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Calculator Used _______________
Score _________________

15. Region K, in Quadrant III, is bordered by the curve 𝑟 𝑥 = −𝑥 % −
-.

&'
(

𝑥 & + 𝑥 + 3 and the

curve 𝑡 𝑥 = −2𝑥 & + 𝑥 + 2. Determine the exact area of region K. Include a sketch of region K,
(
justification for boundary points, correct definite integral, and the exact area calculation. (3 pts)

______________

16. Region M has borders 𝑦 = 2 𝑥, 𝑥 = 4, and the x-axis. Region M is rotated around the x-axis.
Determine the exact volume of the resulting solid of rotation. Include appropriate evidence to justify your
solution, including a complete and accurate definite integral. (4 pts)

________________________

17. Consider the function 𝑔 𝑥 = 2 cos 𝑥 𝑒 678 (;) .
= =
a) Calculate the average value of g, accurate to the nearest thousandth of a unit, on the interval − , .
& (
Include an appropriate definite integral. (3 pts)

______________
Thadeous calculated the average value of g on the interval [a,b], 0 < 𝑎 < 𝑏 < 2𝜋, and got an average
value less than 0. Thadeous was concerned that he had calculated a negative average value.
b) State values for a and b that would result in an average value less than 0. (1 pt) a: ______ b: ______
Lonnie was working with Thadeous. She said, “Look, here’s a function, y = h(x), whose domain is all real
numbers, and it can never have an average value less than 0. That’s amazing!”
c) State a function, y = h(x), for which Lonnie’s claim is true: (2 pts)

__________________________

18. Here are 8 integrals and a list of 10 possible approaches or strategies for integration. For each integral,
(A) through (H), select the most appropriate approach/strategy from the list (1) through (10). Write the
number of your selected approach/strategy in the blank in the left column. Note that some
strategies/approaches may be used more than once and some will not be used at all. (4 pts)
(1) Use u-substitution: u = 2x.
2𝑥 cos(𝑥 & ) sin(𝑥 & )𝑑𝑥

(A) _____

(A)

(B) _____

(B)

𝑥 & cos(𝑥)𝑑𝑥

(C) _____

(C)

cos(2𝑥)𝑑𝑥

(D) _____

(D)

(E) _____

(E)

4𝑒 ; 𝑥 % 𝑑𝑥

(F) _____

(F)

cos(𝑥) sin(𝑥)𝑑𝑥

(G) _____

(G)

5sin(𝑥)𝑒 IJ6(;) 𝑑𝑥

(H) _____

(H)

𝑒 ; 𝑥 ( 𝑑𝑥

𝑥 & + 4 cos(𝑥)𝑑𝑥

(2) Use u-substitution: u = x2.
(3) Use u-substitution: u = sin(x).
(4) Use u-substitution: u = cos(x).
(5) Use u-substitution: u = cos(x2).
(6) Use integration by parts: u = x2 and 𝑑𝑣 = cos(𝑥)𝑑𝑥.
(7) Use integration by parts: u = x4 and dv = ex dx.
(8) Use integration by parts: u = 4x3 and dv = exdx.
(9) Use integration by parts: u = x2 + 4 and 𝑑𝑣 = cos(𝑥)𝑑𝑥.
(10) Use integration by parts: 𝑢 = cos(𝑥) and 𝑑𝑣 = sin(𝑥)𝑑𝑥.

19. Here is some known information about a function and a claim Anton makes based on that given
information:
Given information: For some function 𝑦 = 𝑚(𝑥), there is exactly and only one location, call it x = k, at
which 𝑦 = 𝑚(𝑥) is not continuous.
Jan’s claim: At x = k, m cannot have a first derivative, that is, at x = k, m´ does not exist.
always true

(a) Is Anton’s claim always true, sometimes true, or never true? Circle one (1 pt): sometimes true
never true

(b) Explain and justify your response to (a). Be specific and precise. Include one or more examples
or counterexamples where appropriate. (2 pts)

BONUS! Provide complete and appropriate calculus-based evidence for your responses.
(A) The temperature of a soup is changing at a rate of 𝑟 𝑡 = 30𝑒 MN.(P degrees Celsius per minute,
where t is the time in minutes. At time t = 0, the temperature of the soup is 23° C.
(a) Based on the information provided here and conclusions you can draw from it, is this
soup: (i) in cold storage, (ii) at room temperature in a serving bowl, or (iii) in a pot over a
heated burner on the stove? Choose and explain! (1 pt)
(b) Rounded to 4 digits to the right of the decimal point, what is the soup’s temperature at
precisely 𝑡 = 5 minutes? (2 pts)

(B) R is the region in the first quadrant bounded by the graph of g. S is the region
in the first quadrant between the graphs of f and g, as shown here. The firstquadrant region bounded by the graph of f and the coordinate axes has an
area of 12.142 square units. The function g is defined by
𝑔 𝑥 = 𝑥 + 6 cos RS
and the function f is not explicitly given. The
T
graphs of f and g intersect at the point (4,0).
(i)

Determine the area of region S with 3-digit accuracy. (1 pt)

(ii)

Region R is the base for an art sculpture. At all points in R at a
distance x units from the y-axis, the height of the sculpture is
given by ℎ 𝑥 = 4 − 𝑥. Determine the volume of the art
sculpture, showing at least 4-digit accuracy to the right of the decimal point. (3 pts)
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Evaluation Criteria
Part I: No Calculators

30 points

Questions 1 through 10
1 pt each with no partial credit. No need to show any work on these.
Questions 11 through 14
5 pts each. Partial credit is possible. Show all steps leading to each solution. Be clear, complete, and
accurate. Use appropriate symbolism. For any definite integrals, carry out appropriate simplification.

Part II: Calculators Allowed

20 points

Question 15: 3 pts: Present a clear, complete, and accurate solution, including exact area (1 pt). Include
complete and appropriate definite-integral set up (1 pt) and justification for the locations of
the vertices of D (1 pt).
Question 16: 4 pts: Include a complete, accurate, and correctly symbolized integral expression (3 pts) and
the exact volume (1 pt).
Question 17: 6 pts (a) 3 pts: calculate the average value (1 pt); show integral (2 pts) as evidence;
(b) 1 pt: correct values for a and b; (c) 2 pts: a correct function written in appropriate format.
Question 18: 4 pts (1/2 pt each): Correct strategy stated for each integral. No partial credit.
Question 19: 3 pts
(a) 1 pt: correct choice from options.
(b) 2 pts: clear and accurate explanation for your choice in (a).
BONUS! Each solution requires appropriate evidence and justification.
(A) 3 pts: (a) 1 pt: correct choice and explanation; (b) 2 pts: soup temperature at t = 5 minutes, expressed
as described.
(B) 4 pts: (i) 1 pt: area of S, nearest thousandth of a unit; (ii) 3 pts: correct volume, expressed as
described.

