2014 AP® CALCULUS BC FREE-RESPONSE QUESTICS g
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Train A runs back ¢ th on an east-west section of railroad track. Train A’s veloci ¢ .
4. Train . A 1un's bZ}cA and fo1t'h‘ On an east-west road | 5 §lou S
per minute, is given by a differentiable function v,(r), where time ¢ is measured in m ; nutes. Selected values for
X . . 7 s fie
v, (#) are given in the table above.

(a) Find the average acceleration of train A over the interval 2 <7 < 8.

(b) Do the data in the table support the conclusion that train A’s velocity is =100 metes

' o - 'S per minute at some
time r with 5 <t <87 Give areason for your answer.

(¢c) Attme 7 = 2, train A’s position is 300 meters east of the Origin Station, and the Crainis g
Write an expression involving an integral that gives the position of train A, in metes 1
Station, at time 7 = 12. Use a trapezoidal sum with three subintervals indicated by
the positon of the train at time # = 12.

mnoving to the east.
from the Origin
e table to approximate

(d) A second train, train B, travels north from the Origin Station. At time ¢ the ve]ocu:s/ of train B is given by
; = _5/2 1 60t 2 mnd at i =9 ; : : T 4 )
vy (£) 517 + 607 + 25, and at time ¢ = 2 the train is 400 meters north of the sta Find the rate, in

meters per minute, at which the distance between train A and train B is changing < time 7 = 2
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2016 AP® CALCULUS AB FREE-RESPONSE QUESTIONS

CALCULUS AB
SECTION IL, Part A

Time—30 minutes
Number of problems—2

A graphing calculator is required for these problems.

t .
o 0 i 3 6 8
~R() 1340 | 1190 | 950 740 700
(liters / hour)

2
1. Water is pumped into a tank at a rate modeled by W(z) = 2000e™* /20 liters per hour for 0 < ¢ < 8, where ¢
is measured in hours. Water is removed from the tank at a rate modeled by R(¢) liters per hour, where R is

differentiable and decreasing on 0 < ¢ < 8. Selected values of R(¢) are shown in the table above. At time
t = 0, there are 50,000 liters of water in the tank.

(a) Estimate R’(2). Show the work that leads to your answer. Indicate units of measure.

(b) Use a left Riemann sum with the four subintervals indicated by the table to estimate the total amount of

water removed from the tank during the 8 hours. Is this an overestimate or an underestimate of the total
amount of water removed? Give a reason for your answer.

(c) Use ybur answer from part (b) to find an estimate of the total amount of water in the tank, to the nearest
liter, at the end of 8 hours.

(d) For 0 <t <38, isthere atime ¢ when the rate at which water is pumped into the tank is the same as the rate
at which water is removed from the tank? Explain why or why not.
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2012 AP® CALCULUS BE€ FREE-RESPONSE QUESTIONS

CALCULUS BC
SECTION II, Part A

Time—30 minutes
Number of problems—2

A graphing calculator is required for these problems.

¢ (minutes) 0 4 9 15 20
W () (degrees Fahrenheit) | 55.0 57.1 61.8 67.9 71.0

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

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

(a) 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
(b) Use the data in the table to evaluate J.o W’(z) dt. Using correct units, interpret the meaning of Io W'(t) dt
in the context of this problem.

20
(c) For 0 <t < 20, the average temperature of the water in the tub is % o W(z) dt. Use a left Riemann sum

20
with the four subintervals indicated by the data in the table to approximate 2—10 o W(z) dt. Does this

approximation overestimate or underestimate the average temperature of the water over these 20 minutes?
Explain your reasoning.

(d) For 20 < t < 25, the function W that models the water temperature has first derivative given by
W’(t) = 0.4/t cos(0.06¢). Based on the model, what is the temperature of the water at time ¢ = 25 ?
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2013 AP° CALCULUS AB FREE-RESPONSE QUESTIONS

CALCULUS AB
SECTIONII, Part B
Time—60 minutes
Number of problems—4

No calculator is allowed for these problems.

f )
(minutes) 0 ! - 3 4 > 6
Gle) 0 | 53|88 |11.2]128]138]145
(ounces)

3. Hot water is dripping through a coffeemaker, filling a large cup with coffee. The amount of coffee in the cup at
time t, 0 < r < 6, is given by a differentiable function C, where ¢ is measured in minutes. Selected values of

C(t), measured in ounces, are given in the table above.

(a) Use the data in the table to approximate C’(3.5). Show the computations that lead to your answer, and
indicate units of measure.

(b) Is there atime ¢, 2 £t < 4, at which C’(z) = 27 Justify your answer.
(c) Use a midpoint sum with three subintervals of equal length indicated by the data in the table to approximate

NG .
f C(1) dt in the context of the

6
_the value of éjo C(z) dt. Using correct units, explain the meaning of lo

problem.

(d) The amount of coffee in the cup, in ounces, is modeled by B(t) =16 — 1674, Using this model, find the
rate at which the amount of coffee in the cup is changing when t = 5. : '
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