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1. Water is pumped into a tank at a rate modeled by W(t) = 2000¢* 2[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(t) are shown in the table above. At time
t = 0, there are 50,000 liters of water in the tank.

(@) 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 your 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 < ¢ < 8, is there a time ¢ 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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. The volume of a spherical hot air balloon expands as the air inside the balloon is heated. The radius qf the
balloon, in feet, is modeled by a twice-differentiable function 7 of time f, where ¢ is measured in minutes. For
0 <t < 12, the graph of r is concave down. The table above gives selected values of the rate of change, r'(f),
of the radius of the balloon over the time interval 0 < ¢ < 12. The radius of the balloon is 30 feet when £ = 5.

(Note: The volume of a sphere of radius r is given by V = %mﬁ.)

(a) Estimate the radius of the balloon when ¢ = 5.4 using the tangent line approximation at ¢ = 5. Is your
estimate greater than or less than the true value? Give a reason for your answer.

(b) Find the rate of change of the volume of the balloon with respect to time when ¢ = 5. Indicate units of
measure.

(c) Use aright Riemann sum with the five subintervals indicated by the data in the table to approximate

2 12
jﬂ r’(t) dr. Using correct units, explain the meaning of Jo r'(¢) dt in terms of the radius of the balloon.

12
(d) Is your approximation in part (c) greater than or less than Je r’(¢) dt ? Give a reason for your answer.
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4. Rocket A has positive velocity v(f) after being launched upward from an initial height of 0 feet at time ¢ = 0
seconds. The velocity of the rocket is recorded for selected values of ¢ over the interval 0 <t < 80 seconds, as

shown in the table above.

(2) Find the average acceleration of rocket A over the time interval 0 < ¢ < 80 seconds. Indicate units of

measure.

70
(b) Using correct units, explain the meaning of Jm ¥(t) dt in terms of the rocket’s flight. Use a midpoint

70
Riemann sum with 3 subintervals of equal length to approximate jm ¥(t) dt.

(¢) Rocket B is launched upward with an acceleration of a(t) = ‘[1‘3+—1 feet per second per second. Ai time

t = 0 seconds, the initial height of the rocket is 0 feet, and the initial velocity is 2 feet per sccond. Which of
the two rockets is traveling faster at time ¢ =

80 seconds? Explain your answer.
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2. A zoo sponsored a one-day contest to name a new baby elephant. Zoo visitors deposited entries in a special box
between noon (¢ = 0) and 8 P.M. (t = 8). The number of entries in the box ¢ hours after noon is modeled by a

differentiable function E for 0 < ¢ < 8. Values of E(t), in hundreds of entries, at various times ¢ are shown in
the table above.

(2) Use the data in the table to approximate the rate, in hundreds of entries per hour, at which entries were bein g
deposited at time ¢ = 6. Show the computations that lead to your answer.

. ) . 8
(b) Use a trapezoidal sum with the four subintervals given by the table to approximate the value of %.[0 E(t) dt.

8
Using correct units, explain the meaning of ~81~J.0 E(t) dt interms of the number of entries.

(c) At 8P.M., volunteers began to process the entries. They processed the entries at a rate modeled by the
function P, where P(t) = £ - 30¢% + 298¢ — 976 hundreds of entries per hour for § < ¢ < 12, According
to the model, how many entries had not yet been processed by midnight (¢ = 12)?

(d) According to the model from part (c), at what time were the entries being processed most quickly? Justify
your answer,



