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2. Researchers on a boat are investigating plankton cells in a sea. At a depth of 4 meters, the density of plankton
2
cells, in millions of cells per cubic meter, is modeled by p(h) = 0.2h2%~ 002" £51 0 < h < 30 and is
modeled by f(h) for h = 30. The continuous function f is not explicitly given.

(a) Find p’(25). Using correct units, interpret the meaning of p’(25) in the context of the problem.

(b) Consider a vertical column of water in this sea with horizontal cross sections of constant area 3 square
meters. To the nearest million, how many plankton cells are in this column of water between i = 0 and
h = 30 meters?

(c

~

0
There is a function « such that 0 < f(h) < u(h) for all h > 30 and I30u(h) dh = 105. The column of
water in part (b) is K meters deep, where K > 30. Write an expression involving one or more integrals
that gives the number of plankton cells, in millions, in the entire column. Explain why the number of
plankton cells in the column is less than or equal to 2000 million.
(d) The boat is moving on the surface of the sea. At time 7 > 0, the position of the boat is (x(¢), y(¢)), where

x'(r) = 662sin(5¢) and y’(r) = 880cos(67). Time ¢ is measured in hours, and x(¢) and y(t) are
measured in meters. Find the total distance traveled by the boat over the time interval 0 < ¢ < 1.

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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(@) p'(25)=-1.179

At a depth of 25 meters, the density of plankton cells is changing at a
rate of —1.179 million cells per cubic meter per meter.

30
(b jo 3p(h) dh = 1675.414936

There are 1675 million plankton cells in the column of water between
h =0 and & = 30 meters.

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

: answer
: meaning with units

: integrand
: answer
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K
(c) .[30 3f(h) dh represents the number of plankton cells, in millions, in

the column of water from a depth of 30 meters to a depth of K meters.

The number of plankton cells, in millions, in the entire column of
L 30 K
water is given by Io 3p(h) dh+ LO 3f(h)dh.

Because 0 < f(h) < u(h) forall h > 30,

K K
3]'30/'(},) dh < 3Lou(h) dh < 3j:§u(h) dh =3-105 = 315.

The total number of plankton cells in the column of water is bounded
by 1675.415 + 315 = 1990.415 < 2000 million.

@ L; (' (1) + (/1)) drt = 757.455862

The total distance traveled by the boat over the time interval 0 <7 <1
is 757.456 (or 757.455) meters.

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

3:

1 : integral expression
1 : compares improper integral
1 : explanation

| 1:integrand
" | 1: total distance
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Part (a)

Find p/(25)

p(1)em0.2- 42 £70-0025° K2 S
d -1.17906
= =2

= ())pr=25

d

— h

(b))

2
(0.4- #-0.001- h3)- (0.997502)"
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Part (b)

and Problem

30
/ 3p(h) dh = 1675.414936
0

1.1 ]2

|

30

(2 p(n))ar
0

*bhe2 <

rap {1 B3

[
1675.41
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Example 1 Plankton Variants

At a depth of h meters, the density of plankzton cells, in millions of cells per cubic
meter, is modeled by p(h) = 0.2h2e0-0025"" for 0 < h < 30 and is modeled by
f(h) for h > 30.

(a)
(b)

(c)

Find the maximum density of plankton cells for 0 < h < 30.

Consider a vertical column of water in this sea with horizontal cross sections
of area mv/h at depth h. To the nearest million, how many plankton cells are
in this column of water between h = 0 and h = 307

Using the vertical column of water described in part (b), find the value of d
such that the number of plankton cells in the column of water from a depth
of h =0 to h =d is 6000 million.

Consider a vertical column of water in this sea with horizontal cross sections

of constant area 3 square meters. Suppose the function f is given by

h :
f(h) = — - p(h). To the nearest million, how many plankton cells are in this

column of water between h = 0 and h = 60 meters?

v
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Part (d)

/ VP T OF dt = 757455862
0

xp(8):=662- sin(5- ¢) . )
yp(1):=880- cos(6- 2) Pone
! 757.456
(D) *+0p(0)* ar
0
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Example 2 Arc Length
Graph the curve described by the parametric equations and find its length.
(@) z=t—e', y=¢€/3 0<t<3

(b) z =2sintlogt, y=etcost, 0<t<3

i3 TExAs INSTRUMENTS



2018 AP~ Calculus Exam

education.ti.com

i3 TExAs INSTRUMENTS



	2018 APmath text inlined[fg]math text inlinedfgmath text inlined[fg]math text inlinedfg® Calculus Exam
	BC-2: Outline
	BC-2: FRQ
	BC-2: Scoring Guidelines
	BC-2: Technology Solutions and Problem Extensions
	TI Website


