
Full-Length Practice Test 3 

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 phase of mitosis is characterized by chromosomes aligning at the cell's equator? 

A. Prophase 

B. Anaphase 

C. Telophase 

D. Metaphase 

 

2. The electron transport chain in cellular respiration occurs in which cellular location? 

A. Inner mitochondrial membrane 

B. Cytoplasm 

C. Nucleus 

D. Smooth endoplasmic reticulum 

 

3. Which type of RNA carries genetic information from DNA to ribosomes? 

A. Messenger RNA (mRNA) 

B. Transfer RNA (tRNA) 

C. Ribosomal RNA (rRNA) 

D. Small nuclear RNA (snRNA) 

 

4. The lens of the eye focuses light onto which structure? 

A. Cornea 

B. Iris 

C. Retina 

D. Pupil 

 

5. In which stage of meiosis does crossing over occur? 

A. Metaphase I 

B. Anaphase I 

C. Metaphase II 

D. Prophase I 



 

6. The valve between the right ventricle and pulmonary artery is called the: 

A. Mitral valve 

B. Pulmonary valve 

C. Aortic valve 

D. Tricuspid valve 

 

7. Which hormone stimulates milk production in mammary glands? 

A. Oxytocin 

B. Estrogen 

C. Luteinizing hormone 

D. Prolactin 

 

8. DNA polymerase synthesizes new DNA strands in which direction? 

A. 5' to 3' 

B. 3' to 5' 

C. Both directions simultaneously 

D. Direction varies by organism 

 

9. The primary function of hemoglobin in red blood cells is to: 

A. Fight infection 

B. Clot blood 

C. Transport oxygen 

D. Produce antibodies 

 

10. Photosynthesis occurs in which plant cell organelle? 

A. Mitochondria 

B. Chloroplast 

C. Ribosome 

D. Golgi apparatus 

 

11. Which nitrogenous base pairs with adenine in DNA? 

A. Thymine 

B. Cytosine 

C. Guanine 

D. Uracil 

 

12. The autonomic nervous system is divided into which two branches? 

A. Somatic and peripheral 

B. Central and peripheral 



C. Sympathetic and parasympathetic 

D. Sensory and motor 

 

13. In humans, which sex chromosome combination results in a male? 

A. XX 

B. XY 

C. YY 

D. XO 

 

14. The process by which cells engulf particles or other cells is called: 

A. Phagocytosis 

B. Pinocytosis 

C. Exocytosis 

D. Osmosis 

 

15. Which type of immunity involves B cells producing antibodies? 

A. Cell-mediated immunity 

B. Innate immunity 

C. Passive immunity 

D. Humoral immunity 

 

16. The jelly-like substance filling the cell between the nucleus and membrane is: 

A. Nucleoplasm 

B. Cytoplasm 

C. Matrix 

D. Nucleoid 

 

17. Spermatogenesis occurs in which male reproductive structure? 

A. Epididymis 

B. Prostate gland 

C. Seminiferous tubules 

D. Vas deferens 

 

18. Which process converts pyruvate to acetyl-CoA? 

A. Glycolysis 

B. Pyruvate oxidation 

C. Calvin cycle 

D. Fermentation 

 

19. The hormone insulin is produced by which pancreatic cells? 



A. Alpha cells 

B. Acinar cells 

C. Delta cells 

D. Beta cells 

 

20. In the human digestive system, most chemical digestion and nutrient absorption occurs in the: 

A. Small intestine 

B. Stomach 

C. Large intestine 

D. Esophagus 

 

21. Which molecule stores genetic information in most organisms? 

A. RNA 

B. Protein 

C. Lipid 

D. DNA 

 

22. The structure that connects muscle to bone is a: 

A. Tendon 

B. Ligament 

C. Cartilage 

D. Bursa 

 

23. During cellular respiration, glucose is broken down to produce: 

A. Oxygen 

B. Carbon dioxide and water only 

C. ATP, carbon dioxide, and water 

D. NADH only 

 

24. The central nervous system consists of the: 

A. Brain and spinal cord 

B. Brain and peripheral nerves 

C. Spinal cord and peripheral nerves 

D. Cranial and spinal nerves 

 

25. Which structure regulates body temperature, hunger, and thirst? 

A. Cerebellum 

B. Medulla oblongata 

C. Cerebrum 

D. Hypothalamus 



 

26. The functional unit of the nervous system is the: 

A. Axon 

B. Dendrite 

C. Neuron 

D. Synapse 

 

27. In a DNA molecule, which percentage of bases would be guanine if cytosine makes up 20%? 

A. 30% 

B. 20% 

C. 40% 

D. 10% 

 

28. The energy molecule directly used by cells for most metabolic processes is: 

A. ATP 

B. Glucose 

C. ADP 

D. NADH 

 

29. Which blood type is known as the universal recipient? 

A. O- 

B. O+ 

C. A+ 

D. AB+ 

 

30. The exchange of gases between blood and tissues occurs in: 

A. Arteries 

B. Veins 

C. Capillaries 

D. Arterioles 

 

31. Genes are composed of segments of: 

A. Protein 

B. DNA 

C. RNA 

D. Carbohydrates 

 

32. The process of programmed cell death is called: 

A. Necrosis 

B. Mitosis 



C. Cytokinesis 

D. Apoptosis 

 

33. Which hormone regulates blood calcium levels by promoting calcium deposition in bones? 

A. Parathyroid hormone 

B. Thyroxine 

C. Calcitonin 

D. Cortisol 

 

34. In eukaryotic cells, protein synthesis occurs on: 

A. The Golgi apparatus 

B. Lysosomes 

C. Ribosomes 

D. Peroxisomes 

 

35. The myelin sheath that insulates neuronal axons is produced by: 

A. Astrocytes 

B. Schwann cells (in PNS) 

C. Microglia 

D. Ependymal cells 

 

36. Which structure prevents food from entering the trachea during swallowing? 

A. Epiglottis 

B. Uvula 

C. Larynx 

D. Pharynx 

 

37. The site of fertilization in human females is typically the: 

A. Uterus 

B. Ovary 

C. Cervix 

D. Fallopian tube 

 

38. Which molecule serves as the "energy currency" of the cell? 

A. Glucose 

B. ADP 

C. ATP 

D. NADH 

 

39. Antibodies belong to which class of biological molecules? 



A. Carbohydrates 

B. Proteins 

C. Lipids 

D. Nucleic acids 

 

40. The light-independent reactions of photosynthesis are also known as: 

A. Krebs cycle 

B. Electron transport chain 

C. Calvin cycle 

D. Glycolysis 

 

GENERAL CHEMISTRY (Questions 41–70) 

41. What is the atomic number of an element with 17 protons? 

A. 35 

B. 17 

C. 18 

D. 34 

 

42. Which quantum number describes the shape of an atomic orbital? 

A. Principal (n) 

B. Angular momentum (l) 

C. Magnetic (m) 

D. Spin (s) 

 

43. What is the pH of a neutral solution at 25°C? 

A. 7 

B. 0 

C. 14 

D. 1 

 

44. The molarity of a solution containing 2 moles of NaCl in 0.5 L of solution is: 

A. 1 M 

B. 2 M 

C. 0.5 M 

D. 4 M 

 

45. Which type of bond forms when electrons are shared unequally between atoms? 

A. Ionic bond 

B. Nonpolar covalent bond 

C. Polar covalent bond 



D. Metallic bond 

 

46. What is the electron configuration of a neutral oxygen atom (atomic number 8)? 

A. 1s² 2s² 2p³ 

B. 1s² 2s² 2p⁴ 

C. 1s² 2s² 2p⁵ 

D. 1s² 2s² 2p⁶ 

 

47. If the pressure of a gas is doubled while temperature remains constant, the volume will: 

A. Double 

B. Triple 

C. Remain the same 

D. Be halved 

 

48. The oxidation number of sulfur in H₂SO₄ is: 

A. +6 

B. +4 

C. -2 

D. +2 

 

49. Which of the following is an example of an exothermic process? 

A. Melting ice 

B. Boiling water 

C. Combustion of gasoline 

D. Sublimation of dry ice 

 

50. According to Le Chatelier's principle, adding a catalyst to a reaction at equilibrium will: 

A. Shift equilibrium toward products 

B. Not change the equilibrium position 

C. Shift equilibrium toward reactants 

D. Increase the equilibrium constant 

 

51. The bond angle in a tetrahedral molecule is approximately: 

A. 109.5° 

B. 120° 

C. 90° 

D. 180° 

 

52. What is the mass (in grams) of 2 moles of water (H₂O)? 

A. 9 g 



B. 18 g 

C. 32 g 

D. 36 g 

 

53. Which gas law states that volume is directly proportional to temperature at constant pressure? 

A. Boyle's Law 

B. Avogadro's Law 

C. Charles's Law 

D. Dalton's Law 

 

54. In a galvanic cell, oxidation occurs at the: 

A. Cathode 

B. Anode 

C. Salt bridge 

D. Neither electrode 

 

55. The half-life of a radioactive substance is 10 years. What fraction remains after 30 years? 

A. 1/2 

B. 1/4 

C. 1/3 

D. 1/8 

 

56. Which element is the most electronegative? 

A. Fluorine 

B. Oxygen 

C. Nitrogen 

D. Chlorine 

 

57. What is the molecular geometry of carbon dioxide (CO₂)? 

A. Bent 

B. Trigonal planar 

C. Linear 

D. Tetrahedral 

 

58. A buffer solution resists changes in: 

A. Temperature 

B. pH 

C. Pressure 

D. Volume 

 



59. The van't Hoff factor for NaCl in dilute aqueous solution is approximately: 

A. 2 

B. 1 

C. 3 

D. 4 

 

60. Which colligative property is measured by the formula ΔTf = Kf × m × i? 

A. Boiling point elevation 

B. Osmotic pressure 

C. Vapor pressure lowering 

D. Freezing point depression 

 

61. The equilibrium constant K for a reaction is 1 × 10⁻⁸. This reaction is: 

A. Product-favored 

B. Reactant-favored 

C. At equilibrium 

D. Spontaneous 

 

62. For the reaction A + B → C, if doubling [A] quadruples the rate, the reaction is: 

A. Zero order in A 

B. First order in A 

C. Second order in A 

D. Third order in A 

 

63. What is the oxidation state of manganese in KMnO₄? 

A. +4 

B. +5 

C. +6 

D. +7 

 

64. A Brønsted-Lowry base is defined as a: 

A. Proton acceptor 

B. Proton donor 

C. Electron acceptor 

D. Electron donor 

 

65. Which of the following has the highest boiling point? 

A. CH₄ 

B. H₂O 

C. Ne 



D. CO₂ 

 

66. The rate law for a reaction is rate = k[A]²[B]. If [B] is tripled, the rate will: 

A. Remain the same 

B. Double 

C. Triple 

D. Increase ninefold 

 

67. What is the empirical formula of a compound containing 40% carbon, 6.7% hydrogen, and 53.3% 

oxygen by mass? (C=12, H=1, O=16) 

A. CH₂O 

B. C₂H₄O₂ 

C. C₆H₁₂O₆ 

D. CHO 

 

68. In which process does a solid change directly to a gas? 

A. Evaporation 

B. Condensation 

C. Melting 

D. Sublimation 

 

69. The specific heat capacity of water is approximately: 

A. 1 J/(g·°C) 

B. 4.18 J/(g·°C) 

C. 2.09 J/(g·°C) 

D. 0.5 J/(g·°C) 

 

70. Which particle is released during beta-minus decay? 

A. Proton 

B. Neutron 

C. Electron 

D. Alpha particle 

 

ORGANIC CHEMISTRY (Questions 71–100) 

71. What is the hybridization of carbon in methane (CH₄)? 

A. sp³ 

B. sp² 

C. sp 

D. sp³d 

 



72. Which functional group characterizes alcohols? 

A. Carbonyl 

B. Carboxyl 

C. Amino 

D. Hydroxyl 

 

73. The IUPAC name for CH₃CH₂CH₂CH₂CH₃ is: 

A. Butane 

B. Hexane 

C. Pentane 

D. Heptane 

 

74. What type of reaction converts an alcohol to an alkene? 

A. Addition 

B. Elimination 

C. Substitution 

D. Oxidation 

 

75. Which reagent converts a primary alcohol to an aldehyde? 

A. LiAlH₄ 

B. NaBH₄ 

C. Jones reagent 

D. PCC 

 

76. The most stable carbocation is: 

A. Tertiary 

B. Secondary 

C. Primary 

D. Methyl 

 

77. In an SN2 reaction, what happens to the configuration at the stereocenter? 

A. Retention 

B. Racemization 

C. Inversion 

D. No change 

 

78. Which compound would be most acidic? 

A. Ethanol 

B. Phenol 

C. Cyclohexanol 



D. Methanol 

 

79. The reaction of an alkene with Br₂ produces: 

A. An alkane 

B. An alcohol 

C. An alkyne 

D. A dibromide 

 

80. What is the product when benzene reacts with CH₃Cl and AlCl₃? 

A. Toluene 

B. Chlorobenzene 

C. Benzyl chloride 

D. Benzoic acid 

 

81. Zaitsev's rule predicts that elimination reactions favor formation of: 

A. The less substituted alkene 

B. The more polar product 

C. The more substituted alkene 

D. The achiral product 

 

82. Which reaction type adds water across a double bond? 

A. Hydrogenation 

B. Halogenation 

C. Dehydration 

D. Hydration 

 

83. The Grignard reagent reacts with CO₂ followed by H₃O⁺ to produce: 

A. Carboxylic acid 

B. Ketone 

C. Aldehyde 

D. Alcohol 

 

84. In ¹H NMR, the number of signals indicates: 

A. Total hydrogens 

B. Molecular weight 

C. Number of carbons 

D. Chemically distinct hydrogen environments 

 

85. Which leaving group is best in nucleophilic substitution? 

A. F⁻ 



B. I⁻ 

C. OH⁻ 

D. NH₂⁻ 

 

86. The Michael addition involves: 

A. Electrophile addition to carbonyl 

B. Nucleophile addition to aromatic ring 

C. Nucleophile addition to α,β-unsaturated carbonyl 

D. Radical addition to alkene 

 

87. What product forms when a ketone reacts with NaBH₄? 

A. Primary alcohol 

B. Aldehyde 

C. Carboxylic acid 

D. Secondary alcohol 

 

88. The Diels-Alder reaction is between: 

A. Diene and dienophile 

B. Two alkenes 

C. Alkene and alkyne 

D. Two alkynes 

 

89. Which test distinguishes aldehydes from ketones? 

A. Bromine test 

B. Lucas test 

C. Tollens' test 

D. Iodoform test 

 

90. Aromatic compounds must have how many π electrons according to Hückel's rule? 

A. 4n 

B. 4n+2 

C. 2n 

D. n+2 

 

91. What is the product of acid-catalyzed ester hydrolysis? 

A. Carboxylic acid and alcohol 

B. Ketone and water 

C. Aldehyde and alcohol 

D. Anhydride 

 



92. Which reagent performs anti-Markovnikov addition of water to alkenes? 

A. H₂O/H₂SO₄ 

B. BH₃ then H₂O₂/OH⁻ 

C. HBr 

D. Hg(OAc)₂ then NaBH₄ 

 

93. A compound with the molecular formula C₄H₈ could be: 

A. Butane 

B. 1-butyne 

C. 1-butene 

D. Benzene 

 

94. The E2 reaction mechanism is: 

A. Concerted elimination 

B. Two-step elimination 

C. Unimolecular substitution 

D. Radical reaction 

 

95. Which functional group shows IR absorption around 1700 cm⁻¹? 

A. O-H 

B. N-H 

C. C-H 

D. C=O 

 

96. The Williamson ether synthesis involves: 

A. Alcohol and acid 

B. Alkoxide and alkyl halide 

C. Two alcohols 

D. Ether and water 

 

97. What type of isomers have the same molecular formula but different connectivity? 

A. Constitutional isomers 

B. Enantiomers 

C. Diastereomers 

D. Conformers 

 

98. The oxidation of a secondary alcohol produces: 

A. Aldehyde 

B. Carboxylic acid 

C. Primary alcohol 



D. Ketone 

 

99. Which compound exhibits optical activity? 

A. 2-methylpropane 

B. 2,2-dimethylpropane 

C. 2-chlorobutane 

D. Butane 

 

100. The Hofmann rearrangement converts amides to: 

A. Ketones 

B. Amines with one fewer carbon 

C. Carboxylic acids 

D. Nitriles 

 

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 = 48°, Angle 2 = 62°, Angle 3 = 54°, Angle 4 = 40°. Rank from 

smallest to largest. 

A. 1-4-3-2 

B. 4-3-1-2 

C. 1-3-4-2 

D. 4-1-3-2 

 

2. [Angle Ranking] Angle P = 58°, Angle Q = 72°, Angle R = 65°, Angle S = 50°. Rank from smallest to 

largest. 

A. S-R-P-Q 

B. S-P-R-Q 

C. P-S-R-Q 

D. R-S-P-Q 

 

3. [Angle Ranking] Four angles measure: Angle 1 = 22°, Angle 2 = 38°, Angle 3 = 30°, Angle 4 = 44°. 

Rank from smallest to largest. 

A. 1-3-2-4 

B. 1-2-3-4 

C. 3-1-2-4 

D. 2-1-3-4 



 

4. [Angle Ranking] Angle A = 76°, Angle B = 82°, Angle C = 70°, Angle D = 88°. Rank from smallest 

to largest. 

A. A-C-B-D 

B. C-B-A-D 

C. C-A-B-D 

D. B-C-A-D 

 

5. [Angle Ranking] Angle W is half of a right angle. Angle X = 60°. Angle Y = 50°. Angle Z = 70°. Rank 

from smallest to largest. 

A. Y-W-X-Z 

B. W-X-Y-Z 

C. W-Y-Z-X 

D. W-Y-X-Z 

 

6. [Angle Ranking] Four angles: Angle 1 = 18°, Angle 2 = 32°, Angle 3 = 26°, Angle 4 = 38°. Rank from 

smallest to largest. 

A. 1-2-3-4 

B. 1-3-2-4 

C. 3-1-2-4 

D. 1-4-3-2 

 

7. [Angle Ranking] Angle M = 55°, Angle N = 68°, Angle O = 72°, Angle P = 62°. Rank from smallest 

to largest. 

A. M-P-O-N 

B. M-N-P-O 

C. M-P-N-O 

D. P-M-N-O 

 

8. [Angle Ranking] Four angles measure: Angle 1 = 85°, Angle 2 = 77°, Angle 3 = 90°, Angle 4 = 80°. 

Rank from smallest to largest. 

A. 1-2-3-4 

B. 2-1-4-3 

C. 2-4-3-1 

D. 2-4-1-3 

 

9. [Angle Ranking] Angle A = 34°, Angle B = 46°, Angle C = 38°, Angle D = 52°. Rank from smallest 

to largest. 

A. A-C-B-D 

B. C-A-B-D 



C. A-B-C-D 

D. B-A-C-D 

 

10. [Angle Ranking] Four angles: Angle 1 = 64°, Angle 2 = 56°, Angle 3 = 75°, Angle 4 = 68°. Rank from 

smallest to largest. 

A. 1-2-3-4 

B. 2-4-1-3 

C. 2-1-4-3 

D. 4-2-1-3 

 

11. [Angle Ranking] Angle W = 28°, Angle X = 52°, Angle Y = 44°, Angle Z = 36°. Rank from smallest 

to largest. 

A. Z-W-Y-X 

B. W-Z-Y-X 

C. W-Y-Z-X 

D. Y-W-Z-X 

 

12. [Angle Ranking] Four angles measure: Angle 1 = 16°, Angle 2 = 30°, Angle 3 = 24°, Angle 4 = 36°. 

Rank from smallest to largest. 

A. 1-2-3-4 

B. 1-3-2-4 

C. 3-1-2-4 

D. 1-4-3-2 

 

13. [Angle Ranking] Angle P = 59°, Angle Q = 51°, Angle R = 66°, Angle S = 48°. Rank from smallest to 

largest. 

A. S-P-Q-R 

B. Q-S-P-R 

C. S-Q-P-R 

D. P-Q-S-R 

 

14. [Angle Ranking] Four angles: Angle 1 = 78°, Angle 2 = 86°, Angle 3 = 82°, Angle 4 = 74°. Rank from 

smallest to largest. 

A. 1-4-3-2 

B. 4-3-1-2 

C. 4-1-2-3 

D. 4-1-3-2 

 

15. [Angle Ranking] Angle A = 26°, Angle B = 42°, Angle C = 38°, Angle D = 32°. Rank from smallest 

to largest. 



A. A-C-D-B 

B. A-B-D-C 

C. A-D-C-B 

D. A-D-C-B 

 

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. [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? 

A. 2 

B. 4 

C. 1 

D. 8 

 

17. [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? 

A. 2 

B. 8 

C. 4 

D. 6 

 

18. [Hole Punching] Paper is folded in half once, then two holes are punched through both layers. How 

many total holes appear when unfolded? 

A. 2 

B. 4 

C. 6 

D. 8 

 

19. [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. 1 

B. 2 

C. 3 

D. 4 

 

20. [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 

 

21. [Hole Punching] Paper is folded in half twice, then one hole is punched near the center. How many 

holes appear when unfolded? 

A. 2 

B. 8 

C. 4 

D. 6 

 

22. [Hole Punching] Paper is folded in half once diagonally, then one hole is punched away from the fold. 

How many holes appear when unfolded? 

A. 2 

B. 1 

C. 4 

D. 3 

 

23. [Hole Punching] Paper is folded in half once, then three holes are punched through both layers. How 

many total holes appear when unfolded? 

A. 3 

B. 6 

C. 4 

D. 8 

 

24. [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 

 

25. [Hole Punching] Paper is folded diagonally once, then one hole is punched on the fold line. How many 

holes appear when unfolded? 

A. 1 

B. 2 

C. 4 

D. 3 

 



26. [Hole Punching] Paper is folded in half twice, then one hole is punched at the edge (not corner). How 

many holes appear when unfolded? 

A. 2 

B. 8 

C. 4 

D. 6 

 

27. [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 

 

28. [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? 

A. 1 

B. 2 

C. 8 

D. 4 

 

29. [Hole Punching] Paper is folded in half twice (into quarters), then one hole is punched in a corner of 

the folded paper. How many holes appear when unfolded? 

A. 2 

B. 8 

C. 4 

D. 1 

 

30. [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 

B. 2 

C. 6 

D. 8 

 

CUBE COUNTING (Questions 31–45) 

Directions: Answer questions about unit cubes in various structures. 

 

31. [Cube Counting] A solid 4×4×4 cube. How many unit cubes have exactly 0 faces exposed (completely 

interior)? 



A. 1 

B. 4 

C. 27 

D. 8 

 

32. [Cube Counting] In a 3×3×3 cube, how many unit cubes have exactly 3 faces exposed (corner cubes)? 

A. 12 

B. 8 

C. 6 

D. 24 

 

33. [Cube Counting] A 2×3×4 rectangular prism. How many unit cubes have exactly 3 faces exposed? 

A. 4 

B. 6 

C. 8 

D. 12 

 

34. [Cube Counting] A structure of 7 unit cubes arranged in a straight line. How many cubes have exactly 

5 faces exposed (end cubes)? 

A. 2 

B. 0 

C. 4 

D. 1 

 

35. [Cube Counting] In a 5×5×5 cube, how many unit cubes have exactly 0 faces exposed? 

A. 27 

B. 8 

C. 64 

D. 125 

 

36. [Cube Counting] A 3×4×2 rectangular prism. How many unit cubes have exactly 3 faces exposed 

(corners)? 

A. 4 

B. 8 

C. 6 

D. 12 

 

37. [Cube Counting] A solid 3×3×3 cube. How many unit cubes have exactly 2 faces exposed (edge 

cubes)? 

A. 8 



B. 6 

C. 24 

D. 12 

 

38. [Cube Counting] A 2×2×4 rectangular prism. How many total unit cubes are in the structure? 

A. 16 

B. 8 

C. 12 

D. 24 

 

39. [Cube Counting] A 4×4×4 cube. How many unit cubes have exactly 1 face exposed (face cubes)? 

A. 8 

B. 16 

C. 24 

D. 32 

 

40. [Cube Counting] In a 5×3×3 rectangular prism, how many unit cubes are NOT corner cubes? 

A. 37 

B. 38 

C. 39 

D. 37 

 

41. [Cube Counting] A pyramid structure: 4 cubes on bottom (2×2), 1 cube on top (5 total). How many 

cubes have exactly 4 faces exposed? 

A. 0 

B. 4 

C. 1 

D. 2 

 

42. [Cube Counting] A 3×3×4 rectangular prism. How many unit cubes have exactly 2 faces exposed? 

A. 16 

B. 12 

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 

B. 4 

C. 3 



D. 5 

 

44. [Cube Counting] A 4×4×2 rectangular prism. How many unit cubes have at least one face exposed? 

A. 24 

B. 28 

C. 30 

D. 32 

 

45. [Cube Counting] In a 2×2×2 cube, how many unit cubes have exactly 3 faces exposed? 

A. 4 

B. 8 

C. 6 

D. 0 

 

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 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 

 

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 

B. Cube 

C. Tetrahedron 

D. 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. Cube 

D. Triangular prism 

 

49. [Pattern Folding] A net consists of 4 equilateral triangles in a row. What shape does it form? 

A. Square pyramid 

B. Tetrahedron 



C. Octahedron 

D. Cube 

 

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

formed? 

A. Pentagonal pyramid 

B. Cube 

C. Hexagonal pyramid 

D. Triangular prism 

 

51. [Pattern Folding] A net consists of 5 squares in a plus/cross shape (one center, four extending from 

each edge). What does it form? 

A. Complete cube 

B. Pyramid 

C. Open-top cube 

D. Prism 

 

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

it form? 

A. Cube 

B. Rectangular prism 

C. Hexagonal pyramid 

D. Hexagonal prism 

 

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

A. Complete cube 

B. Partial cube (open box) 

C. Pyramid 

D. Prism 

 

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

form? 

A. Cube 

B. Pyramid 

C. Rectangular prism 

D. Triangular prism 

 

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? 

A. Rectangular prism 

B. Cube 

C. Hexagonal pyramid 

D. Hexagonal prism 

 

57. [Pattern Folding] A net consists of 1 large triangle with 3 smaller triangles attached to its edges. What 

shape does it form? 

A. Octahedron 

B. Tetrahedron 

C. Square pyramid 

D. Triangular prism 

 

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? 

A. Regular pyramid 

B. Cube 

C. Irregular polyhedron 

D. Standard prism 

 

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? 

A. Complete cube 

B. Pyramid 

C. Prism 

D. Open-top cube 

 

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? 

A. Circle 

B. Rectangle 

C. Triangle 

D. Pentagon 

 

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

A. Square 

B. Pentagon 

C. Circle or Triangle 

D. Hexagon 

 

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

A. Square 

B. Triangle 

C. Circle 

D. Pentagon 

 

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

A. Square 

B. Triangle 

C. Rectangle 

D. Circle 

 

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

A. Circle 

B. Triangle or Rectangle 

C. Pentagon 

D. Hexagon 

 

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

A. Triangle 

B. Circle 

C. Rectangle 

D. Oval 

 

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

A. Circle 

B. Square or Triangle 



C. Pentagon 

D. Hexagon 

 

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

A. Triangle 

B. Pentagon 

C. Hexagon or Rectangle 

D. Circle 

 

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

A. Triangle 

B. Square 

C. Pentagon 

D. Hexagon 

 

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

A. Cube only 

B. Triangular prism only 

C. Pyramid only 

D. Sphere or Cylinder 

 

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

A. Triangle or Square 

B. Pentagon 

C. Hexagon 

D. Circle 

 

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

A. Triangle 

B. Hexagon 

C. Circle 

D. Pentagon or Rectangle 

 

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

A. Circle 

B. Oval 

C. Rectangle 

D. Triangle 

 

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



A. Triangle 

B. Circle 

C. Rectangle 

D. Oval 

 

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

A. Sphere 

B. Triangular prism 

C. Cube 

D. Cylinder 

 

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? 

A. Rectangular prism 

B. Cone 

C. Cylinder 

D. Square pyramid 

 

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

A. Cylinder 

B. Sphere 

C. Cone 

D. Cube 

 

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

A. Square 

B. Circle 

C. Rectangle 

D. Triangle 

 

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



A. Square pyramid 

B. Cone 

C. Triangular prism 

D. Tetrahedron 

 

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

A. Cube 

B. Rectangular prism 

C. Hexagonal pyramid 

D. Hexagonal prism 

 

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

A. Rectangle 

B. Circle 

C. Square 

D. Triangle 

 

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

A. Rectangular prism 

B. Square pyramid 

C. Cylinder 

D. Cube 

 

84. [Top-Front-End] Top view: pentagon. Front and side views: rectangles. What is the shape? 

A. Rectangular prism 

B. Pentagonal prism 

C. Pentagonal pyramid 

D. Pentagon 

 

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

appears? 

A. Triangle 

B. Rectangle 

C. Circle 

D. 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? 

A. Cube 

B. Cylinder 

C. Pyramid 

D. Rectangular prism 

 

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

A. Circle 

B. Square 

C. Triangle 

D. Rectangle 

 

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

A. Cylinder 

B. Sphere 

C. Cone 

D. Pyramid 

 

90. [Top-Front-End] Top view: L-shape. Front view: rectangle. Side view: rectangle. What type of 

structure is this? 

A. L-shaped block structure 

B. Pyramid 

C. Cylinder 

D. Cube 

 

Reading Comprehension 

 

PASSAGE I 

Vaccines represent one of medicine's most significant achievements, preventing millions of deaths 

annually through immune system preparation against specific pathogens. Traditional vaccine approaches 

include live attenuated vaccines (weakened but viable pathogens), inactivated vaccines (killed pathogens), 

and subunit vaccines (specific pathogen components). These methods have successfully controlled 

diseases like polio, measles, and hepatitis, but developing vaccines for rapidly mutating pathogens or 

novel diseases can take years or decades. 

The COVID-19 pandemic accelerated development of mRNA vaccine technology, which had been studied 

for decades but never widely deployed. Unlike traditional vaccines that introduce antigens directly, mRNA 



vaccines deliver genetic instructions that cause cells to temporarily produce pathogen proteins, triggering 

immune responses. The Pfizer-BioNTech and Moderna COVID-19 vaccines used lipid nanoparticles to 

deliver mRNA encoding the SARS-CoV-2 spike protein. Cells produce these spike proteins for a few days, 

and the immune system recognizes them as foreign, generating antibodies and T-cell responses without 

exposure to live virus. 

mRNA vaccines offer several advantages over traditional approaches. Development is faster because 

scientists only need the pathogen's genetic sequence rather than cultivating the pathogen itself. 

Manufacturing can pivot quickly to address new variants by simply modifying the mRNA sequence. The 

vaccines don't contain live virus, eliminating infection risks that exist with attenuated vaccines. Clinical 

trials demonstrated over 90% efficacy against symptomatic COVID-19, and real-world data confirmed 

effectiveness in preventing severe disease and death. 

Challenges remain despite this success. mRNA is inherently unstable and degrades rapidly, requiring ultra-

cold storage (-70°C for Pfizer's vaccine initially), complicating distribution especially in low-resource 

settings. Some individuals experience stronger side effects than with traditional vaccines due to robust 

immune activation. Long-term efficacy data is still accumulating, and questions about duration of 

protection and booster requirements continue. Additionally, vaccine hesitancy driven by misinformation 

poses ongoing public health challenges regardless of vaccine technology. 

Future applications of mRNA technology extend beyond infectious diseases. Researchers are developing 

mRNA cancer vaccines that train immune systems to recognize tumor-specific antigens, with promising 

early trial results for melanoma and pancreatic cancer. Personalized medicine approaches could create 

custom mRNA vaccines targeting individual patients' specific tumors. Scientists are also exploring mRNA 

therapies for rare genetic diseases where the technology could provide temporary protein replacement. 

The platform's flexibility and rapid development timeline suggest mRNA vaccines will play increasingly 

important roles in medicine beyond their pandemic debut. 

 

1. According to the passage, traditional vaccine approaches include all of the following EXCEPT: 

A. Live attenuated vaccines 

B. Subunit vaccines 

C. mRNA vaccines 

D. Inactivated vaccines 

 

2. mRNA vaccines cause cells to: 

A. Permanently alter genetic material 

B. Temporarily produce pathogen proteins 

C. Die immediately 

D. Multiply rapidly 

 

3. The Pfizer-BioNTech and Moderna COVID-19 vaccines use lipid nanoparticles to: 



A. Deliver mRNA encoding spike protein 

B. Kill the virus directly 

C. Prevent side effects 

D. Store the vaccine at room temperature 

 

4. What was the approximate efficacy rate of mRNA COVID-19 vaccines in clinical trials? 

A. 50% 

B. 70% 

C. 80% 

D. Over 90% 

 

5. A major advantage of mRNA vaccines mentioned in the passage is: 

A. They require live virus cultivation 

B. They eliminate all side effects 

C. Development is faster using only genetic sequence 

D. They provide permanent immunity 

 

6. The initial storage temperature requirement for Pfizer's COVID-19 vaccine was: 

A. Room temperature 

B. -70°C 

C. 4°C 

D. -20°C 

 

7. According to the passage, mRNA is inherently: 

A. Stable at all temperatures 

B. Infectious 

C. Permanent in cells 

D. Unstable and degrades rapidly 

 

8. The passage indicates that mRNA vaccines do NOT contain: 

A. Live virus 

B. Genetic material 

C. Lipid nanoparticles 

D. Spike protein instructions 

 

9. Manufacturing mRNA vaccines for new variants involves: 

A. Cultivating the new pathogen 

B. Years of development 

C. Simply modifying the mRNA sequence 

D. Creating entirely new technology 



 

10. Vaccine hesitancy is driven by: 

A. Proven dangers 

B. Scientific consensus 

C. Medical recommendations 

D. Misinformation 

 

11. Future mRNA cancer vaccine applications aim to: 

A. Replace chemotherapy entirely 

B. Train immune systems to recognize tumor antigens 

C. Prevent all cancers 

D. Cure cancer immediately 

 

12. The passage mentions mRNA cancer vaccine trials have shown promise for: 

A. Lung cancer only 

B. All cancer types equally 

C. Melanoma and pancreatic cancer 

D. Brain tumors exclusively 

 

13. Personalized mRNA cancer vaccines could: 

A. Target individual patients' specific tumors 

B. Work for all patients identically 

C. Replace all cancer treatments 

D. Prevent cancer development 

 

14. Beyond infectious diseases and cancer, mRNA technology is being explored for: 

A. Cosmetic purposes 

B. Athletic enhancement 

C. Nutritional supplementation 

D. Rare genetic diseases 

 

15. The passage suggests mRNA vaccines will: 

A. Replace all traditional vaccines immediately 

B. Only be used for COVID-19 

C. Play increasingly important roles in medicine 

D. Be abandoned after the pandemic 

 

16. Compared to traditional vaccines, some individuals experience with mRNA vaccines: 

A. No side effects 

B. Stronger side effects 



C. Identical reactions 

D. Milder responses 

 

17. According to the passage, what challenge does mRNA vaccine distribution face in low-resource 

settings? 

A. Ultra-cold storage requirements 

B. Excessive cost only 

C. Lack of syringes 

D. Language barriers 

 

PASSAGE II 

The placebo effect demonstrates the remarkable influence of expectations and beliefs on physiological 

outcomes, challenging simplistic mind-body dualism. When patients receive inert treatments they believe 

are therapeutic, measurable biological changes often occur, including pain reduction, improved motor 

function in Parkinson's disease, and even altered brain activity visible on neuroimaging. While often 

dismissed as mere psychological phenomena, placebo responses involve real neurobiological mechanisms 

including endorphin release, dopamine pathway activation, and changes in neural connectivity. 

Clinical trials use placebo controls to distinguish treatment-specific effects from placebo responses, 

requiring that experimental drugs outperform placebos to demonstrate efficacy. However, placebo 

responses themselves vary dramatically based on multiple factors. Larger pills generate stronger placebo 

effects than smaller ones. Branded medications outperform generic placebos even when chemically 

identical. Injections produce greater placebo responses than oral pills. The color, shape, and even price of 

placebos influence their effectiveness. These findings reveal how deeply context, ritual, and expectation 

shape therapeutic outcomes. 

The relationship between placebo effects and clinical practice raises ethical and practical questions. Some 

argue that deliberately using placebos deceives patients, violating informed consent principles. Others 

contend that optimizing placebo responses through enhanced patient-provider relationships, treatment 

rituals, and positive framing represents good medicine without deception. Research shows that even when 

patients know they're receiving placebos (open-label placebos), therapeutic benefits can occur, suggesting 

that the ritual of treatment and expectation of improvement contribute to healing independent of deception. 

Neuroimaging studies reveal that placebo analgesia activates the same pain-modulating brain regions as 

opioid medications, including the prefrontal cortex, anterior cingulate cortex, and periaqueductal gray. 

Placebo responses aren't simply "imagining away" symptoms but involve measurable changes in 

neurotransmitter release and neural circuit activation. This mechanistic understanding elevates placebo 

responses from dismissed psychological artifacts to legitimate biological phenomena worthy of study and 

potential therapeutic application. 



Future medicine might harness placebo mechanisms to enhance treatment effectiveness. Rather than 

viewing placebo effects as nuisances complicating clinical trials, researchers could optimize treatment 

contexts to maximize both drug-specific and placebo-mediated healing. Understanding individual 

differences in placebo responsiveness might allow personalized approaches. The challenge lies in ethically 

leveraging these powerful mind-body healing mechanisms while maintaining scientific rigor and patient 

trust. 

 

18. The passage indicates that placebo effects involve: 

A. Pure imagination only 

B. Psychological factors only 

C. Deception always 

D. Real neurobiological mechanisms 

 

19. According to the passage, clinical trials use placebo controls to: 

A. Deceive patients 

B. Reduce costs 

C. Distinguish treatment-specific effects from placebo responses 

D. Eliminate all variables 

 

20. Which factor does NOT influence placebo effectiveness according to the passage? 

A. Pill size 

B. Patient's astrological sign 

C. Injection vs. oral administration 

D. Medication branding 

 

21. Open-label placebos are placebos where: 

A. The container is transparent 

B. Only doctors know 

C. Patients are unaware 

D. Patients know they're receiving placebos 

 

22. Placebo analgesia activates brain regions including: 

A. Prefrontal cortex and periaqueductal gray 

B. Only the cerebellum 

C. Exclusively sensory cortex 

D. No measurable brain regions 

 

23. The passage suggests that placebo responses should be viewed as: 

A. Worthless artifacts 

B. Patient deception 



C. Legitimate biological phenomena 

D. Purely psychological tricks 

 

24. According to the passage, branded medications as placebos outperform: 

A. All active drugs 

B. Generic placebos even when chemically identical 

C. No other placebos 

D. Only in imagination 

 

25. The color and shape of placebos: 

A. Influence their effectiveness 

B. Have no effect whatsoever 

C. Only matter for children 

D. Determine chemical composition 

 

26. The ethical concern about deliberately using placebos involves: 

A. Excessive cost 

B. Safety risks 

C. Manufacturing difficulty 

D. Violating informed consent 

 

27. Neuroimaging reveals that placebo effects involve changes in: 

A. No measurable brain activity 

B. Imagination centers only 

C. Neurotransmitter release and neural circuits 

D. Muscle tissue exclusively 

 

28. The passage suggests optimizing placebo responses can be achieved through: 

A. Deception only 

B. Enhanced patient-provider relationships and positive framing 

C. Larger doses only 

D. Ignoring patient expectations 

 

29. According to the passage, larger pills compared to smaller pills: 

A. Are always more expensive 

B. Contain more active ingredients 

C. Have identical chemical content only 

D. Generate stronger placebo effects 

 

30. Future medicine might harness placebo mechanisms by: 



A. Optimizing treatment contexts to maximize healing 

B. Abandoning all medications 

C. Using only placebos 

D. Eliminating patient interaction 

 

31. The passage indicates that placebo responses in clinical trials are often viewed as: 

A. Desirable outcomes 

B. Nuisances complicating trials 

C. Primary endpoints 

D. Irrelevant factors 

 

32. Measurable biological changes from placebos include all of the following EXCEPT: 

A. Pain reduction 

B. Altered brain activity 

C. Complete disease cure always 

D. Improved motor function in Parkinson's 

 

33. The passage challenges the concept of: 

A. All medical treatment 

B. Clinical research 

C. Scientific method 

D. Simplistic mind-body dualism 

 

34. Understanding individual differences in placebo responsiveness might allow: 

A. Personalized approaches 

B. Eliminating all medications 

C. Universal one-size-fits-all treatments 

D. Abandoning medical science 

 

PASSAGE III 

Ocean acidification, often called "climate change's evil twin," results from atmospheric CO₂ dissolving in 

seawater, forming carbonic acid and lowering ocean pH. Since pre-industrial times, oceans have absorbed 

approximately 30% of anthropogenic CO₂ emissions, with surface ocean pH declining from 8.2 to 8.1—

a seemingly small change representing a 30% increase in acidity due to pH's logarithmic scale. Current 

trajectories project pH could drop to 7.8 by 2100, representing a 150% increase in acidity compared to 

pre-industrial levels. 

This acidification threatens marine ecosystems through multiple mechanisms. Reduced carbonate ion 

availability impairs calcification in organisms building calcium carbonate structures, including corals, 



mollusks, and some plankton species. Laboratory studies show decreased calcification rates, thinner 

shells, and increased shell dissolution in acidified conditions. Pteropods (swimming sea snails) essential 

to Arctic food webs already show shell dissolution in naturally acidic deep waters brought to the surface. 

Beyond calcification, acidification affects fish behavior and sensory systems; studies indicate impaired 

predator avoidance and altered olfactory function in juvenile fish exposed to projected future pH levels. 

Economic and ecological consequences extend globally. Shellfish industries face substantial risks as 

oysters, clams, and mussels struggle to build shells in acidified waters. Pacific Northwest oyster hatcheries 

experienced massive die-offs linked to acidified upwelling water. Coral reefs, already threatened by 

warming-induced bleaching, face compounded stress from acidification reducing their ability to maintain 

reef structures. The loss of these ecosystems would eliminate critical habitat for countless species and 

reduce coastal protection from storms. 

Unlike climate change mitigation offering various technological approaches, ocean acidification has no 

simple technological fix. Proposed geoengineering solutions like adding alkaline materials to buffer pH 

face enormous scale challenges and potential unintended consequences. The only certain solution involves 

reducing CO₂ emissions. Even with aggressive emissions reductions, atmospheric CO₂'s long residence 

time means centuries of elevated acidification. This reality emphasizes prevention over remedy, requiring 

immediate action despite delayed visible impacts. 

Adaptation strategies offer limited buffering while emissions reductions remain essential. Selective 

breeding programs aim to develop shellfish strains more tolerant to acidification. Marine protected areas 

might enhance ecosystem resilience by reducing additional stressors. Monitoring networks track 

acidification progression and identify particularly vulnerable regions. However, these measures only 

mitigate impacts; without addressing root causes through emissions reductions, ocean acidification will 

fundamentally alter marine ecosystems with cascading effects throughout ocean food webs and human 

societies dependent on ocean resources. 

 

35. Since pre-industrial times, oceans have absorbed approximately what percentage of anthropogenic 

CO₂ emissions? 

A. 10% 

B. 30% 

C. 50% 

D. 70% 

 

36. Surface ocean pH has declined from 8.2 to 8.1, representing: 

A. 10% increase in acidity 

B. No significant change 

C. 30% increase in acidity 

D. 50% decrease in acidity 

 



37. By 2100, ocean pH could drop to: 

A. 7.8 

B. 8.0 

C. 8.3 

D. 7.0 

 

38. Pteropods are described in the passage as: 

A. Fish species 

B. Coral types 

C. Large predators 

D. Swimming sea snails 

 

39. According to the passage, acidification affects fish by: 

A. Only increasing size 

B. Impairing predator avoidance and olfactory function 

C. Making them immune to predators 

D. Having no measurable effects 

 

40. Pacific Northwest oyster hatcheries experienced die-offs linked to: 

A. Disease only 

B. Overfishing 

C. Acidified upwelling water 

D. Temperature alone 

 

41. The passage describes ocean acidification as climate change's: 

A. Solution 

B. Opposite 

C. Unrelated phenomenon 

D. "Evil twin" 

 

42. Geoengineering solutions for ocean acidification face: 

A. Enormous scale challenges and unintended consequences 

B. No challenges whatsoever 

C. Only minor obstacles 

D. Complete impossibility 

 

43. The only certain solution to ocean acidification mentioned is: 

A. Adding alkaline materials 

B. Selective breeding 

C. Reducing CO₂ emissions 



D. Marine protected areas 

 

44. Even with aggressive emissions reductions, elevated acidification will persist for: 

A. Days 

B. Centuries 

C. Weeks 

D. Months 

 

45. Selective breeding programs aim to develop shellfish strains that are: 

A. More tolerant to acidification 

B. Larger in size 

C. More colorful 

D. Faster growing only 

 

46. Marine protected areas might help by: 

A. Reversing acidification completely 

B. Stopping all CO₂ absorption 

C. Eliminating ocean chemistry changes 

D. Enhancing ecosystem resilience 

 

47. Carbonate ion availability affects organisms that: 

A. Swim only 

B. Build calcium carbonate structures 

C. Live on land 

D. Don't use calcium 

 

48. The passage indicates that adaptation strategies: 

A. Completely solve acidification 

B. Eliminate the need for emissions reductions 

C. Only mitigate impacts while emissions reductions remain essential 

D. Are superior to emissions reductions 

 

49. Laboratory studies show that acidified conditions cause: 

A. Thicker, stronger shells 

B. No observable changes 

C. Unlimited growth 

D. Decreased calcification rates and thinner shells 

 

50. The passage emphasizes prevention over remedy because: 

A. Remedies are cheaper 



B. Prevention is easier 

C. Technology can easily reverse acidification 

D. CO₂'s long residence time means centuries of elevated acidification 

 

 

Quantitative Reasoning 

 

1. Solve for x: 4x + 7 = 31 

A. 6 

B. 9.5 

C. 8 

D. 7 

 

2. What is the perimeter of a rectangle with length 14 cm and width 9 cm? 

A. 126 cm 

B. 46 cm 

C. 23 cm 

D. 32 cm 

 

3. Simplify: (6x³y²)/(2xy) 

A. 3x²y 

B. 6x²y 

C. 4x²y 

D. 3x²y 

 

4. If 30% of a number is 45, what is the number? 

A. 150 

B. 135 

C. 13.5 

D. 15 

 

5. What is the area of a circle with radius 6 cm? (Use π ≈ 3.14) 

A. 37.68 cm² 

B. 18.84 cm² 

C. 113.04 cm² 

D. 75.36 cm² 

 

6. Solve: 5(x - 2) = 3x + 8 

A. 5 



B. 6 

C. 7 

D. 9 

 

7. What is 15% of 200? 

A. 20 

B. 25 

C. 35 

D. 30 

 

8. What is the volume of a rectangular prism with dimensions 5 cm × 4 cm × 6 cm? 

A. 60 cm³ 

B. 100 cm³ 

C. 120 cm³ 

D. 80 cm³ 

 

9. Convert 7/8 to a decimal. 

A. 0.78 

B. 0.875 

C. 0.85 

D. 0.7 

 

10. If x² = 81, what are the possible values of x? 

A. 9 only 

B. -9 only 

C. 40.5 

D. ±9 

 

11. What is the median of the set {12, 20, 15, 28, 18}? 

A. 18 

B. 20 

C. 15 

D. 12 

 

12. A car travels 240 miles in 4 hours. What is its average speed? 

A. 50 mph 

B. 55 mph 

C. 60 mph 

D. 65 mph 

 



13. What is 3/4 + 1/8? 

A. 4/12 

B. 7/8 

C. 1/2 

D. 5/8 

 

14. What is the slope of a line passing through points (2, 4) and (6, 16)? 

A. 2 

B. 4 

C. 6 

D. 3 

 

15. Solve the inequality: 3x - 5 > 10 

A. x > 5 

B. x > 10 

C. x < 5 

D. x > 15 

 

16. What is the value of 3² × 2³? 

A. 36 

B. 64 

C. 72 

D. 48 

 

17. A triangle has angles measuring 50°, 60°, and x°. What is x? 

A. 80° 

B. 60° 

C. 70° 

D. 90° 

 

18. What is |−12| - |5|? 

A. 7 

B. 17 

C. -7 

D. -17 

 

19. If 4/x = 16/28, what is x? 

A. 4 

B. 7 

C. 14 



D. 8 

 

20. What is the surface area of a cube with edge length 5 cm? 

A. 125 cm² 

B. 100 cm² 

C. 150 cm² 

D. 75 cm² 

 

21. Solve the system: x + y = 12 and x - y = 4 

A. x = 6, y = 6 

B. x = 8, y = 4 

C. x = 10, y = 2 

D. x = 7, y = 5 

 

22. What is cos 60°? 

A. √3/2 

B. √2/2 

C. 1 

D. 1/2 

 

23. If a rectangle has area 96 cm² and length 12 cm, what is its width? 

A. 6 cm 

B. 7 cm 

C. 8 cm 

D. 9 cm 

 

24. What is the least common multiple (LCM) of 8 and 12? 

A. 24 

B. 96 

C. 4 

D. 48 

 

25. A bag contains 5 red balls and 7 blue balls. What is the probability of drawing a blue ball? 

A. 5/12 

B. 7/12 

C. 1/2 

D. 5/7 

 

26. What is the distance between points (1, 2) and (5, 5)? 

A. 3 



B. 4 

C. 6 

D. 5 

 

27. If y varies inversely as x, and y = 20 when x = 3, what is y when x = 5? 

A. 10 

B. 15 

C. 12 

D. 18 

 

28. What is the range of the dataset: {18, 25, 12, 30, 20}? 

A. 18 

B. 20 

C. 15 

D. 12 

 

29. Simplify: 5/6 - 1/3 

A. 4/3 

B. 2/3 

C. 1/3 

D. 1/2 

 

30. A cylinder has radius 3 cm and height 8 cm. What is its volume? (Use π ≈ 3.14) 

A. 75.36 cm³ 

B. 150.72 cm³ 

C. 188.4 cm³ 

D. 226.08 cm³ 

 

31. What is 20 increased by 40%? 

A. 24 

B. 26 

C. 28 

D. 30 

 

32. If tan θ = √3, what is θ in degrees (0° < θ < 90°)? 

A. 30° 

B. 60° 

C. 45° 

D. 90° 

 



33. A rectangular prism has dimensions 4 cm × 3 cm × 5 cm. What is its volume? 

A. 60 cm³ 

B. 48 cm³ 

C. 72 cm³ 

D. 80 cm³ 

 

34. What is the greatest common factor (GCF) of 30 and 45? 

A. 5 

B. 10 

C. 90 

D. 15 

 

35. Solve for x: 2x/3 = 8 

A. 16 

B. 6 

C. 12 

D. 24 

 

36. What is sin 45°? 

A. 1/2 

B. √2/2 

C. √3/2 

D. 1 

 

37. If a square has perimeter 36 cm, what is its area? 

A. 9 cm² 

B. 18 cm² 

C. 72 cm² 

D. 81 cm² 

 

38. Evaluate: f(x) = 4x - 7 when x = 3 

A. 5 

B. 19 

C. 12 

D. 1 

 

39. What is 2/5 expressed as a percentage? 

A. 25% 

B. 50% 

C. 40% 



D. 20% 

 

40. If x + 5 = 3x - 7, what is x? 

A. 12 

B. 6 

C. -1 

D. 1 

 

 

 

 

 

Answer Explanations - Practice Test 3 

Survey Of Natural Sciences 

 

BIOLOGY (Questions 1-40) 

1. Correct Answer: D (Metaphase) 

Metaphase is the phase of mitosis characterized by chromosomes aligning at the cell's equator (also called 

the metaphase plate). During this phase, chromosomes are maximally condensed and attached to spindle 

fibers via their kinetochores at the centromeres. This alignment ensures equal distribution of genetic 

material to daughter cells. Prophase involves chromosome condensation, anaphase involves sister 

chromatid separation, and telophase involves nuclear envelope reformation. 

2. Correct Answer: A (Inner mitochondrial membrane) 

The electron transport chain in cellular respiration occurs in the inner mitochondrial membrane. This 

membrane contains the protein complexes (I, II, III, and IV) that transfer electrons and pump protons to 

create the electrochemical gradient used for ATP synthesis. The cytoplasm is where glycolysis occurs, the 

nucleus contains genetic material, and the smooth ER is involved in lipid synthesis and detoxification. 

3. Correct Answer: A (Messenger RNA (mRNA)) 

Messenger RNA (mRNA) carries genetic information from DNA in the nucleus to ribosomes in the 

cytoplasm where proteins are synthesized. Transfer RNA (tRNA) carries amino acids to ribosomes, 

ribosomal RNA (rRNA) is a structural component of ribosomes, and small nuclear RNA (snRNA) is 

involved in RNA splicing. 

4. Correct Answer: C (Retina) 



The lens of the eye focuses light onto the retina, the light-sensitive layer at the back of the eye containing 

photoreceptor cells (rods and cones). The cornea is the transparent front layer that begins light refraction, 

the iris controls pupil size, and the pupil is the opening that allows light to enter. 

5. Correct Answer: D (Prophase I) 

Crossing over (recombination) occurs during Prophase I of meiosis when homologous chromosomes pair 

up (synapsis) and exchange genetic material. This process increases genetic variation by creating new 

allele combinations. It does not occur during metaphase or anaphase of either meiotic division. 

6. Correct Answer: B (Pulmonary valve) 

The pulmonary valve (also called the pulmonary semilunar valve) is located between the right ventricle 

and the pulmonary artery. It prevents backflow of blood from the pulmonary artery into the right ventricle. 

The mitral (bicuspid) valve is between the left atrium and ventricle, the aortic valve is between the left 

ventricle and aorta, and the tricuspid valve is between the right atrium and ventricle. 

7. Correct Answer: D (Prolactin) 

Prolactin is the hormone that stimulates milk production in mammary glands. It is secreted by the anterior 

pituitary gland. Oxytocin stimulates milk ejection (letdown) during breastfeeding, estrogen stimulates 

breast development, and luteinizing hormone (LH) triggers ovulation. 

8. Correct Answer: A (5' to 3') 

DNA polymerase synthesizes new DNA strands exclusively in the 5' to 3' direction. This means 

nucleotides are added to the 3' hydroxyl (-OH) end of the growing strand. This directionality requires that 

one strand (the leading strand) is synthesized continuously while the other (the lagging strand) is 

synthesized in short Okazaki fragments. 

9. Correct Answer: C (Transport oxygen) 

The primary function of hemoglobin in red blood cells is to transport oxygen from the lungs to tissues 

throughout the body. Hemoglobin binds oxygen in the lungs where partial pressure is high and releases it 

in tissues where partial pressure is low. White blood cells fight infection, platelets are involved in clotting, 

and B cells produce antibodies. 

10. Correct Answer: B (Chloroplast) 

Photosynthesis occurs in chloroplasts, specialized organelles found in plant cells and some protists. 

Chloroplasts contain chlorophyll and other pigments in thylakoid membranes where light-dependent 

reactions occur, and the stroma where the Calvin cycle (light-independent reactions) takes place. 

Mitochondria are the sites of cellular respiration. 

11. Correct Answer: A (Thymine) 



In DNA, adenine pairs with thymine through two hydrogen bonds following Chargaff's rules. Guanine 

pairs with cytosine through three hydrogen bonds. In RNA, uracil replaces thymine and pairs with adenine. 

12. Correct Answer: C (Sympathetic and parasympathetic) 

The autonomic nervous system is divided into the sympathetic nervous system (often associated with 

"fight or flight" responses) and the parasympathetic nervous system (associated with "rest and digest" 

functions). These two branches generally have opposing effects on organs. The somatic nervous system 

controls voluntary movements, while central and peripheral describe anatomical divisions of the entire 

nervous system. 

13. Correct Answer: B (XY) 

In humans, males have XY sex chromosomes (one X and one Y chromosome), while females have XX 

(two X chromosomes). The presence of the Y chromosome, specifically the SRY gene, determines male 

development. XX results in female development, YY is not viable, and XO results in Turner syndrome (a 

female with developmental abnormalities). 

14. Correct Answer: A (Phagocytosis) 

Phagocytosis is the process by which cells engulf large particles or other cells by extending their cell 

membrane around the material and enclosing it in a vesicle. Pinocytosis involves engulfing liquid droplets, 

exocytosis is the release of materials from cells, and osmosis is the movement of water across membranes. 

15. Correct Answer: D (Humoral immunity) 

Humoral immunity involves B cells producing antibodies that circulate in body fluids (humor is Latin for 

fluid). When B cells encounter their specific antigen, they differentiate into plasma cells that secrete large 

amounts of antibodies. Cell-mediated immunity involves T cells directly attacking infected cells, innate 

immunity is non-specific, and passive immunity involves receiving antibodies from an external source. 

16. Correct Answer: B (Cytoplasm) 

The cytoplasm is the jelly-like substance (cytosol plus organelles) filling the cell between the nucleus and 

the cell membrane. It contains water, salts, organic molecules, and provides the medium for metabolic 

reactions. Nucleoplasm is the substance inside the nucleus, matrix refers to the mitochondrial interior, and 

nucleoid is the bacterial DNA region. 

17. Correct Answer: C (Seminiferous tubules) 

Spermatogenesis (sperm production) occurs in the seminiferous tubules located within the testes. These 

coiled tubules contain germ cells at various stages of development and supporting Sertoli cells. The 

epididymis stores and matures sperm, the prostate produces seminal fluid, and the vas deferens transports 

sperm. 

18. Correct Answer: B (Pyruvate oxidation) 



Pyruvate oxidation (also called the link reaction or transition step) converts pyruvate produced from 

glycolysis into acetyl-CoA, which then enters the citric acid cycle. This process occurs in the 

mitochondrial matrix and releases CO₂ and produces NADH. Glycolysis produces pyruvate, the Calvin 

cycle is in photosynthesis, and fermentation is an anaerobic process. 

19. Correct Answer: D (Beta cells) 

Insulin is produced by beta (β) cells in the islets of Langerhans (pancreatic islets) of the pancreas. Insulin 

lowers blood glucose by promoting glucose uptake into cells. Alpha cells produce glucagon which raises 

blood glucose, acinar cells produce digestive enzymes, and delta cells produce somatostatin. 

20. Correct Answer: A (Small intestine) 

Most chemical digestion and nutrient absorption occurs in the small intestine, particularly in the duodenum 

and jejunum. The small intestine has a large surface area due to villi and microvilli, and receives digestive 

enzymes from the pancreas and bile from the liver. The stomach begins protein digestion, the large 

intestine absorbs water, and the esophagus transports food. 

21. Correct Answer: D (DNA) 

DNA (deoxyribonucleic acid) stores genetic information in most organisms through its sequence of 

nucleotides. The genetic code is written in the order of the four bases (A, T, G, C). RNA stores genetic 

information in some viruses, proteins carry out cellular functions based on DNA instructions, and lipids 

form membranes. 

22. Correct Answer: A (Tendon) 

A tendon is the structure that connects muscle to bone, transmitting the force of muscle contraction to 

move bones. Tendons are composed of dense regular connective tissue with collagen fibers aligned parallel 

for strength. Ligaments connect bone to bone, cartilage cushions joints, and bursae are fluid-filled sacs 

that reduce friction. 

23. Correct Answer: C (ATP, carbon dioxide, and water) 

During cellular respiration, glucose (C₆H₁₂O₆) is broken down to produce ATP (the energy currency), 

carbon dioxide (CO₂), and water (H₂O). The complete equation is: C₆H₁₂O₆ + 6O₂ → 6CO₂ + 6H₂O + ATP. 

Oxygen is consumed, not produced, and NADH is an intermediate electron carrier. 

24. Correct Answer: A (Brain and spinal cord) 

The central nervous system (CNS) consists of the brain and spinal cord. These are the main processing 

centers for neural information. The peripheral nervous system (PNS) includes all nerves outside the CNS, 

including cranial nerves, spinal nerves, and ganglia. 

25. Correct Answer: D (Hypothalamus) 



The hypothalamus regulates body temperature, hunger, thirst, sleep-wake cycles, and controls the pituitary 

gland. It maintains homeostasis by integrating neural and endocrine signals. The cerebellum coordinates 

movement, the medulla oblongata controls vital functions like breathing and heart rate, and the cerebrum 

handles higher cognitive functions. 

26. Correct Answer: C (Neuron) 

The neuron is the functional unit of the nervous system. Neurons are specialized cells that receive, process, 

and transmit information through electrical and chemical signals. Axons and dendrites are parts of neurons 

(axons transmit signals away, dendrites receive signals), and synapses are junctions between neurons. 

27. Correct Answer: B (20%) 

In DNA, cytosine pairs with guanine following Chargaff's rules, which state that the amount of cytosine 

equals the amount of guanine. If cytosine makes up 20% of the bases, then guanine also makes up 20%. 

The remaining 60% is divided equally between adenine and thymine (30% each). 

28. Correct Answer: A (ATP) 

ATP (adenosine triphosphate) is the energy molecule directly used by cells for most metabolic processes. 

When ATP is hydrolyzed to ADP (adenosine diphosphate) and inorganic phosphate, energy is released for 

cellular work. Glucose stores energy but must be broken down through cellular respiration to produce 

ATP. NADH is an electron carrier. 

29. Correct Answer: D (AB+) 

AB+ blood type is known as the universal recipient because individuals with this blood type can receive 

blood from any blood type (A, B, AB, or O, with any Rh factor). This is because AB+ blood has both A 

and B antigens on red blood cells and Rh antigen, so it won't produce antibodies against any donated 

blood. O- is the universal donor. 

30. Correct Answer: C (Capillaries) 

The exchange of gases (oxygen and carbon dioxide) between blood and tissues occurs in capillaries, the 

smallest blood vessels. Capillary walls are only one cell thick, allowing efficient diffusion. Arteries carry 

blood away from the heart, veins return blood to the heart, and arterioles are small arteries that regulate 

blood flow into capillaries. 

31. Correct Answer: B (DNA) 

Genes are composed of segments of DNA (deoxyribonucleic acid). A gene is a specific sequence of DNA 

nucleotides that codes for a particular protein or RNA molecule. Proteins are the products of gene 

expression, RNA is involved in protein synthesis, and carbohydrates are not genetic material. 

32. Correct Answer: D (Apoptosis) 



Apoptosis is the process of programmed cell death, a normal and controlled process essential for 

development and tissue maintenance. During apoptosis, cells undergo organized self-destruction without 

causing inflammation. Necrosis is uncontrolled cell death due to injury, mitosis is cell division, and 

cytokinesis is the physical division of the cytoplasm. 

33. Correct Answer: C (Calcitonin) 

Calcitonin regulates blood calcium levels by promoting calcium deposition in bones and reducing blood 

calcium concentration. It is produced by the thyroid gland. Parathyroid hormone (PTH) has the opposite 

effect, increasing blood calcium. Thyroxine regulates metabolism, and cortisol is a stress hormone. 

34. Correct Answer: C (Ribosomes) 

In eukaryotic cells, protein synthesis occurs on ribosomes, which can be free in the cytoplasm or bound 

to the rough endoplasmic reticulum. Ribosomes read mRNA sequences and catalyze peptide bond 

formation between amino acids. The Golgi apparatus processes and packages proteins, lysosomes digest 

materials, and peroxisomes break down fatty acids. 

35. Correct Answer: B (Schwann cells (in PNS)) 

The myelin sheath that insulates neuronal axons in the peripheral nervous system (PNS) is produced by 

Schwann cells. In the central nervous system (CNS), oligodendrocytes produce myelin. Astrocytes support 

neurons and maintain the blood-brain barrier, microglia are immune cells, and ependymal cells line brain 

ventricles. 

36. Correct Answer: A (Epiglottis) 

The epiglottis is a flap of cartilage that covers the opening to the trachea (windpipe) during swallowing, 

preventing food and liquids from entering the airway. The uvula is part of the soft palate, the larynx is the 

voice box, and the pharynx is the throat cavity. 

37. Correct Answer: D (Fallopian tube) 

The site of fertilization in human females is typically the fallopian tube (also called the uterine tube or 

oviduct), usually in the ampulla region. The fertilized egg then travels to the uterus for implantation. The 

uterus is where the embryo develops, the ovary releases eggs, and the cervix is the neck of the uterus. 

38. Correct Answer: C (ATP) 

ATP (adenosine triphosphate) serves as the "energy currency" of the cell. It stores energy in its high-energy 

phosphate bonds and releases energy when hydrolyzed to ADP and inorganic phosphate. This energy 

powers most cellular processes including muscle contraction, active transport, and biosynthesis. Glucose 

stores energy but must be converted to ATP, and ADP is the lower-energy form. 

39. Correct Answer: B (Proteins) 



Antibodies (also called immunoglobulins) belong to the protein class of biological molecules. They are 

Y-shaped proteins produced by B cells that recognize and bind to specific antigens. Carbohydrates, lipids, 

and nucleic acids serve other biological functions. 

40. Correct Answer: C (Calvin cycle) 

The light-independent reactions of photosynthesis are also known as the Calvin cycle (or Calvin-Benson 

cycle). These reactions occur in the chloroplast stroma and use ATP and NADPH from the light reactions 

to fix carbon dioxide into glucose. The Krebs cycle is in cellular respiration, the electron transport chain 

produces ATP, and glycolysis breaks down glucose. 

 

GENERAL CHEMISTRY (Questions 41-70) 

41. Correct Answer: B (17) 

The atomic number of an element equals the number of protons in its nucleus. An element with 17 protons 

has atomic number 17, which is chlorine (Cl). The atomic number uniquely identifies each element and 

determines its position in the periodic table. 

42. Correct Answer: B (Angular momentum (l)) 

The angular momentum quantum number (l) describes the shape of an atomic orbital. It can have integer 

values from 0 to n-1, where l=0 represents s orbitals (spherical), l=1 represents p orbitals (dumbbell-

shaped), l=2 represents d orbitals, and l=3 represents f orbitals. The principal quantum number (n) 

describes energy level and size, the magnetic quantum number (m) describes orientation, and spin (s) 

describes electron spin direction. 

43. Correct Answer: A (7) 

The pH of a neutral solution at 25°C is 7. At this pH, [H⁺] = [OH⁻] = 1 × 10⁻⁷ M. Solutions with pH < 7 

are acidic, and solutions with pH > 7 are basic. The neutral pH can vary slightly with temperature but is 7 

at standard conditions. 

44. Correct Answer: D (4 M) 

Molarity (M) is calculated as moles of solute divided by liters of solution: M = moles/liters. With 2 moles 

of NaCl in 0.5 L of solution: M = 2 moles / 0.5 L = 4 M. This represents a fairly concentrated solution. 

45. Correct Answer: C (Polar covalent bond) 

A polar covalent bond forms when electrons are shared unequally between atoms due to differences in 

electronegativity. The more electronegative atom attracts electrons more strongly, creating partial charges 

(δ+ and δ-). Ionic bonds involve complete electron transfer, nonpolar covalent bonds involve equal 

sharing, and metallic bonds involve delocalized electrons in metals. 

46. Correct Answer: B (1s² 2s² 2p⁴) 



Oxygen has atomic number 8, meaning it has 8 electrons. Following the aufbau principle, the electron 

configuration is 1s² 2s² 2p⁴. The first shell holds 2 electrons (1s²), the second shell holds 6 electrons (2s² 

2p⁴), totaling 8 electrons. Oxygen needs 2 more electrons to complete its valence shell. 

47. Correct Answer: D (Be halved) 

According to Boyle's Law, at constant temperature, pressure and volume are inversely proportional: P₁V₁ 

= P₂V₂. If pressure is doubled (P₂ = 2P₁) while temperature remains constant, volume must be halved (V₂ 

= V₁/2) to maintain the equation. This demonstrates the inverse relationship between pressure and volume. 

48. Correct Answer: A (+6) 

In H₂SO₄ (sulfuric acid), hydrogen has oxidation state +1 and oxygen has -2. Using the rule that the sum 

of oxidation states equals 0 for a neutral molecule: 2(+1) + S + 4(-2) = 0, which gives 2 + S - 8 = 0, so S 

= +6. This is sulfur's maximum oxidation state. 

49. Correct Answer: C (Combustion of gasoline) 

Combustion of gasoline is an exothermic process, meaning it releases heat energy to the surroundings. 

Exothermic reactions have negative ΔH values. Melting ice, boiling water, and sublimation of dry ice are 

all endothermic processes that absorb heat from the surroundings. 

50. Correct Answer: B (Not change the equilibrium position) 

According to Le Chatelier's principle, adding a catalyst to a reaction at equilibrium will not change the 

equilibrium position or the equilibrium constant. Catalysts speed up both the forward and reverse reactions 

equally, allowing equilibrium to be reached faster but not shifting the position. They lower activation 

energy for both directions. 

51. Correct Answer: A (109.5°) 

The bond angle in a tetrahedral molecule is approximately 109.5°. This geometry occurs when a central 

atom has four bonding pairs and no lone pairs, such as in methane (CH₄) or carbon tetrachloride (CCl₄). 

This angle maximizes separation between electron pairs according to VSEPR theory. 

52. Correct Answer: D (36 g) 

The molar mass of water (H₂O) is: 2(1 g/mol for H) + 16 g/mol for O = 18 g/mol. Therefore, 2 moles of 

water = 2 × 18 = 36 grams. This calculation uses the relationship: mass = moles × molar mass. 

53. Correct Answer: C (Charles's Law) 

Charles's Law states that the volume of a gas is directly proportional to its absolute temperature at constant 

pressure: V₁/T₁ = V₂/T₂ or V ∝ T. As temperature increases, volume increases proportionally if pressure 

and amount of gas remain constant. Boyle's Law relates pressure and volume, Avogadro's Law relates 

volume and moles, and Dalton's Law relates partial pressures. 

54. Correct Answer: B (Anode) 



In a galvanic (voltaic) cell, oxidation occurs at the anode, which is the negative electrode. Electrons are 

released at the anode and flow through the external circuit to the cathode. Reduction occurs at the cathode 

(positive electrode). The salt bridge maintains electrical neutrality but is not where reactions occur. 

Remember: "An Ox" (Anode Oxidation). 

55. Correct Answer: D (1/8) 

For a radioactive substance with half-life of 10 years, after 30 years (3 half-lives), the fraction remaining 

is (1/2)³ = 1/8. After one half-life (10 years), 1/2 remains. After two half-lives (20 years), 1/4 remains. 

After three half-lives (30 years), 1/8 remains. 

56. Correct Answer: A (Fluorine) 

Fluorine is the most electronegative element with a Pauling electronegativity of 4.0. Electronegativity 

increases across a period from left to right and decreases down a group. Fluorine, in the top right of the 

periodic table (excluding noble gases), has the highest electronegativity. Oxygen (3.5), nitrogen (3.0), and 

chlorine (3.0) are also highly electronegative but less than fluorine. 

57. Correct Answer: C (Linear) 

Carbon dioxide (CO₂) has a linear molecular geometry with a bond angle of 180°. The carbon atom forms 

two double bonds with oxygen atoms, and there are no lone pairs on carbon. According to VSEPR theory, 

this arrangement minimizes electron pair repulsion. The molecule is O=C=O. 

58. Correct Answer: B (pH) 

A buffer solution resists changes in pH when small amounts of acid or base are added. Buffers consist of 

a weak acid and its conjugate base (or a weak base and its conjugate acid) that can neutralize added H⁺ or 

OH⁻ ions. Buffers don't significantly resist changes in temperature, pressure, or volume. 

59. Correct Answer: A (2) 

The van't Hoff factor (i) for NaCl in dilute aqueous solution is approximately 2 because NaCl dissociates 

into two ions: Na⁺ and Cl⁻. The van't Hoff factor represents the number of particles a solute produces when 

dissolved and is used in calculating colligative properties like freezing point depression and boiling point 

elevation. 

60. Correct Answer: D (Freezing point depression) 

The formula ΔTf = Kf × m × i represents freezing point depression, where ΔTf is the change in freezing 

point, Kf is the freezing point depression constant, m is molality, and i is the van't Hoff factor. This 

colligative property describes how adding solute lowers the freezing point of a solvent. Boiling point 

elevation uses ΔTb = Kb × m × i. 

61. Correct Answer: B (Reactant-favored) 



An equilibrium constant K = 1 × 10⁻⁸ is much less than 1, indicating that at equilibrium, the concentration 

of reactants is much higher than the concentration of products. The reaction is reactant-favored. When K 

<< 1, very little product forms at equilibrium. When K >> 1, the reaction is product-favored. 

62. Correct Answer: C (Second order in A) 

For the reaction A + B → C, if doubling [A] quadruples the rate, the reaction is second order in A. The 

rate increases by a factor of 4, which equals 2², indicating the exponent on [A] in the rate law is 2. The 

rate law would be: rate = k[A]²[B]ⁿ. Zero order means concentration doesn't affect rate, first order means 

rate doubles when concentration doubles. 

63. Correct Answer: D (+7) 

In KMnO₄ (potassium permanganate), potassium has oxidation state +1 and oxygen has -2. Using the rule 

that the sum equals 0 for a neutral compound: (+1) + Mn + 4(-2) = 0, which gives 1 + Mn - 8 = 0, so Mn 

= +7. This is manganese's maximum oxidation state, making permanganate a strong oxidizing agent. 

64. Correct Answer: A (Proton acceptor) 

In the Brønsted-Lowry definition, a base is a proton (H⁺) acceptor and an acid is a proton donor. This 

definition is broader than the Arrhenius definition and applies to non-aqueous solutions. For example, NH₃ 

accepts a proton to become NH₄⁺. The Lewis definition describes bases as electron pair donors. 

65. Correct Answer: B (H₂O) 

Water (H₂O) has the highest boiling point among these options due to strong hydrogen bonding. Each 

water molecule can form up to four hydrogen bonds, creating an extensive network. Typical boiling points: 

H₂O (100°C), CO₂ sublimes at -78°C, CH₄ boils at -161°C, and Ne boils at -246°C. Hydrogen bonding 

significantly elevates boiling points. 

66. Correct Answer: C (Triple) 

For the rate law rate = k[A]²[B], if [B] is tripled while [A] remains constant, the new rate becomes 

k[A]²(3[B]) = 3 × k[A]²[B]. The rate triples because the exponent on [B] is 1, so tripling [B] increases the 

rate by a factor of 3¹ = 3. 

67. Correct Answer: A (CH₂O) 

Convert mass percentages to moles: C: 40/12 = 3.33 mol, H: 6.7/1 = 6.7 mol, O: 53.3/16 = 3.33 mol. 

Divide by the smallest (3.33): C: 3.33/3.33 = 1, H: 6.7/3.33 ≈ 2, O: 3.33/3.33 = 1. The empirical formula 

is CH₂O with a 1:2:1 ratio. 

68. Correct Answer: D (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 CO₂) subliming to gaseous CO₂ and iodine crystals subliming. 

Evaporation is liquid to gas, condensation is gas to liquid, and melting is solid to liquid. 



69. Correct Answer: B (4.18 J/(g·°C)) 

The specific heat capacity of water is approximately 4.18 J/(g·°C) or 1 cal/(g·°C). This high specific heat 

means water requires significant energy to change temperature, making it an excellent temperature buffer 

in biological and environmental systems. This is one of water's most important properties. 

70. Correct Answer: C (Electron) 

Beta-minus (β⁻) decay releases an electron when a neutron in the nucleus converts to a proton. The atomic 

number increases by 1 while the mass number remains the same. The electron is emitted at high speed. 

Beta-plus decay emits a positron, and alpha decay emits a helium nucleus (2 protons + 2 neutrons). 

 

ORGANIC CHEMISTRY (Questions 71-100) 

71. Correct Answer: A (sp³) 

The hybridization of carbon in methane (CH₄) is sp³. The carbon atom forms four sigma bonds with four 

hydrogen atoms, requiring four hybrid orbitals. One s orbital and three p orbitals combine to form four sp³ 

hybrid orbitals arranged tetrahedrally with 109.5° bond angles. This is the standard hybridization for 

saturated carbon atoms. 

72. Correct Answer: D (Hydroxyl) 

The hydroxyl functional group (-OH) characterizes alcohols. Alcohols have the general formula R-OH 

where R is an alkyl group. The carbonyl group (C=O) is in aldehydes and ketones, the carboxyl group (-

COOH) is in carboxylic acids, and the amino group (-NH₂) is in amines. 

73. Correct Answer: C (Pentane) 

The IUPAC name for CH₃CH₂CH₂CH₂CH₃ is pentane. This is a straight-chain alkane with five carbon 

atoms. The systematic naming is: pent- (5 carbons) + -ane (alkane) = pentane. Butane has 4 carbons, 

hexane has 6 carbons, and heptane has 7 carbons. 

74. Correct Answer: B (Elimination) 

Elimination reactions convert alcohols to alkenes by removing water (dehydration). The alcohol is 

typically heated with an acid catalyst (like concentrated H₂SO₄) to eliminate H₂O and form a C=C double 

bond. Addition reactions add groups across double bonds, substitution replaces one group with another, 

and oxidation changes the oxidation state. 

75. Correct Answer: D (PCC) 

PCC (pyridinium chlorochromate) is a mild oxidizing reagent that converts primary alcohols to aldehydes 

without further oxidation to carboxylic acids. Stronger oxidizing agents like Jones reagent (CrO₃/H₂SO₄) 

would oxidize primary alcohols all the way to carboxylic acids. LiAlH₄ and NaBH₄ are reducing agents 

that convert carbonyl compounds to alcohols. 



76. Correct Answer: A (Tertiary) 

Tertiary carbocations (R₃C⁺) are the most stable due to hyperconjugation and inductive effects from three 

electron-donating alkyl groups. Stability order: tertiary > secondary > primary > methyl. This stability 

difference is crucial in SN1 and E1 reactions, which proceed through carbocation intermediates. More 

substituted carbocations are stabilized by more electron-donating groups. 

77. Correct Answer: C (Inversion) 

In an SN2 reaction, inversion of configuration occurs at the stereocenter. The nucleophile attacks from the 

backside (opposite the leaving group), causing a "umbrella flip" of the three remaining groups. This is 

called Walden inversion. SN1 reactions typically give racemization due to planar carbocation 

intermediates, while SN2 reactions always give inversion. 

78. Correct Answer: B (Phenol) 

Among these alcohols, phenol (C₆H₅OH) is the most acidic due to resonance stabilization of the phenoxide 

ion (C₆H₅O⁻). When phenol loses a proton, the negative charge delocalizes into the aromatic ring through 

resonance. Typical pKa values: phenol (~10), alcohols (~15-16). Aliphatic alcohols like ethanol, 

cyclohexanol, and methanol have no resonance stabilization and are much less acidic. 

79. Correct Answer: D (A dibromide) 

The reaction of an alkene with Br₂ (bromine) produces a vicinal dibromide through electrophilic addition. 

Bromine adds across the C=C double bond, with one Br atom adding to each carbon of the former double 

bond. For example, ethene (CH₂=CH₂) + Br₂ → CH₂Br-CH₂Br (1,2-dibromoethane). This is a classic test 

for unsaturation. 

80. Correct Answer: A (Toluene) 

When benzene reacts with CH₃Cl (methyl chloride) and AlCl₃ (a Lewis acid catalyst), it undergoes Friedel-

Crafts alkylation to produce toluene (methylbenzene, C₆H₅CH₃). The AlCl₃ generates the electrophilic 

CH₃⁺ species that attacks the benzene ring, replacing one hydrogen with a methyl group while maintaining 

aromaticity. 

81. Correct Answer: C (The more substituted alkene) 

Zaitsev's rule predicts that elimination reactions favor formation of the more substituted (more stable) 

alkene as the major product. When a hydrogen is removed during E2 elimination, the base preferentially 

removes the hydrogen from the carbon with fewer hydrogens, creating the more highly substituted double 

bond. The more substituted alkenes are thermodynamically more stable due to hyperconjugation. 

82. Correct Answer: D (Hydration) 

Hydration is the reaction type that adds water across a double bond. Acid-catalyzed hydration of alkenes 

produces alcohols following Markovnikov's rule: R-CH=CH₂ + H₂O (with H₂SO₄ catalyst) → R-CH(OH)-

CH₃. Hydrogenation adds H₂, halogenation adds halogens, and dehydration removes water. 



83. Correct Answer: A (Carboxylic acid) 

The Grignard reagent (RMgX) reacts with CO₂ followed by acidic workup (H₃O⁺) to produce a carboxylic 

acid. The Grignard reagent adds to CO₂ forming a carboxylate salt intermediate, which upon protonation 

gives R-COOH. This is a useful method for extending carbon chains by one carbon. Reaction with 

aldehydes gives secondary alcohols, with ketones gives tertiary alcohols. 

84. Correct Answer: D (Chemically distinct hydrogen environments) 

In ¹H NMR (proton nuclear magnetic resonance) spectroscopy, the number of signals indicates the number 

of chemically distinct (non-equivalent) hydrogen environments in the molecule. Hydrogens in the same 

chemical environment produce one signal, while hydrogens in different environments produce separate 

signals. Integration shows the relative number of hydrogens, and chemical shift indicates the electronic 

environment. 

85. Correct Answer: B (I⁻) 

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 generally follows base weakness: I⁻ > Br⁻ > 

Cl⁻ >> F⁻. OH⁻ and NH₂⁻ are strong bases and very poor leaving groups. Good leaving groups are weak 

bases. 

86. Correct Answer: C (Nucleophile addition to α,β-unsaturated carbonyl) 

The Michael addition involves nucleophilic addition of a nucleophile (often an enolate or other carbon 

nucleophile) to the β-carbon of an α,β-unsaturated carbonyl compound. The nucleophile attacks at the β-

position (1,4-addition or conjugate addition) rather than the carbonyl carbon. This is a key reaction for 

forming carbon-carbon bonds. 

87. Correct Answer: D (Secondary alcohol) 

When a ketone reacts with NaBH₄ (sodium borohydride, a mild reducing agent), it is reduced to a 

secondary alcohol. The carbonyl oxygen becomes an OH group. For example, acetone ((CH₃)₂C=O) + 

NaBH₄ → isopropanol ((CH₃)₂CHOH). Aldehydes are reduced to primary alcohols, and NaBH₄ doesn't 

reduce carboxylic acids. 

88. Correct Answer: A (Diene and dienophile) 

The Diels-Alder reaction is a [4+2] cycloaddition between a conjugated diene (4 π electrons) and a 

dienophile (typically an alkene or alkyne with 2 π electrons) to form a six-membered ring. This is a 

concerted, pericyclic reaction occurring in a single step. For example, 1,3-butadiene reacts with ethene to 

form cyclohexene. 

89. Correct Answer: C (Tollens' test) 

Tollens' test (silver mirror test) distinguishes aldehydes from ketones. Aldehydes are oxidized by Tollens' 

reagent (Ag(NH₃)₂⁺) to carboxylic acids, reducing Ag⁺ to metallic silver which deposits as a mirror on the 



test tube. Ketones do not react. The bromine test detects unsaturation, Lucas test distinguishes alcohol 

types, and iodoform test detects methyl ketones. 

90. Correct Answer: B (4n+2) 

According to Hückel's rule, aromatic compounds must have (4n+2) π electrons, where n is a non-negative 

integer (0, 1, 2, 3...). For benzene, n=1 giving 4(1)+2 = 6 π electrons. Compounds with 4n π electrons are 

anti-aromatic and destabilized. This rule applies to planar, cyclic, fully conjugated systems. 

91. Correct Answer: A (Carboxylic acid and alcohol) 

Acid-catalyzed ester hydrolysis (the reverse of Fischer esterification) produces a carboxylic acid and an 

alcohol. For example: CH₃COOCH₃ + H₂O (with H⁺ catalyst) → CH₃COOH + CH₃OH. This is an 

equilibrium reaction. Base-catalyzed hydrolysis (saponification) produces a carboxylate salt and alcohol. 

92. Correct Answer: B (BH₃ then H₂O₂/OH⁻) 

Hydroboration-oxidation (BH₃ or B₂H₆ followed by H₂O₂/OH⁻) performs anti-Markovnikov addition of 

water to alkenes. The OH group adds to the less substituted carbon, opposite to Markovnikov's rule. 

H₂O/H₂SO₄ gives Markovnikov addition, HBr adds HBr (not water), and oxymercuration-demercuration 

(Hg(OAc)₂ then NaBH₄) gives Markovnikov hydration. 

93. Correct Answer: C (1-butene) 

A compound with molecular formula C₄H₈ has one degree of unsaturation (one double bond or ring). 1-

butene (CH₂=CHCH₂CH₃) fits this formula with one C=C double bond. Butane is C₄H₁₀ (saturated), 1-

butyne is C₄H₆ (triple bond), and benzene is C₆H₆. The degree of unsaturation = (2C + 2 - H)/2 = (8 + 2 - 

8)/2 = 1. 

94. Correct Answer: A (Concerted elimination) 

The E2 reaction mechanism is a concerted (one-step) elimination where the base removes a proton and 

the leaving group departs simultaneously. The reaction is bimolecular (rate depends on both substrate and 

base concentrations) and stereospecific, requiring antiperiplanar geometry between the hydrogen and 

leaving group. E1 is a two-step elimination, SN1/SN2 are substitutions. 

95. Correct Answer: D (C=O) 

The carbonyl functional group (C=O) shows a characteristic strong IR absorption around 1700 cm⁻¹ due 

to the C=O stretch. The exact position varies: aldehydes ~1730 cm⁻¹, ketones ~1715 cm⁻¹, carboxylic acids 

~1710 cm⁻¹, esters ~1735 cm⁻¹. O-H stretches appear around 3200-3600 cm⁻¹, N-H around 3300-3500 

cm⁻¹, and C-H around 2800-3000 cm⁻¹. 

96. Correct Answer: B (Alkoxide and alkyl halide) 

The Williamson ether synthesis involves the SN2 reaction of an alkoxide ion (RO⁻, formed by treating an 

alcohol with a strong base like NaH) with an alkyl halide (R'X) to form an ether (R-O-R'). This is a reliable 



method for making ethers. The reaction works best with primary alkyl halides to minimize elimination 

side reactions. 

97. Correct Answer: A (Constitutional isomers) 

Constitutional isomers (also called structural isomers) have the same molecular formula but different atom 

connectivity—the atoms are bonded in different sequences. For example, butane (CH₃CH₂CH₂CH₃) and 

2-methylpropane ((CH₃)₃CH) are constitutional isomers with formula C₄H₁₀. Enantiomers and 

diastereomers are stereoisomers with the same connectivity, and conformers are different rotational 

arrangements. 

98. Correct Answer: D (Ketone) 

The oxidation of a secondary alcohol produces a ketone. For example, isopropanol ((CH₃)₂CHOH) 

oxidizes to acetone ((CH₃)₂C=O) using oxidizing agents like chromic acid or PCC. Primary alcohols 

oxidize to aldehydes (then to carboxylic acids with strong oxidizers), and tertiary alcohols resist oxidation 

because they lack a hydrogen on the hydroxyl-bearing carbon. 

99. Correct Answer: C (2-chlorobutane) 

2-chlorobutane is chiral because carbon-2 has four different substituents: H, Cl, CH₃, and CH₂CH₃. A 

chiral molecule can rotate plane-polarized light (optical activity). 2-methylpropane and 2,2-

dimethylpropane have no chiral centers (no carbons with four different groups), and butane is achiral (all 

carbons have at least two identical groups). 

100. Correct Answer: B (Amines with one fewer carbon) 

The Hofmann rearrangement converts amides to primary amines with one fewer carbon atom than the 

starting amide. The reaction uses bromine and base (Br₂/NaOH), causing loss of the carbonyl carbon as 

CO₂. For example, butanamide (4 carbons) rearranges to propylamine (3 carbons). This is a useful 

degradation reaction for shortening carbon chains. 

 

Perceptual Ability Test  

 

ANGLE DISCRIMINATION (Questions 1-15) 

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

The angles in order from smallest to largest are: Angle 4 (40°) < Angle 1 (48°) < Angle 3 (54°) < Angle 2 

(62°). This gives the sequence 4-1-3-2, correctly ranking all four angles from smallest to largest based on 

their degree measurements. 

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



The angles rank as: Angle S (50°) < Angle P (58°) < Angle R (65°) < Angle Q (72°). The sequence S-P-

R-Q correctly orders these angles from smallest to largest. 

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

The angles in order are: Angle 1 (22°) < Angle 3 (30°) < Angle 2 (38°) < Angle 4 (44°). This ranking 

correctly sequences the four angles from smallest to largest. 

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

The angles rank as: Angle C (70°) < Angle A (76°) < Angle B (82°) < Angle D (88°). The sequence C-A-

B-D correctly orders these angles from smallest to largest. 

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

Angle W = 45° (half of 90°), Angle X = 60°, Angle Y = 50°, Angle Z = 70°. Ordering from smallest to 

largest: W (45°) < Y (50°) < X (60°) < Z (70°). The sequence W-Y-X-Z is correct. 

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

The angles rank as: Angle 1 (18°) < Angle 3 (26°) < Angle 2 (32°) < Angle 4 (38°). This sequence correctly 

orders the angles from smallest to largest. 

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

The angles in order are: Angle M (55°) < Angle P (62°) < Angle N (68°) < Angle O (72°). The sequence 

M-P-N-O correctly ranks these angles. 

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

The angles rank as: Angle 2 (77°) < Angle 4 (80°) < Angle 1 (85°) < Angle 3 (90°). This sequence correctly 

orders all four angles from smallest to largest. 

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

The angles in order are: Angle A (34°) < Angle C (38°) < Angle B (46°) < Angle D (52°). The sequence 

A-C-B-D correctly ranks these angles. 

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

The angles rank as: Angle 2 (56°) < Angle 1 (64°) < Angle 4 (68°) < Angle 3 (75°). This sequence correctly 

orders the angles from smallest to largest. 

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

The angles in order are: Angle W (28°) < Angle Z (36°) < Angle Y (44°) < Angle X (52°). The sequence 

W-Z-Y-X correctly ranks these angles from smallest to largest. 

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



The angles rank as: Angle 1 (16°) < Angle 3 (24°) < Angle 2 (30°) < Angle 4 (36°). This sequence correctly 

orders all four angles from smallest to largest. 

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

The angles in order are: Angle S (48°) < Angle Q (51°) < Angle P (59°) < Angle R (66°). The sequence S-

Q-P-R correctly ranks these angles. 

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

The angles rank as: Angle 4 (74°) < Angle 1 (78°) < Angle 3 (82°) < Angle 2 (86°). This sequence correctly 

orders the angles from smallest to largest. 

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

The angles in order are: Angle A (26°) < Angle D (32°) < Angle C (38°) < Angle B (42°). The sequence 

A-D-C-B correctly ranks these angles from smallest to largest. 

 

PAPER FOLDING (Questions 16-30) 

16. Correct Answer: A (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 - one on each side of the fold line, positioned symmetrically. 

17. Correct Answer: C (4) 

Paper folded in half twice creates 4 layers (2 × 2 = 4). One punch through all 4 layers produces 4 holes 

when unfolded, positioned symmetrically based on the two fold lines. 

18. Correct Answer: B (4) 

One fold creates 2 layers. Punching 2 holes through both layers produces 2 × 2 = 4 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 (8) 

Three folds create 8 layers (2³ = 8). One punch through all 8 layers produces 8 holes when completely 

unfolded, arranged in a symmetric pattern. 

21. Correct Answer: C (4) 



Two folds create 4 layers. One punch through all 4 layers produces 4 holes when unfolded, positioned 

symmetrically near the center based on where the folds meet. 

22. 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. 

23. Correct Answer: B (6) 

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

unfolded. 

24. Correct Answer: D (16) 

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

unfolded. 

25. 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. 

26. 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. 

27. Correct Answer: B (8) 

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

unfolded. 

28. 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. 

29. Correct Answer: C (4) 

Two folds create 4 layers. Punching a corner of the folded paper produces 4 holes when unfolded, 

positioned near the four corners of the original square. 

30. Correct Answer: A (4) 

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

unfolded. 

CUBE COUNTING (Questions 31-45) 



31. Correct Answer: D (8) 

Interior cubes (0 faces exposed) formula: (a-2)(b-2)(c-2) = (4-2)(4-2)(4-2) = 2 × 2 × 2 = 8 completely 

interior cubes in a 4×4×4 cube. 

32. Correct Answer: B (8) 

Any cube or rectangular prism has exactly 8 corners. A 3×3×3 cube has 8 corner cubes where 3 faces 

meet, giving 8 cubes with exactly 3 faces exposed. 

33. Correct Answer: C (8) 

Any rectangular prism has exactly 8 corners. A 2×3×4 prism has 8 corner cubes with exactly 3 faces 

exposed where three perpendicular faces meet. 

34. Correct Answer: A (2) 

In a straight line of 7 cubes, the 2 end cubes each have 5 faces exposed (all faces except the one touching 

the adjacent cube). The 5 middle cubes each have 4 faces exposed. 

35. Correct Answer: A (27) 

Interior cubes (0 faces exposed) formula: (a-2)(b-2)(c-2) = (5-2)(5-2)(5-2) = 3 × 3 × 3 = 27 completely 

interior cubes in a 5×5×5 cube. 

36. Correct Answer: B (8) 

Any rectangular prism has exactly 8 corners. A 3×4×2 prism has 8 corner cubes with exactly 3 faces 

exposed. 

37. Correct Answer: D (12) 

Edge cubes (2 faces exposed) in a 3×3×3 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: A (16) 

A 2×2×4 rectangular prism contains 2×2×4 = 16 total unit cubes. 

39. Correct Answer: C (24) 

Face cubes (1 face exposed) in a 4×4×4 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: D (37) 

A 5×3×3 rectangular prism contains 5×3×3 = 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: B (4) 



In a pyramid with 4 bottom cubes (2×2) and 1 top cube (5 total), the 4 bottom corner cubes each have 

exactly 4 faces exposed (they're at the base corners with one face covered by being on the bottom, but 

sides and partial top exposed). 

42. Correct Answer: A (16) 

Edge cubes in a 3×3×4 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: D (32) 

A 4×4×2 rectangular prism contains 4×4×2 = 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: B (8) 

A 2×2×2 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: 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. 

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: D (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: B (Tetrahedron) 

Four equilateral triangles in a row can fold into a tetrahedron (triangular pyramid) where all four faces are 

triangles, forming a 4-faced polyhedron. 

50. Correct Answer: A (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 (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. 

52. Correct Answer: D (Hexagonal prism) 

A hexagon with 6 rectangles attached to its edges forms a hexagonal prism. The rectangles wrap around 

to form the sides, with hexagons at each end (though only one hexagon is in this net, it creates a prism 

shape). 

53. Correct Answer: B (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: C (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: D (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: B (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: C (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: D (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: B (Rectangle) 

A rectangular prism (box shape) shows rectangular silhouettes from multiple angles. A rectangle is the 

most consistent aperture shape for this object when oriented appropriately. 

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: D (Circle) 

A sphere viewed from any angle appears as a circle. Therefore, a circular aperture is the only shape a 

sphere could pass through (assuming the aperture matches the sphere's diameter). 

65. Correct Answer: B (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: A (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: C (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: A (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: C (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: B (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: C (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: B (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: C (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: D (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: D (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: B (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: A (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: B (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: A (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  

1. Correct Answer: C (mRNA vaccines) 

The passage states "Traditional vaccine approaches include live attenuated vaccines (weakened but viable 

pathogens), inactivated vaccines (killed pathogens), and subunit vaccines (specific pathogen 

components)." mRNA vaccines are described as a new technology, not a traditional approach. The passage 

explicitly distinguishes mRNA vaccines from traditional methods. 

2. Correct Answer: B (Temporarily produce pathogen proteins) 

The passage explains "mRNA vaccines deliver genetic instructions that cause cells to temporarily produce 

pathogen proteins, triggering immune responses." The key word is "temporarily" - cells produce the 

proteins for a few days, not permanently. This temporary production is sufficient to generate immune 

memory. 

3. Correct Answer: A (Deliver mRNA encoding spike protein) 

The passage states "The Pfizer-BioNTech and Moderna COVID-19 vaccines used lipid nanoparticles to 

deliver mRNA encoding the SARS-CoV-2 spike protein." The lipid nanoparticles serve as delivery 

vehicles that protect the mRNA and transport it into cells. 

4. Correct Answer: D (Over 90%) 

The passage explicitly states "Clinical trials demonstrated over 90% efficacy against symptomatic 

COVID-19." This high efficacy rate was one of the remarkable features of the mRNA COVID-19 

vaccines. 



5. Correct Answer: C (Development is faster using only genetic sequence) 

The passage notes "Development is faster because scientists only need the pathogen's genetic sequence 

rather than cultivating the pathogen itself." This is listed as a key advantage - eliminating the need to grow 

pathogens in the lab significantly accelerates vaccine development. 

6. Correct Answer: B (-70°C) 

The passage states "mRNA is inherently unstable and degrades rapidly, requiring ultra-cold storage (-70°C 

for Pfizer's vaccine initially)." This ultra-cold storage requirement was one of the major distribution 

challenges, especially for low-resource settings. 

7. Correct Answer: D (Unstable and degrades rapidly) 

The passage explicitly states "mRNA is inherently unstable and degrades rapidly, requiring ultra-cold 

storage." This instability is a fundamental challenge of mRNA technology and explains the need for 

special storage conditions. 

8. Correct Answer: A (Live virus) 

The passage notes "The vaccines don't contain live virus, eliminating infection risks that exist with 

attenuated vaccines." This is an important safety advantage - there's no possibility of the vaccine causing 

the disease since no actual virus is present. 

9. Correct Answer: C (Simply modifying the mRNA sequence) 

The passage states "Manufacturing can pivot quickly to address new variants by simply modifying the 

mRNA sequence." This flexibility is a major advantage - updating the vaccine for new variants just 

requires changing the genetic instructions, not developing an entirely new vaccine platform. 

10. Correct Answer: D (Misinformation) 

The passage states "vaccine hesitancy driven by misinformation poses ongoing public health challenges 

regardless of vaccine technology." Misinformation, not proven dangers or scientific consensus, is 

identified as the driver of vaccine hesitancy. 

11. Correct Answer: B (Train immune systems to recognize tumor antigens) 

The passage explains "Researchers are developing mRNA cancer vaccines that train immune systems to 

recognize tumor-specific antigens." The goal is teaching the immune system to identify and attack cancer 

cells, not replacing all cancer treatments. 

12. Correct Answer: C (Melanoma and pancreatic cancer) 

The passage states "with promising early trial results for melanoma and pancreatic cancer." These two 

specific cancer types are mentioned as showing promise in early mRNA vaccine trials. 

13. Correct Answer: A (Target individual patients' specific tumors) 



The passage notes "Personalized medicine approaches could create custom mRNA vaccines targeting 

individual patients' specific tumors." This personalization would tailor vaccines to each patient's unique 

cancer profile, representing precision medicine. 

14. Correct Answer: D (Rare genetic diseases) 

The passage states "Scientists are also exploring mRNA therapies for rare genetic diseases where the 

technology could provide temporary protein replacement." This represents another potential application 

beyond infectious diseases and cancer. 

15. Correct Answer: C (Play increasingly important roles in medicine) 

The passage concludes "The platform's flexibility and rapid development timeline suggest mRNA 

vaccines will play increasingly important roles in medicine beyond their pandemic debut." This indicates 

expanding applications, not replacement of all vaccines or abandonment. 

16. Correct Answer: B (Stronger side effects) 

The passage states "Some individuals experience stronger side effects than with traditional vaccines due 

to robust immune activation." The strong immune response that makes mRNA vaccines effective can also 

cause more noticeable side effects in some people. 

17. Correct Answer: A (Ultra-cold storage requirements) 

The passage identifies "ultra-cold storage (-70°C for Pfizer's vaccine initially), complicating distribution 

especially in low-resource settings" as the main distribution challenge. The extreme cold chain 

requirements are difficult to maintain in areas with limited infrastructure. 

 

PASSAGE II  

18. Correct Answer: D (Real neurobiological mechanisms) 

The passage states "placebo responses involve real neurobiological mechanisms including endorphin 

release, dopamine pathway activation, and changes in neural connectivity." This emphasizes that placebo 

effects are biological, not purely psychological phenomena. 

19. Correct Answer: C (Distinguish treatment-specific effects from placebo responses) 

The passage explains "Clinical trials use placebo controls to distinguish treatment-specific effects from 

placebo responses, requiring that experimental drugs outperform placebos to demonstrate efficacy." This 

is the fundamental purpose of placebo controls in research. 

20. Correct Answer: B (Patient's astrological sign) 



The passage mentions pill size, branding, injection vs. oral administration, color, shape, and price as 

factors influencing placebo effectiveness. Astrological sign is not mentioned and would not be a scientific 

factor. 

21. Correct Answer: D (Patients know they're receiving placebos) 

The passage defines open-label placebos: "Research shows that even when patients know they're receiving 

placebos (open-label placebos), therapeutic benefits can occur." In open-label administration, patients are 

informed they're receiving placebos. 

22. Correct Answer: A (Prefrontal cortex and periaqueductal gray) 

The passage states "Neuroimaging studies reveal that placebo analgesia activates the same pain-

modulating brain regions as opioid medications, including the prefrontal cortex, anterior cingulate cortex, 

and periaqueductal gray." These specific regions are mentioned. 

23. Correct Answer: C (Legitimate biological phenomena) 

The passage concludes "This mechanistic understanding elevates placebo responses from dismissed 

psychological artifacts to legitimate biological phenomena worthy of study and potential therapeutic 

application." The emphasis is on recognizing placebo effects as real biological processes. 

24. Correct Answer: B (Generic placebos even when chemically identical) 

The passage states "Branded medications outperform generic placebos even when chemically identical." 

This demonstrates how expectation and perception influence placebo effectiveness even when the actual 

content is the same. 

25. Correct Answer: A (Influence their effectiveness) 

The passage notes "The color, shape, and even price of placebos influence their effectiveness." These 

physical characteristics affect how patients perceive the treatment and thus the placebo response. 

26. Correct Answer: D (Violating informed consent) 

The passage states "Some argue that deliberately using placebos deceives patients, violating informed 

consent principles." The ethical concern centers on patient autonomy and the right to know what treatment 

they're receiving. 

27. Correct Answer: C (Neurotransmitter release and neural circuits) 

The passage explains "Placebo responses aren't simply 'imagining away' symptoms but involve 

measurable changes in neurotransmitter release and neural circuit activation." This demonstrates the 

biological reality of placebo effects. 

28. Correct Answer: B (Enhanced patient-provider relationships and positive framing) 



The passage states "optimizing placebo responses through enhanced patient-provider relationships, 

treatment rituals, and positive framing represents good medicine without deception." These methods 

harness placebo effects ethically. 

29. Correct Answer: D (Generate stronger placebo effects) 

The passage notes "Larger pills generate stronger placebo effects than smaller ones." Size influences 

patient expectations about potency, affecting the placebo response. 

30. Correct Answer: A (Optimizing treatment contexts to maximize healing) 

The passage suggests "Future medicine might harness placebo mechanisms to enhance treatment 

effectiveness. Rather than viewing placebo effects as nuisances complicating clinical trials, researchers 

could optimize treatment contexts to maximize both drug-specific and placebo-mediated healing." 

31. Correct Answer: B (Nuisances complicating trials) 

The passage states "Rather than viewing placebo effects as nuisances complicating clinical trials, 

researchers could optimize treatment contexts." This indicates that placebo responses are often seen as 

obstacles to overcome in research rather than phenomena to leverage. 

32. Correct Answer: C (Complete disease cure always) 

The passage mentions "measurable biological changes often occur, including pain reduction, improved 

motor function in Parkinson's disease, and even altered brain activity." However, it never claims placebos 

always cure diseases completely - the effects are real but limited. 

33. Correct Answer: D (Simplistic mind-body dualism) 

The passage opens stating "The placebo effect demonstrates the remarkable influence of expectations and 

beliefs on physiological outcomes, challenging simplistic mind-body dualism." The phenomenon shows 

mind and body are interconnected, not separate. 

34. Correct Answer: A (Personalized approaches) 

The passage suggests "Understanding individual differences in placebo responsiveness might allow 

personalized approaches." Recognizing that people respond differently to placebos could enable tailored 

treatment strategies. 

 

PASSAGE III 

35. Correct Answer: B (30%) 

The passage states "Since pre-industrial times, oceans have absorbed approximately 30% of anthropogenic 

CO₂ emissions." This demonstrates the ocean's significant role in the global carbon cycle. 

36. Correct Answer: C (30% increase in acidity) 



The passage explains "surface ocean pH declining from 8.2 to 8.1—a seemingly small change representing 

a 30% increase in acidity due to pH's logarithmic scale." The logarithmic nature of pH means this 0.1 unit 

change represents a substantial increase in hydrogen ion concentration. 

37. Correct Answer: A (7.8) 

The passage states "Current trajectories project pH could drop to 7.8 by 2100, representing a 150% 

increase in acidity compared to pre-industrial levels." This projection emphasizes the severity of potential 

future acidification. 

38. Correct Answer: D (Swimming sea snails) 

The passage describes "Pteropods (swimming sea snails) essential to Arctic food webs already show shell 

dissolution in naturally acidic deep waters brought to the surface." Pteropods are specifically identified as 

swimming sea snails. 

39. Correct Answer: B (Impairing predator avoidance and olfactory function) 

The passage states "Beyond calcification, acidification affects fish behavior and sensory systems; studies 

indicate impaired predator avoidance and altered olfactory function in juvenile fish exposed to projected 

future pH levels." These specific impacts on fish are mentioned. 

40. Correct Answer: C (Acidified upwelling water) 

The passage notes "Pacific Northwest oyster hatcheries experienced massive die-offs linked to acidified 

upwelling water." This demonstrates real-world impacts already occurring in the shellfish industry. 

41. Correct Answer: D ("Evil twin") 

The passage opens with "Ocean acidification, often called 'climate change's evil twin,' results from 

atmospheric CO₂ dissolving in seawater." This metaphor emphasizes that acidification is a related but 

distinct threat from climate warming. 

42. Correct Answer: A (Enormous scale challenges and unintended consequences) 

The passage states "Proposed geoengineering solutions like adding alkaline materials to buffer pH face 

enormous scale challenges and potential unintended consequences." The ocean's vast size and complexity 

make technological fixes impractical and risky. 

43. Correct Answer: C (Reducing CO₂ emissions) 

The passage emphasizes "The only certain solution involves reducing CO₂ emissions." All other 

approaches are presented as incomplete or problematic, while emissions reduction is identified as the 

fundamental solution. 

44. Correct Answer: B (Centuries) 



The passage notes "Even with aggressive emissions reductions, atmospheric CO₂'s long residence time 

means centuries of elevated acidification." Carbon dioxide persists in the atmosphere for very long 

periods, committing oceans to prolonged acidification even if emissions stop. 

45. Correct Answer: A (More tolerant to acidification) 

The passage states "Selective breeding programs aim to develop shellfish strains more tolerant to 

acidification." This represents an adaptation strategy to help shellfish industries cope with changing ocean 

chemistry. 

46. Correct Answer: D (Enhancing ecosystem resilience) 

The passage explains "Marine protected areas might enhance ecosystem resilience by reducing additional 

stressors." MPAs don't reverse acidification but may help ecosystems better withstand its effects by 

eliminating other pressures. 

47. Correct Answer: B (Build calcium carbonate structures) 

The passage states "Reduced carbonate ion availability impairs calcification in organisms building 

calcium carbonate structures, including corals, mollusks, and some plankton species." These organisms 

need carbonate ions to construct shells and skeletons. 

48. Correct Answer: C (Only mitigate impacts while emissions reductions remain essential) 

The passage concludes "However, these measures only mitigate impacts; without addressing root causes 

through emissions reductions, ocean acidification will fundamentally alter marine ecosystems." 

Adaptation helps but doesn't solve the underlying problem. 

49. Correct Answer: A (Decreased calcification rates and thinner shells) 

The passage notes "Laboratory studies show decreased calcification rates, thinner shells, and increased 

shell dissolution in acidified conditions." These are the documented effects on shell-building organisms 

in experimental settings. 

50. Correct Answer: D (CO₂'s long residence time means centuries of elevated acidification) 

The passage states "This reality emphasizes prevention over remedy, requiring immediate action despite 

delayed visible impacts" because "atmospheric CO₂'s long residence time means centuries of elevated 

acidification." The long-term persistence of CO₂ makes prevention crucial since remediation would take 

centuries. 

 

Quantitative Reasoning 

 

1. Correct Answer: A (6) 



Solve the equation 4x + 7 = 31 by first subtracting 7 from both sides: 4x = 31 - 7 = 24. Divide both sides 

by 4: x = 24/4 = 6. Verify: 4(6) + 7 = 24 + 7 = 31 ✓. 

2. Correct Answer: B (46 cm) 

The perimeter of a rectangle is P = 2(length + width). With length = 14 cm and width = 9 cm: P = 2(14 + 

9) = 2(23) = 46 cm. This formula accounts for all four sides of the rectangle. 

3. Correct Answer: D (3x²y) 

Simplify (6x³y²)/(2xy) by dividing coefficients and subtracting exponents for like bases. For the 

coefficient: 6/2 = 3. For x: x³/x = x^(3-1) = x². For y: y²/y = y^(2-1) = y. The result is 3x²y. 

4. Correct Answer: A (150) 

If 30% of a number equals 45, set up the equation: 0.30 × N = 45. Divide both sides by 0.30: N = 45/0.30 

= 150. Alternatively, recognize that 30% = 3/10, so if 3/10 of N = 45, then N = 45 × (10/3) = 150. 

5. Correct Answer: C (113.04 cm²) 

The area of a circle is A = πr². With radius = 6 cm and π ≈ 3.14: A = 3.14 × 6² = 3.14 × 36 = 113.04 cm². 

This represents the space enclosed by the circle. 

6. Correct Answer: D (9) 

Solve 5(x - 2) = 3x + 8 by first distributing: 5x - 10 = 3x + 8. Subtract 3x from both sides: 2x - 10 = 8. 

Add 10 to both sides: 2x = 18. Divide by 2: x = 9. Verify: 5(9 - 2) = 5(7) = 35, and 3(9) + 8 = 27 + 8 = 35 

✓. 

7. Correct Answer: D (30) 

Calculate 15% of 200 by converting the percentage to decimal and multiplying: 0.15 × 200 = 30. 

Alternatively, 15% = 15/100, so (15/100) × 200 = 30. 

8. Correct Answer: C (120 cm³) 

The volume of a rectangular prism is V = length × width × height. With dimensions 5 cm × 4 cm × 6 cm: 

V = 5 × 4 × 6 = 120 cm³. This represents the space the prism occupies. 

9. Correct Answer: B (0.875) 

Convert 7/8 to decimal by dividing: 7 ÷ 8 = 0.875. This is a terminating decimal that should be memorized 

along with other common fractions. 

10. Correct Answer: D (±9) 

If x² = 81, then x = ±√81 = ±9. Both positive and negative 9 are solutions because (9)² = 81 and (-9)² = 

81. Always consider both positive and negative square roots when solving x² = constant. 



11. Correct Answer: A (18) 

To find the median, first arrange the numbers in order: {12, 15, 18, 20, 28}. The median is the middle 

value in an ordered set. With 5 values, the third value is the median: 18. 

12. Correct Answer: C (60 mph) 

Average speed = distance ÷ time = 240 miles ÷ 4 hours = 60 miles per hour. This straightforward 

calculation tests understanding of the distance-rate-time relationship. 

13. Correct Answer: B (7/8) 

To add fractions with different denominators, find a common denominator. The LCD of 4 and 8 is 8: 3/4 

= 6/8. Then 6/8 + 1/8 = 7/8. This tests fraction addition with unlike denominators. 

14. Correct Answer: D (3) 

The slope formula is m = (y₂ - y₁)/(x₂ - x₁). With points (2, 4) and (6, 16): m = (16 - 4)/(6 - 2) = 12/4 = 3. 

A slope of 3 means the line rises 3 units vertically for every 1 unit horizontally. 

15. Correct Answer: A (x > 5) 

Solve the inequality 3x - 5 > 10 by adding 5 to both sides: 3x > 15. Divide both sides by 3: x > 5. The 

inequality direction remains the same because we divided by a positive number. 

16. Correct Answer: C (72) 

Calculate 3² × 2³: First, 3² = 3 × 3 = 9. Then, 2³ = 2 × 2 × 2 = 8. Finally, 9 × 8 = 72. This tests order of 

operations and exponent evaluation. 

17. Correct Answer: C (70°) 

In any triangle, the three angles sum to 180°. With angles 50°, 60°, and x°: 50 + 60 + x = 180, so 110 + x 

= 180, giving x = 70°. This tests the fundamental triangle angle sum property. 

18. Correct Answer: A (7) 

The absolute value of -12 is 12, and the absolute value of 5 is 5. Therefore, |−12| - |5| = 12 - 5 = 7. Absolute 

value represents distance from zero, always positive or zero. 

19. Correct Answer: B (7) 

Solve 4/x = 16/28 by first simplifying the right side: 16/28 = 4/7. So 4/x = 4/7. Cross-multiply: 4 × 7 = 4 

× x, giving 28 = 4x, so x = 7. Alternatively, if the fractions are equal and numerators are equal, 

denominators must be equal: x = 7. 

20. Correct Answer: C (150 cm²) 

The surface area of a cube is SA = 6s² where s is the edge length. With s = 5 cm: SA = 6 × 5² = 6 × 25 = 

150 cm². A cube has 6 identical square faces, each with area s². 



21. Correct Answer: B (x = 8, y = 4) 

Solve the system x + y = 12 and x - y = 4 by adding the equations: (x + y) + (x - y) = 12 + 4, giving 2x = 

16, so x = 8. Substitute into the first equation: 8 + y = 12, so y = 4. The solution is x = 8, y = 4. 

22. Correct Answer: D (1/2) 

The cosine of 60° is a standard trigonometric value: cos 60° = 1/2. This can be derived from a 30-60-90 

triangle with sides in ratio 1:√3:2, where cos 60° = adjacent/hypotenuse = 1/2. This is a value worth 

memorizing. 

23. Correct Answer: C (8 cm) 

If a rectangle has area 96 cm² and length 12 cm, use A = l × w: 96 = 12 × w. Divide by 12: w = 96/12 = 8 

cm. Verify: 12 × 8 = 96 ✓. 

24. Correct Answer: A (24) 

The least common multiple (LCM) of 8 and 12 can be found using prime factorization: 8 = 2³, 12 = 2² × 

3. The LCM uses the highest power of each prime: LCM = 2³ × 3 = 8 × 3 = 24. Alternatively, list multiples: 

8, 16, 24... and 12, 24... The first common multiple is 24. 

25. Correct Answer: B (7/12) 

With 5 red balls and 7 blue balls, there are 12 total balls. The probability of drawing a blue ball is (number 

of blue)/(total) = 7/12. This tests basic probability calculation. 

26. Correct Answer: D (5) 

The distance formula is d = √[(x₂-x₁)² + (y₂-y₁)²]. With points (1, 2) and (5, 5): d = √[(5-1)² + (5-2)²] = 

√[4² + 3²] = √[16 + 9] = √25 = 5. This represents the 3-4-5 Pythagorean triple. 

27. Correct Answer: C (12) 

For inverse variation, y = k/x where k is constant. When y = 20 and x = 3: 20 = k/3, so k = 60. When x = 

5: y = 60/5 = 12. In inverse variation, the product xy remains constant. 

28. Correct Answer: A (18) 

Range equals maximum minus minimum. In the dataset {18, 25, 12, 30, 20}, the maximum is 30 and 

minimum is 12. Range = 30 - 12 = 18. This tests understanding of range as a measure of spread. 

29. Correct Answer: D (1/2) 

To subtract fractions with different denominators, find a common denominator. The LCD of 6 and 3 is 6: 

1/3 = 2/6. Then 5/6 - 2/6 = 3/6 = 1/2. This tests fraction subtraction with unlike denominators. 

30. Correct Answer: D (226.08 cm³) 



The volume of a cylinder is V = πr²h. With r = 3 cm, h = 8 cm, and π ≈ 3.14: V = 3.14 × 3² × 8 = 3.14 × 9 

× 8 = 3.14 × 72 = 226.08 cm³. This tests applying the cylinder volume formula. 

31. Correct Answer: C (28) 

To increase 20 by 40%, calculate 40% of 20 and add: 0.40 × 20 = 8, so 20 + 8 = 28. Alternatively, 20 

increased by 40% = 20 × 1.40 = 28. 

32. Correct Answer: B (60°) 

If tan θ = √3, then θ = 60° (in the range 0° < θ < 90°). This occurs in a 30-60-90 triangle where the opposite 

and adjacent sides are in the ratio √3:1, so tan 60° = √3. This is a standard trigonometric value worth 

memorizing. 

33. Correct Answer: A (60 cm³) 

The volume of a rectangular prism is V = length × width × height. With dimensions 4 cm × 3 cm × 5 cm: 

V = 4 × 3 × 5 = 60 cm³. This is a direct application of the rectangular prism volume formula. 

34. Correct Answer: D (15) 

The greatest common factor (GCF) of 30 and 45 can be found using prime factorization: 30 = 2 × 3 × 5 

and 45 = 3² × 5. The GCF uses the lowest power of each common prime: 3 × 5 = 15. Alternatively, list 

factors and find the largest common one. 

35. Correct Answer: C (12) 

Solve 2x/3 = 8 by multiplying both sides by 3: 2x = 24. Divide both sides by 2: x = 12. Verify: 2(12)/3 = 

24/3 = 8 ✓. 

36. Correct Answer: B (√2/2) 

The sine of 45° is a standard trigonometric value: sin 45° = √2/2. This can be derived from a 45-45-90 

triangle with sides in ratio 1:1:√2, where sin 45° = opposite/hypotenuse = 1/√2 = √2/2. This is a value 

worth memorizing. 

37. Correct Answer: D (81 cm²) 

If a square has perimeter 36 cm, then 4s = 36, so s = 9 cm (side length). The area is A = s² = 9² = 81 cm². 

This tests connecting perimeter and area formulas for squares. 

38. Correct Answer: A (5) 

Evaluate f(x) = 4x - 7 at x = 3 by substitution: f(3) = 4(3) - 7 = 12 - 7 = 5. This tests function evaluation 

by substituting the given value into the function. 

39. Correct Answer: C (40%) 



Convert 2/5 to decimal first: 2 ÷ 5 = 0.40. Then multiply by 100 to get percentage: 0.40 × 100 = 40%. 

Alternatively, 2/5 = 4/10 = 40/100 = 40%. 

40. Correct Answer: B (6) 

Solve x + 5 = 3x - 7 by subtracting x from both sides: 5 = 2x - 7. Add 7 to both sides: 12 = 2x. Divide by 

2: x = 6. Verify: 6 + 5 = 11, and 3(6) - 7 = 18 - 7 = 11 ✓. 

 


