Line Motion Problems

For a great overview of this type of problem go to:
http://www.linmcmullin.net/PDF_Files/Line_Motion.pd

A particle moves along the x-axis so that its viog(t) at
time t seconds is given by(t) = 3(t - 2)(t - 6) where

O£t £8. Attimet =2, the position of the particle is
s(0) =3C

(A) Find a(t) and when, if ever, the acceleration is =0

(B) Describe the motion of the particle foi£ t £ 8.

(C) Finds(t)

(D) Find the displacement of the particle tifEt £ 8 and
find the total distance traveled fOrE t £ 8.

(E) Is the speed increasing or decreasing at timeecénds?



Graphing Problems

For a great overview of the typical graphing probigo to:
http://www.linmcmullin.net/PDF_Files/Graphing.pdf

The derivative of a functiorf Is given by
f'(x) = (x° - 2x)(cosx) for 0 £ x £ 2.

(A) Find the relative minimum value df(x). Justify your
answer.

(B) Find the x-value of any points of inflection tre graph
of f. Justify your answer.

(C) Find the x-value of the point at whidhattains an
absolute maximum value.



From:

http://www.collegeboard.com/prod_downloads/ap/stisfealculus/ap04_frq_calculus_ab_b.pdf
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Graph of f*

The figure above shows the graph of f'. the derivative of the function f, on the closed interval -1 < x = 5.

The graph of f* has horizontal tangent lines at x = 1 and x = 3. The function f is twice differentiable with
Ji(2) = a.

ia) Find the y-coordinate of each of the points of inflection of the graph of f. Give a reason for your answer.

ib) At what value of x does f attain its absolute minimum value on the closed interval =1 £ x = 57 At what

value of x does f attain its absolute maximum value on the closed interval =1 = x = 5 7 Show the analysis
that leads to your answers.

(c) Let g be the function defined by g{x) = xf(x). Find an equation for the line tangent to the graph of g
at x = 2.
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Graph of f

1. The graph of a differentiable function f on the closed interval [=3, 15] is shown in the figure above. The graph

of f has a horizontal tangent line at x = 6. Let g{x) =5+ J: Fltydt for =3 = x = 15

ia) Find gi6), g’(6), and g"i6).

(b} On what intervals is g decreasing? Justify your answer.

() On what intervals is the graph of g concave down? Justify your answer.

15
(d) Find a trapezoidal approximation of J ; fit)dt using six subintervals of length At = 3.



From:

http://apcentral.collegeboard.com/apc/members/igpgsal
culus ab 00.pdf
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_y=f(x)

3. The figure above shows the graph of f°, the derivative of the function f. for -7 < x £ 7. The graph of ' has
horizontal tangent lines at x = =3, x = 2, and x = 5, and a vertical tangent line at x = 3.

(a) Find all values of x, for =7 < x < 7, at which f attains a relative minimum. Justify your answer.

by Find all values of x, for =7 < x < 7, at which § attains a relative maximum. Justify your answer.
ic) Find all values of x, for =7 < x < 7, at which F"(x) < 0.

(d) At what value of x, for =7 = x = 7, does [ attain its absolute maximum? Justify your answer.



Riemann Sums and Trapezoid Rule

The following table gives the velocity in the vedi direction
(in ft/sec) of a rider on a Ferris Wheel at an aemsnt park.
The time,t, is measured in seconds after the ride starte Th
rider moves smoothly and the table gives the vdioiesne
complete revolution of the wheel.

t v (t)
Seconds Feet/second
0 0




S 1.6
10 2.7
15 3.1
20 2.7
25 1.6
30 0
35 -1.6
40 -2.7
45 -3.1
50 -2.7
95 -1.6
60 0

(A) During what interval of time is the acceleratinegative?
Justify your answer.

(B) What is the average acceleration during thet fi6
seconds of the ride?

(C) Find an estimate fa(10)



(D) Find the total distance traveled O£t £ 6C

(E) Show that there must be someé£ t £ 30 such that the
acceleration is equal to zero.

30
(F) Approximate v(t)dt and state whether it is an over- or
0

under-estimate of the actual value. [six intenadlequal
length]



30
(G) Approximate v(t)dt using the Trapezoid Rule. [Six

0
intervals of equal length]

Rate and Accumulation Problems [Most are like thady
Beach problem]

For a great overview go to:
http://www.linmcmullin.net/PDF Files/Rate - Accumatibn.pdf

From: http://apcentral.collegeboard.com/apc/public/rejmogib calculus ab frg 02 10316.pdf
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2. The number of gallons, Pit), of a pollutant in a lake changes at the rate P'(t) = 1 = 3¢ 0.2 gallons per day,

where ¢ is measured in days. There are 50 gallons of the pollutant in the lake at time ¢ = 0. The lake is
considered to be safe when it contains 40 gallons or less of pollutant.

(a) Is the amount of pollutant increasing at time + = 9 7 Why or why not?
(b) For what value of ¢ will the number of gallons of pollutant be at its minimum? Justify your answer.
(c) Is the lake safe when the number of gallons of pollutant is at its minimum? Justify your answer.

(d) An investigator uses the tangent line approximation to Pit) at + = 0 as a model for the amount of pollutant
in the lake. At what time ¢ does this model predict that the lake becomes safe?
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t Win
(days) (°C)
0 20
3 31
6 28
0 24
12 22
15 21

2. The temperature, in degrees Celsius (“C), of the water in a pond is a differentiable function W of time t.
The table above shows the water temperature as recorded every 3 days over a | 5-day period.

(a) Use data from the table to find an approximation for W(12). Show the computations that lead to your
answer. Indicate units of measure.

(b) Approximate the average temperature, in degrees Celsius, of the water over the time interval 0 < ¢ £ 15
days by using a trapezoidal approximation with subintervals of length Ar = 3 days.

= : . (=5/3) = .

(c) A student proposes the function P, givenby P(t) = 20 + 10te' ™", as a model for the temperature of
the water in the pond at time f, where ¢ is measured in days and P(#) is measured in degrees Celsius.
Find P’(12). Using appropriate units, explain the meaning of your answer in terms of water temperature.

From: http://apcentral.collegeboard.com/apc/public/refpogiap03_frg_calculus_ab__ 23063.pdf

Distance

x 0 60 | 120 | 180 | 240 | 300 | 360
(mm)
Diameter

Bix) 24 30 28 30 26 24 26
(mim)

3. 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 selected points along the length of the blood
vessel, where x represents the distance from one end of the blood vessel and B(x) is a twice-differentiable
function that represents the diameter at that point.

(a) Write an 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 from part (a) using the data from the table and a midpoint Riemann
sum with three subintervals of equal length. Show the computations that lead to your answer.

a

20 By 2
: . . . . f Bi(x) . .
(c) Using correct units, explain the meaning of rc( | =] dx in terms of the blood vessel.
J125t /

(d) Explain why there must be at least one value x, for 0 < x < 360, such that B"{x) = 0.



Differential equations, implicit differentiationelated rates,

and slope fields

For a great overview go to:
http://www.linmcmullin.net/PDF Files/Differential daations.pdf

From:
http://apcentral.collegeboard.com/apc/public/rejpogiap03 frg calculus ab 23063.

pdf










Given the curve?5x® +8x- 16y° - 4y = 9show
dy 25x+4
dx 16y+2

that

Find the point(s) where the curve has either acadror a
horizontal tangent.



Volume/Area Problems
See our website for a large collection of these

Sometimes, the AP will ask about continuity and
differentiability or the always popular “limit”. &0 be
prepared to be able to use and justify the Meané/al
Theorem, the Intermediate Value Theorem, the Exd¢rem
Value Theorem, use a tangent line to approximate a
function’s value, Rolle’s Theorem, find an average of
change, and find an average value [yes, they #eraht!].

Our webpage has numerous links to notes, problprastice
tests with solutions, ...



