3 AP Calculus BC — AP Exam Review Project —Free Response Problems 2 Group 6

Year & # 2017 2015 2014 2012 2007
1 4 6 2 3

National

5.00 4.40 3.10 5.07 2.84
Average
Type of Speed & Taylor
Problem Riemann Slope Field Taylor p Polar y .

Distance Maclaurin
h
Alh)
(square feet) 50.3 144 6.3 2.9

A tank has a height of 10 feet. The area of the horizontal cross section of the tank at height i feet is given by
the function A, where A(h) is measured in square feet. The function A is continuous and decreases as h
increases. Selected values for A(k) are given in the table above.

(a) Use a left Riemann sum with the three subintervals indicated by the data in the table to approXimate the
volume of the tank. Indicate units of measure.

(b) Does the approximation in part (a) overestimate or underestimate the volume of the tank? Explain your
reasoning.

{c) The area, in square feet, of the horizontal cross section at height i feet is modeled by the function f given

h}'f(ﬂ)=EnT

50.3
+h

. Based on this model, find the volume of the tank. Indicate units of measure.

(d) Water is pumped into the tank. When the height of the water is 5 feet, the height is increasing at the rate
of 0.26 foot per minute. Using the model from part (c), find the rate at which the volume of water is
changing with respect to time when the height of the water is 5 feet. Indicate units of measure.
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Consider the differential equation % =2x-y.

(a) On the axes provided, sketch a slope field for the given differential equation at the six points indicated.
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(b) Find ixj:: in terms of x and y. Determine the concavity of all solution curves for the given differential

equation in Quadrant II. Give a reason for your answer.

(c) Let y = f(x) be the particular solution to the differential equation with the initial condition f(2) = 3.
Does [ have a relative minimum, a relative maximum, or neither at x = 2 ? Justify your answer.

(d) Find the values of the constants m and b for which y = mx + b is a solution to the differential equation.

oo n
The Taylor series for a function f about x =1 is given by Z(—l}“l 2—(x —1)" and converges to f(x) for
i
n=1

|x —1| < R, where R is the radius of convergence of the Taylor series.
(a) Find the value of R.

(b) Find the first three nonzero terms and the general term of the Taylor series for f', the derivative of £, about
x=1

(c) The Taylor series for [’ about x = 1, found in part (b), is a geometric series. Find the function [’ to which
the series converges for |x — 1| < R. Use this function to determine f for |[x — 1| < R.
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For t 2 0, a particle is moving along a curve so that its position at time ¢ is (x(¢), ¥(z)). Attime ¢t = 2, the

particle is at position (1. 5). It is known that % - M "r' 2 and %
e

— sin’t.

(a) Isthe horizontal movement of the particle to the left or to the right at time ¢ = 2 ? Explain your answer.
Find the slope of the path of the particle at time ¢ = 2.

(b) Find the x-coordinate of the particle’s position at time ¢ = 4.

(¢) Find the speed of the particle at time ¢ = 4. Find the acceleration vector of the particle at time ¢t = 4.
(d) Find the distance traveled by the particle from time t = 2 to t = 4.

The graphs of the polar curves » = 2 and » = 3 + 2cos @ are shown in y

the figure above. The curves intersect when 6 = ETE and @ = ar

T
(a) Let R be the region that is inside the graph of » = 2 and also inside
the graph of » = 3 + 2cos 6, as shaded in the figure above. Find the —N

area of R. 0
(b) A particle moving with nonzero velocity along the polar curve given _/
by » = 3+ 2cos @ has position (x(z), y(¢)) at time ¢. with # = 0

dr dr

when ¢t = 0. This particle moves along the curve so that —

dt  de’

Find the value of &= at @ = g and interpret your answer in terms of the motion of the particle.

dt

(¢) For the particle described in part (b), % = % Find the value of % at @ = % and interpret your

answer 1n terms of the motion of the particle.
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