Tl in Focus: AP® Calculus
2018 AP® Calculus Exam: BC-5
Technology Solutions and Problem Extensions

Stephen Kokoska
Professor, Bloomsburg University
Former AP® Calculus Chief Reader

*AP is a registered trademark of the College Board, which was .
not involved in the production of, and does not endorse, this product. i3 TExAs INSTRUMENTS



2018 AP® Calculus Exam

Outline

(1) Free Response Question
(2) Scoring Guidelines

(3) Solutions using technology
(4) Problem Extensions

i3 TExAs INSTRUMENTS



2018 AP~ Calculus Exam

y

5. The graphs of the polar curves r = 4 and r = 3 + 2cos 6 are shown in the figure above. The curves intersect

5
at9=§and9=?ﬂ‘

(a) Let R be the shaded region that is inside the graph of r = 4 and also outside the graph of » = 3 + 2cos 6,
as shown in the figure above. Write an expression involving an integral for the area of R.

(b) Find the slope of the line tangent to the graph of r = 3 + 2cos 8 at 8 = %

Source: 2018 AP Calculus AB and BC Free-Response Questions
Copyright (© 2018 The College Board.
Reproduced with permission. http://apcentral.collegeboard.com.
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(c) A particle moves along the portion of the curve » = 3 + 2cos 6 for 0 < 6 < —. The particle moves in
such a way that the distance between the particle and the origin increases at a constant rate of 3 units per
second. Find the rate at which the angle 6 changes with respect to time at the instant when the position

. T . .
of the particle corresponds to 6 = 3 Indicate units of measure.

Source: 2018 AP Calculus AB and BC Free-Response Questions
Copyright (© 2018 The College Board.
Reproduced with permission. http://apcentral.collegeboard.com.
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(a) Area = 3

ar _ 5 dr
(b) 0° 2sin @ =

fg)-

y=rsinf = % =%sin9+rcos6
- dx _ dr ~rsi
x=rcosf = 10° dgcose rsin @
. (7 T
dy _ dy)do _ —251n(5) + 3003(5)
dxlg_z/2 dx/do 0=7/2 —ZCOS(%) - 3sin(

atH:%isf.

J':/”3/3(42 ~(3+2c0s0)) do

dr

O=r/2

T —
+ 2005(5) =3

de

2
3

Source: 2018 AP Calculus AB and BC Free-Response Questions
Copyright (© 2018 The College Board.

Reproduced with per:

mission. http://apcentral.collegeboard.com.

2

) 3

The slope of the line tangent to the graph of r = 3 + 2cos 6

: constant and limits

: integrand

Sy _dr

.de—d0s1n9+rc059
dx _ dr e

orﬁ—d‘)cosa rsin @

dy ﬂsiné’ + rcos @

4 _ do
dx  dr .
76°% 0 —rsin@
: answer
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Part (b) Alternate Solution

y=rsind =(3+2cosf)sinf = % =3cos 0 + 2cos’ @ — 2sin’ 0

x=rcosf =(3+2cosf)cosf = % = —3sin @ — 4sin 6 cos

i3 2 .o’
~ 3005(5)+2005 (5) 2sin (7) ~

o-r2 _asinZ) — asin(Z) cos(Z)
/ 3sm(2) 4sm(2)cos(2)

dy _dy/do

dvp_yy  dx[dO

2
3

The slope of the line tangent to the graph of r = 3 + 2cos 6

-T2
at 0 = 5 Is 3
dr_dr dO0 _ 5. 9.40 _ d0 _dr 1
© G =ao a7 w D w T d sme
49 = ‘;:i:—«ﬁ radians per second
it \o-y3 —25in(£) -3
3

Source: 2018 AP Calculus AB and BC Free-Response Questions
Copyright (© 2018 The College Board.
Reproduced with permission. http://apcentral.collegeboard.com.
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Ldr_dr do
Tdt T dO dt
Ao _dr 1
“dt  dt -2sin@

: answer with units
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P NACN NS  BC-5: Technology Solutions and Problem
Part (a)

Integral expression for the area of R.

1 57‘{'/3
/ [42 — (3 + 2cos0)?] df

/3
JEER beS
4.67 Ty
1
_7 J
Bryoe r2(8)=3+2- cos(s) 6
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Example 1 Other Regions
The graphs of 7 = 4 and r = 3 4+ 2 cos 8 are shown in each figure. The curves

5
intersect at § = — and § = “. Find the area of the region Ry and the area of

the region Rs.

Ry
Ry

o
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P NACN NS  BC-5: Technology Solutions and Problem
Part (b)

Slope of the tangent line to the graph of r =3 + 2cosf at § = g

x(t):=(3+ 2- cos(l))- cos(l) Done
]«'(I):=(3+2- cos(!))- sin(i‘) Done
d 2
;(Y(f)) |I=£ ;
d 2

;(X(r))
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Example 2 Tangent Lines
Consider the curve described by the polar equation 7 = 3 4+ 2 cos 6.

(a) Find the slope of the tangent line to the curve when 6 = T

(b) Find the points on the curve where the tangent line is horizontal or vertical.

3
1.67%y

=y

-7 1

rl(8)=3+2- cos(&) .
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Part (c) Solution
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g

0=m/3 . —2sin (%) —\/§

dr _dr df Chain Rul

at ~ do di s
do

= —2sinf - % Compute gg.

g dr 1 Solve for 4¢

At~ dl  —2sing ove e ar
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P NACN NS  BC-5: Technology Solutions and Problem

Example 3 Related Rates

(a) At noon, ship A is 120 km east of ship B. Ship A is sailing west at 30 km/h
and ship B is sailing south at 25 km/h. How fast is the distance between the
ships changing at 3:00 pm?

(b) A particle moves along the curve y = 2 cos (%) As the particle passes

through the point (%,v/3), its z-coordinate decreases at a rate of 5 cm/s.
How fast is the distance from the particle to the origin changing at this
instant?
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