AP Calculus AB ’19-20

Fall Final
Part 11

Do three of the following four problems.

Calculator Required

Name:




1. The rate at which people enter an auditorium for a rock concert is modeled
by the function R given by R(t) =1380¢* —675¢ for 0 <t < 2hours; R(?) is

measured in people per hour. No one is in the auditorium at time ¢ =0, when the
doors open. The doors close and the concert begins at time ¢=2.

a)  How many people are in the auditorium when the concert begins?

b)  Find the time when the rate at which people enter the auditorium is a
maximum. Justify your answer.




c) The total wait time for all the people in the auditorium is found by adding the
time each person waits, starting at the time the person enters the auditorium and
ending when the concert begins. The function w models the total wait time for all
the people who enter the auditorium before time ¢#. The derivative of w is given by

w’(t) = (2 — t)R(t). Find w(2) - w(l), the total wait time for those who enter the

auditorium after time ¢=1.

d) On average, how long does a person wait in the auditorium for the concert to
begin? Consider all people who enter the auditorium after the doors open, and use
the model for total wait time from part (c).




Distance x 0 60 120 180 240 300 360
Diameter 24 30 28 30 26 24 26
B(x)

2. A blood vessel is 360 millimeters (mm) long with circular cross-sections of

varying diameter. The table above gives the measurements of the diameter of the
blood vessel at select points along the length of the vessel, where x represents the
distance from the end of the vessel and B(x)is a twice-differentiable function that

represents the diameter of the blood vessel at that point.

a) Write and integral expression in terms of B(x) that represents the average
radius, in mm, of the blood vessel between x=0 and x=360.

b)  Approximate the value of your answer in part a) using the data from the
table and a Midpoint Riemann sum with three sub-intervals of equal length. Show
the computations that lead to your answer.




275 2

c) Using correct units, explain the meaning of J E[B(zx)] dx in terms of
125

the blood vessel.

d)  Explain why there must be at least two values of x, for 0 < x <360, such that
B’'(x)=0.




3. Below is the graph of f(x) = (21nx)sin(%xj, which is defined on

0<x<8. f(x) has horizontal tangent lines atx:%,g,and 6.
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Let 4=1, B=6,and C=14. A4, B, and C represent the areas between f(x) and

the x-axis. Let g(x) = Jle(t) dt.

a)  Find g(1)and g’(1)




b) On what intervals, if any, is g(x) increasing and concave down? Explain

your reasoning.

¢)  For xe(0, 8], find the value of x at which g(x) has an absolute minimum.

Justify your answer.

(d)  Write an expression for g”(x) and find g”(2).




f(x) be the

(3—y)cosx. Let y

dy _
dx

Consider the differential equation

4.

particular solution to the differential equation with the initial condition f(0)=1.

f(x) 1s defined for all real numbers.

The function y

(3—y)cosx is

dy _
dx

A portion of the slope field of the differential equation

a)

shown below. Sketch the solution curves through (—3, — 1) and (O, 1).
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b)  Write an equation for the line tangent to solution curve in part a) at the point
(0,1). Use the equation to approximate f(0.2).

¢)  Find y= f(x), the particular solution to the differential equation with the
initial condition f(0)=1.
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