2019 AP® CALCULUS BC FREE-RESPONSE QUESTIONS

2. Let S be the region bounded by the graph of the polar curve r(0) = 34/0sin (02) for 0 < 6 < J/x, as shown

in the figure above.
(a) Find the area of S.

(b) What is the average distance from the origin to a point on the polar curve r(6) = 3./6sin (02) for
0<6<rm?

(c) There is a line through the origin with positive slope m that divides the region S into two regions with
equal areas. Write, but do not solve, an equation involving one or more integrals whose solution gives the
value of m.

(d) For k > 0, let A(k) be the area of the portion of region S that is also inside the circle r = k cos 6. Find

lim A(k).

k—>o©

END OF PART A OF SECTION Il
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NO CALCULATOR IS ALLOWED FOR THESE QUESTIONS.

Graph of f

3. The continuous function f is defined on the closed interval —6 < x < 5. The figure above shows a portion of
the graph of f, consisting of two line segments and a quarter of a circle centered at the point (5, 3). It is
known that the point (3,3 — +/5) is on the graph of f.

5 -2
(a) If I_6 f(x) dx =7, find the value of L6 f(x) dx. Show the work that leads to your answer.

(b) Evaluate LS (2f'(x) +4) dx.

(c) The function g is given by g(x) = Ixz f(¢) dt. Find the absolute maximum value of g on the interval

—2 < x £ 5. Justify your answer.

. 107 —3f"(x)
(d) Find lim ———.
x—1 f(x) — arctan x
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Question 2

N .
(a) %J-O”(r(é’))2 dl = 3.534292 5. 1 : integral
" | 1 : answer
The area of S is 3.534.
1 N .
b =1. 1 : integral
(b) T 0.[0 r(0)do 579933 5. { integra
1 : answer
The average distance from the origin to a point on the curve
r=r(0) for 0 < 8 <~x is 1.580 (or 1.579).
(c) tanf = % =m = 60 =tan"'m 1 : equates polar areas
| ptan~m L1 V7 1 : inverse trigonometric function
5.[0 (r(0))* db = 3(5'[0 (r(0))? dej 3: applied to m as limit of
integration
1 : equation
(d) As k — oo, the circle » = kcos@ grows to enclose all points to 5. 1 : limits of integration
the right of the y -axis. " | 1 : answer with integral

lim A(k) = L[ (r(0))? a0

_ %J’:/z(w?sm(ez))z d6 = 3324
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