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Ink color = the point it earns: Point 1 Point 2 Point 3

Problem 1 table · soup Intermediate Value Theorem

A pot of soup cools on a counter. Its temperature S(t), in °F, is a differentiable function of time t in minutes.
Selected values are in the table. Explain why there must be a time t, 4 < t < 15, at which the temperature of the
soup is 140°F.

t (minutes) 0 4 9 15 20
S(t) (°F) 190 172 150 131 124

earns
the point

Problem 2 formula · weather balloon Mean Value Theorem

A weather balloon has height h(t) = 12√t feet for 1 ≤ t ≤ 9, with t in minutes. Show that the hypotheses of the
Mean Value Theorem are met on 1 ≤ t ≤ 9, and find the time t that the theorem guarantees.

earns
the point
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Problem 3 formula · ride line (calculator) Extreme Value Theorem

The number of people in line for a ride is L(t) = 40 + 30t·e^(−t/3) for 0 ≤ t ≤ 8, with t in hours after the park opens.
At what time t, 0 ≤ t ≤ 8, is the line the longest? Justify your answer.

earns
the point

Problem 4 table · hiking trail (TWIST) Mean Value Theorem

A hiker's elevation E(t), in feet, is a twice-differentiable function of time t in hours. Selected values are in the table.
Explain why there must be at least one time t, 0 < t < 8, at which E′(t) = 150 feet per hour.

t (hours) 0 1 3 4 6 8
E(t) (feet) 2400 2500 2950 3150 3300 3100

earns
the point



AP Calculus AB  ·  Value Theorems AP Reader Simulation  ·  KEY page 3 of 8

Ink color = the point it earns: Point 1 Point 2 Point 3

Problem 5 formula · roller coaster Rolle's Theorem

A section of roller coaster track is modeled by h(x) = x³ − 6x² + 9x + 2 for 0 ≤ x ≤ 3 (h in meters, x in tens of
meters). Explain why there must be a point on this section, 0 < x < 3, where the track is level (h′(x) = 0). Then find
every such value of x.

earns
the point

Problem 6 table + formula · two particles (TWIST, calculator) Intermediate Value Theorem

Particle A has position xA(t) = 3 sin t + t. Particle B has position xB(t), a differentiable function; selected values
are in the table. Time t is in seconds. Is there a time t, 0 < t < 4, at which particles A and B are at the same
position? Explain why or why not.

t (seconds) 0 1 2.5 4
xB(t) 2 3.1 2.4 0.5

earns
the point
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Problem 7 formula · cubic (TWIST) Extreme Value Theorem

Let f(x) = x³ − 3x² − 9x + 5. Find the absolute maximum value and the absolute minimum value of f on the closed
interval −2 ≤ x ≤ 6. Justify your answers.

earns
the point

Problem 8 piecewise · find k Intermediate Value Theorem

f(x) = x² + 1 for x < 2, and f(x) = kx − 1 for x ≥ 2, where k is a constant. Find the value of k that makes f continuous
at x = 2. For that value of k, explain why there must be a value c, 0 < c < 3, such that f(c) = 4.

earns
the point
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Problem 9 table · rowing Rolle's Theorem

A rower's velocity v(t), in m/sec, is a differentiable function of time t in seconds. Selected values are in the table.
Explain why there must be a time t, 0 < t < 12, at which the rower's acceleration is 0.

t (seconds) 0 3 5 8 12
v(t) (m/sec) 1.2 2.8 3.4 2.8 1.9

earns
the point
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Problem 10 graph · two segments (TWIST) Mean Value Theorem

The graph of the continuous function g, made of two line segments, is shown for −3 ≤ x ≤ 5. Is there a value c, −3
< c < 5, such that g′(c) equals the average rate of change of g on −3 ≤ x ≤ 5? Justify your answer.

x

y

1

1

O

Graph of g

earns
the point
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Problem 11 table · how many solutions Intermediate Value Theorem

The function f is continuous on 0 ≤ x ≤ 8. Selected values are in the table. What is the fewest possible number of
solutions to f(x) = 2 on 0 ≤ x ≤ 8? Justify your answer.

x 0 2 3 5 8
f(x) −2 1 4 3 1

earns
the point

Problem 12 table · highway Mean Value Theorem

A car's distance from a toll plaza, s(t) miles, is a differentiable function of time t in hours. Selected values are in
the table. The speed limit is 65 mph. Explain why the car must have been going faster than the speed limit at
some time t, 0.5 < t < 0.8.

t (hours) 0 0.25 0.5 0.8
s(t) (miles) 0 16 34 55

earns
the point
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Problem 13 graph · cusp Rolle's Theorem

Let f(x) = x^(2/3). Its graph on −1 ≤ x ≤ 1 is shown. Notice that f(−1) = f(1), but there is no value c, −1 < c < 1, with
f′(c) = 0. Does this contradict Rolle's Theorem? Explain why or why not.

x

y

1

1

O

Graph of f(x) = x^(2/3)

earns
the point

Problem 14 formula · harbor tide (calculator) Extreme Value Theorem

The depth of water at a dock is D(t) = 18 + 5 sin(πt/6) − 0.4t feet for 0 ≤ t ≤ 12, with t in hours after midnight. Find
the minimum depth of the water at the dock for 0 ≤ t ≤ 12. Justify your answer.

earns
the point


