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2. Researchers on a boat are investigating plankton cells in a sea. At a depth of /& meters, the density of plankton
2
cells, in millions of cells per cubic meter, is modeled by p(h) = 0.2h2¢= 000251 ¢510 < 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 4 = 0 and
h = 30 meters?

o0
(c) There is a function u such that 0 < f(h) < u(h) for all A > 30 and I3O u(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 ¢ > 0, the position of the boat is (x(¢), y(¢)), where

x'(t) = 662sin(5¢) and y’(¢) = 880cos(6¢). Time ¢ is measured in hours, and x(¢) and y(z) are
measured in meters. Find the total distance traveled by the boat over the time interval 0 < ¢ < 1.

END OF PART A OF SECTION Il
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Graph of g

3. The graph of the continuous function g, the derivative of the function f, is shown above. The function g is

piecewise linear for —5 < x < 3, and g(x) = 2(x — 4)* for 3 < x < 6.

(a) If f(1) = 3, what is the value of f(—5) ?

6
(b) Evaluate L g(x) dx.

(c) For —5 < x < 6, on what open intervals, if any, is the graph of f both increasing and concave up? Give a
reason for your answer.

(d) Find the x-coordinate of each point of inflection of the graph of f. Give a reason for your answer.
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Question 2
(a) p'(25)=-1.179 5. 1 : answer
" | 1 : meaning with units
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) [, 3p(h)dh = 1675414936 5. [ 1:integrand
" | 1 : answer
There are 1675 million plankton cells in the column of water between
h =0 and & = 30 meters.
() .[3[; 3f(h) dh represents the number of plankton cells, in millions, in 1 : integral expression

the column of water from a depth of 30 meters to a depth of K meters. | > : ] | - compares improper integral
1 : explanation
The number of plankton cells, in millions, in the entire column of

o 30 K
water is given by J.o 3p(h) dh + .[30 3f(h) dh.

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

3% oy dn < 3wy dn < 3[7u(h) di = 3105 = 315
.[3of( ) dh < J30u( ) dh < .Lou( ydh =3 B ‘

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

1
(@) [ N(x'(0)) + (' (1) dr = 757.455862 [ 1:integrand
" | 1: total distance

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