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What I Absolutely Have to Know to Survive the AP* Exam

Kinematics is the study of how things move — how far (distance and displacement), how
fast (speed and velocity), and how fast that how fast changes (acceleration). We say that
an object moving in a straight line is moving in one dimension, and an object which is moving in a curved

path (like a projectile) is moving in two dimensions. We relate all these quantities with a set of equations
called the kinematic equations.

Two-dimensional motion includes objects which are moving in two directions at the same time, such as a
projectile, which has both horizontal and vertical motion. These two motions of a projectile are completely
independent of one another, and can be described by constant velocity in the horizontal direction, and free
fall in the vertical direction. Since the two-dimensional motion described in this packet involves only
constant acceleration, we may use the kinematic equations. If an object moves in the horizontal and
vertical direction at the same time, we say that the object is moving in two dimensions. We subscript any

quantity which is horizontal with an x (such as v, and a,), and we subscript any quantity which is vertical
with a y (such as v, and a,.)

- KeyFormulasand Relationships

v=vy, +at
1
Ax=—(v, +v)t
5 o+ )
L
Ax=v t+—at

2
v =v " +2aAx

Where Ax = displacement (final position — initial position)
v = velocity or speed at any time
v, = initial velocity or speed

t=time
a = acceleration
Horizontal direction: Vertical direction:
Vx = vox + axt v)’ = Vf’y + ayt

1 1
x=5(vox+vx)t y:E(vnervy)t

1
x:voxt+—axt2 y=v t+la 12
2 oy 2 y

2 2
— 2 2
Ve Vox + 2axx Vy = voy + 2ayy

For a projectile near the surface of the earth: a, = 0, v, is constant, and a, = g =10 m/ s%.
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acceleration
the rate of change in velocity
acceleration due to gravity
the acceleration of a freely falling object in the absence of air resistance, which near the earth’s
surface is approximately 10 m/s’
acceleration-time graph
plot of the acceleration of an object as a function of time
average acceleration
the acceleration of an object measured over a time interval
average velocity
the velocity of an object measured over a time interval; the displacement of an object divided by the
change in time during the motion
constant (or uniform) acceleration
acceleration which does not change during a time interval
constant (or uniform) velocity
velocity which does not change during a time interval
displacement
change in position in a particular direction (vector)
distance
the length moved between two points (scalar)
free fall
motion under the influence of gravity
initial velocity
the velocity at which an object starts at the beginning of a time interval

instantaneous
the value of a quantity at a particular instant of time, such as instantaneous position, velocity, or
acceleration
kinematics
the study of how motion occurs, including distance, displacement, speed, velocity, acceleration, and
time
position-time graph
the graph of the motion of an object that shows how its position varies with time
speed
the ratio of distance to time
velocity
ratio of the displacement of an object to a time interval
projectile
any object that is projected by a force and continues to move by its own inertia
range of a projectile
the horizontal distance between the launch point of a projectile and where it returns to its launch
height
trajectory
the path followed by a projectile
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DISCUSSION OF SELECTED SECTIONS

Displacement

AX or AY

Distance d can be defined as total length moved. If you run around a
circular track, you have covered a distance equal to the circumference of
the track. Distance is a scalar, which means it has no direction associated
with it. Displacement AX, however, is a vector. Displacement is defined
as the straight-line distance between two points, and is a vector which
points from an object’s initial position x, toward its final position x¢. In
our previous example, if you run around a circular track and end up at the
same place you started, your displacement is zero, since there is no
distance between your starting point and your ending point.
Displacement is often written in its scalar form as simply Ax or x.

Speed and
Velocity

Average speed is defined as the amount of distance a moving object
covers divided by the amount of time it takes to cover that distance:

distance d
average speed= v =————— = —
elapsedtime ¢

where v stands for speed, d is for distance, and ¢ is time.

Average velocity is defined a little differently than average speed. While
average speed is the total change in distance divided by the total change
in time, average velocity is the displacement divided by the change in
time. Since velocity is a vector, we must define it in terms of another
vector, displacement. Oftentimes average speed and average velocity
are interchangeable for the purposes of the AP Physics 1 exam. Speed is
the magnitude of velocity, that is, speed is a scalar and velocity is a
vector. For example, if you are driving west at 50 miles per hour, we say
that your speed is 50 mph, and your velocity is 50 mph west. We will
use the letter v for both speed and velocity in our calculations, and will
take the direction of velocity into account when necessary.

Acceleration

Acceleration tells us how fast velocity is changing. For example, if you
start from rest on the goal line of a football field, and begin walking up to
a speed of 1 m/s for the first second, then up to 2 m/s for the second
second, then up to 3 m/s for the third second, you are speeding up with
an average acceleration of 1 m/s for each second you are walking. We
write

a:£=lmm=1m/s/s=1ﬂ2
At Ls S
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Velocity vs. time

Consider the velocity vs. time graph below:

Are

t(s)
t(s)

As shown in the figure on the left, the slope of a velocity vs. time graph is i—‘; , and is therefore

acceleration. As shown on the figure on the right, the area under a velocity vs. time graph would have units

of ﬂ(s) =m , and is therefore displacement.
s

Acceleration vs. time

Since the AP Physics 1 exam generally deals with constant acceleration, any graph of acceleration vs. time
on the exam would likely be a straight horizontal line:

2
a (m/s”) 2 ('s)
+5 m/s’
0
t(s) 0
-5 m/s’ )

This graph on the left tells us that the acceleration of this object is positive. If the object were accelerating
negatively, the horizontal line would be below the time axis, as shown in the graph on the right.




2015 AP Physics 1 - Kinematics and Graphing Skills

“ NATIONAL
MATH + SCIENCE Kinematics 1 and 2 Dimensional Motion
“ INITIATIVE

Example 1

Consider the position vs. time graph below representing the motion of a car. Assume that all accelerations

of the car are constant. H I

ﬁ J
G
x(m) b .
C E
K
0 B
t(s)
A

On the axes below, sketch the velocity vs. time and acceleration vs. time graphs for this
car.

v(m/s)
0
t(s)
a(m/s?)
0
t(s)
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Solution:

The car starts out at a distance behind our reference point of zero, indicated on the graph as a negative
displacement. The velocity (slope) of the car is initially positive and constant from points A to C, with the
car crossing the reference point at B. Between points C and D, the car goes from a high positive velocity
(slope) to a low velocity, eventually coming to rest (v = 0) at point D. At point E the car accelerates
positively from rest up to a positive constant velocity from points F to G. Then the velocity (slope)
decreases from points G to H, indicating the car is slowing down. It is between these two points that the
car’s velocity is positive, but its acceleration is negative, since the car’s velocity and acceleration are in
opposite directions. The car once again comes to rest at point H, and then begins gaining a negative
velocity (moving backward) from rest at point I, increasing its speed negatively to a constant negative
velocity between points J and K. At K, the car has returned to its original starting position.

The velocity vs. time graph for this car would look like this:

v(m/s)

The acceleration vs. time graph for this car would look like this:

a(m/s’)
E F
A B C D . G H 1 ] K
0 —

t(s)

I'
|
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Projectile Motion

Projectile motion results when an object is thrown either horizontally through the air or at
an angle relative to the ground. In both cases, the object moves through the air with a
constant horizontal velocity, and at the same time is falling freely under the influence of
gravity. In other words, the projected object is moving horizontally and vertically at the
same time, and the resulting path of the projectile, called the trajectory, has a parabolic
shape. For this reason, projectile motion is considered to be two-dimensional motion.

The motion of a projectile can be broken down into constant velocity and zero
acceleration in the horizontal direction, and a changing vertical velocity due to the
acceleration of gravity. Let’s label any quantity in the horizontal direction with the
subscript x, and any quantity in the vertical direction with the subscript y. If we fire a
cannonball from a cannon on the ground pointing up at an angle 6, the ball will follow a
parabolic path and we can draw the vectors associated with the motion at each point
along the path:

At each point, we can draw the horizontal velocity vector vy, the vertical velocity vector
vy, and the vertical acceleration vector g, which is simply the acceleration due to gravity.
Notice that the length of the horizontal velocity and the acceleration due to gravity
vectors do not change, since they are constant. The vertical velocity decreases as the ball
rises and increases as the ball falls. The motion of the ball is symmetric, that is, the
velocities and acceleration of the ball on the way up are the same as on the way down,
with the vertical velocity being zero at the top of the path and reversing its direction at
this point.
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AP Physics Multiple Choice Practice — Kinematics

Questions 1 — 3 relate to two objects that start at x = 0 at t = 0 and move in one dimension independently of one
another. Graphs, of the velocity of each object versus time are shown below

Object A Object B
v(m/Mwec) v(mAec)
*10
— t( ) t(sec)
O 1.0 2.0: e
'
-1 o —_——

1. Which object is farthest from the origin at t = 2 seconds.
(A)A (B)B (C) they are in the same location at t =2 seconds (D) They are the same distance from the
origin, but in opposite directions

2. Which object moves with constant non-zero acceleration?
(A)A (B)B (C)both Aand B (D) neither A nor B

3. Which object is in its initial position at t = 2 seconds?
(A)A (B)B (C)both AandB (D) neither A nor B

2

Velocity

w N,
_(l) l 5 t TTnme(s)
=2

4. The graph above shows the velocity versus time for an object moving in a straight line. At what time after
t =0 does the object again pass through its initial position?
(A)ls (B)Betweenland2s (C)2s (D)Between2and3s

5. A body moving in the positive x direction passes the origin at time t = 0. Between t =0 and t = 1 second, the
body has a constant speed of 24 meters per second. Att= 1 second, the body is given a constant acceleration of
6 meters per second squared in the negative x direction. The position x of the body at t = 11 seconds is
(A)+99m B)+36m (C)—-36m (E)—99m

6. A diver initially moving horizontally with speed v dives off the edge of a vertical cliff and lands in the water a
distance d from the base of the cliff. How far from the base of the cliff would the diver have landed if the diver
initially had been moving horizontally with speed 2v?

(Ayd B)N2d (C)2d (D)4d
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7. A projectile is fired with initial velocity v, at an angle 6, with the horizontal and follows the trajectory shown
above. Which of the following pairs of graphs best represents the vertical components of the velocity and

acceleration, v and a, respectively, of the projectile as functions of time t?
(&)] v a

T N
V 7

0 t o————!
Questions 8-9
PR
» N
l” \‘\
Pe * R
4 Y
’, N
’ LY
4 Y

A ball is thrown and follows the parabolic path shown above. Air friction is negligible. Point Q is the highest
point on the path. Points P and R are the same height above the ground.

8. How do the speeds of the ball at the three points compare?
A ve<vo<vk B)w<vo<vp (O)vo<vw<vp (D)vo<vp=w

9. Which of the following diagrams best shows the direction of the acceleration of the ball at point P?
W B — © o l

x(m)

20
18

16 /
14 /
12

10
8

61
4
/
2
L ! s

10. The graph above represents position x versus time t for an object being acted on by a constant force. The
average speed during the interval between 1 s and 2 s is most nearly
(A)2m/s (B)4m/s (C)5Sm/s (D)6m/s
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Questions 11 — 12

vy Car X
3§
o
— — 1(s)
o 10 20 30 . 40

Attime t = 0, car X traveling with speed v, passes car Y which is just starting to move. Both cars then travel on
two parallel lanes of the same straight road. The graphs of speed v versus time t for both cars are shown above.

11. Which of the following is true at time t = 20 seconds?
(A) Car Y is behind car X. (B) Car Y is passing car X. (C) Car Y is in front of car X.
(D) Car X is accelerating faster than car Y.

12. From time t = 0 to time t = 40 seconds, the areas under both curves are equal. Therefore, which of the
following is true at time t = 40 seconds?
(A) Car Y is behind car X.  (B) Car Y is passing car X. (C) Car Y is in front of car X.
(d) Car X is accelerating faster than car Y.

13. Which of the following pairs of graphs shows the distance traveled versus time and the speed versus time for an
object uniformly accelerated from rest?

(A]))lstance Speed ® Distance Speed Distance Speed
©
of ot p / »! t
(0) | 0 0 0 l 0 o
Distance Speed
(D)
ot »t
) © 0 g
N N
A\’
w E w E
S S
Time 1, Time ¢,

14. Vectors V; and V, shown above have equal magnitudes. The vectors represent the velocities of an object at
times ¢;, and ¢,, respectively. The average acceleration of the object between time ¢; and ¢, was
(A) directed north  (B) directed west  (C) directed north of east (D) directed north of west

10



15.

16.

17.
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The velocity of a projectile at launch has a horizontal component vy, and a vertical component v,. Air resistance
is negligible. When the projectile is at the highest point of its trajectory, which of the following shows the
vertical and horizontal components of its velocity and the vertical component of its acceleration?

Vertical Horizontal Vertical
Velocity Velocity Acceleration
A) vy Vi 0
(B) 0 Vi 0
<© o 0 g
D) 0 Vi g
.
1 I
I 1
I [}
! ' ¢
ol

The graph above shows the velocity v as a function of time ¢ for an object moving in a straight line. Which of
the following graphs shows the corresponding displacement x as a function of time ¢ for the same time interval?

| fB} ( / N, (C) V ®y
Ol 1 1 [ a[ 1 1 [ DI 1 0 OI 1 '
_‘IL—-_
10m
A
.

A target T lies flat on the ground 3 m from the side of a building that is 10 m tall, as shown above. A student
rolls a ball off the horizontal roof of the building in the direction of the target. Air resistance is negligible. The
horizontal speed with which the ball must leave the roof if it is to strike the target is most nearly

(A)310ms (B) N2 ms (C) ——m/s (D)3 ms
2

7

18. The graph above shows velocity v versus time t for an object in linear motion. Which of the following is a

possible graph of position x versus time t for this object?
; ] : [

| (B) © ! (D)

11
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Example 1
Steel
Sphere 5
D
Recording
Plate \e\

A student wishing to determine experimentally the acceleration g due to gravity has an apparatus that holds a
small steel sphere above a recording plate, as shown above. When the sphere is released, a timer automatically
begins recording the time of fall. The timer automatically stops when the sphere strikes the recording plate.
The student measures the time of fall for different values of the distance D shown above and records the data in
the table below. These data points are also plotted on the graph.

Distance of Fall (m) | 0.10 | 0.50 | 1.00 | 1.70 | 2.00
Time of Fall (s) 0.14 10.32 1046 |0.59 |0.63

Distance (m)

2.5

20

1.5

1.0

0.5

= T (5)
.7

(a) On the grid above, sketch the smooth curve that best represents the student’s data.

The student can use these data for distance D and time ¢ to produce a second graph from which the acceleration
g due to gravity can be determined.

(b) If only the variables D and ¢ are used, what quantities should the student graph in order to produce a linear
relationship between the two quantities?
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(c) On the grid below, plot the data points for the quantities you have identified in part (b), and sketch the best
straight-line fit to the points. Label your axes and show the scale that you have chosen for the graph.

(d) Using the slope of your graph in part (c), calculate the acceleration g due to gravity in this experiment.

(e) State one way in which the student could improve the accuracy of the results if the experiment were to be
performed again. Explain why this would improve the accuracy.
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Example 2

A world-class runner can complete a 100 m dash in about 10 s. Past studies have shown that runners in such a
race accelerate uniformly for a time #, and then run at constant speed for the remainder of the race. A world-
class runner is visiting your physics class. You are to develop a procedure that will allow you to determine the
uniform acceleration a, and an approximate value of ¢, for the runner in a 100 m dash. By necessity your
experiment will be done on a straight track and include your whole class of eleven students.

(a) By checking the line next to each appropriate item in the list below, select the equipment, other than the
runner and the track, that your class will need to do the experiment.

Stopwatches Tape measures Rulers Masking tape
Metersticks Starter’s pistol String Chalk

(b) Outline the procedure that you would use to determine a, and ¢,, including a labeled diagram of the
experimental setup. Use symbols to identify carefully what measurements you would make and include in
your procedure how you would use each piece of the equipment you checked in part (a).
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(c) In a clear, concise paragraph, outline the process of data analysis, including how you would identify the
portion of the race that has uniform acceleration, and how you would calculate the uniform acceleration.
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