Topic 1: Particle Motion
Particle moving on a line

These questions may give the position equation, the velocity equation or the acceleration
equation along with an initial condition. Students may be asked about the motion of the
particle: its direction, when it changes direction, its maximum position in one direction
(farthest left or right) etc. Speed, the absolute value of velocity, is also 2 common topic.
The particle may be a “particle,” a person, car, etc. The position, velocity or acceleration
may be given as an equation, a graph or a table. There are a lot of different things
students may be asked to find. While particles don’t really move in this way, the question
is a versatile way to test a variety of calculus concepts.

What students-should know how to do (AB and BC):
o Initial value differential equation problems: given the velocity or acceleration
with initial condition(s) find the position or velocity.
e Distinguish between position at some time (displacement) and the total distance
traveled during the time.
o The total distance traveled is the definite integral of the absolute value of

the rate of change (velocity): I ) |v(t)! at

o The net distance (displacement) is the definite integral of the rate of
change (velocity): J‘ :v(z‘) dt

o The final position is the initial position plus the definite integral of the rate-
of change fromx = atox=t: s(t)=s(a) +I:v(x) dx Notice that this is

an accumulation function equation.
¢ Find the speed at a particular time. The speed is the absolute value of the velocity.
s Find average speed, velocity, or acceleration
o Determine if the speed is increasing or decreasing. -
o If at some time, the velocity and acceleration have the same sign then the
speed is increasing.
o Ifthey have different signs the speed is decreasing.
o Ifthe ve1001ty graph is moving away ﬁom (towards) the t-ax1s the speed is
increasing (decreasing). B
e Use a difference quotient to approximate denvatlve
- e Riemann sum approalmatlons
e  Units of measure
e Interpret meaning of a definite integral in context of the problem

Particle moving on a Plane (parametric/vector for BC only)

On the BC exam particles often move in the plane. Their position is defined by two
parametric equations x = x(z‘) andy= y(l‘) or the equivalent vector (x (1), y(t)> . The
velocity is the vector (x'(2),)' (z‘)) and the acceleration is the vector (x” (2),»" (t)) . Any

of these three may be given with initial conditions(s) and stlident may be asked to find the
others.

What students should know how to do:
o Initial value differential equation problems — given the velocity or acceleration
with initial conditions, find the position and/or velocity.

o Find the speed at time #: speed = \/(x' (z‘))2 +(y (t))2

e Use the definite integral for arc length to find the distance
traveled. I: \/(x' (1))2 +( y’-(f))2 dt

e Vectors are given in ordered pair form; answers may be in ordered pairs form or
i-j form using parentheses () or pointed brackets <>.
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. Two runners, A and B, run on a straight racetrackfor 0 < 7 < 10 seconds. Th€ oraph above) which consists of

two hne segments, shows the velocity, in meterspersecond, oThe velocity, n meters per second, of
ey ’“"W’“"’?l‘f*«.
Runner B Jis g

)

given by the function v defined byfv(z) = 55+ 3°) )
,/

ha:-'m.n— S oo 2

e, S

(a) Find the velocity of Runner A and the velo

city of Ru*mur B at time 7 = 2 seconds. Indicate units of
. measure.
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(b) rlr‘d the, accelerauoq of Rumer A and the acceleration of Runner B at fime ¢ = 2 seconds. Indicate umits
of measure.
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(c)y Find the tun by Runner A and mn by Rummer B over the time interval
0"< ¢ < 10 seconds. Indicate units of measure. < SlV(‘\‘) \ a4
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3. An object moves along the x-axis with initial positicn x(0)

is given by v(z) = sin(—izt).
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2. The velocity of the object &t time ¢ >

() What is the acceleration of the object attime z = 4 7

a(u)= v'(w
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(b) Consider the following two staterments. wmeors tx) <o .
. . , ) = —— ) N b NI
StatementI: For3 < r < 4.5, the velocity of the object is decreasing. (o}
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Statement II: For 3 < ¢ < 4.5, the speed OioéifQEE?:? is increasing. el ¥
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Are either or both of these statements correct? For each statement provide a reason why it is correct or not

correct.
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Continue problem 3 on page 9.
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(c) Whatis the toral distance
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d) What is the position of the object at time ¢ = 4 7
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Do not write beyond this border.
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3. An object moving along a curve in the xy-plane is at position (x(2), y(t)) at time 7, Where

%j‘r— =sin (1 ~2¢7) and %—y{ .
S
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for ¢+ = 0. Attime ¢ = 2, the object is at the point (6, @ {(Note: sin~' x = arcsin x)

(2) Fmd the acceleranon vector and the speed of the object at tmei=2 .
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(b) The curve has a vertical tangent line at one pomt At What time 7 is the object at this pomt"
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Conginue problem 3 on page
© 2006 The College Board. All Tights reserved.
Visit apcentral.collegeboard.com (for A AP professionals) and www. collegeboard com/apsmdents (for students and parents).



Do not write beyond this border,

(c) Let m(r) denote the slope of the line tangent to the curve at the point (x(t), y(2)). Write an expression for
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(d) The graph of the curve has a horizontal asymptote y = c. Write, but{do not evaluate) an expression
involving an improper integral that represents this value c.
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END OF PART A OF SECTION I
IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YCUR WORK ON
PART A ONLY. DO NOT GO ON TO PART B UNTIL YOU ARE TOLD TO DO SO.
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TALCULUS AB
SECTION IO, Part A
Time—45 minutes

Number of problems—3

'A graphing calczistor is reguired for some problems or parts of problems.

1. A particle moving along a curve in the xy-plane has position (x(z), y(z)) at time 7 > 0 with

2
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dx dy
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The particle is at position (1, 5} at time t = 4.
(2) Find the acceleration vector at time ¢ = 4.
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(b) Find the y-coordinate of the position of the particle at time ¢ =
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Continue problem 1 on page 5.
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Do not-writé beyond this border.”

(c) On the mterval O <r< 4 at vshat time does the speed of the particle first reach 3.5 7
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(d) Find the total chstance trav eled by the partlcle over the time interval 0 < 7 <4,

e

GClvy|ax - |

ot = S ’V( +C3cc8( /7—)_) k. \v{.M’J

2 15082

_ 10100 81 TINAQT 2T 00T O

GO ONTO THE NEXT

[ PAGE.



NO CALCULATOR ALLOWED

CALCULLUS 48
SECTIONII, Part B
Time—45 minutes
Number of problems—3
No calculator is allowed for these problems

4. A particle moves in the xy-plane so that the position of the particle at any time ¢ is given by

x(1) = 2¢” + ¢ and y(t) = 3¢¥ - ¢,
(a) Find the velocity vector for the particle in terms of ¢, and find the

; i speed of the particle at time ¢ = 0.
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Continue problem 4 on page 11.
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NO CALCULATOR ALLOWED

(c) Find each value ¢ at which the line tangent to the path of the particle is horlzontal or explain why none
_ exists.
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(d) Find each value ¢ at which the line tangent to the path of the particle is vertical, or explain why none exists
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GO ON TO THE NEXT PAGE.
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