
1D Kinematics 
Questions from a Conceptual Course 

Category 1: Average Speed and Average Velocity 

Question 1: 
For which one of the following motions is the object’s displacement different than the 
distance traveled? 
a. A car accelerates from rest to a high speed.
b. After a home run, a baseball player runs all the way around the bases.
c. A buggy car moves across the floor at a constant speed.

Question 2: 
For which one of the following motions is the object’s displacement different than the 
distance traveled? 
a. An infant crawls across the room at a constant speed.
b. Seeing the light turn yellow, Lin skids to a stop.
c. In gym class, Jeffrey runs a complete lap around the track at a constant pace.

Question 3: 
For which one of the following motions is the object’s displacement different than the 
distance traveled? 
a. A football coach paces back and forth along the sidelines.
b. The plane moves form a low speed to a high speed along the runway.
c. Jeremy darts straight down the hallway at a constant speed.

Question 4: 
For which one of the following motions is the object’s displacement the same as the 
distance that it travels? 
a. A football coach paces back and forth along the sidelines.
b. An infant crawls across the room at a constant speed.
c. After a home run, a baseball player runs all the way around the bases.

Question 5: 
For which one of the following motions is the object’s displacement the same as the 
distance that it travels? 
a. Mr. R’s lawn mower made a straight path (perfectly) across the edge of the lawn.
b. Sheila made one complete loop around the race track.
c. The painter climbed up the ladder and then back down to the floor.
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Question 6: 
 TRUE    or    FALSE: 
 

The distance traveled for an object that makes a round-trip motion is always 0. 
 

 a.  True b.  False 
 
 
Question 7: 
 TRUE    or    FALSE: 
 

The displacement for an object that makes a round-trip motion is always 0. 
 

 a.  True b.  False 
 
 
Question 8: 
 Which of the following objects has an average velocity of 0 m/s? 
 a. A truck skids to a stop along a straight section of highway. 
 b. A runner makes one complete lap around the track at a constant speed. 
 c. Suzie walks one block north, turns left and walks one block west. 
 
 
Question 9: 
 Which one of the following statements describes a fast-moving object? 
 a. An object moves forward and then backwards to the starting position. 
 b. An object moves far in a long amount of time. 
 c. An object moves the same distance during each time interval. 
 d. An object moves far in a short amount of time. 
 
 
Question 10: 
 TRUE    or    FALSE: 
 

The average speed for an object that makes a round-trip motion is always 0. 
 

 a.  True b.  False 
 
 
Question 11: 
 Which one of the following is true of an object that is said to be moving slow? 
 a. The object has a small acceleration. 
 b. The object covers a short distance. 
 c. The object has been moving for a short time. 
 d. The object has a small instantaneous speed. 
 e. The object has changed its direction. 
 
 



Question 12: 
 Which of the following two objects have the same speed value? Bubble in two letters. 
 a. An object travels 40 meters in 10 seconds. 
 b. An object travels 40 meters in 5 seconds. 
 c. An object travels 20 meters in 10 seconds. 
 d. An object travels 20 meters in 5 seconds. 
 
 
Question 13: 
 Which of the following two objects have the same speed value? Bubble in two letters. 
 a. An object travels 20 miles in 4 hours. 
 b. An object travels 40 miles in 4 hours. 
 c. An object travels 20 miles in 2 hours. 
 d. An object travels 20 miles in 2 hours. 
 
 
Question 14: 
 Which one of the following cars has an eastward displacement? 
 a. A car travels east for 5 miles, turns around and returns to the starting position. 
 b. A car travels west for 5 miles, turns around and returns to the starting position. 
 c. A car travels east for 5 miles, turns around and travels west for 8 miles. 
 d. A car travels west for 5 miles, turns around and travels east for 8 miles. 
 
 
Question 15: 
 Which one of the following cars has a westward displacement? 
 a. A car travels east for 5 miles, turns around and returns to the starting position. 
 b. A car travels west for 5 miles, turns around and returns to the starting position. 
 c. A car travels east for 5 miles, turns around and travels west for 8 miles. 
 d. A car travels west for 5 miles, turns around and travels east for 8 miles. 
 



NOTES FOR WEEKS 4,5,6 

1D Kinematics 

Scalars and Vectors 
• Introduction 
• Scalars and Vectors 
• Distance and Displacement 
• Speed and Velocity 
• Acceleration 

Physics is a mathematical science. The underlying concepts and principles have a 
mathematical basis. Throughout the course of our study of physics, we will encounter a 
variety of concepts that have a mathematical basis associated with them. While our 
emphasis will often be upon the conceptual nature of physics, we will give considerable 
and persistent attention to its mathematical aspect. 
The motion of objects can be described by words. Even a person without a background 
in physics has a collection of words that can be used to describe moving objects. Words 
and phrases such as going fast, stopped, slowing down, speeding up, 
and turning provide a sufficient vocabulary for describing the motion of objects. In 
physics, we use these words and many more. We will be expanding upon this 
vocabulary list with words such as distance, displacement, speed, velocity, 
and acceleration. As we will soon see, these words are associated with mathematical 
quantities that have strict definitions. The mathematical quantities that are used to 
describe the motion of objects can be divided into two categories. The quantity is either 
a vector or a scalar. These two categories can be distinguished from one another by 
their distinct definitions: 
• Scalars are quantities that are fully described by a magnitude (or numerical value) 

alone. 
• Vectors are quantities that are fully described by both a magnitude and a direction. 
The remainder of this lesson will focus on several examples of vector and scalar 
quantities (distance, displacement, speed, velocity, and acceleration). As you proceed 
through the lesson, give careful attention to the vector and scalar nature of each 
quantity. As we proceed through other units at The Physics Classroom Tutorial and 
become introduced to new mathematical quantities, the discussion will often begin by 
identifying the new quantity as being either a vector or a scalar. 
  

Distance and Displacement 
• Introduction 
• Scalars and Vectors 
• Distance and Displacement 
• Speed and Velocity 
• Acceleration 
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Distance and displacement are two quantities that may 
seem to mean the same thing yet have distinctly different definitions and meanings. 
• Distance is a scalar quantity that refers to "how much ground an object has 

covered" during its motion. 
• Displacement is a vector quantity that refers to "how far out of place an object 

is"; it is the object's overall change in position. 
To test your understanding of this distinction, consider the motion depicted in the 
diagram below. A physics teacher walks 4 meters East, 2 meters South, 4 meters West, 
and finally 2 meters North. 

 
Even though the physics teacher has walked a total distance of 12 meters, her 
displacement is 0 meters. During the course of her motion, she has "covered 12 meters 
of ground" (distance = 12 m). Yet when she is finished walking, she is not "out of 
place" - i.e., there is no displacement for her motion (displacement = 0 m). 
Displacement, being a vector quantity, must give attention to direction. The 4 meters 
east cancels the 4 meters west; and the 2 meters south cancels the 2 meters north. 
Vector quantities such as displacement are direction aware. Scalar quantities such as 
distance are ignorant of direction. In determining the overall distance traveled by the 
physics teachers, the various directions of motion can be ignored. 
 

Speed and Velocity 
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• Distance and Displacement 
• Speed and Velocity 
• Acceleration 
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Just as distance and displacement have distinctly 
different meanings (despite their similarities), so do speed and velocity. Speed is 
a scalar quantity that refers to "how fast an object is moving." Speed can be thought of 
as the rate at which an object covers distance. A fast-moving object has a high speed 
and covers a relatively large distance in a short amount of time. Contrast this to a slow-
moving object that has a low speed; it covers a relatively small amount of distance in 
the same amount of time. An object with no movement at all has a zero speed. 
 
  

Velocity as a Vector Quantity 
Velocity is a vector quantity that refers to "the rate at which an object changes its 
position." Imagine a person moving rapidly - one step forward and one step back - 
always returning to the original starting position. While this might result in a frenzy of 
activity, it would result in a zero velocity. Because the person always returns to the 
original position, the motion would never result in a change in position. Since velocity is 
defined as the rate at which the position changes, this motion results in zero velocity. If 
a person in motion wishes to maximize their velocity, then that person must make every 
effort to maximize the amount that they are displaced from their original position. Every 
step must go into moving that person further from where he or she started. For certain, 
the person should never change directions and begin to return to the starting position. 
Velocity is a vector quantity. As such, velocity is direction aware. When evaluating the 
velocity of an object, one must keep track of direction. It would not be enough to say 
that an object has a velocity of 55 mi/hr. One must include direction information in 
order to fully describe the velocity of the object. For instance, you must describe an 
object's velocity as being 55 mi/hr, east. This is one of the essential differences 
between speed and velocity. Speed is a scalar quantity and does not keep track of 
direction; velocity is a vector quantity and is direction aware. 
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Determining the Direction of the Velocity Vector 
The task of describing the direction of the velocity vector is easy. The 
direction of the velocity vector is simply the same as the direction 
that an object is moving. It would not matter whether the object is 
speeding up or slowing down. If an object is moving rightwards, then 
its velocity is described as being rightwards. If an object is moving 
downwards, then its velocity is described as being downwards. So an 
airplane moving towards the west with a speed of 300 mi/hr has a 
velocity of 300 mi/hr, west. Note that speed has no direction (it is a 
scalar) and the velocity at any instant is simply the speed value with a direction. 
  
  
 
 
  

Calculating Average Speed and Average Velocity 
As an object moves, it often undergoes changes in speed. For example, during an 
average trip to school, there are many changes in speed. Rather than the speed-o-
meter maintaining a steady reading, the needle constantly moves up and down to 
reflect the stopping and starting and the accelerating and decelerating. One instant, the 
car may be moving at 50 mi/hr and another instant, it might be stopped (i.e., 0 mi/hr). 
Yet during the trip to school the person might average 32 mi/hr. The average speed 
during an entire motion can be thought of as the average of all speedometer readings. 
If the speedometer readings could be collected at 1-second intervals (or 0.1-second 
intervals or ... ) and then averaged together, the average speed could be determined. 
Now that would be a lot of work. And fortunately, there is a shortcut. Read on. 

 
 
  

The average speed during the course of a motion is often computed using the following 
formula: 

 

In contrast, the average velocity is often computed using this formula 
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Let's begin implementing our understanding of these formulas with the following 
problem: 

Q: While on vacation, Lisa Carr traveled a total distance of 440 miles. Her trip 
took 8 hours. What was her average speed? 
To compute her average speed, we simply divide the distance of travel by the time of 
travel. 

 

That was easy! Lisa Carr averaged a speed of 55 miles per hour. She may not have 
been traveling at a constant speed of 55 mi/hr. She undoubtedly, was stopped at some 
instant in time (perhaps for a bathroom break or for lunch) and she probably was going 
65 mi/hr at other instants in time. Yet, she averaged a speed of 55 miles per hour. The 
above formula represents a shortcut method of determining the average speed of an 
object. 
 
  

 
Average Speed versus Instantaneous Speed 
Since a moving object often changes its speed during its motion, it is 
common to distinguish between the average speed and the 
instantaneous speed. The distinction is as follows. 
• Instantaneous Speed - the speed at any given instant in time. 
• Average Speed - the average of all instantaneous speeds; found 

simply by a distance/time ratio. 
You might think of the instantaneous speed as the speed that the speedometer reads at 
any given instant in time and the average speed as the average of all the speedometer 
readings during the course of the trip. Since the task of averaging speedometer 
readings would be quite complicated (and maybe even dangerous), the average speed 
is more commonly calculated as the distance/time ratio. 
Moving objects don't always travel with erratic and changing speeds. Occasionally, an 
object will move at a steady rate with a constant speed. That is, the object will cover 
the same distance every regular interval of time. For instance, a cross-country runner 
might be running with a constant speed of 6 m/s in a straight line for several minutes. 
If her speed is constant, then the distance traveled every second is the same. The 
runner would cover a distance of 6 meters every second. If we could measure her 
position (distance from an arbitrary starting point) each second, then we would note 
that the position would be changing by 6 meters each second. This would be in stark 



contrast to an object that is changing its speed. An object with a changing speed would 
be moving a different distance each second. The data tables below depict objects with 
constant and changing speed. 

 

Now let's consider the motion of that physics teacher again. The physics teacher walks 
4 meters East, 2 meters South, 4 meters West, and finally 2 meters North. The entire 
motion lasted for 24 seconds. Determine the average speed and the average velocity. 

 

The physics teacher walked a distance of 12 meters in 24 seconds; thus, her average 
speed was 0.50 m/s. However, since her displacement is 0 meters, her average velocity 
is 0 m/s. Remember that the displacement refers to the change in position and the 
velocity is based upon this position change. In this case of the teacher's motion, there is 
a position change of 0 meters and thus an average velocity of 0 m/s. 

 

Acceleration 
• Introduction 
• Scalars and Vectors 
• Distance and Displacement 
• Speed and Velocity 
• Acceleration 
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The final mathematical quantity discussed in Lesson 1 is 
acceleration. An often confused quantity, acceleration has a meaning much different 
than the meaning associated with it by sports announcers and other individuals. The 
definition of acceleration is: 
• Acceleration is a vector quantity that is defined as the rate at which an object 

changes its velocity. An object is accelerating if it is changing its velocity. 
Sports announcers will occasionally say that a person is accelerating 
if he/she is moving fast. Yet acceleration has nothing to do with 
going fast. A person can be moving very fast and still not be 
accelerating. Acceleration has to do with changing how fast an 
object is moving. If an object is not changing its velocity, then the 
object is not accelerating. The data at the right are representative 
of a northward-moving accelerating object. The velocity is changing 
over the course of time. In fact, the velocity is changing by a 
constant amount - 10 m/s - in each second of time. Anytime an object's velocity is 
changing, the object is said to be accelerating; it has an acceleration. 

 
  

The Meaning of Constant Acceleration 
Sometimes an accelerating object will change its velocity by the same amount each 
second. As mentioned in the previous paragraph, the data table above show an object 
changing its velocity by 10 m/s in each consecutive second. This is referred to as 
a constant acceleration since the velocity is changing by a constant amount each 
second. An object with a constant acceleration should not be confused with an object 
with a constant velocity. Don't be fooled! If an object is changing its velocity -whether 
by a constant amount or a varying amount - then it is an accelerating object. And an 
object with a constant velocity is not accelerating. The data tables below depict motions 
of objects with a constant acceleration and a changing acceleration. Note that each 
object has a changing velocity. 
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Since accelerating objects are constantly changing their velocity, one can say that the 
distance traveled/time is not a constant value. A falling object for instance usually 
accelerates as it falls. If we were to observe the motion of a free-falling object (free 
fall motion will be discussed in detail later), we would observe that the object averages 
a velocity of approximately 5 m/s in the first second, approximately 15 m/s in the 
second second, approximately 25 m/s in the third second, approximately 35 m/s in the 
fourth second, etc. Our free-falling object would be constantly accelerating. Given these 
average velocity values during each consecutive 1-second time interval, we could say 
that the object would fall 5 meters in the first second, 15 meters in the second second 
(for a total distance of 20 meters), 25 meters in the third second (for a total distance of 
45 meters), 35 meters in the fourth second (for a total distance of 80 meters after four 
seconds). These numbers are summarized in the table below. 
  

Time 
Interval 

Velocity Change 
During Interval 

Ave. Velocity 
During Interval 

Distance Traveled 
During Interval 

Total Distance 
Traveled from 
0 s to End of 

Interval 
0 – 1.0 s 0 to ~10 m/s ~5 m/s ~5 m ~5 m 

1.0 – 2.0 s ~10 to 20 m/s ~15 m/s ~15 m ~20 m 
2.0 – 3.0 s ~20 to 30 m/s ~25 m/s ~25 m ~45 m 
3.0 – 4.0 s ~30 to 40 m/s ~35 m/s ~35 m ~80 m 

  
Note: The ~ symbol as used here means approximately. 
  
This discussion illustrates that a free-falling object that is accelerating at a constant rate 
will cover different distances in each consecutive second. Further analysis of the first 
and last columns of the data above reveal that there is a square relationship between 
the total distance traveled and the time of travel for an object starting from rest and 
moving with a constant acceleration. The total distance traveled is directly proportional 
to the square of the time. As such, if an object travels for twice the time, it will cover 
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four times (2^2) the distance; the total distance traveled after two seconds is four 
times the total distance traveled after one second. If an object travels for three times 
the time, then it will cover nine times (3^2) the distance; the distance traveled after 
three seconds is nine times the distance traveled after one second. Finally, if an object 
travels for four times the time, then it will cover 16 times (4^2) the distance; the 
distance traveled after four seconds is 16 times the distance traveled after one second. 
For objects with a constant acceleration, the distance of travel is directly proportional to 
the square of the time of travel. 
 
  

Calculating the Average Acceleration 
The average acceleration (a) of any object over a given interval of time (t) can be 
calculated using the equation 

 

This equation can be used to calculate the acceleration of the object whose motion is 
depicted by the velocity-time data table above. The velocity-time data in the table 
shows that the object has an acceleration of 10 m/s/s. The calculation is shown below. 

 

Acceleration values are expressed in units of 
velocity/time. Typical acceleration units include the 
following: 

m/s/s 
mi/hr/s 
km/hr/s 
m/s2 

These units may seem a little awkward to a beginning physics student. Yet they are 
very reasonable units when you begin to consider the definition and equation for 
acceleration. The reason for the units becomes obvious upon examination of the 
acceleration equation. 

 

Since acceleration is a velocity change over a time, the units on acceleration are 
velocity units divided by time units - thus (m/s)/s or (mi/hr)/s. The (m/s)/s unit can be 
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mathematically simplified to m/s2. 
 
  

The Direction of the Acceleration Vector 
Since acceleration is a vector quantity, it has a direction associated with it. The direction 
of the acceleration vector depends on two things: 
• whether the object is speeding up or slowing down 
• whether the object is moving in the + or - direction 
The general principle for determining the acceleation is: 
If an object is slowing down, then its acceleration is in the 
opposite direction of its motion. 

This general principle can be applied to determine whether the 
sign of the acceleration of an object is positive or negative, right 
or left, up or down, etc. Consider the two data tables below. In 
each case, the acceleration of the object is in 
the positive direction. In Example A, the object is moving in the positive direction (i.e., 
has a positive velocity) and is speeding up. When an object is speeding up, the 
acceleration is in the same direction as the velocity. Thus, this object has a positive 
acceleration. In Example B, the object is moving in the negative direction (i.e., has a 
negative velocity) and is slowing down. According to our general principle, when an 
object is slowing down, the acceleration is in the opposite direction as the velocity. 
Thus, this object also has a positive acceleration. 

 

This same general principle can be applied to the motion of the objects represented in 
the two data tables below. In each case, the acceleration of the object is in 
the negative direction. In Example C, the object is moving in the positive direction (i.e., 
has a positive velocity) and is slowing down. According to our principle, when an object 
is slowing down, the acceleration is in the opposite direction as the velocity. Thus, this 
object has a negative acceleration. In Example D, the object is moving in 
the negative direction (i.e., has a negative velocity) and is speeding up. When an object 
is speeding up, the acceleration is in the same direction as the velocity. Thus, this 
object also has a negative acceleration. 
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Observe the use of positive and negative as used in the discussion above (Examples A - 
D). In physics, the use of positive and negative always has a physical meaning. It is 
more than a mere mathematical symbol. As used here to describe the velocity and the 
acceleration of a moving object, positive and negative describe a direction. Both velocity 
and acceleration are vector quantities and a full description of the quantity demands the 
use of a directional adjective. North, south, east, west, right, left, up and down are all 
directional adjectives. Physics often borrows from mathematics and uses the + and - 
symbols as directional adjectives. Consistent with the mathematical convention used on 
number lines and graphs, positive often means to the right or up and negative often 
means to the left or down. So to say that an object has a negative acceleration as in 
Examples C and D is to simply say that its acceleration is to the left or down (or in 
whatever direction has been defined as negative). Negative accelerations do not refer 
acceleration values that are less than 0. An acceleration of -2 m/s/s is an acceleration 
with a magnitude of 2 m/s/s that is directed in the negative direction. 

 

 

Ticker Tape Diagrams 
• Introduction to Diagrams 
• Ticker Tape Diagrams 
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• Vector Diagrams 

Imagine a device that could identify the position of a 
moving object at constant intervals of time - for instance, every second or every 1/10-
th second or even every 1/60-th second. Perhaps such a device could track the location 
of a object moving in 1-dimension by placing a dot on a strip of paper. The trail of dots 
would represent the motion of the object as it changes its position over the course of 
time. 
 
Believe it or not, there is such a device - it's called a ticker tape timer. Before the 
advent of  computers in Physics labs, a common way of analyzing the motion of objects 
in physics labs was to perform a ticker tape analysis. A long tape was attached to a 
moving object and threaded through a device that placed a tick upon the tape at 
regular intervals of time - say every 0.10 second. As the object moved, it dragged the 
tape through the "ticker," thus leaving a trail of dots. The trail of dots provided a history 
of the object's motion and therefore a representation of the object's motion. 
 
  

 
 
 
  

 
 

Video of Ticker Tape Analysis 
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Dot Diagrams 

While the use of ticker tape analyses in Physics labs has mostly been replaced by the 
use of computer-interfaced motion detectors, the use of ticker tapes or motion 
diagrams still persists in our Physics curriculum due to the visual nature of representing 
an object's motion. Such diagrams are referred to as dot diagrams, motion diagrams, oil 
drop diagrams, and (still) ticker tape diagrams. 
 
The distance between dots on a dot diagram represents the object's position change 
during that time interval. A large distance between dots indicates that the object was 
moving fast during that time interval. A small distance between dots means the object 
was moving slow during that time interval. Dot diagrams for a fast- and slow-moving 
object are depicted below. 

 

The analysis of a dot diagram will also reveal if the object is moving with a constant 
velocity or accelerating. A changing distance between dots indicates a changing velocity 
and thus an acceleration. A constant distance between dots represents a constant 
velocity and therefore no acceleration. Dot diagrams for objects moving with a constant 
velocity and with an accelerated motion are shown below. 

 

And so dot diagrams provide one more means of representing various features of the 
motion of objects. 
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The Meaning of Shape for a p-t Graph 
• Meaning of Shape for a p-t Graph 
• Meaning of Slope for v-t Graphs 
• Determining the Slope on a p-t Graphs 

Our study of 1-dimensional kinematics has been 
concerned with the multiple means by which the motion of objects can be represented. 
Such means include the use of words, the use of diagrams, the use of numbers, the use 
of equations, and the use of graphs. Lesson 3 focuses on the use of position vs. time 
graphs to describe motion. As we will learn, the specific features of the motion of 
objects are demonstrated by the shape and the slope of the lines on a position vs. time 
graph. The first part of this lesson involves a study of the relationship between the 
shape of a p-t graph and the motion of the object. 
 
 
  

Contrasting a Constant and a Changing Velocity 
To begin, consider a car moving with a constant, rightward (+) velocity - say of 
+10 m/s. 

 

If the position-time data for such a car were 
graphed, then the resulting graph would 
look like the graph at the right. Note that a 
motion described as a constant, positive 
velocity results in a line of constant and 
positive slope when plotted as a position-
time graph. 
Now consider a car moving with a rightward (+), changing velocity - that is, a car 
that is moving rightward but speeding up or accelerating. 
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If the position-time data for such a car 
were graphed, then the resulting graph 
would look like the graph at the right. Note 
that a motion described as a changing, 
positive velocity results in a line of 
changing and positive slope when plotted 
as a position-time graph. 
The position vs. time graphs for the two types of motion - constant velocity and 
changing velocity (acceleration) - are depicted as follows. 

Constant Velocity 
Positive Velocity 

Positive Velocity 
Changing Velocity (accelerat  

 

 

 
 
  

  
  
The Importance of Slope 
The shapes of the position versus time graphs for these two basic 
types of motion - constant velocity motion and accelerated motion 
(i.e., changing velocity) - reveal an important principle. The principle 
is that the slope of the line on a position-time graph reveals useful 
information about the velocity of the object. It is often said, "As the 
slope goes, so goes the velocity." Whatever characteristics the velocity has, the slope 
will exhibit the same (and vice versa). If the velocity is constant, then the slope is 
constant (i.e., a straight line). If the velocity is changing, then the slope is changing 
(i.e., a curved line). If the velocity is positive, then the slope is positive (i.e., moving 
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upwards and to the right). This very principle can be extended to any motion 
conceivable. 
 
 
  

Contrasting a Slow and a Fast Motion 
Consider the graphs below as example applications of this 
principle concerning the slope of the line on a position 
versus time graph. The graph on the left is representative 
of an object that is moving with a positive velocity (as 
denoted by the positive slope), a constant velocity (as 
denoted by the constant slope) and a small velocity (as 
denoted by the small slope). The graph on the right has 
similar features - there is a constant, positive velocity (as 
denoted by the constant, positive slope). However, the slope of the graph on the right 
is larger than that on the left. This larger slope is indicative of a larger velocity. The 
object represented by the graph on the right is traveling faster than the object 
represented by the graph on the left. The principle of slope can be used to extract 
relevant motion characteristics from a position vs. time graph. As the slope goes, so 
goes the velocity. 

Slow, Rightward(+) 
Constant Velocity 

Fast, Rightward(+) 
Constant Velocity 

 
 

Consider the graphs below as another application of 
this principle of slope. The graph on the left is 
representative of an object that is moving with a 
negative velocity (as denoted by the negative slope), 
a constant velocity (as denoted by the constant 
slope) and a small velocity (as denoted by the small 
slope). The graph on the right has similar features - 
there is a constant, negative velocity (as denoted by 
the constant, negative slope). However, the slope of the graph on the right is larger 
than that on the left. Once more, this larger slope is indicative of a larger velocity. The 
object represented by the graph on the right is traveling faster than the object 
represented by the graph on the left. 



Slow, Leftward(-) 
Constant Velocity 

Fast, Leftward(-) 
Constant Velocity 

  

 
 

  
  

Representing an Accelerated Motion 

As a final application of this principle of slope, consider 
the two graphs below. Both graphs show plotted points forming a curved line. Curved 
lines have changing slope; they may start with a very small slope and begin curving 
sharply (either upwards or downwards) towards a large slope. In either case, the 
curved line of changing slope is a sign of accelerated motion (i.e., changing velocity). 
Applying the principle of slope to the graph on the left, one would conclude that the 
object depicted by the graph is moving with a negative velocity (since the slope is 
negative ). Furthermore, the object is starting with a small velocity (the slope starts out 
with a small slope) and finishes with a large velocity (the slope becomes large). That 
would mean that this object is moving in the negative direction and speeding up (the 
small velocity turns into a larger velocity). This is an example of negative acceleration - 
moving in the negative direction and speeding up. The graph on the right also depicts 
an object with negative velocity (since there is a negative slope). The object begins 
with a high velocity (the slope is initially large) and finishes with a small velocity (since 
the slope becomes smaller). So this object is moving in the negative direction and 
slowing down. This is an example of positive acceleration. 

Negative (-) Velocity 
Slow to Fast 

Leftward (-) Velocity 
Fast to Slow 
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The principle of slope is an incredibly useful principle for extracting relevant information 
about the motion of objects as described by their position vs. time graph. Once you've 
practiced the principle a few times, it becomes a very natural means of analyzing 
position-time graphs. 

See Animations of Various Motions with Accompanying Graphs 

 

The Meaning of Slope for a p-t Graph 
• Meaning of Shape for a p-t Graph 
• Meaning of Slope for v-t Graphs 
• Determining the Slope on a p-t Graphs 

As discussed in the previous part of Lesson 3, the slope 
of a position vs. time graph reveals pertinent information about an object's velocity. For 
example, a small slope means a small velocity; a negative slope means a negative 
velocity; a constant slope (straight line) means a constant velocity; a changing slope 
(curved line) means a changing velocity. Thus the shape of the line on the graph 
(straight, curving, steeply sloped, mildly sloped, etc.) is descriptive of the object's 
motion. In this part of the lesson, we will examine how the actual slope value of any 
straight line on a graph is the velocity of the object. 
Consider a car moving with a constant velocity of +10 m/s for 5 seconds. The diagram 
below depicts such a motion. 
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The position-time graph would look like the 
graph at the right. Note that during the first 
5 seconds, the line on the graph slopes up 
10 m for every 1 second along the horizontal 
(time) axis. That is, the slope of the line is 
+10 meter/1 second. In this case, the slope 
of the line (10 m/s) is obviously equal to the 
velocity of the car. We will examine a few 
other graphs to see if this a principle that is true of all position vs. time graphs. 
 
 
 
 
 
  
 
 
 
Now consider a car moving at a constant velocity of +5 m/s for 5 seconds, abruptly 
stopping, and then remaining at rest (v = 0 m/s) for 5 seconds. 

 

If the position-time data for such a car were 
graphed, then the resulting graph would 
look like the graph at the right. For the first 
five seconds the line on the graph slopes up 
5 meters for every 1 second along the 
horizontal (time) axis. That is, the line on 
the position vs. time graph has a slope of +5 
meters/1 second for the first five seconds. 
Thus, the slope of the line on the graph equals the velocity of the car. During the last 5 
seconds (5 to 10 seconds), the line slopes up 0 meters. That is, the slope of the line is 
0 m/s - the same as the velocity during this time interval. 



Both of these examples reveal an important principle. 
The principle is that the slope of the line on a position-
time graph is equal to the velocity of the object. If the 
object is moving with a velocity of +4 m/s, then the 
slope of the line will be +4 m/s. If the object is moving 
with a velocity of -8 m/s, then the slope of the line will 
be -8 m/s. If the object has a velocity of 0 m/s, then the 
slope of the line will be 0 m/s. 
  

 

 
 
Determining the Slope on a p-t Graph 

• Meaning of Shape for a p-t Graph 
• Meaning of Slope for v-t Graphs 
• Determining the Slope on a p-t Graphs 

It was learned earlier in Lesson 3 that the slope of the 
line on a position versus time graph is equal to the velocity of the object. If the object is 
moving with a velocity of +4 m/s, then the slope of the line will be +4 m/s. If the 
object is moving with a velocity of -8 m/s, then the slope of the line will be -8 m/s. If 
the object has a velocity of 0 m/s, then the slope of the line will be 0 m/s. The slope of 
the line on a position versus time graph tells it all. Because of its importance, a student 
of physics must have a good understanding of how to calculate the slope of a line. In 
this part of the lesson, the method for determining the slope of a line on a position-time 
graph will be discussed. 
Let's begin by considering the position versus time graph below. 
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The line is sloping upwards to the right. But mathematically, by how much does it slope 
upwards for every 1 second along the horizontal (time) axis? To answer this question 
we must use the slope equation. 

 
 
 
 
  

Using the Slope Equation 

The slope equation says that the slope of a line is found by determining the amount of 
rise of the line between any two points divided by the amount of run of the line 
between the same two points. In other words, 
• Pick two points on the line and determine their coordinates. 
• Determine the difference in y-coordinates of these two points (rise). 
• Determine the difference in x-coordinates for these two points (run). 
• Divide the difference in y-coordinates by the difference in x-coordinates (rise/run or 

slope). 
The diagram below shows this method being applied to determine the slope of the line. 
Note that three different calculations are performed for three different sets of two 
points on the line. In each case, the result is the same: the slope is 10 m/s. 
 
 



 

So that was easy - rise over run is all that is involved. 

 

The Meaning of Shape for a v-t Graph 
• Meaning of Shape for a v-t Graph 
• Meaning of Slope for v-t Graphs 
• Relating Shape to Motion for v-t Graphs 
• Slope of v-t Graphs 
• Area Under v-t Graphs 

Our study of 1-dimensional kinematics has been 
concerned with the multiple means by which the motion of objects can be represented. 
Such means include the use of words, the use of diagrams, the use of numbers, the use 
of equations, and the use of graphs. Lesson 4 focuses on the use of velocity versus 
time graphs to describe motion. As we will learn, the specific features of the motion of 
objects are demonstrated by the shape and the slope of the lines on a velocity vs. time 
graph. The first part of this lesson involves a study of the relationship between the 
shape of a v-t graph and the motion of the object. 
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Constant Velocity versus Changing Velocity 
Consider a car moving with a constant, rightward (+) velocity - say of +10 m/s. As 
learned in an earlier lesson, a car moving with a constant velocity is a car with zero 
acceleration. 

 

If the velocity-time data for such a car were 
graphed, then the resulting graph would 
look like the graph at the right. Note that a 
motion described as a constant, positive 
velocity results in a line of zero slope (a 
horizontal line has zero slope) when plotted 
as a velocity-time graph. Furthermore, only positive velocity values are plotted, 
corresponding to a motion with positive velocity. 
Now consider a car moving with a rightward (+), changing velocity - that is, a car 
that is moving rightward but speeding up or accelerating. Since the car is moving in the 
positive direction and speeding up, the car is said to have a positive acceleration. 

 

If the velocity-time data for such a car 
were graphed, then the resulting graph 
would look like the graph at the right. 
Note that a motion described as a 
changing, positive velocity results in a 
sloped line when plotted as a velocity-
time graph. The slope of the line is 
positive, corresponding to the positive 
acceleration. Furthermore, only positive velocity values are plotted, corresponding to a 
motion with positive velocity. 
The velocity vs. time graphs for the two types of motion - constant velocity and 
changing velocity (acceleration) - can be summarized as follows. 

Positive Velocity 
Zero Acceleration 

Positive Velocity 
Positive Acceleration 
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The Importance of Slope 
The shapes of the velocity vs. time graphs for 
these two basic types of motion - constant 
velocity motion and accelerated motion (i.e., 
changing velocity) - reveal an important 
principle. The principle is that the slope of the 
line on a velocity-time graph reveals 
useful information about the acceleration 
of the object. If the acceleration is zero, then the slope is zero (i.e., a horizontal line). 
If the acceleration is positive, then the slope is positive (i.e., an upward sloping line). If 
the acceleration is negative, then the slope is negative (i.e., a downward sloping line). 
This very principle can be extended to any conceivable motion. 
The slope of a velocity-time graph reveals information about an object's acceleration. 
But how can one tell whether the object is moving in the positive direction (i.e., positive 
velocity) or in the negative direction (i.e., negative velocity)? And how can one tell if 
the object is speeding up or slowing down? 
 
  

Positive Velocity versus Negative Velocity 
The answers to these questions hinge on one's ability to read a graph. Since the graph 
is a velocity-time graph, the velocity would be positive whenever the line lies in the 
positive region (above the x-axis) of the graph. Similarly, the velocity would be negative 
whenever the line lies in the negative region (below the x-axis) of the graph. As learned 
in Lesson 1, a positive velocity means the object is moving in the positive direction; and 
a negative velocity means the object is moving in the negative direction. So one knows 
an object is moving in the positive direction if the line is located in the positive region of 
the graph (whether it is sloping up or sloping down). And one knows that an object is 
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moving in the negative direction if the line is located in the negative region of the graph 
(whether it is sloping up or sloping down). And finally, if a line crosses over the x-axis 
from the positive region to the negative region of the graph (or vice versa), then the 
object has changed directions. 

 
  

  

  
Speeding Up versus Slowing Down 

Now how can one tell if the object is speeding up or 
slowing down? Speeding up means that the magnitude (or numerical value) of the 
velocity is getting large. For instance, an object with a velocity changing from +3 m/s to 
+ 9 m/s is speeding up. Similarly, an object with a velocity changing from -3 m/s to -9 
m/s is also speeding up. In each case, the magnitude of the velocity (the number itself, 
not the sign or direction) is increasing; the speed is getting bigger. Given this fact, one 
would believe that an object is speeding up if the line on a velocity-time graph is 
changing from near the 0-velocity point to a location further away from the 0-velocity 
point. That is, if the line is getting further away from the x-axis (the 0-velocity point), 
then the object is speeding up. And conversely, if the line is approaching the x-axis, 
then the object is slowing down. 
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The Meaning of Slope for a v-t Graph 
• Meaning of Shape for a v-t Graph 
• Meaning of Slope for v-t Graphs 
• Relating Shape to Motion for v-t Graphs 
• Slope of v-t Graphs 
• Area Under v-t Graphs 

As discussed in the previous part of Lesson 4, the shape of a velocity versus time graph 
reveals pertinent information about an object's acceleration. For example, if the 
acceleration is zero, then the velocity-time graph is a horizontal line (i.e., the slope is 
zero). If the acceleration is positive, then the line is an upward sloping line (i.e., the 
slope is positive). If the acceleration is negative, then the velocity-time graph is a 
downward sloping line (i.e., the slope is negative). If the acceleration is great, then the 
line slopes up steeply (i.e., the slope is great). This principle can be extended to any 
motion conceivable. Thus the shape of the line on the graph (horizontal, sloped, steeply 
sloped, mildly sloped, etc.) is descriptive of the object's motion. In this part of the 
lesson, we will examine how the actual slope value of any straight line on a velocity-
time graph is the acceleration of the object. 
  

Analyzing a Constant Velocity Motion 
Consider a car moving with a constant velocity of +10 m/s. A car moving with a 
constant velocity has an acceleration of 0 m/s/s. 

 

 
The velocity-time data and graph would look like the graph below. Note that the line on 
the graph is horizontal. That is the slope of the line is 0 m/s/s. In this case, it is obvious 
that the slope of the line (0 m/s/s) is the same as the acceleration (0 m/s/s) of the car. 
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Time 
(s) 

Velocity 
(m/s) 

0 10 
1 10 
2 10 
3 10 
4 10 
5 10 

 

 

So in this case, the slope of the line is equal to the acceleration of the velocity-time 
graph. Now we will examine a few other graphs to see if this is a principle that is true 
of all velocity versus time graphs. 
  

Analyzing a Changing Velocity Motion 
Now consider a car moving with a changing velocity. A car with a changing velocity will 
have an acceleration. 

 

The velocity-time data for this motion show that the car 
has an acceleration value of 10 m/s/s. (In Lesson 6, we will learn how to relate 
position-time data such as that in the diagram above to an acceleration value.) The 
graph of this velocity-time data would look like the graph below. Note that the line on 
the graph is diagonal - that is, it has a slope. The slope of the line can be calculated as 
10 m/s/s. It is obvious once again that the slope of the line (10 m/s/s) is the same as 
the acceleration (10 m/s/s) of the car. 
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Time 
(s) 

Velocity 
(m/s) 

0 0 
1 10 
2 20 
3 30 
4 40 
5 50 

 

 

 
 
  
 
  

Analyzing a Two-Stage Motion 
In both instances above - the constant velocity motion and the changing velocity 
motion, the slope of the line was equal to the acceleration. As a last illustration, we will 
examine a more complex case - a two-stage motion. Consider the motion of a car that 
first travels with a constant velocity (a=0 m/s/s) of 2 m/s for four seconds and then 
accelerates at a rate of +2 m/s/s for four seconds. That is, in the first four seconds, the 
car is not changing its velocity (the velocity remains at 2 m/s) and then the car 
increases its velocity by 2 m/s per second over the next four seconds. The velocity-time 
data and graph are displayed below. Observe the relationship between the slope of the 
line during each four-second interval and the corresponding acceleration value. 

Time 
(s) 

Velocity 
(m/s) 

0 2 
1 2 
2 2 
3 2 
4 2 
5 4 
6 6 
7 8 
8 10 

 

 

From 0 s to 4 s: slope = 0 m/s/s 
From 4 s to 8 s: slope = 2 m/s/s 

 



 

 
 



Category 2: Acceleration 
 
 
Question 1: 
 Which one of the following characteristics is true of all accelerating objects? 
 a. Accelerating objects are moving very fast. 
 b. Accelerating objects are moving in a straight line. 
 c. Accelerating objects are moving in a circle. 
 d. Accelerating objects are changing their velocity. 
 
 
Question 2: 
 Which of the following objects is accelerating? Bubble in all that apply. 
 a. A car is skidding to a stop. 
 b. A ball is following a curved path through the air. 
 c. A student walks down the hallway at a constant speed. 
 
 
Question 3: 
 Which of the following objects is accelerating? Bubble in all that apply. 
 a. A base runner slows to a stop while diving into third base. 
 b. A ball speeds up while rolling down a hill. 
 c. A race car moves fast along a straight section of track at constant speed. 
 
 
Question 4: 
 Objects that are speeding up are said to be _____. 
 a. accelerating 
 b. accelerating (but only if moving along a curved path) 
 c. accelerating (but only if moving along a straight line) 
 
 
Question 5: 
 Objects that are slowing down are said to be _____. 
 a. accelerating 
 b. accelerating (but only if moving along a curved path) 
 c. accelerating (but only if moving along a straight line) 
 
 
Question 6: 
 TRUE    or    FALSE: 
 

An object that is slowing down does NOT have an acceleration. 
 

 a. True b. False 
 
 



Question 7: 
 An object is moving rightward and slowing down. Its acceleration is directed _____. 
 a. rightward b. leftward 
 
 
Question 8: 
 An object is moving rightward and speeding up. Its acceleration is directed _____. 
 a. rightward b. leftward 
 
 
Question 9: 
 An object is moving leftward and slowing down. Its acceleration is directed _____. 
 a. rightward b. leftward 
 
 
Question 10: 
 An object is moving leftward and speeding up. Its acceleration is directed _____. 
 a. rightward b. leftward 
 
Question 11: 
 An object is moving east with a constant speed of 30 m/s for 5 seconds. What is the object’s 

acceleration? 
 a. 0 m/s2 b. 6 m/s2 

 c. 30 m/s2 d. 150 m/s2 

 
 
Question 12: 
 An object is moving east with a constant speed of 25 m/s for 5 seconds. What is the object’s 

acceleration? 
 a. 0 m/s2 b. 5 m/s2 

 c. 25 m/s2 d. 125 m/s2 

 
 
Question 13: 
 An object is moving east with a constant speed of 20 m/s for 4 seconds. What is the object’s 

acceleration? 
 a. 0 m/s2 b. 5 m/s2 

 c. 20 m/s2 d. 80 m/s2 

 
 
Question 14: 
 A car that is moving in a straight line has an acceleration of 8.0 m/s/s for 4.0 seconds. 

Which one of the following is true of this car? 
 a. The car is moving with a speed of 8.0 m/s for 4.0 seconds. 
 b. The car is moving with a speed of 32.0 m/s for 4.0 seconds. 
 c. The car is changing its speed by 8.0 m/s in 4.0 seconds. 



 d. The car is changing its speed by 32.0 m/s in 4.0 seconds. 
 
 
Question 15: 
 A car that is moving in a straight line has an acceleration of 10.0 m/s/s for 5.0 seconds. 

Which one of the following is true of this car? 
 a. The car is moving with a speed of 10.0 m/s for 5.0 seconds. 
 b. The car is moving with a speed of 50.0 m/s for 5.0 seconds. 
 c. The car is changing its speed by 10.0 m/s in 5.0 seconds. 
 d. The car is changing its speed by 50.0 m/s in 5.0 seconds. 
 
 



Graphs 
Position/Velocity/Acceleration 

 
 
 
Question 1: 
 Which one of the oil drop diagrams describes an object that is moving to the right and 

speeding up? 

  
 
 
Question 2: 
 Which one of the oil drop diagrams describes an object that is moving to the right and 

slowing down? 

  
 
Question 3: 
 Which one of the oil drop diagrams describes an object that is moving to the left and 

speeding up? 

  
 
 
Question 4: 
 Which one of the oil drop diagrams describes an object that is moving to the left and 

slowing down? 

A    
 
 
 

B 
 
 
 
 

C 

A    
 
 
 

B 
 
 
 
 

C 

A    
 
 
 

B 
 
 
 
 

C 



  
 
 
Question 5: 
 An old car with a leaky engine leaves the following oil drop trace on the street.  
 

 
 
 Which statement describes how the car was moving? 
 a. The car moved at a constant speed; it decelerated; it then remained at rest. 
 b. The car decelerated from a high speed to a rest position and remained at rest. 
 c. The car moved at a constant speed; it then was at rest for several seconds. 
 
 
Question 6: 
 An old car with a leaky engine leaves the following oil drop trace on the street.  
 

 
 
 Which statement describes how the car was moving? 
 a. The car moves at a constant speed; it then accelerates for the remaining time. 
 b. The car moves at a constant speed; it accelerates; it maintains a higher, constant speed. 
 c. The car remains at rest for several seconds; it then accelerates to a high speed. 
 
 
Question 7: 
 The following oil drop pattern describes the motion of a car moving to the left.  
 
 
 
 Which statement best describes the direction of the velocity and of the acceleration of the 

car? 
 a. The velocity is rightward (+) and the acceleration is rightward (+). 
 b. The velocity is rightward (+) and the acceleration is leftward (-). 
 c. The velocity is leftward (-) and the acceleration is rightward (+). 
 d. The velocity is leftward (-) and the acceleration is leftward (-). 
 
 
 
 

A    
 
 
 

B 
 
 
 
 

C 



Question 8: 
 Consider the plot shown at the right. Which of the motions is 

consistent with the graph? 
 a. The object is moving to the right and speeding up. 
 b. The object is moving to the left and speeding up. 
 c. The object is moving to the right and slowing down. 
 d. The object is moving to the left and slowing down. 
 
 
 
Question 9: 
 Consider the plot shown at the right. Which of the motions is 

consistent with the graph? 
 a. The object is moving to the right and speeding up. 
 b. The object is moving to the left and speeding up. 
 c. The object is moving to the right and slowing down.  
 d. The object is moving to the left and slowing down. 
 
 
 
Question 10: 
 Consider the plot shown at the right. Which of the motions is 

consistent with the graph? 
 a. The object is moving to the right and speeding up. 
 b. The object is moving to the left and speeding up. 
 c. The object is moving to the right and slowing down.  
 d. The object is moving to the left and slowing down. 
 
 
 
Question 11: 
 Consider the plot shown at the right. Which of the motions is 

consistent with the graph? 
 a. The object is moving to the right and speeding up. 
 b. The object is moving to the left and speeding up. 
 c. The object is moving to the right and slowing down.  
 d. The object is moving to the left and slowing down. 
 
 
 
 
 
 
 
 
 



Question 12: 
 Consider the plot shown at the right. 

Which description below is consistent 
with the graph? 

 a. The object moves at a constant speed 
and then slows down to rest. 

 b. The object moves horizontally and then 
falls at a constant speed. 

 c. The object is at rest and then moves in 
the negative direction at a constant 
speed. 

 
 
Question 13: 
 Consider the plot shown at the right. Which 

description below is consistent with the 
graph? 

 a. The object moves at a constant speed and 
then speeds up in the positive direction. 

 b. The object moves horizontally and then 
moves up a hill at a constant speed. 

 c. The object is at rest and then moves in the 
positive direction at a constant speed. 

 
 
Question 14: 
 Consider the plot shown at the right. Which 

description below is consistent with the 
graph? 

 a. The object moves slowly at a constant 
speed and then faster at a constant speed. 

 b. The object accelerates in the positive 
direction and then accelerates more 
rapidly. 

 c. The object moves forward, changes direction and then accelerates more rapidly. 
 
 
 
 
 
 
 
 
 
 
 



Question 15: 
 Consider the plot shown at the right. Which 

description below is consistent with the 
graph? 

 a. The object accelerates in the positive 
direction and then in the negative direction. 

 b. The object moves upwards, reaches its 
peak and then falls with an acceleration. 

 c. The object moves in the positive direction 
and then moves in the negative direction. 

 
 
 



Newton’s Laws Questions 
 
 
Question 1: 
 The standard metric unit of mass is the ______ and the standard metric unit of force is the 

_______. (Choose the appropriate words as listed in their respective order.) 
 a. Newton, pound  b. m/s/s, Newton 
 c. kilogram, Newton  d. pound, Newton 
 e. gram, pound  ab. meter, pound 
 ac. m/s/s, pound 
 
 
Question 2: 
 Forces, when unbalanced, always cause objects to ______. 
 a. maintain their speed b. change direction 
 c. slow down  d. maintain their velocity 
 e. accelerate 
 
 
Question 3: 
 A 6-kg object is moving to the right with a constant velocity of 4 m/s. The net force 

encountered by the object is ____. 
 a. 240 N, left b. 24 N, right c. 24 N, left d. 0.667 N, left 
 e. 1.5 N, right ab. 0 N ac. 240 N, right ad. 1.5 N, left 
 ae. 0.667 N, right 
 
Question 4: 
 Suppose that an astronaut throws a rock in outer space. One would expect that the rock 

would ____. 
 a. eventually stop  
 b. continue in motion with the same speed and direction 
 c. eventually stop as its inertia slowly becomes used up 
 d. either of the above -- depending on whether the astronaut continues to push it 
 
Question 5: 
 An object moving at a constant velocity MUST _____. 
 a. be experiencing a balance of forces 
 b. not have a force of friction acting on it 
 c. not have a force of gravity acting on it 
 d. none of these 
 
 
 
 
 
 



Question 6: 
 The diagrams below depict the individual forces acting upon an object.  
 

 
 
 Each arrow represents a force and the length of the arrow represents the size of the force. 

Based on this information, which objects could be moving to the right at a constant speed? 
Select all that apply. 

 
 
Question 7: 
 The dot diagram below depicts the motion of a rightward-moving object. Which one of the 

force diagrams is consistent with the dot diagram?  
 

 
 
 
Question 8: 
 The dot diagram below depicts the motion of a rightward-moving object. Which of the force 

diagrams is consistent with the dot diagram?  
 

 
 
 The arrows on the force diagrams represent forces; the arrow length represents the size of 

the force. Select all that apply. 
 
 
 
 
 
 
 
 
 



Question 9: 
 The dot diagram below depicts the motion of a rightward-moving object. Which of the force 

diagrams is consistent with the dot diagram?  
 

 
 
 
 The arrows on the force diagrams represent forces; the arrow length represents the size of 

the force. Select all that apply. 
 
 
Question 10: 
 An upward moving elevator is slowing down. Which of the following force diagrams could 

be representative of the forces acting upon the elevator? 
 

 
 
 The arrows on the force diagrams represent forces; the arrow length represents the size of 

the force. Select all that apply. 
 
 
Question 11: 
 A 10-kg object is moving to the right at a constant velocity of 4 m/s. Which one of the 

following horizontal forces is required to maintain this state of motion? 
 a. 0.4 N b. 40 N     c. 2.5 N d. 0 N 
 
 
Question 12: 
 A westward-moving object is changing its speed. The net force on the object ____. 
 a. must be directed east b. must be directed west 
 c. must be zero  d. must either be directed east or west 
 e. could be directed east or west or be zero 
 
 
Question 13: 
 Consider all the types of forces that could act upon an object. Which of the listed types of 

forces act upon the falling skydiver? Select all that apply. 
 a. Air resistance b. Gravity c. Normal 
 d. Spring e. Surface Friction 



Question 14: 
 The standard metric unit of force is the _____. 
 a. kilogram b. gram c. Newton d. m/s/s e. pound 
 
 
Question 15: 
 A person has a mass of 80-kg. The person's mass would be ____ on the moon. 
 a. much smaller b. much greater  c. the same (80 kg) 
 
 



WEEK 7 Notes 
Newton's First Law 

• First Law 
• Inertia and Mass 
• State of Motion 
• Balanced vs. Unbalanced Forces 

In a previous chapter of study, the variety of ways by 
which motion can be described (words, graphs, diagrams, numbers, etc.) was 
discussed. In this unit (Newton's Laws of Motion), the ways in which motion can 
be explained will be discussed. Isaac Newton (a 17th century scientist) put forth a 
variety of laws that explain why objects move (or don't move) as they do. These three 
laws have become known as Newton's three laws of motion. The focus of Lesson 1 is 
Newton's first law of motion - sometimes referred to as the law of inertia. 
 
  
Newton's first law of motion is often stated as 
An object at rest stays at rest and an object in motion stays in motion with the same 
speed and in the same direction unless acted upon by an unbalanced force. 

  
  

Two Clauses and a Condition 
There are two clauses or parts to this statement - one that predicts the behavior of 
stationary objects and the other that predicts the behavior of moving objects. The two 
parts are summarized in the following diagram. 
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The behavior of all objects can be described by saying 
that objects tend to "keep on doing what they're 
doing" (unless acted upon by an unbalanced force). If 
at rest, they will continue in this same state of rest. If 
in motion with an eastward velocity of 5 m/s, they will 
continue in this same state of motion (5 m/s, East). If 
in motion with a leftward velocity of 2 m/s, they will continue in this same state of 
motion (2 m/s, left). The state of motion of an object is maintained as long as the 
object is not acted upon by an unbalanced force. All objects resist changes in their state 
of motion - they tend to "keep on doing what they're doing." 
There is an important condition that must be met in order for the first law to be 
applicable to any given motion. The condition is described by the phrase "... unless 
acted upon by an unbalanced force." As the long as the forces are not unbalanced - 
that is, as long as the forces are balanced - the first law of motion applies. This concept 
of a balanced versus and unbalanced force will be discussed in more detail later in 
Lesson 1. 
 
 Suppose that you filled a baking dish to the rim with water and walked around an oval 
track making an attempt to complete a lap in the least amount of time. The water 
would have a tendency to spill from the container during specific locations on the track. 
In general the water spilled when: 
• the container was at rest and you attempted to move it 
• the container was in motion and you attempted to stop it 
• the container was moving in one direction and you attempted to change its 

direction. 
The water spills whenever the state of motion of the 
container is changed. The water resisted this change in 
its own state of motion. The water tended to "keep on 
doing what it was doing." The container was moved 
from rest to a high speed at the starting line; the water 
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remained at rest and spilled onto the table. The container was stopped near the finish 
line; the water kept moving and spilled over container's leading edge. The container 
was forced to move in a different direction to make it around a curve; the water kept 
moving in the same direction and spilled over its edge. The behavior of the water 
during the lap around the track can be explained by Newton's first law of motion. 
  

Everyday Applications of Newton's First Law 
There are many applications of Newton's first law of motion. Consider some of your 
experiences in an automobile. Have you ever observed the behavior of coffee in a 
coffee cup filled to the rim while starting a car from rest or while bringing a car to rest 
from a state of motion? Coffee "keeps on doing what it is doing." When you accelerate 
a car from rest, the road provides an unbalanced force on the spinning wheels to push 
the car forward; yet the coffee (that was at rest) wants to stay at rest. While the car 
accelerates forward, the coffee remains in the same position; subsequently, the car 
accelerates out from under the coffee and the coffee spills in your lap. On the other 
hand, when braking from a state of motion the coffee continues forward with the same 
speed and in the same direction, ultimately hitting the windshield or the dash. Coffee in 
motion stays in motion. 
Have you ever experienced inertia (resisting 
changes in your state of motion) in an automobile 
while it is braking to a stop? The force of the road 
on the locked wheels provides the unbalanced 
force to change the car's state of motion, yet there 
is no unbalanced force to change your own state of 
motion. Thus, you continue in motion, sliding along 
the seat in forward motion. A person in motion 
stays in motion with the same speed and in the same direction ... unless acted upon by 
the unbalanced force of a seat belt. Yes! Seat belts are used to provide safety for 
passengers whose motion is governed by Newton's laws. The seat belt provides the 
unbalanced force that brings you from a state of motion to a state of rest. Perhaps you 
could speculate what would occur when no seat belt is used. 
  
 

Inertia and Mass 
• First Law 
• Inertia and Mass 
• State of Motion 
• Balanced vs. Unbalanced Forces 
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Newton's first law of motion states that "An object at 
rest stays at rest and an object in motion stays in motion with the same speed and in 
the same direction unless acted upon by an unbalanced force." Objects tend to "keep 
on doing what they're doing." In fact, it is the natural tendency of objects to resist 
changes in their state of motion. This tendency to resist changes in their state of 
motion is described as inertia. 
Inertia: the resistance an object has to a change in its state of motion. 
  

Newton's conception of inertia stood in direct opposition to more popular conceptions 
about motion. The dominant thought prior to Newton's day was that it was the natural 
tendency of objects to come to a rest position. Moving objects, so it was believed, 
would eventually stop moving; a force was necessary to keep an object moving. But if 
left to itself, a moving object would eventually come to rest and an object at rest would 
stay at rest; thus, the idea that dominated people's thinking for nearly 2000 years prior 
to Newton was that it was the natural tendency of all objects to assume a rest position. 
  

Galileo and the Concept of Inertia 
Galileo, a premier scientist in the seventeenth century, developed the concept of inertia. 
Galileo reasoned that moving objects eventually stop because of a force called friction. 
In experiments using a pair of inclined planes facing each other, Galileo observed that a 
ball would roll down one plane and up the opposite plane to approximately the same 
height. If smoother planes were used, the ball would roll up the opposite plane even 
closer to the original height. Galileo reasoned that any difference between initial and 
final heights was due to the presence of friction. Galileo postulated that if friction could 
be entirely eliminated, then the ball would reach exactly the same height. 
Galileo further observed that regardless of the angle at which the planes were oriented, 
the final height was almost always equal to the initial height. If the slope of the 
opposite incline were reduced, then the ball would roll a further distance in order to 
reach that original height. 
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Galileo's reasoning continued - if the opposite incline were elevated at nearly a 0-
degree angle, then the ball would roll almost forever in an effort to reach the original 
height. And if the opposing incline was not even inclined at all (that is, if it were 
oriented along the horizontal), then ... an object in motion would continue in motion... . 

 
 

 
 
 
 
  

Watch It! 
Another thought experiment of Galileo's is explained in this video using an actual 

experiment performed with modern-day equipment. 
  

  
 

Forces Don't Keep Objects Moving 



Isaac Newton built on Galileo's thoughts about 
motion. Newton's first law of motion declares that a 
force is not needed to keep an object in motion. Slide 
a book across a table and watch it slide to a rest 
position. The book in motion on the table top does 
not come to a rest position because of 
the absence of a force; rather it is the presence of a 
force - that force being the force of friction - that brings the book to a rest position. In 
the absence of a force of friction, the book would continue in motion with the same 
speed and direction - forever! (Or at least to the end of the table top.) A force is not 
required to keep a moving book in motion. In actuality, it is a force that brings the book 
to rest. 
  

 
  
  

Mass as a Measure of the Amount of Inertia 
All objects resist changes in their state of motion. All 
objects have this tendency - they have inertia. But do 
some objects have more of a tendency to resist changes 
than others? Absolutely yes! The tendency of an object 
to resist changes in its state of motion varies with mass. 
Mass is that quantity that is solely dependent upon the 
inertia of an object. The more inertia that an object has, 
the more mass that it has. A more massive object has a 
greater tendency to resist changes in its state of motion. 
Suppose that there are two seemingly identical bricks at rest on the physics lecture 
table. Yet one brick consists of mortar and the other brick consists of Styrofoam. 
Without lifting the bricks, how could you tell which brick was the Styrofoam brick? You 
could give the bricks an identical push in an effort to change their state of motion. The 
brick that offers the least resistance is the brick with the least inertia - and therefore 
the brick with the least mass (i.e., the Styrofoam brick). 
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A common physics demonstration relies on this principle that the 
more massive the object, the more that object resist changes in its 
state of motion. The demonstration goes as follows: several 
massive books are placed upon a teacher's head. A wooden board 
is placed on top of the books and a hammer is used to drive a nail 
into the board. Due to the large mass of the books, the force of 
the hammer is sufficiently resisted (inertia). This is demonstrated 
by the fact that the teacher does not feel the hammer blow. (Of 
course, this story may explain many of the observations that you 
previously have made concerning your "weird physics teacher.") A 
common variation of this demonstration involves breaking a brick 
over the teacher's hand using the swift blow of a hammer. The massive bricks resist the 
force and the hand is not hurt. (CAUTION: do not try these demonstrations at home.) 
 

State of Motion 
• First Law 
• Inertia and Mass 
• State of Motion 
• Balanced vs. Unbalanced Forces 

Inertia is the tendency of an object to resist changes in its state of motion. But what is 
meant by the phrase state of motion? The state of motion of an object is defined by 
its velocity - the speed with a direction. Thus, inertia could be redefined as follows: 
Inertia: tendency of an object to resist changes in its velocity. 
  

An object at rest has zero velocity - and (in the absence of an unbalanced force) will 
remain with a zero velocity. Such an object will not change its state of motion (i.e., 
velocity) unless acted upon by an unbalanced force. An object in motion with a velocity 
of 2 m/s, East will (in the absence of an unbalanced force) remain in motion with a 
velocity of 2 m/s, East. Such an object will not change its state of motion (i.e., velocity) 
unless acted upon by an unbalanced force. Objects resist changes in their velocity. 
As learned in an earlier unit, an object that is not changing its velocity is said to have 
an acceleration of 0 m/s/s. Thus, we could provide an alternative means of defining 
inertia: 
Inertia: tendency of an object to resist acceleration. 

 

Balanced and Unbalanced Forces 
• First Law 
• Inertia and Mass 
• State of Motion 
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• Balanced vs. Unbalanced Forces 
Newton's first law of motion has been frequently stated throughout this lesson. 
An object at rest stays at rest and an object in motion stays in motion with the same 
speed and in the same direction unless acted upon by an unbalanced force. 

  

Balanced Forces 
But what exactly is meant by the phrase unbalanced force? What is an unbalanced 
force? In pursuit of an answer, we will first consider a physics book at rest on a 
tabletop. There are two forces acting upon the book. One force - the Earth's 
gravitational pull - exerts a downward force. The other force - the push of the table on 
the book (sometimes referred to as a normal force) - pushes upward on the book. 
  

 
  

Since these two forces are of equal magnitude and in opposite directions, they balance 
each other. The book is said to be at equilibrium. There is no unbalanced force acting 
upon the book and thus the book maintains its state of motion. When all the forces 
acting upon an object balance each other, the object will be at equilibrium; it will not 
accelerate. (Note: diagrams such as the one above are known as free-body 
diagrams and will be discussed in detail in Lesson 2.) 
Consider another example involving balanced forces - a person standing on the floor. 
There are two forces acting upon the person. The force of gravity exerts a downward 
force. The floor exerts an upward force. 
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Since these two forces are of equal magnitude and in opposite directions, they balance 
each other. The person is at equilibrium. There is no unbalanced force acting upon the 
person and thus the person maintains its state of motion. (Note: diagrams such as the 
one above are known as free-body diagrams and will be discussed in detail in Lesson 
2.) 
 
  
 
  

Unbalanced Forces 
Now consider a book sliding from left to right across a tabletop. Sometime in the prior 
history of the book, it may have been given a shove and set in motion from a rest 
position. Or perhaps it acquired its motion by sliding down an incline from an elevated 
position. Whatever the case, our focus is not upon the history of the book but rather 
upon the current situation of a book sliding to the right across a tabletop. The book is in 
motion and at the moment there is no one pushing it to the right. (Remember: a force 
is not needed to keep a moving object moving to the right.) The forces acting upon the 
book are shown below. 
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The force of gravity pulling downward and the force of the table pushing upwards on 
the book are of equal magnitude and opposite directions. These two forces balance 
each other. Yet there is no force present to balance the force of friction. As the book 
moves to the right, friction acts to the left to slow the book down. There is an 
unbalanced force; and as such, the book changes its state of motion. The book is not at 
equilibrium and subsequently accelerates. Unbalanced forces cause accelerations. In 
this case, the unbalanced force is directed opposite the book's motion and will cause it 
to slow down. (Note: diagrams such as the one above are known as free-body 
diagrams and will be discussed in detail in Lesson 2.) 
  
To determine if the forces acting upon an object are balanced or unbalanced, an 
analysis must first be conducted to determine what forces are acting upon the object 
and in what direction. If two individual forces are of equal magnitude and opposite 
direction, then the forces are said to be balanced. An object is said to be acted upon by 
an unbalanced force only when there is an individual force that is not being balanced by 
a force of equal magnitude and in the opposite direction. Such analyses are discussed 
in Lesson 2 of this unit and applied in Lesson 3. 
 

The Meaning of Force 
• Meaning of Force 
• Force Types 
• Drawing Free-Body Diagrams 
• Meaning of Net Force 

A force is a push or pull upon an object resulting from 
the object's interaction with another object. Whenever there is an interaction between 
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two objects, there is a force upon each of the objects. When the interaction ceases, the 
two objects no longer experience the force. Forces only exist as a result of an 
interaction. 
 
 
 
  

Contact versus Action-at-a-Distance Forces 
For simplicity sake, all forces (interactions) between objects can be placed into two 
broad categories: 
• contact forces, and 
• forces resulting from action-at-a-distance 
 
Contact forces are those types of forces that result when the two interacting objects 
are perceived to be physically contacting each other. Examples of contact forces include 
frictional forces, tensional forces, normal forces, air resistance forces, and applied 
forces. These specific forces will be discussed in more detail later in Lesson 2 as well as 
in other lessons. 
 
Action-at-a-distance forces are those types of forces that result even when the two 
interacting objects are not in physical contact with each other, yet are able to exert a 
push or pull despite their physical separation. Examples of action-at-a-distance forces 
include gravitational forces. For example, the sun and planets exert a gravitational 
pull on each other despite their large spatial separation. Even when your feet leave the 
earth and you are no longer in physical contact with the earth, there is a gravitational 
pull between you and the Earth. Electric forces are action-at-a-distance forces. For 
example, the protons in the nucleus of an atom and the electrons outside the nucleus 
experience an electrical pull towards each other despite their small spatial separation. 
And magnetic forces are action-at-a-distance forces. For example, two magnets can 
exert a magnetic pull on each other even when separated by a distance of a few 
centimeters. These specific forces will be discussed in more detail later in Lesson 2 as 
well as in other lessons. 
Examples of contact and action-at-distance forces are listed in the table below. 

Contact Forces Action-at-a-Distance Forces 
Frictional Force Gravitational Force 
Tension Force Electrical Force 
Normal Force Magnetic Force 

Air Resistance Force   
Applied Force   
Spring Force   

http://www.physicsclassroom.com/Class/newtlaws/u2l2b.cfm
http://www.physicsclassroom.com/Class/circles/u6l3c.cfm
http://www.physicsclassroom.com/Class/circles/u6l3c.cfm
http://www.physicsclassroom.com/Class/newtlaws/u2l2b.cfm


 
  
 
  

The Newton 
Force is a quantity that is measured using the standard metric unit known as 
the Newton. A Newton is abbreviated by an "N." To say "10.0 N" means 10.0 Newton 
of force. One Newton is the amount of force required to give a 1-kg mass an 
acceleration of 1 m/s/s. Thus, the following unit equivalency can be stated: 

1 Newton = 1 kg • m/s2 
 
  

Force is a Vector Quantity 
A force is a vector quantity. As learned in an earlier unit, a vector quantity is a quantity 
that has both magnitude and direction. To fully describe the force acting upon an 
object, you must describe both the magnitude (size or numerical value) and the 
direction. Thus, 10 Newton is not a full description of the force acting upon an object. 
In contrast, 10 Newton, downward is a complete description of the force acting upon an 
object; both the magnitude (10 Newton) and the direction (downward) are given. 
Because a force is a vector that has a direction, it is common to 
represent forces using diagrams in which a force is represented 
by an arrow. Such vector diagrams were introduced in an earlier 
unit and are used throughout the study of physics. The size of 
the arrow is reflective of the magnitude of the force and the 
direction of the arrow reveals the direction that the force is 
acting. (Such diagrams are known as free-body diagrams and 
are discussed later in this lesson.) Furthermore, because forces 
are vectors, the effect of an individual force upon an object is often canceled by the 
effect of another force. For example, the effect of a 20-Newton upward force acting 
upon a book is canceled by the effect of a 20-Newton downward force acting upon the 
book. In such instances, it is said that the two individual forces balance each other; 
there would be no unbalanced force acting upon the book. 
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Other situations could be imagined in which two of the 
individual vector forces cancel each other ("balance"), yet a 
third individual force exists that is not balanced by another 
force. For example, imagine a book sliding across the rough 
surface of a table from left to right. The downward force of 
gravity and the upward force of the table supporting the 
book act in opposite directions and thus balance each other. 
However, the force of friction acts leftwards, and there is no 
rightward force to balance it. In this case, an unbalanced force acts upon the book to 
change its state of motion. 
  
The exact details of drawing free-body diagrams are discussed later. For now, the 
emphasis is upon the fact that a force is a vector quantity that has a direction. The 
importance of this fact will become clear as we analyze the individual forces acting upon 
an object later in this lesson. 
 
 
  
There are many more applications of Newton's first law of motion. 
Several applications are listed below. Perhaps you could think about 
the law of inertia and provide explanations for each application. 
• Blood rushes from your head to your feet while quickly stopping 

when riding on a descending elevator. 
• The head of a hammer can be tightened onto the wooden handle 

by banging the bottom of the handle against a hard surface. 
• A brick is painlessly broken over the hand of a physics teacher by 

slamming it with a hammer. (CAUTION: do not attempt this at 
home!) 

• To dislodge ketchup from the bottom of a ketchup bottle, it is 
often turned upside down and thrusted downward at high speeds 
and then abruptly halted. 

• Headrests are placed in cars to prevent whiplash injuries during rear-end collisions. 
• While riding a skateboard (or wagon or bicycle), you fly forward off the board when 

hitting a curb or rock or other object that abruptly halts the motion of the 
skateboard. 

  
 

Determining the Net Force 
• Meaning of Force 
• Force Types 
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• Drawing Free-Body Diagrams 
• Meaning of Net Force 

If you have been reading through Lessons 1 and 2, then Newton's first law of 
motion ought to be thoroughly understood. 
An object at rest tends to stay at rest and an object in motion tends to stay in motion 
with the same speed and in the same direction unless acted upon by an unbalanced 
force. 

In the statement of Newton's first law, the unbalanced force refers to that force that 
does not become completely balanced (or canceled) by the other individual forces. If 
either all the vertical forces (up and down) do not cancel each other and/or all 
horizontal forces do not cancel each other, then an unbalanced force exists. The 
existence of an unbalanced force for a given situation can be quickly realized by looking 
at the free-body diagram for that situation. Free-body diagrams for three situations are 
shown below. Note that the actual magnitudes of the individual forces are indicated on 
the diagram. 

 
  
In each of the above situations, there is an unbalanced force. It is commonly said that 
in each situation there is a net force acting upon the object. The net force is the vector 
sum of all the forces that act upon an object. That is to say, the net force is the sum of 
all the forces, taking into account the fact that a force is a vector and two forces of 
equal magnitude and opposite direction will cancel each other out. At this point, the 
rules for summing vectors (such as force vectors) will be kept relatively simple. Observe 
the following examples of summing two forces: 
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Observe in the diagram above that a downward vector will provide a partial or full 
cancellation of an upward vector. And a leftward vector will provide a partial or full 
cancellation of a rightward vector. The addition of force vectors can be done in the 
same manner in order to determine the net force (i.e., the vector sum of all the 
individual forces). Consider the three situations below in which the net force is 
determined by summing the individual force vectors that are acting upon the objects. 

 
 

Newton's Second Law 
• Newton's Second Law 
• The Big Misconception 
• Finding Acceleration 
• Finding Individual Force Values 
• Free Fall and Air Resistance 
• Two-Body Problems 
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Newton's first law of motion predicts the behavior of 
objects for which all existing forces are balanced. The first law - sometimes referred to 
as the law of inertia - states that if the forces acting upon an object are balanced, then 
the acceleration of that object will be 0 m/s/s. Objects at equilibrium (the condition in 
which all forces balance) will not accelerate. According to Newton, an object will only 
accelerate if there is a net or unbalanced force acting upon it. The presence of an 
unbalanced force will accelerate an object - changing its speed, its direction, or both its 
speed and direction. 

 
  

Newton's second law of motion pertains to the behavior of objects for which all existing 
forces are not balanced. The second law states that the acceleration of an object is 
dependent upon two variables - the net force acting upon the object and the mass of 
the object. The acceleration of an object depends directly upon the net force acting 
upon the object, and inversely upon the mass of the object. As the force acting upon an 
object is increased, the acceleration of the object is increased. As the mass of an object 
is increased, the acceleration of the object is decreased. 
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The BIG Equation 
Newton's second law of motion can be formally stated as follows: 
The acceleration of an object as produced by a net force is directly proportional to the 
magnitude of the net force, in the same direction as the net force, and inversely 
proportional to the mass of the object. 

This verbal statement can be expressed in equation form as follows: 
a = Fnet / m 

The above equation is often rearranged to a more familiar form as shown below. The 
net force is equated to the product of the mass times the acceleration. 

Fnet = m • a 
In this entire discussion, the emphasis has been on the net force. The 
acceleration is directly proportional to the net force; the net force equals 
mass times acceleration; the acceleration in the same direction as 
the net force; an acceleration is produced by a net force. The NET 
FORCE. It is important to remember this distinction. Do not use the 
value of merely "any 'ole force" in the above equation. It is the net force 
that is related to acceleration. As discussed in an earlier lesson, the net 
force is the vector sum of all the forces. If all the individual forces acting upon an object 
are known, then the net force can be determined. If necessary, review this principle by 
returning to the practice questions in Lesson 2. 
  
Consistent with the above equation, a unit of force is equal to a unit of mass times a 
unit of acceleration. By substituting standard metric units for force, mass, and 
acceleration into the above equation, the following unit equivalency can be written. 

1 Newton = 1 kg • m/s2 
The definition of the standard metric unit of force is stated by the above equation. One 
Newton is defined as the amount of force required to give a 1-kg mass an acceleration 
of 1 m/s/s. 
 
  
 
  

Newton's Second Law as a Guide to Thinking 
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The numerical information in the table above 
demonstrates some important qualitative relationships between force, mass, and 
acceleration. Comparing the values in rows 1 and 2, it can be seen that a doubling of 
the net force results in a doubling of the acceleration (if mass is held constant). 
Similarly, comparing the values in rows 2 and 4 demonstrates that a halving of the net 
force results in a halving of the acceleration (if mass is held constant). Acceleration is 
directly proportional to net force. 
Furthermore, the qualitative relationship between mass and acceleration can be seen by 
a comparison of the numerical values in the above table. Observe from rows 2 and 3 
that a doubling of the mass results in a halving of the acceleration (if force is held 
constant). And similarly, rows 4 and 5 show that a halving of the mass results in a 
doubling of the acceleration (if force is held constant). Acceleration is inversely 
proportional to mass. 
The analysis of the table data illustrates that an equation such as Fnet = m*a can be a 
guide to thinking about how a variation in one quantity might affect another quantity. 
Whatever alteration is made of the net force, the same change will occur with the 
acceleration. Double, triple or quadruple the net force, and the acceleration will do the 
same. On the other hand, whatever alteration is made of the mass, the opposite or 
inverse change will occur with the acceleration. Double, triple or quadruple the mass, 
and the acceleration will be one-half, one-third or one-fourth its original value. 
 

Finding Acceleration 
• Newton's Second Law 
• The Big Misconception 
• Finding Acceleration 
• Finding Individual Force Values 
• Free Fall and Air Resistance 
• Two-Body Problems 
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As learned earlier in Lesson 3 (as well as in Lesson 2), 
the net force is the vector sum of all the individual forces. In Lesson 2, we learned how 
to determine the net force if the magnitudes of all the individual forces are known. In 
this lesson, we will learn how to determine the acceleration of an object if the 
magnitudes of all the individual forces are known. The three major equations that will 
be useful are the equation for net force (Fnet = m•a), the equation for gravitational 
force (Fgrav = m•g), and the equation for frictional force (Ffrict = μ • Fnorm). 
The process of determining the acceleration of an object demands that the mass and 
the net force are known. If mass (m) and net force (Fnet) are known, then the 
acceleration is determined by use of the equation. 

a = Fnet / m 
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Momentum and Collisions 
 

 
Question 1: 
 Momentum is a quantity that is determined by calculating ____. 
 a. m· v b. m·v c. v d. m 
 
 
Question 2: 
 You are sitting at a baseball game when a foul ball comes in your direction. You prepare to 

catch it bare-handed. To catch it safely, you should _____. 
 a. move your hands toward the ball during the impact with it 
 b. move your hands in the same direction as the ball during the impact with it 
 c. hold your hands as still and steady as possible during the impact with it 
 d. forget about using your hands and take it right in the teeth 
 
 
Question 3: 
 This is safe because doing so makes the _____. 
 a. impulse experienced by your hands greater than it otherwise would be 
 b. momentum change of the ball less than it otherwise would be 
 c. collision time greater and the force less than it otherwise would be 
 d. impulse experienced by your hands less than it otherwise would be 
 
 
Question 4: 
 In a collision, an object encounters a force that acts for some interval of time. The product 

of the average force and the time interval is known as _____. 
 a. mass b. force c. impulse 
 d. acceleration e. velocity change 
 
 
Question 5: 
 The unit N•s is most often thought of as a unit of ______ and the unit kg•m/s is most often 

thought of as a unit of _____. Choose the two terms which fill in the two blanks in their 
respective order. 

 a. force, mass  b. force, velocity 
 c. impulse, momentum d. force, momentum 
 
 
Question 6: 
 Which of the following has a greater momentum? 
 a. A picnic table at a park. 
 b. A hot dog at rest on a picnic table. 
 c. A fly buzzing towards your hot dog at a picnic 
 



Question 7: 
 In a collision, an object experiences an impulse. This impulse causes and is equal to the 

_____________ of the object. 
 a. force  b. velocity 
 c. momentum  d. acceleration 
 e. velocity change  ab. energy change 
 ac. momentum change 
 
  
 
Question 8: 
 Two ice dancers are at rest on the ice, facing each other with their hands together. They push 

off on each other in order to set each other in motion. The subsequent momentum change 
(magnitude only) of the two skaters will be ____. 

 a. the same for each skater 
 b. greatest for the skater with the least mass 
 c. greatest for the skater with the most mass 
 d. greatest for the skater who pushes with the greatest force 
 e. greatest for the skater who is pushed upon with the greatest force 
 
 
Question 9: 
 TRUE     or     FALSE: 
 

Momentum is a vector quantity; to fully describe it, one must indicate the direction. 
 

 a. True  b. False 
 
 
Question 10: 
 TRUE     or     FALSE: 
 

All collisions involving impulses and momentum changes must result from actual 
contact interactions between the colliding objects. 

 

 a. True  b. False 
 
 
Questions 11-13: 
Consider the diagram at the 
right for the next three 
questions. The diagram depicts 
Before and After velocities of 
an 800-kg car in two different 
collisions with a wall. In case 
A, the car rebounds upon 
collision. In case B, the car hits 
the wall, crumples up and stops. Assume that the collision time for each collision is equal. 



 
11. In which case does the car experience the greatest momentum change? 
 a. Case A b. Case B  c. Both the same d. Insufficient information 
 
 
12. In which case does the car experience the greatest impulse? 
 a. Case A b. Case B  c. Both the same d. Insufficient information 
 
 
13. The impulse encountered by the 800-kg car in case A has a magnitude of ___ N•s. 
 a. 0 b. 800 c. 3200 d. 4000 
 e. 7200 ab. Not enough information to determine. 
 
 
Question 14: 
 Which one of the following statements is true of momentum? 
 a. Momentum is a scalar quantity. 
 b. Momentum is a vector quantity; the direction of the vector is downwards. 
 c. Momentum is a vector quantity; the direction of the vector is in whichever direction the 

object moves. 
 d. Momentum is a vector quantity; the direction of the vector depends on whether the object 

is slowing down or speeding up. 
 
 
Question 15: 
 A pitcher throws a baseball to the catcher. The catcher catches the ball and brings it to a 

stop. Ignoring the flight through the air, the baseball encounters two different impulses - the 
one imparted to it by the pitcher and the one imparted to it by the catcher. How do these two 
impulses compare? 

 a. The impulse provided to the ball by the pitcher is equal to that provided by the catcher. 
 b. The impulse provided to the ball by the pitcher is less than that provided by the catcher. 
 c. The impulse provided to the ball by the pitcher is greater than that provided by the 

catcher. 
 
 



Week 8 Notes 
 
Momentum 

• Momentum 
• Momentum Change and Impulse 
• Applications of Impulse-Momentum Change Theorem 

The sports announcer says, "Going into the all-star break, the Chicago White Sox have 
the momentum." The headlines declare "Chicago Bulls Gaining Momentum." The 
coach pumps up his team at half-time, saying "You have the momentum; the critical 
need is that you use that momentum and bury them in this third quarter." 

Momentum is a commonly used term in sports. A team that has the momentum is 
on the move and is going to take some effort to stop. A team that has a lot of 
momentum is really on the move and is going to be hard to stop. Momentum is a 
physics term; it refers to the quantity of motion that an object has. A sports team that 
is on the move has the momentum. If an object is in motion (on the move) then it has 
momentum. 
Momentum can be defined as "mass in motion." All objects 
have mass; so if an object is moving, then it has momentum - 
it has its mass in motion. The amount of momentum that an 
object has is dependent upon two variables: how 
much stuff is moving and how fast the stuff is moving. 
Momentum depends upon the variables mass and velocity. In 
terms of an equation, the momentum of an object is equal to the mass of the object 
times the velocity of the object. 

Momentum = mass • velocity 
In physics, the symbol for the quantity momentum is the lower case p. Thus, the above 
equation can be rewritten as 

p = m • v 
where m is the mass and v is the velocity. The equation illustrates that momentum is 
directly proportional to an object's mass and directly proportional to the object's 
velocity. 
The units for momentum would be mass units times velocity units. The standard metric 
unit of momentum is the kg•m/s. While the kg•m/s is the standard metric unit of 
momentum, there are a variety of other units that are acceptable (though not 
conventional) units of momentum. Examples include kg•mi/hr, kg•km/hr, and g•cm/s. 
In each of these examples, a mass unit is multiplied by a velocity unit to provide a 
momentum unit. This is consistent with the equation for momentum. 
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Momentum as a Vector Quantity 
Momentum is a vector quantity. As discussed in an earlier unit, a vector quantity is a 
quantity that is fully described by both magnitude and direction. To fully describe the 
momentum of a 5-kg bowling ball moving westward at 2 
m/s, you must include information about both the 
magnitude and the direction of the bowling ball. It 
is not enough to say that the ball has 10 kg•m/s of 
momentum; the momentum of the ball is not fully 
described until information about its direction is given. 
The direction of the momentum vector is the same as the direction of the velocity of the 
ball. In a previous unit, it was said that the direction of the velocity vector is the same 
as the direction that an object is moving. If the bowling ball is moving westward, then 
its momentum can be fully described by saying that it is 10 kg•m/s, westward. As a 
vector quantity, the momentum of an object is fully described by both magnitude and 
direction. 
  

 
The Momentum Equation as a Guide to Thinking 
From the definition of momentum, it becomes obvious that an object has a large 
momentum if both its mass and its velocity are large. Both variables are of equal 
importance in determining the momentum of an object. Consider a Mack truck and a 
roller skate moving down the street at the same speed. The considerably greater mass 
of the Mack truck gives it a considerably greater momentum. Yet if the Mack truck were 
at rest, then the momentum of the least massive roller skate would be the greatest. 
The momentum of any object that is at rest is 0. Objects at rest do not have 
momentum - they do not have any "mass in motion." Both variables - mass and velocity 
- are important in comparing the momentum of two objects. 
The momentum equation can help us to think about how a change in one of the two 
variables might affect the momentum of an object. Consider a 0.5-kg physics cart 
loaded with one 0.5-kg brick and moving with a speed of 2.0 m/s. The total mass 
of loaded cart is 1.0 kg and its momentum is 2.0 kg•m/s. If the cart was instead loaded 
with three 0.5-kg bricks, then the total mass of the loaded cart would be 2.0 kg and its 
momentum would be 4.0 kg•m/s. A doubling of the mass results in a doubling of the 
momentum. 
Similarly, if the 2.0-kg cart had a velocity of 8.0 m/s (instead of 
2.0 m/s), then the cart would have a momentum of 16.0 
kg•m/s (instead of 4.0 kg•m/s). A quadrupling in velocity results 
in a quadrupling of the momentum. These two examples 

http://www.physicsclassroom.com/Class/1DKin/U1L1b.cfm
http://www.physicsclassroom.com/Class/1DKin/U1L1d.cfm
http://www.physicsclassroom.com/Class/momentum/u4l1a.cfm#defn
http://www.physicsclassroom.com/Class/momentum/u4l1a.cfm#eqn


illustrate how the equation p = m•v serves as a "guide to thinking" and not merely a 
"plug-and-chug recipe for algebraic problem-solving." 
 

Momentum Change and Impulse Connection 
• Momentum 
• Momentum Change and Impulse 
• Applications of Impulse-Momentum Change Theorem 

As mentioned in the previous part of this lesson, momentum is a commonly used term 
in sports. When a sports announcer says that a team has 
the momentum they mean that the team is really on the 
move and is going to be hard to stop. The 
term momentum is a physics concept. Any object with 
momentum is going to be hard to stop. To stop such an 
object, it is necessary to apply a force against its motion for a given period of time. The 
more momentum that an object has, the harder that it is to stop. Thus, it would require 
a greater amount of force or a longer amount of time or both to bring such an object to 
a halt. As the force acts upon the object for a given amount of time, the object's 
velocity is changed; and hence, the object's momentum is changed. 
The concepts in the above paragraph should not seem like 
abstract information to you. You have observed this a 
number of times if you have watched the sport of football. In 
football, the defensive players apply a force for a given 
amount of time to stop the momentum of the offensive 
player who has the ball. You have also experienced this a 
multitude of times while driving. As you bring your car to a 
halt when approaching a stop sign or stoplight, the brakes 
serve to apply a force to the car for a given amount of time 
to change the car's momentum. An object with momentum 
can be stopped if a force is applied against it for a given 
amount of time. 
A force acting for a given amount of time will change an object's momentum. Put 
another way, an unbalanced force always accelerates an object - either speeding it up 
or slowing it down. If the force acts opposite the object's motion, it slows the object 
down. If a force acts in the same direction as the object's motion, then the force speeds 
the object up. Either way, a force will change the velocity of an object. And if the 
velocity of the object is changed, then the momentum of the object is changed. 
 
 
  

Impulse 
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These concepts are merely an outgrowth of Newton's second law as discussed in an 
earlier unit. Newton's second law (Fnet = m • a) stated that the acceleration of an object 
is directly proportional to the net force acting upon the object and inversely 
proportional to the mass of the object. When combined with the definition of 
acceleration (a = change in velocity / time), the following equalities result. 

F = m • a 
 

or 
 

F = m • ∆v / t 
  

If both sides of the above equation are multiplied by the quantity t, a new equation 
results. 

F • t = m • ∆v 
This equation represents one of two primary principles to be used in the analysis of 
collisions during this unit. To truly understand the equation, it is important to 
understand its meaning in words. In words, it could be said that the force times the 
time equals the mass times the change in velocity. In physics, the quantity Force • time 
is known as impulse. And since the quantity m•v is the momentum, the quantity m•Δv 
must be the change in momentum. The equation really says that the 

Impulse = Change in momentum 
  

One focus of this unit is to understand the physics of collisions. The physics of collisions 
are governed by the laws of momentum; and the first law that we discuss in this unit is 
expressed in the above equation. The equation is known as the impulse-momentum 
change equation. The law can be expressed this way: 
In a collision, an object experiences a force for a specific amount of time that results in 
a change in momentum. The result of the force acting for the given amount of time is 
that the object's mass either speeds up or slows down (or changes direction). The 
impulse experienced by the object equals the change in momentum of the object. In 
equation form, F • t = m • Δ v. 

In a collision, objects experience an impulse; the impulse causes and is equal to the 
change in momentum. Consider a football halfback running down the football field and 
encountering a collision with a defensive back. The collision would change the 
halfback's speed and thus his momentum. If the motion was represented by a ticker 
tape diagram, it might appear as follows: 

 
At approximately the tenth dot on the diagram, the collision occurs and lasts for a 
certain amount of time; in terms of dots, the collision lasts for a time equivalent to 

http://www.physicsclassroom.com/Class/newtlaws/u2l2a.cfm
http://www.physicsclassroom.com/Class/1DKin/U1L2b.cfm
http://www.physicsclassroom.com/Class/1DKin/U1L2b.cfm


approximately nine dots. In the halfback-defensive back collision, the halfback 
experiences a force that lasts for a certain amount of time to change his momentum. 
Since the collision causes the rightward-moving halfback to slow down, the force on the 
halfback must have been directed leftward. If the halfback experienced a force of 800 N 
for 0.9 seconds, then we could say that the impulse was 720 N•s. This impulse would 
cause a momentum change of 720 kg•m/s. In a collision, the impulse experienced by 
an object is always equal to the momentum change. 

 
 
  

Representing a Rebounding Collision 
Now consider a collision of a tennis ball with a wall. Depending on the physical 
properties of the ball and wall, the speed at which the ball rebounds from the wall upon 
colliding with it will vary. The diagrams below depict the changes in velocity of the 
same ball. For each representation (vector diagram, velocity-time graph, and ticker tape 
pattern), indicate which case (A or B) has the greatest change in velocity, 
greatest acceleration, greatest momentum change, and greatest impulse. Support each 
answer. Click the button to check your answer. 

  
Vector Diagram 

 
 

 

 
Observe that each of the collisions above 
involve the rebound of a ball off a wall. 
Observe that the greater the rebound effect, 
the greater the acceleration, momentum 
change, and impulse. A rebound is a special 
type of collision involving a direction change in 

addition to a speed change. The result of the direction change is a large velocity 
change. On occasions in a rebound collision, an object will maintain the same or nearly 
the same speed as it had before the collision. Collisions in which objects rebound with 
the same speed (and thus, the same momentum and kinetic energy) as they had prior 
to the collision are known as elastic collisions. In general, elastic collisions are 
characterized by a large velocity change, a large momentum change, a large impulse, 
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and a large force. 
  

Use the impulse-momentum change principle to fill in the blanks in the following 
rows of the table. As you do, keep these three major truths in mind: 

• The impulse experienced by an object is the force•time. 
• The momentum change of an object is the mass•velocity change. 
• The impulse equals the momentum change. 
 

 

Real-World Applications 
• Momentum 
• Momentum Change and Impulse 
• Applications of Impulse-Momentum Change Theorem 

In a previous part of Lesson 1, it was said that 
In a collision, an object experiences a force for a given amount of time that results in 
its mass undergoing a change in velocity (i.e., that results in a momentum change). 

There are four physical quantities mentioned in the above statement - force, time, 
mass, and velocity change. The force multiplied by the time is known as the impulse 
and the mass multiplied by the velocity change is known as the change in momentum. 
The impulse experienced by an object is always equal to the change in its momentum. 
In terms of equations, this was expressed as 

 
  

This is known as the impulse-momentum change theorem. 
In this part of Lesson 1, we will examine some real-world 
applications of the impulse-momentum change theorem. We will 
examine some physics in action in the real world. In particular, we 
will focus upon 
• the effect of collision time upon the amount of force an object 

experiences, and 
• the effect of rebounding upon the velocity change and hence the amount of force 

an object experiences. 
As an effort is made to apply the impulse-momentum change theorem to a variety of 
real-world situations, keep in mind that the goal is to use the equation as a guide to 
thinking about how an alteration in the value of one variable might affect the value of 
another variable. 
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The Effect of Collision Time Upon the Force 
First we will examine the importance of the collision time in affecting the amount of 
force that an object experiences during a collision. In a previous part of Lesson 1, it was 
mentioned that force and time are inversely proportional. An object with 100 units of 
momentum must experience 100 units of impulse in order to be brought to a stop. Any 
combination of force and time could be used to produce the 100 units of impulse 
necessary to stop an object with 100 units of momentum. This is depicted in the table 
below. 
  

Combinations of Force and Time Required to Produce 100 units of Impulse 
  

Force Time Impulse 
100 1 100 
50 2 100 
25 4 100 
10 10 100 
4 25 100 
2 50 100 
1 100 100 

0.1 1000 100 
 
Observe that the greater the time over which the collision occurs, the smaller the force 
acting upon the object. Thus, to minimize the effect of the force on an object involved 
in a collision, the time must be increased. And to maximize the effect of the force on an 
object involved in a collision, the time must be decreased. 

 
 
  

Big t ... Little F: Some Applications 
There are several real-world applications of these phenomena. One example is the use 
of air bags in automobiles. Air bags are used in automobiles because they are able to 
minimize the effect of the force on an object involved in a collision. Air bags accomplish 
this by extending the time required to stop the 
momentum of the driver and passenger. When 
encountering a car collision, the driver and passenger 
tend to keep moving in accord with Newton's first law. 
Their motion carries them towards a windshield that 
results in a large force exerted over a short time in order 
to stop their momentum. If instead of hitting the windshield, the driver and passenger 
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hit an air bag, then the time duration of the impact is increased. When hitting an object 
with some give such as an air bag, the time duration might be increased by a factor of 
100. Increasing the time by a factor of 100 will result in a decrease in force by a factor 
of 100. Now that's physics in action. 
The same principle explains why dashboards are padded. If the air bags do not deploy 
(or are not installed in a car), then the driver and passengers run the risk of stopping 
their momentum by means of a collision with the windshield or the dashboard. If the 
driver or passenger should hit the dashboard, then the force and time required to stop 
their momentum is exerted by the dashboard. Padded dashboards provide some give in 
such a collision and serve to extend the time duration of the impact, thus minimizing 
the effect of the force. This same principle of padding a potential impact area can be 
observed in gymnasiums (underneath the basketball hoops), in pole-vaulting pits, in 
baseball gloves and goalie mitts, on the fist of a boxer, inside the helmet of a football 
player, and on gymnastic mats. Now that's physics in action. 
Fans of boxing frequently observe this same principle of minimizing the effect of a force 
by extending the time of collision. When a boxer recognizes that he will be hit in the 
head by his opponent, the boxer often relaxes his neck and allows his head to move 
backwards upon impact. In the boxing world, this is known as riding the punch. A 
boxer rides the punch in order to extend the time of impact of the glove with their 
head. Extending the time results in decreasing the force and thus minimizing the effect 
of the force in the collision. Merely increasing the collision time by a factor of ten would 
result in a tenfold decrease in the force. Now that's physics in action. 
  

 
  



Nylon ropes are used in the sport of rock-climbing for the same 
reason. Rock climbers attach themselves to the steep cliffs by 
means of nylon ropes. If a rock climber should lose her grip on the 
rock, she will begin to fall. In such a situation, her momentum will 
ultimately be halted by means of the rope, thus preventing a 
disastrous fall to the ground below. The ropes are made of nylon or 
similar material because of its ability to stretch. If the rope is 
capable of stretching upon being pulled taut by the falling climber's 
mass, then it will apply a force upon the climber over a longer time 
period. Extending the time over which the climber's momentum is 
broken results in reducing the force exerted on the falling climber. 
For certain, the rock climber can appreciate minimizing the effect of 
the force through the use of a longer time of impact. Now that's 
physics in action. 

In racket and bat sports, hitters are often encouraged to follow-
through when striking a ball. High-speed films of the collisions 
between bats/rackets and balls have shown that the act of following 
through serves to increase the time over which a collision occurs. This 
increase in time must result in a change in some other variable in the 
impulse-momentum change theorem. Surprisingly, the variable that is 
dependent upon the time in such a situation is not the force. The 
force in hitting is dependent upon how hard the hitter swings the bat 
or racket, not the time of impact. Instead, the follow-through 

increases the time of collision and subsequently contributes to an increase in the 
velocity change of the ball. By following through, a hitter can hit the ball in such a way 
that it leaves the bat or racket with more velocity (i.e., the ball is moving faster). In 
tennis, baseball, racket ball, etc., giving the ball a high velocity often leads to greater 
success. Now that's physics in action. 
You undoubtedly recall other illustrations of this principle. A common physics 
demonstration involves the catching of water balloons of varying speed and varying 
mass. A water balloon is thrown high into the air and successfully caught (i.e., caught 
without breaking). The key to the success of the demonstration is to contact the balloon 
with outstretched arms and carry the balloon for a meter or more before finally 
stopping its momentum. The effect of this strategy is to extend the time over which 
the collision occurred and so reduce the force. This same 
strategy is used by lacrosse players when catching the ball. The 
ball is "cradled" when caught; i.e., the lacrosse player reaches 
out for the ball and carries it inward toward her body as if she 
were cradling a baby. The effect of this strategy is to lengthen the time over which the 
collision occurs and so reduce the force on the lacrosse ball. Now that's physics in 
action. 
Another common physics demonstration involves throwing an egg into a bed sheet. The 
bed sheet is typically held by two trustworthy students and a volunteer is used to toss 



the egg at full speed into the bed sheet. The collision between the egg and the bed 
sheet lasts over an extended period of time since the bed sheet has some give in it. By 
extending the time of the collision, the effect of the force is minimized. In all my years, 
the egg has never broken when hitting the bed sheet. On occasion the volunteer has a 
wayward toss and is not as accurate as expected. The egg misses the bed sheet and 
collides with the wall. In these unexpected cases, the collision between wall and egg 
lasts for a short period of time, thus maximizing the effect of the force on the egg. The 
egg brakes and leaves the wall and floor in a considerable mess. And that's no yolk! 
   

The Effect of Rebounding 
Occasionally when objects collide, they bounce off each other as opposed to sticking to 
each other and traveling with the same speed after the collision. Bouncing off each 
other is known as rebounding. Rebounding involves a change in the direction of an 
object; the before- and after-collision direction is different. Rebounding 
was pictured and discussed earlier in Lesson 1. At that time, it was said that rebounding 
situations are characterized by a large velocity change and a large momentum change. 

 
  

From the impulse-momentum change theorem, we could deduce that a rebounding 
situation must also be accompanied by a large impulse. Since the impulse experienced 
by an object equals the momentum change of the object, a collision characterized by a 
large momentum change must also be characterized by a large impulse. 
The importance of rebounding is critical to the outcome of automobile accidents. In an 
automobile accident, two cars can either collide and bounce off each other or 
collide, crumple up and travel together with the same speed after the collision. But 
which would be more damaging to the occupants of the automobiles - the rebounding 
of the cars or the crumpling up of the cars? Contrary to popular opinion, the crumpling 
up of cars is the safest type of automobile collision. As mentioned above, if cars 
rebound upon collision, the momentum change will be larger and so will the impulse. A 
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greater impulse will typically be associated with a 
bigger force. Occupants of automobiles would certainly 
prefer small forces upon their bodies during collisions. 
In fact, automobile designers and safety engineers 
have found ways to reduce the harm done to occupants 
of automobiles by designing cars that crumple upon impact. Automobiles are made 
with crumple zones. Crumple zones are sections in cars that are designed to crumple up 
when the car encounters a collision. Crumple zones minimize the effect of the force in 
an automobile collision in two ways. By crumpling, the car is less likely to rebound upon 
impact, thus minimizing the momentum change and the impulse. Finally, the crumpling 
of the car lengthens the time over which the car's momentum is changed; by increasing 
the time of the collision, the force of the collision is greatly reduced. 
 

 

The Law of Action-Reaction (Revisited) 
• The Law of Action-Reaction (Revisited) 
• Momentum Conservation Principle 
• Isolated Systems and Collision Analysis 
• Collision Analysis and Momentum Problems 
• Using Equations as Guides to Thinking 
• Momentum Conservation in Explosions 

A collision is an interaction between two objects that have made contact (usually) with 
each other. As in any interaction, a collision results in a force being applied to the two 
colliding objects. Newton's laws of motion govern such collisions. In the second unit of 
The Physics Classroom, Newton's third law of motion was introduced and discussed. It 
was said that... 
... in every interaction, there is a pair of forces acting on the two interacting objects. 
The size of the force on the first object equals the size of the force on the second 
object. The direction of the force on the first object is opposite to the direction of the 
force on the second object. Forces always come in pairs - equal and opposite action-
reaction force pairs. 

  
Newton's Laws Applied to Collisions 
Newton's third law of motion is naturally applied to 
collisions between two objects. In a collision between 
two objects, both objects experience forces that are 
equal in magnitude and opposite in direction. Such 
forces often cause one object to speed up (gain 
momentum) and the other object to slow down (lose 
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momentum). According to Newton's third law, the forces on the two objects are equal 
in magnitude. While the forces are equal in magnitude and opposite in direction, the 
accelerations of the objects are not necessarily equal in magnitude. In accord 
with Newton's second law of motion, the acceleration of an object is dependent upon 
both force and mass. Thus, if the colliding objects have unequal mass, they will have 
unequal accelerations as a result of the contact force that results during the collision. 
Consider the collision between the club head and the 
golf ball in the sport of golf. When the club head of a 
moving golf club collides with a golf ball at rest upon 
a tee, the force experienced by the club head is equal 
to the force experienced by the golf ball. Most 
observers of this collision have difficulty with this 
concept because they perceive the high speed given 
to the ball as the result of the collision. They 
are not observing unequal forces upon the ball and 
club head, but rather unequal accelerations. Both club 
head and ball experience equal forces, yet the ball experiences a greater acceleration 
due to its smaller mass. In a collision, there is a force on both objects that causes an 
acceleration of both objects. The forces are equal in magnitude and opposite in 
direction, yet the least massive object receives the greatest acceleration. 
Consider the collision between a moving seven ball 
and an eight ball that is at rest in the sport of table 
pool. When the seven ball collides with the eight 
ball, each ball experiences an equal force directed in 
opposite directions. The rightward moving seven 
ball experiences a leftward force that causes it to 
slow down; the eight ball experiences a rightward 
force that causes it to speed up. Since the two balls 
have equal masses, they will also experience equal accelerations. In a collision, there is 
a force on both objects that causes an acceleration of both objects; the forces are equal 
in magnitude and opposite in direction. For collisions between equal-mass objects, each 
object experiences the same acceleration. 
  
 
  
Consider the interaction between a male and female figure skater in pair figure skating. 
A woman (m = 45 kg) is kneeling on the shoulders of a man (m = 70 kg); the pair is 
moving along the ice at 1.5 m/s. The man gracefully tosses the woman forward through 
the air and onto the ice. The woman receives the forward force and the man receives a 
backward force. The force on the man is equal in magnitude and opposite in direction 
to the force on the woman. Yet the acceleration of the woman is greater than the 
acceleration of the man due to the smaller mass of the woman. 
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Many observers of this interaction have difficulty believing that the man experienced a 
backward force. "After all," they might argue, "the man did not move backward." Such 
observers are presuming that forces cause motion. In their minds, a backward force on 
the male skater would cause a backward motion. This is a common misconception that 
has been addressed elsewhere in The Physics Classroom. Forces cause acceleration, not 
motion. The male figure skater experiences a backwards force that causes his 
backwards acceleration. The male skater slows down while the woman skater speeds 
up. In every interaction (with no exception), there are forces acting upon the two 
interacting objects that are equal in magnitude and opposite in direction. 
Collisions are governed by Newton's laws. The law of action-reaction (Newton's third 
law) explains the nature of the forces between the two interacting objects. According to 
the law, the force exerted by object 1 upon object 2 is equal in magnitude and opposite 
in direction to the force exerted by object 2 upon object 1. 
 

 

Momentum Conservation Principle 
• The Law of Action-Reaction (Revisited) 
• Momentum Conservation Principle 
• Isolated Systems and Collision Analysis 
• Collision Analysis and Momentum Problems 
• Using Equations as Guides to Thinking 
• Momentum Conservation in Explosions 

One of the most powerful laws in physics is the law of momentum conservation. The 
law of momentum conservation can be stated as follows. 
For a collision occurring between object 1 and object 2 in an isolated system, the total 
momentum of the two objects before the collision is equal to the total momentum of 
the two objects after the collision. That is, the momentum lost by object 1 is equal to 
the momentum gained by object 2. 

The above statement tells us that the total momentum 
of a collection of objects (a system) is conserved - that 
is, the total amount of momentum is a constant or 
unchanging value. This law of momentum 
conservation will be the focus of the remainder of 
Lesson 2. To understand the basis of momentum 
conservation, let's begin with a short logical proof. 
 
  

The Logic Behind Momentum Conservation 
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Consider a collision between two objects - object 1 and object 2. For such a collision, 
the forces acting between the two objects are equal in magnitude and opposite in 
direction (Newton's third law). This statement can be expressed in equation form as 
follows. 

 
  

The forces act between the two objects for a given amount of time. In some cases, the 
time is long; in other cases the time is short. Regardless of how long the time is, it can 
be said that the time that the force acts upon object 1 is equal to the time that the 
force acts upon object 2. This is merely logical. Forces result from interactions (or 
contact) between two objects. If object 1 contacts object 2 for 0.050 seconds, then 
object 2 must be contacting object 1 for the same amount of time (0.050 seconds). As 
an equation, this can be stated as 

 
Since the forces between the two objects are equal in magnitude and opposite in 
direction, and since the times for which these forces act are equal in magnitude, it 
follows that the impulses experienced by the two objects are also equal in magnitude 
and opposite in direction. As an equation, this can be stated as 

 
  

But the impulse experienced by an object is equal to the change in momentum of that 
object (the impulse-momentum change theorem). Thus, since each object experiences 
equal and opposite impulses, it follows logically that they must also experience equal 
and opposite momentum changes. As an equation, this can be stated as 
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The Law of Momentum 
Conservation 
The above equation is one statement of the 
law of momentum conservation. In a collision, 
the momentum change of object 1 is equal to 
and opposite of the momentum change of 
object 2. That is, the momentum lost by object 1 is equal to the momentum gained by 
object 2. In most collisions between two objects, one object slows down and loses 
momentum while the other object speeds up and gains momentum. If object 1 loses 75 
units of momentum, then object 2 gains 75 units of momentum. Yet, the total 
momentum of the two objects (object 1 plus object 2) is the same before the collision 
as it is after the collision. The total momentum of the system (the collection of two 
objects) is conserved. 
A useful analogy for understanding momentum conservation involves a money 
transaction between two people. Let's refer to the two people as Jack and Jill. Suppose 
that we were to check the pockets of Jack and Jill before and after the money 
transaction in order to determine the amount of money that each possesses. Prior to 
the transaction, Jack possesses $100 and Jill possesses $100. The total amount of 
money of the two people before the transaction is $200. During the transaction, Jack 
pays Jill $50 for the given item being bought. There is a transfer of $50 from Jack's 
pocket to Jill's pocket. Jack has lost $50 and Jill has gained $50. The money lost by Jack 
is equal to the money gained by Jill. After the transaction, Jack now has $50 in his 
pocket and Jill has $150 in her pocket. Yet, the total amount of money of the two 
people after the transaction is $200. The total amount of money (Jack's money plus 
Jill's money) before the transaction is equal to the total amount of money after the 
transaction. It could be said that the total amount of money of the system (the 
collection of two people) is conserved. It is the same before as it is after the 
transaction. 
A useful means of depicting the transfer and the conservation of money between Jack 
and Jill is by means of a table. 

 
  

The table shows the amount of money possessed by the two individuals before and 
after the interaction. It also shows the total amount of money before and after the 
interaction. Note that the total amount of money ($200) is the same before and after 
the interaction - it is conserved. Finally, the table shows the change in the amount of 



money possessed by the two individuals. Note that the change in Jack's money account 
(-$50) is equal to and opposite of the change in Jill's money account (+$50). 
  
For any collision occurring in an isolated system, momentum is conserved. The total 
amount of momentum of the collection of objects in the system is the same before the 
collision as after the collision. A common physics lab involves the dropping of a brick 
upon a cart in motion. 

 
  

The dropped brick is at rest and begins with zero momentum. The loaded cart (a cart 
with a brick on it) is in motion with considerable momentum. The actual momentum of 
the loaded cart can be determined using the velocity (often determined by a ticker tape 
analysis) and the mass. The total amount of momentum is the sum of the dropped 
brick's momentum (0 units) and the loaded cart's momentum. After the collision, the 
momenta of the two separate objects (dropped brick and loaded cart) can be 
determined from their measured mass and their velocity (often found from a ticker tape 
analysis). If momentum is conserved during the collision, then the sum of the dropped 
brick's and loaded cart's momentum after the collision should be the same as before the 
collision. The momentum lost by the loaded cart should equal (or approximately equal) 
the momentum gained by the dropped brick. Momentum data for the interaction 
between the dropped brick and the loaded cart could be depicted in a table similar to 
the money table above. 
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WEEK 9 Notes 
 
Definition and Mathematics of Work 

• Definition and Mathematics of Work 
• Calculating the Amount of Work Done by Forces 
• Potential Energy 
• Kinetic Energy 
• Mechanical Energy 
• Power 

In the first three units of The Physics Classroom, we utilized Newton's laws to analyze 
the motion of objects. Force and mass information were used to determine the 
acceleration of an object. Acceleration information was subsequently used to determine 
information about the velocity or displacement of an object after a 
given period of time. In this manner, Newton's laws serve as a useful 
model for analyzing motion and making predictions about the final 
state of an object's motion. In this unit, an entirely different model will 
be used to analyze the motion of objects. Motion will be approached 
from the perspective of work and energy. The effect that work has 
upon the energy of an object (or system of objects) will be investigated; the resulting 
velocity and/or height of the object can then be predicted from energy information. In 
order to understand this work-energy approach to the analysis of motion, it is important 
to first have a solid understanding of a few basic terms. Thus, Lesson 1 of this unit will 
focus on the definitions and meanings of such terms as work, mechanical 
energy, potential energy, kinetic energy, and power. 
  
When a force acts upon an object to cause a displacement of the object, it is said 
that work was done upon the object. There are three key ingredients to work - force, 
displacement, and cause. In order for a force to qualify as having done work on an 
object, there must be a displacement and the force must cause the displacement. There 
are several good examples of work that can be observed in everyday life - a horse 
pulling a plow through the field, a father pushing a grocery cart down the aisle of a 
grocery store, a freshman lifting a backpack full of books upon her shoulder, a 
weightlifter lifting a barbell above his head, an Olympian launching the shot-put, etc. In 
each case described here there is a force exerted upon an object to cause that object to 
be displaced. 
  

Read the following five statements and determine whether or not they represent 
examples of work. Then click on the See Answer button to view the answer. 
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Statement Answer with 
Explanation 

A teacher applies a force to a wall and becomes exhausted. 

  See Answer 

A book falls off a table and free falls to the ground. 

  See Answer 

A waiter carries a tray full of meals above his head by one arm straight across 
the room at constant speed. (Careful! This is a very difficult question that will 
be discussed in more detail later.) 

  

See Answer 

A rocket accelerates through space. 

  See Answer 

  
  
 

  
Work Equation 
Mathematically, work can be expressed by the following equation. 

W = F • d • cos Θ 
where F is the force, d is the displacement, and the angle (theta) is defined as the 
angle between the force and the displacement vector. Perhaps the most difficult aspect 
of the above equation is the angle "theta." The angle is not just any 'ole angle, but 
rather a very specific angle. The angle measure is defined as the angle between the 
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force and the displacement. To gather an idea of it's meaning, consider the following 
three scenarios. 
• Scenario A: A force acts rightward 

upon an object as it is displaced 
rightward. In such an instance, the 
force vector and the displacement 
vector are in the same direction. 
Thus, the angle between F and d is 
0 degrees. 
  

• Scenario B: A force acts leftward 
upon an object that is displaced 
rightward. In such an instance, the 
force vector and the displacement 
vector are in the opposite direction. Thus, the angle between F and d is 180 
degrees. 
  

• Scenario C: A force acts upward on an object as it is displaced rightward. In such an 
instance, the force vector and the displacement vector are at right angles to each 
other. Thus, the angle between F and d is 90 degrees. 

  
  
To Do Work, Forces Must Cause Displacements 
Let's consider Scenario C above in more detail. 
Scenario C involves a situation similar to the waiter 
who carried a tray full of meals above his head by one 
arm straight across the room at constant speed. It 
was mentioned earlier that the waiter does not do 
work upon the tray as he carries it across the room. 
The force supplied by the waiter on the tray is an 
upward force and the displacement of the tray is a 
horizontal displacement. As such, the angle between 
the force and the displacement is 90 degrees. If the work done by the waiter on the 
tray were to be calculated, then the results would be 0. Regardless of the magnitude of 
the force and displacement, F*d*cosine 90 degrees is 0 (since the cosine of 90 degrees 
is 0). A vertical force can never cause a horizontal displacement; thus, a vertical force 
does not do work on a horizontally displaced object!! 
It can be accurately noted that the waiter's hand did push forward on the tray for a 
brief period of time to accelerate it from rest to a final walking speed. But once up to 
speed, the tray will stay in its straight-line motion at a constant speed without a 
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forward force. And if the only force exerted upon the tray during the constant speed 
stage of its motion is upward, then no work is done upon the tray. Again, a vertical 
force does not do work on a horizontally displaced object. 

The equation for work lists three variables - each variable is 
associated with one of the three key words mentioned in 
the definition of work (force, displacement, and cause). The angle 
theta in the equation is associated with the amount of force that 
causes a displacement. As mentioned in a previous unit, when a 
force is exerted on an object at an angle to the horizontal, only a 
part of the force contributes to (or causes) a horizontal 
displacement. Let's consider the force of a chain pulling upwards 
and rightwards upon Fido in order to drag Fido to the right. It is 
only the horizontal component of the tension force in the chain that 

causes Fido to be displaced to the right. The horizontal component is found by 
multiplying the force F by the cosine of the angle between F and d. In this sense, the 
cosine theta in the work equation relates to the cause factor - it selects the portion of 
the force that actually causes a displacement. 
 

The Meaning of Negative Work 
On occasion, a force acts upon a moving object to hinder a displacement. Examples 
might include a car skidding to a stop on a roadway surface or a baseball runner sliding 
to a stop on the infield dirt. In such instances, the force acts in the direction opposite 
the objects motion in order to slow it down. The force doesn't cause the displacement 
but rather hinders it. These situations involve what is commonly called negative work. 
The negative of negative work refers to the numerical value that results when values of 
F, d and theta are substituted into the work equation. Since the force vector is directly 
opposite the displacement vector, theta is 180 degrees. The cosine(180 degrees) is -1 
and so a negative value results for the amount of work done upon the object. Negative 
work will become important (and more meaningful) in Lesson 2 as we begin to discuss 
the relationship between work and energy. 
  

Units of Work 
Whenever a new quantity is introduced in physics, the standard metric units associated 
with that quantity are discussed. In the case of work (and also energy), the standard 
metric unit is the Joule (abbreviated J). One Joule is equivalent to one Newton of force 
causing a displacement of one meter. In other words, 

The Joule is the unit of work. 
  

1 Joule = 1 Newton * 1 meter 
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1 J = 1 N * m 
In fact, any unit of force times any unit of displacement is equivalent to a unit of work. 
Some nonstandard units for work are shown below. Notice that when analyzed, each 
set of units is equivalent to a force unit times a displacement unit. 
  

Non-standard Units of Work: 
foot•pound kg•(m/s2)•m kg•(m2/s2) 

 
  

In summary, work is done when a force acts upon an object to cause a displacement. 
Three quantities must be known in order to calculate the amount of work. Those three 
quantities are force, displacement and the angle between the force and the 
displacement. 
 
 

Calculating the Amount of Work Done by Forces 
• Definition and Mathematics of Work 
• Calculating the Amount of Work Done by Forces 
• Potential Energy 
• Kinetic Energy 
• Mechanical Energy 
• Power 

In a previous part of Lesson 1, work was described as taking place when a force acts 
upon an object to cause a displacement. When a force acts to cause an object to be 
displaced, three quantities must be known in order to calculate the work. Those three 
quantities are force, displacement and the angle between the force and the 
displacement. The work is subsequently calculated as force•displacement•cosine(theta) 
where theta is the angle between the force and the displacement vectors. In this part of 
Lesson 1, the concepts and mathematics of work will be applied in order to analyze a 
variety of physical situations. 
  

  
Check Your Understanding 

Express your understanding of the concept and mathematics of work by answering the 
following questions. When done, click the button to view the answers. 
1. Apply the work equation to determine the amount of work done by the applied force 
in each of the three situations described below. 
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See Answer 

  
  
2. On many occasions, there is more than one force acting upon an object. A free-body 
diagram is a diagram that depicts the type and the direction of all the forces acting 
upon an object. The following descriptions and their accompanying free-body diagrams 
show the forces acting upon an object. For each case, indicate which force(s) are doing 
work upon the object. Then calculate the work done by these forces. 
 

Potential Energy 
• Definition and Mathematics of Work 
• Calculating the Amount of Work Done by Forces 
• Potential Energy 
• Kinetic Energy 
• Mechanical Energy 
• Power 

An object can store energy as the result of its position. For example, the heavy ball of a 
demolition machine is storing energy when it is held at an elevated position. This stored 
energy of position is referred to as potential energy. Similarly, a drawn bow is able to 
store energy as the result of its position. When assuming its usual position (i.e., when 
not drawn), there is no energy stored in the bow. Yet when its position is altered from 
its usual equilibrium position, the bow is able to store energy by virtue of its position. 
This stored energy of position is referred to as potential energy. Potential energy is 
the stored energy of position possessed by an object. 

http://www.physicsclassroom.com/Class/newtlaws/u2l2b.cfm
http://www.physicsclassroom.com/Class/newtlaws/u2l2b.cfm
https://www.physicsclassroom.com/class/energy/Lesson-1/Definition-and-Mathematics-of-Work
https://www.physicsclassroom.com/class/energy/Lesson-1/Calculating-the-Amount-of-Work-Done-by-Forces
https://www.physicsclassroom.com/class/energy/Lesson-1/Kinetic-Energy
https://www.physicsclassroom.com/class/energy/Lesson-1/Mechanical-Energy
https://www.physicsclassroom.com/class/energy/Lesson-1/Power


 
  

Gravitational Potential Energy 
The two examples above illustrate the two forms of potential energy to be discussed in 
this course - gravitational potential energy and elastic 
potential energy. Gravitational potential energy is the 
energy stored in an object as the result of its vertical 
position or height. The energy is stored as the result 
of the gravitational attraction of the Earth for the 
object. The gravitational potential energy of the massive ball of a demolition machine is 
dependent on two variables - the mass of the ball and the height to which it is raised. 
There is a direct relation between gravitational potential energy and the mass of an 
object. More massive objects have greater gravitational potential energy. There is also a 
direct relation between gravitational potential energy and the height of an object. The 
higher that an object is elevated, the greater the gravitational potential energy. These 
relationships are expressed by the following equation: 

PEgrav = mass • g • height 
  

PEgrav = m *• g • h 
In the above equation, m represents the mass of the object, h represents the height of 
the object and g represents the gravitational field strength (9.8 N/kg on Earth) - 
sometimes referred to as the acceleration of gravity. 
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To determine the gravitational potential energy of an object, a zero height 
position must first be arbitrarily assigned. Typically, 
the ground is considered to be a position of zero 
height. But this is merely an arbitrarily assigned 
position that most people agree upon. Since many 
of our labs are done on tabletops, it is often 
customary to assign the tabletop to be the zero 
height position. Again this is merely arbitrary. If the 
tabletop is the zero position, then the potential 
energy of an object is based upon its height relative 
to the tabletop. For example, a pendulum bob 
swinging to and from above the tabletop has a potential energy that can be measured 
based on its height above the tabletop. By measuring the mass of the bob and the 
height of the bob above the tabletop, the potential energy of the bob can be 
determined. 
Since the gravitational potential energy of an object is directly proportional to its height 
above the zero position, a doubling of the height will result in a doubling of the 
gravitational potential energy. A tripling of the height will result in a tripling of the 
gravitational potential energy. 
  

Use this principle to determine the blanks in the following diagram. Knowing that 
the potential energy at the top of the tall platform is 50 J, what is the potential 

energy at the other positions shown on the stair steps and the incline? 
 
 

Kinetic Energy 
• Definition and Mathematics of Work 
• Calculating the Amount of Work Done by Forces 
• Potential Energy 
• Kinetic Energy 
• Mechanical Energy 
• Power 

Kinetic energy is the energy of motion. An object that has motion - whether it is 
vertical or horizontal motion - has kinetic energy. There are many forms of kinetic 
energy - vibrational (the energy due to vibrational motion), rotational (the energy due 
to rotational motion), and translational (the energy due to motion from one location to 
another). To keep matters simple, we will focus upon translational kinetic energy. The 
amount of translational kinetic energy (from here on, the phrase kinetic energy will 
refer to translational kinetic energy) that an object has depends upon two variables: the 
mass (m) of the object and the speed (v) of the object. The following equation is used 
to represent the kinetic energy (KE) of an object. 

https://www.physicsclassroom.com/class/energy/Lesson-1/Definition-and-Mathematics-of-Work
https://www.physicsclassroom.com/class/energy/Lesson-1/Calculating-the-Amount-of-Work-Done-by-Forces
https://www.physicsclassroom.com/class/energy/Lesson-1/Potential-Energy
https://www.physicsclassroom.com/class/energy/Lesson-1/Mechanical-Energy
https://www.physicsclassroom.com/class/energy/Lesson-1/Power


KE = 0.5 • m • v2 
 

where m = mass of object 
v = speed of object 

This equation reveals that the kinetic energy of an object is 
directly proportional to the square of its speed. That means that 
for a twofold increase in speed, the kinetic energy will increase 
by a factor of four. For a threefold increase in speed, the kinetic 
energy will increase by a factor of nine. And for a fourfold 
increase in speed, the kinetic energy will increase by a factor of sixteen. The kinetic 
energy is dependent upon the square of the speed. As it is often said, an equation is 
not merely a recipe for algebraic problem solving, but also a guide to thinking about the 
relationship between quantities. 
Kinetic energy is a scalar quantity; it does not have a direction. 
Unlike velocity, acceleration, force, and momentum, the kinetic energy of an object is 
completely described by magnitude alone. Like work and potential energy, the standard 
metric unit of measurement for kinetic energy is the Joule. As might be implied by the 
above equation, 1 Joule is equivalent to 1 kg*(m/s)^2. 

 
1 Joule = 1 kg • m2/s2 

  

Power 
• Definition and Mathematics of Work 
• Calculating the Amount of Work Done by Forces 
• Potential Energy 
• Kinetic Energy 
• Mechanical Energy 
• Power 

The quantity work has to do with a force causing a displacement. Work has nothing to 
do with the amount of time that this force acts to cause the displacement. Sometimes, 
the work is done very quickly and other times the work is done rather slowly. For 
example, a rock climber takes an abnormally long time to elevate her body up a few 
meters along the side of a cliff. On the other hand, a trail hiker (who selects the easier 
path up the mountain) might elevate her body a few meters in a short amount of time. 
The two people might do the same amount of work, yet the hiker does the work in 
considerably less time than the rock climber. The quantity that has to do with the rate 
at which a certain amount of work is done is known as the power. The hiker has a 
greater power rating than the rock climber. 
Power is the rate at which work is done. It is the work/time ratio. Mathematically, it is 
computed using the following equation. 
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Power = Work / time 
 

or  
 

P = W / t 
  
The standard metric unit of power is the Watt. As is 
implied by the equation for power, a unit of power is 
equivalent to a unit of work divided by a unit of time. 
Thus, a Watt is equivalent to a Joule/second. For 
historical reasons, the horsepower is occasionally used to 
describe the power delivered by a machine. One 
horsepower is equivalent to approximately 750 Watts. 
  
Most machines are designed and built to do work on objects. All machines are typically 
described by a power rating. The power rating indicates the rate at which that machine 
can do work upon other objects. Thus, the power of a machine is the work/time ratio 
for that particular machine. A car engine is an example of a 
machine that is given a power rating. The power rating relates 
to how rapidly the car can accelerate the car. Suppose that a 
40-horsepower engine could accelerate the car from 0 mi/hr to 
60 mi/hr in 16 seconds. If this were the case, then a car with 
four times the horsepower could do the same amount of work in one-fourth the time. 
That is, a 160-horsepower engine could accelerate the same car from 0 mi/hr to 60 
mi/hr in 4 seconds. The point is that for the same amount of work, power and time are 
inversely proportional. The power equation suggests that a more powerful engine can 
do the same amount of work in less time. 
A person is also a machine that has a power rating. Some people are more power-full 
than others. That is, some people are capable of doing the same amount of work in less 
time or more work in the same amount of time. A common physics lab involves quickly 
climbing a flight of stairs and using mass, height and time information to determine a 
student's personal power. Despite the diagonal motion along the staircase, it is often 
assumed that the horizontal motion is constant and all the force from the steps is used 
to elevate the student upward at a constant speed. Thus, the weight of the student is 
equal to the force that does the work on the student and the height of the staircase is 
the upward displacement. Suppose that Ben Pumpiniron elevates 
his 80-kg body up the 2.0-meter stairwell in 1.8 seconds. If this 
were the case, then we could calculate Ben's power rating. It 
can be assumed that Ben must apply an 800-Newton downward 
force upon the stairs to elevate his body. By so doing, the stairs 
would push upward on Ben's body with just enough force to lift 
his body up the stairs. It can also be assumed that the angle between the force of the 



stairs on Ben and Ben's displacement is 0 degrees. With these two approximations, 
Ben's power rating could be determined as shown below. 

 
Ben's power rating is 871 Watts. He is quite a horse. 
  
 
  

Another Formula for Power 
The expression for power is work/time. And since the expression for work is 
force*displacement, the expression for power can be rewritten as 
(force*displacement)/time. Since the expression for velocity is displacement/time, the 
expression for power can be rewritten once more as force*velocity. This is shown 
below. 

 
  
This new equation for power reveals that a powerful 
machine is both strong (big force) and fast (big 
velocity). A powerful car engine is strong and fast. A 
powerful piece of farm equipment is strong and fast. A 
powerful weightlifter is strong and fast. A powerful 
lineman on a football team is strong and fast. 
A machine that is strong enough to apply a big force to 
cause a displacement in a small mount of time (i.e., a 
big velocity) is a powerful machine. 

  
  

  
 



  
  
 



Work and Energy 
 
Question 1: 
 A marble hits a note card and slides to a stop. Which one of the following statements is true 

of the marble? 
 a. The kinetic energy is constant. 
 b. The kinetic energy is increasing. 
 c. The kinetic energy is decreasing. 
 d. The gravitational potential energy is decreasing. 
 e. The gravitational potential energy is increasing. 
 
 
Question 2: 
 A toy car is moving along with 2.14 Joules of kinetic energy. If the speed of the car is 

doubled, then its new kinetic energy will be _______. 
 a. 0.54 J b. 1.07 J c. 4.28  d. 8.56 J 
 e. still 2.14 J 
 
 
Question 3: 
 Which would ALWAYS be true of an object possessing a kinetic energy of 0 joules? 
 a. It is at rest. b. It is moving. c. It is accelerating. d. It is on the ground.  
 
 
Question 4: 
aa. A force is applied to a root beer mug to accelerate it across a level counter-top. Which one 

of the following statements is true of the mug? 
 a. The kinetic energy is constant. 
 b. The kinetic energy is decreasing. 
 c. The kinetic energy is increasing. 
 d. The gravitational potential energy is decreasing. 
 e. The gravitational potential energy is increasing. 
 
 
Question 5: 
 Power is defined as the _______ is done. 
 a. angle at which work b. amount of work which 
 c. direction at which work d. the rate at which work is done 
 
 
 
 
 
 
 
 



Questions 6-7: 
Two physics students, Will Allgainz and Ben Pumpiniron, are in the weight room. Will lifts the 
100-pound barbell over his head 10 times in one minute; Ben lifts the 100-pound barbell over his 
head 10 times in 10 seconds.  
 
6.  Which student does the most work?  
 a. Will b. Ben c. Both the same  
 
7. Which student delivers the most power?  
 a. Will b. Ben c. Both the same  
 
 
Question 8: 
 Mr. G’s car, with a 60.0-horsepower engine is able to accelerate 

from 0 to 60 mi/hr in 24 seconds (when it's running well). He 
dreams of purchasing an all-terrain 4-wheeler with a 240.0-
horsepower engine. How many seconds would it take Mr. H’s 
dream car to accelerate from 0 to 60 mi/hr? 

 a. 1.5 s b. 3 s c. 6 s 
 d. 48 s e. 96 s ab. none of these 
 
 
Question 9: 
 Work is always done on an object when _____. 
 a. a student does a physics lab 
 b. a person works hard at his job 
 c. a force is exerted on the object 
 d. the object moves at a constant speed 
 e. a force acts on the object to cause a displacement 
 
 
Questions 10-13: 
Read the following descriptions and identify the situation as an example of positive work being 
done, negative work being done, or no work being done.  
 
10. A teacher pushes against a wall for a couple of hours and becomes exhausted. 
 

 This is an example of _________ work being done. 
 a. positive b. negative c. no  
 
11. A boy exerts a force on a wagon to pull it along the sidewalk.  
 

 This is an example of _________ work being done. 
 a. positive b. negative c. no  
 
12. A softball player slows down while sliding across the infield dirt during a slide into third 

base.  
 



 This is an example of _________ work being done. 
 a. positive b. negative c. no  
 
13. An upward force is applied to a pile of snow to lift it up off the driveway.  
 

 This is an example of _________ work being done. 
 a. positive b. negative c. no  
 
 
 
Question 14: 
 An 80-kg baseball player slides into third base. He experiences 60 N of friction force over a 

distance of 1.2 m. The amount of work done by friction is _____ Joule. 
 a. 16 b. -72 c. 72 d. 400  
 e. -400 ab. 960 ac. -960 
 
 
Question 15: 
 For a constant force in the direction of motion, work is calculated as _____. 
 a. weight x speed  b. distance x speed 
 c. force x acceleration d. force x displacement 
 e. weight x displacement 
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