3 AP Calculus BC — AP Exam Review Project —Free Response Problems 2 Group 5

Year & # 2017 2015 2013 2011 2010
2 3 4 3 5

National

3.21 5.71 4.62 1.67 2.44
Average
Type of Bicycle Max Min Perimeter Euler’s Tayllor
Problem Polar Twice

Integral from Graph | & Volume Method . .
Differential
-

The figure ahove shows the polar curves r = f(8) = 1 + sin #cos(28) and r = g(#) = 2cos @ for

0=8= E. Let R be the region in the first quadrant bounded by the curve r = f(#) and the x-axis. Let § be

2

the region in the first quadrant bounded by the curve r = f(8), the curve r = g(@), and the x-axis.

(a) Find the area of K.

(b) Theray @ =k, where 0 < k < %, divides § into two regions of equal area. Write, but do not solve, an

equation involving one or more integrals whose solution gives the value of k.

{¢) Foreach @, 0= 0= %, lel w{@) be the distance belween the poinls with polar coordinates ({8}, @) and

4
(2(@), @). Write an expression for w(@). Find wy, the average value of w(@) over the interval ( < @ =

(d) Using the information from part (c), find the value of & for which w{8) = wy. Is the function w{8)

increasing or decreasing at that value of 8 7 Give a reason for your answer.

E.-
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I

(minutes)
v(r)

(meters per minute)

0 200 | 240 | -220 | 150

Johanna jogs along a straight path. For 0 <t < 40, Johanna’s velocity is given by a differentiable function v.
Selected values of v(f), where f is measured in minutes and v(t) is measured in meters per minute, are given in
the table above.

(a) Use the data in the table to estimate the value of v(16).

40
(b) Using correct units, explain the meaning of the definite integral .[u |¥()| dt in the context of the problem.

Approximate the value of _[:ﬂ| v(t)| dt using a right Riemann sum with the four subintervals indicated in the
table.
(c) Bob is riding his bicycle along the same path. For 0 < 1 < 10, Bob’s velocity is modeled by
B(t) = 1* = 61 + 300, where 1 is measured in minutes and B() is measured in meters per minute.
Find Bob’s acceleration at time { = 5.

(d) Based on the model B from part (c), find Bob’s average velocity during the interval 0 < ¢ < 10.

The figure above shows the graph of f, the derivative Y
of a twice-differentiable function f, on the closed interval
0 < x < 8. The graph of f* has horizontal tangent lines
at x =1, x =3, and x = 5. The areas of the regions
between the graph of " and the x-axis are labeled in the

figure. The function f is defined for all real numbers and
satisfies f(8) = 4. T

(8,5)

3.4

0 i T T T
(a) Find all values of x on the open interval 0 < x < 8 1 w
for which the function f has a local minimum. 1 P
Justi : o
ustify your answer Qg of f*

(b) Determine the absolute minimum value of f on the
closed interval 0 < x < 8. Justify your answer.

(¢) On what open intervals contained in 0 < x < § is the graph of f both concave down and increasing?
Explain your reasoning.

(d) The function g 1s defined by g(x) = (_}"[Jc]]3 If f(3)= —%= find the slope of the line tangent to the
graph of g at x = 3.
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Let f(x) = e’*. Let R be the region in the first quadrant bounded by the

graph of f, the coordinate axes, and the vertical line x = k, where '/k %
k > 0. The region R is shown in the figure above. (k =)
(a) Write, but do not evaluate, an expression involving an integral that

gives the perimeter of R in terms of k.
(b) Theregion R is rotated about the x-axis to form a solid. Find the L R

volume, V, of the solid in terms of k.

>
o
(¢) The volume ¥, found in part (b), changes as k changes. If % = %, k
. dV !
determine ar when k = 5
. . . . dy . . - .
Consider the differential equation e 1—y. Let y = f(x) be the particular solution to this differential

equation with the mitial condition f(1) = 0. For this particular solution, f(x) <1 for all values of x.

(a)

(b)

(c)

Use Euler’s method, starting at x = 1 with two steps of equal size, to approximate £(0). Show the work
that leads to your answer.

Find lim m Show the work that leads to your answer.
x—l x’ -1

aﬁ;

Find the particular solution y = f(x) to the differential equation —=— =1 — y with the initial condition

dx
f(1)=0.
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