AP Calculus AB
Review Week 6

Particle Motion, Differential Equations and the rest

Advanced Placement AAP Review will be held in room 315 and 312 on Tuesdays
and Thursdays.

The week of April 27th we will be reviewing Differential Equations.
The session will begin in room 315 with a brief review of the weekly topic.
Instruction will be from 3:00 pm to 3:15 pm

Once we have reviewed the topic you may begin practicing the questions in your
review packet. '

Answers will be posted in room 315 and 312 all week and will be posted on line
after 3:00 pm on Friday the week of review.

If you have difficulty with a question look at the detailed answer postings BEFORE
you ask your teacher for help.

Get a hint....DON’T COPY THE ANSWER!!! THAT IS NOT HELPFUL!!

When you have completed a question...REFLECT!!!! Ask yourself what skill you
used to solve that problem and write that down!!

Once we have completed the weekly review, keep it to study from as we get
closer to the exam.




Sesslon Notes

Suppose an object 15 moving along a straight line, such as the x-axis, so that its position x,
as a function of tine £, on that line is given by y=x(1).

Average velocify of the object over the time inferval f to ¢+ Af 15 given by
x(f + A — x({1) or change in position
Af ’ change in time

Instantaneons velocity of the object is the denivative of the position fimetion x(f) with
respect o time. v} =)

Speed is the absolute value of the velocity. Speed = |v(f)| =

it

Acceleration is the derivative of velocity with respect to time. a{f)=¥{}=x"{r)
[vindt=xify+e,

Q-a{z‘} dt=wf)+c

Total distance traveled from time =¥ fo =1, is given by

IDT = [ “Juip)|dr




Speeding Up or Slowing Down

If the velocity and acceleration have the same sign (hoth positive or both negative), then
speed 1z increasing. Ifan object’s velocity 1s —40 miles per hour and the objact
acoelerates —10 miles per hour per hour, the object iz speeding up.

If the welocity snd acceleration are opposite in sign (one is positive and the other iz
nagative), then speed 1s decreasing. I an object’s veloeity iz —40 miles per hour and the
object accelermtes 10 miles per hour per hor, the ohject i3 slowing down.

Sign Convention: When the object 1s moving in fhe right direction or meving upnward
then the velocity is posifive {Graph of welocity va. time 13 above the t axiz). When the
object iz moving in the left direction or moving dowmwward then the welocity iz negative,
A graphoof velocity vs. time 15 shown below.

Av

p

D v{+)a{-} Ohject 1z slowing down

2<td | w{-),a(-) | Object is speeding up

4808 | y{-),a(+) | Dbjectis slowing down

G<t<B | w{+),a{+) |Objectis speeding up




What vou need to know about motion along the yv-axis:

When von sees. ..

Initially

Af rest

At the origin
Velocity is positive
Welocity is nepgative

Average velocity (Given x{f))

Average velocity (Given wi))

Instantaneons velocity
Pasifive accelerafion
Negative acceleration

Speed

Total Distance Traveled

f=0

v{fy=0

x(fy=0

Particle is mowving right {or ug)
Partecle 15 mowving left (or down)

Change in position divided by
change in time

1 }lbl’( £} dt (The average value
bh—as

of the velocity fumction.)
Velocity af an exact moment
Velocity is increasing

Velocity 1s decreasing

b
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2008 Non Calculator

7. A particle moves along the x-axis with velocity given by v(f) = 3> +6¢ for time ¢ 2 0. If the
particle is at position x=2 at time 7= 0, what is the position of the particle at 7 =17

(A) 4 (B) 6 (©) 9 (D) 11 (E) 12

21. A particle moves along a straight line. The graph of the particle’s position x(f) at time ¢ is

shown above for 0« t< 6. The graph has horizontal tangents at =1 and # =35 and a point of
inflection at #=2, For what values of ¢ is the velocity of the particle increasing?

(A) O0<r<2
(By1<r<«5
(C) 2<t<6
(D) 3<t<5 only

(E)l<r<2 and 5<£<6




2
23, Which of the following is the solution to the differential equation d_}} =— with the initial
x ¥

condition y (3) =-27?
(A) J} — 28—9+.1‘3 i3

B) y=-26"7"

. 2x°
Q) y = —
(S 3

3
0) y= {514
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27. Showm above is a slope feld for which of the following differential equationg?
A @= iy
A =1
(B) dﬂ =X—¥
e

__.r— T )
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® L (x+1)

27. Slope field:




2008 Calculator

82. A particle moves along a straight line with velocity given by v(t)=7-{1 .iifllil:fr2 at time
f = {. What is the acceleration of the particle at time +=37

(A)-0014 (B) 0.055 (C) 5.486 (D) 6.086  (E)18.087

¥{£) -1 2 3 0 4

86. The table gives salected values of the velocity, v{t), ofa particle moving along the x-axiz,

At time £=10, the particle is at the origin. Which of the follewing could be the sraph of the
position, x(t), of the pasticle for 0xr =47

Ay xle) & xl
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24 A1
®




87, An object traveling in a siraight line bas position x(¢) af time f. Ifthe initial pozition iz

x{#) =2 and the velocity of the object is v(t) =41+, what is the position of the object at
time §=37

{A) 0431 &2 (O 4512 (Drasiz (EY 17408

q-*u.____‘

2003 Non Calculator

25. A particle moves along the x-axis so that at time ¢ 2 0 its position is given by x(t) = 2¢% — 21t* + 72¢ - 53.
At what time £ is the particle at rest?

(A) ¢ =1 only
(B) t =3 only

© t = only

o) r:Sandt:%

EB) t=3ands=4

2003 Calculator

76. A particle moves along the x-axis so that at any time ¢ 2 0, its velocity is given by v(t) = 3 + 4.1 cos(0.9).
What is the acceleration of the particle at time 7 = 47

(A) ~2.016 B) -0677 (© 1633 D) 1.814 (B) 2.978




&

83. The velocity, in f/sec, of a particle moving along the x-axis is given by the function v(t) = &’ + re'. What is the
average velocity of the particle from time # = 0 totime ¢t = 37

{A) 20.086 ft/sec
(B) 26.447 fifsec
{C) 32.809 ft/sec

(D) 40.671 fifsec
(B) 79.342 ft/sec

91. A particle moves aloxig the x-axis so that at any time ¢ > 0, i_ts aceeleration is given by a(r) = in(l + 2! ) Ifthe
velocity of the particle is 2 at time 7 = 1, then the velocity of the particle at time £ = 2 is |
- (A) 0.462 ®) 1.609 (C) 2.555 (D) 2.886 (B) 3.346




2013 Open Ended #1

1. On acertain workday, the rate, in tons per hour, at which unprocessed gravel arrives at a gravel processing plant
2
is modeled by G(t) = 90 + 45003({5), where f is measured in hours and 0 < 1 = 8. At the beginning of the

workday (£ = 0), the plant has 500 tons of unprocessed gravel. During the howrs of operation, 0 <t < 8, the
plant processes gravel at a constant rate of 100 tons per hour.

(@) Find G’(5). Using correct units, interpret your answer in the context of the problem.

(b) Find the total amount of unprocessed gravel that arrives at the plant during the hours of operation on this
workday.

(c) Is the amount of unprocessed gravel at the plant increasing or decreasing at time ¢ = 5 hours? Show the
work that leads to your answer.

(d) What is the maximum amount of unprocessed gravel at the plant during the hours of operation on this
waorkday? Justify your answer.




2. A particle moves along a straight line. For 0 < £ < 5, the velocity of the particle is given by

)6/5

v(t)y=-2+ (IZ +31)7° =13, and the position of the particle is given by s(f). It is known that 5(0) = 10.

(a) Find all values of ¢ in the interval 2 < r < 4 for which the speed of the particle is 2.

(b) Write an expression involving an integral that gives the position s(¢). Use this expression to find the
position of the particle at time f = 5.

{c) Find all times £ in the interval 0 <7 < 5 at which the particle changes direction. Justify your answer,

(d) Is the speed of the particle increasing or decreasing at time ¢ = 4 ? Give a reason for your answer.




6. Consider the differential equation d—; = e (3;\72 - 6x). Let y = f(x) be the particular solution to the

differential equation that passes through (1, 0).

(a) Write an equation for the line tangent to the graph of f at the point (1, 0). Use the tangent line to
approximate f(1.2).

(b) Find y = f(x), the particular solution to the differential equation that passes through (1, 0).




2012 Open Ended

6. For 0 <t <12, a particle moves along the x-axis. The velocity of the particle at time 1 is given by

v(f) = cos(%f). The particle is at position x = -2 attime ¢ = 0.

(a) For 0 < £ = 12, when is the particle moving to the left?

(b) Write, but do not evaluate, an integral expression that gives the total distance traveled by the particle from
time 1 =0 totime f = 6.

(¢) Find the acceleration of the particle at time 1. Is the speed of the particle increasing, decreasing, or neither at
time ¢ = 4 7 Explain your reasoning.

(d) Find the position of the particle at time ¢ = 4.




2014 AP® CALCULUS AE FREE-RESFONSE QUESTIONS

&, Consider the differential equation % = (3 —v}eosx Let y = f{x} be the particular solution ta the differential

equation with the initial condition f{0} = 1. The function f is defined for all real numbers,

(a) A portion of the shope field of the differential equation is given belew. Sketch the solution curve through the
point {0, 1)
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{bY Write an sguation for the line tangent fo the solution curve in par {a) at the point {§, 1}. Use the equation 1o
approximate f{0.2}.

{e] Find » = f{x), the particular solulion to the differential equation with the initiaf condition f{0} = 1.




