A particle moves along the x-axis so that its velocity at time t, for [0, 5] is given by

v(t)=1n(¢* =3t +3) . The particle is at position x = 8 at time t = 0.

a) Find the acceleration of the particle att =4

b) Find all times t at which the particle changes direction. During which time intervals does the particle
travel to the left?

¢) Find the position of the particle att =2

d) Find the average velocity of the particle on the interval [0, 2]

e) Find the total distance traveled of the particle on the interval [0, 2]



A 12,000-liter tank of water is filled to capacity. At time t = 0, water begins to drain out of the tank at a rate
modeled by r(f), measured in liters per hour, where r is given by the piecewise-defined function
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for0<t<5

(a) Is r continuous at t = 5 7 Show the work that leads to your answer.
(b) Find the average rate at which water is draining from the tank between time f = 0 and time f = 8 hours.
(c) Find r’(3). Using correct units, explain the meaning of that value in the context of this problem.

(d) Write, but do not solve, an equation involving an integral to find the time A when the amount of water in
the tank is 9000 liters.



Two particles move along the x-axis. For 0 € t < 6, the position of particle P at time ¢ is given by
plt) = 2(:05(%!), while the position of particle R at time 1 is given by r(t) = £* — 6% + 91 + 3.
(a) For 0 £t < 6, find all times ¢ during which particle R is moving to the right.

(b) For 0 <t < 6, find all times ¢ during which the two particles travel in opposite directions.

(c) Find the acceleration of particle P at time f = 3. Is particle P speeding up, slowing down, or doing neither
at time ¢ = 3 ? Explain your reasoning.

(d) Write, but do not evaluate, an expression for the average distance between the two particles on the interval
1<1<3.



t |0|2|4|6(|8]|10]12
P(r)| 0|46 |53 | 57 [ 60| 62|63

The figure above shows an aboveground swimming pool in the shape of a cylinder with a radlus of 12 feet and a
height of 4 feet. The pool contains 1000 cubic feet of water at time ¢ = 0. During the time Interval 0 < ¢ <12

hours, water is pumped into the pool at the rate P(¢) cubic feet per hour. The table above glves values of P(t)
for selected values of ¢. During the same time Interval, water is leaking from the pool at the rate R(¢) cubic feet
per hour, where R(r) = 25¢ "% (Note: The volume ¥ of a cylinder with radius r and helght h Is given by

v = ar’h.)

(a) Use a midpoint Riemann sum with three subintervals of equal length to approximate the total amount of water

that was pumped into the pool during the time Interval 0 < ¢ <12 hours. Show the computations that lead to
YOUr answer.

(b) Calculate the total amount of water that leaked out of the pool during the time Interval 0 < ¢ <12 hours.

(c) Use the results from parts (a) and (b) to approximate the volume of water in the pool at time ¢ = 12 hours.
Round your answer to the nearest cubic foot.

(d) Find the rate at which the volume of water in the pool is Increasing at time ¢ = 8 hours. How fast is the water
level in the pool rising at ¢ = 8 hours? Indicate units of measure in both answers.



' 3
(seconds) " 10 |40 | 60
Bit) 100|136 | 9 |49
(meters)
w) 20 |23 25|46
(meters per second)

Ben rides a unicycle back and forth along a straight east-west track. The twice-differentiable function B models
Ben's position on the track, measured in meters from the western end of the track, at time f, measured in
seconds from the start of the ride. The table above gives values for B(r) and Ben’s velocity, v(t), measured in
meters per second, at selected times 1.

(a) Use the data in the table to approximate Ben’s acceleration at time ¢ = 5 seconds. Indicate units of measure.
60
(b) Using correct units, interpret the meaning of Io |v(t)| dt in the context of this problem. Approximate
60
Io |v(1)| dt using a left Riemann sum with the subintervals indicated by the data in the table.

(c) For 40 <t < 60, must there be a time t when Ben’s velocity is 2 meters per second? Justify your answer.
(d) A light is directly above the western end of the track. Ben rides so that at time #, the distance L(f) between

Ben and the light satisfies (L(1))’ = 12® + (B(1))’. At what rate is the distance between Ben and the light
changing at time ¢ = 40?7



t (minutes) 0 4 8 12 16
H(t) (°C) 65 68 73 80 90

. The temperature, in degrees Celsius (°C), of an oven being heated is modeled by an increasing differentiable

function H of time f, where ¢ is measured in minutes. The table above gives the temperature as recorded every
4 minutes over a 16-minute period.

(a) Use the data in the table to estimate the instantaneous rate at which the temperature of the oven is changing
at time ¢ = 10. Show the computations that lead to your answer. Indicate units of measure.

(b) Write an integral expression in terms of H for the average temperature of the oven between time f = 0 and

time t = 16. Estimate the average temperature of the oven using a left Riemann sum with four subintervals
of equal length. Show the computations that lead to your answer.

(c) Is your approximation in part (b) an underestimate or an overestimate of the average temperature? Give a
reason for your answer.

(d) Are the data in the table consistent with or do they contradict the claim that the temperature of the oven is
increasing at an increasing rate? Give a reason for your answer.



