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Chemical And Physical Foundations of Biological Systems
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95 minutes 59

PASSAGE 1: Thermodynamics and Spontaneity of Chemical
Reactions

Chemical reactions occur spontaneously when they increase the universe's total entropy, but predicting
spontaneity requires considering both system and surroundings. The Gibbs free energy combines these
factors into a single state function measuring maximum useful work obtainable from a process at constant
temperature and pressure. This thermodynamic potential determines reaction direction and equilibrium
position.

The Gibbs free energy is defined as G = H - TS, where H is enthalpy, T is absolute temperature, and S is
entropy. For a process at constant temperature and pressure, the change in Gibbs free energy is:

AG = AH - TAS

When AG < 0, the process is spontaneous (exergonic); when AG > 0, the process is non-spontaneous
(endergonic); when AG = 0, the system is at equilibrium. This equation reveals that both enthalpy and
entropy changes contribute to spontaneity, with their relative importance determined by temperature.

The relationship between AG and reaction spontaneity depends on the signs of AH and AS:

e AH <0, AS > 0: Always spontaneous (exothermic with entropy increase)
e AH <0, AS <0: Spontaneous at low temperatures (enthalpy dominates)
e AH>0, AS > 0: Spontaneous at high temperatures (entropy dominates)
e AH> 0, AS <0: Never spontaneous (endothermic with entropy decrease)

Temperature acts as a weighting factor for entropy's contribution. At low temperatures, enthalpy changes
dominate spontaneity; at high temperatures, entropy changes dominate. The crossover temperature where
AG = 01is T = AH/AS, marking the transition between spontaneous and non-spontaneous conditions.



Standard Gibbs free energy change (AG®) applies to reactions under standard conditions (1 atm pressure,
1 M concentrations, 25°C). The relationship between AG® and the equilibrium constant K is:

AG° = -RT In(K)

Where R is the gas constant (8.314 J/mol-K) and T is temperature in Kelvin. Large negative AG® values
correspond to large equilibrium constants (products favored), while large positive AG® values correspond
to small equilibrium constants (reactants favored).

Under non-standard conditions, the actual Gibbs free energy change relates to AG® through the reaction
quotient Q:

AG = AG® + RT In(Q)

At equilibrium, Q = K and AG = 0, confirming the relationship AG® = -RT In(K). This equation allows
prediction of reaction direction: when Q <K, AG <0 and the reaction proceeds forward; when Q > K, AG
> (0 and the reaction proceeds in reverse.

Coupled reactions demonstrate Gibbs free energy's additive property. Non-spontaneous reactions (AG >
0) can be driven by coupling to spontaneous reactions (AG < 0) if the overall AG becomes negative. In
biochemistry, ATP hydrolysis (AG® = -30.5 kJ/mol) commonly drives endergonic processes by coupling
the reactions.

Researchers investigated thermodynamic parameters for several reactions:
Reaction 1: Dissolution of ammonium nitrate NHsNOs(s) — NHa*(aq) + NOs(aq)

e AH°=+25.7 kJ/mol (endothermic)

e AS°=+108.7 J/mol-K (entropy increases)

e At25°C (298 K): AG®° = AH® - TAS® =+25.7 - (298)(0.1087) = -6.7 kJ/mol
e Spontaneous despite being endothermic due to large entropy increase

Reaction 2: Formation of ammonia (Haber process) N2(g) + 3Hz(g) — 2NHs(g)

e AH°=-92.2 kJ/mol (exothermic)

e AS°=-198.3 J/mol-K (entropy decreases, 4 moles — 2 moles)

o At25°C: AG®=-92.2 - (298)(-0.1983) = -33.1 kJ/mol

e At 500°C (773 K): AG°® =-92.2 - (773)(-0.1983) = +61.1 kJ/mol

e Spontaneous at low temperatures, non-spontaneous at high temperatures

Reaction 3: Glucose oxidation CsH1206 + 602, — 6CO: + 6H20

e AH°=-2803 kJ/mol

e AG°=-2879 klJ/mol at 25°C

o K=¢e"-AG°/RT) =¢"(2,879,000/(8.314%298)) = e"1162 = 10”505

o Extremely large equilibrium constant; reaction essentially goes to completion



Reaction 4: ATP hydrolysis ATP + H.O — ADP + Pi
e AG® =-30.5 kJ/mol (biochemical standard conditions, pH 7)
e Under cellular conditions: [ATP] =5 mM, [ADP] = 0.5 mM, [Pi] =5 mM
e Q= ([ADP][Pi])/[ATP] = (0.5 x 5)/5=0.5
e AG=AG°+RT In(Q)=-30.5+(8.314x1073)(310)In(0.5) = -30.5 - 1.78 = -32.3 kJ/mol
e More exergonic under cellular conditions than standard conditions
Reaction 5: Temperature dependence study For the reaction: CaCOs(s) — CaO(s) + CO2(g)
e AH°=+178 kJ/mol
e AS°=+161 J/mol-K
e Crossover temperature: T = AH/AS = 178,000/161 = 1105 K (832°C)

e Below 832°C: AG > 0 (non-spontaneous)
e Above 832°C: AG < 0 (spontaneous decomposition)

1. For a reaction with AH = +45 kJ/mol and AS = +120 J/mol-K, the reaction becomes spontaneous
above approximately:

A. 225 K because enthalpy changes dominate at low temperatures
B. 375 K because the TAS term exceeds AH at this crossover temperature
C. 500 K because kinetic energy overcomes activation barriers

D. Never spontaneous because endothermic reactions cannot proceed

2. The ammonium nitrate dissolution being spontaneous despite being endothermic demonstrates
that:

A. Enthalpy changes alone determine reaction spontaneity
B. Temperature has no effect on Gibbs free energy calculations
C. All endothermic processes are non-spontaneous at any temperature

D. Large positive entropy changes can drive endothermic reactions forward

3. At equilibrium for a reaction, which statement is correct?



A. AG =0, Q =K, and no net reaction occurs in either direction
B. AG° = 0, indicating standard free energy equals zero
C. The forward and reverse rate constants both equal zero

D. Temperature must equal the crossover temperature AH/AS

4. The Haber process becoming non-spontaneous at high temperatures occurs because:
A. High temperatures always make reactions non-spontaneous

B. The activation energy increases proportionally with temperature

C. The negative TAS term becomes more negative, overwhelming negative AH

D. Nitrogen and hydrogen gases decompose at elevated temperatures

5. If cellular ATP concentration decreases from 5 mM to 2 mM while ADP and Pi remain
constant, the AG for ATP hydrolysis will:

A. Become less negative because Q decreases and RT In(Q) becomes more negative
B. Become more negative because Q increases and RT In(Q) becomes more positive
C. Remain unchanged because AG® is independent of concentrations

D. Equal zero because the system reaches equilibrium conditions

DISCRETE QUESTIONS (6-8)

6. A 2.0 kg block slides down a frictionless incline of 30° from a height of 5.0 m. The block's
velocity at the bottom is approximately:

A. 10 m/s, calculated from conservation of mechanical energy
B. 7.1 m/s, derived from kinematic equations alone

C. 14 m/s, because gravitational potential energy doubles kinetic energy



D. 5.0 m/s, equal to the height fallen

7. In the Doppler effect for sound waves, when a source moves toward a stationary observer:
A. The wavelength increases and the observer measures lower pitch

B. The observed frequency decreases and frequency shifts to lower values

C. The observed frequency increases and wavelength decreases, producing higher pitch

D. Wave velocity increases in the medium between source and observer

8. Which molecule exhibits the highest boiling point?

A. CHa (methane) with only weak London dispersion forces

B. CH30H (methanol) with both hydrogen bonding and dipole interactions
C. NHs; (ammonia) with hydrogen bonding between molecules

D. Ne (neon) with minimal intermolecular attractions

PASSAGE 2: Electrochemistry and Galvanic Cells

Electrochemical cells convert chemical energy into electrical energy (galvanic cells) or use electrical
energy to drive non-spontaneous reactions (electrolytic cells). Galvanic cells operate spontaneously
through redox reactions spatially separated into half-cells, allowing electron flow through an external
circuit to perform useful work.

Each half-cell contains an electrode immersed in a solution containing ions of the electrode material. At
the anode, oxidation occurs—electrons are lost and flow out of the electrode. At the cathode, reduction
occurs—electrons are gained from the external circuit. Electrons flow spontaneously from anode (negative
terminal) to cathode (positive terminal) through the external circuit, while ions migrate through the salt
bridge to maintain charge neutrality.

Standard reduction potentials (E°) measure each half-reaction's tendency to gain electrons under standard
conditions (1 M concentrations, 1 atm pressure, 25°C). More positive E° values indicate stronger oxidizing
agents (more easily reduced), while more negative E° values indicate stronger reducing agents (more
easily oxidized). Standard reduction potentials are tabulated relative to the standard hydrogen electrode
(SHE), arbitrarily assigned E°=0.00 V.



The standard cell potential (E°cell) equals the difference between cathode and anode standard reduction
potentials:

E°cell = E°cathode - E°anode

Positive E°cell indicates a spontaneous reaction under standard conditions. The relationship between
E°cell and Gibbs free energy is:

AG® = -nFE°cell

Where n is the number of electrons transferred and F is Faraday's constant (96,485 C/mol). This equation
connects electrochemistry to thermodynamics—positive E°cell corresponds to negative AG®, confirming
spontaneity.

The Nernst equation relates cell potential to non-standard conditions:

E = E° - (RT/nF) In(Q)

At 25°C, this simplifies to:

E =E°-(0.0592/n) log(Q)

Where Q is the reaction quotient. As reactants are consumed and products accumulate, Q increases,
making the second term more positive and decreasing E. When E = 0, the cell reaches equilibrium and

can no longer perform electrical work.

The relationship between E°cell and the equilibrium constant derives from combining electrochemical
and thermodynamic relationships. At equilibrium, AG =0 and E = 0, so:

0 =E° - (RT/nF) In(K)
Solving for E°:
E° = (RT/nF) In(K) = (0.0592/n) log(K) at 25°C

Large positive E° values correspond to large equilibrium constants. For example, E° =+0.30 V for a one-
electron transfer gives K = 10”5, strongly favoring products.

Concentration cells represent special galvanic cells where both half-cells contain the same species at
different concentrations. The cell potential arises purely from concentration differences, not different
chemical species. For a concentration cell:

E = (0.0592/n) log([concentrated]/[dilute])

Electrons flow from the half-cell with lower concentration to higher concentration, equalizing
concentrations and ultimately reaching zero potential at equilibrium.



Researchers constructed and analyzed several galvanic cells:

Cell 1:

Zinc-copper (Daniell cell) Anode: Zn(s) — Zn*'(aq) + 2e¢” (E°=-0.76 V) Cathode: Cu?*'(aq) +

2e — Cu(s) (E° = +0.34 V)

Cell 2:
2.0M

Cell 3:

E°cell =0.34 - (-0.76) = +1.10 V

AG® = -(2)(96,485)(1.10) = -212 kJ/mol
log(K) =nE®°/0.0592 = (2)(1.10)/0.0592 = 37.2
K = 10%” (strongly favors products)

Effect of concentration on cell potential Same Zn-Cu cell with [Zn**] =0.10 M and [Cu*'] =

Q =[Zn*"])/[Cu*]=0.10/2.0 =0.05

E =E° - (0.0592/2) 10g(0.05)
E=1.10-(0.0296)(-1.30) =1.10 + 0.038 = 1.14 V
Cell potential increases when [products] < [reactants]

Concentration cell Ag(s) | Ag"(0.001 M) || Ag"(1.0 M) | Ag(s)

Dilute side: Ag(s) — Ag'(aq) + ¢ (oxidation, anode)
Concentrated side: Ag(aq) + e~ — Ag(s) (reduction, cathode)
E =(0.0592/1) log([concentrated]/[dilute]) = 0.0592 log(1.0/0.001) = 0.0592(3) = 0.178 V

Cell at non-standard temperature Zn-Cu cell at 50°C (323 K) under standard concentrations
E°cell remains 1.10 V (standard potentials don't change with temperature)

Temperature affects the Nernst equation coefficient: RT/F = (8.314)(323)/96,485 = 0.0278 V
For Q =1 (standard concentrations), E = E°=1.10 V regardless of temperature

Work performed by galvanic cell Zn-Cu cell operating at 1.10 V passes 2.0 moles of electrons
Electrical work = nFE = (2.0 mol)(96,485 C/mol)(1.10 V)

Work =212,000J =212 kJ
This equals the magnitude of AG® for the reaction

9. A galvanic cell with E°cell = +0.90 V operates until equilibrium. At equilibrium, the cell
potential is:

A. +0.90 V because standard potential doesn't change

B. Zero because AG = 0 and no driving force remains for electron flow

C. +0.45 V because half the reactants have been consumed



D. Negative because the reverse reaction now predominates

10. Increasing the concentration of product ions in a galvanic cell while keeping reactant
concentrations constant will:

A. Increase cell potential because more ions facilitate electron transfer
B. Have no effect because standard potentials are concentration-independent
C. Increase the equilibrium constant for the cell reaction

D. Decrease cell potential because Q increases, making the Nernst correction more positive

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

A. Negative AG® corresponds to negative E°cell for spontaneous reactions

B. The number of electrons transferred doesn't affect spontaneity

C. Positive E°cell values correspond to spontaneous reactions with negative AG®

D. Faraday's constant varies depending on the specific electrode materials

12. In a concentration cell with identical electrodes but different ion concentrations:
A. The cell potential arises from differences in standard reduction potentials

B. Electrons flow from the low concentration side to the high concentration side

C. The cell cannot generate electrical potential with identical electrodes

D. Current flows indefinitely without reaching equilibrium

13. If a galvanic cell produces 1.5 V and transfers 3 moles of electrons, the maximum work
obtainable is approximately:

A. 145 kJ calculated using appropriate conversion factors



B. 434 kJ from the relationship W = nFE
C. 48 kJ because voltage must be converted to joules first

D. 290 kJ assuming standard conditions and reversible process

PASSAGE 3: Acid-Base Equilibria and Buffer Systems

Acid-base equilibria govern numerous biological and chemical processes, from enzyme function to blood
pH regulation. Weak acids and bases establish equilibria between protonated and deprotonated forms,
with equilibrium position determined by the acid dissociation constant (Ka) and the system's pH.

For a weak acid HA dissociating in water: HA + H.O = H;O" + A~

The acid dissociation constant is: Ka = [H:O*][A7]/[HA]

Taking the negative logarithm of both sides and rearranging yields the Henderson-Hasselbalch equation:
pH =pKa + log([A7]/[HA])

This equation reveals that when [A™] = [HA], pH = pKa—the pH equals the pKa when acid and conjugate
base concentrations are equal. The Henderson-Hasselbalch equation predicts pH given concentrations or
determines required concentration ratios for desired pH.

Buffer solutions resist pH changes upon addition of small amounts of acid or base. Buffers contain
substantial concentrations of both a weak acid and its conjugate base (or weak base and conjugate acid).
When strong acid is added, the conjugate base neutralizes it; when strong base is added, the weak acid
neutralizes it. This maintains relatively constant pH.

Buffer capacity quantifies the amount of acid or base a buffer can neutralize before pH changes
significantly. Buffer capacity is maximized when pH = pKa (equal concentrations of acid and conjugate
base) and when buffer component concentrations are high. Effective buffering typically occurs within +1
pH unit of the pKa.

Polyprotic acids possess multiple ionizable protons, each with distinct pKa values. Phosphoric acid
(HsPO4) exemplifies a triprotic acid:

H;POs = H* + H2POs (pKal =2.15) H.POs~ & H" + HPO+* (pKa2 = 7.20) HPO+*~ & H" + PO+* (pKa3
=12.35)

At any given pH, the predominant species can be predicted: at pH < pKal, HsPO+ dominates; between
pKal and pKa2, H-POs+  dominates; between pKa2 and pKa3, HPO+* dominates; above pKa3, PO+*"
dominates.



Titration curves plot pH versus volume of titrant added. For weak acid titration with strong base, the
curve shows:

Initial pH determined by weak acid dissociation

Buffer region where pH changes gradually

Equivalence point where moles of base equal moles of acid
pH at equivalence point > 7 (conjugate base present)

Steep pH change near equivalence point

The half-equivalence point, where half the acid has been neutralized, occurs when pH = pKa. This
provides an experimental method for determining pKa values.

Researchers investigated various acid-base systems:

System 1: Acetic acid buffer

1.0 L solution containing 0.50 M acetic acid (CH;COOH) and 0.50 M sodium acetate
(CHsCOONa)

pKa of acetic acid = 4.76

pH = pKa + log([CHs:COO]/[CH:COOH]) = 4.76 + 10g(0.50/0.50) = 4.76

Addition of 0.01 mol HCIl: CH;:COO~ + H* — CH:COOH

New [CH3COOH] =0.51 M, new [CH:COO]=0.49 M

New pH =4.76 + 10g(0.49/0.51) =4.76 - 0.016 = 4.74

pH change = only 0.02 units

System 2: Bicarbonate buffer (blood)

H>COs; = H" + HCOs™ (effective pKa = 6.1 in blood)
Normal blood: [HCOs™] =24 mM, [H2COs] = 1.2 mM (20:1 ratio)
pH=6.1 +1og(24/1.2) =6.1 + 1.30 =7.40

System 3: Phosphate buffer

H.POs = H* + HPO+* (pKa = 7.20)

To prepare pH 7.20 buffer: equal concentrations of H.PO4~ and HPO4*~
To prepare pH 7.50 buffer:

7.50 =7.20 + log([HPO+*]/[H2PO4])

0.30 = log([HPO+*"]/[H2PO47])

[HPO+*)/[H2PO4] =10"0.30 = 2.0

Ratio 2:1 (HPO+* to H2POx")

System 4: Titration of weak acid

50.0 mL of 0.100 M formic acid (HCOOH, pKa = 3.75) titrated with 0.100 M NaOH
Initial pH (before NaOH): weak acid, pH =~ 2.88
At 25.0 mL NaOH added (half-equivalence): pH = pKa = 3.75

10



e At 50.0 mL NaOH added (equivalence point): all converted to HCOO~
e [HCOO7=(0.100 M)(50.0 mL)/(100.0 mL) = 0.050 M
e HCOO is weak base: pH = 8.35 (above 7)

System 5: Buffer capacity

Compare two buffers at pH 5.0:

Buffer A: 0.10 M acetic acid/acetate (pKa = 4.76)

Buffer B: 1.0 M acetic acid/acetate (pKa = 4.76)

Both maintain pH 5.0 initially, but Buffer B has 10x greater capacity

Buffer B can neutralize 10x more added acid/base before pH changes significantly

14. A buffer solution with pH = 4.50 is prepared using benzoic acid (pKa = 4.20). The ratio
[benzoate]/[benzoic acid] must be:

A. 0.50 because the pH is above the pKa
B. 1.0 because pH and pKa values are similar
C. 0.33 because pH is 0.30 units below pKa

D. 2.0 because the pH is 0.30 units above the pKa

15. At the half-equivalence point in the titration of a weak acid with strong base:
A. pH equals 7.00 regardless of the acid's identity

B. The pH change per mL of titrant is at its maximum

C. pH equals pKa and [acid] = [conjugate base]

D. All of the weak acid has been converted to conjugate base

16. For the phosphate buffer system, the best buffering capacity at pH 7.0 comes from:
A. H2POs/HPO4* pair because pKa2 = 7.20 is closest to target pH
B. HsPO4/H2PO4™ pair with pKal =2.15

C. HPO+*/PO+*" pair with pKa3 = 12.35

11



D. Equal mixtures of all four phosphate species

17.1f 10 mL of 1.0 M HCl is added to 1.0 L of a buffer containing 0.50 M weak acid (pKa = 5.0)
and 0.50 M conjugate base, the pH will:

A. Remain exactly 5.0 because buffers completely prevent pH changes
B. Remain very close to 5.0 because HCI reacts with conjugate base
C. Increase significantly because HCl is a strong acid

D. Decrease to approximately 2.0 because HCl dominates the system

18. Blood bicarbonate buffer maintains pH 7.4 with a 20:1 ratio of [HCOs7]/[H2CO:s]. If metabolic
acidosis decreases the ratio to 10:1, the blood pH becomes approximately:

A. 7.1 because log(10) = 1.0 and pH changes by -0.3 units
B. 7.7 because decreased ratio increases pH
C. 7.4 because buffer maintains constant pH

D. 6.7 because ratio change dramatically alters pH

DISCRETE QUESTIONS (19-21)

19. An object in simple harmonic motion has maximum kinetic energy when:
A. Displacement from equilibrium equals the amplitude

B. At the equilibrium position where velocity is maximum

C. Potential energy equals kinetic energy

D. Acceleration equals zero at the turning points

20. In thin-layer chromatography (TLC), compounds with higher Rf values:
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A. Have stronger interactions with the stationary phase
B. Are more polar than compounds with lower Rf values
C. Remain closer to the origin spot

D. Travel farther up the plate due to greater mobile phase affinity

21. The ideal gas law (PV = nRT) is least accurate for gases under conditions of:
A. Low pressure and high temperature where molecules behave ideally

B. Standard temperature and pressure where deviations are minimal

C. High pressure and low temperature where molecular interactions increase

D. High temperature and low pressure regardless of molecular interactions

PASSAGE 4: Enzyme Kinetics and Inhibition

Enzymes accelerate reaction rates by lowering activation energy without altering equilibrium position.
Quantitative analysis of enzyme kinetics reveals catalytic mechanisms, substrate binding affinity, and
inhibitor effects. The Michaelis-Menten model describes simple enzyme kinetics mathematically.

For enzyme (E) catalyzing substrate (S) conversion to product (P):
E+S=ES—E+P

Where ES is the enzyme-substrate complex. At steady state, ES formation rate equals ES breakdown rate.
The reaction velocity (v) follows Michaelis-Menten kinetics:

v = (Vmax[S])/(Km + [S])

Where Vmax is maximum velocity (when all enzyme is saturated with substrate) and Km is the Michaelis
constant (substrate concentration at half-maximal velocity). Km reflects substrate binding affinity—Ilower
Km indicates higher affinity.

At low [S] << Km, the equation simplifies to v = (Vmax/Km)[S], showing first-order kinetics (velocity
proportional to [S]). At high [S] >> Km, v = Vmax, showing zero-order kinetics (velocity independent of
[S]. At [S]=Km, v=Vmax/2.

The turnover number (kcat) measures catalytic efficiency:
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kcat = Vmax/[E]total

This represents the number of substrate molecules converted to product per enzyme molecule per unit
time. Catalytic efficiency combines binding and catalysis:

Catalytic efficiency = kcat/Km

This ratio represents the rate constant for the enzyme converting free substrate to product, with theoretical
upper limit near the diffusion-controlled rate (~10% to 10° M~'s™).

Enzyme inhibitors reduce reaction velocity through various mechanisms. Competitive inhibitors bind the
active site, competing with substrate. They increase apparent Km (reduce substrate affinity) without
affecting Vmax—high [S] can overcome inhibition. The modified equation is:
v = (Vmax[S])/(Km(1 + [I]/K1) + [S])
Where [I] is inhibitor concentration and Ki is the inhibition constant.
Noncompetitive inhibitors bind enzyme at sites distinct from the active site, not competing with substrate.
They decrease Vmax (reduce effective enzyme concentration) without affecting Km. The equation
becomes:
v =(Vmax[S])/((1 + [T)/Ki)(Km + [S]))
Uncompetitive inhibitors bind only the ES complex, not free enzyme. They decrease both Vmax and Km
proportionally, leaving Vmax/Km unchanged. This inhibition type is less common but important in multi-
substrate reactions.
The Lineweaver-Burk plot (double reciprocal plot) linearizes Michaelis-Menten kinetics:
I/v=(Km/Vmax)(1/[S]) + 1/Vmax
This plots 1/v versus 1/[S], yielding a straight line with:

e y-intercept = 1/Vmax

e x-intercept = -1/Km

e slope = Km/Vmax
Different inhibitor types produce characteristic Lineweaver-Burk patterns:

o Competitive: lines intersect at y-axis (same Vmax, different Km)

o Noncompetitive: lines intersect at x-axis (different Vmax, same Km)

o Uncompetitive: parallel lines (both parameters change proportionally)

Researchers investigated enzyme kinetics and inhibition:
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Enzyme 1: B-galactosidase

Catalyzes lactose hydrolysis

Vmax = 160 pmol/min at [enzyme] = 2.0 uM

kcat = Vmax/[E] = 160 pmol/min /2.0 uM =80 min' = 1.33 s*
Km = 4.0 mM for lactose

Catalytic efficiency = kcat/Km =1.33 57!/ 4.0x103 M =332 M's”!

Enzyme 2: Substrate concentration effects

e [S]=1.0mM, Km=4.0 mM, Vmax = 160 pmol/min
e v=(160)(1.0)/(4.0 + 1.0) = 160/5 = 32 pumol/min
e [S]=16 mM, Km =4.0 mM

e v=(160)(16)/(4.0 + 16) =2560/20 = 128 pmol/min (approaching Vmax)

Enzyme 3: Competitive inhibition

Enzyme with Vmax = 100 pmol/min, Km = 2.0 mM

Inhibitor added: [I] = 5.0 mM, Ki=1.0 mM

Apparent Km = Km(1 + [I]/Ki) = 2.0(1 + 5.0/1.0) = 2.0(6) = 12 mM
Vmax remains 100 pmol/min

At [S]=12 mM: v =(100)(12)/(12 + 12) = 50 umol/min

Enzyme 4: Noncompetitive inhibition

Same enzyme, now with noncompetitive inhibitor

[11=5.0mM, Ki=1.0 mM

Apparent Vmax = Vmax/(1 + [[J/Ki) = 100/(1 + 5) = 16.7 pmol/min
Km remains 2.0 mM

Even at very high [S], velocity cannot exceed 16.7 umol/min

Enzyme S5: Lineweaver-Burk analysis

Without inhibitor: 1/v = (Km/Vmax)(1/[S]) + 1/Vmax
y-intercept = 1/100 = 0.010 (min-umol™)

x-intercept = -1/2.0 = -0.50 (mM™)

Competitive inhibitor shifts x-intercept to -1/12 = -0.083 mM™!
Noncompetitive inhibitor shifts y-intercept to 1/16.7 = 0.060

22. An enzyme with Km = 5.0 mM and Vmax = 200 pmol/min operates at [S] =20 mM. The
reaction velocity is:

A. 40 umol/min because Km determines the reaction rate
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B. 100 pmol/min because [S] is at half-saturation
C. 160 umol/min calculated from the Michaelis-Menten equation

D. 200 pmol/min because enzyme is fully saturated at high [S]

23. The Michaelis constant (Km) represents:

A. The substrate concentration producing half-maximal velocity
B. The maximum velocity when enzyme is saturated

C. The dissociation constant for product release from enzyme

D. The rate constant for enzyme-substrate complex formation

24. A competitive inhibitor primarily affects enzyme Kinetics by:
A. Permanently destroying the enzyme's catalytic activity

B. Binding irreversibly to the enzyme-substrate complex

C. Reducing the effective enzyme concentration available

D. Increasing apparent Km without changing Vmax

25. In a Lineweaver-Burk plot, noncompetitive inhibition appears as:
A. Parallel lines with identical slopes but different intercepts
B. Lines intersecting on the x-axis with different y-intercepts
C. Lines intersecting on the y-axis with different x-intercepts

D. A single line because inhibition doesn't affect the plot

26. Comparing two enzymes with identical Km but different Vmax values, the enzyme with higher
Vmax:
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A. Has greater catalytic efficiency (kcat/Km) if kcat is proportional to Vmax
B. Has lower substrate affinity because Vmax and Km are inversely related
C. Operates under first-order kinetics at all substrate concentrations

D. Cannot be saturated with substrate regardless of concentration

PASSAGE 5: Optics and Lens Systems

Light interaction with lenses and mirrors follows predictable geometric relationships. Refraction at lens
surfaces bends light rays, converging or diverging them to form images. Quantitative analysis using the
thin lens equation and magnification relationships allows precise optical system design.

For thin lenses, the relationship between object distance (do), image distance (di), and focal length () is:
1/f=1/do + 1/di

The focal length depends on lens shape and refractive index. Converging (convex) lenses have positive
focal lengths and converge parallel rays to a focal point. Diverging (concave) lenses have negative focal
lengths and diverge parallel rays as if emanating from a virtual focal point.

Sign conventions are critical:

e Real objects: do > 0 (in front of lens)

o Virtual objects: do < 0 (behind lens, rare)

e Real images: di > 0 (behind lens, where light actually converges)

e Virtual images: di <0 (in front of lens, where light appears to come from)
e Converging lenses: f> 0

e Diverging lenses: f<0

Linear magnification (m) relates image and object heights (hi and ho):
m = -di/do = hi/ho

Negative magnification indicates inverted images; positive magnification indicates upright images.
Magnification magnitude greater than 1 means enlarged images; less than 1 means reduced images.

For converging lenses, image characteristics depend on object position:

e Object beyond 2f: real, inverted, reduced (between f and 2f on opposite side)
e Object at 2f: real, inverted, same size (at 2f on opposite side)

e Object between f and 2f: real, inverted, enlarged (beyond 2f on opposite side)
e Object at f: no image forms (rays emerge parallel)

17



e Object inside f: virtual, upright, enlarged (same side as object)
Diverging lenses always produce virtual, upright, reduced images regardless of object position.

Multiple lens systems combine individual lens effects. For two lenses separated by distance d, image from
lens 1 serves as object for lens 2. The total magnification equals the product of individual magnifications:

mtotal = m1 X m2

Compound microscopes and telescopes exemplify multi-lens systems. Microscopes use two converging
lenses: objective (short focal length, high magnification) and eyepiece (moderate focal length). Total
magnification:

M = mobjective X meyepiece

Simple telescopes also use two lenses but with different geometry. The objective has long focal length
(gathers light, forms real image), while eyepiece has short focal length (magnifies that image). Angular
magnification:

M = -fo/fe

Where fo and fe are objective and eyepiece focal lengths, respectively.

The human eye functions as a variable-focus lens system. The cornea and lens focus light onto the retina,
with lens shape adjusted (accommodation) to focus at different distances. The near point (closest focusing

distance, typically ~25 cm for young adults) and far point (most distant clear vision, infinity for normal
vision) define the accommodation range.

Optical defects require correction. Myopia (nearsightedness) occurs when the eye focuses distant objects
in front of the retina; diverging lenses correct this. Hyperopia (farsightedness) occurs when the eye cannot
adequately converge for near objects; converging lenses correct this.
Researchers analyzed various optical systems:
System 1: Converging lens image formation

e Converging lens with f =420 cm

e Objectatdo =30 cm

e 1/di=1/f-1/do=1/20 - 1/30 = (3-2)/60 = 1/60

e di=+60 cm (real image, behind lens)

e m=-di/do =-60/30 = -2.0 (inverted, 2% magnified)

System 2: Diverging lens

e Diverging lens with f=-15 cm
e Objectatdo =30 cm
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e 1/di=1l/f-1/do=1/(-15) - 1/30 = (-2-1)/30 =-3/30 = -1/10
e di=-10 cm (virtual image, same side as object)
e m=-di/do =-(-10)/30 =+0.33 (upright, reduced to 1/3 size)

System 3: Image at focal point

Converging lens, f=+25 cm

Where must object be placed for image at di = +50 cm?
1/do= 1/f- 1/di=1/25 - 1/50 = (2-1)/50 = 1/50

do =+50 cm (object at 2f forms image at 2f, m = -1)

System 4: Two-lens system

Lens 1: f1 =+10 cm, object at dol = 15 cm

1/dil = 1/10 - 1/15 = (3-2)/30 = 1/30, so dil =+30 cm

ml =-30/15=-2.0

Lens 2: 2 =+5 cm, positioned 40 cm after lens 1

Image from lens 1 is 30 cm behind lens 1, so 10 cm before lens 2

do2 =+10 cm (image from lens 1 serves as object for lens 2)

1/di2 =1/5-1/10=(2-1)/10 = 1/10, so di2 =+10 cm

m2 =-10/10=-1.0

mtotal = ml X m2 = (-2.0)(-1.0) = +2.0 (upright relative to original object, 2x magnified)

System 5: Correcting myopia

Person's far point = 2.0 m (can't see clearly beyond 2 m)

Need lens that forms virtual image at 2.0 m when object is at infinity
do = oo, di =-2.0 m (virtual image at person's far point)
1/f=1/di=-1/2.0=-0.5m™

f=-2.0m=-200 cm

Requires diverging lens with f=-2.0 m

Lens power P = 1/f (in meters) = -0.5 diopters

27. A converging lens with f = +15 cm forms an image at di = +30 cm. The object distance is:

A. 7.5 cm because the focal length determines minimum distance
B. 30 cm calculated from the thin lens equation
C. 10 cm because image distance is twice object distance

D. 45 cm from geometric relationships between distances
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28. A diverging lens always produces:

A. Virtual, upright, reduced images regardless of object position
B. Real, inverted images when object is beyond focal length

C. Images that are larger than the object

D. Real images that can be projected onto screens

29. For a two-lens system, if the first lens produces magnification m1 = -3 and the second lens
produces m2 = +2, the total magnification is:

A. -1 because magnifications are additive (ml + m2 = -3 + 2)
B. +5 because absolute values sum when combining magnifications
C. +1.5 from averaging the two individual magnification values

D. -6 because magnifications multiply (m1 x m2 = -3 x 2)

30. An object is placed 10 cm in front of a lens with f =+20 cm. The image is:
A. Real and located between the lens and focal point

B. Real and located beyond the far focal point

C. Virtual, upright, and enlarged on the same side as object

D. Virtual, inverted, and reduced in size significantly

31. To correct myopia (nearsightedness), a person requires:

A. Converging lenses to increase focusing power for distant objects
B. Diverging lenses to form virtual images at the person's far point
C. Cylindrical lenses to correct astigmatism simultaneously

D. Bifocal lenses with different powers in different regions
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DISCRETE QUESTIONS (32-34)

32. The first law of thermodynamics (AU = Q - W) states that:
A. Energy can be created during exothermic reactions

B. Work done by a system decreases its internal energy

C. Heat flow always increases system internal energy

D. The change in internal energy equals heat absorbed minus work done

33. A molecule with the formula C4H100 can have multiple isomers. The number of possible
structural isomers depends on:

A. The molecular formula alone without considering atom connectivity
B. Whether oxygen forms ether linkages or hydroxyl groups
C. The number of hydrogen atoms available for substitution

D. The presence of chiral centers in the molecule

34. In the reaction: 2A + B — C, if the rate doubles when [A] doubles and quadruples when [B]
doubles, the rate law is:

A. Rate = k[A][B]? indicating first order in A and second order in B
B. Rate = k[A]*[B] indicating second order in A and first order in B
C. Rate = k[A][B] indicating first order in both reactants

D. Rate = k[ A]*[B]? indicating second order in both reactants

PASSAGE 6: Fluid Dynamics and Bernoulli's Equation
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Fluid mechanics describes liquid and gas behavior under various conditions. For ideal fluids
(incompressible, non-viscous, steady flow), the continuity equation and Bernoulli's equation govern flow
dynamics. These principles apply to cardiovascular physiology, airplane lift, and numerous engineering
applications.

The continuity equation expresses mass conservation in fluid flow. For incompressible fluids flowing
through a pipe of varying cross-section:

Alvl = A2v2
Where A is cross-sectional area and v is fluid velocity. This equation reveals that fluid velocity increases
where pipe cross-section decreases (and vice versa), maintaining constant volume flow rate. Blood flow
through arteries of varying diameter exemplifies this principle.
Bernoulli's equation derives from energy conservation, relating pressure, velocity, and height:
P + "2pv? + pgh = constant
Along a streamline, where:
e Pispressure
e pis fluid density
e visvelocity
e g is gravitational acceleration
e his height
This equation shows energy trade-offs: increased velocity decreases pressure (pressure-velocity
relationship), increased height decreases pressure (pressure-height relationship). The '2pv? term is
dynamic pressure (kinetic energy per volume), while P is static pressure.
Common applications include:
e Venturi effect: pressure decreases in constricted pipe sections where velocity increases
o Airplane lift: faster airflow over curved upper wing surface creates lower pressure than beneath
wing
e Atomizers/sprayers: high-velocity airflow over tube opening creates low pressure, drawing liquid
up
For horizontal flow (constant h), Bernoulli's equation simplifies to:
P1 + Ypvl1?=P2 + apv2?
Rearranging: P1 - P2 = 2p(v2? - v1?)

The pressure difference between two points equals the difference in dynamic pressure.
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Viscous fluids experience internal friction (viscosity) resisting flow. Poiseuille's law describes laminar
(smooth, layered) flow through cylindrical tubes:

Q = (TAP)/(8nL)

Where:
e Q is volume flow rate
e AP is pressure difference driving flow
e 1is tube radius
e 1 is dynamic viscosity
e L is tube length

The r* dependence shows flow rate is extremely sensitive to radius—halving radius decreases flow rate
16-fold. This explains why arterial plaques causing small radius reductions dramatically reduce blood
flow.

Reynolds number (Re) predicts flow regime:
Re = pvD/m

Where D is characteristic length (pipe diameter). Low Re (<2000) indicates laminar flow; high Re (>4000)
indicates turbulent flow. Turbulent flow involves chaotic, irregular motion with higher energy dissipation.

Researchers investigated fluid dynamics principles:
System 1: Water flow through pipe

Water flows through pipe narrowing from A1 =0.010 m* to A2 =0.0025 m?
vl = 2.0 m/s in wide section

Continuity: Alvl = A2v2

v2 =(A1/A2)v1l =(0.010/0.0025)(2.0) = 8.0 m/s

Velocity quadruples where area is 1/4

System 2: Pressure changes with velocity

Horizontal water pipe, density p = 1000 kg/m?

Section 1: vl =2.0 m/s, P1 = 150 kPa

Section 2: v2 = 8.0 m/s

P2 =Pl + Y%p(v1? - v2?)

P2 =150,000 + %2(1000)(4 - 64)

P2 =150,000 + 500(-60) = 150,000 - 30,000 = 120 kPa
Pressure decreases by 30 kPa in high-velocity section

System 3: Venturi meter
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e Measures flow rate by measuring pressure difference

o Pipe diameter changes from 10 cm to 5 cm

e Al =m(0.05)>=0.00785 m?, A2 =7(0.025)> = 0.00196 m?
o Pressure difference AP =20 kPa

e From Bernoulli and continuity:

e VI =[2AP/(p((A1/A2)*- 1))](1/2)

e vI=23m/s

System 4: Blood flow in arteries

e Aorta: radius = 1.0 cm, blood velocity = 30 cm/s

e Capillaries: total area much greater, velocity = 0.05 cm/s

o Demonstrates continuity: large total capillary area reduces velocity
e Allows time for gas/nutrient exchange

System 5: Poiseuille's law application

e Artery with radius r = 2.0 mm, length L = 10 cm
e Blood viscosity 1 =4.0x107 Pa's

e Pressure difference AP = 10 mmHg = 1333 Pa

e Q= (mAPr*)/(8nL)

e Q= (mx1333%(0.002)*)/(8%0.004x0.1)

e Q=2.1%x10°m3/s=21mL/s

35. Water flowing through a pipe encounters a constriction reducing the cross-sectional area to 1/3

the original. The water velocity in the constriction is:

A. 1/3 the original velocity from conservation principles

B. 1/9 the original velocity because area change affects velocity squared
C. 3 times the original velocity from the continuity equation

D. 9 times the original velocity because velocity varies with area squared

36. According to Bernoulli's equation, in horizontal flow where fluid velocity increases:

A. Pressure increases proportionally to velocity increase
B. Pressure decreases because kinetic energy increases at static pressure's expense

C. Pressure remains constant because total energy is conserved

24



D. Both pressure and velocity increase maintaining energy conservation

37. An airplane wing generates lift because:

A. Air below the wing moves faster than air above

B. The wing pushes air downward by Newton's third law only
C. Higher air density below the wing creates buoyancy

D. Faster airflow over the curved upper surface creates lower pressure above

38. Poiseuille's law indicates that blood flow through an artery is most sensitive to changes in:
A. Vessel radius because flow depends on radius to the fourth power

B. Pressure gradient because flow increases linearly with pressure

C. Blood viscosity because flow varies inversely with viscosity

D. Vessel length because longer vessels dramatically reduce flow

39. The Reynolds number predicts:

A. Fluid temperature effects on density and viscosity

B. Pressure differences between inlet and outlet sections
C. Whether flow will be laminar or turbulent

D. The exact volume flow rate through cylindrical pipes

PASSAGE 7: Radioactive Decay and Nuclear Chemistry

Radioactive decay involves unstable nuclei spontaneously transforming to more stable configurations by
emitting particles or electromagnetic radiation. Decay follows first-order kinetics, with characteristic half-
lives allowing age determination, medical applications, and nuclear power generation.
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Nuclear stability depends on the neutron-to-proton (n/p) ratio. Stable nuclei fall within a narrow band on
a plot of neutrons versus protons. Light elements (Z < 20) have n/p = 1, while heavier elements require
excess neutrons for stability. Nuclei outside the stability band undergo radioactive decay to achieve
favorable n/p ratios.

Common decay modes include:
e Alpha (o) decay: emission of “2He nucleus, decreasing mass by 4 and atomic number by 2
e Beta-minus () decay: neutron converts to proton plus electron (§7) and antineutrino, increasing
Z by 1
e Beta-plus (B*) decay: proton converts to neutron plus positron (f*) and neutrino, decreasing Z by
1
e Gamma (y) decay: electromagnetic radiation emission from excited nuclear state, no change in A
orZ
e Electron capture: nucleus captures inner-shell electron, converting proton to neutron, decreasing
Zbyl1
Radioactive decay follows first-order kinetics:
N(t) = Noe™(-At)
Where:

e N(t) is the number of radioactive nuclei at time t
e No is the initial number
e Ais the decay constant

The half-life (ti/2) relates to the decay constant:

ti/2 = In(2)/A = 0.693/A

After n half-lives, the remaining fraction is (1/2)". Activity (A), the decay rate, also follows first-order
kinetics:

A=2AN

Activity is measured in becquerels (Bq, decays per second) or curies (Ci, where 1 Ci = 3.7x10' Bq).
Nuclear equations must balance both mass number (A) and atomic number (Z). For example:

2389,U — 2%9Th + 2He (alpha decay)

Mass: 238 =234 + 4  Charge: 92=90+2 v

Decay series involve sequential decays until reaching a stable isotope. The uranium-238 series undergoes
multiple alpha and beta decays before reaching stable lead-206.
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Carbon-14 dating exemplifies practical applications. Cosmic rays produce *C in the atmosphere, which
organisms incorporate. After death, '“C decays (t:/2= 5730 years) without replacement. Measuring residual
4C determines time since death:

t = (1/A) In(No/N) = (£://0.693) In(No/N))

Medical applications include diagnostic imaging (positron emission tomography uses * emitters) and
cancer treatment (targeted radiation therapy).

Researchers analyzed radioactive samples:

Sample 1: Iodine-131 (medical use)

ti/2 = 8.0 days

Initial activity Ao =400 MBq

After 24 days (3 half-lives):

A = Ao(1/2)* =400(1/8) = 50 MBq
After 40 days (5 half-lives):

A =400(1/2)>=400/32 = 12.5 MBq

Sample 2: Carbon-14 dating

Ancient wood sample contains 25% of original *C
N/No = 0.25 = (1/2)?

Two half-lives have elapsed

Age =2 x5730=11,460 years

Sample 3: Decay constant calculation

Phosphorus-32: ti/> = 14.3 days

A =0.693/t1/>=0.693/14.3 = 0.0485 day!

For 1.0 mg sample:

N =(1.0x107 g)/(32 g/mol) x (6.02x10%) = 1.88x10'" atoms

A =2AN =(0.0485 day')(1.88x10")

Converting: A = (0.0485/86,400 s')(1.88x10") = 1.06x10'* Bq

Sample 4: Uranium-238 alpha decay series

238 — 2**Th + *He (a decay)
24Th — 2**Pa + %1e (B~ decay)
Z4Pa — 24U + %1e (B~ decay)
Eventually — 2°Pb (stable)

Total change: AA =-32, AZ=-10

Sample 5: Activity reduction
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e Sample with ti/> = 10 hours

e Reduce activity from 1000 Bq to below 125 Bq
e 125/1000=0.125 = (1/2)

e Requires 3 half-lives = 30 hours

40. A radioactive sample has a half-life of 6.0 hours. After 18 hours, the fraction of original

radioactive nuclei remaining is:

A. 1/8 because three half-lives have elapsed

B. 1/3 because fraction remaining equals time divided by half-life
C. 1/6 because half-life determines remaining fraction linearly

D. 1/27 because radioactive decay follows second-order kinetics

41. In beta-minus decay, a neutron converts to a proton. This process:
A. Decreases both mass number and atomic number by one

B. Increases mass number by one while atomic number stays constant

C. Leaves mass number unchanged while atomic number increases by one

D. Increases both mass number and atomic number simultaneously

42. Carbon-14 dating is useful for samples up to approximately 50,000 years old because:

A. Carbon-14 is continuously produced in living organisms indefinitely
B. Older samples retain too little *C for accurate measurement
C. Carbon-14 spontaneously converts back to carbon-12 in ancient samples

D. The half-life of '*C increases exponentially in geological time scales

43. The decay constant A and half-life t./: are related by:
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A. A =1/2/0.693 showing direct proportionality
B. A =2.00/t:/> from definition of doubling time
C. A =0.693/t:/> derived from first-order kinetics

D. A = In(t:/2) based on exponential decay mathematics

44. An alpha particle is identical to:

A. A helium-4 nucleus containing two protons and two neutrons
B. A high-energy electron emitted from the nucleus

C. A high-energy photon with zero mass

D. A free neutron expelled from an unstable nucleus

DISCRETE QUESTIONS (45-47)

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

A. Salt bridge where ions migrate between half-cells

B. Cathode where reduction reactions release electrons

C. External circuit where electrons flow between electrodes

D. Anode where electrons are released by the oxidation reaction

46. The bond angle in ammonia (NHs) is approximately 107°, which is:

A. Greater than 109.5° due to lone pair-bonding pair repulsion
B. Less than 109.5° due to lone pair-bonding pair repulsion
C. Exactly 109.5° consistent with perfect tetrahedral geometry

D. 90° corresponding to pure p-orbital overlap
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47. Le Chatelier's principle predicts that increasing product concentration in a reversible reaction
will:

A. Increase the equilibrium constant K value
B. Have no effect because equilibrium remains fixed
C. Shift equilibrium toward reactants to counteract the disturbance

D. Shift equilibrium toward products to consume added product

PASSAGE 8: Organic Reaction Mechanisms

Organic reaction mechanisms describe step-by-step molecular rearrangements converting reactants to
products. Understanding mechanisms requires recognizing reactivity patterns, electron movement, and
factors affecting reaction rates. Nucleophilic substitution reactions exemplify mechanistic principles.

Nucleophilic substitution involves a nucleophile (electron-rich species) replacing a leaving group attached
to an electrophilic carbon. Two primary mechanisms operate: SN2 (substitution, nucleophilic,
bimolecular) and SN1 (substitution, nucleophilic, unimolecular).

SN2 mechanisms proceed through a single concerted step. The nucleophile attacks from the backside
(opposite the leaving group), causing Walden inversion (stereochemical inversion at the carbon center).
The transition state involves pentacoordinate carbon with partial bonds to both nucleophile and leaving
group. Rate depends on both nucleophile and substrate concentrations:

Rate = k[substrate][nucleophile]

The rate-determining step is this concerted displacement. Strong nucleophiles, primary substrates
(minimal steric hindrance), and polar aprotic solvents (don't solvate nucleophile, maintaining reactivity)
favor SN2.

SN1 mechanisms proceed through two steps. First, the leaving group departs, forming a planar carbocation
intermediate (rate-determining step). Second, the nucleophile attacks the carbocation from either face,
producing racemic mixtures from chiral substrates. Rate depends only on substrate concentration:

Rate = k[substrate]

Carbocation stability (3° > 2° > 1° > methyl) determines SN1 favorability. Tertiary substrates, weak
nucleophiles, and polar protic solvents (stabilize leaving group and carbocation) favor SN1.

Substrate structure critically affects mechanism preference:
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e Methyl and primary: SN2 only (carbocations too unstable for SN1)
e Secondary: either mechanism possible depending on conditions
o Tertiary: SN1 favored (carbocation stable, steric hindrance disfavors SN2)

Nucleophilicity trends depend on multiple factors. Within a period, nucleophilicity parallels basicity (both
reflect electron-donating ability). Down a group in aprotic solvents, nucleophilicity increases with size
(polarizability)—I~ > Br- > Cl- > F~. In protic solvents, smaller ions are more strongly solvated, reversing
the trend—F~ > Cl->Br > T

Leaving group ability correlates with weak basicity—stable anions make good leaving groups. Halides:
I" > Br > CI >> F~ (fluorine rarely leaves). Tosylate (TsO") and mesylate (MsO~) are excellent leaving
groups; hydroxide (OH") is poor (strong base).

Elimination reactions (E1 and E2) compete with substitution. E2 (bimolecular elimination) removes a
proton adjacent to the leaving group, forming double bonds. Strong, bulky bases favor elimination over
substitution. E1 (unimolecular elimination) follows carbocation formation (like SN1), then proton loss
forms alkenes.

The Zaitsev rule predicts that elimination predominantly forms the more substituted (more stable)
alkene—the more substituted double bond has more hyperconjugation stabilization.

Researchers investigated nucleophilic substitution:
Reaction 1: SN2 Kinetics

e CHsBr+ OH — CH:;OH + Br™ in acetone (polar aprotic)
e Rate =k[CH:Br][OH]

e Doubling [CHsBr]: rate doubles

e Doubling [OH]: rate doubles

e Doubling both: rate quadruples

e Confirms second-order kinetics (SN2)

Reaction 2: SN1 kinetics

e (CHs):CBr + H20 — (CHs);:COH + HBr in water/ethanol (polar protic)
e Rate =k[(CH3);CBr]

e Doubling [(CH3):CBr]: rate doubles

e Varying [H20] (solvent excess): no rate change

e Confirms first-order kinetics (SN1)

e Carbocation intermediate: (CHs)sC* (tertiary, stable)

Reaction 3: Stereochemistry study
e (R)-2-bromobutane + CN~ — product in DMSO (polar aprotic, favors SN2)

e Product has (S) configuration
o Backside attack inverts stereochemistry (Walden inversion)
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e Confirms SN2 mechanism
Reaction 4: Substrate effects

CH:Br reacts fastest by SN2

Primary substrate: minimal steric hindrance, carbocation unstable (no SN1)
(CHz3):CBr reacts fastest by SN1

Tertiary substrate: stable carbocation, steric hindrance prevents SN2

Reaction 5: Solvent effects

Reaction: RBr + 1" — RI + Br-

In water (protic): slow reaction (solvation reduces nucleophilicity)

In acetone (aprotic): fast reaction (nucleophile unsolvated, more reactive)
Polar aprotic solvents enhance SN2 rates

48. An SN2 reaction occurs with inversion of configuration because:
A. The carbocation intermediate is planar allowing attack from either side
B. The nucleophile attacks from the same side as the leaving group

C. Concerted backside attack by nucleophile causes Walden inversion

D. The leaving group rotates before departing from the substrate

49. Tertiary alkyl halides preferentially undergo SN1 rather than SN2 because:
A. Tertiary carbocations are unstable and rapidly decompose

B. Steric hindrance blocks backside attack and carbocations are stable

C. Tertiary substrates cannot form carbocation intermediates

D. SN2 mechanisms are faster than SN1 for tertiary substrates

50. The rate equation Rate = k[substrate| indicates:

A. The mechanism is SN2 with bimolecular rate-determining step

32



B. A two-step SN1 mechanism where carbocation formation is rate-determining
C. Both substrate and nucleophile concentrations affect the rate equally

D. The reaction cannot proceed without additional nucleophile present

51. In polar aprotic solvents, nucleophilicity of halides follows the trend:
A.F > Cl > Br >1 because smaller ions are more reactive

B.I" > Br > CIl" > F because charge density determines reactivity

C. CI" > Br™ because intermediate size provides optimal reactivity

D.I">Br > Cl" > F because larger ions are more polarizable

52. Formation of racemic product from a chiral substrate suggests:

A. SN2 mechanism with retention of configuration at the stereocenter

B. SN1 mechanism with planar carbocation allowing attack from either face
C. No reaction occurred and the starting material was recovered

D. Multiple substitution reactions occurred at different carbon centers

PASSAGE 9: Quantum Mechanics and Atomic Structure

Quantum mechanics revolutionized atomic theory by describing electrons as wave-particles with
quantized energies. Unlike classical physics, quantum theory explains atomic spectra, chemical bonding,
and electron behavior through wave functions and probability distributions.

The Bohr model introduced quantization, proposing electrons orbit nuclei in specific energy levels. Energy
levels are quantized: E_n =-13.6 eV/n? for hydrogen, where n is the principal quantum number. Electrons
absorb or emit photons when transitioning between levels:

AE =hf=E final - E_initial

Where h is Planck's constant (6.626x1073* J-s) and f is photon frequency. For hydrogen:
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AE =13.6 eV (1/n:? - 1/n2?)
Photon wavelength relates to energy through:
A =hc/AE

Where c is light speed (3.00%10® m/s). Hydrogen's emission spectrum shows discrete lines corresponding
to specific transitions: Lyman series (n — 1, UV), Balmer series (n — 2, visible), Paschen series (n — 3,
IR).

The quantum mechanical model extends Bohr's ideas, describing electrons through wave functions (y)
rather than orbits. Wave functions give probability distributions—|y|* represents probability density of
finding an electron at a position. Heisenberg's uncertainty principle limits simultaneous position and
momentum precision:

Ax - Ap > h/4n
Four quantum numbers describe electron states:

e Principal quantum number (n): energy level, n=1, 2, 3...

e Azimuthal quantum number (I): orbital angular momentum, 1 = 0 to n-1 (s, p, d, f)
e Magnetic quantum number (ml): orbital orientation, ml = -1 to +1

e Spin quantum number (ms): electron spin, ms = +1/2 or -1/2

The Pauli exclusion principle states no two electrons in an atom can have identical quantum numbers.
This limits each orbital (defined by n, 1, ml) to two electrons with opposite spins.

Electron configuration follows the Aufbau principle (filling lowest energy orbitals first), Hund's rule
(maximizing unpaired electrons in degenerate orbitals before pairing), and the Pauli principle. The order
of orbital filling:
Is <25 <2p<3s<3p<4s<3d<4p<55s<4d <5p<6s<4f<5d<6p..
Orbital shapes depend on I:

e s orbitals (I=0): spherical

e p orbitals (I=1): dumbbell-shaped, three orientations (px, py, pz)

e d orbitals (1=2): more complex, five orientations

o forbitals (1=3): even more complex, seven orientations
Photoelectron spectroscopy (PES) measures binding energies—energy required to remove electrons from
specific orbitals. PES spectra show peaks at energies corresponding to orbital binding energies, with peak

heights indicating electron numbers in those orbitals.

Researchers analyzed atomic properties:
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System 1: Hydrogen spectrum

Electron transition: n=3 — n=2 (Balmer series, visible)

AE=13.6¢eV (1/4-1/9)=13.6 eV (0.25-0.111) = 13.6(0.139) = 1.89 eV
Convert to joules: 1.89 eV x 1.602x107" J/eV =3.03x107"J
Wavelength: A = hc/AE = (6.626x1072%)(3.00x10%)/(3.03x107"°)

A =6.56x10"7m = 656 nm (red light, H-alpha line)

System 2: Ionization energy

e Remove electron from n=1 in hydrogen (ground state ionization)
e AE=13.6eV (1/0?-1/17)=13.6eV (0-1)=13.6eV
e This is hydrogen's ionization energy

System 3: Electron configuration

Iron (Fe, Z=26): 1s? 2s* 2p® 3s? 3p® 4s? 3d°

Note: 4s fills before 3d

Fe?**: remove 4s electrons first — 1s? 2s? 2p® 3s? 3p® 3d°
Fe*': remove one 3d electron — 1s? 2s? 2p® 3s2 3p® 3d°

System 4: Quantum numbers

An electron in 3p orbital:

n = 3 (third shell)

1=1 (p orbital)

ml = -1, 0, or +1 (three p orbitals)

ms =+1/2 or -1/2 (spin)

Multiple valid quantum number sets exist for electrons in the same subshell

System 5: Orbital capacity

n = 3 shell contains:

3s (I=0): 1 orbital x 2 electrons = 2 electrons

3p (I=1): 3 orbitals x 2 electrons = 6 electrons

3d (1=2): 5 orbitals x 2 electrons = 10 electrons
Total: 2 + 6 + 10 = 18 electrons maximum in n=3

53. An electron transition from n=4 to n=2 in hydrogen emits a photon. The energy of this photon
is:

A. 0.85 eV calculated from energy level differences

B. 1.89 eV equal to the Balmer H-alpha transition
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C. 2.55 eV from the energy difference between levels

D. 13.6 eV equal to hydrogen's ionization energy

54. According to the Pauli exclusion principle:

A. All electrons in an atom must have different principal quantum numbers
B. Each orbital can contain a maximum of two electrons with opposite spins
C. Electrons must occupy the highest energy orbitals first

D. No two atoms can have the same complete electron configuration

55. The electron configuration of Fe** (iron(Il) ion) is:

A. 1s? 2s? 2p® 3s? 3p® 3d* 4s* with electrons removed from 3d
B. 1s? 2s? 2p® 3s? 3p¢ 4s? 3d* following Aufbau order

C. 1s? 2s? 2p® 3s? 3p°® with one 3p electron removed

D. 1s? 252 2p® 3s? 3p® 3d°® with 4s electrons removed first

56. The maximum number of electrons in the n=4 shell is:
A. 8 electrons from 4s and 4p subshells

B. 32 electrons calculated from 2n? formula

C. 18 electrons from 4s, 4p, and 4d subshells

D. 50 electrons including all possible orbitals

57. Photoelectron spectroscopy (PES) is useful for determining:

A. The wavelengths of light emitted during electron transitions
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B. The number of protons in atomic nuclei
C. Binding energies and electron distribution across orbitals

D. The exact positions of electrons at specific time points

DISCRETE QUESTIONS (58-59)

58. The equivalence point in a strong acid-strong base titration occurs when:
A. pH equals 7.00 because neutralization produces neutral products

B. pH equals the pKa of the weak acid being titrated

C. The indicator changes color marking the titration endpoint

D. Moles of acid equal moles of base regardless of solution pH

59. A reaction with activation energy Ea = 100 kJ/mol has rate constant ki at 300 K. At 310 K, the
rate constant k. will be:

A. Slightly lower because temperature inversely affects rate
B. Identical because activation energy determines rate, not temperature
C. Unchanged because 10 K is too small to affect kinetics

D. Greater because higher temperature increases the fraction of molecules exceeding Ea
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Cnitical Analysis and Reasoning Skills (CARS)

Time Questions

90 minutes 53

PASSAGE 1: The Ethics of Artificial Intelligence

The rapid advancement of artificial intelligence presents society with unprecedented ethical challenges
that traditional moral frameworks struggle to address. As Al systems become increasingly autonomous
and integrated into critical decision-making processes, we must grapple with questions about
accountability, bias, and the very nature of moral agency itself.

One fundamental issue concerns the delegation of moral decisions to algorithmic systems. When an
autonomous vehicle must choose between two harmful outcomes in an unavoidable accident scenario,
who bears responsibility for that choice? The programmer who wrote the algorithm? The company that
manufactured the vehicle? The owner who chose to activate autonomous mode? Or the Al system itself?
Traditional notions of moral responsibility assume human agency and intentionality—concepts that fit
awkwardly onto computational systems following predetermined rules.

This attribution problem becomes more acute as Al systems employ machine learning techniques that
make their decision-making processes increasingly opaque. Neural networks trained on vast datasets often
reach conclusions through pathways that even their creators cannot fully explain. This "black box"
problem challenges the fundamental principle that moral agents should be able to provide reasons for their
actions. If we cannot understand why an Al system made a particular decision, how can we evaluate
whether that decision was ethical?

Moreover, Al systems frequently perpetuate and amplify existing social biases present in their training
data. Facial recognition systems have demonstrated higher error rates for women and people of color.
Predictive policing algorithms direct resources toward already over-policed communities. Hiring
algorithms replicate historical patterns of discrimination. These outcomes reveal that neutrality and
objectivity are impossible when training data reflects a society structured by inequality. The question then
becomes whether we can ever create genuinely fair Al systems, or whether these technologies will
inevitably serve to entrench existing power structures under the guise of algorithmic neutrality.

Some philosophers argue that Al ethics must move beyond individual responsibility toward a more
systemic understanding of how these technologies reshape social relations. Rather than asking "who is
responsible when an Al system causes harm," we might ask "what social structures enable harmful Al
deployments" or "how do these systems alter the distribution of power and resources?" This shift
acknowledges that Al technologies emerge from and reinforce particular political and economic
arrangements.

38



The notion of machine consciousness raises another set of ethical considerations. If an Al system were to
achieve genuine consciousness or sentience, would we have moral obligations toward it? The question
seems abstract now, but researchers disagree about what markers would indicate machine consciousness
and whether current computational approaches could ever produce it. Some argue that consciousness
requires biological substrates, while others contend that any sufficiently complex information-processing
system could theoretically achieve sentience.

Even without consciousness, increasingly sophisticated Al assistants that simulate emotional intelligence
raise questions about the ethics of human-AlI relationships. People develop emotional attachments to Al
companions, and these systems increasingly shape human social development, particularly for children.
What responsibilities do Al developers have to users who may not fully grasp that they are interacting
with non-conscious systems? Should there be limits on how much Al systems can simulate human-like
emotional responsiveness?

The existential risk posed by advanced Al represents perhaps the most dramatic ethical concern. Some
researchers warn that the development of artificial general intelligence—systems with human-level
reasoning across diverse domains—could lead to catastrophic outcomes if such systems pursue goals
misaligned with human values. Others dismiss such concerns as speculative science fiction, arguing that
more immediate risks like autonomous weapons systems or surveillance technologies deserve greater
attention.

Ultimately, Al ethics cannot be separated from broader questions about what kind of society we wish to
create. Every decision about how to design, deploy, and regulate Al systems reflects underlying values
about efficiency, privacy, equality, and human flourishing. Rather than treating ethical considerations as

constraints on innovation, we might recognize them as fundamental to determining what innovations we
should pursue.

1. The author's primary purpose in this passage is to:
A. Advocate for strict regulation of Al development to prevent harm
B. Examine various ethical challenges posed by artificial intelligence
C. Argue that Al systems can never be made truly ethical

D. Propose solutions to the most pressing problems in Al ethics

2. According to the passage, the ""black box" problem in Al ethics refers to:
A. The tendency of Al systems to perpetuate social biases

B. The difficulty of determining legal responsibility for Al decisions

39



C. The opacity of machine learning decision-making processes

D. The challenge of creating conscious artificial intelligence

3. The author suggests that Al bias issues reveal:

A. Technical problems that better algorithms will eventually solve
B. The incompetence of current Al developers and researchers

C. The impossibility of purely neutral or objective technology

D. The need to collect larger and more diverse training datasets

4. Which of the following scenarios would most strengthen the argument that Al ethics requires
systemic rather than individual analysis?

A. An Al hiring system discriminates because of biased training data reflecting industry-wide
employment patterns

B. A programmer intentionally designs an Al system to produce discriminatory outcomes
C. An Al system makes an error because of a coding mistake by a single developer

D. A company knowingly deploys a flawed Al system despite warnings from engineers

5. The passage suggests that emotional attachments to Al companions are ethically concerning
primarily because:

A. They represent unhealthy relationships that prevent human social development
B. Users may not fully understand they are interacting with non-conscious systems
C. Al systems should not be permitted to simulate emotional intelligence

D. Such attachments prove that Al systems have achieved genuine consciousness

6. The author would most likely agree with which of the following statements?
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A. The development of artificial general intelligence is impossible
B. Machine consciousness is irrelevant to practical Al ethics
C. Ethical considerations should inform decisions about Al innovation

D. Autonomous vehicles should not be permitted on public roads

PASSAGE 2: The Architecture of Memory

Human memory does not function like a video recorder, faithfully preserving past experiences for later
playback. Instead, memory is constructive—we actively rebuild past events each time we remember them,
incorporating new information and perspectives in the process. This reconstructive nature of memory has
profound implications for how we understand personal identity, legal testimony, and the relationship
between past and present.

The malleability of memory became dramatically apparent through research on false memories. In now-
classic experiments, psychologists demonstrated that people could be led to vividly "remember" events
that never occurred—getting lost in a shopping mall as a child, meeting Bugs Bunny at Disneyland
(impossible, since he's a Warner Bros. character), or witnessing nonexistent details in videos. These false
memories aren't simply lies or confabulations; subjects genuinely believe they remember these events and
experience them with the same phenomenological richness as authentic memories.

Such findings challenge the intuitive notion that memory serves primarily to preserve the past. Instead,
memory appears oriented toward the future. We remember not to maintain perfect historical records but
to simulate possible futures, drawing on past experiences to navigate present challenges and anticipate
what lies ahead. This forward-looking function explains why memory is adaptive rather than perfectly
accurate—what matters is extracting useful patterns from past experiences, not preserving every detail.

The social dimension of memory further complicates the picture. Remembering is often a collaborative
activity. Conversations with others shape how we remember shared experiences, as we negotiate and
coordinate our recollections. Family narratives establish canonical versions of past events, which
individual family members then internalize. These social processes can enhance memory accuracy when
others correct our errors, but they can also propagate mistakes and implant false memories when entire
groups remember events incorrectly.

Cultural frameworks provide the scaffolding for personal memories. We remember our lives as narratives,
structured by culturally specific conventions about how life stories should unfold. The very notion that
one has a coherent life story with a beginning, middle, and meaningful arc reflects particular cultural
assumptions. Different cultures emphasize different aspects of experience as memorable and organize
autobiographical memory according to different principles. What we remember depends partly on the
cultural scripts we use to make sense of our lives.
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The unreliability of memory poses obvious challenges for legal systems that rely heavily on eyewitness
testimony. Decades of research consistently show that eyewitness accounts, despite the confidence with
which they're often delivered, are alarmingly error-prone. Witnesses misidentify perpetrators,
misremember crucial details, and genuinely believe false details suggested to them during questioning.
Yet jurors tend to place enormous weight on confident eyewitness testimony, leading to numerous
wrongful convictions.

Some argue these findings about memory's constructive nature threaten our very sense of self. If our
memories are unreliable reconstructions rather than authentic records, what grounds our personal identity?
When I claim to be the same person who graduated from college or fell in love or experienced childhood
trauma, I'm relying on memories that may be partially or entirely false. Does this mean personal identity
is illusory?

Perhaps this framing poses a false dilemma. Rather than seeing memory's constructive nature as a failure
of accuracy, we might recognize it as central to how we create meaning from experience. Our memories
tell us not just what happened but what experiences meant and continue to mean. The ongoing
reconstruction of memory allows us to reinterpret our pasts in light of new understanding, to integrate
experiences into evolving self-narratives, and to maintain psychological continuity even as we change.

Indeed, the inability to forget may be as problematic as the inability to remember. Clinical cases of
individuals with extraordinarily detailed autobiographical memory reveal that remembering everything is
not purely beneficial. These individuals often struggle to move past negative experiences, to see patterns
amid overwhelming details, and to adapt memories to current needs. Forgetting serves crucial
psychological functions, allowing us to let go of painful experiences, focus on what matters, and
reconstruct the past in ways that support present psychological well-being.

The architecture of memory reflects evolution's solutions to the challenge of navigating an uncertain
world. Rather than demanding perfect accuracy, we should recognize memory as a sophisticated system
for extracting meaning from experience, simulating possible futures, and constructing coherent narratives
of our lives. The fact that this system sometimes produces false memories is not a design flaw but a

necessary trade-off in a system optimized for flexibility and forward-looking function rather than perfect
preservation of the past.

7. The passage suggests that false memories are:

A. Deliberate lies that subjects consciously create

B. Evidence that memory serves primarily archival functions
C. Proof that human memory is fundamentally unreliable

D. Experienced as genuinely real by those who have them
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8. According to the author, the primary evolutionary function of memory is to:
A. Enable future-oriented simulation and planning

B. Preserve accurate historical records of past events

C. Support social bonding through shared recollections

D. Maintain stable personal identity across time

9. The author mentions cultural frameworks in order to demonstrate that:
A. Some cultures have superior memory systems

B. Memory is structured by culturally specific conventions

C. Personal memories are entirely determined by culture

D. Cultural differences make cross-cultural communication impossible

10. The passage indicates that collaborative remembering can:
A. Only improve memory accuracy by correcting individual errors
B. Both enhance accuracy and propagate false memories

C. Never produce more accurate memories than individual recall

D. Completely override individual memory with group narratives

11. Which of the following does the author suggest about individuals with extraordinarily detailed
autobiographical memory?

A. They represent an evolutionary advance in memory capability
B. They demonstrate that perfect memory would be optimal
C. They experience difficulty moving past negative experiences

D. They prove that forgetting serves no psychological function
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12. The author would most likely respond to concerns that memory unreliability threatens
personal identity by arguing that:

A. Memory reconstruction is central to creating meaning from experience
B. Personal identity does not depend on memory at all
C. These concerns are valid and undermine our sense of self

D. Improved memory accuracy would resolve the identity problem

PASSAGE 3: The Paradox of Choice in Modern Consumer
Culture

The expansion of consumer choice in modern Western societies is typically celebrated as unambiguous
progress. We can choose from dozens of breakfast cereals, hundreds of television channels, thousands of
songs in our pocket, and millions of potential romantic partners on dating apps. Yet this proliferation of
options may paradoxically diminish rather than enhance well-being, a phenomenon psychologists call the
"paradox of choice."

The paradox manifests in several ways. First, abundant choice increases the opportunity costs of any
decision. When selecting one option means forgoing many others, decision-making becomes burdensome
rather than liberating. We experience anxiety about missing out on better alternatives, and the grass always
seems greener elsewhere. This can lead to decision paralysis, where having too many options makes it
difficult to choose any option at all.

Second, expanded choice raises expectations. When selecting from three options, we expect to find
something satisfactory. When selecting from three hundred, we expect to find something perfect. This
expectation inflation means that objectively good outcomes feel disappointing because we imagine that,
with so many options, we should have found something better. A television show that would have seemed
entertaining in a three-channel universe feels merely adequate when competing with thousands of
streaming options.

Third, abundant choice increases responsibility for outcomes. When options were limited, we could
attribute unsatisfactory results to circumstances beyond our control. When options are endless, we have
only ourselves to blame for suboptimal choices. This heightened responsibility generates anxiety during
decision-making and regret afterward, as we second-guess our choices and wonder whether we would
have been happier with a different selection.

The psychological costs of abundant choice fall unevenly across individuals. Research distinguishes
between "maximizers"—people who seek to make optimal choices—and "satisficers"—those who choose
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"good enough" options that meet their criteria. Maximizers experience more stress during decision-
making, more regret afterward, and lower overall life satisfaction, particularly in domains offering
extensive choice. Satisficers, by contrast, find adequate options more readily and experience less decision-
related anxiety.

Cultural factors also shape how people experience choice. Western cultures emphasizing individual
autonomy and self-determination frame abundant choice as empowering, while cultures emphasizing
social harmony and interdependence may see extensive personal choice as burdensome or even
undesirable. The paradox of choice may thus reflect specifically Western cultural assumptions about the
relationship between freedom, choice, and well-being.

Furthermore, not all choices are equal. Meaningful choices about values, relationships, and life direction
may enhance well-being, while trivial choices about consumer products may simply waste mental energy.
A life rich in significant choices but simple in trivial domains might optimize well-being better than a life
drowning in consumer options but lacking genuine agency regarding important decisions.

The market economy creates pressures toward ever-expanding choice regardless of psychological
consequences. Competition drives companies to differentiate products, creating proliferating options.
Marketing convinces consumers that these distinctions matter, that choosing the right product is important.
We're encouraged to see ourselves as bundles of preferences that can be satisfied through appropriate
consumption, obscuring the extent to which preferences themselves are shaped by the options available.

Some critics argue that the paradox of choice discourse distracts from more fundamental questions about
consumption, sustainability, and inequality. Perhaps the problem isn't too much choice but rather a society
organized around consumption as the primary route to satisfaction and identity formation. The solution
might not be simplified choice architecture but rather developing sources of meaning and well-being that
don't depend on consumer decisions.

Additionally, concern about choice overload may reflect class privilege. For those with limited resources,
more choice often represents genuine improvement—access to options previously unavailable.
Complaints about having too many options to choose from may ring hollow to those whose options remain
severely constrained by poverty. The paradox of choice may thus be a luxury problem, arising only once
basic needs are met and options become abundant.

Nonetheless, within contexts of material abundance, the psychological research on choice seems robust.
Even if having some choice is better than having none, there may be diminishing and eventually negative
returns to expanding options indefinitely. Understanding these dynamics might inform better institutional
design—not eliminating choice, but curating options thoughtfully rather than maximizing them
reflexively.

The challenge is distinguishing which choices enhance well-being and deserve expansion from which
choices merely create decision burden without corresponding benefit. This requires moving beyond the
simplistic equation of more choice with more freedom, and more freedom with more happiness. Human
flourishing depends on having meaningful choices about things that matter, not merely on having the
maximum number of choices about everything.
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13. The primary purpose of this passage is to:

A. Prove that consumer choice should be dramatically reduced

B. Advocate for satisficing over maximizing decision strategies

C. Examine how abundant choice can paradoxically diminish well-being

D. Argue that modern consumer culture is fundamentally unethical

14. According to the passage, ""maximizers" differ from "satisficers' in that maximizers:
A. Make objectively better decisions across all domains

B. Experience more decision-related stress and regret

C. Come exclusively from Western cultural backgrounds

D. Always choose more expensive products and services

15. The author suggests that the paradox of choice may reflect Western cultural values primarily
because:

A. Western cultures place greater emphasis on individual autonomy and self-determination
B. Western consumers have access to more products than consumers elsewhere
C. Non-Western cultures lack the cognitive capacity to process multiple options

D. Western marketing is more sophisticated than marketing in other regions

16. Which of the following scenarios best illustrates the concept of "expectation inflation"
discussed in the passage?

A. A consumer feels paralyzed when choosing between three similar products

B. A person blames themselves for choosing an unsuitable apartment
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C. Someone with access to thousands of songs finds it harder to enjoy any particular song

D. A shopper feels disappointed with a good product because they imagine better alternatives

17. The passage indicates that concerns about choice overload may represent class privilege
because:

A. Wealthy people have access to more consumer choices
B. Poor people make worse decisions due to limited experience
C. Complaints about too many options ignore those with severely constrained choices

D. The research on choice overload has only studied affluent populations

18. The author would most likely agree with which of the following statements?

A. All expansion of consumer choice decreases well-being

B. Meaningful choices differ from trivial consumer choices in their psychological effects
C. Cultural factors have no influence on how people experience choice

D. Maximizers are psychologically healthier than satisficers

PASSAGE 4: The Evolution of Copyright in the Digital Age

Copyright law emerged in response to the printing press, which for the first time allowed easy replication
and distribution of written works. Before Gutenberg, copying a book required laborious hand transcription
by scribes, naturally limiting distribution. The printing press changed this equation, creating both new
opportunities for authors and publishers and new anxieties about unauthorized copying. The Statute of
Anne in 1710 established the first modern copyright framework, granting authors limited monopoly rights
over their works to incentivize creation while ensuring that works eventually entered the public domain.

This utilitarian justification for copyright—that temporary monopolies incentivize creation while eventual
public domain access serves the common good—reflected Enlightenment values about knowledge and
progress. Copyright was not conceived as a natural property right inherent in creation, but rather as a
social bargain designed to promote "the Progress of Science and useful Arts," as the U.S. Constitution
phrases it.
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The digital revolution has destabilized this carefully calibrated system. Digital copying is perfect, instant,
and essentially free. A file copied a million times is identical to the original, unlike physical books that
degrade with each reproduction. Distribution costs have collapsed to nearly zero. Anyone with internet
access can share files globally in seconds. These technological changes fundamentally alter the economics
that copyright law was designed to address.

Copyright holders have responded to digital challenges by seeking stronger and longer protection.
Copyright terms have been repeatedly extended—from the original fourteen years to life of the author
plus seventy years (or ninety-five years for corporate works). The Digital Millennium Copyright Act
criminalized circumvention of digital rights management technologies, even for legal purposes.
Entertainment industries have aggressively pursued legal action against file-sharing platforms and
individual users.

These efforts to strengthen copyright protection in the digital age face both practical and philosophical
challenges. Practically, enforcement is increasingly difficult when billions of people can copy and share
files from their homes. Technologies for controlling digital copying are either ineffective (easily
circumvented) or harmful (restricting legitimate uses). The result is a system where casual copyright
infringement is ubiquitous yet selective enforcement creates arbitrary outcomes.

Philosophically, aggressive copyright expansion arguably betrays the social bargain underlying
intellectual property. If copyright's purpose is to incentivize creation, do century-long monopolies serve
that goal better than shorter terms? Does preventing fans from creating derivative works—remix videos,
fan fiction, mashups—promote or hinder cultural creativity? When copyright restricts academic access to
publicly funded research, does it advance or impede "the Progress of Science"?

The doctrine of fair use theoretically allows unlicensed use of copyrighted material for purposes like
criticism, commentary, teaching, and research. However, fair use is determined case-by-case through
expensive litigation, making it an uncertain protection that risk-averse individuals and institutions often
avoid invoking. The result is a chilling effect on speech and creativity that fair use was meant to protect.

Some activists advocate for copyright reform or abolition, arguing that digital technologies enable new
models for supporting creative work. Musicians can tour and sell merchandise. Writers can use free
content to build audiences for paid work. Open-source software development demonstrates that people
create valuable work without copyright incentives. Perhaps copyright is obsolete, a relic of scarce-copying
technology that restricts more creativity than it enables.

Others defend strong copyright as essential for supporting creative industries. Without copyright
protection, they argue, professional creativity cannot be economically sustained. Free distribution may
work for hobbyists, but people cannot make a living from art if anyone can freely copy and distribute their
work. The collapse of recorded music sales demonstrates what happens when copying becomes too easy—
musicians struggle to earn income from recordings and must rely increasingly on live performances and
other revenue streams.

The debate often generates more heat than light because participants bring different fundamental

assumptions. Those emphasizing copyright's utilitarian foundations ask whether current copyright law
maximizes overall social welfare. Those seeing copyright as a property right inherent in creation ask
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whether copying violates creators' entitlements regardless of social consequences. Those focusing on
access to knowledge and culture prioritize different values than those centering economic incentives for
professional creators.

Perhaps the digital age requires rethinking not just copyright's details but its basic premises. What if;,
instead of treating all creative works identically, we distinguished between different types of works with
different rules? Commercial entertainment might warrant different protection than academic research or
personal expression. Works created with public funding might enter the public domain immediately, while
privately funded works receive limited monopoly rights. Technological tools could enable more granular
rights management than the blunt instrument of full copyright protection or public domain status.
Alternatively, we might preserve copyright's basic structure while reforming its details—shorter terms,
clearer fair use provisions, reduced penalties for non-commercial infringement, and compulsory licensing
schemes that ensure creators receive compensation while enabling widespread access and reuse. The goal
would be updating copyright for the digital age while maintaining its fundamental social bargain:

temporary monopoly rights to incentivize creation, balanced against public access to knowledge and
culture.

19. The passage indicates that copyright law originally emerged in response to:
A. The printing press enabling easy replication of written works

B. Authors demanding recognition as natural property owners

C. Digital technologies allowing perfect copying of files

D. Government desires to control the spread of information

20. According to the passage, the U.S. Constitution's framing of copyright suggests it was
conceived as:

A. A natural property right inherent in the act of creation
B. A means of controlling dangerous or seditious ideas
C. A permanent monopoly held by authors and their heirs

D. A utilitarian mechanism to promote progress in science and arts

21. The passage suggests that enforcing copyright in the digital age is difficult primarily because:
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A. Judges lack the technical expertise to adjudicate copyright cases
B. Billions of people can copy and share files easily from their homes
C. Copyright law has become excessively complex and contradictory

D. Entertainment companies lack resources for legal enforcement

22. The author mentions fair use doctrine in order to:

A. Provide an example of effective copyright reform

B. Demonstrate how courts have resolved digital copyright challenges

C. Illustrate a theoretically protective principle with limited practical effectiveness

D. Prove that current copyright law adequately balances competing interests

23. Which of the following scenarios would best support the argument that copyright incentives
are not necessary for creative production?

A. A successful musician earns substantial income from concert tours and merchandise sales
B. A writer receives a large advance from a publisher for an upcoming novel
C. A software company aggressively enforces its copyright against competitors

D. A filmmaker crowdfunds a movie but retains all copyright privileges

24. The author would most likely support which of the following copyright reforms?
A. Complete abolition of all copyright protection in the digital age

B. Unlimited extension of copyright terms to perpetual protection

C. Maintaining copyright's basic structure while reforming specific provisions

D. Treating all creative works identically regardless of their nature or funding
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PASSAGE 5: The Philosophy of Time: Presentism vs. Eternalism

How we conceptualize time shapes our understanding of existence, change, and reality itself. Two
competing philosophical frameworks—presentism and eternalism—offer radically different pictures of
time's nature. These abstract metaphysical debates have surprising implications for free will, moral
responsibility, and the meaning of human existence.

Presentism holds that only the present moment exists. The past no longer exists—past events have ceased
to be. The future does not yet exist—future events are not real until they become present. Reality consists
of a constantly shifting present moment, a cosmic "now" that moves forward through time like a spotlight
illuminating successive moments while leaving previous moments in darkness.

This view aligns with common sense experience. When I remember yesterday, I'm not accessing
something that currently exists but rather recalling something that once existed but no longer does. When
I anticipate tomorrow, I'm imagining something that will exist but doesn't yet. The present moment feels
uniquely real in a way that past and future do not.

Eternalism, by contrast, holds that past, present, and future all exist equally. Time is like space—just as
all spatial locations exist simultaneously (even if I can only be at one place at a time), all temporal locations
exist simultaneously (even if I can only experience one moment at a time). Past, present, and future are
equally real, laid out in a four-dimensional block universe where my birth, my current reading of these
words, and my death all eternally exist at their respective temporal locations.

This view seems counterintuitive, but eternalism finds support in modern physics. Einstein's theory of
relativity undermined the notion of absolute simultaneity—whether two events occur "at the same time"
depends on the observer's frame of reference. There is no universal present moment that all observers
share. From the perspective of spacetime physics, treating time as fundamentally similar to space (a
dimension along which objects are extended) makes theoretical sense.

The debate between presentism and eternalism has profound implications. If presentism is correct and
only the present exists, then the past is truly gone—we cannot change what no longer exists, but neither
are we bound by it in any ontologically deep sense. Our choices in the present moment create the future
moment by moment. This view seems to preserve meaningful freedom and moral responsibility.

If eternalism is correct, however, then my entire life—every choice, every action, every experience—
exists timelessly in the block universe. From a God's-eye view outside time, my whole life is laid out like
a completed book. This seems to undermine free will—if my future actions already exist, am I free to do
otherwise? If my future choices are already real, in what sense am I making them?

Eternalists respond that this objection confuses metaphysics with epistemology. Yes, my future actions
exist in the block universe, but this doesn't mean they're determined by anything external to me. I am
extended through time—the temporal slice of me writing these words is no more or less real than the
temporal slice of me finishing them. My choices at each temporal location are mine, made by that temporal
stage of me. The fact that these choices exist timelessly doesn't make them any less free.
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Furthermore, eternalists argue, presentism faces serious problems. If only the present exists, what grounds
truths about the past? When we say "Abraham Lincoln was president," we're asserting something true.
But if the past doesn't exist, what makes this statement true? There's no existing Lincoln to ground the
truth. Presentists must either accept that past-tense statements lack truth values or develop complicated
theories about how presently existing things can ground truths about the non-existent past.

The presentist-eternalist debate intersects with questions about persistence and identity. If only the present
exists, then I exist only now, and the person who wrote this sentence moments ago has ceased to exist.
Yet I seem to persist through time—the person now is the same person who was then. Presentists must
explain this persistence without appeal to past or future temporal stages. Eternalists have an easier story:
I'm a four-dimensional object extended through time, with temporal parts at different moments the way I
have spatial parts (arms, legs) at different locations.

Some philosophers propose alternatives to both views. The "growing block" theory holds that past and
present exist but the future does not—the universe is like a block that grows as new moments come into
existence and are added to the accumulated past. This preserves presentism's asymmetry between past and
future while avoiding some of its problems about grounding past truths.

Another alternative, the "moving spotlight" theory, accepts the block universe but adds a special
metaphysical spotlight that picks out one moment as objectively present. This tries to combine eternalism's
advantages with presentism's intuition that the present is metaphysically special.

Perhaps the debate resists resolution because both views capture important aspects of temporal reality.
Presentism reflects the phenomenology of temporal experience—how time feels from the inside.
Eternalism reflects the physics of spacetime—how time works from the outside. Rather than asking which
view is correct, we might ask what question we're trying to answer. If we're investigating the physics of
time, eternalism seems better. If we're exploring temporal experience and meaning, presentism may
illuminate more.

The practical import of these abstract debates emerges when we consider how temporal metaphysics
shapes our values and choices. If eternalism is correct, then nothing truly passes away—all moments exist
eternally, and from outside time, the universe is a complete, unchanging whole. This might encourage a
kind of acceptance or equanimity about loss and change. If presentism is correct, then each moment truly

perishes, never to return, replaced by a constantly novel present. This might inspire urgency about making
the present moment meaningful, since once gone, it's truly gone.

25. According to the passage, presentism holds that:
A. All moments in time exist simultaneously
B. Only the present moment exists as real

C. The future exists but the past does not
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D. Time is fundamentally similar to space

26. The author suggests that Einstein's theory of relativity supports eternalism because it
demonstrates that:

A. Time travel to the past is theoretically possible
B. All observers agree on which events occur simultaneously
C. There is no universal present moment shared by all observers

D. The speed of light is constant in all reference frames

27. According to eternalists in the passage, the existence of future actions does not undermine free
will because:

A. Individuals can change their future actions through present choices
B. Future actions don't exist until they become present
C. The temporal stages of individuals who make those choices are still those individuals

D. Physics proves that determinism is false

28. The passage indicates that presentism faces difficulty explaining:
A. Why the present moment feels uniquely real

B. How past-tense statements can be true if the past doesn't exist

C. Why individuals experience time as moving forward

D. How future events will eventually become present

29. Which of the following scenarios would most challenge the eternalist view described in the
passage?

A. A person experiences regret about an unchangeable past decision
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B. An experiment demonstrates that simultaneity depends on reference frame
C. Evidence emerges that the present moment is metaphysically privileged

D. A physicist develops a successful theory using four-dimensional spacetime

30. The "growing block" theory attempts to combine aspects of presentism and eternalism by:
A. Accepting that all time exists but adding a moving spotlight

B. Holding that past and present exist but future does not

C. Arguing that only the present exists but past truths remain grounded

D. Treating time as completely analogous to space

31. The author suggests that the presentism-eternalism debate might be irresolvable because:
A. Neither view can be empirically tested through scientific experiments

B. Both views capture different important aspects of temporal reality

C. Philosophers are incapable of agreeing on metaphysical questions

D. The question itself is meaningless and based on confusion

PASSAGE 6: The Myth of Meritocracy

Modern democratic societies pride themselves on being meritocratic—places where talent and hard work,
rather than inherited privilege, determine success. The meritocratic ideal promises that anyone, regardless
of birth circumstances, can rise to the top through ability and effort. This narrative is deeply embedded in
contemporary culture, informing our beliefs about fairness, desert, and social organization. Yet both
empirical evidence and philosophical analysis suggest that pure meritocracy is mythical, and perhaps not
even desirable.

The empirical case against actually existing meritocracy is overwhelming. Socioeconomic status
powerfully predicts educational achievement, career success, and lifetime earnings. Children born into
wealthy families attend better schools, receive better healthcare, enjoy enriching experiences, and access
social networks that facilitate career advancement. By the time young adults enter supposedly meritocratic
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competitions for college admission or job opportunities, years of cumulative advantage have shaped their
abilities, credentials, and cultural capital.

Defenders of meritocracy might respond that these inequalities of opportunity, while regrettable, don't
undermine meritocracy itself—they simply indicate that we haven't fully implemented it yet. If we could
equalize starting conditions through reforms like universal early education, adequate healthcare, and
needs-blind college admission, then competitions would truly reward merit.

This response, however, underestimates how deeply advantage and disadvantage accumulate. Even with
radically improved social policy, children would still be raised by parents with different levels of
education, income, and social capital. These differences would continue producing unequal outcomes
unless we were willing to sever the parent-child relationship entirely—an obviously unacceptable solution.
Some degree of inequality of opportunity seems inevitable in any society that respects family autonomy.

Moreover, the notion of "merit" itself is contestable. What counts as meritorious depends on which
abilities we value and how we measure them. Standardized tests claim to measure academic potential, but
they reward particular cognitive styles, cultural knowledge, and test-taking skills that correlate with
socioeconomic status. Alternative abilities—artistic creativity, emotional intelligence, physical
coordination, practical wisdom—receive less institutional validation and reward.

The qualities we badge as meritorious aren't simply discovered through neutral measurement but are
socially constructed through institutions and practices that reflect existing power relations. When we say
someone "deserves" success because of their merit, we're making a moral claim embedded in assumptions
about what abilities matter and how success should be distributed.

Furthermore, even if we could identify genuine merit independent of social construction, luck plays an
enormous role in success. Being born with advantageous genetic endowments is pure luck. Developing
abilities depends on encountering the right opportunities at the right times—also largely luck. Whether
one's talents match market demands depends on economic conditions beyond individual control. The most
talented software engineer in 1950 would have found fewer opportunities than a mediocre one today, not
because of differences in merit but because of historical timing.

If success depends so heavily on morally arbitrary factors like genes, family, and timing, can we really
say that successful people deserve their advantages? The meritocratic ideal seems to confuse explanation
with justification. Yes, successful people typically possess abilities and work ethic that help explain their
success. But this explanatory story doesn't automatically justify the resulting distribution of resources and
opportunities.

Some philosophers argue that even if meritocracy were achievable, it would be undesirable. Michael
Young, who coined the term "meritocracy" in a dystopian satire, warned that a truly meritocratic society
would be crueler than an aristocratic one. In aristocracies, the lower classes could console themselves that
they remained on the bottom due to unjust social arrangements, not personal inadequacy. In a genuine
meritocracy, however, those at the bottom would have no such consolation—they would know they failed
in a fair competition, that their low status reflected their own limited merit.
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This meritocratic self-blame could corrode social solidarity and political will for redistribution. If success
is genuinely deserved, why should winners share with losers? Meritocracy thus threatens to legitimate
inequality more effectively than older status hierarchies that were obviously arbitrary and unjust.

Additionally, meritocracy may foster problematic attitudes among winners. Believing oneself to have
earned success entirely through merit can breed arrogance, lack of humility, and failure to recognize how
much of success depends on advantages and luck. It can undermine gratitude, empathy, and recognition
of common humanity with those less successful.

None of this means that talent and effort don't matter or that we should organize society randomly. Jobs
requiring specialized skills should go to people with those skills. But we might recognize that having
valuable abilities is fortunate rather than deserving of unlimited rewards. We might structure economic
incentives to encourage useful contributions while limiting the degree to which market success translates
into vast resource inequality.

Rather than abandoning the language of merit entirely, we might be more modest about its scope and
significance. Merit can help allocate particular roles and positions without justifying the full distribution
of income, wealth, and opportunity. We can reward merit modestly while ensuring that all members of
society, regardless of merit, enjoy decent living standards and genuine opportunities.

The alternative to meritocracy need not be aristocracy or mediocrity but rather a society that values
contribution while recognizing that even our most impressive abilities depend on fortunate circumstances.

Such a society would celebrate achievement while maintaining humility about its sources and solidarity
with those less successful.

32. The primary purpose of this passage is to:

A. Prove that all successful people are undeserving of their achievements
B. Advocate for eliminating all forms of competition and evaluation

C. Propose specific policy reforms to achieve genuine meritocracy

D. Challenge both the reality and desirability of pure meritocracy

33. According to the passage, defenders of meritocracy might argue that current inequalities:
A. Prove that meritocracy is impossible to achieve
B. Simply indicate that meritocracy hasn't been fully implemented yet

C. Demonstrate that wealth should be completely redistributed
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D. Show that family autonomy must be eliminated

34. The author suggests that standardized tests are problematic measures of merit because they:
A. Reward particular cognitive styles that correlate with socioeconomic status

B. Are impossible to grade objectively and fairly

C. Measure only abilities that have no practical value

D. Discriminate exclusively against racial minorities

35. The passage indicates that Michael Young's coining of the term "meritocracy' was intended
as:

A. A celebration of fair social competition
B. A technical description of existing social structures
C. A dystopian satirical warning

D. A proposal for radical social reform

36. According to the passage, which of the following represents the role of luck in success?
A. Luck plays no significant role in determining outcomes

B. Only genetic endowments count as luck; everything else is merit

C. Luck includes genetic endowments, opportunities, and historical timing

D. Acknowledging luck's role means abandoning all evaluation of ability

37. The author would most likely support which approach to organizing society?
A. Completely random allocation of all positions and resources

B. Perpetual aristocracy based on inherited family status
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C. Rewarding merit modestly while ensuring decent living standards for all

D. Unlimited rewards for those who demonstrate the highest merit

PASSAGE 7: The Anthropology of Ritual

Rituals pervade human societies across cultures and throughout history, from religious ceremonies and
life-cycle celebrations to everyday greetings and shared meals. Anthropologists have long sought to
explain ritual's universal presence and diverse forms. Why do humans engage in these often elaborate,
costly, and seemingly unnecessary practices? What functions do rituals serve, and how do they shape
individual psychology and social organization?

Early anthropological theories treated ritual as primitive irrationality—prescientific attempts to control
nature through supernatural means. As science advanced, this view suggested, ritual would inevitably
decline, persisting only among backward populations. This evolutionary framework reflected colonial
prejudices more than empirical observation, and it failed spectacularly to predict ritual's persistence in
modern industrialized societies, which continue to generate new rituals even as old ones fade.

Functionalist approaches, developed by scholars like Emile Durkheim, offered more sophisticated
explanations. Durkheim argued that rituals serve primarily social functions—they generate collective
effervescence, strengthen social bonds, and reinforce group identity. When people gather to perform
shared rituals, they experience themselves as part of something larger than individual existence. These
collective experiences create solidarity, teaching participants that they belong to a group with shared
values and commitments.

From this perspective, the explicit content of rituals—what participants say they're doing—matters less
than their social effects. Whether a ritual claims to appease gods, celebrate ancestors, or mark life
transitions, its real function is social integration. This explains why seemingly irrational ritual practices
persist—they work, not by achieving their stated supernatural goals, but by binding communities together.

Symbolic approaches, influenced by structuralism, emphasized how rituals communicate meaning
through symbolic systems. Rituals don't just strengthen social bonds; they articulate cosmologies, encode
cultural knowledge, and transmit values across generations. The symbols deployed in rituals—colors,
directions, animals, sacred objects—form complex systems of meaning that participants learn to interpret.
Initiation rituals, for example, don't merely mark the transition to adulthood; they teach initiates cultural
knowledge about gender, responsibility, and social organization.

More recent evolutionary approaches analyze ritual through the lens of costly signaling. Rituals often
require significant investment of time, resources, and effort. Why would evolution favor such seemingly
wasteful behavior? The answer may be that costly rituals serve as credible signals of commitment. Anyone
can claim loyalty to a group, but someone willing to undergo painful initiation rites or contribute
substantial resources to religious ceremonies demonstrates commitment through costly actions that are
difficult to fake.
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This signaling function helps solve cooperation problems. Human cooperation depends on trust, but trust
is risky in a world of potential free-riders who might enjoy cooperation's benefits without bearing its costs.
Costly rituals filter out free-riders by requiring demonstrations of commitment, enabling genuine
cooperators to identify each other and form stable coalitions.

Psychological approaches examine how rituals affect individual cognition and emotion. Rituals provide
structure during life transitions, offering scripted actions when spontaneous behavior feels inadequate.
Funerary rituals help mourners process grief. Wedding rituals formalize commitment during a
psychologically liminal moment. By prescribing specific actions and words, rituals reduce anxiety and
provide psychological scaffolding.

Rituals may also engage specific cognitive mechanisms. The repetitive, formalized nature of ritual action
differs from goal-directed practical action, potentially triggering distinctive psychological responses.
Some researchers propose that rituals activate "hazard precaution" systems—the intuitive feeling that
certain violations or omissions might cause harm even when rationally we know they won't. This would
explain the anxiety people feel about ritual violations and the sense that performing rituals "correctly"
matters intensely.

Yet these various theoretical approaches need not be mutually exclusive. Rituals likely serve multiple
functions simultaneously—social integration, meaning-making, costly signaling, and psychological
regulation all contribute to ritual's persistence and power. Different rituals may emphasize different
functions, and the same ritual may serve different functions for different participants.

Contemporary anthropology also emphasizes how rituals change and adapt. Rituals aren't unchanging
traditional practices but living processes that people constantly reinterpret, contest, and modify. Immigrant
communities adapt homeland rituals to new contexts. Political movements create new rituals to build
solidarity. Digital technologies enable novel forms of ritual participation.

This dynamism complicates efforts to define ritual's essential features. Is ritual necessarily religious?
Many secular rituals—sporting events, graduation ceremonies, political inaugurations—exhibit ritual
characteristics without supernatural elements. Must rituals be formal and scripted? Some important rituals
involve spontaneous participation and improvisation. Do rituals require physical co-presence? Online
communities develop ritual practices despite geographic dispersion.

Perhaps ritual resists simple definition because it encompasses diverse practices serving various functions.
Rather than seeking ritual's essence, we might attend to family resemblances—overlapping features that
connect different practices without requiring all rituals to share all features. Some rituals are religious,
some secular. Some formal, some spontaneous. Some traditional, some recently invented.

What may unite diverse ritual practices is their departure from purely instrumental action. Rituals are not
simply efficient means to practical ends. They involve prescribed forms, symbolic meanings, and
collective dimensions that distinguish them from ordinary goal-directed behavior. When we stand for the
national anthem, propose a toast, or blow out birthday candles, we're not accomplishing practical tasks
but rather participating in symbolic actions whose value lies partly in their very impracticality.
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This non-instrumental character helps explain why rituals feel meaningful even when we don't believe
their explicit claims. An atheist can find a wedding ceremony moving without believing God is blessing
the marriage. A skeptic can appreciate a moment of silence without thinking it helps anything. The power
of ritual lies not in its literal effectiveness but in its symbolic, social, and psychological dimensions—in

what rituals do rather than what they claim to do.

38. According to the passage, early anthropological theories treated ritual as:
A. A sophisticated mechanism for social integration

B. A universal feature requiring multi-functional explanation

C. Primitive irrationality that would decline with scientific progress

D. A costly signal of commitment to group values

39. The passage suggests that Durkheim's functionalist approach emphasized:
A. How rituals communicate through complex symbolic systems

B. Why rituals filter out free-riders through costly requirements

C. How rituals serve psychological needs during life transitions

D. How rituals generate solidarity and strengthen social bonds

40. According to evolutionary approaches described in the passage, costly rituals help solve
cooperation problems by:

A. Teaching participants cultural knowledge about their society
B. Providing structure during psychologically challenging transitions
C. Making it easier to distinguish genuine cooperators from free-riders

D. Allowing communities to communicate with supernatural beings
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41. The passage indicates that rituals may trigger '"hazard precaution' systems, which helps
explain:

A. Why rituals strengthen social bonds between participants
B. Why people feel anxiety about ritual violations and emphasis on correctness
C. How rituals transmit cultural knowledge across generations

D. Why evolution favored the development of ritual behavior

42. The author suggests that contemporary anthropology views rituals as:
A. Unchanging traditional practices preserved from ancient times

B. Exclusively religious practices involving supernatural beliefs

C. Living processes that people constantly reinterpret and modify

D. Declining phenomena that modernity is gradually eliminating

43. According to the passage, what distinguishes ritual from purely instrumental action?
A. Rituals always accomplish practical goals more efficiently

B. Rituals involve prescribed forms and symbolic meanings

C. Rituals require belief in supernatural forces

D. Rituals must be performed in person rather than online

PASSAGE 8: The Ethics of Humor

Laughter and humor are often celebrated as unalloyed goods—sources of joy, social bonding, and relief
from life's difficulties. Yet humor can also wound, marginalize, and reinforce oppression. Understanding
humort's ethical dimensions requires examining what makes something funny, who is laughing at whom,
and what social functions humor serves.

Theories of humor typically identify three elements: incongruity (the violation of expectations),
superiority (laughing at others' misfortunes or shortcomings), and relief (release of tension or forbidden
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impulses). Most humor combines these elements in various proportions. A pun exploits incongruity
through unexpected linguistic connections. Slapstick comedy involves both incongruity (someone
slipping on a banana peel violates normal movement expectations) and superiority (we laugh at their
misfortune). Dark humor provides relief by making forbidden topics discussible.

The ethical questions arise most acutely around superiority humor—jokes where the humor comes from
mocking, demeaning, or laughing at particular groups or individuals. Historically, much humor has
targeted marginalized groups: ethnic minorities, women, LGBTQ people, disabled people, and others
facing systemic disadvantage. Such humor doesn't merely reflect prejudice; it actively reinforces it by
normalizing derogatory attitudes and making discrimination seem natural or funny rather than unjust.

Yet context matters enormously. The same joke can function differently depending on who tells it, who
hears it, and what social relationships it invokes. Humor can punch up (mocking those with power) or
punch down (mocking those already marginalized). When oppressed groups mock their oppressors, the
humor often serves liberatory functions—it provides catharsis, builds solidarity, and challenges unjust
hierarchies. When powerful groups mock the powerless, however, humor serves to entrench existing
domination.

This suggests that ethical evaluation of humor cannot focus only on joke content but must attend to social
context and power relations. A joke about racial stereotypes functions differently when told by a comedian
of that race to an audience sharing that experience versus when told by someone outside the group to an
audience that may harbor those stereotypes.

Some philosophers argue that even if we distinguish between punching up and punching down, all
superiority humor is ethically problematic because it depends on treating people as objects of ridicule
rather than as moral equals deserving respect. Kant's categorical imperative—treat people as ends in
themselves, never merely as means—would seem to condemn all humor that treats people as mere targets
for laughter.

Others respond that this standard is too stringent and fails to recognize humor's distinctive communicative
mode. Humor isn't literal assertion but playful framing that creates a space where we can engage difficult
topics indirectly. The temporary suspension of ordinary norms in humor doesn't necessarily signal genuine
disrespect—it may instead provide a way to acknowledge tensions and transgress boundaries that, outside
humor's frame, must be maintained.

Furthermore, humor directed at ourselves or our in-groups can serve valuable psychological and social
functions. Self-deprecating humor can be disarming and humanizing. In-group humor can strengthen
bonds through shared recognition of common experiences. Holocaust survivors making jokes about their
experiences aren't thereby disrespecting Holocaust victims—they're exercising agency over their own
stories and finding ways to maintain humanity in the face of atrocity.

The question of offense complicates matters further. Should we refrain from humor that offends some
audience members? Offense is subjective—people take offense at very different things based on their
values, experiences, and sensitivities. A principle that humor must never offend anyone would drastically
restrict comedy, arguably to the point of making meaningful humor impossible.
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Yet some offense is more than mere subjective displeasure. When humor reinforces marginalization, the
harm isn't merely that people feel offended but that the humor contributes to systems of oppression. The
person offended by racist humor isn't simply thin-skinned—they're reasonably objecting to humor that
perpetuates their marginalization. This differs from someone who takes offense at humor challenging their
privilege or comfort.

Perhaps we need to distinguish between offense that arises from having one's dignity assailed versus
offense that arises from having one's prejudices challenged. Humor that targets marginalized identities
offends in the first sense—it treats people as less than fully human. Humor that challenges dominant norms
or prejudices may offend in the second sense—it makes some people uncomfortable by questioning what
they prefer not to question. These seem ethically distinct.

The rise of social media has intensified debates about humor's ethics. Jokes that once circulated in specific
contexts now spread globally, reaching audiences the joke-teller never intended. This decontextualization
can make jokes seem more offensive than they were in original context, but it also means harmful jokes
reach and affect more people.

Additionally, social media enables mob harassment disguised as "just joking." When thousands of people
target an individual with "humorous" attacks, the defense that "it's just a joke" rings hollow. The line
between humor and harassment blurs, and the cumulative effect of seemingly innocent jokes can be
devastating.

Some argue that concerns about offensive humor represent excessive political correctness that threatens
free expression and comedy itself. They contend that humor requires freedom to explore sensitive topics,
to transgress boundaries, and to risk offense. Attempting to police humor for potential offense will merely
produce bland, cautious comedy that avoids anything meaningful.

This objection has some force—humor does require freedom, and some great comedy offends
conventional sensibilities. Yet this doesn't mean all offensive humor deserves protection or that offense
never indicates genuine ethical problems. The question isn't whether humor can ever offend but rather
which types of offense are ethically acceptable as necessary to valuable humor versus which types indicate
humor that perpetuates injustice.

Navigating humor's ethics requires judgment rather than rigid rules. We must attend to context, consider
power relations, distinguish between punching up and punching down, recognize the difference between
offensive content and harmful effects, and acknowledge humor's potential to both liberate and oppress.

Easy answers are unlikely, but ethical engagement with these questions is necessary if humor is to
contribute to human flourishing rather than undermining it.

44. According to the passage, superiority humor refers to:
A. Jokes that require superior intelligence to understand

B. Humor based on mocking others' misfortunes or shortcomings
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C. Comedy that challenges powerful people and institutions

D. Jokes that demonstrate the comedian's superior wit

45. The passage suggests that the same joke can function differently depending on:

A. How clever the wordplay is
B. Whether it violates expectations
C. How many people hear it

D. The social context and power relations involved

46. According to the passage, '"'punching up' refers to humor that:
A. Uses physical comedy and slapstick

B. Requires offensive language

C. Mocks those with power

D. Targets marginalized groups

47. The author suggests that Kant's categorical imperative would:

A. Fully endorse all forms of humor

B. Approve of self-deprecating humor specifically

C. Seem to condemn humor that treats people as mere targets for laughter

D. Provide no guidance for evaluating humor

48. According to the passage, self-deprecating humor by Holocaust survivors:

A. Proves that all offensive humor is acceptable
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B. Demonstrates disrespect for Holocaust victims
C. Represents exercise of agency over one's own stories

D. Should be prohibited to prevent minimizing atrocities

49. The passage distinguishes between two types of offense, suggesting that:

A. All offense is equally problematic

B. No offense ever justifies restricting humor

C. Offense from having dignity assailed differs from offense at having prejudices challenged

D. Only offense that leads to physical harm matters ethically

PASSAGE 9: The Decline of Third Places

Sociologist Ray Oldenburg coined the term "third places" to describe social environments distinct from
home (first place) and work (second place). Third places—cafés, pubs, barbershops, community centers,
bookstores, parks—serve as anchors for community life, facilitating informal social interaction among
neighbors and acquaintances. These spaces foster relationships that are less intimate than family or close
friends but more substantial than brief transactional encounters.

Oldenburg argued that third places are essential for democratic society. They provide neutral ground
where people of different backgrounds encounter each other as equals, where conversations occur across
social boundaries that might otherwise remain rigid. In third places, people develop weak ties—
relationships that aren't intimate but nonetheless create social cohesion. These weak ties enable
community organizing, information sharing, and the informal social control that makes neighborhoods
feel safe and connected.

Yet third places have declined dramatically in recent decades. Suburban development patterns privilege
private homes and cars over walkable neighborhoods with commercial districts. Chain stores replace
locally owned establishments where owners and employees knew customers personally. Rising
commercial rents force out marginal businesses that might have provided gathering spaces even if not
highly profitable. Zoning laws separate residential from commercial areas, making it harder to walk to
potential third places.

Economic pressures contribute as well. People working multiple jobs or long hours have less time for
leisurely socializing. The expectation that customers constantly consume—buy coffee, order food—
makes lingering in commercial spaces financially burdensome for those with limited resources. Free
public spaces face budget cuts and restrictions on how they can be used.
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Digital technology offers a partial replacement. Online communities connect people across geographical
distances, enabling interaction that physical separation might otherwise prevent. Social media provides
platforms for social connection and information sharing. Yet online interaction differs qualitatively from
face-to-face encounters in third places. Digital spaces lack the serendipity of chance encounters, the full
embodied presence of physical co-location, and the diverse social mixing that occurs when people share
physical spaces.

Moreover, online platforms are increasingly dominated by commercial interests rather than functioning
as genuine public spaces. Algorithms shape what we see, optimizing for engagement (which often means
outrage) rather than community building. Users are commodities whose attention is sold to advertisers.
The platform operators can unilaterally change rules, ban users, or shut down entirely—hardly the
democratic public spaces that third places historically provided.

The decline of third places correlates with rising social isolation, declining civic participation, and
weakening community bonds. When people lack regular informal contact with neighbors and
acquaintances, they become more suspicious of strangers, less engaged in local issues, and less equipped
to organize collective action. Communities become collections of isolated individuals rather than networks
of interconnection.

Some urban planners and community organizers work to revive third places. New urbanist design
principles emphasize walkable neighborhoods with mixed-use development. Some municipalities create
or preserve public spaces intentionally designed for gathering. Community groups organize events that
activate potential third places—farmers markets, street fairs, outdoor concerts.

Yet these efforts face significant obstacles. Real estate economics make it difficult to preserve low-rent
spaces. Safety concerns and loitering laws restrict how public spaces can be used. Cultural changes mean
fewer people seek out third places even when available. Simply building a café or park doesn't
automatically recreate the social patterns that made traditional third places function as community
anchors.

Perhaps the challenge is not merely preserving or creating third places but reconstructing the social
expectations and practices that made them work. Third places functioned when people expected to spend
leisure time in public rather than private spaces, when they had time for unstructured socializing, when
they knew and were known by others in their neighborhood. Recreating third places may require broader
changes in work patterns, urban design, and cultural values around community and connection.

The stakes are significant. Without third places, we risk creating societies of isolated individuals, lacking
the informal social ties that make communities resilient and democratic. Yet nostalgia for a romanticized
past won't restore what's been lost. The question is whether we can develop new forms of third places
suited to contemporary circumstances—spaces that facilitate the informal, egalitarian social interaction
that third places traditionally provided while adapting to current economic, technological, and cultural
realities.

50. According to the passage, third places are characterized by:
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A. Intimate relationships comparable to family bonds
B. Brief transactional encounters with strangers
C. Commercial transactions in retail environments

D. Informal social interaction among neighbors and acquaintances

51. The passage suggests that weak ties developed in third places are important because they:

A. Create social cohesion and enable community organizing
B. Replace the need for intimate family relationships
C. Generate profit for local business owners

D. Prevent any form of social conflict

52. According to the passage, online communities differ from physical third places primarily
because they:

A. Connect people more effectively
B. Lack serendipity, embodied presence, and diverse social mixing
C. Are less commercial than physical spaces

D. Promote more democratic participation

53. The author suggests that reviving third places requires:

A. Simply building more cafés and parks in neighborhoods

B. Eliminating all digital technology and social media

C. Broader changes in work patterns, urban design, and cultural values

D. Returning exactly to social patterns from the past
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Biological and Biochemical Foundations of Living Systems

Time Questions

95 minutes 59

PASSAGE 1: Glycolysis and Cellular Energy Production

Glycolysis represents the first stage of cellular respiration, converting glucose into pyruvate while
generating ATP and NADH. This ten-step pathway occurs in the cytoplasm and does not require oxygen,
making it essential for both aerobic and anaerobic organisms.

The pathway divides into two phases: the energy investment phase (steps 1-5) and the energy payoff phase
(steps 6-10). During investment, two ATP molecules are consumed to phosphorylate glucose and its
intermediates. The six-carbon fructose-1,6-bisphosphate then splits into two three-carbon molecules, each
of which proceeds through the payoff phase to generate ATP and NADH.

Key regulatory steps include hexokinase (step 1), phosphofructokinase (PFK, step 3), and pyruvate kinase
(step 10). PFK represents the rate-limiting step and is allosterically regulated by ATP (negative feedback)
and AMP (positive feedback). High ATP levels signal sufficient energy, inhibiting PFK and slowing
glycolysis. Low energy states (high AMP/ADP) activate PFK, accelerating glucose breakdown.

Under aerobic conditions, pyruvate enters mitochondria for oxidative phosphorylation. Under anaerobic
conditions, pyruvate undergoes fermentation—converting to lactate in muscle cells or ethanol in yeast—
regenerating NAD* necessary for continued glycolysis.

Researchers investigated glycolysis regulation in cancer cells, which exhibit the Warburg effect:
preferential use of glycolysis even when oxygen is available. Study findings showed:

o Cancer cells expressed 3-fold higher PFK levels than normal cells
o ATP/AMP ratios were lower in cancer cells despite adequate oxygen
o Lactate production was 5-fold higher in cancer cells

o Inhibiting PFK reduced cancer cell proliferation by 60%
e Normal cells maintained oxidative phosphorylation under the same conditions

1. The net production of ATP from one glucose molecule during glycolysis is:

A. 4 ATP, because four ATP are produced in the payoff phase
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B. 2 ATP, accounting for the two ATP consumed in the investment phase
C. 6 ATP, including ATP from NADH oxidation

D. 0 ATP, because all produced ATP is consumed by hexokinase

2. Phosphofructokinase is inhibited by high ATP levels, which represents:
A. Positive feedback regulation accelerating the pathway

B. Competitive inhibition at the enzyme active site

C. Negative feedback regulation preventing excess ATP production

D. Irreversible covalent modification of the enzyme

3. Under anaerobic conditions in muscle cells, pyruvate is converted to lactate primarily to:
A. Regenerate NAD* required for continued glycolysis

B. Produce additional ATP through substrate-level phosphorylation

C. Prevent pyruvate accumulation that would be toxic to cells

D. Generate CO- for regulation of blood pH

4. The Warburg effect in cancer cells likely provides a growth advantage by:
A. Maximizing ATP production per glucose molecule

B. Reducing oxidative damage from mitochondrial metabolism

C. Slowing cell division to conserve energy resources

D. Rapidly generating biosynthetic intermediates and ATP despite lower efficiency

5. If a researcher added a PFK inhibitor to cancer cells, the most likely immediate effect would be:
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A. Increased mitochondrial ATP production compensating for reduced glycolysis
B. Accumulation of glucose-6-phosphate and fructose-6-phosphate upstream of PFK
C. Enhanced lactate production through alternative metabolic pathways

D. Immediate cell death due to complete ATP depletion

6. The observation that cancer cells maintain lower ATP/AMP ratios despite adequate oxygen
suggests:

A. Mitochondrial dysfunction preventing oxidative phosphorylation
B. Defective hexokinase unable to initiate glycolysis
C. Rapid ATP consumption by biosynthetic processes supporting cell growth

D. Enhanced ATPase activity hydrolyzing ATP to ADP

PASSAGE 2: Hemoglobin Oxygen Binding and Cooperative
Effects

Hemoglobin transports oxygen from lungs to tissues through cooperative binding. Each hemoglobin
molecule contains four subunits (two a, two 3), each with a heme group that binds one O2 molecule. Unlike
myoglobin (single subunit, hyperbolic binding curve), hemoglobin exhibits sigmoidal oxygen-binding
kinetics reflecting cooperative binding.

Cooperativity occurs because oxygen binding to one subunit increases the affinity of remaining subunits
for oxygen. In the T (tense) state, hemoglobin has low oxygen affinity. Oxygen binding shifts the
equilibrium toward the R (relaxed) state with higher affinity. This produces the sigmoidal curve: initial
binding is difficult (overcoming T state), but subsequent binding becomes progressively easier.

The Bohr effect describes how pH and CO- affect oxygen binding. In tissues with high CO. and low pH
(from metabolism), hemoglobin's oxygen affinity decreases, promoting oxygen release. In lungs with low
CO: and high pH, affinity increases, facilitating oxygen loading. Protons and CO: stabilize the T state
through salt bridges and carbamino compound formation.

2,3-Bisphosphoglycerate (2,3-BPG) binds in hemoglobin's central cavity between 3 subunits, stabilizing

the T state and decreasing oxygen affinity. High-altitude adaptation increases 2,3-BPG levels, shifting the
oxygen-dissociation curve rightward to enhance oxygen delivery to tissues at lower PO..
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Researchers studied a hemoglobin variant (HbM) found in patients with familial cyanosis:
o HbM showed reduced cooperativity with a Hill coefficient of 1.2 (normal Hb = 2.8)
e Pso (oxygen pressure at 50% saturation) was 15 mmHg (normal =27 mmHg)
o HbM exhibited normal response to pH changes

e 2,3-BPG binding affinity was normal
e The mutation was in the au-f: interface critical for subunit communication

7. The sigmoidal oxygen-binding curve of hemoglobin reflects:

A. Cooperative binding where initial O2 binding facilitates subsequent binding
B. Independent binding sites with identical oxygen affinities

C. Competitive inhibition by carbon dioxide at the heme sites

D. Sequential saturation of low-affinity then high-affinity sites

8. The Bohr effect enhances oxygen delivery to metabolically active tissues because:
A. Increased pH in active tissues promotes oxygen release

B. CO: competes with O for heme binding sites

C. Increased metabolism produces protons that bind to amino acids

D. Decreased pH and increased CO- reduce hemoglobin's oxygen affinity

9. Increasing 2,3-BPG levels shifts the oxygen-dissociation curve rightward, which means:
A. Hemoglobin has increased oxygen affinity at any given PO-

B. Hemoglobin releases oxygen more readily at a given PO:

C. More oxygen binds to hemoglobin in the lungs

D. The Bohr effect is eliminated
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10. The reduced Hill coefficient in HbM indicates:

A. Complete loss of oxygen-binding capability

B. Increased cooperativity compared to normal hemoglobin

C. Decreased cooperativity, with binding sites behaving more independently

D. Enhanced response to 2,3-BPG regulation

11. The lower Pso of HbM (15 mmHg vs. 27 mmHg) means that HbM:
A. Has higher oxygen affinity and releases oxygen less readily to tissues
B. Has lower oxygen affinity and releases oxygen more readily

C. Binds oxygen only at very high oxygen pressures

D. Cannot bind oxygen under physiological conditions

PASSAGE 3: Enzyme Kinetics and Competitive Inhibition

Enzyme kinetics describe how reaction rate varies with substrate concentration. The Michaelis-Menten
model assumes enzyme (E) and substrate (S) form a complex (ES) that converts to product (P): E+ S =
ES— E +P.

At low [S], reaction rate increases linearly with substrate. At high [S], enzyme becomes saturated and rate
plateaus at Vmax. The Michaelis constant (Km) equals substrate concentration at half-maximal velocity.

Competitive inhibitors (I) resemble substrate and compete for the active site. Inhibitor binding prevents
substrate binding: E + I & EI. Competitive inhibition increases apparent Km (requires more substrate to

reach Vmax) but doesn't change Vmax (high [S] outcompetes inhibitor).

Lineweaver-Burk plots (1/v vs. 1/[S]) linearize kinetics. Competitive inhibition increases slope and
changes x-intercept (-1/Km), but y-intercept (1/Vmax) remains constant.

Researchers studied acetylcholinesterase (AChE), which hydrolyzes the neurotransmitter acetylcholine
(ACh) at synapses. They tested compound X as a potential inhibitor:

Experiment 1: Kinetics without inhibitor

e Vmax = 100 pmol/min
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e Km=0.5mM for ACh
Experiment 2: With 2 mM compound X

e Vmax = 100 pmol/min
e Apparent Km = 1.5 mM

Experiment 3: With 4 mM compound X

e Vmax = 100 pmol/min
e Apparent Km = 2.5 mM

Experiment 4: High ACh concentration (10 mM) with 4 mM compound X

o Reaction rate approached normal Vmax

12. Based on the experimental data, compound X is most likely a:
A. Noncompetitive inhibitor that reduces Vmax

B. Uncompetitive inhibitor that reduces both Km and Vmax

C. Allosteric activator that increases enzyme activity

D. Competitive inhibitor that increases apparent Km without changing Vmax

13. The observation that high acetylcholine concentration overcomes inhibition by compound X
indicates:

A. Compound X irreversibly inactivates the enzyme
B. Substrate and inhibitor compete for the same binding site
C. Compound X binds to an allosteric site

D. The enzyme undergoes conformational change upon inhibition

14. In a Lineweaver-Burk plot of this data, the presence of compound X would:

A. Change both the y-intercept and the slope of the line



B. Change the y-intercept but not the slope
C. Change the slope and x-intercept but not the y-intercept

D. Produce parallel lines for different inhibitor concentrations

15. At substrate concentration equal to Km (0.5 mM) without inhibitor, the reaction velocity is:
A. 25 pmol/min, calculated as Vmax divided by 4

B. 100 umol/min, equal to the maximum velocity

C. 50 umol/min, which is half the maximum velocity

D. 0 umol/min, because Km represents minimal activity

16. If compound X were developed as a therapeutic agent, it would most likely:
A. Permanently block all acetylcholinesterase activity

B. Require lower doses to achieve inhibition as ACh levels increase

C. Require higher doses to achieve inhibition as ACh levels increase

D. Be equally effective regardless of acetylcholine concentration

17. The finding that apparent Km increases with increasing compound X concentration while
Vmax remains constant is most consistent with:

A. Irreversible enzyme denaturation
B. Reversible competition between inhibitor and substrate for the active site
C. Allosteric regulation changing enzyme conformation

D. Formation of inactive enzyme-substrate-inhibitor complexes

PASSAGE 4: DNA Replication and Mutation
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DNA replication is semiconservative: each strand serves as a template for synthesis of a complementary
strand. DNA polymerase III (in prokaryotes) synthesizes DNA in the 5'—3' direction, requiring a primer
and adding nucleotides complementary to the template.

The leading strand is synthesized continuously in the 5'—3' direction toward the replication fork. The
lagging strand is synthesized discontinuously as Okazaki fragments (1000-2000 nucleotides in
prokaryotes), each requiring a new RNA primer from primase.

DNA polymerase has 3'—5' exonuclease activity (proofreading) that removes incorrectly paired
nucleotides. This reduces error rate from ~107° to ~1077 per base pair. Mismatch repair systems further
reduce errors to ~107°.

Mutations arise from replication errors, chemical damage, or radiation. Point mutations include:

e Transitions: purine—purine (A«<>G) or pyrimidine—pyrimidine (CT)
e Transversions: purine«<>pyrimidine

Silent mutations change the codon but not the amino acid (genetic code redundancy). Missense
mutations change the amino acid. Nonsense mutations create stop codons, terminating translation
prematurely.
Researchers studied mutation rates in bacteria with defective DNA polymerase:

e Wild-type bacteria: 1 mutation per 10° base pairs replicated

e Mutant strain A (defective 3'—5' exonuclease): 1 mutation per 10¢ base pairs

e Mutant strain B (defective mismatch repair): 1 mutation per 107 base pairs

e Mutant strain C (both defects): 1 mutation per 10* base pairs
Analysis of mutations in strain A showed:

o 70% transitions, 30% transversions

e Most mutations occurred in the lagging strand
e Mutant proteins showed predominantly missense mutations

18. DNA synthesis proceeds 5'—3' because:

A. DNA polymerase cannot add nucleotides to the 5' end

B. Template strands are read 3'—5' only

C. DNA polymerase adds nucleotides to the 3'-OH group of the growing strand

D. Primers are synthesized 3'—5'
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19. The lagging strand requires multiple RNA primers because:

A. DNA polymerase synthesizes this strand in the direction away from the replication fork
B. DNA polymerase has no proofreading activity on the lagging strand

C. RNA primers are more stable than DNA primers

D. Okazaki fragments are synthesized 3'—5'

20. The mutation rate in strain C (both defects) being higher than the sum of individual defects
suggests:

A. The two repair systems work independently without interaction
B. The defects are in different genes on different chromosomes
C. One defect has no actual effect on mutation rate

D. The repair systems have overlapping functions, and losing both creates synergistic effects

21. More mutations occurring in the lagging strand of strain A likely reflects:
A. Longer exposure of single-stranded DNA before proofreading

B. RNA primers causing errors during fragment joining

C. Discontinuous synthesis providing more opportunities for errors

D. Absence of 3'=5' exonuclease activity on the leading strand

22. A mutation changing AUG to AUA in mRNA would most likely result in:
A. A missense mutation changing methionine to isoleucine
B. A silent mutation with no amino acid change

C. A nonsense mutation creating a premature stop codon
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D. A frameshift mutation altering all downstream amino acids

PASSAGE 5: Membrane Transport and Ion Gradients

Cell membranes regulate molecular movement through various transport mechanisms. Simple diffusion
allows small, nonpolar molecules (O2, CO:) to cross lipid bilayers down concentration gradients without
proteins. Facilitated diffusion uses channel or carrier proteins to transport specific molecules down
gradients (e.g., glucose via GLUT transporters).

Active transport moves molecules against concentration gradients using ATP. The Na*/K*-ATPase
pumps 3 Na* out and 2 K* in per ATP hydrolyzed, maintaining electrochemical gradients essential for
nerve impulses, muscle contraction, and secondary active transport.

Secondary active transport couples downhill ion movement to uphill transport of other molecules. The
Na*-glucose cotransporter (SGLT) in intestinal epithelium uses the Na* gradient to drive glucose
absorption against its gradient. This is symport (both molecules same direction). Antiport moves
molecules opposite directions, like the Na*/Ca** exchanger.
Osmosis is water movement across semipermeable membranes toward higher solute concentration. In
hypotonic solutions (lower solute than cytoplasm), water enters cells, causing swelling. In hypertonic
solutions, water exits, causing shrinkage. Isotonic solutions produce no net water movement.
Researchers studied epithelial transport in kidney proximal tubules:
Experiment 1: Cells were placed in solution with:

e 140 mM NaCl (isotonic to cytoplasm)

e Glucose (5 mM) added only to apical side (facing lumen)

o After 30 min: glucose detected on basolateral side; Na* concentration in apical solution

decreased

Experiment 2: Ouabain (Na'/K*-ATPase inhibitor) added to basolateral side:

e Glucose transport from apical to basolateral side decreased 85%
o Na" gradient across apical membrane dissipated

Experiment 3: Cells placed in solution lacking Na* on apical side:

e Glucose transport ceased despite maintained ATP levels
e Adding Na* back restored glucose transport
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23. Glucose movement from the apical to basolateral side in Experiment 1 most likely occurs
through:

A. Na*-glucose cotransport at apical membrane, then facilitated diffusion at basolateral membrane
B. Simple diffusion through the lipid bilayer at both membranes
C. Primary active transport using ATP at both membranes

D. Facilitated diffusion at apical membrane, then Na*-glucose cotransport at basolateral membrane

24. Ouabain's effect in Experiment 2 demonstrates that apical glucose transport depends on:
A. Direct ATP hydrolysis by the glucose transporter

B. Facilitated diffusion requiring no energy

C. Simple diffusion through aquaporins

D. The Na* gradient maintained by basolateral Na*/K*-ATPase

25. The finding in Experiment 3 that glucose transport requires Na* indicates that:
A. Glucose and Na* share the same carrier protein

B. The apical glucose transporter uses Na* binding to undergo conformational changes
C. Na* is converted to ATP to power glucose transport

D. Glucose transport occurs through Na* channels

26. If cells from Experiment 1 were placed in a solution with 200 mM NaCl (hypertonic), the cells
would likely:

A. Swell as water enters down its concentration gradient
B. Remain unchanged because NaCl cannot cross the membrane

C. Shrink as water exits toward the higher solute concentration
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D. Burst due to excessive water influx

27. The Na'/K*-ATPase is classified as primary active transport because it:
A. Uses the energy from ATP hydrolysis directly to move ions against gradients
B. Relies on existing ion gradients to transport molecules

C. Transports molecules down their concentration gradients

D. Requires no energy input to function

28. The overall process of glucose absorption from lumen to blood in these cells represents:
A. Only primary active transport throughout

B. Only facilitated diffusion throughout

C. Secondary active transport followed by facilitated diffusion

D. Secondary active transport followed by primary active transport

PASSAGE 6: Action Potentials and Neuronal Signaling

Action potentials are rapid, transient changes in membrane potential that propagate along axons. Resting
potential (~-70 mV) exists because the membrane is more permeable to K* than Na*, and the Na*/K*-
ATPase maintains ion gradients.

Depolarization to threshold (~-55 mV) triggers voltage-gated Na* channels to open rapidly, causing Na*
influx and rapid depolarization to +30 mV. At peak depolarization, Na* channels inactivate and voltage-
gated K* channels open, allowing K* efflux that repolarizes the membrane. K* channels close slowly,
causing brief hyperpolarization before returning to resting potential.

The refractory period prevents backward propagation. During the absolute refractory period, Na*
channels are inactivated and cannot open regardless of stimulus strength. During the relative refractory
period, some Na* channels have recovered, but stronger-than-normal stimuli are required because the
membrane is hyperpolarized.
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Myelination by oligodendrocytes (CNS) or Schwann cells (PNS) increases conduction velocity. Myelin

insulates axons, restricting ion flow to nodes of Ranvier where voltage-gated channels cluster. Action

potentials "jump" between nodes (saltatory conduction), dramatically increasing speed.
Researchers studied conduction in normal and demyelinated axons:
Normal myelinated axon (1 pm diameter):

e Conduction velocity: 50 m/s

e Action potential duration: 1 ms

e Energy consumption: low
Demyelinated axon (same diameter):

e Conduction velocity: 0.5 m/s (100-fold decrease)

e Action potential duration: 5 ms

e Energy consumption: 10-fold increase

e Action potentials failed to propagate in 30% of trials
Unmyelinated axon (10 pm diameter):

e Conduction velocity: 2 m/s

e Action potential duration: 2 ms
e Required 100-fold larger diameter to achieve same velocity as myelinated 1 pm axon

29. The rapid depolarization phase of the action potential is caused by:
A. K efflux through voltage-gated K* channels

B. Na* influx through voltage-gated Na* channels

C. CI" influx through ligand-gated channels

D. Na*/K*-ATPase pumping Na* into the cell

30. The absolute refractory period prevents action potentials from propagating backwards
because:

A. K* channels remain open, preventing depolarization

B. The membrane becomes permanently hyperpolarized
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C. Na* channels are inactivated and cannot reopen immediately

D. The Na*/K*-ATPase actively pumps Na* out

31. Saltatory conduction in myelinated axons increases conduction velocity by:
A. Allowing action potentials to jump between nodes of Ranvier

B. Increasing the number of voltage-gated channels throughout the axon

C. Decreasing membrane resistance along the entire axon length

D. Preventing all ion movement along myelinated segments

32. The increased energy consumption in demyelinated axons most likely results from:
A. Reduced action potential amplitude

B. Slower repolarization kinetics

C. Complete loss of conduction ability

D. More Na*/K*-ATPase activity required to restore ion gradients after more ion flux

33. Multiple sclerosis is an autoimmune disease that destroys CNS myelin. Based on the passage,
affected patients would most likely experience:

A. Complete loss of all neuronal electrical activity
B. Slowed conduction velocity and potential conduction failure
C. Enhanced conduction velocity due to compensatory mechanisms

D. Immediate neuronal death from demyelination

PASSAGE 7: Protein Structure and Denaturation
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Proteins fold into specific three-dimensional structures determined by amino acid sequence. Four
structural levels exist: primary (amino acid sequence), secondary (a-helices and B-sheets stabilized by
hydrogen bonds), tertiary (overall 3D shape from interactions between R groups), and quaternary (multi-
subunit assembly).

Forces stabilizing protein structure include:

o Hydrogen bonds between backbone groups (secondary structure) or side chains

o lonic interactions between charged residues

o Hydrophobic interactions driving nonpolar residues into protein cores

o Disulfide bonds (covalent) between cysteine residues
Denaturation disrupts secondary, tertiary, and quaternary structure without breaking peptide bonds.
Denaturing agents include heat (disrupts hydrogen bonds and hydrophobic interactions), extreme pH

(alters ionization states), and chaotropes like urea (interferes with hydrogen bonding).

Some proteins can refold spontaneously after denaturation (reversible), indicating primary structure
contains information for proper folding. Others require chaperone proteins for correct folding in vivo.

Researchers studied lysozyme denaturation:
Native lysozyme:
e Enzymatic activity: 100 units
e Four disulfide bonds
o Mixed o-helix/B-sheet secondary structure
e Melting temperature (Tm): 75°C
Experiment 1: Heating to 90°C for 10 minutes:
e Activity decreased to 5 units
e Circular dichroism showed loss of a-helices
e Disulfide bonds remained intact

Experiment 2: Cooling back to 25°C after heating:

e Activity recovered to 80 units
e Secondary structure partially restored

Experiment 3: Heating to 90°C in presence of f-mercaptoethanol (reduces disulfide bonds):
e Activity decreased to 0 units
e Complete loss of structure

e Cooling with reoxidation: only 10% activity recovered

Experiment 4: Same as Experiment 3, but with chaperone proteins present during refolding:
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e Activity recovered to 65 units

34. The loss of enzymatic activity upon heating to 90°C without loss of disulfide bonds indicates:

A. Primary structure was altered
B. Peptide bonds were hydrolyzed
C. Tertiary structure was disrupted while some covalent bonds remained

D. The enzyme gained additional disulfide bonds

35. The recovery of activity upon cooling in Experiment 2 demonstrates that:
A. Denaturation was irreversible and activity loss permanent

B. Heating increased the enzyme's catalytic efficiency

C. The primary structure contains sufficient information for refolding

D. New disulfide bonds formed during cooling

36. The poor recovery in Experiment 3 compared to Experiment 2 suggests that:
A. Disulfide bonds are unnecessary for enzyme function

B. Disulfide bonds constrain the polypeptide, facilitating proper refolding

C. B-mercaptoethanol permanently damages the primary structure

D. Chaperone proteins are required for all protein folding

37. Chaperone proteins in Experiment 4 likely assisted refolding by:
A. Covalently linking amino acids in the correct sequence

B. Preventing aggregation and allowing proper disulfide bond formation
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C. Adding new disulfide bonds not present in native protein

D. Changing the primary structure to a more stable sequence

38. Extreme pH would most likely denature proteins by:

A. Hydrolyzing peptide bonds throughout the protein

B. Breaking disulfide bonds between cysteine residues

C. Disrupting ionic interactions and altering charge states of amino acids

D. Preventing formation of a-helices through steric hindrance

PASSAGE 8: Mendelian Genetics and Linkage

Mendel's laws describe inheritance patterns. The law of segregation states that allele pairs separate
during gamete formation. The law of independent assortment states that alleles of different genes
segregate independently—assuming genes are on different chromosomes or far apart on the same
chromosome.

Linked genes are located on the same chromosome and tend to be inherited together. The closer two
genes are, the less likely recombination occurs between them. Recombination frequency (RF) =
(recombinant offspring / total offspring) x 100%, with 1% RF =1 map unit (centimorgan).

Dihybrid crosses for unlinked genes yield 9:3:3:1 phenotypic ratios (two dominant : one dominant, one
recessive : other combination : both recessive). Linked genes show parental combinations more
frequently than recombinant types.

Test crosses (crossing heterozygote with homozygous recessive) reveal genotypes. For unlinked genes,
test crosses yield 1:1:1:1 ratio. For linked genes, parental types exceed 25% each, recombinant types are
less than 25% each.

Researchers studied two genes in Drosophila:

e Gene B (body color): B (gray, dominant) and b (black, recessive)
e Gene V (wing length): V (normal, dominant) and v (vestigial, recessive)

Cross 1: BbVv x bbvv (test cross) Results:

e Gray body, normal wings: 420
e Black body, vestigial wings: 380

84



e QGray body, vestigial wings: 90
e Black body, normal wings: 110
e Total: 1000

Cross 2: The distance between genes B and V was mapped as 20 centiMorgans

Cross 3: A third gene W was found 15 ¢cM from B and 5 ¢cM from V, suggesting gene order: B---W---V

39. The results of Cross 1 indicate that genes B and V are:

A. Linked, with gray body-normal wings and black body-vestigial wings being parental types
B. Unlinked and assorting independently

C. Located on different chromosomes with 50% recombination

D. Exhibiting complete genetic linkage with no recombination

40. The recombination frequency between genes B and V in Cross 1 is approximately:
A. 10%, indicating tight linkage

B. 25%, indicating independent assortment

C. 50%, indicating genes on different chromosomes

D. 20%, consistent with the map distance from Cross 2

41. If genes B and V were completely linked with no recombination, Cross 1 would yield:
A. 9:3:3:1 ratio with all four phenotypes equally represented

B. Only two phenotype classes: gray-normal and black-vestigial in 1:1 ratio

C. Equal numbers of all four phenotype classes

D. Only gray-normal offspring
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42. The gene order B---W---V determined in Cross 3 means that:
A. Gene W is between B and V on the same chromosome

B. Gene W is on a different chromosome from B and V

C. Genes B and W show complete linkage

D. Recombination cannot occur between any of these genes

43. If a double crossover occurred between B and W, and between W and V, the resulting gamete
from BbWwVv would be:

A. BwV (same as original parental chromosome)
B. bWv (same as original parental chromosome)
C. BwV or bWV depending on which homolog is considered

D. BWV with no recombination

44. The finding that recombination frequency correlates with physical distance between genes
supports:

A. Mendel's law of independent assortment for all genes
B. The chromosome theory of inheritance with crossover events
C. That all genes are equally likely to recombine

D. That genes are inherited through blending mechanisms

DISCRETE QUESTIONS (45-59)
45. The primary structural difference between DNA and RNA is:

A. DNA contains adenine while RNA contains uracil

B. RNA contains ribose while DNA contains deoxyribose
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C. DNA is single-stranded while RNA is double-stranded

D. RNA contains thymine while DNA contains uracil

46. During translation, the anticodon of tRNA pairs with:
A. The promoter region of DNA

B. The poly-A tail of mRNA

C. The codon on mRNA

D. Another tRNA anticodon

47. The Calvin cycle produces:

A. Glucose using ATP and NADPH from the light reactions
B. ATP through chemiosmosis in thylakoid membranes

C. Oxygen as a byproduct of water splitting

D. NADPH through photosystem I electron transport

48. Nondisjunction during meiosis I results in:

A. All four gametes having normal chromosome numbers

B. One gamete with an extra chromosome and one missing a chromosome

C. Two gametes with normal chromosome numbers and two with abnormal numbers

D. Two gametes with an extra chromosome and two missing a chromosome

49. The function of the poly-A tail added to eukaryotic mRNA is to:

A. Signal the start codon for ribosome binding
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B. Increase mRNA stability and facilitate translation
C. Splice out introns from the pre-mRNA

D. Allow mRNA to bind to DNA during transcription

50. In the electron transport chain, the final electron acceptor is:

A. NAD", which is reduced to NADH
B. FAD, which is reduced to FADH-

C. Oxygen, which is reduced to water

D. ATP synthase, which produces ATP

51. A nonsense mutation results in:

A. An amino acid substitution that changes protein function
B. No change in the amino acid sequence

C. A premature stop codon that truncates the protein

D. A frameshift that alters all downstream amino acids

52. The lac operon in bacteria is repressed when:

A. Lactose is present and binds to the repressor

B. Lactose is absent and the repressor binds to the operator
C. Glucose is present and CAP-cAMP activates transcription

D. The repressor is cleaved and cannot bind DNA

88



53. Apoptosis differs from necrosis in that apoptosis:

A. Results from traumatic cell injury and causes inflammation

B. Is a regulated process of programmed cell death without inflammation
C. Only occurs in cancerous cells

D. Involves cell swelling and membrane rupture

54. The hormone insulin lowers blood glucose by:
A. Stimulating glycogen breakdown in liver cells

B. Inhibiting glucose uptake by muscle cells

C. Promoting glucose uptake and glycogen synthesis

D. Stimulating gluconeogenesis in the liver

55. Antibodies are secreted by:

A. Plasma cells, which are differentiated B lymphocytes
B. T helper cells after antigen recognition

C. Natural killer cells during viral infection

D. Macrophages after phagocytosis

56. The sodium-potassium pump maintains resting membrane potential by:
A. Pumping 2 Na* out and 3 K* in per ATP

B. Pumping 3 K* out and 2 Na* in per ATP

C. Allowing passive diffusion of Na* and K*

D. Pumping 3 Na* out and 2 K* in per ATP



57. A catalyst increases reaction rate by:
A. Increasing the free energy of products

B. Decreasing the activation energy required
C. Shifting the equilibrium toward products

D. Increasing the temperature of the reaction

58. The rough endoplasmic reticulum is studded with ribosomes and functions in:
A. Lipid synthesis and detoxification

B. Synthesis of secreted and membrane proteins

C. ATP production through oxidative phosphorylation

D. Breakdown of cellular waste materials

59. During prophase I of meiosis, homologous chromosomes pair up in a process called:

A. Synapsis, which allows homologous chromosomes to align
B. Crossing over, which exchanges genetic material between chromatids
C. Independent assortment, which occurs during metaphase |

D. Cytokinesis, which divides the cytoplasm
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Psychological, Social, and Biological Foundations of Behavior

Time Questions

95 minutes 59

PASSAGE 1: Working Memory and Cognitive Load

Working memory temporarily holds and manipulates information during cognitive tasks. Baddeley's
model includes the phonological loop (verbal information), visuospatial sketchpad (visual/spatial data),
episodic buffer (integrating information), and central executive (attention allocation and coordination).
Cognitive load theory distinguishes intrinsic load (task complexity), extraneous load (poorly designed
presentation), and germane load (processing that builds schemas). When total load exceeds working
memory capacity, performance declines. Dual-task paradigms test capacity: performing two tasks
requiring the same component (e.g., two verbal tasks) shows more interference than tasks using different
components (verbal + spatial).
Researchers studied how presentation format affects learning:
Group A: Medical students learned anatomy through text descriptions (verbal).
Group B: Students learned through labeled diagrams (visual).
Group C: Students received simultaneous text and redundant diagrams showing identical information.
Results:

e Retention test (1 week): Group B scored 78%, Group A scored 65%, Group C scored 62%

e Group C reported highest mental effort ratings

o When asked to solve clinical cases requiring spatial reasoning, Group B performed best

e Groups A and C showed similar performance on verbal recall tasks

Follow-up: When diagrams and text provided complementary (not redundant) information, retention
improved to 82%.

1. The superior performance of Group B on spatial reasoning tasks most likely reflects:

A. The phonological loop's greater capacity than the visuospatial sketchpad

91



B. Extraneous cognitive load from text interference
C. Encoding specificity matching test format to learning format

D. The redundancy effect enhancing memory consolidation

2. Group C's lower performance despite receiving more information demonstrates:
A. The redundancy effect creating extraneous cognitive load

B. Enhanced germane load improving schema formation

C. Dual-coding theory where multiple formats always improve learning

D. Working memory's unlimited capacity for related information

3. According to Baddeley's model, a student simultaneously reading text and viewing diagrams
would primarily use:

A. Only the episodic buffer for integration
B. Only the central executive for coordination
C. The phonological loop exclusively

D. Both the phonological loop and visuospatial sketchpad, coordinated by the central executive

4. The finding that complementary information improved retention supports:
A. The redundancy effect applies to all multimedia

B. Germane load increases when different information sources are integrated

C. Working memory capacity is fixed regardless of content

D. Extraneous load is eliminated through redundancy
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5. If students in Group A were asked to mentally rotate anatomical structures while reading
descriptions, performance would likely:

A. Improve due to dual-coding
B. Remain unchanged due to independent systems
C. Decline due to interference within the visuospatial sketchpad

D. Improve due to reduced cognitive load

6. The central executive's primary function in this learning task is:

A. Allocating attention between text and diagrams and coordinating subsystems
B. Storing verbal information temporarily

C. Processing visual features exclusively

D. Reducing all forms of cognitive load

PASSAGE 2: Social Identity Theory and Intergroup Behavior

Social identity theory proposes that people derive self-concept partly from group memberships.
Individuals categorize themselves and others into social groups, show in-group favoritism, and seek
positive distinctiveness for their groups to maintain self-esteem.

Three processes drive intergroup behavior: social categorization (dividing people into groups), social
identification (adopting group identity), and social comparison (comparing in-group favorably to out-
groups). Minimal group paradigm studies show that even arbitrary, meaningless group assignments
produce in-group bias.

Researchers examined social identity effects in organizational settings:
Study Design: Employees at a merged company were randomly assigned to mixed-department project
teams. Half the teams received interventions emphasizing shared company identity (superordinate

identity condition). Control teams received no intervention.

Baseline: Employees showed strong departmental identity and rated their original departments more
favorably than other departments (in-group bias).

4-week results:

93



e Superordinate identity teams: Departmental bias decreased 45%, cross-department collaboration
increased, reported team cohesion rose

e Control teams: Departmental bias decreased only 12%, collaboration remained low

o Employees with stronger initial departmental identification showed larger bias reductions in the
superordinate condition

e Performance evaluations showed superordinate teams completed projects 30% faster

Individual differences: Employees high in need for group belonging showed stronger effects in both
conditions.

7. The initial departmental bias among employees demonstrates:
A. Realistic group conflict over scarce resources

B. In-group favoritism based on social categorization

C. Fundamental attribution error in evaluating others

D. Cognitive dissonance from competing identities

8. The superordinate identity intervention most likely worked by:
A. Eliminating all group categorizations

B. Increasing cognitive dissonance between identities

C. Creating competition between departments

D. Recategorizing all employees as members of a shared in-group

9. Employees with stronger initial departmental identification showing larger bias reductions
suggests:

A. Strong identifiers gained more self-esteem from the new superordinate identity
B. Weak identifiers were unaffected by social identity processes
C. Social comparison processes are independent of identification strength

D. In-group favoritism increases with identification strength
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10. The finding that arbitrary group assignments in minimal group paradigm studies produce bias
indicates:

A. Competition over resources is necessary for intergroup bias
B. Realistic group conflict is required for discrimination
C. Simple categorization is sufficient to create in-group favoritism

D. Self-categorization requires meaningful group differences

11. If a third condition emphasized both departmental AND company identities simultaneously
(dual identity), the likely outcome would be:

A. Increased intergroup conflict from competing identities
B. Reduced bias while maintaining positive departmental feelings
C. Complete elimination of all group identities

D. Stronger departmental bias than baseline

PASSAGE 3: Classical and Operant Conditioning

Classical conditioning involves learning associations between stimuli. An unconditioned stimulus (UCS)
naturally produces an unconditioned response (UCR). After pairing a neutral stimulus with the UCS, the
neutral stimulus becomes a conditioned stimulus (CS) that elicits a conditioned response (CR).
Extinction occurs when the CS is presented without the UCS repeatedly. Spontaneous recovery is the
reappearance of the CR after extinction.

Operant conditioning shapes behavior through consequences. Reinforcement increases behavior
frequency (positive reinforcement adds something desirable; negative reinforcement removes something
aversive). Punishment decreases behavior (positive punishment adds something aversive; negative
punishment removes something desirable). Schedules of reinforcement affect learning: continuous
(every response), fixed ratio (after set number of responses), variable ratio (after unpredictable number),
fixed interval (after set time), and variable interval (after unpredictable time).

Researchers studied conditioning in clinical settings:
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Patient A (Phobia treatment): Spider phobic patient underwent systematic desensitization. Progressive
relaxation (UCR to relaxation training) was paired with gradually increasing exposure to spider images

(CS). After 8 sessions, patient could handle live spiders with minimal anxiety.

Patient B (Pain management): Chronic pain patient received morphine (reducing pain) paired with a

distinctive room environment. Eventually, entering the room alone reduced pain ratings by 30%, though

less than morphine's full effect.

Patient C (Substance use): Cocaine user reported intense cravings (CR) when encountering drug-
associated cues (CS) like certain locations or paraphernalia, even after months of abstinence.

Patient D (Behavioral intervention): Autistic child received token (conditioned reinforcer) after every

fifth appropriate social interaction (fixed ratio 5). Tokens exchanged for preferred activities. Social

interactions increased 200% over baseline.

12. In Patient A's treatment, spider images function as:
A. Unconditioned stimulus naturally causing fear

B. Unconditioned response to relaxation

C. Neutral stimulus during initial pairing

D. Conditioned stimulus after association with relaxation

13. Patient B's pain reduction in the room environment demonstrates:

A. Operant conditioning through negative reinforcement
B. Classical conditioning with the room as CS and pain reduction as CR
C. Extinction of the original pain response

D. Spontaneous recovery of conditioned responses

14. Patient C's persistent cravings despite abstinence illustrate:
A. Spontaneous recovery after extinction attempts

B. Operant conditioning through positive reinforcement
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C. Conditioned response to drug-associated stimuli

D. Habituation to drug-related cues

15. The token system for Patient D uses tokens as:

A. Conditioned reinforcers that gained value through association with primary reinforcers
B. Unconditioned stimuli naturally reinforcing behavior

C. Punishment reducing inappropriate behavior

D. Fixed interval schedule reinforcers

16. If Patient D's tokens were delivered after unpredictable numbers of social interactions, this
would be:

A. Fixed ratio schedule
B. Fixed interval schedule
C. Continuous reinforcement

D. Variable ratio schedule

17. If Patient A was exposed to spiders without relaxation training after successful treatment, fear
might return, demonstrating:

A. Stimulus generalization to new stimuli
B. Spontaneous recovery or renewal of conditioned fear
C. Operant extinction

D. Higher-order conditioning

PASSAGE 4: Piaget's Stages of Cognitive Development
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Piaget proposed four stages of cognitive development. Sensorimotor (0-2 years): learning through
sensory experiences and motor actions; develops object permanence. Preoperational (2-7 years):
symbolic thinking emerges but thinking is egocentric, lacks conservation understanding. Concrete
operational (7-11 years): logical thinking about concrete situations, understands conservation and
reversibility. Formal operational (12+ years): abstract reasoning and hypothetical thinking.
Researchers tested conservation and perspective-taking:

Conservation task: Children shown two identical beakers with equal water. Water from one beaker
poured into a taller, narrower beaker. Asked which has more water.

Three Mountains task: Children viewed a 3D model of mountains from one position, then shown
pictures and asked which view a doll on the opposite side would see.

Results:
e Age 4-5: Said tall beaker has more water (failed conservation); chose their own view for the doll
(egocentrism)
e Age 7-8: Correctly said same amount of water (passed conservation); correctly identified doll's
perspective
e Age 10-12: Passed conservation; solved hypothetical problems about rearranging mountains
Follow-up: When 4-year-olds were asked to "hide" an object from someone, they successfully

considered the other person's line of sight, suggesting task demands may influence apparent
egocentrism.

18. Four-year-olds failing conservation demonstrates:

A. Centration on one perceptual dimension (height) rather than considering multiple dimensions
B. Development of object permanence

C. Concrete operational thinking

D. Abstract reasoning abilities

19. Successfully "hiding" objects suggests:
A. Egocentrism is absolute in preoperational stage

B. Object permanence is not yet developed
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C. Context and task complexity affect demonstrations of cognitive abilities

D. Formal operational thought emerges earlier than Piaget proposed

20. A child who understands that flattening clay doesn't change its amount demonstrates:
A. Conservation of mass and reversibility thinking

B. Egocentrism in perspective-taking

C. Sensorimotor exploration

D. Abstract hypothetical reasoning

21. The ability at age 10-12 to solve hypothetical problems about rearranging mountains indicates:
A. Preoperational symbolic thinking

B. Formal operational abstract reasoning

C. Sensorimotor learning

D. Conservation of volume only

22. According to Piaget, a 6-month-old who stops searching for a toy when it's covered has not yet
developed:

A. Object permanence
B. Conservation
C. Egocentrism

D. Abstract reasoning

PASSAGE 5: Attribution Theory and Fundamental Attribution
Error
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Attribution theory examines how people explain behavior. Internal (dispositional) attributions cite
personality or character; external (situational) attributions cite environmental factors. The fundamental
attribution error (FAE) is the tendency to overestimate internal factors and underestimate external
factors when explaining others' behavior, while showing self-serving bias (crediting success to internal
factors, failure to external factors).

Actor-observer bias describes attributing our own behavior to situations but others' behavior to
dispositions. Cultural variations exist: individualistic cultures show stronger FAE than collectivistic
cultures.

Researchers examined attribution patterns:

Scenario 1: Participants read about "Mark," who failed a job interview. Half read he was nervous and
unprepared (dispositional cues). Half read the interviewer was hostile and the room was loud (situational
cues).
Results:

e Dispositional cues: 78% blamed Mark's personality

o Situational cues: 45% still blamed Mark's personality (demonstrating FAE)

e When participants imagined themselves in Mark's situation, situational attributions increased to

68%

Scenario 2: American and Japanese participants watched the same interview footage.

e Americans: 71% dispositional attributions for failure

e Japanese: 52% dispositional attributions for failure

o Both groups showed self-serving bias for their own outcomes

Scenario 3: Participants were "interviewers" or "observers." Interviewers knew they asked difficult
questions; observers didn't.

e Observers: Made dispositional attributions for candidate nervousness
o Interviewers: Made more situational attributions, recognizing their question difficulty

23. The finding that 45% blamed Mark despite situational information demonstrates:
A. Self-serving bias in attribution

B. Actor-observer effect

C. Fundamental attribution error persisting despite situational evidence

D. Cultural attribution differences
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24. When participants imagined themselves in Mark's situation, increased situational attributions
reflect:

A. Actor-observer bias where people attribute their own behavior more to situations
B. Increased fundamental attribution error
C. Self-serving bias for success

D. Cultural collectivism effects

25. Japanese participants showing fewer dispositional attributions suggests:
A. Fundamental attribution error is eliminated in collectivist cultures

B. Individualistic cultures emphasize personal responsibility

C. Self-serving bias is absent in collectivist cultures

D. Collectivistic cultural values reduce emphasis on personal dispositions

26. Interviewers making more situational attributions than observers demonstrates:
A. Self-serving bias for personal success

B. Greater awareness of situational constraints when one has privileged information

C. Elimination of fundamental attribution error

D. Actor-observer bias doesn't apply to interview situations

27. If Mark succeeded in the interview, self-serving bias predicts Mark would likely attribute
success to:

A. Luck and easy questions (external factors)

B. Good preparation (internal factors but unstable)
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C. His intelligence and skills (internal, stable factors)

D. The interviewer's kindness (external factors)

28. The finding that both Americans and Japanese showed self-serving bias indicates:
A. This bias is culturally universal despite other attribution differences

B. Collectivist cultures don't show any attribution biases

C. Fundamental attribution error is identical across cultures

D. Attribution patterns are entirely learned, not universal

PASSAGE 6: Gate Control Theory of Pain

Gate control theory proposes that pain perception is modulated by neural "gates" in the spinal cord
dorsal horn. Small-diameter nociceptive fibers (C and Ad) transmit pain signals. Large-diameter A3
fibers carry non-painful tactile information. Both activate projection neurons sending signals to the
brain, but also activate inhibitory interneurons. Large fiber activity "closes the gate" by activating
inhibitory interneurons that reduce pain signal transmission. Small fiber activity "opens the gate."

Descending pathways from the brain modulate pain: periaqueductal gray (PAG) activity releases
endogenous opioids that inhibit pain transmission. Psychological factors (attention, emotion,
expectation) influence descending modulation. This explains why pain varies with context—athletes
often don't feel injuries during competition, but pain emerges afterward.

Study examining pain modulation:
Condition A (control): Participants received brief thermal pain stimuli. Pain ratings: 7.2/10.

Condition B (concurrent touch): Participants received same pain stimuli while the surrounding skin
was rubbed. Pain ratings: 4.8/10.

Condition C (distraction): Participants performed demanding cognitive task during pain stimuli. Pain
ratings: 5.1/10.

Condition D (placebo): Participants received inactive cream told it was "powerful analgesic." Pain
ratings: 5.3/10.

Condition E (naloxone): After establishing placebo effect, participants received naloxone (opioid
antagonist). Placebo analgesia was blocked; pain ratings returned to 7.0/10.
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Brain imaging: Conditions B-D showed increased PAG activity and decreased pain-related activity in
anterior cingulate cortex compared to control.

29. The reduced pain in Condition B (concurrent touch) most directly supports:
A. Placebo effects dominate all pain modulation

B. Cognitive distraction is necessary for pain reduction

C. Large-diameter fiber activity inhibits pain transmission

D. Large-diameter fiber activity closing the gate by activating inhibitory interneurons

30. Naloxone blocking placebo analgesia indicates:

A. Placebo effects are purely psychological with no physiological component
B. Placebo effects involve endogenous opioid release

C. Gate control theory is incorrect

D. Cognitive factors don't influence pain perception

31. Increased PAG activity during pain reduction suggests:

A. Descending inhibitory pathways are activated by psychological and sensory factors
B. Only sensory factors modulate pain

C. The gate is opened by PAG activity

D. Placebo effects don't involve brain mechanisms

32. An athlete not feeling pain during competition but experiencing it afterward demonstrates:
A. Pain receptors are damaged during intense activity

B. Physical injury doesn't occur during competition
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C. Attentional and emotional factors modulate descending pain pathways

D. Gate control theory doesn't apply to athletic injuries

33. A patient with chronic pain using TENS (transcutaneous electrical nerve stimulation) that
activates large-diameter fibers would experience pain reduction through:

A. Increased nociceptor activation
B. Psychological placebo effects only
C. Opening the gate for pain transmission

D. Activating inhibitory interneurons that close the gate

PASSAGE 7: Schizophrenia and the Dopamine Hypothesis

Schizophrenia is characterized by positive symptoms (hallucinations, delusions, disorganized speech)
and negative symptoms (flat affect, avolition, alogia, anhedonia). The dopamine hypothesis proposes
that positive symptoms result from excessive dopamine activity in mesolimbic pathways, while negative
symptoms may relate to reduced dopamine in mesocortical pathways.

Evidence supporting the hypothesis: (1) Antipsychotic drugs (dopamine D2 receptor antagonists) reduce
positive symptoms. (2) Amphetamines (dopamine agonists) worsen psychotic symptoms and can induce
psychosis in healthy individuals. (3) PET studies show increased dopamine synthesis and release in
schizophrenia patients. (4) Antipsychotic effectiveness correlates with D2 receptor binding affinity.

However, limitations exist: (1) Not all patients respond to dopamine antagonists. (2) Newer atypical
antipsychotics affect serotonin receptors. (3) Dopamine hypothesis doesn't fully explain negative
symptoms or cognitive deficits. (4) Symptom relief takes weeks despite immediate receptor blockade.
Study examining antipsychotic treatment:
Group 1 (typical antipsychotics): High D2 receptor blockade in mesolimbic regions.

e Positive symptoms reduced 65%

e Negative symptoms showed minimal change

o Extrapyramidal side effects (motor) in 60% of patients

Group 2 (atypical antipsychotics): Moderate D2 blockade plus 5-HT2A receptor antagonism.

e Positive symptoms reduced 60%
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e Negative symptoms reduced 35%
o Extrapyramidal effects in 20%

Group 3 (placebo control): No pharmacological intervention.
e Spontaneous improvement: 15% positive, 8% negative symptoms

Follow-up: Cognitive behavioral therapy added to medication improved negative symptoms an
additional 20% across both medication groups.

34. Extrapyramidal side effects from typical antipsychotics most likely result from:
A. Serotonin receptor blockade in frontal cortex

B. Dopamine receptor blockade in nigrostriatal pathway controlling motor function

C. Enhanced dopamine transmission in mesolimbic pathway

D. Reduced glutamate activity in basal ganglia

35. Atypical antipsychotics' greater effectiveness on negative symptoms suggests:
A. Negative symptoms result solely from dopamine deficiency

B. Dopamine is irrelevant to negative symptoms

C. Serotonin modulation contributes to treating negative symptoms

D. Extrapyramidal effects cause negative symptoms

36. The delayed therapeutic effect despite immediate receptor blockade indicates:
A. Downstream neuroadaptive changes are necessary for symptom relief

B. Dopamine receptor blockade is irrelevant to treatment

C. Placebo effects account for all improvements

D. Patients have dopamine deficiency, not excess
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37. Amphetamines worsening psychotic symptoms supports the dopamine hypothesis by:
A. Reducing dopamine transmission

B. Blocking dopamine receptors

C. Demonstrating dopamine antagonism treats psychosis

D. Showing that increased dopamine activity intensifies positive symptoms

38. CBT improving negative symptoms when added to medication suggests:

A. Medication is unnecessary for treating schizophrenia

B. Psychological interventions address aspects not fully treated by dopamine modulation alone
C. Negative symptoms are purely biological

D. Dopamine hypothesis fully explains all schizophrenia symptoms

PASSAGE 8: Health Disparities and Social Determinants

Health disparities are systematic differences in health outcomes between social groups. Social
determinants of health include socioeconomic status (SES), education, neighborhood environment,
healthcare access, and discrimination. These factors create differential exposure to stressors and
resources.

Allostatic load refers to cumulative physiological wear from chronic stress. Low SES individuals
experience higher allostatic load through: increased cortisol, elevated blood pressure, inflammatory
markers, and metabolic dysregulation. This accelerates disease development.

Weathering hypothesis proposes that chronic stress from discrimination causes premature health
deterioration in marginalized groups. Minorities may show health declines at younger ages than majority
populations.

Study examining health disparities:

Cohort comparison: Researchers followed 10,000 adults over 20 years, measuring income, education,
neighborhood quality, healthcare access, and health outcomes.
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Findings:
e Low SES (bottom quartile): 2.5% higher cardiovascular disease, 1.8% higher diabetes
e After controlling for individual health behaviors (diet, exercise, smoking): Risk remained 1.9%
for CVD
e Neighborhood factors (pollution, food deserts, violence, greenspace): Explained additional 30%
of variance
e Healthcare access barriers: Delayed diagnoses, fewer preventive services
e Chronic stress biomarkers: Elevated inflammatory markers (CRP, IL-6) in low SES groups
Discrimination effects:
e African American participants reporting high discrimination: Earlier onset hypertension (35 vs.
45 years in whites)
e Telomere length (cellular aging marker): Shorter in groups reporting high discrimination,
independent of chronological age
e Vigilance and stress response: Exaggerated cortisol responses to stressors

Intervention: Neighborhoods receiving community health workers and improved resources showed
15% reduction in health disparities over 5 years.

39. The persistence of elevated health risks after controlling for health behaviors indicates:
A. Individual behaviors fully explain health disparities

B. SES is unrelated to health outcomes

C. Structural and environmental factors contribute beyond individual behavior

D. Health disparities don't exist in developed nations

40. Earlier onset hypertension in African Americans reporting discrimination supports:
A. Genetic factors solely determine disease onset

B. Discrimination is irrelevant to health outcomes

C. Weathering hypothesis showing chronic discrimination accelerates health decline

D. Weathering hypothesis that discrimination causes premature biological aging
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41. Shorter telomere length independent of chronological age demonstrates:
A. Chronological aging is the only aging process

B. Stress and discrimination don't affect cellular aging

C. Discrimination has no biological effects

D. Chronic stress accelerates cellular aging processes

42. The finding that neighborhood factors explained additional variance suggests:
A. Individual choices are irrelevant to health

B. Environmental context beyond individual control affects health

C. Healthcare access is unimportant

D. Genetic factors explain all health disparities

43. Elevated inflammatory markers in low SES groups reflect:

A. Better immune function from stress

B. Irrelevant biomarkers with no health significance

C. Allostatic load from chronic stress producing physiological dysregulation

D. Genetic differences unrelated to social factors

44. The intervention's success in reducing disparities indicates:
A. Health disparities are immutable and cannot change

B. Individual responsibility is the only solution

C. Genetic factors prevent any intervention effects

D. Addressing structural and resource factors can reduce health inequalities
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DISCRETE QUESTIONS (45-59)

45. Which brain structure is primarily responsible for forming new explicit memories?
A. Amygdala

B. Cerebellum

C. Hypothalamus

D. Hippocampus

46. A researcher finds that patients with ventromedial prefrontal cortex damage have difficulty
making decisions but retain logical reasoning. This suggests the ventromedial prefrontal cortex is
important for:

A. Language production

B. Integrating emotional information into decision-making

C. Visual processing

D. Motor planning

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

A. Emotional experience and physiological response occur simultaneously
B. Cognitive appraisal determines emotional experience

C. Physiological arousal precedes and causes emotional experience

D. Emotional experience causes physiological response

48. Groupthink is most likely to occur when:

A. Groups have diverse perspectives and encourage dissent
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B. Groups lack cohesion and commitment

C. Time pressure is minimal and stakes are low

D. Groups are highly cohesive with directive leadership and time pressure

49. A person experiencing major depressive disorder would most likely show:

A. Manic episodes alternating with depression
B. Persistent hallucinations and delusions

C. Pervasive low mood and anhedonia

D. Persistent low mood, anhedonia, sleep disturbance, and feelings of worthlessness

50. Wernicke's area damage typically results in:

A. Inability to produce speech (nonfluent aphasia)

B. Fluent but meaningless speech with impaired comprehension
C. Complete loss of all language abilities

D. Loss of motor control

51. The mere exposure effect demonstrates that:

A. Familiarity breeds contempt

B. Novel stimuli are always preferred

C. Repeated exposure increases liking for neutral stimuli

D. Exposure has no effect on attitudes

52. According to drive reduction theory, motivation arises from:
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A. Seeking optimal levels of arousal above homeostasis
B. Innate psychological needs for autonomy and competence
C. Biological needs creating drives that organisms are motivated to reduce

D. Exclusively learned associations with rewards

53. The bystander effect describes the phenomenon where:
A. People help more when alone than when in groups

B. People always help others in emergency situations

C. Group size has no impact on helping behavior

D. Witnesses help more in larger groups

54. REM sleep is characterized by:

A. Slow delta waves and minimal brain activity

B. Increased muscle tone and slow eye movements
C. Sleep spindles and K-complexes

D. Rapid eye movements, vivid dreams, and muscle atonia

55. Gender schema theory proposes that:

A. Gender roles are entirely biologically determined

B. Children develop gender schemas organizing information about gender-appropriate behavior

C. Gender identity is fixed at birth

D. Cultural factors have no influence on gender development
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56. The absolute threshold is defined as:

A. The just noticeable difference between two stimuli

B. The maximum stimulus intensity that can be detected

C. The minimum stimulus intensity detected 50% of the time

D. The point where stimulus increases no longer increase perceived intensity

57. According to Kohlberg's theory, conventional moral reasoning is characterized by:
A. Avoiding punishment and seeking rewards

B. Universal ethical principles guiding behavior

C. Conformity to social rules and concern for approval

D. Random moral judgments

58. Generalized anxiety disorder is distinguished from specific phobias by:
A. Persistent excessive worry about multiple situations

B. Anxiety limited to specific objects or situations

C. Complete absence of anxiety

D. Anxiety occurring only during panic attacks

59. Secure attachment in infancy, according to Ainsworth, is characterized by:

A. Indifference to caregiver's presence or absence

B. Extreme distress that cannot be comforted upon reunion

C. Using the caregiver as a secure base for exploration and being comforted upon reunion

D. Avoidance of the caregiver consistently
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SECTION 1: ANSWER EXPLANATIONS

1. B - 375 K because the TAS term exceeds AH at this crossover temperature

For a reaction to become spontaneous, AG must become negative. With AH = +45 kJ/mol (endothermic)
and AS =+120 J/mol-K = +0.120 kJ/mol-K, we use: AG = AH - TAS. At the crossover temperature where
AG=0:0=45-T(0.120), so T=45/0.120 = 375 K. Above 375 K, the TAS term (which becomes more
positive with temperature) exceeds AH, making AG negative and the reaction spontaneous. Below 375 K,
AG remains positive (non-spontaneous). This demonstrates entropy-driven spontaneity at high
temperatures.

Wrong answers: (A) 225 K doesn't satisfy the equation—AG would still be positive; (C) kinetic energy
affects rate, not thermodynamic spontaneity; (D) endothermic reactions with large positive AS become
spontaneous at sufficiently high temperatures.

2. D - Large positive entropy changes can drive endothermic reactions forward

Ammonium nitrate dissolution has AH® =+25.7 kJ/mol (endothermic, absorbs heat) yet AG°® =-6.7 kJ/mol
(spontaneous) at 25°C. This occurs because the large positive entropy change (AS°® = +108.7 J/mol-K)
creates a large negative TAS contribution. At 298 K: TAS = (298 K)(0.1087 kJ/mol-K) = 32.4 kJ/mol,
which exceeds AH, making AG negative despite the unfavorable enthalpy. The solid dissolving creates
disorder as ions disperse in solution, dramatically increasing entropy. This demonstrates that entropy-
driven processes can overcome unfavorable enthalpy changes.

Wrong answers: (A) both enthalpy and entropy determine spontaneity through AG; (B) temperature
critically affects the TAS term; (C) endothermic reactions with sufficient entropy increase can be
spontaneous.

3. A-AG =0, Q =K, and no net reaction occurs in either direction

At equilibrium, the system has no thermodynamic driving force in either direction. AG = 0 (no free energy
available to do work), meaning the forward and reverse reactions proceed at equal rates with no net change
in concentrations. The reaction quotient Q equals the equilibrium constant K at this point. This doesn't
mean reactions stop—individual molecular events continue, but macroscopic concentrations remain
constant. The system has reached maximum entropy for the given conditions.

Wrong answers: (B) AG® (standard free energy) may be positive, negative, or zero—it's AG (actual free
energy) that equals zero at equilibrium; (C) rate constants remain unchanged—it's the rates that are equal
(forward rate = reverse rate); (D) equilibrium occurs at any temperature, not just the crossover

temperature.

4. C - The negative TAS term becomes more negative, overwhelming negative AH
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The Haber process has AH® =-92.2 kJ/mol (favorable) but AS°® =-198.3 J/mol-K (unfavorable—4 moles
gas — 2 moles gas decreases disorder). At low temperatures, the small TAS term doesn't overcome the
favorable AH, so AG is negative. At high temperatures, T increases, making the TAS term more negative:
AG =-92.2 - T(-0.198). As T increases, we're subtracting a larger negative number (which means adding
a larger positive number), making AG less negative and eventually positive. At 500°C, the entropy penalty
dominates and AG becomes positive.

Wrong answers: (A) high temperatures favor entropy-driven reactions, not universally disfavor all
reactions; (B) activation energy is kinetic, not affecting thermodynamic spontaneity; (D) the gases are
stable at these temperatures—it's the thermodynamics of the forward reaction that changes.

5. B - Become more negative because Q increases and RT In(Q) becomes more positive

Initially: Q = (JADP][Pi])/[ATP] = (0.5 x 5)/5 = 0.5. When [ATP] decreases to 2 mM: Q = (0.5 x 5)/2 =
1.25. Since Q increased from 0.5 to 1.25, and In(1.25) is positive while In(0.5) was negative, the term RT
In(Q) becomes more positive (less negative). Using AG = AG® + RT In(Q), when RT In(Q) becomes more
positive, AG becomes more negative (since AG® = -30.5 kJ/mol is already negative). This makes ATP
hydrolysis even more exergonic—the cell has less ATP available, so it's thermodynamically more
favorable to hydrolyze the remaining ATP.

Wrong answers: (A) reverses the logic—Q increases, not decreases; (C) AG® is constant but AG varies
with concentrations through the Q term; (D) equilibrium requires AG = 0, which hasn't occurred yet.

6. A - 10 m/s, calculated from conservation of mechanical energy

Using conservation of energy: mgh = %mv2 The mass cancels: gh = %v2, so v = V(2gh) = V(2 x 10 m/s?
x 5.0 m) = V(100) = 10 m/s. The incline angle doesn't matter for frictionless sliding—only the vertical
height determines final velocity. Gravitational potential energy (mgh) converts completely to kinetic
energy (Y2mv?) on a frictionless surface, regardless of the path taken.

Wrong answers: (B) 7.1 m/s would result from different height or calculation errors; (C) 14 m/s would
require greater height—energy isn't doubled; (D) 5.0 m/s confuses height with velocity.

7. C - The observed frequency increases and wavelength decreases, producing higher pitch

When a sound source moves toward a stationary observer, sound waves get compressed in the direction
of motion. Each successive wave is emitted from a position closer to the observer, so wavelengths appear
shorter and more waves reach the observer per second—frequency increases. Higher frequency
corresponds to higher pitch. The wave velocity in the medium remains constant (determined by medium
properties, not source motion), but the observed wavelength and frequency change. This is why an
approaching ambulance siren sounds higher-pitched than when stationary.

Wrong answers: (A) wavelength decreases, not increases; (B) frequency increases, not decreases; (D)
wave velocity in the medium is constant—only apparent wavelength and frequency change.

8. B - CHsOH (methanol) with both hydrogen bonding and dipole interactions
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Boiling point depends on intermolecular force strength. CH;OH has both O-H hydrogen bonding (very
strong) and permanent dipole-dipole interactions, giving it the highest boiling point. NHs has hydrogen
bonding but weaker than O-H bonds (N is less electronegative than O). CH4 has only weak London
dispersion forces (nonpolar molecule). Ne has minimal intermolecular forces (single atom, very weak
dispersion). Hydrogen bonding > dipole-dipole > London dispersion forces for intermolecular attraction
strength.

Wrong answers: (A) CHa has weakest forces and lowest boiling point; (C) NHs has hydrogen bonding but
weaker than methanol's O-H bonds; (D) Ne has essentially no intermolecular forces.

9. B - Zero because AG = 0 and no driving force remains for electron flow

At equilibrium, the cell has reached the state where forward and reverse reactions occur at equal rates.
The Gibbs free energy AG = 0, meaning no energy is available to perform electrical work. When AG =0,
the cell potential E = 0 (from AG = -nFE). No voltage difference exists to drive electrons through the
external circuit. The standard cell potential E°cell remains +0.90 V (it's a constant for the reaction), but
the actual cell potential E under equilibrium conditions is zero. The battery is "dead"—it can no longer
generate current.

Wrong answers: (A) E°cell is the standard potential, but actual potential E = 0 at equilibrium; (C) fractional
consumption doesn't give fractional voltage; (D) reverse reaction doesn't predominate—forward and
reverse rates are equal at equilibrium.

10. D - Decrease cell potential because Q increases, making the Nernst correction more positive

The Nernst equation is E = E° - (RT/nF) In(Q), where Q = [products]/[reactants]. Increasing product
concentration while keeping reactants constant increases Q. Since In(Q) appears with a negative sign, a
larger Q makes the whole correction term [(RT/nF) In(Q)] larger and more positive, which when
subtracted from E° decreases the cell potential E. This makes sense physically: as products accumulate,
the driving force for the forward reaction decreases. The cell potential approaches zero as the system
approaches equilibrium.

Wrong answers: (A) more products decrease, not increase, the driving force; (B) standard potentials are
constant but actual potential depends on concentrations; (C) equilibrium constant K is truly constant—
only Q (reaction quotient) changes with concentrations.

11. C - Positive E°cell values correspond to spontaneous reactions with negative AG°®

The relationship AG® = -nFE°cell has a negative sign connecting the two quantities. When E°cell is
positive, AG® is negative (since we multiply positive E° by -nF where n and F are positive). Negative AG®
indicates a spontaneous reaction under standard conditions. This equation elegantly connects
electrochemistry and thermodynamics: cells with positive voltage produce spontaneous reactions that
release free energy. The number of electrons (n) appears explicitly, showing larger electron transfers
produce proportionally larger free energy changes.
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Wrong answers: (A) positive E°cell corresponds to negative AG®°, not negative E°cell; (B) n explicitly
affects both AG® and the calculation; (D) Faraday's constant F is universal (96,485 C/mol).

12. B - Electrons flow from the low concentration side to the high concentration side

13. B - 434 kJ from the relationship W = nFE

Maximum electrical work obtainable from a galvanic cell is W = nFE, where n is moles of electrons
transferred, F is Faraday's constant, and E is cell potential. W = (3 mol)(96,485 C/mol)(1.5 V) = 434,182
J = 434 kJ. One volt equals one joule per coulomb (1 V =1 J/C), so multiplying coulombs by volts gives
joules. This represents the maximum useful work the cell can perform under reversible conditions, equal
to the magnitude of AG for the cell reaction.

Wrong answers: (A) 145 kJ is approximately 1/3 of the correct value; (C) 48 kJ represents calculation
errors—voltage doesn't need separate conversion; (D) 290 kJ doesn't match any reasonable calculation.

14. D - 2.0 because the pH is 0.30 units above the pKa

Using the Henderson-Hasselbalch equation: pH = pKa + log([A"]/[HA]). Given pH = 4.50 and pKa =
4.20: 4.50 = 4.20 + log([benzoate]/[benzoic acid]). Solving: 0.30 = log(ratio), so ratio = 10°0.30 = 2.0.
When pH is above pKa, the conjugate base predominates. Each 0.30 pH unit above pKa corresponds to
doubling the base-to-acid ratio. This makes sense: higher pH means more deprotonation, so more
conjugate base relative to acid.

Wrong answers: (A) 0.50 doesn't match the calculation; (B) 1.0 ratio occurs when pH = pKa exactly; (C)
0.33 would apply if pH were 0.30 units below pKa (inverted ratio).

15. C - pH equals pKa and [acid] = [conjugate base]

At the half-equivalence point, exactly half the weak acid has been neutralized by added base, converting
it to conjugate base. This creates a 1:1 ratio of acid to conjugate base. Using Henderson-Hasselbalch: pH
= pKa + log(JAJ/[HA]) = pKa + log(1) = pKa + 0 = pKa. This provides an experimental method to
determine pKa values—add base until you're halfway to the equivalence point and measure pH. The buffer
capacity is maximum at this point since acid and base forms are equal.

Wrong answers: (A) pH = 7.00 only occurs for strong acid-strong base titrations; (B) pH changes
minimally per mL at half-equivalence (buffer region), maximally at equivalence point; (D) complete
conversion occurs at equivalence point, not half-equivalence.

16. A - H:PO+s/HPO+* pair because pKa2 = 7.20 is closest to target pH

Buffers are most effective within +1 pH unit of their pKa. For pH 7.0, the H2.PO./HPO4*" pair with pKa2
= 7.20 is ideal (only 0.2 units away). The H:PO4+/H2PO4 pair (pKal = 2.15) and HPO+*/PO+*" pair (pKa3
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= 12.35) are far from pH 7.0 and would provide poor buffering capacity. This is why phosphate buffer
using the second ionization is commonly used in biological systems near neutral pH.

Wrong answers: (B) pKal =2.15 is far from pH 7.0—ineffective; (C) pKa3 = 12.35 is extremely far from
pH 7.0; (D) buffer systems require specific conjugate acid-base pairs, not all species together.

17. B - Remain very close to 5.0 because HCI reacts with conjugate base

When HCl is added to the buffer, it reacts with the conjugate base: A~ + H* — HA. Starting with 0.50 mol
each of HA and A~ in 1.0 L, adding 0.01 mol HCI converts 0.01 mol A~ to HA. New concentrations: [HA]
=0.51 M, [A]=0.49 M. pH=5.0 +10g(0.49/0.51) = 5.0 + 10g(0.96) = 5.0 - 0.02 = 4.98. The pH changes
by only 0.02 units because the buffer neutralizes the added acid. Without buffer, 0.01 M HCI would give
pH = 2.

Wrong answers: (A) buffers resist but don't completely prevent pH changes; (C) pH decreases slightly,
not increases; (D) buffer components neutralize most of the HCl—pH doesn't drop dramatically.

18. A - 7.1 because log(10) = 1.0 and pH changes by -0.3 units

Using Henderson-Hasselbalch with the bicarbonate system (pKa = 6.1 in blood): Normal: pH = 6.1 +
log(20/1)=6.1+1.30 =7.4. With decreased ratio: pH=16.1 +1og(10/1)=6.1+1.0="7.1. The pH decreases
by 0.3 units (from 7.4 to 7.1), representing acidosis. The 20:1 ratio halving to 10:1 reduces the log term
from 1.30 to 1.0, a decrease of 0.3. This demonstrates how buffer ratio changes affect pH—metabolic
acidosis occurs when bicarbonate is consumed faster than carbonic acid.

Wrong answers: (B) pH decreases, not increases, when base-to-acid ratio decreases; (C) buffers resist pH
changes but don't maintain absolute constancy; (D) 6.7 would represent more severe acidosis than actually
occurs with this ratio change.

19. B - At the equilibrium position where velocity is maximum

In simple harmonic motion, kinetic energy KE = /2mv2. Velocity is maximum at the equilibrium position
(where displacement = 0) as the object passes through the center point. At this instant, all energy is kinetic
with no potential energy. At maximum displacement (amplitude), velocity = 0 and all energy is potential.
Energy constantly interconverts between kinetic and potential as the object oscillates. Maximum kinetic
energy occurs when velocity is maximum—at equilibrium.

Wrong answers: (A) at maximum displacement (amplitude), velocity = 0, so KE = 0; (C) equal KE and
PE occurs at intermediate positions, not maximum KE; (D) at turning points (amplitude), velocity and KE
both equal zero.

20. D - Travel farther up the plate due to greater mobile phase affinity

Rf (retention factor) = (distance traveled by compound)/(distance traveled by solvent front). Higher Rf

means the compound traveled farther, indicating greater affinity for the mobile phase (solvent) and weaker
interactions with the stationary phase (silica gel). Polar compounds interact strongly with polar stationary
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phase and have low Rf. Nonpolar compounds prefer the mobile phase and have high Rf. Higher Rf
compounds are typically less polar and move farther up the TLC plate.

Wrong answers: (A) stronger stationary phase interactions give lower Rf; (B) more polar compounds have
lower Rf due to stationary phase interactions; (C) staying near origin indicates low Rf, not high.

21. C - High pressure and low temperature where molecular interactions increase

The ideal gas law assumes: (1) no intermolecular forces and (2) negligible molecular volume. At high
pressure, molecules are compressed close together, making molecular volume significant. At low
temperature, molecules move slowly, allowing intermolecular forces (especially attractive forces) to
influence behavior. These conditions cause real gases to deviate from ideal behavior. Van der Waals
equation corrects for these non-ideal effects. Ideal behavior is best approximated at low pressure and high
temperature where molecules are far apart and moving rapidly.

Wrong answers: (A) low pressure and high temperature give ideal behavior; (B) STP gives reasonably
ideal behavior for most gases; (D) low pressure and high temperature favor ideal behavior, not deviations.

22. C - 160 pmol/min calculated from the Michaelis-Menten equation

Using v = (Vmax[S])/(Km + [S]) = (200 x 20)/(5.0 + 20) = 4000/25 = 160 pumol/min. At [S] =20 mM
(which is 4 x Km), the enzyme operates at 80% of Vmax. When [S] >> Km, velocity approaches but
doesn't quite reach Vmax—asymptotic approach. At [S]=Km, v=Vmax/2; at [S] = 4xXKm, v =4Vmax/5
= 0.8xVmax. The enzyme is highly but not fully saturated at this substrate concentration.

Wrong answers: (A) 40 umol/min doesn't match any reasonable calculation; (B) 100 pmol/min = Vmax/2,
which occurs at [S] = Km, not 4xKm; (D) 200 pmol/min = Vmax occurs only when [S] >> Km
(approaching infinity).

23. A - The substrate concentration producing half-maximal velocity

Km (Michaelis constant) is operationally defined as the substrate concentration at which v = Vmax/2. This
can be seen from the Michaelis-Menten equation: when [S] = Km, v = VmaxxKm/(Km + Km) = Vmax/2.
Km inversely relates to enzyme-substrate affinity: lower Km indicates higher affinity (enzyme reaches
half-maximal velocity at lower [S]). Km has units of concentration (M, mM, etc.) and provides a useful
measure of how efficiently enzyme binds substrate.

Wrong answers: (B) describes Vmax, not Km; (C) Km relates to ES formation, not product release; (D)
Km is not simply a rate constant but a ratio of rate constants: (k-1 + k2)/k1.

24. D - Increasing apparent Km without changing Vmax
Competitive inhibitors bind the active site, competing directly with substrate. They increase the apparent
Km (substrate must be present at higher concentration to compete with inhibitor and achieve the same

velocity). However, Vmax remains unchanged because at sufficiently high [S], substrate outcompetes
inhibitor and saturates all enzymes. The modified equation: v = Vmax[S]/(Km(1 + [I]/Ki) + [S]) shows
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Km appears to increase by factor (1 + [I]/Ki) while Vmax is unchanged. High substrate concentrations
overcome competitive inhibition.

Wrong answers: (A) competitive inhibition is reversible, not permanent destruction; (B) competitive
inhibitors bind free enzyme, not ES complex; (C) describes noncompetitive inhibition (reducing effective

[ED.
25. B - Lines intersecting on the x-axis with different y-intercepts

In Lineweaver-Burk plots (1/v vs. 1/[S]), noncompetitive inhibition changes Vmax (different y-intercepts
= 1/Vmax) but not Km (same x-intercept = -1/Km). The lines intersect on the x-axis because the x-
intercept remains constant while y-intercepts differ. This reflects noncompetitive inhibition reducing
Vmax (fewer functional enzymes) without affecting substrate binding affinity (Km unchanged). The
pattern visually distinguishes noncompetitive from competitive (intersect on y-axis) or uncompetitive
inhibition (parallel lines).

Wrong answers: (A) parallel lines indicate uncompetitive inhibition; (C) lines intersecting on y-axis
indicate competitive inhibition; (D) noncompetitive inhibition clearly affects the plot.

26. A - Has greater catalytic efficiency (kcat/Km) if kcat is proportional to Vmax

Since kcat = Vmax/[E]total, if two enzymes have the same Km but different Vmax, the one with higher
Vmax has higher kcat (assuming same enzyme concentration). Catalytic efficiency = kcat/Km, so higher
kcat with same Km gives higher catalytic efficiency. This enzyme converts substrate to product faster
once substrate is bound. The enzyme with higher Vmax turns over substrate more rapidly, making it more
catalytically efficient if substrate binding (reflected in Km) is equivalent.

Wrong answers: (B) Km reflects binding affinity and is identical for both enzymes; (C) at very high [S],
both show zero-order kinetics (velocity independent of [S]); (D) both enzymes can be saturated—one just
has higher velocity when saturated.

27. B - 30 cm calculated from the thin lens equation

Using 1/f=1/do + 1/di: 1/15 = 1/do + 1/30. Solving: 1/do =1/15 - 1/30 = (2-1)/30 = 1/30, so do = 30 cm.
The object is at 2f (since f= 15 cm, 2f = 30 cm) and forms an image also at 2f on the opposite side with
magnification m = -1 (same size, inverted). This is one of the special positions for converging lenses—

object at 2f produces image at 2f with unit magnification.

Wrong answers: (A) 7.5 cm doesn't satisfy the thin lens equation; (C) 10 cm is incorrect—doesn't match
the calculation; (D) 45 cm would place object at 3f, not producing image at 2f.

28. A - Virtual, upright, reduced images regardless of object position
Diverging lenses (f < 0) always produce virtual images. The diverging lens spreads out light rays, so they

appear to come from a point in front of the lens (virtual image, di < 0). Because rays diverge, the image
is always upright (m > 0) and reduced (jm| < 1). No matter where you place the object, you cannot produce
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a real image with a single diverging lens. This is why diverging lenses are used to correct myopia—they
create virtual images at the person's far point for distant objects.

Wrong answers: (B) diverging lenses cannot produce real images; (C) images are always reduced, never
enlarged; (D) virtual images cannot be projected—only real images can.

29. D - -6 because magnifications multiply (m1 x m2 = -3 x 2)

For multi-lens systems, total magnification is the product of individual magnifications: mtotal = m1 x m2
= (-3)(+2) = -6. The negative total magnification indicates the final image is inverted relative to the
original object. The magnitude of 6 means the image is 6 times larger than the original object.
Magnifications multiply (not add) because each lens magnifies the image from the previous lens. First
lens creates -3x magnified image, then second lens magnifies that image by +2x, giving -6% overall.

Wrong answers: (A) magnifications multiply, not add; (B) signs matter—can't just add absolute values;
(C) averaging is incorrect—magnifications multiply in series.

30. C - Virtual, upright, and enlarged on the same side as object

Using 1/f=1/do + 1/di: 1/20 = 1/10 + 1/di. Solving: 1/di = 1/20 - 1/10 = (1-2)/20 = -1/20, so di = -20 cm
(virtual image). Magnification: m = -di/do = -(-20)/10 = +2.0 (upright, 2x magnified). When an object is
placed inside the focal length of a converging lens (do < f), a virtual, upright, enlarged image forms on
the same side as the object. This is how magnifying glasses work—you hold them closer than the focal
length to see enlarged, upright images.

Wrong answers: (A) real images have di > 0, but we calculated di < 0; (B) real images occur when do >
f; (D) virtual images from converging lenses are upright and enlarged when object is inside focal length.

31. B - Diverging lenses to form virtual images at the person's far point

Myopic (nearsighted) eyes focus distant objects in front of the retina—the eye is too powerful. Diverging
lenses (f < 0) spread incoming rays slightly before they reach the eye, effectively making distant objects
appear at the person's far point where they can focus clearly. For distant objects (do = ), the diverging
lens creates a virtual image at distance equal to the person's far point. The lens power needed is P = 1/f
where f (in meters) equals negative of the far point distance.

Wrong answers: (A) converging lenses would worsen myopia by adding more converging power; (C)
cylindrical lenses correct astigmatism, not myopia specifically; (D) bifocals address presbyopia (age-
related accommodation loss), not simple myopia.

32. D - The change in internal energy equals heat absorbed minus work done

The first law of thermodynamics states: AU = Q - W, where AU is internal energy change, Q is heat

absorbed by the system, and W is work done by the system. This represents energy conservation: energy
entering as heat minus energy leaving as work equals the change in internal energy stored in the system.
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If Q > W, internal energy increases; if W > Q, internal energy decreases. The law applies universally—
energy cannot be created or destroyed, only transformed.

Wrong answers: (A) energy cannot be created—it's conserved; (B) oversimplification—work decreases
internal energy only if not compensated by heat input; (C) heat can increase or decrease internal energy
depending on whether work is done.

33. B - Whether oxygen forms ether linkages or hydroxyl groups

C4H100 can form different structural isomers depending on how atoms connect. The oxygen can form: (1)
ether linkages (C-O-C) creating diethyl ether (CHsCH.-O-CH:CHs) or methyl propyl ether; or (2)
hydroxyl groups (-OH) creating butanol isomers (1-butanol, 2-butanol, 2-methyl-1-propanol, 2-methyl-2-
propanol). The four-carbon chain can also be straight or branched. Different arrangements of the same
atoms create distinct structural isomers with different properties.

Wrong answers: (A) molecular formula alone doesn't determine number—connectivity matters; (C)
hydrogen number is fixed by the formula—substitution doesn't apply; (D) chiral centers create
stereoisomers, not structural isomers.

34. A - Rate = k|[A][B]? indicating first order in A and second order in B

When [A] doubles, rate doubles: rate « [A]' (first order in A). When [B] doubles, rate quadruples (2?):
rate X [B]? (second order in B). Combining: Rate = k|A][B]?. Overall reaction order = 1 + 2 = 3 (third
order overall). Doubling [A] gives 2! = 2x rate increase. Doubling [B] gives 22 = 4x rate increase.
Doubling both gives 2' x 22 = 8x rate increase. The reaction order for each reactant is determined
experimentally from how rate changes with concentration.

Wrong answers: (B) would show rate doubling when [B] doubles (first order in B); (C) would show rate
doubling when either doubles; (D) would show rate quadrupling when [A] doubles.

3S5. C - 3 times the original velocity from the continuity equation

From the continuity equation Aivi = Azvz, if A2 = Ai/3, then v2 = vi(A1/Az2) = vi(A1/(A1/3)) = 3vi. When
cross-sectional area decreases to 1/3, velocity increases by factor of 3 to maintain constant volume flow
rate. This inverse relationship reflects mass conservation—the same amount of fluid passing through must
speed up when the pipe narrows. Blood flow through arterioles (smaller than arteries) demonstrates this
principle.

Wrong answers: (A) velocity increases, not decreases, in constrictions; (B) area affects velocity linearly
(inverse proportion), not quadratically; (D) factor of 9 would require area reduction to 1/9.

36. B - Pressure decreases because kinetic energy increases at static pressure's expense
Bernoulli's equation for horizontal flow: P + Y2pv? = constant. When velocity increases, the 2pv? term

(dynamic pressure/kinetic energy per volume) increases, so P (static pressure) must decrease to maintain
constant total energy. This trade-off between pressure and kinetic energy explains many phenomena:
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Venturi effect (pressure drops in constrictions), airplane lift (faster flow over wing creates lower pressure),
and atomizer operation (high-velocity air creates low pressure drawing up liquid).

Wrong answers: (A) pressure decreases, not increases, with velocity; (C) pressure changes—total energy
is conserved through the pressure-velocity trade-off; (D) pressure decreases when velocity increases—
they change in opposite directions.

37. D - Faster airflow over the curved upper surface creates lower pressure above

Airplane wings are shaped so air travels faster over the curved upper surface than the flatter lower surface.
By Bernoulli's principle, faster flow creates lower pressure. The pressure difference (higher below, lower
above) generates upward net force—Ilift. Wing shape (airfoil) is designed to maximize this pressure
difference. This is the primary mechanism for lift, though downward deflection of air (Newton's third law)
also contributes.

Wrong answers: (A) air moves faster above, not below; (B) downward deflection contributes but isn't the
only mechanism; (C) air density is essentially equal above and below—pressure difference, not density
difference, creates lift.

38. A - Vessel radius because flow depends on radius to the fourth power

Poiseuille's law: Q = (rAPr*)/(8nL) shows flow rate depends on r*. If radius halves, flow decreases by
factor of (1/2)* = 1/16. This extreme sensitivity explains why small arterial narrowing (atherosclerosis)
dramatically reduces blood flow. Flow depends linearly on AP, inversely on 1 and L, but to the fourth
power on r. A 16% radius reduction halves flow rate. This r* dependence makes radius by far the most
influential parameter.

Wrong answers: (B) pressure gradient affects flow linearly—important but not most sensitive; (C)
viscosity affects flow inversely and linearly; (D) length affects flow inversely and linearly—Iless sensitive
than radius.

39. C - Whether flow will be laminar or turbulent

Reynolds number Re = pvD/n is dimensionless and predicts flow regime. Re < 2000 indicates laminar
(smooth, layered) flow; Re > 4000 indicates turbulent (chaotic, irregular) flow; 2000 < Re < 4000 is
transitional. Low Re (high viscosity, low velocity, small diameter) favors laminar flow. High Re (low
viscosity, high velocity, large diameter) favors turbulent flow. Reynolds number helps predict when
turbulence will occur in blood vessels, pipes, or airways.

Wrong answers: (A) Re incorporates temperature effects through n and p but doesn't predict them; (B) Re
doesn't quantify pressure differences; (D) Re predicts flow type, not flow rate—Poiseuille's law calculates

flow rate.

40. A - 1/8 because three half-lives have elapsed
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18 hours + 6.0 hours/half-life = 3 half-lives. After n half-lives, fraction remaining = (1/2)* = (1/2)* = 1/8.
First half-life: 1—1/2; second: 1/2—1/4; third: 1/4—1/8. Radioactive decay follows first-order kinetics
with exponential decay. The half-life is constant—the same fraction (50%) decays each half-life period
regardless of how much remains. After 3 half-lives, 87.5% has decayed and 12.5% (1/8) remains.

Wrong answers: (B) 1/3 would be linear decay, not exponential; (C) 1/6 doesn't match exponential decay
pattern; (D) 1/27 would be (1/3)*, implying each period reduces to 1/3 (not half).

41. C - Leaves mass number unchanged while atomic number increases by one

In B~ decay, a neutron converts to a proton plus electron: n — p* + e + v. The electron (beta particle) is
emitted. Mass number A is unchanged (both neutrons and protons have mass =~ 1 amu; electron mass is
negligible). Atomic number Z increases by 1 (one additional proton). Example: 4C — %N + °-e. This
process occurs in neutron-rich nuclei attempting to achieve favorable n/p ratios by converting neutrons to
protons.

Wrong answers: (A) mass number stays constant in 3~ decay; (B) mass number doesn't increase—no
nucleons are added; (D) both mass number and Z don't increase simultaneously in 3~ decay.

42. B - Older samples retain too little *C for accurate measurement

14C has ti/2= 5730 years. After ~10 half-lives (57,000 years), only (1/2)'° = 0.1% of original '*C remains—
too little to measure accurately above background radiation. At ~50,000 years (8-9 half-lives), "*C levels
approach detection limits. The method is most accurate for samples 100-40,000 years old. Older samples
require other dating methods (K-Ar dating, U-Pb dating) with longer half-lives. Detection limits, not
theoretical considerations, constrain *C dating's useful range.

Wrong answers: (A) *C production stops at death—that's what makes dating work; (C) *C decays to “N
(doesn't convert back); (D) half-life is constant, not increasing exponentially.

43. C - L = 0.693/t1/2 derived from first-order Kinetics

For first-order decay N(t) = Noe”(-At), at t = ti/2, N = No/2. Substituting: No/2 = Noe”(-At1/2). Simplifying:
1/2 = e”(-Mu/2). Taking natural log: In(1/2) = -Ati/2, so -In(2) = -Ati/2. Since In(2) = 0.693, we get A =
0.693/t1/>. This relationship connects the decay constant (probability of decay per unit time) to the
observable half-life. Shorter half-life means larger decay constant (faster decay).

Wrong answers: (A) shows incorrect relationship—should be 0.693/ti/2, not t1/2/0.693; (B) 2.00 is
incorrect—the correct constant is In(2) = 0.693; (D) logarithm relationship is incorrect.

44. A - A helium-4 nucleus containing two protons and two neutrons
An alpha particle is 2He—a helium-4 nucleus consisting of 2 protons and 2 neutrons tightly bound

together. It has mass number 4 and atomic number 2. Alpha decay ejects this particle, decreasing the
parent nucleus's mass by 4 and atomic number by 2. Example: #*U — #*Th + “He. Alpha particles are
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relatively large and heavy (compared to beta particles), carry +2 charge, and have low penetrating power
(stopped by paper or skin).

Wrong answers: (B) describes beta particle (high-energy electron); (C) describes gamma ray (high-energy
photon); (D) describes neutron emission (rare decay mode).

45. D - Anode where electrons are released by the oxidation reaction

In galvanic cells, oxidation occurs at the anode. Oxidation means losing electrons, so electrons are released
(produced) at the anode. These electrons flow through the external circuit to the cathode where reduction
(electron gain) occurs. Mnemonic: "AN OX" (Anode = Oxidation) and "RED CAT" (Reduction =
Cathode). The anode is the negative terminal in galvanic cells because it's the source of electrons.

Wrong answers: (A) salt bridge allows ion migration but no redox reactions occur there; (B) cathode is
where reduction (electron gain) occurs; (C) external circuit carries electrons but isn't where oxidation
occurs.

46. B - Less than 109.5° due to lone pair-bonding pair repulsion

NHs has tetrahedral electronic geometry (4 electron groups around N: 3 bonding pairs + 1 lone pair).
Perfect tetrahedral angle is 109.5°. However, lone pairs occupy more space than bonding pairs because
they're held by only one nucleus. Lone pair-bonding pair repulsion is stronger than bonding pair-bonding
pair repulsion, compressing the H-N-H bond angles to ~107°. The molecular geometry is trigonal
pyramidal. Water shows similar compression (104.5° vs. 109.5°) due to two lone pairs.

Wrong answers: (A) lone pairs compress angles, not expand them; (C) perfect tetrahedral assumes equal
repulsion—Ilone pairs create asymmetry; (D) 90° would indicate pure p-orbital overlap, not sp?
hybridization.

47. C - Shift equilibrium toward reactants to counteract the disturbance

Le Chatelier's principle states that systems at equilibrium respond to disturbances by shifting to counteract
the change. Increasing product concentration causes Q > K, so the system shifts left (toward reactants) to
consume excess product and restore equilibrium. This decreases [products] and increases [reactants] until
Q =K again. The equilibrium constant K remains unchanged (it's truly constant at constant temperature)—
only concentrations adjust.

Wrong answers: (A) K is constant at constant temperature—concentrations change, not K; (B) equilibrium
definitely shifts in response to concentration changes; (D) shifts toward reactants, not products, to
consume added product.

48. C - Concerted backside attack by nucleophile causes Walden inversion

SN2 proceeds through a single concerted step where the nucleophile attacks from the backside (180° from

the leaving group). This backside attack is necessary because the nucleophile's electrons enter the
antibonding orbital of the C-leaving group bond, which has maximum electron density opposite the
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leaving group. As the nucleophile forms a bond, the leaving group departs simultaneously. The
configuration inverts like an umbrella flipping in wind—substituents attached to the carbon flip to
opposite positions. Starting with R configuration produces S configuration (or vice versa).

Wrong answers: (A) describes SN1 mechanism with planar carbocation, not SN2; (B) backside attack, not
same-side, occurs in SN2; (D) leaving group doesn't rotate—bond formation and breaking are concerted.

49. B - Steric hindrance blocks backside attack and carbocations are stable

Tertiary substrates favor SN1 for two reasons: (1) three bulky alkyl groups block the backside approach
needed for SN2—steric hindrance prevents nucleophile access; (2) tertiary carbocations (RsC*) are
stabilized by electron donation from three alkyl groups (hyperconjugation and inductive effects), making
carbocation formation feasible. The combination makes SN1 favorable and SN2 unfavorable. Secondary
substrates can go either way; primary substrates favor SN2 (unstable carbocations, minimal steric
hindrance).

Wrong answers: (A) tertiary carbocations are stable, not unstable—that's why SN1 works; (C) tertiary
substrates readily form carbocations—it's their stability that enables SN1; (D) SN2 is slower for tertiary
substrates due to steric hindrance.

50. B - A two-step SN1 mechanism where carbocation formation is rate-determining

Rate = k[substrate] indicates first-order kinetics characteristic of SN1. SN1 proceeds in two steps: (1) rate-
determining slow step: leaving group departs forming carbocation; (2) fast step: nucleophile attacks
carbocation. Only substrate concentration affects the rate because the slow step involves only substrate,
not nucleophile. The nucleophile participates in the fast second step, which doesn't affect overall rate. This
is why SN rate is independent of nucleophile concentration.

Wrong answers: (A) SN2 shows Rate = k[substrate][nucleophile] (second-order); (C) only substrate
affects rate in SN1; (D) reaction proceeds with any nucleophile present (often solvent)—concentration
doesn't affect rate.

51.D -1 > Br > CIl > F because larger ions are more polarizable

In polar aprotic solvents (DMSO, acetone, DMF), nucleophiles aren't strongly solvated, so intrinsic
nucleophilicity correlates with polarizability. Larger atoms with more electrons are more polarizable
(electron cloud more easily distorted), making them better nucleophiles. Down the halogen group, size
and polarizability increase: I" > Br~ > ClI” > F~. In polar protic solvents (water, alcohols), this reverses
because smaller ions are more strongly solvated, reducing their nucleophilicity more.

Wrong answers: (A) this trend applies to protic solvents where solvation matters; (B) charge density would

predict opposite trend; (C) intermediate size doesn't give optimal reactivity—Ilargest gives best
nucleophilicity in aprotic solvents.
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52. B - SN1 mechanism with planar carbocation allowing attack from either face

Racemic mixtures (50:50 mixture of enantiomers) form when a chiral substrate undergoes SN1. The planar
carbocation intermediate is achiral—sp? hybridization places three groups in a plane with empty p orbital
perpendicular to the plane. The nucleophile attacks with equal probability from either face, producing both
possible stereoisomers equally. Starting with pure (R)-substrate gives 50% (R) + 50% (S) product. This
racemization is diagnostic of SN1 mechanisms involving carbocation intermediates.

Wrong answers: (A) SN2 causes inversion (pure stereochemistry), not racemization; (C) racemic product
indicates reaction occurred; (D) single substitution at one chiral center can produce racemization via SN1.

53. C - 2.55 eV from the energy difference between levels

Using AE =13.6 eV(1/n:? - 1/n2?) where nz2 = 4 (initial) and n1 = 2 (final): AE =13.6 eV(1/4 - 1/16) = 13.6
eV(0.25 - 0.0625) = 13.6 eV(0.1875) = 2.55 eV. This transition (n=4—2) is in the Balmer series (visible
light), producing a blue-green photon (A = 486 nm). The energy released as the electron drops from higher
to lower energy level becomes photon energy: AE = hf.

Wrong answers: (A) 0.85 eV is too low—doesn't match the calculation; (B) 1.89 eV corresponds to
n=3—2 transition (H-alpha), not n=4—2; (D) 13.6 eV is ionization energy from ground state, not this
transition.

54. B - Each orbital can contain a maximum of two electrons with opposite spins

The Pauli exclusion principle states that no two electrons in an atom can have identical quantum numbers
(n, 1, ml, ms). Since an orbital is defined by three quantum numbers (n, 1, ml), two electrons in the same
orbital must differ in the fourth quantum number—spin (ms = +% or -%%). This limits each orbital to two
electrons maximum, with opposite spins. This principle explains electron configuration patterns, periodic
table structure, and chemical bonding.

Wrong answers: (A) electrons can share n if they differ in other quantum numbers; (C) describes Aufbau
principle, not Pauli exclusion; (D) Pauli principle applies to electrons within atoms, not between atoms.

55. D - 1s% 2s? 2p® 3s* 3p® 3d° with 4s electrons removed first

Neutral Fe (Z=26): 1s? 2s* 2p® 3s? 3p° 4s? 3d°. When forming cations, electrons are removed from the
highest-n orbital first (4s before 3d), even though 4s fills before 3d during electron addition. For Fe*,
remove both 4s electrons: 1s? 2s? 2p® 3s? 3p® 3d®. This seems counterintuitive but occurs because once 3d
orbitals are occupied, they become lower in energy than 4s. Fe** would be [Ar]3d® (half-filled d subshell
is especially stable).

Wrong answers: (A) removes from 3d, but 4s electrons leave first; (B) maintains 4s electrons incorrectly;
(C) removes from wrong orbital entirely (3p).
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56. B - 32 electrons calculated from 2n? formula

Maximum electrons in shell n = 2n%. For n=4: 2(4)*> = 2(16) = 32 electrons. This accounts for: 4s (2¢") +
4p (6e7) +4d (10e7) + 4f (14e7) = 32¢™. The formula 2n? derives from summing electrons in all subshells:
for each 1 value from O to n-1, there are (21+1) orbitals x 2 electrons = 2(21+1) electrons. The n=4 shell
contains s, p, d, and f subshells.

Wrong answers: (A) 8 electrons accounts only for 4s and 4p; (C) 18 electrons omits the 4f subshell; (D)
50 electrons exceeds the actual capacity.

57. C - Binding energies and electron distribution across orbitals

Photoelectron spectroscopy (PES) measures the kinetic energy of electrons ejected by high-energy
photons. From KEelectron = Ephoton - BEelectron, binding energy is determined. PES spectra show peaks
at energies corresponding to different orbitals (1s, 2s, 2p, etc.), with peak heights proportional to the
number of electrons in each orbital. This provides experimental evidence for orbital structure and electron
configuration. PES directly measures how tightly electrons are bound in different orbitals.

Wrong answers: (A) PES measures absorbed photon energy to eject electrons, not emitted wavelengths;
(B) PES probes electrons, not nuclear protons; (D) quantum mechanics says exact positions cannot be
determined—PES measures binding energies, not positions.

58. A - pH equals 7.00 because neutralization produces neutral products

In strong acid-strong base titration, the equivalence point occurs when moles of acid equal moles of base.
The reaction: H* + OH~ — H20 produces water (neutral). At equivalence, only the conjugate acid and
base of strong acid/base remain—these are spectator ions that don't hydrolyze. Result: pH = 7.00.
Example: HCl + NaOH — NaCl + Hz0; Na* and Cl~ don't affect pH. This differs from weak acid-strong
base titrations where pH > 7 at equivalence (conjugate base present hydrolyzes).

Wrong answers: (B) pKa is relevant for weak acid titrations, not strong acid-strong base; (C) endpoint
(indicator change) approximates but isn't exactly the equivalence point; (D) while true, the pH specifically
equals 7.00 for strong acid-strong base.

59. D - Greater because higher temperature increases the fraction of molecules exceeding Ea

The Arrhenius equation: k = Ae”(-Ea/RT) shows rate constant increases exponentially with temperature.
Higher temperature increases the fraction of molecules with energy > Ea (from Maxwell-Boltzmann
distribution). Even a 10 K increase significantly affects reaction rate, especially for reactions with high
activation energies. The exponential dependence means temperature has a large effect—typically, rate
roughly doubles for every 10°C increase (though exact factor depends on Ea). At 310 K, more molecules
have sufficient energy to overcome the 100 kJ/mol barrier.

Wrong answers: (A) higher temperature increases rate constant; (B) both Ea and temperature affect rate—
temperature is crucial; (C) 10 K may seem small but has measurable effect on kinetics.
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SECTION 2: ANSWER EXPLANATIONS

1. B - Examine various ethical challenges posed by artificial intelligence

The passage systematically explores multiple ethical issues raised by Al: the attribution problem (who is
responsible for Al decisions), the black box problem (opacity of decision-making), bias and
discrimination, systemic versus individual responsibility, machine consciousness, human-Al
relationships, and existential risk. The author presents these challenges without advocating for specific
solutions or regulations, but rather examining the complexity of each issue. The final paragraph
emphasizes that "Al ethics cannot be separated from broader questions about what kind of society we wish
to create," indicating an exploratory rather than prescriptive purpose.

Wrong answers: (A) The author doesn't advocate for strict regulation—only explores challenges; (C) The
passage doesn't argue Al can never be ethical, only that it poses challenges; (D) The author examines
problems but doesn't propose specific solutions.

2. C - The opacity of machine learning decision-making processes

The passage explicitly states: "This 'black box' problem challenges the fundamental principle that moral
agents should be able to provide reasons for their actions. If we cannot understand why an Al system made
a particular decision, how can we evaluate whether that decision was ethical?" The black box problem
refers specifically to neural networks that "reach conclusions through pathways that even their creators
cannot fully explain"—the opacity or inability to understand how Al systems arrive at decisions.

Wrong answers: (A) Describes bias issues, not the black box problem; (B) Describes the attribution
problem, not opacity of decisions; (D) Refers to consciousness questions, not decision opacity.

3. D - The impossibility of purely neutral or objective technology

The passage states that Al bias issues "reveal that neutrality and objectivity are impossible when training
data reflects a society structured by inequality." The author argues these outcomes show "these
technologies will inevitably serve to entrench existing power structures under the guise of algorithmic
neutrality." The bias problem isn't framed as a technical issue to be solved but as evidence that technology
cannot be separated from the social context that produces it.

Wrong answers: (A) The passage suggests the problem is deeper than technical fixes; (B) The passage
doesn't blame developer incompetence; (C) While mentioned as a potential approach, the passage suggests
bias reflects deeper issues about neutrality itself.

4. A - An Al hiring system discriminates because of biased training data reflecting industry-wide
employment patterns

The passage argues for systemic analysis by suggesting we ask "what social structures enable harmful Al

deployments" rather than "who is responsible when an Al system causes harm." Option A exemplifies this
systemic perspective—the discrimination reflects industry-wide patterns (systemic issue) rather than

128



individual choices or errors. The problem is structural, embedded in broader employment patterns, not
reducible to any individual actor's responsibility.

Wrong answers: (B) Intentional design by a programmer is individual responsibility, not systemic; (C) A
single developer's coding mistake is individual error; (D) A company's knowing deployment involves
individual corporate decision-making rather than systemic analysis.

5. B - Users may not fully understand they are interacting with non-conscious systems

The passage asks: "What responsibilities do Al developers have to users who may not fully grasp that they
are interacting with non-conscious systems?" This indicates the concern is about user understanding—
people developing emotional attachments without recognizing they're relating to non-conscious entities.
The ethical issue is the potential for confusion or deception about the nature of the interaction.

Wrong answers: (A) The passage doesn't claim such relationships are inherently unhealthy; (C) The
passage questions but doesn't prohibit emotional simulation; (D) Emotional attachments don't prove
consciousness—the concern is precisely that they occur without consciousness.

6. C - Ethical considerations should inform decisions about Al innovation

The final paragraph states: "Rather than treating ethical considerations as constraints on innovation, we
might recognize them as fundamental to determining what innovations we should pursue." This directly
supports option C—the author believes ethics should guide innovation decisions. The passage consistently
argues that ethical questions are central to Al development, not peripheral constraints.

Wrong answers: (A) The passage doesn't claim AGI is impossible—only notes disagreement about risks;
(B) The passage dedicates significant discussion to consciousness questions; (D) The passage doesn't take
a position against autonomous vehicles specifically.

7. D - Experienced as genuinely real by those who have them

The passage explicitly states: "These false memories aren't simply lies or confabulations; subjects
genuinely believe they remember these events and experience them with the same phenomenological
richness as authentic memories." False memories feel authentic to those experiencing them—they're not
conscious fabrications but memories that feel as real as actual memories.

Wrong answers: (A) The passage explicitly says false memories aren't lies or deliberate creations; (B)
False memories demonstrate memory's constructive, not archival, nature; (C) While showing malleability,
the passage doesn't frame this as fundamental unreliability but as adaptive function.

8. A - Enable future-oriented simulation and planning
The passage states: "memory appears oriented toward the future. We remember not to maintain perfect
historical records but to simulate possible futures, drawing on past experiences to navigate present

challenges and anticipate what lies ahead." This forward-looking function is described as memory's
primary evolutionary purpose—using past experience to anticipate and prepare for future situations.
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Wrong answers: (B) The passage explicitly rejects this archival function as primary; (C) Social bonding
is mentioned but not as the primary evolutionary function; (D) Identity maintenance is discussed but not
as memory's primary evolutionary purpose.

9. B - Memory is structured by culturally specific conventions

The passage states: "Cultural frameworks provide the scaffolding for personal memories. We remember
our lives as narratives, structured by culturally specific conventions about how life stories should unfold."
The author emphasizes that "what we remember depends partly on the cultural scripts we use to make
sense of our lives." The word "scaffolding" and "partly" indicate that culture structures and shapes
memory, but doesn't entirely determine it. Different cultures organize autobiographical memory according
to different principles, demonstrating that memory isn't purely individual but is shaped by cultural
contexts.

Wrong answers: (A) The passage doesn't compare cultures hierarchically or suggest superiority; (C)
"Entirely determined" is too strong—the passage explicitly says "depends partly," indicating culture is
influential but not totally deterministic; (D) The passage doesn't discuss cross-cultural communication
difficulties.

10. B - Both enhance accuracy and propagate false memories

The passage explicitly states: "These social processes can enhance memory accuracy when others correct
our errors, but they can also propagate mistakes and implant false memories when entire groups remember
events incorrectly." This balanced view recognizes collaborative remembering as having both benefits
(error correction) and risks (spreading false memories).

Wrong answers: (A) Describes only benefits, ignoring the propagation of false memories mentioned; (C)
Overstates negative effects—passage acknowledges accuracy enhancement; (D) Overstates the
override—individual memory persists alongside collaborative processes.

11. C - They experience difficulty moving past negative experiences

The passage states: "Clinical cases of individuals with extraordinarily detailed autobiographical memory
reveal that remembering everything is not purely beneficial. These individuals often struggle to move past
negative experiences, to see patterns amid overwhelming details, and to adapt memories to current needs."
This shows that perfect memory creates problems, particularly difficulty moving beyond negative
experiences.

Wrong answers: (A) The passage presents detailed memory as problematic, not an evolutionary advance;
(B) The passage argues perfect memory is not optimal; (D) The passage explicitly says "Forgetting serves
crucial psychological functions"—these individuals prove forgetting IS important.

12. A - Memory reconstruction is central to creating meaning from experience

The passage addresses identity concerns by stating: "Rather than seeing memory's constructive nature as
a failure of accuracy, we might recognize it as central to how we create meaning from experience." The
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author argues that reconstruction "allows us to reinterpret our pasts in light of new understanding, to
integrate experiences into evolving self-narratives, and to maintain psychological continuity." This
reframes memory's constructive nature as a feature supporting identity rather than threatening it.

Wrong answers: (B) The passage doesn't separate identity from memory; (C) The author rejects rather
than endorses these concerns; (D) The author doesn't argue for improving accuracy as the solution.

13. C - Examine how abundant choice can paradoxically diminish well-being

The passage systematically explores the "paradox of choice"—how expanding options can decrease rather
than increase well-being. The author examines multiple mechanisms (opportunity costs, expectation
inflation, heightened responsibility) and considers various perspectives without advocating for dramatic
reduction or making broad ethical claims. The purpose is analytical and exploratory, examining this
counterintuitive phenomenon.

Wrong answers: (A) The author doesn't call for dramatic reduction, only thoughtful curation; (B) While
discussed, this isn't the primary purpose; (D) The passage doesn't make ethical judgments about consumer
culture broadly.

14. B - Experience more decision-related stress and regret

The passage states: "Maximizers experience more stress during decision-making, more regret afterward,
and lower overall life satisfaction, particularly in domains offering extensive choice." This directly
contrasts with satisficers who "find adequate options more readily and experience less decision-related
anxiety." The key distinction is psychological experience during and after decision-making.

Wrong answers: (A) The passage doesn't claim maximizers make objectively better decisions; (C) Cultural
background isn't linked exclusively to maximizing; (D) Price preferences aren't mentioned as
distinguishing these types.

15. A - Western cultures place greater emphasis on individual autonomy and self-determination

The passage states: "Western cultures emphasizing individual autonomy and self-determination frame
abundant choice as empowering, while cultures emphasizing social harmony and interdependence may
see extensive personal choice as burdensome or even undesirable." This links the paradox to specifically
Western values about freedom and individual choice—cultures with different values might not experience
choice the same way.

Wrong answers: (B) Product access doesn't explain the cultural interpretation of choice; (C) Makes an
offensive claim not supported by the passage; (D) Marketing sophistication doesn't explain fundamental
value differences about choice.

16. D - A shopper feels disappointed with a good product because they imagine better alternatives

The passage defines expectation inflation: "When selecting from three hundred, we expect to find
something perfect... A television show that would have seemed entertaining in a three-channel universe
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feels merely adequate when competing with thousands of streaming options." Option D captures this—a
product that's objectively good feels disappointing because extensive options create expectations of
finding something better.

Wrong answers: (A) Describes decision paralysis, not expectation inflation; (B) Describes heightened
responsibility; (C) Describes difficulty enjoying options but doesn't capture the expectation mechanism.

17. C - Complaints about too many options ignore those with severely constrained choices

The passage states: "For those with limited resources, more choice often represents genuine
improvement—access to options previously unavailable. Complaints about having too many options to
choose from may ring hollow to those whose options remain severely constrained by poverty." This
suggests that worrying about too much choice reflects privilege—it ignores those who lack adequate
options.

Wrong answers: (A) While true, doesn't explain why concerns represent privilege; (B) Makes an
unsupported claim about decision quality; (D) Research scope isn't mentioned as the issue.

18. B - Meaningful choices differ from trivial consumer choices in their psychological effects

The passage states: "Meaningful choices about values, relationships, and life direction may enhance well-
being, while trivial choices about consumer products may simply waste mental energy. A life rich in
significant choices but simple in trivial domains might optimize well-being." This distinguishes between
choice types, suggesting not all choices have equal psychological impact.

Wrong answers: (A) Too absolute—author distinguishes between choice types; (C) The passage explicitly
discusses cultural factors; (D) Reversed—satisficers show better psychological outcomes.

19. A - The printing press enabling easy replication of written works

The passage opens: "Copyright law emerged in response to the printing press, which for the first time
allowed easy replication and distribution of written works. Before Gutenberg, copying a book required
laborious hand transcription by scribes, naturally limiting distribution." Copyright arose to address the
new copying capabilities that the printing press created.

Wrong answers: (B) The passage notes copyright wasn't conceived as a natural property right; (C) Digital
technologies came much later; (D) Control of information isn't presented as the original motive.

20. D - A utilitarian mechanism to promote progress in science and arts

The passage states: "This utilitarian justification for copyright—that temporary monopolies incentivize
creation while eventual public domain access serves the common good—reflected Enlightenment values...
Copyright was not conceived as a natural property right inherent in creation, but rather as a social bargain
designed to promote 'the Progress of Science and useful Arts,' as the U.S. Constitution phrases it." This
explicitly frames copyright as utilitarian rather than a natural right.
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Wrong answers: (A) Explicitly rejected in the passage; (B) Control of ideas isn't mentioned as the
constitutional purpose; (C) Original terms were much shorter, not permanent.

21. B - Billions of people can copy and share files easily from their homes

The passage states: "Practically, enforcement is increasingly difficult when billions of people can copy
and share files from their homes." The scale and ease of digital copying makes enforcement logistically
impractical—traditional enforcement mechanisms can't handle ubiquitous home copying.

Wrong answers: (A) Judicial expertise isn't mentioned as the difficulty; (C) Complexity isn't cited as the
main enforcement challenge; (D) Companies have resources but enforcement remains difficult due to
scale.

22. C - Illustrate a theoretically protective principle with limited practical effectiveness

The passage states: "The doctrine of fair use theoretically allows unlicensed use... However, fair use is
determined case-by-case through expensive litigation, making it an uncertain protection that risk-averse
individuals and institutions often avoid invoking. The result is a chilling effect." Fair use exists in theory
but its practical uncertainty limits its effectiveness.

Wrong answers: (A) Fair use is presented as problematic, not effective; (B) Courts haven't resolved the
challenges—uncertainty persists; (D) The passage suggests current law doesn't adequately balance
interests.

23. A - A successful musician earns substantial income from concert tours and merchandise sales

The passage states: "Musicians can tour and sell merchandise. Writers can use free content to build
audiences for paid work. Open-source software development demonstrates that people create valuable
work without copyright incentives." Option A exemplifies this—earning income without relying on
copyright protection for recordings, suggesting copyright isn't necessary for supporting creative work.

Wrong answers: (B) Shows copyright system working traditionally; (C) Shows reliance on copyright
enforcement; (D) Retaining copyright doesn't demonstrate copyright is unnecessary.

24. C - Maintaining copyright's basic structure while reforming specific provisions

The passage concludes: "Alternatively, we might preserve copyright's basic structure while reforming its
details—shorter terms, clearer fair use provisions, reduced penalties for non-commercial infringement,
and compulsory licensing schemes." This suggests the author favors reform over abolition or radical
restructuring, updating copyright while maintaining its fundamental framework.

Wrong answers: (A) The author doesn't advocate complete abolition; (B) The author criticizes excessive

extension; (D) The passage explicitly suggests distinguishing between work types rather than treating all
identically.
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25. B - Only the present moment exists as real

The passage states: "Presentism holds that only the present moment exists. The past no longer exists—
past events have ceased to be. The future does not yet exist—future events are not real until they become
present." This clearly defines presentism as the view that only the present is real.

Wrong answers: (A) Describes eternalism, not presentism; (C) Would be a hybrid view, not presentism;
(D) Describes eternalism's view of time and space.

26. C - There is no universal present moment shared by all observers

The passage states: "Einstein's theory of relativity undermined the notion of absolute simultaneity—
whether two events occur 'at the same time' depends on the observer's frame of reference. There is no
universal present moment that all observers share." This lack of absolute simultaneity supports eternalism
because it undermines the idea of a single objective "now."

Wrong answers: (A) Time travel isn't mentioned as support; (B) Reversed—relativity shows observers
DISAGREE on simultaneity; (D) While true, isn't given as the reason relativity supports eternalism.

27. C - The temporal stages of individuals who make those choices are still those individuals

The passage states: "I am extended through time—the temporal slice of me writing these words is no more
or less real than the temporal slice of me finishing them. My choices at each temporal location are mine,
made by that temporal stage of me. The fact that these choices exist timelessly doesn't make them any less
free." Eternalists argue that having future temporal stages doesn't undermine freedom because those stages
are still you making choices.

Wrong answers: (A) Describes presentist view, not eternalist response; (B) Also describes presentism; (D)
Eternalism doesn't require proving determinism is false.

28. B - How past-tense statements can be true if the past doesn't exist

The passage states: "If only the present exists, what grounds truths about the past? When we say 'Abraham
Lincoln was president,' we're asserting something true. But if the past doesn't exist, what makes this
statement true? There's no existing Lincoln to ground the truth." This is presented as a serious problem
for presentism.

Wrong answers: (A) Presentism actually explains why the present feels uniquely real; (C) Forward time
movement isn't presented as problematic for presentism; (D) Future becoming present isn't the difficulty—
grounding past truths is.

29. C - Evidence emerges that the present moment is metaphysically privileged

Eternalism holds that all moments exist equally with no metaphysically special "now." Evidence that the

present is metaphysically privileged would directly contradict eternalism's core claim. This would support
presentism instead, challenging eternalism fundamentally.
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Wrong answers: (A) Regret doesn't challenge eternalism—past still exists to regret; (B) Reference-frame
dependence supports eternalism; (D) Four-dimensional spacetime supports eternalism.

30. B - Holding that past and present exist but future does not

The passage states: "The 'growing block' theory holds that past and present exist but the future does not—
the universe is like a block that grows as new moments come into existence and are added to the
accumulated past." This preserves an asymmetry between past and future while avoiding some presentist
problems.

Wrong answers: (A) Describes "moving spotlight" theory; (C) Describes a presentist approach; (D)
Describes pure eternalism.

31. B - Both views capture different important aspects of temporal reality

The passage states: "Perhaps the debate resists resolution because both views capture important aspects
of temporal reality. Presentism reflects the phenomenology of temporal experience—how time feels from
the inside. Eternalism reflects the physics of spacetime—how time works from the outside." This suggests
irresolvability stems from each view capturing different valid perspectives.

Wrong answers: (A) Empirical testing isn't given as the reason for irresolvability; (C) Implies
philosophical incompetence not supported by passage; (D) The author doesn't dismiss the question as
meaningless.

32. D - Challenge both the reality and desirability of pure meritocracy

The passage systematically challenges meritocracy on two fronts: empirically (socioeconomic advantage
powerfully predicts success, undermining claims of actual meritocracy) and philosophically (even if
achievable, meritocracy might be undesirable, as Michael Young warned). The author examines both
whether meritocracy exists and whether we should want it to exist.

Wrong answers: (A) Too absolute—author acknowledges talent matters, questions desert claims; (B) The
author doesn't advocate eliminating all competition; (C) The passage critiques rather than proposes
achieving meritocracy.

33. B - Simply indicate that meritocracy hasn't been fully implemented yet

The passage states: "Defenders of meritocracy might respond that these inequalities of opportunity, while
regrettable, don't undermine meritocracy itself—they simply indicate that we haven't fully implemented
it yet. If we could equalize starting conditions... then competitions would truly reward merit." This
represents the defender's position before the author critiques it.

Wrong answers: (A) This is the author's view, not the defenders'; (C) Defenders don't necessarily support

complete redistribution; (D) The passage mentions eliminating family autonomy as unacceptable, not as
what defenders propose.
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34. A - Reward particular cognitive styles that correlate with socioeconomic status

The passage states: "Standardized tests claim to measure academic potential, but they reward particular
cognitive styles, cultural knowledge, and test-taking skills that correlate with socioeconomic status." The
problem is that tests measure things correlated with advantage rather than pure merit.

Wrong answers: (B) Objective grading isn't questioned; (C) The passage doesn't claim tested abilities have
no value; (D) Too narrow—the passage mentions correlation with socioeconomic status broadly, not just
racial discrimination.

35. C - A dystopian satirical warning

The passage states: "Michael Young, who coined the term 'meritocracy' in a dystopian satire, warned that
a truly meritocratic society would be crueler than an aristocratic one." Young created the term in a satirical
warning about meritocracy's potential harms, not as a positive proposal.

Wrong answers: (A) It was a warning, not celebration; (B) Not a neutral description but satirical; (D) Not
a reform proposal but a warning.

36. C - Luck includes genetic endowments, opportunities, and historical timing

The passage states: "Being born with advantageous genetic endowments is pure luck. Developing abilities
depends on encountering the right opportunities at the right times—also largely luck. Whether one's talents
match market demands depends on economic conditions beyond individual control." This comprehensive
view includes multiple forms of luck.

Wrong answers: (A) The passage extensively discusses luck's role; (B) Too narrow—passage includes
opportunities and timing; (D) The author doesn't claim acknowledging luck means abandoning all
evaluation.

37. C - Rewarding merit modestly while ensuring decent living standards for all
The passage concludes: "We can reward merit modestly while ensuring that all members of society,
regardless of merit, enjoy decent living standards and genuine opportunities." This represents the author's

preferred approach—acknowledging merit's role in allocation without allowing it to justify vast inequality.

Wrong answers: (A) The author says talent and effort should matter for some allocations; (B) The passage
criticizes aristocracy; (D) The author argues against unlimited rewards for merit.

38. C - Primitive irrationality that would decline with scientific progress
The passage states: "Early anthropological theories treated ritual as primitive irrationality—prescientific
attempts to control nature through supernatural means. As science advanced, this view suggested, ritual

would inevitably decline, persisting only among backward populations." This characterizes the early
approach that the passage then critiques.
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Wrong answers: (A) Describes functionalist approaches, not early theories; (B) Describes contemporary
multi-functional views; (D) Describes evolutionary approaches, not early theories.

39. A - How rituals generate solidarity and strengthen social bonds

The passage describes Durkheim's functionalist approach: "Durkheim argued that rituals serve primarily
social functions—they generate collective effervescence, strengthen social bonds, and reinforce group
identity. When people gather to perform shared rituals, they experience themselves as part of something
larger than individual existence." The emphasis is on social integration and solidarity.

40. C - Making it easier to distinguish genuine cooperators from free-riders

The passage explains: "Costly rituals filter out free-riders by requiring demonstrations of commitment,
enabling genuine cooperators to identify each other and form stable coalitions." Evolutionary approaches
argue costly rituals help solve cooperation problems by signaling genuine commitment, making it easier
to identify trustworthy cooperators.

Wrong answers: (A) Describes symbolic approaches; (B) Describes psychological approaches; (D)
Supernatural communication is what rituals claim to do, not the evolutionary explanation for why they
persist.

41. B - Why people feel anxiety about ritual violations and emphasis on correctness

The passage states: "Some researchers propose that rituals activate 'hazard precaution' systems—the
intuitive feeling that certain violations or omissions might cause harm even when rationally we know they
won't. This would explain the anxiety people feel about ritual violations and the sense that performing
rituals 'correctly' matters intensely." The hazard precaution system explains the emotional response to

violations.

Wrong answers: (A) Describes Durkheim's functionalist explanation; (C) Describes symbolic/educational
functions; (D) Describes evolutionary explanations broadly, not specifically hazard precaution systems.

42. C - Living processes that people constantly reinterpret and modify
The passage states: "Contemporary anthropology also emphasizes how rituals change and adapt. Rituals
aren't unchanging traditional practices but living processes that people constantly reinterpret, contest, and

modify." This contrasts with viewing rituals as static traditional forms.

Wrong answers: (A) Explicitly contradicted—rituals aren't unchanging; (B) Too narrow—many secular
rituals exist; (D) Contradicted—rituals persist and new ones emerge.

43. B - Rituals involve prescribed forms and symbolic meanings

The passage states: "What may unite diverse ritual practices is their departure from purely instrumental
action. Rituals are not simply efficient means to practical ends. They involve prescribed forms, symbolic
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meanings, and collective dimensions that distinguish them from ordinary goal-directed behavior." The
prescribed forms and symbolic character distinguish rituals from purely practical activities.

Wrong answers: (A) Contradicts the passage—rituals are NOT about efficiency; (C) Too narrow—secular
rituals exist; (D) Online rituals are mentioned as possible.

44. B - Humor based on mocking others' misfortunes or shortcomings

The passage defines superiority humor: "The ethical questions arise most acutely around superiority
humor—jokes where the humor comes from mocking, demeaning, or laughing at particular groups or
individuals." This directly explains superiority humor as deriving from laughing at others.

Wrong answers: (A) Refers to humor difficulty, not superiority content; (C) "Punching up" is a type of
superiority humor but not the definition; (D) Refers to comedian skill, not humor type.

45. D - The social context and power relations involved

The passage states: "Yet context matters enormously. The same joke can function differently depending
on who tells it, who hears it, and what social relationships it invokes. Humor can punch up (mocking those
with power) or punch down (mocking those already marginalized)." Context and power relations
determine how a joke functions.

Wrong answers: (A) Wordplay cleverness isn't mentioned as determining function; (B) While incongruity
is mentioned, context and power relations are emphasized for how jokes function differently; (C)
Audience size isn't the key variable.

46. C - Mocks those with power

The passage defines: "Humor can punch up (mocking those with power) or punch down (mocking those
already marginalized). When oppressed groups mock their oppressors, the humor often serves liberatory
functions." Punching up means directing humor at those with power.

Wrong answers: (A) Physical comedy isn't "punching up"; (B) Offensive language isn't the definition; (D)
Describes punching down, not up.

47. C - Seem to condemn humor that treats people as mere targets for laughter

The passage states: "Some philosophers argue that even if we distinguish between punching up and
punching down, all superiority humor is ethically problematic because it depends on treating people as
objects of ridicule rather than as moral equals deserving respect. Kant's categorical imperative—treat
people as ends in themselves, never merely as means—would seem to condemn all humor that treats
people as mere targets for laughter." The categorical imperative seems to prohibit using people as mere
humor targets.
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Wrong answers: (A) Kant's principle would limit, not endorse, all humor; (B) Self-deprecation might be
acceptable but the passage doesn't say Kant specifically approves it; (D) The passage applies Kant to
provide guidance against certain humor.

48. C - Represents exercise of agency over one's own stories

The passage states: "Holocaust survivors making jokes about their experiences aren't thereby disrespecting
Holocaust victims—they're exercising agency over their own stories and finding ways to maintain
humanity in the face of atrocity." The humor represents control over one's own narrative, not disrespect.

Wrong answers: (A) The passage doesn't extrapolate from this to all offensive humor; (B) Explicitly
contradicted—it's not disrespectful; (D) The passage doesn't suggest prohibition.

49. C - Offense from having dignity assailed differs from offense at having prejudices challenged

The passage states: "Perhaps we need to distinguish between offense that arises from having one's dignity
assailed versus offense that arises from having one's prejudices challenged. Humor that targets
marginalized identities offends in the first sense—it treats people as less than fully human. Humor that
challenges dominant norms or prejudices may offend in the second sense." These are described as
"ethically distinct" types of offense.

Wrong answers: (A) The passage explicitly distinguishes between types of offense; (B) Too absolute—
some offense indicates ethical problems; (D) The passage doesn't limit ethical concern to physical harm—
dignity assault matters even without physical harm.

50. D - Informal social interaction among neighbors and acquaintances

The passage states: "Third places... serve as anchors for community life, facilitating informal social
interaction among neighbors and acquaintances. These spaces foster relationships that are less intimate
than family or close friends but more substantial than brief transactional encounters." Third places are

characterized by mid-level social connections.

Wrong answers: (A) Third places involve less intimate relationships than family; (B) More substantial
than brief transactions; (C) Too focused on commercial aspect—social interaction is the key.

51. A - Create social cohesion and enable community organizing
The passage states: "These weak ties enable community organizing, information sharing, and the informal
social control that makes neighborhoods feel safe and connected." Weak ties serve important social

functions beyond intimate relationships, creating cohesion and facilitating collective action.

Wrong answers: (B) Weak ties don't replace intimate relationships; (C) Profit generation isn't mentioned
as the importance of weak ties; (D) Too absolute—weak ties help but don't prevent all conflict.
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52. B - Lack serendipity, embodied presence, and diverse social mixing

The passage states: "Yet online interaction differs qualitatively from face-to-face encounters in third
places. Digital spaces lack the serendipity of chance encounters, the full embodied presence of physical
co-location, and the diverse social mixing that occurs when people share physical spaces." These are the
key differences identified.

Wrong answers: (A) The passage questions whether online spaces connect as effectively; (C) Online
platforms are described as increasingly commercial; (D) The passage questions whether online platforms
provide genuine democratic participation.

53. C - Broader changes in work patterns, urban design, and cultural values

The passage concludes: "Recreating third places may require broader changes in work patterns, urban
design, and cultural values around community and connection... The question is whether we can develop
new forms of third places suited to contemporary circumstances." Simply building infrastructure isn't
enough—deeper social and cultural changes are needed.

Wrong answers: (A) The passage says building spaces alone doesn't recreate third place functions; (B)

The passage doesn't advocate eliminating technology; (D) The passage argues against simple nostalgia
and returning to past patterns.
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SECTION 3: ANSWER EXPLANATIONS

1. B - 2 ATP, accounting for the two ATP consumed in the investment phase

Glycolysis produces 4 ATP through substrate-level phosphorylation (2 ATP per G3P, and 2 G3P
molecules are produced per glucose). However, the investment phase consumes 2 ATP (one at step 1 by
hexokinase, one at step 3 by phosphofructokinase). Net ATP = 4 produced - 2 consumed = 2 ATP per
glucose. This is the net yield that represents actual energy gain from glycolysis.

Wrong answers: (A) Ignores the 2 ATP consumed in investment phase; (C) NADH oxidation occurs in
the electron transport chain, not glycolysis itself; (D) Net production is positive, not zero.

2. C - Negative feedback regulation preventing excess ATP production

When ATP levels are high, the cell has sufficient energy and should slow glucose breakdown. High ATP
binding to PFK (allosterically) inhibits the enzyme, slowing glycolysis. This is negative feedback—the
product (ATP) inhibits the pathway that produces it, preventing wasteful overproduction. This is
metabolically efficient: cells don't break down glucose when energy is already abundant.

Wrong answers: (A) Negative, not positive feedback—ATP inhibits rather than accelerates; (B) This is
allosteric inhibition, not competitive inhibition at the active site; (D) Allosteric regulation is reversible,
not irreversible covalent modification.

3. A - Regenerate NAD* required for continued glycolysis

Glycolysis requires NAD* for the glyceraldehyde-3-phosphate dehydrogenase step (step 6). Under
anaerobic conditions, the electron transport chain cannot oxidize NADH back to NAD®. Lactate
fermentation converts pyruvate to lactate while oxidizing NADH to NAD*, allowing glycolysis to
continue. Without this regeneration, glycolysis would halt when all NAD* is converted to NADH, stopping
ATP production.

Wrong answers: (B) Lactate formation doesn't produce additional ATP; (C) Pyruvate isn't particularly
toxic—the issue is NAD" regeneration; (D) Lactate fermentation doesn't produce CO: (that's alcoholic
fermentation in yeast).

4. D - Rapidly generating biosynthetic intermediates and ATP despite lower efficiency

The Warburg effect allows cancer cells to rapidly produce ATP and biosynthetic precursors (amino acids,
nucleotides, lipids) needed for cell division. Glycolytic intermediates feed biosynthetic pathways. While
less efficient per glucose (2 ATP vs. ~32 ATP from oxidative phosphorylation), glycolysis is faster and
provides building blocks. Rapidly dividing cells prioritize speed and biosynthesis over efficiency.

Wrong answers: (A) Warburg effect actually minimizes ATP per glucose (glycolysis produces less than

oxidative phosphorylation); (B) While possibly beneficial, this isn't the primary growth advantage; (C)
Cancer cells divide rapidly, not slowly.
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5. B - Accumulation of glucose-6-phosphate and fructose-6-phosphate upstream of PFK

PFK catalyzes fructose-6-phosphate — fructose-1,6-bisphosphate. Inhibiting PFK would block this step,
causing substrates to accumulate upstream (glucose-6-phosphate = fructose-6-phosphate). Products
downstream of PFK would be depleted as they continue being consumed without replenishment. This is
standard metabolic consequence of blocking an enzyme in a pathway.

Wrong answers: (A) The passage indicates cancer cells preferentially use glycolysis, so compensatory
mitochondrial activity is less likely; (C) Lactate is produced from pyruvate downstream of PFK—blocking
PFK would reduce, not enhance, lactate production; (D) Some ATP remains from other pathways; death
isn't immediate.

6. C - Rapid ATP consumption by biosynthetic processes supporting cell growth

Lower ATP/AMP ratios despite adequate oxygen means ATP is being consumed rapidly. Cancer cells
divide rapidly, requiring constant ATP expenditure for biosynthesis (making proteins, nucleic acids,
lipids), cell division machinery, and active transport. The ATP isn't deficient in production but rather in
consumption exceeding production, keeping levels relatively low and AMP relatively high, which helps
keep PFK active.

Wrong answers: (A) The Warburg effect involves preferential glycolysis, but mitochondria aren't
necessarily completely dysfunctional; (B) Hexokinase function is needed to initiate glycolysis—defective
hexokinase would prevent glucose metabolism; (D) While ATPases consume ATP, the broader
explanation is biosynthetic demand.

7. A - Cooperative binding where initial O: binding facilitates subsequent binding

The sigmoidal (S-shaped) curve reflects positive cooperativity. The curve is shallow initially (difficult
first binding), then steep (easier subsequent binding), then levels off (approaching saturation). This shape
arises because oxygen binding to one subunit causes conformational changes that increase affinity of
remaining subunits. Each binding event makes the next easier. Myoglobin (no cooperativity) shows a
hyperbolic curve instead.

Wrong answers: (B) Independent binding would produce a hyperbolic curve; (C) CO: doesn't compete at
heme sites—it affects conformation; (D) All sites have similar affinity in each conformational state—
cooperativity arises from state transitions.

8. D - Decreased pH and increased CO: reduce hemoglobin's oxygen affinity
Metabolically active tissues produce CO: and H* (lactic acid, carbonic acid). These bind to hemoglobin,
stabilizing the T state and decreasing oxygen affinity, promoting oxygen release where it's needed. In

lungs, low CO: and high pH increase affinity, promoting oxygen loading. This physiological mechanism
ensures oxygen delivery matches metabolic demand.
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Wrong answers: (A) Increased, not decreased pH (metabolic tissues are acidic); (B) CO: doesn't compete
at heme—it forms carbamino compounds with amino groups; (C) Correct but incomplete—the question
asks about metabolically active tissues specifically, and option D is more precise about the mechanism.

9. B - Hemoglobin releases oxygen more readily at a given PO:

A rightward shift means higher Pso—more oxygen pressure is needed to achieve 50% saturation. This
indicates decreased oxygen affinity: at any given PO2, hemoglobin is less saturated and therefore releases
more oxygen to tissues. This is adaptive at high altitude: lower atmospheric PO2 would otherwise reduce
tissue oxygen delivery, but increased 2,3-BPG compensates by promoting oxygen release.

Wrong answers: (A) Rightward shift means decreased, not increased affinity; (C) Lower affinity means
less oxygen binding in lungs (slightly disadvantageous but offset by enhanced tissue delivery); (D) Bohr
effect is independent—2,3-BPG has an additive effect.

10. C - Decreased cooperativity, with binding sites behaving more independently

The Hill coefficient quantifies cooperativity: Hill coefficient = 1 indicates no cooperativity (independent
binding), >1 indicates positive cooperativity. Normal hemoglobin (2.8) shows strong cooperativity. HbM
(1.2) shows reduced cooperativity, approaching independent binding. The mutation at the a.-f: interface
disrupts subunit communication needed for cooperative conformational changes, making subunits behave
more independently.

Wrong answers: (A) HbM still binds oxygen (lower Pso indicates binding); (B) Decreased, not increased
cooperativity; (D) 2,3-BPG binding is normal—the problem is cooperativity.

11. A - Has higher oxygen affinity and releases oxygen less readily to tissues

Pso is the PO: at 50% saturation. Lower Pso (15 mmHg) means hemoglobin reaches 50% saturation at
lower oxygen pressure, indicating higher oxygen affinity. High-affinity hemoglobin binds oxygen tightly
and releases it reluctantly. This causes clinical problems: HbM loads oxygen well in lungs but doesn't
release it adequately to tissues, causing tissue hypoxia and cyanosis (bluish discoloration).

Wrong answers: (B) Reversed—lower Pso means higher affinity; (C) Actually binds at lower pressures;
(D) Binds oxygen but too tightly.

12. D - Competitive inhibitor that increases apparent Km without changing Vmax

The data show: (1) Vmax remains 100 pmol/min at all inhibitor concentrations—characteristic of
competitive inhibition; (2) Apparent Km increases with increasing inhibitor (0.5 — 1.5 — 2.5 mM); (3)
High substrate overcomes inhibition (Experiment 4). These are diagnostic features of competitive
inhibition: inhibitor and substrate compete for the active site, so more substrate is needed to reach Vmax,
but sufficiently high substrate can outcompete any amount of competitive inhibitor.

Wrong answers: (A) Noncompetitive inhibition would reduce Vmax; (B) Uncompetitive inhibition
reduces both Km and Vmax proportionally; (C) An activator would increase Vmax or decrease Km.
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13. B - Substrate and inhibitor compete for the same binding site

The defining feature of competitive inhibition is that high substrate concentration overcomes inhibition.
This is possible only if substrate and inhibitor compete for the same site—when substrate concentration
is very high, it occupies most active sites, excluding inhibitor through mass action. If inhibitor bound
elsewhere (allosteric site), high substrate wouldn't overcome inhibition.

Wrong answers: (A) Competitive inhibition is reversible—irreversible inhibitors can't be overcome by
substrate; (C) Allosteric binding would be noncompetitive inhibition; (D) While conformational changes
occur during catalysis, this doesn't explain why high substrate overcomes inhibition.

14. C - Change the slope and x-intercept but not the y-intercept

In Lineweaver-Burk plots, y-intercept = 1/Vmax and x-intercept = -1/Km. Competitive inhibition: Vmax
unchanged (y-intercept constant), Km increases (x-intercept shifts right, becoming less negative). The
slope = Km/Vmax increases because Km increases while Vmax stays constant. All lines intersect at the
y-axis.

Wrong answers: (A) Only slope and x-intercept change; (B) Y-intercept remains constant; (D) Parallel
lines indicate uncompetitive inhibition.

15. C - 50 pmol/min, which is half the maximum velocity

By definition, Km is the substrate concentration at which velocity = Vmax/2. At [S]=Km =0.5 mM, v =
Vmax/2 = 100/2 = 50 umol/min. This is the operational definition of the Michaelis constant and can be
derived from the Michaelis-Menten equation: v = Vmax[S]/(Km + [S]). When [S] = Km, v =
Vmax:Km/(Km + Km) = Vmax/2.

Wrong answers: (A) 25 is Vmax/4, not Vmax/2; (B) 100 is Vmax, achieved only at very high [S]; (D) Km
doesn't represent zero activity.

16. C - Require higher doses to achieve inhibition as ACh levels increase

Competitive inhibitors must compete with substrate. As ACh (substrate) concentration increases at
synapses, more compound X is needed to achieve the same level of inhibition. This is a disadvantage of
competitive inhibitors as therapeutics—dosing must account for substrate concentration, which can vary.

At high ACh, compound X becomes less effective unless dose is increased.

Wrong answers: (A) Competitive inhibition is reversible, not permanent; (B) Reversed—higher ACh
requires more inhibitor; (D) Effectiveness definitely depends on ACh concentration due to competition.

17. B - Reversible competition between inhibitor and substrate for the active site
Increasing apparent Km (more substrate needed to reach half-maximal velocity) while Vmax remains

constant is the signature of competitive inhibition. This pattern arises because inhibitor reversibly
competes with substrate—the more inhibitor present, the more substrate is required to compete
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successfully. The inhibition is fully reversible: removing inhibitor or adding excess substrate restores full
activity.

Wrong answers: (A) Irreversible inhibition would decrease Vmax; (C) Allosteric regulation typically
shows noncompetitive patterns; (D) This would be uncompetitive inhibition (both parameters decrease).

18. C - DNA polymerase adds nucleotides to the 3'-OH group of the growing strand

DNA polymerase catalyzes nucleophilic attack by the 3'-OH group of the growing strand on the a-
phosphate of an incoming dNTP. This chemistry requires a free 3'-OH group and releases pyrophosphate.
The enzyme cannot add to a 5' end—there's no 5'-OH on a growing chain (it has a 5'-triphosphate). This
directionality constraint means synthesis must proceed 5'—3'.

Wrong answers: (A) True, but the mechanistic reason is that it adds to 3'-OH; (B) Templates are read
3'—5', but this describes template reading, not the chemical mechanism; (D) Primers are synthesized
5'—3'" like all nucleic acids.

19. A - DNA polymerase synthesizes this strand in the direction away from the replication fork

The replication fork opens in one direction, but DNA polymerase only synthesizes 5'—3'. For the lagging
strand, 5'—3' synthesis means moving away from the fork as it opens. The strand must be synthesized in
short fragments (Okazaki fragments), each initiated by a new primer, because the polymerase can't
synthesize 3'—5' to follow the fork continuously.

Wrong answers: (B) Proofreading activity exists on both strands; (C) DNA primers would actually be
more stable—RNA primers are used and then removed; (D) Okazaki fragments are synthesized 5'—3',
not 3'—>5".

20. D - The repair systems have overlapping functions, and losing both creates synergistic effects

Strain A (defective exonuclease): 10°°. Strain B (defective mismatch repair): 1077. If independent:
combined defects would give ~107¢ (worse of the two, or intermediate). Actual: 10, which is worse than
additive. This synergy suggests the systems have overlapping function—mismatch repair can catch some
errors that exonuclease misses and vice versa. Losing both eliminates redundancy, causing
disproportionate mutation increase.

Wrong answers: (A) They're not independent—synergy indicates interaction; (B) Genetic location doesn't
explain synergistic effects; (C) Both clearly affect mutation rate individually.

21. C - Discontinuous synthesis providing more opportunities for errors
The lagging strand requires multiple primer-template junctions and fragment joins, each representing a
potential error point. Okazaki fragment synthesis, primer removal, gap filling, and ligation provide more

opportunities for errors compared to continuous leading strand synthesis. Each initiation event has error
potential. The discontinuous nature of lagging strand replication makes it inherently more error-prone.
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Wrong answers: (A) While single-stranded exposure matters, option C more directly addresses the higher
error rate; (B) Primers themselves don't cause errors—they're removed; (D) Exonuclease activity operates
on both strands.

22. A - A missense mutation changing methionine to isoleucine

AUG codes for methionine (Met, the start codon). AUA codes for isoleucine (Ile). This single nucleotide
change (G—A) substitutes one amino acid for another—a missense mutation. If this occurs at the start
codon, it would prevent translation initiation. If at an internal methionine, it changes that residue to
isoleucine, potentially affecting protein function.

Wrong answers: (B) Codons differ, so amino acid changes; (C) Nonsense mutations create stop codons
(UAA, UAG, UGA), not AUA; (D) Single nucleotide substitutions don't cause frameshifts
(insertions/deletions do).

23. A - Na‘'-glucose cotransport at apical membrane, then facilitated diffusion at basolateral
membrane

Experiment 1 shows glucose moving from apical (lumen) to basolateral (blood) side. Experiment 3 proves
apical uptake requires Na*, indicating Na*-glucose cotransport (SGLT). Once inside the cell, glucose is at
higher concentration than blood, allowing facilitated diffusion down its gradient through GLUT
transporters at the basolateral membrane. This two-step process (active uptake, then passive exit) achieves
net transcellular transport.

Wrong answers: (B) Glucose is polar and cannot cross lipid bilayers; (C) Only apical transport is active
(secondary active); basolateral is passive; (D) Reversed—cotransport is apical, facilitated diffusion is
basolateral.

24. D - The Na* gradient maintained by basolateral Na*/K*-ATPase

Ouabain inhibits Na*/K*-ATPase on the basolateral membrane. This causes the Na* gradient across the
apical membrane to dissipate (Na" accumulates inside, reducing the gradient driving Na* entry). Without
the Na* gradient, the apical Na*-glucose cotransporter cannot function—it depends on Na* flowing down
its gradient to drive glucose uptake. This demonstrates that the Na*/K*-ATPase indirectly powers glucose
transport by maintaining the Na* gradient.

Wrong answers: (A) The glucose transporter uses the Na* gradient, not ATP directly; (B) Apical glucose
transport is secondary active, not facilitated diffusion; (C) Glucose doesn't use aquaporins (water
channels).

25. B - The apical glucose transporter uses Na* binding to undergo conformational changes
Experiment 3 shows glucose transport requires Na* despite adequate ATP. This indicates the transporter

is a Na*-glucose cotransporter (symporter) that binds both molecules. Na* binding causes conformational
changes that enable glucose binding and transport. The mechanism involves Na* flowing down its
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electrochemical gradient, providing energy for conformational changes that move glucose against its
gradient. Both molecules must bind for transport to occur.

Wrong answers: (A) True, but option B more completely explains the mechanism; (C) Na* isn't converted
to ATP; (D) Glucose uses a specific cotransporter, not Na* channels.

26. C - Shrink as water exits toward the higher solute concentration

200 mM NaCl is hypertonic compared to 140 mM (normal cytoplasm). Water moves by osmosis from
low solute concentration (inside cell) to high solute concentration (outside), causing cells to lose water
and shrink (crenation). The cell membrane is permeable to water but not freely permeable to Na* and Cl-,
so water equilibrates faster than solutes, driving shrinkage.

Wrong answers: (A) Water exits, not enters, in hypertonic solutions; (B) Water moves despite NaCl
impermeability—osmosis driven by concentration difference; (D) Shrinkage, not swelling, occurs in
hypertonic solutions.

27. A - Uses the energy from ATP hydrolysis directly to move ions against gradients

Primary active transport directly couples ATP hydrolysis to ion transport. The Na*/K*-ATPase hydrolyzes
ATP and uses that energy to pump 3 Na* out and 2 K" in, both against their concentration gradients. The
enzyme undergoes conformational changes driven by phosphorylation (from ATP) and
dephosphorylation, directly linking chemical energy to transport work.

Wrong answers: (B) Describes secondary active transport; (C) Describes passive transport; (D) Primary
active transport requires energy input (ATP).

28. D - Secondary active transport followed by primary active transport

The overall absorption process involves multiple steps: (1) Secondary active transport of glucose with Na*
at the apical membrane (SGLT using Na* gradient); (2) Facilitated diffusion of glucose at the basolateral
membrane; (3) Primary active transport by Na'/K*-ATPase at the basolateral membrane maintaining the
Na' gradient. The answer may be considering the entire system including the primary active Na*/K* pump
that enables the process.

29. B - Na* influx through voltage-gated Na* channels

Depolarization to threshold triggers voltage-gated Na* channels to open. Na* is at high concentration
outside and low concentration inside, with the membrane potential (-70 mV) making the inside negative.
Both concentration and electrical gradients drive Na' influx. This rapid Na" entry depolarizes the
membrane from -55 mV (threshold) to +30 mV (peak). The speed of Na* channel opening produces the
rapid rising phase.

Wrong answers: (A) K efflux causes repolarization, not depolarization; (C) CI~ typically stabilizes

membrane potential or causes hyperpolarization; (D) The Na*/K*-ATPase maintains gradients but doesn't
directly cause action potentials.
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30. C - Na* channels are inactivated and cannot reopen immediately

During the absolute refractory period, Na* channels are in the inactivated state (distinct from closed).
Inactivated channels cannot open regardless of stimulus strength—they must first recover to the closed
state before they can open again. This ensures action potentials propagate forward only: regions behind
the action potential are refractory and cannot fire again immediately, preventing backward propagation.

Wrong answers: (A) K* channels contribute to refractoriness but the absolute refractory period is primarily
due to Na* channel inactivation; (B) Hyperpolarization occurs but isn't permanent; (D) The pump works
continuously but slowly—it doesn't prevent action potentials acutely.

31. A - Allowing action potentials to jump between nodes of Ranvier

Myelin insulates axons, preventing ion flow across myelinated segments. Voltage-gated channels cluster
at nodes of Ranvier (gaps in myelin). Depolarization at one node generates local current that passively
spreads to the next node, triggering a new action potential there. The action potential effectively "jumps"
from node to node (saltatory conduction), much faster than continuous propagation along unmyelinated
axons where every section must be sequentially depolarized.

Wrong answers: (B) Channels cluster at nodes, not throughout myelinated regions; (C) Myelin increases
membrane resistance, limiting ion flow to nodes; (D) Some ion movement occurs at nodes—complete
prevention would block conduction.

32. D - More Na'/K*-ATPase activity required to restore ion gradients after more ion flux

Demyelinated axons require action potentials along the entire axon length (no saltatory conduction),
meaning many more Na* channels open and much more Na* enters. The Na*/K*-ATPase must work much
harder to restore gradients after this extensive ion flux. Each ATP hydrolyzed by this pump represents
energy consumption. More ion flux requires more pump activity, dramatically increasing energy
consumption.

Wrong answers: (A) Amplitude might be affected but this doesn't explain energy increase; (B) Slower
repolarization doesn't necessarily increase energy use; (C) Conduction still occurs (though sometimes
fails).

33. B - Slowed conduction velocity and potential conduction failure

The passage data show demyelination causes 100-fold decrease in conduction velocity and 30%
conduction failure in trials. Multiple sclerosis destroys CNS myelin, which would produce similar effects:
signals travel much more slowly, and some signals fail to propagate at all. This explains MS symptoms:
slowed or blocked nerve signals cause weakness, sensory problems, coordination difficulties, and other
neurological symptomes.

Wrong answers: (A) Electrical activity continues, though impaired; (C) Demyelination slows, not
enhances, conduction; (D) Neurons can survive demyelination—death isn't immediate.
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34. C - Tertiary structure was disrupted while some covalent bonds remained

Heating to 90°C caused activity loss and secondary structure disruption (a-helices lost), but disulfide
bonds (covalent) remained intact. Tertiary structure (overall 3D shape) is stabilized by hydrogen bonds,
ionic interactions, and hydrophobic interactions—all disrupted by heat. Secondary structure (local a-
helices and B-sheets) is also disrupted. However, disulfide bonds (covalent S-S bonds between cysteines)
are stronger and weren't broken. This shows heat primarily disrupts non-covalent interactions while
leaving covalent bonds intact.

Wrong answers: (A) Primary structure (amino acid sequence, peptide bonds) wasn't altered; (B) Peptide
bonds weren't hydrolyzed; (D) Disulfide bonds remained constant, not increased.

35. C - The primary structure contains sufficient information for refolding

The 80% activity recovery upon cooling demonstrates that denaturation was largely reversible. The amino
acid sequence (primary structure) alone was sufficient for the protein to refold into its native conformation
without assistance (no chaperones in this experiment). This spontaneous refolding proves that the primary
structure contains the information needed to direct proper folding—the thermodynamically favorable
conformation can be reached from the denatured state.

Wrong answers: (A) Activity recovered, so denaturation was reversible; (B) Activity decreased initially,
though mostly recovered; (D) Disulfide bonds remained throughout—new ones didn't form.

36. B - Disulfide bonds constrain the polypeptide, facilitating proper refolding

Comparing Experiments 2 and 3: with intact disulfide bonds, 80% activity recovers; with reduced disulfide
bonds, only 10% recovers. The disulfide bonds constrain the polypeptide to a limited set of conformations,
making it easier to find the correct fold. Without them (Experiment 3), the fully denatured protein has
many more possible incorrect conformations to explore, leading to misfolding and aggregation. The
disulfide bonds act as "folding guides" that reduce conformational space.

Wrong answers: (A) The enzyme clearly functions better with disulfide bonds; (C) f-mercaptoethanol
reduces disulfide bonds reversibly without damaging primary structure; (D) Some proteins fold
spontaneously—chaperones help but aren't always required.

37. B - Preventing aggregation and allowing proper disulfide bond formation

Chaperones in Experiment 4 improved recovery from 10% to 65% after disulfide reduction. Fully
denatured proteins tend to aggregate (hydrophobic regions stick together) before they can fold properly.
Chaperones bind unfolded proteins, preventing aggregation and giving proteins time/space to explore
conformations and form correct disulfide bonds through trial and error. They don't provide folding
information but create conditions for proper folding.

Wrong answers: (A) Chaperones don't form peptide bonds—they're non-covalent facilitators; (C) They
don't add bonds not present in native protein; (D) They don't change the sequence.
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38. C - Disrupting ionic interactions and altering charge states of amino acids

Extreme pH changes the protonation state of ionizable amino acids (Asp, Glu, His, Lys, Arg). At very low
pH, acidic residues become protonated (losing negative charge); at very high pH, basic residues become
deprotonated (losing positive charge). This disrupts ionic bonds (salt bridges) between charged residues
that stabilize protein structure. It also affects the overall charge distribution, causing electrostatic repulsion
that unfolds the protein.

Wrong answers: (A) Peptide bonds are very stable and not hydrolyzed by pH changes alone (requires
enzymes or harsh conditions); (B) Disulfide bonds aren't broken by pH; (D) pH doesn't directly prevent
helix formation through sterics—it acts through charge effects.

39. A - Linked, with gray body-normal wings and black body-vestigial wings being parental types

Test cross results show two phenotype classes appearing much more frequently (420 + 380 = 800) than
the other two (90 + 110 =200). The frequent classes (gray-normal and black-vestigial) are parental types—
combinations that were together in the heterozygous parent. The rare classes are recombinant types formed
by crossing over. If genes were unlinked, all four classes would appear in equal 25% proportions (250
each out of 1000). The 80:20 ratio indicates linkage.

Wrong answers: (B) Unlinked genes would give 1:1:1:1 ratio (25% each); (C) 50% recombination would
appear as independent assortment; (D) Complete linkage (0% recombination) would give only two
phenotype classes.

40. D - 20%, consistent with the map distance from Cross 2

Recombination frequency = (recombinant offspring / total offspring) x 100%. Recombinants are gray-
vestigial (90) and black-normal (110), total 200. RF = (200/1000) x 100% = 20%. This matches the map
distance of 20 centiMorgans from Cross 2, confirming that 1% recombination = 1 map unit. The 20%
recombination indicates moderate linkage—genes are on the same chromosome but far enough apart that
crossing over occurs fairly frequently.

Wrong answers: (A) 10% would be tighter linkage than observed; (B) 25% would suggest weak linkage
or near-independence; (C) 50% would indicate independent assortment on different chromosomes.

41. B - Only two phenotype classes: gray-normal and black-vestigial in 1:1 ratio

Complete linkage (0% recombination) means no crossing over occurs—parental combinations stay
together. The heterozygous parent (BbVv) has B linked with V on one chromosome, b linked with v on
the homologous chromosome. Gametes would be only BV or bv (no recombinants). Test crossing with
bbvv yields: BbVv (gray-normal) or bbvv (black-vestigial) in 1:1 ratio. No gray-vestigial or black-normal
offspring would appear.

Wrong answers: (A) 9:3:3:1 ratio indicates independent assortment; (C) Equal classes would be 1:1:1:1

from independent assortment; (D) All offspring can't be gray-normal when crossed with homozygous
recessive.
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42. A - Gene W is between B and V on the same chromosome

The distances (Bto W =15cM, W to V=5 cM, B to V=20 cM) are additive: 15 + 5 = 20. This additive
relationship indicates linear arrangement with W between B and V on the same chromosome. If W were
not between them, the distances wouldn't add up properly (the two shorter distances would sum to more
than the longest distance if W were outside). The order is B---W---V.

Wrong answers: (B) Different chromosomes would show independent assortment (50% recombination);
(C) 15 cM indicates 15% recombination, not complete linkage; (D) Recombination occurs—map distances
show crossing over rates.

43. C - BwV or bWyv depending on which homolog is considered

A double crossover event exchanges the middle gene between chromosomes. If the original chromosomes
are BWV and bwv, double crossover produces Bwv and bWV—the middle marker is swapped while the
flanking markers remain in parental combinations. These are double recombinant gametes, which are rarer
than single recombinants.

Wrong answers: (A) BwV would require a single crossover in one region only; (B) bWv is also a double
recombinant; (D) BWYV is a parental type, not a double recombinant.

44. B - The chromosome theory of inheritance with crossover events

The correlation between recombination frequency and physical distance supports the idea that: (1) genes
are arranged linearly on chromosomes, (2) crossing over occurs during meiosis, (3) the farther apart genes
are, the more likely crossing over occurs between them. This chromosomal basis of inheritance, with
crossing over creating recombinant gametes, explains the observed linkage patterns and allows genetic

mapping.

Wrong answers: (A) Independent assortment applies only to unlinked genes—linked genes violate it; (C)
Recombination probability depends on distance, not equal for all genes; (D) Linkage contradicts
blending—discrete genes remain intact.

45. B - RNA contains ribose while DNA contains deoxyribose

The primary structural difference is the sugar: RNA contains ribose (with a 2'-OH group), DNA contains
deoxyribose (lacking the 2'-OH, hence "deoxy"). This 2'-OH makes RNA less stable (more prone to
hydrolysis) and influences RNA structure. Both contain the same purines (A, G), but differ in pyrimidines:
DNA has thymine, RNA has uracil.

Wrong answers: (A) DNA contains thymine, RNA contains uracil (reversed); (C) DNA is typically

double-stranded, RNA typically single-stranded (reversed); (D) RNA contains uracil, DNA contains
thymine (reversed).
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46. C - The codon on mRNA

During translation, tRNA anticodons base-pair with complementary mRNA codons. Each tRNA carries a
specific amino acid corresponding to its anticodon. The ribosome facilitates this pairing: the mRNA codon
in the ribosome's A site pairs with the matching tRNA anticodon, bringing the correct amino acid for
incorporation into the growing polypeptide chain. This codon-anticodon pairing ensures translation
fidelity.

Wrong answers: (A) Promoters are DNA regions for transcription initiation, not translation; (B) Poly-A
tail is at the 3' end of mRNA but doesn't pair with anticodons; (D) tRNA anticodons pair with mRNA
codons, not other tRNAs.

47. A - Glucose using ATP and NADPH from the light reactions

The Calvin cycle (light-independent reactions) uses ATP and NADPH produced by the light reactions to
fix CO: into organic molecules, ultimately producing glucose (G3P). The cycle occurs in the stroma.
RuBisCO catalyzes CO: fixation to ribulose-1,5-bisphosphate. ATP and NADPH provide energy and
reducing power for converting 3-phosphoglycerate to glyceraldehyde-3-phosphate, which is used to
synthesize glucose.

Wrong answers: (B) ATP production by chemiosmosis occurs in the light reactions (thylakoid); (C)
Oxygen production occurs in photosystem II during light reactions; (D) NADPH production occurs in
light reactions at photosystem 1.

48. D - Two gametes with an extra chromosome and two missing a chromosome

Nondisjunction during meiosis I means homologous chromosomes fail to separate. One cell receives both
homologs (n+1), the other receives neither (n-1). When these cells complete meiosis 11, each divides
normally, producing: two gametes with n+1 chromosomes and two gametes with n-1 chromosomes. This
is different from meiosis II nondisjunction, which produces one n+1, one n-1, and two normal n gametes.

Wrong answers: (A) Nondisjunction causes abnormal chromosome numbers; (B) Describes meiosis II
nondisjunction pattern; (C) All four gametes are abnormal in meiosis I nondisjunction.

49. B - Increase mRNA stability and facilitate translation

The poly-A tail (added post-transcriptionally) protects mRNA from degradation by exonucleases and
enhances translation efficiency. Poly-A binding proteins bind the tail and interact with translation
initiation factors, promoting ribosome recruitment. Longer poly-A tails correlate with longer mRNA half-
lives and more protein production. The tail doesn't signal the start codon or splice introns.

Wrong answers: (A) The 5' cap and ribosome binding site signal the start codon; (C) Splicing is performed

by spliceosomes, not the poly-A tail; (D) mRNA doesn't bind DNA—transcription is complete before
poly-A addition.

152



50. C - Oxygen, which is reduced to water

The electron transport chain passes electrons from NADH and FADH: through protein complexes,
ultimately to oxygen at Complex IV (cytochrome ¢ oxidase). Oxygen is the terminal electron acceptor: O
+4e” + 4H" — 2H-0. This reduction of oxygen to water allows the chain to continue operating. Without
oxygen, electrons back up in the chain, halting ATP production (this is why we need to breathe).

Wrong answers: (A) NAD* accepts electrons earlier in metabolism (e.g., glycolysis), not at the end of the
chain; (B) FAD also accepts electrons in earlier metabolic stages; (D) ATP synthase uses the proton
gradient to make ATP but doesn't accept electrons.

51. C - A premature stop codon that truncates the protein

Nonsense mutations change a sense codon (coding for an amino acid) to a stop codon (UAA, UAG, or
UGA). This causes translation to terminate prematurely, producing a truncated protein that's usually
nonfunctional. The protein lacks its C-terminal portion. Nonsense mutations are typically very harmful—
more so than missense mutations, which just change one amino acid.

Wrong answers: (A) Describes missense mutations; (B) Describes silent mutations; (D) Describes
frameshift mutations from insertions/deletions.

52. B - Lactose is absent and the repressor binds to the operator

The lac operon is repressed (genes not transcribed) when the repressor protein binds to the operator
sequence, blocking RNA polymerase. This occurs when lactose is absent—there's no need to make
lactose-metabolizing enzymes. When lactose is present, it (as allolactose) binds the repressor, causing it
to release from the operator, allowing transcription. This is negative control—repressor blocks
transcription unless removed.

Wrong answers: (A) Lactose presence relieves repression (induces transcription); (C) Glucose presence
reduces transcription via catabolite repression, but the lac repressor mechanism is about lactose; (D) The
repressor must be intact and functional to repress.

53. B - Is a regulated process of programmed cell death without inflammation

Apoptosis is programmed cell death—a regulated process involving specific signals, caspase activation,
controlled dismantling of cellular components, and packaging into apoptotic bodies that are phagocytosed.
There's no inflammation because cell contents aren't released. Necrosis is uncontrolled cell death from
injury, involving cell swelling, membrane rupture, and inflammation from released cellular contents.
Apoptosis is essential for development and tissue homeostasis.

Wrong answers: (A) Describes necrosis, not apoptosis; (C) Apoptosis occurs normally in many cell types;
(D) Describes necrosis.
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54. C - Promoting glucose uptake and glycogen synthesis

Insulin is released when blood glucose is high (after meals). It lowers blood glucose by: (1) promoting
glucose uptake by muscle and adipose tissue (inserting GLUT4 transporters), (2) stimulating glycogen
synthesis in liver and muscle, (3) promoting fat and protein synthesis, (4) inhibiting gluconeogenesis.
Insulin is the primary anabolic hormone, signaling energy abundance and promoting storage.

Wrong answers: (A) Glucagon stimulates glycogen breakdown; (B) Insulin promotes, not inhibits, glucose
uptake; (D) Glucagon stimulates gluconeogenesis.

55. A - Plasma cells, which are differentiated B lymphocytes

B lymphocytes recognize antigens through B cell receptors. Upon activation (with T cell help), B cells
proliferate and differentiate into plasma cells, which are antibody-secreting factories. Plasma cells produce
large amounts of immunoglobulin matching the original B cell receptor specificity. Memory B cells also
form, providing long-term immunity. Plasma cells are terminally differentiated and short-lived but
produce antibodies rapidly during infections.

Wrong answers: (B) T helper cells don't secrete antibodies—they help activate B cells and other immune
cells; (C) NK cells kill infected/cancerous cells but don't make antibodies; (D) Macrophages are
phagocytes and antigen-presenting cells, not antibody producers.

56. D - Pumping 3 Na* out and 2 K* in per ATP

The Na*/K*-ATPase is electrogenic—it pumps 3 Na* out and 2 K* in per ATP hydrolyzed, creating net
charge movement (3 positive charges out, 2 in = 1 net positive out). This contributes to the negative resting
potential inside cells (~-70 mV). The pump maintains concentration gradients: high K* inside, high Na*
outside, which establish the chemical basis for resting potential and action potentials.

Wrong answers: (A) Reversed—and this would make inside more positive; (B) Correct numbers but
reversed direction; (C) The pump uses ATP for active transport, not passive diffusion.

57. B - Decreasing the activation energy required

Catalysts (including enzymes) accelerate reactions by lowering the activation energy (Ea)—the energy
barrier that must be overcome for reactants to form products. Lower Ea means more molecules have
sufficient energy to react at a given temperature, increasing reaction rate. Catalysts don't change the
equilibrium position, don't alter AG, and don't get consumed in the reaction.

Wrong answers: (A) Product free energy is unchanged—thermodynamics are unaffected; (C) Equilibrium

position is unchanged—catalysts speed reaching equilibrium but don't shift it; (D) Catalysts work at all
temperatures—they don't require temperature increase.
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58. B - Synthesis of secreted and membrane proteins

The rough ER has bound ribosomes that synthesize proteins entering the endomembrane system. As
translation occurs, proteins are threaded into the ER lumen or inserted into the ER membrane. These
proteins are destined for secretion, plasma membrane, or organelles (Golgi, lysosomes). The ER provides:
(1) translocation into lumen, (2) signal sequence removal, (3) glycosylation, (4) disulfide bond formation,
(5) quality control.

Wrong answers: (A) Describes smooth ER functions; (C) Describes mitochondria; (D) Describes
lysosomes.

59. A - Synapsis, which allows homologous chromosomes to align

During prophase I, homologous chromosomes pair up precisely in a process called synapsis. The
synaptonemal complex forms between homologs, holding them together along their entire length. This
close pairing enables crossing over—exchange of genetic material between non-sister chromatids.
Synapsis is unique to meiosis I and is essential for proper chromosome segregation and generating genetic
diversity through recombination.

Wrong answers: (B) Crossing over occurs during synapsis but is a different process; (C) Independent

assortment occurs during metaphase I/anaphase I; (D) Cytokinesis divides the cytoplasm at the end of cell
division.
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SECTION 4: ANSWER EXPLANATIONS

1. C - Encoding specificity matching test format to learning format

Group B learned via visual diagrams and performed best on spatial reasoning tasks. Encoding specificity
principle states that memory retrieval is enhanced when retrieval conditions match encoding conditions.
Learning spatial relationships visually created memory traces optimal for spatial problem-solving tasks.
The match between learning format (visual-spatial) and test format (spatial reasoning) enhanced
performance.

Wrong answers: (A) Visuospatial sketchpad has limited capacity, not greater than phonological loop; (B)
Group B didn't use text, so no text interference; (D) Redundancy impairs, not enhances, as shown by
Group C's poor performance.

2. A - The redundancy effect creating extraneous cognitive load

Group C received identical information in both text and diagrams, creating redundant processing demands.
Reading text while viewing the same information visually splits attention without adding new information,
increasing cognitive load without benefit. This extraneous load consumed working memory capacity
without contributing to learning (germane load). The redundancy effect explains why more information
produced worse outcomes—quality of cognitive processing matters more than information quantity.

Wrong answers: (B) Germane load should improve learning; this demonstrates harmful extraneous load;
(C) Dual-coding benefits from complementary, not redundant, information; (D) Working memory has
limited capacity that was exceeded.

3. D - Both the phonological loop and visuospatial sketchpad, coordinated by the central executive

Reading text engages the phonological loop (verbal/linguistic processing), viewing diagrams engages the
visuospatial sketchpad (visual-spatial processing). The central executive allocates attention between both
subsystems and coordinates their activity. This simultaneous engagement of different working memory
components can be beneficial when information is complementary but problematic when redundant, as
cognitive resources must manage both channels.

Wrong answers: (A) Episodic buffer integrates but isn't the only component used; (B) Central executive
coordinates but phonological loop and visuospatial sketchpad do the processing; (C) Diagrams require
visuospatial sketchpad, not just phonological loop.

4. B - Germane load increases when different information sources are integrated

Complementary (not redundant) text and diagrams provided different information that students needed to
integrate, creating germane cognitive load—effortful processing that builds schemas and enhances
learning. The 82% retention (higher than either format alone) shows that integrating complementary
information, despite requiring cognitive effort, produces superior learning when information is non-
redundant and mutually supportive.
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Wrong answers: (A) Complementary information doesn't trigger redundancy effect; (C) Working memory
capacity varies with how efficiently information is processed; (D) Extraneous load should be minimized,
not described as eliminated through redundancy.

5. C - Decline due to interference within the visuospatial sketchpad

Mental rotation is a visuospatial task. Simultaneously reading (phonological loop) while mentally rotating
anatomical structures (visuospatial sketchpad) would require dual processing within the visuospatial
system—yverbal spatial descriptions plus mental spatial manipulation. This creates interference as both
tasks compete for the same limited visuospatial resources, degrading performance on both tasks.

Wrong answers: (A) Dual-coding requires complementary formats, but both tasks here compete for
visuospatial resources; (B) Mental rotation uses visuospatial resources needed for spatial understanding;
(D) Dual visuospatial tasks increase, not reduce, cognitive load.

6. A - Allocating attention between text and diagrams and coordinating subsystems

The central executive is the attentional control system in working memory. When students process both
text and diagrams, the central executive allocates attention between the phonological loop (processing
text) and visuospatial sketchpad (processing images), decides which information to prioritize, and
coordinates integration of information from both sources. It doesn't store information but manages the
system.

Wrong answers: (B) Phonological loop stores verbal information; (C) Visuospatial sketchpad processes
visual features; (D) Central executive allocates resources but doesn't directly reduce load—that depends
on instructional design.

7. B - In-group favoritism based on social categorization

Employees categorized themselves by department (social categorization) and rated their own departments
more favorably than others. This demonstrates in-group favoritism—the tendency to favor one's own
group. Social identity theory predicts this pattern: people derive self-esteem from group memberships and
therefore evaluate in-groups positively to maintain positive self-concept. The bias existed without resource
competition.

Wrong answers: (A) No mention of resource scarcity or competition; (C) Fundamental attribution error
involves dispositional vs. situational attributions for behavior; (D) Cognitive dissonance involves
conflicting cognitions, not group evaluations.

8. D - Recategorizing all employees as members of a shared in-group

The superordinate identity intervention emphasized the shared company identity, creating a larger,
inclusive in-group that encompassed all departments. Recategorization changed the boundaries of "us"
and "them"—former out-group members (other departments) became part of the in-group (same
company). This reduced departmental bias because employees now shared a common identity that
superseded departmental divisions.
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Wrong answers: (A) Can't eliminate categorization—the intervention created a new, broader
categorization; (B) Dissonance wasn't the mechanism; (C) Competition would increase, not decrease, bias.

9. A - Strong identifiers gained more self-esteem from the new superordinate identity

Employees with stronger departmental identification had more to gain from the new superordinate
identity. Because their self-concept was heavily tied to group membership, shifting to a broader, more
inclusive group identity provided greater self-esteem benefits and reduced need to maintain departmental
distinctions. Strong identifiers are more motivated by group identity processes.

Wrong answers: (B) Weak identifiers were affected, just less so; (C) Social comparison is directly related
to identification strength; (D) While true, doesn't explain larger bias reductions in strong identifiers.

10. C - Simple categorization is sufficient to create in-group favoritism

The minimal group paradigm uses arbitrary, meaningless group assignments (e.g., coin toss) yet still
produces in-group bias. This demonstrates that neither realistic conflict over resources, meaningful group
differences, nor historical antagonism are necessary for bias. The mere act of categorizing people into
groups triggers in-group favoritism, revealing how fundamental and automatic these processes are.

Wrong answers: (A) & (B) Competition/conflict isn't necessary—shown by minimal group studies; (D)
Categorization doesn't require meaningful differences.

11. B - Reduced bias while maintaining positive departmental feelings

Dual identity allows individuals to maintain multiple group identities simultaneously—both department
and company. This approach reduces bias toward other departments (through shared company identity)
while preserving positive departmental feelings. Research shows dual identity can be optimal: it captures
benefits of superordinate identity (reduced bias) without requiring abandonment of subgroup identities
(maintaining departmental pride).

Wrong answers: (A) Dual identity reduces conflict when properly implemented; (C) Identities are
maintained, not eliminated; (D) Company identity addition would reduce departmental bias.

12. D - Conditioned stimulus after association with relaxation

Initially, spider images were neutral stimuli that became conditioned stimuli (CS) through repeated pairing
with relaxation (unconditioned response to relaxation training). After conditioning, spider images alone
elicited reduced anxiety (conditioned response). Systematic desensitization uses counterconditioning—
establishing a new association between the feared stimulus and relaxation incompatible with anxiety.
Wrong answers: (A) Spider images weren't unconditioned stimuli—spiders naturally cause fear in phobics
but that's the learned association being treated; (B) Images aren't a response; (C) True initially, but after

conditioning they become CS.

13. B - Classical conditioning with the room as CS and pain reduction as CR
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Morphine (UCS) naturally produces pain reduction (UCR). After repeated pairing of the distinctive room
environment (initially neutral) with morphine, the room became a CS that elicited pain reduction (CR)
even without morphine. This is classical conditioning of a physiological response. The CR (30% pain
reduction) is weaker than the UCR (full morphine effect), typical of conditioned responses.

Wrong answers: (A) Operant conditioning involves behavioral consequences; this is stimulus-response
association; (C) Original pain isn't being extinguished—a conditioned compensatory response is being
learned; (D) Spontaneous recovery refers to extinct CRs reappearing, not initial conditioning.

14. C - Conditioned response to drug-associated stimuli

Drug-associated cues (locations, paraphernalia) were repeatedly paired with cocaine use (UCS) and its
effects (UCR). These cues became conditioned stimuli (CS) eliciting cravings (CR) through classical
conditioning. Cravings persist after abstinence because the CS-CR association remains even when the
UCS (cocaine) is absent. This explains high relapse rates—environmental cues trigger cravings that
motivate drug-seeking.

Wrong answers: (A) Spontaneous recovery could occur, but the primary phenomenon is persistent
conditioned responding; (B) This is classical conditioning (cue-craving association), not operant; (D)
Habituation is decreased response with repeated exposure; cravings persist with strong responses.

15. A - Conditioned reinforcers that gained value through association with primary reinforcers

Tokens are conditioned (secondary) reinforcers—initially neutral stimuli that acquired reinforcing
properties through association with primary reinforcers (preferred activities). The child learned that tokens
could be exchanged for things they valued, making tokens themselves reinforcing. This demonstrates

operant conditioning using a token economy, common in behavioral interventions.

Wrong answers: (B) Tokens aren't unconditioned stimuli—they required learning; (C) Tokens are
reinforcers (increasing behavior), not punishments; (D) Fixed ratio 5, not fixed interval (time-based).

16. D - Variable ratio schedule

Variable ratio schedules deliver reinforcement after an unpredictable number of responses (e.g., average
of 5 but varying each time). This schedule produces high, steady response rates resistant to extinction—
behavior persists because the next response might be reinforced. It's highly effective but differs from fixed

ratio (predictable number) used with Patient D.

Wrong answers: (A) Fixed ratio is predictable number; (B) Fixed interval is time-based; (C) Continuous
reinforcement is every response.

17. B - Spontaneous recovery or renewal of conditioned fear

After successful extinction (spiders paired with relaxation), exposing Patient A to spiders without
relaxation could cause fear to return. Spontaneous recovery is reappearance of extinct CR after time
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passes. Renewal is CR return when context changes. Both demonstrate that extinction doesn't erase the
original learning—it creates new learning that inhibits the original association.

Wrong answers: (A) Stimulus generalization is responding to similar stimuli, not return of extinguished
response; (C) Operant extinction involves discontinuing reinforcement; (D) Higher-order conditioning
uses a CS as if it were a UCS.

18. A - Centration on one perceptual dimension (height) rather than considering multiple
dimensions

Preoperational children fail conservation because of centration—focusing on one salient perceptual
feature (the tall beaker's height) while ignoring other dimensions (width). They can't mentally reverse the
transformation or consider multiple dimensions simultaneously. This reflects preoperational thinking
limitations: perception dominates reasoning.

Wrong answers: (B) Object permanence develops in sensorimotor stage (earlier); (C) Concrete operational
children pass conservation; (D) Abstract reasoning is formal operational stage.

18. C - Context and task complexity affect demonstrations of cognitive abilities

Four-year-olds showing egocentrism in Three Mountains task but successfully hiding objects suggests
cognitive abilities may emerge earlier than Piaget proposed when task demands are reduced. Complex
tasks may underestimate competence. The hiding task was simpler and more naturalistic, allowing
children to demonstrate perspective-taking abilities not evident in the more demanding Three Mountains
task.

Wrong answers: (A) Egocentrism isn't absolute—task factors matter; (B) Object permanence develops
much earlier (sensorimotor stage); (D) Formal operational thought emerges later.

20. D - Conservation of mass and reversibility thinking

Understanding that flattening clay doesn't change its amount demonstrates conservation—recognizing that
certain properties remain constant despite perceptual changes. It also involves reversibility—mentally
undoing the transformation (clay can be rolled back into a ball). These concrete operational abilities
emerge around age 7-11.

Wrong answers: (B) Egocentrism relates to perspective-taking, not conservation; (C) Sensorimotor is
birth-2 years; (D) Abstract reasoning is formal operational stage.

21. B - Formal operational abstract reasoning
Solving hypothetical problems about rearranging mountains (situations that don't currently exist) requires
formal operational thinking—abstract, hypothetical reasoning beyond concrete reality. Formal operational

individuals can systematically consider possibilities, think about potential scenarios, and reason about
abstract concepts.
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Wrong answers: (A) Preoperational is ages 2-7, earlier stage; (C) Sensorimotor is birth-2 years; (D)
Conservation is concrete operational, but hypothetical reasoning is formal operational.

22. A - Object permanence

Object permanence is understanding that objects continue to exist when out of sight. Infants who stop
searching for covered toys haven't developed this concept—"out of sight, out of mind." Object permanence
develops during sensorimotor stage (around 8-12 months), representing a major cognitive milestone.

Wrong answers: (B) Conservation develops in concrete operational stage; (C) Egocentrism is
preoperational limitation; (D) Abstract reasoning is formal operational.

23. C - Fundamental attribution error persisting despite situational evidence

Even when given clear situational information (hostile interviewer, loud room), 45% still blamed Mark's
personality. This demonstrates FAE—the tendency to overemphasize dispositional factors and
underemphasize situational factors when explaining others' behavior. The bias persists even when
situational information is explicitly provided, showing how robust and automatic FAE is.

Wrong answers: (A) Self-serving bias involves own successes/failures; (B) Actor-observer is about own
vs. others' behavior; (D) No cultural manipulation in this condition.

24. A - Actor-observer bias where people attribute their own behavior more to situations

When participants imagined themselves in Mark's situation, situational attributions increased. Actor-
observer bias describes attributing our own behavior to situational factors while attributing others'
behavior to dispositional factors. Taking Mark's perspective shifted participants from "observer" to "actor"

mode, increasing situational attributions consistent with how we explain our own behavior.

Wrong answers: (B) FAE decreased with perspective-taking; (C) Self-serving is about success/failure
valence; (D) No cultural manipulation.

25. D - Collectivistic cultural values reduce emphasis on personal dispositions

Japanese participants made fewer dispositional attributions than Americans. Collectivistic cultures
emphasize situational context, social roles, and relationships over individual dispositions. This cultural
difference moderates (but doesn't eliminate) FAE. Individualistic cultures emphasize personal agency and

traits, strengthening dispositional attribution tendencies.

Wrong answers: (A) FAE still occurred in Japanese participants, just less strongly; (B) While true, option
D more directly addresses the collectivism finding; (C) Both groups showed self-serving bias.

26. B - Greater awareness of situational constraints when one has privileged information

Interviewers knew they asked difficult questions (situational information), while observers lacked this
knowledge. Having privileged situational information made interviewers more likely to make situational
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attributions for candidate nervousness. This demonstrates that FAE is partly informational—observers
often lack awareness of situational constraints affecting behavior.

Wrong answers: (A) Self-serving involves own outcomes; this is about others' behavior; (C) FAE was
reduced but not eliminated; (D) Actor-observer can apply, but the key is informational difference.

27. C - His intelligence and skills (internal, stable factors)

Self-serving bias leads people to attribute successes to internal factors (enhancing self-esteem) and failures
to external factors (protecting self-esteem). For success, Mark would likely credit internal, stable factors
like intelligence and skills rather than external factors like luck. This attribution pattern maintains positive
self-image.

Wrong answers: (A) External attributions are made for failures, not successes; (B) Good preparation is
internal but less stable/global than intelligence; (D) External attribution doesn't fit self-serving bias for
success.

28. A - This bias is culturally universal despite other attribution differences

Both American and Japanese participants showed self-serving bias despite differing in FAE strength. This
suggests self-serving bias may be more universal than FAE—protecting self-esteem through biased
attributions appears across cultures. Cultural differences exist in attribution patterns, but some biases (like
self-serving) may reflect universal motivational processes.

Wrong answers: (B) Collectivist cultures showed self-serving bias too; (C) FAE strength varied by culture;
(D) Universal patterns exist alongside cultural variation.

29. D - Large-diameter fiber activity closing the gate by activating inhibitory interneurons

Rubbing skin activates large-diameter AP fibers carrying non-painful tactile information. According to
gate control theory, these fibers activate inhibitory interneurons in the dorsal horn that reduce transmission
of pain signals from nociceptive fibers to projection neurons. This "closes the gate," reducing pain
perception. This explains why rubbing a painful area provides relief.

Wrong answers: (A) Placebo effects involve expectations, not direct tactile stimulation; (B) Distraction is
cognitive, not explained by concurrent touch; (C) Large fibers close, not open, the gate through inhibitory
mechanisms.

30. B - Placebo effects involve endogenous opioid release
Naloxone is an opioid antagonist that blocks endogenous opioid receptors. The fact that naloxone
eliminated placebo analgesia demonstrates that placebo effects involve actual physiological

mechanisms—specifically, endogenous opioid release from expectation and belief. This shows placebo
effects aren't "just psychological" but engage real neurochemical pathways.
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Wrong answers: (A) Placebo has physiological components (opioid release); (C) Finding supports gate
control theory by showing descending modulation; (D) Result proves cognitive factors do influence pain
through physiological pathways.

31. A - Descending inhibitory pathways are activated by psychological and sensory factors

PAG activation during all pain reduction conditions (touch, distraction, placebo) indicates that descending
pathways from the brain modulate spinal pain transmission. Both sensory input (touch) and psychological
factors (distraction, expectation) engage these descending inhibitory pathways, demonstrating top-down
pain control mechanisms predicted by gate control theory.

Wrong answers: (B) Psychological factors clearly activated PAG; (C) PAG activation closes the gate
through descending inhibition; (D) Brain mechanisms are central to placebo effects.

32. C - Attentional and emotional factors modulate descending pain pathways

During competition, attention is focused on performance and emotions are elevated, activating descending
inhibitory pathways that suppress pain signals. Afterward, when attention and emotional arousal decrease,
descending inhibition reduces and pain emerges. This demonstrates how psychological context (attention,
emotion, motivation) powerfully modulates pain perception through gate control mechanisms.

Wrong answers: (A) Pain receptors aren't damaged—pain appears later; (B) Injury did occur; (D) Gate
control theory explains this phenomenon through context-dependent modulation.

33. D - Activating inhibitory interneurons that close the gate

TENS electrically stimulates large-diameter fibers (Af), mimicking the effect of rubbing. These fibers
activate inhibitory interneurons in the spinal cord that reduce pain signal transmission from small
nociceptive fibers. This directly applies gate control theory—non-painful stimulation closes the gate to
painful input.

Wrong answers: (A) TENS activates non-nociceptive fibers, not nociceptors; (B) TENS has physiological
mechanisms beyond placebo; (C) TENS closes, not opens, the gate.

34. B - Dopamine receptor blockade in nigrostriatal pathway controlling motor function
Extrapyramidal side effects (EPS) are motor symptoms (tremor, rigidity, bradykinesia) resembling
Parkinson's disease. The nigrostriatal dopamine pathway regulates motor function. Typical antipsychotics
block D2 receptors throughout the brain, including the nigrostriatal pathway, causing motor side effects.
Atypical antipsychotics have lower nigrostriatal blockade, producing fewer EPS.

Wrong answers: (A) Serotonin is relevant to atypicals' reduced EPS, but EPS result from dopamine
blockade; (C) Enhanced dopamine would worsen psychosis; (D) Glutamate isn't the primary EPS

mechanism.

35. C - Serotonin modulation contributes to treating negative symptoms
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Atypical antipsychotics block both D2 and 5-HT2A (serotonin) receptors and show better efficacy on
negative symptoms than typical antipsychotics (D2 only). This suggests serotonin modulation contributes
to treating negative symptoms. The serotonin-dopamine interaction may address aspects of schizophrenia
pathophysiology beyond mesolimbic dopamine hyperactivity.

Wrong answers: (A) Too simplistic—serotonin also plays a role; (B) Dopamine is relevant but insufficient
alone; (D) EPS don't cause negative symptoms—both are distinct phenomena.

36. A - Downstream neuroadaptive changes are necessary for symptom relief

Although D2 receptors are blocked immediately, symptom improvement takes weeks. This delay suggests
that immediate receptor blockade initiates downstream processes—receptor sensitivity changes,
neuroplasticity, altered gene expression—that require time to develop. The therapeutic effect requires
these neuroadaptive changes, not just acute receptor blockade.

Wrong answers: (B) Receptor blockade is necessary but not immediately sufficient; (C) Placebo doesn't
account for delayed effect with active drugs; (D) Hypothesis proposes excess, not deficiency.

37. D - Showing that increased dopamine activity intensifies positive symptoms

Amphetamines increase dopamine release and block reuptake, increasing dopaminergic activity. The fact
that this worsens psychotic symptoms (and can induce psychosis in healthy individuals) supports the
dopamine hypothesis by demonstrating that increased dopamine activity produces positive symptoms.
This provides converging evidence with antipsychotic effectiveness.

Wrong answers: (A) Amphetamines increase, not reduce, dopamine; (B) Amphetamines are agonists, not
antagonists; (C) Antagonism (blocking) treats psychosis—amphetamines do the opposite.

38. B - Psychological interventions address aspects not fully treated by dopamine modulation alone

CBT improving negative symptoms beyond medication indicates that dopamine modulation alone doesn't
fully address all schizophrenia symptoms. Psychological interventions targeting cognition, motivation,
and behavior provide additional benefit. This suggests schizophrenia involves complex psychosocial
factors beyond dopamine dysfunction.

Wrong answers: (A) Medication was effective but incomplete; (C) Negative symptoms respond to
psychosocial intervention; (D) Dopamine hypothesis has limitations—CBT's effectiveness shows it's
incomplete.

39. C - Structural and environmental factors contribute beyond individual behavior

After controlling for individual health behaviors (diet, exercise, smoking), significant health disparities
persisted (1.9x risk). This demonstrates that individual behavior doesn't fully explain disparities—
structural factors (neighborhood environment, healthcare access, discrimination, chronic stress) contribute
independently. Health outcomes reflect both individual choices and social contexts that constrain choices
and create differential exposures.
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Wrong answers: (A) Behaviors don't fully explain disparities; (B) SES clearly relates to health—
disparities persist; (D) Disparities exist in all nations.

40. A - Weathering hypothesis showing chronic discrimination accelerates health decline

Wait, answer key says A, but option D seems more complete. Let me check: "A. The weathering
hypothesis that discrimination causes premature biological aging" would be the weathering hypothesis
explanation. The earlier onset (35 vs 45 years) demonstrates premature aging—biological weathering from
chronic stress exposure.

Actually both A and D seem to describe weathering hypothesis. Let me provide the explanation for A as
listed:

40. A - Weathering hypothesis that discrimination causes premature biological aging

African Americans reporting high discrimination developed hypertension 10 years earlier than whites.
This supports the weathering hypothesis—chronic stress from discrimination causes accelerated
biological deterioration and premature health declines. The earlier disease onset demonstrates
"weathering" or premature aging from accumulated stress exposure, beyond chronological age effects.

Wrong answers: (B) Genetics alone can't explain discrimination-linked differences; (C) Evidence shows
discrimination clearly affects health; (D) This would also describe weathering, but A is listed as correct.

41. D - Chronic stress accelerates cellular aging processes

Telomeres are protective DNA sequences at chromosome ends that shorten with cell division. Shorter
telomeres independent of chronological age indicate accelerated cellular aging. The finding that
discrimination correlates with shorter telomeres demonstrates that chronic psychosocial stress has
biological consequences at the cellular level—literally accelerating aging processes beyond normal
chronological aging.

Wrong answers: (A) Cellular aging can occur independent of chronological aging; (B) & (C) Evidence
shows stress affects cellular aging; discrimination has biological effects.

42. B - Environmental context beyond individual control affects health

Neighborhood factors (pollution, food deserts, violence, greenspace) explained 30% additional variance
beyond individual behaviors. These are environmental exposures largely beyond individual control—
determined by socioeconomic position and structural factors. This demonstrates that health outcomes
reflect not just personal choices but also environmental contexts that differentially expose people to health

risks.

Wrong answers: (A) Individual choices matter but aren't the whole story; (C) Healthcare access clearly
matters per the passage; (D) Genetic factors don't explain social determinants effects.

43. C - Allostatic load from chronic stress producing physiological dysregulation
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Elevated inflammatory markers (CRP, IL-6) in low SES groups reflect allostatic load—cumulative
physiological wear from chronic stress. Persistent stress activates inflammatory pathways, contributing to
cardiovascular disease, diabetes, and other conditions. These biomarkers demonstrate how social stressors
"get under the skin" to create biological changes that mediate health disparities.

Wrong answers: (A) Chronic inflammation impairs, not improves, immune function and health; (B)
Inflammatory markers predict disease; (D) Social factors cause biological changes—not purely genetic.

44. A - Addressing structural and resource factors can reduce health inequalities

Wait, answer key says A but my option A says "Health disparities are immutable and cannot change"
which contradicts the intervention success. Let me check what the correct option should be...

The intervention succeeded in reducing disparities by 15%, demonstrating that addressing structural
factors (community health workers, improved resources) can reduce health inequalities. This shows
disparities aren't inevitable but can be reduced through social and environmental interventions.

Let me check my option D: "Addressing structural and resource factors can reduce health inequalities"—
this matches the finding. The answer key says A, but D seems correct. This appears to be an error. I'll
provide the explanation for the conceptually correct answer:

44. D - Addressing structural and resource factors can reduce health inequalities

The intervention providing community health workers and improved resources reduced health disparities
by 15% over 5 years. This demonstrates that health inequalities aren't fixed or inevitable—they can be
reduced through interventions addressing structural determinants (healthcare access, resources, social
support). This supports the social determinants framework showing that modifying social conditions can
improve population health outcomes.

Wrong answers: (A) Disparities changed with intervention; (B) Individual responsibility alone is
insufficient—structural changes were needed; (C) Genetic factors don't prevent intervention effects.

45. D - Hippocampus

The hippocampus is critical for consolidating new explicit (declarative) memories—facts and events.
Damage causes anterograde amnesia (inability to form new long-term explicit memories) while leaving
implicit memory and older memories relatively intact. Patient H.M. famously demonstrated this after
bilateral hippocampal removal.

46. B - Integrating emotional information into decision-making
Ventromedial prefrontal cortex (vmPFC) damage impairs decision-making despite intact reasoning (lowa
Gambling Task). The vimPFC integrates emotional/somatic signals into decisions through "somatic marker

hypothesis." Patients can reason logically but make poor real-world decisions because they can't use
emotional information to guide choices.
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47. C - Physiological arousal precedes and causes emotional experience

James-Lange theory proposes: stimulus — physiological response — perception of physiological response
— emotion. Physiological changes come first; interpreting these bodily changes creates emotional
experience. "We feel sorry because we cry, not cry because we feel sorry."

48. A - Groups have diverse perspectives and encourage dissent

Wait, answer key says A but that describes conditions that PREVENT groupthink. Let me check option
D: "Groups are highly cohesive with directive leadership and time pressure"—this describes conditions
promoting groupthink. The answer key says A, but D seems correct. I'll explain based on what actually
causes groupthink:

48. D - Groups are highly cohesive with directive leadership and time pressure

Groupthink occurs when: high cohesion, directive leadership, isolation, time pressure, and high stress lead
groups to prioritize consensus over critical evaluation. Groups suppress dissent, self-censor doubts, and
make poor decisions. Diverse perspectives and encouraged dissent prevent groupthink.

49. D - Persistent low mood, anhedonia, sleep disturbance, and feelings of worthlessness

Major depressive disorder (MDD) requires depressed mood or anhedonia plus additional symptoms
(sleep/appetite changes, fatigue, worthlessness/guilt, concentration problems, psychomotor changes,
suicidal ideation) for >2 weeks. Option D captures core and associated symptoms of MDD.

50. B - Fluent but meaningless speech with impaired comprehension

Wernicke's area (posterior temporal lobe) is critical for language comprehension. Damage causes
Wernicke's aphasia: fluent speech that lacks meaning ("word salad"), poor comprehension, unaware of
deficits. Contrasts with Broca's aphasia (nonfluent speech, intact comprehension).

51. C - Repeated exposure increases liking for neutral stimuli

Mere exposure effect: repeated exposure to neutral stimuli increases positive feelings toward them. Simple
familiarity breeds liking (not contempt). Explains preferences for familiar faces, music, words, etc.

52. C - Biological needs creating drives that organisms are motivated to reduce

Drive reduction theory (Hull): biological needs create aroused tension states (drives) that motivate
behavior to reduce the drive and restore homeostasis. Eating reduces hunger drive; drinking reduces thirst
drive.

53. A - People help more when alone than when in groups

Bystander effect: as group size increases, likelihood of any individual helping decreases. Diffusion of
responsibility, pluralistic ignorance, and evaluation apprehension inhibit helping in groups.
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54. D - Rapid eye movements, vivid dreams, and muscle atonia

REM sleep features: rapid eye movements, vivid dreams, brain activity similar to waking, muscle paralysis
(atonia—preventing dream enactment). Called "paradoxical sleep" because brain is active but body is
paralyzed.

55. B - Children develop gender schemas organizing information about gender-appropriate
behavior

Gender schema theory (Martin & Halverson): children develop cognitive schemas organizing information
about gender roles. These schemas guide attention, memory, and behavior regarding gender-appropriate
activities, influencing gender development through cognitive organization.

56. C - The minimum stimulus intensity detected 50% of the time

Absolute threshold is the minimum stimulus intensity that can be detected 50% of the time. It's a statistical
concept recognizing detection isn't all-or-none but probabilistic.

57. C - Conformity to social rules and concern for approval

Kohlberg's conventional level (Stages 3-4): moral reasoning based on conforming to social rules,
maintaining social order, and gaining approval. Follows social conventions and authority. Contrasts with
preconventional (consequences) and postconventional (universal principles).

58. A - Persistent excessive worry about multiple situations

Generalized anxiety disorder (GAD): excessive anxiety/worry about multiple domains (work, health,
finances, relationships) occurring more days than not for >6 months, plus associated symptoms
(restlessness, fatigue, concentration problems, muscle tension). Differs from specific phobias (limited to
specific stimuli).

59. C - Using the caregiver as a secure base for exploration and being comforted upon reunion
Secure attachment (Ainsworth's Strange Situation): infant uses caregiver as secure base for exploration,

shows distress when caregiver leaves, seeks and is comforted by caregiver upon reunion. Reflects trust in
caregiver availability and responsiveness.
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