AP FRQ Review: Riemann Sums

(Calculator Active)

Question 1

t (minutes) 0 - 9 15 20
W(t) (degrees Fahrenheit) | 55.0 57.1 61.8 67.9 71.0

The temperature of water in a tub at time ¢ is modeled by a strictly increasing, twice-differentiable function W,
where W(r) is measured in degrees Fahrenheit and 7 is measured in minutes. At time 7 = 0, the temperature of

the water is 55°F. The water is heated for 30 minutes, beginning at time ¢ = 0. Values of W () at selected
times ¢ for the first 20 minutes are given in the table above.

(a)

(b)

(c)

(d)

Use the data in the table to estimate W’(12). Show the computations that lead to your answer. Using correct

units, interpret the meaning of your answer in the context of this problem.

20 20
Use the data in the table to evaluate Jﬂ W’(t) dt. Using correct units, interpret the meaning of Ju W'(r) dt

in the context of this problem.

20
For 0 < ¢ < 20, the average temperature of the water in the tub is %L W(t) dr. Use a left Riemann sum

20
with the four subintervals indicated by the data in the table to approximate 2—10 . W(t) dt. Does this
approximation overestimate or underestimate the average temperature of the water over these 20 minutes?
Explain your reasoning.

For 20 <t < 25, the function W that models the water temperature has first derivative given by
W'(t) = 0.4 cos(0.067). Based on the model, what is the temperature of the water at time 1 = 25 ?



2) (Calculator)

x
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1

4
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Let f be a function that is twice differentiable for all real numbers. The table above gives values of f for
selected points in the closed interval 2 < x < 13.

(a) Estimate f'(4). Show the work that leads to your answer,

(b) Evalyate _[f(B—Sf’(x))d:c Show the work that leads to your answer,

{c) Use aleft Riemann sum with subintervals indicated by the data in the table to approximate I;af(x)dx
Show the work that leads to your answer.

(d) Suppose f°(5)=3 and f"(x) < 0 forall x in the closed interval 5 < x < 8. Use the line tangent to
the graph of f at x = 5 to show that f(7) < 4. Use the secant line for the graphof fon S< x<8 to

show that f(7) %.




3) (Non-Calculator)

Question 3

14
(minutes)

w(?)

(meters per minute)

0 12 20 24 40

0 200 | 240 | 220 | 150

Johanna jogs along a straight path. For 0 < ¢ < 40, Johanna’s velocity is given by a differentiable function v.
Selected values of v(¢), where ¢ 1s measured in minutes and v(¢) is measured in meters per minute, are given in
the table above.

(a) Use the data in the table to estimate the value of v'(16).
40
(b) Using correct units, explain the meaning of the definite integral jo [v(¢)| dt in the context of the problem.

Approximate the value of _[:n|v(r)\ dr using a right Riemann sum with the four subintervals indicated in the
table.
(c) Bob is riding his bicycle along the same path. For 0 < ¢ <10, Bob’s velocity is modeled by
B(t) = £ — 6t + 300, where 7 is measured in minutes and B(¢) is measured in meters per minute.
Find Bob’s acceleration at time ¢ = 5.

(d) Based on the model B from part (¢), find Bob’s average velocity during the interval 0 < < 10.



(Non-Calculator)

t
(years)

E

10

H(r)
(meters)

e

11

15

4. The height of a tree at time ¢ is given by a twice-differentiable function H, where H(r) is measured in meters
and r is measured in years. Selected values of H(r) are given in the table above.

(a) Use the data in the table to estimate H’(6). Using correct units, interpret the meaning of H’(6) in the

context of the problem.

(b) Explain why there must be at least one time 1, for 2 < 1 < 10, such that H'(r) = 2.

(c) Use a trapezoidal sum with the four subintervals indicated by the data in the table to approximate the
average height of the tree over the time interval 2 < r < 10.

100.
(d) The height of the tree, in meters, can also be modeled by the function G, given by G(x) = ﬁ , where
x is the diameter of the base of the tree, in meters. When the tree is 50 meters tall, the diameter of the
base of the tree is increasing at a rate of 0.03 meter per year. According to this model, what is the rate of

change of the height of the tree with respect to time, in meters per year, at the time when the tree is

50 meters tall?




