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1. Water is pumped into a tank at a rate modeled by W(r) = 2000e /2 liters per hour for 0 < 1 <8, where 1
is measured in hours. Water is removed from the tank at a rate modeled by R(r) liters per hour, where R is
differentiable and decreasing on 0 < 1 < 8. Selected values of R(r) are shown in the table above. At time
=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 § hours. Is this an overestimate or an underestimate of the total
‘amount of water removed? Give a reason for your answer.

(€) 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 § hours.

(d) For 0< 1 <8, is there atime 1 when the rate at which water is pumped into the tank s the same as the rate:
at which water is removed from the tank? Explain why or why not.




image5.png
4-4) 8,-4) (12,-4)

Graph of f
3. The figure above shows the graph of the piecewise-linear function f. For —4 < x < 12, the function g is defined
by ¢(x) = [} 70 dr.

(@) Does ¢ have a relative minimun, a relative maximum, or neither at x = 10 ? Justify your answer.

(b) Does the graph of ¢ have a point of inflection at x = 4 ? Justify your answer.

() Find the absolute minimum value and the absolute maximum value of ¢ on the interval —4 < x < 12.
Justify your answers.

(d) For ~4 < x <12, find all intervals for which g(x) < 0.
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The functions f and g have continuous second derivatives. The table above gives values of the functions and
their derivatives at selected values of .

@ Let k(x) = f(g(x)). Write an equation for the line tangent to the graph of & at x

) g i),

) Let () = 555

(¢) Evaluate jl' 7(2x) d.
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Graph of f*

‘The figure above shows the graph of f, the derivative of a twice-differentiable function /; on the interval
[-3.4]. The graph of f” has horizontal tangents at x = =1, x = L and x = 3. The arcas of the regions
‘bounded by the x-axis and the graph of f” on the intervals [2, 1] and [1, 4] are 9 and 12, respectively.

(a) Find all x-coordinates at which f has a relative maximum. Give a reason for your answer.

(b) On what open intervals contained in ~3 < x < 4 is the graph of f both concave down and decreasing?
Give a reason for your answer.

() Find the x-coordinates of all points of inflection for the graph of f. Give a reason for your answer.
(@) Given that /(1) = 3, write an expression for f(x) that involves an integral. Find f(4) and f(~2).
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‘The function  is defined on the closed interval [5. 4]. The graph of / consists of three line segments and is
shown in the figure above. Let g be the function defined by ¢(x) = [* 7(1)dr.

(@ Find ¢(3).

(b) On what open intervals contained in =5 < x < 4 is the graph of ¢ both increasing and concave down?
Give a reason for your answer.

() The function  is defined by h(x) = % Find '(3).

(d) The function p is defined by p(x) = /(" -
point where x = ~1.

. Find the slope of the line tangent to the graph of p at the
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Train A runs back and forth on an east-west section of railroad track. Train A’s velocity, measured in meters
per minute, is given by a differentiable function v, (1), where time 1 is measured in minutes. Selected values for
V(1) are given in the table above.

(a) Find the average acceleration of train A over the interval 2 < 1 < 8.

(b) Do the data in the table support the conclusion that train A’s velocity is ~100. meters per minute at some
time 1 with 5 <1 <8? Give a reason for your answer.

(¢) Attime £ =2, train A’ position is 300 meters east of the Origin Station, and the train is moving to the east.
Write an expression involving an integral that gives the position of train A, in meters from the Origin
Station, at time 1 = 12. Use  trapezoidal sum with three subintervals indicated by the table to approximate
the position of the train at time 1 = 12.

(d) A second train, train B, travels north from the Origin Station. At time 1 the velocity of train B is given by
vg(r) = =517 +60r + 25, and at time 1 = 2 the train is 400 meters north of the station. Find the rate, in
‘meters per minute, at which the distance between train A and train B is changing at time 1 = 2.
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Hot water is dripping through a coffeemaker, filling a large cup with coffee. The amount of coffee in the cup at
time 1, 0 < 1 < 6, is given by a differentiable function C, where ¢ is measured in minutes. Selected values of
C(r). 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) Ts there a time 1, 2 < 1 < 4, at which C*(z) = 2? Justify your answer.

(¢) Use a midpoint sum with three subintervals of equal length indicated by the data in the table to approximate
the value of 6'[:c(:) dr. Using correct units, explain the meaning of %I:C(I) dt in the context of the
problem.

(d) The amount of coffee in the cup, in ounces, is modeled by B(r) = 16 = 16e™*. Using this model, find the
rate at which the amount of coffee in the cup is changing when 1
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‘The temperature of water in a tub at time 1 is modeled by a strictly increasing, twice-differentiable function W,
where W(1) is measured in degrees Fahrenheit and 1 is measured in minutes. At time 1 = 0, the temperature of
the water is 55°F. The water is heated for 30 minutes, beginning at time £ = 0. Values of W(r) at selected
times 1 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.

(b) Use the data in the table to evaluate: J':’W'(l) di. Using correct units, interpret the meaning of J':’W'(l) @
in the context ofthis problern.

(c) For 0 1 <20, the average temperature of the water in the tub is %J’:’w(‘) dr. Use a left Riemann sum

‘with the four subintervals indicated by the data in the table to approximate % :’w(.) dt. Does this

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

(d) For 20 < 1 < 25, the function W that models the water temperature has first derivative given by
W(z) = 047 cos(0.061). Based on the model, what is the temperature of the water at time 1 = 257
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As a pot of tea cools, the temperature of the tea is modeled by a differentiable function H for 0 < 1 < 10, where
time ¢ is measured in minutes and temperature H (r) is measured in degrees Celsius. Values of H(r) at selected
values of time 1 are shown in the table above.

(a) Use the data in the table to approximate the rate at which the temperature of the tea is changing at time
1=3.5. Show the computations that lead to your answer.

10
(b) Using correct units, explain the meaning of % [, H(1)dr in the context of this problem. Use a trapezoidal

sum with the four subintervals indicated by the table to estimate

1 )‘;"H(.) ar.

10

(©) Evaluate [} H'(t) dr. Using correct units, explain the meaning of the expression in the contextof this
problem.

(d) Attime 1 = 0, biscuits with temperature 100°C were removed from an oven. The temperature of the
biscuits at time 1 is modeled by a differentiable function B for which it is known that

B(r) = —13.84¢™"'™_ Using the given models, at time 1 = 10, how much cooler are the biscuits than
the tea?
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Let f be the function defined by f(x) = cos(2x) + €™ *.

Let ¢ be a differentiable function. The table above gives values of g and its derivative g’ at selected values.
of x.

Let h be the function whose graph, con:

ing of five line segments, is shown in the figure above.

(a) Find the slope of the

 tangent to the graph of fat x = 7.
(b) Let k be the function defined by k(x) = h(f(x)). Find k’(x).
(©) Let m be the function defined by m(x) = g(~2x) - h(x). Find m'(2).

(d) Is there a number c in the closed interval [ 5.

3] such that g’(c) = —4 ? Justify your answer.
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The function / is differentiable on the closed interval [—6, 5] and satisfies f(—2) = 7. The graph of ”, the
derivative of f, consists of a semicircle and three line segments, as shown in the figure above.

() Find the values of f(—6) and (5).
(b) On what intervals is f increasing? Justify your answer.
(¢) Find the absolute minimum value of £ on the closed interval [—6, 5]. Justify your answer.

(d) Foreach of £”(~5) and f”(3). find the value or explain why it does not exist.
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A tank has a height of 10 feet. The area of the horizontal cross section of the tank at height  feet is given by
the function A, where A(h) is measured in square feet. The function A is continuous and decreases as
increases. Selected values for A(k) are given in the table above.

(2) Use aleft Riemann sum with the three subintervals indicated by the data in the table to approximate the
volume of the tank. Indicate units of measure.

(b) Does the approximation in part (a) overestimate or underestimate the volume of the tank? Explain your
reasoning.

() The area, in square feet, of the horizontal cross section at height /i feet is modeled by the function f given

»ym):%, Based on this model, find the volume of the tank. Indicate units of measure.

Dy

(&) Wateris pumped nto th tank. When the height o the wateri 5 fee,the heght i ncreasing at th rate
of 0.26 oot per minute. Using the model from part (0, find the rat at which the volume of wateris
changing with espect 0 time when the heightof the watr s feet. Idicate units of measure.




