Correct Answer: B (40 cm)

If a square has area 100 cm?, then s? = 100, so s = 10 cm (side length). The perimeter is P=4s =4 x 10 =
40 cm. This tests connecting area and perimeter formulas for squares.

39. Correct Answer: D (11)

Solve 4(x - 3) = 2x + 10 by first distributing: 4x - 12 = 2x + 10. Subtract 2x from both sides: 2x - 12 = 10.
Add 12 to both sides: 2x =22. Divide by 2: x = 11. Verify: 4(11 - 3) =4(8)=32,and 2(11) + 10=22+ 10
=32V.

40. Correct Answer: A (3/10)

To subtract fractions with different denominators, find a common denominator. The LCD of 5 and 2 is 10:
4/5 = 8/10 and 1/2 = 5/10. Then 8/10 - 5/10 = 3/10. This tests fraction subtraction with unlike
denominators.



