MCAT BONUS - PRACTICE TEST 4

Chemical And Physical Foundations of Biological Systems

Time Questions

95 minutes 59

PASSAGE 1 (Questions 1-5): Citric Acid Cycle and Oxidative
Metabolism

The citric acid cycle (Krebs cycle, TCA cycle) is the central metabolic pathway oxidizing acetyl-CoA to
CO: while reducing NAD* to NADH and FAD to FADH.. These reduced cofactors then fuel oxidative
phosphorylation. The cycle occurs in the mitochondrial matrix and serves both catabolic (energy
production) and anabolic (biosynthetic precursor generation) functions.

The cycle begins when acetyl-CoA (2C) condenses with oxaloacetate (4C) to form citrate (6C) via citrate
synthase. Through eight sequential reactions, citrate is oxidized, releasing two CO:. molecules and
regenerating oxaloacetate. Each turn produces: 3 NADH, 1 FADH., 1 GTP (or ATP), and 2 CO-. Complete
glucose oxidation (producing 2 acetyl-CoA via glycolysis and pyruvate dehydrogenase) yields 6 NADH,
2 FADH:, and 2 GTP from the citric acid cycle.

Regulation occurs at three irreversible steps. Citrate synthase is inhibited by ATP, NADH, and citrate
(product inhibition). Isocitrate dehydrogenase is activated by ADP and Ca?* while inhibited by ATP and
NADH. a-Ketoglutarate dehydrogenase is inhibited by succinyl-CoA and NADH. This feedback
regulation matches cycle activity to energy needs.

Anaplerotic reactions replenish cycle intermediates depleted for biosynthesis. Pyruvate carboxylase
(activated by acetyl-CoA) converts pyruvate to oxaloacetate, ensuring adequate oxaloacetate for citrate
synthase. Without anaplerotic reactions, sustained acetyl-CoA oxidation would deplete intermediates,
halting the cycle despite available fuel.

Metabolic data:
Energy yield from complete glucose oxidation:

e Glycolysis: 2 ATP (substrate-level), 2 NADH
e Pyruvate dehydrogenase (x2): 2 NADH



e Citric acid cycle (x2): 6 NADH, 2 FADH>, 2 GTP
e Oxidative phosphorylation: Each NADH — ~2.5 ATP, each FADH: — ~1.5 ATP
e Total: 2+ 2 +[(10 NADH % 2.5) + (2 FADH: x 1.5)] =2 + 2 + 25 + 3 =32 ATP per glucose

Citrate synthase regulation:

e No inhibitors present: Vmax = 100 pmol/min

o 5 mM ATP: Activity reduced to 40 pmol/min

200 uM NADH: Activity reduced to 35 pmol/min

e O

o ATP + NADH: Activity reduced to 15 pmol/min
o Demonstrates negative feedback from high-energy signals

Anaplerotic requirement experiment:

e Isolated mitochondria with acetyl-CoA and citric acid cycle enzymes

e Condition A: No oxaloacetate added — Minimal CO: production (5 pmol/min)

o Condition B: Catalytic oxaloacetate (0.1 mM) — Robust CO: production (100 pmol/min)

e Condition C: Oxaloacetate + malonate (succinate dehydrogenase inhibitor) — CO- production
until intermediates depleted

o Shows oxaloacetate is consumed and must be regenerated

1. The citric acid cycle producing 3 NADH and 1 FADH: per acetyl-CoA generates ATP primarily
through:

A. Substrate-level phosphorylation exclusively

B. NADH and FADH: donating electrons to the electron transport chain for oxidative phosphorylation
C. Direct oxidation of intermediates

D. Fermentation pathways

2. Citrate synthase being inhibited by ATP and NADH represents:

A. Positive feedback activation

B. Substrate-level regulation only

C. Irreversible denaturation

D. Negative feedback from high-energy signals matching cycle activity to cellular energy status

3. The anaplerotic reaction catalyzed by pyruvate carboxylase (pyruvate — oxaloacetate) is
necessary because:

A. Cycle intermediates are removed for biosynthesis and must be replenished
B. The cycle produces excess oxaloacetate

C. Acetyl-CoA cannot enter the cycle

D. CO: must be fixed



4. Complete oxidation of one glucose molecule yielding ~32 ATP (compared to 2 ATP from
glycolysis alone) demonstrates:

A. Glycolysis is more efficient

B. Fermentation produces more ATP

C. Aerobic metabolism is far more efficient than anaerobic glycolysis
D. The citric acid cycle produces no ATP

5. The experiment showing minimal CO: production without catalytic oxaloacetate despite
abundant acetyl-CoA demonstrates:

A. Acetyl-CoA is not oxidized in mitochondria

B. Oxaloacetate functions catalytically—regenerated each cycle to enable continuous acetyl-CoA
oxidation

C. CO: is not produced by the cycle

D. Mitochondria cannot produce energy

DISCRETE QUESTIONS (6-8)

6. The equivalence point in a titration of a weak acid with a strong base occurs when:

A.pH=pKa

B. Equal volumes of acid and base are mixed

C. Half the acid is neutralized

D. Moles of base added equal moles of acid initially present

7. An object thrown vertically upward reaches maximum height when:

A. Velocity equals zero and acceleration equals -9.8 m/s?
B. Both velocity and acceleration equal zero

C. Velocity is maximum

D. Acceleration reverses direction

8. In an SN1 reaction mechanism, the rate-determining step is:

A. Nucleophile attack

B. Proton transfer

C. Carbocation formation through heterolytic bond cleavage
D. Rearrangement



PASSAGE 2 (Questions 9-13): Electromotive Force and
Electrochemical Cells

Electrochemical cells convert chemical energy to electrical energy (galvanic/voltaic cells) or electrical
energy to chemical energy (electrolytic cells). Cell potential (electromotive force, EMF) quantifies the
driving force for electron transfer, measured in volts.

Standard reduction potentials (E°) are measured under standard conditions (25°C, 1 M concentrations, 1
atm pressure) relative to the standard hydrogen electrode (SHE, E° = 0.00 V). More positive E° indicates
stronger oxidizing agent (readily gains electrons); more negative E° indicates stronger reducing agent
(readily loses electrons).

For galvanic cells, the standard cell potential is: E°cell = E°cathode - E°anode. The cathode (reduction
occurs here) has more positive E°; the anode (oxidation occurs) has more negative E°. Spontaneous
reactions have positive E°cell. The relationship between cell potential and Gibbs free energy is: AG® = -
nFE°cell, where n = moles of electrons transferred and F = Faraday constant (96,485 C/mol ¢").

The Nernst equation relates cell potential to non-standard conditions: E = E° - (RT/nF)In(Q), where Q is
the reaction quotient. At 25°C, this simplifies to: E = E° - (0.0592/n)log(Q). As reactants deplete, Q
increases, and cell potential decreases toward zero at equilibrium.

Electrochemical data:
Standard reduction potentials at 25°C:

F:+2e — 2F: E°=+2.87 V (strongest oxidizer)
Agt+e — Ag: E°=+0.80V

Cu* +2¢ — Cu: E°=+0.34V

2H*+ 2e” — Ha: E°=0.00 V (reference)
Zn*"+2¢ — 7Zn: E°=-0.76 V

Li*+e — Li: E°=-3.04 V (strongest reducer)

Daniell cell (Zn/Cu cell):

Anode reaction: Zn — Zn** +2e (E°=-0.76 V)

Cathode reaction: Cu** + 2e- — Cu (E°=+0.34 V)

E°cell =+0.34 - (-0.76) =+1.10 V

AG® = -nFE° = -2(96,485)(1.10) = -212 kJ/mol (spontaneous)

Concentration effect (Nernst equation):

e Standard conditions ([Zn*"] = [Cu*]=1M): E=1.10 V
e [Zn*]=0.01 M, [Cu*']=1M: Q= [Zn*]/[Cu*]=0.01

o E=1.10-(0.0592/2)log(0.01) = 1.10 - (0.0296)(-2) =1.16 V
e [Zn*]=1M, [Cu*]=0.01 M: Q=100



o E=1.10-(0.0296)(2)=1.04 V
9. In the Daniell cell, zinc serves as the anode because:

A. It has more positive reduction potential

B. It is a weaker reducing agent

C. Zn has more negative reduction potential, making it more readily oxidized
D. Copper cannot be oxidized

10. A positive standard cell potential (E°cell =+1.10 V) indicates:

A. The reaction is spontaneous under standard conditions
B. The reaction is nonspontaneous

C. AG® is positive

D. No electron transfer occurs

11. Using the Nernst equation, decreasing Cu** concentration while maintaining constant Zn*"
concentration causes cell potential to:

A. Remain unchanged

B. Increase to infinity

C. Become negative

D. Decrease as Q increases (products/reactants ratio increases)

12. The relationship AG° = -nFE°cell indicates that:

A. Gibbs free energy and cell potential are unrelated

B. More positive E°cell corresponds to more negative AG®, indicating greater spontaneity
C. Negative E°cell means AG® is negative

D. Cell potential doesn't indicate spontaneity

13. At equilibrium, the cell potential E equals zero because:
A. Electrons stop flowing
B. All species are consumed

C. AG =0 at equilibrium, and since AG = -nFE, E must equal zero
D. Temperature drops to absolute zero

PASSAGE 3 (Questions 14-18): Amino Acid Structure and Acid-
Base Properties

Amino acids are the building blocks of proteins, consisting of a central carbon (a-carbon) bonded to an
amino group (-NHs"), carboxyl group (-COO~), hydrogen, and variable R group (side chain). At
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physiological pH (~7.4), amino acids exist as zwitterions—molecules with both positive and negative
charges but overall neutral.

Amino acids are classified by R group properties. Nonpolar amino acids (glycine, alanine, valine, leucine,
isoleucine, proline, methionine, phenylalanine, tryptophan) have hydrophobic side chains. Polar
uncharged amino acids (serine, threonine, cysteine, asparagine, glutamine, tyrosine) have hydrophilic side
chains without charge. Charged amino acids include basic (lysine, arginine, histidine—positively charged
at pH 7) and acidic (aspartate, glutamate—negatively charged at pH 7).

Each amino acid has characteristic pKa values: a-carboxyl group (~2.2), a-amino group (~9.5), and
ionizable side chains (if present). The isoelectric point (pl) is the pH where the amino acid has no net
charge. For amino acids without ionizable side chains: pl = (pKa: + pKaz)/2. For amino acids with
ionizable side chains, calculate using the two pKa values between which the zwitterion predominates.

The Henderson-Hasselbalch equation describes pH-dependent ionization: pH = pKa + log([A"]/[HA]). At
pH =pKa, [A7] =[HA] (50% ionized). At pH = pKa + 1, the species is 91% ionized. At pH =pKa - 1, it's
9% ionized. This relationship governs amino acid charge state and protein behavior.

Amino acid properties:
Glycine (simplest amino acid):

e Rgroup=H

o pKai (COOH)=2.34

° pKaz (NH3+) =9.60

e pl=(2.34+9.60)/2=5.97

e AtpH 2.34: Predominantly HsN*-CH>-COOH (net +1)
e AtpH 5.97: Zwitterion HsN*-CH2-COO™ (net 0)

e AtpH 9.60: Predominantly H.N-CH2-COO~ (net -1)

Glutamate (acidic amino acid):

e R group =-CH2-CH2-COO~

e pKai (a-COOH) =2.19

e pKa: (side chain COOH) = 4.25

e pKas (a-NHs") =9.67

o pl=(4.25+2.19)/2 =3.22 (average of two COOH pKa values)

e AtpH 7: Net charge = -2 (both carboxyls ionized, amino protonated)

Lysine (basic amino acid):

e R group = -(CH2)s-NHs*

e pKai (a-COOH) =2.18

. pKaz ((I-NH3+) =8.95

e pKas (side chain NHs*) = 10.53

e pl=(8.95+10.53)/2 =9.74 (average of two amino pKa values)



e AtpH 7: Net charge = +2 (both amines protonated, carboxyl ionized)
Peptide formation:

e Amino acids link via peptide bonds (amide bonds) between a-carboxyl and a-amino groups
o Condensation reaction releases water: -COOH + H.N- — -CO-NH- + H-0

e Peptide backbone: repeating -N-Ca-C- units

e R groups extend from backbone, determining structure and function

14. At pH 7.4 (physiological pH), glycine (pI =5.97) predominantly exists as:

A. Zwitterion with net negative charge since pH > pl
B. Fully protonated species

C. Fully deprotonated species

D. Neutral with no charges

15. Glutamate having plI = 3.22 (acidic) means at physiological pH 7.4, it carries:

A. Positive net charge

B. Net negative charge because pH >> pl
C. No net charge

D. Variable charge

16. Using Henderson-Hasselbalch, at pH = pKa + 2, an ionizable group is approximately:

A. 1% ionized

B. 50% ionized
C. 91% ionized
D. 99% ionized

17. Lysine (pI = 9.74) will migrate toward the cathode (negative electrode) during electrophoresis
at pH 7 because:

A. It carries no charge

B. It migrates randomly

C. It carries net positive charge at pH below its pl
D. It carries negative charge

18. The peptide bond linking amino acids is:

A. An amide linkage formed through condensation between carboxyl and amino groups
B. A disulfide bond

C. An ester linkage

D. A glycosidic bond



DISCRETE QUESTIONS (19-21)

19. According to Le Chatelier's principle, increasing pressure on the equilibrium N:(g) + 3Hz(g) =
2NHs(g) will:

A. Have no effect

B. Shift equilibrium toward ammonia production (fewer moles of gas)
C. Shift toward reactants

D. Stop the reaction

20. The work done by a gas during isothermal expansion is:

A. Zero because temperature is constant

B. Positive and equal to zero

C. Negative

D. Positive and equal to W = -[PdV (gas does work on surroundings)

21. Aromatic compounds characterized by Hiickel's rule have:

A. Any number of 7 electrons

B. 4n & electrons

C. (4n + 2) m electrons in a planar, cyclic, conjugated system
D. No = electrons

PASSAGE 4 (Questions 22-25): Light, Optics, and Lens Systems

Light exhibits both wave and particle properties. As electromagnetic radiation, light travels at ¢ = 3.00 x
108 m/s in vacuum. The relationship between wavelength (L), frequency (v), and speed is: ¢ = Av. Energy
of a photon: E =hv = hc/A, where h = 6.626 x 10734 J-s (Planck's constant). Visible light ranges from ~400
nm (violet) to ~700 nm (red).

Refraction occurs when light passes between media with different refractive indices (n). Snell's law:
nisin(0:1) = nzsin(02), where 0 is measured from the normal. Refractive index n = ¢/v, where v is light speed
in the medium. Materials with higher n slow light more and bend it more toward the normal when entering
from lower n medium.

Lenses manipulate light through refraction. Converging (convex) lenses focus parallel rays to a focal
point; diverging (concave) lenses spread parallel rays as if originating from a focal point. The thin lens
equation relates object distance (do), image distance (di), and focal length (f): 1/f = 1/do + 1/di.
Magnification: M = -di/do = hi/ho.

Sign conventions: f is positive for converging lenses, negative for diverging lenses. Real images (di > 0)
form on opposite side from object; virtual images (di < 0) form on same side as object. Positive
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magnification means upright image; negative magnification means inverted image. |M| > 1 means
magnified; M| < 1 means reduced.

Optical measurements:
Light properties:

Blue light (A =450 nm): v = c/A = (3x10% m/s)/(450x107° m) = 6.67x10'* Hz
Photon energy: E = hv = (6.626x10734)(6.67x10'%) =4.42x107"° ] =2.76 eV
Red light (A = 650 nm): E=1.91 eV

Blue photons carry ~45% more energy than red photons

Snell's law application:

e Light traveling from air (n:1 = 1.00) to water (n2 = 1.33) at 0: = 45°
e sin(02) = misin(01)/n2 = (1.00)(0.707)/1.33 = 0.531
e 02=32.1° (bends toward normal as expected entering denser medium)

Converging lens (f = +20 cm):

e Object at do =30 cm:

o I/di=1/f-1/do=1/20-1/30 =3/60 - 2/60 = 1/60

o di=+60 cm (real image, opposite side)

o M=-di/do =-60/30 = -2 (inverted, magnified 2x)
e Objectatdo=10 cm:

o 1/di=1/20-1/10=-1/20

o di=-20 cm (virtual image, same side)

o M=-(-20)/10 = +2 (upright, magnified 2x)

Human eye analogy:

e Cornea + lens: Converging system, f = 17 mm in relaxed state
o Retina location: ~24 mm from lens (image distance)
e Near point (~25 cm) to far point (infinity) focusing via accommodation (lens shape change)

22. Light bending toward the normal when entering water from air (0: < 0:) occurs because:

A. Light speeds up in water

B. Water has lower refractive index

C. Light always bends toward normal

D. Water has higher refractive index (n = 1.33 > 1.00), slowing light

23. A converging lens forming a real, inverted image at di =+60 cm when object is at do =30 cm
demonstrates:



A. Object beyond focal length produces real, inverted image on opposite side
B. Virtual images form

C. The lens is diverging

D. Magnification is always 1

24. The thin lens equation 1/f = 1/do + 1/di predicts that for a diverging lens (f < 0), di will always
be:

A. Positive

B. Infinite

C. Negative, producing virtual images
D. Zero

25. Blue light (450 nm) photons having higher energy than red light (650 nm) photons relates to:

A. Color perception only

B. Energy inversely proportional to wavelength (E = hc/A)
C. Blue light traveling faster

D. Wavelength doesn't affect energy

PASSAGE 5 (Questions 26-30): Acid-Base Equilibria and Buffer
Systems
Acids donate protons (H"); bases accept protons. Bronsted-Lowry acid-base theory emphasizes conjugate

acid-base pairs related by proton transfer. Strong acids (HCI, HNOs, H.SO.4) dissociate completely; weak
acids (acetic acid, formic acid) partially dissociate with Ka < 1.

The acid dissociation constant: Ka = [H*][A"]/[HA]. For weak bases, Kb = [BH"][OH]/[B]. The
relationship between conjugate pairs: Ka x Kb =Kw =1.0 x 10* at 25°C. pKa = -log(Ka); stronger acids
have lower pKa values.

The Henderson-Hasselbalch equation: pH = pKa + log([A"]/[HA]) describes buffer systems—solutions
resisting pH change upon acid or base addition. Buffers work optimally when pH =~ pKa (when [A7] =
[HA]), providing maximum buffering capacity. Effective buffering range: pKa + 1.

Buffer capacity depends on absolute concentrations—higher concentrations resist pH changes better.
When strong acid is added to buffer: H* + A~ — HA (conjugate base neutralizes added acid). When strong
base is added: OH™ + HA — A~ + H:O (acid neutralizes added base).

Buffer system calculations:

Acetic acid/acetate buffer (pKa = 4.76):
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e Prepare: 0.10 M acetic acid (HA) + 0.10 M sodium acetate (A")
e pH=4.76 +10g(0.10/0.10) =4.76 + 0 =4.76
e Add0.01 M HCI: H* converts A~ to HA
o New [HA]=0.11 M, new [A7]=0.09 M
o pH=4.76 +10g(0.09/0.11) =4.76 - 0.09 = 4.67 (minimal change)
o Without buffer, 0.01 M HCI gives pH = 2 (large change)

Phosphate buffer (pKa: = 7.21, physiologically relevant):

H.PO.~ = H* + HPO+*

To prepare pH 7.4 buffer: Use H:2PO4/HPOs* system

pH =7.21 + log([HPO+*")/[H2PO4+7]) = 7.4
log([HPO+*)/[H2PO47]) = 0.19

[HPO+*")/[H2PO4] = 1.55 (need ~60% HPO4*", 40% H2PO4")

Buffer capacity comparison:

o Buffer A: 0.01 M acetic acid/acetate at pH 4.76
o Buffer B: 0.10 M acetic acid/acetate at pH 4.76
e Add 0.005 M HCI to each:
o Buffer A: pH drops to 4.20 (A =0.56)
o Buffer B: pH drops to 4.70 (A = 0.06)
o 10-fold higher concentration provides ~9-fold better resistance

26. A buffer solution resists pH changes most effectively when:

A. pH =7 always

B. Infinite dilution

C. pH = pKa and [acid] = [conjugate base]
D. Only strong acids present

27. Adding HCI to an acetate buffer causes pH to decrease minimally because:

A. HCl is neutralized

B. Water dilutes the acid

C. pH never changes

D. Acetate ion (A") neutralizes added H*, converting to acetic acid (HA)

28. The relationship Ka x Kb = Kw (1.0 x 107*%) for conjugate acid-base pairs indicates:

A. All acids have identical strength

B. Stronger acids have weaker conjugate bases (inverse relationship)
C. Ka and Kb are unrelated

D. Only bases dissociate

29. To prepare a buffer at pH 5.0, the optimal weak acid would have pKa closest to:
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A. 5.0 to maximize buffering capacity
B. 1.0

C.10.0

D. 14.0

30. Buffer B (0.10 M) showing less pH change than Buffer A (0.01 M) when equal amounts of HCI
are added demonstrates:

A. Concentration doesn't affect buffering

B. Buffer A is superior

C. Higher buffer concentration provides greater capacity to neutralize added acid or base
D. pH is independent of concentration

DISCRETE QUESTIONS (31-33)

31. The oxidation state of nitrogen in the nitrate ion (NOs") is:

A.+5
B.-3
C.H3
D.-5

32. During adiabatic expansion of an ideal gas:

A. Temperature increases

B. No heat exchange occurs with surroundings (Q = 0)
C. Entropy decreases

D. Pressure increases

33. E2 elimination reactions proceed through:
A. Carbocation intermediate
B. Radical intermediate

C. Free rotation
D. Concerted anti-periplanar transition state

PASSAGE 6 (Questions 34-38): Thermodynamics of Phase
Transitions
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Phase transitions involve changes between solid, liquid, and gas phases. These transitions require energy
input (endothermic) or release energy (exothermic) without temperature change while the phase transition
occurs. The energy is used to overcome or establish intermolecular forces.

Melting (fusion): solid — liquid, requires energy (AHfus > 0) to overcome crystal lattice forces. Freezing:
liquid — solid, releases energy (AHfus < 0). Vaporization: liquid — gas, requires energy (AHvap > 0) to
overcome all intermolecular forces completely. Condensation: gas — liquid, releases energy. Sublimation:
solid — gas, requires energy (AHsub = AHfus + AHvap).

Heating curves show temperature versus energy added. During phase transitions, temperature remains
constant while energy input changes potential energy (intermolecular forces) rather than kinetic energy
(temperature). Flat regions indicate phase changes. The heat capacity determines temperature change: q =
mcAT for temperature change within a phase; g = nAH for phase transitions.

Vapor pressure is the pressure exerted by vapor in equilibrium with its liquid. Vapor pressure increases
with temperature (more molecules have sufficient kinetic energy to escape). At the boiling point, vapor
pressure equals atmospheric pressure. The Clausius-Clapeyron equation relates vapor pressure to
temperature: In(P2/P:) = -(AHvap/R)(1/T2 - 1/Th).

Intermolecular forces determine phase transition energies. Stronger forces require more energy to
overcome: ionic > hydrogen bonding > dipole-dipole > London dispersion. Water has unusually high
AHvap and AHfus due to extensive hydrogen bonding.

Phase transition data:
Water properties:

e AHfus = 6.01 kJ/mol (melting at 0°C)

e AHvap =40.7 kJ/mol (boiling at 100°C)

e Specific heat capacity: cice = 2.09 J/(g-°C), cwater = 4.18 J/(g-°C), csteam = 2.01 J/(g-°C)
o High values reflect strong hydrogen bonding

Heating 18 g water (1 mol) from -20°C to 120°C:

Heat ice from -20°C to 0°C: q: = (18 g)(2.09 J/g-°C)(20°C) =752

Melt ice at 0°C: g2 = (1 mol)(6,010 J/mol) = 6,010 J

Heat water from 0°C to 100°C: g3 = (18 g)(4.18 J/g-°C)(100°C) = 7,524 ]
Vaporize water at 100°C: g4 = (1 mol)(40,700 J/mol) = 40,700 J

Heat steam from 100°C to 120°C: g5 = (18 g)(2.01 J/g-°C)(20°C) =723 ]

Nk W=

Total: 752 + 6,010 + 7,524 + 40,700 + 723 = 55,709 J = 55.7 kJ
Vaporization requires 73% of total energy

Vapor pressure of water:

e At25°C: P =23.8 mmHg (3.17 kPa)
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e At50°C: P=92.5 mmHg (12.3 kPa)
e At 100°C: P =760 mmHg = 1 atm (boiling point by definition)
o Exponential increase with temperature

Comparing substances:

e H:0: AHvap =40.7 kJ/mol (strong H-bonding)

e CHsOH: AHvap = 35.2 kJ/mol (H-bonding, less extensive)
e CHs;CH20H: AHvap = 38.6 kJ/mol (H-bonding)

e CHa: AHvap = 8.2 kJ/mol (London forces only, weak)

34. During the melting process, temperature remains constant while heat is added because:

A. No energy is absorbed

B. Energy increases potential energy (overcoming lattice forces) not kinetic energy (temperature)
C. The substance cools

D. Phase transitions are impossible

35. Water's unusually high heat of vaporization (AHvap = 40.7 kJ/mol) compared to methane (8.2
kJ/mol) is primarily due to:

A. Water's lower molecular weight

B. Methane's strong intermolecular forces

C. Extensive hydrogen bonding in water requiring more energy to overcome
D. Water being a liquid

36. At water's normal boiling point (100°C, 1 atm), the vapor pressure equals:

A. Zero

B. Less than atmospheric pressure

C. Greater than atmospheric pressure

D. Atmospheric pressure (1 atm), allowing bubbles to form throughout the liquid

37. The calculation showing vaporization (40,700 J) requires much more energy than melting
(6,010 J) demonstrates:

A. Melting is more difficult

B. Temperature changes require more energy

C. Phase transitions are identical

D. Vaporization completely overcomes intermolecular forces while melting only partially overcomes
them

38. Using the Clausius-Clapeyron equation, if vapor pressure increases from 23.8 mmHg at 25°C
to 92.5 mmHg at 50°C, this indicates:
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A. Vapor pressure decreases with temperature

B. More molecules have sufficient energy to escape the liquid phase at higher temperatures
C. Intermolecular forces strengthen

D. Boiling point decreases

PASSAGE 7 (Questions 39-43): Kinetics and Reaction
Mechanisms

Chemical kinetics studies reaction rates and mechanisms. The rate law expresses how reactant
concentrations affect rate: Rate = k[A]"m[B]"n, where k is the rate constant, and m and n are orders
(determined experimentally, not from stoichiometry).

Reaction order indicates concentration dependence. Zero-order: rate independent of concentration (Rate
= k). First-order: rate proportional to [A] (Rate = k[A]); half-life t:/= = 0.693/k (constant, independent of
concentration). Second-order: rate proportional to [A]* (Rate = k[A]?); ti/2= = 1/(k[A]o) (depends on initial
concentration).

The Arrhenius equation relates temperature and rate constant: k = Ae”(-Ea/RT), where Ea is activation
energy, A is frequency factor, R is gas constant (8.314 J/mol-K), and T is absolute temperature. Taking
logarithm: In(k) = In(A) - Ea/RT. Plotting In(k) versus 1/T gives straight line with slope = -Ea/R.
Reaction mechanisms are step-by-step sequences of elementary reactions producing overall reaction. The
slowest step (rate-determining step) determines overall rate. Intermediates appear in mechanisms but not
in overall balanced equation. Catalysts increase rate by providing alternative pathway with lower Ea but
don't appear in net reaction.

Kinetic data:

Reaction: 2NO: — 2NO + O:

Experiment [NO:]o (M) Initial Rate (IM/s)

1 0.010 2.5x107
2 0.020 1.0 x 10
3 0.030 225 %10

e Rate doubles when [NO:] doubles — first-order? No, rate quadruples (Exp 1 to 2:
1.0x107%/2.5x10° = 4)

e Doubling [NO:] quadruples rate — second-order

e Rate =k[NO:J?

e (alculate k from Exp 1: 2.5x107° = k(0.010)?

e k=025M"s"
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Temperature effect:

e kat300K:0.25Ms!

e kat320K:1.05Ms!

e Ratio: ko/ki = 1.05/0.25 =4.2

e Rate increases ~4x with 20 K temperature increase
e Using Arrhenius: In(ka/ki) = (Ea/R)(1/Ti - 1/T2)

e In(4.2) = (Ea/8.314)(1/300 - 1/320)

e Ea=75kJ/mol

Proposed mechanism:

e Step I (slow): NOz2 + NO2 — NOs + NO

e Step 2 (fast): NOs + NO2 — NO:2 + O2 + NO
e Net: 2NO2 — 2NO + O2

e NO:s is intermediate (appears then consumed)
e Rate = ki[NO:]? (determined by slow step)

o Consistent with experimental rate law

39. The reaction showing rate quadrupling when [NO:| doubles (0.010 M — 0.020 M) indicates:

A. First-order kinetics

B. Zero-order kinetics

C. No concentration dependence

D. Second-order kinetics (rate &< [NO:]?)

40. A first-order reaction having constant half-life (t./> = 0.693/k) independent of initial
concentration means:

A. Time for [A] to halve depends on starting concentration

B. The reaction never proceeds

C. Half-life is always zero

D. Half-life is characteristic of the reaction, not starting amount

41. The Arrhenius equation predicting that k increases exponentially with temperature explains
why:

A. All reactions stop at low temperature

B. Temperature has no effect

C. Reaction rates typically increase dramatically with modest temperature increases
D. Cooling accelerates reactions

42. The proposed mechanism's slow step (NO: + NO: — NOs + NO) determining the overall rate
law demonstrates:
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A. Fast steps determine rate

B. All steps contribute equally

C. Mechanisms are unnecessary

D. The rate-determining step controls overall reaction rate

43. A catalyst increasing reaction rate by providing a pathway with lower activation energy works
by:

A. Changing thermodynamics (AG)

B. Appearing in the net reaction

C. Being consumed permanently

D. Increasing the fraction of molecules with sufficient energy to react

DISCRETE QUESTIONS (44-46)

44. London dispersion forces result from:

A. Permanent dipoles only

B. Ionic bonds

C. Covalent bonds

D. Temporary, instantaneous dipoles creating induced dipoles in neighboring molecules

45. The ideal gas law (PV = nRT) assumes:

A. Gas molecules have significant volume

B. Strong intermolecular attractions exist

C. Negligible molecular volume and no intermolecular forces
D. All gases behave identically to solids

46. In a galvanic cell, the salt bridge functions to:
A. Provide additional reactants
B. Maintain electrical neutrality by allowing ion flow between half-cells

C. Increase resistance
D. Stop electron flow

PASSAGE 8 (Questions 47-50): Michaelis-Menten Enzyme
Kinetics
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Enzymes are biological catalysts that accelerate reactions by lowering activation energy. The Michaelis-
Menten model describes enzyme kinetics for simple enzyme-catalyzed reactions: E+ S & ES — E + P,
where E is enzyme, S is substrate, ES is enzyme-substrate complex, and P is product.

The Michaelis-Menten equation: v = (Vmax[S])/(Km + [S]), where v is reaction velocity, Vmax is
maximum velocity (when enzyme is saturated), and Km is the Michaelis constant (substrate concentration
at v = Vmax/2). Km reflects substrate affinity—lower Km indicates higher affinity (enzyme binds
substrate more readily).

At low [S] << Km: v = (Vmax/Km)[S] (first-order kinetics, linear relationship). At high [S] >> Km: v =
Vmax (zero-order kinetics, independent of [S]). At [S] = Km: v = Vmax/2. This saturation behavior
distinguishes enzymatic catalysis from simple chemical catalysis.

The Lineweaver-Burk plot linearizes the equation: 1/v = (Km/Vmax)(1/[S]) + 1/Vmax. This double-
reciprocal plot yields: y-intercept = 1/Vmax, x-intercept = -1/Km, slope = Km/Vmax. This facilitates
determining kinetic parameters and identifying inhibition types.

Competitive inhibitors bind the active site, increasing apparent Km (reduced affinity) without changing
Vmax (can be overcome by high [S]). Non-competitive inhibitors bind elsewhere, decreasing Vmax
without changing Km (cannot be overcome). Uncompetitive inhibitors bind only ES complex, decreasing
both Vmax and Km proportionally.

Enzyme Kkinetic data:

Enzyme A (no inhibitor):

[S] (mM) v (nmol/min)

1 33
2 50
5 71
10 83
20 91
50 96

e At very high [S], v approaches 100 pumol/min (Vmax = 100 pmol/min)
e At v=>50 umol/min (Vmax/2), [S] =2 mM
e Therefore Km =2 mM

Competitive inhibition (Inhibitor X present):
e Vmax unchanged: 100 umol/min
e Km increases to 8 mM (4-fold increase)

e At[S]=8 mM: v=50 umol/min (apparent Km)
o Interpretation: Inhibitor competes for active site; high [S] can outcompete inhibitor
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Non-competitive inhibition (Inhibitor Y present):

e Vmax decreases to 50 pmol/min

e Km unchanged: 2 mM

e At[S]=2 mM: v =25 pumol/min (half of new Vmax)

o Interpretation: Inhibitor binds separate site; [S] cannot overcome inhibition

47. At substrate concentration [S] = Km, the reaction velocity equals:

A. Zero
B. Vmax

C. Vmax/2 (half-maximal velocity)
D. Km/2

48. A lower Km value (e.g., Km = 0.5 mM vs. 5 mM) indicates:

A. Lower substrate affinity

B. Higher substrate affinity (enzyme binds substrate more readily at lower concentrations)
C. Slower maximum velocity

D. No catalytic activity

49. Competitive inhibition increasing apparent Km from 2 mM to 8 mM while maintaining Vmax
=100 pmol/min demonstrates that:

A. The inhibitor permanently inactivates enzyme

B. Vmax decreases

C. Km doesn't change

D. High substrate concentration can overcome inhibition by outcompeting the inhibitor

50. Non-competitive inhibition decreasing Vmax (100 — 50 pmol/min) without changing Km (2
mM) indicates the inhibitor:

A. Binds the active site

B. Cannot be overcome by increasing [S]
C. Increases enzyme efficiency

D. Has no effect

PASSAGE 9 (Questions 51-55): Electrochemistry and Faraday's
Laws

Electrolysis uses electrical energy to drive non-spontaneous redox reactions. Unlike galvanic cells
(spontaneous, producing electricity), electrolytic cells require external voltage to force electron transfer.
Applications include metal plating, water electrolysis, and aluminum production.
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Faraday's laws of electrolysis quantify the relationship between electricity and chemical change. First
Law: Mass of substance deposited is proportional to charge passed. Second Law: Equal charges deposit
equivalent amounts (moles of electrons transferred) of different substances. The key equation: moles of
electrons = (I x t)/F, where I is current (amperes), t is time (seconds), and F is Faraday constant (96,485
C/mol e).

To calculate mass deposited: (1) Find moles of electrons from charge: n(e”) = Q/F = (Ixt)/F, (2) Determine
moles of substance using stoichiometry, (3) Convert to mass using molar mass. For example, Cu** + 2e~
— Cu requires 2 moles electrons per mole copper.

The relationship between current, charge, and moles: Q = I x t (coulombs), where 1 ampere = 1
coulomb/second. One Faraday (F = 96,485 C) represents charge of 1 mole electrons. This connects
macroscopic electrical measurements to molecular-scale chemistry.

Electrolysis calculations:

Copper electroplating:

Cathode reaction: Cu** + 2¢~ — Cu

Current: I=5.0 A

Time: t=1 hour = 3600 s

Charge: Q=1x1t=(5.0 A)(3600 s) = 18,000 C

Moles electrons: n(e”) = 18,000 C / 96,485 C/mol = 0.187 mol e~

Moles Cu: n(Cu) =0.187 mol e~ x (1 mol Cu/2 mol ¢7) =0.0933 mol Cu
Mass Cu: (0.0933 mol)(63.55 g/mol) = 5.93 g copper deposited

Water electrolysis:

Cathode: 2H20 + 2e- — H>+ 20H~

Anode: 2H>O — O: + 4H" + 4e-

Current: 10.0 A for 30 minutes = 1800 s

Charge: Q = (10.0)(1800) = 18,000 C

Moles e¢7: 0.187 mol

Moles H: produced: 0.187 mol e~ % (1 mol Hz2/2 mol e7) = 0.0933 mol
Volume H: at STP: (0.0933 mol)(22.4 L/mol)=2.09 L

Moles O: produced: 0.187 mol e~ % (1 mol Oz /4 mol e7) = 0.0467 mol
Volume O: at STP: 1.05 L

Ha:0: ratio = 2:1 (as expected from stoichiometry)

Silver plating:
e Ag'+e — Ag(1 electron per silver atom)
e Same 18,000 C: n(e”) = 0.187 mol
e n(Ag)=0.187 mol (1:1 stoichiometry)
e Mass: (0.187 mol)(107.87 g/mol) = 20.2 g silver deposited

Compare to copper: Different mass because different molar mass and electrons required
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51. Calculating mass of copper deposited using moles of electrons (n = Q/F) and the stoichiometry
Cu* + 2e¢” — Cu demonstrates:

A. Charge has no relationship to mass

B. Faraday's laws connecting electrical charge to chemical amounts
C. Copper cannot be plated

D. Current is irrelevant

52. Water electrolysis producing H>:O: in 2:1 molar ratio (2.09 L : 1.05 L at STP) results from:

A. Random gas production

B. Equal electron requirements

C. Oxygen being lighter

D. Stoichiometry: 4e~ produce 2H: but only 102

53. Silver plating depositing more mass (20.2 g) than copper plating (5.93 g) with identical charge
(18,000 C) occurs because:

A. Silver requires more electrons per atom

B. Electricity affects them differently

C. Silver has higher molar mass and requires only 1 e vs. 2 e~ for copper
D. Copper doesn't plate

54. The Faraday constant (96,485 C/mol e°) representing the charge of one mole of electrons
connects:

A. Mass and volume only

B. Macroscopic electrical measurements (coulombs) to molecular-scale chemistry (moles)
C. Light and magnetism

D. Temperature and pressure

55. In an electrolytic cell, applying external voltage drives non-spontaneous reactions by:

A. Decreasing activation energy

B. Forcing electrons to flow against their spontaneous direction
C. Changing equilibrium constants

D. Creating new elements

DISCRETE QUESTIONS (56-59)

56. The electron configuration of Fe*' is:

A. [Ar] 3d°
B. [Ar] 3d° 4s'
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C. [Ar] 4s> 3d*
D. [Ar] 3d°

57. At constant temperature, doubling the volume of an ideal gas causes pressure to:

A. Double

B. Remain constant

C. Decrease by half (inverse relationship, Boyle's law)
D. Quadruple

58. Nucleophilic addition to carbonyl groups (C=0) occurs because:

A. Carbonyl carbon is electron-rich

B. Oxygen is electropositive

C. No polarization exists

D. Carbonyl carbon is electrophilic (partial positive) due to oxygen's electronegativity

59. During an isothermal expansion of an ideal gas against external pressure:

A. AU is positive

B. Work is done by the gas and heat flows in to maintain constant temperature
C. No energy changes occur

D. Temperature increases
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Critical Analysis and Reasoning Skills (CARS)

Time Questions

90 minutes 53

PASSAGE 1 (Questions 1-6): The Ethics of Technological
Unemployment

The anxiety surrounding automation and artificial intelligence is not new; it echoes concerns raised during
every major technological revolution. From the Luddites smashing textile machinery in 19th-century
England to contemporary fears about self-driving vehicles eliminating millions of transportation jobs,
each wave of innovation has generated alarm about technological unemployment. Yet history suggests a
more complex narrative than simple job destruction.

The economist Joseph Schumpeter coined the term "creative destruction" to describe capitalism's
innovation process. Old industries and jobs disappear, but new ones emerge, often in unpredictable forms.
The agricultural revolution eliminated most farming jobs, yet we did not experience permanent mass
unemployment—people transitioned to manufacturing. When manufacturing automated, service
industries absorbed displaced workers. This pattern suggests an economy's remarkable capacity for
adaptation and job creation in unexpected sectors.

However, several factors distinguish the current technological moment from previous transitions. First,
the pace of change has accelerated dramatically. Workers displaced from agriculture had decades to adapt;
today's transformations occur within years or even months. Second, artificial intelligence differs from
previous automation waves. Where mechanization replaced physical labor, Al increasingly performs
cognitive tasks once considered uniquely human: legal research, medical diagnosis, financial analysis,
even creative work like writing and composing music. Third, the new jobs created may not match the
skills or geographic locations of displaced workers, creating structural unemployment that labor mobility
alone cannot resolve.

Critics of technological pessimism argue that we systematically underestimate human creativity and
overestimate Al capabilities. They point to the "Moravec paradox"—the observation that reasoning
requires relatively little computation while sensorimotor skills require enormous computational resources.
Tasks we consider intellectually difficult (chess, theorem-proving) prove easier for machines than skills
any human child possesses (walking, manipulating objects, understanding context). This suggests Al will
augment rather than replace human workers, handling routine tasks while humans focus on creative,
interpersonal, and contextually complex work.
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Yet this optimistic view may underestimate both Al's trajectory and the distribution of human abilities.
Not everyone can transition to high-skilled creative work, and creating entirely new job categories may
not happen quickly enough to prevent prolonged unemployment and social disruption. Moreover, even if
aggregate employment remains stable, the distributional consequences matter enormously. If
technological change primarily benefits capital owners and highly skilled workers while harming middle-
skill workers, societies face increasing inequality and political instability regardless of overall
employment levels.

The ethical question, then, is not whether technological unemployment will occur—some displacement is
inevitable—but rather how societies should respond. Should we implement universal basic income to
decouple survival from employment? Invest heavily in retraining programs despite uncertain
effectiveness? Slow technological adoption to allow smoother transitions? Each approach carries risks:
basic income may reduce work incentives, retraining may prove inadequate, and slowing innovation might
forfeit genuine benefits while merely postponing adjustment. Perhaps the deepest challenge is not
economic but philosophical: rethinking the connection between work, purpose, and human dignity in an
age where labor may become optional rather than necessary.

1. The passage's primary purpose is to:

A. Advocate for universal basic income

B. Examine the complexity of technological unemployment and appropriate responses
C. Prove Al will cause permanent unemployment

D. Dismiss concerns about automation

2. The author mentions the Luddites and agricultural revolution primarily to:

A. Criticize historical resistance to progress

B. Prove technology never causes unemployment

C. Suggest current concerns are unfounded

D. Establish historical precedent for technological anxiety and adaptation

3. According to the passage, the '""Moravec paradox" suggests that:

A. Al will easily master all human cognitive tasks

B. Physical tasks are trivial for both humans and machines

C. Chess is the ultimate test of intelligence

D. Skills humans find easy (like sensorimotor coordination) are computationally difficult for Al

4. The passage distinguishes current technological change from previous waves by emphasizing all
of the following EXCEPT:

A. The accelerated pace of transformation

B. Al's capacity for cognitive rather than merely physical tasks

C. Potential mismatches between new jobs and displaced workers' skills/locations
D. The complete impossibility of job creation in new sectors
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5. The author's attitude toward technological optimists who cite human creativity and Al
limitations could best be described as:

A. Complete agreement

B. Cautiously skeptical, acknowledging their points while raising distributional concerns
C. Hostile dismissal

D. Indifferent neutrality

6. The passage implies that the "deepest challenge" of technological unemployment is
philosophical because:

A. Economics is less important than philosophy

B. Philosophers have better solutions

C. Employment statistics don't matter

D. It requires rethinking fundamental assumptions about work's role in human identity and purpose

PASSAGE 2 (Questions 7-12): The Unreliable Narrator in
Modern Fiction

The unreliable narrator stands as one of modern fiction's most sophisticated devices, challenging readers
to actively interpret rather than passively receive narrative. Unlike omniscient narration, which implicitly
claims objective truth, or limited third-person, which honestly acknowledges perspective's constraints, the
unreliable narrator deliberately undermines the narrative contract between author and reader. This
technique forces readers into a position of interpretive agency, constantly questioning what they're told
and constructing meaning from textual clues and contradictions.

Wayne Booth's influential 1961 study distinguished between narrators unreliable through values (their
ethical judgments differ from implied authorial norms) and those unreliable through perception or
knowledge (they misunderstand, misremember, or deliberately distort events). This taxonomy proves
useful but perhaps oversimplifies. Consider Kazuo Ishiguro's "The Remains of the Day," where butler
Stevens is simultaneously unreliable in values (his devotion to professional dignity blinds him to moral
and emotional realities) and perception (he systematically reinterprets his past to avoid confronting painful
truths about his employer's Nazi sympathies and his own lost opportunity for love). The unreliability
operates on multiple levels, creating a portrait more complex than simple lying or ignorance.

The unreliable narrator serves functions beyond mere plot complication. First, it mirrors epistemological
uncertainty in modern life—we never access objective reality, only interpretations filtered through limited,
biased perspectives. Fiction employing unreliable narrators acknowledges this condition honestly rather
than maintaining comforting illusions of narrative omniscience. Second, it implicates readers in meaning-
creation. Where reliable narration positions readers as recipients, unreliable narration demands active
participation, forcing us to notice patterns, recognize contradictions, and construct coherent interpretations
from fragmentary evidence. This reader involvement produces more engaged and memorable literary
experiences.
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Third, and perhaps most interestingly, unreliable narration enables profound characterization. Rather than
telling readers a character is self-deceptive or morally compromised, the technique allows us to experience
these qualities directly through the narrative voice itself. We understand Stevens not through authorial
commentary but through his euphemistic language, selective memory, and elaborate justifications. The
gap between what he says and what we infer becomes the space where meaning emerges.

Yet unreliable narration carries risks. Poorly executed, it can feel like cheap trickery—a "gotcha" moment
where readers feel cheated rather than enlightened. The technique requires sufficient textual clues for alert
readers to recognize unreliability without explicit announcement. Too obvious, and the device becomes
heavy-handed; too subtle, and readers may miss it entirely, taking unreliable narration at face value.
Ishiguro masterfully navigates this balance through careful prose style: Stevens's emotional detachment
and formal diction signal something amiss even before specific contradictions emerge.

Some critics argue that all first-person narration is inherently unreliable since individuals always present
self-serving versions of events. This maximalist position, however, arguably dilutes the concept's
usefulness. The interesting cases involve systematic patterns of distortion arising from psychological
defense mechanisms, ideological commitments, or cognitive limitations—not the mundane self-interest
common to all human discourse. The unreliable narrator succeeds when unreliability itself becomes
thematic, illuminating how and why people construct the stories they tell themselves.

7. The author's central thesis is that unreliable narration:

A. Is a simple technical gimmick

B. Should be avoided in serious fiction

C. Functions as a sophisticated device for characterization, reader engagement, and exploring
epistemological themes

D. Only works in detective fiction

8. According to the passage, Wayne Booth's taxonomy of unreliable narrators:

A. Provides a useful but potentially oversimplified framework for understanding unreliability
B. Is completely incorrect

C. Applies only to contemporary fiction

D. Ignores ethical dimensions

9. The passage suggests that Stevens in ""The Remains of the Day" exemplifies unreliable
narration because:

A. He deliberately lies to readers

B. His unreliability operates on multiple levels—both values and perception—creating complex
characterization

C. Ishiguro makes explicit statements about his dishonesty

D. He is simply forgetful

10. The author claims that unreliable narration "mirrors epistemological uncertainty in modern
life" to suggest that:
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A. All knowledge is impossible

B. Fiction should be more realistic

C. Science has failed

D. We only access reality through limited, biased perspectives, which unreliable narration honestly
acknowledges

11. Which of the following risks of unreliable narration does the passage identify?

A. It always confuses readers

B. It requires no skill to execute

C. Poorly executed, it can feel like cheap trickery rather than meaningful literary technique
D. It works in all circumstances

12. The passage's final paragraph distinguishes meaningful unreliable narration from mundane
self-interest by emphasizing:

A. Systematic patterns of distortion arising from psychological, ideological, or cognitive factors
B. The length of the narrative

C. The author's reputation

D. Whether the story is true

PASSAGE 3 (Questions 13-18): Social Capital and Community
Decline

Robert Putnam's "Bowling Alone" thesis—that American social capital has declined precipitously since
the 1960s—sparked extensive debate about community, civic engagement, and social cohesion. Putnam
documented declining participation in traditional voluntary associations: PTA membership, bowling
leagues, fraternal organizations, church groups. Americans, he argued, increasingly "bowl alone" rather
than in organized leagues, symbolizing broader retreat from collective activity into private life. This
erosion of social capital—the networks, norms, and trust enabling cooperation—threatens democratic
vitality and individual well-being.

The evidence Putnam marshaled is substantial: voter turnout declined, union membership collapsed, club
memberships plummeted, family dinners decreased, and social trust—the percentage of Americans
believing "most people can be trusted"—dropped from 58% in 1960 to 37% by 2000. He attributed this
decline to multiple factors: television's rise atomizing leisure time, suburbanization weakening geographic
community, women's workforce entry reducing volunteering time, and generational change as civic-
minded Depression-era cohorts died off.

Critics challenged both Putnam's data interpretation and normative assumptions. Some argued he
measured the wrong things—traditional organizations indeed declined, but new forms of association
emerged. Internet communities, informal networks, and cause-specific activism might replace Rotary
Clubs and bowling leagues without representing genuine social capital loss. Email lists, online forums,
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and social media create connections undetectable by Putnam's metrics. His nostalgia for 1950s civic
participation ignored that era's exclusions: women pressured into volunteer work, minorities barred from
many organizations, and enforced conformity limiting individual freedom.

Furthermore, critics questioned whether all social capital decline proves problematic. Perhaps the insular,
ethnically homogeneous communities Putnam idealized fostered insularity and prejudice as much as
cooperation. Cosmopolitan, diverse societies might require different social capital forms than
homogeneous small towns. The weak ties of modern life—casual acquaintances, professional networks,
city anonymity—offer freedoms impossible in tightly-knit communities where everyone monitors
everyone else. Trading some solidarity for autonomy might represent rational choice rather than
lamentable loss.

Yet dismissing Putnam entirely seems premature. Subsequent research linked social capital decline to
measurable harms: increased loneliness, depression, political polarization, and reduced economic
mobility. Whatever new connections technology enables, they may not provide the same benefits as face-
to-face interaction. Online communities frequently balkanize into ideological echo chambers rather than
bridging differences. The "strength of weak ties"—Granovetter's observation that acquaintances often
provide more useful information and opportunities than close friends—paradoxically depends on physical
proximity and institutional contexts (workplaces, neighborhoods, organizations) that facilitate weak tie
formation.

Perhaps the synthesis lies in recognizing that social capital takes multiple forms with different functions.
Bonding social capital (connections among similar people) provides emotional support and identity but
can create exclusion; bridging social capital (connections across groups) enables cooperation and reduces
prejudice but requires institutional supports and shared spaces increasingly absent from contemporary life.
The question isn't whether social capital declined but whether its transformation—from geographically-
rooted, organizationally-mediated, bonding-heavy forms to more fluid, digital, bridging-oriented
networks—represents net improvement or loss. That normative judgment depends partly on values:
prioritizing autonomy and diversity versus community and belonging, cosmopolitanism versus
rootedness. What seems clear is that communities don't emerge spontaneously; they require cultivation,
and their form matters for both individual flourishing and democratic health.

13. The passage's main argument regarding Putnam's thesis is that:

A. Tt is entirely correct

B. It is completely wrong

C. Traditional organizations don't matter

D. The thesis has merit but requires nuanced consideration of how social capital transforms rather than
simply declines

14. Putnam attributed social capital decline to all of the following EXCEPT:
A. Increased internet usage (this was not available during Putnam's studied time period)
B. Television's rise

C. Suburbanization
D. Generational change
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15. Critics of Putnam challenged his thesis by arguing that:

A. No data supports his claims

B. All social capital is harmful

C. New forms of association (online communities, informal networks) might replace traditional
organizations without representing genuine loss

D. The 1950s never existed

16. The passage distinguishes ""bonding" from "bridging" social capital by noting that:

A. Bonding capital connects similar people providing support but potentially creating exclusion, while
bridging capital connects across groups enabling cooperation

B. They are identical concepts

C. Only bonding capital matters

D. Bridging capital is always harmful

17. According to the passage, critics who questioned nostalgia for 1950s civic participation
emphasized:

A. That era's high voter turnout

B. Perfect social harmony

C. Universal inclusion

D. That era's exclusions—gender pressures, racial barriers, enforced conformity—that Putnam's analysis
overlooked

18. The author's conclusion suggests that evaluating social capital transformation requires:

A. Simple statistical analysis only

B. Recognizing that different forms serve different functions, and normative judgment depends partly on
values like autonomy versus community

C. Rejecting all research

D. Ignoring individual experiences

PASSAGE 4 (Questions 19-24): The Paradox of Artistic
Constraint

Conventional wisdom holds that creativity flourishes when freed from constraints. The Romantic ideal of
the unfettered artist, channeling inspiration without formal limitations, remains culturally powerful. Yet
considerable evidence—from artistic practice, psychological research, and creative works themselves—
suggests the opposite: constraints often enhance rather than inhibit creativity. This paradox merits
examination, as it challenges fundamental assumptions about freedom, creativity, and artistic production.
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Consider the sonnet, perhaps history's most enduring poetic form. Fourteen lines, specific rhyme scheme,
iambic pentameter—a straitjacket of formal requirements that should, theoretically, stifle expression. Yet
Shakespeare, Petrarch, and countless others produced masterpieces within these confines. The constraints
didn't prevent creativity; they channeled it, forcing poets to discover surprising word choices, unexpected
metaphors, and ingenious solutions to formal problems. The limitation became generative rather than
restrictive.

Psychological research supports this counterintuitive relationship. Studies show that excessive options
often paralyze decision-making—the "paradox of choice" where unlimited possibilities create anxiety
rather than liberation. Similarly, completely open-ended creative tasks frequently produce derivative,
unfocused results. Constraints provide starting points, focus attention, and create problems to solve. The
challenge becomes not "create something" (too vast) but "create something within specific parameters"
(manageable, engaging).

Moreover, constraints force engagement with materiality. Poets writing free verse can follow thought
wherever it leads; sonneteers must wrestle with language itself, discovering that some ideas fit the form
while others resist, that certain words provide needed rhymes while others don't. This struggle with
medium produces poetry that sounds different, thinks different, than prose arranged in lines. The constraint
makes visible poetry's distinctiveness as art form rather than merely transcribed thought.

The jazz standard exemplifies this principle musically. Musicians improvise over fixed chord
progressions—constraints that simultaneously limit (you can't play anything) and enable (the structure
provides framework for invention). Amateur improvisers given complete freedom often produce formless
noodling; professionals working within standards create sophisticated, coherent performances. The
constraint provides shared language enabling musical conversation between players.

Yet not all constraints prove equally productive. Arbitrary limitations—"write a poem using only words
beginning with 'P'"—generally produce novelties rather than art. Meaningful constraints arise from
medium, form, or genre traditions that reflect accumulated artistic wisdom about what works. The sonnet's
structure wasn't invented arbitrarily; it evolved because those proportions and patterns suit certain
expressive purposes. Painters who reject perspective don't simply abandon all compositional principles;
they adopt different organizing schemes equally constraining but serving different ends.

This suggests that artistic freedom isn't absence of constraint but rather choice of constraints. Modernist
free verse didn't eliminate poetic constraints; it substituted formal requirements with other organizing
principles—image patterns, breath units, visual arrangement on page. Similarly, atonal music abandoned
tonal hierarchy but embraced other structures; abstract painting rejected representation but imposed formal
rigor in color, line, and composition.

The paradox dissolves once we recognize that creativity isn't pure spontaneity but skilled problem-solving
within contexts. Constraints provide the problems that elicit creative solutions. Complete freedom offers
nothing to work against, no resistance generating productive friction. The artist needs not unlimited
possibility but rather productive limitation—constraints challenging enough to demand invention but not
S0 severe as to prevent expression.

19. The passage's central thesis is that:
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A. Constraints often enhance rather than inhibit creativity by channeling focus and creating generative
problems to solve

B. All creativity requires complete freedom

C. Art should have no formal requirements

D. The Romantic ideal is entirely correct

20. The author uses the sonnet as an example to demonstrate that:

A. All poetry should rhyme

B. Shakespeare was the only poet who succeeded

C. Formal constraints can channel creativity productively rather than merely restricting it
D. Poetry is impossible

21. According to the passage, psychological research on decision-making supports the constraint-
creativity relationship by showing that:

A. Constraints always prevent creativity

B. Unlimited options can create paralyzing anxiety rather than productive freedom
C. All choices are identical

D. Psychology has no relevance to art

22. The jazz standard example illustrates that constraints:

A. Eliminate improvisation entirely

B. Make music impossible

C. Serve no purpose

D. Provide shared framework enabling sophisticated musical invention and conversation

23. The passage distinguishes meaningful constraints from arbitrary ones by arguing that
meaningful constraints:

A. Always begin with the letter 'P'

B. Are chosen randomly

C. Never existed historically

D. Arise from medium, form, or genre traditions reflecting accumulated artistic wisdom

24. The author's claim that "artistic freedom isn't absence of constraint but choice of constraints"
suggests that:

A. Artists should never make choices

B. Constraint and freedom are incompatible

C. Even apparently unconstrained art forms adopt organizing principles that function as constraints
D. All art is identical
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PASSAGE 5 (Questions 25-31): The Historical Construction of
Childhood

Philippe Ari¢s's controversial thesis—that childhood as we understand it is a relatively recent historical
invention—challenged assumptions about human development's universality. In "Centuries of
Childhood," Ari¢s argued that medieval Europe lacked our conception of childhood as distinct life stage.
Children weren't miniature adults cherished for innocence and protected from adult responsibilities; they
were simply small people who joined adult work and social life as soon as physically capable. The
contemporary notion of childhood—a protected period of play, education, and gradual development—
emerged only in early modern period, Ariés claimed, alongside bourgeois family formation and
educational institutions.

Evidence Ari¢s marshaled included medieval art depicting children with adult proportions and
expressions, suggesting artists didn't perceive them as qualitatively different beings. Children wore
miniature adult clothing, participated in adult labor from young ages, and weren't segregated from adult
sexuality or violence. The very concept of adolescence—developmental transition between childhood and
adulthood—didn't exist; one moved directly from dependence to adult responsibility.

Historians vigorously debated Aries's thesis. Critics noted that evidence of parental grief at children's
deaths, folk tales featuring childish protagonists, and regulations protecting children from extreme labor
all predate modernity, suggesting parents always recognized children's distinctiveness. Medieval artistic
conventions, they argued, reflected stylistic choices rather than perceptual inability to see childhood
difference. Every society must manage the dependency period required for human maturation; universal
biological realities ensure some childhood concept exists across cultures and eras.

Yet this critique perhaps misses Ari¢s's subtler point: not that adults never recognized children's
difference, but that the specific meaning assigned to childhood—how societies conceptualize, value, and
organize this life stage—varies dramatically. Even if all cultures recognize childhood, defining what
childhood means, how long it lasts, and what children should do during it proves historically and culturally
contingent.

Contemporary childhood demonstrates this constructed nature. We extend childhood dependency far
longer than biological necessity requires. Puberty triggers reproductive capacity by early teens, yet we
classify teenagers as children, prohibiting marriage, employment, alcohol consumption, and legal
responsibility. This extended childhood serves economic structures requiring educated workforces and
regulating labor supply. Compulsory education systems emerged partly to remove children from labor
markets, preventing competition with adult workers while preparing youths for complex economic roles.

Furthermore, childhood experience varies dramatically by class and geography even within societies. Poor
children in developing nations work from young ages, marry as teenagers, and assume adult
responsibilities contemporary Western childhood ideology condemns. Yet these patterns characterized
Western childhood until recently—child labor vanished in industrialized nations only in the 20th century.
The "proper childhood" of play, education, and protection proves achievable only with sufficient affluence
and depends on economic arrangements that may not be universal or permanent.
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The childhood concept also normalizes particular developmental trajectories while pathologizing
deviations. Contemporary educational and psychological institutions establish age-appropriate
milestones—when children should read, control emotions, think abstractly. Those who develop differently
face intervention and correction, enforcing standardization that may reflect institutional convenience more
than natural development. Childhood becomes not simply a life stage but a disciplinary project producing
particular types of subjects.

None of this suggests childhood is "merely" constructed or that efforts to protect children prove misguided.
Rather, it reveals that apparently natural categories emerge from historical processes and serve particular
functions. Understanding this construction enables more thoughtful consideration of childhood's purposes
and possibilities. If childhood took different forms historically and varies cross-culturally, contemporary
arrangements aren't inevitable. We might expand childhood in some ways (later workforce entry, longer
education) while contracting it in others (greater autonomy, participation in democratic decisions affecting
them). The historical perspective challenges us to consciously choose childhood's organization rather than
treating current forms as natural and unchangeable.

25. Aries's central thesis, as presented in the passage, is that:

A. Children never existed before modernity

B. Childhood as a distinct, protected life stage is a relatively recent historical construction
C. Medieval parents didn't love their children

D. All societies treat childhood identically

26. Critics of Ariés challenged his thesis by citing all of the following EXCEPT:

A. Complete absence of any historical records about children
B. Evidence of parental grief at children's deaths

C. Folk tales featuring childish protagonists

D. Regulations protecting children from extreme labor

27. The passage refines Ariés's thesis by suggesting that the important insight isn't:

A. Whether adults recognized children's biological difference, but rather how societies conceptualize,
value, and organize childhood

B. That medieval art was accurate

C. That all history is identical

D. Whether children existed

28. The author uses contemporary extended childhood (prohibiting teenage employment,
marriage, etc.) to demonstrate that:

A. Biology determines all social organization

B. Teenagers are physically incapable of adult roles

C. Childhood extension serves economic and educational functions rather than being purely biological
necessity

D. Medieval society was superior
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29. According to the passage, childhood experience varying by class and geography demonstrates
that:

A. All children are treated identically

B. "Proper childhood" of play and education requires affluence and reflects particular economic
arrangements

C. Poor children don't have childhoods

D. History is irrelevant

30. The passage's claim that childhood concepts normalize developmental trajectories while
pathologizing deviations suggests that:

A. All children develop identically

B. Developmental milestones are entirely arbitrary

C. Medical science is always wrong

D. Childhood becomes a disciplinary project enforcing standardization that may reflect institutional
convenience over natural variation

31. The passage concludes by arguing that recognizing childhood's historical construction enables:

A. Conscious choice about childhood's organization rather than treating current forms as natural and
unchangeable

B. Eliminating childhood entirely

C. Returning to medieval practices

D. Ignoring children's needs

PASSAGE 6 (Questions 32-37): The Aesthetic Experience of
Ugliness

Beauty's philosophical investigation stretches from Plato through Kant to contemporary aesthetics, yet
ugliness receives comparatively little systematic attention. This asymmetry seems obvious—beauty merits
study precisely because it's valuable, while ugliness interests us only negatively, as beauty's absence. Yet
this dismissal overlooks ugliness's distinct aesthetic properties and positive role in artistic experience.
Ugliness isn't merely failed beauty but possesses its own qualities, functions, and challenges worth
examining.

Art historically employed ugliness strategically. Medieval depictions of hell featured grotesque demons
and suffering sinners; the ugliness served moral-didactic purposes, making evil's consequences viscerally
repellent. Hieronymus Bosch's nightmarish paintings, Francisco Goya's war etchings, and Otto Dix's
Weimar portraits all deploy ugliness deliberately. These works don't fail to achieve beauty; they actively
cultivate revulsion, discomfort, or horror as aesthetic effects. Ugliness becomes expressive resource rather
than deficiency.
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Ugliness's artistic value emerges through several mechanisms. First, it provides contrast essential for
beauty's full appreciation. Uninterrupted beauty numbs perception; ugliness jolts attention, rendering
subsequent or surrounding beauty more vivid. Second, ugliness expresses dimensions of experience—
suffering, degradation, evil—that beauty cannot capture. A gorgeous painting of war sanitizes violence;
an ugly one conveys brutality's reality. Ugliness achieves truthfulness impossible for beauty alone.

Third, ugliness generates aesthetic interest through transgression. Beauty's rules become visible only when
violated. Paintings depicting decomposing flesh, dissonant music attacking tonal conventions, literature
dwelling on bodily functions—these transgressions force confrontation with aesthetic expectations usually
invisible. The shock or revulsion produced constitutes genuine aesthetic experience, not beauty's absence
but different aesthetic mode.

Karl Rosenkranz's 1853 "Aesthetics of Ugliness" distinguished ugliness into formless (lacking structure),
incorrect (violating natural proportions), and repulsive (provoking physical disgust). Each category
generates distinct aesthetic effects. Formless ugliness (Pollock's drip paintings to hostile viewers) creates
disorientation or freedom depending on perspective. Incorrect ugliness (elongated El Greco figures,
Picasso's fractured faces) draws attention to form by deforming it. Repulsive ugliness (Bacon's twisted
bodies, Mapplethorpe's transgressive photographs) tests viewers' tolerance and forces examination of
disgust's sources.

Yet ugliness's aesthetic legitimacy raises difficult questions. If ugliness possesses aesthetic value, can
anything be aesthetically unacceptable? Some theorists argue that certain ugliness—gratuitous violence
in film, exploitative imagery, art trivializing atrocity—crosses into mere sensationalism or moral offense.
These aren't aesthetically interesting ugliness but ethically problematic content masquerading as aesthetic
choice. Distinguishing meaningful from gratuitous ugliness, however, proves notoriously difficult. What
seems provocative artistry to some appears juvenile shock tactics to others.

Moreover, ugliness's effectiveness depends partly on taboo's existence. If nothing shocks, ugliness loses
transgressive power, becoming merely another aesthetic option. Contemporary art's anything-goes ethos
may have exhausted ugliness's potential, as audiences inured to transgression respond with boredom rather
than outrage. Ugliness requires beauty's dominance to define itself against; in art world equally celebrating
all aesthetic modes, ugliness's distinctiveness dissolves.

Perhaps ugliness's deepest value lies not in any specific aesthetic quality but in its reminder that art serves
purposes beyond pleasure. Beauty tempts us to view art as mere decoration or entertainment. Ugliness
insists that art confronts reality's full range, including dimensions that disturb, challenge, or appall. The
aesthetic experience encompasses more than enjoyment; it includes disturbance, provocation, and difficult
truths. Ugliness keeps art honest, preventing retreat into decorative beauty that avoids life's harsher
aspects.

32. The passage's main argument is that ugliness:
A. Should be eliminated from art

B. Is identical to beauty
C. Possesses distinct aesthetic properties and functions, serving purposes beyond being beauty's mere
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absence
D. Never appears in historical art

33. According to the passage, medieval hell depictions employed ugliness for:

A. Moral-didactic purposes, making evil's consequences viscerally repellent
B. Purely decorative reasons

C. Technical limitations

D. No apparent reason

34. The passage identifies all of the following as ugliness's artistic functions EXCEPT:

A. Providing contrast that enhances beauty's appreciation

B. Expressing experiences (suffering, evil) that beauty cannot capture
C. Generating aesthetic interest through transgression

D. Making all art identical to decoration

35. Rosenkranz distinguished types of ugliness into:

A. Beautiful, neutral, and ugly

B. Formless (lacking structure), incorrect (violating proportions), and repulsive (provoking disgust)
C. Large, small, and medium

D. Ancient, modern, and contemporary

36. The passage suggests that distinguishing meaningful from gratuitous ugliness proves difficult
because:

A. No one disagrees about art

B. All art is identical

C. What seems provocative artistry to some appears juvenile shock tactics to others—standards are
contested

D. Ugliness never serves artistic purposes

37. The author's final claim that ugliness "keeps art honest" suggests that ugliness:

A. Should dominate all art

B. Has no value

C. Is purely negative

D. Reminds us that art serves purposes beyond pleasure, confronting reality's full range including
disturbing dimensions

PASSAGE 7 (Questions 38-43): The Limits of Rational Choice
Theory
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Rational choice theory, dominant in economics and influential across social sciences, models human
behavior as utility maximization by rational agents with consistent preferences. Individuals rank
preferences, calculate expected outcomes, and choose actions maximizing personal benefit. This
framework's mathematical elegance and predictive power explain its appeal, yet accumulating evidence
reveals systematic deviations from rational choice predictions, challenging the model's descriptive
accuracy if not its normative ideals.

Behavioral economics documents numerous "irrationalities." Loss aversion—people weigh losses more
heavily than equivalent gains—violates expected utility theory's assumption that only net outcomes
matter. Someone refusing to risk losing $100 for equal probability of gaining $150 behaves "irrationally"
by expected utility calculations, yet such preferences are ubiquitous. Endowment effects similarly violate
rationality: people demand more to sell items they own than they'd pay to acquire identical items. These
aren't occasional errors but systematic patterns suggesting humans don't process gains and losses
symmetrically as rational choice theory assumes.

Framing effects further complicate rational choice models. Rationally, only outcomes should matter, not
description. Yet people respond differently to "90% survival rate" versus "10% mortality rate" despite
identical information. Choices shift based on whether options frame as potential gains or losses relative
to differently-defined reference points. These frame-dependencies reveal that preferences aren't stable
inputs to choice calculations but rather constructed during decision-making influenced by context.

Social preferences pose additional challenges. Rational choice theory models individuals as self-
interested, yet people regularly sacrifice personal benefit for fairness, reciprocity, or others' welfare.
Ultimatum game experiments demonstrate this: proposers split money with responders who can accept
(both receive proposed split) or reject (both get nothing). Rational self-interested responders should accept
any positive offer—something beats nothing. Yet low offers (20% or less) are frequently rejected, even
though rejection costs rejectors money. People punish unfairness at personal cost, violating narrow self-
interest.

Defenders of rational choice theory respond several ways. Some argue that apparent irrationalities become
rational given proper analysis. Loss aversion might reflect rational risk management given resources'
diminishing marginal utility. Fairness concerns could represent reputation investment or social capital
maintenance—ultimately self-interested. This salvage strategy, however, risks making rational choice
theory unfalsifiable: if any behavior can be rationalized post-hoc, the theory loses predictive content and
becomes empty tautology.

Others acknowledge deviations but argue rational choice theory remains valuable as idealized model, like
frictionless planes in physics. Real behavior deviates but the model illuminates central tendencies and
enables tractable analysis. Moreover, institutions (markets, legal systems) can be designed to align
behavior with rational choice predictions even if individuals don't naturally behave rationally. This
defense concedes descriptive inadequacy while maintaining theoretical utility.

Yet perhaps the deepest limitation concerns rationality's very definition. Rational choice theory defines
rationality as instrumental—effectively pursuing whatever ends you have. But this sidesteps questions
about ends' rationality. Is it rational to prefer expensive bottled water over identical tap water? To value
money over relationships? To discount future heavily? Standard rational choice theory takes preferences
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as given, immune to rational critique. Yet surely preferences themselves can be irrational—adaptive to

unjust circumstances, manipulated by advertising, reflecting cognitive biases.

Amartya Sen argues for distinguishing rationality as coherent pursuit of goals (internal consistency) from
rationality as reasoning well about what goals to have (reflective rationality). Standard rational choice
theory addresses only the former. People can be internally consistent while pursuing foolish ends. More
robust rationality requires critically examining preferences, not just efficiently pursuing them. This
suggests that rational choice theory's limitations stem from impoverished rationality concept rather than

merely empirical deviations.
38. The passage's central claim regarding rational choice theory is that:
A. It perfectly describes all human behavior

B. It should be completely abandoned
C. It has no value whatsoever

D. Accumulating evidence reveals systematic deviations challenging its descriptive accuracy while

raising questions about rationality's definition

39. Loss aversion and endowment effects challenge rational choice theory because they
demonstrate that:

A. People always maximize utility perfectly

B. People don't process gains and losses symmetrically as the theory assumes
C. All economic models are perfect

D. No one values money

40. Framing effects reveal that preferences are:

A. Completely stable and unchanging

B. Irrelevant to choice

C. Never influenced by context

D. Often constructed during decision-making and influenced by how options are presented

41. The ultimatum game example illustrates that:

A. All behavior is purely self-interested

B. Game theory is irrelevant

C. People punish unfairness at personal cost, violating narrow self-interest assumptions
D. No one cares about fairness

42. According to the passage, the defense of rational choice theory as idealized model (like
frictionless planes in physics):

A. Proves the theory perfectly describes reality
B. Eliminates all criticisms
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C. Shows the theory is identical to physics
D. Concedes descriptive inadequacy while claiming theoretical utility and institutional design value

43. Amartya Sen's distinction between internal consistency and reflective rationality suggests that:

A. All preferences are equally rational

B. Preferences should never be examined

C. Standard rational choice theory addresses only instrumental efficiency while ignoring whether one's
goals themselves are rationally defensible

D. Consistency is irrelevant

PASSAGE 8 (Questions 44-49): Memory, Identity, and the Ship
of Theseus

The ship of Theseus paradox, formulated by Plutarch, asks whether a ship remains the same after all its
components are gradually replaced. If yes, does the ship constructed from discarded original planks
become the "real" Theseus ship? This ancient puzzle illuminates fundamental questions about identity,
persistence through change, and continuity's criteria that resonate particularly for understanding persons.

The problem's persistence suggests deep confusion about identity concepts rather than factual uncertainty.
We know everything about the ships' physical constitution—every plank's location, composition, history.
Yet we're puzzled which ship is "really" Theseus's, suggesting the question concerns how we conceptually
carve up reality rather than discovering preexisting facts. Different criteria yield different answers: spatial-
temporal continuity favors the continuously maintained ship; material composition favors the
reconstructed-original-planks ship. Neither answer seems definitively correct because "same ship" isn't
discovered but stipulated based on which features we privilege.

This conceptual indeterminacy becomes ethically urgent for personal identity. John Locke argued that
psychological continuity, not bodily continuity, constitutes personal identity. The person who remembers
your experiences, continues your plans, and possesses your character is you, regardless of bodily changes.
This view accommodates intuitions: we survive hair loss, weight changes, even organ transplants. We're
not our bodies but our mental lives.

Yet psychological continuity faces challenges. Derek Parfit's thought experiments imagine gradual
replacement of brain matter with functionally identical artificial components. At what point, if any, do
you cease existing and a replica begin? What if your brain splits, creating two psychologically continuous
inheritors? Is each "you"? If only one, which? These puzzles suggest psychological continuity doesn't
yield determinate identity answers any more than physical continuity.

Parfit concluded that personal identity questions often lack determinate answers. What matters isn't
identity per se but psychological connectedness and continuity. Whether future states count as "me" or
merely "psychologically related to me" matters less than the connections' existence. This revisionary view
has radical implications: it potentially undermines fear of death (the connections matter, not metaphysical
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identity), challenges punishing criminals for past acts (the prisoner may not be "the same person" who
committed crimes), and questions egoistic rationality (why privilege a future "me" over others if identity
isn't what matters?).

Others resist this deflationary approach, arguing that identity genuinely matters. We care not merely about
psychological continuity but about the continued existence of particular individuals—ourselves, loved
ones. If someone qualitatively identical to you but numerically distinct existed, that wouldn't console you
facing death. The intuition that identity matters, not just similarity, persists even accepting that identity
criteria may be conventional or vague.

Perhaps the resolution recognizes multiple legitimate identity concepts serving different purposes. For
social practices (holding accountable, maintaining relationships), psychological continuity suffices. For
metaphysical questions about existence across time, we might accept either conventionalism (identity is
somewhat stipulative) or primitivism (identity is fundamental, not analyzable into other relations). For
ethical questions, we might adopt Parfit's view that psychological connections matter more than identity's
metaphysics.

The ship of Theseus thus reveals how conceptual puzzles arise when diverse criteria potentially
determining identity pull in different directions. We want identity to track multiple features—spatial-
temporal continuity, material composition, functional organization, causal connection, qualitative
similarity—that can diverge. When they align, identity judgments are straightforward. When they conflict,
apparent puzzle emerges. The puzzle's lesson isn't that identity is mysterious but that it's complex,
multifaceted, and sometimes context-dependent. We shouldn't expect single criterion to handle all cases
any more than we expect single concept of "life" to cleanly categorize viruses, corporations, and
ecosystems.

44. The ship of Theseus paradox demonstrates that:

A. Ancient Greeks knew nothing about ships

B. All ships are identical

C. Physical facts are unknown

D. Different identity criteria (spatial-temporal continuity vs. material composition) can yield different
answers about sameness

45. According to the passage, Locke argued that personal identity consists in:

A. Bodily continuity exclusively

B. Spatial location

C. Psychological continuity—memories, plans, character—rather than bodily continuity

D. Ship ownership

46. Parfit's thought experiments about brain matter replacement and brain splitting challenge
psychological continuity theory by:

A. Proving bodies don't exist
B. Creating scenarios where psychological continuity doesn't yield determinate identity answers
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C. Demonstrating that memory is perfect
D. Showing psychology is irrelevant

47. Parfit's conclusion that what matters is psychological connectedness rather than identity per se
has radical implications including:

A. Nothing changes

B. Identity always has determinate answers

C. No philosophical questions exist

D. Potentially undermining fear of death, challenging criminal punishment justification, and questioning
egoistic rationality

48. The passage suggests that the intuition "identity matters, not just similarity" is supported by:

A. Universal agreement on all philosophical questions

B. The fact that qualitatively identical but numerically distinct copies wouldn't console us facing death
C. Perfect consensus

D. No philosophical considerations

49. The author's proposed resolution involves:

A. Choosing one identity criterion to rule all cases

B. Eliminating the concept of identity entirely

C. Denying that ships exist

D. Recognizing multiple legitimate identity concepts serving different purposes—social, metaphysical,
ethical

PASSAGE 9 (Questions 50-53): The Functions of Ritual in
Human Societies

Emile Durkheim's analysis of ritual in "The Elementary Forms of Religious Life" established sociological
understanding of ceremonial practice's functions. Durkheim observed that religious rituals—regardless of
specific content or truth—serve crucial social functions: creating collective solidarity, reinforcing group
identity, transmitting values, and providing structured responses to life transitions and crises. Rituals
accomplish these functions not through cognitive content (beliefs) but through collective action generating
emotional energy and social cohesion.

Durkheim distinguished profane (ordinary) from sacred (set apart, extraordinary) domains. Rituals mark
boundaries between these spheres, creating special times and spaces where normal rules suspend. This
separation from everyday life allows participants to experience collective effervescence—intense
emotional energy arising from synchronized group activity. Whether religious ceremony, political rally,
or sporting event, collective ritual generates feelings of belonging, purpose, and transcendence that bind
individuals into community.
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Critics challenged Durkheim's functionalism for explaining ritual by its effects rather than causes. Why
would individuals participate in costly, time-consuming rituals merely to produce social cohesion?
Evolutionary theorists suggest ritual behaviors originally served other functions that made them
individually adaptive, with social cohesion emerging as byproduct. Others propose that rituals exploit
cognitive features—our tendency to find patterns, attribute agency, remember emotionally charged
events—making them effective social technologies even if not consciously designed for social functions.

Yet Durkheim's insight that rituals create shared experience remains valuable. Contemporary psychology
confirms that synchronized group activities—singing, dancing, marching—increase prosocial behavior,
trust, and cooperation. The mechanisms may involve oxytocin release, endorphin production, or enhanced
theory of mind, but the effects vindicate Durkheim's observation that collective ritual generates social
bonds.

Rituals also structure time and mark transitions. Rites of passage—baptisms, weddings, funerals,
graduations—provide socially recognized ways to navigate status changes that might otherwise create
ambiguity or conflict. Victor Turner's concept of liminality captures ritual's transformative phase: the
betwixt-and-between state where normal identity temporarily dissolves before new status crystallizes.
This liminal phase, while potentially threatening, allows radical reorganization of social relations under
controlled circumstances.

Moreover, rituals provide scripts for situations where appropriate behavior isn't obvious. Grief, for
instance, is intensely personal yet socially relevant. Funeral rituals prescribe actions—viewing body,
sharing memories, burial or cremation—that give grievers structured activities during disorientation.
Rituals don't eliminate grief but channel it into recognizable forms others can support. Without ritual
structure, individuals face not only emotional pain but social uncertainty about how to express and
acknowledge loss.

Yet ritual's very power to create solidarity raises concerns about exclusion and conformity. Rituals define
insiders and outsiders, those who participate "correctly" and those who don't. Religious rituals particularly
may enforce orthodoxy, stigmatize deviation, and resist change. The same mechanisms creating cohesion
among participants can generate hostility toward non-participants. Ritual's conservative function—
reproducing existing social arrangements—can perpetuate unjust hierarchies along with beneficial
solidarity.

Contemporary secular societies often disparage ritual as meaningless tradition or religious vestige. Yet
even avowedly non-religious contexts develop ritual-like practices: academic graduation ceremonies,
sporting events with national anthems, office birthday celebrations. These secular rituals arguably serve
identical functions—marking transitions, creating community, providing structured responses to
situations. Perhaps ritual persists not despite secularization but because it addresses human needs that
transcend particular belief systems. We require collective experiences that generate solidarity, structured
responses to transitions and crises, and ways to mark certain times and activities as special. Ritual provides
these regardless of religious content.

50. Durkheim's central insight about ritual, as presented in the passage, is that rituals:
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A. Only occur in religious contexts

B. Serve crucial social functions—solidarity, identity, values transmission—tregardless of specific belief
content

C. Have no social effects

D. Always express true beliefs

51. The concept of "collective effervescence' refers to:

A. Physical exercise during rituals

B. Boiling liquids

C. Individual meditation

D. Intense emotional energy arising from synchronized group activity that binds individuals into
community

52. Turner's concept of liminality captures:

A. The permanent status of ritual participants

B. Physical locations only

C. The absence of any structure

D. Ritual's transformative betwixt-and-between phase where normal identity dissolves before new status
crystallizes

53. The passage's discussion of contemporary secular rituals (graduations, sporting events)
suggests that:

A. Only religious rituals exist

B. Modern society has eliminated all ritual

C. Ritual addresses human needs transcending particular belief systems—collective solidarity, structured
transitions, marking special occasions

D. Secular societies have no social cohesion
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Biological and Biochemical Foundations of Living Systems

Time Questions

95 minutes 59

PASSAGE 1 (Questions 1-5): Glycolysis and Metabolic
Regulation

Glycolysis is the metabolic pathway converting glucose (6C) into two pyruvate molecules (3C),
generating ATP and NADH. This ancient pathway occurs in the cytoplasm and functions under both
aerobic and anaerobic conditions. Ten enzymatic reactions comprise glycolysis, divided into energy
investment phase (reactions 1-5, consuming 2 ATP) and energy payoff phase (reactions 6-10, producing
4 ATP and 2 NADH).

Three irreversible reactions serve as regulatory control points. Hexokinase (reaction 1) phosphorylates
glucose to glucose-6-phosphate, trapping glucose in cells since phosphorylated sugars cannot cross
membranes. This enzyme exhibits product inhibition by glucose-6-phosphate, providing immediate
feedback regulation. In liver, glucokinase replaces hexokinase; unlike hexokinase, glucokinase has higher
Km for glucose and lacks product inhibition, allowing hepatocytes to phosphorylate glucose
proportionally to blood glucose concentration.

Phosphofructokinase-1 (PFK-1, reaction 3) catalyzes the committed step: fructose-6-phosphate + ATP —
fructose-1,6-bisphosphate + ADP. This reaction is glycolysis's rate-limiting step and primary regulatory
point. PFK-1 is allosterically inhibited by ATP and citrate (signals of energy sufficiency) and activated by
AMP and fructose-2,6-bisphosphate (F-2,6-BP). The F-2,6-BP regulatory mechanism involves PFK-
2/FBPase-2, a bifunctional enzyme whose activity state depends on phosphorylation: dephosphorylated
form has kinase activity producing F-2,6-BP (activating glycolysis); phosphorylated form has phosphatase
activity degrading F-2,6-BP (inhibiting glycolysis).

Pyruvate kinase (reaction 10) catalyzes the final irreversible step: phosphoenolpyruvate (PEP) + ADP —
pyruvate + ATP. This enzyme is allosterically activated by fructose-1,6-bisphosphate (feedforward
activation ensuring commitment) and inhibited by ATP and alanine. In liver, pyruvate kinase is also
regulated by phosphorylation: glucagon-stimulated phosphorylation inactivates the enzyme, reducing
glycolysis during fasting when gluconeogenesis should predominate.

Under anaerobic conditions, pyruvate is reduced to lactate by lactate dehydrogenase, regenerating NAD*
required for glycolysis continuation. This fermentation allows ATP production without oxygen but yields
only 2 net ATP per glucose (compared to ~32 ATP under aerobic conditions where pyruvate enters
mitochondria for complete oxidation).
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Experimental data:
Glycolytic flux under different conditions:

o Well-fed state (high insulin/glucagon ratio): PFK-2 dephosphorylated — high F-2,6-BP — PFK-
1 highly active — glycolytic rate = 100 umol glucose/min/g tissue

o Fasted state (low insulin/glucagon ratio): PFK-2 phosphorylated — low F-2,6-BP — PFK-1 less
active — glycolytic rate = 20 pmol/min/g tissue

e ATP depletion (exercise): High AMP — PFK-1 activated despite low F-2,6-BP — glycolytic
rate = 200 umol/min/g tissue

ATP yield calculations:

e Glycolysis alone (anaerobic): 2 ATP (4 produced - 2 invested) + 2 NADH (not usable without
02) =2 net ATP

e Complete glucose oxidation (aerobic):

Glycolysis: 2 ATP + 2 NADH (— 5 ATP via electron transport)

o Pyruvate dehydrogenase (x2): 2 NADH (— 5 ATP)

o Citric acid cycle (x2): 2 ATP + 6 NADH (— 15 ATP) + 2 FADH: (— 3 ATP)

o Total: ~32 ATP per glucose

@)

Regulation study:

e Liver cells incubated with glucose

o Condition A: Normal, glycolysis proceeds, lactate production minimal

e Condition B: + ATP synthesis inhibitor — Glycolysis blocked at PFK-1 (no ATP generation, so
high ATP/AMP ratio maintained)

e Condition C: + glucagon — F-2,6-BP decreases 80%, glycolytic flux decreases 60%,
gluconeogenesis increases

e Condition D: + fructose-2,6-bisphosphate — PFK-1 activity increases 5-fold, glycolytic flux
increases 3-fold

1. The energy investment phase of glycolysis consuming 2 ATP while the payoff phase produces 4
ATP results in:

A. No net ATP production
B. Loss of ATP

C. Net gain of 2 ATP per glucose, demonstrating initial investment enables greater return
D. Infinite ATP production

2. Hexokinase exhibiting product inhibition by glucose-6-phosphate represents:
A. Negative feedback preventing excessive glucose phosphorylation when downstream pathways are

saturated
B. Positive feedback accelerating glycolysis
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C. Irrelevant regulation
D. Permanent enzyme inactivation

3. Fructose-2,6-bisphosphate activating PFK-1 demonstrates:

A. Product inhibition

B. Competitive inhibition

C. Substrate-level regulation

D. Allosteric activation by a regulatory metabolite amplifying glycolytic flux

4. Glucagon decreasing F-2,6-BP levels (leading to reduced glycolytic flux) occurs through:

A. Directly inhibiting PFK-1

B. Phosphorylating PFK-2/FBPase-2, shifting its activity from kinase to phosphatase, thereby reducing
F-2,6-BP

C. Destroying all glucose

D. Activating glycolysis

5. Under anaerobic conditions, lactate production from pyruvate is necessary because:

A. Lactate is the preferred energy source

B. Pyruvate is toxic

C. It regenerates NAD" required for glycolysis to continue in the absence of oxidative phosphorylation
D. It produces more ATP than aerobic respiration

DISCRETE QUESTIONS (6-8)

6. During DNA replication, the leading strand is synthesized:

A. In fragments called Okazaki fragments

B. Continuously in the 5' to 3' direction toward the replication fork
C. In the 3" to 5' direction

D. Without DNA polymerase

7. Lysosomes contain hydrolytic enzymes that function optimally at:
A. Neutral pH (7.0)

B. Basic pH (10.0)

C. Any pH

D. Acidic pH (~5.0), which protects the cell if lysosomal contents leak

8. The Hardy-Weinberg equilibrium principle predicts that allele frequencies remain constant
when:
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A. No evolution occurs (no mutation, selection, gene flow, genetic drift, or non-random mating)
B. Mutations are common

C. Natural selection is strong

D. Populations are very small

PASSAGE 2 (Questions 9-13): DNA Replication and Repair
Mechanisms

DNA replication is semiconservative: each daughter DNA molecule contains one parental strand and one
newly synthesized strand. This mechanism, proven by Meselson and Stahl's density-labeling experiment,
ensures genetic information transmission with high fidelity. Replication requires multiple coordinated
enzymatic activities overcoming several challenges inherent to DNA structure.

Replication initiates at origins where initiator proteins recognize specific sequences and recruit helicase,
which unwinds the double helix. Single-strand DNA-binding proteins (SSB) stabilize unwound DNA,
preventing reannealing. Topoisomerase (DNA gyrase in prokaryotes) relieves tension ahead of the
replication fork by creating temporary breaks, allowing strand rotation.

DNA polymerases synthesize new strands but face directional constraints: they can only add nucleotides
to 3'-OH groups (5' to 3' synthesis). Since parental strands are antiparallel, this creates asymmetry. The
leading strand synthesizes continuously toward the fork. The lagging strand synthesizes discontinuously
away from the fork in short Okazaki fragments (1,000-2,000 nucleotides in prokaryotes, 100-200 in
eukaryotes).

Primase synthesizes short RNA primers (~10 nucleotides) providing 3'-OH groups for DNA polymerase.
On the leading strand, one primer suffices. On the lagging strand, each Okazaki fragment requires a new
primer. In eukaryotes, DNA polymerase a-primase initiates fragments, then DNA polymerase 6 extends
them. DNA polymerase 1 (prokaryotes) or RNase H/DNA polymerase & (eukaryotes) remove RNA
primers and fill gaps. DNA ligase seals nicks between fragments, completing the strand.

DNA polymerases have remarkable fidelity due to proofreading: 3' to 5' exonuclease activity removes
incorrectly paired nucleotides immediately after addition. This reduces error rates from ~107° (without
proofreading) to ~10~7. Mismatch repair provides additional error correction post-replication, lowering
final error rate to ~107° to 107'°.

Telomeres present a unique problem: lagging strand synthesis leaves gaps at chromosome ends where
primers are removed. Without intervention, chromosomes would shorten with each replication (end-
replication problem). Telomerase, a ribonucleoprotein with reverse transcriptase activity, extends
telomeres by adding repetitive sequences using its RNA component as template. Most somatic cells lack
telomerase, leading to progressive shortening limiting replicative lifespan (Hayflick limit). Germ cells,
stem cells, and cancer cells express telomerase, enabling unlimited division.

Replication data:
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Meselson-Stahl experiment:

E. coli grown in '*N medium (heavy) for many generations — all DNA heavy
e Transferred to "“N medium (light) and allowed one replication

o Result: All DNA intermediate density (hybrid)

e Second replication: 50% intermediate, 50% light

o Confirms semiconservative replication (not conservative or dispersive)

DNA polymerase fidelity:

e DNA pol III without proofreading: Error rate = 1 x 10~° errors/nucleotide

e DNA pol III with proofreading: Error rate = 1 x 1077 errors/nucleotide (100-fold improvement)
o Mismatch repair: Error rate =1 X 107 to 107'° errors/nucleotide

e Human genome (3 x 10° bp) replicated with <3 errors per cell division

Telomere measurements:

e Newborn somatic cells: Telomeres ~10-15 kb

e After 50 population doublings: Telomeres ~5 kb (Hayflick limit approached)
o Senescent cells: Telomeres <4 kb, cells stop dividing

o Immortalized cancer cells: Telomeres maintained by telomerase reactivation
o Demonstrates telomere role in replicative senescence

Okazaki fragment processing:

o Lagging strand synthesis measured in pulse-chase experiment

o Brief radioactive nucleotide pulse labels nascent DNA fragments (1,000-2,000 nt in E. coli)
e Chase with non-radioactive nucleotides

o Fragments progressively join into high-molecular-weight DNA

o Demonstrates discontinuous lagging strand synthesis and subsequent joining

9. The Meselson-Stahl experiment's finding that DNA after one replication in "*N medium is all
intermediate density demonstrates:

A. Conservative replication

B. Random replication

C. Dispersive replication throughout

D. Semiconservative replication—each daughter molecule contains one parental and one new strand

10. Okazaki fragments occurring on the lagging strand but not the leading strand result from:
A. Random enzyme activity

B. DNA polymerase synthesizing only 5' to 3', while the lagging strand template orientation requires
synthesis away from the fork in fragments
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C. Lack of nucleotides
D. Temperature effects

11. DNA polymerase proofreading (3' to 5' exonuclease activity) reducing error rates 100-fold
demonstrates:

A. Immediate error correction removing incorrectly paired nucleotides before continuing synthesis
B. Random nucleotide removal

C. Permanent chain termination

D. No effect on fidelity

12. Telomerase solving the end-replication problem by:

A. Cutting chromosomes shorter

B. Stopping all DNA replication

C. Using its RNA component as template to extend telomeric repeats, preventing chromosome
shortening

D. Removing telomeres entirely

13. Most somatic cells lacking telomerase leading to progressive telomere shortening and eventual
replicative senescence suggests:

A. Unlimited division potential

B. No relationship between telomeres and aging

C. Telomeres are irrelevant

D. Telomere length limits replicative lifespan, potentially contributing to aging and preventing
uncontrolled proliferation

PASSAGE 3 (Questions 14-17): Thyroid Hormone Regulation
and Function

The thyroid gland produces thyroid hormones—thyroxine (T4) and triiodothyronine (T3)—that regulate
metabolism, growth, and development. Thyroid function is controlled by the hypothalamic-pituitary-
thyroid (HPT) axis through negative feedback regulation, exemplifying endocrine system organization.

The hypothalamus secretes thyrotropin-releasing hormone (TRH), which stimulates anterior pituitary
thyrotrophs to release thyroid-stimulating hormone (TSH). TSH binds receptors on thyroid follicular cells,
activating adenylyl cyclase (cAMP pathway) and stimulating all aspects of thyroid hormone synthesis and
secretion: iodide uptake, thyroglobulin synthesis, iodination of tyrosine residues, coupling reactions
forming T3 and T4, and hormone release via endocytosis and proteolysis.

Thyroid hormone synthesis requires dietary iodine. Follicular cells actively transport iodide from blood
using the sodium-iodide symporter (NIS). Inside cells, thyroid peroxidase (TPO) oxidizes iodide to
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reactive iodine, which iodinates tyrosine residues on thyroglobulin protein within the follicular lumen.
Monoiodotyrosine (MIT) and diiodotyrosine (DIT) couple to form T3 (MIT + DIT) or T4 (DIT + DIT).
Thyroglobulin is then endocytosed, proteolyzed in lysosomes, releasing T3 and T4 into circulation.

T4 is produced in greater quantity but is less active than T3. In target tissues, deiodinases convert T4 to
T3 (the active form) or reverse T3 (inactive). This peripheral conversion allows tissue-specific regulation
of thyroid hormone activity. T3 enters cells, binds nuclear thyroid hormone receptors (members of the
nuclear receptor superfamily), and regulates gene transcription. Target genes include those encoding
metabolic enzymes, Na*/K*-ATPase, and growth factors.

Thyroid hormones increase basal metabolic rate by stimulating oxygen consumption and heat production
(calorigenic effect). They enhance B-adrenergic receptor expression, potentiating sympathetic nervous
system effects on heart rate and contractility. During development, thyroid hormones are essential for
brain maturation and skeletal growth. Congenital hypothyroidism causes cretinism (mental retardation and
growth failure) if untreated.

Negative feedback maintains homeostasis: elevated T3/T4 inhibit TRH and TSH secretion. Primary
hypothyroidism (thyroid gland failure) causes low T3/T4 but elevated TSH (loss of negative feedback).
Secondary hypothyroidism (pituitary failure) causes low T3/T4 and low TSH. Graves' disease
(autoimmune) involves antibodies stimulating TSH receptors, causing hyperthyroidism with elevated
T3/T4 but suppressed TSH (negative feedback intact).

Thyroid function tests:
Normal values:

e TSH: 0.5-5.0 mIU/L

o T4 (total): 5-12 pg/dL

e T3 (total): 80-200 ng/dL

e T4/T3 ratio: ~20:1 (T4 >> T3 in circulation)

Case 1 - Primary hypothyroidism:

e TSH: 45 mIU/L (1171)

e T4:2pg/dL (1))

e T3:40ng/dL (|)])

o Interpretation: Thyroid gland failure; pituitary responds with increased TSH
o Treatment: Levothyroxine (synthetic T4) supplementation

Case 2 - Secondary hypothyroidism:

e TSH: 0.1 mIU/L (])

e T4:3 pg/dL (])

e T3:45ng/dL (])

o Interpretation: Pituitary failure; cannot produce TSH despite low thyroid hormones
e MRI: Pituitary tumor compressing normal tissue
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Case 3 - Graves' disease:

e TSH: <0.01 mIU/L (]| suppressed)

e T4:18 pg/dL (11)

e T3:350 ng/dL (11)

e TSH receptor antibodies: Positive

o Interpretation: Autoantibodies stimulate thyroid; negative feedback suppresses TSH

Metabolic effects:

o Hypothyroid patients: BMR decreased 30-40%, cold intolerance, weight gain, bradycardia
e Hyperthyroid patients: BMR increased 50-100%, heat intolerance, weight loss, tachycardia
o Demonstrates thyroid hormone's role in metabolism regulation

14. TSH stimulating thyroid hormone synthesis and secretion while elevated T3/T4 inhibit TSH
release demonstrates:

A. Negative feedback homeostatic regulation maintaining thyroid hormone levels within narrow range
B. Positive feedback

C. No regulation

D. Random hormone fluctuation

15. Primary hypothyroidism showing elevated TSH with low T3/T4 indicates:

A. Pituitary failure

B. Normal thyroid function

C. Thyroid gland failure with intact pituitary attempting to compensate by increasing TSH
D. Hyperthyroidism

16. Peripheral conversion of T4 to T3 by deiodinases allows:

A. No regulation

B. Tissue-specific control of thyroid hormone activity since T3 is the active form

C. Hormone destruction only

D. Increased T4 levels

17. Congenital hypothyroidism causing irreversible brain damage if untreated demonstrates:
A. Thyroid hormones are unnecessary

B. Brain development is independent of hormones

C. No connection between thyroid and development
D. Thyroid hormones are essential for normal brain maturation during critical developmental periods

DISCRETE QUESTIONS (18-20)
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18. The sodium-potassium pump (Na*/K*-ATPase) is classified as:

A. Passive transport

B. Facilitated diffusion

C. Primary active transport using ATP to move ions against concentration gradients
D. Simple diffusion

19. In bacterial operons like the lac operon, the repressor protein:

A. Binds to the operator region blocking transcription in the absence of lactose
B. Always activates transcription

C. Has no regulatory function

D. Only functions in eukaryotes

20. Incomplete dominance, as seen in snapdragon flower color, results in:

A. One allele completely masking the other

B. Heterozygotes displaying an intermediate phenotype (pink from red and white)
C. No offspring production

D. Identical phenotypes for all genotypes

PASSAGE 4 (Questions 21-25): Cardiac Cycle and Blood
Pressure Regulation

The cardiac cycle consists of coordinated contraction (systole) and relaxation (diastole) of atria and
ventricles, driving blood circulation. Understanding pressure changes, valve function, and electrical-
mechanical coupling is essential for comprehending cardiovascular physiology and pathophysiology.

The cycle begins with ventricular diastole. Both ventricles relax, pressure drops below atrial pressure, and
AV valves (tricuspid and mitral) open. Blood flows passively from atria into ventricles (rapid ventricular
filling phase, ~70% of filling). Atrial systole then actively contracts atria, adding final 30% of ventricular
volume (atrial kick). End-diastolic volume (EDV, ~120 mL in adults) represents maximal ventricular
filling.

Ventricular systole begins when ventricles contract. Pressure rapidly rises above atrial pressure, closing
AV valves (S1 heart sound: "lub"). During isovolumetric contraction, all valves are closed; ventricular
pressure increases without volume change. When ventricular pressure exceeds aortic/pulmonary arterial
pressure, semilunar valves (aortic and pulmonary) open, and ejection occurs. Stroke volume (SV, ~70
mL) equals EDV minus end-systolic volume (ESV, ~50 mL), giving ejection fraction (EF) of 60-65%
normally.
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Ventricular diastole resumes as ventricles relax. Pressure drops below arterial pressure, semilunar valves
close (S2 heart sound: "dub"), and isovolumetric relaxation occurs (all valves closed, pressure decreasing).
When ventricular pressure falls below atrial pressure, AV valves reopen, beginning the next cycle.

The Frank-Starling mechanism relates preload (EDV, ventricular stretch) to stroke volume: increased
venous return increases EDV, stretching cardiac muscle optimally, enhancing contractility through length-
tension relationship, increasing stroke volume. This enables automatic adjustment to changing venous
return without neural input.

Arterial blood pressure reflects cardiac output (CO = heart rate x stroke volume) and total peripheral
resistance (TPR). Mean arterial pressure (MAP) = diastolic pressure + 1/3 pulse pressure. Baroreceptor
reflex provides rapid blood pressure regulation: carotid sinus and aortic arch baroreceptors detect pressure
changes. Increased pressure increases firing rate, triggering parasympathetic activation (decreasing heart
rate via vagus) and sympathetic inhibition (decreasing contractility and TPR), lowering blood pressure.
Decreased pressure reverses these effects.

Cardiac measurements:
Normal cardiac cycle values:

e Heart rate: 72 bpm

o Stroke volume: 70 mL

e Cardiac output: HR X SV =72 x 70 = 5,040 mL/min = 5 L/min
e EDV: 120 mL

e ESV:50 mL

e Ejection fraction: (120-50)/120 = 58%

Blood pressure during cycle:

e Ventricular pressure: 0 — 120 mmHg (systole) — 0 mmHg (diastole)

e Aortic pressure: 80 mmHg (diastole) — 120 mmHg (systole) — ~80 mmHg
e Systolic BP: 120 mmHg (peak)

e Diastolic BP: 80 mmHg (minimum)

e Mean arterial pressure: 80 + (120-80)/3 = 93 mmHg

Exercise response:
o Heart rate increases: 72 — 150 bpm (sympathetic activation)
e Stroke volume increases: 70 — 110 mL (enhanced contractility + venous return)
e Cardiac output: 150 x 110 = 16.5 L/min (3.3% increase)
e Systolic BP increases: 120 — 180 mmHg
o Diastolic BP stable or slightly decreased: ~80 mmHg (vasodilation in muscles)

Heart failure measurements:

e Reduced ejection fraction: 30% (vs. normal 60%)
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o Elevated EDV: 180 mL (dilated ventricle)

e Elevated ESV: 126 mL (incomplete emptying)

e Stroke volume: 180-126 = 54 mL (| vs. normal 70 mL)

o Demonstrates systolic dysfunction with impaired contractility

21. The S1 heart sound ("lub'") occurs when:

A. Semilunar valves open

B. AV valves close as ventricular pressure exceeds atrial pressure at the start of systole
C. All valves open simultaneously

D. Diastole begins

22. The Frank-Starling mechanism stating that increased EDV increases stroke volume works
because:

A. Less blood stretches the heart better

B. Cardiac muscle doesn't respond to stretch

C. Stroke volume is independent of preload

D. Greater ventricular filling stretches cardiac muscle optimally, enhancing contractility via length-
tension relationship

23. Ejection fraction calculated as (EDV - ESV)/EDV provides a measure of:

A. Heart rate only

B. Blood pressure exclusively

C. Ventricular contractility and pumping efficiency
D. Body temperature

24. During exercise, increased cardiac output results from:

A. Only decreased heart rate

B. Reduced stroke volume

C. No cardiovascular changes

D. Both increased heart rate (sympathetic activation) and increased stroke volume (enhanced
contractility)

25. Baroreceptors detecting increased blood pressure trigger:

A. Further blood pressure increase

B. Parasympathetic activation (decreasing heart rate) and sympathetic withdrawal (decreasing
contractility and TPR)

C. No response

D. Cardiac arrest
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PASSAGE 5 (Questions 26-30): Protein Structure and Folding

Proteins fold into specific three-dimensional structures essential for function. Structure hierarchy includes
primary (amino acid sequence), secondary (local structures like a-helices and -sheets), tertiary (overall
3D structure of one polypeptide), and quaternary (multiple polypeptide assembly). Protein folding
demonstrates how linear information (gene sequence) determines complex three-dimensional structure.

Secondary structures form through regular hydrogen bonding patterns. a-helices are right-handed spirals
stabilized by hydrogen bonds between backbone C=O of residue n and N-H of residue n+4, creating 3.6
residues per turn. Proline disrupts a-helices due to cyclic structure preventing proper backbone geometry.
B-sheets form extended strands connected by hydrogen bonds between backbone atoms of adjacent
strands, which can run parallel (N—C same direction) or antiparallel (opposite directions). Antiparallel -
sheets have stronger, more linear hydrogen bonds.

Tertiary structure emerges from interactions between amino acid side chains: disulfide bonds (covalent
links between cysteine residues), ionic interactions (salt bridges between charged residues), hydrogen
bonds, and hydrophobic interactions. The hydrophobic effect—nonpolar residues clustering in protein
cores away from water—provides major thermodynamic driving force for folding. Hydrophilic residues
generally occupy surfaces exposed to aqueous environment.

Levinthal's paradox notes that random sampling of all possible conformations would require astronomical
time, yet proteins fold in seconds. This suggests folding follows specific pathways, not random search.
The energy landscape model proposes folding as a funneling process: partially folded intermediates with
roughly correct topology rapidly form, then progressively refine toward the native state (global energy
minimum). Chaperone proteins (like Hsp70, GroEL/GroES) assist folding by preventing aggregation and
providing isolation chambers for proper folding.

Protein misfolding causes disease. Alzheimer's involves amyloid-p peptide aggregation. Prion diseases
(Creutzfeldt-Jakob disease, mad cow disease) result from PrPc (normal cellular prion protein, a-helix rich)
converting to PrPsc (sclerosing form, -sheet rich). PrPsc catalyzes PrPc — PrPsc conversion, creating
self-propagating infectious process without nucleic acid. These diseases illustrate how alternative stable
conformations, though thermodynamically unfavorable, can become kinetically trapped.

Protein structure studies:
Ramachandran plot analysis:
e Plots @ (phi) and y (psi) backbone dihedral angles
e Most combinations sterically forbidden (atoms clash)
o Allowed regions: a-helix region (¢ ~ -60°, y ~ -45°), B-sheet region (¢ ~ -120°, y ~ +120°)
e Glycine most flexible (no side chain restrictions)
e Proline most restricted (backbone nitrogen in ring)

Protein denaturation experiment:

e Native protein: Compact, enzymatically active
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o 8M urea (denaturant): Unfolds, loses activity
e Remove urea via dialysis: Protein refolds, regains ~90% activity
o Demonstrates: Amino acid sequence contains all information for folding (Anfinsen's principle)
e Some proteins require chaperones for efficient refolding

Prion conversion study:

e Normal PrPc: a-helix content 40%, B-sheet 3%, protease sensitive

e Disease PrPsc: a-helix content 20%, B-sheet 45%, protease resistant

e PrPsc + PrPc in vitro — PrPc converts to PrPsc (seeded conversion)

e Demonstrates conformational conversion without nucleic acid involvement

Chaperone function:

o Protein folding in test tube: 30% reach native state, 70% aggregate

e Protein folding with GroEL/GroES chaperone: 80% reach native state, 20% aggregate
e Chaperones provide isolated environment, multiple folding attempts

o Demonstrates chaperone role in preventing aggregation

26. The hydrophobic effect driving protein folding occurs because:

A. Hydrophobic residues love water

B. All residues are hydrophilic

C. Proteins don't fold

D. Clustering nonpolar residues in the core minimizes unfavorable water-nonpolar interactions,
increasing overall system entropy

27. Levinthal's paradox and its resolution through folding pathways/energy landscapes suggest
that:

A. Proteins fold by randomly sampling all conformations

B. Folding takes infinite time

C. Proteins never reach native states

D. Folding follows specific pathways toward low-energy states rather than random search

28. Anfinsen's experiment showing that denatured proteins can refold to native, active state after
denaturant removal demonstrates:

A. Proteins cannot refold

B. Activity is independent of structure

C. Amino acid sequence contains all information necessary for determining native structure
D. Random sequences fold identically

29. Prion diseases involving PrPsc (B-sheet rich) catalyzing conversion of PrPc (a-helix rich) to
PrPsc demonstrate:
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A. Normal gene mutations cause disease

B. Conformational conversion can be infectious without nucleic acids, with alternative stable structures
C. Prions are viruses

D. Only bacteria cause disease

30. Chaperone proteins like GroEL/GroES increasing folding efficiency by:

A. Changing amino acid sequence

B. Preventing formation of all structures

C. Adding cofactors permanently

D. Preventing aggregation and providing isolated environment for proper folding attempts

DISCRETE QUESTIONS (31-33)

31. Sister chromatids separate during which phase of mitosis:

A. Anaphase, when cohesin proteins are cleaved allowing chromatids to move to opposite poles
B. Prophase

C. Metaphase

D. Telophase

32. Antibodies (immunoglobulins) are produced by:

A. T cells

B. Erythrocytes

C. B cells (plasma cells)
D. Platelets

33. The Calvin cycle of photosynthesis:
A. Produces oxygen
B. Fixes CO: into organic molecules using ATP and NADPH from light reactions

C. Occurs in thylakoid membranes
D. Only functions at night

PASSAGE 6 (Questions 34-38): Neurotransmission at the
Synapse

Synaptic transmission converts electrical signals (action potentials) into chemical signals
(neurotransmitters) for communication between neurons. This process involves precise spatial and
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temporal coordination of ion channels, vesicle fusion, neurotransmitter release, receptor activation, and
signal termination.

Action potentials arriving at the axon terminal depolarize the presynaptic membrane, opening voltage-
gated Ca?" channels. Calcium influx triggers vesicle fusion through SNARE protein complex interactions:
synaptobrevin (vesicle membrane), syntaxin and SNAP-25 (plasma membrane) form tight complexes
pulling membranes together. Synaptotagmin serves as calcium sensor, binding Ca*" and triggering rapid
fusion. Each vesicle contains thousands of neurotransmitter molecules released via exocytosis into the
synaptic cleft.

Different neurotransmitters produce distinct effects. Acetylcholine (ACh) at neuromuscular junctions
binds nicotinic receptors (ligand-gated Na*/K* channels), causing depolarization (excitatory). Glutamate,
the major excitatory CNS neurotransmitter, activates AMPA and NMDA receptors (ligand-gated cation
channels), depolarizing postsynaptic membranes. GABA (y-aminobutyric acid), the major inhibitory
neurotransmitter, opens Cl~ channels, hyperpolarizing postsynaptic membranes and decreasing
excitability.

G-protein coupled receptors (GPCRs) provide slower, modulatory effects. Muscarinic ACh receptors in
heart activate Gi proteins, opening K* channels and closing Ca** channels, slowing heart rate. Dopamine,
norepinephrine, and serotonin primarily act through GPCRs, modulating neuronal excitability, synaptic
strength, and gene expression over longer timescales.

Neurotransmitter action terminates through reuptake or enzymatic degradation. ACh is rapidly hydrolyzed
by acetylcholinesterase (AChE) in the synaptic cleft, producing choline and acetate. Choline is transported
back into the presynaptic terminal for ACh resynthesis. Monoamines (dopamine, norepinephrine,
serotonin) are removed primarily by reuptake transporters. Many psychiatric medications target these
processes: SSRIs block serotonin reuptake; AChE inhibitors treat myasthenia gravis and Alzheimer's
disease.

Synaptic plasticity—activity-dependent changes in synaptic strength—underlies learning and memory.
Long-term potentiation (LTP) involves persistent strengthening of synapses following high-frequency
stimulation. In hippocampal glutamatergic synapses, strong depolarization removes Mg?" block from
NMDA receptors, allowing Ca** influx. Elevated Ca®*" activates CaMKII and other kinases,
phosphorylating AMPA receptors and increasing their number at synapses, enhancing synaptic
transmission.

Synaptic transmission data:
Time course of events:

e Action potential arrives: t = 0 ms

e Voltage-gated Ca*" channels open: t = 0.5 ms

e (Ca* enters terminal: t = 1 ms (local [Ca*"] increases from 100 nM to 10-100 uM)
e Vesicle fusion triggered: t = 1.5 ms

o Neurotransmitter released into cleft: t =2 ms

e Neurotransmitter binds receptors: t = 2.5 ms
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o Postsynaptic channels open: t =3 ms

o Postsynaptic potential peaks: t = 5-10 ms

o Signal termination begins: t = 10 ms

o Demonstrates rapid, precise timing (~milliseconds)

Neurotransmitter concentrations:

o Resting synaptic cleft: ~0 neurotransmitter

o Peak after release: ~1 mM (for ~1 ms)

e Removal: 90% cleared within 10 ms (via degradation/reuptake)
o Rapid clearance enables high-frequency signaling

Drug effects:

e Curare (nicotinic receptor antagonist): Blocks ACh receptors at neuromuscular junction —
paralysis

e Botulinum toxin (cleaves SNARE proteins): Prevents ACh release — paralysis

o Black widow spider venom (causes massive ACh release): Excessive muscle contraction —
spasms

o Physostigmine (AChE inhibitor): Prolongs ACh action, treating myasthenia gravis

LTP induction:

o Baseline: Stimulate pathway, measure postsynaptic potential amplitude = 1 mV
o High-frequency stimulation: 100 Hz for 1 second

o Post-tetanic potentiation: Immediate increase to 3 mV

o Long-term potentiation: Sustained increase to 1.8 mV for hours/days

e Requires NMDA receptor activation and Ca** influx

34. Voltage-gated Ca*" channels opening in response to action potential arrival triggers
neurotransmitter release because:

A. Calcium has no role in synaptic transmission

B. Vesicles fuse spontaneously

C. Ca*" influx triggers SNARE-mediated vesicle fusion and exocytosis
D. Neurotransmitters are produced instantly

35. Acetylcholinesterase rapidly hydrolyzing ACh in the synaptic cleft serves to:

A. Produce more ACh

B. Terminate the signal quickly, allowing rapid, repeated signaling and preventing receptor
desensitization

C. Permanently block neurotransmission
D. Store ACh for later use

36. GABA opening Cl channels causing hyperpolarization makes the postsynaptic neuron:

59



A. More excitable

B. More likely to fire action potentials

C. Unchanged

D. Less excitable (inhibition) as the membrane potential moves further from threshold

37. SSRIs (selective serotonin reuptake inhibitors) treating depression by blocking serotonin
transporters demonstrates that:

A. Serotonin is harmful

B. Depression has no neurochemical basis

C. All neurotransmitters are identical

D. Increasing synaptic serotonin availability by reducing reuptake can alleviate depressive symptoms

38. LTP requiring NMDA receptor activation and Ca*" influx demonstrates:

A. Learning has no molecular basis

B. Synaptic strength never changes

C. Activity-dependent synaptic strengthening provides a cellular mechanism for learning and memory
D. Memory formation is impossible

PASSAGE 7 (Questions 39-43): Cell Cycle Regulation and
Cancer

The cell cycle coordinates DNA replication and cell division, ensuring daughter cells receive complete,
accurate genetic information. Eukaryotic cell cycle consists of G1 (growth and preparation), S (DNA
synthesis), G2 (growth and preparation for mitosis), and M (mitosis and cytokinesis) phases. G1, S, and
G2 comprise interphase. Non-dividing cells enter GO (quiescent state).

Cyclin-dependent kinases (CDKs) drive cell cycle progression. CDKs are constitutively present but
inactive unless bound to cyclins, regulatory proteins whose concentrations oscillate during the cycle. Each
phase requires specific cyclin-CDK complexes: G1/8S transition requires Cyclin E-CDK2, S phase requires
Cyclin A-CDK2, G2/M transition and mitosis require Cyclin B-CDKI1 (also called MPF, maturation-
promoting factor).

Cell cycle checkpoints ensure fidelity and proper timing. The G1/S checkpoint (restriction point in
mammals) assesses growth signals, nutrient availability, and DNA damage before committing to division.
The G2/M checkpoint verifies complete DNA replication and checks for DNA damage before mitosis.
The spindle assembly checkpoint (metaphase checkpoint) ensures all chromosomes are properly attached
to spindle microtubules before anaphase, preventing chromosome missegregation.

p53, the "guardian of the genome," plays crucial checkpoint roles. DNA damage activates p53, which

induces p21, a CDK inhibitor that arrests cell cycle in G1 or G2, allowing repair. If damage is irreparable,
p53 triggers apoptosis. Over 50% of human cancers have p53 mutations, allowing cells with damaged
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DNA to proliferate. Rb (retinoblastoma protein) controls G1/S transition: hypophosphorylated Rb binds
E2F transcription factors, blocking S-phase gene expression; Cyclin D-CDK4/6 phosphorylates Rb,
releasing E2F and permitting S-phase entry. Rb mutations cause uncontrolled proliferation.

Cancer results from accumulated mutations in genes controlling proliferation, differentiation, and
apoptosis. Oncogenes (mutated proto-oncogenes like RAS, MYC) promote excessive growth. Tumor
suppressors (like p53, Rb) normally inhibit proliferation; their loss removes brakes. Hallmarks of cancer
include sustained proliferative signaling, evading growth suppressors, resisting apoptosis, enabling
replicative  immortality (telomerase reactivation), inducing angiogenesis, and activating
invasion/metastasis.

Cell cycle experimental data:
Cyclin levels during cell cycle:

e Gl phase: Cyclin D high, Cyclin E rising

e S phase: Cyclin E peaks then declines, Cyclin A rises

e (G2 phase: Cyclin A high, Cyclin B rising

e M phase: Cyclin B peaks (MPF activity maximal at metaphase)

e Late M: Cyclin B rapidly degraded via ubiquitin-proteasome system — mitotic exit
o Demonstrates oscillating cyclin levels drive cycle progression

pS53 function experiment:

e Normal cells + DNA damage (UV radiation):
o p53 activated, p21 induced
o Cell cycle arrests in G1
o Ifrepair succeeds: cycle resumes
o Ifrepair fails: apoptosis triggered
e p53-null cells + DNA damage:
o No cycle arrest
o Cells replicate damaged DNA
o Mutations accumulate — genomic instability

Cancer mutation analysis (colon cancer progression model):

e Normal epithelium: No mutations

e Early adenoma: APC tumor suppressor mutation (loss of Wnt pathway regulation)
e Intermediate adenoma: + KRAS oncogene mutation (constitutive growth signaling)
e Late adenoma: + p53 mutation (loss of checkpoint control)

e Carcinoma: + Additional mutations enabling invasion/metastasis

o Demonstrates multi-step accumulation of mutations

Checkpoint function:
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o Normal cells: Mitotic spindle disrupted with nocodazole — spindle checkpoint activated —
metaphase arrest (no anaphase)

e Checkpoint-deficient cells: Spindle disrupted — bypass metaphase, proceed to anaphase with
unattached chromosomes — aneuploidy

o Demonstrates checkpoint role in ensuring accurate chromosome segregation

39. Cyclin-CDK complexes driving cell cycle progression demonstrates:

A. CDKs function without regulation

B. Cyclins are unnecessary

C. Cell cycle is random

D. Oscillating cyclin levels regulate CDK activity at specific phases

40. The G1/S checkpoint (restriction point) assessing DNA damage, growth signals, and nutrients
before S-phase entry:

A. Has no function

B. Always allows progression

C. Never stops cell division

D. Ensures cells only replicate when conditions are appropriate, preventing damaged DNA replication

41. p53 inducing p21 (CDK inhibitor) in response to DNA damage causing cell cycle arrest
demonstrates:

A. Checkpoint-mediated pause allowing DNA repair before replication
B. Uncontrolled cell division

C. p53 promotes cancer

D. DNA damage is beneficial

42. Over 50% of cancers having p53 mutations suggests:

A. p53 is unimportant

B. All cancers are identical

C. Loss of p53 checkpoint function permits proliferation of cells with damaged DNA, contributing to
carcinogenesis

D. p53 causes cancer when present

43. The colon cancer progression model showing sequential mutation accumulation (APC —
KRAS — p53) demonstrates:

A. Single mutations cause cancer

B. Cancer develops through multi-step accumulation of mutations in oncogenes and tumor suppressors
C. No genetic changes occur in cancer

D. Mutations are beneficial
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DISCRETE QUESTIONS (44-46)

44. The rough endoplasmic reticulum differs from smooth ER by:

A. Being located in a different cell

B. Having no membrane

C. Functioning only at night

D. Having ribosomes attached to its membrane for protein synthesis

45. Crossing over (recombination) during meiosis occurs in:

A. Prophase I, when homologous chromosomes pair (synapsis) and exchange DNA segments
B. Metaphase II

C. Anaphase 11

D. Telophase I

46. Competitive inhibition of enzymes:

A. Cannot be overcome

B. Changes Vmax only

C. Increases apparent Km without changing Vmax (can be overcome by increasing substrate
concentration)

D. Has no effect on reaction rate

PASSAGE 8 (Questions 47-51): Innate Immunity and
Complement System

The immune system consists of innate (immediate, non-specific) and adaptive (delayed, specific)
components. Innate immunity provides rapid first-line defense through physical barriers, phagocytic cells,
antimicrobial proteins, and inflammatory responses. The complement system exemplifies innate
immunity's sophistication, comprising over 30 proteins coordinating pathogen elimination.

Three pathways activate complement: classical (antibody-dependent), lectin (mannose-binding lectin
recognizes pathogen carbohydrates), and alternative (spontaneous activation on pathogen surfaces). All
converge on C3 convertase formation, which cleaves C3 into C3a (small, released) and C3b (large, binds
pathogens). This step amplifies exponentially: each C3b participates in forming more C3 convertase.

C3b deposition (opsonization) tags pathogens for phagocytosis. Phagocytes (neutrophils, macrophages)
express complement receptors recognizing C3b-coated targets, dramatically enhancing engulfment
efficiency. C3a and C5a are anaphylatoxins—small peptides triggering mast cell degranulation, increasing
vascular permeability, recruiting leukocytes, and promoting inflammation. C5b initiates terminal pathway
forming membrane attack complex (MAC): C5b-C6-C7-C8-C9 assembles into transmembrane pores,
lysing pathogens via osmotic cell death.
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Regulatory proteins prevent complement attacking host cells. Decay-accelerating factor (DAF) and
complement receptor 1 (CR1) inactivate C3 convertase. CD59 prevents MAC assembly. These regulators
are absent on pathogens but present on host cells. Complement deficiencies cause disease: C3 deficiency
causes severe recurrent bacterial infections (opsonization and MAC formation impaired); MAC deficiency
increases Neisseria infection susceptibility; regulatory protein deficiencies cause paroxysmal nocturnal
hemoglobinuria (PNH), where complement attacks erythrocytes.

Pattern recognition receptors (PRRs) like Toll-like receptors (TLRs) detect pathogen-associated molecular
patterns (PAMPs)—conserved microbial structures absent from hosts. TLR4 recognizes bacterial
lipopolysaccharide (LPS); TLR3 recognizes viral double-stranded RNA. TLR activation triggers signaling
cascades activating NF-kB and AP-1 transcription factors, inducing inflammatory cytokines (TNF-a, IL-
1B, IL-6), chemokines (IL-8), and antimicrobial peptides.

Inflammation orchestrates innate response. Tissue damage or infection triggers local cytokine and
chemokine release. Vasodilation and increased vascular permeability allow plasma proteins (including
complement) and leukocytes to enter tissues. Neutrophils arrive first (6-24 hours), followed by monocytes
differentiating into macrophages. Phagocytes engulf pathogens, destroying them via reactive oxygen
species (respiratory burst) and proteolytic enzymes in phagolysosomes. Resolution occurs when debris is
cleared, pro-inflammatory signals decline, and anti-inflammatory mediators (IL-10, TGF-B) promote
healing.

Innate immunity measurements:
Complement activation Kinetics:

e Time 0: Pathogen encounters serum

e t=5min: C3b deposition detectable

e t=15 min: C3b deposition maximal (10° C3b per bacterium)
e t=30 min: MAC assembly complete, bacterial lysis begins

e t=60 min: >95% bacteria lysed

o Demonstrates rapid pathogen elimination

Opsonization efficiency:

o Phagocytosis of bacteria without C3b: 10 bacteria engulfed/phagocyte/hour
e Phagocytosis of C3b-coated bacteria: 150 bacteria engulfed/phagocyte/hour
e 15-fold enhancement demonstrates opsonization effect

Complement deficiency infections:

e (3-deficient patient: Recurrent Streptococcus pneumoniae, Haemophilus influenzae infections
(encapsulated bacteria)

o MAC-deficient patient: Recurrent Neisseria meningitidis infections (Neisseria uniquely
susceptible to MAC lysis)

o Demonstrates specific component functions
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TLR activation experiment:

e Macrophages + LPS (TLR4 ligand):

NF-«B translocates to nucleus within 15 min
TNF-o mRNA increases 100-fold at 1 hour
o TNF-a protein secreted at 2 hours

o Demonstrates TLR signaling cascade

o O

Inflammatory time course:

e Infection/injury: t = 0 hours

e Vasodilation, permeability increase: t = 1-2 hours

e Neutrophil infiltration peaks: t = 6-24 hours

e Monocyte/macrophage infiltration peaks: t = 24-48 hours
e Resolution/healing: t = days to weeks

e Demonstrates coordinated cellular recruitment

47. C3b deposition (opsonization) enhancing phagocytosis 15-fold demonstrates:

A. Complement tagging pathogens for recognition by phagocyte complement receptors, dramatically
increasing engulfment

B. Phagocytes cannot function

C. C3b inhibits phagocytosis

D. All proteins opsonize equally

48. The membrane attack complex (MAC) killing pathogens through:

A. Activating adaptive immunity

B. Blocking protein synthesis

C. Forming transmembrane pores causing osmotic lysis
D. Preventing pathogen entry

49. Host cells protected from complement attack by regulatory proteins (DAF, CD59) while
pathogens lack these protections demonstrates:

A. All cells are complement-resistant

B. Self-nonself discrimination preventing complement damage to host tissues while attacking pathogens
C. Complement never activates

D. Pathogens have better regulation

50. TLRs recognizing PAMPs (like LPS) and triggering inflammatory cytokine production
demonstrates:

A. Random immune activation
B. Adaptive immunity function
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C. No pathogen detection
D. Pattern recognition allowing innate immune detection of common microbial features

51. Neutrophils arriving at infection sites before monocytes/macrophages (6-24 hours vs. 24-48
hours) reflects:

A. Random cell migration

B. Monocytes are unnecessary

C. No temporal coordination

D. Sequential leukocyte recruitment with rapid-response neutrophils followed by sustained macrophage
response

PASSAGE 9 (Questions 52-55): Allosteric Enzyme Regulation

Allosteric enzymes exhibit cooperative binding and regulation by molecules binding sites distinct from
active sites. These regulatory mechanisms enable sensitive metabolic control, allowing dramatic activity
changes in response to small concentration shifts of regulators.

Hemoglobin, though not an enzyme, exemplifies allosteric behavior. The sigmoid oxygen-binding curve
(S-shaped) contrasts with myoglobin's hyperbolic curve, reflecting cooperative binding: first O binding
facilitates subsequent binding. Deoxyhemoglobin (T state, tense) has low O: affinity; O2 binding shifts
equilibrium toward oxyhemoglobin (R state, relaxed) with higher affinity. This cooperativity causes steep
curve in physiological range, enabling efficient O: loading in lungs and unloading in tissues.

Allosteric effectors modulate hemoglobin. 2,3-BPG (2,3-bisphosphoglycerate) binds deoxyhemoglobin's
central cavity, stabilizing T state and decreasing O: affinity (rightward shift of binding curve). This
adaptation helps: fetal hemoglobin lacks 2,3-BPG binding, maintaining higher O. affinity than maternal
hemoglobin, facilitating placental O- transfer. High-altitude acclimatization increases erythrocyte 2,3-
BPG, promoting O: release in tissues despite lower atmospheric pOx.

Phosphofructokinase-1 (PFK-1) in glycolysis demonstrates allosteric enzyme regulation. This tetrameric
enzyme exhibits positive cooperativity for fructose-6-phosphate (substrate) and is allosterically regulated
by multiple effectors. ATP (high energy) inhibits allosterically, distinct from substrate binding, signaling
sufficient energy. AMP (low energy) activates, overriding ATP inhibition. Citrate (citric acid cycle
intermediate) inhibits, signaling downstream pathway saturation. Fructose-2,6-bisphosphate powerfully
activates, coordinating glycolysis with hormonal signals.

Aspartate transcarbamoylase (ATCase), catalyzing pyrimidine synthesis's committed step, shows
allosteric regulation by pathway end product (CTP) and related nucleotide (ATP). CTP feedback inhibits
ATCase, preventing overproduction. ATP activates, balancing purine and pyrimidine synthesis. The
regulatory and catalytic subunits can be separated: isolated catalytic subunits show hyperbolic kinetics
without cooperativity; reassembly restores sigmoid kinetics and regulation.
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The Monod-Wyman-Changeux (MWC) model explains cooperativity: allosteric proteins exist in
equilibrium between T (low affinity) and R (high affinity) states. All subunits transition together
(concerted model). Substrate preferentially binds R state, shifting equilibrium rightward. Positive effectors
favor R state; negative effectors favor T state. This model predicts sigmoid binding curves and explains
how small effector concentration changes dramatically alter activity.

Allosteric regulation data:
Hemoglobin oxygen binding:

e P50 (pO2 at 50% saturation): No 2,3-BPG = 12 mmHg; Normal 2,3-BPG = 26 mmHg; High 2,3-
BPG =32 mmHg

o Demonstrates rightward shift (decreased affinity) with 2,3-BPG

e At high altitude (chronic hypoxia): 2,3-BPG increases 30%, P50 increases to 30 mmHg

o Facilitates O delivery despite lower arterial pO:

PFK-1 Kinetics:

e Fructose-6-phosphate alone: Sigmoid curve, Hill coefficient = 2.5 (cooperativity)
o AMP (1 mM): Curve shifts left, activity increases 5-fold at low [F6P]

ATP (5 mM): Curve shifts right, activity decreases 70%

e O

F-2,6-BP (10 uM): Activity increases 10-fold, curve becomes more hyperbolic
e Demonstrates complex allosteric regulation

o

ATCase regulation:

e Aspartate alone: Sigmoid kinetics, V at 2 mM aspartate = 50% Vmax

CTP (2 mM): Activity decreases 80%, curve shifts right (negative feedback)

o

ATP (2 mM): Activity increases 50%, curve shifts left

e 0

o CTP + ATP: Intermediate effect (ATP partially overcomes CTP inhibition)
o Demonstrates balanced nucleotide synthesis regulation

Catalytic vs. holoenzyme:
o Isolated ATCase catalytic subunits: Hyperbolic kinetics, Km =4 mM, no cooperativity
o Intact ATCase (with regulatory subunits): Sigmoid kinetics, K0.5 = 8 mM, Hill coefficient = 2.0

o Demonstrates regulatory subunits confer cooperativity

52. Hemoglobin's sigmoid oxygen-binding curve (vs. myoglobin's hyperbolic curve) results from:
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A. Lower oxygen affinity always

B. Lack of heme groups

C. Cooperative binding where O: binding to one subunit increases affinity of remaining subunits
D. Random binding

53. 2,3-BPG decreasing hemoglobin's oxygen affinity by stabilizing the T (deoxygenated) state
enables:

A. No physiological effect

B. Enhanced O: unloading in tissues where pO: is lower
C. Permanent O: binding

D. Elimination of oxygen transport

54. PFK-1 being inhibited by ATP (allosterically) despite ATP being a substrate (in the reaction:
F-6-P + ATP — F-1,6-BP + ADP) demonstrates:

A. Enzymes cannot be regulated by substrates

B. ATP has only one binding site

C. No regulation occurs

D. Allosteric regulation at a separate site allows feedback inhibition when energy is abundant

55. ATCase separated into catalytic and regulatory subunits losing cooperativity and regulation,
which return upon reassembly, demonstrates:

A. Catalytic sites alone show cooperativity

B. Regulatory subunits are unnecessary

C. Subunit separation is impossible

D. Regulatory subunits confer allosteric properties including cooperativity and effector sensitivity

DISCRETE QUESTIONS (56-59)

56. Restriction fragment length polymorphisms (RFLPs) result from:

A. Identical DNA sequences in all individuals

B. Sequence variations creating or eliminating restriction enzyme recognition sites, producing different
fragment patterns

C. RNA modifications

D. Protein differences

57. C4 plants minimize photorespiration by:
A. Eliminating the Calvin cycle

B. Not performing photosynthesis
C. Having no chloroplasts
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D. Spatially separating initial CO- fixation (mesophyll) from Calvin cycle (bundle sheath), concentrating
CO: around RuBisCO

58. Gap junctions between cells allow:

A. No communication

B. Immune system access

C. Direct cytoplasmic communication through connexon channels allowing passage of ions and small
molecules

D. Rigid cell adhesion only

59. Mendel's law of independent assortment states that:
A. All genes are linked
B. Only one gene exists per organism

C. Chromosomes don't separate
D. Alleles of different genes segregate independently during gamete formation (for unlinked genes)
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Psychological, Social, and Biological Foundations of Behavior

Time Questions

95 minutes 59

PASSAGE 1 (Questions 1-5): Classical Conditioning and
Extinction

Ivan Pavlov's discovery of classical conditioning revolutionized understanding of learned behavior. While
studying salivary responses in dogs, Pavlov noticed dogs salivated not only to food but also to stimuli
predicting food—Iab assistant footsteps, food dish sounds. This observation led to systematic investigation
of associative learning.

Classical conditioning pairs a neutral stimulus (conditioned stimulus, CS) with a biologically significant
stimulus (unconditioned stimulus, US) that naturally elicits a response (unconditioned response, UR).
Through repeated pairings, the CS alone elicits a learned response (conditioned response, CR). In Pavlov's
experiments, a tone (CS) paired with meat powder (US, naturally eliciting salivation UR) eventually
caused salivation to the tone alone (CR).

Several factors influence conditioning strength. Temporal contiguity—closeness in time between CS and
US—is crucial. Delayed conditioning (CS precedes US by optimal interval, typically 0.5 seconds)
produces strongest learning. Simultaneous conditioning (CS and US together) is weaker. Backward
conditioning (US before CS) rarely produces CRs. Contingency also matters: the CS must reliably predict
the US. If the US occurs without the CS, conditioning weakens because the CS provides no predictive
information.

Extinction occurs when the CS is repeatedly presented without the US. The CR gradually diminishes and
eventually disappears. However, extinction doesn't erase the original association—it involves new
inhibitory learning suppressing the CR. Evidence includes spontaneous recovery: after a rest period
following extinction, presenting the CS again elicits a weak CR. Additional evidence comes from renewal
effects: extinguishing a response in one context doesn't prevent its return in the original conditioning
context.

Higher-order conditioning demonstrates conditioning's complexity. After establishing a CS1-US
association, a new neutral stimulus (CS2) paired with CS1 (without the US present) can elicit CRs. The
previously conditioned CS1 functions like a US, creating second-order conditioning. This explains how
neutral stimuli acquire emotional significance through association with already-meaningful stimuli.
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Applications extend beyond laboratory settings. Taste aversions develop when illness (US) follows food
consumption (CS), often after a single pairing despite long delays (hours) between CS and US—violating
typical temporal contiguity requirements. This biological preparedness reflects evolutionary adaptation:
organisms readily associate tastes with illness because this connection had survival value. Phobias may
develop through classical conditioning when neutral stimuli (CS: dogs, heights) are paired with traumatic
experiences (US).

Experimental data:
Basic acquisition curve:

e Trials 1-5: Tone alone — no salivation; Meat powder — salivation

e After 5 CS-US pairings: Tone — weak salivation (2 drops)

e After 15 pairings: Tone — moderate salivation (8 drops)

e After 30 pairings: Tone — strong salivation (12 drops)

e Asymptotic performance reached; additional pairings produce no increase

Extinction and spontaneous recovery:

e After 30 acquisition trials: CS — 12 drops

o Extinction trials (CS only): Trial 1 = 10 drops, Trial 10 = 3 drops, Trial 20 = 0 drops
e Rest period: 24 hours with no trials

e Spontaneous recovery test: CS — 5 drops (partial CR returns without retraining)

o Demonstrates extinction doesn't erase learning

Temporal relationships:

e Delayed conditioning (CS 0.5 sec before US): Strong CR after 15 trials

e Simultaneous conditioning (CS and US together): Weak CR after 30 trials

e Backward conditioning (US before CS): No CR after 50 trials

e Trace conditioning (CS ends before US starts): Moderate CR, requires longer training

Higher-order conditioning:

o First-order: Light (CS1) + food (US) — Light elicits salivation
e Second-order: Tone (CS2) + Light (CS1, no food) — Tone elicits weak salivation
e Demonstrates CS1 acquired motivational properties

Taste aversion learning:

e Rat drinks saccharin solution (CS), then receives nausea-inducing injection (US) 4 hours later
o Single trial learning: Next exposure to saccharin — strong avoidance

o Specificity: Light-shock pairing causes rapid learning; Light-nausea shows weak learning

o Taste-nausea pairing shows strong learning despite long CS-US delay

o Demonstrates biological preparedness and selective associations
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1. Extinction involving new inhibitory learning rather than erasing the original association is
supported by:

A. Complete inability to recondition

B. Spontaneous recovery showing the CR can return after rest without retraining
C. Permanent elimination of all responses

D. Identical performance in all contexts

2. Delayed conditioning (CS precedes US by optimal interval) producing stronger CRs than
simultaneous conditioning demonstrates:

A. Timing is irrelevant

B. All temporal relationships work equally

C. Backward conditioning is optimal

D. Temporal contiguity—predictive relationship strength depends on CS-US timing

3. Higher-order conditioning, where CS1 paired with food elicits CRs, then CS2 paired with CS1
(without food) also elicits CRs, demonstrates:

A. Previously conditioned stimuli can function as USs in new learning, explaining complex emotional
associations

B. Second-order conditioning never occurs

C. Only food can serve as reinforcement

D. Higher-order conditioning is stronger than first-order

4. Taste aversion learning showing strong conditioning despite hours-long CS-US delay while
typical conditioning requires seconds-long intervals demonstrates:

A. Taste aversion violates conditioning principles

B. All stimuli condition equally to all outcomes

C. Biological preparedness—evolved predispositions make certain associations easier to form
D. Conditioning doesn't apply to taste

5. The renewal effect, where extinguished responses return when the organism is placed back in
the original conditioning context, suggests:

A. Extinction completely erases learning

B. Context-dependent retrieval—extinction learning is partly context-specific
C. Conditioning never works

D. Context has no influence

DISCRETE QUESTIONS (6-8)
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6. The primary somatosensory cortex, located in the postcentral gyrus of the parietal lobe,
processes:

A. Visual information

B. Auditory signals

C. Motor commands

D. Touch, temperature, pain, and proprioception

7. According to Maslow's hierarchy of needs, self-actualization needs:

A. Emerge only after lower-level physiological, safety, belonging, and esteem needs are satisfied
B. Are the first priority

C. Never emerge

D. Are unrelated to other needs

8. Social stratification based on achieved status rather than ascribed status characterizes:

A. Caste systems

B. Feudal societies

C. Class systems where mobility based on individual achievement is possible
D. No known societies

PASSAGE 2 (Questions 9-13): Neurotransmitters and Mood
Disorders

Major depressive disorder (MDD) and bipolar disorder involve dysregulation of monoamine
neurotransmitters—serotonin, norepinephrine, and dopamine. The monoamine hypothesis, while
oversimplified, provides a framework for understanding psychopharmacological treatments and the
neurobiological basis of mood disorders.

Serotonin (5-HT) regulates mood, sleep, appetite, and impulse control. Serotonergic neurons originate in
raphe nuclei, projecting widely throughout the brain. Low serotonin activity associates with depression,
anxiety, and aggression. Selective serotonin reuptake inhibitors (SSRIs) block the serotonin transporter
(SERT), increasing synaptic serotonin availability. However, SSRIs require 2-4 weeks for therapeutic
effects despite immediately blocking reuptake, suggesting downstream neuroplastic changes—receptor
regulation, neurogenesis, synaptic remodeling—mediate clinical improvement.

Norepinephrine (NE) modulates arousal, attention, and stress responses. Noradrenergic neurons originate
in locus coeruleus, projecting to cortex, limbic system, and spinal cord. NE depletion associates with
fatigue, poor concentration, and depressed mood. Serotonin-norepinephrine reuptake inhibitors (SNRIs)
block both SERT and NET (norepinephrine transporter), potentially offering advantages over SSRIs for
patients with prominent fatigue or pain symptoms.
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Dopamine (DA) mediates reward, motivation, and motor control. Dopaminergic neurons in ventral
tegmental area (VTA) project to nucleus accumbens and prefrontal cortex (mesolimbic and mesocortical
pathways). Reduced dopamine activity may contribute to anhedonia (loss of pleasure) in depression.
Conversely, excessive dopamine activity in psychotic disorders explains why dopamine antagonists
(antipsychotics) treat psychotic symptoms.

Bipolar disorder involves mood episodes ranging from depression to mania. During mania, patients exhibit
elevated mood, increased energy, decreased need for sleep, racing thoughts, and impulsive behavior. The
pathophysiology remains incompletely understood but involves dysregulation of monoamines, circadian
rhythms, and intracellular signaling cascades. Lithium, a first-line mood stabilizer, modulates several
pathways including inhibiting inositol monophosphatase and glycogen synthase kinase-3 (GSK-3),
affecting neuronal excitability and neuroprotection.

Electroconvulsive therapy (ECT), despite its controversial history, remains highly effective for treatment-
resistant depression and acute mania. Controlled seizures induced under anesthesia produce rapid
symptom improvement, though mechanisms remain unclear. Hypotheses include enhanced monoamine
neurotransmission, increased neurotrophic factors (BDNF), and synaptic reorganization. Modern ECT
causes minimal cognitive side effects with proper technique.

Mood disorder research:
SSRI treatment timeline:

o Week 0: Baseline depression severity (Hamilton Depression Rating Scale = 24, moderate-severe)
e Week 1: SERT blockade 80%, minimal symptom improvement (HDRS = 22)

e Week 2: Continued blockade, modest improvement (HDRS = 19)

e Week 4: Significant improvement (HDRS = 12, mild depression)

e Week 8: Remission (HDRS = 7, minimal symptoms)

o Delayed therapeutic effects despite immediate reuptake blockade

Neuroplasticity markers:

o Baseline: Hippocampal volume reduced in depressed patients
e After 6 months SSRI: Hippocampal volume increased 5%

o BDNF levels: Increased 40% with SSRI treatment

o Dendritic spine density: Increased in prefrontal cortex

e Suggests antidepressants promote neuroplasticity

Bipolar disorder mood charting:
o Patient 1 (untreated): 3 manic episodes, 5 depressive episodes over 24 months
e Patient 2 (lithtum): 1 mild manic episode, 2 depressive episodes over 24 months
o Patient 3 (lithium + antipsychotic): Mood stable for 24 months

o Demonstrates mood stabilizer efficacy

ECT efficacy:
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o Treatment-resistant depression (failed >2 medications):

o Medication trial: 20% remission rate

o ECT course (8-12 treatments): 60-70% remission rate
e Acute mania with psychosis: ECT produces rapid response within 1 week
o Demonstrates ECT effectiveness for severe cases

Neurotransmitter depletion studies:

o Tryptophan depletion (reduces serotonin synthesis): Previously depressed patients on SSRIs
experience temporary symptom return

o Catecholamine depletion (reduces NE and DA): Induces depressive symptoms in susceptible
individuals

e Supports (but doesn't prove) monoamine hypothesis

9. SSRIs requiring 2-4 weeks for therapeutic effects despite immediate reuptake blockade
suggests:

A. Clinical improvement depends on downstream neuroplastic adaptations like receptor regulation and
neurogenesis rather than just increased synaptic serotonin

B. SSRIs don't actually block reuptake

C. Serotonin is irrelevant to depression

D. Effects are immediate

10. Lithium stabilizing mood in bipolar disorder by modulating intracellular signaling (inhibiting
GSK-3, inositol pathways) demonstrates that:

A. Single neurotransmitter changes explain all mood disorders

B. Mood disorders have no biological basis

C. Mood regulation involves complex intracellular cascades beyond simple neurotransmitter levels
D. Lithium has no mechanism

11. ECT producing higher remission rates (60-70%) than medications (20%) in treatment-
resistant depression demonstrates:

A. ECT has no efficacy

B. Alternative treatments can succeed when standard pharmacotherapy fails
C. Medication is always superior

D. Depression cannot be treated

12. Tryptophan depletion (reducing serotonin synthesis) causing temporary symptom return in
medicated patients provides evidence that:

A. Serotonin is completely unrelated to depression

B. All neurotransmitters are identical

C. Diet has no neural effects

D. Maintaining adequate serotonin availability is necessary for sustained antidepressant response
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13. Increased hippocampal volume and BDNF levels after chronic SSRI treatment suggests
antidepressants work partly through:

A. Promoting neuroplasticity, neurogenesis, and structural brain changes
B. Destroying neurons

C. Preventing all brain changes

D. Reducing brain size

PASSAGE 3 (Questions 14-18): Social Identity Theory and
Prejudice

Henri Tajfel's social identity theory proposes that individuals derive part of their self-concept from group
memberships. People categorize themselves and others into ingroups (groups they belong to) and
outgroups (groups they don't belong to), leading to ingroup favoritism and potential outgroup
discrimination. This framework illuminates prejudice, stereotyping, and intergroup conflict.

Social identity formation involves three processes: social categorization (dividing the social world into
groups), social identification (adopting ingroup identities and norms), and social comparison (comparing
ingroups favorably to outgroups to enhance self-esteem). When social identity is threatened—through
negative ingroup evaluation or status loss—individuals engage in strategies to restore positive
distinctiveness: individual mobility (leaving the group), social creativity (redefining comparison
dimensions), or social competition (direct competition with outgroups).

The minimal group paradigm demonstrates how easily ingroup bias emerges. Tajfel randomly assigned
participants to arbitrary groups ("overestimators" vs. "underestimators" based on trivial tasks) with no
interaction, shared history, or realistic conflict. Participants still favored ingroup members in reward
allocation, even maximizing relative ingroup advantage over absolute gain. This suggests categorization
alone, without meaningful differences or competition, can produce bias.

Stereotypes—oversimplified beliefs about group characteristics—emerge from cognitive processes and
social learning. Confirmation bias leads people to notice and remember information confirming
stereotypes while discounting contradictory information. Illusory correlation explains stereotype
formation: people overestimate associations between distinctive groups and distinctive behaviors, creating
false correlations. For example, if minorities are numerically distinctive and negative behaviors are
statistically rare, people may falsely perceive minorities as disproportionately engaging in negative
behaviors.

Stereotype threat occurs when individuals fear confirming negative stereotypes about their group,
impairing performance through increased anxiety and cognitive load. Claude Steele's research showed
African American students performed worse on difficult verbal tests when race was primed (test described
as "diagnostic of intellectual ability") versus when race wasn't salient (test described as problem-solving
exercise unrelated to ability). The threat consumes working memory resources, producing the very
performance deficits feared.
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Contact hypothesis proposes that intergroup contact reduces prejudice under specific conditions: equal
status between groups, common goals, intergroup cooperation, and institutional support. Meta-analyses
confirm contact generally reduces prejudice, with cross-group friendships particularly effective. However,
contact can fail or worsen prejudice when conditions aren't met—unequal status reinforces stereotypes,
competition increases hostility.

System justification theory (Jost) proposes people are motivated to defend and rationalize existing social
arrangements, even when disadvantageous. Low-status group members sometimes show outgroup
favoritism, accepting dominant group superiority to maintain system legitimacy. This explains why some
disadvantaged individuals don't challenge inequality—system justification motives can override group
interest.

Social identity research:
Minimal group experiments:

e Participants randomly assigned to "Group A" or "Group B" based on coin flip

e Task: Allocate money to anonymous ingroup and outgroup members

o Strategy 1: Maximize total ingroup gain (ingroup gets 19 points, outgroup gets 25 points)

o Strategy 2: Maximize relative ingroup advantage (ingroup gets 13 points, outgroup gets 7 points)
e 70% chose Strategy 2, sacrificing absolute gain for relative advantage

e Demonstrates ingroup bias from mere categorization

Stereotype threat experiments:

e African American students took difficult verbal test
o Diagnostic condition: "This test measures intellectual ability" — Mean score = 8.5
o Non-diagnostic condition: "This is a problem-solving exercise, not related to ability" —
Mean score = 12.3
e  Women math test:
o Gender stereotype activated: Mean score = 68%
o Gender-neutral framing: Mean score = 79%
o Demonstrates stereotype threat impairs performance

Contact hypothesis field study:
e School desegregation without equal status, cooperation: Prejudice unchanged or increased
e School with cooperative learning (jigsaw classroom), equal status interactions: Prejudice
significantly decreased
e Cross-racial friendships: Reduced prejudice generalized to entire outgroup
o Demonstrates conditions matter for contact effectiveness

System justification measures:

o Low-income respondents endorsing statements like "Society is fair" and "Inequality is
legitimate"
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o Disadvantaged group members showing outgroup favoritism on implicit measures
o Negative correlation: Higher system justification predicts lower support for social change
o Demonstrates motivated defense of status quo even by those it disadvantages

14. The minimal group paradigm showing ingroup favoritism despite arbitrary, meaningless
group assignment demonstrates:

A. Realistic conflict is necessary for bias

B. Significant group differences are required

C. Social categorization alone is sufficient to produce ingroup bias
D. Groups must have long histories

15. Stereotype threat impairing African American students' test performance when race is primed
operates through:

A. Actual ability differences

B. Anxiety and cognitive load consuming working memory resources
C. Lack of preparation

D. Genetic factors

16. According to social identity theory, people engage in social comparison (comparing ingroups
favorably to outgroups) primarily to:

A. Accurately assess objective differences

B. Promote cooperation

C. Eliminate all groups

D. Enhance self-esteem through positive group distinctiveness

17. The contact hypothesis predicting that intergroup contact reduces prejudice requires all of the
following conditions EXCEPT:

A. Equal status between groups

B. Common goals and cooperation

C. Institutional support

D. Complete cultural assimilation and elimination of group differences

18. System justification theory explaining why low-status groups sometimes show outgroup
favoritism suggests:

A. All group members always favor ingroups

B. Disadvantaged groups always challenge inequality

C. Motivation to legitimize existing systems can override group interest, leading some to accept their
disadvantage

D. Status has no psychological effects
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DISCRETE QUESTIONS (19-21)

19. Wernicke's area, located in the posterior superior temporal gyrus, is crucial for:

A. Motor speech production
B. Language comprehension
C. Visual processing

D. Motor coordination

20. The availability heuristic is a cognitive shortcut where people:

A. Carefully analyze all information

B. Consider all possibilities equally

C. Use only logical reasoning

D. Judge frequency or probability based on how easily examples come to mind

21. Urbanization, the increasing concentration of population in cities, typically associates with:

A. Decreased division of labor and social complexity

B. Return to agricultural economy

C. No social changes

D. Increased social heterogeneity, specialized occupations, and secondary relationships

PASSAGE 4 (Questions 22-26): Operant Conditioning and
Reinforcement Schedules

B.F. Skinner's operant conditioning describes how consequences shape behavior. Unlike classical
conditioning (involuntary responses to stimuli), operant conditioning involves voluntary behaviors
(operants) modified by their outcomes. Reinforcement increases behavior frequency; punishment
decreases it.

Positive reinforcement adds pleasant stimuli (food, praise) following behavior, increasing its frequency.
Negative reinforcement removes aversive stimuli (pain, criticism) following behavior, also increasing
frequency. Both reinforce—they strengthen behavior—but through different means. Positive punishment
adds aversive stimuli (scolding, shock) to decrease behavior. Negative punishment removes pleasant
stimuli (privileges, attention) to decrease behavior.

Reinforcement schedules determine when reinforcement occurs. Continuous reinforcement (reinforcing
every response) produces rapid learning but quick extinction. Partial (intermittent) reinforcement produces
slower learning but greater extinction resistance. Four partial schedules exist:

Fixed ratio (FR) schedules reinforce after a set number of responses (FR-10 means every 10th response).
This produces high, steady response rates with brief post-reinforcement pauses. Piecework pay follows
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FR schedules. Variable ratio (VR) schedules reinforce after varying numbers of responses around an
average (VR-10 means average of every 10th response, but unpredictably). VR produces highest response
rates and greatest extinction resistance. Gambling follows VR schedules—unpredictable wins maintain
persistent behavior despite overall losses.

Fixed interval (FI) schedules reinforce the first response after a set time period. This produces scalloped
response patterns: low rates after reinforcement, accelerating as the interval ends. Checking email might
follow FI patterns if messages arrive at regular times. Variable interval (VI) schedules reinforce the first
response after varying time periods. VI produces steady, moderate response rates. Pop quizzes follow VI
schedules—unpredictable timing maintains steady studying.

Shaping uses successive approximations to teach complex behaviors rarely occurring spontaneously.
Reinforcement is given for behaviors progressively closer to the target. Teaching rats to press levers
involves reinforcing: approaching the lever, touching it, pressing it lightly, then pressing it fully. Without
shaping, waiting for the complete behavior could take indefinitely.

Punishment's effectiveness depends on several factors: immediacy (immediate punishment more
effective), consistency (inconsistent punishment less effective and may increase anxiety), and intensity
(sufficient to suppress behavior but not cause harm). However, punishment has limitations: it suppresses
behavior without teaching alternatives, may produce fear/anxiety, and can damage relationships. Positive
reinforcement of desired behaviors proves more effective long-term than punishment of undesired
behaviors.

Operant conditioning data:
Reinforcement schedule comparison:

e Continuous (CRF): Rapid acquisition, rapid extinction (responds 2 minutes without
reinforcement)

o FR-5: High response rate (90 responses/min), brief pauses after reinforcement, moderate
extinction resistance (30 min)

e VR-5: Highest response rate (100 responses/min), no pauses, greatest extinction resistance (120
min)

o FI-30s: Scalloped pattern (5 responses/min early interval, 40 responses/min late interval),
moderate extinction

e VI-30s: Steady moderate rate (30 responses/min), good extinction resistance (60 min)

Gambling behavior (VR schedule):
e Slot machine programmed VR-50 (average win every 50 plays)
e Participant plays despite losing $200 over 3 hours
e Win frequency: Unpredictable (sometimes 2 pulls apart, sometimes 150)
o Extinction: Continues playing 2 hours after machine stops paying

o Demonstrates VR's powerful maintenance of behavior

Shaping experiment:
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Target: Rat presses lever in Skinner box
No shaping: After 60 minutes, rat hasn't pressed lever
With shaping:
o Minutes 0-5: Reinforce approaching left side (10 reinforcements)
o Minutes 5-10: Reinforce touching lever area (8 reinforcements)
o Minutes 10-12: Reinforce pressing lever (3 presses, learning complete)
Demonstrates shaping's necessity for complex behaviors

Punishment parameters:

o Immediate punishment (0.5 sec delay): 80% behavior suppression

e Delayed punishment (30 sec delay): 30% suppression

o Consistent punishment (100% of responses): 70% suppression

e Inconsistent punishment (25% of responses): 20% suppression, increased anxiety
o Demonstrates immediacy and consistency importance

Token economy study:

e Psychiatric ward: Patients earn tokens for target behaviors (self-care, social interaction)
o Tokens exchanged for privileges (TV time, snacks, outings)

o Results: Self-care behaviors increased 200%, social interaction increased 150%

o Demonstrates secondary reinforcement principles in applied settings

22. Variable ratio (VR) schedules producing greater extinction resistance than other schedules
explains:

A. Fixed schedules work better

B. Extinction never occurs

C. All schedules are identical

D. Why gambling persists despite losses—unpredictable reinforcement makes extinction difficult to
detect

23. Shaping using successive approximations to teach lever pressing is necessary because:

A. Complete behaviors occur spontaneously frequently

B. Rats know the behavior innately

C. Reinforcement is unnecessary

D. Complex behaviors rarely occur spontaneously, so reinforcing progressively closer approximations
builds the target behavior

24. The distinction between negative reinforcement and punishment is that negative
reinforcement:

A. Decreases behavior by adding aversives
B. Has no effect
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C. Increases behavior by removing aversives, while punishment decreases behavior
D. Is identical to positive punishment

25. Fixed interval (FI) schedules producing scalloped response patterns (low early, high near
interval end) demonstrates that organisms:

A. Cannot learn temporal relationships

B. Learn to discriminate temporal cues and adjust responding to maximize efficiency
C. Respond randomly

D. Never adapt to schedules

26. Token economies using tokens as secondary reinforcers work because tokens:

A. Are inherently valuable

B. Have magical properties

C. Cannot be learned

D. Acquire reinforcing value through association with primary reinforcers (backup reinforcers)

PASSAGE 5 (Questions 27-31): Schizophrenia: Symptoms and
Neurobiological Basis

Schizophrenia is a severe psychiatric disorder affecting ~1% of the population, characterized by positive
symptoms (hallucinations, delusions, disorganized speech/behavior), negative symptoms (flat affect,
avolition, alogia, social withdrawal), and cognitive deficits (attention, working memory, executive
function impairments). Onset typically occurs in late adolescence to early adulthood, with males showing
earlier onset and often worse outcomes.

The dopamine hypothesis proposes that positive symptoms result from excessive dopamine activity in
mesolimbic pathways (ventral tegmental area to nucleus accumbens). Evidence includes: (1)
amphetamines increasing dopamine release can induce psychosis in healthy individuals and worsen
schizophrenia, (2) first-generation antipsychotics' efficacy correlates nearly perfectly (r = 0.9) with D2
receptor binding affinity, (3) Parkinson's disease treatment with dopamine agonists can trigger psychotic
symptoms. However, dopamine excess doesn't explain negative or cognitive symptoms well. The revised
hypothesis proposes mesolimbic dopamine hyperactivity (positive symptoms) combined with
mesocortical dopamine hypoactivity (negative/cognitive symptoms).

Structural neuroimaging reveals consistent brain abnormalities. Enlarged lateral and third ventricles
suggest reduced brain volume. Gray matter reductions occur in frontal and temporal cortex, with
progressive changes over illness course. The hippocampus shows volume reductions (4-8%), potentially
related to memory deficits. These changes are present at first episode, suggesting neurodevelopmental
origins rather than purely neurodegenerative processes.
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Functional abnormalities include prefrontal cortex hypoactivity (hypofrontality) during cognitive tasks.
The Wisconsin Card Sorting Test, assessing cognitive flexibility, shows reduced prefrontal activation in
schizophrenia patients. This hypofrontality may explain executive dysfunction and negative symptoms
like impaired motivation and planning.

Antipsychotic medications fall into two generations. First-generation (typical) antipsychotics
(chlorpromazine, haloperidol) primarily block D2 dopamine receptors, effectively reducing positive
symptoms but causing motor side effects (extrapyramidal symptoms, EPS) including tardive dyskinesia—
involuntary movements from chronic dopamine blockade. They minimally improve negative symptoms.
Second-generation (atypical) antipsychotics (clozapine, risperidone) block both dopamine D2 and
serotonin 5-HT2A receptors, treating positive symptoms with fewer motor side effects and modest
negative symptom improvement. Clozapine, most effective for treatment-resistant cases, risks
agranulocytosis requiring blood monitoring.

Cognitive deficits, though less dramatic than positive symptoms, predict functional outcomes
(employment, independent living) better than positive or negative symptoms. Current medications address
positive symptoms inadequately and cognitive symptoms minimally, representing a critical unmet
treatment need.

Schizophrenia research data:
Dopamine hypothesis support:

e Antipsychotic D2 receptor affinity vs. clinical dose correlation: r = 0.9

o Higher affinity requires lower doses for efficacy

e Dose needed for symptom reduction parallels dose occupying 60-80% D2 receptors
e Amphetamine challenge: Increased dopamine release in striatum (PET imaging)

e Strongly supports dopamine's role in positive symptoms

Structural neuroimaging:

e Ventricular enlargement: 40% larger than controls

o Hippocampal volume: 4-8% reduction bilaterally

e Superior temporal gyrus: 15% gray matter reduction

e Progressive volume loss: Additional 2% reduction over 5 years
o Suggests ongoing pathological process

Cognitive deficits:

e Attention (CPT): -1.5 SD below normal

e Working memory: -1.2 SD below normal

e Executive function (WCST): -1.8 SD below normal

e Processing speed: -1.3 SD below normal

o Cognitive deficits strongest predictor of functional outcome (r = 0.6)
e Positive symptoms weakly predict outcome (r =0.2)
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Antipsychotic comparison:

o First-generation (haloperidol):
o Positive symptom reduction: 65%
o Negative symptom improvement: 10%
o EPS incidence: 40%

e Second-generation (risperidone):
o Positive symptom reduction: 68%
o Negative symptom improvement: 25%
o EPS incidence: 15%

e C(Clozapine (treatment-resistant):
o Response rate: 40% when other medications failed
o Agranulocytosis risk: 1%

27. Antipsychotic efficacy correlating nearly perfectly (r = 0.9) with D2 receptor binding affinity

provides strong evidence that:

A. Dopamine D2 receptor blockade is central to therapeutic effects on positive symptoms
B. Dopamine is irrelevant

C. All neurotransmitters are equally involved

D. Receptor binding doesn't matter

28. Enlarged ventricles and reduced cortical volumes present at first episode (before chronic
medication) suggest:

A. Medications cause all brain changes

B. No structural abnormalities exist

C. Brain changes only develop after decades

D. Neurodevelopmental abnormalities precede clinical symptom onset

29. Prefrontal cortex hypoactivity (hypofrontality) during cognitive tasks potentially explains:

A. Positive symptoms like hallucinations

B. Executive dysfunction and negative symptoms like poor planning and motivation
C. Perfect cognitive function

D. Enhanced frontal function

30. Cognitive deficits predicting functional outcomes (employment, independent living) more
strongly than positive symptoms (r = 0.6 vs. 0.2) suggests:

A. Positive symptoms determine all outcomes

B. Cognition is irrelevant

C. Treatment should target cognitive symptoms to improve real-world functioning
D. Symptoms don't matter
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31. Second-generation antipsychotics causing fewer extrapyramidal side effects than first-
generation medications relates to:

A. Identical receptor binding profiles

B. No dopamine effects

C. Different administration routes

D. Broader receptor binding including serotonin 5-HT2A receptors, not solely D2 blockade

DISCRETE QUESTIONS (32-34)

32. The left hemisphere of the brain in most right-handed individuals is dominant for:

A. Spatial processing

B. Facial recognition

C. Language functions including speech production and comprehension
D. Musical ability exclusively

33. According to the James-Lange theory of emotion:

A. Emotion causes physiological responses

B. Physiological arousal and emotion occur simultaneously

C. Cognition determines emotion

D. Physiological arousal precedes and causes emotional experience

34. The sick role, a concept from medical sociology, describes:

A. Actual disease processes

B. Bacterial infections only

C. No social dimensions of illness

D. Socially defined behaviors and expectations for ill individuals, including exemption from normal
responsibilities and seeking competent help

PASSAGE 6 (Questions 35-39): Piaget's Theory of Cognitive
Development

Jean Piaget's stage theory proposes that children progress through qualitatively distinct cognitive
developmental stages. Unlike continuous development views emphasizing gradual accumulation, Piaget

argued development involves reorganizations of mental structures (schemas) creating fundamentally
different ways of understanding the world.
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The sensorimotor stage (birth to 2 years) involves learning through sensory experiences and motor actions.
Key achievement is object permanence—understanding objects exist when not perceived. Young infants
act as if hidden objects cease existing; by 8-12 months, they search for hidden objects, demonstrating
internal representations. A-not-B error illustrates continued limitations: infants repeatedly search location
A where objects were previously hidden, even after watching the object hidden at location B, suggesting
immature executive function and working memory.

The preoperational stage (2 to 7 years) brings symbolic thought—using words and images to represent
objects. Language development explodes. However, thinking remains egocentric—difficulty taking
others' perspectives. The three-mountains task demonstrates this: children describe scenes from their
viewpoint, unable to imagine how it looks from another position. Centration—focusing on single salient
features while ignoring others—prevents logical reasoning. Conservation tasks illustrate this: pouring
water from short, wide glass into tall, thin glass, preoperational children claim quantities differ, focusing
on height while ignoring width.

The concrete operational stage (7 to 11 years) brings logical thinking about concrete situations. Children
master conservation (understanding quantity unchanged by appearance changes), reversibility (mentally
undoing operations), and classification (organizing objects into hierarchies). However, abstract
hypothetical thinking remains difficult. Asked "If Sally is taller than Jane, and Jane is taller than Maria,
who's tallest?" concrete operational children struggle without seeing the girls.

The formal operational stage (11+ years) enables abstract, hypothetical reasoning. Adolescents can think
systematically about possibilities, not just concrete realities. Scientific reasoning emerges: generating
hypotheses, designing tests, drawing logical conclusions. The pendulum problem illustrates formal
operations: determining which variables (string length, weight, release height, push force) affect swing
period requires systematic testing of each variable while holding others constant. Formal operational
thinkers approach this systematically; concrete operational children test haphazardly.

Criticisms of Piaget's theory include: (1) stages aren't as discrete as claimed—children show uneven
development across domains (décalage), (2) he underestimated infant and young children's abilities—
simplified tasks reveal earlier competence, (3) cultural variation receives insufficient attention—formal
operations emerge less universally than earlier stages, and (4) social and emotional factors receive little
emphasis. Neo-Piagetian theories preserve stage concepts while incorporating information processing
perspectives and acknowledging more flexibility.

Developmental psychology research:
Object permanence:
e 4 months: Infants don't search for hidden objects
o 8 months: Search for objects at location A
e 9 months: A-not-B error—continue searching A even when toy hidden at B
e 12 months: Successfully search at B, demonstrating mature object permanence

e Violation of expectation studies suggest earlier implicit understanding

Conservation of liquid:
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Preoperational (5 years): Same amounts in identical glasses — "Same"

Pour one into tall, thin glass — "The tall one has more" (focuses on height, ignores width)
Concrete operational (8 years): Correctly states "Same amount" after pouring

Explains: "You just poured it; you can pour it back" (reversibility)

Three mountains task:

e Child sits viewing three mountains of different colors

Doll placed at different position

Asked: "What does the doll see?"

Preoperational: Describes own view (egocentric)

Concrete operational: Correctly describes doll's perspective

Formal operations - pendulum problem:

o Variables: String length, weight, release height, push force

e Concrete operational: Tests randomly, changes multiple variables simultaneously, can't isolate
effects

o Formal operational: Systematically varies one variable while controlling others, correctly
identifies string length as sole determinant

Cross-cultural findings:

e Sensorimotor and preoperational stages: Universal timing and sequence

o Concrete operations: Universal but timing varies (Western children slightly earlier on some
tasks)

o Formal operations: Not universal—many adults don't demonstrate formal operational thought,
especially in traditional societies

e Suggests cultural tools (schooling, literacy) influence higher-level development

35. Object permanence developing around 8-12 months demonstrates that infants:

A. Never represent objects mentally

B. Understand internal representations of objects existing when not directly perceived
C. Have no memory

D. Cannot learn

36. Preoperational children failing conservation tasks due to centration demonstrates:
A. Logical operational thinking

B. Perfect reasoning

C. Focusing on single perceptual features while ignoring others, preventing logical thought

D. Abstract thinking

37. The three mountains task revealing egocentrism in preoperational children shows:
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A. Children can easily take all perspectives

B. No cognitive development occurs

C. Theory of mind is fully developed

D. Difficulty understanding others' perspectives differ from their own

38. Formal operational thinking enabling systematic hypothesis testing in the pendulum problem
demonstrates:

A. Concrete thinking only

B. Inability to reason

C. No scientific thinking

D. Abstract, hypothetical reasoning and systematic experimentation

39. Cross-cultural research showing formal operations aren't universal (unlike earlier stages)
suggests:

A. All cognitive development is purely biological maturation

B. Culture and education influence higher-level cognitive development
C. Formal operations have no prerequisites

D. All adults worldwide show identical cognition

PASSAGE 7 (Questions 40-43): Stress, Coping, and Health

Hans Selye's General Adaptation Syndrome (GAS) describes physiological stress responses in three
stages. The alarm stage involves immediate sympathetic nervous system activation ("fight-or-flight"):
increased heart rate, blood pressure, respiration, cortisol release, and glucose mobilization. This acute
stress response enhances survival during immediate threats. The resistance stage involves sustained
physiological arousal if stress continues—the body attempts to cope while maintaining elevated stress
hormones. The exhaustion stage occurs with prolonged stress—resources deplete, physiological systems
malfunction, increasing vulnerability to illness.

The hypothalamic-pituitary-adrenal (HPA) axis mediates stress responses. Hypothalamus secretes CRH
(corticotropin-releasing hormone), stimulating pituitary ACTH (adrenocorticotropic hormone) release,
which triggers adrenal cortex cortisol secretion. Cortisol mobilizes energy, enhances cardiovascular
function, and suppresses immune function. Chronic HPA activation proves maladaptive: prolonged
cortisol elevation impairs immune function, damages hippocampus (affecting memory), and increases
metabolic disease risk.

Richard Lazarus's cognitive appraisal theory emphasizes subjective stress evaluation. Primary appraisal
assesses whether situations are threatening, challenging, or benign. Secondary appraisal evaluates coping
resources and options. The same objective stressor produces different stress responses depending on
appraisal. Job deadlines appraised as challenges (opportunities to demonstrate competence) produce less
physiological stress than deadlines appraised as threats (potential failures).
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Coping strategies fall into two categories. Problem-focused coping addresses stressors directly (studying
for exams, confronting problems, seeking solutions). Emotion-focused coping manages emotional
responses (reinterpreting situations positively, seeking emotional support, exercising). Effectiveness
depends on controllability: problem-focused coping works better for controllable stressors; emotion-
focused coping suits uncontrollable situations. Avoidance coping (denial, substance use) generally proves
maladaptive long-term.

Social support provides powerful stress buffering. Emotional support (empathy, caring) helps during
uncontrollable stress. Instrumental support (tangible assistance) helps with controllable problems.
Informational support (advice, information) aids problem-solving. Meta-analyses confirm social support
reduces morbidity and mortality. Mechanisms include: encouraging health behaviors, providing coping
resources, and directly influencing physiological stress responses.

Chronic stress contributes to physical illness through multiple pathways. Immune suppression increases
infection and cancer susceptibility. Cardiovascular effects (hypertension, atherosclerosis) increase heart
disease and stroke risk. Metabolic dysregulation promotes diabetes and obesity. These
psychophysiological relationships demonstrate mind-body integration—psychological states influence
physical health through biological mechanisms.

Stress and health research:
HPA axis during examination stress:
e Baseline (no exam): Cortisol = 12 pg/dL, NK cell activity = 100%
e 1 week before exam: Cortisol = 18 pg/dL, NK cells = 85%
o Exam day: Cortisol = 28 pg/dL, NK cells = 60%, upper respiratory infections increase 40%
e Post-exam: Cortisol and NK cells gradually normalize
o Demonstrates stress-immune relationships

Cognitive appraisal experiment:

o Participants complete stressful task (public speaking)
e Challenge framing: "Show your communication skills" — Cortisol = 15 pg/dL, performance

score = 8.5
e Threat framing: "Your abilities will be evaluated" — Cortisol =22 pg/dL, performance score =
6.5

o Demonstrates appraisal influences physiological response and performance
Coping effectiveness:

o Controllable stressor (upcoming exam):
o Problem-focused coping (studying, planning): Low stress, high performance
o Emotion-focused coping (reframing anxiety): Moderate stress, moderate performance
o Avoidance coping (denial, procrastination): High stress, low performance
e Uncontrollable stressor (loved one's terminal illness):
o Emotion-focused coping: Better adjustment
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o Problem-focused coping: Frustration (can't change outcome)
Social support and mortality:

e 9-year prospective study of 7,000 adults

e Low social support: Mortality rate = 12%

e High social support: Mortality rate = 6%

o Effect persists controlling for health behaviors, baseline health
o Demonstrates social support's protective effects

Chronic stress and telomeres:

e Mothers caring for chronically ill children (high chronic stress): Telomeres equivalent to 10
years additional aging

e Perceived stress correlates with shorter telomeres (r = -0.35)

e Suggests chronic stress accelerates biological aging at cellular level

40. The HPA axis producing prolonged cortisol elevation during chronic stress leading to immune
suppression demonstrates:

A. Short-term stress adaptation

B. Perfect homeostasis

C. Beneficial effects only

D. How adaptive acute stress responses become maladaptive when chronically activated

41. Lazarus's cognitive appraisal theory proposing that subjective evaluation determines stress
impact explains why:

A. All stressors produce identical responses

B. Objective events alone determine stress

C. Physiology is irrelevant

D. Identical situations produce different stress levels depending on how they're interpreted

42. Problem-focused coping proving more effective for controllable stressors while emotion-
focused coping suits uncontrollable situations demonstrates:

A. One coping style always works best

B. Coping strategies are interchangeable

C. Effective coping requires matching strategy to stressor characteristics
D. All coping is equally effective

43. Social support reducing mortality even controlling for health behaviors and baseline health
suggests:

A. Social support has no real effects
B. Social relationships directly influence physiological processes beyond just encouraging healthy
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behaviors
C. Mortality is predetermined
D. Physical health is independent of social factors

DISCRETE QUESTIONS (44-46)

44. The sympathetic nervous system activation during stress produces:

A. Decreased heart rate and blood pressure

B. Digestive activation

C. Muscle relaxation

D. Increased heart rate, blood pressure, and energy mobilization ("fight-or-flight")

45. Confirmation bias, the tendency to seek information supporting existing beliefs while ignoring
contradictory information, can contribute to:

A. Perfectly objective reasoning

B. Eliminating all beliefs

C. Stereotype persistence despite disconfirming evidence
D. Completely unbiased thinking

46. Medicalization refers to:

A. Providing medical treatment only

B. Defining non-medical issues as medical problems requiring medical treatment and intervention
C. Hospital construction

D. Medical research exclusively

PASSAGE 8 (Questions 47-51): Attachment Theory and
Development

John Bowlby's attachment theory proposes that infants form emotional bonds with caregivers serving
evolutionary functions—protection and survival. These early attachments influence social-emotional
development throughout life. Mary Ainsworth's Strange Situation procedure assesses attachment quality
through structured separations and reunions between infant and caregiver.

Secure attachment (60-65% of infants) involves using caregivers as secure bases for exploration. Securely
attached infants explore confidently when caregivers are present, show distress during separation, and
greet caregivers warmly upon reunion, quickly returning to exploration. This pattern reflects consistent,
responsive caregiving. Secure attachment predicts better outcomes: stronger peer relationships, higher
self-esteem, better emotion regulation, and academic success.
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Insecure-avoidant attachment (20-25%) involves apparent independence and limited distress during
separation. However, physiological measures (cortisol, heart rate) reveal hidden stress. Upon reunion,
avoidant infants ignore or avoid caregivers, continuing play without seeking comfort. This pattern reflects
consistently unresponsive or rejecting caregiving. Avoidant children learn to suppress attachment needs,
developing self-reliant facades masking underlying insecurity.

Insecure-resistant/ambivalent attachment (10-15%) involves clingy, anxious behavior even before
separation, intense distress during separation, and difficulty settling upon reunion—simultaneously
seeking and resisting contact. This pattern reflects inconsistent caregiving—sometimes responsive,
sometimes not—creating uncertainty about caregiver availability. Resistant children develop
hyperactivated attachment systems, constantly monitoring caregiver accessibility.

Disorganized attachment (5-10%) involves contradictory, confused behaviors—approaching caregivers
while looking away, freezing, or showing fear of caregivers. This pattern associates with frightening or
frightened caregiving, often in maltreating families. Disorganized attachment predicts highest risk for
psychopathology, particularly dissociative symptoms and difficulty regulating emotions.

Internal working models—mental representations of self, others, and relationships—emerge from early
attachment experiences. Secure attachment fosters positive models: "I am worthy of love; others are
trustworthy and responsive." Insecure attachment creates negative models: "I am unworthy; others are
unreliable or rejecting." These models guide expectations, emotions, and behaviors in future relationships,
exhibiting continuity from infancy through adulthood.

Adult attachment styles, measured through self-report or interviews, show moderate stability from
childhood. Secure adults describe relationships as trusting and supportive. Dismissing (corresponding to
avoidant) adults minimize attachment importance, emphasizing independence. Preoccupied
(corresponding to resistant) adults describe relationships anxiously, fearing rejection. Disorganized
attachment corresponds to fearful-avoidant style—desiring closeness while fearing hurt. Adult attachment
predicts relationship quality, parenting behavior, and mental health.

Attachment research:
Strange Situation classifications:

e Secure (65%): Explores confidently — distressed by separation — greets caregiver warmly,
calms quickly

e Avoidant (20%): Limited exploration — minimal separation distress — ignores/avoids caregiver
at reunion, but cortisol elevated

o Resistant (10%): Clingy before separation — intense distress — seeks contact but resists
comfort, remains distressed

e Disorganized (5%): Contradictory behaviors — freezes, approaches while avoiding gaze —
confused/fearful of caregiver

Longitudinal outcomes (26-year follow-up):

o Secure attachment at 12 months predicts:
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Better romantic relationships at age 26 (satisfaction, trust)
Lower anxiety and depression
Higher self-esteem
o Better conflict resolution skills
o Demonstrates long-term consequences

O O O

Internal working models:

e Securely attached children: "My mother is helpful" (95% agreement), "I am lovable" (90%)
e Avoidantly attached: "My mother is helpful" (40%), "I don't need others" (75%)
o Demonstrates different self/other representations

Intergenerational transmission:

o Parent attachment (measured in pregnancy) predicts infant attachment (r = 0.47)

e Secure mothers — 75% secure infants

o Insecure mothers — 40% secure infants

e Adult Attachment Interview predicting infant attachment before birth demonstrates working
models influence parenting

Cross-cultural patterns:

o Secure attachment: Universal majority (50-70% across cultures)

o Distribution variations: German infants show more avoidance, Japanese infants more resistance
o Reflects cultural parenting practices (German independence emphasis, Japanese closeness)

o Basic attachment exists universally; distributions vary culturally

47. Securely attached infants using caregivers as secure bases for exploration demonstrates:

A. Infants don't explore

B. Attachment prevents exploration

C. Secure attachment provides confidence to explore, knowing caregiver is available if needed
D. Attachment is irrelevant to exploration

48. Avoidantly attached infants showing elevated cortisol despite minimal behavioral distress
reveals:

A. No real stress exists

B. Physiological and behavioral responses can dissociate—apparent independence masks underlying
stress

C. Cortisol is unrelated to stress

D. Avoidance is optimal

49. Internal working models developed from early attachment experiences influencing adult
relationships demonstrates:
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A. Childhood has no lasting effects

B. All relationships are identical

C. Adults have no relationship patterns

D. Early social experiences shape expectations and behavior patterns that show developmental
continuity

50. The Strange Situation revealing different attachment patterns (secure, avoidant, resistant,
disorganized) based on reunion behaviors suggests:

A. All infants behave identically

B. Attachment quality is meaningless

C. Separation is traumatic for all

D. Infants develop different strategies for regulating attachment needs based on caregiving history

51. Longitudinal research showing secure infant attachment predicting better adult relationship
quality (26 years later) demonstrates:

A. Infant behavior has no predictive validity

B. All development is discontinuous

C. Early attachment quality has long-term implications for social-emotional functioning
D. Adult relationships are random

PASSAGE 9 (Questions 52-56): Attributional Bias and Social
Cognition

Attribution theory examines how people explain behavior causes—their own and others'. Fritz Heider
distinguished internal (dispositional) attributions—explaining behavior through personality, abilities,
attitudes—from external (situational) attributions—explaining through environmental factors,
circumstances, social pressure. Harold Kelley's covariation model proposes people consider consensus
(do others behave similarly?), distinctiveness (does the person behave differently in other situations?), and
consistency (does the person always behave this way?) when making attributions.

The fundamental attribution error (correspondence bias) describes overemphasizing internal factors while
underestimating situational factors when explaining others' behavior. Observers attribute someone's
rudeness to personality (dispositional) rather than considering they might be stressed or hurrying
(situational). This bias reflects cognitive efficiency—dispositions seem stable and predictive while
situations are complex and variable. It's stronger in individualist cultures emphasizing personal agency
than collectivist cultures emphasizing social context.

The actor-observer bias involves asymmetric attributions: we attribute our own behavior to situations but

others' behavior to dispositions. When we fail exams, we blame difficulty or distractions (situational);
when others fail, we assume they're unprepared or unintelligent (dispositional). This occurs partly because
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we have more information about our own situational variability across contexts, while observing others
provides primarily behavioral information without full situational awareness.

Self-serving bias involves taking credit for success (internal attribution) while blaming failure on external
factors. Students attribute good grades to ability/effort but poor grades to unfair tests or bad teaching. This
protects self-esteem and maintains positive self-image. However, depressed individuals show reversed
pattern—attributing success to external factors ("I got lucky") and failure to internal factors ("I'm
incompetent"), contributing to negative self-view and hopelessness.

The just-world hypothesis—believing the world is fair and people get what they deserve—can lead to
victim blaming. Observing others' suffering creates discomfort; believing victims somehow caused their
misfortune (dispositional attribution) restores justice beliefs. Rape victims may be blamed for clothing
choices; poverty may be attributed to laziness rather than structural factors. This protects observers'
worldview but causes harmful secondary victimization.

Cultural differences in attribution exist. Individualist cultures (Western) show stronger fundamental
attribution error, emphasizing personal control and responsibility. Collectivist cultures (East Asian) attend
more to situational context and relationships, showing more balanced attributions. These patterns reflect
different cultural models of self—independent (emphasizing autonomy, uniqueness) versus
interdependent (emphasizing relationships, social harmony).

Attribution research:
Fundamental attribution error demonstration:

o Participants read essays arguing for/against Fidel Castro

e Told writers chose position (free choice) OR assigned position by coin flip (no choice)

o Asked to estimate writers' true attitudes

o Results: Even when writers assigned positions, participants inferred attitudes matched essay
content

o Demonstrates underweighting strong situational constraints

Actor-observer bias:

o Students explain their own poor exam: 75% cite situational factors (difficult test, distractions)
o Students explain others' poor exams: 60% cite dispositional factors (lack of ability/preparation)
e Same behavior, different attributions depending on perspective

Self-serving bias study:

o Teachers evaluate teaching performance and student learning

e Success (high student scores): 85% attribute to teaching quality (internal)
o Failure (low scores): 70% attribute to student ability/motivation (external)
e Control: External observers make more balanced attributions

o Demonstrates ego-protective function
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Cultural differences:

e American participants: Strong fundamental attribution error

e Japanese participants: More balanced, greater attention to situational context
e Americans emphasize dispositions 2:1 over situations

e Japanese show 1:1 ratio

e Demonstrates cultural learning of attribution patterns

Just-world belief and victim blaming:

o Participants read rape scenario

o High just-world belief participants: Rated victim as more responsible, rapist as less responsible
e Low just-world belief: More balanced responsibility attribution

e Demonstrates justice beliefs can lead to harmful victim blame

52. The fundamental attribution error overemphasizing dispositional factors when explaining
others' behavior occurs because:

A. Situations don't influence behavior

B. Observers focus on salient actors while situational factors are less visible, and dispositions seem
stable/predictive

C. Everyone has perfect information

D. Dispositions don't exist

53. Actor-observer bias (attributing own behavior situationally, others' dispositionally) arises
partly because:

A. All perspectives are identical

B. People lie about themselves

C. No information differences exist

D. We have more information about our own situational variability across contexts

54. Self-serving bias (crediting success internally, blaming failure externally) primarily functions
to:

A. Ensure accurate self-assessment

B. Protect self-esteem and maintain positive self-image
C. Eliminate all success

D. Guarantee failure

55. Depressed individuals showing reversed self-serving bias (attributing success externally,
failure internally) contributes to:

A. Improved mood
B. Realistic optimism
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C. Negative self-view and hopelessness characteristic of depression
D. No emotional effects

56. Collectivist cultures showing more balanced attributions (less fundamental attribution error)
than individualist cultures demonstrates:

A. Biology determines all attribution

B. Culture influences cognitive processes including how we explain behavior
C. Everyone reasons identically

D. Attribution patterns are innate

DISCRETE QUESTIONS (57-59)

57. The basal ganglia, including structures like the caudate nucleus and putamen, are primarily
involved in:

A. Language comprehension

B. Emotional processing only

C. Visual perception

D. Motor control and procedural learning

58. Observational learning (vicarious learning), as studied by Albert Bandura, occurs when:

A. Direct reinforcement is always necessary

B. No learning is possible

C. Organisms cannot learn from others

D. Individuals learn by watching others' behaviors and their consequences

59. Health disparities—differences in health outcomes between social groups—result from:
A. Genetic factors exclusively
B. Individual choices only

C. Socioeconomic factors, healthcare access, environmental conditions, and discrimination
D. Random variation with no systematic patterns
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SECTION 1: ANSWER EXPLANATIONS

1. B - NADH and FADH: donating electrons to the electron transport chain for oxidative
phosphorylation

The citric acid cycle itself produces only 1 GTP per turn through substrate-level phosphorylation. The
majority of ATP (~25 out of 32 total per glucose) comes from NADH and FADH: donating electrons to
the electron transport chain, driving oxidative phosphorylation via chemiosmosis.

2. D - Negative feedback from high-energy signals matching cycle activity to cellular energy status

High ATP and NADH signal sufficient energy, so citrate synthase is inhibited to prevent wasteful fuel
oxidation. This negative feedback ensures the cycle runs only when energy is needed, representing elegant
metabolic regulation.

3. A - Cycle intermediates are removed for biosynthesis and must be replenished

Cycle intermediates serve as precursors for amino acids, heme, and other molecules. Anaplerotic reactions
(like pyruvate — oxaloacetate via pyruvate carboxylase) replenish these intermediates, preventing cycle
depletion and maintaining capacity for acetyl-CoA oxidation.

4. C - Aerobic metabolism is far more efficient than anaerobic glycolysis

Complete glucose oxidation through glycolysis, citric acid cycle, and oxidative phosphorylation yields
~32 ATP versus only 2 ATP from anaerobic glycolysis alone. This 16-fold difference demonstrates
aerobic metabolism's dramatic efficiency advantage.

5. B - Oxaloacetate functions catalytically—regenerated each cycle to enable continuous acetyl-CoA
oxidation

The experiment shows acetyl-CoA cannot be oxidized without oxaloacetate present. However, only
catalytic (0.1 mM) amounts are needed because oxaloacetate is regenerated each cycle—consumed in
citrate synthesis but reformed by cycle's end, enabling continuous operation.

6. D - Moles of base added equal moles of acid initially present

The equivalence point occurs when stoichiometrically equivalent amounts of acid and base have reacted
(moles H* = moles OH™ added). This differs from the half-equivalence point where pH = pKa, and isn't
necessarily at equal volumes if concentrations differ.

7. A - Velocity equals zero and acceleration equals -9.8 m/s?

At maximum height, instantaneous velocity = 0 (object momentarily stops before falling). However,

acceleration remains constant at -9.8 m/s? (gravitational acceleration) throughout flight—it never becomes
zero or changes direction.
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8. C - Carbocation formation through heterolytic bond cleavage

SN1 ("substitution nucleophilic unimolecular") proceeds through rate-determining carbocation formation.
The leaving group departs first, creating a carbocation intermediate, then the nucleophile attacks in a
separate fast step. First-order kinetics depend only on substrate concentration.

9. C - Zn has more negative reduction potential, making it more readily oxidized

Zn*/Zn has E° = -0.76 V (more negative than Cu?*"/Cu at +0.34 V). More negative E° means weaker
attraction for electrons, so zinc more readily loses electrons (oxidation), serving as the anode where
oxidation occurs.

10. A - The reaction is spontaneous under standard conditions

Positive E°cell (+1.10 V) indicates spontaneous electron flow under standard conditions. This relates to
thermodynamics: AG® = -nFE°cell, so positive E° yields negative AG® (spontanecous). The reaction
proceeds without external energy input.

11. D - Decrease as Q increases (products/reactants ratio increases)

Nernst equation: E = E° - (0.0592/n)log(Q). Decreasing [Cu**] while maintaining [Zn?] increases Q =
[Zn**]/[Cu*"]. As Q increases, the logarithm term becomes more positive, making the subtracted term
larger, decreasing E.

12. B - More positive E°cell corresponds to more negative AG®, indicating greater spontaneity

AG® = -nFE°cell establishes inverse relationship: more positive (favorable) E° produces more negative
(spontaneous) AG°. Both measure thermodynamic favorability—voltage from electron perspective, free
energy from overall system perspective.

13. C - AG = 0 at equilibrium, and since AG = -nFE, E must equal zero

At equilibrium, no net reaction occurs, so AG = 0. Since AG = -nFE, when AG = 0, E must equal 0. No
driving force remains for electron flow; forward and reverse rates balance.

14. A - Zwitterion with net negative charge since pH > pl

At pH 7.4 (above glycine's pl of 5.97), glycine exists as a zwitterion but with net negative charge. The
carboxyl group is fully deprotonated (-COO~) while the amino group is partially protonated, giving net
negative charge when pH > pl.

15. B - Net negative charge because pH >> pl

When pH greatly exceeds pl (7.4 >> 3.22), the amino acid is predominantly in its most deprotonated form.

For glutamate, both carboxyl groups are deprotonated while the amino group may be protonated, yielding
net -2 or -1 charge.
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16. D - 99% ionized

Henderson-Hasselbalch: pH = pKa + log([A"]/[HA]). At pH = pKa + 2, we have 2 = log([A]/[HA]), so
[A7]/[HA] = 100. This means [A~] = 100[HA], so the group is ~99% ionized (100 out of 101 total).

17. C - It carries net positive charge at pH below its pl

Lysine's pI = 9.74. At pH 7 (below pl), lysine has net positive charge (both amino groups protonated, one
carboxyl deprotonated: +2 -1 = +1 net). Positively charged molecules migrate toward the cathode
(negative electrode) during electrophoresis.

18. A - An amide linkage formed through condensation between carboxyl and amino groups
Peptide bonds form when the carboxyl group of one amino acid reacts with the amino group of another,
releasing water (condensation). The resulting -CO-NH- linkage is an amide bond, the fundamental linkage
in proteins.

19. B - Shift equilibrium toward ammonia production (fewer moles of gas)

Le Chatelier's principle: increasing pressure favors the side with fewer gas molecules. Reactants have 4
total moles gas (1 Nz + 3 Hz) while products have 2 moles NHs. The system shifts right to relieve pressure
stress.

20. D - Positive and equal to W = -[PdV (gas does work on surroundings)

During expansion, gas does work on surroundings (pushing against external pressure), so W is negative
from the system's perspective (energy leaves). However, the magnitude of work done BY the gas is
positive: W = -JPdV where dV > 0.

21. C - (4n + 2) w electrons in a planar, cyclic, conjugated system

Hiickel's rule defines aromaticity: planar, cyclic, fully conjugated systems with (4n + 2) & electrons (where
n=0, 1, 2...) exhibit aromatic stability. Benzene has 6 m electrons (n=1), making it aromatic. Systems with
4n m electrons are antiaromatic.

22. D - Water has higher refractive index (n = 1.33 > 1.00), slowing light

Snell's law: nisin(61) = n2sin(02). When light enters a denser medium (higher n), it slows down and bends
toward the normal. Water's n = 1.33 > air's n = 1.00, causing refraction toward normal (62 < 0:).

23. A - Object beyond focal length produces real, inverted image on opposite side
When object distance do exceeds focal length f (30 cm > 20 cm), converging lenses form real, inverted

images on the opposite side (positive di). The thin lens equation confirms: 1/20 = 1/30 + 1/di gives di =
+60 cm (real image).
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24. C - Negative, producing virtual images

For diverging lenses, f < 0. The thin lens equation 1/f = 1/do + 1/di always yields negative di (since 1/fis
negative and 1/do is positive, their sum is negative). Negative di indicates virtual images on the same side
as the object.

25. B - Energy inversely proportional to wavelength (E = hc/A)

E = hc/A shows energy is inversely proportional to wavelength. Blue light (450 nm, shorter A) has higher
energy than red light (650 nm, longer A). Shorter wavelengths pack more energy per photon—why UV
causes sunburn but visible light doesn't.

26. C - pH = pKa and [acid] = [conjugate base]

Maximum buffering occurs when pH = pKa (when [HA] = [A™]). At this point, the buffer can neutralize
added acid or base equally well. The buffering range is typically pKa = 1, where the buffer maintains
effectiveness.

27.D - Acetate ion (A") neutralizes added H*, converting to acetic acid (HA)

Buffers resist pH change because the conjugate base (A~) neutralizes added acid: H* + A~ — HA. This
consumes most added H*, preventing large pH drops. The equilibrium shifts but pH changes minimally
due to the logarithmic relationship in Henderson-Hasselbalch.

28. B - Stronger acids have weaker conjugate bases (inverse relationship)

For conjugate acid-base pairs, Ka x Kb = Kw. Since Kw is constant (107'%), if Ka is large (strong acid),
Kb must be small (weak conjugate base), and vice versa. This inverse relationship reflects proton
affinity—strong acids release protons easily, so their conjugate bases recapture them poorly.

29. A - 5.0 to maximize buffering capacity

Optimal buffering occurs when pH = pKa. To buffer at pH 5.0, choose an acid with pKa = 5.0. This
ensures equal amounts of HA and A-, providing maximum capacity to neutralize added acid or base.

30. C - Higher buffer concentration provides greater capacity to neutralize added acid or base
Buffer B (0.10 M) contains 10x more buffer molecules than Buffer A (0.01 M). When acid is added,

Buffer B has more A~ to neutralize it, resulting in smaller pH change. Capacity depends on absolute
concentration, not just the ratio [A"]/[HA].

31.A-+5
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In NOs7, oxygen is -2 (each). Total charge = -1. Let N oxidation state = x. Then: x + 3(-2) =-1,s0x - 6 =
-1, thus x = +5. Nitrogen is in its highest common oxidation state in nitrate.

32. B - No heat exchange occurs with surroundings (Q = 0)

"Adiabatic" means thermally isolated—no heat transfer (Q = 0). During adiabatic expansion, the gas does
work (W <0), so by first law (AU = Q - W), internal energy decreases and temperature drops. The system
uses internal energy for expansion work.

33. D - Concerted anti-periplanar transition state

E2 elimination is concerted (one step): base removes proton while leaving group departs simultaneously.
The optimal geometry is anti-periplanar (H and leaving group 180° apart on opposite sides), allowing
orbital overlap for = bond formation as ¢ bonds break.

34. B - Energy increases potential energy (overcoming lattice forces) not Kkinetic energy
(temperature)

During phase transitions, added energy breaks intermolecular forces (increasing potential energy) rather
than increasing molecular motion (kinetic energy = temperature). Temperature remains constant until the
phase transition completes, then resumes rising.

35. C - Extensive hydrogen bonding in water requiring more energy to overcome

Water's high AHvap (40.7 kJ/mol) versus methane's low AHvap (8.2 kJ/mol) reflects intermolecular force
strength. Water forms extensive hydrogen bonds requiring substantial energy to break completely for
vaporization. Methane has only weak London dispersion forces.

36. D - Vapor pressure equals atmospheric pressure (typically 1 atm at normal boiling point)

At the boiling point, vapor pressure equals external atmospheric pressure. This equilibrium allows bubbles
of vapor to form throughout the liquid (not just at surface), defining the boiling point. For water at sea

level, this occurs at 100°C when vapor pressure reaches 760 mmHg = 1 atm.

37. D - Vaporization completely overcomes intermolecular forces while melting only partially
overcomes them

Vaporization requires breaking ALL intermolecular forces (molecules completely separated in gas phase),
while melting only loosens them (molecules still in contact in liquid). This explains why AHvap (40.7
kJ/mol) is ~7x larger than AHfus (6.0 kJ/mol) for water.

38. B - More molecules have sufficient energy to escape the liquid phase at higher temperatures
Vapor pressure increases exponentially with temperature (Clausius-Clapeyron) because higher

temperature means more molecules possess kinetic energy exceeding the activation energy for
vaporization. The high-energy tail of the Maxwell-Boltzmann distribution extends farther at higher T.
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39. D - Second-order Kinetics (rate o< [NO:|?)

When [NO:] doubles (0.010 — 0.020 M), rate quadruples (2.5x107° — 1.0x10~* M/s). The 4 rate increase
indicates second-order: Rate = k[NO:]?, so doubling concentration gives (2)? = 4x rate increase.

40. D - Half-life is characteristic of the reaction, not starting amount

For first-order reactions, ti/> = 0.693/k depends only on the rate constant k, not on initial concentration
[Alo. This constant half-life distinguishes first-order from second-order (where ti/> = 1/(k[A]o) depends on
concentration).

41. C - Reaction rates typically increase dramatically with modest temperature increases

The Arrhenius equation k = Ae™(-Ea/RT) shows exponential temperature dependence. The negative
exponent means k increases exponentially as T increases. A 10°C rise often doubles or triples reaction
rate—explaining why refrigeration preserves food and fever accelerates metabolism.

42. D - The rate-determining step controls overall reaction rate

The slowest step (NO2 + NOz2 — NOs + NO) is the bottleneck limiting overall rate. Fast subsequent steps
don't matter—overall rate equals rate of the slow step. This explains why the experimental rate law (Rate
= k[NO:]?*) matches the slow step's rate law.

43. D - Increasing the fraction of molecules with sufficient energy to react

Catalysts lower Ea, meaning more molecules possess energy > Ea at a given temperature. This increases
the fraction of successful collisions. Catalysts don't change AG (thermodynamics), only the pathway and
rate. They're not consumed overall, so they don't appear in net equations.

44. D - Temporary, instantaneous dipoles creating induced dipoles in neighboring molecules
London dispersion forces arise from instantaneous, temporary dipoles caused by fleeting electron
distribution asymmetries. These temporary dipoles induce dipoles in neighboring molecules, creating
weak attractions. Present in all molecules, they're the only forces in nonpolar species.

45. C - Negligible molecular volume and no intermolecular forces

The ideal gas law assumes: (1) gas molecules are point masses (zero volume), and (2) no intermolecular
attractions or repulsions exist. Real gases deviate from ideality at high pressure (volume matters) and low
temperature (attractions matter). The van der Waals equation corrects for these.

46. B - Maintain electrical neutrality by allowing ion flow between half-cells

As electrons flow through external circuit (anode — cathode), charge imbalance develops: the anode
solution becomes positively charged (cations produced), cathode solution becomes negatively charged
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(cations consumed). The salt bridge allows ions to migrate, maintaining electrical neutrality and
completing the circuit.

47. C - Vmax/2 (half-maximal velocity)

Km is defined as the substrate concentration yielding half-maximal velocity. At [S] = Km, the Michaelis-
Menten equation v = (Vmax[S])/(Km + [S]) becomes v = Vmax-Km/(Km + Km) = Vmax/2. This defines
the Michaelis constant.

48. B - Higher substrate affinity (enzyme binds substrate more readily at lower concentrations)
Lower Km means the enzyme reaches half-maximal velocity at lower [S], indicating it binds substrate
more tightly (higher affinity). An enzyme with Km = 0.5 mM is "half-saturated" at lower concentration
than one with Km =5 mM.

49. D - High substrate concentration can overcome inhibition by outcompeting the inhibitor
Competitive inhibitors bind the active site, competing with substrate. Increasing [S] allows substrate to
outcompete inhibitor, restoring activity toward Vmax. This explains why apparent Km increases (need
more [S] to reach Vmax/2) while Vmax remains unchanged (achievable at sufficiently high [S]).

50. B - Cannot be overcome by increasing [S]

Non-competitive inhibitors bind a site distinct from the active site (allosteric site), reducing enzyme's
catalytic efficiency. Since inhibitor and substrate don't compete for the same site, increasing [S] cannot
overcome inhibition. Vmax decreases because a fraction of enzyme is always impaired, while Km is
unchanged.

51. B - Faraday's laws connecting electrical charge to chemical amounts

Faraday's laws quantitatively relate coulombs of charge (macroscopic electrical measurement) to moles
of substance transformed (molecular-scale chemistry). The calculation n(e”) = Q/F then stoichiometry
bridges these scales, demonstrating electrochemistry's unification of electricity and chemistry.

52. D - Stoichiometry: 4e” produce 2H: but only 10:

Water electrolysis: 2H-O + 2e- — H: + 20H™ (cathode) and 2H>0 — O: + 4H* + 4e~ (anode). Overall:
2H>0 — 2H: + O.. Four electrons produce 2 moles Hz but only 1 mole Oz, giving the 2:1 ratio observed.

53. C - Silver has higher molar mass and requires only 1 e vs. 2 e for copper
Same charge (0.187 mol e): Ag" + e — Ag gives 0.187 mol Ag, while Cu** + 2¢- — Cu gives only
0.0933 mol Cu (half). Additionally, Ag has higher molar mass (107.87 vs. 63.55 g/mol). Combined, silver

deposits ~3.4x more mass.

54. B - Macroscopic electrical measurements (coulombs) to molecular-scale chemistry (moles)
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The Faraday constant (96,485 C/mol ¢") is the crucial conversion factor linking macroscopic quantities
we measure (current in amperes, charge in coulombs) to molecular quantities (moles of electrons, then
moles of chemical species). This enables quantitative electrochemistry.

55. B - Forcing electrons to flow against their spontaneous direction

Electrolytic cells have negative E°cell (nonspontaneous). External voltage provides energy to force
electrons uphill (from lower to higher potential), driving reactions that wouldn't occur spontaneously.
Energy input (electrical) converts to chemical potential energy (products).

56.D - [Ar] 3d°

Iron is [Ar] 3d® 4s. When forming Fe**, remove 3 electrons: both 4s electrons first (higher energy in
cations), then one 3d electron. Result: [Ar] 3d°. This configuration (half-filled d subshell) provides some
stability.

57. C - Decrease by half (inverse relationship, Boyle's law)

Boyle's law: P:1Vi = P.V: at constant temperature. If V doubles (V2 = 2V1), then P> = P1V1/V2 = Pi/2.
Pressure and volume are inversely proportional—gas molecules have twice the volume to move in, so
wall collisions halve.

58. D - Carbonyl carbon is electrophilic (partial positive) due to oxygen's electronegativity
Oxygen's high electronegativity polarizes C=0O, making carbonyl carbon 6+ (electrophilic, electron-
deficient). Nucleophiles (electron-rich species) attack this electron-poor carbon. The m bond is more
accessible than C-C o bonds, facilitating addition.

59. B - Work is done by the gas and heat flows in to maintain constant temperature

During isothermal expansion, gas does work (W = -JPdV < 0 from system perspective). For ideal gas, AU

depends only on temperature; at constant T, AU = 0. By first law (AU =Q + W), if AU =0 and W <0,
then Q must be positive (heat flows in), compensating for work done.
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SECTION 2: ANSWER EXPLANATIONS

1. B - Examine the complexity of technological unemployment and appropriate responses

The passage explores multiple perspectives on technological unemployment—historical patterns, current
differences, optimistic and pessimistic views, and various policy responses. It doesn't advocate one
specific solution but rather examines the issue's complexity and challenges. This analytical, multifaceted
approach defines the primary purpose.

2. D - Establish historical precedent for technological anxiety and adaptation

The Luddites and agricultural revolution examples show that technological anxiety isn't new—each
innovation wave generated fears, yet economies historically adapted through job creation in unexpected
sectors. This historical context frames current concerns while suggesting (though not proving) adaptive
capacity. The author isn't dismissing concerns but contextualizing them.

3. D - Skills humans find easy (like sensorimotor coordination) are computationally difficult for Al

The Moravec paradox observes that "hard" problems for humans (chess, logic) are relatively easy for Al,
while "easy" human skills (walking, object manipulation, context understanding) prove computationally
extremely difficult. This counterintuitive observation suggests Al will augment rather than fully replace
human workers.

4. C - The complete impossibility of job creation in new sectors

The passage actually states that current changes differ in pace, cognitive vs. physical focus, and
skill/location mismatches. It never claims job creation is impossible—in fact, it explicitly discusses
whether new jobs will emerge. The question asks for the EXCEPT, making C the correct answer as the
one NOT mentioned as a distinguishing factor.

5. B - Cautiously skeptical, acknowledging their points while raising distributional concerns

The author acknowledges optimists' arguments about the Moravec paradox and human creativity, showing
they're not dismissively hostile. However, the passage immediately raises concerns: "Yet this optimistic
view may underestimate both Al's trajectory and the distribution of human abilities." The author then
discusses distributional consequences and inequality, demonstrating cautious skepticism rather than
agreement or dismissal.

6. D - It requires rethinking fundamental assumptions about work's role in human identity and
purpose

The passage's final paragraph states this is "not economic but philosophical: rethinking the connection
between work, purpose, and human dignity in an age where labor may become optional rather than
necessary." This goes beyond economic calculations to fundamental questions about meaning and
identity—hence "philosophical" and "deepest."
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7. C - Functions as a sophisticated device for characterization, reader engagement, and exploring
epistemological themes

The passage systematically explores unreliable narration's multiple functions: forcing reader participation,
mirroring epistemological uncertainty, enabling profound characterization. The author treats it as a
sophisticated literary technique with thematic significance, not merely a trick or narrow genre device.

8. A - Provides a useful but potentially oversimplified framework for understanding unreliability

The passage states: "This taxonomy proves useful but perhaps oversimplifies." The author then
demonstrates Stevens's complexity exceeds Booth's binary categories, showing the framework has value
but doesn't capture all nuances. This balanced assessment—useful yet limited—defines the author's
position.

9. B - His unreliability operates on multiple levels—both values and perception—creating complex
characterization

The passage explicitly states Stevens is "simultaneously unreliable in values (his devotion to professional
dignity blinds him to moral and emotional realities) and perception (he systematically reinterprets his past
to avoid confronting painful truths)." This multilayered unreliability creates the character's depth and
complexity.

10. D - We only access reality through limited, biased perspectives, which unreliable narration
honestly acknowledges

The passage explains: "we never access objective reality, only interpretations filtered through limited,
biased perspectives. Fiction employing unreliable narrators acknowledges this condition honestly rather
than maintaining comforting illusions of narrative omniscience." This epistemological claim—about
knowledge's limits—explains the connection to "modern life."

11. C - Poorly executed, it can feel like cheap trickery rather than meaningful literary technique
The passage explicitly warns: "Poorly executed, it can feel like cheap trickery—a 'gotcha' moment where
readers feel cheated rather than enlightened." The technique requires careful balance between obvious and
subtle cues, with poor execution producing reader frustration rather than engagement.

12. A - Systematic patterns of distortion arising from psychological, ideological, or cognitive factors
The passage distinguishes meaningful unreliable narration from "the mundane self-interest common to all
human discourse" by emphasizing "systematic patterns of distortion arising from psychological defense
mechanisms, ideological commitments, or cognitive limitations." This systematic nature makes

unreliability thematically significant rather than trivial.

13. D - The thesis has merit but requires nuanced consideration of how social capital transforms
rather than simply declines
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The passage presents Putnam's evidence, critics' challenges, and synthesis acknowledging both
perspectives. The conclusion recognizes social capital changes form rather than simply disappearing: "The
question isn't whether social capital declined but whether its transformation...represents net improvement
or loss." This nuanced position defines the main argument.

14. A - Increased internet usage (this was not available during Putnam's studied time period)

Wait, let me reconsider. The question asks what Putnam attributed decline to. Looking at the passage:
"television's rise, suburbanization, women's workforce entry, and generational change." Internet is
mentioned by CRITICS as a new form of association, not by Putnam as a cause of decline (and indeed,
widespread internet came after the period Putnam studied). So A is correct as the EXCEPT answer—it's
NOT something Putnam cited.

14. A - Increased internet usage was not something Putnam attributed decline to

Putnam studied the period from 1960s-1990s and attributed decline to television, suburbanization,
workforce changes, and generational shifts. Internet usage is mentioned only by CRITICS as a potential
new form of social capital, not by Putnam as a cause of decline.

15. C - New forms of association (online communities, informal networks) might replace traditional
organizations without representing genuine loss

Critics argued that Putnam measured the wrong things: "traditional organizations indeed declined, but
new forms of association emerged. Internet communities, informal networks, and cause-specific activism
might replace Rotary Clubs and bowling leagues without representing genuine social capital loss." This
challenges whether decline is real or merely change in form.

16. A - Bonding capital connects similar people providing support but potentially creating exclusion,
while bridging capital connects across groups enabling cooperation

The passage explicitly defines these: "Bonding social capital (connections among similar people) provides
emotional support and identity but can create exclusion; bridging social capital (connections across
groups) enables cooperation and reduces prejudice." These complementary definitions distinguish the
concepts functionally.

17. D - That era's exclusions—gender pressures, racial barriers, enforced conformity—that
Putnam's analysis overlooked

Critics noted "that era's exclusions: women pressured into volunteer work, minorities barred from many
organizations, and enforced conformity limiting individual freedom." This critique challenges Putnam's

nostalgia by highlighting aspects of 1950s civic life that were oppressive rather than ideal.

18. B - Recognizing that different forms serve different functions, and normative judgment depends
partly on values like autonomy versus community
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The conclusion states the transformation's evaluation "depends partly on values: prioritizing autonomy
and diversity versus community and belonging, cosmopolitanism versus rootedness." This acknowledges
that assessing social capital changes requires both understanding different forms' functions AND making
value judgments about competing goods.

19. A - Constraints often enhance rather than inhibit creativity by channeling focus and creating
generative problems to solve

This directly states the passage's central thesis articulated in the opening: "considerable
evidence...suggests the opposite: constraints often enhance rather than inhibit creativity." The entire
passage develops this counterintuitive claim through examples and explanations.

20. C - Formal constraints can channel creativity productively rather than merely restricting it

The sonnet example demonstrates that "constraints didn't prevent creativity; they channeled it, forcing
poets to discover surprising word choices, unexpected metaphors, and ingenious solutions to formal
problems. The limitation became generative rather than restrictive." This illustrates constraints' productive
rather than merely restrictive nature.

21. B - Unlimited options can create paralyzing anxiety rather than productive freedom

The passage cites "the 'paradox of choice' where unlimited possibilities create anxiety rather than
liberation. Similarly, completely open-ended creative tasks frequently produce derivative, unfocused
results. Constraints provide starting points, focus attention, and create problems to solve." This
psychological research supports the constraint-creativity relationship.

22. D - Provide shared framework enabling sophisticated musical invention and conversation

The passage explains jazz standards: "The constraint provides shared language enabling musical
conversation between players." While limiting (you can't play anything), the fixed chord progressions
enable coordinated improvisation and sophisticated interaction that complete freedom wouldn't facilitate.

23. D - Arise from medium, form, or genre traditions reflecting accumulated artistic wisdom

Meaningful constraints aren't arbitrary but reflect evolved understanding of what works in particular
artistic contexts. They arise from tradition and accumulated practice, distinguishing them from random
limitations that produce novelties rather than art.

24. C - Even apparently unconstrained art forms adopt organizing principles that function as
constraints

The passage argues: "Modernist free verse didn't eliminate poetic constraints; it substituted formal
requirements with other organizing principles—image patterns, breath units, visual arrangement on page."
This shows that even "free" art chooses constraints—freedom isn't absence of constraint but choice of
constraints.
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25. B - Childhood as a distinct, protected life stage is a relatively recent historical construction

This directly paraphrases Aries's thesis as presented: "childhood as we understand it is a relatively recent
historical invention" and "The contemporary notion of childhood—a protected period of play, education,
and gradual development—emerged only in early modern period." The claim isn't that children didn't exist
but that childhood's conceptualization changed.

26. A - Complete absence of any historical records about children

This absurd claim was never made by anyone. Critics DID cite parental grief, folk tales, and protective
regulations as evidence that adults recognized children's distinctiveness. Choice A represents something
never argued, making it the correct EXCEPT answer.

27. A - Whether adults recognized children's biological difference, but rather how societies
conceptualize, value, and organize childhood

The passage refines Aries: "not that adults never recognized children's difference, but that the specific
meaning assigned to childhood—how societies conceptualize, value, and organize this life stage—varies
dramatically." This refinement shifts focus from recognition itself to the forms recognition takes.

28. C - Childhood extension serves economic and educational functions rather than being purely
biological necessity

The passage explains: "Puberty triggers reproductive capacity by early teens, yet we classify teenagers as
children...This extended childhood serves economic structures requiring educated workforces and
regulating labor supply." Biological maturity doesn't determine social childhood's boundaries—economic
and educational needs do.

29. B - "Proper childhood" of play and education requires affluence and reflects particular
economic arrangements

The passage states: "Poor children in developing nations work from young ages...Yet these patterns
characterized Western childhood until recently...The 'proper childhood' of play, education, and protection
proves achievable only with sufficient affluence and depends on economic arrangements." This shows
childhood's class and geographic variation.

30. D - Childhood becomes a disciplinary project enforcing standardization that may reflect
institutional convenience over natural variation

The passage explains: "Contemporary educational and psychological institutions establish age-appropriate
milestones... Those who develop differently face intervention and correction, enforcing standardization
that may reflect institutional convenience more than natural development." This reveals childhood's
normalizing/disciplinary function.

31. A - Conscious choice about childhood's organization rather than treating current forms as
natural and unchangeable
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The conclusion states: "Understanding this construction enables more thoughtful consideration of
childhood's purposes and possibilities... The historical perspective challenges us to consciously choose
childhood's organization rather than treating current forms as natural and unchangeable." Recognizing
construction enables agency.

32. C - Possesses distinct aesthetic properties and functions, serving purposes beyond being beauty's
mere absence

The passage's opening challenges the dismissal of ugliness as "merely failed beauty" and argues it
"possesses its own qualities, functions, and challenges worth examining." The entire passage demonstrates
ugliness's positive aesthetic value and distinct functions, establishing this as the main argument.

33. A - Moral-didactic purposes, making evil's consequences viscerally repellent

The passage explicitly states: "Medieval depictions of hell featured grotesque demons and suffering
sinners; the ugliness served moral-didactic purposes, making evil's consequences viscerally repellent."
The ugliness functioned pedagogically and morally, not decoratively.

34. D - Making all art identical to decoration

The question asks for EXCEPT—what is NOT listed as a function. The passage identifies: contrast
enhancement (making beauty more vivid), expressing experiences beauty cannot capture (suffering, evil),
and transgression generating aesthetic interest. It never suggests ugliness makes art decorative—in fact,
the conclusion argues ugliness prevents art from being "mere decoration."

35. B - Formless (lacking structure), incorrect (violating proportions), and repulsive (provoking
disgust)

The passage explicitly states Rosenkranz "distinguished ugliness into formless (lacking structure),
incorrect (violating natural proportions), and repulsive (provoking physical disgust)." These three
categories each generate distinct aesthetic effects.

36. C - What seems provocative artistry to some appears juvenile shock tactics to others—standards
are contested

The passage notes: "Distinguishing meaningful from gratuitous ugliness, however, proves notoriously
difficult. What seems provocative artistry to some appears juvenile shock tactics to others." This
contestation—Ilack of agreed standards—makes distinction difficult.

37. D - Reminds us that art serves purposes beyond pleasure, confronting reality's full range
including disturbing dimensions

"Keeping art honest" means ugliness prevents reduction of art to mere entertainment or decoration,

ensuring art confronts "reality's full range, including dimensions that disturb, challenge, or appall." This
gives ugliness a necessary corrective function without requiring dominance.
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38. D - Accumulating evidence reveals systematic deviations challenging its descriptive accuracy
while raising questions about rationality's definition

The passage's central claim is stated early: "accumulating evidence reveals systematic deviations from
rational choice predictions, challenging the model's descriptive accuracy" and later raises deeper questions
about "rationality's very definition." This two-part critique—empirical and conceptual—defines the main
argument.

39. B - People don't process gains and losses symmetrically as the theory assumes

The passage explains: "Loss aversion—people weigh losses more heavily than equivalent gains—violates
expected utility theory's assumption that only net outcomes matter" and "These aren't occasional errors
but systematic patterns suggesting humans don't process gains and losses symmetrically as rational choice
theory assumes."

40. D - Often constructed during decision-making and influenced by how options are presented

Framing effects show preferences aren't fixed but "constructed during decision-making influenced by
context." Different framings of identical choices produce different preferences, revealing their context-
dependent construction rather than stability.

41. C - People punish unfairness at personal cost, violating narrow self-interest assumptions

The passage explains: "Rational self-interested responders should accept any positive offer—something
beats nothing. Yet low offers (20% or less) are frequently rejected, even though rejection costs rejectors
money. People punish unfairness at personal cost, violating narrow self-interest." This demonstrates social
preferences contradicting pure self-interest.

42. D - Concedes descriptive inadequacy while claiming theoretical utility and institutional design
value

The passage states this defense "concedes descriptive inadequacy while maintaining theoretical utility"
and notes "institutions...can be designed to align behavior with rational choice predictions even if
individuals don't naturally behave rationally." This two-part defense acknowledges flaws while arguing
for continued value.

43. C - Standard rational choice theory addresses only instrumental efficiency while ignoring
whether one's goals themselves are rationally defensible

Sen's distinction shows standard theory handles only internal consistency (efficient means) while ignoring
reflective rationality (examining ends). "People can be internally consistent while pursuing foolish ends.

More robust rationality requires critically examining preferences, not just efficiently pursuing them."

44. D - Different identity criteria (spatial-temporal continuity vs. material composition) can yield
different answers about sameness
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The passage explains: "Different criteria yield different answers: spatial-temporal continuity favors the
continuously maintained ship; material composition favors the reconstructed-original-planks ship." The
paradox demonstrates conceptual indeterminacy arising from competing criteria.

45. C - Psychological continuity—memories, plans, character—rather than bodily continuity

The passage explicitly states: "John Locke argued that psychological continuity, not bodily continuity,
constitutes personal identity. The person who remembers your experiences, continues your plans, and
possesses your character is you, regardless of bodily changes."

46. B - Creating scenarios where psychological continuity doesn't yield determinate identity answers

Parfit's thought experiments "imagine gradual replacement of brain matter" and "What if your brain splits,
creating two psychologically continuous inheritors?" These scenarios show psychological continuity
doesn't always provide clear identity answers, challenging Locke's criterion.

47. D - Potentially undermining fear of death, challenging criminal punishment justification, and
questioning egoistic rationality

The passage lists these "radical implications": "it potentially undermines fear of death (the connections
matter, not metaphysical identity), challenges punishing criminals for past acts (the prisoner may not be
'the same person'), and questions egoistic rationality (why privilege a future 'me' over others if identity
isn't what matters?)."

48. B - The fact that qualitatively identical but numerically distinct copies wouldn't console us facing
death

This thought experiment reveals our deep intuition that specific numerical identity matters—mere
qualitative similarity or psychological continuity isn't sufficient. We care about the continued existence
of particular individuals, not just similar ones.

49. D - Recognizing multiple legitimate identity concepts serving different purposes—social,
metaphysical, ethical

The resolution accepts that identity is "complex, multifaceted, and sometimes context-dependent."”
Different contexts (social, metaphysical, ethical) may legitimately employ different identity criteria. This
pluralistic approach dissolves the paradox.

50. B - Serve crucial social functions—solidarity, identity, values transmission—regardless of
specific belief content

Durkheim's insight, as presented, is that "religious rituals—regardless of specific content or truth—serve

crucial social functions: creating collective solidarity, reinforcing group identity, transmitting values, and
providing structured responses.”" The key point is function independent of content.

113



51. D - Intense emotional energy arising from synchronized group activity that binds individuals
into community

The passage defines collective effervescence as "intense emotional energy arising from synchronized
group activity. Whether religious ceremony, political rally, or sporting event, collective ritual generates
feelings of belonging, purpose, and transcendence that bind individuals into community."

52. D - Ritual's transformative betwixt-and-between phase where normal identity dissolves before
new status crystallizes

Liminality describes the threshold period in rites of passage where participants occupy ambiguous status—
no longer their old identity but not yet their new one. This temporary, transformative phase characterizes
ritual transitions.

53. C - Ritual addresses human needs transcending particular belief systems—collective solidarity,
structured transitions, marking special occasions

The passage concludes: "Perhaps ritual persists not despite secularization but because it addresses human
needs that transcend particular belief systems. We require collective experiences that generate solidarity,
structured responses to transitions and crises, and ways to mark certain times and activities as special.
Ritual provides these regardless of religious content."
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SECTION 3: ANSWER EXPLANATIONS

1. C - Net gain of 2 ATP per glucose, demonstrating initial investment enables greater return

The investment phase consumes 2 ATP (glucose — G6P and F6P — F-1,6-BP). The payoff phase
produces 4 ATP (2 per G3P, and glucose yields 2 G3P). Net: 4 - 2 =2 ATP per glucose. This investment-
return strategy ensures substrate commitment and enables subsequent energy harvest.

2. A - Negative feedback preventing excessive glucose phosphorylation when downstream pathways
are saturated

Hexokinase product inhibition by glucose-6-phosphate exemplifies negative feedback: when G6P
accumulates (downstream pathways saturated), it inhibits hexokinase, preventing wasteful glucose
trapping and ATP consumption. This immediate regulation matches glucose phosphorylation to metabolic
capacity.

3. D - Allosteric activation by a regulatory metabolite amplifying glycolytic flux

Fructose-2,6-bisphosphate (F-2,6-BP) is a regulatory molecule (not a glycolytic intermediate) that binds
PFK-1's allosteric site, dramatically increasing enzyme activity. This represents classic allosteric
activation—a distinct regulatory molecule binding away from the active site to enhance catalysis.

4. B - Phosphorylating PFK-2/FBPase-2, shifting its activity from kinase to phosphatase, thereby
reducing F-2,6-BP

Glucagon triggers cAMP-PKA pathway, which phosphorylates the bifunctional enzyme PFK-2/FBPase-
2. Phosphorylation activates its phosphatase activity (degrading F-2,6-BP) while inactivating kinase
activity (producing F-2,6-BP). Lower F-2,6-BP means less PFK-1 activation, slowing glycolysis
appropriately during fasting.

5. C - It regenerates NAD" required for glycolysis to continue in the absence of oxidative
phosphorylation

Glycolysis requires NAD" for the G3P — 1,3-BPG step. Aerobically, NADH is reoxidized via electron
transport. Anaerobically, no electron transport occurs, so NADH would accumulate and NAD* would
deplete, halting glycolysis. Lactate dehydrogenase (pyruvate + NADH — lactate + NAD") regenerates
NAD", allowing glycolysis continuation.

6. B - Continuously in the 5' to 3' direction toward the replication fork

The leading strand template runs 3' to 5' in the direction of fork movement, allowing continuous DNA
polymerase synthesis 5' to 3' toward the fork. Only one primer is needed, and synthesis is uninterrupted.

7. D - Acidic pH (~5.0), which protects the cell if lysosomal contents leak
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Lysosomal enzymes (proteases, nucleases, lipases) function optimally at pH ~5.0 (maintained by H*-
ATPase pumps). This acidic optimum provides a safety mechanism: if lysosomes rupture, enzymes
entering neutral cytoplasm (pH 7.2) have greatly reduced activity, limiting damage.

8. A - No evolution occurs (no mutation, selection, gene flow, genetic drift, or non-random mating)

Hardy-Weinberg equilibrium predicts constant allele frequencies when five conditions hold: no mutation
(no new alleles), random mating (no mate choice), no gene flow (no migration), infinite population size
(no genetic drift), and no selection (all genotypes equally fit). Deviations from these assumptions cause
evolution.

9. D - Semiconservative replication—each daughter molecule contains one parental and one new
strand

After one replication in N (light), all DNA was intermediate density (hybrid of heavy and light strands).
This proved semiconservative replication: each daughter DNA contains one original strand (heavy) and
one new strand (light). Conservative replication would yield 50% heavy and 50% light (not all
intermediate); dispersive would show different patterns.

10. B - DNA polymerase synthesizing only 5' to 3', while the lagging strand template orientation
requires synthesis away from the fork in fragments

DNA polymerase can only add nucleotides to 3'-OH groups (5' to 3' synthesis). The lagging strand
template runs 5' to 3' relative to fork movement, so new DNA synthesis must occur 5' to 3' going away
from the fork. This necessitates discontinuous synthesis in fragments, each initiated by a new primer.

11. A - Immediate error correction removing incorrectly paired nucleotides before continuing
synthesis

DNA polymerase 3' to 5' exonuclease activity acts as proofreading: if a mismatched nucleotide is added,
the enzyme backs up, removes the error, then resumes synthesis. This immediate correction reduces error
rates ~100-fold (from 107 to 1077), demonstrating effective quality control.

12. C - Using its RNA component as template to extend telomeric repeats, preventing chromosome
shortening

Telomerase contains an RNA template complementary to telomeric DNA repeats. It binds chromosome
ends, extends them using its RNA as template (reverse transcriptase activity), then translocates and
repeats. This adds telomeric DNA that would otherwise be lost due to lagging strand synthesis problems
at chromosome ends.

13. D - Telomere length limits replicative lifespan, potentially contributing to aging and preventing
uncontrolled proliferation

Progressive telomere shortening in somatic cells (lacking telomerase) limits division potential—cells
reaching critically short telomeres enter senescence (Hayflick limit). This may contribute to aging and,
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importantly, prevents unlimited proliferation that could lead to cancer. Cancer cells typically reactivate
telomerase, enabling immortalization.

14. A - Negative feedback homeostatic regulation maintaining thyroid hormone levels within narrow
range

Elevated T3/T4 inhibit hypothalamic TRH and pituitary TSH secretion, reducing thyroid stimulation. This
classic negative feedback loop maintains homeostasis: deviations from setpoint trigger compensatory
responses. It's self-correcting regulation ensuring stable hormone levels.

15. C - Thyroid gland failure with intact pituitary attempting to compensate by increasing TSH

In primary hypothyroidism, the thyroid cannot produce adequate T3/T4 (gland pathology). Low T3/T4
removes negative feedback, so the pituitary increases TSH trying to stimulate the failing thyroid. This
pattern (high TSH, low T3/T4) distinguishes primary (thyroid) from secondary (pituitary) hypothyroidism.

16. B - Tissue-specific control of thyroid hormone activity since T3 is the active form

T4 (abundant but less active) serves as a prohormone. Deiodinases in target tissues convert T4 to T3
(active form) or reverse T3 (inactive). Different tissues express different deiodinase isoforms, allowing
local control of active hormone levels. This tissue-specific regulation fine-tunes responses despite
systemic T4 levels.

17. D - Thyroid hormones are essential for normal brain maturation during critical developmental
periods

Congenital hypothyroidism (cretinism) causes irreversible mental retardation if untreated during critical
early developmental windows. Thyroid hormones regulate neuronal migration, synaptogenesis,
myelination, and other CNS developmental processes. This demonstrates hormones' essential
developmental roles beyond metabolic regulation.

18. C - Primary active transport using ATP to move ions against concentration gradients

The Na'/K*-ATPase directly hydrolyzes ATP to pump 3 Na* out and 2 K" in against their concentration
gradients. This direct coupling of ATP hydrolysis to transport defines primary active transport (versus
secondary active transport which uses ion gradients created by primary transport).

19. A - Binds to the operator region blocking transcription in the absence of lactose

In the lac operon, the repressor protein (encoded by lacl) binds the operator sequence overlapping the
promoter, physically blocking RNA polymerase access. Lactose (or allolactose) binds repressor, causing
conformational change that releases it from operator, allowing transcription. This is negative regulation—

default is "off."

20. B - Heterozygotes displaying an intermediate phenotype (pink from red and white)
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Incomplete dominance occurs when neither allele is fully dominant. Red (C*R C”*R) x white (C*"W C*"W)
snapdragons produce pink (C*"R C*"W) offspring. The heterozygote shows an intermediate phenotype (not
red or white but pink), distinguishing this from complete dominance where heterozygotes resemble
homozygous dominant.

21. B - AV valves close as ventricular pressure exceeds atrial pressure at the start of systole

ST ("lub") occurs when ventricles begin contracting (systole). Rising ventricular pressure exceeds atrial
pressure, forcing AV valves (mitral, tricuspid) closed. Valve closure creates vibrations heard as S1. This
marks systole's beginning and isovolumetric contraction phase start.

22. D - Greater ventricular filling stretches cardiac muscle optimally, enhancing contractility via
length-tension relationship

The Frank-Starling mechanism states that increased preload (EDV) stretches cardiac muscle fibers,
positioning actin-myosin filaments optimally for cross-bridge formation. This intrinsic property allows
the heart to automatically match stroke volume to venous return without neural input—increased filling
produces stronger contraction and larger stroke volume.

23. C - Ventricular contractility and pumping efficiency

Ejection fraction = (EDV - ESV)/EDV represents the percentage of end-diastolic volume ejected per beat.
Normal is ~60-65%. Reduced EF (<40%) indicates systolic dysfunction (poor contractility), while
preserved EF with symptoms suggests diastolic dysfunction. EF is a key clinical measure of cardiac
function.

24. D - Both increased heart rate (sympathetic activation) and increased stroke volume (enhanced
contractility)

Exercise increases cardiac output through: (1) sympathetic stimulation increasing heart rate (chronotropic
effect), (2) increased contractility (inotropic effect) increasing stroke volume, and (3) enhanced venous
return (exercise muscle pump) increasing preload and stroke volume via Frank-Starling mechanism. Both
rate and volume contribute.

25. B - Parasympathetic activation (decreasing heart rate) and sympathetic withdrawal (decreasing
contractility and TPR)

Baroreceptors detect pressure increases, increasing their firing rate. This activates medullary
cardiovascular centers, which increase parasympathetic output (vagal nerve slows heart) and decrease
sympathetic output (reducing contractility, heart rate, and vasoconstriction). This lowers blood pressure,
completing the negative feedback loop.

26. D - Clustering nonpolar residues in the core minimizes unfavorable water-nonpolar interactions,
increasing overall system entropy
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The hydrophobic effect drives folding: clustering hydrophobic residues in the protein core excludes water
molecules, which were forced into ordered cages around dispersed hydrophobic groups. Releasing these
water molecules increases system entropy (favorable AS), overcoming the entropy decrease from protein
folding. This entropic effect, not hydrophobic "attraction," drives folding.

27.D - Folding follows specific pathways/funneling toward low-energy states rather than randomly
sampling all conformations

Levinthal calculated that random sampling would take longer than the universe's age, yet proteins fold in
seconds. This paradox resolves through the energy landscape model: partially folded intermediates rapidly
form and progressively refine toward the native state via pathways, not exhaustive search.

28. C - Amino acid sequence contains all information necessary for determining native structure

Anfinsen's experiment showed that ribonuclease completely denatured in urea could spontaneously refold
to active native structure after denaturant removal. This proved the primary sequence contains all
information for determining three-dimensional structure—folding is thermodynamically driven, not
requiring additional cellular information (though chaperones may assist kinetically).

29. B - Conformational conversion can be infectious without nucleic acids, with alternative stable
structures

Prion diseases uniquely involve protein-only infectious agents. PrPsc (misfolded form) catalyzes PrPc
(normal form) conversion to PrPsc through conformational templating. This creates self-propagating
pathology without nucleic acids—the infectious agent is pure protein conformation. It demonstrates that
proteins can adopt alternative stable structures with different properties.

30. D - Preventing aggregation and providing isolated environment for proper folding attempts
Chaperones like GroEL/GroES don't change protein sequence or directly cause folding but prevent
aggregation (competing off-pathway process) and provide isolated chambers where proteins can attempt
folding without interference. They increase folding efficiency by suppressing aggregation and allowing
multiple folding attempts until native state is achieved.

31. A - Anaphase, when cohesin proteins are cleaved allowing chromatids to move to opposite poles
Sister chromatids, held together by cohesin proteins, separate during anaphase. Separase enzyme cleaves
cohesins at the metaphase-anaphase transition (triggered by APC/C ubiquitin ligase), allowing chromatids
to move toward opposite spindle poles. This ensures each daughter cell receives identical genetic
information.

32. C - B cells (plasma cells)

B lymphocytes produce antibodies (immunoglobulins). When activated by antigen and helper T cells, B
cells differentiate into plasma cells—antibody factories secreting thousands of antibody molecules per
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second. Each plasma cell produces antibodies specific for the antigen that initially activated its progenitor
B cell.

33. B - Fixes CO: into organic molecules using ATP and NADPH from light reactions

The Calvin cycle (dark reactions) occurs in the stroma, using ATP and NADPH generated by light
reactions to fix atmospheric CO: into organic molecules (G3P, then glucose). RuBisCO catalyzes CO:
fixation: CO2 + RuBP — 2 molecules of 3-phosphoglycerate, which are then reduced using light reaction
products.

34. C - Ca* influx triggers SNARE-mediated vesicle fusion and exocytosis

Voltage-gated Ca** channels open when action potentials depolarize the terminal. Ca*" influx (from ~100
nM to 10-100 uM locally) binds synaptotagmin, which interacts with SNARE complexes (synaptobrevin,
syntaxin, SNAP-25), triggering rapid vesicle fusion with plasma membrane and neurotransmitter release
via exocytosis.

35. B - Terminate the signal quickly, allowing rapid, repeated signaling and preventing receptor
desensitization

Acetylcholinesterase (AChE) hydrolyzes ACh within milliseconds, rapidly clearing neurotransmitter from
the synaptic cleft. This quick termination allows: (1) high-frequency signaling (new signals aren't masked
by lingering previous signals), (2) temporal precision, and (3) prevents receptor desensitization from
prolonged agonist exposure.

36. D - Less excitable (inhibition) as the membrane potential moves further from threshold

GABA opening CI™ channels allows Cl~ influx (or prevents depolarization by clamping potential near C1-
equilibrium potential ~-70 mV). This hyperpolarizes or stabilizes the membrane potential away from
threshold (~-55 mV), making action potential generation more difficult. This defines inhibitory synaptic
transmission.

37. D - Increasing synaptic serotonin availability by reducing reuptake can alleviate depressive
symptoms

SSRIs block serotonin transporters, preventing reuptake into presynaptic terminals. This increases
serotonin duration and concentration in synapses, enhancing postsynaptic signaling. Clinical efficacy in
treating depression supports the monoamine hypothesis linking serotonin deficiency to mood disorders.

38. C - Activity-dependent synaptic strengthening provides a cellular mechanism for learning and
memory

LTP involves long-lasting enhancement of synaptic transmission following high-frequency stimulation.
NMDA receptor activation during strong depolarization allows Ca?*" influx, activating kinases that
phosphorylate AMPA receptors and increase their number at synapses. This activity-dependent
strengthening is a leading candidate mechanism for learning and memory at the cellular level.
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39. D - Should emphasize that oscillating cyclin levels regulate CDK activity at specific cell cycle
phases

Different cyclins (D, E, A, B) accumulate and degrade at specific phases, activating corresponding CDKs
when bound. This oscillation ensures sequential, ordered progression: Cyclin D-CDK4/6 in G1, Cyclin E-
CDK2 at G1/S, Cyclin A-CDK2 in S, Cyclin B-CDK1 in M. Cyclin degradation via ubiquitin-proteasome
ensures irreversibility.

40. D - Ensures cells only replicate when conditions are appropriate, preventing damaged DNA
replication

The G1/S checkpoint (restriction point) assesses: (1) growth signals (sufficient mitogens), (2) nutrient
availability, and (3) DNA integrity. Only if all conditions are met does the cell commit to S phase. This
prevents replication of damaged DNA and ensures cells only divide when conditions support two daughter
cells.

41. A - Checkpoint-mediated pause allowing DNA repair before replication

p53 activation by DNA damage induces p21, a CDK inhibitor that blocks Cyclin E-CDK2 and Cyclin A-
CDK2, arresting the cycle in G1 or G2. This pause allows DNA repair machinery time to fix damage
before replication or mitosis. If repair succeeds, p53 levels drop and cycle resumes; if repair fails, p53
triggers apoptosis.

42. C - Loss of p53 checkpoint function permits proliferation of cells with damaged DNA,
contributing to carcinogenesis

p53 mutations (>50% of cancers) eliminate checkpoint control, allowing cells with damaged DNA to
replicate and divide. This genomic instability accelerates mutation accumulation in oncogenes and tumor
suppressors, driving cancer progression. p53's frequent loss demonstrates its critical tumor suppressor
function.

43. B - Cancer develops through multi-step accumulation of mutations in oncogenes and tumor
suppressors

The colon cancer model shows sequential mutations (APC — KRAS — p53) progressively transforming
normal epithelium to carcinoma over years. Each mutation provides selective advantage: APC loss
increases proliferation, KRAS mutation provides growth independence, p53 loss removes checkpoints.
This multi-hit model explains why cancer typically develops after decades.

44. D - Having ribosomes attached to its membrane for protein synthesis
Rough ER has ribosomes bound to cytoplasmic surface, synthesizing proteins destined for secretion,
plasma membrane, or organelles. Smooth ER lacks ribosomes and performs lipid synthesis, drug

detoxification, and Ca®" storage. The ribosome presence defines "rough" appearance and functional
distinction.
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45. A - Prophase I, when homologous chromosomes pair (synapsis) and exchange DNA segments

Crossing over (recombination) occurs during prophase I of meiosis when homologous chromosomes pair
intimately (synapsis) forming the synaptonemal complex. Non-sister chromatids exchange DNA segments
at chiasmata. This genetic recombination generates diversity, with each gamete receiving unique
chromosome combinations.

46. C - Increases apparent Km without changing Vmax (can be overcome by increasing substrate
concentration)

Competitive inhibitors bind the active site, competing with substrate. Increasing [S] can outcompete
inhibitor, restoring activity, so Vmax remains unchanged. However, more substrate is needed to reach
half-maximal velocity, so apparent Km increases. Lineweaver-Burk plots show changed x-intercept
(1/Km) with unchanged y-intercept (1/Vmax).

47. A - Complement tagging pathogens for recognition by phagocyte complement receptors,
dramatically increasing engulfment

C3b-coated bacteria are recognized by complement receptors (CR1, CR3) on phagocytes. This
opsonization increases phagocytosis ~15-fold by providing additional binding interactions beyond pattern
recognition receptors. Opsonization is crucial for clearing encapsulated bacteria that resist direct
phagocytosis.

48. C - Forming transmembrane pores causing osmotic lysis

The membrane attack complex (C5b-C6-C7-C8-C9) inserts into pathogen membranes, forming pores.
These pores allow unrestricted ion and water flux, disrupting osmotic balance and causing cell lysis. MAC
is particularly effective against Gram-negative bacteria and enveloped viruses but less effective against
Gram-positive bacteria (thick peptidoglycan).

49. B - Self-nonself discrimination preventing complement damage to host tissues while attacking
pathogens

Host cells express regulatory proteins (DAF, CD59, Factor H) that inactivate complement on self-surfaces.
Pathogens lack these protections, allowing complement activation. This discrimination prevents
autoimmune complement attack while enabling pathogen elimination—a key mechanism distinguishing
self from nonself.

50. D - Pattern recognition allowing innate immune detection of common microbial features
TLRs recognize PAMPs—conserved molecular patterns shared by pathogens but absent from hosts (LPS,
flagellin, viral nucleic acids). This pattern recognition allows rapid innate immune detection without prior

exposure or clonal selection. TLR activation triggers inflammatory responses appropriate for detected
pathogen type.
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51. D - Sequential leukocyte recruitment with rapid-response neutrophils followed by sustained
macrophage response

Neutrophils arrive first (6-24 hours) as rapid responders—abundant in blood, quickly recruited.
Monocytes arrive later (24-48 hours), differentiating into macrophages for sustained phagocytosis and
tissue repair. This temporal sequence optimizes defense: rapid initial response followed by sustained
clearance and healing.

52. C - Cooperative binding where O: binding to one subunit increases affinity of remaining subunits

Hemoglobin's sigmoid curve reflects positive cooperativity: first Oz binding is difficult (low affinity T
state), but facilitates subsequent binding by shifting equilibrium toward high-affinity R state. This creates
steep curve in physiological range (20-100 mmHg), enabling efficient O2 loading in lungs and unloading
in tissues.

53. B - Enhanced O: unloading in tissues where pO: is lower

2,3-BPG stabilizes deoxyhemoglobin (T state), decreasing O: affinity (rightward shift). At high pO: (lungs
~100 mmHg), hemoglobin still saturates; at low tissue pO: (20-40 mmHg), decreased affinity promotes
greater O: release. This adaptation is crucial at high altitude where increased 2,3-BPG facilitates tissue O-
delivery despite lower arterial pOs..

54. D - Allosteric regulation at a separate site allows feedback inhibition when energy is abundant

ATP binds PFK-1 at two sites: active site as substrate and separate allosteric site as inhibitor. High ATP
(energy abundant) binding the allosteric site inhibits enzyme despite substrate ATP availability. This
feedback prevents wasteful glycolysis when energy is sufficient—elegant regulation impossible without
distinct regulatory sites.

55. D - Regulatory subunits confer allosteric properties including cooperativity and effector
sensitivity

Isolated ATCase catalytic subunits show hyperbolic kinetics (no cooperativity) and no regulation.
Reassembling with regulatory subunits restores sigmoid kinetics (cooperativity) and CTP/ATP regulation.
This demonstrates regulatory subunits confer allosteric properties—they're not just passive structural
elements but actively control catalytic subunit conformational states.

56. B - Sequence variations creating or eliminating restriction enzyme recognition sites, producing
different fragment patterns

RFLPs arise from DNA sequence polymorphisms (SNPs, insertions, deletions) that create or destroy
restriction enzyme recognition sites. Individuals with different sequences produce different fragment
patterns after restriction digestion and gel electrophoresis. RFLPs were early genetic markers used for
mapping and forensics before SNP arrays.
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57. D - Spatially separating initial CO: fixation (mesophyll) from Calvin cycle (bundle sheath),
concentrating CO: around RuBisCO

C4 plants use PEP carboxylase in mesophyll cells to fix CO: into 4-carbon oxaloacetate (no oxygenase
activity). Malate moves to bundle-sheath cells where it releases CO-, concentrating it around RuBisCO.
This high local CO2 minimizes wasteful photorespiration by favoring carboxylase over oxygenase activity.

58. C - Direct cytoplasmic communication through connexon channels allowing passage of ions and
small molecules

Gap junctions consist of connexons (hexamers of connexin proteins) forming channels between adjacent
cells. These allow direct passage of ions, metabolites, and small signaling molecules (<1000 Da), enabling
electrical coupling and metabolic cooperation. Critical in cardiac muscle (synchronized contraction) and
development (coordinating cell populations).

59. D - Alleles of different genes segregate independently during gamete formation (for unlinked
genes)

Mendel's law of independent assortment states that alleles of different genes (on different chromosomes
or far apart on the same chromosome) segregate independently during meiosis. This produces genetic
diversity and explains 9:3:3:1 ratios in dihybrid crosses. Linked genes violate this law, showing non-
random assortment.
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SECTION 4: ANSWER EXPLANATIONS

1. B - Spontaneous recovery showing the CR can return after rest without retraining

Spontaneous recovery—the CR reappearing after a rest period following extinction—demonstrates that
extinction doesn't erase the original CS-US association. If extinction truly erased learning, the CR couldn't
return without new CS-US pairings. Instead, extinction involves new inhibitory learning that suppresses
(but doesn't eliminate) the original association. After rest, inhibition weakens, allowing the CR to partially
resurface.

2. D - Temporal contiguity—predictive relationship strength depends on CS-US timing

Delayed conditioning (CS precedes US by optimal interval, ~0.5 seconds) produces strongest learning
because the CS reliably predicts US arrival. The temporal relationship allows the organism to use the CS
as a signal. Simultaneous presentation (CS and US together) weakens learning because the CS provides
no advance warning—it doesn't predict anything. Backward conditioning rarely works because the US
occurs before the CS, violating predictive logic. Timing matters fundamentally to associative learning.

3. A - Previously conditioned stimuli can function as USs in new learning, explaining complex
emotional associations

In higher-order conditioning, CS1 (having acquired motivational significance through CS1-US pairings)
can serve as an effective US for conditioning CS2, even without the original US present. This demonstrates
that learned associations can transfer motivational value to new stimuli. This mechanism explains how
neutral stimuli acquire emotional significance in complex chains—money (CS2) acquires value through
association with goods (CS1) that satisfy biological needs (US).

4. C - Biological preparedness—evolved predispositions make certain associations easier to form

Taste aversion learning violates typical conditioning parameters: it occurs after single trials despite hours-
long delays between CS and US. This reflects evolutionary adaptation—organisms that readily associated
tastes with illness had survival advantages. Biological preparedness means certain CS-US combinations
(taste-nausea) form associations more readily than others (light-nausea) because natural selection favored
these specific learning capabilities. Not all stimuli condition equally to all outcomes.

5. B - Context-dependent retrieval—extinction learning is partly context-specific

The renewal effect shows that extinguished responses return when organisms are placed back in the
original conditioning context, despite being extinguished in a different context. This demonstrates that
extinction learning is context-dependent—the inhibitory learning that suppresses the CR is most effective
in the context where extinction occurred. The original CS-US association remains and can be expressed
when contextual cues change, revealing that extinction doesn't erase but rather contextually suppresses
learning.

6. D - Touch, temperature, pain, and proprioception
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The primary somatosensory cortex (postcentral gyrus, parietal lobe) receives and processes somatosensory
information from the body. It's organized somatotopically (the sensory homunculus)—different body
regions map to different cortical areas, with sensitive regions (hands, face, lips) having disproportionately
large representation. This cortex integrates tactile, thermal, pain, and proprioceptive information, creating
body awareness and sensory perception.

7. A - Emerge only after lower-level physiological, safety, belonging, and esteem needs are satisfied

Maslow's hierarchy proposes a pyramidal structure of needs: physiological (food, water, sleep) at the base,
then safety, belonging/love, esteem, and self-actualization at the peak. Lower-level needs must be
relatively satisfied before higher needs become motivating. Someone lacking food won't prioritize self-
actualization. Once basic needs are met, higher-level needs emerge as motivators. Self-actualization—
realizing one's full potential—represents the pinnacle achieved only when other needs are satisfied.

8. C - Class systems where mobility based on individual achievement is possible

Class systems allow social mobility based on achieved status (education, occupation, wealth earned) rather
than solely ascribed status (birth, family background, ethnicity). Unlike caste systems where status is
rigidly determined at birth with no mobility, class systems permit individuals to change social positions
through achievement. While class systems still involve inequality and mobility barriers, they're
characterized by the possibility (if not always reality) of movement based on individual accomplishment.

9. A - Clinical improvement depends on downstream neuroplastic adaptations like receptor
regulation and neurogenesis rather than just increased synaptic serotonin

SSRIs immediately block serotonin reuptake (within hours), yet therapeutic effects require 2-4 weeks.
This temporal dissociation demonstrates that elevated synaptic serotonin alone doesn't explain benefits.
Instead, chronic serotonin elevation triggers downstream changes: desensitization of inhibitory
autoreceptors, increased neurotrophin (BDNF) expression, enhanced neurogenesis in hippocampus, and
synaptic remodeling. These neuroplastic adaptations requiring weeks to develop likely mediate
therapeutic effects.

10. C - Mood regulation involves complex intracellular cascades beyond simple neurotransmitter
levels

Lithium's mood-stabilizing effects involve modulating intracellular signaling pathways (inhibiting GSK-
3, inositol depletion, affecting gene expression) rather than simply blocking or enhancing neurotransmitter
receptors like most psychotropics. This demonstrates that mood disorders involve dysregulation of
complex intracellular signaling networks, not just synaptic neurotransmitter imbalances. The monoamine
hypothesis, while useful, oversimplifies—mood regulation emerges from interactions across multiple
levels of neural organization.

11. B - Alternative treatments can succeed when standard pharmacotherapy fails

ECT achieving 60-70% remission in treatment-resistant depression (patients who failed multiple
medication trials) while additional medications achieve only ~20% demonstrates that ECT works through
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different mechanisms and can help patients unresponsive to pharmacotherapy. This justifies ECT's
continued use for severe, treatment-resistant cases despite its controversial history. The data support ECT
as an effective option when other treatments fail.

12. D - Maintaining adequate serotonin availability is necessary for sustained antidepressant
response

Acute tryptophan depletion (reducing serotonin synthesis by eliminating its amino acid precursor) causing
temporary symptom return in patients successfully treated with SSRIs provides experimental evidence
that ongoing serotonin availability is necessary for maintaining treatment response. If serotonin were
irrelevant, depletion wouldn't affect patients. This supports (though doesn't conclusively prove) serotonin's
causal role in depression and antidepressant action.

13. A - Promoting neuroplasticity, neurogenesis, and structural brain changes

Chronic SSRI treatment increasing hippocampal volume and BDNF levels suggests antidepressants work
partly through structural neuroplastic effects—promoting neurogenesis, dendritic branching,
synaptogenesis, and reversing stress-induced hippocampal atrophy. Depression may involve not just
chemical imbalances but structural changes in mood-regulating circuits. Antidepressants may treat
depression by reversing these structural deficits through neuroplastic mechanisms, explaining the delayed
therapeutic onset.

14. C - Social categorization alone is sufficient to produce ingroup bias

The minimal group paradigm's key finding—that random assignment to arbitrary groups with no
interaction, competition, or meaningful differences produces ingroup favoritism—demonstrates that
categorization itself (dividing people into "us" and "them") is sufficient to create bias. People don't need
realistic conflicts, prejudiced beliefs, or group histories. Simply being categorized into groups activates
social identity processes that motivate positive ingroup distinctiveness, producing bias even toward
meaningless groups.

15. B - Anxiety and cognitive load consuming working memory resources

Stereotype threat impairs performance through mediating mechanisms: anxiety about confirming negative
stereotypes increases physiological stress and worry, which consume working memory and attention
resources needed for task performance. The cognitive load of monitoring performance, suppressing
anxiety, and managing stereotype-related thoughts interferes with optimal performance, creating a self-
fulfilling prophecy. It's not ability differences but the psychological burden of stereotype threat that
produces performance deficits.

16. D - Enhance self-esteem through positive group distinctiveness
Social identity theory proposes that people derive self-esteem partly from group memberships. Social
comparison (evaluating ingroups favorably relative to outgroups) serves the psychological function of

boosting self-esteem through positive social identity. When group status is threatened, people are
motivated to restore positive distinctiveness through various strategies. This self-esteem motive drives
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much intergroup bias—people favor ingroups not just from hostility toward outgroups but to feel good
about themselves.

17. D - Complete cultural assimilation and elimination of group differences

The contact hypothesis requires equal status, common goals, cooperation, and institutional support. It does
NOT require eliminating cultural differences or assimilating groups into one identity. Groups can maintain
distinct identities while reducing prejudice through positive contact. Requiring assimilation would
contradict multiculturalism and isn't part of contact theory.

18. C - Motivation to legitimize existing systems can override group interest, leading some to accept
their disadvantage

System justification theory's key insight is that people (including disadvantaged group members) are
motivated to view social systems as fair and legitimate, even when these systems disadvantage them
personally or their group. This surprising finding—low-status groups sometimes showing outgroup
favoritism and defending inequality—demonstrates that system-justification motives can override both
self-interest and group interest. People may accept disadvantage to maintain beliefs in a just, stable,
predictable world.

19. B - Language comprehension

Wernicke's area, located in the posterior superior temporal gyrus (typically left hemisphere), is essential
for language comprehension—understanding spoken and written language. Damage produces Wernicke's
aphasia (receptive aphasia): fluent but meaningless speech with severe comprehension deficits. Patients
speak grammatically but with nonsense words (neologisms), word substitutions, and lack awareness of
errors. This contrasts with Broca's area (frontal lobe) controlling speech production.

20. D - Judge frequency or probability based on how easily examples come to mind

The availability heuristic is a mental shortcut where people estimate frequency/probability by how readily
examples come to mind. Recent, vivid, or dramatic events are more available (easier to recall), leading to
overestimation. After seeing news about airplane crashes, people overestimate crash probability because
examples are cognitively available. Similarly, if you easily recall words starting with "R," you might
overestimate their frequency compared to words with "R" as the third letter (actually more common).

21. D - Increased social heterogeneity, specialized occupations, and secondary relationships

Urbanization concentrates diverse populations in cities, increasing social heterogeneity (diversity). Urban
life involves specialized occupations (division of labor), secondary relationships (formal, role-based rather
than personal), and anonymity. This contrasts with rural communities characterized by homogeneity,
generalized roles, and primary relationships. Ferdinand Tonnies distinguished Gemeinschaft (traditional
community) from Gesellschaft (modern urban society)—urbanization represents this transition.
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22. D - Why gambling persists despite losses—unpredictable reinforcement makes extinction
difficult to detect

VR schedules produce greatest extinction resistance because unpredictable reinforcement makes it
impossible to know whether reinforcement has stopped or just hasn't happened yet. Gamblers on VR
schedules (slot machines, lottery) persist through long losing streaks because the next win could come at
any moment. The unpredictability that maintains behavior during acquisition also makes extinction
extremely slow—organisms can't distinguish extinction from a long interval between reinforcements.

23. D - Complex behaviors rarely occur spontaneously, so reinforcing progressively closer
approximations builds the target behavior

Shaping is necessary because waiting for complete target behaviors to occur spontaneously could take
indefinitely—the full behavior may never occur by chance. By reinforcing successive approximations
(behaviors progressively closer to the target), trainers construct complex behaviors through gradual
refinement. Each approximation becomes the new baseline, with reinforcement shifting to require closer
approximation, eventually producing the target behavior.

24. C - Increases behavior by removing aversives, while punishment decreases behavior

Negative reinforcement and punishment are frequently confused. Both involve aversive stimuli, but with
opposite effects on behavior. Negative reinforcement INCREASES behavior by removing aversive stimuli
(taking aspirin removes headache, reinforcing aspirin-taking). Punishment DECREASES behavior by
adding aversives (positive punishment) or removing pleasant stimuli (negative punishment). The key
distinction: reinforcement (positive or negative) strengthens behavior; punishment weakens it.

25. B - Learn to discriminate temporal cues and adjust responding to maximize efficiency

FI schedules producing scalloped patterns (low responding early in the interval, accelerating near the end)
demonstrate temporal discrimination. Organisms learn that responses immediately after reinforcement
won't be reinforced (time must pass), so responding drops. As the interval ends, reinforcement becomes
probable, so responding accelerates. This isn't random but reflects learned temporal patterns—organisms
efficiently allocate responses based on temporal cues about reinforcement availability.

26.D - Acquire reinforcing value through association with primary reinforcers (backup reinforcers)
Token economies work because tokens function as secondary (conditioned) reinforcers. Initially, tokens
have no inherent value. Through repeated pairing with primary reinforcers (food, privileges, activities),
tokens acquire reinforcing properties via classical conditioning. This makes tokens reinforcing even in the

absence of immediate primary reinforcement. Effective token economies require: clear token-earning
criteria, reliable exchange systems, and valuable backup reinforcers.

27. A - Dopamine D2 receptor blockade is central to therapeutic effects on positive symptoms
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The nearly perfect correlation (r = 0.9) between antipsychotics' D2 binding affinity and their clinical
potency provides powerful evidence that D2 blockade causes therapeutic effects on positive symptoms.
Drugs requiring lower doses for efficacy also show higher D2 affinity. This relationship is so strong that
D2 affinity predicts clinical dose requirements. While not proving D2 blockade is the only relevant
mechanism, it strongly supports dopamine's central role in positive symptoms and antipsychotic action.

28. D - Neurodevelopmental abnormalities precede clinical symptom onset

Structural abnormalities (enlarged ventricles, reduced cortical volumes) present at first episode—before
chronic medication or prolonged illness—suggest that brain changes precede clinical symptoms.
Combined with other evidence (obstetric complications, minor physical anomalies, premorbid
developmental delays), this supports neurodevelopmental models: schizophrenia involves abnormal brain
development (possibly beginning prenatally or during adolescence) rather than purely degenerative
processes. Early brain changes create vulnerability, with clinical symptoms emerging later when neural
systems fully mature.

29. B - Executive dysfunction and negative symptoms like poor planning and motivation

Prefrontal cortex mediates executive functions (planning, working memory, cognitive flexibility) and
motivation. Hypofrontality (reduced prefrontal activation during cognitive tasks) could explain: (1)
cognitive deficits—impaired executive function, attention, working memory, and (2) negative
symptoms—avolition (lack of motivation), poor planning, reduced goal-directed behavior. This contrasts
with positive symptoms (hallucinations, delusions) linked to subcortical dopamine hyperactivity.
Different symptom clusters may reflect different neural circuit abnormalities.

30. C - Treatment should target cognitive symptoms to improve real-world functioning

Cognitive deficits predicting functional outcomes (r = 0.6) more strongly than positive symptoms (r=0.2)
suggests that even when positive symptoms are controlled, persistent cognitive impairments limit real-
world functioning (employment, independent living, social relationships). Current medications effectively
treat positive symptoms but minimally improve cognition. This highlights the importance of developing
treatments targeting cognitive deficits—addressing these could more meaningfully improve patients'
functional capacity and quality of life.

31. Second-generation antipsychotics cause fewer EPS due to broader receptor binding

Second-generation (atypical) antipsychotics block both dopamine D2 and serotonin 5-HT2A receptors
(plus others), unlike first-generation medications blocking primarily D2 receptors. The 5-HT2A
antagonism may enhance dopamine release in nigrostriatal pathways, partially offsetting D2 blockade's
motor side effects. Additionally, some atypicals have looser D2 binding, lower striatal D2 occupancy, or
preferential limbic over striatal binding—all reducing EPS risk while maintaining antipsychotic efficacy.

32. C - Language functions including speech production and comprehension

In most right-handed individuals (~95%) and many left-handed individuals (~70%), the left hemisphere
is dominant for language. This lateralization includes: Broca's area (frontal—speech production),
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Wernicke's area (temporal—comprehension), and related language networks. Left hemisphere damage
often produces aphasia. The right hemisphere contributes to language prosody (emotional tone) and
pragmatics (context) but doesn't dominate core language functions in most people.

33. D - Physiological arousal precedes and causes emotional experience

James-Lange theory proposes that physiological arousal CAUSES emotional experience, not the other
way around. We don't run because we're afraid; we're afraid because we run. Arousal comes first, then the
brain interprets that arousal as emotion. This counterintuitive theory sparked emotion research and debate.

34. D - Socially defined behaviors and expectations for ill individuals, including exemption from
normal responsibilities and seeking competent help

Talcott Parsons' sick role concept describes social expectations for illness: (1) exemption from normal
obligations (work, duties), (2) not responsible for illness, (3) obligation to want to get well, and (4)
obligation to seek competent help. The sick role legitimizes illness but imposes expectations—illness
grants rights (exemptions) but also responsibilities (seeking treatment). This framework examines illness
as a social role, not just biological condition.

35. B - Understand internal representations of objects existing when not directly perceived

Object permanence—understanding objects continue existing when out of sight—demonstrates that
infants develop internal mental representations. Before 8 months, "out of sight, out of mind"—infants act
as if hidden objects cease existing. After developing object permanence, infants search for hidden objects,
revealing they maintain mental representations during object absence. This cognitive achievement marks
the transition from purely sensory-motor thinking to representational thought.

36. C - Focusing on single perceptual features while ignoring others, preventing logical thought

Centration—focusing on one salient perceptual dimension while ignoring others—prevents preoperational
children from conservation. Seeing water poured into a tall glass, they focus on height ("it's taller, so
there's more") while ignoring width compensation. They can't simultaneously consider multiple
dimensions or reverse transformations mentally. This limitation prevents logical operational thinking that
emerges in concrete operational stage when children decentrate and consider multiple aspects
simultaneously.

37. D - Difficulty understanding others' perspectives differ from their own

The three mountains task demonstrates preoperational egocentrism—children assume others see what they
see. Asked what the doll sees from a different position, they describe their own view. This isn't selfishness
but cognitive limitation—difficulty mentally representing others' different perspectives. Overcoming
egocentrism during concrete operations enables true perspective-taking and understanding that different

viewpoints exist.

38. D - Abstract, hypothetical reasoning and systematic experimentation
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Formal operational thinking enables systematic hypothesis testing—the pendulum problem requires
identifying which of multiple variables affects swing period. Formal thinkers systematically test each
variable while controlling others, demonstrating: abstract thinking (considering possibilities not present),
hypothetical reasoning ("what if we change only weight?"), and scientific method (systematic variable
isolation). This contrasts with concrete operational children's haphazard testing, unable to systematically
control variables or think hypothetically.

39. B - Culture and education influence higher-level cognitive development

Formal operations showing cross-cultural variation (not universal like earlier stages) suggests that this
highest stage depends partly on cultural factors—formal education, literacy, scientific training. Universal
stages (sensorimotor, preoperational, concrete operational) likely reflect biological maturation, but formal
operations may require specific cultural tools and practices. Not all adults demonstrate formal operational
thought, especially in non-Western, non-schooled populations, suggesting cultural/educational shaping of
advanced cognition.

40. D - How adaptive acute stress responses become maladaptive when chronically activated

The HPA axis and cortisol serve adaptive functions during acute stress—mobilizing energy, enhancing
vigilance, preparing for threats. However, chronic HPA activation proves maladaptive: prolonged cortisol
elevation suppresses immune function (increasing infection/cancer risk), damages hippocampus (memory
impairment), and increases metabolic disease risk. This illustrates a general principle: acute stress
responses enhancing short-term survival become harmful with chronic activation, demonstrating how the
same system produces beneficial (acute) or pathological (chronic) effects depending on context and
duration.

41. D - Identical situations produce different stress levels depending on how they're interpreted

Lazarus's cognitive appraisal theory explains why the same objective stressor affects people differently—
it depends on how they appraise it. A job interview appraised as threatening produces high stress;
appraised as challenging produces moderate arousal. This explains individual differences in stress
responses—what's stressful to one person may not be to another, and the same person may respond
differently to the same stressor depending on current appraisal. Appraisal, not objective circumstances
alone, determines stress impact.

42. C - Effective coping requires matching strategy to stressor characteristics

Problem-focused coping working better for controllable stressors while emotion-focused coping suits
uncontrollable situations demonstrates the goodness-of-fit principle: coping effectiveness depends on
matching strategy to situation. Trying to problem-solve uncontrollable situations causes frustration;
avoiding controllable problems allows them to worsen. Effective coping requires: (1) accurately
appraising controllability, and (2) flexibly applying appropriate strategies. This person-environment
match determines coping outcomes.

43. B - Social relationships directly influence physiological processes beyond just encouraging
healthy behaviors
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Social support reducing mortality even after controlling for health behaviors (smoking, exercise, medical
compliance) and baseline health suggests social relationships directly affect physiology, not just indirectly
through behavior. Proposed mechanisms include: buffering HPA axis responses (lower cortisol),
enhancing immune function, reducing inflammation, and improving cardiovascular regulation. Social
relationships have biological embedding—social experiences literally "get under the skin" through
physiological pathways affecting health.

44. D - Increased heart rate, blood pressure, and energy mobilization (' fight-or-flight')

Sympathetic nervous system activation during stress produces "fight-or-flight" responses: increased heart
rate and blood pressure (cardiovascular preparation), bronchodilation (increased oxygen), glucose release
(energy), pupil dilation (enhanced vision), decreased digestion (non-essential functions suppressed). This
prepares the organism for action—fighting threats or fleeing danger. Parasympathetic activation produces
opposite effects (relaxation, "rest-and-digest").

45. C - Stereotype persistence despite disconfirming evidence

Confirmation bias—seeking, noticing, and remembering information confirming existing beliefs while
discounting contradictory information—contributes to stereotype maintenance. If you believe "group X is
aggressive," you notice and remember aggressive acts by X members while dismissing or forgetting non-
aggressive acts. This selective attention and memory preserves stereotypes despite abundant
disconfirming evidence. Stereotypes persist partly through cognitive biases that confirm them, creating
self-perpetuating false beliefs.

46. B - Defining non-medical issues as medical problems requiring medical treatment and
intervention

Medicalization is the process by which non-medical problems become defined as medical conditions
requiring medical intervention. Examples include: childbirth (from natural process to medical procedure),
shyness (social anxiety disorder), aging (anti-aging medicine), and normal sadness (depression). Critics
argue medicalization: expands medical authority, pathologizes normal variation, promotes pharmaceutical
solutions for social problems, and obscures social/political causes of distress. However, medicalization
can also legitimize suffering and increase access to care.

47. C - Secure attachment provides confidence to explore, knowing caregiver is available if needed

Securely attached infants using caregivers as secure bases demonstrates attachment's adaptive function:
the caregiver provides safety allowing confident exploration. The infant ventures away (exploration
system active) but periodically checks or returns to the caregiver (attachment system active). This balance
optimizes both safety and learning—infants can explore environments confidently knowing protection is
available if needed. Insecurely attached infants either explore anxiously or over-cling, showing
imbalanced attachment-exploration systems.

48. B - Physiological and behavioral responses can dissociate—apparent independence masks
underlying stress
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Avoidantly attached infants appearing unbothered during separation show elevated cortisol and heart rate,
revealing physiological stress despite behavioral independence. This dissociation demonstrates defensive
exclusion—suppressing attachment behaviors while experiencing underlying distress. The apparent
independence is a defensive strategy (learned from rejecting caregiving) rather than genuine lack of
distress. This finding highlights the importance of multiple measures—behavior alone can be misleading.

49. D - Early social experiences shape expectations and behavior patterns that show developmental
continuity

Internal working models—mental representations formed from early attachment experiences—guide later
relationships by shaping expectations, emotions, and behaviors. Securely attached children develop
positive models ("I'm worthy, others are trustworthy") influencing adult relationships. Research showing
infant attachment predicting adult relationship patterns (26 years later) demonstrates developmental
continuity: early experiences create templates shaping lifelong relationship functioning. While not
deterministic (working models can change), early attachment significantly influences developmental
trajectories.

50. D - Infants develop different strategies for regulating attachment needs based on caregiving
history

The Strange Situation revealing multiple attachment patterns (secure, avoidant, resistant, disorganized)
based on reunion behaviors demonstrates that infants develop different strategies for managing attachment
needs depending on caregiving history. Secure infants directly seek comfort (strategy works with
responsive caregiving). Avoidant infants suppress attachment behaviors (strategy adapted to rejecting
caregiving). Resistant infants maximize attachment displays (strategy for inconsistent caregiving). These
patterns represent adaptive strategies given different caregiving environments.

51. C - Early attachment quality has long-term implications for social-emotional functioning

Longitudinal research showing secure infant attachment predicting adult relationship quality decades later
demonstrates that early attachment has enduring effects on social-emotional development. While not
completely deterministic (intervening experiences matter), infant attachment significantly predicts: adult
romantic relationships, parenting behavior, mental health, and social adjustment. This long-term
predictive validity supports attachment theory's claim that early relationships fundamentally shape socio-
emotional development throughout life.

52. B - Observers focus on salient actors while situational factors are less visible, and dispositions
seem stable/predictive

The fundamental attribution error occurs because actors are perceptually salient—we focus on people and
their actions while situations are background context. Additionally, dispositions seem more informative
and predictive than complex, variable situations—personality explains and predicts behavior more simply
than analyzing each situation's unique factors. This cognitive efficiency (focusing on stable dispositions
rather than complex situations) produces the systematic bias of overattributing behavior to dispositions
while underweighting situational factors.
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53. D - We have more information about our own situational variability across contexts

Actor-observer bias arises partly from information asymmetry. We experience our own behavior across
many situations, aware of how context influences us ("I was rude because I'm stressed, not because I'm a
rude person"). Observing others, we typically see behavior in limited situations without full situational
knowledge, making dispositional attributions seem more appropriate. We know our situational variability;
we observe others' behavior without full contextual awareness, producing asymmetric attributions.

54. B - Protect self-esteem and maintain positive self-image

Self-serving bias—crediting success internally ("I'm smart/hardworking") while blaming failure
externally ("unfair test/bad luck")—serves ego-protective functions. This asymmetric attribution
maintains positive self-image and protects self-esteem from failure's threat. The bias is stronger when self-
esteem is threatened and in individualist cultures valuing personal success. While promoting
psychological well-being, self-serving bias can interfere with learning from failures and accurately
assessing performance.

55. C - Negative self-view and hopelessness characteristic of depression

Depressed individuals showing reversed self-serving bias—attributing success externally ("I got lucky")
and failure internally ("I'm incompetent")—creates and maintains negative self-schemas. This pessimistic
attribution style contributes to depression by: preventing credit for successes (maintaining low self-
esteem), personalizing failures (increasing hopelessness), and reducing motivation (why try if success is
luck and failure is personal?). Cognitive therapy for depression targets these maladaptive attribution
patterns.

56. B - Culture influences cognitive processes including how we explain behavior

Collectivist cultures showing less fundamental attribution error than individualist cultures demonstrates
cultural shaping of basic cognitive processes. Western cultures emphasizing individual agency and
personal responsibility produce stronger dispositional biases. East Asian cultures emphasizing
relationships and social context produce more balanced attributions considering situations. This cultural
difference reveals that even seemingly basic cognitive processes (causal attribution) are culturally learned,
challenging assumptions about universal cognition.

57. D - Motor control and procedural learning

The basal ganglia (caudate, putamen, globus pallidus, substantia nigra) are subcortical structures primarily
involved in motor control—initiating and regulating voluntary movements—and procedural learning
(habits, skills). Parkinson's disease involves basal ganglia degeneration, producing motor symptoms
(tremor, rigidity, bradykinesia). The basal ganglia also contribute to reward processing, action selection,

and cognitive functions, but motor control and procedural learning represent core functions.

58. D - Individuals learn by watching others' behaviors and their consequences
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Observational learning (vicarious learning, modeling) occurs when individuals learn by observing others
rather than through direct experience. Bandura's Bobo doll experiments demonstrated children learning
aggressive behaviors simply by watching adults, without personal reinforcement. Learning occurs
through: attention (observing behavior), retention (remembering), reproduction (physically performing),
and motivation (vicarious reinforcement—seeing model rewarded/punished). This challenged
behaviorism's emphasis on direct reinforcement, showing cognitive processes and social context in
learning.

59. C - Socioeconomic factors, healthcare access, environmental conditions, and discrimination

Health disparities—systematic differences in health outcomes between social groups (race/ethnicity, SES,
gender, geography)—result from multiple interacting factors: socioeconomic resources (income,
education, housing), healthcare access (insurance, availability, quality), environmental exposures
(pollution, neighborhood safety), health behaviors (influenced by resources and stress), and
discrimination/chronic stress. These social determinants of health produce persistent, unjust health
inequalities. Addressing disparities requires interventions at individual, community, and policy levels.
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