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Session Notes

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

Average velocity of the object over the time interval t to t + At is given by
X(t + At) — x(t) or change in position
At ' change intime

Instantaneous velocity of the object is the derivative of the position function x(t) with
respect to time. v(t) = X'(t)

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

dx
d

Acceleration is the derivative of velocity with respect to time. a(t) =v'(t) = x"(t)
jv(t) dt = x(t) +c,

J.a(t) dt =v(t)+c

Total distance traveled from time t=t, to t=t, is given by

TDT = [ |v(t)dt.
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Speeding Up or Slowing Down

If the velocity and acceleration have the same sign (both positive or both negative), then
speed is increasing. If an object’s velocity is —40 miles per hour and the object
accelerates —10 miles per hour per hour, the object is speeding up.

If the velocity and acceleration are opposite in sign (one is positive and the other is
negative), then speed is decreasing. If an object’s velocity is —40 miles per hour and the
object accelerates 10 miles per hour per hour, the object is slowing down.

Sign Convention: When the object is moving in the right direction or moving upward
then the velocity is positive (Graph of velocity vs. time is above the t axis). When the
object is moving in the left direction or moving downward then the velocity is negative.
A graph of velocity vs. time is shown below.

AV

v.

Obiject is slowing down

O<t<?2 v(+),a(—)

2<t<4 v(—) , a(—) Object is speeding up
4<t<6 v(—) , a(+) Obiject is slowing down
6<t<8 v(+),a(+) Object is speeding up
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What you need to know about motion along the x-axis:

When you see...

Initially

At rest

At the origin
Velocity is positive
Velocity is negative

Average velocity (Given x(t))

Average velocity (Given v(t))

Instantaneous velocity
Positive acceleration

Negative acceleration

Speed

Total Distance Traveled

t=0

v(t)=0

x(t)=0

Particle is moving right (or up)
Particle is moving left (or down)

Change in position divided by
change in time

1 bv(t) dt (The average value

b-a
of the velocity function.)

Velocity at an exact moment
Velocity is increasing

Velocity is decreasing

)

[ vet)| ot
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Multiple Choice

2
1. The velocity of a particle moving on a line at time tis v =5t + 6t . How
many meters did the particle travel fromt = 1tot = 8?

(A) —% (B) 224 (C) 279
(D) 282 (E) 533

2. The position of the particle is given as x(t) = cos(3t) —sin(4t). Find the
acceleration att=0.

(A) -9 (B) 0 (C) 1

(D) 2 (E) 16
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3. A particle moves along the x-axis with acceleration at any time t given as
a(t) =3t* +4t+6. If the particle’s initial velocity is 10 and its initial position
IS 2, what is the position function?

(A)  x(t) zlt“ +Et3 +3t°+12  (B) x(t) =£t4 +3t3 +3t* +10t + 2
4 3 4 3
(C) x(t)=3t"+t*+t*+10t+2 (D) x(t)=3t"+t>+t*+2

1 2
E) x(t)==t*+=t3+3t*+2
(E) x(t) 2t '3

4. If the position of an ant traveling along a horizontal path at time t is
3t” +1, what is the ant’s average velocity fromt=1tot = 6?

1 109
(A) o1 (B) 6 ©) ry
(D) 21 (E) 220
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The following information applies to problems 5, 6 and 7.
A bottle rocket is shot upward from a 10 foot stand with velocity v(t) =50-1.6t.
5.GC What is the position of the bottle rocket after 2 seconds?

(A) 46.8 ft (B) 56.8 ft (C) 96.8 ft

(D) 103.6 ft (E) 106.8 ft

6.GC When will the bottle rocket hit the ground?

(A) t=0 (B) t=8.66 (C) t=31.448

(D) t=625 (E) t=62.699

7.GC After 3 seconds the rocket is

(A) falling at an increasing rate
(B) rising at an increasing rate
(C) rising at a decreasing rate
(D) falling at a decreasing rate
(E) rising a constant rate
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8. The position of the particle traveling along a straight line is

x(t)=t>-9t* +15t+3. Ontheintervalt =0tot =10, when is the
particle farthest to the left?

(A) t =0 (B) t=1 C) t=3

(D) t =5 (E) t =10

9.GC Choose the integral expression that would result in the total distance
traveled on the interval [0, 3] if the velocity is given by v(t) =¢' —6.

@ [ -6)dt+|  (e-6)dt
®) | ;”G(et —~6)dt— [ (e'-6)at
© [ (-6ydt—[ (e -6)at
O [ @ -6)dt-[ (e-6)dt

€ | 03 (e' —6) dt

10.GC When two particles start at the origin with velocities v(t) = 4cost and
v(t) =4sint, how many times in the interval [0, 2] will their speeds be

equal?
(A) 2 (B) 3 (C) 4
(D) 5 (E) 6
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Free Response 1 — No Calculator

A 1 2 3 4 56 7 F D
1k
AR

The graph given above isy = v(t), the velocity of an object moving on a line over the
time interval [0, 8]. At t =0 the position of the object is 5.

(a)

(b)

(©)

(d)

(€)

When is the object at rest?

Evaluate Lﬁ v(t) dt . Explain the meaning of the result.

What is the position of the objectat t =57

Find the total distance traveled over [0, 8].

At t =2, is the object speeding up or slowing down? Explain your answer.
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Free Response 2 — Calculator allowed

t (hours) | v (miles per hour)

0 0

0.25 10.3

0.5 13.1

0.75 12.8
1 16.2

1.25 20.1

1.5 20.2

1.75 14.3
2 9.6

The table represents data collected in an experiment
on a new type of electric engine for a small
neighborhood vehicle (i.e., one that is licensed for
travel on roads with speed limits of 35 mph or less).

The readings represent velocity, in miles per hour,
taken in 15-minute intervals on a 2 hour trip.

@) What is the average acceleration over [0.25, 0.75]? Include units.

(b) What is the meaning of bij ’ v(t) dt ifa=0.75and b =2? Include units in
_a a

your answer.

e . : : 2
(© Use a midpoint Riemann sum with four subintervals to approximate J'O v(t) dt.

(d) At the end of the two hours the vehicle is 35 miles from a source for recharging
the battery. Assuming that the vehicle can travel 75 miles on a single charge, can
the vehicle get back to the source (without being towed or pushed)? Explain your
answer.
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Free Response 3 — No Calculator

1 . . . . .
Let v(t) =—+sin3t represent the velocity of an object moving on a line. Att= % the
VA

position is 4.

@ Write the acceleration function.

(b) Write the position function.

(©) At t :% is the object speeding up or slowing down? Explain your answer.

(d) On the interval {% 7[} , what is the velocity when the acceleration is 3?

Copyright © 2008 Laying the Foundation®, Inc., Dallas, TX. All rights reserved. Visit: www.layingthefoundation.org




Position, Velocity, and Acceleration

Fo;:?.;:;ﬁou- Page 11 of 15
KEY
1. D
2. A
3. B
4. D
5 E
6. E
7. C
8. D
9. C
10. C
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Free Response 1 — No Calculator

- MW e

I I S

The graph given above is y = v(t) , the velocity of an object moving on a line over the time interval [0, 8].
At t =0 the position of the object is 5.

@ When is the object at rest?

(b) Evaluate J'ls v(t) dt . Explain the meaning of the result.

(© What is the position of the objectat t =57
(d) Find the total distance traveled over [0, 8].
(e) At t =2, is the object speeding up or slowing down? Explain your answer.

(@) The object is at rest when v(t) =0. 1 pt for correct times
This occursat t =5, 8.

(b) The displacement of the object over 1 pt for correct answer
the time interval t =1 to t =6 is 4 units. 1 pt for displacement

(c) 5+j05v(t) dt=11 1 pt for initial value (5)
The position at t =5 is 11 units. 1 pt for correct answer

(d) TDT = jos|v(t)| dt 1 pt for correct integral

The total distance traveled
over the interval [0, 8]

Is 10 units. 1 pt for correct answer
(e) The object is speeding up because 1 pt for speeding up
v(2) >0 and a(2) >0. 1 pt for v(2) and a(2) positive
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Free Response 2 — Calculator allowed
t (hours) v (miles per hour) The table represents data collected in an experiment on a new
0 0 type of electric engine for a small neighborhood vehicle (i.e.,
0.25 10.3 one that is licensed for travel on roads with speed limits of 35
05 13.1 mph or less).
0.75 12.8 _ o _
1 16.2 The readings represent velocity, in miles per hour, taken in 15-
1.5 201 minute intervals on a 2 hour trip.
1.5 20.2
1.75 14.3
2 9.6
@ What is the average acceleration over [0.25, 0.75]? Include units.
(b) What is the meaning of bij' ’ v(t) dt ifa=0.75and b =2? Include units in your answer.
—_ a a

(©) Use a midpoint Riemann sum with four subintervals to approximate joz v(t) dt.

(d) At the end of the two hours the vehicle is 35 miles from a source for recharging the battery.
Assuming that the vehicle can travel 75 miles on a single charge, can the vehicle get back to the
source (without being towed or pushed)? Explain your answer.

v(0.75) —v(0.25
(@) (0.75) ~v( ):5 1 ptsetup
0.75-0.25
The average acceleration over 1 pt answer
the interval is 5 miles per hour
per hour.
(b) The average velocity in miles
per hour per hour on the interval 1 pt meaning
t=075t0t=2.
(c) 0.5(10.3+12.8+20.1+14.3) 2 pts Riemann sum
28.75 miles 1 pt answer
(d) Yes, the car has traveled approximately 1 pt answer
28.75 miles. It should be able to return the 1 pt explanation
the 75 mile range. 1 pt units in (a) and (b)
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Let v(t) = l+sin 3t represent the velocity of an object moving on aline. Att= % , the position is 4.
VA

€)] Write the acceleration function.

(b) Write the position function.

(© At t :% is the object speeding up or slowing down? Explain your answer.
(d) On the interval [% ;r} , What is the velocity when the acceleration is 3?

(@ a(t)=Vv'(t)=3cos3t

(b) x(t) = j v(t) dt
x(t)=| (l+sin 3tj dt
VA

x(t):l—lcos3t+C
T 3

4:1—lc037r+c
3 3

x(t):l—lcos3t+E
T 3 3

(c) The object is slowing down.
(ﬂj 1 . 3x
V| — |=—+sin—>0
4 V4 4
a(£j=3C083—7[<0
4 4

(d) 3=3cos3t
1=cos3t
3t=0, 2r...

2 ..
Att= ?7[ the acceleration is 3.

V(Z—ﬁj = i ~0.318
3 T

1 pt for a(t)

1 pt for correct integration

1ptforC

1 pt for x(t)

1 pt correct answer

1 pt for v(%j IS positive

1 pt for a(%) IS negative

1 pt for equation

1pt 1 or 0.318
T
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AP Calculus Exam Connections

The list below identifies free response questions that have been previously asked on the
topic of Position, Velocity, and Acceleration. These questions are available from the
CollegeBoard and can be downloaded free of charge from AP Central.

http://apcentral.collegeboard.com.

Free Response Questions

2004 AB Question 3
2007 Form B AB Question 2
2007 AB Question 4

Copyright © 2008 Laying the Foundation®, Inc., Dallas, TX. All rights reserved. Visit: www.layingthefoundation.org




