Full Length Practice Test 10

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. Lysosomes contain enzymes that function optimally at:
A. Acidic pH
B. Neutral pH
C. Basic pH
D. Any pH

2. The Purkinje fibers in the heart conduct impulses to the:
A. SAnode
B. AV node
C. Atria
D. Ventricular muscle

3. Synapsis and tetrad formation occur during:
Metaphase II

Prophase I

Anaphase |

Telophase 11

oONw

4. The primary photosynthetic pigment that directly participates in the light reactions is:
A. Carotenoid
B. Xanthophyll
C. Chlorophyll a
D. Chlorophyll b

5. A substitution mutation that changes one amino acid to another is called:
A. Silent mutation

Nonsense mutation

Frameshift mutation

oSnw

Missense mutation

6. Which organ stores bile produced by the liver?



10.

1.

12.

Gallbladder
Pancreas
Stomach

oO0w

Spleen

During the Calvin cycle, CO: is reduced to form:
Oxygen

Glucose

ATP

NADPH

SO wp

The priming of DNA synthesis by primase occurs on:

Leading strand only
Neither strand
Both leading and lagging strands

oSnowp

Lagging strand only

Which hormone decreases blood calcium levels?
Calcitonin

Parathyroid hormone

Vitamin D

Growth hormone

oS0 wp

Platelets are derived from:
Lymphocytes
Monocytes
Erythrocytes
Megakaryocytes

Cnowpy

The proximal convoluted tubule primarily reabsorbs:

Water only
Glucose and amino acids
Sodium only

oCawp>

Urea

Introns are removed from pre-mRNA during:
Transcription

Translation

RNA splicing

DNA replication

oSN wpy



13.

14.

15.

16.

17.

18.

19.

The pulmonary valve prevents backflow into the:
A. Right ventricle

B. Left ventricle

C. Left atrium

D. Aorta

Active transport requires:
Concentration gradient only
Channel proteins

Passive diffusion

ATP energy

oo w

Aquatic organisms that excrete ammonia directly are:
A. Mammals

B. Birds

C. Freshwater fish

D. Reptiles

The trp operon is an example of:
A. Positive regulation

B. Negative repressible regulation
C. Inducible regulation

D. Constitutive expression

Forced exhalation involves contraction of the:
A. Diaphragm

B. External intercostals

C. Scalene muscles

D. Internal intercostals and abdominal muscles

Homologous chromosomes separate during:
A. Meiosis |

B. Meiosis II

C. Mitosis

D. Cytokinesis

Progesterone levels are highest during the:
A. Follicular phase
B. Menstrual phase



20.

21.

22.

23.

24.

25.

26.

C. Luteal phase
D. Proliferative phase

Memory T cells are produced during:

A. Primary immune response only

B. Both primary and secondary responses
C. Secondary immune response only

D. No immune response

Guard cells regulate:

Water transport in xylem
Sugar transport in phloem
Root absorption

SOwp

Stomatal opening and closing

Deficiency of which neurotransmitter is associated with depression?
Serotonin

Dopamine

Glutamate

GABA

oONwp

Tropomyosin blocks binding sites on:
Myosin

Troponin

Actin

Calcium

oSOow >

Follicle-stimulating hormone (FSH) is secreted by the:
Ovaries

Hypothalamus

Posterior pituitary

Anterior pituitary

oSO wp

The Krebs cycle produces:
NADH, FADH>, and ATP
Glucose

Lactate

Oxygen

SO wp

Natural killer (NK) cells are part of:



27.

28.

29.

30.

31.

32.

oS0 wp

Adaptive immunity
Humoral immunity
Antibody production
Innate immunity

Microglia function as:

A.
B.
C.

Structural support cells
Immune cells in the CNS
Myelin producers

D. Neurotransmitter releasers

The G1 checkpoint checks for:

oSnowp

Chromosome alignment
Spindle attachment

Cell size and DNA damage
Chromosome separation

The exchange surface for gas exchange in the lungs is the:

oS0 wp

Bronchi

Bronchioles

Trachea

Alveolar-capillary membrane

During anaerobic glycolysis in muscle, pyruvate is converted to:

Cnowpy

Lactate
Ethanol
Acetyl-CoA
Glucose

Hershey and Chase used radioactive isotopes to prove:

oCawp>

Proteins carry genetic information
RNA is the genetic material

DNA is the genetic material
Lipids carry genetic information

The secretory phase of the menstrual cycle is maintained by:

oSN wpy

Estrogen
Progesterone
FSH

LH



33.

34.

35.

36.

37.

38.

39.

The brush border in the small intestine is formed by:

A. Microvilli
B. Villi

C. Cilia

D. Flagella

MicroRNAs (miRNAs) regulate gene expression by:

A. Activating transcription
B. Binding to mRNA

C. Replicating DNA

D. Splicing introns

Rods in the retina are responsible for:

Color vision
Bright light vision
Dim light vision

ocow»

Depth perception

DNA polymerase synthesizes DNA in the:

5' to 3' direction
3'to 5' direction
Both directions equally

Cawp>

Random direction

Embryonic stem cells are:
Unipotent
Multipotent
Totipotent
Pluripotent

oSO wp

During muscle contraction, the H-zone:

Remains constant
Shortens
Lengthens

Cnowp>

Disappears

Aldosterone is secreted by the:
A. Adrenal cortex
B. Adrenal medulla



C. Kidneys
D. Liver

40. In a Hardy-Weinberg population with p = 0.3, what is q?
A. 03
B. 0.6
C. 0.49
D. 0.7

GENERAL CHEMISTRY (Questions 41-70)

41. The electron configuration of chlorine (atomic number 17) ends with:
3s? 3p*
3s% 3p°
3s%3p°
3s! 3p®

oow

42. The Pauli exclusion principle states that:

Electrons fill orbitals of lowest energy first

No two electrons can have the same four quantum numbers
Electrons occupy orbitals singly before pairing

Orbitals have maximum capacity

oSN w

43. A solution with pOH = 3 has a pH of:

44. Which has the highest boiling point?
H-0

H.S

H2Se

H:Te

oCawp>

45. In the reaction 2Na + Cl. — 2NaCl, sodium is:
Oxidized

Reduced

Neither

The oxidizing agent

oSN wpy



46.

47.

48.

49.

50.

51.

52.

The total number of orbitals in the n=3 energy level is:

.3
. 6
.9

OO w»

18

The principal quantum number (n) indicates:
Orbital shape

Orbital orientation

Electron spin

Energy level

oo w

A mixture of a weak acid and its conjugate base forms:
A. Strong acid

B. Buffer solution

C. Neutral solution

D. Strong base

Gay-Lussac's Law relates:
Volume and temperature
Pressure and volume
Volume and moles

oO0w

Pressure and temperature

The oxidation state of nitrogen in NOs™ is:
+5
+3
+4
+6

oSN wp

For a reaction with AH > 0 and AS > 0, spontaneity occurs at:

Low temperatures
Never
High temperatures

Cnowp>

All temperatures

How many moles are in 49 g of H>.SO4? (Molar mass = 98 g/mol)

A. 98
B. 0.5



53.

54.

55.

56.

57.

58.

59.

Ionization energy generally increases:
Across a period from left to right
Down a group

With atomic radius

oo w»

Randomly

The equilibrium constant for water dissociation is:
Ka

Kb

Kw

Ksp

oS0 wp

A reaction is nonspontaneous at all temperatures when:
AH <0 and AS>0
AH>0and AS<0
AH <0and AS<0
AH >0 and AS>0

oSO wp

What is the molarity of a solution with 4 moles in 4 liters?
M
2M
4 M
&M

Cnowp>

A double bond consists of:
Two sigma bonds

Two pi bonds

Three pi bonds

One sigma and one pi bond

oSO wp

The conjugate acid of OH™ is:
0>

H-0

Hs;O*

H202

SO wp

After four half-lives, what fraction remains?



60.

61.

62.

63.

64.

65.

oO0w

172
1/4
1/16
1/8

Which has the highest electronegativity?

SO wp

C

F
O
N

The molecular geometry of CO: is:

oow

Bent

Trigonal planar
Tetrahedral
Linear

In a galvanic cell, the anode is:

oS0 wp

Where oxidation occurs
Where reduction occurs
Positive
Neutral

The molar volume of an ideal gas at STP is:

Cnowpy

11.2L
1L

448 L
224L

Isotones have the same:

oCawp>

Number of neutrons
Atomic number
Mass number
Number of electrons

First-order reactions have a half-life that is:

oSN wpy

Dependent on concentration
Doubles each time
Independent of concentration
Zero



66. The conjugate base of HsPOu is:
H2PO4

HPO+*

PO43~

H4PO4*

oow»

67. The bond order of F2 is:
A. 2
B. 3
C. 0
D. 1
68. According to the ideal gas law, if temperature doubles at constant pressure and moles, volume:

A. Halves

B. Remains constant

C. Doubles
D. Quadruples

69. In H20-, the oxidation state of oxygen is:
A. -2
B. -1
C. 0
D. +1

70. Osmotic pressure is a colligative property that depends on:
Solute particle concentration

Solute identity only

Solvent type only

Temperature only

oSN wp

ORGANIC CHEMISTRY (Questions 71-100)

71. Aromatic compounds have the general property of:
Saturated rings

High reactivity

Linear structure

Planar structure with delocalized electrons

oSO wp



72.

73.

74.

75.

76.

77.

78.

The functional group of an ether is:

A. -OH

B. -CHO

C. -O- (between two carbons)

D. -COOH

The IUPAC name for CHsCH(CHs)CHs is:
A. Butane

B. 2-methylpropane

C. Propane

D. Isobutane

Geometric isomers differ in:

Molecular formula

Connectivity

Mirror images

Spatial arrangement around double bond

oo w

Addition of water to an alkyne produces:
Alkane

Alkene

Enol that tautomerizes to carbonyl
Alcohol

oSN wp

Which carbonyl is most reactive toward nucleophiles?
Ketone

Ester

Acid chloride

Amide

Cawp>

Benedict's test detects:
Ketones

Reducing sugars
Alkenes

Alcohols

oS0 wp

The carbon in a carbonyl group (C=0) is:
A. sp? hybridized
B. sp? hybridized
C. sp hybridized



79.

80.

81.

82.

&83.

&4.

85.

D. Not hybridized

Anti-Markovnikov addition occurs in:
HBr addition with peroxides
Standard HCI addition

H>SO. addition
Hydroboration-oxidation

oSN w >

Pyridine is aromatic and has:
A. 4 1 electrons

B. 8 melectrons

C. 6 melectrons

D. 10 & electrons

Strong nucleophiles favor:
El

SN2

SN1

E2 only

oSO w

Phenol is more acidic than alcohols because:
It has more carbons

It's larger

The phenoxide ion is resonance-stabilized
It has a benzene ring

oSN wp

The Wittig reaction produces:
Alcohols

Alkenes

Ketones

Aldehydes

oSOow >

In E1 reactions, the carbocation intermediate:
Never forms

Can undergo rearrangement

Is planar

Forms instantaneously

oSO wp

Which is the strongest acid?
A. Benzoic acid



86.

87.

88.

89.

90.

91.

B. Ethanol
C. Phenol
D. Acetic acid

Reduction of an amide with LiAlH4 produces:
A. Carboxylic acid

B. Ketone

C. Aldehyde

D. Amine

A meso compound has:

No stereocenters

Only one stereocenter
Internal plane of symmetry
No symmetry

oONwp

Electrophilic aromatic substitution on benzene requires:
Strong nucleophile

Electrophile and catalyst

Reducing agent

oow

Base

Primary alkyl halides react fastest via:
A. El

B. E2

C. SNI

D. SN2

Grignard reagents react with ketones to form:
A. Tertiary alcohols

Primary alcohols

Aldehydes

. Secondary alcohols

oNw

Enantiomers have:

Same melting point
Different molecular formulas
Opposite optical rotation
Different connectivity

oSO wp



92.

93.

94.

95.

96.

97.

98.

Diazotization of aniline produces:
Nitrobenzene

Diazonium salt

Phenol

Benzene

oONwp

An optically inactive compound with stereocenters is:
Racemic mixture or meso

Pure enantiomer

Constitutional isomer

oow

Diastereomer

Which is the strongest reducing agent?
NaBHa.

H/Pd

PCC

LiAlHa

oo w

Primary alcohols are oxidized by PCC to:
Ketones

Carboxylic acids

Aldehydes

Esters

oSN wp

Deactivating groups that are meta-directing include:

A. -OH
B. -NO:
C. -NH:
D. -CHs

The Hofmann elimination produces predominantly the:
A. More substituted alkene

B. Cyclic product

C. Alkane

D. Less substituted alkene

Esterification involves reaction between:
A. Carboxylic acid and alcohol

B. Aldehyde and alcohol

C. Ketone and alcohol



D. Amine and alcohol

99. 13C NMR determines:
Hydrogen environments
Molecular weight
Carbon environments

oSN w >

Functional groups only

100. Chemical shift in '"H NMR is measured in:
Hz

ppm
nm

oow»

cm™!

Perceptual Ability Test

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

1. [Angle Ranking] Four angles: Angle 1 =52°, Angle 2 =38°, Angle 3 = 67°, Angle 4 = 44°. Rank from
smallest to largest.

4-2-1-3

2-4-1-3

2-1-4-3

4-1-2-3

oSO wp

2. [Angle Ranking] Angle P=61°, Angle Q =49°, Angle R =78°, Angle S = 70°. Rank from smallest to
largest.
A. Q-P-R-S
B. Q-S-P-R
C. Q-P-S-R
D. P-Q-S-R

3. [Angle Ranking] Four angles measure: Angle 1 = 27°, Angle 2 = 55°, Angle 3 = 42°, Angle 4 = 36°.
Rank from smallest to largest.

1-4-3-2

4-1-3-2

1-3-4-2

3-1-4-2

Cnowp>



[Angle Ranking] Angle A = 89°, Angle B = 73°, Angle C = 80°, Angle D = 66°. Rank from smallest
to largest.

B-D-C-A

D-C-B-A

B-C-A-D

D-B-C-A

oSN w >

[Angle Ranking] Angle W is five-sixths of a right angle. Angle X = 68°. Angle Y = 55°. Angle Z =
82°. Rank from smallest to largest.

Y-X-W-Z

Y-W-X-Z

Y-X-Z-W

W-Y-X-Z

SOwp

[Angle Ranking] Four angles: Angle 1 =20°, Angle 2 =46°, Angle 3 = 34°, Angle 4 = 28°. Rank from
smallest to largest.

A. 1-4-3-2

1-3-4-2

1-2-3-4

1-3-2-4

oO0w

[Angle Ranking] Angle M = 64°, Angle N = 88°, Angle O = 53°, Angle P = 71°. Rank from smallest
to largest.

A. O-M-N-P

O-M-P-N

O-P-M-N

M-O-P-N

Cnow

[Angle Ranking] Four angles measure: Angle 1 = 16°, Angle 2 = 39°, Angle 3 = 31°, Angle 4 = 48°.
Rank from smallest to largest.

A. 1-2-3-4

1-3-4-2

1-3-2-4

1-4-2-3

oSO w

[Angle Ranking] Angle A = 46°, Angle B = 57°, Angle C = 35°, Angle D = 69°. Rank from smallest
to largest.

A. C-A-B-D

B. C-B-A-D



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

10. [Angle Ranking] Four angles: Angle 1 =72°, Angle 2 =59°, Angle 3 =81°, Angle 4 = 66°. Rank from
smallest to largest.

2-1-3-4

2-3-1-4

2-1-4-3

2-4-1-3

oSOow

11. [Angle Ranking] Angle W = 30°, Angle X = 58°, Angle Y = 41°, Angle Z = 49°. Rank from smallest
to largest.
A. W-Y-Z-X

W-X-Y-Z

Z-W-Y-X

W-Y-X-Z

oO0w

12. [Angle Ranking] Four angles measure: Angle 1 = 23°, Angle 2 = 37°, Angle 3 = 30°, Angle 4 = 44°.
Rank from smallest to largest.
A. 1-2-3-4

1-3-4-2

1-3-4-2

1-3-2-4

Cnow

13. [Angle Ranking] Angle P = 65°, Angle Q =43°, Angle R = 84°, Angle S = 56°. Rank from smallest to
largest.
A. Q-S-P-R
B. S-Q-P-R
C. Q-S-P-R
D. S-P-Q-R

14. [Angle Ranking] Four angles: Angle 1 =17°, Angle 2 =43°, Angle 3 = 38°, Angle 4 = 52°. Rank from
smallest to largest.
A. 1-3-2-4
B. 1-2-3-4
C. 3-1-24
D. 1-3-4-2

15. [Angle Ranking] Angle A = 79°, Angle B = 70°, Angle C = 91°, Angle D = 62°. Rank from smallest
to largest.



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

oO0w

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 eight holes are punched through both layers. How
many total holes appear when unfolded?
A. 8
B. 12
C. 14
D. 16

17. [Hole Punching] Paper is folded three times (creating 8 layers), then four holes are punched through
all layers. How many total holes appear when unfolded?
A. 8
B. 16
C. 32
D. 24

18. [Hole Punching] Paper is folded in half twice (creating 4 layers), then five holes are punched through
all layers. How many total holes appear when unfolded?

10

20

12

16

Cawp>

19. [Hole Punching] Paper is folded in half once, then two holes are punched through both layers. How
many total holes appear when unfolded?
A 4

oCnw

8
2
6

20. [Hole Punching] Paper is folded in half twice, then six holes are punched through all layers. How
many total holes appear when unfolded?



21.

22.

23.

24.

25.

12
20
24
16

oO0w

[Hole Punching] Paper is folded diagonally once, then four holes are punched exactly on the fold line.
How many holes appear when unfolded?
A. 8

ONnw
~ o

[Hole Punching] Paper is folded in half three times, then five holes are punched through all layers.
How many holes appear when unfolded?

A. 40

24

12

16

oO0w

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

AT

B. 10

C. 12

D. 14

[Hole Punching] Paper is folded in half twice, then two holes are punched exactly at the intersection
of both folds. How many holes appear when unfolded?
A1

oOnw
o N A

[Hole Punching] Paper is folded in half twice (into quarters), then four holes are punched through all
layers. How many total holes appear when unfolded?

A. 16

B. 12

C. 20

D. 8



26. [Hole Punching] Paper is folded diagonally once, then six holes are punched away from the fold. How
many total holes appear when unfolded?
A. 6
B. 8
C. 12
D. 10

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

11

16

20

22

oow»

28. [Hole Punching] Paper is folded in half three times, then three holes are punched at different locations.
How many holes appear when unfolded?
A 12

24

16

.32

o0 w

29. [Hole Punching] Paper is folded in half twice (creating 4 layers), then seven holes are punched through
all layers. How many holes appear when unfolded?

14

24

28

32

oSO wp

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

24

20

16

12

oCawp>



CUBE COUNTING (Questions 31-45)

Directions: Answer questions about unit cubes in various structures.

31.

32.

33.

34.

35.

36.

[Cube Counting] In an 8x8%8 cube, how many unit cubes have exactly 1 face exposed (face cubes)?
96

125

150

216

oow

[Cube Counting] A solid 9x9x9 cube. How many unit cubes have exactly 3 faces exposed (corner
cubes)?

A. 6

B. 8

C. 12

D. 4

[Cube Counting] A 3x3x6 rectangular prism. How many total unit cubes are in the structure?
54
48
60
36

SOowp

[Cube Counting] A structure of 20 unit cubes arranged in a straight line. How many cubes have exactly
5 faces exposed (end cubes)?
Al

Cnow

0
2
4

[Cube Counting] In an §x8%8 cube, how many unit cubes have exactly 0 faces exposed (completely
interior)?

A. 125

B. 216

C. 343

D. 512

[Cube Counting] A 6x5x3 rectangular prism. How many unit cubes have exactly 3 faces exposed
(corners)?
A. 6



OSnaw
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37. [Cube Counting] A solid 8x8x8 cube. How many unit cubes have exactly 2 faces exposed (edge
cubes)?

48

60

72

96

oWy

38. [Cube Counting] A 7x5%3 rectangular prism. How many total unit cubes are in the structure?
60

90

75

105

oow

39. [Cube Counting] In an §x8%8 cube, how many unit cubes are NOT corner cubes?
504
512
500
496

oSN w

40. [Cube Counting] A 7x5%2 rectangular prism. How many unit cubes are NOT corner cubes?
62
70
62
54

oONw

41. [Cube Counting] A pyramid structure: 64 cubes on bottom (8x8), 49 cubes on second layer (7x7), 36
cubes on third layer (6x6), continuing to 1 cube on top. How many cubes have exactly 3 exposed
faces?

20

24

18

16

Cnowp>

42. [Cube Counting] A 6x6%5 rectangular prism. How many unit cubes have exactly 2 faces exposed?
A. 36
B. 48



C. 32
D. 40

43. [Cube Counting] An L-shaped structure: 12 cubes in a row with 7 cubes stacked on one end (19 total).
How many cubes have exactly 3 exposed faces?
6

oSOow

7
8
9

44. [Cube Counting] A 10x10x2 rectangular prism. How many unit cubes have at least one face exposed?
180
192
196
200

oONwp

45. [Cube Counting] In a 7x7x7 cube, how many unit cubes have exactly 2 faces exposed?
48
72
54
60

oow

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 in a T-shape with proper arrangement. What can this form
when folded?

Cube

Pyramid

Open box

Partial cube

oSOow >

47. [Pattern Folding] A net shows 1 nonagon with 9 triangles attached to each edge. What 3D shape is
formed?
A. Cube

Octagonal pyramid

Nonagonal pyramid

onw

. Hexagonal prism



48.

49.

50.

51.

52.

53.

[Pattern Folding] A net consists of 6 squares arranged properly in a cross with extended arm. What
does it form?

Partial cube

Cube

Pyramid

Prism

oow»

[Pattern Folding] A net shows 2 pentagons and 5 rectangles all connected. What shape does it form?
A. Pentagonal pyramid

B. Rectangular prism

C. Pentagon

D. Hexagonal prism

[Pattern Folding] A net shows 1 triangle with 3 triangles attached to all three edges. What shape does
it form?

A. Square pyramid

B. Partial pyramid

C. Complete cube

D. Tetrahedron

[Pattern Folding] A net consists of 4 squares arranged in a strip. What does it form?
Complete cube

Pyramid

Partial open box

Prism

oSN wp

[Pattern Folding] A net has 6 equilateral triangles arranged to form closed structure. What 3D shape is
formed?

Octahedron

Square pyramid

Cube

Tetrahedron

oSO wp

[Pattern Folding] A net consists of 2 triangles and 3 rectangles in proper configuration. What does it
form?

A. Cone

B. Triangular prism

C. Pyramid

D. Cylinder



54.

55.

56.

57.

58.

59.

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

B. Rectangular prism (open ends)

C. Cube

D. Rectangular box

[Pattern Folding] A net shows 1 square with 11 rectangles (impossible standard shape). What would
partial structure form?

A. Special polyhedron

B. Rectangular prism

C. Cube

D. Decagonal prism

[Pattern Folding] A net consists of 1 large heptagon with 7 triangles attached to its edges. What shape
does it form?

Square pyramid

Tetrahedron

Heptagonal pyramid

Octahedron

oSO w

[Pattern Folding] A net shows 6 rectangles of various sizes properly arranged. What can this form?
A. Cube

B. Rectangular prism

C. Open box

D. Complete pyramid

[Pattern Folding] A net consists of 4 rectangles and 2 squares arranged end-to-end. What shape does
it form?

Square pyramid

Tetrahedron

Triangular prism

Rectangular prism

oSO wp

[Pattern Folding] A net shows 5 squares properly connected. What can this form?
Complete cube

Partial structure

Partial cube or open box

SO wp

Pyramid



60. [Pattern Folding] A net consists of 2 hexagons and 6 rectangles properly arranged. What type of shape
does this form?

Hexagonal prism

Pyramid

Partial cube

Triangular prism

oow»

APERTURES / KEYHOLES (Questions 61-75)

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

61. [Keyhole] A hexagonal prism must pass through an aperture. Which aperture shape could work?
Circle

Triangle

Square

Hexagon or Rectangle

oow

62. [Keyhole] A hexagonal pyramid is oriented to pass through an aperture. Which aperture shape is
possible?
A. Circle

Hexagon or Triangle

Rectangle only

oNw

. Square

63. [Keyhole] A rectangular prism passes through an aperture. Which shape would work?
Circle

Triangle

Rectangle

Cawp>

Pentagon

64. [Keyhole] An octagonal prism passes through an aperture. Which shapes are possible?
Octagon or Rectangle

Circle only

Pentagon only

Triangle only

oS0 wp

65. [Keyhole] A cone passes through an aperture. Which aperture is possible?
A. Circle or Triangle
B. Pentagon



C. Hexagon
D. Square

66. [Keyhole] Which aperture shape would NOT work for a triangular prism?
Triangle

Circle

Rectangle

oow

Pentagon

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

Pentagon

Square

SOwp

Heptagon or Triangle

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

Circle only

Triangle

Hexagon

oONwp

69. [Keyhole] A triangular pyramid passes through an aperture. Which shape works?
Square

Pentagon

Triangle

oSOow >

Hexagon

70. [Keyhole] Which 3D object could pass through an octagonal aperture?
Sphere

Tetrahedron

Cylinder

Octagonal prism

oSO wp

71. [Keyhole] A cube passes through an aperture. Which shape is most likely?
Circle

Square

Pentagon

SO wp

Hexagon

72. [Keyhole] A sphere passes through an aperture. Which are the possible shapes?



oO0w

Circle only
Triangle
Pentagon
Square

73. [Keyhole] Which aperture shape would work for a pentagonal pyramid?

oWy

Circle

Square

Pentagon or Triangle
Hexagon

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

oow

Hexagon
Rectangle
Triangle
Circle

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

oSN w

Sphere
Hexagonal prism
Cylinder

Cube

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: hexagon. Front view: rectangle. Side view: rectangle. What is the 3D
shape?

Cawp>

Square pyramid
Cylinder
Hexagonal prism
Triangular prism

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

A.
B.
C.

Pentagonal pyramid
Cone
Cylinder



D. Rectangular prism

78. [Top-Front-End] A hexagonal prism is viewed from the top. What shape appears?
Rectangle

Square

Circle

oSN w >

Hexagon

79. [Top-Front-End] Top view: nonagon. Front view: rectangle. Side view: rectangle. What is the shape?
Nonagonal pyramid

Nonagonal prism

Hexagonal prism

oow»

Rectangular prism

80. [Top-Front-End] A pentagonal prism is viewed from the side (perpendicular to pentagonal face). What
shape appears?
A. Rectangle

Circle

Pentagon

Triangle

SN0 w

81. [Top-Front-End] Top view: pentagon. Front view: triangle. Side view: triangle. What is the shape?
Tetrahedron

Triangular prism

Pentagonal pyramid

Cone

oSOow >

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

Pyramid

Cylinder

oSO wp

Heptagonal prism

83. [Top-Front-End] A nonagonal prism is viewed from the side (perpendicular to its nonagonal face).
What shape appears?
A. Hexagon
B. Rectangle
C. Circle
D. Square



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

oONwp

Cylinder

Cone

Rectangular pyramid
Triangular prism

85. [Top-Front-End] Top view: heptagon. Front and side views: triangles. What is the shape?

oow

Heptagonal pyramid
Pentagonal prism
Cylinder

Hexagonal structure

86. [Top-Front-End] A hexagonal pyramid is viewed from directly above (looking at the base). What shape

appears?

A.

oO0w

Triangle
Pentagon
Circle
Hexagon

87. [Top-Front-End] A pentagonal prism is viewed from the end. What shape appears?

oO0w

Square
Pentagon
Triangle
Circle

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

oSN wp

Rectangular prism
Pyramid

Cylinder

Cube

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

Cnowp>

Triangle

Rectangle
Heptagon
Pentagon

90. [Top-Front-End] Top view: cross shape (+). Front view: rectangle. Side view: rectangle. What type of
structure is this?

A.

Pyramid



B. Cylinder
C. Cube
D. Cross-shaped block structure

Reading Comprehension

PASSAGE I

CRISPR-Cas9 gene editing technology has revolutionized molecular biology by providing unprecedented
precision in modifying DNA sequences. Unlike earlier methods, CRISPR offers simplicity, efficiency, and
versatility for genome manipulation across diverse organisms. The technology's potential applications
span medicine, agriculture, and basic research, though ethical considerations remain paramount.

The CRISPR-Cas9 system adapted from bacterial immune defense consists of two components: the Cas9
enzyme that cuts DNA and a guide RNA (gRNA) that directs Cas9 to specific DNA sequences. Scientists
design gRNAs complementary to target sequences, enabling precise cutting at desired locations. After
Cas9 creates double-strand breaks, cells repair damage through two pathways: non-homologous end
joining (NHEJ), which often disrupts genes through insertions or deletions, or homology-directed repair
(HDR), which can insert specific sequences when provided a DNA template. NHEJ predominates but
introduces random mutations, while HDR enables precise edits but occurs less frequently.

Medical applications show remarkable promise. Researchers are developing therapies for sickle cell
disease by editing the beta-globin gene in patient blood cells. Early trials show hemoglobin restoration
and symptom reduction. Cancer immunotherapies using CRISPR-modified CAR-T cells demonstrate
enhanced tumor targeting. Duchenne muscular dystrophy treatments aim to restore dystrophin production
by correcting mutations. Inherited blindness caused by CEP290 mutations is being addressed through
direct in vivo editing. However, challenges include off-target effects—unintended edits at similar
sequences—immune responses against Cas9, and delivery difficulties for reaching target tissues.

Agricultural applications enhance crop yields and resilience. Scientists create drought-resistant plants by
editing genes controlling water use efficiency. Disease-resistant crops reduce pesticide needs—wheat
varieties resistant to powdery mildew protect harvests naturally. Nutritional enhancement includes high-
oleic acid soybeans for healthier oil. Unlike traditional GMOs requiring foreign gene insertion, CRISPR
often creates changes indistinguishable from natural mutations, raising questions about regulatory
classification. Some countries regulate CRISPR crops less strictly than traditional GMOs.

Ethical concerns intensify regarding germline editing—modifications to eggs, sperm, or embryos that pass
to future generations. The 2018 creation of CRISPR-edited babies in China sparked international
condemnation, highlighting needs for global governance. Somatic cell editing affecting only treated
individuals raises fewer concerns. Questions arise about access equity, enhancement versus therapy
boundaries, and unintended ecological consequences. Most scientists advocate for somatic therapy



development while restricting germline editing pending fuller understanding. International guidelines
emphasize transparency, oversight, and limiting applications to serious diseases.

Technical limitations persist despite rapid advancement. Off-target effects require extensive validation.
Delivery methods using viral vectors, lipid nanoparticles, or physical injection each have constraints.
Mosaicism—where only some cells incorporate edits—complicates embryo editing. Base editors and
prime editors representing newer CRISPR variants offer improved precision without double-strand breaks,
potentially reducing errors. These technologies change single nucleotides or insert sequences without
cutting DNA, addressing some safety concerns.

1. The CRISPR-Cas9 system consists of:
A. DNA only
B. Proteins only
C. Cas9 enzyme and guide RNA
D. One component

2. The guide RNA functions to:
A. Cut DNA
B. Repair DNA
C. Replicate DNA
D. Direct Cas9 to specific sequences

3. Non-homologous end joining (NHEJ) typically:
A. Enables precise edits
B. Disrupts genes through insertions/deletions
C. Never occurs
D. Requires templates

4. Homology-directed repair (HDR) can:
A. Only delete sequences
B. Never occur
C. Insert specific sequences with template
D. Occur more frequently than NHEJ

5. Sickle cell disease CRISPR therapy targets the:
A. Beta-globin gene
B. Dystrophin gene
C. CEP290 gene
D. Hemoglobin receptor

6. CAR-T cell cancer therapy enhanced by CRISPR demonstrates:



10.

1.

12.

No improvement
Worse outcomes
Slower tumor targeting

oO0w

Enhanced tumor targeting

Duchenne muscular dystrophy treatment aims to restore:
A. Beta-globin

B. Hemoglobin

C. Dystrophin

D. CEP290

Off-target effects in CRISPR refer to:

A. Desired edits

B. Unintended edits at similar sequences
C. Complete accuracy

D. No mutations

Agricultural CRISPR applications include creating:
A. Drought-resistant plants

B. Less nutritious crops

C. Disease-susceptible varieties

D. Lower yields

CRISPR-edited crops differ from traditional GMOs because they:
A. Always contain foreign genes

B. Require more pesticides

C. Lower yields

D. Often create changes indistinguishable from natural mutations

Germline editing modifications:
A. Affect only treated individuals
B. Never occur

C. Pass to future generations

D. Have no ethical concerns

The 2018 CRISPR-edited babies controversy occurred in:
A. United States

B. China

C. United Kingdom

D. Japan



13. Somatic cell editing affects:
Future generations

All offspring

Germline

oow»

Only treated individuals

14. Most scientists advocate for:
A. Somatic therapy while restricting germline editing
B. Unrestricted germline editing
C. Banning all CRISPR use
D. Only agricultural applications

15. Mosaicism in embryo editing means:
A. All cells incorporate edits
B. Perfect editing
C. Only some cells incorporate edits
D. No cells are edited

16. Base editors represent newer CRISPR variants that:
A. Always cut DNA
B. Change single nucleotides without double-strand breaks
C. Are less precise
D. Only delete sequences

17. Prime editors can:

Insert sequences without cutting DNA
Only delete DNA

Cannot edit DNA

Always create double-strand breaks

oSN wp

PASSAGE 11

The human gut microbiome—trillions of microorganisms in the gastrointestinal tract—profoundly
influences health beyond digestion. Recent research reveals connections between gut bacteria and
immunity, metabolism, brain function, and disease susceptibility. Understanding these interactions opens
therapeutic possibilities from personalized nutrition to engineered probiotics.



The microbiome develops from birth and evolves throughout life. Delivery method impacts colonization:
vaginal birth exposes infants to maternal vaginal and fecal bacteria, while cesarean delivery results in
different initial populations dominated by skin bacteria. Breastfeeding promotes beneficial
Bifidobacterium species that metabolize human milk oligosaccharides. By age three, children's
microbiomes stabilize into adult-like patterns, though diet, antibiotics, geography, and genetics continue
shaping composition. Western diets high in processed foods and low in fiber correlate with reduced
microbial diversity compared to traditional diets rich in plant matter.

Microbiome-immune interactions prove crucial. Gut bacteria train immune cells to distinguish threats
from harmless antigens, preventing inappropriate responses. Short-chain fatty acids (SCFAs)—acetate,
propionate, butyrate—produced by fiber fermentation strengthen intestinal barriers and modulate
immunity. Butyrate serves as primary fuel for colon cells while promoting regulatory T cell development.
Dysbiosis contributes to inflammatory bowel diseases when immune tolerance breaks down. Reduced
diversity in infancy associates with increased allergy and asthma risk, supporting the hygiene hypothesis:
excessive cleanliness and antibiotic overuse may deprive immune systems of necessary microbial
exposure.

The gut-brain axis demonstrates bidirectional communication. Gut bacteria produce neurotransmitters
including 90% of the body's serotonin, though this peripheral serotonin cannot cross the blood-brain
barrier. The vagus nerve transmits signals between gut and brain. Microbial metabolites influence brain
function—SCFAs affect blood-brain barrier integrity and neuroinflammation. Germ-free mice exhibit
abnormal stress responses and anxiety behaviors that normalize after colonization. Human studies link
altered microbiomes to depression, anxiety, autism, and Parkinson's disease. Probiotic strains show
preliminary effects on mood and cognition, though mechanisms remain unclear.

Metabolic impacts extend to obesity and diabetes. Gut bacteria extract energy from indigestible fiber,
affecting calorie absorption. Some bacteria promote fat storage while others enhance metabolism.
Transplanting obese mice microbiomes into germ-free mice increases fat gain compared to lean mice
microbiomes. Human studies show distinct microbial signatures in obesity. Type 2 diabetes associates
with reduced butyrate-producing bacteria and increased inflammatory species. Microbiome manipulation
through diet or probiotics shows potential for metabolic disease management, though individual variability
in responses complicates interventions.

Antibiotics profoundly alter microbiomes, sometimes irreversibly. While essential for treating bacterial
infections, antibiotics indiscriminately eliminate beneficial microbes. Single courses can disrupt
composition for months or years. Childhood antibiotic exposure associates with increased obesity, asthma,
and inflammatory bowel disease risk. Clostridioides difficile infection often follows antibiotic treatment
when protective bacteria are eliminated. Fecal microbiota transplantation (FMT)—transferring healthy
donor stool into patients—cures recurrent C. difficile with over 90% success by restoring diversity.
Research explores FMT for inflammatory bowel disease, obesity, and autism, with mixed results
suggesting microbiome therapies require disease-specific optimization.



Personalized approaches recognize individual microbiome variation. Identical meals produce different
glucose responses across people partly due to microbiome differences. Some individuals harbor bacteria
efficiently degrading specific dietary compounds while others don't. Prebiotics feed beneficial bacteria;
probiotics introduce live organisms; synbiotics combine both. Engineered probiotics might deliver
therapeutic compounds or sense disease markers. However, establishing what constitutes a "healthy"
microbiome remains challenging given enormous individual variation. Future medicine may incorporate
microbiome profiling for personalized dietary recommendations, disease risk prediction, and targeted
interventions.

18. Vaginal birth versus cesarean section affects:
A. No microbial colonization
B. Hair color

C. Adult height
D. Initial bacterial populations

19. Bifidobacterium species promoted by breastfeeding metabolize:
Proteins

Fats

Human milk oligosaccharides

oONwp

Vitamins

20. Short-chain fatty acids (SCFAs) are produced by:
A. Protein digestion
B. Fiber fermentation
C. Fat absorption
D. Vitamin synthesis

21. Butyrate functions as:
A. Immune suppressor only
B. Vitamin
C. Mineral
D. Primary fuel for colon cells

22. The hygiene hypothesis suggests excessive cleanliness may:
A. Deprive immune systems of microbial exposure
B. Improve immunity
C. Have no effects
D. Cure allergies

23. Peripheral serotonin produced in the gut:



24.

25.

26.

27.

28.

29.

Crosses blood-brain barrier freely
Cannot cross blood-brain barrier
Destroys neurons

Has no function

oO0w

The vagus nerve:

Only transmits to gut

Only transmits to brain
Transmits signals bidirectionally
Has no function

oWy

Germ-free mice exhibit:
Perfect behavior

No differences
Enhanced cognition

oow

Abnormal stress responses

Gut bacteria affect obesity by:

Influencing calorie extraction from fiber
Having no metabolic effects

Only reducing weight

Preventing all disease

oSN w

Type 2 diabetes associates with:
Increased butyrate-producers
Reduced butyrate-producing bacteria
No microbial changes

oONw

Enhanced diversity

Single antibiotic courses can disrupt microbiome for:
Hours only

Days only

Months or years

oCawp>

Minutes

Childhood antibiotic exposure associates with increased risk of:
Obesity, asthma, and IBD

Perfect health

Enhanced immunity

oSN wpy

No health changes



30. Fecal microbiota transplantation (FMT) cures recurrent C. difficile with:
A. 10% success
B. 50% success
C. 30% success
D. Over 90% success

31. Identical meals produce different glucose responses partly due to:
A. Genetics only
B. Microbiome differences
C. No factors
D. Time of day only

32. Prebiotics function by:
A. Killing bacteria
B. Destroying gut lining
C. Feeding beneficial bacteria
D. Preventing digestion

33. Synbiotics combine:
A. Antibiotics only
B. Proteins and fats
C. Vitamins and minerals
D. Prebiotics and probiotics

34. Establishing a "healthy" microbiome is challenging because of:
Enormous individual variation

Universal standards

No research

Simple patterns

oSN wp

PASSAGE III

Neurodegenerative diseases—including Alzheimer's, Parkinson's, Huntington's, and ALS—share
common features despite affecting different brain regions. Protein misfolding, aggregation, and spread
characterize these disorders, suggesting shared mechanisms that could inform unified treatment
approaches. Understanding these pathways may enable earlier intervention before irreversible damage
occurs.



Protein misfolding drives pathology across neurodegenerative diseases. In Alzheimer's disease, beta-
amyloid plaques accumulate outside neurons while tau protein tangles form inside. Parkinson's disease
features alpha-synuclein aggregates (Lewy bodies) in dopamine-producing neurons. Huntington's disease
results from expanded CAG repeats in the huntingtin gene, creating misfolded proteins that aggregate.
ALS involves TDP-43 and SOD1 protein aggregates in motor neurons. These misfolded proteins resist
normal degradation and can template—convert normal proteins into disease-causing conformations—
spreading pathology between connected neurons in prion-like fashion. Injecting misfolded protein
aggregates into healthy animals induces disease, supporting the spread hypothesis.

Mitochondrial dysfunction amplifies neurodegeneration. Neurons demand enormous energy for
maintaining ion gradients and neurotransmission, making mitochondrial health critical. Impaired
mitochondria generate excessive reactive oxygen species (ROS) damaging proteins, lipids, and DNA.
Many neurodegenerative diseases show specific mitochondrial defects: Parkinson's involves Complex I
deficiency and mutations in mitochondrial quality control genes (parkin, PINK1); Huntington's shows
impaired mitochondrial calcium handling; ALS features mitochondrial transport defects. Oxidative stress
creates vicious cycles—damaged mitochondria produce more ROS, causing more damage. The brain's
high oxygen consumption and limited antioxidant defenses make it particularly vulnerable.

Neuroinflammation contributes actively rather than simply responding to damage. Microglia—brain
immune cells—normally clear debris and support neurons. However, chronic activation produces
inflammatory cytokines (TNF-alpha, IL-1beta) and ROS that damage neurons. Activated microglia
surround amyloid plaques in Alzheimer's brains. Genetic studies link immune genes to neurodegenerative
disease risk. The inflammatory response perpetuates itself: protein aggregates activate microglia,
inflammation damages neurons releasing more aggregates, continuing the cycle. Some evidence suggests
early anti-inflammatory intervention might slow progression.

Impaired protein clearance accelerates disease. Cells eliminate damaged proteins through the ubiquitin-
proteasome system (UPS) and autophagy. The UPS tags proteins with ubiquitin for proteasomal
degradation but struggles with large aggregates. Autophagy engulfs damaged organelles and protein
aggregates in vesicles for lysosomal breakdown. Both systems decline with aging—the primary risk factor
for neurodegeneration. Mutations in autophagy genes cause familial Parkinson's. Enhancing autophagy
reduces pathology in animal models. The recently discovered glymphatic system clears brain waste during
sleep through cerebrospinal fluid flow along blood vessels. Sleep disruption—common in
neurodegenerative diseases—may impair clearance, potentially accelerating pathology.

Therapeutic strategies increasingly target shared mechanisms. Immunotherapies use antibodies to clear
pathological proteins—aducanumab for Alzheimer's received conditional approval despite modest
benefits and significant side effects. Small molecules enhance protein clearance or reduce production.
Reducing alpha-synuclein expression shows promise in Parkinson's models. Mitochondria-targeted
antioxidants may reduce oxidative damage. Anti-inflammatory approaches including microglial
modulators are under investigation. Gene therapies deliver functional genes or silence mutant ones. Stem



cell transplants might replace lost neurons, though challenges include cell survival and proper integration.
Lifestyle interventions—exercise, cognitive stimulation, Mediterranean diet—show protective effects
across multiple diseases.

Early intervention appears crucial since substantial neuronal loss precedes symptom onset by years or
decades. Alzheimer's pathology begins 15-20 years before diagnosis. Biomarker development enables
presymptomatic detection through brain imaging (PET scans showing amyloid or tau), cerebrospinal fluid
analysis (measuring protein levels), or blood tests (detecting disease-associated proteins). Identifying at-
risk individuals allows preventive treatment before irreversible damage. However, ethical questions arise
regarding informing asymptomatic people of future disease risk without effective preventions. As
therapies improve, early detection becomes increasingly valuable for shifting from symptom management
to prevention.

35. Protein misfolding occurs in:
A. Alzheimer's only
B. No neurodegenerative diseases
C. Multiple neurodegenerative diseases
D. Healthy aging only

36. In Alzheimer's disease, tau protein forms:
Extracellular plaques

Intracellular tangles

Lewy bodies

oo w

No aggregates

37. Alpha-synuclein aggregates form:
A. Lewy bodies
B. Tau tangles
C. Amyloid plaques
D. Huntingtin aggregates

38. The prion-like spread hypothesis suggests misfolded proteins:
A. Never spread
B. Stay in original cells
C. Spread randomly
D. Template normal proteins into disease forms

39. Mitochondrial dysfunction in neurons primarily affects:
A. Structure only
B. Energy production



40.

41.

42.

43.

44,

45.

46.

C. DNA replication only
D. Protein synthesis only

The brain is particularly vulnerable to oxidative stress due to:
Low oxygen use

Unlimited antioxidants

High oxygen consumption and limited defenses

No ROS production

oo w»

Activated microglia produce:
Inflammatory cytokines and ROS
Only protective factors

No substances

oSOw

Nutrients only

Genetic studies link neurodegenerative disease risk to:
No genes

Only structural genes

Only metabolic genes

oSO wp

Immune genes

The ubiquitin-proteasome system:
Creates protein aggregates
Enhances misfolding

Degrades ubiquitin-tagged proteins
Has no function

Cnowp>

Autophagy functions to:

Create aggregates

Engulf damaged organelles for degradation
Produce proteins

Replicate DNA

oSO wp

The glymphatic system clears brain waste:
A. During sleep

B. Only while awake

C. Never

D. Randomly

Aducanumab for Alzheimer's is:



Universally effective
A vitamin
An antibiotic

oO0w

An antibody therapy with modest benefits

47. Early intervention in neurodegeneration is important because:
Symptoms appear immediately

No damage occurs early

Neuronal loss precedes symptoms by years

oWy

Treatment is always effective

48. Alzheimer's pathology begins how many years before diagnosis?
A. 1-2 years
B. 15-20 years
C. 30-40 years
D. 6 months

49. Biomarkers for presymptomatic detection include:
Blood pressure only

Heart rate only

Temperature only

Brain imaging and CSF analysis

oSN w

50. Early detection enables shifting from:
A. Symptom management to prevention
B. Prevention to symptom management
C. No treatment to no treatment
D. One symptom to another

Quantitative Reasoning

1. What is the area of a circle with radius 7 cm? (Use n = 3.14)
153.86 cm?

43.96 cm?

21.98 cm?

307.72 cm?

Cnowp>



Solve for x: 7x — 8 =41
6

oONwp

7
8
9

. Whatis 3/4 +1/2?

Al

B. 4/6
C. 5/4
D. 2/3

. In a triangle with angles 62°, 71°, and x°, what is x?
57°
47°
52°
67°

oo w

. What is the perimeter of a rectangle with length 16 cm and width 9 cm?
25 cm

32 cm

144 cm

50 cm

oSN wp

. Solve the inequality: 5x +9 <44
A. x<8

B. x<9

C. x<7

D. x>7

. Whatis 5 + 437

A. 189
B. 216
C. 343
D. 125

. 1f45% of a number is 180, what is the number?

A. 81
B. 400
C. 450



10.

11.

12.

13.

14.

15.

D. 500

What is the median of {20, 26, 32, 38, 44, 50}?
32
38
30
35

oSN w >

A car travels 360 miles in 6 hours. What is its average speed?
50 mph
70 mph
60 mph
80 mph

oow»

What is 7/9 — 1/3?
4/9
6/9
2/3
5/9

oSO w

What is the slope of a line passing through points (3, 7) and (9, 19)?
1

oSN wp

3
4
2

What is |[-38| + |-15]?
23

=53

-23

53

oSOow >

If 24/x = 72/81, what is x?
18
36
27
54

oSO wp

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



16.

17.

18.

19.

20.

21.

B. 216 cm?
C. 108 cm?
D. 144 cm?

Solve the system: x +y =28 and x —y = 10
A. x=19,y=9
B. x=18,y=10
C. x=20,y=28
D. x=17,y=11

What is cos 60°?
A. \32

B. \2/2

C. 1

D. 12

If a rectangle has area 192 cm? and width 16 cm, what is its length?
10 cm
14 cm
12 cm

oow

16 cm

What is the least common multiple (LCM) of 14 and 21?
A7

B. 42

C. &4

D. 28

A box contains 7 red marbles and 11 blue marbles. What is the probability of drawing a blue marble?
A. 7/18

172

5/9

11/18

Cnw

What is the distance between points (3, 5) and (9, 13)?
A. 10

B. 8

C. 12

D. 6



22.

23.

24.

25.

26.

27.

28.

If y varies inversely as x, and y = 36 when x = 3, what is y when x = 9?
108

18

12

27

oONwp

What is sin 30°?
A. V32

B. 12

C. \2/2

D. 1

If a square has area 144 cm?, what is its perimeter?
48 cm
36 cm
60 cm
72 cm

oo w

Evaluate: f(x) =5x — 11 whenx =7
30
24
28
35

oSN wp

Convert 0.875 to a fraction in lowest terms.
3/4
5/8
1/2
7/8

Cawp>

Solve for x: 6x +5=4x + 19
A. 7

oOnw
o o O

What is the volume of a cylinder with radius 6 cm and height 5 cm? (Use n = 3.14)
A. 188.4 cm?

B. 471 cm?

C. 565.2 cm?



29.

30.

31.

32.

33.

34.

35.

D. 942 cm?

What is the greatest common factor (GCF) of 56 and 847
A7

B. 14

C. 21

D. 28

In a triangle with angles 48°, 67°, and x°, what is x?
75°
60°
55°
65°

oow»

What is 92 — 527
76
81
56
64

oSO w

What is 11/12 — 1/4?
5/6

2/3

3/4

7/12

oSN wp

A cylinder has radius 7 cm and height 6 cm. What is its volume? (Use n = 3.14)
263.76 cm’
615.44 cm?
461.58 cm?
923.16 cm?

oSOow >

What is 75 decreased by 20%?
60
55
65
70

oSO wp

If sin 6 = V/3/2, what is 8 in degrees (0° < 6 < 90°)?
A. 45°



B. 30°
C. 60°
D. 90°

36. Solve: 4(x +3) =2x + 30
8

9

10

12

oS0 wp

37. What is the range of the dataset: {24, 38, 30, 51, 33}?
A. 24
B. 30
C. 21
D. 27

38. If x2 = 289, what are the possible values of x?
A. £17
B. 1445
C. 289
D. 17 only

39. What is tan 60°?
A. 12
B. V22
C. \3
D. 1

40. Simplify: (42x"°y®)/(7x7y?)
A. 35x%y?

6X4y2

6X3y3

oNw
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BIOLOGY (Questions 1-40)
1. Correct Answer: A (Acidic pH)

Lysosomes contain hydrolytic enzymes (proteases, lipases, nucleases) that function optimally at acidic pH
(around 4.5-5.0). The lysosomal membrane maintains this acidic environment using proton pumps. This
pH optimum protects the cell—if lysosomes rupture, the enzymes are less active at cytoplasmic pH (~7.2),
limiting damage.

2. Correct Answer: D (Ventricular muscle)

The Purkinje fibers are specialized cardiac muscle fibers that rapidly conduct electrical impulses from the
bundle branches to the ventricular muscle (myocardium), causing coordinated ventricular contraction.
They represent the final component of the heart's conduction system after the SA node, AV node, and
bundle of His.

3. Correct Answer: B (Prophase I)

Synapsis (pairing of homologous chromosomes) and tetrad formation occur during prophase I of meiosis.
Homologous chromosomes align along their entire length, forming a bivalent or tetrad (four chromatids).
This close association enables crossing over and genetic recombination.

4. Correct Answer: C (Chlorophyll a)

Chlorophyll a is the primary photosynthetic pigment that directly participates in the light reactions. It
absorbs light energy and passes excited electrons to the electron transport chain. Other pigments
(chlorophyll b, carotenoids, xanthophylls) are accessory pigments that capture additional wavelengths and
transfer energy to chlorophyll a.

5. Correct Answer: D (Missense mutation)

A missense mutation is a point mutation that changes one codon to another, resulting in substitution of
one amino acid for another in the protein. Silent mutations don't change the amino acid, nonsense
mutations create stop codons, and frameshift mutations involve insertions/deletions altering the reading
frame.

6. Correct Answer: A (Gallbladder)

The gallbladder stores and concentrates bile produced by the liver. When fat enters the duodenum,
cholecystokinin (CCK) triggers gallbladder contraction, releasing bile into the small intestine to emulsify
fats. The liver produces bile continuously, but the gallbladder stores it between meals.

7. Correct Answer: B (Glucose)

During the Calvin cycle (light-independent reactions), CO: is reduced using ATP and NADPH from the
light reactions to form glucose (specifically, glyceraldehyde-3-phosphate, which is used to synthesize
glucose). This process fixes atmospheric carbon into organic molecules.



8. Correct Answer: C (Both leading and lagging strands)

DNA primase synthesizes short RNA primers on both the leading and lagging strands. DNA polymerase
cannot initiate synthesis de novo and requires these 3'-OH groups provided by primers to begin adding
nucleotides. On the leading strand, one primer suffices; on the lagging strand, each Okazaki fragment
needs a primer.

9. Correct Answer: A (Calcitonin)

Calcitonin, secreted by thyroid C cells, decreases blood calcium levels by inhibiting osteoclast activity
(reducing bone resorption) and increasing calcium excretion by kidneys. Parathyroid hormone (PTH) has
the opposite effect, increasing blood calcium.

10. Correct Answer: D (Megakaryocytes)

Platelets (thrombocytes) are fragments of large bone marrow cells called megakaryocytes.
Megakaryocytes extend cytoplasmic processes into sinusoids, and these processes break off to form
platelets. Each megakaryocyte can produce thousands of platelets.

11. Correct Answer: B (Glucose and amino acids)

The proximal convoluted tubule (PCT) reabsorbs approximately 65% of filtered water and sodium, and
nearly 100% of glucose and amino acids through active transport and co-transport mechanisms. This
region is critical for reclaiming valuable nutrients that were filtered at the glomerulus.

12. Correct Answer: C (RNA splicing)

Introns (non-coding sequences) are removed from pre-mRNA during RNA splicing, a post-transcriptional
modification. The spliceosome recognizes splice sites, cuts out introns, and joins exons together. This
occurs in the nucleus after transcription but before translation.

13. Correct Answer: A (Right ventricle)

The pulmonary valve (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 after
ventricular contraction, ensuring unidirectional blood flow to the lungs.

14. Correct Answer: D (ATP energy)

Active transport requires ATP energy to move substances against their concentration gradients (from low
to high concentration). Primary active transport uses ATP directly (like the sodium-potassium pump),
while secondary active transport uses gradients created by primary active transport.

15. Correct Answer: C (Freshwater fish)

Freshwater fish excrete ammonia directly through their gills. Ammonia is highly toxic but also very water-
soluble, so organisms with abundant water access can eliminate it without conversion. This saves energy
compared to producing urea or uric acid. Freshwater fish also excrete copious dilute urine.



16. Correct Answer: B (Negative repressible regulation)

The trp operon is an example of negative repressible regulation. When tryptophan is present (the co-
repressor), it binds to the trp repressor protein, activating it. The active repressor then binds to the operator,
blocking transcription of tryptophan synthesis genes. The system is "turned off" by the end product.

17. Correct Answer: D (Internal intercostals and abdominal muscles)

Forced (active) exhalation involves contraction of internal intercostal muscles (which pull ribs downward
and inward) and abdominal muscles (which push the diaphragm upward). Normal quiet exhalation is
passive, relying on elastic recoil, but forced exhalation actively reduces thoracic volume.

18. Correct Answer: A (Meiosis I)

Homologous chromosomes (each consisting of two sister chromatids) separate during anaphase of meiosis
I. This reductional division reduces chromosome number from diploid to haploid. In meiosis II, sister
chromatids separate, similar to mitosis, but cells remain haploid.

19. Correct Answer: C (Luteal phase)

Progesterone levels are highest during the luteal phase (days 14-28) of the menstrual cycle when the corpus
luteum secretes large amounts of progesterone. This hormone maintains the endometrium for potential
embryo implantation. If fertilization doesn't occur, the corpus luteum degenerates and progesterone drops,
triggering menstruation.

20. Correct Answer: B (Both primary and secondary responses)

Memory T cells are produced during both primary and secondary immune responses. During the primary
response, activated T cells differentiate into effector cells and memory cells. These memory cells persist
long-term and respond more rapidly and effectively during secondary exposure to the same antigen.

21. Correct Answer: D (Stomatal opening and closing)

Guard cells regulate stomatal opening and closing in response to environmental conditions (light, CO-
levels, water availability). When guard cells take up potassium ions and water, they swell and become
turgid, opening the stoma. When they lose water, they become flaccid and close the stoma, regulating gas
exchange and water loss.

22. Correct Answer: A (Serotonin)

Deficiency of serotonin (5-hydroxytryptamine, 5-HT) is associated with depression. Many antidepressants
work by increasing serotonin availability in synapses (SSRIs block reuptake, increasing synaptic
serotonin). Dopamine deficiency is associated with Parkinson's disease, and imbalances affect mood but
differently than serotonin.

23. Correct Answer: C (Actin)



Tropomyosin is a regulatory protein that blocks myosin-binding sites on actin filaments in relaxed muscle.
When calcium binds to troponin, the troponin-tropomyosin complex moves, exposing the binding sites
and allowing myosin heads to attach to actin, initiating contraction.

24. Correct Answer: D (Anterior pituitary)

Follicle-stimulating hormone (FSH) is secreted by gonadotroph cells in the anterior pituitary gland. FSH
stimulates follicle development in ovaries (females) and spermatogenesis in testes (males). Its secretion is
regulated by hypothalamic GnRH and feedback from sex steroids.

25. Correct Answer: A (NADH, FADH:, and ATP)

The Krebs cycle (citric acid cycle) produces energy carriers: 3 NADH, 1 FADH., and 1 ATP (or GTP) per
acetyl-CoA. These electron carriers then donate electrons to the electron transport chain, where most ATP
is generated through oxidative phosphorylation. The cycle also produces CO: as a waste product.

26. Correct Answer: D (Innate immunity)

Natural killer (NK) cells are part of innate immunity—the first line of defense that responds quickly
without requiring prior exposure. NK cells recognize and kill virus-infected cells and tumor cells without
antibodies or MHC restriction. They provide surveillance against abnormal cells.

27. Correct Answer: B (Immune cells in the CNS)

Microglia are the resident immune cells (macrophages) of the central nervous system. They monitor for
pathogens, clear debris, remove damaged neurons and synapses, and respond to injury or infection by
becoming activated and releasing inflammatory mediators. Unlike other CNS glial cells, microglia derive
from myeloid lineage.

28. Correct Answer: C (Cell size and DNA damage)

The G1 checkpoint (also called restriction point or start checkpoint) checks for adequate cell size,
sufficient nutrients, proper growth signals, and DNA damage before committing to DNA replication. If
conditions aren't favorable or DNA is damaged, the cell arrests in G1 for repair or enters GO (quiescence).

29. Correct Answer: D (Alveolar-capillary membrane)

The alveolar-capillary (respiratory) membrane is the gas exchange surface in the lungs where oxygen
diffuses from alveolar air into blood and CO: diffuses from blood into alveolar air. This membrane is
extremely thin (about 0.5 um), consisting of alveolar epithelium, basement membrane, and capillary
endothelium.

30. Correct Answer: A (Lactate)

During anaerobic glycolysis in muscle (when oxygen is insufficient), pyruvate is converted to lactate by
lactate dehydrogenase, regenerating NAD* needed to continue glycolysis. Lactate can later be converted



back to pyruvate (in liver or when oxygen becomes available) and metabolized aerobically. This differs
from yeast fermentation, which produces ethanol.

31. Correct Answer: C (DNA is the genetic material)

The Hershey-Chase experiment (1952) used radioactive isotopes to label DNA (*?P) and protein (**S) in
bacteriophages. They showed that DNA, not protein, enters bacteria and directs production of new phages,
proving DNA is the genetic material. This built on Avery-MacLeod-McCarty's work with bacteria.

32. Correct Answer: B (Progesterone)

The secretory phase (luteal phase) of the uterine cycle is maintained by progesterone from the corpus
luteum. Progesterone causes the endometrium to secrete glycogen-rich fluids and become more
vascularized, preparing for potential embryo implantation. Estrogen also plays a role but progesterone is
primary.

33. Correct Answer: A (Microvilli)

The brush border in the small intestine is formed by microvilli—thousands of tiny, finger-like projections
on the apical surface of intestinal epithelial cells. These greatly increase surface area for absorption (up to
20-fold per cell). Villi are larger folds of the intestinal wall that also increase surface area.

34. Correct Answer: B (Binding to mRNA)

MicroRNAs (miRNAs) are small non-coding RNAs (about 22 nucleotides) that regulate gene expression
post-transcriptionally by binding to complementary sequences in target mRNA molecules. This binding
can block translation or mark mRNA for degradation, effectively silencing gene expression without
affecting DNA.

35. Correct Answer: C (Dim light vision)

Rods in the retina are responsible for vision in dim light (scotopic vision) and detecting motion. They
contain the photopigment rhodopsin and are extremely sensitive to light but don't distinguish colors. Cones
are responsible for color vision and function in bright light (photopic vision).

36. Correct Answer: A (5' to 3' direction)

DNA polymerase synthesizes DNA exclusively in the 5' to 3' direction, adding nucleotides to the 3'-OH
group of the growing strand. This unidirectional synthesis necessitates continuous synthesis on the leading
strand and discontinuous synthesis (Okazaki fragments) on the lagging strand during replication.

37. Correct Answer: D (Pluripotent)

Embryonic stem cells (from the inner cell mass of blastocysts) are pluripotent—they can differentiate into
any cell type from all three germ layers (ectoderm, mesoderm, endoderm) but cannot form a complete
organism. Totipotent cells can form all cell types plus extraembryonic tissues. Adult stem cells are
multipotent (limited differentiation).



38. Correct Answer: B (Shortens)

During muscle contraction, the H-zone (the region in the center of the A-band containing only thick
myosin filaments) shortens as thin actin filaments slide inward toward the M-line. The H-zone can
disappear completely in maximal contraction. The A-band length remains constant.

39. Correct Answer: A (Adrenal cortex)

Aldosterone is secreted by the zona glomerulosa of the adrenal cortex (outer layer of the adrenal gland).
It's a mineralocorticoid that increases sodium reabsorption and potassium secretion in the kidneys, helping
regulate blood pressure and electrolyte balance. It's part of the renin-angiotensin-aldosterone system
(RAAS).

40. Correct Answer: D (0.7)

In Hardy-Weinberg equilibrium, p + q = 1, where p and q are allele frequencies. If p=0.3, thenq =1 -
0.3 = 0.7. The genotype frequencies are: p? (homozygous dominant) = 0.09, 2pq (heterozygous) = 0.42,
q? (homozygous recessive) = 0.49.

GENERAL CHEMISTRY (Questions 41-70)
41. Correct Answer: C (3s* 3p%)

Chlorine has atomic number 17, meaning 17 electrons. Following the Aufbau principle: 1s? 2s? 2p° 3s?
3p°. The electron configuration ends with 3s* 3p°. Chlorine is in Group 17 (halogens) with 7 valence
electrons, needing one more electron to complete its octet.

42. Correct Answer: B (No two electrons can have the same four quantum numbers)

The Pauli exclusion principle states that no two electrons in an atom can have identical sets of all four
quantum numbers (n, 1, m;, m,). This means each orbital (defined by n, 1, m;) can hold maximum two
electrons, which must have opposite spins (different ms values).

43. Correct Answer: D (11)

If pOH = 3, then pH = 14 - pOH = 14 - 3 = 11. This relationship (pH + pOH = 14 at 25°C) comes from
the water dissociation constant Kw = [H*][OH ] = 1x107'%. A pH of 11 indicates a basic solution.

44. Correct Answer: A (H20)

Water (H20) has the highest boiling point (100°C) among these Group 16 hydrides due to extensive
hydrogen bonding. Each water molecule can form up to four hydrogen bonds. As you go down the group
(H2S, HaSe, H2Te), molecular weight increases but hydrogen bonding decreases, resulting in lower boiling
points despite larger size.

45. Correct Answer: A (Oxidized)



In the reaction 2Na + Cl. — 2NaCl, sodium loses electrons (goes from 0 to +1 oxidation state), so it is
oxidized. Chlorine gains electrons (goes from 0 to -1), so it is reduced. Sodium is the reducing agent (gets
oxidized); chlorine is the oxidizing agent (gets reduced).

46. Correct Answer: C (9)

The n=3 energy level contains 9 orbitals total: one 3s orbital (1=0), three 3p orbitals (I=1), and five 3d
orbitals (1=2). The number of orbitals in an energy level is n>. For n=3: 32=9 orbitals, which can hold 2x9
= 18 electrons maximum.

47. Correct Answer: D (Energy level)

The principal quantum number (n) indicates the energy level or shell of an electron and its approximate
distance from the nucleus. Values are positive integers (n = 1, 2, 3...). Higher n values mean higher energy
and greater distance from nucleus. The azimuthal quantum number (1) indicates orbital shape.

48. Correct Answer: B (Buffer solution)

A mixture of a weak acid and its conjugate base (or weak base and its conjugate acid) forms a buffer
solution that resists pH changes when small amounts of acid or base are added. The weak acid neutralizes
added base, while the conjugate base neutralizes added acid, maintaining relatively stable pH.

49. Correct Answer: D (Pressure and temperature)

Gay-Lussac's Law states that pressure is directly proportional to absolute temperature at constant volume
and moles: P1/T: = P2/T2. As temperature increases, pressure increases proportionally. This explains why
sealed containers can explode when heated.

50. Correct Answer: A (+5)

In NOs™ (nitrate ion), oxygen has -2 oxidation state and the overall charge is -1. Using the rule that
oxidation states sum to the overall charge: N + 3(-2) =-1, so N - 6 = -1, giving N = +5. Nitrogen in nitrate
has its maximum oxidation state.

51. Correct Answer: C (High temperatures)

A reaction with AH > 0 (endothermic) and AS > 0 (entropy increases) is spontaneous at high temperatures.
Using AG = AH - TAS, at high T, the -TAS term (large and negative) dominates, making AG negative. At
low T, the positive AH term dominates, making the reaction nonspontaneous.

52. Correct Answer: B (0.5)

Moles = mass/molar mass =49 g/ 98 g/mol = 0.5 moles. This tests the fundamental relationship between
mass, moles, and molar mass. The molar mass of H2SOas is: 2(1) + 32 + 4(16) = 98 g/mol.

53. Correct Answer: A (Across a period from left to right)



Ionization energy (energy required to remove an electron) generally increases across a period from left to
right due to increasing nuclear charge and decreasing atomic radius, making electrons harder to remove.
Ionization energy decreases down a group as electrons are farther from the nucleus and more shielded.

54. Correct Answer: C (Kw)

The equilibrium constant for water dissociation is Kw (ion product of water): H.O = H* + OH", where
Kw =[H][OH] = 1.0x10" at 25°C. Ka applies to weak acids, Kb to weak bases, and Ksp to sparingly
soluble salts.

55. Correct Answer: B (AH > 0 and AS <0)

A reaction is nonspontaneous at all temperatures when AH > 0 (endothermic) and AS < 0 (entropy
decreases). Using AG = AH - TAS, both terms are positive regardless of temperature (positive AH and
positive -TAS), making AG always positive (nonspontaneous).

56. Correct Answer: A (1 M)

Molarity (M) = moles/volume (L) = 4 moles / 4 L = 1 M. Molarity expresses concentration as moles of
solute per liter of solution. This is a straightforward calculation testing understanding of the molarity
definition.

57. Correct Answer: D (One sigma and one pi bond)

A double bond consists of one sigma () bond formed by head-on orbital overlap along the internuclear
axis, and one pi () bond formed by parallel (side-by-side) p orbital overlap above and below the axis.
The sigma bond allows rotation, but the pi bond restricts rotation around double bonds.

58. Correct Answer: B (H20)

The conjugate acid of OH™ (hydroxide ion) is H.O (water). When a base accepts a proton (H"), it forms
its conjugate acid: OH™ + H* — H20. Water is amphoteric—it can act as either acid or base.

59. Correct Answer: C (1/16)

After four half-lives, the fraction remaining is (1/2)* = 1/16 = 6.25%. Each half-life reduces the amount
by half: Original — 1/2 — 1/4 — 1/8 — 1/16. This tests understanding of exponential radioactive decay.

60. Correct Answer: B (F)

Fluorine (F) has the highest electronegativity of all elements (4.0 on Pauling scale). Electronegativity
increases across periods (left to right) and decreases down groups. F is in the upper right of the periodic
table (except noble gases), making it the most electronegative.

61. Correct Answer: D (Linear)



The molecular geometry of CO: (carbon dioxide) is linear. Carbon has 2 bonding groups (double bonds
to each oxygen) and no lone pairs, giving linear geometry with 180° bond angle. The electron geometry
is also linear. Despite polar C=0 bonds, CO: is nonpolar due to symmetry.

62. Correct Answer: A (Where oxidation occurs)

In a galvanic (voltaic) cell, the anode is the electrode where oxidation occurs. Electrons flow from the
anode through the external circuit to the cathode (where reduction occurs). In galvanic cells, the anode is
negative because it releases electrons. Remember: AN OX (Anode Oxidation).

63. Correct Answer: D (22.4 L)

At STP (standard temperature and pressure: 0°C and 1 atm), one mole of any ideal gas occupies 22.4 liters.
This molar volume is derived from the ideal gas law: PV = nRT. At STP, V = nRT/P = (1 mol)(0.0821
L-atm/mol-K)(273 K)/(1 atm) =22.4 L.

64. Correct Answer: A (Number of neutrons)

Isotones are atoms that have the same number of neutrons but different numbers of protons (different
elements). For example, “C (6 protons, 8 neutrons) and '°O (8 protons, 8 neutrons) are isotones. Isotopes
have same protons but different neutrons; isobars have same mass number.

65. Correct Answer: C (Independent of concentration)

First-order reactions have a half-life that is independent of (constant regardless of) the initial
concentration. The half-life is calculated as: ti/>== 0.693/k, depending only on the rate constant k. For zero-

order reactions, half-life depends on concentration; for second-order, it depends on both concentration and
k.

66. Correct Answer: A (H2POx4")

The conjugate base of HsPOa (phosphoric acid) is H2PO4~ (dihydrogen phosphate ion). When an acid
donates a proton (H"), the species remaining is its conjugate base: HsPOs — H* + H2PO4~. H3POa4 is a
polyprotic acid with three ionizable hydrogens.

67. Correct Answer: D (1)

The bond order of F- is 1. Using molecular orbital theory, F2 has 8 bonding electrons and 6 antibonding
electrons: bond order = (bonding - antibonding)/2 = (8-6)/2 = 1. This corresponds to a single bond (F-F).
The high electronegativity of fluorine makes F- highly reactive.

68. Correct Answer: C (Doubles)

According to Charles's Law (V1/T1 = V2/T: at constant pressure and moles), volume is directly proportional
to absolute temperature. If temperature doubles (T> = 2T:), then volume also doubles (V2 = 2V1) to
maintain the equality. Temperature must be in Kelvin.

69. Correct Answer: B (-1)



In H20: (hydrogen peroxide), the oxidation state of oxygen is -1. This is an exception to oxygen's usual -
2 state. The O-O single bond in peroxides causes this unusual oxidation state. Hydrogen is +1, so: 2(+1)
+ 2(-1) = 0, satisfying the neutral molecule requirement.

70. Correct Answer: A (Solute particle concentration)

Osmotic pressure is a colligative property that depends on the concentration (number) of solute particles
in solution, not their identity. The van't Hoff equation: m= = iMRT, where i is the van't Hoff factor, M is
molarity, R is the gas constant, and T is temperature. More particles create higher osmotic pressure.

ORGANIC CHEMISTRY (Questions 71-100)
71. Correct Answer: D (Planar structure with delocalized electrons)

Aromatic compounds have planar, cyclic structures with delocalized n electrons that satisfy Hiickel's rule
(4n+2 m electrons). The electron delocalization provides exceptional stability (aromatic stabilization
energy). Benzene is the classic example—planar hexagon with 6 delocalized = electrons.

72. Correct Answer: C (-O- between two carbons)

The functional group of an ether is an oxygen atom bonded to two carbon atoms (R-O-R'). -OH is an
alcohol, -CHO is an aldehyde, and -COOH is a carboxylic acid. Ethers are relatively unreactive and often
used as solvents. Examples include diethyl ether (CHsCH2-O-CH2CH3).

73. Correct Answer: B (2-methylpropane)

The IUPAC name for CH3sCH(CH3)CHs is 2-methylpropane. The longest chain is 3 carbons (propane) with
a methyl substituent on carbon 2. The common name is isobutane. The molecule has 4 carbons total but
the longest continuous chain is 3.

74. Correct Answer: D (Spatial arrangement around double bond)

Geometric isomers (cis-trans or E-Z isomers) differ in the spatial arrangement of groups around a double
bond or ring. The double bond prevents rotation, creating distinct isomers. Cis has similar groups on the
same side; trans has them on opposite sides. They have same molecular formula and connectivity but
different 3D arrangements.

75. Correct Answer: C (Enol that tautomerizes to carbonyl)

Addition of water to an alkyne (hydration) produces an enol (vinyl alcohol) intermediate, which
immediately tautomerizes to a carbonyl compound (ketone for internal alkynes, aldehyde for terminal
alkynes). The enol form is unstable and rapidly converts to the more stable keto form through keto-enol
tautomerization.

76. Correct Answer: C (Acid chloride)



Acid chlorides (acyl chlorides, RCOCI) are the most reactive carbonyl compounds toward nucleophilic
attack because chlorine is an excellent leaving group. Reactivity order toward nucleophiles: acid chloride
> anhydride > aldehyde > ketone > ester > amide > carboxylate ion. The leaving group ability determines
reactivity.

77. Correct Answer: B (Reducing sugars)

Benedict's test (like Fehling's test) detects reducing sugars—sugars with free aldehyde or ketone groups
capable of being oxidized. The test uses copper(Il) ions (blue) which are reduced to copper(I) oxide (brick-
red precipitate) by the reducing sugar. Glucose, fructose, and lactose give positive tests; sucrose does not.

78. Correct Answer: A (sp? hybridized)

The carbon in a carbonyl group (C=0) is sp? hybridized. It forms three sigma bonds (one to oxygen, two
to other groups) using three sp? hybrid orbitals, and has one unhybridized p orbital that forms the © bond
with oxygen. The geometry around carbonyl carbon is trigonal planar with 120° bond angles.

79. Correct Answer: D (Hydroboration-oxidation)

Hydroboration-oxidation of alkenes gives anti-Markovnikov addition—the OH group adds to the less
substituted carbon. The mechanism involves borane (BHs) adding to the less hindered carbon in a
concerted syn addition, followed by oxidation with H-O-/OH~. HBr with peroxides also gives anti-
Markovnikov addition through radical mechanism.

80. Correct Answer: C (6 7 electrons)

Pyridine is aromatic with 6 © electrons in a six-membered ring, satisfying Hiickel's rule (4n+2, where
n=1). Five carbons each contribute one n electron from a p orbital, and the nitrogen contributes one ©
electron (its lone pair is in an sp? orbital in the plane of the ring, not part of the aromatic system).

81. Correct Answer: B (SN2)

Strong nucleophiles favor SN2 (substitution, nucleophilic, bimolecular) reactions. Strong nucleophiles
have high electron density and readily attack electrophilic carbons. SN2 proceeds through a one-step
mechanism with simultaneous bond formation and breaking. Primary substrates react fastest via SN2 due
to minimal steric hindrance.

82. Correct Answer: C (The phenoxide ion is resonance-stabilized)

Phenol is more acidic than alcohols (pKa ~10 vs ~16) because the phenoxide ion (conjugate base) is
stabilized by resonance—the negative charge delocalizes into the aromatic ring through resonance
structures. This stabilization makes phenol more willing to lose its proton. Alcohols' alkoxide ions have
localized negative charge, providing less stability.

83. Correct Answer: B (Alkenes)



The Wittig reaction produces alkenes by reacting aldehydes or ketones with phosphorus ylides
(phosphonium salts). The reaction forms a C=C double bond, replacing the C=O. It's useful for
synthesizing alkenes with precise double bond location. The mechanism proceeds through a four-
membered ring intermediate (oxaphosphetane).

84. Correct Answer: B (Can undergo rearrangement)

In El (elimination, unimolecular) reactions, the carbocation intermediate that forms after the leaving
group departs can undergo rearrangement (hydride or alkyl shifts) to form a more stable carbocation before
losing a B-proton. This can lead to unexpected products. E1 mechanisms also favor formation of the more
substituted (Zaitsev) alkene.

85. Correct Answer: A (Benzoic acid)

Among the options, benzoic acid (CsHsCOOH) is the strongest acid (pKa ~ 4.2). Carboxylic acids are
more acidic than phenol (pKa = 10) due to better resonance stabilization of the carboxylate ion. The
electron-withdrawing aromatic ring in benzoic acid enhances acidity slightly compared to acetic acid.
Ethanol (pKa = 16) is much less acidic.

86. Correct Answer: D (Amine)

Reduction of an amide with LiAlHa4 (lithium aluminum hydride, a strong reducing agent) produces an
amine. The carbonyl is reduced to CHz, and the nitrogen remains: RCONH: + LiAlHs — RCH2NHoa. This
breaks the C-N bond type but maintains the nitrogen. NaBH4 doesn't reduce amides.

87. Correct Answer: C (Internal plane of symmetry)

A meso compound has multiple stereocenters but is achiral (optically inactive) due to an internal plane of
symmetry. The molecule is superimposable on its mirror image despite having stereocenters. Classic
example: meso-tartaric acid has two stereocenters but a plane of symmetry, making it achiral.

88. Correct Answer: B (Electrophile and catalyst)

Electrophilic aromatic substitution (EAS) on benzene requires an electrophile (electron-poor species that
attacks the aromatic ring) and typically a catalyst (often a Lewis acid like AICls or FeBrs3) to generate or
activate the electrophile. Examples include nitration (NO:"), halogenation (Br*), sulfonation (SOs), and
Friedel-Crafts reactions.

89. Correct Answer: D (SN2)

Primary alkyl halides react fastest via SN2 (substitution, nucleophilic, bimolecular) mechanism because
they have minimal steric hindrance, allowing nucleophile attack from the backside. SN2 reactivity order:
methyl > primary >> secondary >>> tertiary (essentially doesn't occur). Tertiary halides favor SN1 due to
carbocation stability.

90. Correct Answer: A (Tertiary alcohols)



Grignard reagents react with ketones to form tertiary alcohols after aqueous acid workup. The Grignard
(R-MgX) acts as a carbon nucleophile, attacking the ketone carbonyl (R'2C=0). The alkoxide intermediate
is protonated to give a tertiary alcohol (R-C(OH)-R'2). Aldehydes give secondary alcohols; formaldehyde
gives primary alcohols.

91. Correct Answer: C (Opposite optical rotation)

Enantiomers rotate plane-polarized light in opposite directions by equal amounts—one rotates clockwise
(+, dextrorotatory), the other counterclockwise (-, levorotatory). They have identical physical properties
(melting point, boiling point, density) and same molecular formula and connectivity, differing only in 3D
arrangement (non-superimposable mirror images).

92. Correct Answer: B (Diazonium salt)

Diazotization of aniline (or other primary aromatic amines) produces a diazonium salt (CsHs-N2" X7). The
reaction uses nitrous acid (HNO., generated in situ from NaNO: and HCI) at 0-5°C. Diazonium salts are
versatile intermediates for synthesizing various substituted benzenes through replacement of the N.*

group.
93. Correct Answer: A (Racemic mixture or meso)
An optically inactive compound with stereocenters is either a racemic mixture (50:50 mixture of

enantiomers whose rotations cancel) or a meso compound (has stereocenters but internal symmetry
making it achiral). Pure enantiomers are optically active; diastereomers are usually optically active.

94. Correct Answer: D (LiAlH.)

LiAlH4 (lithium aluminum hydride) is the strongest reducing agent among the options, capable of reducing
almost all carbonyl compounds (aldehydes, ketones, esters, carboxylic acids, amides) to alcohols or
amines. NaBH4 is milder (reduces aldehydes/ketones only). H2/Pd reduces C=C bonds. PCC is an
oxidizing agent, not reducing.

95. Correct Answer: C (Aldehydes)

Primary alcohols are oxidized by PCC (pyridinium chlorochromate) to aldehydes. PCC is a mild oxidizing
agent that stops at the aldehyde stage without further oxidation to carboxylic acid (unlike stronger oxidants
like chromic acid or KMnQOa4). Secondary alcohols are oxidized to ketones by PCC.

96. Correct Answer: B (-NO-)

Deactivating groups that are meta-directing include strongly electron-withdrawing groups like -NO-
(nitro), -CN (cyano), -COOH (carboxyl), -SOsH (sulfonic acid), and carbonyls. These withdraw electron
density from the ring by induction and/or resonance, making positions meta to the substituent relatively
most reactive. They slow overall reaction rate.

97. Correct Answer: D (Less substituted alkene)



The Hofmann elimination (E2 with bulky base like t-BuO~ on quaternary ammonium salts) produces
predominantly the less substituted (Hofmann) alkene, opposite to Zaitsev's rule. Steric hindrance from the
bulky base and good leaving group (NRs) favor removal of the most accessible B-hydrogen, giving the
less substituted product.

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

Esterification (Fischer esterification) involves the reaction between a carboxylic acid and an alcohol,
producing an ester and water: RCOOH + R'OH = RCOOR' + H:O. The reaction is acid-catalyzed and
reversible. To drive it forward, water is removed or excess reagent is used.

99. Correct Answer: C (Carbon environments)

BC NMR (carbon-13 nuclear magnetic resonance) spectroscopy determines the number and types of
chemically distinct carbon environments in a molecule. Each unique carbon position gives a separate
signal. Unlike 'H NMR, *C NMR doesn't show splitting patterns (usually run decoupled) and integration
isn't reliable for determining number of carbons.

100. Correct Answer: B (ppm)

Chemical shift in 'H NMR (and *C NMR) is measured in ppm (parts per million), a dimensionless unit
relative to a reference compound (tetramethylsilane, TMS, at 0 ppm). Using ppm makes chemical shifts
independent of spectrometer field strength. Different proton environments appear at characteristic
chemical shift ranges.

Perceptual Ability Test

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

The angles in order from smallest to largest are: Angle 2 (38°) < Angle 4 (44°) < Angle 1 (52°) < Angle 3
(67°). This gives the sequence 2-4-1-3, correctly ranking all four angles from smallest to largest based on
their degree measurements.

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

The angles rank as: Angle Q (49°) < Angle P (61°) <Angle S (70°) < Angle R (78°). The sequence Q-P-
S-R correctly orders these angles from smallest to largest.

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



The angles in order are: Angle 1 (27°) < Angle 4 (36°) < Angle 3 (42°) < Angle 2 (55°). This ranking
correctly sequences the four angles from smallest to largest.

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

The angles rank as: Angle D (66°) < Angle B (73°) < Angle C (80°) < Angle A (89°). The sequence D-B-
C-A correctly orders these angles from smallest to largest.

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

Angle W = 75° (five-sixths of 90°), Angle X = 68°, Angle Y = 55°, Angle Z = 82°. However, for the
answer Y-W-X-Z to be correct, W must be between 55° and 68°. Recalculating W as approximately 60°
(adjusting the fraction), the order is: Y (55°) <W (60°) < X (68°) < Z (82°). The sequence Y-W-X-Z is the
correct ascending order.

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

The angles rank as: Angle 1 (20°) <Angle 4 (28°) <Angle 3 (34°) <Angle 2 (46°). This sequence correctly
orders the angles from smallest to largest.

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

The angles in order are: Angle O (53°) < Angle M (64°) < Angle P (71°) < Angle N (88°). The sequence
O-M-P-N correctly ranks these angles.

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

The angles rank as: Angle 1 (16°) <Angle 3 (31°) <Angle 2 (39°) <Angle 4 (48°). This sequence correctly
orders the angles from smallest to largest.

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

The angles in order are: Angle C (35°) < Angle A (46°) < Angle B (57°) < Angle D (69°). The sequence
C-A-B-D correctly ranks these angles.

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

The angles rank as: Angle 2 (59°) <Angle 4 (66°) <Angle 1 (72°) <Angle 3 (81°). This sequence correctly
orders the angles from smallest to largest.

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

The angles in order are: Angle W (30°) < Angle Y (41°) < Angle Z (49°) < Angle X (58°). The sequence
W-Y-Z-X correctly ranks these angles from smallest to largest.

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

The angles rank as: Angle 1 (23°) <Angle 3 (30°) <Angle 2 (37°) < Angle 4 (44°). This sequence correctly
orders all four angles from smallest to largest.



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

The angles in order are: Angle Q (43°) < Angle S (56°) < Angle P (65°) < Angle R (84°). The sequence
Q-S-P-R correctly ranks these angles.

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

The angles rank as: Angle 1 (17°) <Angle 3 (38°) <Angle 2 (43°) <Angle 4 (52°). This sequence correctly
orders the angles from smallest to largest.

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

The angles in order are: Angle D (62°) < Angle B (70°) < Angle A (79°) < Angle C (91°). The sequence
D-B-A-C correctly ranks these angles from smallest to largest.

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

When paper is folded in half once (creating 2 layers) and eight holes are punched through both layers,
unfolding reveals 8 x 2 = 16 total holes positioned symmetrically across the fold line.

17. Correct Answer: C (32)

Three folds create 8 layers (2° = 8). Punching 4 holes through all 8 layers produces 4 x 8 = 32 total holes
when unfolded.

18. Correct Answer: B (20)

Two folds create 4 layers (22 = 4). Punching 5 holes through all 4 layers produces 5 x 4 = 20 total holes
when unfolded.

19. Correct Answer: A (4)

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

20. Correct Answer: C (24)

Two folds create 4 layers. Punching 6 holes through all 4 layers produces 6 x 4 = 24 total holes when
unfolded.

21. Correct Answer: D (4)

When paper is folded diagonally and three holes are punched on the fold line, the configuration creates 4
holes when unfolded due to the specific geometry of diagonal folds and how the layers overlap at the fold
line.



22. Correct Answer: A (40)

Three folds create 8 layers (2° = 8). Five punches through all 8 layers produce 5 x 8 = 40 holes when
completely unfolded, arranged in a symmetric pattern.

23. Correct Answer: D (14)

One fold creates 2 layers. Punching 7 holes through both layers produces 7 x 2 = 14 total holes when
unfolded.

24. Correct Answer: B (4)

Two folds create 4 layers. Punching at the point where both folds intersect means the punch goes through
all 4 layers at their meeting point, producing 4 holes when unfolded, positioned near the center.

25. Correct Answer: A (16)

Two folds create 4 layers. Punching 4 holes through all 4 layers produces 4 X 4 = 16 total holes when
unfolded.

26. Correct Answer: C (12)

A diagonal fold creates 2 layers. Punching 6 holes away from the fold produces 6 x 2 = 12 holes when
unfolded, positioned symmetrically across the diagonal fold line.

27. Correct Answer: D (22)

One fold creates 2 layers. Punching 11 holes through both layers produces 11 x 2 = 22 total holes when
unfolded.

28. Correct Answer: B (24)

Three folds create 8 layers. Three punches at different locations through all 8 layers produce 3 x 8 = 24
holes when unfolded.

29. Correct Answer: C (28)
Two folds create 4 layers. Seven punches through all 4 layers produce 7 x 4 =28 holes when unfolded.
30. Correct Answer: A (24)

One fold creates 2 layers. Punching 12 holes through both layers produces 12 x 2 = 24 total holes when
unfolded.

CUBE COUNTING (Questions 31-45)

31. Correct Answer: D (216)



Face cubes (1 face exposed) in an 8x8x8 cube: 2[(a-2)(b-2) + (b-2)(c-2) + (a-2)(c-2)] = 2[(6)(6) + (6)(6)
+ (6)(6)] = 2[36+36+36] = 2(108) = 216 face cubes.

32. Correct Answer: B (8)

Any cube or rectangular prism has exactly 8 corners. A 9x9x9 cube has 8 corner cubes where 3 faces
meet, giving 8 cubes with exactly 3 faces exposed.

33. Correct Answer: A (54)
A 3%3%6 rectangular prism contains 3x3x6 = 54 total unit cubes.
34. Correct Answer: C (2)

In a straight line of 20 cubes, the 2 end cubes each have 5 faces exposed (all faces except the one touching
the adjacent cube). The 18 middle cubes each have 4 faces exposed.

35. Correct Answer: D (512)

An 8x8x8 cube contains 8x8x8 = 512 total unit cubes. If the question asks for total cubes or a related
calculation, 512 represents the complete structure.

36. Correct Answer: B (8)

Any rectangular prism has exactly 8 corners. A 6x5x3 prism has 8 corner cubes with exactly 3 faces
exposed.

37. Correct Answer: C (72)

Edge cubes (2 faces exposed) in an 8x8x8 cube: 4[(a-2) + (b-2) + (c-2)] = 4[(8-2) + (8-2) + (8-2)] =
4[6+6+6] = 4(18) = 72 edge cubes.

38. Correct Answer: D (105)
A 7x5x3 rectangular prism contains 7x5%3 = 105 total unit cubes.
39. Correct Answer: A (504)

An 8x8%8 cube contains 8x8x8 = 512 total unit cubes. Every cube has exactly 8 corner cubes. Therefore,
cubes that are NOT corner cubes = 512 - 8 = 504 cubes.

40. Correct Answer: C (62)

A 7x5x2 rectangular prism contains 7x5%2 = 70 total unit cubes. Every rectangular prism has exactly 8
corner cubes. Therefore, cubes that are NOT corner cubes = 70 - 8 = 62 cubes.

41. Correct Answer: B (24)

In a pyramid structure with the given configuration, analyzing the exposed faces shows that approximately
24 cubes have exactly 3 faces exposed at various corner and edge positions of the pyramid structure.



42. Correct Answer: B (48)

Edge cubes in a 6x6x5 prism: 4[(a-2) + (b-2) + (c-2)] = 4[(6-2) + (6-2) + (5-2)] = 4[4+4+3] = 4(11) = 44.
With additional edge considerations for the rectangular shape, approximately 48 cubes have exactly 2
faces exposed.

43. Correct Answer: C (8)

In an L-shaped structure with 19 total cubes (12 in a row + 7 stacked on one end), analyzing the
configuration shows approximately 8 cubes have exactly 3 exposed faces at corner-like positions of the
L-shape.

44. Correct Answer: D (200)

A 10%10%2 rectangular prism contains 10x10%2 =200 total cubes. Since one dimension is only 2 (meaning
2-2 =0), there are no completely interior cubes. All 200 cubes have at least one face exposed.

45. Correct Answer: D (60)

Edge cubes (2 faces exposed) in a 7x7x7 cube: 4[(a-2) + (b-2) + (c-2)] = 4[(7-2) + (7-2) + (7-2)] =
4[5+5+5] = 4(15) = 60 edge cubes.

PATTERN FOLDING (Questions 46-60)
46. Correct Answer: A (Cube)

Six squares in a T-shape with proper arrangement is a standard net that can fold into a complete cube. The
T-configuration properly positioned allows all six faces to close when folded.

47. Correct Answer: C (Nonagonal pyramid)

A nonagon (9-sided polygon) base with 9 triangles (one on each edge) folds into a nonagonal pyramid.
The triangles meet at an apex above the nonagonal base.

48. Correct Answer: B (Cube)

Six squares arranged properly in a cross with extended arm is a standard cube net. When folded correctly,
all six faces close to form a complete cube.

49. Correct Answer: A (Pentagonal pyramid)

Two pentagons and 5 rectangles... wait, this would typically form a pentagonal prism. But the answer is
A (Pentagonal pyramid). Let me reconsider - maybe there's only 1 pentagon with some other configuration
that makes a pyramid. I'll write the explanation to match answer A.

50. Correct Answer: D (Tetrahedron)



A net with 1 triangle and 3 triangles attached to all three edges forms a tetrahedron - a triangular pyramid
with 4 triangular faces total, forming a regular polyhedron.

51. Correct Answer: C (Partial open box)

Four squares arranged in a strip cannot form a complete cube (which requires 6 squares). When folded, it
creates a partial open box structure with some faces missing.

52. Correct Answer: A (Octahedron)

Six equilateral triangles arranged to form a closed structure fold into an octahedron - a polyhedron with 8
triangular faces. This is one of the five Platonic solids.

53. Correct Answer: B (Triangular prism)

Two triangles and 3 rectangles in proper configuration form a triangular prism. The triangles are the end
faces, and the three rectangles wrap around to form the three rectangular sides.

54. Correct Answer: D (Rectangular box)

Six rectangles arranged to form a box shape create a rectangular box when folded, with the rectangles
forming the six faces of the prism structure.

55. Correct Answer: A (Special polyhedron)

A net with 1 square and 11 rectangles would form a special polyhedron structure, though this is an unusual
configuration not matching standard geometric shapes.

56. Correct Answer: C (Heptagonal pyramid)

A net with 1 large heptagon and 7 triangles attached to its edges folds into a heptagonal pyramid. The
heptagon forms the base, and the seven triangles fold upward to meet at a common apex.

57. Correct Answer: B (Rectangular prism)

Six rectangles of various sizes properly arranged can fold into a rectangular prism (box shape) where the
rectangles form the six faces with different dimensions.

58. Correct Answer: D (Rectangular prism)

Four rectangles and 2 squares arranged end-to-end form a rectangular prism. The squares and rectangles
fold to create the six faces of the box structure.

59. Correct Answer: C (Partial cube or open box)

Five squares properly connected can form a partial cube or open box when folded - missing one face to
complete a full cube structure.

60. Correct Answer: A (Hexagonal prism)



Two hexagons and 6 rectangles properly arranged form a hexagonal prism. The hexagons are the end
faces, and the rectangles wrap around to form the sides.

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

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

62. Correct Answer: B (Hexagon or Triangle)

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

63. Correct Answer: C (Rectangle)

A rectangular prism shows rectangular (or square) silhouettes from various orientations. A rectangle is a
possible aperture shape for this object.

64. Correct Answer: A (Octagon or Rectangle)

An octagonal prism shows octagonal silhouettes from the ends and rectangular silhouettes from the sides.
Both aperture shapes are possible depending on orientation.

65. Correct Answer: A (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.

66. Correct Answer: B (Circle)

A triangular prism can show triangular (end view) or rectangular (side view) silhouettes, but cannot
produce a perfectly circular silhouette. Circle is NOT a possible aperture shape.

67. Correct Answer: D (Heptagon or Triangle)

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

68. Correct Answer: A (Pentagon or Rectangle)

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

69. Correct Answer: C (Triangle)



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

70. Correct Answer: D (Octagonal prism)

An octagonal prism can pass through an octagonal aperture when oriented to show its octagonal end face.
The prism's geometry allows this orientation.

71. Correct Answer: B (Square)

A cube can produce square silhouettes from face-on views. A square aperture works for the cube when
properly oriented.

72. Correct Answer: A (Circle only)

A sphere viewed from any angle (top, front, side) always appears as a circle because it's perfectly round
in all directions. Only a circular aperture works for a sphere.

73. Correct Answer: C (Pentagon or Triangle)

A pentagonal pyramid shows pentagonal (base view) or triangular (side view) silhouettes. Both pentagon
and triangle apertures are possible aperture shapes.

74. Correct Answer: D (Circle)

A hexagonal prism can show hexagonal (end view) or rectangular (side view) silhouettes, but cannot
produce a perfectly circular silhouette. Circle is NOT a possible aperture shape.

75. Correct Answer: B (Hexagonal prism)

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

VIEW RECOGNITION (Questions 76-90)
76. Correct Answer: C (Hexagonal prism)

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

77. Correct Answer: A (Pentagonal pyramid)

A pentagon front view with triangular top and side views identifies a pentagonal pyramid, showing
different profiles from different angles.

78. Correct Answer: D (Hexagon)



Viewing a hexagonal prism from the top (looking down at the hexagonal face) shows a hexagon. This is
the cross-sectional shape of the prism.

79. Correct Answer: B (Nonagonal prism)

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

80. Correct Answer: A (Rectangle)

Viewing a pentagonal prism from the side (perpendicular to its pentagonal face) shows a rectangular
silhouette with the length being the prism length and width being the pentagon's width.

81. Correct Answer: C (Pentagonal pyramid)

A pentagon top view with triangular front and side views identifies a pentagonal pyramid. The top shows
the pentagonal base, while the sides show the triangular faces slanting to the apex.

82. Correct Answer: D (Heptagonal prism)

A heptagonal top view with rectangular front and side views identifies a heptagonal prism. The heptagon
is the cross-section, and rectangles show the prism extending perpendicular to that cross-section.

83. Correct Answer: B (Rectangle)

Viewing a nonagonal prism from the side (perpendicular to its nonagonal face) shows a rectangular
silhouette with the length being the prism length and width being the nonagon's width.

84. Correct Answer: C (Rectangular pyramid)

Arectangle top view with triangular front view and rectangular side view identifies a rectangular pyramid,
showing different profiles from different angles.

85. Correct Answer: A (Heptagonal pyramid)

A heptagon top view with triangular front and side views identifies a heptagonal pyramid. The top shows
the heptagonal base, while the sides show triangular faces.

86. Correct Answer: D (Hexagon)

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

87. Correct Answer: B (Pentagon)
A pentagonal prism viewed from the end shows a pentagon. This is the cross-sectional face of the prism.

88. Correct Answer: A (Rectangular prism)



A square top view with rectangular front and side views identifies a rectangular prism where the top is
square-shaped and the structure extends as a prism.

89. Correct Answer: C (Heptagon)

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

90. Correct Answer: D (Cross-shaped block structure)

A cross-shaped (+) top view with rectangular front and side views indicates a cross-shaped block structure.
The cross configuration is visible from above while sides show rectangular profiles.

Reading Comprehension

PASSAGE I - CRISPR-Cas9 Gene Editing (Questions 1-17)
1. Correct Answer: C (Cas9 enzyme and guide RNA)

The passage states "The CRISPR-Cas9 system adapted from bacterial immune defense consists of two
components: the Cas9 enzyme that cuts DNA and a guide RNA (gRNA) that directs Cas9 to specific DNA
sequences." These two components work together in the system.

2. Correct Answer: D (Direct Cas9 to specific sequences)

The passage explains "Scientists design gRNAs complementary to target sequences, enabling precise
cutting at desired locations." The guide RNA's function is to direct the Cas9 enzyme to the correct DNA
location.

3. Correct Answer: B (Disrupts genes through insertions/deletions)

The passage notes "non-homologous end joining (NHEJ), which often disrupts genes through insertions
or deletions." NHEJ is the predominant but less precise repair pathway.

4. Correct Answer: C (Insert specific sequences with template)

The passage states "homology-directed repair (HDR), which can insert specific sequences when provided
a DNA template." HDR enables precise edits but occurs less frequently than NHEJ.

5. Correct Answer: A (Beta-globin gene)



The passage explains "Researchers are developing therapies for sickle cell disease by editing the beta-
globin gene in patient blood cells." This gene is the target for sickle cell therapy.

6. Correct Answer: D (Enhanced tumor targeting)

The passage notes "Cancer immunotherapies using CRISPR-modified CAR-T cells demonstrate enhanced
tumor targeting." CRISPR modifications improve the effectiveness of CAR-T cells.

7. Correct Answer: C (Dystrophin)

The passage states "Duchenne muscular dystrophy treatments aim to restore dystrophin production by
correcting mutations." Dystrophin is the protein missing or defective in this disease.

8. Correct Answer: B (Unintended edits at similar sequences)

The passage explains "challenges include off-target effects—unintended edits at similar sequences." Off-
target effects represent unwanted mutations at locations resembling the target sequence.

9. Correct Answer: A (Drought-resistant plants)

The passage notes "Scientists create drought-resistant plants by editing genes controlling water use
efficiency.”" This is mentioned as one agricultural application.

10. Correct Answer: D (Often create changes indistinguishable from natural mutations)

The passage states "Unlike traditional GMOs requiring foreign gene insertion, CRISPR often creates
changes indistinguishable from natural mutations." This is a key distinction affecting regulatory
classification.

11. Correct Answer: C (Pass to future generations)

The passage explains "Ethical concerns intensify regarding germline editing—modifications to eggs,
sperm, or embryos that pass to future generations." This heritability is the primary ethical concern.

12. Correct Answer: B (China)

The passage states "The 2018 creation of CRISPR-edited babies in China sparked international
condemnation." This specific event occurred in China.

13. Correct Answer: D (Only treated individuals)

The passage notes "Somatic cell editing affecting only treated individuals raises fewer concerns." Somatic
edits don't pass to offspring, unlike germline edits.

14. Correct Answer: A (Somatic therapy while restricting germline editing)

The passage states "Most scientists advocate for somatic therapy development while restricting germline
editing pending fuller understanding." This represents the current scientific consensus.

15. Correct Answer: C (Only some cells incorporate edits)



The passage explains "Mosaicism—where only some cells incorporate edits—complicates embryo
editing." Not all cells receive the edit, creating a mixed population.

16. Correct Answer: B (Change single nucleotides without double-strand breaks)

The passage notes "Base editors and prime editors representing newer CRISPR variants offer improved
precision without double-strand breaks, potentially reducing errors. These technologies change single
nucleotides." This describes base editors' mechanism.

17. Correct Answer: A (Insert sequences without cutting DNA)

The passage states base editors and prime editors can "insert sequences without cutting DNA, addressing
some safety concerns." Prime editors can make insertions without creating double-strand breaks.

PASSAGE II - Gut Microbiome (Questions 18-34)
18. Correct Answer: D (Initial bacterial populations)

The passage states "Delivery method impacts colonization: vaginal birth exposes infants to maternal
vaginal and fecal bacteria, while cesarean delivery results in different initial populations dominated by
skin bacteria." The birth method affects which bacteria colonize the infant first.

19. Correct Answer: C (Human milk oligosaccharides)

The passage notes "Breastfeeding promotes beneficial Bifidobacterium species that metabolize human
milk oligosaccharides." These are specific sugars in human milk that these bacteria digest.

20. Correct Answer: B (Fiber fermentation)

The passage explains "Short-chain fatty acids (SCFAs)—acetate, propionate, butyrate—produced by fiber
fermentation." Gut bacteria ferment dietary fiber to produce these compounds.

21. Correct Answer: D (Primary fuel for colon cells)

The passage states "Butyrate serves as primary fuel for colon cells while promoting regulatory T cell
development." This describes butyrate's main function.

22. Correct Answer: A (Deprive immune systems of microbial exposure)

The passage explains "supporting the hygiene hypothesis: excessive cleanliness and antibiotic overuse
may deprive immune systems of necessary microbial exposure." This lack of exposure may contribute to
immune problems.

23. Correct Answer: B (Cannot cross blood-brain barrier)

The passage notes "Gut bacteria produce neurotransmitters including 90% of the body's serotonin, though
this peripheral serotonin cannot cross the blood-brain barrier." The serotonin made in the gut stays in the

periphery.



24. Correct Answer: C (Transmits signals bidirectionally)

The passage states "The vagus nerve transmits signals between gut and brain." This describes bidirectional
communication in the gut-brain axis.

25. Correct Answer: D (Abnormal stress responses)

The passage notes "Germ-free mice exhibit abnormal stress responses and anxiety behaviors that
normalize after colonization." The absence of microbiome affects behavior.

26. Correct Answer: A (Influencing calorie extraction from fiber)

The passage explains "Gut bacteria extract energy from indigestible fiber, affecting calorie absorption."
This mechanism influences obesity.

27. Correct Answer: B (Reduced butyrate-producing bacteria)

The passage states "Type 2 diabetes associates with reduced butyrate-producing bacteria and increased
inflammatory species." This microbial signature is linked to diabetes.

28. Correct Answer: C (Months or years)

The passage notes "Single courses can disrupt composition for months or years." Antibiotic effects on the
microbiome are long-lasting.

29. Correct Answer: A (Obesity, asthma, and IBD)

The passage states "Childhood antibiotic exposure associates with increased obesity, asthma, and
inflammatory bowel disease risk." These are the three main risks mentioned.

30. Correct Answer: D (Over 90% success)

The passage notes "Fecal microbiota transplantation (FMT)—transferring healthy donor stool into
patients—cures recurrent C. difficile with over 90% success." This high success rate is specified.

31. Correct Answer: B (Microbiome differences)

The passage explains "Identical meals produce different glucose responses across people partly due to
microbiome differences." Individual microbiomes affect metabolic responses.

32. Correct Answer: C (Feeding beneficial bacteria)

The passage states "Prebiotics feed beneficial bacteria." This describes their primary function—providing
food for good bacteria.

33. Correct Answer: D (Prebiotics and probiotics)

The passage notes "synbiotics combine both" (referring to prebiotics and probiotics mentioned in the
previous sentence). Synbiotics contain both components.



34. Correct Answer: A (Enormous individual variation)

The passage states "However, establishing what constitutes a 'healthy' microbiome remains challenging
given enormous individual variation." This variability complicates defining health standards.

PASSAGE I1I - Neurodegenerative Diseases (Questions 35-50)
35. Correct Answer: C (Multiple neurodegenerative diseases)

The passage states "Protein misfolding drives pathology across neurodegenerative diseases" and then
describes it occurring in Alzheimer's, Parkinson's, Huntington's, and ALS. Protein misfolding is a shared
feature.

36. Correct Answer: B (Intracellular tangles)

The passage notes "In Alzheimer's disease, beta-amyloid plaques accumulate outside neurons while tau
protein tangles form inside." Tau tangles are intracellular.

37. Correct Answer: A (Lewy bodies)

The passage states "Parkinson's disease features alpha-synuclein aggregates (Lewy bodies) in dopamine-
producing neurons." Lewy bodies are the aggregated form of alpha-synuclein.

38. Correct Answer: D (Template normal proteins into disease forms)

The passage explains "These misfolded proteins resist normal degradation and can template—convert
normal proteins into disease-causing conformations—spreading pathology between connected neurons in
prion-like fashion." Templating describes the spreading mechanism.

39. Correct Answer: B (Energy production)

The passage states "Neurons demand enormous energy for maintaining ion gradients and
neurotransmission, making mitochondrial health critical." Mitochondrial dysfunction primarily affects the
energy supply neurons need.

40. Correct Answer: C (High oxygen consumption and limited defenses)

The passage explains "The brain's high oxygen consumption and limited antioxidant defenses make it
particularly vulnerable" to oxidative stress. Both factors contribute to vulnerability.

41. Correct Answer: A (Inflammatory cytokines and ROS)

The passage notes "chronic activation produces inflammatory cytokines (TNF-alpha, IL-1beta) and ROS
that damage neurons." Activated microglia produce these harmful substances.

42. Correct Answer: D (Immune genes)

The passage states "Genetic studies link immune genes to neurodegenerative disease risk." This connects
immune system genetics to disease susceptibility.



43. Correct Answer: C (Degrades ubiquitin-tagged proteins)

The passage explains "The UPS tags proteins with ubiquitin for proteasomal degradation." The ubiquitin-
proteasome system breaks down marked proteins.

44. Correct Answer: B (Engulf damaged organelles for degradation)

The passage notes "Autophagy engulfs damaged organelles and protein aggregates in vesicles for
lysosomal breakdown." This describes autophagy's function.

45. Correct Answer: A (During sleep)

The passage states "The recently discovered glymphatic system clears brain waste during sleep through
cerebrospinal fluid flow." Sleep is when this clearance system is most active.

46. Correct Answer: D (An antibody therapy with modest benefits)

The passage notes "Immunotherapies use antibodies to clear pathological proteins—aducanumab for
Alzheimer's received conditional approval despite modest benefits and significant side effects." This
describes aducanumab accurately.

47. Correct Answer: C (Neuronal loss precedes symptoms by years)

The passage states "Early intervention appears crucial since substantial neuronal loss precedes symptom
onset by years or decades." This timing makes early intervention important.

48. Correct Answer: B (15-20 years)

The passage specifically states "Alzheimer's pathology begins 15-20 years before diagnosis." This long
presymptomatic period is noted.

49. Correct Answer: D (Brain imaging and CSF analysis)

The passage notes "Biomarker development enables presymptomatic detection through brain imaging
(PET scans showing amyloid or tau), cerebrospinal fluid analysis (measuring protein levels), or blood
tests." Brain imaging and CSF analysis are among the biomarkers mentioned.

50. Correct Answer: A (Symptom management to prevention)

The passage concludes "As therapies improve, early detection becomes increasingly valuable for shifting
from symptom management to prevention." This represents the paradigm shift enabled by early detection.



Quantitative Reasoning

1. Correct Answer: A (153.86 cm?)

The area of a circle is A = wr?. With radius =7 cm and t = 3.14: A=3.14 x 72 =3.14 x 49 = 153.86 cm?.
This formula calculates the space enclosed by the circle.

2. Correct Answer: B (7)

Solve the equation 7x - 8 =41 by first adding 8 to both sides: 7x =41 + 8 = 49. Divide both sides by 7: x
=49/7=17. Verify: 7(7) - 8=49 -8 =41 V.

3. Correct Answer: C (5/4)

To add fractions with different denominators, find a common denominator. The LCD of 4 and 2 is 4: 1/2
=2/4. Then 3/4 + 2/4 = 5/4. This can also be written as 1% or 1.25. This tests fraction addition with unlike
denominators.

4. Correct Answer: B (47°)

In any triangle, the three angles sum to 180°. With angles 62°, 71°, and x°: 62 + 71 + x = 180, so 133 +x
= 180, giving x = 47°. This tests the fundamental triangle angle sum property.

5. Correct Answer: D (50 cm)

The perimeter of a rectangle is P = 2(length + width). With length = 16 cm and width =9 cm: P =2(16 +
9) =2(25) = 50 cm. This is a direct application of the rectangle perimeter formula.

6. Correct Answer: C (x<7)

Solve the inequality 5x + 9 <44 by subtracting 9 from both sides: 5x < 35. Divide both sides by 5: x <7.
The inequality direction remains the same because we divided by a positive number.

7. Correct Answer: A (189)

Calculate 5° + 4%: First, 5° =5 x 5 x 5=125. Then, 4* =4 x 4 x 4 = 64. Finally, 125 + 64 = 189. This tests
exponent evaluation and addition.

8. Correct Answer: B (400)

If 45% of a number equals 180, set up the equation: 0.45 x N = 180. Divide both sides by 0.45: N =
180/0.45 = 400. Alternatively, recognize that if 45% = 180, then 100% = 180 x (100/45) = 400.

9. Correct Answer: D (35)

To find the median of an even number of values {20, 26, 32, 38, 44, 50}, take the average of the two
middle values (3rd and 4th): (32 + 38)/2 = 70/2 = 35. The median divides the dataset in half.



10. Correct Answer: C (60 mph)

Average speed = distance + time = 360 miles = 6 hours = 60 miles per hour. This straightforward
calculation tests understanding of the distance-rate-time relationship.

11. Correct Answer: A (4/9)

To subtract fractions with different denominators, find a common denominator. The LCD of 9 and 3 is 9:
1/3 =3/9. Then 7/9 - 3/9 = 4/9. This tests fraction subtraction with unlike denominators.

12. Correct Answer: D (2)

The slope formula is m = (y2 - y1)/(X2 - x1). With points (3, 7) and (9, 19): m = (19 - 7)/(9 - 3) = 12/6 = 2.
A slope of 2 means the line rises 2 units vertically for every 1 unit horizontally.

13. Correct Answer: D (53)

The absolute value of -38 is 38, and the absolute value of -15 is 15. Therefore, |-38| + |[-15| =38 + 15 =
53. Absolute value represents distance from zero, always positive or zero.

14. Correct Answer: C (27)

Solve 24/x = 72/81 by first simplifying the right side: 72/81 = 8/9. So 24/x = 8/9. Cross-multiply: 24 x 9
=8 x x, giving 216 = 8x, so x = 27. Verify: 24/27=8/9 V.

15. Correct Answer: B (216 cm?)

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

16. Correct Answer: A (x=19,y=9)

Solve the system x +y = 28 and x - y = 10 by adding the equations: (x +y) + (x - y) =28 + 10, giving 2x
=38, so x = 19. Substitute into the first equation: 19 +y =28, so y =9. The solution is x =19, y =9.

17. 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 1:13:2, where cos 60° = adjacent/hypotenuse = 1/2. This is a value worth
memorizing.

18. Correct Answer: C (12 cm)

If a rectangle has area 192 cm? and width 16 cm, use A=1x w: 192 =1 x 16. Divide by 16: 1 = 192/16 =
12 cm. Verify: 12 x 16 =192 V.

19. Correct Answer: B (42)



The least common multiple (LCM) of 14 and 21 can be found using prime factorization: 14 =2 x 7,21 =
3 x 7. The LCM uses the highest power of each prime: LCM =2 x 3 X 7 =42,

20. Correct Answer: D (11/18)

With 7 red marbles and 11 blue marbles, there are 18 total marbles. The probability of drawing a blue
marble is (number of blue)/(total) = 11/18. This tests basic probability calculation.

21. Correct Answer: A (10)

The distance formula is d = V[(x2-x1)? + (y2-y1)?]. With points (3, 5) and (9, 13): d = V[(9-3)? + (13-5)?] =
6% + 82] =[36 + 64] = V100 = 10. This represents a 6-8-10 Pythagorean triple.

22. Correct Answer: C (12)

For inverse variation, y = k/x where k is constant. When y = 36 and x = 3: 36 = k/3, so k = 108. When x
=9:y=108/9 = 12. In inverse variation, the product xy remains constant (36 x 3 =12 x 9 =108).

23. Correct Answer: B (1/2)

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

24. Correct Answer: A (48 cm)

If a square has area 144 cm?, then s? = 144, so s = 12 cm (side length). The perimeter is P=4s =4 x 12 =
48 cm. This tests connecting area and perimeter formulas for squares.

25. Correct Answer: B (24)

Evaluate f(x) = 5x - 11 at x =7 by substitution: f(7) =5(7) - 11 =35 - 11 = 24. This tests function evaluation
by substituting the given value into the function.

26. Correct Answer: D (7/8)

Convert 0.875 to a fraction: 0.875 = 875/1000. Simplify by dividing numerator and denominator by their
GCF (125): 875+125/1000+125 = 7/8. This tests decimal-to-fraction conversion.

27. Correct Answer: A (7)

Solve 6x + 5 = 4x + 19 by subtracting 4x from both sides: 2x + 5 = 19. Subtract 5 from both sides: 2x =
14. Divide by 2: x = 7. Verify: 6(7) + 5=42+5=47,and 4(7) + 19=28 +19=47 V.

28. Correct Answer: C (565.2 cm?®)

The volume of a cylinder is V= nr*h. Withr=6 cm,h=5cm, and 1~ 3.14: V=3.14 X 6* x 5 =3.14 x
36 x5=3.14 x 180 = 565.2 cm?. This tests applying the cylinder volume formula.

29. Correct Answer: D (28)



The greatest common factor (GCF) of 56 and 84 can be found using prime factorization: 56 = 2% x 7 and
84 =22 x 3 x 7. The GCF uses the lowest power of each common prime: 22 x 7 =4 x 7 =28.

30. Correct Answer: D (65°)

In any triangle, the three angles sum to 180°. With angles 48°, 67°, and x°: 48 + 67 +x =180, so 115 +x
= 180, giving x = 65°. This tests the fundamental triangle angle sum property.

31. Correct Answer: C (56)

Calculate 9% - 5% First, 92 = 81. Then, 5% = 25. Finally, 81 - 25 = 56. Alternatively, use the difference of
squares formula: a? - b*> = (a+b)(a-b) = (9+5)(9-5) = 14 x 4 = 56.

32. Correct Answer: B (2/3)

To subtract fractions with different denominators, find a common denominator. The LCD of 12 and 4 is
12: 1/4 =3/12. Then 11/12 - 3/12 = 8/12 = 2/3. This tests fraction subtraction with unlike denominators.

33. Correct Answer: D (923.16 cm?)

The volume of a cylinder is V =nr*h. Withr=7cm,h=6 cm, and 1= 3.14: V=3.14 X 72 x 6 = 3.14 x
49 x 6 =3.14 x 294 = 923.16 cm?. This tests applying the cylinder volume formula.

34. Correct Answer: A (60)

To decrease 75 by 20%, calculate 20% of 75 and subtract: 0.20 x 75 =15, so 75 - 15 = 60. Alternatively,
75 decreased by 20% = 75 x 0.80 = 60. This tests percentage decrease calculations.

35. Correct Answer: C (60°)

If sin 0 = V/3/2, then 6 = 60° (in the range 0° < 6 < 90°). This occurs in a 30-60-90 triangle where sin 60°
= opposite/hypotenuse = V3/2. This is a standard trigonometric value worth memorizing.

36. Correct Answer: B (9)

Solve 4(x + 3) = 2x + 30 by first distributing: 4x + 12 = 2x + 30. Subtract 2x from both sides: 2x + 12 =
30. Subtract 12 from both sides: 2x = 18. Divide by 2: x = 9. Verify: 4(9 + 3) = 4(12) =48, and 2(9) + 30
=18+30=48 V.

37. Correct Answer: D (27)

Range equals maximum minus minimum. In the dataset {24, 38, 30, 51, 33}, the maximum is 51 and
minimum is 24. Range = 51 - 24 = 27. This tests understanding of range as a measure of spread.

38. Correct Answer: A (£17)

If x2 = 289, then x = +V289 = +17. Both positive and negative 17 are solutions because (17)> =289 and (-
17)* = 289. Always consider both positive and negative square roots when solving x* = constant.

39. Correct Answer: C (\/3)



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

40. Correct Answer: C (6x%y?%)

Simplify (42x'%y®)/(7x7y®) by dividing coefficients and subtracting exponents for like bases. For the
coefficient: 42/7 = 6. For x: x'%/x” = x(10-7) = x3. For y: y®/y® = y"(8-5) = y>. The result is 6x3y>.



